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1. Introduction

The geneXplain platform is an online workbench to assist in operating the daily computer
applications in life sciences. It comprises a number of bioinformatics and systems
biological modules, or BRICKS, which are unified under a standardized interface, with a
consistent look-and-feel. These Bricks can be put together to comprehensive workflows
using a workflow management system, which is intuitively handled through a simple
drag-and-drop system. With this systems, the user can edit the predefined as well as
compose own workflows. Own Bricks can easily be added as JavaScript or R scripts and
incorporated into workflows as well.

The whole system aims at covering, with time, all areas of computational applications.
The community is invited to contribute Bricks, either as public-domain or as a
commercial part of the platform. We are confident that this way, an extremely powerful
system will grow in which a user-driven selection will ensure the best tools being the
most successful ones.

Besides providing a wide range of sophisticated Bricks (more than 60), the geneXplain
platform also facilitates standard analyses through a number (61) of pre-composed
workflows presently subsumed under 8 categories.

The technology behind the geneXplain platform is BioUML, which has been developed for
many years at the Institute of Systems Biology in Novosibirsk. The architecture is open,
so that own scripts can be easily loaded into the system, and new Bricks can be
programmed and added by each skilled person.

In the following, we will guide you first through the pre-defined workflows, before we are
going to introduce you to the different parts of the system in a more systematic way.

Have fun with the system, and don’t hesitate to come back to us with any suggestion for
improvements (info@genexplain.com), we know that there is still ample space to make
the system better.






2. Organization of the geneXplain platform

2.1. The user interface

When you open the geneXplain platform for the first time, a window opens that contains
the following areas:

A - The Work Space, which is the main part of the window.

B - The Tree Area (to the left of the Work Space), where you find the collection of
Databases, the uploaded Data files and the available Analyses methods under the
corresponding tabs, organized in a hierarchical tree structure.

C - The Info Box (in the left lower part), where you can select the data resource to
Search in, or where you will get Information about the data file or analysis
method that you select with a single click in the Tree Area.

D - The Operations Field (right lower part), providing a number of options under the
different tabs in a context-dependent manner.

E - The general Control Panel, on top of the different areas, showing a context-
dependent set of icons for the available operations.

EHE‘] E | Research: testl |el

r—_—
Databases m

e

4 uj data . . . -
b I _i Examples Proteomics Epigenomics [ ChIP-seq ggu‘j?gma
b Proects o
> [, Public

B Drug targets Pathways

Genomic Popular GENE o Complete list of Metabolism
variants functions proteiniist workflows

COEI o e

g:;?jm User description Is not available n
Complete name: data/Projects

2.1.1. Work Space

When you open the platform, the Work Space will show you all those research areas that
are supported by a number of bioinformatic workflows each. Clicking on one of these
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tiled buttons will open a detailed listing of functions and pre-composed workflows, which
you can launch by directly activating the given hyperlinks.

The listings of each Area introduce each Chapter of this User Guide that explains the
functionality provided:

Area Chapter Area Chapter
RNA-seq 4 Pathways 12
Proteomics 5 NGS 13
Epigenomics 6 Genomic variants 14
ChiIP-seq 7 Metabolism 15
Sequence analysis 8 Popular functions 16
miRNA 9 Gene or protein list 17
Microarrays 10 Complete list of workflows 18
Drug targets 11 Working with different 19
databases

The first workflow in nearly any Area is Load data, which is separately described in
Chapter 3, before the individual Areas are being depicted.

Also in the Work Space, all major input requirements will have to be done, the progress
of a workflow and the results output will appear here as well.

2.1.2. Tree Area

In the Tree Area (B in the figure of Section 2.1), you find three tabs: Databases, Data,
and Analyses. Under each of these tabs, you find a tree-structured listing of contents:
the available databases, the data files to work with, and the analysis methods you can
apply. You can open any subdirectory by a single mouse click on the respective item and

using the button , or by a double-click on the name of the folder to be opened.

2.1.2.1. Databases

Under this tab, you find all databases that are at your disposal: a number of public
databases (yellow symbols) as well as commercial ones that you have a valid license for
(green symbols). Write access may be additionally indicated by a black “W"” within the
symbol, which may be red in case that write access, although principally possible for this
database, has not been activated in your case.

Select one of the databases in the Tree Area by a single click with the left mouse button;
double click will open the subdirectory. For instance, when you wish to go to GeneWays,
you have to click once on the little white triangle next to the term GeneWays, or double-
click on the term itself to open the directory underneath; either operation, or already a
single click onto the name of the database, suffice to indicate this data resource in the
Info Box, along with a short description.
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Presently, by default, you should see the following listing of available databases:

<|a|¥

’J Databases

Data H Analyses H Users ‘

4 || |databases
i fr]Biomodels
> [l Biopath
© 1| EndoNet
Eij Ensembl
@EnsemblHumanﬁz
@Ensemblh‘louse
@Ensemblﬁat
oo
- fmi GTRD
Eij GeneWays
fﬁ HumanCyc
@PHOTEOME(TM] 2012.1
fﬁ Reactome
@THANSFI\C{HJ 2012.1
@THANSH\C{HJ 2012.2
@THANSFI\C{HJ 2012.3
@THANSH\C{HJ 2012.4
@THANSFI\C{HJ 2013.1
@THANSPATH{R]I&D‘IZ.'I
EEjTHANSPATH(R] 2012.2
@THANSPATH(R]zmz.a
EEjTHANSPATH(R] 2012.4
@THANSPATH{R]I&D‘IS.'I
b utils

How you can work with the different databases will be explained in Chapter 19.

2.1.2.2. Data

On the tab Data, you will find your own datasets as well as predefined ones in the
directories Examples, Projects, and Public.

In the directory Examples, we provide you with a number of sample data you may use
for getting familiar with the system. Presently, these are some optimization examples as
well as one application example on expression data of Psoriasis patient samples.

The optimization example refers to the CD95L pathway (Reactome entry REACT_900),
shown as diagram CD95 signaling pathway under Diagrams. Under Plots, you find an
example for a successful parameter optimization (C3C8_plot), with the dots giving the
experimental values for four different molecules, and the straight lines showing the
simulation results.
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FLIP

[uml:w = $"CMP0219 PRTO02331" + §"CMP0 219, PRTOD3 586" + §"CMPO219,PRT003590" + 2.0° §"CMP0 21! n.mnn:«sn?")

(Pro10,,.,= §"CMPO219PRT002343" + §"CMP 021 9.PRT003586™ + §"CMP0219. PRTUOSS90™ + §"CMPO219.PRT003587 "

0.050 - -

0.045 . * . -
0.040
0.035
0,030
0025
0.020

0.015

0.010

0.005 (]
0,000 +
o 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

— $"CMP0225.PRT001975" — $"CMP0225.PRTO01989" — §'CMP0225,PRT002355"
$"CMP0225.PRTO02360" ® casp3 e pro3 e caspd o prod

[uazpﬂ o~ §"CMPOZ1S.PRTOD3548" + 2.0° §"CMPO 21 y.Pmnn:«slm"j

(FUPLM: $"CMP0Z18.PRT0025 05" + §"CMP0218 PRTO03589" + s--cmvnm.vmnnassn-?

Under the heading Projects, you should initially find only one directory with your
username, with the two subfolders Data and Journal. Data will be the place where all
your own data will be deposited. Here, you can define own subdirectories by opening a
context menu with the right mouse button and selecting the option New folder:

EBEE

s -[]-[a[a [

” Databases Data

| Analyses

4 | |data
I .| Examples
: fé] Optimization
- ffm Peoriasis GSE14908
x .| Projects
P4 Edgar
L |Data
“ 2 Expandfcollapse
Fuk 5
AP 8 New script

£ New workflow

< Mew diagram

| Mewr folder
o New optimization
& Import element
@ Esport element
(@ Remove

Each option in this menu can also be selected by the corresponding icon on top of the

tabs.

The sub-directory Journal stores a history of your activities. Opening it in the Work
Space shows you a list of all methods that you have previously launched, including time

stamp.

The root directory Public is presently not used yet; it is planned to provide a platform for
sharing own results with a wider community at a later stage.
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2.1.2.3. Analyses

On this tab, you find all methods you may apply using the geneXplain platform, including
the pre-defined workflows:

Data || Analyses || Users |

| Databases

] Methods

4 || | Workflows

Common
bkl 6TRD

© [ PROTEOME
4 [fm TRANSFAC
- 4 Analyze SNP list (TRANSFAC(R))
- Analyze any DMNA sequence (TRANSFAC(R))
- 4 Analyze any DMNA sequence for site enrichment (TRANSFAC(R))
- Analyze promoters (TRANSFAC(R))
- 4 ChiP-Seq - Identify TF binding sites on peaks (TRANSFAC(R})
- ChIP-5Seq - Identify TF binding sites on peaks for multiple datasets (TRANSFAC(R))
- 4 ChiP-Seq - Identify composite modules on peaks (TRANSFAC(R))
- 4 Find enriched TF binding sites in variation sites (TRANSFAG(R))
- 4 |dentify composite modules in promoters (TRANSFAC(R))
- 4 |dentify enriched composite modules in promoters (TRANSFAC(R))
- 4 |dentify enric hed motifs in promoters (TRANSFAC(R))
- 47 |dentify enriched motifs in tracks (TRAMSFAC(R))
- Upstream analysis (TRANSFAC(R) and GeneWays)
4 |[fw TRANSPATH
- {4 ChiP-5eq - Identify and classify target genes (FROTEOME, TRANSPATH(R))
- ChiP-Seq - Identify and classify target genes (TRANSPATHIR))
- Enriched upstream analysis (TRANSFAC(R) and TRANSPATH(R))
- 4 Find commaon effectors for multiple gene sets (TRAMSPATH(R))
- Find common effectors in networks (TRANSPATH(R))
- Find master regulators for multiple gene sets (TRANSPATH(R))

- Find master regulators in networks (TRANSPATH(R))

In the directory JavaScript, a collection of scripts have been gathered that all can be
called by your own scripts. The geneXplain platform provides you with the possibility to
create your own scripts on the Script tab in the Operations Field. For instance, enter
there the command “help (boxPlot);” (boxPlot is the first JavaScript in the
subdirectory Functions) and press Execute (or just Enter): Some help text about
boxPlot will be printed to the Work Space:
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l |m| & | |@|O‘ Research: Edgar j
T
] ” Start page || JavaSeript log )(1
-
Databases Data Analyses js= help (boxPlot); —
Pl analyses
JavaScript
Functions JavaScript function
[} boxPiot
D defineClass woid hoxPlet (String[] columns, Douwble[] wvaluesl, Double[] waluesZ...)
D deserialize
D help wvoid boxPlot (TableDataCollection table, String coluwmNamel, String coluwnNaweZ...)
D load Lo
[} et
D print
un“ Create and show box and whisker chart
D rplot Parameters(l):
D serialize
[} version
- [ view colums - column names
Host abjects
Methods waluesl - walues for column
Workflowes
valuesZ... - values for column
Search Info Default 'I_] |ﬁ” l « | My description || Graph search ” Script ‘ w ‘
1
1D boxPlot =
Complete name: analyses/JavaSoript/Functions boxP ot Soript contest: I JavaSoript = Execlte I
Description: Create and show box and whisker chart oD (ot
B

Under Functions, a number of standard JavaScript functions are listed, whereas in the
subdirectory Host object, a collection of scripts have been put together that were
specifically developed for the gXp platform.

The directory Methods contains all individual tools, or Bricks, that perform specific tasks
in one of the listed areas. A full listing of all analysis methods that are presently available
is given in the Help texts. Each method can be launched either by double-clicking on the
respective item, which will open the corresponding input mask in the Work Space, or
through the context menu that you can open with a right-button mouse click on the
method of interest.

In the directory Workflows, you find basically the same functional groups of pre-defined
workflows that are also listed on the Start page of the platform (Work Space). Please
note that the first two items on the Start page are important preparatory tasks, but not
workflows according to the definition of the geneXplain platform. Please, refer to the
following Chapters for operating the pre-defined workflows and to Chapter 22 for creating
your own workflows.

2.1.3. The Info Box

The Info Box shows two tabs, Info and Search.

2.1.3.1. Info tab

Under the Info tab, you will find short descriptions about the database, data file or
analysis method that you have clicked in the Tree Area. In many cases, you will just see
the name of the directory or file as ID, or the complete path displayed in the field
Complete name, and the number of subdirectories and files right under the activated
node as Size.


http://platform.genexplain.com/help/index.html?analysis_methods.htm
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The information shown on the Info tab can be viewed in a separate window by clicking

the button _]

In case the activated file is a table (icon = or derived images; see 25.2.3), the number
of rows in the table will be indicated as Size. Optionally, a Description is shown as well,
depending on whether it has been entered when the file was generated. By clicking on

the icon ﬁ, you may edit some of the information in a newly opened window.
Depending on the file type, the edit window may look like this:

- [y Diegram type [Pathway diagram -
[y State non
[ T [P
[y Commert l—
E o Data
; D ldlentifisr AP
D Title AP
D Description l—
[y Comment |
5 Altributes

| B Database references

B Bibliography

Sy Atriutes
E|J Iimvage
[y Souree |
[ size oo —
[ ©vigin size oo =

Gray fields cannot be edited, contents of fields with white background can be changed
manually, additional information can be entered in the pink fields which will then appear
on the Info tab, if the changes made are saved afterwards with the [Save] button of the
Edit window.

Depending on the type of directory or file that you have activated in the Tree Area,
different types of information can be selected for the display on the Info tab. This can be
done by the selection box right to the tabs in the Info Box, initially always showing
“Default”:

Default

ID: C095 signaling pathway
Title: C095SL module Diagram element info

Database References: References
Overview

* Database name: Gene Ontology ID: GO#0C Reactions
s Database name: Reactorne ID: REACT 900 Parameters

Variables
Size: 5 Math
Role: biournl. rmodel. dynamics EMode@4d8fd7a8 | ODE

Attributes:
s baseDiagramType: biouml.plugins.sbml.SbmiDiagramType_L3vl

Complete name: data/Exarmples /Optirmization/Data/Diagrams,C095 signaling
prathreary

Please, feel encouraged to find out the effects of the different views offered here.
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When you have a network diagram opened in the Work Space (A in the figure of chapter
2) and you select a molecule or reaction with one click, you find information about the
selected element in the Info box.

2.1.3.2. Search

As long as you are under the tabs Data or Analyses in the Tree Area, you see here only
the message “Select database to search in ..., maybe along with fields and data from an
earlier search.

Search || Info

Select database to search in...

58]

This field gets activated as soon as you go to the tab Databases in the Tree Area, and
then click on one of the databases listed there. For instance, when you wish to go to
GeneWays, you have to click once on the little white triangle next to the term GeneWays,
or double-click on the term itself to open the directory underneath; either operation, or
already a single click onto the name of the database, suffices to indicate this data
resource in the Info Box:

Search Info

Search in databases/GeneWays

8]

You can insert your search term (e.g., a gene symbol) into the field underneath. Clicking
on the icon launches the search. The search routine scans for exact matches, but use

of wildcards is possible. Thus, searching for elk* returns results for elkl, elk2p1, elk3,
and elk4.

The results will be shown in the Operations Field, under the tab Search result. For
instance, when searching in GeneWays for JAG1, the following result table will be
displayed:
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= ‘ My description

Search result H Graph search H Script H Clipboard ” Tasks

First  Previous 1  MNext Last Showing 1 to 3 of 3 entries Show | 50 _¢ entries
D Accession Title Field Field data

0 29146 Jag1 (r) fitle Jag1 (r)

1 15449 jag1 (m) title jag1 {m)

2 182 j2g1 (h) fitle jag1 {h)

The search term is highlighted in bold.

In some cases, the search results can be narrowed down by further specifying the search
space in the Info Box.

More about how to operate the individual databases will be explained in Chapter 19.

2.1.4. The Operations Field

In the Operations Field (D in the figure of the Section introduction 2.1) a number of
essential functions to operate the geneXplain platform are provided on a number of tabs.
How many and which tabs are shown depends very much on the context.

Please note that not all tabs are always visible due to space constraints. In these cases,
double arrowheads left and right of the tabs indicate that there are additional ones,
reachable by clicking on these double arrowheads.

[ “ | Overview || Layout ” Expression mapping ” My deseription ” Graph search ” Simulation || Variables | »

The function of the individual tabs will be explained in more detail in those sections

where their effect is part of a certain operation. In general, the icon [»] initiates the
corresponding activity within the Operations Field, whereas [«] applies to the results
generated in the Operations Field of the Work Space.

The full range of functions that you can make use of in the Operations Field is explained
in greater detail in Chapter 21.

2.2. How to organize the user work space

2.2.1. Changing user password and personal data

Your first password for the geneXplain platform is automatically generated and sent to
you by e-mail. Once you enter the platform you can change your password and also have
an option to edit your personal information.



To change password and edit the personal data, select the Account info button ('Eﬂ) on
the top menu control panel:

Data || Analyses || Users

4 L_;:]da_ta
E .| Examples
b .| Projects

b .| Public

Your account information will be displayed in the work space as shown below:

Start page | Account info _

Username: olga_kel-margoulis@genexplain.com

assword:

Expiration:

Full name: OQlga Kel-Margoulis
Courtesy: Dr.
Crrganization:
Organization type:
Country: Germany
City:
Address:
Zip code;

=

The option to change the password is highlighted by the red oval. Once you press
[Change], you get an option to enter the new password:
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E-mail: olga kel-margoulis@genexplain.com

Qg password:

MNew password:

MNew password:
(repeat)

| Cancel || Change

To change the account details, press the button [Edit account info] in the form above,
highlighted by the green oval. The edit form looks like this:

Start page || Accountinfo X

Username: olga.kel-margoulisi@genexplain.com

Password: | Change )

Expiration:

Full name: | Olga Kel-Margoulis

Courtesy: | Dr. =

Organization:  geneXplain GmbH

Organization type: | commercial 5 |

Country: | Germany =

City:  Wolfenbuettel

Address:  Am Exer 100

Fip code: 38302

I 5 Ny
| Save || Cancel )

Fill-in your details and press [Save]. Before saving, the system verifies your password to
enable the changes made in the form. After entering the password the changes are
saved.

2.2.2. User Project, Data folder, creating new folders

When you enter your account for the first time, you can see the following three folders in
the Tree Area under the Data tab (red oval on the picture below): Examples, Projects and
Public. Each of these folders can be expanded by clicking on the small triangle on the left
side of the folder name (green oval on the picture below).



The folder Projects is your folder in the tree where you are going to make all the

analyses.

@ Account info

Database Data Analyses || Users
4 u_-l;]data '

b u_] Examples
Projects
> .| Public

If you expand the Project folder, you can see the project that was created upon

- ]
registration of your account ( ), and if you expand it further, you can see the folder
Data. This location, data/Projects/User project/Data/ is exactly the location where you
can upload your data, and save all the analysis results.

4 || |data

f> uJEmmples

4 || |Projects

4 Cllga Kel project
 L]Dam
b ﬁJaurnal
b U] tmp

I ] Public

Upon one mouse click on the folder Data, as in the picture above, you can apply the

button t_'.j from the top control menu to create a new folder within the selected one.

Create folder x

Felder name:

=
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In this way, you can define the hierarchical organization of your folders and sub-folders
within your project, for example as shown below.

Every time when you run a workflow, you need to specify a location of the results folder,
and you can specify any particular location within your project area.

Databases

Data

¥ il data

.\ | Examples

4 || | Projects

Analyses

Users

r Olga Kel project

i _J Data

. || GSE9187 analysis
1 ., | Research1
: ||| Pathway analysis

] __] Fromaoter analysis

_J Research2

There are two other folders available for you initially, Examples and Public. The folder
Examples contains pre-analyzed publicly available data sets, which you are welcome to
have a look through our examples. You can copy tables or tracks from these two folders
into your project area and use them, for example, for test runs.

Databases

Data

Analyses

Users

4 || |data

4 || | Examples
Nhf:msclem@is G5EGB584, lllumina HumanRef-8v1 beadamray
Brain Tumor GSE1825, Affymetrix HG-U133A microarray
Breast Cancer GSES187, Agilent 014850 microarray
E2F1 binding regions in HelLa cells, ChIP-Seq
Encode TFES CEBPEB in H1-hESC cells
HCW infection in liver GSE31193, Affymetrix U133 Plus 2.0 microarray
. ffmi Optimization
RMNA-Seq anzalysis of human esophageal sqguamous cell carcinoma (ESCC), G
RMNA-Seq analysis of human prostate cancer cell line, GSE23155, BAM files
Response to BMP-4, Affymetrix HG-U133_Plus_2 microaray
SMAD1,5 binding regions induced BMP-4, ChiF-Seq
SNPs linked to human height
Sample data
Scripts
p TNF~51imuIatiun of HUVECs GSE2638, Affymetrix HG-LU133A microarray

The Public folder contains publicly available data sets which might be useful to apply for
various analysis purposes.
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Databases | Data| Analyses Users

F] il data

., | Examples

> L |Projects

4 || |Public

e Data sets

4 || |Data

J 1000 genomes
__] DMA sequence formats
__] Documentation
||| DrugExpress
- ||] HOCOMOCO
. UJiDs
||| RNA-seq annotation
J RMNA-seq annotations
__] test

__] traxplain

All users have read access to the folders Examples and Public, but no write access. You
cannot save any files directly in the Examples or Public folder. However, you can copy
tables and tracks from these two folders into your project area and then modify and work
with them as you like.

How to check information about the available work space

To check your totally available work space, go with mouse over to the project name, so
that it is highlighted in blue as shown below. In the Info Box you can see information
about this project including disk quota. This is the space available for you. If you plan to
upload large files, please make sure you have enough work space available.

Databases | Data

Analyses Users

4 | |data
.|| Examples
1 .| Projects
. 4 [fm] Olga Kel project
¢ || Data
o+ Journal

:~ _J tmp

> | Public

Default

Search Info

ID: Olga Kel project
il

Disk quota: 10.2Gb (11,000,000,000 bytes
Com . j project
Description:
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To check how much space out of your quota is already occupied, go with mouse over to
the Data folder within your project, so that it is highlighted in blue as shown below. In
the Info Box you can see information about this folder including its size on the disk.

Databases Data || Analyses Users

Fl il data
.| Examples
1 . | Projects

F] Olga Kel project

.| Data
+ Journal
: - | tmp
-\ | Public
Search | Info | |Dufa|.||t v

ID: Data

0

Size on disk: 38.2Mb (40,086,166 bytes)

project/Data

In the same way, you can check the size for every individual folder in your project.

Note. If additional work space or storage space is required, especially if you plan to
upload and analyze large data files, please feel free to ask for details
(info@genexplain.com).

2.2.4. User toolbar

In the Control Panel (see E in the figure of Section 2.1), the set of icons on the left side
is fixed by default, whereas the right side is customizable. Here, you can create a user-
specific toolbar with your most frequently used analysis methods, workflows and
datasets. To create your own toolbar you can drag and drop your favorite workflows and
files for which you often need a quick access into the Control Panel. The User tool bar will
then be located at the top right top corner, highlighted by a red oval in the screenshot
below.

To add any analysis method/workflow/gene set, open the respective method in the Tree
Area or in the Work Space and drag & drop it onto the user toolbar as shown below.



D Data y

~ @F Change profile cutoffs

e Construct IPS CisModule

~ 22 Construct composite modules

- 22 Construct composite modules on tracks
~ b Create IPS model

- [B4 Create Match model

-~ & Create profile from gene table

~ Mk Create profile from matrix library
- I Create profile from table

~ [, Create weight matrix model

- &), IPS motif discovery

~ 7 Motif quality analysis

~ [ Site search on gene set

- 4 Site search on frack

-~ T4 Site search result optimization

- [ site search summary

I | statistical analysis

m

—
Research:

Start page

Routes to explain FN gene regulation and funct
B User Guide

“® |oad data
<® Normalize data

“® Detect differentially expressed genes

“® Discover functional enrichment

“® |dentify master regulators in networks

You can quickly open your favorite items

from this icon menu. To open any method,

place the cursor on the symbol and you get the complete name of the method which can
be clicked to open in the workspace as shown below:

EIC I R LS

~
—a

@ |05 | <p| 2 | 76| 20 | i | 2 | Research: test

D Yes set
D No set
D Species
[y From
D To

D Profile

. D Output path

analyses/Methods/5Site analysis/Site search on gene set
Start page ﬁ Site search on gene set

r?'zl(select element)

(=" |(select element)

|
[ Human (Homo sapiens) |

-1000

|
1100 |
|

=
o |___rc-ﬂIesfvenebrate_non_redundanl_minSUM

= |(select element)

In the above screenshot, the method 'Site search on gene set’ has been opened through
the user toolbar. If you want to remove any method from the user toolbar, right click the
symbol and you will get an option ‘REMOVE'.

2.2.5. Project properties, or how to fix the releases of the databases
to be applied in user’s projects

The geneXplain platform provides access to several versions of the databases installed.

You can select your desired version of the database and fix it for your project using the
Project properties feature. By default the latest version of all databases are applied.

Project Properties form can be opened via the button |E| in the control panel:



4 |data
¢ . |Examples
[ ujProjects
b .| Public

The form opens as shown below:

4 Project properties for Research: Olga Kel project ®

EHE:I Default database versions

[y Ensembl (Homo sapiens) |[newest] |

EI Ensembl (Mus musculus) |[|-|ewest] Ll

EI Ensembl (Rattus norvegicus) I[ne‘lﬁlasﬂ LI

[y Reactome |[newest] =l

[y Transfac | (newest) =l

~ [y Transpath | (newest) =l
Comer ] [ome]

For each database shown in the form, the available versions can be selected using the
drop down menu. As shown below, TRANSPATH® 2013.3 database version is selected.
After selection press [Save] and the selected version of the database will be used in this

project for all the analyses.

EHa Default database versions

D Ensembl (Homo sapiens) |(newest) LI
D Ensembl (Mus musculus) |(newesl) LI
D Ensembl (Raftus norvegicus) |(newesl) ;I
-3 Reactome | (newest) =l
D Transfac | (newest) o
D Transpath 2013.3 e

(newest)

20121

2012.2

20123 i

s s
20132

2013.4
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Important to note, this change is applied for one selected project, the project name is
shown on the top of the form, highlighted by the red oval on the picture above. If you
have several projects, you can fix database versions for each project individually.

2.3. How to handle tables, tracks, diagrams: basics

2.3.1. File handling

2.3.1.1. File selection

All analysis tools, and likewise all prepared workflows, require input data from a file in
the Tree Area. The respective file can be loaded into an analysis tool by

% simple dragging-and-dropping of the file from the Tree Area into the
corresponding field in the Work Space, or
< by clicking into this field and making the selection from the directory which opens.

Multiple selections can be done only in the second way.

2.3.1.2. File handling in the Tree Area

On mouse-over, the file name will gain a faint-bluish background. Upon a single click on
a file name, its background will turn into a persistent light blue, and information about
this file will be displayed in the Info Box. Double-clicking on a file will open it under a
new tab in the Work Space, and the file name will be additionally emphasized by bold
lettering as long as the corresponding tab is in the Work Space’s foreground. Only files
with an icon attached can be opened this way.

Files can also be opened by right-clicking on them and selecting the “Open table” option.
You can also delete files ("Remove”; default value is “"No") this way. Both functions are
also available through the corresponding icons (= and @, resp.) in the Control Panel on
top of the different frames.

While opening and deleting files works for nearly any file, the third option is different
among distinct file types:

- Tables (H= and derivatives) can be exported. When activating this function, a
selection of different formats is provided for the file to be generated. It is also

available through the icon i on top of the Tree Area.

- Diagrams ( _._) can be expanded/collapsed to show/hide their components (nodes
and edges); this function can also be accessed by clicking on the white arrowhead
next to the diagram icon.

Plots (@) can be edited. Only under this option, their complete deletion is possible as
well.
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2.3.2. Tables

Any table may be opened by double-clicking the corresponding name in the Tree Area. It
will open under a new tab in the Work Space.

The contents of the table are sorted according to the values in one of its columns. Being
opened for the first time, a default column is defined for sorting, usually the ID column.
This default column is indicated by a blue arrowhead. If this arrowhead points upwards,
the table rows are sorted in ascending order of this column’s values. Clicking on this
arrowhead will change it into a downwards pointing one, while the values are sorted in
descending order. Correspondingly, you may sort the table according to the values of any
other column in ascending or descending order by clicking on the up- or downwards
pointing gray arrowhead on top of this column, respectively.

On top of the table, you can navigate between the individual pages of the table; it is also
shown on which page out of how many pages in total you are, and in the right top
corner, the page size in terms of number of entries (rows) is shown and can be adjusted.

You can edit the contents of a table by pressing the [Edit] button in the right upper
corner. Now, you can manually edit the contents of each cell in the table. With the
[Apply] option, you will save this change, while [Cancel] quits it.

Even without activating the Edit function, you can select
- individual rows with a left-mouse click,
- several ones by keeping the Ctrl key pressed,

- a range of rows with the Shift key pressed when clicking on the last row of the
range to be selected, or

- [Select all] by clicking on the corresponding button.

The selected rows can be saved as a separate file, which by default is given the name
<original file name> subset, but you can change this name.

2.3.3. Basic operations with tracks

View track in genome browser

Upon double-clicking on a track name in the tree area the track will be opened in the
work space in the genome browser.
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CEBP in H1-hESC calls ... 4 »
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Add tracks to genome browser ®

Folder: I databases/EnsemblTracks
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& Karyotype
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& ExtendedGeneTrack
4 Repeats
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In the pop-up window Add tracks to genome browser you can select which tracks, among
those available in Ensembl, should be opened together with your track. Here, three
tracks are selected, GC-content, Genes, and Variations. When the selection is ready,
push the [Ok] to get the following view with your track on top:

Startpq( Ei’:hn:lmu:sn:lrmmi.'iRl:h3'.'r
Sequence (chrol ¢]F'ositiun: 1:4815470-4816218 Set
410 4815600 4815700 4815800 4815800 48160
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
CEBP in H1-hESC cells ... 4k Lunsure
Genesd b wAJAPL..
GC content 4k
Variations4p 504 rs36332057 rs113522340 rs349458 rs76545972
1 1 1 1 1
rs 116489197 rs183535738 rs151286230 rs115450733 rs193278365
1 1 1 1 1
rs111693735 rs139307912 rs188313794
1 1 1
rs549345
1
rs112286312
[

On the tab name you can see genome, species and build information for this track,

highlighted by the red oval.

The small triangles on the right side of the track name can be used to jump to the next

or previous site of this track:
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g—

GC content4 ¢

doa a1l

cend )

Use the buttons |E%|@| ‘“EHEH in the top control menu to zoom in and out.

The buttons help to shift the visible part to the left or to the right.
The same effect can be also achieved by dragging the picture with the mouse.

You can also jump between different chromosomes by selecting the chromosome number
in the field Sequence (chromosome).

As the next step to enrich the visualization, and to gather more information about your
track of interest, you can add the additional pre-existing tracks from the folder Public.
There, you can find a sub-folder traXplain with several tracks. This sub-folder is
highlighted in blue in the screenshot below. As an example, two tracks have been added,
the track with DNAse hypersensitive sites from the ENCODE project (DNAse HS sites
clustered ENCODE UCSC hg19), and the track with the experimentally proven

transcription factor binding sites from the TRANSFAC® database (TRANSFAC 2013.4
human sites hg19).

=

= |I @ |(}| ‘m Start page ||Echmmosomes GRCh3T 4

ses || Data || Analyses || Users ‘ Sequence (chromosome): 1 5 | Position: 1:934881.991977

881 340000 350000

a sels PRI S T T I T T S S T T A | IR N N T
Data GCcontent 4> MRNANL, o teuihaiah o .l sl 1t s bl e oM
] 1000 genomes

__] DNA sequence formats Genes4)p ES4 RPll-54(IJ7.IU I5G15

.| Documentation
__] DrugExpress

RPH-S4&?.11
__]HOCOMOCO DNAse HS sites cluste...4» )5 113 2 12 36 6 121 24 124
_J Ds 1 n 1 m u [ ] [ ] —

[

] RNA-seq annotation 125 ‘i 'J; 3: ‘t SI ‘:I‘ 4
__] RMNA-seq annotations 26 8 o6 <

1] test = 1 om 1

| traXplain i

4 ||| DNAse hypersensitivity 1

] & DMAse HS sites clustered ENCODE-UC.
4 [LJphastCons TRANSFAC 20134 hu... 4 ) IRF-1, IRF-9:STATZ, ISGF-3, STAT1, STAT2
i [ & PhastCons 46-way 75 non-CDS UCSC F !

«P PhastCons 46-way 90 non-CDS UCSC |k IRF-1, IRF-3, IRF-5, IRF-7, IRF-TA
x Q PhastCons 60-way 75 non-CDS UCSC r . ) 3 : )
» & PhasiCons 60-way 50 non-CDS UCSC r i L P
4[| TRANSFAC sites
Q TRANSFAC 2013.4 human sites hg19
s Q TRAMEFAC 2013.4 mouse sites mm10
b & TRANSFAG 2013.4 rat sites m5

PU.1-isoform1, PU.1-xbbl

IRF-4-isoforml, [RF-8
1

IDE 1 IRE A IR 3

Open track as a table

To open a track as a table, use a right mouse click on the track name in the tree area or
[Ctrl + mouse click] for Mac users.

Using the same menu, you can apply other functions to the selected track, e.g. export it
in available formats or delete it.
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4 || | Operations with tracks
. & CEBP in H1-hESC cells YES

S| Dp{m track 3 annotated

aprime
inus

| i Export element o
. ($ Remove

e e v s s vw T P fomria

A tabular view for the same track is shown below. Each row corresponds to one
fragment. For each fragment, you can see the column ID with the fragment number,
Chromosome, positions in the respective columns From and To, and several additional
columns, three in this case.

First | | Previous | Page 1 of 10 | Mext | | Last Showing 1 to 50 of 500 entries
Show| 50 3 | entrig

ID Sequence (chromosome) name From To Length Strand Type

1 16 BT812460 87813135 678 ? unsure
2 3 45883291 45883528 708 ? unsure
3 20 17663143 17663620 548 ? unsure
4 4 163418722 163419179 458 ? unsure
5 1 31583866 31584530 685 ? unsure
6 a B8B59890 8860541 652 ? unsure
T 1 5319894 5320418 525 ? unsure

Filter track by condition.

When any track is opened as a table, it can be filtered by any condition in the specified
columns. Filter options are available under the tab Filters in the operations field.

Filter: Sequence_chromosome_name < 2

First | | Previous PFage 1 of 1) Next | Last Showing 1 to 46 of 46 entries
Show |
D Sequence (chromosome) name From To Length
5 1 315838686 31584530 665
7 1 63198594 6320418 525
15 1 147789293 147789772 480
24 1 201123308 201124010 703
42 1 212781688 212782321 633
46 1 92082837 22083414 578
61 1 234737333 234737771 439
74 1 1243408 1243970 562
76 1 150849164 150849585 432
84 1 30265882 30256309 428
I@vlt}l ik G Fi|ters‘|Dy description H Graph search ” Script H Clipboard ‘H
S
Template to construct the filtering expression: Columns (double-click to paste):

Sequence_chromosome_name

| - Select template - =8 9] }
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Here, the filter is applied to select the fragments located on chromosome 1.

2.3.4. Diagram handling

Diagrams are provided by a number of databases and tools in the platform. The general
schema of their use is that an overview of the corresponding graph is shown in the
Operation Field, under the tab Overview, while a full-sized picture is shown in the Work
Space, where usually only a part of the whole diagram fits on the screen. The diagrams
exhibit components as ovals, reactions as squares, and links as lines or arrows.

FiRANEE EEEREN Fo Femb & Hins ¥A

l Start page | APPpaihwayXI

androsterone —> Salpha-androstane-3,17-disne -

B4 ANG-1 —FOXO1A [ Nicastrin ] (APH—‘I j [NDF’—GIy J [adamm ] [APPSBs]
<« ANG-1 —> eNOS

[ osscsces [ oata | anayses | users | | CEEEEEE EEl [ =]

{2 ANG-T —> Shet
[ 4% Angiopoietin/Tie signaling

i~ angiotensin ll—> c-Jun é
| % angiotensin I —» DAG, CaMKIl 0

| 2 angiotensin Il —= paxillin
[ = angiotensin Il —> PLAZ - =

|- |2 antagonistic effect of ANG-2 fp—

{ [~ Apaf1 —>Caspase-3

[ | Apaf1 —> CaspaseT APH-1 PS1-NTF
PS1-CTF

Cdk1

. APG4B —APGS,APG12—>LC3A

| . APG4B —APGE APGI2—>LC3B
| 2 APGT —APG10—=APGIBL.APGSAPGIZ @
b 2 ApOZL —f MLH1

- | ApoZL —= Caspase-10
i [~ Apo2L —> Caspase-7

- |2 Apo2L —Caspase-10—> Caspase-3 [ —

| |2 Apo2L —Caspase-8—> Caspase-3 [ o)

[ 1% Apo2L pathway [ 0
.. APP pathway )

{2 APP processing and nuclear translocation }

2 AR —» AKT
| A AR —> RS2, IGFIR, SGK, BRCS
[ % arachidonic acid —15-HpETE—> lipoxin A4
| 1= arachidonic acid —> 14-COOH-hexanor-LTES
¢ idonic acid —> 15-epHipoxin A4, 15-¢pii
|- = arachidonic acid —> 5,6-DHET

- arachidonic acid —> Lipoxin B4

“. arachidonic acid —= NADPH oxidase

-~ arachidonic ackd —> PGJZ, 150-PGJ2 Z
7

APH-1

— o APPess
PR1.NTF

« I
H Search | Info Default :l_] ﬁl [ ‘ Overview ‘ Layout | Expression mapping " My description " Graph search H Simulation ” Variables H Parameters H Script " Clipboard | Task:

1D: CHOO0000768
Title: APP pathway “
Database References: - SEEy sy =

« Database name: pubmed ID: 17644432
* Database name: pubmed ID: 17317113
« Database name: pubmed ID: 16554819
« Database name: pubmed ID: 15950321
+ Database name: pubmed ID: 16524370
« Database name: pubmed ID: 16539675

* Database name: pubmed ID: 1697958

The section displayed can be shifted either in the Work Space by moving the mouse
pointer (hand symbol) keeping the left mouse button pressed, or by shifting the blue-
dotted rectangle in the Operation Field (mouse over: pointer symbol turns into a four-
arrow plus sign, shifting can be performed while keeping the left mouse button pressed).

To facilitate orientation in large diagrams, individual edges are highlighted (turning from
a thin, usually black arrow into a thick light-blue one).

Double-click on an individual node will show information about this component under the
Info tab of the Info Box (this works for BioModels).

Diagrams can be zoomed in and zoomed out, by click on the buttons or .,
correspondingly.

They can be exported in several formats by clicking the button .
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Scalable Vector Graphics(*.svg)
Cance vingows bemap ti2(*.wbmp)
JPEG fie (".p9) '
{ Btmap file(*.bmp)
| Portable Network Graphics (*.png)
BioUML format(* drdi)
| Pair graph file(* tut]
| SBML (Transpath biased)

Diagrams can be zoomed in and zoomed out, by clicking on the buttons or ,
respectively.

Diagram nodes can be multi-selected via the [Ctrl]] button (picture below). Selected
nodes can be used for Alignments or Distribution editing within the diagram or can be
saved as a subset.

BEIEN EHEMEAREREHE

Start page | .“. Top 3 effectors, EIF-30(h)... X|| .. New diagram X]| .". Top 3 effectors, EIF-3D(h)...
R [z]=le] {elzl=lel=l =00 O] == ]=][=]=<]<]~
L]

0GT oGT 0GT 0oGT AIMP1

-isofo -isofo -isofo -isofo -isofo
m3 m2 m1 m4 m1
\\\\Z TP 0

ol
=) & @)

Five alignment methods are available in the tool bar (see picture below) after opening a
diagram in the workspace.

middle down left center right

After pushing one of the buttons in the toolbar, the selected nodes in the diagram are
aligned accordingly. The picture below shows an Up alignment of all nodes.
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Start page || .. Top 3 effectors, EIF-3D(h)... X]|.". New diagram «« Top 3 effectors, EIF-3D(h)...
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Start page || .". Top 3 effectors, EIF-3D(h)... +"« New diagram «"« Top 3 effectors, EIF-3D(h)...
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Two distribution methods horizontally E] and vertically @ are available in the tool
bar after opening a diagram in the workspace. After pushing one of the buttons in the
toolbar, the selected nodes in the diagram are positioned accordingly. The picture below
shows a Vertically distribution of one node.

RECR EEARRE RSN ERNEEFAERE DR

For edge editing you can use either the dialog box or a clickable connecting line to add
new edges to a diagram.
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3. Load data

The first step is to load your data into the system. This is facilitated by the first topic
listed on the Start page. When you click on the term “Load data”, another window with
the title “Import file” is opened asking you for the file to upload. By clicking into the
topmost field (Target folder), you can select the place where you want to save the file
that you are going to upload. This file you can select by several options: upload from
your computer, import directly from an FTP address, choose an item from the tree in the
geneXplain platform, or paste data, e.g. a DNA sequence. Use one of the buttons
[Computer], [Web/FTP], [Repository] or [Raw] to start the import.

[y Target folder data/Projects/DEMO/ Data

Import file from:  Computer Web/FTP Repository Raw

mpor

3.1.1. Import a file from a local computer

Let us assume you wish to detect differentially expressed genes in your microarray
experiments, which is one of the following workflow groups on the Start page. In this
case, you might be interested to upload an archive (ZIP, TAR, GZ,...) of several CEL files
(when you worked with an Affymetrix platform). In case of importing raw microarray
results, we recommend to create a single ZIP archive of all files that you plan to
normalize together. Please note that uploading is a lengthy process, and it may take
some time. However, if in the uploading bar you see no progress and just 0% for about
10-15 minutes, please cancel and start again, it might be that the server was overloaded
at that moment. Wait till the progress bar is completed. The picture below shows an
ongoing uploading.

l 1

Target folder: data/Projects/DEMO/Data l

Uploading file GSE1825_RAW.tar...

5%

Format: | autodetect

Cancel Import

The uploading step is similar for all file formats. After the uploading step has been
completed, the next step is specific for the file format, and different forms are displayed
for different formats. Here, let’s consider two examples, loading a ZIP archive with
Affymetrix CEL files and loading an Excel table.

Loading a ZIP archive with Affymetrix CEL files
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When the uploading step is complete, additional options will be displayed, as shown
below. The format of the imported file is detected automatically and will be indicated in
field "Format”, in the example below it is ZIP-archive. Verify the automatic detection and
if necessary refine it manually using the drop-down menu. Next, verify four fields as
follows.

In case that here exists already a folder with the same name as the imported file, it will
be replaced by imported data if you activate the check box “Cleanup existing folder”.
Checking the box “Preserve extension” means that individual CEL files will keep the
extension ".CEL" after importing.

Checking the box “Preserve archive structure” allows you to keep the archive structure
(folders and subfolders) after importing. Next, choose the type of the files within the
imported archive (if an archive is imported), here “Affymetrix CEL files” row is selected,
indicated by the dark blue background in the picture below. Finally, press the [Import]
button.

ola | BEE
e Target folder: data/Projects/DEMO/Data
File GSE1825_RAW_example.zip is uploaded. E
yses ( Please verfy format and options and press 'Import’ to proceed. 3
1to 50 cf 8
Format: | ZIP-archive (*.zip) (detectsd) ]
Public da
D Cleanup existing folder M -No
io
. Presarve extension W
mized wo D o~ bag 0
_'Tle-n‘. nar| D Preserve archive structure |21 612 o
RIS D Importer for files in archive {auto) ﬂ 07 Q
Enrichme 74 o
Enrichme [auto)
I ) Affymetrix CEL file (*.cel 613 a
ulated En Agilent microarray file (*.txt) 542 o
ulated En BED format (* bed) 512 d
| normali BioUML format(*.dml) L
ey Breakdancer output (" ctx) 214 0
: CMVnator genotype cutput (".genotype) 1247 Q
agram CellML 5
56 Q
cript EMBL format (*.embl}
regulatons Fasta format (* fasta) 792 0
Fastg format (* fastg) 038 Q
GenBank format (*.gb) 236 a
Gene Transfer Format {*.gtf} 01 q
General Feature Format {*.gff)
Generic file 346 g
GinSim 56T a
Cancel Import HTML file (*.html, *.htm) 184 a
lllumina microarray file (" bt} BEg a
3 - T Image file (*.png, “jpeq, ".gf eic) —
Interval format (*.interval) 4
[Default Pindel output v e | Cotumns | 1w ]

Each imported archive or individual file will appear in the Data tree of the Tree Area when
import is complete.
Loading an Excel table

After the uploading step of an Excel table is completed, the following additional options
will be displayed as shown below:
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Target folder: data/Projects/DEMO/Data/GSE1825_RAW_example

File Genes, fold change and p-value, non-filtered. xIs is uploaded.
Please verify format and options and press 'Import’ to proceed.

Format: | Tabular (*.t=t, ".xIs, ".tab, etc.) (detected) _:_'

D Mame for table

Genes, fold change and p-value, non-filtered

[y Sheet name | Sheett =l

D Process guotes I

D Header row index d

D First data row index z

D Comment prefix

[ Column for ID |ID ﬂ

D Add suffixes to repeated ID 0

D Type of the table |Unspeciﬁed ﬂ

[} Soecies |Unspeciﬁed =l 3

| Cancel || Import

The format of the imported file is detected automatically and is indicated in the field
“Format”. In the figure above it is the Tabular format, which includes the XLS format
among others. Verify the automatically detected format and, if necessary, refine it
manually using the drop-down menu. Next, verify the following fields.

“Name for table” - the name of the uploaded Excel table is shown automatically; you can
modify it, and under this name the table will be shown in the tree after import is
completed. “"Sheet name” — with the help of the drop-down menu specify which page of
the Excel file should be imported (for Excel files with multiple pages).

“Header row index” - the number of header rows in the Excel table is detected
automatically, in this example there is one header row. Verify automatic detection and if
necessary correct the number. “First data row index” — the number of the row where the
data start is detected automatically, in this example the data start in the second row and
in the field figure “2” is shown. Verify automatic detection and, if necessary, correct the
number.

“Column for ID” - use the drop-down menu to indicate which column in the imported
table contains unique identifiers. The column “ID” is suggested automatically. Verify
automatic suggestion and refine it as necessary.

“Type of the table” - this field aims to specify what type of IDs are used as identifiers in
the imported Excel table. Use the drop-down menu to specify. In this example IDs in the
Excel table correspond to Entrez gene IDs, and correspondingly in the figure below
“Genes: Entrez” is specified.

“Species” - use the drop down menu to specify the biological species that corresponds to
the IDs.
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Target folder: data/Projects/DEMO/Data/GSE1825_RAW _example ol

File Genes, fold change and p-value, nd Categories: GTRD

Please verify format and options and preg Categories: Gene cntology
Cell: EndoMet

ChlP-seq peaks: GTRD

Format: | Tabular (".txt, ".xls, ".tab, etc.) (| C.D“Ed":'n element: HumanCyc
: Disease: MeSH

Genes
D Name for table Genes: BKL
_ Genes: Ensembl
[} Sneet name

Genes: GenBank

D Process guoies
Genes: Gene symbol

D Header row index Genes: lllumina
Genes: RefSeq
[ Firstdata row index Genes: Transpath

Genes: Unigena

D Loirameant praio Hormone: EndoMet

Column for ID Isoforms: GTRD
D Matrices
[ Add suffixes to repeated ID Matrices: GTRD 2 "
Matrices: TRANSFAC ¥
D Type of the table Genes: Entrez ﬂ
[ Seecies Unspecified | i
v
| Cancel | | Import

After that, press the [Import] button, and you can find the imported table in the tree,
under the location specified in the “Import file” form in the field “Target folder”.

A number of file formats can be defined for import. You find them listed when opening
the “Format” selection list. If you can’t find the required format explicitly listed, select
“Generic file”.

3.1.2. Uploading data from URL

This option allows you to upload data directly from the web, e.g. by indicating an FTP
address, which is significantly faster in comparison with downloading to a local computer
and then uploading into the geneXplain platform. If your data are located on a web
server, this would be a preferable way of importing.

First, press [Web/FTP] button on the “Import file” form, and indicate the ftp address in
the newly opened form as shown below:

URL:




3.1.3. Paste plain DNA sequence

If you would like to import a plain DNA sequence, not saved in any file before, first,
choose the button [Raw] on the form “Import file”, and a new form will be opened as
shown below:

Mame: data.txt

Type file content here

Cancel

n”

Paste the DNA sequence in the window “Type file content here”, and in the field "Name
specify a name as it should appear in the tree after importing.
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4. RNA-seq

When you click on the tiled button "RNA-seq” in the Work Space of the on the start page,
the following listing will appear:

- RNA-seq

“® | oad RNA-seq data

®° RNA-seq preprocessing
SRA to FASTQ
Convert genome coordinates with Lift-over
Alignment of FASTQ with Bowtie
Alignment of FASTQ with TopHat
Quantification of RNA-seq with Cufflinks for multiple BAM files
Find gene fusions from RNA-seq
Find genome variants and indels from RNA-seq
Quantification of RNA-seq with Cufflinks (no de-novo assembly) for FASTQ files
Quantification of RNA-seq with Cufflinks (with de-novo assembly) for FASTQ files

@~ Detect differentially expressed genes (DEG)
Limma
EBarrays

@~ Discover functional enrichment of DEG

Gene set enrichment analyses (GSEA)

GO categories and metabolic pathways

GO categories, signaling pathways and diseases

Single gene set 2 gene sets and comparison  Multiple gene sets

Mapping to GO categories and signaling pathways
Smgle gene set 2 gene sets and comparison Muiltiple gene sets

Mapping to GO categories, signaling pathways and diseases
Single gene set 2 gene sets and comparison Multiple gene sets

Single gene set 2 gene sets and comparison  Multiple gene sets

Cross-species mapping to ontologies

@~ Analyze networks of DEG
Find master requlators
with TRANSPATH(R)
Single gene set Multiple gene sets

with GeneWays
Single gene set Multiple gene sets

Find common effectors
with TRANSPATH(R)

Single gene set Multiple gene sets

with GeneWays
Single gene set Multiple gene sets

Identify functional gene cluster

$~ Analyze regulatory regions of DEG

Motif quality analysis
Create matrix logo
Identify enriched TF sites in promoters
version 2.0 (Adjusted p-values)
version 1.2 (Classical
Identify composite modules in promoters
version 2.0 (Adjusted p-values) with TRANSFAC(R)
version 1.2 (Classical) with TRANSFAC(R)
Cross-species identification of enriched motifs in promoters
Visualization of site search results

@~ Find drug targets of DEG
Upstream analysis (TRANSFAC(R) and GeneWays

Upstream analysis (TRANSFAC(R) and TRANSPATH(R))
Complete upstream analysis (TRANSFAC(R) and TRANSPATH(R))

Enriched upstream analysis (TRANSFAC(R) and TRANSPATH(R))
Focused upstream analysis (TRANSFAC(R) and TRANSPATH(R))
Upstream analysis with feedback loop (TRANSFAC(R) and TRANSPATH(R))
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4.1. RNA-seq preprocessing

4.1.1. SRA to FASTQ

This workflow can be used to convert SRA data files (e. g. from NGS/RNA-seq
experiments) into FASTQ files. The FASTQ format is widely used by a number of tools
and the geneXplain platform is among them; on the other hand, NGS data are often
collected in SRA format, thus the conversion of SRA format into FASTQ format is an
important function. An example of public data stored in SRA format can be found here
(http://www.ncbi.nlm.nih.gov/sra?term=SRP051443) and can be uploaded directly via
FTP import into the geneXplain platform. The workflow “"SRA to FASTQ” can be found on
the Start page, under the NGS/RNA-seq button.

i RNA-seq

“® | oad RNA-seq data

@~ RNA-seq preprocessing
SRA to FASTQ

Convert genome coordinates with Lift-over
Alighment of FASTQ with Bowtie
Alignment of FASTQ with TopHat

To launch the workflow, follow these steps:

Step1l. Open the workflow input form from the Start page. It looks as shown below:

Start page || P+ SRA to FASTQ

SRA to FASTQ
[y Input folder u_]]...scc}, (GSE32424, FASTO files/Data/SRA files
+ [y Output folder u_]]...scr,}, GSE32424, FASTQ files/Data/Fasty files
[ Run workflow ] [ Edit workflow ]

Step 2. Specify the folder with the SRA files in the field Input folder. You can drag it
from your project within the tree area and drop it in the box beside the folder pictogram.
Alternatively, you may click on the field (select element) and a new window will be
opened, where you can select the input folder.

Example of an input folder:


http://www.ncbi.nlm.nih.gov/sra?term=SRP051443
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http://genexplain-platform.com/bioumiweb/#de=data/Examples/RNA-Seq analysis of
human esophageal squamous cell carcinoma (ESCC)%2C GSE32424%2C FASTQ
files/Data/SRA%2files/

It contains 12 files in SRA format as shown below. Please note, this folder occupies 1.5
GB work space.

4 || | SRAfiles

- [} SRR349741
- [} sSRR34a742
- [} SRR345743
- [} SRR340744
- [} SRR340745
- [} SRR345746
- [} SRR349747
- [} SRR340748
- [} SRR340749
- [} SRR345750
- [} SRR349751
- [} sSRR349752

The output folder name and folder path is automatically created, but can be changed in a
user-specific way.

Press [Run workflow] and wait till the workflow is completed.
Example of an output folder:

http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq analysis of
human esophageal squamous cell carcinoma (ESCC)%2C GSE32424%2C FASTQ
files/Data/Fastg%2files/

4 || | Fastqfiles
- ||| SRR349744 fastq fusion

- [} SRR349741 fastq
- [} BRR349742 fastq
- [} SRR349743 fastq
- [} SRR349744 fastq
- [ SRR349745 fastg
- [} SRR349746 fastq
- [} SRR349747 fastq
- [} SRR349748 fastq
- [} BRR349748 fastq
- [} SRR349750.fastq
- [} 8RR349751 fastq
- [} sSRR349752 fastg

The output folder contains 12 files with the same names and now with the extension
fastq. Please note, the size of the output folder is 16.6 GB.


http://genexplain-platform.com/bioumlweb/%23de=data/Examples/RNA-Seq%20analysis%20of%20human%20esophageal%20squamous%20cell%20carcinoma%20(ESCC)%2C%20GSE32424%2C%20FASTQ%20files/Data/SRA%2files/
http://genexplain-platform.com/bioumlweb/%23de=data/Examples/RNA-Seq%20analysis%20of%20human%20esophageal%20squamous%20cell%20carcinoma%20(ESCC)%2C%20GSE32424%2C%20FASTQ%20files/Data/SRA%2files/
http://genexplain-platform.com/bioumlweb/%23de=data/Examples/RNA-Seq%20analysis%20of%20human%20esophageal%20squamous%20cell%20carcinoma%20(ESCC)%2C%20GSE32424%2C%20FASTQ%20files/Data/SRA%2files/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq analysis of human esophageal squamous cell carcinoma (ESCC)%2C GSE32424%2C FASTQ files/Data/Fastq%2files/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq analysis of human esophageal squamous cell carcinoma (ESCC)%2C GSE32424%2C FASTQ files/Data/Fastq%2files/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq analysis of human esophageal squamous cell carcinoma (ESCC)%2C GSE32424%2C FASTQ files/Data/Fastq%2files/
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Note. Working with NGS data in SRA and FASTQ formats requires substantial work space
available in your user account. Feel free to contact us (info@genexplain.com) to upgrade
your account with additional disk space.

4.1.2. Convert genome coordinates with Lift-Over

While working with NGS data, quite often it might quite often be required to convert
positions from one genome assembly to another one, and The Lift-Over program is
widely can be applied for this task. Within the geneXplain platform, you can find it on the
Start page under the NGS button, as highlighted below.

Nt NGS

® Load NGS data

¢~ NGS preprocessing

ARl

This tool is based on the LiftOver utility and Chain track from the UC Santa Cruz Genome
Browser.

It converts coordinates and annotations between assemblies and genomes. The input is a
track with genomic positions according to a particular genome assembly, and the output
is a track with positions according to another genome assembly.

To launch the workflow, follow these steps:

Step1. Open the input form from Start page. It looks as shown below:



mailto:info@genexplain.com
http://genome.ucsc.edu/
http://genome.ucsc.edu/
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Start page |:il:crn1.rertgenome coordin... :\1

[y Convert coordinates of QI...ut of RNA-seq workflow/Regulated promoters

[} Mapping [ng19-=hg 18 =]

D Minimum ratio of bases that must remap .95

D Allow multiple output regions? IN':' lI

[y Mapped coordinates .QI...u'.fen'R&gulated promoters track mapped hg18 | Auto
|j| Unmapped coordinates .Q‘I...&n’ﬂegulat&d promoters track unmapped hg13 | Auto

Step 2. Specify the input track in the field Convert coordinates of. You can drag it
from your project within the tree area and drop it in the box of the field.

The further steps of the workflow are demonstrated by means of the tables in one of the
pre-prepared examples. You can find these tables in the Examples folder, under

http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq analysis of
human esophageal squamous cell carcinoma (ESCC)%2C GSE32424%2C FASTQ
files/Data/Lift over/

Step 3. Specify the Mapping of the input track by selecting the desired genome
conversion from the drop-down menu.

[y Mapping hg19-=hg18 >
hg16-=hg17 -
hg18-=hg18
EI Allow multiple output regions? hgl6-—=hg19
: hg1§-=mm3
DI Mapped coordinates hg17-+hg16 [
hg17-=hgl& [
hg17-=hg19
hg17->mm&
Run hg17->mma
hg17-=rn4
hg18-=hg17
hg18-=hg19
hg1&-=mma
hg1&-=mm3
hg18-=rn4
hg19-=hg1ad

B Winimum ratic of bases that must remap

EI Unmapped coordinates

m

hg18-=mm&

hg18-=rnd

mmS-=hg17

MmS-=mma o

In the majority of cases not everything can be re-mapped to another assembly. The
minimum ratio of bases that must be re-mapped is by default 0.95, you can change this
by typing in this field.

Step 4. Allow multiple output regions: choose Yes or No.


http://genexplain-platform.com/bioumlweb/%23de=data/Examples/RNA-Seq%20analysis%20of%20human%20esophageal%20squamous%20cell%20carcinoma%20(ESCC)%2C%20GSE32424%2C%20FASTQ%20files/Data/Lift_over/
http://genexplain-platform.com/bioumlweb/%23de=data/Examples/RNA-Seq%20analysis%20of%20human%20esophageal%20squamous%20cell%20carcinoma%20(ESCC)%2C%20GSE32424%2C%20FASTQ%20files/Data/Lift_over/
http://genexplain-platform.com/bioumlweb/%23de=data/Examples/RNA-Seq%20analysis%20of%20human%20esophageal%20squamous%20cell%20carcinoma%20(ESCC)%2C%20GSE32424%2C%20FASTQ%20files/Data/Lift_over/
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Step 5. Define where the output tracks should be located in the tree. The method
produces two output tracks, one containing all the mapped coordinates and the other
containing the unmapped coordinates (if existing).

After filling out all input fields press [Run] and wait till the method is completed.

The output is a folder with two tracks as shown below:

1 L] Lift_over
E 45" Regulated promoters track mapped hg18
- Q Regulated promoters track unmapped hg18

4.1.3. Alignment of FASTQ with Bowtie

Bowtie is a short-read aligner designed to be ultrafast and memory-efficient. It was
developed by Ben Langmead and Cole Trapnell (Langmead B, Trapnell C, Pop M, Salzberg
SL. Ultrafast and memory-efficient alignment of short DNA sequences to the human
genome. Genome Biology 10:R25). The Bowtie method can be found in the Galaxy
section of the platform (analyses/Galaxy/solexa_tools/bowtie_wrapper).

Input format: Bowtie accepts files in Sanger FASTQ format. Often, the sequence files
are represented in SRA format (Sequence Read Archives). This format is used to deposit
sequences at the Sequence Read Archives at NCBI, EBI, and DDBJ. Please consider,
converting the SRA files into FASTQ files before starting Bowtie. You can use the
conversion tool Convert Files in SRA format to FASTQ or Convert Files in SRA format to
paired FASTQ in the Galaxy section of the platform (analyses/Galaxy/sra_toolkit/fastq-
dump).

To launch the Bowtie tool, follow these steps:

Stepl. Open the Bowtie input form from the Start page by clicking on Alignment of
FASTQ with Bowtie option in the RNA-seq preprocessing subsection. It will open in the
main Work Space and looks as shown below:

Start page ||S_ Map with Bowtie for lllum... X‘

D Will you select a reference genome from your history or use a buil-in index? IUSE a built-in index ;l
D Select a reference genome |hg1§ LI
D Iz this library mate-paired? |Eing|e-end ;I
[y FASTQ file [ |(select element)

D Bowtie settings to use |I:|:|mmcmh,r used ;l
D Suppress the header in the output SAM file [}

D Map with Bowtie for llumina en singlePairedisinglelsinput1: mapped reads Q (select element)

Run
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Step 2. Specify the reference genome.

The field Will you select a reference genome from your history or use a built-in
index? defines the reference genome. If you keep the default “Use a built-in index” the
program makes an alignment to the reference genome which is provided as part of the
platform (the genome builds for human, mouse and rat are provided). Depending on the
species used, please specify hgl9 for human, mm9 for mouse and rn4 for rat in the next
field Select a reference genome.

If you select the “Use one from the history” option in the 1st field, two new fields will
appears in the form: Select the reference genome and Choose whether to use
Default options for building indices or to Set your own, as shown in the screenshot
below, highlighted by the red ovals. In this case you should provide a preloaded
reference genome (preloaded in Fasta, EMBL or Genebank formats) and choose the way
how to build sequence indices which will be used by the alignment algorithm of Bowtie.

D Will you select a reference genome from your history or use a built-in index? Use one from the hﬁ ;l
Select ihassaleremewguTONIC &} [select element)
D Choose whether to use Default options for building indices or to Sc@ IDcfaun ;l
0y forel e-paired? [ Single-end x|
E'I FASTQ file E] [select element)
0Oy Bowtie settings to use Icﬁmmgr-r,- used -]

D Suppress the header in the output SAM file ]

D Map with Bowtie for llumina on singlePaired|single|sinput: mapped reads Q {select element)

F Y
Run |

Step 3. The field Is this library mate-paired? defines the type of the sequence library
which was used in NGS sequencing. The default is Single-end, the alternative is Paired-
end. You should know this details about your library of short reads.

Step 4. Specify the input file in the field FASTQ file. You can either drag-and-drop or
select the file name from the Tree area. Here, as an example, we use data from a
published RNA-seq experiment analyzing the human esophageal squamous cell
carcinoma (ESCC), GSE32424. FASTQ files can be found in the following Examples folder:

data/Examples/RNA-Seq analysis of human esophageal squamous cell carcinoma (ESCC),
GSE32424, FASTQ files

This example contains results of an RNA-seq Illumina NGS sequencing of twelve clinical
samples from human esophageal squamous cell carcinoma (ESCC) (seven tumors and
five non-tumors). The authors provided sequences as so called non-aligned BAM files. We
loaded these BAM files directly from GEO as one archive using the ftp uploading function
of the geneXplain platform. After that, we converted the non-alignhed BAM files into
FASTQ files using the tool: SAM to FASTQ from the NGS: Picard (beta) subsection of the
Galaxy section of the platform (analyses/Galaxy/picard _beta/picard_SamToFastq).

Step 5. The field Bowtie settings to use is set by default to Commonly used. If you
change it to the Full parameter list from the drop-down menu, a full list of parameters of
the alignment algorithm is enabled for editing. The full description of all these



50 RNA-seq

parameters is given in the original paper of Langmead et al. mentioned above which
describes the algorithm of Bowtie.

Step 6. Please keep the box Suppress the header in the output SAM file unchecked
(as it is by default) to generate SAM/BAM output files suitable for further use by Cufflinks
tool.

Step 7. Set the output file name (for the output BAM file) in the field Map with Bowtie
for Illumina... and press the button [Run].

@ It is recommended to save the output file into a separate folder containing all BAM
output files from one particular experiment. This will allow you to run the next workflow
for the quantification of all SAM/BAM files from this defined folder.

Results

The result of this method is one BAM file which is generated by the Bowtie program as
the result of the alignment of the sequence reads from the input FASTQ file to the
reference genome.

At the end of the Bowtie run, the platform requests to specify the genome build again in
order to link the output BAM file to the respective genome files in the Ensembl database
installed in the platform. When you get such a pop-up form, choose the sequence score
from the drop-down menu and specify the genome ID.

E‘hfl Genome
[y Seauences source Ensembl 72.37 Human (hg13) |
[y Genome ID string hg19

This enables a visualization of the BAM file information in the genome browser.

Generated BAM file is a track and has the (‘5}) icon in the tree. As usual for all tracks, it
with a double click opens in the Work Space. You can see the positions of each aligned
read in the genome and upon zooming-in you get all detailed information about each
read complete with sequence, length, and quality.

22135 17313000 17314000 1731
Ly o ™ 1o 0 0 T s |

- = > - - 3
+ & & -
+ 3

__] Data

4 |i]GsE3z424 AN

© | @ CSMBO245T_1T_prim fie BAM

4 || ]GSE32424 RAW -
H,J&) GSMB02457_1T_prim GC content 4> J||||Wl[| wllolN (] |L|L|| ||]|"|||”|l|]|u|| |L|
- [ GSMB02487_{T_prim fik
b & G3MB02457_1T_prim file BAM Genes4 ) -RP1-37C103...
. [ GSME02457_1T_prim file BAN tab

b
i 5 GSME0245T_1T_prim file BAM tab !
B:A - . == 17 213 470

\m| »

G5MB02457_1T_prim ... 4F

In the info box you can see information about the output BAM file. The number of aligned
and not aligned reads and overall file size is shown.
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F] @ RMA-Seg analvsis of human escphageal squamous cell carcinema (ESCC), GSE32424
a || |Data
| 4 || GsE32424_BAM
- | & GSMB02457_1T_prim file BAM
4 ||| GSE32424 RAW
b GSMB02457_1T_prim
L [y cSMe02457_1T_prim fils
4 : : 1 b

| Search || Info | BAM track =

BAM Track GSM802457_1T_prim file BAM

[k

uence collection: databaseb
Aligned reads: 5731128
Hot aligned reads: 269481
ﬂle size: 124.1Mb (130,162,152
\/

sembl/Sequences/chromosomes GRCh37

Note. The input FASTQ and output BAM files of the Bowtie tool require a considerable
amount of working space. One FASTQ file can occupy several GB of space. If you need
more space for storage and work with your FASTQ and BAM files, please feel free to ask
for details (info@genexplain.com).

4.1.4. Quantification of RNA-seq with Cufflinks for multiple BAM files

This workflow is designed to estimate abundances of transcripts in several RNA-Seq
samples using the Cufflinks method (published in Trapnell C, Williams BA, Pertea G,
Mortazavi AM, Kwan G, van Baren MJ, Salzberg SL, Wold B, Pachter L. Transcript
assembly and abundance estimation from RNA-Seq reveals thousands of new transcripts
and switching among isoforms. Nature Biotechnology doi:10.1038/nbt.1621).

The Cufflinks method accepts aligned RNA-Seq reads (in "aligned" BAM files) and
assembles the alignments into a set of transcripts using a reference annotation of
transcripts and genes. Cufflinks then estimates the relative abundances of these
transcripts and genes based on how many reads support each one.

In the first part of the workflow, the Cufflinks program is called from the Galaxy section
of the geneXplain platform (analyses/Galaxy/ngs-rna-tools/cufflinks.

To launch the workflow, follow these steps:

Step1. Open the workflow input form from the Start page. It will open in the main Work
Space and looks as shown below:
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Start page || Quantification of RNA-seq .. )\1
Quantification of RNA-seq with Cufflinks for multiple BAM files
- [ Input folder L]} tsitest1/Data/RNA-sea/BANIGSE29155_RAW
- [} Sequence source | Human/Ensembi72_GRCh37_hg1%igencode v17 x|
[} Result folder i J|--ata/RNA-seq/BAMIGSE28155_RAW Cuffiinks
- [y CountsFalder [[]|--/Data/RNA-seq/BAM/GSE29155_RAW Counts
~ [y FPKMfolder ([} H1/Data/RNA-seq/BAMIGSE2S155_RAW FPKN
[ Run workflow | | Edit workflow |

Step 2. Input a folder containing BAM file(s) from the tree. You can either drag-and-drop
or select the folder name from the Tree area. Here, as an example, we use data from a
published RNA-seq experiment on Colon cancer retrieved from GEO, accession number
GSE29155. The following folder from the Examples folder is used:

data/Examples/RNA-Seq analysis of human prostate cancer cell line, GSE29155, BAM
files/Data/

The input folder in this example contains 11 BAM files of RNA-Seq reads obtained from 7
colon cancer samples and 4 normal samples using the Illumina NGS sequencer. The
reads were aligned by the authors of the data to the human genome build hgl18. We
loaded these BAM files directly from GEO as once archive using the ftp uploading function
of geneXplain platform.

Step 3. Choose an appropriate sequence source from the drop-down menu:

Quantification of RNA-seq with Cufflinks for multiple BAM files
[y Input folder ] dataiProjscisitesti
[ Sequence source Human/Ensembi72_GRCh37_hg13/gencodevi? x|
D Rezult folder Human/Ensembl72_GRCh37_hg19/gencode.v17
Human/EnsemblsS_GRCh37_hgi1%gencode.vil
D CountzFolder Human/Ensembls1_NCBI3G_hg1&/gencode. vl
Mouse/Ensemblf4_GRCm3&_mm10/gencode.v2
D FPKMfolder Mouse/EnsembiB5_NCBIM37_mmS/gencode mouse.

4 1 ¥

The drop-down menu presents in each line: Species, Ensembl build number, Genome
build code (e.g. GRCh37_hg19) and the corresponding version of the Genecode derived
gene annotation. Select an option which corresponds to the RNA-seq data analyzed and
stored in the input BAM files.

The Genome build code refers to the genome build which was used for the alignment of
RNA-Seq data when producing the BAM files. You can check the genome build
information by clicking on the individual BAM file in the tree area and getting information
in the Info box. For example:
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| BAM track v |J|.@||

BAM Track GSM721116_mctp_20FOGAAXX_4

Sequence collection: databases/EnsemblHuman52/Sequencés/chromosomes NCBI36
Aligned reads: 1940927

Not aligned reads: 0
File size: 54.9Mb (57,568,661 hytes)

This BAM file was produced by alignment of RNA-Seq data to the NCBI36_hg18 genome
build (in the "Sequence collection" field you can see the "chromosomes NCBI36")

The choice of the Genecode version depends on the particular needs of the user. The
higher version of Genecode corresponds to the most up-to-date gene annotation,
whereas the earlier Genecode version may correspond to the gene annotation used in
other types of data in the same study, and may therefore be chosen for consistency with
other data. (e.g. genecode.v10 corresponds to the most recent annotation done in the
ENCODE project)

Step 4. Specify the output folder names. The Result folder and CountsFolder are created
temporarily for storing Cufflinks outputs and intermediate quantification outputs. The
FPKMfolder defines the folder for the final output of the workflow. The abbreviation
FPKM stays for Fragments Per Kilobase of transcript per Million mapped reads, and is a
commonly accepted standard measure for this kind of data.

Step 5. Press [Run workflow] and wait till the workflow is completed.

Results.

The results folder consists of several tables of Ensembl type containing the results of
quantification of every BAM file from the input folder:

i _J GSEZ9155_ RAW FPKM

FE; GEMT21116_metp_20F0GALXK_4 Genes Counts Ensembl FPKM
fi,.; GESMT21117_mctp_20F0GAAXK_1 Genes Counts Ensembl FPEM
Fi;' GEMT21112_mctp_20F0GAL00_3 Genes Counts Ensembl FPEM
FE;' GEMT21118_metp_20F0GALNXK_2 Genes Counts Ensembl FPKM
fi," GSMT21120_mctp_20ESCAAXN 2 Genes Countz Ensembl FPKM

By double-clicking on each table you can see the result of the quantification.



54 RNA-seq

Firzt | | Previous | Page |1 of 1031 | Next | | Last Showing 1 to 50 of 31520
entries
Show | 50 ¥ | entries
[n] FPERM

ENSGO0000000003 0 T —
ENSGO0000000005 0.2423

ENSGO0000000415 0.02193

ENSGO00000000457 0.28184

ENSGO0000000460 1.44333

ENSGO0000000538 0.47008

For each Ensembl gene out of 51,520 Genecode annotated genes the FPKM value was
computed. The FPKM value corresponds to the expression value of this gene. For RNA-
Seq data, the relative expression of a transcript is proportional to the number of cDNA
fragments that originated from it.

Note. This workflow may take several hours to complete. You can start this workflow and
even switch off your computer, e.g. overnight, while the computation will be running on
the server. After several hours you can check the results. In case of any questions,
please feel free to ask for details (info@genexplain.com).

4.1.5. Find gene fusions from RNA-seq

Recently, next-generation sequencing techniques at the transcriptome level (RNA-Seq)
have been used to verify known and discover novel transcribed gene fusions. This
workflow offers the ability to discover gene fusions from RNA-seq data (single-end (SE)
or paired-end (PE) RNA-Seq read data) based on the fast FusionFinder program
published in 2012 (Francis et al., PLoS ONE 7:e39987, 2012) . It accepts raw RNA-seq
reads (fastq format) and produces a table with found gene fusions. The workflow can be
found under the section "RNA-seq preprocessing”.

e RNA-seq

® |oad RNA-seq data

¢~ RNA-seq preprocessing

To launch the workflow, follow these steps:
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Step 1. Open the workflow input form from the Start page. It will open in the main Work
Space and looks as shown below:

Start page (| Find gene fusions from R... Xi

Find gene fusions from RNA-seq

[ Input fastq BI':E'E'E':t element)
B Ensembl version ||-|umﬂ|-|_55 LI
. [y Output folder | |tselect element)

[ Run workflow ] ’ Edit workflow ]

Step 2. Specify the input file in FASTQ format in the field Input fastq.
It contains data from your RNA-seq study. To specify the input fastq file, you can drag &
drop it from your project within the tree area. Alternatively, you may click on the pink
field “select element” and a new window will open, where you select the input file. After
having selected the file, press the [Ok] button.

Step 3. Specify the Ensembl version from the drop-down menu. By default, the most
recent, human_65, is selected.

Step 4. Define where the folder with the results should be located in your project tree.
You can do so by clicking on the pink field “select element” in the field Output folder,
and a new window will be opened, where you can select the location of the results folder
and define its name.

Step 5. Press the [Run workflow] button.
Wait until the workflow is completed.

The Output folder contains the two tables, Fusion summary and Fusion isoforms; for
this example, let's consider the results folder located wunder Examples
(data/Examples/Detection of novel fusion transcripts from RNA-seq data, 76émer fastq
reads/Data/BI1.081030_SL-XBF_0001_FC30CB2AAXX.7.fq (Gene fusions from RNA-
seq)/). It is highlighted in blue in the figure below:

| @ Detection of novel fusion transcripts from RNA-seq data, 7émer fastg reads
4 |Data
1 4| BLOB1030_SL-XBF_0001_FC30CB2AAXX T g fusion
[~ Fusion isoforms
. L [ Fusion summary
4 []levin_dataset (1)
D BI.0S1030_SL-XBF_0001_FC30CB28A33( 7 fg

The FusionFinder program analyses FASTQ read data (reads must be of at least 50
nucleotides long; see input example) to identify gene fusion candidates. This is achieved
by performing an integrated analysis, which is illustrated in the original paper of Francis
et al.



http://genexplain-platform.com/bioumlweb/#de=data/Examples/Detection of novel fusion transcripts from RNA-seq data%2C 76mer fastq reads/Data/BI.081030_SL-XBF_0001_FC30CB2AAXX.7.fq (Gene fusions from RNA-seq)/
http://genomebiology.com/2009/10/10/R115/additional
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The first step is to align the full length reads against a normal coding reference
transcriptome. After creation of pseudo paired-end reads (PE), these PE reads are
aligned against the coding reference transcriptome. A further step is to analyze the
results and filter false-positives. The last step consists of a block filtering and
identification of fused exons and isoforms from candidate fusion transcripts.

The output table Fusion summary is a ranked list of fusion candidates based on their
evidence strength (total number of sequence reads = total reads). The file provides the
Ensembl and HUGO (Human Genome Organization) Gene Nomenclature Committee
(HGNC) common name identifiers for G1 and G2 (G1_Ensembl_HGNC_ID and
G2_Ensembl_HGNC_ID), the number of blocks on each gene (G1_blocks and
G2_blocks), an indication of how many isoforms exist for each G1:G2 pair and the
category of fusion indicated by the pair.

| Start page ”\ Fusion summary XI ]
Selectall | Select page
First | | Previous Page 1 of 1| Next | Last Showing 1 to & of & entries Show 50 v entries
1D G1_Ensembl_HGHNC_ID G1_chromosome G2_Ensembl_HGNC_ID G2_chromosome totalreads G1_blocks G2_blocks isoforms category
1 ENSGO0000186716 (BCR) chromosome_22 ENSGO00000S7007 (ABL1) chromosome_9 425 1 1 1 INTERCHROMOSOMAL
2 ENSGO0000126883 (NUP214) chromosome_9 ENSGO0000172957 (XKR3) chromosome_22 T8 1 3 3 INTERCHROMOSOMAL
3 ENSGO0000180188 (RCC1) chromosome_1 ENSGO00000738921 (PICALM) chromosome_11 10 2z 3 4 INTERCHROMOSOMAL
ENSGO0000112758 ENSGO0000086384
4 (SLE2BA1) chromosome_§ (HSPOOABA) chromosome_6 9 1 1 1 POTENTIAL_READTHROUGH,INTRACHROMOSOMAL
s ENSGO0000143702 (CEP170) chromosome_1 ENSGO0000182185 (RADS1B) chromosome_14 T 1 1 1 INTERCHROMOSOMAL
& E,:‘Sgsgg?nzm&?z chromosome_3 ENSG00000008300 (CELSR3) chromosome_3 & 1 1 1 POTENTIAL_READTHROUGH,INTRACHROMOSOMAL
b
T ENSGO0000254888 (BRKT) chromosome_3 ENSGO0000134086 (WHL) chromosome_3 s 2z 2 2 INTRACHROMOSOMAL
8 ENSGO0000110455 (ACCS) chromosome_11 ENSGO0000151348 (EXT2) chromoesome_11 4 3 1 3 POTENTIAL_READTHROUGH,INTRACHROMOSOMAL

The output table Fusion isoforms gives the full details for each isoform of G1 and G2
and includes the genomic coordinates of the alignment blocks on G1 and G2, and their
respective corresponding Ensembl exon IDs.

start page || Fus\onlsnlorms;‘

Edit [[sstectail | selectpage
First | | Previous | Page 1 of 1| Next | | Last Showing 1 1o 16 of 16 entries Show 50 ~ entries.
I G1_Ensembl_HGNC_ID G1_chromosome G2_Ensembl_HGNC_ID G2_chromosome reads totalreads G1_block G1_exon G1_expos G1_str G2_block G2_exon G2_expos G2_str
1 EM: 110455 (ACCS) :_11 EN: 151348 (EXT2) :_11 2 4 44020427-44020456 ENSE000025673728 9 1 £4120240-44129269 ENSE000013280704 7 1
2 110455 (ACCS) :_11 EN: 151348 (EXT2) :_11 1 4 44104333-44104881 ENSE00001670249 1] 1 44120250-44120279 ENSE000013280704 17
3 110455 (ACCS) :_11 EN: 151348 (EXT2) :_11 1 4 44097109-44007128 ENSE00001687510 4 1 £4120245-441202T4 ENSE000013280704 12 1
4 EN: 58 (SLC29A1) > 6 (HSPSOAB1) > 6 9 -] 44200122-44200165 ENSE00001140400 0 1 44216369-44216415 ENSED0002565734 2 1
5 ENSGO0000126883 (NUP214) chromoseme_% ENSG00000172967 (XKR3) chromosome_22 2 78 134074371-134074400 ENSE00002558363 2z 1 17280871-17280900 ENSED0001196508 14 -1
6 EN: 126883 (NUP214) 9 EN: 172967 (XKR3) chromosome_22 &7 78 134074352-134074402 ENSE00002558363 1] 1 17288926-17288973 ENSE00001303813 0 -1
7 ENSGO0000126883 (NUP214) chromoseme_% ENSG00000172967 (XKR3) chromosome_22 9 78 134074370-1340742399 ENSE00002558363 3 1 17265257-17265286 ENSE00001305313 13 -1
8 ENSG00000143702 (CEP170) 1 182185 (RADS1B) :_14 7 7 243349082-243348117 ENSE00002397231 1 -1 B8758610-68758645 ENSE00001853316 9 1
9 EM: 180198 (RCC1) 1 1921 (PICALM) :_11 2 10 28834540-28234672 ENSE00002537573 1] 1 8560407 1-85695007 ENSE00000989277 9 -1
10 EM: 180198 (RCC1) :_1 1 (PICALM) :_11 2 10 28832567-28832596 ENSE00001758686 1] 1 85604071-85695000 ENSE00000989277 16 -1
1" EM: 180198 (RCC1) 1 1921 (PICALM) :_11 5 10 28834540-28234650 ENSE00002537573 13 1 85718504-85718623 ENSE00002503644 3 1
12 EN: 188 (RCC1) > 1 1 (PICALM) 11 1 10 28834540-28834654 ENSE00002537573 18 1 85694909-85694910 ENSE00002180758 33 -1
13 ENSG00000186716 (BCR) 22 (ABL1) 9 425 425 23632551-23632600 ENSE00001781765 1] 1 133729451-133729500 ENSE00000984287 0 1
14 13672 (NCKIPSD) 3 (CELSR3) 3 6 [ 48716003-46716045 ENSE00001204509 L] -1 48694742-48094781 ENSE0Q001170666 0 -1
15 (BRK1) =] ENSGH 134086 (VHL) chromosome_3 4 5 10167368-10167392 ENSE00002188501 1] 1 10188209-10188236 ENSE00001163994 " 1
18 (BRK1) 3 134086 (VHL) chromosome_3 1 5 10157476-10157503 ENSE00002271926 1] 1 10191489-10191518 ENSEDQ001814424 18 1

4.1.6. Find genome variations and indels from RNA-seq

The challenge of obtaining accurate variant calls from RNA-seq data is substantial. The
workflow is based on a framework to discover genotype variations published by De Pristo
et al., Nature Genetics 43:491-498, 2011. The process applied includes initial read
mapping, local realignment around indels, base quality score recalibration, SNP discovery
and genotyping to find all potential variants.

The workflow can be found in the section "RNA-seq Preprocessing”.


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3083463/
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¢~ RNA-seq preprocessing

Step 1. Open the workflow input form from the Start page. It will open in the main Work
Space and looks as shown below:

Find genome variants and indels from RNA-seq

[ Input fastg file Dl[select element)

D Winimum read segment length 2L,

D OutputFolder __]I(sem.j element)
[ Run workflow ] [ Edit workflow

Step 2. Specify the input file in FASTQ format in the field Input fastq file.
To specify the fastq file, you can drag & drop it from your project within the tree area.
Alternatively, you may click on the pink field “select element” and a new window will
open, where you select the input track. After having selected the track, press the [Ok]
button.

Step 3. Specify the Minimum read segment length. By default a minimum length as
25 is given.

Step 4. Define where the folder with the results should be located in your project tree.
You can do so by clicking on the pink field “select element” in the field OutputFolder,
and a new window will be opened, where you can select the location of the results folder
and define its name.

Start the workflow by pressing the [Run workflow] button.

In the following example we took as input the fastq file SRR349741.fastqg
(data/Examples/RNA-Seq analysis of human esophageal squamous cell carcinoma
(ESCC), GSE32424, FASTQ files/Data/Fastq files/SRR349741.fastq). Below you can see
the result folder (data/Examples/RNA-Seq analysis of human esophageal squamous cell
carcinoma (ESCC), GSE32424, FASTQ files/Data/SRR349741.fastq (Genome variants and
indels from RNA-seq)) for the example. The output folder contains several files and sub-
folders with all results of the analysis.



http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq%20analysis%20of%20human%20esophageal%20squamous%20cell%20carcinoma%20%28ESCC%29,%20GSE32424,%20FASTQ%20files/Data/Fastq%20files/SRR349741.fastq
http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq analysis of human esophageal squamous cell carcinoma (ESCC)%2C GSE32424%2C FASTQ files/Data/SRR349741.fastq (Genome variants and indels from RNA-seq)/
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| uj SHR345741 fastg (Genome variants and indels from RNA-seq)
i .| logs

L |stats

|; . |tmp

[ 4 Good.bam

| & SNP_indels.vcf

[~ wariant effects

The first step of the workflow is an alignment of all reads of fastq file using the TopHat2
tool. In the result folder one can see a sub-folder “tmp” which contains all found
Deletions, Insertions, Splice junctions and Alignments. They are stored as tracks and can
be opened in the genome browser by double-click on each of the tracks. Each short line
(arrow in the higher zoom) represents an aligned “read” from the fastq file.
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After zooming into each individual aligned read the insertions and deletions in the

respective tracks of the browser become visible.
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Site ID: file_g88464.data.3488536

Type: Alignment

Sequence name: 1

Sequence: GGAAGAGAAAAAACAACTGGAAGGAGAAAT CATAGAT
Position: 334188 - 334224 (37)

Properties:

* Read sequence: GGAAGAAGGAAAMACAACTGGAAGGAGAAATCATAGAT
* Phred quality: CCCCCCCCCCCCCCCEBBCCCCCCCDCDCCCCCCCCCC



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4053844/
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The Tophat summary file shows the total humbers of input reads, mapped reads, reads
with multiple alignments and the overall read alignment rate.

Start page E] Tophat summary Xi

lReads:
Input: 6999000
Mapped: 62985068 (90.0% of input)
of these: 3639913 (57.8%) have multiple alignments (0 hawve >20)

90.0% overall read alignment rate.

The initial alignments are sorted and reordered to prepare the next quality checking
steps. The results of these two steps are stored in the folder tmp as the two files
reorder.bam and sorted.bam.

The next step removes duplicates. The purpose is to mitigate the effects of PCR
amplification bias introduced during library construction. Two read pairs are considered
duplicate if they align to the same genomic position. The resulting MarkDuplikates1.log
file is stored in the log folder and the MarkDuplikates1.stat file is stored in the stat folder.

The next step is a local realignment. Read mapping algorithms operate on each read
independently, locally realign reads such that the number of mismatching bases is
minimized across all the reads. Output files are Realigner.log and TargetCreator.log in
the log folder, ddup1.bam, Realigned.bam and realigner.intervals in the tmp folder.

The realigned BAM file is used again to remove duplicates (output MarkDuplicates2.log
and MarkDuplicates2.stat), because realignment may change genomic positions of read
pairs. After this step additional duplicates can be identified. The next step is a
recalibration of base quality values. For each base in each read various covariates (such
as reported quality score, position in read, dinucleotide, read GC-content) are calculated.
Using these values the algorithm builds the model that predicts sequencing errors. Then
it applies this model to calculate an empirical base quality score and overwrites the phred
quality score currently in the read. Output is a new BAM file (Good.bam).
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F | L_J SRR349741 fastg (Genome variantz and indels from RNA-zeq)
4 . |logs
D AnalyzeCovariates1.log

- |:] AnalyzeCovariates2. log

- [ CollectMetrics log

- |:] CountCovariancel.log

- ['1 gene_log.log

- [[] MarkDuplicates1.log

- [[] MarkDuplicates2.log

- [7] Realignerlog

- |:] TableRecalibration.log
[.1 TargetCreator.log

o 0l s-t-ats

ﬁ} MJ CovariatesBefore

[ | . | CovariatesFinal
. | FinakMultipleMetrics
- [[] FinaHBAM-stats. txt
D gene_metrix
[:] MarkDuplicates1 stat
- [[] MarkDuplicates2 stat
-~ [F] raw-BAM-stat.txt
i __]tmp
i 4 Alignments
- [£] CountCovariance2 log
D Covariates1.recal
D Covariates2 recal
;48 ddupl.bam

b & ddupZ.bam

: 4 Deletions

[::» & Insertions

[ 4 Realigned.bam

| D realigner.intervals

f> " reordered.bam

f:> 4 =sorted.bam

[:} & Splice junctions

L. [£] Tophat summary
- 48 Good.bam
| 4" SNP_indels vef
L[ variant effects

This file is used for the unified GATK (Genome Analysis Toolkit) genotyper method to
detect the SNP-indels (table in VCF format) which the user can visualize by double click.


http://genexplain-platform.com/bioumlweb/#de=analyses/Galaxy/gatk/gatk_unified_genotyper
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In the next step each identified variation (SNP_indels) is analysed with the help of the
“variant_effect_predictor” algorithm (http://genexplain-
platform.com/bioumlweb/#de=analyses/Galaxy/ensembl/variant_effect_predictor). As a
result it creates a final variant effects table that gives detailed information about each

variation.

start page

(] [ e 1 or o it Gt

[ variant effects

Showing 1 to 50 of 72377 entries

[Cedit | Acoiy | concel [ Selectall | Select page |

ID*  #Uploaded_variation ~ Location  Allele. Gene Feature Feature_type Consequence cDNA_position ~ CDS_position ~  Protein_position ~ Amino_acids ~Codons Existing_variation
1 1_567242_GIA 1567242 A ENSGO00D0198744  ENSTOODOD416718  Transeript upstraam_gens,_variant 17518996
2 1867242 GIA 1567242 A ENSGO0000248527  ENSTOO000S140S7  Transeript upsiream_gene_variant rs7518996
3 1567242 GIA 1567242 A ENSGO00D024D408  ENSTOODOD46TS  Transcript upstream_gene_variant rs7518996
4 1_567242_GIA 1567242 A ENSGO00D0225972  ENSTO000D416931  Transeript downstream_gene_variant rs7518996
5 1567242 GIA 1567242 A ENSGO0000223659  ENSTO000D452176  Transeript upstream_gene_variant 17518996
3 1567242 GIA 1567242 A ENSGO00D0225630  ENSTO000D457540  Transcri pt downstream_gene_variant rs7518596
7 1567242 GIA 1567242 A ENSGO0000230021  ENSTO000D440200  Transeript intron_variant,nG_transcript_variant 17518996
8 1.567242_GIA 1567242 A ENSG00000228344  ENSTO0000427426  Transeript upsiream_gene_variant rs7518996
9 1567242 GIA 1567242 A ENSGOO0D0237973  ENSTO000D414273  Transcript non_coding_exon_variantnc_transcript_variant 789 17518996
10 1_848821_TIC 1:948921 c ENSGOO0D0187608  ENSTO0000379388  Transcri pt 5_prime_UTR _variant s rs15842
1 1_848921_T1C 1948821 C ENSGO00D0224969  ENSTO0DOD458555  Transcript upstraam_gens,_variant rs15842
12 1_g48821.TIC 1:948821 c ENSRO0000528377  RegulatoryFeaturs  regulatory_region_variant rs15842
13 1.949654 AIG 194365 & ENSGO0001&7605  ENSTO0000379389  Transcript synonymous_variant 445 294 % v StAGG rsee7


http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq%20analysis%20of%20human%20esophageal%20squamous%20cell%20carcinoma%20%28ESCC%29%2C%20GSE32424%2C%20FASTQ%20files/Data/SRR349741.fastq%20%28Genome%20variants%20and%20indels%20from%20RNA-seq%29/variant%20effects
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4.1.7. Quantification of RNA-seq with Cufflinks (no de-novo
assembly) for FASTQ files

This workflow offers a possibility to discover new genes and transcripts (splice variants)
and measure transcript expression in a single assay from RNA-seq data. This workflow is
described in “Differential gene and transcript expression analysis of RNA-seq experiments
with TopHat and Cufflinks”, Nat. Protoc. 7:562-578, 2012.

Step 1. Open the workflow input form from the Start page. It will open in the main Work
Space and looks as shown below:

Start page | » Quantification of RNA-ze... X|

Quantification of RNA-seq with Cufflinks (no de-novo assembly) for FASTQ files

D Experiment fastg files 3 |[|;|]

[ Control fastq fies K |[|:|]

[¥ Output folder _ ||(select element)
[ Run workflow ] [ Edit workflow ]

Step 2. Specify the Experiment fastq files and the Control fastq files.
To specify the input files in Sanger FASTQ format, you can drag & drop it from your
project within the tree area.

Step 3. Define where the folder with the results should be located in your project tree.
You can do so by clicking on the pink field “select element” in the field Output folder,
and a new window will be opened, where you can select the location of the results folder
and define its name.

Start the workflow by pressing the [Run workflow] button.
All results are saved in the result folder:

data/Examples/RNA-Seq analysis of human esophageal squamous cell carcinoma (ESCCQC),
GSE32424, FASTQ files/Data/Fastq files (Quantification of RNA-seq (no de-novo
assembly))

Read alignment with TopHat

The first step of the workflow is alignment of sequence reads with TopHat
(http://tophat.cbcb.umd.edu/). TopHat aligns reads to the genome and discovers
transcript splice sites. TopHat uses Bowtie (http://bowtie-
bio.sourceforge.net/index.shtml) as an alignment ‘engine’ and breaks up reads that
Bowtie cannot align on its own into smaller pieces called segments.

Output files are tables and tracks with insertions, deletions, splice junctions and the
alignments.

Example output of splice junctions opened as track:



http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq analysis of human esophageal squamous cell carcinoma (ESCC)%2C GSE32424%2C FASTQ files/Data/Fastq files (Quantification of RNA-seq (no de-novo assembly))/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq analysis of human esophageal squamous cell carcinoma (ESCC)%2C GSE32424%2C FASTQ files/Data/Fastq files (Quantification of RNA-seq (no de-novo assembly))/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq analysis of human esophageal squamous cell carcinoma (ESCC)%2C GSE32424%2C FASTQ files/Data/Fastq files (Quantification of RNA-seq (no de-novo assembly))/
http://tophat.cbcb.umd.edu/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq%20analysis%20of%20human%20esophageal%20squamous%20cell%20carcinoma%20%28ESCC%29%2C%20GSE32424%2C%20FASTQ%20files/Data/Fastq%20files%20%28RNA-seq%20using%20reference%20annotation%20Results%29/SRR349741.fastq%20experiment/Splice%20j
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Mismatches, insertions and deletions in the alignments can identify polymorphisms
between the sequenced sample and the reference genome, or even pinpoint gene fusion
events in tumor samples. Reads that align outside annotated genes are often strong
evidence of new protein-coding genes and noncoding RNAs. RNA-seq read alignments
can reveal new alternative splicing events and isoforms. Alignments can also be used to
accurately quantify gene and transcript expression, because the number of reads
produced by a transcript is proportional to its abundance.

Differential analysis with Cuffdiff

The second step of the workflow is performed by Cuffdiff, part of the Cufflinks package,
which calculates expression in two or more samples and tests the statistical significance
of each observed change in expression between them. Cuffdiff allows for supplying
multiple technical or biological replicate sequencing libraries per condition. With multiple
replicates, Cuffdiff learns how read counts vary for each gene across the replicates and
uses these variance estimates to calculate the significance of observed changes in
expression.

Cuffdiff reports 15 output files:

Fi _J cuffdiff
- = CDS FPKM differential expression
.. [ CDS FPKM tracking
- [ CDS overloading differential expression
= CDs= rg tracking
- i," Ensembl genes differential expression
B_f._.'. Ensembl transcripts differential expression
- [ Gene differential expression
- [ Gene FPKM tracking
.. [~ Genes rg tracking
- [ lsoforms rg tracking
[~ Promoters differential expression
- || Splicing differential expression
- = Transcript differential expression
.. [ Transcript FPKM tracking
- [ TSS group differential expression by ID
.. = TS5 groups differential expression
- [ T3S groups FPKM tracking
L = T3S groups rg tracking



http://cole-trapnell-lab.github.io/cufflinks/
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The last step of the workflow comprises several conversions and filtering steps of some
Cuffdiff output files. The final table and tracks are in the result folder:

- = CDS with ensembl protein

- [~ Differentially expressed CDS

-- [ Differentially expressed CDS by ID

- F@;‘ Differentially expressed ensembl genes

- ﬂfil:.'. Differentially expressed ensembl franscripts

- FE, Differentially Expressed transpath proteins

- FE, Differentially expressed TRANSPATH proteins from CDS groups
- [ Differentially expreszed TSS groups

Q Regulated promoters
E Q Regulated promoters from T3S groups
i [© TS differential with promoters

The table Differentially expressed Ensembl genes contains all identified differentially
expressed genes (Ensembl IDs) (also converted into a table of transcripts and a table of
TRANSPATH® proteins).

‘ Start page Hu‘,fnmeremmny expressed.. )ﬂ

Eait [setectan | setect page |
First| | Previous | Page 1 of 53| Next | Last Showing 1 to 50 of 2640 entries. Show 50 ~ entries
D Unspecified ID test_id gene_id gene locus sample_1 sample_2 status value_1 value_2 log2(fold_change) test_stat p_value q_value significant
ENSG00000000003 1 ENSG00000000003 ENSG00000000003 TSPANS X:09883666-99894988 Experiment Control oK 18133 123.498 27678 3.10621 SE-5 T5321E-4 yes
ENSG00000000571 7 ENSG00000000S71 ENSG00000000971 CFH 1:196621007-196716634 Experiment. Control oK 7.87391 24241 -1.69963 -1.64907 1.5E-4 0.0019 yes
ENSG00000002586 24 ENSG00000002586 ENSG00000002586 CDes X:2609219-2659350 Experiment Control oK 438124 88.4633 1.01045 1.16496 0.0078 0.04134 yes
ENSG00000002587 25 ENSG00000002587 ENSG00000002587 HS3ST1 4:11384773-11431389 Experiment Control oK 1.08065 15.7959 3.86959 1.54701 1E-4 0.00137 yes
ENSG00000003096 34 ENSG00000003096 ENSG00000003096 KLHL13 KAMTO31775-117251303 Experiment Control oK 1.2T18 1.68999 -2.7376 229325 SE-5 T5321E-4 yes
ENSG00000003249 7 ENSG00000003249 ENSG00000003249 DBNDD1 16:90071272-90114181 Experiment Control oK 1.84864 9.48339 2.35894 1.60474 SE-S 7.5321E4 yes
ENSG00000003400 39 ENSGD0000003400 ENSG00000003400 CASP10 2:202047603-202094129 Experiment Control oK 2.38922 9.86247 2.05754 0.95434 0.00195 0.01433 yes
ENSG00000003402 40 ENSG00000003402 ENSG00000003402 CFLAR 2:201980826-202029033 Experiment. Control oK 26.9037 104717 1.96062 1.54001 1E-4 0.00137 yes
ENSG00000003989 45 ENSG00000003989 ENSG00000003989 SLC7AZ 8:17354596-17428082 Experiment Control oK 1.44161 4.86286 175412 1.36697 8.5E-4 0.00827 yes
ENSG00000004059 45 ENSG00000004059 ENSG00000004059 ARFS T:127220671-127242198 Experiment Control oK 643174 133.582 1.05445 12229 0.009 0.04534 yes
ENSG00000004399 49 ENSG00000004399 ENSG00000004399 PLXND1 3.129274017-129325661 Experiment Control oK 12.6681 425933 -1.57251 -1.26113 0.0052 0.03082 yes

The Regulated promoters are extracted from the table Differentially expressed
Ensembl transcripts. Transcripts with the same transcription start site (TSS) are merged
into the single '‘TSS group’ and Differentially expressed TSS groups are also
identified. Regulated promoters from TSS groups are identified using those TSS
groups. Similarly, Differentially expressed CDS groups are identified (CDS group is
the group of transcripts with the same coding sequence; they produce exactly the same
protein). And CDS group table is used to find Differentially expressed TRANSPATH
proteins from CDS groups.

4.1.8. Quantification of RNA-seq with Cufflinks (with de-novo
assembly) for FASTQ files

This workflow offers the ability to discover new genes and transcripts (splice variants)
and measure transcript expression in a single assay from RNA-seq data. This workflow is
described in “Differential gene and transcript expression analysis of RNA-seq experiments
with TopHat and Cufflinks”, Nat. Protoc. 7:562-578, 2012.

Step 1. Open the workflow input form from the Start page. It will open in the main Work
Space and looks as shown below:
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Start page | & Quantification of RNA-ze... X|

Quantification of RNA-seq with Cufflinks (with de-novo assembly) for FASTQ files

D Experiment fastg files K |[|;|]
[y Control fastq files K |[|;|]
D Reference annotation |Ensemt:-| GRCh3T ;l
[y Reference sequence |Ensembl GRCh37 Canonical =]
[ Output folder _J|(selec1 element)

[ Run workflow ] [ Edit workflow ]

Step 2. Specify the Experiment fastq files and the Control fastq files.
To specify the input files in Sanger FASTQ format, you can drag & drop it from your
project within the tree area.

Step 3. Specify the Reference annotation.
Step 4. Specify the Reference sequence.

Step 5. Define where the folder with the results should be located in your project tree.
You can do so by clicking on the pink field “select element” in the field Output folder,
and a new window will be opened, where you can select the location of the results folder
and define its name.

Start the workflow by pressing the [Run workflow] button.
All results are saved in the result folder:

data/Examples/RNA-Seq analysis of human esophageal squamous cell carcinoma (ESCCQC),
GSE32424, FASTQ files/Data/Fastq files (Quantification of RNA-seq (with de novo
assembly))

Read alignment with TopHat

The first step of the workflow is a read alignment with TopHat
(http://tophat.cbcb.umd.edu/). TopHat aligns reads to the genome and discovers
transcript splice sites. TopHat uses Bowtie (http://bowtie-
bio.sourceforge.net/index.shtml) as an alignment ‘engine’ and breaks up reads that
Bowtie cannot align on its own into smaller pieces called segments.

Output files are tables and tracks with insertions, deletions, splice junctions and the
alignments.

Example output of splice junctions opened as track:



http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq analysis of human esophageal squamous cell carcinoma (ESCC)%2C GSE32424%2C FASTQ files/Data/Fastq files (Quantification of RNA-seq (with de novo assembly))/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq analysis of human esophageal squamous cell carcinoma (ESCC)%2C GSE32424%2C FASTQ files/Data/Fastq files (Quantification of RNA-seq (with de novo assembly))/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq analysis of human esophageal squamous cell carcinoma (ESCC)%2C GSE32424%2C FASTQ files/Data/Fastq files (Quantification of RNA-seq (with de novo assembly))/
http://tophat.cbcb.umd.edu/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq%20analysis%20of%20human%20esophageal%20squamous%20cell%20carcinoma%20%28ESCC%29%2C%20GSE32424%2C%20FASTQ%20files/Data/Fastq%20files%20%28RNA-seq%20no%20reference%20annotation%20Results%29/SRR349741.fastq%20experiment/Splice%20junc
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Mismatches, insertions and deletions in the alignments can identify polymorphisms
between the sequenced sample and the reference genome, or even pinpoint gene fusion
events in tumor samples. Reads that align outside annotated genes are often strong
evidence of new protein-coding genes and noncoding RNAs. RNA-seq read alignments
can reveal new alternative splicing events and isoforms. Alignments can also be used to
accurately quantify gene and transcript expression, because the number of reads
produced by a transcript is proportional to its abundance.

Transcript assembly with Cufflinks

Cufflinks uses the alignments to map reads against the genome and to assemble the
reads into transcripts. Cufflinks assembles individual transcripts from RNA-seq reads that
have been aligned to the genome. Because a sample may contain reads from multiple
splice variants for a given gene, Cufflinks must be able to infer the splicing structure of
each gene. Thus, Cufflinks reports a parsimonious transcriptome assembly of the data.
The algorithm reports as few full-length transcript fragments or ‘transfrags’ as are
needed to ‘explain’ all the splicing event outcomes in the input data. Output tracks of
Cufflinks is the Assembled transcripts track, output tables of Cufflinks are Gene
expression and Transcript expression tables.

1 .| SRR340741 fasty experiment
| [ & Algnments

[ & Assembled transcripts
>« Deletions

[ Gene expression

> 4 Insertions

& Splice junctions

[.,‘ Total mass

i. [T Transcript expression

This step distinguishes this workflow from the workflow called “"Quantification of RNA-
seq with Cufflinks (no de-novo assembly) for FASTQ files”. In the current workflow
the transcripts are assembled “de-novo”, whereas in that other workflow the transcripts
are taken from the reference Ensembl transcript annotation. Since here it is a “de-novo”
reconstruction of exon-intron structure, no known gene or transcript names are given. All
transcripts are defined by the tracking_id, like Cuff.1.1 and so on. This allows us to find
new transcripts that were not yet discovered and annotated in the reference genome.


http://cole-trapnell-lab.github.io/cufflinks/
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‘ Start page ”II Transcript expression xl

Edit

First | | Previous Page 1 of 477 | Next | Last Showing 1 to 50 of 23808 entries Show 50 ~ entries
D tracking_id class_code nearest_ref_id gene_id gene_short_name tss_id locus length coverage FPKM FPKM_conf_lo FPKM_conf_hi FPKM_status

1 CUFF.1.1 - - CUFF.1 - - 1:880963-883954 515 1.86628 7.82739 278521 9.59351 oK

2 CUFF21 - - CUFF2 - - 1:391388-852511 313 3.53583 14,8287 254584 122205 oK

3 CUFF.3.1 - - CUFF.3 - - 1:934363-934644 281 4.49907 18.8696 283587 136122 oK

4 CUFF.4.1 - - CUFF.4 - - 1.934700-935374 425 4.28187 17.9591 637504 19.6751 oK

5 CUFF.4.2 - - CUFF.4 - - 1:934700-835218 347 5.22803 21.9269 5.51157 206684 oK

B8 CUFF51 - - CUFF5 - - 1:948858-548520 855 225408 962182 598573 837029 oK

7 CUFF.6.1 - - CUFF& - - 1:955679-957820 34 8.68433 36.423 9.13621 22333 oK

3 CUFFT1 - - CUFFT - - 1:970606-97705% 741 3.38903 14214 795805 15.0558 OK

9 CUFF.8.1 = = CUFF.& = = 1.977344-979038 539 3.72984 15.6434 7.08852 16.2629 oK

10 CUFF.8.1 - - CUFF.9 - - 1:979488-80857 531 3.24185 13.5867 6.00287 15.9076 oK

Assembled transcripts merging with Cuffmerge

When you are working with several RNA-seq samples, it becomes necessary to pool the
data and assemble them into a comprehensive set of transcripts before proceeding to
differential analysis. Cuffmerge, part of the Cufflinks package
(http://cufflinks.cbcb.umd.edu/) is essentially a ‘meta-assembler’ — it treats the
assembled transfrags the way Cufflinks treats reads, merging them together
parsimoniously. Output is a Merged assembly track.

Differential analysis with Cuffdiff

The next step of the workflow is performed by Cuffdiff, part of the Cufflinks package
(http://cufflinks.cbcb.umd.edu/), which calculates expression in two or more samples
and tests the statistical significance of each observed change in expression between
them. Cuffdiff allows supplying multiple technical or biological replicate sequencing
libraries per condition. With multiple replicates, Cuffdiff learns how read counts vary for
each gene across the replicates and uses these variance estimates to calculate the
significance of observed changes in expression.

Cuffdiff reports the following 11 output files:

4 |cuffdiff

- [T CDS FPKM differential expression
- = CDS FPKM tracking
- [ CDS overloading differential expression
- [~ Gene differential expression
- | Gene FPKM tracking
- = Promoters differential expression
- = Splicing differential expression
- [ Transcript differential expression

[~ Transcript FPKM tracking

[~ [T TS5 groups differential expression
[~ TS5 groups FPKM tracking

4.2. Detect differentially expressed gene (DEG)

In order to perform further analyses of the results of the workflow Quantification of
RNA-seq with Cufflinks for multiple BAM files it is recommended to join all resulting
gene tables into one table using the function “Join several tables” of the platform. The
joint table can be used for detection of differentially expressed genes using the Limma or
EBarrays functions.


http://cufflinks.cbcb.umd.edu/
http://cufflinks.cbcb.umd.edu/
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It should be noted here that to perform a Limma or EBarray analysis of the RNA-Seq
data you should select the option Unnormalized counts in the input field Input log-base
for either of these two methods, as shown below for Limma.

4.2.1. Estimate differential expression using Linear Models for
MicroArrays (LIMMA)

Limma estimates differential expression between specified conditions / groups.

This tool provides an interface for the popular and comprehensive Limma package. The
platform tool computes differential expression between up to five conditions / groups.
The groups consist of columns of a data table that contains normalized measurement
values, e.g. from a normalized microarray experiment. Furthermore, one can estimate
differential expression for normalized or un-normalized count data as derived from RNA-
seq experiments.

All possible contrasts between groups are considered and their output is stored in a
common folder. Conditions are compared in the specified order from first to fifth. E.g.
given conditions named A, B and C, the output will contain the contrasts AvsB, AvsC and
BvsC.

It is necessary to provide a unique name for each group. Also, at least two data columns
are required per group.

” Start page ”EUmma Xi

Data || Analyses || Users D Input table

G = I(selec1 element)
rascript :
thods 0 D Input log-base Gl |Nclne LI
| Admin D 1. Condition / group name 71 Treatment
| Data manipulation D 1. Columne - |(nu P ;I
| Data normalization -
| Functional classification D 2. Candition / group name [?1 | Control
| Import [y 2 Columns [? [ (no selection} =]
WMolecular networks :
jNGS D Output folder 7] __]I(selec*t T
| Optimization
| Simulation Show expert options ==
| Site analysis

| Statistical analysis
CRC clustering
= Correlation Analysis

% EBarrays

ﬂF‘ Fold-Change calculation

m

[== Hypergeometric analysis
£ j K-means clustering

E Limma

The input parameters for Limma are described in the following.

Input table: This table contains the columns to analyze.
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Input log-base: Here you can specify the scale of the input data. If the log-base is logz,
the tool will use the data values as is. If your data are from RNA-seq, you can select
Normalized counts or Unnormalized counts.

1-5. Condition / group name: One can specify up to five groups of columns. Please
note that unnamed groups are not considered; a name is not assigned automatically.

1-5. Columns: These fields contain the selected columns. Please note that column
selections are not considered without a corresponding name. Columns can only be
specified once and there need to be two columns per group.

Output folder: The output folder will contain one output files for each pair of conditions.

An example output table is shown at the end of this section. Its columns are explained in
the following. Those highlighted in bold are shown in the default view. The other columns
can be included on demand via the Columns tab of the lower right panel (available with
opened output table).

logFC: Fold change (log)

CI.025: Fold change (Lower confidence interval)

CI.975: Fold change (Upper confidence interval)

AveExpr: Average log2-expression for the probe over all arrays
t: Moderated T-statistic

P.Value: P-value Differential expression

adj.P.Val: Adjusted P-value (Benjamini-Hochberg)

B: Log-odds that the gene / probe presents differential expression

D logFC C1.025 C1.975 adj.P.val
203868 = at 5.41754 5.10002 5.73507 2.0061E-6
208211 _at 49100 456413 52559 5 1958E-5
202637 = at 3.22633 295913 3.49352 1.4651E-5
223 at 4.18971 3.82837 455304 1.6545E-5
202643 s at 273783 245832 3.00883 3.7167E-5
202859 x at 26116 235184 287136 3. T16TE-S
201502 s at 2.79319 249515 3.08123 4 578E-5
205475 at 3.56318 317449 3.95186 4 578E-5
209545 s at 1,69851 1.51768 1.87935 4 578E-5
210058 at 1,51925 1.44266 1.79585 4 578E-5
212977 at 3.19785 285678 3.53853 4 578E-5
204404 at 1.34233 1.18497 1.40497 5 S07E-5
205290 s at 191555 1.6999 21314 5.507E-5
209795 at 3.81327 3.37328 425326 5 SO7E-5
2165928 s at 3.173M 2.20681 3.5392 5 S07E-5
2162628 s at 2.33392 2.10333 2554 6.0373E-5
211506 = at 4.14853 365148 4 5457 6.753E-5
202510 = at 2.31858 203779 259035 5.9981E-5
Reference:

Smyth, G. K. (2005). Limma: linear models for microarray data. In: Bioinformatics and
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Computational Biology Solutions using R and Bioconductor. R. Gentleman, V. Carey, S.
Dudoit, R. Irizarry, W. Huber (eds), Springer, New York, 2005.

4.2.2. Estimate differential expression by the gene expression
mixture model of EBarrays

EBarrays estimates differential expression between specified conditions / groups.

This tool provides for differential expression analysis using the EBarrays package. The
platform tool can compare up to five conditions / groups. The groups consist of columns
of a data table that contains normalized measurement values, e.g. from a normalized
microarry experiment.

EBarrays sets up a mixture model matching the specified groups. Differential expression
is identified when components for a pattern describe the distribution of measurement
values well. Then probe / gene values in the corresponding group were significantly
different from their values in the other groups. This is reflected by high posterior
probabilities in the column named after that group.

The package estimates a critical posterior probability cutoff for the given FDR level on the
basis of the fitted mixture model. Probes / genes exceeding this cutoff in some condition
/ group are indicated by a value of 1 (instead of -1) in the output column named
"condition name Sig". Hence, to isolate the targets differentially expressed in a condition
of interest, e.g. condition named "treatment", filter the table for all rows with a value of
1 in the column "treatment Sig". The direction of differential expression can be derived
from the fold change column "condition name FC", which contains the log2-fold changes.

|| Start page ||%Eﬂarrays X|

| Data | Analyses [y mput table 121 F‘I(select element)
“ [y Input log-base (7 [Mone =]
| Admin o~ D 1. Condition / group name [?]  Treatment
| Data manipulation D 1. Columns [ |(nu selection) LI
| Data normalization 1 1s control
| Functional classificat D ) ) D
| import [ 2. Condition / group name 71 | Control
| Molecular networks D 2 Columns 2] |(I'IU seloction) LI
nes ;
| Optimization [} 2-Is control i |
| Simulation [} Output folder 7 _Jl(select element)
| Site analysis
| Statistical analysis Show expert options == Run
- & CRC clustering
- [[] Correlation Analy =
- % EBarrays |

The input parameters for EBarrays are described in the following.
Input table: This table contains the columns to analyze.

Input log-base: Here you can specify the scale of the input data. If the log-base is
none, the tool will use the data values as is. If your data are from RNA-seq, you can
select Normalized counts or Unnormalized counts.

1-5. Condition / group name: One can specify up to five groups of columns. Please
note that unnamed groups are not considered; a name is not assigned automatically.
Fields for the first two groups need to be set.
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1-5. Columns: These fields contain the selected columns. Please note that column
selections are not considered without a corresponding name. Columns can only be
specified once and there need to be two columns per group. Fields for the first two
groups need to be set.

1-5. Is control: Use this field to mark the control column group. One such group is
required.

Output folder: The output folder will contain one output files for each pair of conditions.

It is necessary to provide a unique name for each group. Also, at least two data columns
are required per group and one group needs to be marked as control group.

Besides the main output table containing differential expression estimates for each probe
/ gene, EBarrays provides two diagnostic plots named EBarrays CCV and EBarrays
Marginal fit. These plots enable a judgment about whether assumptions of the approach
hold and how well the fitted model represents the data (please refer to the
documentation of the EBarrays Bioconductor package for further details). Examples of an
output table, a CCV plot and a Marginal fit plot are shown at the end of this section.

1 Control Control Sig. Treatment Treatment Sig. Treatment FC
203868 s at 9.8541E-232 -1 1 1 541252
202538 s at 3.2858E-204 -1 1 1 5.05615
2068211 at 4 T924E-187 -1 1 1 4.82041
823 at 1.9757E-142 -1 1 1 4 25537
211506 s at 1.2544E-145 -1 1 1 4 25147
208795 at 3.4T734E-106 -1 1 1 374058
205476 at 1.5346E-95 -1 1 1 3 47676
202537 s at 1.43E-90 -1 1 1 3.40452
202544 s at 3.TO92E-TT -1 1 1 314114
2055599 at 1.5316E-75 -1 1 1 312117
212977 at 8.654E-75 -1 1 1 3.05919
208774 = at 2.8481E-T1 -1 1 1 3.02035
210538 s at 1.9094E-67 -1 1 1 2. 99266
218558 s at 7.7911E-85 -1 1 1 289231
207339 s at 1.6201E-62 -1 1 1 2.8862
201502 = at 3.9515E-64 -1 1 1 283301
207850 at 4.0519E-63 -1 1 1 2.83327
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Reference:

Kendziorski, C.M., Newton, M.A., Lan, H., Gould, M.N. (2003). On parametric empirical
Bayes methods for comparing multiple groups using replicated gene expression profiles.
Statistics in Medicine 22:3899-3914.

4.3. Further workflows in this area

For the other workflows that you can find in the area RNA-seq, please refer to the
following Sections:

Load data See Chapter 3
Discover functional enrichment of DEG See Section 10.3
Analyze networks of DEG See Section 5.1
Analyze regulatory regions of DEG See Section 10.4

Find drug targets See Chapter 11
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5. Proteomics

e Proteomics

“® Load protein list

@~ Discover functional enrichment

Gene set enrichment analyses (GSEA)
GO categories and metabolic pathways

GO categories, signaling pathways and diseases

with a selected ontology

Functional classification

Mapping to GO categories and metabolic pathways
Single protein set 2 protein sets and comparison  Multiple protein sets

Mapping to GO categories and signaling pathways

Single protein set 2 protein sets and comparison Multiple protein sets
Mapping to GO categories, signaling pathways and diseases

Single gene set 2 protein sets and comparison Multiple gene sets

Mapping with selected classification
Single protein set 2 protein sets and comparison Multiple protein sets

Cross-species mapping to ontologies

“®” Analyze networks
Find master requlators

with TRANSPATH(R)
Single protein set Multiple protein sets

with GeneWays
Single protein set  Multiple protein sets

Find common effectors

with TRANSPATH(R)
Single protein set Multiple protein sets

with GeneWays
Single protein set Multiple protein sets

Identify functional protein cluster

“®~ Find drug targets
Upstream analysis (TRANSFAC(R) and GeneWays)

Upstream analysis (TRANSFAC(R) and TRANSPATH(R))
Complete upstream analysis (TRANSFAC(R) and TRANSPATH(R))

Enriched upstream analysis (TRANSFAC(R) and TRANSPATH(R))
Focused upstream analysis (TRANSFAC(R) and TRANSPATH(RY))
Upstream analysis with feedback loop (TRANSFAC(R) and TRANSPATH(R))

5.1. Analyze networks

5.1.1. Find master regulators

Potential master regulators of the processes analyzed in a typical proteomics experiment
can be identified with the aid of pathway databases. The geneXplain platform support
working with the TRANSPATH database (5.1.1.1; license required) or with the public



GeneWays database (5.1.1.2). More details about both these database can be found in
the corresponding Sections 19.7 and 19.5.

5.1.1.1. Find master regulators with TRANSPATH®

As elsewhere, these workflows can be used to analyze data of a single protein table or
to mine multiple protein sets. These two options will be explained in the following,
complemented by a more detailed explanation how the interpretation of the results
should be done.

Analyze a single gene table

This workflow is designed to find important master regulators in signal transduction
pathways. The search is done based on the network of the TRANSPATH® database with a
maximum radius of 10 steps upstream of an input gene set, a default cutoff for Score at
0.2, for FDR at 0.05, and for Z-score at 1.0.

To launch the workflow, follow these steps:

Step 1. Open the workflow input form from the Start page. It looks as shown below:

Start page || Find master regulators in ... X‘

Find master regulators in networks (TRANSPATH(R))

D Input gene set E (=elect element)
i [ Species |Human {Home sapiens) x|
D Results folder (select element)

| Run workflow | | Edit workflow

Step2. Specify input gene set. The input gene set might be a list of differentially
regulated genes or any gene or protein list of interest. You can drag it from your project
within the tree area and drop it in the pink box of the field Input gene set.
Alternatively, you may click on the pink field “select element” and a new window will be
opened, where you can select the input gene set as shown below.

The further steps of the workflow are demonstrated by means of the genes shown to be
up-regulated in one of the pre-prepared examples. The pertinent example file can be
found in the geneXplain platform online under the path:
http://genexplain-
platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Aff
ymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/E
xperiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)
/Uprequlated%20Ensembl%20genes%?20filtered%20(LogFC%3E1)



http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
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I—Ig':ﬂ.tl:'me «s Find master regulators in ... _

Find master regulators in networks (TRANSPATH(R})

[y Input gene set = |iselect element)
D LTEEE IHuman (Homo sapiens ) Ll
D Results folder j]{select 1
P—
Run workflow
Folder: | data/Examples/Brain Tumor GSE1825, Affymetrix HG-U1324 micro: |

rﬁ; UpDownReg Entrez genes

r:; UpDownReg probes annct

ris' Upregulated Ensembl genes

& Upregulated Ensembl genes fitered (LogFC=1)

Upregulated Ensembl genes filtered | LogFC=2)
& Upregulated Ensembl genes fitered (LegFC=2) FantemS promeoter
ri;' Upregulated Ensembl genes filtered (LogFC=2) subset10
|:‘|__1Upregulated Ensembl genes fittered (LogFC=2) Transcripts Ensembl
@-_l;re nsembl genes fitered (Log
& Upreg embl genes fittered
I"&Upregulated Ensembl genes Proteins Transpath

embl transcript re

ns: embl transcript re:

4 | | 3

Name: |Upregulated Ensembl genes fittered (LogFC=1)

When you have selected the gene set, press [Ok].

Step 3. Specify the biological species of the input set in the field Species by selecting
the required biological species from the drop-down menu.

Step 4. Define where the folder with the results should be located in the tree. You can do
so by clicking on the pink field “select element” in the field “Results folder”, and a new
window will be opened, where you can select the location of the results folder and define
its name as shown below.

4 Find master regulators in ...

Find master regulators in networks (TRANSPATH(R))
D Input gene set I'i;'|...pregulated Ensembl genes filtered (LDgFCpnl
Results folder 4
-
Folder: |data/Examples/Brain Tumor GSE1825, Affymetrix HG-U133A micro: = | —
& Downregulated Ensembl genes Eg‘-_l;:f
| i | |60 —
goPh
%, Upre
%, Upre
[P Histogram Ess'-_l;re
Essf'lcr-rt‘:-.r;e, Ensembl genes & Upre
E;;'Jcr-rt‘:-.r;e, Entrez genes Ess'-_l;re
5 Upre
and p-value, non-fittered @-_l;re
i e embl genes 4 Uprs ||
embl genes subsst  |Upre
1] | 3
Mame: |T\,rpe name of results folder here S
A
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After you have given the name, press [OKk].

Step5. Press the [Run workflow] button. Wait until the workflow is completed, which is
shown below:

Start page ||/~ Find master regulators in ...

Find master regulators in networks (TRANSPATH(R))
D Input gene set

[ Seecies

D Results folder

| Human (Homo sapiens) ;I

|...ai|.u:|:|meata.fducumentatiun!master_reguIatur_TF' || Auto |

[ Run workflow ] [ Edit workflow ]

INFO - Rnalysis "Conwvert tabkle' finished (7.52& 3)
INFO - Rnalysis "Conwvert tabkle' finished (8.624 3)

The results folder contains several files.

‘_] Upregulated Ensembl genes filtered (LogFC=1) (Master regulators Transpath)
= l'q,; Regulator genes annot

- I'."E", Regulator proteins

- [£% Regulators upstream 10

- &% Top 3 regulators, Jak1(h)

- &% Top 3 regulators, pak2(h)

- &% Top 3 regulators, Raf-1-isoform2(h)
.. IF%, Transpath peptides

The primary result table Regulators upstream 10 (ﬁ") is a list of master regulatory
molecules that were identified at the distance up to 10 steps upstream of the input
molecules. Each master regulatory molecule is characterized by a Score, Z-score, FDR

and Ranks Sum. Further details about these parameters can be found below, under
“Interpretation of the results”.



Start page ||[EF Regulators upstream 10 )(l

Select all | Select page
First| [ Previous | Page 1 |of 7| Next| [ Last Showing 1 to 50 of 318 entries Show |50 v |entries
D Master molecule Ma)u_mal Reached Reachable Score FDR Z- Ranks Hit names
name radius from set total Score sum

AIMP1-isoform1(h), AIMP1-
isoform2(h}), Alix-isoform1(h),
Alix-isoform2(h), CHC1-
isoform1(h), (more)
AIMP1-isoform1(h), AIMP1-
isoform2(h), Alix-isoform1(h),
MO000178581 Raf-1-isoform2(h) 9.99 106 41753 0.44119 0.005 3.14202 78 Alix-isoform2(h), C-1-
tetrahydrofolate synthase,
cytoplasmic(h), (more)
AIMP1-isoform1(h), AIMP1-
isoform2(h), Alix-isoform1(h),
MOD00084423 pak2(h) 9.61 107 41562 0.42845 0.013 3.09488 81 Alix-isoform2(h), C-1-
tetrahydrofolate synthase,
cytoplasmic(h), (more)
AIMP1-isoform1(h), AIMP1-
isoform2(h), Alix-isoform1(h),
MOD00057036 Raf-1-isoform1(h) 9.99 106 41753 0.44118 0.01 2.98292 87 Alix-isoform2(h), C-1-
tetrahydrofolate synthase,

MO000057444 Jak1(h) 9.835 104 40317 0.46806 0.004 3.73985 58

The column “Reached from set” shows the number of the molecules from the input set
that is reached from the respective master regulator, and these molecules are explicitly
listed in the column Hit names. The column Reachable total presents the total number
of molecules that can be reached from the master regulator in the network, independent
of the input list. Details about Score, Z-score, FDR and Ranks sum columns are given
below, under “Interpretation of the results”..

Having this table opened in the Work Space you can find additional options available,
specific for this kind of table. Select one or several rows in the table “Regulators
upstream 10” by mouse click, and you can visualize the network of the selected master

regulators (), save the network as a list of genes in the Tree Area (), or save the
hits of this network, listed in the column Hit names as a list of genes in the Tree Area

(&,
U

The table Regulator proteins (" & ) corresponds to the table Regulators upstream 10
converted into the UniProtkKB/Swiss-Prot IDs.

1
The table Regulator genes (ﬁ() corresponds to the table Regulators upstream 10

1
converted into the Ensembl IDs and in the table Regulator genes annot (ﬁ{) the same
genes are additionally annotated with gene symbols and gene descriptions.

The three diagrams Top 3 regulators () visualize the networks individually for each of
three top master regulators. By default, the top regulators are identified upon sorting the

table Regulators upstream 10 (F':"_") by the column Ranks sum with the lowest rank on
top.
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~. Top 3 regulators, IFNgam... X

o o o o oo
DG ) e G e @D @
S “n. N a e | —

() ()

o do e =

The default color code for the molecules is the following:

MMR: molecules from the input list

f|: master regulatory molecules;

FIEEE: connecting molecules considered by the graph-analyzing algorithm to find the
path from input list to the master molecule.

If you are interested in visualizing the network for any other master regulator, you can
do this in the following way. Open the table Regulators upstream 10 and select the

master regulator by a single mouse click, then click the button to visualize the
selected row and save the new diagram.

@ for the workflow editing

You can easily create a similar workflow with parameter values adjusted to your needs.
For example, you might be interested to change the number of steps used for the
regulator search. By default, 10 steps are applied.

To make a change, you need first to open the workflow under the “Edit workflow” mode,
and save its copy in your project area. The [Edit workflow] button is located near the
button [Run workflow] (see above, Step 1). Upon clicking on "Edit workflow", the
workflow diagram will be opened in the Work Space, and you can select the analysis box
you would like to modify. On the screenshot below "Regulator search" analysis was
selected, and in the Operations Field, on the tab "Workflow", all the parameters are
visible. Under this mode, you can modify default parameters and then save the workflow.
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start page ILr"‘-_. Find master regulators i...
1CEEE G

Results folder)
e - ! ]
Input gene set, Convert table o
F&— Transpath peptides —" Regulator search
“.TP hub

m Crwerview My descripticn || Graph search Seoript Clipboard || Tasks || Workflow || History

D Maolecules collection rgkseled Tz

I D Weighting column [ =]
I D Limit input size

[y Input size [1000 |
i D Iax radius |1{| |
I D Score cutoff |.D_;J_ |
D Search collection |Tlanspath (Species specific) (2012.3) ;I
D Speciss |Human {Homa sapisns) ;I
i Calculate FOR

g FOR cuteff |-::5 |
i D Z-scare cutoff |1.{l |
i D Fenalty |{|_1 |
_ D Contest genes = D I{select slement) |

In this way you will get a customized workflow, with the parameters specified according
to your needs.

Note. This workflow is available together with a valid TRANSPATH® license.
Please, feel free to ask for details (info@genexplain.com).

Analyze multiple gene sets

The input is a folder with several gene/protein tables. The steps of this workflow for each
individual gene/protein table are the same as described in the section above. The same
steps are performed iteratively for each of the gene/protein tables in the input folder.

The output is a folder which contains subfolders with the results for each individual
gene/protein table.

Interpretation of the resuits

Score

The score value of each master regulatory molecule reflects how well this molecule is
connected with other molecules in the database, and how many molecules from the input
list are present in the network of this master molecule. The higher the Score value, the
better is this molecule connected in the database, and the more “Hits” from the input list



are present in the network of this molecule. By default, only the molecules with Score >
0.2 are shown in the output.

Because molecules with high Scores are well connected in the database, they are being
suggested quite often by the tool as potential master regulators even with different input
lists, and sometimes such molecules are also expected to be found a priori. It is possible
to say that the molecules with the highest Score values are a kind of “trivial” and
expected solutions. At the same time, and also because of their good connectivity, they
are well studied and published. Therefore the molecules with high Score values might be
biologically interesting as known “hubs” in a network.

Let’'s have a look at the table Regulators Upstream 10, available in the geneXplain
platform online under the path:

http://genexplain-
platform.com/bioumliweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%?20Aff
ymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%?20versus%20Neuroblastoma/
Upregulated%20Ensembl%20genes%20filtered%20(LogFC%3E1)%20(Master%20regulat
ors%?20Transpath)/Regulators%20upstream%2010

In the screenshot below, the table has been sorted by Score, and we can see PKCalpha,
PDK1, Cdk5 as the three top molecules with highest Score values. These are well-studied
molecules, and in many cases there is no surprise for the researcher to find such
molecules as master regulators; it is a kind of expected result. However, master
regulators with high Scores might be of interest if you are looking for well-studied
reliable molecules, and would like to see many of the input molecules connected by such
master regulators.

H Start page H 4, Find master regulators in ... X”E‘: Regulators upstream 10 4
Select all | Select page
First| | Previous | Page 1 |of 7| Next| [ Last Showing 1 to 50 of 329 entries Show |50 * | entries
D Master molecule Ma)u_mal Reached Reachable SEore EDR Z- Ranks Hit names
name radius from set total Score sum
AIMP1-isoform1(h), AIMP1-
isoform2(h), Alix-
MO000057444 Jak1(h) 9.835 104 40317 0.46806 0.003 3.96665 51 isoform1(h), Alix-
isoform2(h), CHC1-
isoform1(h), (mare)
AIMP1-isoform1(h), AIMP1-
isoform2(h), Alix-
MOO000178581  Raf-1-isoform2(h) 9.99 108 41753 044119 0005 326056 82 isoformi(h), Alix-
isoform2(h), C-1-
tetrahydrofolate synthase,
cytoplasmic(h), (more)
AlMP1-isoform1(h), AlMP1-
isoform2(h), Alix-
‘ isoform1(h), Alix-
MO000084423 pak2(h) 9.61 107 41562 0.42845 0.008 3.175 87 isoform2(h), C-1-
tetrahydrofolate synthase,
cytoplasmic(h), (more)
Z-score

The Z-score value reflects how specific each master molecule is for the input list. The
higher the Z-score value for a molecule, the more specific this molecule is for the input
list, and the lesser is the probability to find such a molecule as master regulator in
another analysis. Z-score and FDR are calculated based on 1000 random results, for
which 1000 random input sets of the same size were generated by the algorithm.


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20filtered%20(LogFC%3E1)%20(Master%20regulators%20Transpath)/Regulators%20upstream%2010
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20filtered%20(LogFC%3E1)%20(Master%20regulators%20Transpath)/Regulators%20upstream%2010
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20filtered%20(LogFC%3E1)%20(Master%20regulators%20Transpath)/Regulators%20upstream%2010
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20filtered%20(LogFC%3E1)%20(Master%20regulators%20Transpath)/Regulators%20upstream%2010
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20filtered%20(LogFC%3E1)%20(Master%20regulators%20Transpath)/Regulators%20upstream%2010
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20filtered%20(LogFC%3E1)%20(Master%20regulators%20Transpath)/Regulators%20upstream%2010

Importantly, Score and Z-score reflect different characteristics of the suggested master
regulators in the networks. Molecules with high Score values are well connected in the
database, and therefore not very specific for the input list, and correspondingly they
have quite moderate Z-score values.

Molecules with highest Z-scores are very specific for the input list, probably because of a
few connections that are specific for the input list, but generally they are not so well
connected within the database and therefore have quite low Score values.

Sorting by Z-score and considering top molecules might be helpful if you are interested in
finding novel master regulators which are specific for your input list and generally are not
well studied yet. By default, only the molecules with Z-score > 1.0 are shown in the
output.

On the screenshot below the same table as above is sorted here by Z-score, and we can
see different molecules on top. Even by the names of these molecules the expert can see
that they are not coming up so often in the literature, and might represent interesting
novel candidates.

H Start page

"+ Find master regulators in ... 4‘Ef Regulators upstream 10 ﬂ

First | [ Previous | Page|1 | of 7 Next| [ Last Showing 1 to 50 of 329 entries Show |50 v | entries
D Master molecule Maxlmal Reached Reachable Score FDR 2Z- Ranks Hit names
name radius from set total Score sum

C-1-tetrahydrofolate
synthase, cytoplasmic(h),
MO000084992 IMPDH2(h) 10 46 12363 0.24814 0 10.4596 220 E47(h), EIF-4B(h), Fli-1-
isoform(h), Fli-1-
isoform2(h), (more)
AIMP1-isoform(h), AIMP1-
isoform2(h), CHC1-
MO000079248 Ku80(h) 9.87 82 30719 0.31082 0.001 5.92225 116 isoform1(h), CHC1-
isoform2(h), DECR2-
isoform1(h), (more)
AIMP1-isoform(h), AIMP1-
isoform2(h), Alix-
isoform(h), Alix-

MO000021068 Gire} 9.99 86 28662 0.20661 0.004 5.73637 31
isoform2(h), C-1-
tetrahydrofolate synthase,
cytoplasmic(h), (more)
AIMP1-isoform1(h), AIMP1-
isoform2(h), Alix-

MO000162930 C1-TEN-isoform2(h) 9.85 85 33389 0.25848 0.004 5.25059 192 isoform1(h), Alix-
isoform2(h), CHC1-

Ranks sum

This column helps to suggest molecules for which both values, Score and Z-score, are
quite good. The column Ranks sum reflects a combination of sorting by Score and by Z-
score in the following way.

Upon sorting by Score from biggest values to the lowest, a rank is assigned to the
molecules; the molecule with the highest Score has rank 1, etc.

Upon independent sorting by Z-Score from biggest values to lowest, a rank is assigned to
the molecules; the molecule with the highest Z-score has rank 1, etc.

Next, for each molecule, the ranks upon sorting by Score and upon sorting by Z-Score
are summed up in the column Ranks Sum. The lower the Ranks sum, the more
interesting the candidate molecule is, with good Score and good Z-score values.

On the screenshot below the table from above is sorted by Ranks sum, and we can see
different molecules on top. Upon such sorting, on top there are molecules with a good
connection in the database, and simultaneously to a quite good extent specific for the
input list. In this example, Score values for the top molecules are between 0.34 and 0.45



(moderate), Z-score values vary between 4.7 and 8.4 (very good Z-score values, but not
the best in this table).

| Start page | "= Find master regulators in ... X”V Regulators upstream 10 Xi
-
First | | Previous | Page 1 of 7| Next | | Last Showing 1 to 50 of 329 entries Show |50 v | entries
D Master molecule Max!mal Reached Reachable Score FDR Z- Ranks Hit names
name radius from set total Score sum

AIMP1-isoform1(h), AIMP1-
isoform2(h), Alix-

MOD00057444 Jak1(h) 9.835 104 40317 0.46806 0.003 3.96665 51 isoform1(h), Alix-
isoform2(h), CHC1-
isoform1(h), (more)
AlMP1-isoform1(h), AIMP1-
isoform2(h), Alix-
isoform1(h), Alix-
isoform2(h), C-1-
tetrahydrofolate synthase
cytoplasmic(h), (more)
AIMP1-isoform1(h), AIMP1-
isoform2(h), Alix-
isoform1(h), Alix-
isoform2(h), C-1-
tetrahydrofolate synthase,
cytoplasmic(h), (more)
AlMP1-isoform1(h), AIMP1-
isoform2(h), Alix-
isoform1(h), Alix-
isoform2(h), C-1-

deabn e falabn cbbce

MO000178581 Raf-1-isoform2(h) 9.99 106 41753 0.44119 0.005 3.26056 82

MO000084423 pak2(h) 9.61 107 41562 0.42845 0.008 3.175 87

MO000057036 Raf-1-isoform1(h) 9.99 106 41753 0.44118 0.009 3.05312 95

By default, the table Regulators Upstream 10 are sorted by the Ranks sum column, to
suggest molecules with a balance between their well-studied status and high connectivity
(reflected by Score), and novelty and specificity for the input list (reflected by the Z-
score).

Suggestion for sorting master regulatory molecules

It might be very helpful to find out which of the suggested master regulators are
expressed in your experiment, and especially which are up-regulated. Such molecules
might be promising candidates for further experimental examinations.
To do this, you can take the table in the result folder "Regulator genes annot” and take it
as input for the analysis "Annotate table”.

As annotation source, you can select the table of genes expressed in the same
experiment, e.g. the table of all expressed genes that resulted from the workflow “Detect
differentially expressed genes”; in this example the path is:

data/Examples/Breast Cancer GSE9187, Agilent 014850 microarray/Data/metadherin
gene knockdown cells and control cells/Deferentially expressed genes/Genes, Fold Genes,
fold change and p-value, non-filtered

As “Annotation column” you can select LogFoldChange, and as a result the suggested
master regulators are annotated by their expression.

If you are interested in finding reliable well-studied master regulators, e.g. to confirm
already known ones, and would like a master regulator network to contain as many
molecules from the input list as possible, you might be interested to sort by Score, and
consider master molecules with the highest Score values.

If you are looking for novel master regulators that are very specific for your input list,
even when they are not well studied yet, you might be interested to sort by Z-score, and
consider master molecules with highest Z-score values.



If you are looking for a good balance between well-connected molecules and novel ones
specific for your input list, you might be interested to stay with the default sorting by
Ranks sum, and consider master molecules with the lowest Ranks sum values.

5.1.1.2. Find master regulators with GeneWays

This workflow is designed to find important master regulators in the signal transduction
pathways. Here, a search for master regulators is done based on the network of the
GeneWays database with a maximum radius of 4 steps upstream of an input gene set, a
default cutoff for Score at 0.2, for FDR at 0.05, and for Z-score at 1.0.
The input form and the resulting tables are very similar to the workflow described above,
“Find master regulators in networks (TRANSPATH®)”, please refer to Section 5.1.1.1.

The major difference between these two workflows is the underlying database applied for
the network analysis, either TRANSPATH® or GeneWays.

More details about the GeneWays and TRANSPATH® databases can be found in Sections
19.5 and 19.7, respectively.

5.1.2. Find common effectors

5.1.2.1. Find common effectors with TRANSPATH®

This workflow is designed to find important effectors in signal transduction pathways.
With this workflow, the effector search is done based on the network of the TRANSPATH®
database with a maximum radius of 10 steps, FDR cutoff at 0.05, Score cutoff at 0.2 and
a Z-score cutoff at 1.0. You have an option to edit the default parameters using the
button [Edit workflow].

To launch the workflow, follow these steps:

Step 1. Open the workflow input form via the Start page. It looks as shown below:

Start page & Find common effectors in n... X‘

Find common effectors in networks (TRANSPATH(R))

. D Input gene set = (select element)
N D Species |Human (Homo sapiens) ;[
o D Results folder {select element)

| Run workflow | | Edit workflow |

Step2. Specify the input gene set. The input gene set might be a list of differentially
regulated genes or any gene or protein list of interest. You can drag & drop it from your
project within the tree area and drop it in the pink box of the field Input gene set.
Alternatively, you may click on the pink field “select element” and a new window will be
opened, where you can select the input gene set as shown below.
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The further steps of this workflow are demonstrated with genes shown to be up-
regulated in one of the examples. The example file can be accessed using the URL:

http://genexplain-
platform.com/bioumliweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%?20Aff
ymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%?20versus%20Neuroblastoma/E
xperiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%?20Affy)
/Upregulated%20Ensembl%20genes%?20filtered%20(LogFC%3E2)

o —————————————————————————————————————————————

Find common effectors in networks (TRANSPATH(R))

S [ N e  [(select element)

[y Species

- Input gene set X

D Results fo
Folder: |dataIExampIesIEIreastCancerGSE918?,AgilentD14850 microarra;" EI

ﬁ;’ Downregulated Ensembl genes & Upregulated Ensembl genes

ﬁ;‘Downregulated Entrez genes % Upregulated Entrez genes
rﬁDownregulated probes annot E"éUpregulated probes annot

ﬁ;‘Genes, Fold Genes, fold change and p-value, non-filtered
ﬁ;' Mon-changed Ensembl genes

ﬁ;‘Non—changed Entrez genes

r‘éProbes, fold change and p-value

it Report

ﬂ;’UpDown Ensembl genes

ﬂ;‘UpDown Entrez genes

rﬁUpDown probes annot

4| 1 o

Mame: |Upregu|ated Ensembl genes

= = !

After you have selected the gene set, press [Ok].

Step3. Specify the biological species of the input set in the field Species by selecting the
required species from the drop-down menu.

Step 4. Define where the folder with the results should be located in the tree. You can do
so by clicking on the pink field “select element” in the field Results folder, and a new
window will be opened where you can select the location of the results folder and define
its name as shown below.


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20

Proteomics 87

Find common effectors in networks (TRANSPATH(R))

|
D Inputgene set ris|...ressed genes/Upregulated Ensembl genes |

Faolder: |datarExampIess’Elreast Cancer GSE3187, Agilent 014850 microarra;ﬂ

[ue] =]

E',: Downregulated Ensembl genes
11 .

4

% Upregulated Ensembl genes

regulated Entrez genes E',f Upregulated Entrez genes

““;D-J'-.-'\-'nregulate-j probes annot “,‘;Ur:regulated probes annot
E«,‘ Genes, Fold Genes, fold change and p-value, non-filtered
d
% Non-changed Ensembl genes
Eo,: Maon-changed Entrez genes
“,‘;Pr-:n bes, fold change and p-value
i, Report
% UpDown Ensembl genes
Eo,: UpDown Entrez genes
“‘;UnD-:r-.-x-'n probes annot

< | [

Mame: |Type name of results folder here

Cancel

After you have specified the name, press [Ok].

Step 5. Press the button [Run workflow]. Wait until the workflow is completed, which is

shown below:

Start page |7+ Find common effectors in n... X|[3 Filtered effector proteins rﬁ; Effector genes annot X

Find common effectors in networks (TRANSPATH(R))

[y Input gene set
[y Species
D Results folder

|
I.1§|...ressed genes/Uprequlated Ensembl genes |

|Human (Homo sapiens) ;l]

|...com!Data.n'd0c:umentatiom‘Common_Eﬁedor_TF' || Auto |

[ Run workflow ] [ Edit workflow ]

£
INFC - * Proteins: UniProt

INFC - Matching...

INFC - Matching...

INFC - Visualization of regulator networks started
INFC - Matched rows: 902

INFC - Unmatched rows: 13

INFQ - Preparing row list...

INFC - Resulting rows: 580

INFC - Generating output...

INFC - Analysi=s 'Convert table' finished (1.58 =)

The results folder contains several files; in the example given the path is:

data/Examples/Brain Tumor GSE1825, Affymetrix HG-U133A microarray/Data/Ewing
Family Tumor versus Neuroblastoma/Common Effectors_TP



4 | Common_Effector TRANSPATH

L EJ,' Effector genes annot

ﬁz"' Effector proteins

27 Effectors downstream 10

+« Top 3 effectors, (CEBPdelta(h))2

«= Top 3 effectors, batf3(h):CEBPdelta(h)
+«e 10p 3 effectors, CEBPdelta(h):B-ATF(h)
ﬁ: Transpath peptides

i H: Transpath peptides annot

The primary result table Effectors downstream 10 (F':'?) is the list of effector molecules
that were identified at the distance up to 10 steps downstream of the input molecules.
Each effector molecule is characterized by Score, Z-score, FDR, and Ranks Sum. Further
details about these parameters can be found in the Section 5.1.1.1, under “Interpretation
of the results”.

start page (|57 Effectors downstream 10 X‘
[select]
First | | Previous |Page |1 of 19| Next | | Last Showing 1 to 50 of 919 enfries Show
1D Master melecule name N::;:E:I Erecalﬁlleef Re::r:lble Score FDR Sczl;re R:LT;S Hits names
MO000090163  (C/EBPdelta(h))2 9.86 4 3666 042510 0001 278584 121 Lf:fir?nzsmhéz?ﬁbéi?ﬂé(s
MO000090201  C/EBPdelta(h)B-ATF(h) 9.86 4 3667 042473 0001 372755 127 iL?]}g_rar}WZZE(tﬁ)(.hl)iZPI\QD-?OZMEE?IOBQE-(S
MO000091326  batf3(h)-C/EBPdeltath) 9.86 4 3667 042473 0001 360829 136 Lir&fn?%hé;ﬁ%@@ﬁ%(s
MO000090197  C/EBPdelta(hy ATF-4{h) 986 43 3787 043343 0002 350376 140 ;\éfﬁﬁgg%?ﬁgg%m";(h)'
MOQ000SQO70  C/EBPgamma(h)C/EBPdelta(h) .86 4 3667 042473 0006 357579 143 ILifgrfnlss}(héQ'Epffnzéz‘;‘“’agg(S
MOO0D102457  14-3-3zeta(h) pkp3(h) 9.37 35 3583 044856 0 315183 163 i‘;};gﬁ;gﬁi”éE‘Ep_?fn'-gﬁ'g;”&_(s
MO000090179  C/EBPdelta(h):CHOP-10(h) 9.86 43 3505 043755 0005 315104 175 i‘sf)'fg‘rfnl;‘ﬁi”é—;ﬁfgﬁé’_’ggfs
14-3-3z8ta(n), AFAPAL2-s0form
MO000130163  Bel-3(h)BARDA(h) 9.295 43 3927 044955 0003 207254 179 isoforma(h). AFAP1L2-isoform3(
isoform4(h). (more)

The column Reached from set shows the nhumber of molecules from the input list from
which the respective effector molecule can be reached.

The column Reachable total gives the total number of molecules from which the
respective effector molecule can be reached, independent of the input list.

Having this table opened in the Work Space you can find additional options available,
specific for this kind of table. Select one or several rows in the table Effectors
downstream 10 by mouse click, and you can visualize the network of the selected

Effectors (L_*“1), save the network as a list of genes in the Tree Area ( B , or save hits

of this network from the column Hits as a list of genes in the Tree Area ().

1
The table Effector genes annot ( EEﬁ() corresponds to the table Effectors downstream 10
converted into Ensembl IDs and additionally annotated with gene symbols and gene
descriptions.
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n=|.|

The table Effector proteins ( 15) corresponds to the table Effectors downstream 10

converted into the UniProt IDs.

The table Transpath peptides (ﬁFrh) corresponds to the table Effectors downstream 10
converted into TRANSPATH® molecule IDs, and in the table Transpath peptides annot
they are further annotated with gene symbols and gene descriptions.

The three diagrams Top 3 effectors () visualize networks individually for each of the
three top effector molecules. By default, the top effectors are identified upon sorting the

table Effectors downstream 10 (ﬁ) by the column Ranks sum with the lowest rank on
top.

& ©® & B & & @& (
vad D o
) e @D @@ = @
—a a © B 0 . 2 B =
@ & e
) 0 . ]
dD

The default color code for the molecules is the following:

FME: molecules from the input list

[X: master regulatory molecules;

greenf connecting molecules considered by the graph-analyzing algorithm to find the
path from input list to the master molecule.

If you are interested in visualizing the network for any other effector molecule, you may
do so in the following way. Open the table Effectors downstream 10 and select a row with

a single mouse click as shown below. Click on "% menu button to visualize the selected
row and save the new diagram into the tree.
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L@ | 5| P |@ & = || [ & [ab Research: neet

[Edit| 2ppiy || cancel [ setectan |[ select p2

Page 1 | of10 Showing 1 to 50 of 918 entries Show &
Maximal Reached Reachahle Z- Ranks , .
D Master molecule name radius from set total Score FDR score sum Hits names

o 14-3-3zeta(h), Apo2L-isoform1(h), Apo2L-
MOD00020201  C/EBPdelta(h)B-ATF(h) 0.86 1 3667 042473 0001 372755 R ot orey
: 14-3-3zeta(h), Apo2L-isoformi(h), Apo2L-
MO000091326  batt3(h) C/EBPdela(h) 986 # 3667 042473 0001 360620 136 e
) 14-3-3zeta(n), AGS1(h). Apo2L-soformi(h),
MOO000090107  C/EBPdetta(h)ATF-4(h) 086 4 3787 043343 0002 350376 140 e oo
i 14-3-3zeta(n), Apo2L-isoform{h), Apo2L-
MOOO008O970  C/EBPgamma(n)C/EBRdsltalh)  9.86 4 3667 042473 0006 357579 143 .
N ) 14-3-3zeta(n). Apo2L-isoform (). Apo2L-
MOOOD1G2467  14-3-3zeta(n):pkp3(h) 937 3 3563 044856 0 315183 163 D, S o BRI tmorE)
MOD00090178  C/EBPdelta(n):CHOP-10() .86 o 3805 043755 0005 315104 175 TR T T TRl STOTION| ), A7 T

isoform2(h), B2R-long(h). B2R-shori(h), (more)
14-3-3zefa(h), AFAPIL2-isoform 1 (n), AFAP1L2-
MO000130163 Bel-3(h):BARD1(h) 9295 43 3ez27 0.44965 0.003 307294 179 isoform2(h), AFAP1L2-isoform3(h), AFAP1L2-
isoform4(h), (more)
14-3-3zeta(h), AGS1(h), Apo2L-isoformi(h),
Apo2L-isoforma(h), B2R-long(h), (more)

MO000080835  RhoGDI-2(h) 984 42 3389 046744 0001 200876 184

[Tip| for the workflow editing

You can easily create a similar workflow with parameter values adjusted to your needs.
For example, you might be interested in changing the number of steps used for the
effector search. By default, 10 steps are applied.

To make a change, you need first to open the workflow in the “Edit workflow” mode, and
save its copy in your project area. The [Edit workflow] button is located near the button
[Run workflow] (see above, Step 1). Upon clicking on [Edit workflow], the workflow
diagram will be opened in the work area, and you can select one of the analyses you
would like to modify. For the screenshot below "Effector Search" analysis was selected,
and in the Operations Field, on the tab "Workflow", all parameters are visible. Under this
mode, you can modify default parameters and then save the workflow.

In this way you will get a customized workflow, with the parameters adapted to your
needs.

Start page ||+ Find common effectors i...
NS E IS

i S |

—E Converttable \ e .
=N o svomemoe 2 Enecorsearn
“ Transpath peptides | ] ]‘

Transpath peptides annot

TP Hub

< n |
P EE Wl v [ [eme [ v [ e e Lo I

D Weighting column | ;l

D Limitinput size

D Input size “IUUU |

L [y Max radivs 10 |

[y Seore cutoft ‘u 2 |

L [y Search callection [Transpath (Species specific) (2012.4) =l

[y Species [Human (Homo sapiens) =l

D Calculate FOR

[y FOR cutoff 5 |

D Z-score cutoff “I 0




Note. This workflow is available together with a valid TRANSPATH® license.
Please, feel free to ask for details (info@genexplain.com).

5.1.2.2. Find common effectors with GeneWays

This workflow is designed to find important effector molecules in signal transduction
pathways. Here, a search for effector molecules is done based on the network of the
GeneWays database with a maximum radius of 4 steps upstream of an input gene set,
default cutoffs for Score at 0.2, for FDR at 0.05, and for Z-score at 1.0.
The Input form and the resulting tables are very similar to the workflow described above,
“Find common effectors in networks (TRANSPATH®)”, please refer to Section 5.1.2.1.

The major difference between these two workflows is the underlying database applied for
the network analysis, either TRANSPATH® or GeneWays.

More details about the GeneWays and TRANSPATH® databases can be found in the
Sections 19.5 and 19.7, respectively.

5.1.3. Identify functional protein cluster by shortest path analysis

This analysis finds functional clusters in any input table of genes or proteins. It can be
found under the tab Analyses, in the folder Methods/Data manipulation/ Molecular

Tl
networks/Cluster by shortest path ( ko ). Here the default input form is shown:

Start page || 7% Cluster by shortest path X

0y Molecules collection r@; iselect element)
|—_¢.| Search direction IL.IpstrD.am LI
EI Max radius

|‘_¢.| Display intermediate molecules =

Oy Search collection IG&F:}Wa}'s hub |
[y Species IHurnar' {Home sapiens) ~|
EI Output nrame _J iselect element)

Show expert options >> ):/ Run |

When the expert options are opened, an additional field Input size appears, and the form
looks like:

VaN




Start page || 12! Cluster by shortest path X

..... D Molecules collection Fﬁ: (shlect element)
..... D Input size il

..... D Search direction IUpstrﬂam ;l
..... EI Max radius 3

..... D Display intermediate molecules =

..... EI Search colection I[;gpgwﬂys hub ;I
EI Species Humar (Home sapiens) ;I
..... D Output rame _J [select element)

- - I Ny
o I ]
Hide expert opions | Run )

In the following, we will consider the input fields one by one.

Search Collection. First, decide which database/search collection you want to use. The
connections between the molecules from the specified database will be considered by the
clustering algorithm to find the clusters in the input table. You can choose a search
collection from the drop-down menu, as shown on the screenshot below. Four search
collections are available: GeneWays, Reactome, TRANSPATH® (Species specific) and
TRANSPATH® (TF specific).

Ijl Molecules collection C%}Et element)

K Search direction Iup.mrgam |
Ijl Max radius 3

EI Display intermediate molecules 0O

D Search collection Transpath (Species specific) (2013.4) ;I
[y Species Eggggﬁfdggbase 45

[y Cutput name Transp;alh [TF specrﬁc:l [2013.4) —

\/

If you are interested in applying TRANSPATH®, you have to choose either the Species
specific or the TF specific collection. This choice depends on the input table. If you search
for clusters among transcription factors, and your input table is a table of transcription
factors, it is recommended to choose TRANSPATH® (TF specific). If your input table
contains different genes/proteins, TFs and/or other functional groups, it is recommended
to choose TRANSPATH® (Species specific).

By default the GeneWays database is applied. Here, the TRANSPATH® (Species specific)
collection is chosen.

Molecules collection. Input the collection of molecules/genes for which you wish to find
clusters. The input table type depends on the specified search collection. In case of the
Geneways database as search collection, the input type should be table with Entrez gene



-
IDs (ﬁ). In case of TRANSPATH®, the input table should be a table with TRANSPATH®
=4

protein IDs (F.HE). As soon as the search collection is specified, the icon for the required
table type is automatically shown in the field Molecules collection, as shown in the two
screenshots above for TRANSPATH® and GeneWays, respectively.

peptides ( ). In case of Reactome, the input table should be a table having Reactome

@ Before input your table, check which kind of IDs this table has. If necessary, convert
your table into any of these formats. You can use the Convert table method as
mentioned in Section 16.1.2.

Search Direction. Select the direction which the algorithm should consider to find
connections between the input molecules. It can be upstream of your input molecules, or
downstream, or in both directions. By default the analysis searches in the upstream
direction.

Max radius. Maximum number of steps which the algorithm should consider in the
specified direction. By default the number is 3.

Display intermediate molecules. By default this option is unchecked, and in the
resulting clusters only the molecules from the input set will be shown. If you prefer the
intermediate molecules to be displayed as well, check this box.

Species. Specify human, mouse or rat species corresponding to the input table.
Output name. Specify the path to store the results and the name of the output folder.

Having filled the input form, launch the analysis with the [Run] button. Analysis
progresses as shown below. Wait till the analysis is completed.

A Molecules collection ¥ _./Data/Nestu/Documentation/E2F target genes

I} Search direction Upstream =
E Max radius 3

I} Display intermediate molecules

[ Search collection [Transpath (TF specific) (2013.4) -
B Species IHuman (Homo sapiens) -

D Output name |---N/E2F target genes shortest path Upstream 3

Show expert options >> Cancel

[ 34%

INFQ - Analysis 'Cluster by shortest path' added to gueue
INFQ - Analysis 'Cluster by shortest path' started
INFO - Traversing the network...

Results

As a result of this analysis, a folder with a specified name is formed, in this example: E2F
target genes shortest path Upstream 3, shown below. This folder contains one table,
which represents the list of all identified clusters, and several diagrams corresponding to
the number of the identified clusters.



a

1 ____| E2F target genes shortest path Upstream 3
o = Cluster 1
= Cluster 2
= Cluster 3
s Cluster 4
s Cluster 5
= Cluster 6
= Cluster 7
= Cluster 8
i &% Cluster 9
" Clusters

The table Clusters (E=) contains a list of all identified clusters, here 9, shown below.
Each row shows details for one cluster. The clusters are sorted by their size with the

largest cluster on top. The symbo

next to each cluster name in the column Diagram

can be used for visualization. The column Hit names contains the names of the
TRANSPATH® proteins in each cluster.

‘ Start page HE= Clusters X‘

Select all || Select

First |  Previous | Page 1 of 1| Next | | Last Showing 1 to 9 of 9 entries
Show |50 v
ID Diagram Size Hit names
1 «“a Cluster 1 26 HDAC1(h), Jak1(h), Lck(h), Lek-L(h), Lck-S(h), (more)
> 7| Cluster 2 6 Caspase-9-p10(h), Caspase-9-p34(h), Caspase-9-p35(h), Caspase-9-p37(h),
proCaspase-9alpha(h), proCaspase-9beta(h)

3 2. Cluster 3 5 ]3;?};)35|gma-|soform1(h), COP1-isoform1(h), COP1-isoform2(h), COP1-isoform3
4 <o Cluster 4 5 NEXT2(h), NICD2(h), Notch2(h), Notch2EC(h), Notch2TM(h)
3 < Cluster 5 3 Cdc42-isoform1(h), Cdc42-isoform2(h), WAVE2-isoform1(h)
6 o Cluster 6 3 Mcl-1-p27(h), Mcl-1L(h), Mcl-1S(h)
7 «“a Cluster 7 3 TGFbeta-2A(h), TGFbeta-2B(h), TGFbetaR-llI-isoform1(h)
8 < Cluster 8 2 Mnk1-isoform1(h), cytosolic phospholipase A2(h)
9 <. Cluster 9 2 Cdc20(h), MCAK-isoform1(h)

The visualization of Cluster 1 is shown below. The box Display intermediate molecules
was unchecked, default setting. All the molecules shown are coming from the input
gene/protein set. The numbers on the arrows correspond to the number of steps
between two molecules.
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When the box Display intermediate molecules is checked, the cluster is displayed as
shown below. Molecules shown in blue color are coming from the input gene/protein list,
and those in green are added by the algorithm when necessary for the connectivity
between the input molecules. These green molecules are so-called intermediate
molecules.
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5.2. Further workflows in this area

For the other workflows that you can find in the area Proteomics, please refer to the
following Sections:

Load protein list See Chapter 3

Discover functional enrichment of DEG See Section 10.3

Find drug targets See Chapter 11
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6. Epigenomics

- Epigenomics

““® | oad chromatin or DNA modification genomic intervals

. o Analyze genomic intervals
Identify and classify target genes near the intervals
GO categories and metabolic pathways
GO categories and signaling pathways
GO categories, signaling pathways and diseases
Site search with TRANSFAC(R)

version 2.0 (Adjusted p-values)
Single interval list
version 1.2 (Classical)
Single interval list Multiple interval sets
Search for composite modules with TRANSFAC(R)
version 1.2 (Classical) with TRANSFAC(R)
Search with tissue specific TSS (Fantom5) and TRANSFAC(R)

Discover de-novo motifs using ChIPHorder

“&~ Discover functional enrichment of target genes
Gene set enrichment analyses (GSEA)
GO categories and metabolic pathways
GO categories, signaling pathways and diseases
with a selected ontology

Functional classification

Mapping to GO categories and metabolic pathways
Single gene set 2 gene sets and comparison Multiple gene sets

Mapping to GO categories and signaling pathways
Single gene set 2 gene sets and comparison Multiple gene sets

Mapping to GO categories, signaling pathways and diseases
Single gene set 2 gene sets and comparison Multiple gene sets

Mapping with selected classification
Single gene set 2 gene sets and comparison Multiple gene sets

Cross-species mapping to ontologies

R Analyze networks of target genes

Find master regulators
with TRANSPATH(R)
Single gene set Multiple gene sets

with GeneWays
Single gene set Multiple gene sets

Find common effectors

with TRANSPATH(R)
Single protein set Multiple protein sets

with GeneWays
Single protein set Multiple protein sets

Identify functional gene cluster

“@~ Find drug targets
Upstream analysis (TRANSFAC(R) and Gene\Ways)

Upstream analysis (TRANSFAC(R) and TRANSPATH(R))
Complete upstream analysis (TRANSFAC(R) and TRANSPATH(R))

Enriched upstream analysis (TRANSFAC(R) and TRANSPATH(R))

Focused upstream analysis (TRANSFAC(R) and TRANSPATH(R))
Upstream analysis with feedback loop (TRANSFAC(R) and TRANSPATH(R))




6.1. Analyze genomic intervals

6.1.1. Identify and classify target genes near the intervals

For the three workflows subsumed under this topic, please refer to Section 7.2.1 and
apply the steps explained there correspondingly.

6.1.2. Site search with TRANSFAC®

6.1.2.1. Site search in a single interval list

This workflow helps to map putative TFBSs on peaks calculated from your
ChIP-seq data. Site search is done with the help of the TRANSFAC® library of positional
weight matrices, PWMs, using the pre-computed profile
vertebrate_non_redundant_minSUM.

The few steps to launch the workflow are described in the following.

Step 1. Open workflow input form from the Start page, it will be opened in the main
Work Space and looks as it is shown below:

4 ChIP-Seq: Identify TF bind... xi

Start page | . ChIP-Seq: Identify compo... X|

ChiP-Seq: Identify TF binding sites on peaks (TRANSFAC(R})

EI Input Yes track

QI{S‘.HE{:{ element)

[ Sequence source [ Ensemul 65.37 Human (hg19) |
|__“‘| Species |Human (Homo sapiens) LI
[y Input No track & |...ing genes (Human) track -100000 to -98000
EI Results folder I{s.ele{;t element)

(Runworkflow ) [ Edit workflow |

Step 2. Specify the input track in BED format in the field Input Yes track.
The input Yes track contains peaks from your ChIP-seq study. To specify the Yes track,
you can drag & drop it from your project within the tree area. Alternatively, you may
click on the pink field “select element” and a new window will open, where you select the
input track. After having selected the track, press the [Ok] button.

Step 3. Specify the sequence source from the drop-down menu. Several human, mouse
and rat sequence builds are available in the platform, as shown below. By default, the
most recent Ensembl human genome, hgl9, is specified. Make sure you selected the
sequence source (the genome build) that corresponds to your input set, to get correct
and meaningful results.



Epigenomics

99

- [y Input Yes track pl{select slement]
- [} Sequence source Ensembl 65.37 Human (hg19) =]
D Species Ensembl 65.37 Human (hg19)
i Ensembl 52.36n Human {hg18})
D Input Mo track Ensembl &1.37f Human {(hg18)
_ Ensembl 65.37 Mouse (mm3)
~ [y Results folder Ensembl 81.37n Mouse (mm3)
Ensembl 65.34 Rat {rnd)
i \. i - \ Ensembl 64.34 Rat {rnd)
| Runworkflow | [ Edit workflow |

Step 4. Specify the biological species of the input set in the field Species by selecting
the required species from the drop-down menu.

Step 5. Specify No track in BED format in the field Input No track. Upon clicking on this
field, a supplementary window will open, where you can select the No track from your
project tree, or use one of our default No tracks for human, mouse or rat, respectively.

Folder: | data/Examples/Sample data/Data | Up | +

DMA sequence formats

% Housekeeping genes (Human)
% Housekeeping genes (Mouse)

‘&} Housekeeping genes (Mouse) track -100000 to -28000
% Housekeeping genes (Rat)

P’ Housekeeping genes (Rat) track -100000 to -28000

Mame: Housekeeping genes {(Human) track -100000 to -38000

Cancel

Step 6. Define where the folder with the results should be located in your project tree.
You can do so by clicking on the pink field “select element” in the field Results folder,
and a new window will be opened, where you can select the location of the results folder
and define its name.

Step 7. Press the [Run workflow] button.
Ready!

Wait until the workflow is completed.




The results folder contains two tables and two tracks; for this example, let’s consider
the results folder located under "Examples”. It is highlighted by blue in the figure below:

4 || |Examples
Atherosclerosis GSEESE4, llumina HumanRef-8v1 beadarray
- [fml Brain Tumor GSE1625, Affymetrix HG-U133A microarray
Breast Cancer GSES187, Agilent 014850 microarray
F] @ E2F1 binding regions in HelLa cells, ChiP-5eq
4 | |Data
.|| Gene classification_Proteome_Transpath
P GBE1417_RAW
1 ., | GEM55B468_E2F1_hg19 filtered chr 1 (Site search on track, TRANSFAC)
ﬁs GSM558469_E2F1_hg19 filtered chr 1 Transcription factors
& GSM558489_E2F1_hg18 filkered chr 1 Yes sites opt
Q Housekeeping genes (Human) track -100000 to -28000 Mo sites opt

= Site optimization summary

The tables Site optimization summary (=) and Transcription factors (©%) are opened
automatically in the Work Space as soon as the workflow is completed.

The table Site optimization summary includes the matrices the hits of which are
over-represented in the Yes track versus the No track.

Please note that only the matrices with Yes-No ratio higher than 1 are included in this
output table. The hits of these matrices can be interpreted as over-represented in the
Yes set versus No set.

The table Site optimization summary shown below has been sorted by the values in the
Yes-No ratio column.

D Yes density per 1000bp No density per 1000bp Yes-No ratio Model cutoff P-value
WEVJUN_D1 0.02198 0.00188 11.63964 0.9003 7.T429E-9
VHZBRK1_01 0.004 3.7785E-4 10.58149 0.9854 0.0221
VHKROX_Q6 1.67825 0.19081 8.79521 0.887 o
WEDEAF1_02 0.07497 0.00869 B.62622 0.8253 7.6033E-24
VESTRA13_01 0.04858 0.00842 7.6249 0.9892 3.6902E-15
VHEZF_Q6_01 2.96868 043113 6.88122 0.817 o
WHEZNF219_01 0.02488 0.00378 6.61343 0.9966 7.8411E-8
WHETF_Q8§ 3.37548 0.52881 6.3B558 0.9962 1]
WHEZF_03 2.20702 0.34887 6.36273 0.811 1]
WHEGR1_01 2.54886 0.4043 6.30687 0.778 1]
WHESP1_086 461684 0.95861 481631 0.881 1]
WHCKROX_Q2 2.64582 061967 42897 0.9397 1]
VHAP2_08 B.95 2.18435 410191 0.844 o

Each row summarizes the information for one PWM. For each selected matrix, the
columns Yes density per 1000bp and No density per 1000bp show the number of
matches normalized per 1000 bp length for the sequences in the input Yes set and input
No set, respectively. The Column Yes-No ratio is the ratio of the first two columns. Only
matrices with a Yes-No ratio higher than 1 are included in the summary table. The higher
the Yes-No ratio, the higher is the enrichment of matches for the respective matrix in the
Yes set. The matrix cutoff values as they are calculated by the program at the
optimization step are shown in the column Model cutoff, and the last column shows the
P-value of the corresponding event.



Table Transcription factors:

Yes No
G densi d Yes-N Model
1D Gene description ene Species Site model ID ensity ensity s . ° © P-value
symbol per per ratio cutoff
1000bp 1000bp

ENSGO00DD256683 L (Mger protein ZnFaso  Homo VSZBRK1_01 0.004 37785E-4 1058149 09854 0.0221
350 sapiens

ENSGO0DOD1Z2B77 SO growih EGRZ Homo VEKROX_Q6 1.67825 0.19081 8.79521 0887 o
response 2 sapiens

ENSGOODOO13562s oY 9rowih EGR4 s VSKROX_Q6 1.67825 0.19081 8.79521 0.887 0
response 4 sapiens

ENSGO00DD17938g  CoTY growih EGR3 Homo VSKROX_Q6 1.67825 0.19081 8.79521 0.887 0
response 3 sapiens
deformed epidermal H

ENSGD0000177030  autoregulatory DEAF1 ome VSDEAF1_02 0.07497 0.00869 862622 08253  7.6933E-24

o saplens

factor 1 (Drosophila)

ENSGOO00D1ZO73E O 9rOWiR EGR1 Homo VBEGR1_01, 211408 0.29756 755104 08325 0O
response 1 sapiens VEKROX_Q6

ENSGO00DD112247 o transcriplion E2F3 o VSE2F_Q6_01 2.96668 0.43113 6.88122 0817 0
factor 3 sapiens

ENSGDOCOD1ESBE1  Cof Uanscription E2FT Homa VSE2F_Q6_01 2.96668 0.43113 6.88122 0817 0
factor 7 sapiens

ENSGO0DOD1gR17E  L2nseription factor TFDP1 HLATATD VSE2F_Q6_01 2.96668 0.43113 6.88122 0.817 0
Dp-1 sapiens
E2F transcription H

ENSGD0000205250  factor 4, p107/p130-  E2F4 5:;:15 VSEZF_QE_01 2.96668 0.43113 688122 0817 0
bindina

This table includes transcription factors (TFs) that are associated with the PWMs that are
listed in the table Site optimization summary, and each row shows details for one TF,
including its Ensembl gene ID (column ID), gene symbol, gene description and biological
species of the corresponding TF (columns Gene description, Gene symbol, and
Species). The column Site model ID shows the identifier of the PWM associated with
this TF, and several further columns repeat information that is also shown in the table
Site optimization summary.

Tracks "Yes sites opt” and "No sites opt” ( % ).

Sequence
(chromosome) From To Length Strand Type
name

Property: Property: Property: Property:
coreScore matrix score siteModel

TF
1 29528 28536 9 - binding 1 VSAHRHIF_Q6 0.98999 VEAHRHIF_Q&
site
TF
1 6640274 6640289 16 + binding 1 VEAHRARNT_01 0.89535 VEAHRARNT_01
site
TF
1 6640500 6640515 16 + binding 1 VEAHRARNT_01 0.92847 VSAHRARNT_01
site
TF
1 145096501 145096509 9 + binding 0.99136 VEAPZ2ALPHA_D1 0.99209 VEARPZALPHA_D1
site
TF
1 29528 28538 11 - binding 1 VEAHR_QS 0.9635 VSAHR_QS5
site
TF
1 6640281 6640289 9 + binding 1 VEAHRHIF_Q8 0.98812 VSAHRHIF_Q&
site

Each row presents details for each individual match for every PWM. Columns Sequence
(chromosome) name, From, To, Length and Strand show the genomic location of
the match including chromosome number, start and end positions, strand and length of
the match, respectively. The column Type contains information about the type of the
elements; in this case all matches are considered as “TF binding site”. Further columns
keep information about PWM producing each match (column Property:matrix) as well
as a score of the core (column Property:coreScore) and a score for the whole matrix
(column Property:score). The column Property: siteModel contains an identifier for
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the site model, which is the matrix together with the cutoff applied (for details about
these scores, please see Kel et al., Nucleic Acids Res. 31:3576-3579, 2003).

@ Further  visualization of track files in the genome browser:
Having tracks “Yes sites opt” and “No sites opt” opened in the Work Space, the menu

button can be applied to get a visualization. First, a supplementary window is
opened where you can select one chromosome and press [Ok], as shown below.

Select a sequence (chromosome) x
Folder: | T o GRGh37 | ¥

I I Z_PATCH
10 20 _C* HG1007_PATCH

11 21 _C*HG1032_PATCH

12 e _*HG104_HGS75_PATCH
13 3 _C*HG1133_PATCH

14 4 _C*HG115_PATCH

15 5 _C*HG142_HG150_HG151_|
16 el _*HG14_PATCH

17 7 _C*HG183_PATCH

18 8 _C*HG185_PATCH

19 el _*HG186_PATCH
3% Ak
Name: 1

In the second pop-up window, you can select tracks that can be visualized together with
your track, e.g. “Yes sites opt” (see above), and press [Ok].

Select tracks:

¥ Select all

@ GSMS58469_E2F1_hg19 filtered chr 1 Yes sites
opt

¥ ExtendedGeneTrack

@ GeneTrack

@ KaryotypeTrack

@ RepeatTrack

o ariationTrack

The resulting visualization, after applying the “zoom in” button , looks like it is shown
below. Matches for different matrices are shown in colors, and the color schema can be
customized.
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— _
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—
L.VSZF5_B VSZIC3_01 VSLRF_Q2  VSPAX3_01 VSZF5_B VSIK_Q5
— A — —  ——— —
L NSPAXS_01 VSGRE_C VSAHRHIF_Q6 VSHIF1_Q3 VSH
——— — A— —  w—
_VSPAX4 01 VSIK_()5 VSPPARA_02 VSPAXB_01
A—
VSDR4_(2 VSGEN_INI3_B
—— —
VSMAZ_Q6
A—
GeneTrack4 b L WASHTP...
MIRI13
Karyotype.. 4} | pi6.33
Variation.. 4y 462493 rs3971398 rs4740330 rsf}
rs71214340 rs2418696 rs7)
¥ '
rs2548913 s}
¥
rs24] BOGE
'
28444

Such a view may help to visually co-localize information on different tracks, e.g. putative
TFBS with variations, repeats and genes. In the figure above, the cursor shows position
29444, and two variations are located at this position. You can immediately recognize
that these variations are located within particular putative binding sites in the intron
region of the WASH7P gene.

The same information is available not just as a picture, but also as a table under the tab
“Sites” (shown below). For each element information is shown on chromosome, positions,
length, strand, type of the track, and name of the element.

My description || Graph search || Script || Clipboard || Tasks || Sites || Tracks

E Page |1 of2 Showing 1 to 50 of 67 entries Show| 50 3 ]entries
Sequence (chromosome) name - From To Length Strand Type Property: name
1 1 2300000 2300000 x p36.33 p36.33
1 29518 28534 16 + TF binding site
1 29573 28588 16 - TF binding site
1 29448 28456 9 + TF binding site
1 29583 28591 ] - TF binding site
1 29583 28594 12 - TF binding site
1 14363 29808 15444 - pseudogens
1 29554 31109 1556 + antisense
1 29435 28451 7 + TF binding site
1 20564 28574 1 + TF binding site
1 20424 29435 12 - TF binding site
1 20427 28433 7 TF binding site
1 29500 28500 1 variation rs24 18696
1 29445 28445 1 variation rs24 18698
1 294386 28436 1 * variation rs2462493
1 29571 28571 1 variation rs2548312
1 29443 28443 1 variation rs2548313

This table can be exported as a track, in several different formats including intervals,
bed, wig, gff, gtf and more.
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Track: 'L G5M558469_E2F1_hg19 filtered chr 1 Yes sites opt ¥ _:

4 |

Format: | Interval format (*.interval) E
'::‘ Displayed range (29433 — 20583)
':‘ Whole sequence (1 — 249250622)
{*) Custom range: | 25000 ~ 35000

Track:| GSM55B468_E2F1_hg19 filtered chr 1 Yes

Format:| Interval format {*.interval) 3= ]
@L™ Interval format (“interval) |
r:: Wwhe Gene Transfer Format (*.gtf)
Match format (*.match) p—

@ cus General Feature Format (*.gff) 3500
Variant Call Format (*.vef)
BED format (*.bed)

| Canr.:al! Wiggle format (*.wig)

Note. This workflow is available together with a valid TRANSFAC® license.
Please, feel free to ask for details (info@genexplain.com).

6.1.2.2. Site search in multiple interval sets

This workflow is designed to search for TFBSs in DNA sequences identified by the ChIP-
seq approach, for multiple datasets.

In the field Input Yes tracks, several different tracks can be simultaneously submitted.
The same background dataset, Input No track, is used for comparison with each of the
submitted Yes tracks. The default No track corresponds to far upstream regions of the
house keeping genes, where no functional TFBSs are expected.

The steps of this workflow for a single input Yes track are described in Section 6.1.2.1. In
this workflow, the same steps are performed next time for the 2nd Yes track, and so on
iteratively for each of the input Yes tracks.

This workflow helps to save time and efforts, especially when you have several sets of
ChIP-seq data, e.g. the peaks for a humber of different TFs.

Note. This workflow is available together with a valid TRANSFAC® license.
Please, feel free to ask for details (info@genexplain.com).
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6.1.3. Search for composite modules

6.1.3.1. Search for composite modules with TRANSFAC®

This workflow finds pairs of TFBSs that discriminate between two tracks, the Yes and the
No track. As the Yes track, ChIP-seq peaks or intervals identified in analyses for histone
modifications, or any other genomic fragments, can be considered.

In the first part of the workflow, the overrepresented TFBSs are identified by the method
analyses/Methods/Site analysis/Site search on gene set (ﬁ). Details about this
individual method are given in Section 20.1.2. In the second part of this workflow,
composite modules are identified by a genetic algorithm based on over-represented
TFBSs. For more details about this CMA analysis refer to Section 20.1.5.

To launch the workflow, follow these steps:

& Analyze genomic intervals
|ldentify and classify target genes near the intervals

Site search with TRANSFAC(R)
& Search for composite modules with TRANSFAC(R] >
Search for discriminative sites with TRANSFAC(R) (MEALR)

Step1l. Open the workflow input form. It will open in the main Work Space and looks as
shown below:

Start page ||~ ChIP-Seq - Identify compo... X*dﬂ, ChiP-Seq - Identify compo... ; 2 2 2 J
ChiP-Seq - Identify composite modules on peaks (TRANSFAC(R))
EI Input Yes track PI{selact element)
[y Seauence source | Ensembl 72.37 Human (hg19) =
[y Species | Human (Homo sapiens) |
EI Input No track Pliﬂﬂﬂd element)
[y Minimal number of pairs 2
EI Maximal number of pairs 8
EI Mumber of iterations 300
- [} Results folder u_]l{selact element)
[Run wun{ﬂm-.rj |: Edit warkﬁmr.'j

Step 2. Input the Yes track (the track under study) from the tree. You can either drag-
and-drop or select it from the Tree Area. Here the track published in the Gene Expression
Omnibus, GSE54909, is used as an example.



In this study the HDAC inhibitors TSA and SAHA were used to treat primary human
vascular endothelial cells. The effects on genome-wide histone acetylation were studied
applying chromatin immunoprecipitation (ChIP) and then deep sequencing (ChIP-seq).
Histone acetylation ChIP-seq profiles in SAHA-treated versus control samples were
calculated and the peaks were published. The published track contains over 10000
fragments.

Please consider that such huge tracks cannot be submitted into the workflow. One cannot
expect to find common composite modules in 10000 fragments.

@ We recommend to filter the original track by several conditions, for example by the
score of the calculated peaks, by the length of the fragments, by genes located near the
peaks, etc. The recommended optimal number of the fragments in the input track is 200-
400. Please consider that the time required for the workflow run directly depends on the
size of the input tracks.

Here, the original published track was first filtered by the length of the fragments 500-
600 bp, which resulted in 816 fragments. These fragments were sorted by the score of
the peaks, and the top 200 fragments were selected.

The resulting track of 200 fragments is used as the input Yes track.

Step 3. From the drop-down menu in the field Sequence source choose the Ensembl
species and build corresponding to your input track, here hg19.

ChlP-Seq - Identify composite modules on peaks (TRANSFAC(R))

[y Input Yes track & |...d ENCODE-UCSC hg19, chr 1, L<>490-510
- [ Sequence source Ensembl 72.37 Human {hg18) =]
[y Species Ensembl 72.37 Human (h

Ensembl 65.37 Human (hg13)

D Input Mo track Ensembl 52.36n Human (hg18)

— _ Enzembl 72.38 Mouse {mm10)

[y Minimal number of pairs Ensembl 72.38 Mouse (mm®)

Ensembl 71.5 Rat (m5&)
Ensembl 6534 Rat {rnd)

D Maximal number of pairs

Step 4. Input the No track from the tree area.
@ for creating a No track specific for your track under study:

We recommend to apply the method Create random track as described in Section 16.2.6.
This method helps to create a track with the same number of fragments and similar
distribution of the fragment's length. Important especially for the purposes of this
workflow: The method Create random track ensures that the fragments in the No track
are not overlapping with the fragments in the Yes track.

Here, a random track comprising 300 fragments was created and used as the No track.
Step 5. After input of the Yes and No sets, verify the species shown in the species field.

Step 6. Set up parameters for the composite module search. This workflow identifies
pairs of sites. By default, the minimum and maximum numbers of pairs are given as 2
and 8. You can change these parameters according to the number of pairs you aim to
identify. The number of iterations of the genetic algorithm is 300 by default, and can be
adapted as required.



Step 8. Specify the result folder location and name and Press the button [Run workflow].
Wait till the workflow is completed.

Note. This workflow may take time depending on the size of the Yes and No tracks and
on the number of iterations. The recommended size of the input tracks is 200-400
fragments with the length of the individual fragments not exceeding 1000 bp. The

maximum recommended number of iterations is 300.

Results

-
The results folder contains the tables Transcription factors (Fii) and Site optimization

summary (ﬁ ), the tracks Yes sites opt and no sites opt (‘5}), and the folder modules

L]

().

_JESES-#EIL‘.IE HAEC hg19 H3Kd4me3 SAHAvsMock_peaks, L 500-800 Score_top_ 200 [CMA on track, TRANSFAC)
fﬁg GSE3O08 HAEC hg19 H3K4me3 SAHAvsMock_peaks, L 500-800 Score_top 200 Transcription factors
Q GSES4908_HAEC hg19 H3Kd4med SAHAvsMock_peaks, L 300-600 Score_top_200 Yes sites opt

;22 modules

4 Random track 300 Mo sites opt

= site optimization summary

The table Site optimization summary (ﬁ) contains those site models, here
TRANSFAC® matrices, that are over-represented in the Yes track as compared to the No
track.

D Yes density No density ‘r‘es-_hlu Model Povalue
per 1000bp per 1000bp ratio cutoff
VETGIF_01 0.06289 0.00597 10.56025 0.9781 0.00833
VEAPT_01 0.07189 0.01183 6.03443 09822 0.01201
VECREB_0Z 0. 10789 0.023856 4. 52582 0.968 000474
VEHSFZ_01 0.05389 0.01183 4. 52582 0.9966 0.04896
VEHICT_03 0.11688 0.03579 3. 26865 089573 0.01119
VETFILA_QBE 0.17988 0.07158 2.51435 0.9309 0.00805
VEPAXZ_01 0.098594 0.04178 2.37067 0.8876 0.05625
VEMKXZ5 05 0.11699 0.05369 2173 09767 0.05362
VEMIF1_01 016188 0.07755 2.08884 08183 003086
VER_01 0.41385 0.20281 2.041086 08385 0.00107
VEBLIMP1_Q6 0.14388 0.07158 2.01148 0.9061 004841
VEEZ_Q6_01 0.26987 0.1372 1.96775 08885 0.01007
VEZMF219_ 01 0.35096 0.17895 1.96119 0.9255 000376

Each row of the table represents the result for one PWM from the input profile. Only
those PWMs with Yes-No ratio >1 are included in the output. For details of the output
columns please refer to Section 20.1.2.

The Modules folder ( %2 ) is a result of the analysis Construct composite modules. It
contains two tables, two tracks, one histogram, and one model view as shown below:
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4 22 Modules

@ Histogram
[ Model view
T@; Model visualization on No set
T@; Model visualization on Yes set
- 4 no track
i @& yes track

The Model View is a graphical summary for the hierarchically organized composite
elements generated as a result of the CMA analysis. As mentioned above, this workflow
is designed to identify pairs of sites, and we asked to identify 2 to 8 pairs. The composite
module found here contains three pairs, and we can see by exactly which site models

(matrices) these pairs are formed as well as the statistical parameters of the overall
model.

Madule 1:

V$ZBRK1_01 | | V$SRF_Q6
0.68; N=3 0.00; N=3

Module width: 60

Madule 2:

V$RBPIK_Q4 | |VSLFAL_Q6
0.81; N=1 0.79; N=3

Module width: 104

Module 3:
V$PTF1BETA_Q6 | | V$MINIZ0_B
0.00; N=3 0.82; N=1
Module width: 55

Model score (-p*log10(pval)): 13.71
Wilcoxon p-value (pval): 3.46e-24
Penaity (p): 0.584

Average yes-set score: 6.49
Average no-set score: 4.47

AUC: 0.77

Middle-point: 5.45

False-positive: 32.00%
False-negative: 25.00%

Each of the tracks, yes track and no track, can be directly opened in the genome

browser by double-clicking. Visualization of the composite module within one fragment of
the input Yes track, is shown below.
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some)_1 %] Position: 1:1566995-1567993
3995 1567200 1567400 1567600 15674
L L l L l L l L l
yes track 4 » M2 M1
VSLFAL_Q6 vszam‘u_m
VSLFAl_Q6 VSSR;.Q(’
VSPTFIBETA_Q6 vszmu‘u_on
VSPTFIBETA_Q6 VSZBREI_O]
VSLFAL_Q6
VSRBPJ‘K_Q4
VW_B
Gc: content-«» L M 10 0 ” O
(IETY OOt WY TR | TR TOITEE COOW W (TR T AT |
Genes <) MMP23B...

Upon simultaneous visualization of this track together with default tracks provided by the
platform, you can see that this composite module is actually located in the promoter
region of MMP23B gene.

For more details on the individual output tables and tracks as well as for visualization of
the identified composite modules in the genome browser please refer to Section 20.1.5.

Z
The output table Transcription factors ﬂﬁ! is a list of transcription factors linked to the
site models in the composite module identified by the workflow. For each transcription
factor, the Ensembl gene ID is provided, as well as a gene description, the HGNC gene
symbol, species, and site model (TRANSFAC® PWM name).

A - Gene . Site model
1D Gene description aymbol Species D
3516 !'emrn blnatlun_slgnal hll‘ldlﬂg. protein for RBPJ Humu VSREPJK Q4
— immunoglobulin kappa J region sapiens
. . Homo
58348 zinc finger protein 350 ZNF350 Sapiens VEZBRK1_01
serum response factor (c-fos serum ST
6722 response element-binding transcription SRF ) VESRF_Q6
sapiens
factor)
H
6928  HNF1 homeobox B HNF18 eme VSLFA1_Q6
sapiens

Four TFs are found to be candidates to specifically bind the fragments in the input track
of histone acetylation peaks in SAHA-treated human vascular endothelial cells. The
binding motifs for these transcription factors are parts of the identified enriched
composite modules.



The same workflow can be applied to find composite modules in the ChIP-seq peaks
identified as binding profiles for particular transcription factors. The example of such
application for E2F1 binding peaks is described in Section 7.2.3.

Note. This workflow is available together with a valid TRANSFAC® license.
Please, feel free to ask for details (info@genexplain.com).

6.1.4. Search for discriminative sites with TRANSFAC® (MEALR)

The tool MEALR finds combinations of TFBS matrices that discriminate between two sets
of sequences (denoted as Yes and No sets). The Yes set may consist of genomic regions
identified in a ChIP-seq experiment. No sequences are often other non-coding genomic
regions not overlapping with the peaks.

MEALR differs from other tools in the following points.

No cutoff or threshold is used on matrix scores to determine potential binding sites.
Instead, MEALR calculates threshold-free sequence scores.

MEALR builds a discriminative model for classification which is well-established and
widely applied in statistical analysis called Sparse Logistic Regression. The model
consists of a linear model that estimates the probability that a sequence belongs
to the Yes set based on its binding site features.

The sparseness constraint enables MEALR to select a subset of matrices relevant for
classification of Yes and No sequences from a possibly large matrix library.
Therefore MEALR'’s output differs from other tools by presenting a focused set of
matrices.

While other site enrichment tools provided in the platform evaluate enrichment
separately for each matrix, the model used in MEALR assesses the importance of
matrices for discrimination in combination with other matrices of the library.
Therefore, MEALR suggests (linear) combinations of transcription factor motifs.

MEALR calculates the score x of the it sequence according to the k" matrix as x; =
log(%zwi exp (S,,)) , where Sw is the log-odds score of the w'™ window of matrix length.
Each sequence is therefore associated with a vector of scores, one from each matrix, and
a class (Yes, No).

Let us present an example analysis for a ChIP-seq data set consisting of 500 peak
regions and 1000 sequences randomly sampled from regulatory regions across the
human genome. The figure below depicts the input mask of the analysis tool.

Start page ||:=" MEALR (tracks) Xi

[y ves set 1?1 Ql(&elect element)
[y Mo set 171 Ql(&elect element)
- [y Sequence source [?1 [Ensembl 72.37 Human (hg18) ~|

D Input motif profile

D Output path

Run

=

I I...D'I 3.4/Datalprofiesivertebrate_human_p0.001

=

ﬁ I(seleci element)
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Yes set: This is the set of sequence intervals that you want to analyze, for example
these can be ChIP-seq peak regions.

No set: This is the set of background intervals (control set).

Sequence source: Both Yes and No track need to refer to a common source, such as a
genome, as specified by this parameter. Note that you can apply a custom source, e.g. a
specifically uploaded genome. Clicking on the “Custom” option will open a new field to
choose the custom sequence source.

Input motif profile: The profile lists the PWMs (motifs) that are used to assign scores
to Yes and No sequences. By default, this field is set to the profile last applied in your
workspace. Note that cutoffs in the profile are ignored, because MEALR calculates whole
sequence scores.

Output path: In this field you select a path in the workspace to store the output table.

The steps of an analysis can be described as follows:

Step 1. Input Yes set from the tree. As usual, you can drag-and-drop. Here, the set of
YES intervals from the Example folder is used as input, highlighted blue on the
screenshot below:

Amams:\amss GSEGS84, llumina HumanRef-8v1 beadarrz
Brain Tumor GSE 1825, Affymetrix HG-U1334 microarray
Breast Cancer GSES187, Agilent 014850 microarray

E2F1 binding regions in Hela cells, ChIP-Seq

@ Encede TFBS CEBPB in H1-hESC cells

- 45" CEBP in H1-hESC cells NO
<~ & CEBP in H1-hESC cells YES.
I+ I Journal

Optimization

Response to BMP-4, Affymetrix HG-U133_Plus_2 microara:
SMAD1,5 binding regions induced BMP-4, ChiP-Seq

SNPs linked to human height

Sample data

Scripts

D Sequence source
[y Input motf profiie

- [ Output path

] S | ey Erer—
| Rl | [ vesset [ & .1-hESC cels/DatalCEBP in H1-hESC cells YES
4 |, |data ~ [y Moset 1 & -
L] Examples

17 [Ensembl 72,37 Human (hg19) =]

[ fﬁl 013 4/Data/profilesivertebrate_human_p0.001

7 ﬁl cts/Documentation/Data/CEBP/Enriched_motifs| Auto

Step 2. Input No set (drag-and-drop). Our example uses the set of NO intervals:

[o[8 |

Databases || Data || Analyses || Users
4 | |data
i || Exemples
Atherosclerosis GSEB584, llumina HumanRef-8v1 beadarr:
Brain Tumor GSE1825, Affymetric HG-U133A microarray
Breast Cancer GSES167, Agilent 014850 microarray
E2F1 binding regions in Hela cells, ChiP-Seq

ode TFES,GERRE o 1l i s

-

L

|| & CEBPin H1-hESC cels NO

=T o B ———

D Yes set

D No set

[y Seauence source

~ [y Input matif profile

i [y Output path

Run

7 r&| 013.4/Data/profiles/vertebrate_human_p0.001

) ﬁl cts/Documentation/Data/CEBP/Enriched_motifs| Auto

Step 3. The sequence source should be set automatically upon specifying the interval
sets. If not select the corresponding sequence source from the pull-down list:

111
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Databases || Data || Analyses || Users L[ Yes set
4 [ aata © [y o sst
] u_] Examples. i

- Atherosclerosis GSEB584, llumina HumanRef-8v1 beadarr:
i) Brain Tumor GSE1825, Affymetrix HG-U133A microarray
Breast Cancer GSE9187, Agilent 014850 microarray
E2F1 binding regions in Hela cells, ChiP-Seq
Encode TFBS CEBPB in H1-hESC cells

4 [[]pata B,
Pk & CEBP in H1-hESC cells NO

D Sequence source

e

[ Ineut motif profie

R [ Output path

e

EEELLE =T T

71 ﬁl 1-hESC cells/Data/CEBP in H1-hESC cells YES

71 ﬁ’l H1-hESC cells/Data/CEBP in H1-hESC cells NC

171 [Ensembl72.37 Hu =
“m|--.013 &Datalprofies/vertebrats_human_p0
? mentation/Data/CEBP) Auto

i [ 4 CEBPin H1-hESC cells YES I

Step 4. Select the TRANSFAC® or GTRD profile from the available profiles. In this
example, we select the TRANSFAC® 2013.1 profile named “vertebrate_non_redundant”:

- [y Yes set
% VEMEDTATE_TOUSE
(@ vertebrate_mouss_5_in_1K_bases. - [y Noset
‘% vertebrate_mouse_p0.001 D Seguence source

(# vertebrate .01 — e = ————————
vertebrate_mouse_p0.05
‘@ vertebrate_non_redundant D Qutput path

‘) vertebrate_non_redundant_minFP

] él 1-hESC cells/Data/CEBP in H1-hESC cells YES

5} ﬁl H1-hESC cells/Data/CEBP in H1-hESC cells NC

17 [Ensembl

. 013_4/Data/profies/vertebrate_non_redundar

(3= |...cts/Documentation/Data/CEBF/Enriched_motits o |

Step 4. Edit the output path (highlighted green in the figure above). After setting the
Yes set, a default output path is suggested. The Example folder may not be writable for
your account requiring selection of an alternative such as one of your own projects. A
different selection can be made easily by clicking on the field.

Clicking the [Run] button will invoke the analysis. The summary table = is automatically
opened in a new tab when the analysis is completed. Here is a part of the output for our

example:
(0] Coefficient v

VSCEBP_Q2_ (M 0.31903
WEHLF_O1 024318
VECEBPB_01 0.23027
VECHOP_MM 0.09935
VECEBPD_Q6 0.08533
VENRF1_Q5 0.05455
VEHEE_QS 0.04304
VELBP1_Q6 0.03577
VELEFITCF1_Q4 0.02603
VERAXKI M 0.02313
WVENFY_01 0.02262
WVENRSF_01 0.01945
VEALXS M 0.01388
VEVMYE_02 0.01356
VEDMATI_M 0.01678
VEPS3I M 0.015%3
VEMEFZ_Q5_01 0.01425
VETAXCREB_0M1 0.01254
VETEF1_Q6 0.0115

VEFXR_Q3 0.011M



A row of the output table contains matrix identifier and its logistic regression coefficient.
The larger the coefficient value, the more important the corresponding matrix was for
discriminating between Yes and No sequences. In our example, three of the five top
matrices represent members of the transcription factor subfamily C/EBP.

6.2. Further workflows in this area

For the other workflows that you can find in the area Epigenomics, please refer to the
following Sections:

Load chromatin or DNA modification genomic See Chapter 3
intervals

Discover functional enrichment of target genes See Section 10.3
Analyze network of target genes See Section 5.1

Find drug targets See Chapter 11
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7. ChIP-seq

- ChiP-seq

““® | oad ChIP-seq data

“®” Peak calling
MACS
SICER

“®° Analyze ChIP-Seq peaks

Identify and classify target genes near the intervals
GO categories and metabolic pathways

GO categories and signaling pathways

GO categories, signaling pathways and diseases

Site search with TRANSFAC(R)

version 2.0 (Adjusted p-values)
Single interval list

version 1.2 (Classical
Single interval list Multiple interval sets

Search for composite modules with TRANSFAC(R)
version 1.2 (Classical

Search with tissue specific TSS (Fantom5) and TRANSFAC(R)
Discover de-novo motifs using ChIPHorder

@~ Discover functional enrichment of target genes

Gene set enrichment analyses (GSEA)
GO categories and metabolic pathways

GO categories, signaling pathways and diseases

with a selected ontology

Functional classification of target genes

Mapping to GO categories and metabolic pathways
Single gene set 2 gene sets and comparison  Multiple gene sets

Mapping to GO categories and signaling pathways
Single gene set 2 gene sets and comparison  Multiple gene sets

Mapping with selected classification
Single gene set 2 gene sets and comparison  Multiple gene sets

Cross-species mapping to ontologies

. Analyze networks of target genes
Find master regulators

with TRANSPATH(R)
Single gene set Multiple gene sets

with GeneWays
Single gene set Multiple gene sets
Find common effectors

with TRANSPATH(R)
Single protein set Multiple protein sets

with GeneWays
Single protein set  Multiple protein sets

Identify functional gene cluster
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7.1. Peak calling

7.1.1. MACS

MACS is a tool to identify peaks, regions likely bound by targeted protein, in ChIP-seq
data. It empirically models the length of the sequenced ChIP fragments, which tends to
be shorter than sonication or library construction size estimates, and uses it to improve
the spatial resolution of predicted binding sites. Details about the MACS method can also
be found here.

The platform provides two versions of the MACS algorithms, 1_3_7 and 1_4_0, whose
parameters are explained in the following.

MACS 1_3_7

Data || Analyses || Users - [y Track

;.',>|(se|ect element)

| DI Control track & | I(select element)
axy :
rascript D Uze fixed lambda D
thods E‘E] Lambda zet
| Admin .

lambda 1
| Data manipulation 0y 1000
_] Diata normalization D lambda 2 000
_]Functiunal classification P D |ambda 3 10000
_]Impnrt
| Molecular networks D No model [l
nGs L. [ Shift size 100
- liZ- Bowtie D Band width 0
- |4 ChIP-zeq peak profile
- 44 ChiPHorde D Genome size 2 7E9
- <3 ChiPMunk [ Enrichment ratio 32
- #jj DiChIPHorde S
- &3 DiChIPMunk [y Tag size 25
- %03 Mutation effect L [ Pvalue 1055
- £ Run MACS 1_3_7 on ChiP-5eq [ Future FOR =

- & Run MACS 1_4_0 on ChiP-Seg
| Optimization

_] Simulation

| Site analysis

Parameters have the following meanings:

D Output name

& |(select element)

Track: Input track to search for peaks enriched with sequencing tags

Control track: A track that can be used as background (optional)

Use fixed lambda: Use a fixed local lambda for all peak regions

Lambda set: Three scopes of surrounding base pairs to calculate dynamic lambda

lambda 1: close surrounding region

lambda 2: medium width surrounding region

lambda 3: wide surrounding region


http://genomebiology.com/2008/9/9/R137
http://liulab.dfci.harvard.edu/MACS/
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No model: Do not build the shifting model. In this mode (no model) a fixed shift size
parameter is used.

Shift size: The custom shift size in bp. Used in “no model” mode.

Band width: Expected size of sonicated DNA fragments

Genome size: Effective genome size

Enrichment ratio: Cutoff for the high-confidence enrichment ratio against background
Tag size: Size of sequence tags / read length

P-value: P-value cutoff for peak detection

Future FDR: Adopt the new peak detection method. The default method only considers
the peak location in the 1k, 5k, or 10kb regions of the control data. In contrast, the new
method also considers the 5k or 10k regions of the test data to calculate the local bias.

Output name: Name of the output track with MACS peaks.

MACS 1_4_0

This is an advanced version of MACS 1.3.7. During model building, the new algorithm
selects regions within a certain range of enrichment. By default, permissible enrichment
values range from 10 to 30. If MACS fails to build the model, it will use resort to “no
model”-settings with a shift size=100bps, to shift and extend each tags.

I H Start page H@Run MACS 1_4_0 on ChiP-... 4
Data || Analyzes || Users D Track Ql(select element)
EY
[y Control track & | I(select element)

laxy : -
/aScript - [y Genome size 2.7E9
thods D Tag size (0 = autodetect) 0

Admi :
| Admin . [y Band widtn 200
_| Cata manipulation
| Data normalization D P-value 1.0E-5
| Functional classification D MFOLD lower 10
| Import
| Molecular networks [}y MFOLD upper 30
|NGS - [ Use fixed lambda El
- Lz Bowtie [y No auto pair process ]
- L ChIP-seq peak profie
- &} ChiPHorde D No model =
- 3 ChiPMunk - [y shift size 100
- €} DiChIPHorde :
- & DIChIPMunk [y Keep duplcates [auto =]
- %1% Mutation effect - [y Scale to small &
- & Run MACS 1_3_T on ChiP-Seg D Compute peak profile
- £ Run MACS 1_4_0 on ChiP-Seq
| Optimization [y Output name Ql(seled element)
| Simulation
| Site analysis <= Hide expert options

Track: Input track to search for peaks enriched with sequencing tags

Control track: A track that can be used as background (optional)

Genome size: Effective genome size



Tag size (0 = autodetect) (expert): Length of the tag sequences / read length in bp.
If set to O, it will be inferred from average read lengths over several first reads.

Band width: Expected size of sonicated DNA fragments
P-value: P-value cutoff for peak detection

MFOLD lower: Lower bound for high-confidence enrichment ratio used in building the
paired-peak model

MFOLD upper: Upper bound for high-confidence enrichment ratio used in building the
paired-peak model

Use fixed lambda (expert): Use a fixed local lambda for all peak regions

Small region for dynamic lambda: The close surrounding region (in base pairs) to
calculate dynamic lambda. This is used to capture the bias near the peak summit region.
Only applied with control data.

Large region for dynamic lambda: The large nearby region (in base pairs) to calculate
dynamic lambda. Only applied with control data.

No auto pair process (expert): Whether to turn off the auto pair model process. If
marked MACS will exit with an error message if the model building fails. If not marked, it
will resourt to “no model”-settings

No model (expert): Do not build the shifting model. In this mode (no model) a fixed
shift size parameter is used.

Shift size (expert): The custom shift size in bp. Used in “*no model” mode.

Keep duplicates (expert): Consideration of replication tags which were assigned to the
same genomic location.

Auto: value will be calculated based on binomial distribution using 1e-5 as p-value cutoff
All: Consider all tags

Number: Consider tags at most the specified number of replicated tags

Scale to small: Mark to scale larger dataset down to smaller one

Compute peak profile (expert): Mark to compute a peak profile

Output name: Name of the output track with MACS peaks

7.1.2. SIZER

The Galaxy tool SICER fulfills two main purposes:

1. Delineation of significantly ChIP-enriched regions, which can be used to associate with
other genomic landmarks.

2. Identification of reads on the ChIP-enriched regions, which can be used for profiling
and other quantitative analysis.
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‘ h Start page ”?asu:m )ﬁ
ases || Data || Analyses || Users D ChIP-Seq Tag File Ql(select element)
b L] Motif Tools - p— ;
i -Seq Control File |
b L Multiple Alignments b & [ [iselect clement)
|| Metagenomic analyses D Fix off-by-one errors in output files
\i.| FASTA manipulation D Redundancy Threshold 1
b Ll NCBIBLAST+ A Wdow s
L\ | NG3: QC and manipulation D inaow size 200
|\ | NGE: Picard (beta) D Fragment size 150
L/ NGS: Mapping [y Effective genome fraction 074
L\ NG5: Indel Analysis i
b L NGS:RNA Analysis o [y Gapsize 600
Ly | NGS: SAM Tools [y Statistic threshold value 001
| NGS: GATK Tools (beta) Output fold
: utput folder
4 || |NGS: Peak Caling [y Oute __]I(Select element)
A i [ Output summary Ql(select element)

Parameters for SICER should be set as described in the following.
ChIP-Seq Tag File: Input track to search for peaks
ChIP-Seq Control File: A track that can be used as background (optional)

Fix off-by-one errors in output files: SICER creates non-standard output files, this
option will fix these coordinates

Redundancy Threshold: The number of copies of identical reads allowed in a library

Window size: Resolution of SICER algorithm. For histone modifications, one can use
200 bp.

Fragment size: For determination of the amount of shift from the beginning of a read to
the center of the DNA fragment represented by the read. FRAGMENT_SIZE=150 means
the shift is 75.

Effective genome fraction: Effective Genome as fraction of the genome size. It
depends on read length.

Gap size: Needs to be multiples of window size. Namely if the window size is 200, the
gap size should be 0, 200, 400, 600, ...

Statistic threshold value: FDR (with control) or E-value (without control)
Output folder: The output folder contains

e "Output summary” table with the fields ChIP_island_read_count,
CONTROL_island_read_count, p_value, fold_change and FDR_threshold

e A non-redundant version of the input track

e A non-redundant version of the control track

e A summary file in bedgraph format

e A normalized output in Wig format

e A track with significant islands

e A normalized Wig file with islands

e A track with island scores

Output summary: A summary output track with islands
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7.2. Analyze ChIP-seq peaks

7.2.1. Identify and classify target genes near the peaks

This group of workflows helps to identify genes located near the ChIP-seq peaks or near
other genomic intervals. The input can be any track, and the output contains a table of
genes overlapping with the fragments of the input track. By default, the gene bound
extensions are 10,000 bp 5’ relative to TSS and 10,000 bp 3’ relative to the last exon.

The three workflows in this group have a very similar structure. In the first step, the

input track (5}) is converted into a gene set using the Track to gene set analysis (‘:F'),
Section 16.2.4. The resulting Ensembl gene list is then submitted to Functional
classification by several ontologies. In parallel, the same Ensembl gene list is subjected
to Cluster by shortest path (%) analysis, Section 5.1.3. The difference between the
workflows within this group is in the ontologies applied for functional classification as well
as in a database used to find gene/protein clusters, either TRANSPATH® or GeneWays. In
the three sections below, three individual workflows are demonstrated for the same input
track available in one of the pre-prepared examples present in the Examples folder:
http://genexplain-
platform.com/bioumlweb/#de=data/Examples/E2F1%20binding%20regions%20in%20He
La%20cells%2C%20ChIP-Seqg/Data/GSM558469 E2F1 hg19%20filtered%20chr%201

The results for each of the three workflows can be found in the folder:

data/Examples/E2F1 binding regions in Hela cells, ChIP-Seq/Data

7.2.1.1. Classification by GO categories and metabolic pathways

In this workflow, the functional classification is done using the following ontologies: GO
biological processes, GO cellular components, GO molecular function, TF classification,
Reactome pathways, and HumanCyc pathways. In parallel, the same Ensembl gene list is
subjected to Cluster by shortest path analysis. Gene/protein clusters are calculated based
on the GeneWays interaction network.

For details, how to launch this workflow, please refer to Section 7.2.1.3. The results
folder looks like this:

F | _J GSMS5B463_EZF1_hg19 filtered chr 1 (From tracks to target genes)
F| __] Genes custered

+“n Cluster 1

in Gluster 2

[ Clusters
fi;' Genes Ensembl
H,; Genes Entrez
:1 Mapping to GO (biclogical process)
;1 Mapping to GO (cellular component)
:'81 Mapping to GO (molecular function)
a Mapping to HumanCyc pathways
21 Mapping to Reactome
:'31 Mapping to TF classification



http://genexplain-platform.com/bioumlweb/#de=data/Examples/E2F1%20binding%20regions%20in%20HeLa%20cells%2C%20ChIP-Seq/Data/GSM558469_E2F1_hg19%20filtered%20chr%201
http://genexplain-platform.com/bioumlweb/#de=data/Examples/E2F1%20binding%20regions%20in%20HeLa%20cells%2C%20ChIP-Seq/Data/GSM558469_E2F1_hg19%20filtered%20chr%201
http://genexplain-platform.com/bioumlweb/#de=data/Examples/E2F1%20binding%20regions%20in%20HeLa%20cells%2C%20ChIP-Seq/Data/GSM558469_E2F1_hg19%20filtered%20chr%201

ChIP-seq 121

The input track contains 1889 in vivo binding fragments for E2F1 transcription factor.
These fragments are found to overlap with 2187 Ensembl genes that are shown in the

1
resulting table Genes Ensembl ( r?,; ). This table is shown in Section 7.2.1.3.

Functional classification by the HumanCyc pathways has found 8 metabolic pathways:

Appl Cancel | Select all I Select page |
st [Provioia] Paos [1 ot 1 [Nat] [ Showing 1 108 . Show(50 % ]enties
Number Group Expected 4+ Adjusted Hit
1D This of hits size hits Pvalin P-value names
puring AKS,
wayE3850 deoxyribonuclecsides 3 T 0.580932 0.01642 0.53151 GUK1,
salvage NMET
superpathway of CMPK1,
pyrimidine CTPS1,
pathwayE8878 . . 4 13 111301 0.01955 0.53151
a deoxyribonuclectides NMET,
de navo biosynthesis NTPCR
UTP and CTP CTPS1
wayE9393 dephusphorylation | 3 0.25685 0.02051 0.53151 NTPCR
CMPKA,
pathwayesgzz  U17 2nd CTP de 3 g 0.77055 0.03476  0.53151 cTPS1,
novo biosynthesis
NMET
ADSS,
AKZ2,

The top pathway visualization diagram can be opened in the work space upon a mouse

click to the pathway ID:

®
.

The GeneWays clusters are calculated considering upstream direction from the identified
with the maximal radius of 2 steps. The following GeneWays clusters are identified:
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First | | Previous | Page '1— of 1| Next | Last Showing 1 to 2 of 2 entries
Show | 50 + | entries
D “ Diagram Size Hit names
1 o Cluster 1 153 FCGR1A (h), adar (h), adoral (h), agm (h), agt (h), (more)
2 . Cluster 2 2 madZ[2 (h), prco (h)

The picture below presents the fragment of the cluster 1.

DD X
Qg0

, [ 3 A NS B
‘-"”3 o ) q”D
B 4 g (O
Dm % D—")' i ‘ PRAL :
,/ L % \ 1 9
ey, v Al { : / P
" I P, SR A AT

Molecules shown in blue color are coming from the input protein list, and those in green
are added by the algorithm when necessary for the connectivity between the elements of
the cluster.

7.2.1.2. Classification by GO categories and signaling pathways

In this workflow, the functional classification is done using the following ontologies: GO
biological processes, GO cellular components, GO molecular function, TF classification,
Reactome pathways, and TRANSPATH® pathways. In parallel, the same Ensembl gene list
is subjected to Cluster by shortest path analysis. Gene/protein clusters are calculated
based on the TRANSPATH® signaling network.

For details, how to launch this workflow and look into the results, please refer to Section
7.2.1.1.

Functional classification by the TRANSPATH® pathways has found 43 signaling pathways
and chains:
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First | | Previous Page 1  of 1| Next | | Last Showing 1 to 43 of 43 entries Show[ 50 % ]enty
Number Group Expected » Adjusted
1D Title of hits size hits P-walue Povalue Hit names
ADSS, AK2, AKA,
CHODDO03758  IMP —-= ADP 5 16 1.13807 000385  0.6709 AKS, AMPD2
o ARNT, LEPR, MTOR,
CHODDOD4501  leptin signaling 10 55 3.91556 0.00452  0.6709 NCF2, NRAS, (mors)
VDR > GTF2B, HIF3A,
RXR-alpha —-> HIST2H3A,
CHODOOD3g7  Z P 8 42 2.99007 0.00815 06709 HIST2HBC,
activation HIST2H3D, (more)
cHoooooosrt PP 3 7 0.48834 0.01002  0.6708 HDAC1, NFYC, TPT3
CHoopoopozz ~ Coc#2 -~ 2 3 0.21358 0.01441 086709 CDC42, STMM1
stathmin
CHO00000150 f’_’_‘f‘gﬂ;'“" 2 3 0.21358 0.01441 06709 AGT, PLAZG4A

The pathway visualization diagrams can be opened in the work space upon a mouse click
to the pathway ID. The fragment of the second top pathway, leptin signaling, is shown in
force directed layout on the picture below. Important to mention, you can see protein
complexes and modified forms on the TRANSPATH® diagrams.

©
4 Lol

Note.

This workflow

is available together with a valid TRANSPATH® license.

Please, feel free to ask for details (info@genexplain.com).
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7.2.1.3. Classification by GO categories, signaling pathway, and diseases

In the first step of this workflow, the input track (E') is converted into a gene set using

the Track to gene set analysis (‘:ﬁ:), Section 16.2.4. The resulting Ensembl gene list is
then submitted to Functional classification using the following ontologies: PROTEOME™
GO Dbiological processes, PROTEOME™ GO cellular components, PROTEOME™ GO
molecular function, PROTEOME™ disease, TRANSPATH® pathways, TF classification,
Reactome pathways, and HumanCyc pathways. In parallel, the same Ensembl gene list is
subjected to Cluster by shortest path analysis. Gene/protein clusters are calculated based
on the TRANSPATH® network.

The input form when opened in the work space is shown below:

Start page || ChIP-Seq - Identify and cla... X

ChlP-5eq - Identify and classify target genes (PROTEOME(TM), TRANSPATH(R))

[y Input track & |(select element)
[ Species |Human {Homo sapiens) |
[y Results foider _Jl[seleu element)

P .Y P ) "
L Run workflow o . Edit workflow ¥,

Step 1. Specify input track in BED format in the field Input track.

You can drag & drop it from your project within the tree area. Alternatively, you may
click on the pink field select element and a new window will be opened, where you can
select the input track.

Here, further steps are demonstrated with the track available in one of the pre-prepared
examples present in the Tree Area:

http://genexplain-
platform.com/bioumlweb/#de=data/Examples/E2F1%20binding%20reqions%20in%20He
La%20cells%2C%20ChIP-Seq/Data/GSM558469 E2F1 hgl19%?20filtered%20chr%201

Step 2. After input of the track, the species (human, mouse or rat) is adjusted
automatically. Verify the species shown in the Species field.

Step 3. Specify the path to store the results and the name of the output folder.

Step 4. Having filled in the input form, launch the analysis with the [Run] button. Wait
till the workflow is completed.

Results

The results folder contains several files as shown below. All tables with the resulting
classifications as well as the table with clusters and the diagram of the largest cluster are
opened by default in the work space.


http://genexplain-platform.com/bioumlweb/#de=data/Examples/E2F1%20binding%20regions%20in%20HeLa%20cells%2C%20ChIP-Seq/Data/GSM558469_E2F1_hg19%20filtered%20chr%201
http://genexplain-platform.com/bioumlweb/#de=data/Examples/E2F1%20binding%20regions%20in%20HeLa%20cells%2C%20ChIP-Seq/Data/GSM558469_E2F1_hg19%20filtered%20chr%201
http://genexplain-platform.com/bioumlweb/#de=data/Examples/E2F1%20binding%20regions%20in%20HeLa%20cells%2C%20ChIP-Seq/Data/GSM558469_E2F1_hg19%20filtered%20chr%201
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‘_J GSM558468 E2F1_hg1% fittered chr1 (From tracks to target genes_Proteome_Transpath)
A ‘_._] Proteins clustered

- Fﬁ;‘ Genes Ensembl

- ':i Mapping to HumanCyc pathways

- ':i Mapping to Proteome GO (biological process)
- @1 Mapping to Proteome GO [cellular component)
- 6’1 Mapping to Proteome GO [disease)

- @1 Mapping to Proteome GO (molecular function)
- ':a Mapping to Reactome

- ':i Mapping to TF classification

- ':a Mapping to Transpath

- Fﬁ, Froteins Transpath

The table Genes Ensembl ( ﬁ; ) contains those genes that are identified as located in
the regions around the input peaks or fragments. By default this workflow considers the
following regions around Ensembl genes: 10000 bp in 5’ direction from TSS and 10000
bp in 3’ direction from the last exon. The positions of each fragment on the input track
are compared with positions of the extended gene regions. Genes overlapping with at
least one input fragment are considered as resulting target genes. For the input track in
this example, 2187 Ensembl genes are identified. The resulting table Genes Ensembl is
shown below, sorted by the column Count.

T —
First | Previous Page 1 of 44 | Mext | | Last Showing 1 to 5 of 2187 entries Show | 50 ¥ |en
A GSM558469_E2F1_hg1e
[»} Chromosome scription Gene symbaol filtered chr 1: Count
ENSGO0000058453  chromosome_GRCh37:1:17086768-17299474:1 CLIJIERLE CROCC 10
coiled-coil, rootletin
EMNSG00000230021 chromosome_GRCh37:1:536816-741274:-1 RP5-B57K21.4 10
dual specificity
EMSG00000183923 chromosome_GRCh37:1:228744885-228788150:1 phosphatase 5 DUSPSP1 ]
pseudogene 1
EMNSG00000231 360 chromosome_GRCh37:1:1443397 38-144521058:1 Protein LOCE42441 AL592284 1 7
acyl-Cof
EMSG00000117054 chromosome_GRCh37:1:76190036-TE253260:1 dehydrogenase, C-4 ACADM B
to C-12 straight chain
papillary renal cell
carcinoma
ENSG000001432394 chromosome_GRCh37:1:156720402-1567 706071 . FPRCC B
_ - (translocation-
associated)
solute carrier family
EMNSG00000143570 chromosome_GRCh37:1:153931575-153940188:-1 38 (zinc transporter), SLC39A1 B
member 1
cAMP responsive
EMNSG00000143578 chromosome_GRCh37:1:153940010-153946839:1 element binding CREB3L4 B
protein 3-like 4

Each row in this table contains information about one identified gene including Ensembl
gene ID, chromosome, exact genomic positions and strand (1 or -1), gene symbol, and
description. The column Count shows how many fragments on the input track are
overlapping with each gene.

These genes are then converted into TRANSPATH® proteins, the output table Proteins

Transpath (FE), shown below.
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P
First | | Previous |Page 1  of 35 |Mext | Last Showing 1 to 50fof 1724 entries Show
Gene Gene GSM
D Ensembl ID Chromosome description symbol filte

C-4to C-12

MO000083441 ENSGO00000117054 chromosome_GRCh37:1:76120036-76253260:1 Emﬂ.'ght ACADM 6
chain,acyl-Col
dehydrogenase
cAMP responsive

MO000090758 ENSG00000143578 chromosome_GRCh37:1:153240010-153946838:1 element binding CREB3L4 4
protein 3-like 4
papillary renal cell
carcinoma

MO000218950 ENSGO00000143294 chromosome_GRCh37:1:156720402-156770607:1 q PRCC 6
(translacation-
associated)
mitochaondrial

MO000220012 ENSGO0000242485 chromosome_GRCh37:1:1337288-1342693:-1 ribosomal protein MRPL20 1
L20
member 1 solute

MO000220821 EMNSG00000143570 chromosome_GRCh37:1:153931575-153940188:-1 carrier family 39 SLC39A1 4

(zinc transporter)

The structure of this table is very similar to that of Genes Ensembl, the critical difference
is the column ID, which represents TRANSPATH® molecule IDs; Ensembl gene IDs are
given in the second column. Here, 2187 Ensembl genes are converted into 1724
TRANSPATH® proteins.

Resulting TRANSPATH® proteins are clustered to get functional connections between the
gene products. By default, the workflow considers upstream direction from the input
TRANSPATH® proteins with a radius of 3. Resulting clusters are present in the folder
Proteins clustered, shown below.

.| Proteins clustered
- i Cluster 1
© doa Cluster 2
© lima Cluster 3
© ata Cluster 4
© ama Cluster 5
© ata Cluster &
© ata Cluster 7
- wma Cluster 8
- oma Cluster 9
- wma Cluster1d
- wma Cluster1l
- [ Clusters

The table Clusters (E=) contains a list of all identified clusters, here 11. Each row shows
details for one cluster. The clusters are sorted by their size with the largest cluster on

top. Symbol “= next to each cluster name in the column Diagram, can be used for

visualization. The column Hit names contains names of TRANSPATH® proteins in each
cluster.
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(s Diagram Size Hit names

] = Cluster 1 132 ;:{?:;s;gﬁn:;sfam;{j:LE? Emnh]l AR T-3-isoform2{h),

2 &2 Cluster 2 5 MEXT2(h), NICDZ2(h), Notch2({h), Notch2EC(h), Notch2TM(h)

3 «2a Cluster 3 4 Mcl-1-p24{h}, Mcl-1-p27{h), Mcl-1L{h}, Mcl-13{h}

4 =7 Cluster 4 4 MnH-isuT{:rmﬂh}. Mnk1-iscform2(h), Mnk1-isoform3(h), cytosolic
- phospholipase AZ2(h)

5 2o Cluster 5 3 AlR-isocform1{h). G-alpha-i3(h), edgiih)

] 2| Cluster 6 3 SHP(h), arnt-isoform1{h), arnt-isoform2(h)

T a Gluster 7 3 Alcadein-aglphai{h), Alcadein-alphaZ(h), p3-Alc-alphai{h)

8 o Cluster 8 3 Claspin-isoform(h}, Claspin-p220(h}, Claspin-p30(h)

g 22 Cluster & 3 TGFbeta-2A(h), TGFbeta-2B(h), TGFbetaR-lll-iscform1{h})

10 «° Clusteri0 2 RING1B(h), RING1B-p18(h)

11 "2 Clusterii 2 EphAB-izoformi{h), ephrin-A1-izoform1(h)

A visualization of the largest cluster, Cluster 1, is opened automatically when the
workflow is completed. The visualization of Cluster 1 in orthogonal layout is shown
below:

ZAP-TO0
| SHP2 lisoform1(
O r ) RGS18{h)
-isoform1( :
/i 1 ! muct
1L soform
v | coas .
|IVRAP B o # ’ \ 1
-isoforma| K S B 1 I 1 ! 1 . |
L) i - — A H |
mugt muct mugt
. BEE =
% ' ] muet ) '_ a;; mugt | )
-u:i::::;!:n O grt [ = ] ' [ ‘,M ] ( i ) ' | -u.ammnmma:n
! Vo h) h) h} T \
\ — { \Y | | | I— -isoform(
\ L N a
S O ] e [ [

Molecules shown in blue color are coming from the input protein list, and those in green
are added by the algorithm when necessary for the connectivity between the elements of
the cluster.

In parallel with clustering, the table Genes Ensembl undergoes to Functional

=
classification. The results are shown in eight tables with the icon . Each table
corresponds to a separate ontological category used for the classification in this
workflow.

The resulting table, e.g. Mapping to Proteome GO (disease), looks like this:
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First || Previous Page 1 of 2 Mext | Last Showing 1 to 50 of 93 entries Show | 50 + |en
- Number Group Expected Adjusted Hit
1o Category Titie of hits size hits Pevalue P-value names
APITD1,
ATP1A1,
. Meurcectodermal CDC42,
D018242DMKR Correlative Tumors, Primitive 31 227 13.53142 1.0325E-3 0.01425 CDKNZC,
CHDS,
{more)
CDK11A,
CDENZC,
DO0S44TNCOR Negative Meuroblastoma 8 24 143063 4 630BE-5 0.02153 DNAJC11
E2F2, 1D3
{more)
CDK11A,
Meurcectodermal CDKMNZC,
D018241NCOR Negative Tumors, Primitive, 8 24 1.43063 4 630BE-5 0.02153 DNAJCT1
Peripheral EZ2F2, ID3
{more)
CDKT1A,
. Meurcectodermal GDKN2C,
D018242NCOR MNegative — 8 25 1.49024 B.5204E-5 0.02253 DNAJC11
Tumors, Primitive
E2F2, ID3
{more)

Each row corresponds to one ontological category, which in this case is one of the
diseases as they are annotated in the PROTEOME™ database. Commonly accepted
disease identifiers are shown in the ID column. The disease names are shown in the
column Title. The column Group size represents the number of genes linked to this
disease in PROTEOME™, and the column Category demonstrates the functional type of
the link between genes and disease; it can be causal, correlative or negative. For each
row several parameters are calculated, the expected number of hits (Expected hits),
the actual number of hits (Number of hits), P-value, as well as Hit names. IDs are
hyperlinked to an external web page of CTD, the Comparative Toxicogenomics Database.
With a click on each ID, a new tab will be opened displaying additional information about
the disease.

Note. This workflow is available together with a valid PROTEOME™ license.
Please, feel free to ask for details (info@genexplain.com).

7.2.2. Site search with TRANSFAC®

7.2.2.1. Version 2.0 (Adjusted p-values, site search on track)

Single interval list

This workflow “Identify enriched motifs in tracks (TRANSFAC®)” is designed to map
putative enriched TFBSs on peaks calculated from your ChIP-seq data (Yes set) as
compared to a random background set (No set). Importantly, the No set is created
automatically and contains by default 1000 intervals. In the first part of the workflow,

the enriched motifs are identified by our proprietary MEALR approach
:\.H.ll.

(analyses/Methods/Site analysis/MEALR (tracks), icon 4-*&). Please refer to section 6.1.4

for details of this particular analysis method. Enriched motifs serve as a basis to

construct a specific profile. At the next step this newly generated profile is run on the

same list of input peaks applying the method analyses/Methods/Site analysis/Search for

_..
enriched TFBSs (tracks), icon “'a'. Please refer to section 20.1.4.2 for details of this
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particular analysis method. The workflow can be found under the section “Analyze ChIP-
seq peaks” - Site search with TRANSFAC(R) — version 2.0 (Adjusted p-values).

¢~ Analyze ChIP-Seq peaks
Identify and classify target genes near the intervals

Site search with TRANSFAC(R)

version 2.0 (Adjusted p-values)

version 1.2 (Classical)
Search for composite modules with TRANSFAC(R)

MNicrn | motife 1icina ChiP |

ar de 27/ v 1 PHardar
viscover ae-novo mours using vnirFrHorael

To launch the workflow, follow these steps:

Step 1. Open the workflow input form from the Start page. It will open in the main Work
Space and looks as shown below:

Start page ‘dﬂbldentiﬁr enriched motifs i... Xi

Identify enriched motifs in tracks (TRANSFAC(R))

[y Input Yes track Pliselect element)
B Profile .“'mI...a.fprl:lﬂles.ﬁ.rertebrate_nun_redundant_minSUf.'I
[y Sequence source [Ensembi 72 37 Human (hg19) |
EI Species |Human (Homo sapiens) LI
B Fiter by Coefficient 0125
D Result folder u_]l(select glement)

’ Run workflow ] [ Edit workflow ]

Step 2. Specify the input track in BED format in the field Input Yes track.
The input Yes track contains peaks from your ChIP-seq study. To specify the Yes track,
you can drag & drop it from your project within the tree area. Alternatively, you may
click on the pink field “select element” and a new window will open, where you select the
input track. After having selected the track, press the [Ok] button.

Step 3. Select the profile. This profile will be applied at the first part of the workflow for
identification of the enriched motifs. The default profile is
vertebrate_non_redundant_minSUM from the most recent TRANSFAC® release available.

Any other TRANSFAC® profile or user-specific profile can be selected. With a mouse click
on the field Profile, a pop-up window will open, where a profile can be selected.

Step 4. Specify the sequence source from the drop-down menu. Several human, mouse
and rat sequence builds are available in the platform, as shown below. By default, the
most recent Ensembl human genome, hgl9, is specified. Make sure you selected the


http://genexplain-platform.com/bioumlweb/#de=databases/TRANSFAC(R) 2014.4/Data/profiles/
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sequence source (species and the genome build) that corresponds to your input set, to
get correct and meaningful results.

Identify enriched motifs in tracks (TRANSFAC(R))

D Input Y¥es track Q)I(select element)

- [y Profile !’ﬁI...as’pruﬁles.-".fertebrate_nun_redundant_minSUM
- [y Sequence source |Ensembl 72.37 Human (hg19) |
B Species Ensembl 72.37 Human (hg19)

Ensembl 85.37 Human (hg19})

B Fitter by Coeffizient Ensembl 52.38n Human (hg13)

Ensembl 72.38 Mouse (mm10)
Ensembl 72.38 Mouse (mmd})
Ensembl 71.5 Rat {rn5)

[ Run workflow ] [ Edit workflow ] Ensembl 65.34 Rat (md)

Step 5. Specify the biological species of the input set in the field Species by selecting it
from the drop-down menu.

Step 6. Select a filter for the coefficient of the MEALR method. The default filter is set as
>0.125 to have 75% or more of true discovery rate, TDR. For 90% TDR, you can type
0.270 in this field and for 50% TDR - 0.05593. The filtered motifs are included in the
output as enriched motifs. At the later step, PWMs corresponding to the enriched motifs
are used to make a new profile.

Step 7. Define where the folder with the results should be located in your project tree.
You can do so by clicking on the pink field “select element” in the field Result folder,
and a new window will be opened, where you can select the location of the results folder
and define its name.

Step 8. Press the [Run workflow] button.
Wait until the workflow is completed.

The Result folder contains several tables and three tracks; for this example, let's
consider the results folder located under Examples. It is highlighted in blue in the figure
below:

| __] G5M558469 E2F1_hg19 fitered exp1000 dist1000 (enriched motifs 2.0_TRANSFAC(R)}
> é’ Random Mo sites opt

= Enriched motifs MEALR

> é’ GSM558455% E2F1_hg19S filtered exp1000 dist1 000 Yes sites opt

‘& Profile

> é’ Random Mo track

. [7 site search summary

F@; Transcription factors Ensembl genes

The tables Enriched motifs MEALR (=) and Transcription factors ("%) are opened
automatically in the Work Space as soon as the workflow is completed.

The table Enriched motifs MEALR includes enriched motifs in the Yes track versus the
No track, filtered by the coefficient as specified.


http://genexplain-platform.com/bioumlweb/#de=data/Examples/E2F1 binding regions in HeLa cells%2C ChIP-Seq/Data/GSM558469_E2F1_hg19 filtered exp1000 dist1000 (enriched motifs 2.0_TRANSFAC(R))/
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Please note that by default only the matrices with a Coefficient >0.125 (75% True
Discovery Rate) are included in this output table. These motifs can be interpreted as the
best discriminating motifs between the Yes and NO sets.

The table Enriched motifs MEALR shown below has been sorted by the values in the
Coefficient column. The larger the coefficient, the more important the corresponding
motif was for discriminating between Yes and No sequences.

First | | Previous | Page 1 of 1| Mext | | Last Showing 1 to § of & entries

Show 50 w entries

D Coefficient -
WESP100_04 0.38352
WEEZF_Q6_01 0.22717
VEYY1_0Q6_03 0.18837
WEGMEBZ_04 0.16385
WEETS_Q6 0.13228
WEHIF1A4_Q5 0.12881

The table Profile is opened automatically and is an input-specific profile, based on the
filtered enriched motifs MEALR from the first part of the workflow.

T S

Page 1 off Showing 1 to 6 of 6 entries Show 50 w entries
Name - Matrix Cutoff Core cutoff Core start Core length Matrix logo
VSEZF 06 01  $'sVSE2F Q6 01 0814 0688 4 5 - C C = AA N
WSETS_Q8 s VSETS 06 0.942 0.792 1 5 T TCC -
— T e — e R
VSGMEB2_04 s VEGMEBZ 04 081 0.705 2 5 o AQ J I AA
WSHIF1A_Q5 s VSHIF1A Q5 0.963 0728 2 5 PN Q *T W
VESSP100_04 §'s VESP100 04 0.831 0614 2 5 _ eurVy A
VSYY1_06 03 $'aVEYY1 Q6 03 0.944 0.757 0 5 Q(_: &T -

This profile is an intermediate result of the workflow and is used further for Site search
on gene set analysis in the second part of the workflow.

Table Transcription factors Ensembil:
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” Start page Hu‘,,"rrans:ription factors En... xI

Setectal

First| | Previous | Page 1 of 1] Next| | Last Showing 1 to 27 of 27 entries. Show 50 - entries
Gene ) Site model Yes density per Ho density per Yes-io Model
D Gene description vl Species - P P bt Mode! P-value
ENSG00000101412  E2F transeription factor 1 E2F1 ::;:ns VSE2F_06 01 470962 078925 5.96721 0814 0
ENSGO0000112242  E2F transcription factor 3 E273 ::;‘:ns VSEZF 06 01 470962 078925 596721 0814 0
ENSGO000D1B5891  E2F transeription factor 7 E2F7 ::;sns VSE2F_06 01 470962 078925 5.96721 0814 0
ENSGO0000188176  transcription factor Dp-1 TFOPY 22.32"3 VSE2F_06_01 470962 078925 5.96721 0814 0
ENSGO0000208250  E2F transcription factor 4, p107/p130-binding E2F4 ::ans VSEZF 06 01 470962 078925 596721 0814 0
ENSCU000D100844 PO induchole factor 1, apha subunit (basic helic-loop-helox HIF1A Homo VSHF1A_QS 218083 0.79201 275356 0.963 5.3667E-87
transcription factor) sapiens

ENSGO0000101216  glucocorticold modulatory slement binding protein 2 GMEB2 Homa VSGMEB2 04 046542 02438 150803 08112 1 5684E-10

sapiens

This table includes transcription factors (TFs) that are associated with the PWMs listed in
the table Site search summary. Each row shows details for one TF, including its Ensembl
gene ID (column ID), gene symbol, gene description and biological species of the
corresponding TF (columns Gene description, Gene symbol, and Species). The
column Site model ID shows the identifier of the PWM associated with this TF, and
several further columns repeat information that is also shown in the table Site search
summary.

For further visualization of resulting Yes sites opt track please refer to section 6.1.2.1.

Note. This workflow is available together with a valid TRANSFAC® license.
Please, feel free to ask for details (info@genexplain.com).

7.2.2.2. Version 1.2 (Classical)

Single interval list

This workflow helps to map putative TFBSs on peaks calculated from your
ChIP-seq data. Site search is done with the help of the TRANSFAC® library of positional
weight matrices, PWMs, using the pre-computed profile
vertebrate_non_redundant_minSUM.

The few steps to launch the workflow are described in the following.

Step 1. Open workflow input form from the Start page, it will be opened in the main
Work Space and looks as it is shown below:

Start page (| - ChiP-Seq: Identify compo... X

4 ChIP-Seq: Identify TF bind... xi

ChiP-Seq: Identify TF binding sites on peaks (TRANSFAC(R})

EI Input Yes track Ql{select element)
EI Sequence source |Ensemhl 65.37 Human {hg19) LI
[y Species | Human (Homo sapiens) =l

[y Input No track & |-..ing genes (Human) track - 100000 to -88000

I{sel&ct element)

Iy Y Iy N 9
| Runworkflow | | Edit workflow |
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Step 2. Specify the input track in BED format in the field Input Yes track.
The input Yes track contains peaks from your ChIP-seq study. To specify the Yes track,
you can drag & drop it from your project within the tree area. Alternatively, you may
click on the pink field “select element” and a new window will open, where you select the
input track. After having selected the track, press the [Ok] button.

Step 3. Specify the sequence source from the drop-down menu. Several human, mouse
and rat sequence builds are available in the platform, as shown below. By default, the
most recent Ensembl human genome, hgl9, is specified. Make sure you selected the
sequence source (the genome build) that corresponds to your input set, to get correct
and meaningful results.

EI Input Yes track Ql{sﬂlﬁd element)

- [} Sequence source Ensembl 65.37 Human {hg19) |
EI Species Ensembl 65.37 Human (hg19)
: Ensembl 52.36n Human {hg18})
EI Input Mo track Ensembl 81.37f Human {(hg13}
_ Ensembl §5.37 Mouse (mm3)
+ [ Results folder Ensembl §1.37n Mouse (mm3)
Ensembl §5.34 Rat {rnd)
Ensembl 64.34 Rat {rnd)

s 5 s N &
| Runworkflow | | Edit workflow |

Step 4. Specify the biological species of the input set in the field Species by selecting
the required species from the drop-down menu.

Step 5. Specify No track in BED format in the field Input No track. Upon clicking on this
field, a supplementary window will open, where you can select the No track from your
project tree, or use one of our default No tracks for human, mouse or rat, respectively.
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Folder: |datﬂ.fExampIesfSample data/Data ;l Up | +

DMA seqguence formats

% Housekeeping genes (Human)
= Housekeeping genes (Human) frack -100000 to -98000

% Housekeeping genes (Mouse)

ﬁ’ Housekeeping genes (Mouse) track -100000 to -28000
% Housekeeping genes (Rat)

ﬁ' Housekeeping genes (Rat) track -100000 to -28000

Mame: Housekeeping genes {(Human) track -100000 to -38000

Step 6. Define where the folder with the results should be located in your project tree.
You can do so by clicking on the pink field “select element” in the field Results folder,
and a new window will be opened, where you can select the location of the results folder
and define its name.

Step 7. Press the [Run workflow] button.
Ready!
Wait until the workflow is completed.

The results folder contains two tables and two tracks; for this example, let’'s consider
the results folder located under “Examples”. It is highlighted by blue in the figure below:

a \_L] Examples
b Atherosclerosis GSEESE4, llumina HumanRef-8v1 beadarray
i [l Brain Tumor GSE1625, Affymetrix HG-U133A microarray
[ Breast Cancer GSES187, Agilent 014850 microarray
F] @ E2F1 binding regions in HelLa cells, ChiP-5eq
Fl ,_._] Data
[> ,_.J Gene classification_Proteome_Transpath
b | GSE1417_RAW
1 ,_.J GEMS58469 E2F1_hg1% filtered chr 1 (Site search on track, TRANSFAC)
| i~ [F% GSM558469_E2F1_hg19 filtered chr 1 Transcription factors
r} 4 GSM558463_E2F1_hg18 filtered chr 1 Yes sites opt
[> ﬁ‘ Housekeeping genes (Human) track -100000 to -28000 Mo sites opt
L. [Z Site optimization summary

The tables Site optimization summary (=) and Transcription factors (%) are opened
automatically in the Work Space as soon as the workflow is completed.
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The table Site optimization summary includes the matrices the hits of which are
over-represented in the Yes track versus the No track.

Please note that only the matrices with Yes-No ratio higher than 1 are included in this
output table. The hits of these matrices can be interpreted as over-represented in the
Yes set versus No set.

The table Site optimization summary shown below has been sorted by the values in the
Yes-No ratio column.

D Yes density per 1000bp No density per 1000bp Yes-No ratio Model cutoff P-value
VEVIUN_D1 0.02199 0.00188 11.63964 0.9003 7.T429E-9
WHEZBRK1_01 0.004 3.7785E-4 10.58148 0.9854 0.0221
WHEKROX_Q6 1.67825 0.19081 8.79521 0.887 1]
WHEDEAF1_02 0.07487 0.00889 8.62622 0.8253 7.6933E-24
WHESTRA13_01 0.04888 000842 7.6249 0.9892 3.6902E-15
WHEZF_Q6_01 2.96868 043113 6.88122 0.817 1]
VEZNF219_01 0.02489 0.00378 6.861343 0.99686 7.8411E-8
VIETF_Q86 3.37549 0.52881 6.38558 0.9962 o
WHEZF_03 2.20702 0.34687 6.36273 0.811 1]
VIEGR1_D1 2.54586 0.4043 6.30687 0.778 o
VHSP1_08 4.61694 0.95861 481631 0.881 o
VHCKROX_Q2 2.64582 0.61967 4.2697 0.9397 o
WHAPZ_08 B.95 2.18435 410191 0.844 1]

Each row summarizes the information for one PWM. For each selected matrix, the
columns Yes density per 1000bp and No density per 1000bp show the number of
matches normalized per 1000 bp length for the sequences in the input Yes set and input
No set, respectively. The Column Yes-No ratio is the ratio of the first two columns. Only
matrices with a Yes-No ratio higher than 1 are included in the summary table. The higher
the Yes-No ratio, the higher is the enrichment of matches for the respective matrix in the
Yes set. The matrix cutoff values as they are calculated by the program at the
optimization step are shown in the column Model cutoff, and the last column shows the
P-value of the corresponding event.

Table Transcription factors:

Yes No
- Gene . . density density Yes-No Model
D Gene description symbol Species Site model ID per per ratle cutoff P-value
1000bp 1000bp

ENSGO0000256683  LC (nger protein ZnFasp oo VSZBRK1_01 0.004 3778564  10.58149 09854 0.0221
350 sapiens

ENSGDOODO1ZzeT7  CATY 9rOwih EGR2 Homo VSKROX_Q6 1.67825 0.19081 8.79521 0.887 0
response 2 sapiens

ENSGO00000135625 ST Growin EGR4 WL VSKROX_Q6 1.67825 0.19081 8.79521 0.887 0
response 4 sapiens

ENSGOODOD179388 SO 9rOwih EGR3 Homo VSKROX_Q6 1.67825 0.19081 8.79521 0.887 0
response 3 sapiens
deformed epidermal H

ENSGD0000177030  autoregulatory DEAF1 ome VSDEAF1_02 0.07487 0.00869 862622 08253  7.6933E-24

o sapiens

factor 1 (Drosophila)
early growth Homa VSEGR1_01,

ENSGO0000120738 2 " EGR1 sapiens VBKROX_ Q8 2.11408 0.29756 755104 08325 0

ENSCO0000112242 2T tAscription E2F3 i VSE2F_Q6_01 2.968668 0.43113 6.86122 0.817 0
factor 3 sapiens

ENSGO0DOD1BSBEY  Cof anseription E2F7 Homo VSE2F_QB_01 2.96668 0.43113 6.88122 0817 o
factor 7 sapiens

ENSGOODODIGB1TE  T2nscription factor TFDP1 s VSE2F_Q6_01 2.96668 0.43113 6.88122 0817 0
Dp-1 sapiens
E2F transcription H

ENSGDO0D0Z05250  factor 4, p107/p130-  E2F4 5:;;5 VSEZF_Q6_01 2.96668 043113 688122 0817 0
bindina
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This table includes transcription factors (TFs) that are associated with the PWMs that are
listed in the table Site optimization summary, and each row shows details for one TF,
including its Ensembl gene ID (column ID), gene symbol, gene description and biological
species of the corresponding TF (columns Gene description, Gene symbol, and
Species). The column Site model ID shows the identifier of the PWM associated with
this TF, and several further columns repeat information that is also shown in the table
Site optimization summary.

Tracks "Yes sites opt” and "No sites opt” ( & ).

Sequence
Property: Property: Property: Property:
(chromosome) From To Length Strand Type coreScore matrix SCOore siteModel
name

113

1 29528 28536 9 - binding 1 VEAHRHIF_Q& 0.98999 VSAHRHIF_Q&
site
TF

1 6640274 6640289 16 + binding 1 VEAHRARNT_01 0.89535 VEAHRARNT_01
site
TF

1 6640500 6640515 16 + binding 1 VEAHRARNT_01 0.92847 VEAHRARNT_01
site
TF

1 145096501 145096509 9 + binding 0.99136 VEAP2ALPHA_O1 0.99209 VEAP2ALPHA_D1
site
TF

1 29528 29538 1 - binding 1 VEAHR_Q5 0.9635 V3AHR_Q5
site
TF

1 6640281 6640289 9 + binding 1 VEAHRHIF_Q6 0.98812 VEAHRHIF_Q&
site

Each row presents details for each individual match for every PWM. Columns Sequence
(chromosome) name, From, To, Length and Strand show the genomic location of
the match including chromosome number, start and end positions, strand and length of
the match, respectively. The column Type contains information about the type of the
elements; in this case all matches are considered as “TF binding site”. Further columns
keep information about PWM producing each match (column Property:matrix) as well
as a score of the core (column Property:coreScore) and a score for the whole matrix
(column Property:score). The column Property: siteModel contains an identifier for
the site model, which is the matrix together with the cutoff applied (for details about
these scores, please see Kel et al., Nucleic Acids Res. 31:3576-3579, 2003).

@ Further  visualization of track files in the genome browser:
Having tracks “Yes sites opt” and “No sites opt” opened in the Work Space, the menu

button can be applied to get a visualization. First, a supplementary window is
opened where you can select one chromosome and press [Ok], as shown below.
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Select a sequence (chromosome) X
Folder: | T GRGh37 | *

I ERGTOR 2 PATCH
10 20 _*HG1007_PATCH

11 21 _*HG1032_PATCH

12 22 _*HG104_HGI75_PATCH
13 3 [*HG1133_PATCH

14 4 _HHG115_PATCH

15 5 _r*HG142_HG150_HG151_|
16 ind:} [*HG14_PATCH

1T 7 _HHG183_PATCH

18 Hnd] _HHG185_PATCH

19 ta _[*HG186_PATCH
— Jalr
Name: 1

Cancel

In the second pop-up window, you can select tracks that can be visualized together with
your track, e.g. “Yes sites opt” (see above), and press [OK].

Select tracks:

# Select all

E] G5M558469_E2F1_hg19 filttered chr 1 Yes sites
opt

E] ExtendedGeneTrack

E] GeneTrack

E] KaryotypeTrack

E] RepeatTrack

# variationTrack

The resulting visualization, after applying the “zoom in” button , looks like it is shown
below. Matches for different matrices are shown in colors, and the color schema can be
customized.
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SroreeRE
n: 28433 Find:
433 28440 29450 29460 28470 29480 29490 28500 29510 208520 28530 29540 29550 28560
b bevg e b bescrses b bece s beocnc e b Do b Lo Do Lo g
GSM558469..4F F Q6 SZF5_B VSZF3_B VSVDR_Q3 VSPAX3_01 VSHANDIE47 01 VSPAX4 01 VSARNT 01 VSIK
) A — P m—
R1_01 VSPAXS_02 VSTAXCREB_01 VSPAXS_01 VSAHR_Q5 VSZIC3_01 VSMTF1_Q4
VSPAXS_(2 VSSP1_Q6 VSZID_01 VSZIC3 01 VS5P3_Q3 VSPAX_Q6 VSPAXE_01 VP
— _
.V$ZF5_B \"SC.KRUK_EZ VSHANDIE47 01 VSCETS1P34_03 VSPAXS5_01
—
L.VSZF5_B VSZIC3_01 VSLRF_Q2  VSPAX3_01 VSZF5_B VSIK_Q5
— A — —  ——— —
L NSPAXS_01 VSGRE_C VSAHRHIF_Q6 VSHIF1_Q3 VSH
——— — A— —  w—
_VSPAX4 01 VSIK_()5 VSPPARA_02 VSPAXB_01
A—
VSDR4_(2 VSGEN_INI3_B
—— —
VSMAZ_Q6
A—
GeneTrack4 b L WASHTP...
MIRI13
Karyotype.. 4} | pi6.33
Variation.. 4y 462493 rs3971398 rs4740330 rsf}
rs71214340 rs2418696 rs7)
¥ '
rs2548913 s}
¥
rs24] BOGE
'
28444

Such a view may help to visually co-localize information on different tracks, e.g. putative
TFBS with variations, repeats and genes. In the figure above, the cursor shows position
29444, and two variations are located at this position. You can immediately recognize
that these variations are located within particular putative binding sites in the intron
region of the WASH7P gene.

The same information is available not just as a picture, but also as a table under the tab
“Sites” (shown below). For each element information is shown on chromosome, positions,
length, strand, type of the track, and name of the element.

My description || Graph search || Script || Clipboard || Tasks || Sites || Tracks

E Page |1 of2 Showing 1 to 50 of 67 entries Show| 50 3 ]entries
Sequence (chromosome) name - From To Length Strand Type Property: name
1 1 2300000 2300000 x p36.33 p36.33
1 29518 28534 16 + TF binding site
1 29573 28588 16 - TF binding site
1 29448 28456 9 + TF binding site
1 29583 28591 ] - TF binding site
1 29583 28594 12 - TF binding site
1 14363 29808 15444 - pseudogens
1 29554 31109 1556 + antisense
1 29435 28451 7 + TF binding site
1 20564 28574 1 + TF binding site
1 20424 29435 12 - TF binding site
1 20427 28433 7 TF binding site
1 29500 28500 1 variation rs24 18696
1 29445 28445 1 variation rs24 18698
1 294386 28436 1 * variation rs2462493
1 29571 28571 1 variation rs2548312
1 29443 28443 1 variation rs2548313

This table can be exported as a track, in several different formats including intervals,
bed, wig, gff, gtf and more.
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Track:| GSM558469_E2F1_hg19 filtered chr 1 Yes sites opt & |
Format: | Interval format (*.interval) 3

D Displayed range (29433 — 20583)

O Whole sequence (1 — 249250622)

{*) Custom range: | 25000 ~ 35000

Track:| GSM558469_E2F1_hg18 filtered chr 1 Yes

Format:| Interval format (*.interval) ﬂ‘
@Yo Interval format (*interval)

C] Whe Gene Transfer Format (*.gtf)
B c Match format (*.match) p—
US General Feature Format (*.gff)
Variant Call Format {*.vcf)
BED format (*.bed)
Cancel YWiggle format [*.wig)

Note. This workflow is available together with a valid TRANSFAC® license.
Please, feel free to ask for details (info@genexplain.com).

Multiple interval sets

This workflow is designed to search for TFBSs in DNA sequences identified by the ChIP-
seq approach, for multiple datasets.

In the field Input Yes tracks, several different tracks can be simultaneously submitted.
The same background dataset, Input No track, is used for comparison with each of the
submitted Yes tracks. The default No track corresponds to far upstream regions of the
house keeping genes, where no functional TFBSs are expected.

The steps of this workflow for a single input Yes track are described in the previous
section. In this workflow, the same steps are performed next time for the 2nd Yes track,
and so on iteratively for each of the input Yes tracks.

This workflow helps to save time and efforts, especially when you have several sets of
ChIP-seq data, e.g. the peaks for a number of different TFs.
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Note. This workflow is available together with a valid TRANSFAC® license.
Please, feel free to ask for details (info@genexplain.com).

7.2.3. Search for composite modules with TRANSFAC®

This workflow finds pairs of TFBSs that discriminate between two tracks, the Yes and the
No tracks. As the Yes track, the ChIP-seq peaks identified as binding profiles for
particular transcription factors can be considered.

The ChIP-seq experimental technology is widely applied to a variety of biological
problems, in particular to study genome-wide histone modification profiles, e.g. histone
methylation and histone acetylation profiles. Correspondingly, the same workflow in the
platform can be used to analyze histone modification profiles as well. The example of
such an application to histone acetylation peaks in SAHA-treated human vascular
endothelial cells is described in Section 6.1.3. Please refer to this section for details how
to launch the workflow.

Here, let’s consider the results of the workflow application to find composite modules in
the ChIP-seq peaks identified for in-vivo-bound fragments of transcription factor E2F1 in
HelLa cells, published in Gene Expression Omnibus, GSM558469.

Input Yes track. The original track of genome-wide E2F1 binding fragments was filtered
by the length shorter than 600 bp, which resulted in 249 fragments. This track of 249
fragments is used as the input Yes track. It can be found in the Examples folder under:

data/Examples/E2F1 binding regions in HelLa cells, ChIP-
Seq/Data/GSM558469_E2F1_hg19 filtered exp1000 dist1000 L<600

Input No track. A track of the far upstream fragments of the human housekeeping
genes located on chromosome 1 is taken as the No track. It can be found in the
Examples folder under:

data/Examples/E2F1 binding regions in HelLa cells, ChIP-Seq/Data/ Housekeeping genes
(Human) track -100000 to -98000, chr 1

The workflow input form is completed and the run is in progress:

[ Imput Yes track & |...E2F1_hg19 filtered exp1000 dist1000 L<600
- [} Sequence source [Ensembl 72.37 Human (hg19) =]
E‘| Species |Hurnan (Homo sapiens) ;l
[y Input No track & |...nes (Human) track -100000 to -88000, chr 1
EI Minimal number of pairs 3

D Maximal number of pairs B

D Mumber of iterations 00

[ Results folder 11 J|... track, TRANSFAC) Pairs-8 Iterations-300 v2

:: Cancel :: :: Edit workflow ::
|51%
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The resulting folder can be found under:

data/Examples/E2F1 binding regions in Hela cells, ChIP-
Seq/Data/GSM558469_E2F1_hg19 filtered expl1000 dist1000 L<600 (CMA on track,
TRANSFAC) Pairs-8 Iterations-300 v2

_J (GSM558469_EZF1_hg18 fittered exp1000 dist1000 L<600 (CMA on track, TRANSFAC) Pairs-8 Herations-300 +2
ﬁ: GSM558459_E2F1_hg18 filtered exp1000 dist1000 L<600 Transcription factors

4 GSM558469_E2F1_hg19 filtered exp1000 dist1000 L<600 Yes sites opt

b P Housekeeping genes (Human) track -100000 to -28000, chr 1 No sites opt
4 |22 modules
- |2 Histogram

- [P Model view
F@;‘ Model visualization on Mo set
- [~ Model visualization on Yes set

- 4% no track

- 4 yes track
- [5 Site optimization summary

The table Site optimization summary (ﬁ) contains those site models, here
TRANSFAC® matrices, that are over-represented in the Yes track as compared to the No
track.

D Yes density MNo density Yﬂs-_No . Model Povalue
per 1000bp per 1000bp ratio cutoff
VESTRATI_DM 0.50094 0.04246 12.0093 09193 T.9414E-21
VEFAXD B 0.09443 0.0098 963709 0.8432 1.6216E-4
VEPAX1_B 0.02833 0.00327 B.6T338 07424 0.05481
VEDEAF1_01 7082 0.85251 831891 0713 3.BB02E-228
VEVJUN_D01 0.26442 0.03266 B8.09516 0.8463 8.2526E-10
VEEGR1_01 561883 0.82638 6.79929 0.7504 1.8352E-161
VECAAT_01 0.2172 0.03266 664959 0.9739 1.4812E-7
VECREE_Q4 1.80538 0.26457 60678 0.8681 3.9823E-44
VECLOCKBMAL_QB 0.F17y 012412 578225 09712 5.5488E-20
VECREE_02 1.6526 0.29724 555986 0.868 1.0191E-42
VEWHN_B B.17799 1.50005 54193 0.903 3.1232E-200
= 14.23121 2.73066 B 0.7052 0
< VEEZF_03 65.24549 13.18622 0537 o
_01 0.14165 0.0294 0.9491 TSo49E-4
VEZF5 B 4292028 9.00203 0ri8 0
L] 15.57218 3.85755 0.7045 16E-293
‘¢$EEF1_D'B 59.55012 15.38773 3.86997 068 < 0 ’

Each row of the table represents the result for one PWM from the input profile. Only
those PWMs with Yes-No ratio >1 are included in the output. Upon sorting by the Yes-No
ratio, matrices for E2F factors are among top 20 lines. Please note that the p-values of
E2F matrices are extremely low, which demonstrates highest statistical significance of
the results.
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The Modules folder ( “2 ). The composite module found contains two pairs, and we can
see by exactly which site models (matrices) these pairs are formed as well as the
statistical parameters of the overall model.

Module 1:

V$CBF_01 | | V$E2F_03
0.85; N=3 0.72; N=3

Module width: 85

Module 2:

VSE2F1_Q6 || VSAP2_Q6

0.75; N=3 0.78; N=3

Madule width: 34

Model score (-p*loglD({pval)): 32.56
Wilcoxon p-value (pval): 4.52e-50
Penalty (p): 0.660

Average yes-set score: 9.67
Average no-set score: 6.84

AUC: 0.54

Middle-point: 9.28

False-positive: 7.33%
False-negative: 15.66%

Both pairs contain matrices for E2F factors.

For more details on the individual output tables and tracks as well as for visualization of
the identified composite modules in the genome browser please refer to Section 20.1.5.

Note. This workflow is available together with a valid TRANSFAC® license.
Please, feel free to ask for details (info@genexplain.com).

7.2.4. Search for discriminative sites with TRANSFAC® (MEALR)

Please, refer to Section 6.1.4 for detailed explanation how to use this function.

7.2.5. Search for enriched TF sites from tissue specific promoter
tracks

This workflow searches for enriched transcription factor binding sites (TFBSs) in input
tracks versus a random created track. The input track is converted to a gene set, which
is used to extract promoter regions by mapping it against the TSS locations defined in
CAGE data in the Fantom5 (Nature 507:462-470) database (see also 19.10). The over-
represented sites identified with the MEALR method are converted into a profile, which is
used for a second round of site search, and ends up with the identification of
transcription factors. To launch the workflow, open the workflow input form from the
Start page:



http://www.nature.com/nature/journal/v507/n7493/full/nature13182.html
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Identify enriched motifs in tissue specific tracks (TRANSFAC(R))
EI Input es track

Pliselect element)

[ Seecies | Human (Homo sapiens) =]
- [y Sequence source [Ensembi 84.38 Human (hg38) |
[y CAGE_db |select element)

EI Tizzue_condition |N|:|ne LI
EI TSS =elction |r.'||:|5t active LI
EI Profile fmI...a.fprl:lﬁles.ﬁ.rertehrate_nun_redundant_minﬂur.'l
D Filter by Coefficient 0.125

H_]I(seleu:t element)

Step 1: To specify the Input Yes track, you can drag & drop it from your project within
the tree area. Alternatively, you may click on the pink field “select element” and a new
window will open, where you select the input track. After having selected the track, press
the [Ok] button.

For this example, all further steps are demonstrated with the following input set:

http://genexplain-
platform.com:8080/bioumlweb/#de=data/Examples/E2F1%20binding%?20regions%20in
%20HelLa%20cells%2C%20ChIP-

Seq/Data/GSM558469 E2F1 hg19%?20filtered%20exp1000%20dist1000

Step 2: Specify the biological species of the input set in the field Species by selecting
the desired species from the drop-down menu.

Step 3: Specify the Sequence source from the drop-down menu. Several human,
mouse and rat sequence builds are available in the platform, as shown below. By default,
the most recent Ensembl human genome, hg38, is specified. Make sure you select the
sequence source (the genome build) that corresponds to your input set in order to get
correct and meaningful results.

Step 4: Specify the path of the CAGE_db. Select either the TSS folder from Fantom5-
Cell database or the TSS folder from Fantom5-Tissue database. You can drag & drop it
from the Databases within the tree area, as shown below.


http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/E2F1%20binding%20regions%20in%20HeLa%20cells%2C%20ChIP-Seq/Data/GSM558469_E2F1_hg19%20filtered%20exp1000%20dist1000
http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/E2F1%20binding%20regions%20in%20HeLa%20cells%2C%20ChIP-Seq/Data/GSM558469_E2F1_hg19%20filtered%20exp1000%20dist1000
http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/E2F1%20binding%20regions%20in%20HeLa%20cells%2C%20ChIP-Seq/Data/GSM558469_E2F1_hg19%20filtered%20exp1000%20dist1000
http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/E2F1%20binding%20regions%20in%20HeLa%20cells%2C%20ChIP-Seq/Data/GSM558469_E2F1_hg19%20filtered%20exp1000%20dist1000
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J Databases || Data | Analyses || Users | II Databases u Data H Analyses I] Users [
4 | |databases 4 | |databases

@Biomodels @Biomodels
¢ [&]Biopath > ] Biopath
@DrugExpress @DrugExpress
¢ LiJEndoNet © || EndoNet
@EnsemblHumﬂnSZ @EnsemblHumanS.?
@EnsemblHumanSS @EnsemblHumanSS
@EnsemblHumanTZ @EnsemblHuman?Z
¢ [&]EensembHuman77 - [&]EnsemblHuman77
@EnsemblHumanSt& @EnsemblHumaan
@Ensembll.lousess @EnsemblldnuseGS
¢ [®]EnsemblMouse72 f&] EnsemblMouse72
¢ [®]EnsemblMousess ¢ [ EnsembMouseds
@EnsemblRaﬂSS @Ensembmatﬁs
¢ [ EnsembiRat71 b [R] EnsemblRat71
¢ [ EnsembiRats4 > [ ensembRatss
4[] Fantoms-Cell 4 [ Fantoms-Cell

b LTSS

I Fai" mS-Tissue

Step 5: Tissue condition, select the cells/tissues for which you want to create the
promoter track from the drop-down menu.

1 7] Fantome-Tissue
! | ]Tss

Step 6: The TSS selection should be performed if there are multiple transcription start
sites. By default, the most active site is considered as TSS. You can select between most
active, 5’ active, 3’ active and all (see below) from the drop-down menu.

TSS_4 TSS_2 TSS_1 TSS_3 TSS_5

v

5 Start of first Exon 3
Most active one

Step 7: Define a TRANSFAC® profile. The default profile is
vertebrate_non_redundant_minSUM. Any other TRANSFAC® profile or user-specific
profile can be chosen. With a mouse click on the field Profile, a pop-up window will
open, where a profile can be selected.

Step 8: Select a filter for the coefficient of the MEALR method. The default filter is set as
>0.125 to have 75% or more of true discovery rate, TDR. For a 90% TDR, you can type
0.270 in this field and for 50% TDR - 0.05593. The filtered motifs are included in the
output as enriched motifs. At the later step, PWMs corresponding to the enriched motifs
are used to create a new profile.

Step 9: Define where the folder with the results should be located in your project tree.
You can do so by clicking on the pink box (select element) in the field Results folder,
and a new window will open, where you can select the location of the results folder and
define its name.
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Step 10: Press the [Run workflow] button. Wait until the workflow is completed, and
take a look at the results.

Interpretation of results

The result folder contains several files and one profile (collection of matrices):

_J GEME52469 EZ2F1_hg19 fitered exp1000 dist1000 (tissue specific enriched motifs 2.0_TRANSFAC(R))
[+ Q Random Mo sites opt

- [ Enriched motifs MEALR

Q GSM558459 EZF1_hg19 filtered exp1000 dist1000 Yes sites opt

- i Profile

Q Random Mo track

Fi,.;' Random_tgenes

- [5 Site search summary

. & Tissue_track

F@;‘ Transcription factors Ensembl genes

Tracks

The Random No track includes 1000 sequences from the same sequence source as the
input track. The random no track and the input track are converted to genes, which are
used as input for the tissue-specific promoter track from selected database, tissue and
TSS. The resulting tracks are Tissue_track (from Yes track) and Random_tissue_track
(from random track).

Enriched motifs

The list of motifs, which were found during the first part of the workflow, and were

filtered by the coefficient >0.05, can be found in the table Enriched_motifs MEALR (ﬁ ).
It contains those site models, here TRANSFAC® matrices, which are enriched in the
Tissue_track in comparison with the Random_tissue_track. The example has x detected
motifs with coefficient >0.05. The Profile contains the matrix collection of converted and
filtered site models. The table Transcription factors Ensembl genes includes the
corresponding x TFs from the second Site search summary and is shown below:

First | | Previous Page 1 of 1| Next | | Last Showing 1 to 2 of 2 entries Show 50 ~ entries

D Gene description Gene Species Site model Yes density per No density per Yes-No Model Pvalue

symbol 1] 1000bp 1000bp ratio cutoff
ENSGO0D00TZ31Q  Sieo! reguiatory element binding transcripfion SREBF1 Homo SSREBP_Q6 0.15514 021923 0.70767 0.985 0.00814
factor 1 sapiens
ENSGODDDO1ggety SOl rEgulatory element binding transcripton SREBF2 Homo SSREBP_Q8 0.15514 021923 0.70767 0.985 0.00814

factor 2 sapiens

Note. This workflow is available together with valid TRANSFAC® and TRANSPATH®
licenses. Please feel free to ask for details (info@genexplain.com).

7.2.6. Discover de-novo motifs using ChIPHorde and DiChIPHorde

ChIPHorde uses the fast heuristic of ChIPMunk, which is based on a greedy approach
accompanied by bootstrapping, to search for multiple significant motifs in a given dataset


http://bioinformatics.oxfordjournals.org/content/26/20/2622.abstract
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using two independent filtering strategies. DiChIPHorde searches for di-nucleotide motifs
that capture dependencies between neighboring motif positions.

The image below shows the ChIPHorde interface. The input mask of DiChIPHorde
features only slight differences as pointed out in the section describing input parameters.

H Start page || <jjChIPHorde Xi

Data || Analyses || Users [ Input sequences Ql(seleﬂ element)

= b [y Start length 16

laxy

rascript - [y Stop length 10

thods [y Motifs count limit 3

| Admin S -

| Data manipulation D Fitering mode Fiter ll
| Data normalization i [y Number of threads g

| Functional classification D Step limit 10

| Import —

| Molecular networks [y Try lmi 100

|nGs - [ BC percent 0s

- & Bowte [y ZOOPS factor 10

- L ChiP-seq peak profie

- #3 ChiPHorde D Motif shape Iﬂat ;I
- ¥ ChiPKunk i [y Use peak profiles

- &\ DiChIPHorde -

- 43 DIChIPMunk D Output matrix library E‘ﬁl(ﬁiﬂelﬂ element)
- ’;’3 Mutation effect [y Watrix name prefix I

- £ Run MACS 1_3_7 on ChiP-Seq

- £ Run MACS 1_4_0 on ChiP-Seg e Hi .

| ;ﬁ:imwﬁnn Hide expert options

The parameters are described in the following. For further details, please also refer to the
ChIPMunk manual.

Input sequences: Track with input reads

Start length: Start length of the matrix

Stop length: Stop length of the matrix

Motifs count limit: Maximum number of motifs to discover

Filtering mode: Whether to mask polyN ("Mask") or to drop entire sequence ("Filter")
Number of threads (expert): Number of concurrent threads when processing

Step limit (expert): The number of bootstrapping runs. With a large data set or if
unsure which computational time to expect, try a small number, e.g. 10.

Try limit (expert): This is a number of general optimization runs. For a random seeding
this is equal to the number of seeds. As with “step limit”, apply the parameter with the
size of your data set in mind. It is always advisable to test with a small number first.

Local background (expert): *DiChIPHorde only* If checked, local background
estimation is used. Otherwise uniform background estimation is used

GC percent (expert): *ChIPHorde only* Relative GC content to be used as nucleotide
background (0..1). Set to -1 to use the observed GC content.

ZOOPS factor (expert): Sets the preference for ZOOPS (Zero-or-one[-motif
occurrences]-per-sequence) versus OOPS (Only-one-per-sequence) mode.


http://autosome.ru/smbsm/librettos/libretto_chipmunk/chipmunk_v3_manual.txt
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Motif shape (expert): The type of motif shape prior to use. The parameter corresponds
a prior on the number of informative regions within the motif.

Use peak profiles (expert): Whether to apply peak profiles (if available).
Output matrix library: Path to the matrix library to be extended or created.

Matrix name prefix: Prefix for matrix names. It will be appended with a number.

7.3. Further workflows in this area

For the other workflows that you can find in the area ChIP-seq, please refer to the
following Sections:

Load data See Chapter 3

Discover functional enrichment of See Section 10.3
target genes

Analyze networks of target genes See Section 5.1
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8. Sequence analysis

= Sequence analysis

* Load DNA seguences

| I
*

@&~ Analyze any DNA sequence(s)
Search for TF binding sites
with TRANSFAC(R)
with GTRD

L

Analyze any DNA sequence for site enrichment
with TRANSFACIR)
with GTRD

Discover de-nove motifs using ChlPHorder

8.1. Analyze any DNA sequence

8.1.1. Search for TF binding sites

8.1.1.1. Search for TF binding sites with TRANSFAC®

This workflow is designed to search for putative transcription factor binding sites, TFBS,
in any input DNA sequence in EMBL, Fasta or Genbank formats. Using this workflow you
can analyze DNA sequences of any species and of any genomic regions.

The steps to launch the workflow are as follows.

Step 1. Open the workflow input form from the Start page, it will open in the main work
area and looks as it is shown below:

Start page |+ Analyze any DNA sequenc... X|

a

Analyze any DNA sequence (TRANSFAC(R))

D Input sequence set ﬁ{select element)

- [y Profile ‘m | alprofiles/vertebrate_non_redundant_minSL

D Result folder I | {SE"EEt E'E‘ment}

| Run workflow | | Edit workflow .
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Step 2. Specify an input file in the field Input sequence set. The input sequence set
can be any sequence file having an EMBL, Genbank, or Fasta file extension. Sample
EMBL, FASTA and Genbank sequences are as shown below:

Sample EMBL file:

ID  AAZ244542 NM_B23182 Ctrl  chymotrypsin-like

S0 Seguence &B@ BP

TOLGCAMCCTCTGACT CCTOTTCCATACTGAT GAGAAATCCAAGATGCTGTCTGT TAGRATTCACAACCTGCTGGAACCTTCCTCCCTRGLCTTCCTRE
CAGAGGT TGGCTACATCTGGCCATTCTCTCCACCAGTCATAACACCCCCATGCTCTGAACAGGCTTCTTTGAAACTCCAGTATTCCCAATAGCCCTGGGA
ATTTCATAGGTCCCAACCACCAACCAGGT TGACACTTTAGACCTAGT TCAGCCATATGTCCTTGGTACCCAGTGGT CAACACTTGAGGTAGGAGGT GATT
CAGAAAGTCAATGGGAAGCCAAGGTTTOLAAAGAT GLAAGT GAGAACCTCACACCTGLGTACTTGATAATTCCAAGGACTTTGGTCTRAGAAGTCCTCTC
CTTAAAGCAGGTGTGGGGITATGCCAAGACCACACAGCTGGCCTAGTCTCAGGCCCAAGACTTCTGCCCAAGGACAAGGATGTCCATAAATAAAGLGLCA
GACCATCTCAACACCATTCCTTATTTGTCACAAT GCTACTGCTCAGCCTAACCCTTAGCCTGGTCCTCCTTGGCTCCTCCTGRGETAAGT GLECT LLGAA

A/

Sample Fasta file:

=AF188471|@|Promoter: -506 to 1081TS5: 17084547 |Region: Mouse chrlZ:17004448-170850848 (-)|
ATTCAGTTCCTTTOCCCTGATGCT TAOCATAGTCTCAAMAGCATCATATA
GCACATTACAGCCCATGGTTATGAATCGT TCTAATTATCTAGAGGAGACH
GTGGGATTTRAGTTAGGCAAGCTGTTGTAAAAGT CCATGGAAGAATGGATA
COTTTGGCTTACT TGACTCTACTGCAGCT TAT TCTGAGGT TATGAAACAG
ACATCACCACTTTORATCTGCCT T TAAAGAACTCACAGGCTAGAGGGATT
CAGAAGAAAGGTGTGRACTAAGGCTTCCAGAGGACCTCAGAGGCCTAGTA
AAGTGCTTACCCAAGCAAGGGAT CCATCCTTGTGCTGATCCTGAGGCCCC
AGTGGAGTGAGT GAAGAAGGGAGCTGAAGGAGACAGAGCTCCAGACACTC
TGTAAGGOAT GAAGTTCTACTTCTAAGCTCTAGAGAGAGATGGGT GCCAC
GGGEAGGCCAGGAAGCCTAGATAGTGAGCAGT TAATGGCAGTTGAGCCCAG
AATAAGGAACCAGTGT TCTGTGAGAAGGGGCAGGCAGTCTCTGOGTAAGT
GOTGCTCCTTCTGAGGATGGCTGTGTAGT CTGATGGTCT TGGAAGTAGCT

Sample Genbank file:
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¥M_B31515. Homo sapiens RADS1 [gi:17478208]

Locus XM_B31515 1638 bp MRMNA linear PRI B7-FEB-2002
DEFINITION Homo sapiens RADSL homolog (RecA heomeleog, E. coli) (5. cerevisige
(RAD51), mRNA.

ACCESSION  XM_@31515
VERSION XM_B31515.4 GIL:17478208
KEYWORDS
SOURCE human.
ORGANISM Homo sapiens

Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo.
REFERENCE 1 (bases 1 to 1638)
AUTHORS  NCBI Annotation Project.
TITLE Direct Submission
JOURNAL  Submitted (B6-FEB-2882) National Center for Biotechnology
Information, NIH, Bethesda, MD 28834, USA
COMMENT GENOME ANNOTATION REFSEQ: This model reference seguence ...
FEATURES Location/Qualifiers
source 1..1638
Jorganism="Homo sapiens”
/db_xref="taxon:9686"
Schromosome="15"
gene 1..1638
/gene="RAD51"
Anote="RECA; RAD51A: HsRad51; Located on Accession
NT_B3B828"
Jdb_xref="LocusID:5888"

Lt

BASE COUNT 441 a 344 c 453 g 408 t
ORIGIN

i

After loading into the platform, the sequences in these formats are shown in the tree

area with the icon (E ).

In this example, sample sequences of Arabidopsis thaliana are used, which were
downloaded from the TAIR database in FASTA format
(http://www.arabidopsis.org/tools/bulk/sequences/index.jsp). @ The example input
sequence set contains a set of ten promoter sequences 500 bp upstream of the TSS,
located on chromosome 1.

Step3. Select the TRANSFAC® profile from the available profiles. The default profile is
vertebrate_non_redundant_minSUM. In this example we use the profile called Plants. It
can be found here:

http://genexplain-
platform.com/bioumlweb/#de=databases/TRANSFAC(R)%202014.4/Data/profiles/plants

Step 4. Specify the result folder location and name in your Project area. Then press the
button [Run workflow]. Wait till the workflow is completed.
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Results

The results folder consists of a summary table and a track with sites as shown below:

,___| Arabidopsis_Chromosome 1 (Site search, TRANSFAC(R))
: 4 Arabidopsis_Chromosome 1 Sites
.. 7 Summary

Input sequence Sites: This track (‘#) shows TFBSs that are found in the input
sequences. As the input sequence set in this example is called Arabidopsis_Chromosome
1, the resulting track is called Arabidopsis_Chromosome 1 Sites. When opened as a
table, this track looks like:

Start page || 4 Arabidopsis_Chromosom.. X
Select all || Select page
First | | Previous Page 1 of 377 | Next | | Last Showing 1 to 50 of 18845 entries Show | 50 _:' entrig
Sequence
Property: Property: Property:
D =] ronrgl:‘:niomej From To Length Strand Type coraScors scor siteMada|
ATA1GO1010 | TF
! Eg;ﬁﬁ[ﬁmﬁ - 2 M + binding 1 0.81762 A PSABI4 01
LENGTH=500 =
AT1GO1010 | TF
2 CORwARD 88 a7 12 L binding 1 0.93347 M PSAGL12 01
LENGTH=500 site
AT1GO1010 | TE
3 Efg;ﬁlg[—lﬂﬁ:!l} 58 73 16 + b!r'dir'g 0.854B7 0.82537  PEAGL1S 01
LENGTH=500 e
AT1GO1010 | TF
4 SRIISIIBI0 g4 128 16 : binding 08501 0.87795 ) PSAGL15 01
LENGTH=500 sie

Each row corresponds to one resulting TFBS and includes sequence names, site positions
(the columns From and To), site Length and Strand, score calculated by the algorithm
and a site model (here, TRANSFAC® matrix). This table can be exported as a track in
several different formats including intervals, bed, wig and more. DNA sequences can be
exported in multi-FASTA format.

The same track, when opened in the genome browser, looks as shown below:
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Start page ||H—:', Summary X]|EArahidnpsis_c:hrnmr.:snm... )q

Sequence (chromosome) [ AT1G01010 | chudmatart= TH=500 | Position:|AT1G01010 | chri_3131-3630 FORWA|[ Set |

0 630 FORWARD 50 &0 20

1G01020 | chr1_8738-9237 REVERSE LENGTH=500 )
AT1G01030 | chri_13715-14214 REVERSE LENGTH=500 e b b b L

AT1G01090 | chri_49287-49786 REVERSE LENGTH=500 CAGCAGCTICCCAGCCTTCCTTITATARGGCTIAATTTATATTTIATT
Arabidopsisf/Chrom{AT1G01160 | chr1_71838-72338 FORWARD LENGTH=500 1 PSRAP210 01 PSAT3G24520 01 PSHMGIY, 01

AT1G01420 | chri_156012-156511 REVERSE LENGTH=500 - .
AT1G01860 | chri_306286-306767 REVERSE LENGTH=500  |oreye, 0L, ESTIY2 0L PSEBE 0L PSNAC6 01 B3y
AT1G02050 | chri_360519-361018 REVERSE LENGTH=500

AT1G02080 | chri_372635-373334 FORWARD LENGTH=500 #SATIG67970 01  PEIELALOL  PSATIG26590 01

2SPBF 02,01  PSTFIIAL Di PS'i*L éﬁw BSDREB2A 01 PSCEJ1 01, PSAT5G352020 01 PSNAC6

PSTINY2 01 PSCBF2 01  PSWRI1 02, PSERF104 01, PSATIG51120 01 22.4.16 0L  PSIFIIAL 01

AT1G01220 | chr1_90876-91375 FORWARD LENGTH=500 -

E——— ‘T———— E |
PSWRI1 02 PSAG 02 PSNAC6 01 PSDRF11 01 PSERF110 01 SAILG 02 BSWRIL 02
S E—— = —— e

PSIFIIAL 01  PRTFIIAL 01 PSATIG26590 011  PSRAP211 C-ll ?5.3:1(33659"' 01 PSGATAL 01 %

In the field Sequence (chromosome) you can find a dropdown menu, highlighted by the
red oval. This feature helps to easily switch between visualizations of the sequences in
the input set. In this particular example the input sequence set comprises ten individual
promoter sequences, and each individual promoter can be visualized in the genome
browser.

The table Summary (ﬁ) gives the site density per thousand bp for each matrix in the
input sequence. When opened in the work space looks as shown below:

Start page ‘H::f Summary X‘Arabidopsis_Chromosom... X‘
First | | Previous | Page |1 of 6| Next | | Last Showing 1 to 50 of 251 entries
Show

ID Sites density per 1000bp

P$TFIAL_01 310

P$AT1G26590_01 167.8

P$WRI1_02 118.4

PSNACE_01 1136

P$WRI1_01 101

P$AT3IG24520 01 92

P$AT1G50680_01 88.8

P$TINY2_01 844

P$EBP_01 774

P$AT1G51120_01 758

P$TEM1_01 73

P$AT1G6E7970_01 66

P$TNY_01 G0

Each row summarizes the information for one site model (PWM, matrix).

For each row, the column Site density per 1000bp shows the number of matches
normalized per 1000 bp length for the sequences in the input set.

TFBSs can be further visualized in the input sequences. For this, having the Summary
table opened, select one or several rows, and then click the report on selected matrices
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button () on the control panel. In this example, all matrices with a site density <5
were selected. The visualization results are shown below:

—p
L -
AT1G01030 | AT1GO1030 | *
chri_13715- chri_13715-
14214 14214
REVERSE REVERSE
LENGTH=500 LENGTH=500 -
-
- - - - - - -
) . ) O
-
AT1G02080 | AT1G0O2080 |
chri_372835- chri_372835- -
373334 373334
FORWARD FORWARD
LENGTH=500 LENGTH=500
- — - L L -
L L -
-
-

=,
AT1G01080 | AT1GO1080 | =
chri_48287- chr1_48287- =
49786 49786
REVERSE REVERSE

LENGTH=500 LENGTH=500

Default

Site ID:

Type: TF binding site

Sequence name: AT1G02080 | chr1_372835-373334 FORWARD LENGTH=500
Sequence: GGTTAAAAAAAG

Position: 298 - 309 (12)

Properties:

+ coreScore: 0.831687
« Score: 0.908914
+ siteModel: P$ATSG04340_01

Model P$AT5G04340_01
Binding element: At5g04340
Threshold: 0.889

Matrix: P$AT5G04340_01
Matrix length: 12

“TTA_AAAAA

There are ten rows corresponding to the individual sequences in the input set. The
column Sites view schematically represents the sequence length with mapped TFBSs.
Matches for different matrices are shown in different colors. You can select individual
matches by mouse click and get additional information in the Info box.

Note. This workflow is available together with a valid TRANSFAC® license.
Please, feel free to ask for details (info@genexplain.com).
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8.1.1.2. Search for TF binding sites with GTRD

This workflow is similar to the one described above. The difference is in the default
profile applied for the TFBS search; in this workflow it is the profile from the GTRD
database called moderate threshold. It can be found under the tab Databases, in the
folder GTRD/Data/profiles/

Correspondingly, the site search results from these two workflows are different.

8.1.2. Analyze any DNA sequence for site enrichment

8.1.2.1. Analyze any DNA sequence for site enrichment with TRANSFAC®

This workflow is designed to search for enriched transcription factor binding sites, TFBSs,
in any input DNA sequence as compared to a background DNA sequence. The central part
of this workflow is performed by two individual methods, Site search on track ( Fﬂt), and

Fk
Site search result optimization (+++). Both individual methods can be found under the
tab Analyses in the folder Methods/Site analysis/.

With this workflow you can analyze sequences of any species and any genomic region.
The few steps to launch the workflow are as follows.

Step 1. Open the workflow input form from the Start page, it will be opened in the main
Work Space and looks as it is shown below:

Start page |7 Analyze any DNA sequen... X

Analyze any DNA sequence for site enrichment (TRANSFAC(R))

£ D Input Yes sequence set {select element)
i D Input Mo sequence set {select element)
[ Profile | ofilesivertebrate_non_redundant_minSUN

- [y Results folder (select element)

Run workflow Edit workflow

Step 2. Specify the input Yes and No sequence sets. The Yes and No sequence sets can
be in EMBL, FASTA or GenBank format. After loading into the platform, these sequences

are shown in the tree area with the icon (EI ).

To specify the Input sequence sets, you can drag & drop it from your project within the
tree area. Alternatively, you may click on the pink field “select element” and a new
window will open, where you can select the input sequence.

In this example, the sample sequences of Arabidopsis thaliana are used, which were
downloaded from TAIR database
http://www.arabidopsis.org/tools/bulk/sequences/index.jsp.
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Here, the Yes sequence collection contains a set of four promoter sequences 1000 bp
upstream of TSS. These genes play an important role in auxin biosynthesis. The No
sequence collection contains a set of four promoter sequences 1000 bp upstream of TSS.
These genes are involved in different functions.

Step3. Select the TRANSFAC® profile from the available profiles. The default profile is
vertebrate_non_redundant_minSUM. In this example we use the profile called Plants. It

can be found here:

http://genexplain-

platform.com/bioumlweb/#de=databases/TRANSFAC(R)%202014.4/Data/profiles/plants

Data || Analyses | Users

Start page || 7+ Analyze any DNA sequen... X

F iy — = i

“a pituitary specific

M redox_specific

‘a vertebrate_human_10_in_10K_bases
m vertebrate_human_10_in_1K_bases
m vertebrate_human_1_in_10K_bases

a vertebrate_human_1_in_1K_bases

DI Input Yes sequence set

DI Input No sequence set

D Profile

DI Results folder

Run workflow Edit workflow

Analyze any DNA sequence for site enrichment (TRANSFAC(

.. ta/Neetu/Plant sequences/Auxin bi

[

.. cts/test1/Data/Neetu/Plant sequenc

7o |...eS/TRANSFAC(R) 2013.4/Data/pro

_..nt sequences/Auxin biosynthesis site e

Step 4. Specify the result folder location and name in your Project area. Then press the
button [Run workflow]. Wait till the workflow is completed.

Results

The results folder consists of several tables and tracks as shown below:

u ... Auxin biosynthesis site enrichment
: 4= Auxin biosynthesis sites optimized
4" NO set sites optimized
= summary
E‘i,;' Transcription factors Ensembl genes
E‘Zi,? Transcription factors Entrez genes

The table Summary (ﬁ) gives the TFBSs enriched in the Yes set as compared with the

No set. It looks as shown below:


http://genexplain-platform.com/bioumlweb/#de=databases/TRANSFAC(R)%202014.4/Data/profiles/plants
http://genexplain-platform.com/bioumlweb/#de=databases/TRANSFAC(R)%202014.4/Data/profiles/plants
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’ Start page HH:;: Summary XHF P$AGL15_02,P$AGL2_01,... Xﬂ
First | Previous Page [1 of 1 Next | Last Showing 1 to 49 of 49 enfries Show |50 v | entries
ID Yes density per 1000bp No density per 1000bp Yes-No ratio Model cutoff P-value
P$AGL15_02 225 025 9 08254 0.01074
P$AGL2_01 2 0.25 8 0.8617 0.01953
PSATAG16750_01 1.75 0.25 7 0.8056 0.03516
P$SED Q2 275 05 55 0.972 0.01123
P$AGL1_01 3.5 0.75 4 66667 0.7971 0.00636
P$AGL15_01 4 1 4 0.8228 0.00591
P$AG_02 4 1 4 0.7503 0.00591
P$HSF3_01 1 0.25 4 0.9439 0.1875
P$RAV1_01 1 0.25 4 0.96 0.1875
P$WEREWOLF_Q2 1 0.25 4 0.912 0.1875
P$AG_01 4 1.25 32 0.7418 0.0133
P$AG_03 4 125 32 07418 0.0133
P$GBF1_Q2 1.5 0.5 3 0.7867 0.14453
P$SBF1_01 8.25 275 3 0.8902 6.3002E-4
P$WRKY48 01 0.75 0.25 3 0.9135 0.3125

Each row summarizes the information for one site model (PWM, matrix).

For each row, the columns Yes density per 1000bp and No density per 1000bp show
the number of matches normalized per 1000 bp length for the sequences in the input Yes
set and input No set, respectively. The Column Yes-No ratio is the ratio of the first two
columns. The higher the Yes-No ratio, the higher is the enrichment of matches for the
respective matrix in the Yes set. The matrix cutoff values as they are calculated by the
program at the optimization step are shown in the column Model cutoff, and the last
column shows the p-value of the corresponding event.

TFBSs can be further visualized in the Yes sequences. For this, having the Summary
table opened, select one or several rows, and then click the report on selected matrices

button () on the control panel.

In this example, all matrices having a Yes-No ratio>3 were selected. The visualization
results are shown below:
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start page ||F; summary XHF— PSAGL15_02,PSAGL2 01,... )q
First | | Previous | Page |1 of 1| Next | | Last Showing 1 to 4 of 4 entries
. - Total
1D Symbol Sites view count
AT1G089&0 | AT1G08980 |
chri_2883411- chri_2853411- l
2884410 2884410 39
FORWARD FORWARD
LENGTH=1000 LENGTH=1000
AT1GT0560 | AT1GTO560 |
chri_26603855- chri_26603855-
26604854 26604854 22
FORWARD FORWARD .
LENGTH=1000 LENGTH=1000
ATSG20960 | ATSG20960 | "
chrd_7115738- chrs_7115738-
7116737 7116737 22
FORWARD FORWARD
LENGTH=1000 LENGTH=1000
AT4G32540 | AT4G32540 |
chrd_15699904- chrd_15699904- -
15700903 15700903 8
FORWARD FORWARD
LENGTH=1000 LENGTH=1000
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There are four rows corresponding to the individual sequences in the input Yes set. The
column Sites view schematically represents the sequence length with mapped TFBSs.
Matches for different matrices are shown in different colors. You can select individual
matches by mouse click and get additional information in the Info box.

Yes (No) sites optimized tracks. These optimized tracks (¢ ) present those TFBSs that
are over-represented in the Yes sequences versus the No sequences. Scores of the
putative sites are optimized by the algorithm. As the Yes set in this example is called
Auxin biosynthesis, the resulting track is called Auxin biosynthesis sites optimized. When
opened as a table, this track looks like:

« -Q Auxin blosynthesls sites o... X1 »
Select all || Select page
First | | Previous  Page 1 of 142 | Next | | Last Showing 1 to 50 of 7075 entries Show | 50 _$' entries
Sequence
Property: Property: Property:
D [chmnn;;?mc} From To Length Strand Type coreScore scare siteMadel
ATAGI2540 |
chrd_15695904- TF
1 15700803 T0 725 16 * kinding 0.84887 0.BB366 & PSAGL1S 01
FORWARD site
LENGTH=1000
ATAG32540 |
chrd_15600004- TF
e 15700903 70 725 16 - kinding 0.77542 a7z o PEAGLIS 01
FORWARD site
LENGTH=1000
ATAG32540 |
chrd_15699904- TF
3 15700803 113 125 13 + binding 0.9307 0.85881 o PEAGLIS 02
FORWARD site
LENGTH=1000

Each row corresponds to one resulting TFBS, and includes its position in the Yes
sequences (the columns From and To), length and strand, as well as a score calculated
by the algorithm and a site model (matrix). This table can be exported as a track, in
several different formats including intervals, bed, wig and more. DNA sequences can be
exported in multi-FASTA format.

The same track, when opened in the genome browser, looks as shown below:
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e e —
Start page ﬁAuxin bi \
Sequence (chromos, e):'AT:1(332540 | chr4_15699904-15700903 FORWARD LENGTH=1000 v | Pdstion: ATA4G32540 | chrd_15699004-1570090
AT1G08980 | chr1_2883411-2884410 FORWARD LENGTH=1000 60 70 80
AT1G70560 | chri_26603855-26604854 FORWARD LENGTH=1000
| ATAG32540 | chr4_15699904-15700903 FORWARD LENGTH=1000 | e f————— S—— S— L
| AT5G20960 | chrs_7115738-7116737 FORWARD LENGTH=1000 AT AR CTTGATGARCTCTCATAARTTCATAATCGTATTARG,
Auxin biosynthesis S 4>  1G26610_01 SAT1G26610 01 HMGIY_04 S'Sil' 6 01 TFIIAL 01 AT1 6797“‘ 01
i G | P G26610 1 PSHMG! P C PSTFIIAL | P$ G
NACH UT 2 - U1 PSNACG 01 PSTFIIAL 01 PSTFIAL 01 PSAT1G26590 0
f— = = - : =
SAT1G50680 01 PSAIL6 0] PSAZF3 01  ESWRIL 02 PSNAC6 01 BSGT1 06 d
bbb i) (el ¢E— —
SAT1G50680 01 PSAILS (2 PS.‘T!EEI&S?C 01 PSTFIIAL 01 PSA 715';5'”"3 01 ?SA\"IJLCE
) | A .| 2% 5
PSTEM1 01 PSAIL7 01 PSATHSFAILD 01 PSTGAlIA 01 PSWRIL 02 BSWRI1 02
_ ——— = — E——— E———
PSEDF3_01 PSGAMYB Q2 PSWRIL 02 PSAT1G26610 01 PSNAC6 01 PSATIGE
- A C— - = —
PSAT2G41690 01 PSGATAL 01 PSAIL6 02 BSWRIL 02 PSTELL 01 PSTFIIAL
E—— ——— IEE—— E——— [———] =]
PSATIG67970 01 PSATIG26390 01 PSGTL Q6 PSPDF2 01 PSTFIIAL
e d‘ —Q ———
PS02 01 JAC6 01 PSMADSA Q2 PSTFIIAL 0L PSTFIIAL
PSWRIL 02 BSWRI1 01 PSWRI1 02 PSGT1
—— Se—— —— H

In the field Sequence (chromosome) you can find a drop down menu, highlighted by the
red oval. This feature helps to easily switch visualization between the sequences in the
input set. In this particular example the Yes sequence set comprises four individual
promoter sequences, and each individual promoter can be visualized in the genome
browser.
e = o B

The tables Transcription factors Ensembl (© % ) and Transcription factors Entrez (" %)
aim at showing transcription factors linked to the identified site models (matrices).
These are potential candidate regulators of genes in the input Yes set. They are supposed
to regulate transcription of Yes-genes via the identified enriched TFBSs.

Currently this feature is available for human, mouse and rat. For all other species, this
table will be empty, as in this example for Arabidopsis sequences.

Note. This workflow is available together with a valid TRANSFAC® license.
Please, feel free to ask for details (info@genexplain.com).

8.1.2.2. Analyze any DNA sequence for site enrichment (GTRD)

This workflow is similar to the one described above. The difference is in the default
profile applied for the TFBS search; in this workflow it is the profile from the GTRD
database called moderate threshold. 1t can be found under the tab Databases, in the
folder GTRD/Data/profiles/

Correspondingly, the enriched motifs resulting from these two workflows are different.

8.2. Further workflows in this area

For the other workflows that you can find in the area Sequence analysis, please refer
to the following Sections:
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Load data See Chapter 3

Discover de-novo motifs using ChIPHorde and See Section 7.2.6
DiChIPHorde
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9. miRNA

When you open this Area, a list of workflows optimized for working with microRNA data
will show up, which looks as follows:

Load miRNA data

Normalize miRNA microarray data
Experiment vs. control
Multiple conditions
Normalization quality plots
Principal Component Analysis (PCA)

Detect differentially expressed miRNA genes
Limma
EBArrays
T-test
Hypergeometric analysis

Prediction of miRNA binding sites
miRNA binding sites

For detailed explanation of their function and how to operate them, please refer to the
following chapters:

Load gene or protein list See Chapter 3
Detect differentially expressed miRNA See Chapter 10.2
genes

9.1. Prediction of miRNA binding sites

MicroRNAs, or miRNAs, post-transcriptionally affect (mostly: repress) the expression of
protein-coding genes. The human genome encodes over 1000 miRNA genes that
collectively target the vast majority of messenger RNAs (mRNAs). This workflow can help
to predict miRNA binding sites. Starting from a gene list, first a collection of 3’
untranslated regions (3’ UTRs) is created. This collection is used to map against a
miRmap library, which derived from the mirBase database (release 20;
http://www.mirbase.org). The last step of the workflow is based on the miRmap method
(analyses/Galaxy/microRNA/mirmap; http://mirmap.ezlab.org), published by Vejnar &
Zdobnov, Nucleic Acids Res. 40:11673-11683, 2012. The result of the workflow is a table
with all predicted miRNA binding sites and a track for visualization in the created
sequence collection. The workflow can be found on the Start page via the miRNA button.
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http://www.mirbase.org/index.shtml
http://mirmap.ezlab.org/
http://nar.oxfordjournals.org/content/40/22/11673.long
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P

“*® |oad miRNA data

“*® Normalize miRNA microarray data

LRI
iin

“® Detect differentially expressed miRNA genes

Prediction of miRNA binding sites

MIRNA DInding sies

.”/

To launch the workflow, follow these steps:

Step 1. Open the workflow input form from the Start page. It looks as shown below:

Start page (| Prediction of miRNA bindi...

Prediction of miRNA binding sites

[y Input gene table ﬁgl(ﬁ-ﬂlﬂﬁ element)
[y Seecies |Human {Homo =apiens) |
[y Transcript region |3- UTR =]

[y mirBase collection ﬂ='I...ase.fReIease_zl}.fmiREase_Zl}_Humu_sapiens

- [}y Resutt folder || (select element)

[ Run workflow ] [ Edit workflow

Step 2. Specify the input gene table. The input gene sets might be lists of differentially
regulated genes or any gene or protein list of interest. You can drag them from your
project within the tree area and drop them in the pink box of the field Input table.
Alternatively, you may click on the pink field “select element” and a new window will be
opened, where you can select the input gene set as shown below.

The further steps of the workflow are demonstrated on the example file, which can be
found in the geneXplain platform under:

data/Examples/miRNA binding site prediction (miRNA-155 target genes)/Data/hsa-miR-155-5p
published target genes

This table contains four genes that are already published targets for one particular
miRNA, hsa-miR-155-5p, for which several target genes have been published as well; we
have derived this information from the TRANSFAC® database.

Step 3. Specify the biological species of the input set in the field Species by selecting it
from the drop-down menu.


http://genexplain-platform.com/bioumlweb/#de=data/Examples/miRNA%20binding%20site%20prediction%20%28miRNA-155%20target%20genes%29/Data/hsa-miR-155-5p%20published%20target%20genes
http://genexplain-platform.com/bioumlweb/#de=data/Examples/miRNA%20binding%20site%20prediction%20%28miRNA-155%20target%20genes%29/Data/hsa-miR-155-5p%20published%20target%20genes

miRNA 163

Step 4. In the field Transcript region, choose the gene region from the drop-down
menu. Here, the 3’ UTR is selected as default with a fixed length of 300bp. The CDS
information is ignored.

Step 5. Selection of miRBASE collection. By clicking in the this field, six different
miRBase collections from release 20 are available for Homo sapiens, Mus musculus,
Rattus norvegicus, Drosophila melanogaster, Danio rerio and Caenorhabditis elegans.

_J micro-RNAS
4 _JmiFlElase
4 | |Release_20
- [~ miRBase 20_Caenorhabditis_elegans
- [~ miRBase_20_Danic_rerio
- [~ miRBase_20_Drozophila_melancgaster
- [~ miRBase 20_Homo_sapiens
- [~ miRBase_20_Mus_musculus

- [ miRBase_20_Rattus_norvegicus

The miRBase library can be opened as a table as shown below.

Start page || miRBase_20_Homo_sapie... 1‘1
First | | Previous Page 1 of 52 Next | Last Showing 1 to 50 of 2578
entries
Show 50 w entries
1D miRNA accession Mature sequence
hsa-let-Ta-2-3p MIMAT0010185 CUGUACAGCCUCCUAGCULLCE
hsa-let-Ta-3p MIMATO0044381 CuAsLACAAUCUACUGUCULLC
hsa-let-Ta-5p MIMATO000062 UGAGGUAGUAGGUUGUAUAGUU
hsa-let-Tb-3p MIMAT0004482 CUAUACAACCUACUGCCULCCE
hea-let-Tb-5p MINATO000063 UGAGGUAGUAGGUUGUGUGGUU
hsa-let-Tc-3p MIMAT0026472 CUGUACASACCUUCUAGCULLCE
hsa-let-Tc-5p MIMATO000054 UGAGGUAGUAGGUUGUAUGGUU
hea-let-Td-3p MIMATO004484 CusUACGACCUGCUGCCUUUCU
hsa-let-Td-5p MINMAT0000085 AGAGGUAGUAGGUUGCALAGUU

The miRBase library table has three columns for each miRNA. Identifiers in the column ID
are hyperlinked to miRBase (http://www.mirbase.org/). Two other columns are the
miRNA accession numbers and the mature sequence, which is used for binding site
identification.

You can use the whole library or you can create a subset of several or even just one
miRNA of interest to focus on predicting binding sites for this particular miRNA.

In this example, let’s cerate a subset containing just one miRNA, hsa-miR-155-5p, for
which several target genes have been already published. To create a subset from the
table, apply Filter tab in the operations field. The resulting customized miRBase contains
just one row.


http://www.mirbase.org/
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First | | Previous | Page 1 of 1| Next | | Last Showing 1 to 1 of 1 entries
Show | 50 I ]entries
1D miRMNA accession Mature sequence
hsa-mik-1535-5p MIMATOOC0E46 UUAALGCUAALCGUGAUAGEGGU

Step 6. Define where the folder with the results should be located in the tree. You can do
so by clicking on the pink field select element in the field Result folder, and a new
window will be opened, where you can select the location of the result folder and define
its name.

Step 7. Press the [Run workflow] button.
When the workflow is completed, the result folder is opened by default.
Let’s consider the results.

data/Examples/miRNA binding site prediction (miRNA-155 target genes)/Data/hsa-miR-155-5p
published target genes (miRNA binding sites)

1
The result folder contains the following tables: Ensembl transcript ( o ),Site output (E=)

with all predicted miRNA binding sites, Site output track (‘5}) for visualization of

predicted miRNA sites, Summary output (E=) and Transcript region track E

4 miRMA binding site prediction (miRMNA-155 target genes)

4 || |Data

¥ __] hsa-miR-155-5p published target genes (MiRMA binding sites)
ﬂfg Ensembl transcripts

- [ Site cutput table

> E Site cutput track

.. [ Summary output table

. E Transcript regicn track

The table Ensembl transcripts corresponds to the input gene table converted to the
Ensembl transcript IDs (first column ID). The other columns of this table are the same as
they are in the input table. In this example, 4 Ensembl genes are converted into 26
Ensembl transcripts.


http://genexplain-platform.com/bioumlweb/#de=data/Examples/miRNA binding site prediction (miRNA-155 target genes)/Data/hsa-miR-155-5p published target genes (miRNA binding sites)/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/miRNA binding site prediction (miRNA-155 target genes)/Data/hsa-miR-155-5p published target genes (miRNA binding sites)/

miRNA 165

D Gene symbol ID
ENSTO0000349243 AGTR1
ENSTI0000402260 AGTR1
ENSTO0000404754 AGTR1
ENSTO0000418473 AGTR1
ENSTO0000461809 AGTR1
ENSTO0000474935 AGTR1
ENSTO000047 5166 AGTR1
ENSTO0000475347 AGTR1
ENSTO0000497524 AGTR1
ENSTO0000542281 AGTR1
ENSTO0000379375 EDM1
ENSTO0000262187 RHEB
ENSTO0000470072 RHEB
ENSTI0000470370 RHEB
ENSTO000047 2642 RHEB
ENSTO0000478470 RHEB
ENSTO0000482053 RHEB
EMNSTOOON0A0R00A RHFER

These Ensembl transcript IDs are needed to construct the Transcript region track, in
this workflow especially containing 3’ UTRs of genes given in the input table. The
workflow takes 300 bp regions as 3’ UTRs.

The Site output table contains all identified miRNA binding sites; each row in this table
corresponds to one identified miRNA binding site, and each site/row has an ID assigned.
The column Sequence corresponds to the 300 bp 3’ UTR of the indicated Ensembl
transcript, where the search for miRNA sites has been done. The column miRNA contains
the name of miRNA binding to this site, in this example hsa-miR-155-5p. The columns
Start and End are positions within the input sequence and the column Binding site
contains the sequence of the site.

First | | Previous | Page |1 of 1| Next | | Last Showing 1to 5 of 5 entries Show| 50 [#) ent
3-
. — . AU UTR s TargetScan
[0} Sequence miRNA Start End Binding site content position prime SCOTE
pairing
hsa-
1 ML B Gl 170 192 AAUGACUUGGUUUAUGGCCUUAA  -0.17239  -0.94875 00089  -0.52674
73959210_1 eGp
hsa-
2 ENSTO0000262187_7_151163088- i 247 269  ACGUAAGCAAAUGUUACCAUUGA  -0.12848  -0.9355 00028 -0.50018
151217010_-1 dr
hsa-
& S LIa [ USEE 189 211 UACUUUUUGUUUUAUAGUUUUGA  -0.15875  -0.0454B  0.0068  -0.51637
151168153_-1 TEe6p
hsa-
4 ENSTO000C4B2053 7_151188490- i 149 171 ACAUUUAAAAACUUCAACALLAA 007282 -0.95236  0.0028 -0.42766
151168153_-1 5D
hsa-
5 SIS R DRE o 30 52 UUUGUUACGCUUUAAAGCAGUAA  -0.17185  -0.83757 00028  -0.54128
12297427 _1 /e

The Site output track enables the visualization of the predicted sites in the 3" UTRs of

the input gene list. With a double-click on (QSitE cutput track

dialog box Configure genome for track is opened.

) in the results folder, the
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Configure genome for track ®

EHE.'I Properties for track import

0 Seguences source [(none) -]

D sglTable I m-m_siﬁ_m‘-m

|C-imalHSmm|

Within this dialog box, first set the field Sequence source to Custom...

Configure genome for track

EHa Properties for track impaort

B SeQuences soUrce (none) -
% Genome ID str (none)

o] NS AR Ensembl 72.37 Human (hg13)

Ensembl 65.37 Human (hg19)

-0 aqiladle Ensembl 77.38 Human {hg20)

E‘l description Ensembl 72.38 Mouse (mm10

|Gamal||$eni|

and [Save] it. The dialog box is automatically adjusted, and the field

Sequence collection becomes available.

Configure genome for track x

El{ﬁ Properties for track import
K Seguences source | Custom... =

[} Sequence colleckion Bl [ (select element)

- [ saTable ‘rack_data__Site_output_track
D description

You can drag and drop the sequence collection Transcript region track from the workflow
results folder and [Save] it. The visualization is opened automatically in the work area.
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Start page ||+ Prediction of miRNA bindi... ETmnscript region track

Sequence (chromosome):| ENSTO0000379375_6_12290596-12297427_1 |+ |Position: ENSTD00D0378375_6_12290596-12297| Set

1 10 P20 30 40 50 60 70

IIIIIIIII|IIIIII?IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
tqtt:atgaaatatat?gaaaag:aaqtg:ttg::acg::ttaaagcag:aaaa:tat::tcc:ttatstaac:

Site output track 4 ¢ unsure

My description

Track Visible ns

Optio
Site output track ™ | [Options | |

You can modify visualization settings by opening the tab Tracks in the Operations Field,
highlighted by the red boxes on the screenshot above, and press the button [Options].
The dialog box Site output track will be opened. You can modify different settings
according to your preferences and [Save] them. Here, the settings in the highlighted
check-boxes were changed as shown below.

Site output track
D Label type ITItIe LI
EB Track title font
. [y Font [serit |
. D Size I a0 Ll
| serit =]
[12 =l
3
D Size 5
D Title visible 0
D Positions visible T
D Sequence visible g
D Sirand visible E
D As box [
D Siructure is visible g
Cancel Save

These changes resulted in the following visualization.
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:lrnDs:DrnE]:[ ENSTOOO00262187_7_151163008-151217010_-1 5 ] Position:  ENSTO0000262187_7_151163098-151Z| Set
20 230 247 250 260 270 280 290

ctaaaatttecacagggeotatttcoctaatacgtaagoaaatghtaccattgactttattaataaaatatagtttigd

hite output trackd r

248 DE—— (Y

cgtaageaaatgttaccattga

The Summary output table presents those transcripts where miRNA binding sites are
identified, in this example four transcripts.

Start page Iﬂ=' Summary output table

| First | | Previous | Page 1 of 1| Mext | | Last | Showing 1 to 4 of 4 entries
S . Shuw entries
oD Sequence miRMNA min. TargetScan score #3ites
1 ENSTOOD00518981_8_73942188-73959210 1 hsa-miR-155-5p  -0.52674 1
2 ENSTO0D00262187_7_151163098-151217010_-1  hsa-miR-155-5p  -0.50019 1
3 ENSTO0D00482053_7_151168490-151169153_-1  hsa-miR-155-5p  -0.51637 2
4 ENSTO0000379375_6_12290596-12297427 1 hsa-miR-155-5p  -0.54128 1

Each row corresponds to one transcript. The column Sequence contains the titles of the
Ensembl transcripts, and the column miRNA presents name of the miRNA. The number
of binding sites for a particular miRNA in each transcript is shown in the column #Sites.
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10. Microarrays

N~ Microarrays

“® | oad microarray data

“@®~ Normalize data
Experiment vs. control
Affymetrix
Agilent
lllumina

Multiple conditions

Heatmap
Normalization quality plots

Principal Component Analysis (PCA)

“®” Detect differentially expressed genes

Compute differentially expressed genes using Limma
Compute differentially expressed genes using EBarrays
T-test

Affymetrix

Agilent

llumina

: S

Affymetrix

Agilent

lilumina

%" Discover functional enri

Gene set enrichment analyses (GSEA)
GO ies and i
Affymetrix ~ Agilent  lllumina  Single gene table
i
Affymetrix Agilent llumina Single gene table

Functional classification
Mapping to GO categories and metabolic pathways
Single gene set 2 gene sets and comparison Multiple gene sets

Mapping to GO ies and si
Single gene set 2 gene sets and comparison Multiple gene sets
Mapping to GO i ignali and di

Single gene set 2 gene sets and comparison Muttiple gene sets

Mapping with selected classification
Single gene set 2 gene sets and comparison Muttiple gene sets

C mapping to

@ Analyze networks
ind e ul

with TRANSPATH(R)
Single gene set  Multiple gene sets

with GeneWays
Single gene set Multiple gene sets

Find common effectors
with TRANSPATH(R)

Single gene set Muitiple gene sets

with GeneWays
Single gene set  Multipie gene sets

Identify functional gene cluster

“$° Analy y regi
Motif quality analysis
Create matrix logo
Identify enriched TF sites in promoters

version 2.0 (Adjusted p-values)
with TRANSFAC(R).  with GTRD

version 1.2 (Classical)
with TRANSFAC(R! with GTRD

denti ite les in promote
version 2.0 (Adjusted p-values) with TRANSFAC(R)
version 1.2 (Classical) with TRANSFAC(R

Cross-species identification of enriched motifs in promoters
Visualization of site search results

‘@~ Find drug targets
Upstream analysis (TRANSFAC(R) and GeneWays'
eam analysi F/ SP/
Complete upstream analysis (TRANSFAC(R) and TRANSPATH(R)
i analysis (TRANSFAC(R) and TRANSPATH(R))
Focused upstream analysis (TRANSFAC(R) and TRANSPATH(R!
Upstream analysis with feedback loop (TRANSFAC(R) and TRANSPATH(R))




10.1. Normalize data

10.1.1. Experiment vs. control or multiple conditions

If your expression data haven't been normalized yet, as we assume in this example, you
have to go now to the second group of options, “Normalize data”. Make your choice
according to the experimental platform you have used (Affymetrix, Agilent or Illumina).
The next form will ask you to define the data file(s). For this, you have two options:

When you click in either field, a window with the title “Select data element” opens
allowing you to select a file or, more likely at this step, a number of files by mouse click
or by typing their names. Selection by mouse click works as usual for a range of files
(keep the Shift key pressed when selecting the last file of the range), or for a number of
distinct files (keep the Ctrl key pressed when selecting the second and further files from
the list).

Make sure that all hybridizations (i.e., all CEL files) of your experiment are included into
one normalization procedure. It should comprise all CEL files, including all multiple
repetitions, of all conditions to be compared with each other at a later step, i.e. all tests
and controls, at least those that you want to compare later on.

If your readings were from a dual-channel experiment, please tick the checkbox (Agilent
only).

In the field Output name, you find a suggested name for the output file. The default
name is “Normalized (<Normalization_method>)", which you can edit (just click into this

field and change the default name). An accordingly named file with the icon T will
appear in the Tree Area after the procedure run successfully.

You may also have noticed that some further information about the analyses to be
employed is displayed in both the Info Box as well as in the Operations Field (“"My
description” tab). Sometimes, they are identical by default, but in the latter field, you can
edit the contents and add your own comments.

Now launch the normalization routine by pressing the [Run] button. The program will
now normalize all your data across all experiments done, i.e. through all CEL files
selected. The results will be stored in two different tables, one with the experimental, the
other with the control values.

To have a closer look into the full content of one of the results tables, just click with the
right mouse button onto the respective file name in the Tree Area, and choose “Open
table” from the little menu that appears, or double-click on the file name. The table will
open under a new tab in the Work Space. It should look like this, with the probeset IDs
in the first and the normalized expression values from the different CEL files in the
following columns, each hybridization being represented in one column (picture below).



Start page H [z Affymetrix normalization XHF#HO. malized (MAS5) ’4‘@Ilormalize(l (RMA) xi
[Setectan =
First | | Previous |Pags |1 of 1084 | Next | | Last Showing 1 to 50 of 54675 entries show [50 7] entries
D GSM3T2307.CEL.CEL GSM372308,CEL.CEL GSM372309,CEL.CEL GSM3IT2310,CEL.CEL GSM372311,CEL.CEL
1007 s _at 10671804 5160046 10356135 747807 31,843
1053_at 12653845 200 52463 190 32523 208 43845 118.07814
M7 _at 9583075 116 24309 75552665 102 441325 118.6153
121 _at 178 65141 232 38815 240 02802 256 29694 1757377
1255_0_at 18645273 28006342 28127862 22831565 23.00761
1294 st 142.28232 176 5018 133 97699 160.49931 153.85895
1316_at 108.64721 4505713 61853798 5553024 6526399
1320_at 51572887 40711582 55905205 854412 7265321
1405__at 55582816 6539365 34407238 &0 86506 51526863 -
1431 _at &1 403084 133 2204 5421698 &2 62303 72 683045
1438 _at 153.06413 213 74347 274 55008 22347372 208.36857
1487 gt 218.4597 226 47176 190 99767 220.50793 14711876
1494 _f_at 50142525 5375452 53517875 49.92746 49 685894
1552256 a_at 24366244 187 31372 224 52795 22556414 305.50305
1552257 a st 20158218 2007219 285 82385 335.90002 235.0794
1552255 _at 30767345 31 26848 45977693 30 451845 42 64355
1552261 _at 41 316654 3048357 55891197 43250827 4193747
1552263 _at 7374253 808528 &7 270835 o7 50843 7012854
1552264_ast 1101212 214 49841 18110098 31510193 188.26064
1552266_at 32890838 3415481 19.45849 23117064 27100495
1552269_at 15904075 20432757 2455509 20 525495 21 51073
1552271 at 52856635 6546532 57.74975 £9.37391 55793845 =

Important note. In the geneXplain platform, the probeset IDs are mapped to genes
based on the Ensembl database. If some of the probeset IDs are not annotated in
Ensembl, they cannot be mapped to genes and cannot be used for further analysis. That
means, you can normalize data and calculate differentially expressed probes. These steps
can be done on the probeset ID level, before conversion to genes. The step of converting
probeset IDs into genes is depending on the annotation provided by the Ensembl
database.

10.1.2. Heatmap

This tool creates a heatmap for the numerical data matrix provided with the input data
table. The heatmap is limited to input tables with at most 5000 input rows. It is a
graphical representation of data where the individual values contained in a matrix are
represented as colors. The output folder contains a TIFF image of the heatmap as well as
the ordered lists of row ids (e.g. RNA or gene ids) and column ids. The output tables can
be used to extract subsets of correlated rows or columns revealed by the hierarchical
clustering and/or the heatmap presentation.

An example can be found here: data/Examples/Brain Tumor GSE1825, Affymetrix HG-
U133A microarray/Data/Ewing Family Tumor versus Neuroblastoma/Normalized (RMA)
subset_heatmap

Step 1: Open the workflow input form from the Start page. It will open in the main Work
Space and looks as shown below:



Start page E Heatmap Xi

[y input table [7] [~ |(select element)

- [y Colors [? |blue-green-white-orange-red =
[y Transform (21 |None =l
[y Width 1 20

[y Height 71 200

[y Resolution 71 =00

[y Lhei parameters [

[y Row dendrogram i ]

D Column dendrogram M &

D 1. Condition / group name [¥]  Treatment

[ 1. Columns (71 |ino selection) I
[y 2 Condition / group name [?1 | Control

- [ 2 Columns [71 [ino selection) =l
.. [}y Output folder [ | ]|(select element)

Show expert options == Run

Step 2: Specify the Input table with e.g. normalized data for different experimental
conditions. To specify the input table, you can drag & drop it from your project within the
tree area.

Step 3: Specify the Transformation to be applied to data values from the drop-down
menu. Possible transformations are Log or Rank; the default is None.

Step 4: Select Width and Height as well the Resolution of the output image.

Step 5: Specify layout heights (Lhei). This should be a list of 2 (when no column groups
are specified) or 3 (with column groups) float values separated by comma that adjust the
heights of the layout parts. Please refer to the documentation of R's heatmap.2 {gplots}
tool for details.

Step 6: Please check Row dendrogram and/or Column dendrogram if you want to have a
raw dendogram and/or a dendrogram with column in the output image.

Step 7: Specify the conditions/groups names for up to five groups (expert level).

Step 8: Specify the conditions/groups. They are shown as columns of the input table.
You can select the column names for each condition/group via the drop-down menu.

Step 9: Define where the folder with the results should be located in your project tree.
You can do so by clicking on the pink field “select element” in the field Output folder,
and a new window will open, where you can select the location of the results folder and
define its name.

Start the method by pressing the [Run workflow] button.

Output are two tables (heatmap_columns and heatmap_genes) and one image file in .tiff
format. This image file needs to be downloaded and can be used in any graphical
program/presentation.


https://cran.r-project.org/web/packages/gplots/




10.1.3. Normalization quality plots

This tool can be applied plot densities of columns of a data table. As its name implies the
intended use case is to inspect the quality of results of normalization as conducted in
microarray experiments.

Example outputs, a box plot and a density plot, are shown at the end of this section.
Colors were automatically assigned to selected columns.

‘ || Start page

Data || Analyses Users

es

F! Normalization quality plots X1

[y mput table

=

B I(select element)

Column subset [?1 (no =election) hd
tlaxy D I 4 _I
vaScript [y Input log-base [7 I None |
thods D Cutput folder [71 _Jl(select element)
| Admin
.| Data manipulation B

.| Data nermalization

- ﬂ='_ Affymetrix normalization
- ﬂ=_ Agilent normalization

- ﬂ=_ llumina normalization

- ;-i‘ Normalization quality plots

The input parameters are described in the following.
Input table: This table contains the numerical columns to analyze.
Column subset: Here you can select the set of columns to show in plots.

Input log-base: Densities and box plots will be computed for data on the log2 scale. Here
you can specify the actual scale of the input data. If the log-base is logz, the tool will use
the data values as is.

Output folder: The output folder will contain a density plot and a box plot for the
specified columns.



Boxplots of normalized densities
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10.1.4. Principal Component Analysis (PCA)

PCA is a statistical method that transforms data in a way, so that a maximum amount of
variance within the data can be expressed in fewer or, at most, as many dimensions as
the original data. The new dimensions onto which data are projected are the principal
components. They capture the original variance in decreasing order, so that the first
principal component presents most of the variance. PCA is often used reduce the
complexity of (to compress) or to identify groups in high-dimensional data.

This tool applies PCA to a table of numerical data, e.g. to normalized microarray
measurements. For visualization purposes one can assign columns to one of up to five
groups, which will be differentially colored in the generated output (scatter plot).

The output is stored in a specified folder and consists of three files. The PCA Scatter
plot shows the items of specified groups at their transformed coordinates according to
the first two principal components. The entire set of coordinates is available in PCA
Transformed coordinates. Finally, the table PCA Component importance provides
information about the relative importance of each principal component with respect to
the proportion of explained variance.



Il start page ||’ PCA ;I
:”m Analyses [y Input table

D1 Condition / group name

=

BE I(se\ect element)

?] | Treatment

||| Admin “| | [y Columns [71 | (no selection) =l
.| Data manipulation [} 2 Condition / group name 171 | Control

.|| Data normalization

||| Functional classification [ 2 Columns (71 | (no selection) =l
.| mport D Output folder 7 Jl(se\eﬁ element)

||| Molecular networks

| Jnes

Show expert options =» Run
.|| Optimization

.| Simulation

.\ | Site analysis

.|| Statistical analysis

- & CRC clustering

- [[E Correlation Analysis| _
ﬁ,\ EBarrays 1
ﬂ?=' Fold-Change calcula

- [ Hypergeometric ana

- & K-means clustering
E Limma

- - Meta analysis

’{ PCA

The input parameters for PCA are described in the following.
Input table: This table contains the numerical columns to analyze.

1-5. Condition / group name: One can specify up to five groups of columns. These
fields contain the names that will be shown in outputs. Please note that unnamed groups
are not considered, a name is not assigned automatically.

1-5. Columns: These fields contain the selected columns. Please note that column
selections are not considered without a corresponding name. Columns can only be
specified once.

Output folder: The output folder will contain the described output files.

10.2. Detect differentially expressed genes

After the microarray results are normalized, the next step is to compute differentially
expressed genes (DEG).There are four different statistical methods provided for DEG
calculation in the platform: T-test, hypergeometric analysis, Limma, and EBarrays. For
DEG calculation by T-test and hypergeometric analysis, there are predefined workflows,
which take as input two tables with the normalized data, for two different conditions,
referred to as Experiment normalized and Control normalized. The methods Limma and
EBarrays require one input table with all the conditions, and you can specify up to five
different conditions for one run of each of these two methods.



Experiment vs. control

Multiple conditions

MNormalization quality plots

Principal Component Analysis (PCA)

¢~ Detect differentially expressed gene
Limma

EBarrays
T-test
Hypergeometric analysis

If you applied the normalization method “Experiment vs. control”, you can detect DEGs
applying T-test and/or hypergeometric analysis to the workflows, highlighted in green in
the picture above. If you applied the normalization method “Multiple conditions”, you can
detect DEGs with Limma and/or EBarrays, highlighted in red.

In this chapter, the predefined workflows for DEG calculation with T-test and with
hypergeometric analysis are described in detail. For a description of Limma and EBarray
please refer to the sections 4.2.1 and 4.2.2, respectively.

10.2.1. Detect differentially expressed genes with T-test

This workflow is designed to find the set of up-regulated and down-regulated genes
applying Student’s T-test. There are three workflows designed for different experimental
platforms (Affymetrix, Agilent and Illumina).

In the first step p-values for normalized files are calculated for all probes using the “Up
and Down Identification” analysis. This analysis applies Student’s T-test for p-value
calculation, thus the number of data points should be at least three for each experiment
and control.

To launch the workflow, follow these steps:

Step1l. Open the workflow input form from the Start page. It looks as shown below:

Start page ||+ Compute differentially ex... X

Compute differentially expressed genes (Affymetrix probes)

[y Experiment normalized fﬂ(%le*ﬂ element)
[y Control normalized fﬂ(ﬁemt element)
- [y Species [ Human (Homo sapiens) =l
- [y Resuits folder i ||(5e|ect element)

| Run workflow | | Edit workflow |




Step 2. Specify the tables with normalized data in the fields Experiment normalized
and Control normalized. You can drag it from your project within the tree area and
drop it in the pink box of the fields. Alternatively, you may click on the pink field (select
element) and a new window will be opened, where you can select the input tables.

The further steps of the workflow are demonstrated by means of the tables in one of the
pre-prepared examples. You can find these tables in the Examples folder, under
data/Examples/Brain  Tumor GSE1825, Affymetrix HG-U133A microarray/Data/Ewing
Family Tumor versus Neuroblastoma

Step 3. Specify the biological species of the input sets in the field Species by selecting
the required biological species from the drop-down menu.

Step 4. Define where the folder with the results should be located in the tree. You can do
so by clicking on the pink field (select element) in the field Results folder, and a new
window will be opened, where you can select the location of the results folder and define
its name.

After entering all input fields press [Run workflow] and wait till the workflow is
completed.

The output is a folder with several files as shown below:

¢ | | Experiment Normalized (RMA) (Differentially expressed genes Affy)
E"‘@;' Downregulated Ensembl genes

E"‘ﬁ? Downregulated Entrez genes

F‘; Downregulated probes annot

F‘ﬁz Genes, fold change and p-value, non-filtered
- |2 Histogram

E"‘ﬁ;' Mon-changed Ensembl genes

Fﬁ; Mon-changed Entrez genes

- i Report

E"“;; Scores and p-value, non-filtered

E"‘ﬁ;' UpDownReg Ensembl genes

Fﬁ; UpDownReg Entrez genes

F‘; UpDownReg probes annot

F‘ﬁ; Upregulated Ensembl genes

E"‘ﬁ; Upregulated Entrez genes

E“§ Upregulated probes annot

The table Genes, fold change and P-value, non-filtered. This table contains all
genes with LogFoldChange and p-value calculated; each row corresponds to one gene.



Start page F@; Genes, fold change and p-... 4

| Selectall | Select page

First | | Previous Page 1 of 270 | Next | | Last Showing 1 to 50 of 13458 entries

-log(P-

ID Gene description Gene symbol Species Affymetrix ID value)

LogFoldChange

Show | 50 + | entries

N-acetyltransferase 2

10 {arylamine NATZ Homo 206797 at 093218 -0.21348
saplens
M-acetyltransferase)
100 adenosine deaminase ADA, Homo CMEIT ol 1.88622 041293
sapiens 216705 s at
cadherin 2, type 1, Homo 203440 at,
S M-cadherin (neurcnal) L= sapiens 203441 s at - -2 8430
v_—aklt murine thymTomla ; ! 212607 at.
10000 ‘["T;tzir;“;'.';:;i 5 malog AKT3 S;T;S 212609 s at, 404843  -3.03381
P ' P 219393 s at

B ]

The columns ID, Gene description and Gene symbol present Entrez identifiers for the
genes, a full name for each gene, and a standard gene symbol, respectively. The column
Species shows the corresponding taxonomic species. The column AffymetrixID
contains the probe set IDs corresponding to each gene, and you can see sometimes more
than one Affymetrix probe corresponding to one gene. The column LogFoldChange
shows the base 2 logarithm of the ratio between expression value in experiment vs.
control. The column -log(P-value) shows the negative base 10 logarithm of the p-
value.

Please note that the column -log(P-value), according to a widely accepted convention,
has algebraic signs according to being up- (positive values) or down-regulated (negative
values).

In the course of worklow progression, this table has been filtered by several conditions in
parallel to identify up-regulated, down-regulated, and non-changed Affymetrix probeset
IDs and genes.

The filtering criteria used are:

% For up-regulated probes: LogFoldChange>0.5 and -log_P_value_>3
% For down- regulated probes: LogFoldChange<-0.5 and -log_P_value_<-3
% For non-changed genes : LogFoldChange<0.002 and LogFoldChange>-0.002

The table Upregulated Ensembl genes. You can find the number of the resulting up-
regulated genes written on top of each output table (highlighted by the red circle):
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Apply | Cancel | [ Selectall |[ Sel
EI \:Prewious :I Page El of 11 I: Next :I I: Lasl:\ Showing 1 to 50 of 503 entries Show 50
Affymetrix - - -log(P-
A
ID D Gene description Gene symbol Species value) LogFoldd
ENSGO0000001167 204108 at EIIEIVELSET TETREMECl 60T (yyman [2mD 377848 134116
Y sapiens
ENSG00000002585 2010285 8L nnog molscule €D2Y Homo 306050 20574
201029 s_at sapiens
ENSG00000004455 208967 s_at  adenylate kinase 2 AK2 RP4-592A1 2 2;’;‘:“ 3.1983 094765
202189 x_at,
211270 x_al, ol rimidine tract bindin Homo
ENSG00000011304  211271_x at,  PoYPY! 9 PTBP1 ’ 402757  1.21257
212015 x_at protein 1 sapiens
216306_x_at
ENSGO0000014123  212633_at UFM1-specific ligase 1 UFL1 o 353308 1.22277
sapiens

The table Downregulated Ensembl genes. The structure and the meaning of the
columns in the tables are the same as in the Upregulated Ensembl genes table.

First :| I: Previousil Page D of5|: Nexl} \:Lasl] Showing 1 to 50 of 241 entries Show |30
ID A Affymetrix ID Gene description Gene symbol Species 1:&'(:)- LogFold(
ENSGO0000005108  213894_at UETHE ETAEILE THSD7A o 405327 -321128
7A thrombospondin,type | sapiens
ENSG00000006210 823 at chemokine (C-X3-C motif) ligand 1 CX3CL1 ?:S::ns -3.01317  -0.97415
platelet-activating factor Homo
ENSGO0000007168 200813 s_at acetylhydrolase 1b,regulatory subunit ~ PAFAH1B1 i -310922  -155078
saplens
1 (45kDa)
ENSG00000010278 201005 _at CDY molecule CD9 ?:;T:ns -3.1901 -3.22323
ENSGO0000010810 212486 s af [REIATY OGEEEE R FYN oMo 342207 -1.1584
SRC YES sapiens
ENSG00000010818  212641_at 212642 s_at human immunodeficiency virus type | HIVEP?2 Homo 447162 -1.39605
enhancer binding protein 2 sapiens

The table Non-changed Ensembl genes.

Apply || Cancel Select

First il [Previous:\Page EI of 2 \ Next il I: Last:\ Showing 1 to {0 of 99 entries Show |50 M
ID A Affymetrix ID Gene d@sagintion Gene symbol Species LogFoldCha
ENSG00000008277 206615 _s_at ADAM metallopeptidase domain 22 ADAM22 g;;i?gns -0.00147
ENSG00000011132 205146 _x_at amyloid beta (A4) precursor protein-binding, family A member 3 APBA3 SH;g?sns 1.3789E-4
ENSG00000018510 205401 at alkylglycerone phosphate synthase AGPS ?;;i]:ns 6.0025E-4
ENSG00000068305 208328 _s_at myocyte enhancer factor 2A MEF2A SH;S::I'IS -8.2387E-5
ENSG00000072062 216234 _s_at alpha cAMP-dependent catalytic protein kinase PRKACA g;;i]{:ns -7 4209E-4
ENSG00000073578 201003 x at flavoprotein (Fp),flavoprotein pseudogene 3,subunit A succinate SDHA, SDHAP3 Horr_lo 0.00173
dehydrogenase complex sapiens
ENSG00000083635 205136 _s_at nuclear fragile X mental retardation protein interacting protein 1 NUFIP1 g:[.‘[)?:ns 7.0499E-4
ENSGO0000087510 205287 s at transcription factor AP-2 gamma (activating enhancer binding TFAP2C Homo 9 5621E-4

protein 2 gamma) sapiens
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In this example the number of up-regulated, down-regulated and non-changed genes are
503, 241, and 99, respectively.

These individual output files can be used further as input for running other workflows as
described in the following sections.

The plot (@) contains a histogram of the log fold change distribution for all genes:
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The Report. The workflow summarizes all results and automatically produces a report.
In addition you can have a look at the list of both up-regulated and down-regulated
genes.

REPORT
Data analysis is done with the geneXplain platform release 2.4.1 w
Project: data/Projects/test1 <

Date: Thu Mar 06 2014 10:38:14 GMT-0000 (UTC) /‘
’
Workflow description .-;QA

Upregulated genes
Downregulated genes

Workflow Compute differentially expressed genes (Affymetrix probes)
Workflow path: analyses/Workflows/Common/Compute differentially expressed genes (Affymetrix probes)

This workflow is designed to identify up-regulated, down-regulated and non-changed genes for experimental data
with three and more data points for each experiment and control.

As input, normalized data with Affymetrix probeset IDs can be submitted. Such normalized files are the output of the
“Normalize data” procedure.

In the next step, p-values for up- and down-regulated probes are calculated for all probes using the “Up and Down
Identification” analysis. This analysis applies Student’s T-test for p-value calculation, thus the number of data points
should be at least three for each experiment and contral.
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Workflow parameters

Experiment
normalized:

Control normalized: data/Projects/test1/Data/Neetu/Documentation/Control normalized (RMA)
Species: Human (Homo sapiens)

. data/Projects/test1/Data/Neetu/Documentation/Experiment Normalized (RMA)
Rasults fokiar: (Differentially expressed genes Affy)

data/Projects/test1/Data/Neetu/Documentation/Experiment Normalized (RMA)

Experiment Normalized (RMA) (Differentially expressed genes Affy)

Folder: Experiment Normalized (RMA) (Differentially expressed genes Affy)
Result of ] i ;
workflow: Compute differentially expressed genes (Affymetrix probes)

data/Projects/test1/Data/Neetu/Documentation/Experiment Normalized (RMA) (Differentially

Complete name: expressed genes Affy)

UPREGULATED GENES

In this study, 503 genes were identified as upregulated, with Log Fold Change higher than 0.5 and p-value threshold
0.001

Folder: Upregulated Ensembl genes
Number of

rows: >03

Statistical

test:

Filter

conditions:

Complete data/Projects/test1/DatafNeetu/Documentation/Experiment Normalized (RMA) (Differentially
name: expressed genes Affy)/Upregulated Ensembl genes

Student’s t-test

LogFoldChange>0.5 && _log_P_value_>3




-log(P-

Ensembl ID Gene symbol Gene description value)

LogFoldChange

ENSGO0000125820 NKX2-2 NK2Z homecbox 2 3.0983 6.8943

ENSG00000081277 PKPL plakophilin 1 (ectodermal dysplasia/skin fragility syndrome) 4.2305 6.3278
ENSGD000D180447 GAS1 growth arrest-specific 1 6.0718 5.7640
ENSGO0000164647 STEAP1 six transmembrane epithelial antigen of the prostate 1 3.3361 5.5137
ENSGDO000163686 ABHDS abhydrolase domain containing & 3.1618 4.1B36
ENSG00000127152 BCL11B B-cell CLL/flymphoma 11B (zinc finger protein) 4.9268 4.1635
ENSGD000D180818 HOXC10 homeohox C10 3.9500 3.7979
ENSGO0000165501 PRKCB beta,protein kinase C 3.8740 37817
ENSGD0000142552 RCN3 EF-hand calcium binding domain, reticulocalbin 3 3.9220 37754
ENSGO000D056998  GYG2 glycogenin 2 3.6295 3.6738
ENSG00000115738 1D2 dominant negative helix-loop-helix protein,inhibitor of DNA binding 2 3.4861 3.5801
EMNSG00000128713  ACO0S336.1,HOXD11 homeohox D11 4.3005 3.4467
ENSGD0000216193  ACD0S336.1,HOXD1L homeobox D11 4.3009 3.4467
ENSG00000104870 FCGRT Fc fragment of 1gG,alpha,receptor,transporter 4.1419 3.4097

This report can be exported in html format.

10.2.2. Detect differentially expressed genes by hypergeometric
analysis

This workflow is very similar to the one described above in section 9.2.1. The principal
difference is in the statistical method for calculation of the p-value. In this workflow, the
p-value is calculated by hypergeometric analysis (Y.V.Kondrakhin, R.N.Sharipov, A.E.Kel,
F.A.Kolpakov. (2008) Identification of Differentially Expressed Genes by Meta-Analysis of
Microarray Data on Breast Cancer, In Silico Biology, 8: 383-411).

@ If you have just two or even one data point in each experiment and control (e.g. one
CEL file in experiment and one CEL file in control), you can apply hypergeometric
analysis to calculate DEGs. In contrast to the T-test which requires at least three data
points, hypergeometric analysis can make calculations for two and even one data point in
each normalized experiment and normalized control files. This allows to calculate DEGs to
compare, for instance, one patient data set with one healthy data set.

The workflow input form looks as shown below:

Start page || 7+ Compute differentially e... X|

Compute differentially expressed genes using Hypergeometric test (Affymetrix probes)

- [y Experiment normalized r;qselect element)

- [y Seecies [Human (Homo sapiens) |
- [y Results folder

|(select element)

Run workflow Edit workflow

The output folder and the structure of the individual tables, as well as the report, are
similar to those described in 9.2.1.
10.2.3. Detect differentially expressed genes with Limma

This workflow is designed to find sets of up-regulated and down-regulated genes starting
with the normalized table of your expression data. Please refer to section 4.2.1 for details



on this particular analysis method. This workflow is designed for different experimental
platforms (Affymetrix, Agilent and Illumina).

In the first step this workflow computes the differential expression between up to five
conditions / groups. Each group corresponds to one experimental condition (time point,
treatment, cell type, etc.) or control. You can specify 2 to 5 conditions. An input table is a
data table that contains several columns with normalized measurement values, e.g. from
a normalized microarray experiment. All possible contrasts between groups are
considered and their output is stored in a common folder. Conditions are compared in the
specified order from first to fifth; e.g. for the given conditions named 1, 2 and 3, the
output will contain the contrasts “Condition 1 versus Condition 2”, Condition 1 versus
Condition 3” and “Condition 2 versus Condition 3”. ”. The workflow can be found on the
Start page, under the button Microarrays, under the section “Detect differentially
expressed genes”.

®~ Detect differentially expressed genes

y exXpre

T-test

Hypergeometric analysis

Step1l. Open the workflow input form from the Start page. It looks as shown below:

& | Compute differentially ex... Xi

Compute differentially expressed genes using Limma

[y Input table [ |(select element)

[y Probe type [Probes: Affymetrix =
[y Seecies |Human (Home sapiens) =l
[ Condtion 1 [(no selection) [
[y Condition 2 [(no selection) =l
[y Condition 3 [(no setection) =l
[y Condition 4 [(no setection) =l
[y Condition 5 [(no setection) =l
D Results folder _JI(select element)

[ Run workflow ] [ Edit workflow l

Step 2. Specify the table with normalized data in the field Input table. You can drag it
from your project within the tree area and drop it in the pink box of the fields.
Alternatively, you may click on the pink field (select element) and a new window will be
opened, where you can select the input table.

The further steps of the workflow are demonstrated by means of the tables in one of the
pre-prepared examples. You can find these tables in the Examples folder, under



data/Examples/Cytokine-triggered gene expression in cell cycle stages, GSE52465,
Agilent-014850 microarray/Data/Agilent normalized DEGs with limma

Step 3. Specify the biological species of the input table in the field Species by selecting
it from the drop-down menu.

Step 4. Specify the conditions / groups. They are shown as columns of the input table.
You can select the column names for each condition/group via drop-down menu.

Start page | u Compute diﬂerentiallye...XI

Compute differentially expressed genes using Limma

[ Input table g - ay/Data/GSES2485_RAW/Agilent normalized
[y Probe type [Frobes: Agilent =l
[y Species [Human {(Homo sapiens) x|
D Condition 1 |[2] GSM1267308_M2752 bat, GEM1258731 'E'—ME;I
D Condition 2 | [2] GSM1267308_M27595 txt, GEM125731 T_ME;I
[y Condition 3 [2] GSM1267310_M2794.bxt, GSM1267318_MZ ]
D Condition 4 GSM1267304_M2791 bt -
GSM1267305_M2785 bt
D Condition 5 GSM1267306_M2753 bt
GSM1287307_M2797 txt -
D Results folder GSM1267308_M2752 bt 1

GSM1267308_NM2706. b
GSM1267310_M2704 bt

| Run workflow | | Edit workfiow GSM1267311_M2798 et

GSM1287312_M2T95 bt
GSM1267313_M2803. bt —
GSM1287314_M2801 bt
GSM1267315_M2805. bt
GSM1267316_M2800. bt
GSM1267317_M2804. bt
GSM1267318_M2802. bt

GSM1267319_M2206. bt
GSM1267320_M2307.txt
GSM1267321_M2311 .t
GSM1287322_M2809 bt
GSM1267323_M2813.txt
GSM1267324 M2B08 txt T

Step 5. Define where the folder with the results should be located in the tree. You can do
so by clicking on the pink field (select element) in the field Results folder, and a new
window will be opened, where you can select the location of the results folder and define
its name.

After entering all input fields press [Run workflow] and wait till the workflow is
completed. The output is a folder with 10 result folders (e.g. Condition_1 vs. Condition_2
for DEG calculation), a folder for each individual comparison (Output limma) and one
Output plots folder, as shown below:


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Cytokine-triggered gene expression in cell cycle stages%2C GSE52465%2C Agilent-014850 microarray/Data/Agilent normalized DEGs with limma/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Cytokine-triggered gene expression in cell cycle stages%2C GSE52465%2C Agilent-014850 microarray/Data/Agilent normalized DEGs with limma/

| D,-'tukine—trigger&d gene expression in cell cycle stages, GSES2485, Agilent-014850 microarray
_ | Data
j .| Agilent normalized DEGs with EBarrays
_J Agilent normalized DEGs with limma
¢ .| Condition_1 vs. Condition_2
_J Condition_1 ws. Condition_3
.| Condition_1 vs. Condition_4
Condition_1 vs. Condition_5
ad
.| Condition_2 vs. Condition_3
.| Condition_2 vs. Condition_4
_J Condition_2 ws. Condition_5S
.| Condition_3 vs. Condition_4
Condition_3 vs. Condition_5
ad
Condition_4 vs. Condition_5
i
sl Uutput limma
- N“Cundrtu:ln 1 vs. Condition_2
ﬂu Condition_1 vs. Condition_23
n'ﬁ Condition_1 vs. Condition_4
- g Condition_1 vs. Condition_5
- g Condition_2 vs. Condition_3
- Ige Condition_2 vs. Condition_4
I Condition_2 vs. Condition_5
H'& Condition_3 vs. Condition_4
s";"; Cendition_3 ve. Condition_S
- n“ Condition_4 v=. Condition_5
4 _J Output plots
|_ Mormalized density boxplot
- L MNormalized density plot
1| GSES2465_RAW

The Normalized density boxplot and the Normalized density plot in the folder
Output plots show a quality control of the input normalized data table. Please refer to
section 10.1.3 for details on this particular analysis method.

The tables in the folder Output limma are the output tables from the limma method,
sorted via adjusted p-values.



188 Microarrays

0f 901

Showing 1 to 50 of 45015

First | | Previous | Page 1

entries
Show 50 - entries
ID logFC CL025 CL975 adj.P.\Val 4
A_23 P315364 -5.00589 -5.50842 -5.40335 7.2117E-5
A_23 P479993 -4 65004 -5.11486 -4 20522 T217E-S
A_32 PBT013 -4 3554 -4 74404 -3.96586 T217E-S
A_24 P257415 -5.702% -5.34434 -5.06095 1.5865E4
A_23_P216225 -2. 70458 -3.01945 -2.38571 1.7372E-4
A_24 P133150 -4.9041 -5.4979 -4.31029 2.0B4TE-4
A_23 PT144 -5.5288 -5.21397 -4 84362 22162E-4
A_23 P1T065 -2 67058 -3.00653 -2.33463 230T3E-4
A_23_P212089 -3.65386 -4.17543 -3.20228 3.0681E-4
A_23_P106002 -3.01425 -3.4196 -2 60897 3. 2967E-4
A_23 P4R936 -4 41547 -5.06350 -3.76734 6. 7002E-4
A_23 P320318 -3.74084 -4 32802 -3.17166 5.6205E-4

The 10 output folders for each comparison e.g. Condition_1 vs. Condition_5 contain the
results of the identified up-, down- and non-regulated Ensembl genes.

4 | condition_1 vs. Condition_5

I'?;' Down-regulated genes Ensembl

I‘"E Down-regulated probes annot
r'i; Mon-changed genes Ensembl
|'§4' Up-regulated genes Ensembl
I"E Up-regulated probes annot

I"ﬁ' UpDown reg genes Ensembl

The table UpDown reg genes Ensembl in the Folder Condition_1 vs. Condition_5
contains all differentially expressed genes filtered by LogFoldChange and p-value for up-
and down-regulated genes; each row corresponds to one gene.

I Start page Iﬂ;' UpDown reg genes Ense...

Apply

-1 [seisctal | sefsctpage |

Page 1 Df65 Showing 1 to 50 of 3238 entries Show 50 v entries
1] - Agilent ID CL025 CL975 Gene description Gene symbol Species adj.P.Val logFC
ENSGO0000000457  A_23_P74320 125195 063705  SCYi-like 3 (S. cerevisiae) SCYL3 ::;’:ns 0.00184 -0.9445
ENSGO0000000S71  A_24_P273972 4116394  -0.53483  complement factor H CFH ::;;5 0.0035 -0.84944
ENSGOO0000O1167 A 24 P414719 -1.88856  -0.75308 alpha,nuciear transcription factor Y NFYA ::;:ns 0.00721 -1.32082
ENSGO0000001460  A_24_P133162 177832 051568  sperm-tail PG-rich repeat containing 1 STPGA ::;:ns 0.02265 A.147
A_23_P4sa04, Homo
ENSGOUOLOUO14E1 =5 oo, o 0.81275  1.76054  NIPA-ike domain containing 3 NIPALS s 0.00463 1.28664
A_23_PSaTE, (semaphorin} 3F immunoglobulin domain (Ig) secreted sema Homo
ENSGUODOOUDIENT =502t vgemas  assase SR e SEMAZF aanions 0.00105 124594
ENSGODDD0001630 A 23 P257716 DD gy e e e S I S S CYPS141,LRRDT RP1IE5TGZ1 1M 1.1992E-4  -2.2088
‘domain containing 1,polypeptide 1,subfamily A sapiens
ENSG00000002822  A_23_P33373S 031747 123756 WAD1 mitotic arrest deficient-like 1 (yeast) MADILT ::;;’ns 0.0307 0.77751
ENSGO0000002834  A_23_PS3187 062074 146983  LIM and SH3 protein 1 LasP1 ::;’:ns 0.00547 1.04528
ENSGO0000003249  A_23_P26439 042028 11407 ?V“'"d'" (dystrobrevin binding protein 1) domain containing DBNDD1 ::;:ns 0.01007 078049
ENSGOOD00003438  A_23_P330070 0zazsTi a1 e el patway libion (oprolero=scchied TFRI i 0.01672 054074
coagulation inhibitor) sapiens




The columns ID, Gene description and Gene symbol represent Ensembl identifiers for
the genes, a full nhame for each gene, and a standard gene symbol, respectively. The
column Species shows the corresponding taxonomic species. The column AffymetrixID
contains the probe set IDs corresponding to each gene, and you can see sometimes more
than one Affymetrix probe corresponding to one gene. The column logFC shows the base
2 logarithm of the ratio between expression values in experiment vs. control. The column
adj.P.Val shows the adjusted p-value (Benjamini-Hochberg).

In the course of workflow progression, this table has been filtered by several conditions
in parallel to identify up-regulated, down-regulated, and non-changed probeset IDs that
were then converted into Ensembl gene identifiers.

The filtering criteria used are:

% For up-regulated genes: logFC >0.5 and adj.P.Val <0.05
% For down- regulated genes: logFC <-0.5 and adj.P.Val <0.05
% For non-changed genes :logFC <0.002 and logFC >-0.002

10.2.4. Detect differentially expressed genes with EBarrays

Similarly to the workflow described above, this workflow is designed to find the set of up-
regulated and down-regulated genes starting with a normalized table of your expression
data, but using a different statistical method, EBarrays. Please refer to section 4.2.2 for
details on this particular analysis method. This workflow is designed for different
experimental platforms (Affymetrix, Agilent and Illumina).

In the first step the workflow computes the differential expression between up to five
conditions/groups. Each group corresponds to one experimental condition (time point,
treatment, cell type, etc.) or control. You can specify 2 to 5 conditions. An input table is a
data table that contains normalized measurement values, e.g. from a normalized
microarray experiment. All possible contrasts between groups are considered and their
output is stored in a common folder. Conditions are compared in the specified order from
first to fifth. E.g. given conditions named 1, 2 and 3, the output will contain the contrasts
“Condition 1 versus Condition 2”, Condition 1 versus Condition 3” and "“Condition 2
versus Condition 3".

The workflow can be found on the Start page, under the button Microarrays, under the
section “Detect differentially expressed genes”.

@~ Detect differentially expressed genes

_——

T-test

Hypergeometric analysis

Step1. Open the workflow input form from the Start page. It looks as shown below:



Start page ||+ Compute differentially ex... Xi

Compute differentially expressed genes using EBarrays

[y Input table [ |(select element)

[ Probe type [Probes: Affymetrix =l
[y Species [Human (Homo sapiens) |
[ Condtion 1 (is contral) [(no selection) [
[ Condtion 2 [(no selection) [
[}y Conditon 3 [(no selection) [
[ Condtion 4 | ino selection) =l
[ Condtion 5 [(ne selection) [
[ Resuts folder || select element)

[ Run workflow ] [ Edit workflow ]

Step 2. Specify the table with normalized data in the field Input table. You can drag it
from your project within the tree area and drop it in the pink box of the fields.
Alternatively, you may click on the pink field (select element) and a new window will be
opened, where you can select the input table.

The further steps of the workflow are demonstrated by means of the tables in one of the
pre-prepared examples. You can find these tables in the Examples folder, under

data/Examples/Cytokine-triggered gene expression in_cell cycle stages, GSE52465,
Agilent-014850 microarray/Data/Agilent normalized DEGs with EBarrays

Step 3. Specify the biological species of the input table in the field Species by selecting
it from the drop-down menu.

Step 4. Specify the conditions/groups of the input table. You can select the column
names for each condition/group via drop-down menu.

« | » Compute differentially e... XI

Compute differentially expressed genes using EBarrays

D Input table ; ';?J...ay.n’Data.fG SES2485_RAW/Agilent normalized
[ Probe type [Probes: Affymetrix =l
[y Species [Human (Homo sapiens) =]
D Condition_1 (is control} |[4] GSM1267304_M2791 txt, GSF-‘12673UE-_M2;I
D Condition_2 £ 04 bd
D Condition_3
D Condition_4

o~ GSM1257305_M2795 bt
[y Condition_5 GSM126T310_M2794 bt

[ Resuts folder GSM1267311_M2798.txt

GSM1267312_M2799 bt
GSM1267313_M2803.txt
[ Run workflow | [ Edit workfiow GSM1267314_M2B01 bt
GSM1267315_M2805.bxt
GSM1267316_M2800.txt
GSM1267317_M2804 b=t
GSM1267318_M2802 b=t
GSM1267319_M2806 b=t
GSM1267320_M2807 b=t
GSM1287321_M2811 b=t
GSM1267322_M2809 b=t
GSM1267323_M2813.bxt
LGSM1267324 WM2808 bt

Step 5. Define where the folder with the results should be located in the tree. You can do
so by clicking on the pink field (select element) in the field Results folder, and a new


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Cytokine-triggered gene expression in cell cycle stages%2C GSE52465%2C Agilent-014850 microarray/Data/Agilent normalized DEGs with EBarrays/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Cytokine-triggered gene expression in cell cycle stages%2C GSE52465%2C Agilent-014850 microarray/Data/Agilent normalized DEGs with EBarrays/

window will be opened, where you can select the location of the results folder and define
its name.

After entering all input fields press [Run workflow] and wait till the workflow is
completed.

The output is a folder with several result folders and files as shown below:

¥ @ Cytokine-triggered gene expression in cell cycle stages, GSES2455, Agilent-014350 microarray
4 |Data
# | |Agient normalized DEGs with EBarrays
F I COutput EBarravs
- |2 EBarrays CCV
... |« EBarrays Marginal fit
H'ﬁ EBarrays result
4 | Output plots
. L Normalized density boxplot
L [P Normalized density plot
- Fi;,: Condition_2 downreg Enzembl
- Fif,: Condition_2 upreg Ensembl
- H‘;" Condition_3 downreg Ensembl
- Ifi:,'I Condition_3 upreg Ensembl
- % Condition_4 downreg Ensembl
- Pi-,: Condition_4 upreg Enzembl

- Fi;c' Condition_5 downreg Ensembl
- P‘;,: Condition_5 upreg Ensembl

The Normalized density boxplot and the Normalized density plot in the folder
Output plots show a quality control of the input normalized data table. Please refer to
section 10.1.3 for details on this particular analysis method.

The table EBarrays result and two plots in the folder Output EBarrays are the output
table and plots from the EBarrays method.

The tables for each condition (except control) e.g. Condition_2 downreg Ensembl and
Condition_2 upreg Ensembl contain all differentially expressed genes with filtered
LogFoldChange and p-value for up- and down-regulated genes; each row corresponds to
one gene.



| Start page ||I q,_' Condition_2 upreg Ense... Xi
First | | Previous | Page 1 of 1| Next | | Last Showing 1to 22 of 22 entries Show 50 + entries
D Agilent 1D Gene description Gene symbol Species Condition_2 Sig Condition_2 FC

ENSG00000125851 A_23_P79963 proprotein convertase subtilisin/kexin type 2 PCSK2 Homo sapiens 1 2.11442
ENSGO0000157571 A_24 P215378 CASK interacting protein 1 CASKIN1 Homo sapiens 1 65.8066
ENSGO0000177084 A_23_P159355 catalytic subunit,epsilon polymerase (ONA directed) POLE Homo sapiens 1 6.18275
ENSGO0000185174 A_24 P134818 B-cell CLL/lymphoma 9-like BCLSL Homo sapiens 1 5.27003
ENSG00000185973 A_23_PB2335 epsilon trimethyllysine hydroxylase TMLHE Homo sapiens 1 45018
ENSGO0000145107 A_23_PaT2o4s transmembrane 4 L six family member 19 TM45F19 Homo sapiens 1 421184
ENSGO0000108474 A_23 P38618 class L phosphatidylinositel glycan anchor biosynthesis PIGL Homo sapiens 1 4.03363
ENSG00000182379 A_24 P3S3INZ neurexophilin 4 NXPH4 Homo sapiens 1 3.67095
ENSG00000132002 A_23_Po00s2 Dnal (Hzp40) homolog,member 1, subfamily B DNAJBA Homo sapiens 1 1.87115
ENSGO0000103888 A_23_P324754, A_32_P151855 KIAA1155 Klas 1185 Homo sapiens 1 1.36987
ENSG00000152426 A_32_P22305% member 1,solute carrier family 45 SLC45A1 Homo sapiens 1 133125
ENSGO0000223573 A_23_P3g2o4 tizsue differentiation-inducing non-protein coding RNA TINCR Homo sapiens 1 1.02482
ENSG00000138133 A_23_P35617 epsilon 1, phospholipase C PLCE1 Homo sapiens 1 1.01834
ENSG00000023191 A_32_P1ME21T ribenucleasefangiogenin inhibitor 1 RMNH1 Homo sapiens 1 1.00394
ENSGO0000072135 A_23 P338919 SPEG complex locus SPEG Homo sapiens 1 099128
ENSGO0000104140 A_23_Paz4assi ras homolog family member V' RHOWV Homo sapiens 1 0.95004
ENSGO0000111077 A_23_P151297 tensin like C1 domain containing phosphatase (tensin 2) TENC1 Homo sapiens 1 0.95119
ENSGO0000211448 A_23_P4ET40 deicdinase iodothyronine, type Il Doz Homo sapiens 1 0.92806
ENSG00000142733 A_24 P145653 mitegen-activated protein kinase kinase kinase 8 MAP3KS Homo sapiens 1 091772
ENSG00000143512 A_23_Pas0s9 HHIP-like 2 HHIPLZ Homo sapiens 1 0.9167
ENSGO00001356842 A_23_P112289 tropomodulin 1 TWMODA1 Homo sapiens 1 0.91408
ENSGO0000137767 A_23_Paz sulfide guinone reductase-like (yeast) SQRDL Homo sapiens 1 0.79036

The columns ID, Gene description and Gene symbol present Ensembl identifiers for
the genes, a full nhame for each gene, and a standard gene symbol, respectively. The
column Species shows the corresponding taxonomic species. The column Agilent ID
contains the probe set IDs corresponding to each gene, and you can see sometimes more
than one Affymetrix probe corresponding to one gene. The direction of differential
expression can be derived from the fold change column e.g. Condition_2 FC, which
contains the log2-fold changes. The EBarrays method estimates a critical posterior
probability cutoff for the given FDR level on the basis of the fitted mixture model. Probes
/ genes exceeding this cutoff in some treatment are indicated by a value of 1 (instead of
-1) in the output column named e.g. Condition_2 Sig.

In the course of workflow progression, this table has been filtered by several conditions
in parallel to identify up-regulated and down-regulated genes.

The filtering criteria used are:

% For up-regulated genes: Condition_x FC >0.5 and Condition_x Sig = 1
% For down- regulated genes: Condition_x FC <-0.5 and Condition_x Sig = 1

In the folder Output plots there are two diagnostic plots named EBarrays CCV and
EBarrays Marginal fit. These plots enable a judgment about whether the assumptions
of the approach hold and how well the fitted model represents the data (please refer to
the documentation of the EBarrays Bioconductor package for further details).

Note. In the input field Condition 1 always the control condition should be specified.
Each of the input conditions 2, 3, 4, and 5 are compared with condition 1.

10.3. Discover functional enrichment

This set of workflows helps to identify certain functional groups in your input list of genes
or proteins, namely those that are particularly affected in a statistically significant
manner.



The first approach to do this is the Gene Set Enrichment Analysis (GSEA). Applying this
method to genes/protein in focus, the workflows will find out whether any category of
Gene Ontology (GO), Reactome pathways, TRANSPATH® pathways or PROTEOME™
disease terms are statistically overrepresented among them, and if so, whether this
overrepresentation is valid for the up- or down-regulated genes if expression values are
present in your input table.

An alternative approach to GSEA is Functional classification, or mapping to ontologies. As
input, you can use a table of genes/proteins. The difference of this option to GSEA is that
no enrichment of the categories is calculated, but that all genes in the list are mapped to
GO categories or other ontologies. For example, you can use tables with up-regulated or
down-regulated genes coming from the previous analysis steps of microarray or RNA-seq
experiments, or proteins identified in proteomics experiments, the lists of genes located
nearby of ChIP_seq peaks, etc.

10.3.1. Gene Set Enrichment Analysis (GSEA)

There are two types of workflows, depending on the format of the input tables. You can
start the GSEA with the normalized microarray tables, before calculating DEGs. The
program first computes fold changes, which are then used to dynamically detect
functional groups of genes that are differentially affected by the experimental conditions.

Alternatively, you can start the GSEA with any gene or protein table having a numerical
column that can be used for enrichment calculations, e.g. expression fold change after
calculating DEGs.

10.3.1.1. GSEA by GO categories and metabolic pathways

Gene set enrichment analysis (GSEA) with GO categories or with metabolic pathway
annotation in REACTOME can be done by either starting from raw data of any of the
widely used experimental platforms (Affymetrix, Agilent, or Illumina), or from a
single gene table that you may have composed yourself.

Affymetrix, Agilent, or Illumina data sets

The three workflows under this category are designed to perform the GSEA by the three
branches of Gene Ontology, biological process, molecular function and cellular
component as well as by the Reactome pathways:

< Gene Set Enrichment Analysis (Affymetrix probes),
<% Gene Set Enrichment Analysis (Agilent probes),
% Gene Set Enrichment Analysis (Illumina probes).

Each of the three workflows differs in the format of the input data, for Affymetrix, Agilent
or Illumina microarray platforms, respectively. The analysis performed by these
workflows and the interpretation of the results are the same. As an example, let's
consider an Affymetrix-specific workflow.

To launch the workflow, follow these steps:

Step1l. Open the workflow input form from the Start page. It opens in the main Work
Space and looks as shown below:



4 Gene set enrichment analy... 11

Start page

Gene set enrichment analysis (Affymetrix probes)

D Experiment normalized Fﬁ:; (select element)
D Contrel normalized n:g:; (select element)
[y Species |Hurnar' {Home sapiens) -]
D Results folder _J (select element)

i Ny . Y
| Run workflow | | Edit workflow |

Step 2. Input the Experiment normalized and Control normalized tables from the
tree. You can either drag-and-drop or click on the select element box to specify the
tables in the Tree area. Here, the tables from the Example folder/ HCV infection in liver
GSE31193, Affymetrix U133 Plus 2.0 are used. We aim to find out the enriched functional
categories of gene expression upon treatment with IFN type III after 24 hours versus
non-treated cells.

It is important to note that for this workflow, the input tables should have Affymetrix

probeset IDs in the ID column. Such tables have an (Bﬂl;) icon in the tree area and look

like:
ID GSM773323.CEL GSMT73324.CEL GSMTT3325.CEL
1007 s at B.54198 B.67066 8.56183
1053 at B.8G782 9.04366 8.79707
117 _at 5.70428 5.95138 6.00963
121 _at B.1168 B.10014 8.17302
1255 q at 2.87872 2 87861 276649
1294 at B.83851 9.17378 8.8249
1316 at 7.6783 7 64392 772107
1320 _at 5.60071 5.80492 569724
1405 i at 3.35351 347695 3.32718

You can see Affymetrix probeset IDs in the ID column, and several columns with the
normalized values; each column corresponds to one CEL file.

Step 3. Choose human, mouse, or rat species from the drop-down menu.

Step 4. Specify location and name of the Results folder. Important: the results folder
should be located in your Project in the tree.

Step 5. Press the button [Run workflow] and wait till the workflow is completed.

Results

The results folder contains four tables with the results of the enrichment analysis ("':1)
divided by the three branches of Gene Ontology, biological process, molecular function
and cellular component, as well as by the Reactome pathways.



F _J IFM.24hours nomalized vs Control normalized (Ennchment analysis Affy)
- ?1 Enrichment by GO (biclogical process)

- a Enrichment by GO (cellular component)

- :'pi Enrichment by GO {imolecular mechanism)

- a Enrichment by Reactome

- f@;‘ Ensembl genes

- F@;‘ Ensembl genes annot

: @ Histogram

The tables with the enriched categories look like:

D Level Title Group Expected Nominal ES Rank NES FDR
size hits P-value at max

GO:0045068 5 e L S e 66 56.92178 0 030847 220 266139  8.0825E-4
replication

GO:0045071 6 negative regulation of viral 46 39.67276 0 043607 220 3.11886  4.2558E-5
genome replication

GO:0048525 6 =T D ST e a7 40.53521 0 042405 220 3.04155  3.9739E-5
reproduction

GO2000242 5 negafive regulation of 104 89.69493 0.003 018053 220 204006  0.04366
reproductive process

GO:0034340 6 response to type | interferon 110 94.86964 0 041912 522 401043 0

GO0080337 7 type | interferon-mediated 109 94.00719 0 042588 522 397094 0
signaling pathway

GO:0071357 7 ol = ol 108 94.00719 0 042588 522 40827 0
interferon

The GSEA results are described in details in a separate section below.

The table Ensembl genes annot contains Ensembl genes as a result of Affymetrix IDs
convertion into Ensembl gene IDs:

Gene

1D Gene description symbol Affymetrix ID LegFeoldChange
. 2058108 at,
EMNSG00000000003 tetraspanin 6 TSPANG 200100 5 at -0.63944
ENSGO0000000005 tenomodulin THMD 220065 at 0.22206
dolichyl-phosphate mannosyltransferase
EMNSG00000000419 cohpeptide 1, catalyiic sublit DPM1 202673 at -0.13397
EMNSGO0000000457 SCY1-like 3 (3. cerevisiag) SCYL3 %‘ -0.15859
ENSG00000000460 chremosome 1 open reading frame 112 Clorf112 220840 = at 0.13908
ENSC00000000938  Cardner-Rasheed feline sarcoma viral FGR 208438 s at 023124
(w-fgr) oncogene homolog
213800 at,
ENSGO00000009T1 complement factor H CFH 215388 5 at 0.1614

For each gene, gene symbol, gene description, and Affymetrix probeset ID are shown.
Additionally, the LogFoldChange value is calculated for each gene.

The distribution of LogFoldChange values is shown in the Histogram:



423
40.0
375
25.0
325
20.0
273
25.0
£ 225
20.0
17.5
15.0
125
1o0.0
7.3
5.0
25

0.0

25 -20 -15 -1.0 -05 0.0 05 10 15 20 25 30 35 40
LogFoldChange

GSEA by GO categories and metabolic pathways for a single gene table

This workflow performs the GSEA divided by the three branches of Gene Ontology,
biological process, molecular function and cellular component, as well as by the
Reactome pathways, for any input gene or protein table. It is important to note that such
a table should have a column which can be used as a weight column for enrichment, e.g.
expression value.

To launch the workflow, follow these steps:

Step1. Open the workflow input form from the Start page. It opens in the main Work
Space and looks as shown below:

Start page ||t Gene set enrichment anal... X|

Gene set enrichment analysis (Gene table)

[} Species

D Enrichment Weight Column

I Y
| Run workflow |

(" Edit workflow |

[ |(select element)

I (no options available)

| Human (Homo sapiens)

|| (select element)

Step 2. Input a gene table with FoldChange (LogFoldChange) calculated. You can either
drag-and-drop or click on the select element box to specify the table in the Tree area.
Here, the table from the Example folder/HCV infection in liver GSE31193, Affymetrix
U133 Plus 2.0 is used. We aim to find out the enriched functional categories of gene
expression upon treatment with IFN type III after 24 hours versus non-treated cells.

The input table may look like the one shown below. This table contains the column logFC
(LogFoldChange). This table is an output of the Limma method (Section 4.2.1).

For best GSEA results, input the table with all genes analyzed, e.g. all genes present on
the chip in the microarray experiment.



[¥] Affymetrix ID logFC CLO25 CLaT5 P.Value adj.P.Val
ENSGD0000000003 209108_at -0.66693 -1.00741 -0.32645 0.00158 0.07726
ENSGO0000000005 220085_at 0.22058 -0.07812 0.51928 0.16815 0.52927
EMSGO0000000419 202673 _at -0.13828 -0.35042 0.07386 0.22061 0.58925
EMSG0000000045T 205607 _s_at -0.17536 -0.41922 0.0685 0.17889 0.54275
ENSG00000000450 220840_s_at 014224 -0.11573 0.40021 0.29673 0.66233
ENSGO0000000938 208438_s_at 0.22106 -0.047F7 0.43988 0127684 0.47483
EMSGO00000009T1 213800_at 0.16107 -5.3685E-4 0.32268 0.06947 0.3699
EMSG00000001036 223120_at -0.02723 -0.18011 0.12585 0.7318 0.91601
ENSG00000001084 202823 s_at -0.29028 -0.52603 -0.05455 0.02389 0.26119
ENSGO0000001167 204109_s_at 0.46857 0.28723 0.64992 1.353E4 0.01742

Step 3. As soon as you specified the input table, the drop-down menu in the field
Enrichment Weight Column becomes active. It presents all numerical columns in the
input table. Select which column should be used for enrichment calculations. Here, the
column /logFC is selected.

Gene set enrichment analysis (Gene table)

|j| Input table Fﬁ;'l...ntrﬂl-'lFN.E‘#hDurs vs Control Genes Ensemb
EI Enrichment Weight Column |Iu-gFC- LI
[} Species

[ Run workflow | " Edit workflow ) PVvalue
adj.P\val

Step 4. Choose human, mouse, or rat species from the drop-down menu.

Step 5. Specify location and name of the Results folder. It is important to note that the
results folder should be located in your Project in the tree.

Step 5. Press the button [Run workflow] and wait till the workflow is completed.

Results

The results folder contains four tables with the results of the enrichment analysis ("'1)
corresponding to the three branches of Gene Ontology, biological process, molecular
function and cellular component as well as by the Reactome pathways.

1 __| IFN.24hours vs Control Genes Ensembl (Enrichment analysis)
- ':'1 Enrichment GO (biological process)

- ':'P-l Enrichment GO (cellular component)

- ':'fi Enrichment GO (molecular mechanism)

- 7% Enrichment Reactome

- Fig' Ensembl genes

The GSEA results are described in detail in a separate section below.



10.3.1.2. GSEA by GO categories, signaling pathways and diseases

Also this type of gene set enrichment analysis (GSEA) can be done by either starting
from raw data of any of the widely used experimental platforms (Affymetrix, Agilent,
or Illumina), or from a single gene table that you may have composed yourself.

Affymetrix, Agilent and Illumina microarrays

The three workflows under this category are similar to those described under 10.3.1.1,
1st part, requiring exactly the same two normalized input tables, and the same steps to
launch these workflows. The difference is in the ontologies applied. The three workflows
under this category are designed to perform a GSEA utilizing the three branches of the
PROTEOME™-curated gene ontology, PROTEOME™ biological process, PROTEOME™
molecular function and PROTEOME™ cellular component as well as the TRANSPATH®
pathways:

% Gene Set Enrichment Analysis PROTEOME (Affymetrix probes),
% Gene Set Enrichment Analysis PROTEOME (Agilent probes),
% Gene Set Enrichment Analysis PROTEOME (Illumina probes).

The GSEA results are described in detail in a separate section below.

Note. This workflow is available together with a valid PROTEOME™/TRANSPATH® license.
Please feel free to ask for details (info@genexplain.com).

Single gene table

This workflow is similar to the one described under 10.3.1.1, 2" part, it requires exactly
the same format of the input table, and the steps to launch this workflow are the same.
The difference is in the ontologies applied. This workflow is designed to perform a GSEA
utilizing the three branches of the PROTEOME™-curated gene ontology, PROTEOME™
biological process, PROTEOME™ molecular function and PROTEOME™ cellular component,
as well as the TRANSPATH® pathways.

The GSEA results are described in detail in a separate section below.

Note. This workflow is available together with a valid PROTEOME™/TRANSPATH® license.
Please feel free to ask for details (info@genexplain.com).

10.3.1.3. GSEA with a selected ontology

This workflow performs a GSEA with one selected ontology for an input gene or protein
table. It is important to note that such a table should have a numerical column which can
be used as a weight column for enrichment, e.g. expression value or fold change.

To launch the workflow, follow these steps:

Step1l. Open the workflow input form from the Start page. It opens in the main Work
Space and looks as shown below:




Start page || 7+ Gene set enrichment anal... X

Gene set enrichment analysis - select a classification (Gene table)

- [y Input table T~ |(select element)

EI Enrichment weight column |{|-,c. options available) ;l
[ Seecies |Hurnan {Homo sapiens) =l
D Classification |G|:r {biological process) =l
D Min number of hits to group 30

- [y Results table ﬂ='|{seled element)

(" Run workflow | [ Edit workflow |

Step 2. Input a gene table with FoldChange (LogFoldChange) calculated. You can either
drag-and-drop or click on the select element box to specify the table in the Tree area.
Here, the table from the Example folder/ HCV infection in liver GSE31193, Affymetrix
U133 Plus 2.0 is used. We aim to find out the enriched functional categories of gene
expression upon treatment with IFN type III after 24 hours versus non-treated cells.

The input table may look like the one shown below. This table contains the column logFC
(LogFoldChange). This table is an output of the Limma method (Section 4.2.1).

For the best GSEA results, input the table with all genes analyzed, e.g. all genes present
on the chip in the microarray experiment.

[¥] Affymetrix ID logFC CLO25 CLATS P.Value adj.P.Val
EMSG00000000003 209108_at -0.66583 -1.00741 -0.32645 0.00158 0.07726
EMSG00000000005 220065_at 0.22058 -0.07812 0.51923 0.16815 0.52927
ENSGD0000000419 202673 _at -0.13828 -0.35042 0.07386 0.22061 0.58925
ENSGO0000000457 205807 _s_at -0.17536 -0.41922 0.0685 0.17889 0.54275
EMSGO0000000450 220840 s _at 014224 =0.11573 0.40021 0.29673 0.66233
EMSG00000000938 208438_s_at 022106 -0.047F7 0.43983 012784 0.47483
ENSGO000000097F1 213800_at 0.16107 -5.3685E-4 0.32268 0.06947 0.3699
ENSG00000001036 223120_at -0.02723 -0.18011 012585 0.7318 0.91601
EMSGO0000001084 204823 s at -0.29028 -0.52603 -0.054355 0.02889 0.26118
EMSGO0000001167 204109_s_at 046857 0.28723 0.64952 1.353E4 0.01742

Step 3. As soon as you specified the input table, the drop-down menu in the field
Enrichment Weight Column becomes active. It presents all numerical columns in the
input table. Select which column should be used for enrichment calculations. Here, the
column /logFC is selected.



Gene set enrichment analysis - select a classification {Gene table)

EI Input table Fﬁ;'l...ntrnl.leN.ztthuurs vs Contral Genes Ensembl
EI Enrichment weight column |IDQFC LI
[} Species
CLD25
EI Classification C1.975
AveExpr
EI Min number of hits to group t
- [y Results table :’cﬁu&

B

(Runworkflow ) | Edit workflow |

Step 4. Choose human, mouse, or rat species from the drop-down menu.

Step 5. In the field Classification, choose the ontology from the drop-down menu.
Here, GO biological process is selected.

- [y Input table F@;'I...ntrDIJIFN.Zrthuurs vs Control Genes Ensembl
. D Enrichment weight column |IDQFC LI

N D Species |Human (Homio sapiens) LI

.. D Classification IGD ibiological process) LI

- D Min number of hits to group
GO [cellular component)

.. D Results table G0 (molecular function)

HumanCyc pathways

. - . FROTEOME(TM) GO (biclogical process)

tun workflow ) | Edit workflow ) PROTEOME({TM) GO (cellular component)

PROTEOME(TM) GO {full classification}

FROTEOME(TM) GO {molecular function) L

PROTEOME(TM) disease

Reactome pathways

TF classification

TRANSPFATH Pathways (2013.1)

Step 6. Define a minimal number of hits in one group which you would like to consider in
the field Min number of hits to group. By default it is 30.

Step 7. Specify location and name of the Results folder. Please note that the results
folder should be located in your Project in the tree.

Step 5. Press the button [Run workflow] and wait till the workflow is completed.

Results

The results folder contains one table with the results of the enrichment analysis ("'1) by
the selected ontology.

The results are described in detail in a separate section below.



10.3.2. Functional classification

An alternative approach to GSEA is another group of workflows, Functional classification,
which comprises several "Mapping to ontologies” workflows. The difference of this option
to GSEA is that no enrichment of the categories is calculated, but that all genes in the list
are mapped to GO categories or other ontologies. For example, you can use tables with
pre-calculated up-regulated or down-regulated genes, as they are obtained as output of
the workflow “Detect differentially expressed genes”, and use these as input into the
workflows ,,Mapping to ontologies".

The output tabulates which and how many genes from your list (“hits”) fall into which
category, how many known genes are in this category, how many hits would have been
expected by chance, and what the P-value for the found number of hits being obtained
by chance is.

The difference between the workflows within this group is in the ontologies applied as
well as in the number of input tables.

10.3.2.1. Mapping to GO categories and metabolic pathways

Single gene or protein table

This workflow is designed to classify an input gene set based on several ontologies, and
to identify terms hits for which are overrepresented in the input set. The input file can be
any gene or protein table. There is only one obligatory column, the column with gene or
protein IDs; all other columns are optional.
In the first step, the input table is converted into a table with Ensembl Gene IDs. This
table with Ensembl Gene IDs is subjected to a functional classification.

To launch the workflow, follow these steps:

Step 1. Open the workflow input form from the Start page. It looks as shown below:

Start page |(|”+ Mapping to ontologies (G... X

Mapping to ontologies (Gene table)

D NIRRT = |(select element)

D Species |Human {Homo sapiens) Ll
-y Results folder

|(select element)

Run workflow Edit workflow

Step 2. Specify the input table. The input gene set might be a list of differentially
regulated genes or any gene or protein list of interest. You can drag it from your project
within the tree area and drop it in the pink box of the field Input table. Alternatively,
you may click on the pink field “select element” and a new window will be opened, where
you can select the input gene set as shown below.

The further steps of the workflow are demonstrated for the genes shown to be up-
regulated in one of the pre-prepared examples. The pertinent example file can be found
in the geneXplain platform under:



data/Examples/Brain  Tumor GSE1825, Affymetrix HG-U133A microarray/Data/Ewing
Family Tumor versus Neuroblastoma/detect deferentially expressed genes

Step 3. Specify the biological species of the input set in the field Species by selecting
the required biological species from the drop-down menu.

Step 4. Define where the folder with the results should be located in the tree. You can do
so by clicking on the pink field select element in the field Results folder, and a new
window will be opened, where you can select the location of the results folder and define
its name.

Step 5. Press the [Run workflow] button.

The workflow is running as shown below, wait till it is completed.

Start page |.°= Mapping to ontologies (G... X||*4 HumanCyc pathways X||“4 TF classification

Mapping to ontologies (Gene table)

- [y Input table r%  genes_2_4/Upregulated Ensembl genes >1

- [y Species |Human {Homo sapiens) =l

- [y Resuits folder |... Ensembl genes >1 (Mapping to ontologies)
| Cancel | | Edit workflow |

| 72%

INFQ - Total genes in the input set: 173

INFCO - Number of genes matched to the classification: 150

INFO — Total genes in the classification: 15765

INFQ — Calculate FDRs

INFO - Rnalysis "Functional classification' finished (13.802 s)
INFO - Rnalysis "Functional classification' started

INFO - Fetching categories...

INF2 — Calculate FDR=

The results folder contains several tables with the resulting mapping, one table each for

the applied ontological groups ( 1), as well as one gene table (fi,;) as shown below.

__] Upregulated Ensembl genes >1 (Mapping to ontologies)
H;' Ensembl genes

- B GO (biological process)

- "’1 GO (cellular component)

- B GO (molecular function)

- ¥ HumanCyc pathways

- ¥4 Reactome pathways

. B4 TF classification

When the workflow is completed, all output tables are opened by default.
Let’s consider the output tables.
Mapping to the three GO branches, biological processes, cellular components, and

molecular functions (""; ). The tables with the enriched categories look like:



Start page “1 GO (biological process) XT
Select all | Select
First | Previous Page 1 of 10 Next | Last Showing 1 to 50 of 495 entries Show |50 M
ID Level Title Num!:er Gr_oup EXP?EtEd P-value Adjusted Hit names
of hits size hits P-value
. . 1.3246E- 1.4359E- ADI1, AHCY, AIMP
G0:0044237 3 cellular metabolic process 112 8777 67.57083 13 10 ALDHTAT, ALGS, (
ADI1, AHCY, AIMP
G0:0006807 3 nitrogen compound metabolic process 86 5620 43 26627 ?367955 16‘5235 ALDH7A1, APEX1
(more)
X . 9.534E- 3.4449E- ADI1, AHCY, AIMP
G0:0008152 2 metabolic process 118 9850 7583145 13 10 ALDHTAT, ALGS, (
§ . ADI1, AHCY, AIMP
GO-0034641 4 cellular nitrogen compound metabolic a0 5174 29 83968 2.7607E- 6.3854E- ALDH7A1 APEXA
— process 12 10
(more)
nucleobase-containing compound metabolic 2.9453E- 6.3854E- AHCY, AIMP1, APE
G0:0006139 4 FEEEES 76 4752 36.58386 12 10 APRT. ATP1AT, (m
. ’ 7.0631E- 1.1166E- ADH, AHCY, AIMP
G0O:0071704 3 organic substance metabolic process 112 9220 7098132 12 9 ALDH7A1, ALGS,
. - . 7.2104E- 1.1166E- ADI1, AHCY, AIMP
G0:0044238 3 primary metabolic process 110 8945 68.8642 19 9 ALDHTA1, ALGS, (

Each row presents details about one ontological term. The column ID comprises the
identifier of the ontological category, here identifiers of Gene Ontology biological process
terms. These identifiers are hyperlinked to the page http://www.ebi.ac.uk/QuickGO/
where you can get further information about this ontological term.

The columns Title and Group size contain further details about the ontological terms, its
title and the number of genes linked to this term in the corresponding database, here in
GO. The column Expected hits shows the number of genes expected to fall into this
category by random chance, based on the size of the input set and the size of the
category. The column Number of hits shows how many genes from the input table fall
into this category. P-value and Adjusted p-value are calculated for the difference
between expected and real numbers of hits. The genes mapped to each category are
explicitly listed in the column Hit names. As the lists can get quite long, only a few
genes are shown by default in each row. To get the full list, press [more].

@ The hits for one or several selected rows can be saved as a separate gene table. This
can be done with the button Save hits in the top control menu. Such genes tables can be
analyzed further, e.g. to find master regulatory molecules in the networks, and to
identify transcription factors that might commonly regulate these genes.

The table HumanCyc pathways (':"’_m). In the column ID the identifiers of the
HumanCyc pathways are given. Upon a mouse click, a diagram of the corresponding
metabolic pathway opens in the workspace:
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The table Reactome pathways (q). In the column ID you can find the identifiers of
the Reactome pathways.

Start page Iﬁ Reactome pathways
LEdit | Apply | Cancel || Select all || Select pa
First:l I:Previousj\Page of 1 I: Next:l I: Last:\ Showing 1 to 5 of 5 entries Show en
D Title Num!)er Gr_oup Expt_ected P- . Adjusted Hit names
of hits size hits value P-value
REACT_125: Processing of Capped PTBP1, RBMX,
173427 Intron-Containing Pre-mRNA & & eseet D BLbress SRSF7, UPF3B
535730 [ CACT2199: Eukaryotic Translation 10 0.16413 001077  0.07328  EIF4B, RPL13A
EIF4B, MYC,
835437 REACT_71: Gene Expression 8 210 3.44681 0.0157 0.07328 PTBP1, RBMX,
RPL13A, (mare
835436 REACT_1014: Translation 2 16 0.26261 0.02703 0.0946 EIF4B, RPL13A|
692064 ~ REACT_0288:Fostinteractions of HIV. 22 0.36109 0.04898 013715  NPM1, RANBP1

Upon a mouse click, a diagram of the corresponding pathway opens in the workspace.
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The table TF classification (Q). Your input table is mapped to the classification of
Transcription factors (Nucleic Acids Res. 41, D165-D170 (2013)), which is also integrated
in the platform. In the column ID the identifiers of the TF classification are shown. They
are hyperlinked to the corresponding classification categories.

_ I Start page |@; Reactome pathways de“h Mapping to ontologies (Gen... XI&TF classification
) e
@ 3.1.1.8 HOX0-13 First | | Previous Page of 1| Mext | | Last Showing 1 to 4 of 4 entries Show |50 v ent
- [B 3.1.1.8.1: Hox-AD (HOX1G) Number Group . Expected + Adjusted i
ID Title N " - P-value Hit names
. @ 3.1.1.8.2: Hox-BO (HOX2E) of hits size hits P-value
- [ 21183 Hox-Co (HOX3B 5.9976E- HOXC10,
'''' 0x-C9 ( ) 3118  HOX913 3 16 0.18787 A 0.00762 HOXC11,
- [f 3.1.1.8.4: Hox-D9 (HOX4C) HOXD11
~ [ 3.1.1.8.5: Hox-A10 (HOX1H) 0 ;;‘J:;g%e;nim' 2 10 022300 001979 007685 RFXANK, SFPQ
- [ 31186 Hox-C10 (HOX3N HOXC10,
-~ [ 3.1.1.8.7 Hox-D10 (HOX4D. HO 1.1 HOX-related factors 3 52 0.61057 002096  0.07685 HOXC11,
- [ 31188 Hox-A11 (HOX11) HOXD11
) MyB/SANT domain RCOR1.
- [ 3.1.1.8.9: Hox-C11 (HOX3H) 351 Tdors 2 30 035225 0.04665 012829 SMARCCT
-~ [ 3.1.1.8.10: Hox-D11 (HOX4F)
- [ 211811 HoxC12 (HOX3F)

The table Ensembl genes (H; ). The input gene or protein table is converted to a
table with Ensembl gene IDs, and the result is shown in this table. For example, if your
input was a table with UniProt IDs, it is converted into Ensembl gene IDs and included in
the results folder of this workflow.

2 Gene sets and comparison

This workflow is designed to map two input tables to all Gene Ontology categories
(biological process, molecular function and cellular component) to identify terms hits and
to compare the results. While the workflow described above allows for selecting one
particular ontology, this workflow runs three branches of the GO ontology in parallel, and
the comparison between two gene sets is done regarding all three GO branches at once.
The input files can be any gene or protein table. In the first step, the input tables are
converted into two tables with Ensembl Gene IDs. These new tables are subjected to a
Gene Ontology mapping. As result two mapped tables (for each GO category) are



stored and further compared via P-values. This last comparison step is based on the

method analyses/Methods/Statistical analysis/Compare analysis results, icon I—'. Please
refer to section 16.3 for details on this particular analysis method. The comparison can
help to reveal items that show different enrichment across certain conditions.

To launch the workflow, follow these steps:

Step 1. Open the workflow input form from the Start page. It looks as shown below:

Start page |~ Mapping to GO ontologie... Xi

Mapping to GO ontologies and comparison for two gene sets

EI Input table 1 F‘I[select element)
EI Input table 2 F‘I[select element)
EI Species IHuman (Homo sapiens) ;l
EI Result folder _JI[seIect element)
| Run workflow | | Edit workflow |

Step 2. Specify the input tables 1 and 2. The input gene sets might be lists of
differentially regulated genes or any gene or protein list of interest. You can drag it from
your project within the tree area and drop it in the pink box of the field Input table.
Alternatively, you may click on the pink field “select element” and a new window will be
opened, where you can select the input gene set as shown below.

The further steps of the workflow are demonstrated for the genes shown to be up-
regulated (Top100) and down-regulated (Top100) in one of the pre-prepared examples.
The pertinent example file can be found in the geneXplain platform under:

data/Examples/Brain Tumor GSE1825, Affymetrix HG-U133A microarray/Data/Ewing
Family Tumor versus Neuroblastoma/Mapping to ontologies and compare/Up Down
Ensembl Top100 (Mapping to ontologies and compare)

Step 3. Specify the biological species of the input set in the field Species by selecting it
from the drop-down menu.

Step 4. Define where the folder with the results should be located in the tree. You can do
so by clicking on the pink field select element in the field Result folder, and a new
window will be opened, where you can select the location of the result folder and define
its name.

Step 5. Press the [Run workflow] button.

When the workflow is completed, the result folder is opened by default.


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Mapping%20to%20ontologies%20and%20compare/Up_Down%20Ensembl%20Top100%20%28Mapping%20to%20ontologies%20and%20compare%29/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Mapping%20to%20ontologies%20and%20compare/Up_Down%20Ensembl%20Top100%20%28Mapping%20to%20ontologies%20and%20compare%29/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Mapping%20to%20ontologies%20and%20compare/Up_Down%20Ensembl%20Top100%20%28Mapping%20to%20ontologies%20and%20compare%29/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Mapping%20to%20ontologies%20and%20compare/Up_Down%20Ensembl%20Top100%20%28Mapping%20to%20ontologies%20and%20compare%29/

4 |, |Up_Down Engembl Top100 (Mapping to ontologies and compare)
4 | | GO (biological process)

= Analysis comparison

|_ Anahysis comparison plot

"*1 Mapping to GO (biclogical processjtablet
*1 Mapping to GO (biclogical process jtable2
4 | | GO (cellular component)

- [ Analysis comparison

- |_ Anahysis comparison plot

"*1 Mapping to GO (cellular componentjtablet
‘1 Mapping to GO (cellular compoenentjtable2
4 | | GO (molecular function)

- [ Analysis comparison

- |"_ Anahysis comparison plot

"*1 Mapping to GO (molecular functionjtable1

'L Mapping to GO (molecular functiontable2
F ‘4' Downregulated Enzembl genes subset Top100_Ensembl
- i,: Upregulated Ensembl genes subset Top100_Ensembl

The result folder contains the three subfolders GO for all three GO categories applied in

1
this workflow and two tables (fi,;)_ The two tables correspond to the input tables with
the identifiers converted into Ensembl gene IDs. Each subfolder contains two tables ("':1)
with the mapped ontology results, one table (E=) with the analysis comparison result

and one plot (@). Please refer to section 10.3.2.1 for the description of the resulting
tables.

Multiple gene sets

This workflow is designed to classify several sets of genes or proteins based on the three
GO branches, Reactome and HumanCyc pathways and TF classification. Several input
gene or protein tables should be located in one folder.

The input is a folder with several gene or protein tables. The steps of this workflow for
each individual gene or protein table are the same as described in the section above. The
same steps are performed iteratively for each
of the gene or protein tables in the input
folder.

d _._] Test (Mapping to ontologies)
1 ___'l Downregulated Entrez genes
e BL@: Genes Ensembl

- . . The output is a folde hich contains
.. ¥ GO biological process utput row I

subfolders with the results for each individual
P input table. The subfolders are automatically
“& GO molecular function given the same names as the input tables.

.. "% HumanCyc pathways

L. "% GO cellular component

'3‘1 Reactome pathways
L. U8 TF classification

__I UpDown Ensembl genes

__'I Upregulated Ensembl genes




10.3.2.2. Mapping to GO categories and signaling pathways

Single gene or protein table

The steps of this workflow are the same as described above in the section 9.3.2.1. The
difference is in the ontologies applied. In this workflow, your input table is mapped to GO
biological processes, GO cellular components, GO molecular functions, Reactome,
HumanCyc, TF classification and TRANSPATH® pathways.

The genes in the input table are mapped to the TRANSPATH® pathways using the latest
TRANSPATH® release available in the platform. The columns ID, Title and Group size
present information about the TRANSPATH® pathways significantly enriched among your
input genes.

Start page ||l TRANSPATH pathways x]‘

Select all || Selec
First | Previous | Page |1 of 1| Next | Last Showing 1 to 6 of 6 entries Show | 50 M

D Title Num_l:er of Gr_oup Expn_acted P- Adjusted Hit names
hits size hits value P-value
CH000003760 IMP —> GTP 2 10 013245 0.00716 0.05805 GMPS, IMPDH2
CH000000596 IFNalpha, IFNbeta —=> PI3K 2 13 0.17219 0.01211 0.05805 IRS1, JAK1
CRETIET L O EEINS EE (s @ e 3 42 055629 001707  0.05905 APRT, GMPS, IMPD!
ribonucleotides
CH000003724 methionine metabolism 2 16 0.21192 0.01817 0.05805 AHCY, PCCB
CH000000692 S phase (Cdk2) 3 56 0.74172 0.03639 0.08297 CDK1, CDKN3, XRC
RCHY1, RPL11

CH000000710 p53 pathway 4 98 1.29801 0.0383 0.08297 SMARCC1 XRCCS

The pathway identifiers provide a link to open the corresponding pathway as a diagram in
the work space. In the screenshot below a fragment of the IFN alpha/beta pathway is
opened.



Start page ||,“u Mapping to ontologies (TR... 4|‘&Transpath pathways X- «"= IFNalpha/beta pathway 4

@ You can work with the pathway diagrams as with other diagrams in the platform. For
example, you can map expression data, save a copy, and export in a number of different
formats. To save all genes linked to this diagram as a separate gene table, you need to
select the corresponding row in the table with the classification results and apply the
Save hits button from the top control menu.

Note. This workflow is available together with a valid TRANSPATH® license.
Please feel free to ask for details (info@genexplain.com).

2 Gene sets and comparison
Mapping to GO ontologies and comparison for two gene sets (PROTEOME™):

The overall idea of this workflow is similar to that the one described above. However, this
workflow is designed to map two input tables, to identify hits and to compare the results
according to the eight particular ontologies. These are five proprietary ontologies
(BIOBASE GmbH), namely the PROTEOME™-curated Gene Ontology categories
(PROTEOME™ biological process, PROTEOME™ molecular function and PROTEOME™
cellular component), PROTEOME™ disease and TRANSPATH® pathways, as well as three
public ontologies, Reactome pathways, HumanCyc metabolic pathways and the
transcription factor classification. Similarly to the workflows described above, the input
can be any gene or protein tables. In the first step, the input tables are converted into
two tables with Ensembl Gene IDs. These tables are then subjected to a functional
mapping to the eight listed ontologies in parallel. The last comparison step is based on




the method analyses/Methods/Statistical analysis/Compare analysis results, icon I—'.
Please refer to Section 16.3.1 for details on this particular analysis method. The
comparison helps to reveal ontological categories that are different between two input
data sets. To launch the workflow, follow these steps:

Step 1. Open the workflow input form from the Start page. It looks as shown below:

| Start page n“uMappingtoontologiesan...1‘1

Mapping to ontologies and comparison for two gene sets (PROTEOME(TM))

[y Input table 1 i |(select element)
[y Input table 2 | (select element)
EI Species |Human (Homo sapiens) LI
EI Result folder _Jl(select element)
l Fun workflow I l Edit workflow

Step 2. Specify the input tables 1 and 2. The input gene sets might be lists of
differentially regulated genes or any gene or protein list of interest. You can drag it from
your project within the tree area and drop it in the pink box of the field Input table.
Alternatively, you may click on the pink field “select element” and a new window will be
opened, where you can select the input gene set as shown below.

The further steps of the workflow are demonstrated for the genes shown to be up-
regulated (Top100) and down-regulated (Top100) in one of the pre-prepared examples.
The pertinent example file can be found in the geneXplain platform under:

data/Examples/Brain Tumor GSE1825%2C Affymetrix HG-U133A microarray/Data/Ewing
Family Tumor versus Neuroblastoma/Mapping to ontologies and compare/Up Down
Ensembl Top100 (Mapping to ontologies and compare (PROTEOME))

Step 3. Specify the biological species of the input set in the field Species by selecting it
from the drop-down menu.

Step 4. Define where the folder with the results should be located in the tree. You can do
so by clicking on the pink field select element in the field Result folder, and a new
window will be opened, where you can select the location of the result folder and define
its name.

Step 5. Press the [Run workflow] button.

When the workflow is completed, the result folder is opened by default.


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Mapping%20to%20ontologies%20and%20compare/Up_Down%20Ensembl%20%20Top100%20%28Mapping%20to%20ontologies%20and%20compare%20%28PROTEOME%29%29/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Mapping%20to%20ontologies%20and%20compare/Up_Down%20Ensembl%20%20Top100%20%28Mapping%20to%20ontologies%20and%20compare%20%28PROTEOME%29%29/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Mapping%20to%20ontologies%20and%20compare/Up_Down%20Ensembl%20%20Top100%20%28Mapping%20to%20ontologies%20and%20compare%20%28PROTEOME%29%29/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Mapping%20to%20ontologies%20and%20compare/Up_Down%20Ensembl%20%20Top100%20%28Mapping%20to%20ontologies%20and%20compare%20%28PROTEOME%29%29/

a0 Up_Down Enzembl Top100 (Mapping to ontologies and compare (PROTEQME))
> ) HumanCyc

.| PROTEOME (dizeasze)

.| PROTEQME GO (biclogical process)

.| PROTEOME GO (cellular component)

.| PROTEQKE GO (molecular function)

.| Reactome pathways

ld TF classification

.| TP pathways
F‘;,;' Enzembl Gene Table 1
I"i,! Enzembl Gene Table 2
o) Up_Down Enzembl Top100 (Mapping to ontologies and compare (TP))
ld Up_Down Enzembl Top100 (Mapping to entolegies and compare)

[+ .| UpDown Ensembl Top100 Mapping to entology (GO (biclogical process))
- 'jé Downregulated Ensembl genes subset Top1 00

- 'j,! Upregulated Ensembl genes subset Top1 00

The result folder contains eight subfolders; one subfolder for each applied ontology and
two tables (ﬂ=§§l). The two tables correspond to the input tables with the identifiers
converted into Ensembl gene IDs. Each subfolder contains two tables (':1-) with the
mapped ontology/pathway/classification results, one table (E=) with the analysis

comparison result and one plot (@). Please refer to section 9.3.2.4. for the description
of the resulting tables.

Note. This workflow is available together with a valid PROTEOME™ license. Please, feel
free to ask for details (info@genexplain.com).

Multiple gene sets

This workflow is designed to classify several sets of genes or proteins based on the three
GO branches, Reactome and HumanCyc pathways, TF classification, and TRANSPATH®
pathways. Several input gene or protein tables should be located in one folder.

The input is a folder with several gene or protein tables. The steps of this workflow for
each individual gene or protein table are the same as described in 10.3.2.1, last section
The same steps are performed iteratively for each of the gene or protein tables in the
input folder.

The output is a folder which contains subfolders with the results for each individual input
table. The subfolders are automatically given the same names as the input tables.

Note. This workflow is available together with a valid TRANSPATH® license.
Please, feel free to ask for details (info@genexplain.com).

10.3.2.3. Mapping to GO categories, signaling pathways and diseases

Single gene or protein table

The steps of this workflow are the same as described above in the sections 9.3.2.1 and
9.3.2.3. The difference is in the ontologies applied. In this workflow, your input table is




mapped to PROTEOME™
PROTEOME™

biological
molecular functions,

processes,
PROTEOME™

classification and TRANSPATH® pathways.

PROTEOME™

disease,

Reactome,

cellular components,
HumanCyc, TF

The results folder contains several tables with the resulting mapping, one table each for

- |
each applied ontological group (""1-), as well as one gene table (ﬁ) as shown below.

. ":]_ PROTEOME (cellular component)
- B PROTEOME (disease)

- B PROTEOME (molecular function)
- B3 Reactome pathways

- B3 TF classification

L. B TRANSPATH pathways

Upregulated Ensembl genes =1 (Mapping to ont, PROTEOME)
= F@; Ensembl genes

= "1 HumanCyc pathways

- ":1 PROTEOME (biological process)

When the workflow is completed, all the output files are opened by default. The output
file PROTEOME (disease) when opened in the work space looks is shown here:

Start page ’z. PROTEOME (disease) XY
Select all
First | | Previous Page |1 of 4 Next | | Last Showing 1 to 50 of 187 entries Show |50
Number Group Expected Adjusted .

ID Category Title of hits size hits P-value Pvalue Hit nam
DO12516TTGT ~ Preventaive  Osteosarcoma 5 18 0.20187 JIBI0E goseseq  SONST CD99.CD
DO18213TTGT Preventative Neoplasms, Bone Tissue 5 19 0.21309 é EEE 6.0565E-4 (R:ESSGC? CD99, CDO
D012516DMKR Correlative Osteosarcoma 8 93 1.04302 LTI 0.00204 (CDte, (CDIl, D%

(5] MYC, (more)
DO18213DMKR ~ Correlative  Neoplasms, Bone Tissue 8 101 113274 148738 4 0079 CD9g, CDH11, ID2
5 MYC, (more)
. 2 2497E- ALDH7A1, APEX1,
DO017598DMKR Correlative Neuroectodermal Tumors 27 1087 1219097 5 0.00279 CASPT, CAV1, (m
DOD40B7DMKR  Correlative Digesfive System 36 1732 19.4248 2.5886E- 4 nogro APEX1, APRT, BAZ
MNeoplasms 5 CAV1, (more)
. Neoplasms, 2 6096E- APEX1, ATP1A1, G
D018302DMKR Correlative Neuroepithelial 20 664 7.44692 5 0.00279 CCND1, (more)
DOOSTZODMKR ~ Corrslative  CooUointestinl 32 1452 1628453 5 1B01E g hoo7g APEXT, APRT, BAZ
Neoplasms 5 CAV1, (more)

The columns ID, Category, Title and Group size present information about the
diseases, as they are curated in the PROTEOME™ database, significantly enriched among
your input genes.

Each disease identifier is hyperlinked to an external web page, the Comparative
Toxicogenomic Database, where you can find more details about this disease:

http://ctdbase.org/

Note. This workflow is available together with a valid PROTEOME™/TRANSPATH® license.

Please, feel free to ask for details (info@genexplain.com).



http://ctdbase.org/

2 Gene sets and comparison
Mapping to ontologies and comparison for two gene sets (TRANSPATH®)

The specialty of this workflow in comparison with the one described above is in the
ontologies applied. This workflow is designed to map two input tables to the seven
following ontologies, the public Gene Ontology categories (biological process, molecular
function and cellular component), TRANSPATHe, Reactome and HumanCyc pathways as
well as transcription factor classification to identify hits and to compare the results.
Similar to the workflows described above, the input can be any gene or protein tables. In
the first step, the input tables are converted into two tables with Ensembl Gene IDs.
These tables are subjected to a functional mapping. The last comparison step is based on

the method analyses/Methods/Statistical analysis/Compare analysis results, icon I—'.
Please refer to section 16.3 for details on this particular analysis method. The comparison
can help to reveal items that show different enrichment across certain conditions.

To launch the workflow, follow these steps:

Step 1. Open the workflow input form from the Start page. It looks as shown below:

| Start page n“uMappingtoontologiesan...:\1

Mapping to ontologies and comparison for two gene sets (TRANSPATH(R))

[y Input table 1 ﬂ=|(5'3|'3'3't element)
[y Input table 2 ﬂ='|(selec1 element)
D Species IHIJITIE!I'I (Homo sapiens) LI
D Result folder _Jl(s.elect element)
| Run workflow | | Edit workflow

Step 2. Specify the input tables 1 and 2. The input gene sets might be lists of
differentially regulated genes or any gene or protein list of interest. You can drag it from
your project within the tree area and drop it in the pink box of the field Input table.
Alternatively, you may click on the pink field “select element” and a new window will be
opened, where you can select the input gene set as shown below.

The further steps of the workflow are demonstrated for the genes shown to be up-
regulated (Top100) and down-regulated (Top100) in one of the pre-prepared examples.
The pertinent example file can be found in the geneXplain platform under:

data/Examples/Brain Tumor GSE1825%2C Affymetrix HG-U133A microarray/Data/Ewing
Family Tumor versus Neuroblastoma/Mapping to ontologies and compare/Up Down
Ensembl Top1l00 (Mapping to ontologies and compare (TP))

Step 3. Specify the biological species of the input set in the field Species by selecting it
from the drop-down menu.

Step 4. Define where the folder with the results should be located in the tree. You can do
so by clicking on the pink field select element in the field Result folder, and a new


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Mapping%20to%20ontologies%20and%20compare/Up_Down%20Ensembl%20%20Top100%20%28Mapping%20to%20ontologies%20and%20compare%20%28TP%29%29/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Mapping%20to%20ontologies%20and%20compare/Up_Down%20Ensembl%20%20Top100%20%28Mapping%20to%20ontologies%20and%20compare%20%28TP%29%29/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Mapping%20to%20ontologies%20and%20compare/Up_Down%20Ensembl%20%20Top100%20%28Mapping%20to%20ontologies%20and%20compare%20%28TP%29%29/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Mapping%20to%20ontologies%20and%20compare/Up_Down%20Ensembl%20%20Top100%20%28Mapping%20to%20ontologies%20and%20compare%20%28TP%29%29/

window will be opened, where you can select the location of the result folder and define
its name.

Step 5. Press the [Run workflow] button.

When the workflow is completed, the result folder is opened by default.

1 .| Up_Down Engembl Top100 (Mapping to ontologies and compare (TP))
[ | GO (biological process)
.| GO (cellular component)
1) GO (molecular function}
.| HumanCyc
.| Reactome pathways
ol TF classification
.| TP pathways

% Ensembl Gene Table 1
o | q,! Enzembl Gene Table 2

The result folder contains the seven subfolders; one subfolder for each applied ontology
and two tables (ﬂ=§4|). The two tables correspond to the input tables with the identifiers
converted into Ensembl gene IDs. Each subfolder contains two tables ('31) with the
mapped ontology/pathway/classification results, one table (H=) with the analysis

comparison result and one plot (@). Please refer to section 9.3.2.4. for the description
of the resulting tables.

Note. This workflow is available together with a valid TRANSPATH® license. Please, feel
free to ask for details (info@genexplain.com).

Multiple gene sets

Please refer to 10.3.1.1, last section, for the description of the resulting tables.

10.3.2.4. Mapping with selected classification

Single gene set

This workflow is designed to map one input tables to one selected ontology classification.
The input can be any gene or protein table. In the first step, the input table is converted
into one table with Ensembl Gene IDs. The table with Ensembl Gene ID is subjected to a
functional classification. As result the mapped table is stored.

To launch the workflow, follow these steps:

Step 1. Open the workflow input form from the Start page. It looks as shown below:




|| Start page | ..Mappingtoontology-se...X|

Mapping to ontology - select a classification (Gene table)

D Input table f '|(s.elect element)

D Species | Human {(Homo sapiens)

03 classification |GU (biological process)

[§ Resut foider . ||(select element)

I Run workflow I I Edit workflow

Step 2. Specify the input table. The input gene set might be the list of differentially
regulated genes or any gene or protein list of interest. You can drag it from your project
within the tree area and drop it in the pink box of the field Input table. Alternatively,
you may click on the pink field “select element” and a new window will be opened, where
you can select the input gene set as shown below.

The pertinent example file can be found in the geneXplain platform under:

data/Examples/Brain Tumor GSE1825, Affymetrix HG-U133A microarray/Data/Ewing
Family Tumor versus Neuroblastoma/Experiment normalized (RMA) (Differentially
expressed genes Affy)/Upregulated Ensembl genes filtered (LogFC>2)

Step 3. Specify the biological species of the input set in the field Species by selecting it
from the drop-down menu.

Step 4. In the field Classification, choose the ontology from the drop-down menu.
Here, GO biological process is selected.

Step 5. Define where the folder with the results should be located in the tree. You can do
so by clicking on the pink field select element in the field Result folder, and a new
window will be opened, where you can select the location of the result folder and define
its name.

Step 6. Press the [Run workflow] button.

When the workflow is completed, the result folder is opened by default.

|
The result folder contains 1 tables (ri»";) with the converted Ensembl table and one table
( "':1) with the mapped ontology results.
data/Examples/Brain Tumor GSE1825, Affymetrix HG-U133A microarray/Data/Ewing

Family Tumor versus Neuroblastoma/Uprequlated Ensembl genes filtered (LogFC>2) (GO
(biological process))

J .| Upregulated Ensembl genes fitered (LogFC=2) (GO (bivlogical process))
*]. Upregulated Ensembl genes fitered (LogFC-2) mapped GO (biological process)
M'!,:' Upregulated Ensembl genes fitered (LogFC-2)_Ensembl

Let's consider the output table with the mapping results. The tables with the mapped

selected category (JL) look like:


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20%28RMA%29%20%28Differentially%20expressed%20genes%20Affy%29/Upregulated%20Ensembl%20genes%20fil
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20%28RMA%29%20%28Differentially%20expressed%20genes%20Affy%29/Upregulated%20Ensembl%20genes%20fil
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20%28RMA%29%20%28Differentially%20expressed%20genes%20Affy%29/Upregulated%20Ensembl%20genes%20fil
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20filtered%20%28LogFC%3E2%29%20%28GO%20%28biological%20process%29%29/Upregulated%20Ensembl%
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20filtered%20%28LogFC%3E2%29%20%28GO%20%28biological%20process%29%29/Upregulated%20Ensembl%
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20filtered%20%28LogFC%3E2%29%20%28GO%20%28biological%20process%29%29/Upregulated%20Ensembl%

" Start page H‘IUpragu\alad Ensembl ge... xi

Selectall | Select page
First | | Previous | Page 1 of 7| Next | | Last Showing 1 to 50 of 345 entries Show 50 - entriss
D Level Title e ok Graup Expected P-value Adjusted Hit names
hits size hits P-value

G0:0001765 2 membrane raft assembly 2 4 0.00883 2.84B5E-5 0.00889 CAVT, CAV2
G0:0070836 6 caveola assembly 2 4 0.00883 2 B4B5E-5 0.00839% CAVT, CAV2
GO0:0003149 4 membranous septum morphogenesis 2 [ 0.01324 7.0984E-5 0.0083% FZD1, D2
G0:0007223 8 Wnt receptor signaling pathway, calcium modulating pathway 2 6 0.01324 7.0964E-5 0.00889 FZD1, FZD4
G0:0000101 7 negatl_ve regulation of transmembrane receptor protein serinefthreonine kinase 4 102 0.22511 74ETEES 0.00889 CAV, CAV2, FZD1, GLG1
Sis signaling pathway
G0:0009965 5 regulation of signal transduction 14 2053 4.53085 8.1074E-5 0.00889 f:;::? CAV1, CAVZ, FAM1B2A, FZDT,
50:0051081 5 positive regulation of sequence-specific DNA binding transcription factor activity 5 2n 0.46566 9.7827E-5 0.0092 FZD1, FZD4, NKX2-2, NPM1, PRKCB
B0:0031579 5 membrane raft organization 2 9 0.01885 1.696E-4 0.0128 CAV1Y, CAVZ

100510 4 regulation of sequence-specific DNA binding transcription factor activity 6 54 0.84745 1.854%E-4 0.01128 FZD1, FZD4, ID2, NKX2-2, NP1, PRKCB
G0:0050678 6 reqgulation of epithelial cell proliferation 5 242 0.53408 1.8574E-4 0.01128 BCL11B, CAV1, CAVZ, GAST, MYC
G0:0010557 7 positive regulation of macromolecule biosynthetic process " 14186 3.12503 1.8881E-4 0.01129 EE LT EUAILT, (R, 720 SR,

{more)

Each row presents details about one ontological term. The column ID comprises the
identifiers of the ontological categories, here identifiers of Gene Ontology biological
process terms. These identifiers are hyperlinked to the page
http://www.ebi.ac.uk/QuickGO/ where you can get further information about this
ontological term.

The columns Title and Group size contain further details about the ontological terms, its
title and the number of genes linked to this term in the corresponding database, here in
GO. The column Expected hits shows the number of genes expected to fall into this
category by random chance, based on the size of the input set and the size of the
category. The column Number of hits shows how many genes from the input table fall
into this category. P-value and Adjusted P-value are calculated for the difference
between expected and real numbers of hits. The genes mapped to each category are
explicitly listed in the column Hit names. As the lists can get quite long, only a few
genes are shown by default in each row. To get the full list, press [more].

2 Gene sets and comparison
Mapping to ontology - select a classification (2 Gene tables)

This workflow is designed to map each of the two input tables to one selected ontology
classification, to identify term hits and to compare the results. The input can be any gene
or protein table. In the first step, the input tables are converted into two tables with
Ensembl Gene IDs. These tables with Ensembl Gene IDs are subjected to a functional
classification. As result two mapped tables are stored and further compared via P-values.
This final comparison step is based on the method analyses/Methods/Statistical

analysis/Compare analysis results, icon I—'. Please refer to section 13.3 for details on this
particular analysis method. The comparison can help to reveal terms that show different
enrichment across certain conditions.

To launch the workflow, follow these steps:

Step 1. Open the workflow input form from the Start page. It looks as shown below:



| Start page n“nMappingtoontology-sel...Xi

Mapping to ontology - select a classification |2 Gene tables)

EI Input table 1 E='||:s.elect element)
EI Input table 2 = I(select element)
EI Species |Human (Homo =apiens) Ll
D classification |GD (bizlogical process) Ll

D Result folder _Jliselec't element)

I Run workflow I I Edit workflow

Step 2. Specify the input tables 1 and 2. The input gene sets might be the lists of
differentially regulated genes or any gene or protein list of interest. You can drag it from
your project within the tree area and drop it in the pink box of the field Input table.
Alternatively, you may click on the pink field “select element” and a new window will be
opened, where you can select the input gene set as shown below.

The further steps of the workflow are demonstrated for the genes shown to be up-
regulated (Top100) and down-regulated (Top100) in one of the pre-prepared examples.
The pertinent example file can be found in the geneXplain platform under:

data/Examples/Brain  Tumor GSE1825, Affymetrix HG-U133A microarray/Data/Ewing
Family Tumor versus Neuroblastoma/Mapping to ontologies and compare/Up Down
Ensembl Top100 (Mapping to ontology (GO (biological process))

Step 3. Specify the biological species of the input set in the field Species by selecting it
from the drop-down menu.

Step 4. In the field Classification, choose the ontology from the drop-down menu.
Here, GO biological process is selected.

Step 5. Define where the folder with the results should be located in the tree. You can do
so by clicking on the pink field select element in the field Result folder, and a new
window will be opened, where you can select the location of the result folder and define
its name.

Step 6. Press the [Run workflow] button.

When the workflow is completed, the result folder is opened by default.

|
The result folder contains 2 tables (ﬁ) with the converted Ensembl tables, two tables
“Lwith the mapped ontology results, two tables (E=) with the analysis comparison
result annotated and one plot (@).


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain Tumor GSE1825%2C Affymetrix HG-U133A microarray/Data/Ewing Family Tumor versus Neuroblastoma/Mapping to ontologies and compare/UpDown Ensembl  Top100 Mapping to ontology (GO (biological process))/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain Tumor GSE1825%2C Affymetrix HG-U133A microarray/Data/Ewing Family Tumor versus Neuroblastoma/Mapping to ontologies and compare/UpDown Ensembl  Top100 Mapping to ontology (GO (biological process))/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain Tumor GSE1825%2C Affymetrix HG-U133A microarray/Data/Ewing Family Tumor versus Neuroblastoma/Mapping to ontologies and compare/UpDown Ensembl  Top100 Mapping to ontology (GO (biological process))/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain Tumor GSE1825%2C Affymetrix HG-U133A microarray/Data/Ewing Family Tumor versus Neuroblastoma/Mapping to ontologies and compare/UpDown Ensembl  Top100 Mapping to ontology (GO (biological process))/

4 || |UpDown Enzembl Top100 Mapping to ontology (GO (biclogical process})
- = Analysis comparizon

- = Analysis comparizon annot

- @ Analysis comparizon plot

’1 Downregulated Enzembl genes subset Top100 mapped GO (biclogical process)
f@;‘ Downregulated Ensembl genes subset Top100_Enzembl

*1 Upregulated Ensembl genes subset Top100 mapped GO (biological process)

f@;' Upregulated Ensembl genes subset Top100_Ensembl

Let’s consider the output tables. The tables with the mapped selected category ("t&)
look like:

Start page || %L table1 mapped 4

Selectall | Select page
First | | Previous | Page 1 of &| Next | | Last Showing 1 to 50 of 355 entries. Show 50 + entries
1D Level Title Humber Group . Expected . p o oiue Adjusted Hit names
of hits size hits P-value
GO0:0044237 3 cellular metabolic process 68 8777 41.89391 3.5144E-8 3.3457E-5 f\mHUcr; L e
i
GO0:0044238 3 primary metabolic process 87 8945 42 5958 27753E-T 8.1503E-5 Achcr:‘ AMP1, ALGE, APRT, ATR1A1,
l )
G0:0071704 3 organic substance metabolic 88 9230 44.00842 3 BEESET 8.1503E-5 AHCY", AIMP1, ALGS, APRT, ATP1A1,
— process (more)
G0-0008807 3 nitrogen compound metabolic 0 520 28 82509 3.936E.7 8150365 ,f\HCY‘. AIMP1, APRT, ATP1A1, BCL11B,
process (more)
nucleobase-containing
AHCY, AIMP1, APRT, ATP1A1, BCL11B
GO0:0006135% 4 compound metabolic 45 4752 226882 4 2806E-T 8.1503E-5 . ! ! ! !

(more)
process

Each row presents details about one ontological term. The column ID comprises the
identifiers of the ontological categories, here identifiers of Gene Ontology biological
process terms. These identifiers are hyperlinked to the page
http://www.ebi.ac.uk/QuickGO/ where you can get further information about this
ontological term.

The columns Title and Group size contain further details about the ontological terms, its
title and the number of genes linked to this term in the corresponding database, here in
GO. The column Expected hits shows the number of genes expected to fall into this
category by random chance, based on the size of the input set and the size of the
category. The column Number of hits shows how many genes from the input table fall
into this category. P-value and Adjusted P-value are calculated for the difference
between expected and real numbers of hits. The genes mapped to each category are
explicitly listed in the column Hit names. As the lists can get quite long, only a few
genes are shown by default in each row. To get the full list, press [more].

The Analysis comparison annot table lists identifiers, annotation of identifiers, P-
values for the first input set of genes and P-values for the second input set of genes (-
log). The column Difference shows the absolute difference between two P-values. The
columns Difference P-value and Difference FDR show the statistical significance of
the absolute difference and upon sorting by one of these two columns on top you can see
those ontology terms that are statistically most significantly different between two input
gene sets. The comparison reveals GO terms that show different enrichment across the
two input gene lists.



Start page ||~ Analysis comparison ann... 4

Edit Select all Select page

First | | Previous | Page 1 of 12| Next | | Last Showing 1 to 50 of 577 entries. Show 50 + entries
1} Title First P-value (-log) Second P-value (-log) Difference Difference P-value Difference FDR

GO0:0005928 cellular component movement o 16.91975 16.91975 4 4359E-8 1.2942E-5
GO0:0003088 axon carge transport o 1711283 1711283 3.6982E-8 1.2842E-5
GO:0044237 cellular metabolic process 17.16383 o 17.16383 3.5144E-8 1.2942E-5
G0:0010870 microtubule-bazed transport o 16.3886 16.3836 7.6299E-8 1.4675E-5
GO:0030705 cytoskeleton-dependent intracellular transport 0 15.38182 15.38182 2 08B2E-T 3IM2ES
GO0:0005139 nucleob taining comp d metabolic process 14.664 0 14554 4 ZB06E-T 3.0874E-5
GO0:0008807 nitrogen cempound metabolic process 14.74793 o 14.74793 3.936E-7 3.0874E-5
GO:0044238 primary metabolic process 15.09732 o 15.08732 2T753E-T 3.0874E-5
GO:0071704 organic substance metabolic process 14.82185 o 14.82185 3.6555E-T 3.0874E-5
GO:0008725 cellular aromatic compound metabolic process 14.46035 0 14 46035 5. 2475E-7 3.3642E5
GO0:00345641 cellular nitrogen compound metabolic process 142048 o 142045 6.776BE-T 3.9102E-5
GO0:0008152 metabolic process 13.93996 0 13.93596 8.8298E-7 4 6316E-5

The Analysis comparison plot is a scatter plot of P-values on the log-scale together
with the diagonal and the difference cutoffs at FDR < 0.05. Every dot corresponds to one
particular GO term. On the X-axis, the -log(p-value) for this GO term in the first input
table is shown, and on the Y-axis, the -log(p-value) for the same GO term in the second
input table is shown. The red dots correspond to those GO terms that are statistically
significantly different between two input tables, with FDR<0.05. The black dots located
close to the diagonal, between two dotted lines, are not significantly different between
two input datasets.

| Start page H;’., Mapping to ontology - sel... )ﬂ‘ﬁ XHL lysis results x”@.\na\ym comparison plot X|

Analysis comparison
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Multiple gene sets

Please refer to 10.3.1.1, last section, for the description of the resulting tables.

10.3.2.5. Cross-species mapping to ontologies, using ortholog information
(PROTEOME™")

This workflow is very similar to the workflows described above in sections 10.3.2.1 and
10.3.2.3. The Input can be any gene or protein table for mouse or rat. The workflow will



convert the list to desired species output and mapp it to various ontologies. In this
workflow, your input table is mapped to PROTEOME™ biological processes, PROTEOME™
cellular components, PROTEOME™ molecular functions, PROTEOME™ disease, Reactome,
HumanCyc, TF classification and TRANSPATH® pathways. It can be found under the tab
Workflows, in the folder PROTEOME™/Cross-species mapping to ontologies, using
ortholog information (PROTEOME™). The input form of the workflow looks as shown
below:

Cross-species mapping to ontologies, using orthologue information (PROTEOME(TM))

D Input gene set E I(select element)
D Species |Human (Homo =apiens) Ll
[ Seecies output | =l
[y Resutts Folder _JI(select element)

Step 1: Input the gene or protein table of any species for which you wish to map gene
ontologies. You can drag & drop it from your project within the tree area. Alternatively,
you may click on the pink field “select element” and a new window will open, where you
can select the input table.

Here further steps are demonstrated with the track available in one of the pre-prepared
examples present in the Tree Area:

data/Examples/Transcriptional biomarkers to predict mouse liver tumors,
GSE18858/Data/Normalized (RMA) DEGs with EBarrays/Naphthalene_20ppm upreg
Ensembl Select the species of the input table

Step 2: Select the desired species of the output table.
Specify the path to store the results and the name of the output folder.

Having filled in the input form, launch the workflow with the [Run] button. Wait till the
workflow is completed.

Here the input mouse data is functionally classified and mapped to human data.

In the first step of the workflow, the input gene table is converted to the desired
Ensemble gene table using the method ,convert table via homology'. In the next step the
converted Ensembl gene table is functionally classified using the Proteome database with
a p_value threshold of 0.05. The output results folder contains diverse files as shown
below:
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f ‘_J_] Naphthalene_20ppm upreg Ensembl (Mapping to ont. PROTEOME)
- I"i;' Ensembl genes

- a HumanCyc pathways

- B PROTEOME (biological process)

- B4 PROTEOME (cellular component)

- B4 PROTEOME (disease)

= Q PROTEOME (molecular function)

- B Reactome pathways

- @) TF classification

- @1 TRANSPATH pathways

Mapping to the three GO branches, biological processes, cellular components, and

molecular functions ( q ). The tables with the enriched categories look like:

Apply | cance

(First | [ Previous | Page 1 |of 2 [ Next | [ Last| Showing 1 to 50 of 69 entries show(50  +
- Number Gmup E:erl:ted = A Adjusted -
1D Title of hits size hits Pvalue = pyvaiue Hit names
q post-translational protein 8.6433E-
Gopazes7  BosLransd 2 18 0.04391 5 0.144 ENSGO0D00109654, ENSGDOD00135655
ENSG00000005187, ENSGO0000109819,
GO000BE21  fatty acid metabolic process 5 310 0.7562 B.8E-4 0.144 ENSG00000135218, ENSGO0000170522,
ENSGO0000173208
ENSG00000005187, ENSGO0000109819,
GO.0006629  lipid metabolic process g 117 272475 000117 D0.144 ENSGO0000113560, ENSGOD000135218,
ENSGO0000147852, . (more)
ENSG00000025796, ENSGO0000035928,
GO:0051224  establishment of localization 18 3734 5.10852 0.0013 0.144 ENSG00000079385, ENSGO0000101974,
ENSGO0000109819, . (more)
- ENSGO0000005187, ENSGOOD00109819,
GO:0032787 mg:‘a"bc;i'f"fg'c'::;'d 5 392 0.95622 0.00248 0.21918 ENSGO0000135218, ENSGD0OD0D170522.
P ENSGD0D00173208
GOD03214s  ACtvation of protein kinase B 2 40 009757 000426 023281 ENSGD0000079385, ENSGO0000145715

activity

For each ontological term several parameters are calculated, including expected number
of hits, actual number of hits, p-value, as well as hit names and the link to the
corresponding ontological term. For more details on the details of each column please
refer to section 10.3.2.1.

The Tables Reactome pathways, Transpath pathways, and humanCyc pathways give the
results of the mapping of the input gene set to each of these pathways. Each table has a
unique identifier for the corresponding pathway; upon a mouse click, a diagram opens in
the workspace.

EETSNCEE 1/ // /1 /S S/ S LS LS SIS Y,

Apply | Cance | Select all | Select page |
[First | | Previous | Page of 1Next | [Last| Showing 1 to 2 of 2 entries Show 50 v |entries
) Number of Group Expected P- .  AdjustedP- )
1D Title hits size hits value value Hit names
2-oxoisovalerate decarboxylation to
pathway : ! I I
athway70454 isobutanayl-CoA 1 3 0.0137 0.01365 0.05451 ENSG00000137992
pathway 70966 4-hydroxy-2-nonenal detoxification 1 4 0.01826 0.01817 0.05451 ENSGO0000174156



The table TF classification (,1 ). Your input table is mapped to the classification of
Transcription factors (Nucleic Acids Res. 41, D165-D170 (2013)), which is also integrated
in the platform. In the column ID the identifiers of the TF classification are shown. They
are hyperlinked to the corresponding classification categories:

Start page |“L HumanCyc pathways )&1 WL TF classification X‘
[setect il | selectp
First | [ Previous | Page |1 |of 1| Next | Last Showing 1to 12 of 12 entries Show | 50 v el
Number Group Expected P- Adjusted h
D Title of hits size hits value P-value Hit names
1.1.8.21 DBP 1 1 0.00261 0.00261 0.01174 ENSGO0000105316
21111 ﬁj‘éca"g?)mwm receptor (GR) 1 1 0.00261 000261  0.01174 ENSG00000113580
21232 Rev-ErbAp (NR1D2) 1 1 0.00261 0.00261 0.01174 ENSGOO00D174738
3.5142 DNAJC2 1 1 0.00261 0.00261 0.01174 ENSGO0000105821
2123 Rev-ErbA (NR1D) 1 2 0.00522 0.00521 0.01564 ENSGO00000174738
3.514 DNAJC-like factors 1 2 0.00522 0.00521 0.01564 ENSGO0000105821
MNuclear receptors with C4 zinc ENSGO0000113580,
21 fingers 2 2= D ey 001731 ENSGO00000174738
1.1.8.2 PAR factors 1 0.01044 0.01041 0.02081 ENSGO0000105516
21.11 GR-like receptors (NR3C) 1 4 0.01044 0.01041 0.02081 ENSGO0O000113580
2.1.1 Steroid hormone receptors (NR3) 1 9 0.02348 0.0233 0.04194 ENSGO0000113580
1.1.8 C/EBP-related 1 10 0.02609 0.02586 0.04232 ENSGO0000105216
10.4. Analyze regulatory regions

This set of workflows helps to find putative TF binding sites in the DNA sequences under
study. There are several workflows in this group that perform searches in different
genomic regions, either in promoters, in the peaks calculated from ChIP-seq data, or in
any input DNA sequences. This group of workflows is designed using the core
functionality of a “site search on gene set” analysis as described in Section 20.1.2.

10.4.1. Motif quality analysis

This tool analyzes the quality of a motif model. The “Motif quality analysis” item is
located in the NGS folder of the analysis methods (analyses/Methods/Site analysis/Motif
quality analysis) and in the start page group ‘Microarrays’ under section ‘Analyze
regulatory regions’.

Step 1. Open the analysis form from the Start page. It will open in the main Work Space
and looks as shown below:


http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/NGS/Mutation%20effect%20on%20sites
http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/NGS/Mutation%20effect%20on%20sites

« |7~ Motif quality analysis X‘

- D Sequences

D Site model

- [} Number of points

& |(select element)
 \(select element)

11

i 10
D Seed 0
D Cutput path

D Shuffle count

[ |(select element)

Run

Step 2. The Sequences input is a track file with sequences containing the motif.
The following link directs to an example input:

http://genexplain-
platform.com/bioumlweb/#de=data/Examples/Encode%20TFBS%20CEBPB%20in%20H1
-hESC%20cells/Data/CEBP%20in%20H1-hESC%20cells%20YES

Step 3. Select a Site model from a profile which can be used to compare the input motif.
The model can result from a workflow generated ‘Profile’, can be selected from the
TRANSFAC® database or can be built from the ‘Create profile from matrix library’ method
(input is ChIPHorde or DiChIPHorde motif).

For this example we selected the profile: http://genexplain-
platform.com/bioumlweb/#de=data/Examples/Encode%20TFBS%20CEBPB%20in%20H1
-hESC%20cells/Data/ChIPMunk/CEBP%?20H1-hESC%20cells%20motif%20profile

CEBP H1-hESC cells motif profile

Step 4. Specify the total Number of points for sensitivity and FDR calculation. By
default, the analysis uses 11 points. For the example we use 50 points.

Step 5. Specify the number of Shuffle counts. This is the number of times sequence
characters are shuffled to generate random sequences for FDR estimation. By default this
number is 10.

Step 6. Select a Seed for the random number generator or keep the default of 0.
Step 7. Declare the Output path to store results in the tree area.

After entering the input parameters, press ‘RUN’. The method starts as shown below:


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Encode%20TFBS%20CEBPB%20in%20H1-hESC%20cells/Data/CEBP%20in%20H1-hESC%20cells%20YES
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Encode%20TFBS%20CEBPB%20in%20H1-hESC%20cells/Data/CEBP%20in%20H1-hESC%20cells%20YES
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Encode%20TFBS%20CEBPB%20in%20H1-hESC%20cells/Data/CEBP%20in%20H1-hESC%20cells%20YES
http://genexplain-platform.com/bioumlweb/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Encode%20TFBS%20CEBPB%20in%20H1-hESC%20cells/Data/ChIPMunk/CEBP%20H1-hESC%20cells%20motif%20profile
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Encode%20TFBS%20CEBPB%20in%20H1-hESC%20cells/Data/ChIPMunk/CEBP%20H1-hESC%20cells%20motif%20profile
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Encode%20TFBS%20CEBPB%20in%20H1-hESC%20cells/Data/ChIPMunk/CEBP%20H1-hESC%20cells%20motif%20profile

224 Microarrays

ot D Sequences

‘|...—hESC cell=/Data/CEBP in H1-hESC cells YES

[y Site model # |...cells motif profie/CEBP in H1-hESC cells YES

- [ Number of points

50
L., D Shuffle count 10
[y Seed 0
~ [y Output path [ ...t profile CEBP in H1-hESC cells YES roc 50 [ Auto

7

INFD - Znalwysis "'Motif gquality analysis' added to gueue
INFO — RAnalysis "Motif gquality analysis' started
INFD - motif guality analysis started

Post completion the output table is opened in the work space in a new tab and consists of
a table like the one shown below.
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Start page || Motif quality analysis X||[ CEBP H1-hESC cells moti...

First | | Previous |Page 1 of1 | NEItl Last Showing 1 to 50 of 50 entries

Show 50 - entries
] & Threshold Sensitivity FOR

0 0.9%942 0.002 1]

1 0.595704 0.024 ]

10 0.95932 0.208 0.0033
11 055822 0228 0.004
12 0.95584 0.243 0.0048
13 0.95363 0.274 0.0042
14 0.95156 0.286 0.0053
15 0.595073 0.308 0.0062
16 094913 0.326 0.0062
1F 0.94401 0.348 0.008
18 0.93793 0.368 0.0102
19 0.9339 0.39 0.0116
2 0.599431 0.042 1]

20 0.93093 0.408 0.0132
Py 09274 0.428 0.0144
22 092144 0.45 0.0212
23 0.91503 0.472 0.0272
24 0.950589 0.49 0.0358
25 0.38383 0.51 0.0596
25 0.88514 0.53 0.0674
27 0.85161 0.55 0.0734
23 0.8725 0.572 0.0818
29 0.8656 0.592 0.106
3 0.50405 0.068 0

30 0.35693 0.612 0.123
H 0.84885 0.632 0.1422
32 0.24762 0.652 0.1463
33 0.84511 0.674 0.158

The output table can be used to create a ROC curve for the visualization of the motif
quality and for comparison of different motifs.



ROC plot based on 50 points
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10.4.2. Create matrix logo

This tool creates logo representations for position weight or frequency matrices of
transcription factor binding sites.

The input can be a profile with a set of matrices or a single matrix.

The input form is as shown below:

Start page T,Q Create matrix logo Xi

[y PWM (profile or matrix) 7] |(se|e.;1 element}

[ Logo size [?1 |Normal =l
[7y Reverse 71 | [

EI Adjust height to information  [7

[y Sort bases 7

[y Plot lines 7]

[y Output folder [7 _Jl(select element)

Run

Each individual parameter is described below:

PWM (profile or matrix) - Specify the input profile or a single matrix. You can drag it
from your project within the tree area and drop it in the pink box of the field PWM.
Alternatively, you may click on the pink field “select element” and a new window will be
opened, where you can select the input gene set as shown below.



Logo size - The method gives an option to select one of four different sizes for the
Matrix logo image. It ranges from small to extra-large.

Reverse - Check this box to create logos for the reverse orientation. By default this box
is unchecked.

Adjust height to information -Check this box to adjust total height of bases to
information content of position.

Sort bases -Check this box to sort bases, the most important on top.

Plot lines - Checked this box to draw lines behind bases partitioning plot region into four
sections.

Output folder - Specify the name and path of the output folder for the created logos.

Here, we take a profile created by the workflow ‘Identify enriched composite modules in
promoters (TRANSFAC®)’ as input.

Keeping all other parameters as default, the method runs as shown below:

start page [|]A Create matrix logo X‘

[y PW {profile or matrix) [?l @ _ogFC>1) (enriched motifs and CMA)/Profile
- [y Logo size [?1 |Normal =
D Reverse [7]

[ Adjust height to information 7] @

D Sort bases [ &

- [ Plot lines 7 @

= [y Output folder (71 |}]..ered (LogFC>1) (enriched motifs and CMA)

‘ | 4%

Iy = LI'edlITng IUED TUT VILTT LGOI T
INFO - Creating logo for VSZFP3_ 82
INFO - Creating logo for VSZFP3 84
INFO - Creating logo for VEZFPE41_61
INFO - Creating logo for VSZFP748 83

The output folder contains one PNG image for each matrix of the specified input. Existing
files in the output folder are not overwritten. In case of hame conflicts the tool suffixes a
number to the file name as shown below:

% \/_CHX10_01.png

% \/_CHX10_01.png (2)
% \/_CHX10_01.png (3)
X \/_CHX10_01.png (4)

The matrix logo output image is as shown below:


http://genexplain-platform.com/bioumlweb/#de=analyses/Workflows/TRANSFAC/Identify enriched composite modules in promoters (TRANSFAC(R))&fromDE=data/Examples/Brain Tumor GSE1825, Affymetrix HG-U133A microarray/Data/Ewing Family Tumor versus Neuroblastoma/Upregulated Ensembl genes filtered (LogFC>1
http://genexplain-platform.com/bioumlweb/#de=analyses/Workflows/TRANSFAC/Identify enriched composite modules in promoters (TRANSFAC(R))&fromDE=data/Examples/Brain Tumor GSE1825, Affymetrix HG-U133A microarray/Data/Ewing Family Tumor versus Neuroblastoma/Upregulated Ensembl genes filtered (LogFC>1

- AATAT~_ _

Each matrix image can be exported in either .jpeg, .png, or .bmp file formats using the
‘Export document’ button.

10.4.3. Identify enriched TF sites in promoters

10.4.3.1. Version 2.0 (Adjusted p-values)

TRANSFAC®

This workflow is designed to find individual motifs enriched in the promoters of the input

gene set as compared with a background set (No set). In the first part of the workflow,

the enriched motifs are identified by the method analyses/Methods/Site analysis/Search
_..

.

for enriched TFBSs (genes), icon *. Please refer to section 20.1.4 for details on this
particular analysis method. Filtered enriched motifs serve as a basis to construct a
specific profile, and this profile is run on the promoters of the input gene set, method

analyses/Methods/Site analysis/Site search on gene set, icon ﬁ Details about this
individual method are given in section 6.1.2.

To launch the workflow, follow these steps:

Step1. Open the workflow input form from the Start page. It will open in the main Work
Space and looks as shown below:

Start page || ldentify enriched motifs in ... X

Identify enriched motifs in promoters (TRANSFAC(R))

EI Input Yas gene set = I[selec:t element)
EI Input No gene set

= Ig genes (Housekeeping genes (Human) 300

- [y Profile @ |...13.1/Data/profilesivertebrate_human_p0.001
[} Species |Human (Homo sapiens) |
EI Filter by TFBS enrichment fold 1.0

EI Start promoter =-1000

EI End promoter 100

- [y Result folder ., ||(select element)

Fa i s n N
L Run workflow 3 L Edit workflow )




Step 2. Input the Yes set from the tree. You can either drag-and-drop or select the Yes
set from the Tree area. Here, the set of up-regulated genes from the following Examples
folder is used:

data/Examples/HCV infection in liver GSE31193, Affymetrix U133 Plus 2.0/Data/

The Yes set in this example contains 125 genes up-regulated in human liver cells treated
with interferon-y (IFNy) as compared with non-treated cells.

Step 3. Similarly input the NO set from the tree area. By default the workflow uses a
subset fo 300 genes randomly taken out of the human housekeeping genes. The default
NO set can be found here:

http://genexplain-
platform.com/bioumiweb/#de=data/Public/Data%?20sets/Data/Housekeeping%?20genes
%20(Human)%20300

Here, the set of nhon-changed genes from the Examples folder is used:
data/Examples/HCV infection in liver GSE31193, Affymetrix U133 Plus 2.0/Data/

The No set in this example contains 237 genes whose expression was unchanged in
human liver cells treated with IFNy as compared with non-treated cells.

Step 4. Select the profile. This profile will be applied at the first part of the workflow for
identification of the enriched motifs. The default profile is vertebrate_human_p0.001
from the most recent TRANSFAC® release available. It can be found here:

http://genexplain-
platform.com/bioumlweb/#de=databases/TRANSFAC(R)%202014.4/Data/profiles/verteb
rate_ human p0.001

The number of matrices in the profile shown here is 4321.

Any other TRANSFAC® profile or user-specific profile can be selected. With a mouse click
on the field Profile, a pop-up window will open, where a profile can be selected.

Step 5. After input of the Yes and No sets, the species (human, mouse or rat) is
adjusted automatically. Verify the species shown in the species field.

Step 6. Filter by TFBS enrichment fold: In this field you can specify the enrichment fold
(FE) to filter the motifs. By default it is 1.0, which means all motifs with FE>1.0 will be
reported in the resulting table and the same motifs will serve to create a specific profile.
If you want to use highly-enriched motifs, you can specify higher thresholds, e.g. 1.1,
1.2 etc, or even 2.0 or 3.0 depending on your Yes and No sets. It is recommended that
you run it with default parameters first, check the results, and then run again with the
desired filter value.

Step 7. Specify the promoter region relative to TSS as they are annotated in Ensembl.
The default promoter region is -1000 to +100 relative to the TSS. You can edit the fields
Start promoter and End promoter as required.

Step 8. Specify the result folder location and name and Press the button [Run workflow].
Wait till the workflow is completed.

Results.
The results folder consists of several files and folders as shown below:


http://genexplain-platform.com/bioumlweb/#de=data/Public/Data%20sets/Data/Housekeeping%20genes%20(Human)%20300
http://genexplain-platform.com/bioumlweb/#de=data/Public/Data%20sets/Data/Housekeeping%20genes%20(Human)%20300
http://genexplain-platform.com/bioumlweb/#de=data/Public/Data%20sets/Data/Housekeeping%20genes%20(Human)%20300

¥ _J IFM Bhours vs Control UF LogFC=>1.5 {ennched motifs)
. 2 Enriched motifs

: @ Profile

- [ Site search -1000 100

Fﬁ;' Transcription factors Ensembl genes

The table Enriched Motifs (ﬁ) contains those site models, here TRANSFAC® matrices,
which are enriched in the Yes set in comparison with the No set as shown below.

>

First | | Previous | Page 1 | of 14| Next | | Last Showing 1 to 50 of BYTEMTEs
Show | 50 4]

ID Adj. site FE Site FDR Adj. seq FE Seq FDR
VSIRF8_01 6.77224 4.0867E-21 4.69086 4.9602E-13
VSIRF_Q6 6.1681 4.9243E-19 4.23674 6.1644E-12
VSSTAT1_08 5.88627 2 517E-16 4.14904 5.4349E-12
VSIRFT_02 560938 3.3576E-16 3.45184 1.8604E-8
V$IRF7_03 5.56418 5.7136E-17 3.99564 4 BO13E-11
VSIRFS_01 5.40063 2 33E-17 3.53058 4.9602E-13
VSIRF3_07 4.87257 2.3966E-13 3.42624 3.303E-10
VSIRFT_01 475037 8.0433E-16 3.12478 2 4B45E-9
VSIRF4_05 4.44517 1.2701E-14 3.49184 1.4155E-9
V$IRF1_03 4.43839 4.3002E-12 3.2818 1.1766E-9
VSIRF2_Q8 352371 1.252E-10 2 67228 1.2729E-8
V$IRF1_Q6_01 3.2277 7.0638E-9 2 96378 5.5275E7
VSISGFIG_03 3.21976 1.3093E-16 270013 1.1766E-9
V$IRF_QB_01 3.19324 1.7231E-9 2 84883 4 6006E-7
VSICSBP_Q6 3.13741 1.9435E-8 270464 6.19E-6

Each row of the output table represents the result for one PWM from the input profile.
Only those PWMs with adj. site FE >1 are included in the output. For details on the
output columns please refer to section 20.1.4.1. Recommended sorting, as shown on the
screenshot above, is by column Adj. site FE (adjusted fold enrichment for sites) with the
highest values on top.

Please note that out of 4307 matrices in the initial profile, hits for 697 matrices are
enriched with adj. site FE >1. These matrices are considered to create profiles specific for
the input Yes and No sets.

Motifs for IRF, STAT, ICSBP transcription factors are highly enriched, with adj. site FE >2,
as shown in the screenshot above. This is a very relevant result considering that here the
effect of IFNy on liver cells is studied.

=
The table Profile ( o ) presents details for PWMs with adj. site FE >1.



First | | Previous Page 1 of 14 | Mext | | Last Showing 1 to 50 of 627 entries
= Core Core Core .
Name Matrix Cutoff cutoff start length Matrix logo
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VEAIRE_03 #’: VSAIRE 03 076762 0 2 5 T TaT T T T
s - T S e | IS
VEALX1_03 i X1 03 0.67367 051305 3 5 TA AT T AT T
= - - - T

This profile is an intermediate result of the workflow and is used further for Site search
on gene set analysis.

Site search analysis output ( = ) serves to visualize enriched motifs in the promoters.
This folder contains four tracks (;}):

a [ Site search -1000 100
> i} no promoters

4 no sites

= summary

> 4 yes promoters

> -5} yes sites

Each track can be opened in the genome browser by double-clicking. A visualization of
the track yes sites is shown below:

kome): 1 + | Position: | 1:948143-948996 Set
143 943200 948300 948400 948500 948600 | 548700
I 1 L 1 L 1 | 1 1 L 1 L 1 L 1 L | 1 L 1 L 1 L L 1 L | L 1 L 1 1 L 1 1 1 | 1 1 L 1 L L L 1 L I 1 L | L 1 L 1 L L I 1

ites 4 b VSGONE_ 01 = 4a = = VSHNFI Q6,01 VSPOUIFI 02 = 4= VSPDXL 05 VETAACC

yes sites , — - - 2‘5 ~ ‘
L VENANOG 02 VEHNFL Egﬁ 01 - = L L] VSTA
N L o - sram ™ T o “
- - 4= = - » 4=

VEZNF300_03 - & -
- = VENANOG 02 = = o » 4= = VSHN

VSHNFL_(Q6_01 - - -'
J - V$HNF1 _gf-m = o =y - -) = j

VSZNF788_01 =) 4m ==
- VSFOXPI_02 4= )
VSHNF1_(6_01 VSALX1_03 VSHNF1_Q6_01 V$PD£'US : L

J‘ VSAIRE_02 ;
VSHNFI EE& 01 VSGATAI 05 VENKX23 04 mp = 4 vsrnﬁus D

: — VSAIRE (2 - o -
VSALX1 03 VSGATA3 05 - aw =)
i ’ e » 4 dadm - ) . L p

- VSNKX23 04 = = VSZNFT88_01 ‘. - )
— - = |

The same track can be opened as a table; for this use right mouse click on the track
name in the tree area or Ctrl +mouse click for Mac users.

With the same menu, you can apply other functions to the selected track, e.g. export it
in available formats or delete.




Fi ﬁ Site search -500 100
' 4% no promoters
- 4 nosites
- [ summary
- 4 yes promoters
. & yes sites
[}
- % =1 Open track anes
WF r User {
——] JfSI Open sequence
A
- i Export element
¢ (¢ Remove
Table view on the track yes sites is the following:
First | | Previous | Page 1 of 3319 | Next | | Last Showing 1 to 50 of 165929 entries Show | S0 + | entri
Sequence
Property: Property: Property:
D h F T Length Strand T
(chromosome) rem o engt ran ype coreScore score siteModel
name
TF
1 1 168336588 169336613 25 - binding 1 D.65461 A VSAIRE 02
site
TF
2 1 168336389 168336423 25 - binding ~ 0.88804 D.78588 M VSAIRE 03
site
TF
3 1 160336308 169338422 25 - binding  0.82159 0.77655 A VSAIRE 03
site
TF
4 1 168336385 168336419 25 - binding  0.73311 0.78082 M VSAIRE 03
site
TF
b 1 1603368301 169338415 25 - binding  0.82159 0.77131 A VSAIRE 03
site

The output table Transcription factors Ensembl genes g:i'il is a list of transcription factors
linked to the enriched motifs. For each transcription factor, the Ensembl gene ID is
provided, as well gene description, HGNC gene symbol, species, and site model
(TRANSFAC® PWM name).



First | | Previous Page 1 of 7| Mext |  Last Showing 1 to 50 of 345 entries
Gene Gene ; .
1D description symbol Species Site model 1D
aristaless related Homo
ENSGO00000045848 —— ARX sapiens VHEARX_01,VEARX_03
ENSG0000000S102  MoSenchyme MEOX1 Hiaii VSMECX1_02,VSMOX1_01
homeobox 1 sapiens
SRY (sex Homo
ENSGOO000005513 determining S0x8 sapiens VHSO0XE_05VES0OXE_06
region Y)-box 8
ENSGO0D0DODBATT  Cewalless DLX6 Homo V$DLX6_01
homeocbox 6 sapiens
ENSGO0000007372  paired box 6 PAXE ;';pr;‘;ns VSPAXE_02,VSPAXE_O7
. Homo
ENSGD0000002709 paired box 7 PAXT ) VEPAXT 01
sdpiens
. Homo
ENSG00000010030 ets varant 7 ETVT ; VHETS_Q6
saplens

This table can be further annotated to add a column with expression values, as shown
below. Details for annotation of the tables are given in the section 16.1.1.

e —
D logFG, IFN 6h Gene description Gene Site model ID
symbol
ENSG00000010030  4.94191496666667  efs variant 7 ETVT VSETS_Q5
signal transducer and
ENSGO0000115415  3.02032736666667 activator of STAT1 VSIRF_QB_01,VSISRE_01,VSSTAT1_08
transcription 1, 91kDa
ENSGO0000185507  2.30255433333333 ;:ﬁ:f;“” [N, IRF7 VSIRF7_01,V$IRF7_02,VSIRF7_03,VSIRF7_04 VSIRF7_Q3
interfercn regulatory
ENSGO0000213928  1.53382983333333 . ° 0 IRF9 V$IRFI_01,V$IRF_QB_01,V$ISRE_01
signal transducer and
ENSCO0000170581  1.40382743333333 e STAT2 VSIRF_Q8_01,V$ISRE_01
transcription 2,
113kDa
ENSGO0000125347  1.10B23966666667 ;';E:f;“” regulatory IRF1 VHIRF1_01,V$IRF1_03,VS$IRF1_Q6,V$IRF1_Q6_01,V3IRF |
ENSGO0000138083  0.933153133333334 ets variant 6 ETVE VSETS QB
ENSGO0000117595  0.790294166666667 ;';ngr;” regulatory IRF& VSIRF_Q8
ENSGO0000167034  0.743991433333332  NK3 homeobox 1 NKX3-1 VENKX31_05,VSNKX31_06,VENKXIA 01
ELK4, ETS-domain
ENSGO0000158711  0.641355T6BB66667  protein (SRF ELK4 V$ETS QB
accessory protein 1)
h
ENSGOOOD00B1183  0.564949666666665 | oc/ic Snhancer MEF2C VSMEF2C_02
factor 2C
v-ets erythroblastosis
ENSGO0000157557  0.532039333333334  virus E26 oncogene ETS2 VSETS_QB
homolog 2 (avian)

Twelve TFs are found to be highly up-regulated under the same conditions, all members
of Ets, STAT, IRF, MEF2 families. The role of these TFs in regulation of the input Yes
genes is suggested by two independent lines of evidence: first, genes encoding these TFs
are highly up-regulated, and second, their binding motifs are significantly enriched in the
promoters of Yes genes.




Note. This workflow is available together with a valid TRANSFAC® license.
Please, feel free to ask for details (info@genexplain.com).

GTRD

This workflow is designed to search for putative transcription factor binding sites, TFBS,
in the promoters of an input gene set. It is very similar to the workflow described above
in Section 10.4. The only difference is in the PWM library applied. Here, site search is
done with the help of the GTRD library (see 19.8 for further details about this library).

For the input form and description of the results folder, please refer to Section 10.4.

10.4.3.2. Version 1.2 (Classical)

TRANSFAC®

This workflow is designed to search for putative transcription factor binding sites, TFBS,
in the promoters of an input gene set. Site search is done with the help of the
TRANSFAC® library of positional weight matrices, PWMs, namely with the profile
vertebrate_non_redundant_minSUM.

To launch the workflow, follow these steps:

Step 1. Open the workflow input form from the Start page. It will open in the main Work
Space and looks as shown below:

Start page | 4 Analyze promoters (TRAN... 4

Analyze promoters (TRANSFAC(R))

= |(select element)

[y Species |Human {Homo sapiens) |

~ [} Results foider I(SE.'ECt element)

" Runworkflow | [ Edit workflow |

Step 2. Specify input gene or protein set in the field Input gene set.
The input table contains the genes under study, and it is also called the 'Yes' set. To
specify a gene set, you can drag & drop it from your project within the Tree Area, and
drop it in the pink box of the field Input gene set. Alternatively, you may click on the
pink field “select element”, and a new window will open, where you can select the input
gene set as shown below. After you have selected the gene set, press [Ok].




Microarrays 235

Analyze promoters (TRANSFAC(R})

D Input gene set

= |(select element)

Folder: [ data/Projectsitest1/Data/Olgalt Filtered tables for testing =] Up E]

ﬁ'; Ewing tumor vs neuroblastoma, Mon-changed 119
ﬁs Ewing tumor vs neuroblastoma, Upreg =1

i Ewing tumor v neuroblastoma, Upreg >1 Genes Entrez

=% Table without numerical values
ﬁ'; Upregulated Ensembl genes subset, rat
ﬁs Upregulated Ensembl genes subset, rat subset 100

Mame: | Ewing tumor vs neuroblastoma, Upreg =1 Genes Entrez

Gance

Step 3. Specify the biological species of the input set in the field Species by selecting
the required species from the drop-down menu.

Step 4. Define where the folder with the results should be located in the tree. You can do
so by clicking on the pink field “select element” in the field Results folder, and a new
window will open where you can select the location of the results folder and define its
name as shown below.



236 Microarrays

Analyze promoters (TRANSFAC(R))

EI Input gene set ﬂ='|{ lect element)
Y
Folder: |datﬂJ‘ije::ts.ftest1.fDalaI{Jlga LI Up +

07 09 2 GEMT14358_PASMC_BMP4 peaks_part (Site search on track, TRANSFAC)

07 09 Composite modules on tracks, TRANSFAC

07 02 GSMT14358_PASMC_BMP4 peaks (From tracks to target genes)

07 02 Site search on track, TRANSFAC

08 30 2 Ewing tumor vs neurcblastoma, Upreg =1 (Upstream analysis Transfac and Transpath)

08 30 Ewing tumor vs neuroblastoma, Mon-changed 119 (Commen effectors Transpath)

08 30 Ewing tumor vs neuroblastoma, Mon-changed 119 (Master regulators)

08 30 Ewing tumor vs neurcblastoma, Upreg =1 (Master regulators Transpath)

08 30 Ewing tumor vs neurcblastoma, Upreg =1 (Upstream analysis Transfac and Transpath)
08 30 Mapping to ontologies (Proteome)

08 30 test workflows with cycles regulators (GeneWays)

4 b ja

[,

Mame: | Type name of the results folder here

[ I

Step 5. Press the [Run workflow] button.

Wait until the workflow is completed, which is shown below:

Start page ||+ Analyze promoters (TRAN... X||[= Ewing tumor vs neuroblas... X||% Transcy

Analyze promoters (TRANSFAC(R))

n=g5|...r|g.|’E'|'|.'ing tumor vs neurcblastoma, Upreg =1

- [y Species IHurn-an {Homo sapiens) ;I

""" D Results folder I neurcblastoma, Upreg =1 site search, Transfac

[Runwmkﬂm-f:l I:Edrlwarkﬁcrw:l

[INrD = FECCIEd aiid i Tatear 179
INFO - Matching keys finished
INFO - Writing annotations...

INFO = Analysis "Annotate table' finished (2.323 s)
INFO - Adding annotatiocn...

INFO = Number of input IDs: 168

INFO - Unmatched: 0

INFO - Matched, but absent in annotation: 0

INFO - Matched and annotated: 168

INFO - Matching keys finished

INFO = Writing annotations...

INFO - Analysis "Annotate table' finished (4.297 =)

Completed




The results folder contains several files:

| ﬁ Ewing tumor vs neurcblastoma, Upreg =1 site search Transfac
Q no promoters

Q no sites optimized

= summary

fﬁ; TF Ensembl genes

fi,; TF Entrez genes

Q yes promoters

. Q yes sites optimized

The tables called summary (F=), TF Ensembl genes, and TF Entrez genes are opened
automatically in the work area as soon as the workflow is completed.

For more details about the results, please refer to Section 20.1.4.

@ You can easily create a similar workflow with parameter values adjusted to your
needs. For example, you can select another profile from the list of available TRANSFAC®
profiles, or specify different promoter positions relative to the TSS (default is -1000 to
+100).

To do this, you need first to open the workflow in the “Edit workflow” mode, and save a
copy in your project area. The [Edit workflow] button is located near the button [Run
workflow] (see above, Step 1). Upon clicking on [Edit workflow], the workflow diagram
will open in the Work Space, and you can select one of the analyses you would like to
modify. For the screenshot below the "Site search on gene set" analysis was selected,
and in the Operations Field, on the tab "Workflow", all the parameters are visible. Under
this mode, you can either check what the default parameters are, or modify them
according to your needs.



NEESEIOEEE

| Start page (|7 Analyze promoters (TRAN... 4

+ N
=
—e Convart table = >
Ty Summary table ==&l
= Site search on gene set = # Results folder Matrices to moleculas % —1
¥ . 1+
a H - i '
Mo set L\h
Profile
z L -
l\ Matrices to molecules =%

————————— ™

| [’ | g | Overview || My description || Graph search || Script || Clipboard || Tasks || Workflow || History |

[y Yes set F%I...s'3082|a4'|d—0{!28~4eﬂ3-3217-571 D689e24ed
D Mo set F% E‘ I...ata}Data}Housekeeping genas (Human)
[y Species | Human (Homa sapiens) =~
[y Frem 1000

D To 100

D Profile 'rﬁI...profile&n‘uenebrate_non_redundam_minSUM
[y Otimize cutoffs o

D Optimize window a

D P-value cutoff 0.1

D Overrepresented matrices in summary z

[ Qutput path E?l(selex:t element) Auto

Note. This workflow is available together with a valid TRANSFAC® license.
Please, feel free to ask for details (info@genexplain.com).

GTRD

This workflow is designed to search for putative transcription factor binding sites, TFBS,
in the promoters of an input gene set. It is very similar to the workflow described above
in Section 10.4. The only difference is in the PWM library applied. Here, site search is
done with the help of the GTRD library (see 19.8 for further details about this library).

For the input form and description of the results folder, please refer to Section 10.4.

10.4.4. Identify composite modules in promoters

10.4.4.1. Version 2.0 (Adjusted p-values) with TRANSFAC®

This workflow is designed to find pairs of sites in the promoters of the input gene set.
This workflow enables the identification of combinations of several enriched TFBSs in the
promoters of the genes under study (Yes-set). The resulting composite module
differentiates the Yes-set from a background set (No-set).




In the first part of the workflow, the enriched motifs are identified by the method

analyses/Methods/Site analysis/Search for enriched TFBSs (genes), icon & . Please
refer to Section 20.1.4.1 for details on this individual analysis method.

Motifs with an enrichment of >1.0 fold serve as a basis for constructing a specific profile,
and this profile is run on the promoters of the input gene set, method
analyses/Methods/Site analysis/Site search on gene set, icon I . Details about this
individual method are given in the section 20.1.2. In the second part of this workflow,
composite modules are identified based on the enriched TFBSs. For more details about
CMA analysis refer to section 20.1.5.

To launch the workflow, follow these steps:

Step1. Open the workflow input form from the Start page. It will open in the main Work
Space and looks as shown below:

Start page || ldentify enriched composi... Xi
Identify enriched composite modules in promoters (TRANSFAC(R})
D Input Yes gene set B I{s,ele{: element)
D Input Mo gene set ﬁ;'l...Ets.-'Data.anusekeeping genes (Human) 300
[y Species | Human {Homo sapiens) |
[}y Profile S |1 3.1/Data/profilesivertebrate_human_p0.001
[y Minimal number of pairs 2
EI Maximal number of pairs 8
EI Mumber of iterations 300
[y Start promoter -1000
EI End promoter 100
- [y Result folder __||(select element)
" Run workflow | Edit workflow )

Step 2. Input the Yes set from the tree. You can either drag-and-drop or select the Yes
set from the Tree area. Here, the set of up-regulated genes from the following Examples
folder is used:

data/Examples/HCV infection in liver GSE31193, Affymetrix U133 Plus 2.0/Data/

The Yes set in this example contains 125 genes up-regulated in human liver cells treated
with interferon-y (IFNy) as compared with non-treated cells.

Step 3. Similarly input the NO set from the tree area. By default the workflow uses a
subset of 300 genes randomly taken out of the human housekeeping genes. Here, the
set of non-changed genes from the same Examples folder is used.

Step 4. After input of the Yes and No sets, the species (human, mouse or rat) is
adjusted automatically. Verify the species shown in the species field.

Step 5. Select the profile. The selected profile will be applied at the first part of the
workflow for identification of enriched motifs. The default profile is



vertebrate_human_p0.001 from the most recent TRANSFAC® release available. Any other
TRANSFAC® profile or user-specific profile can be chosen. With a mouse click on the field
Profile, a pop-up window will open, where a profile can be selected. The number of
matrices in the default profile, which is used here, is 4307.

Step 6. Set up parameters for the composite module search. This workflow identifies
pairs of sites. By default, the minimum and maximum numbers of pairs are given as 2
and 8. You can change these parameters according to the number of pairs you aim to
identify. The number of iterations of the genetic algorithm is 300 by default, and can be
adapted as required.

Step 7. Specify the promoter region relative to TSS as they are annotated in Ensembl.
The default promoter region is -1000 to +100 relative to the TSS. You can edit the fields
Start promoter and End promoter as required.

Step 8. Specify the result folder location and name and Press the button [Run workflow].
Wait till the workflow is completed.

Note. This workflow may take more time depending on the size of the Yes and No sets
and on the number of iterations. The recommended size of the Yes set is 150 genes
maximum, and the recommended size of the No set is 300 genes maximum. The
maximum recommended number of iterations is 300.

Results
The results folder consists of several folders and files as shown below:

_J IFM Bhours vs Control UP LogFC=1.5 (enrched maotifs and CMA)
~ [[Z Enriched motifs
22 Modules
E # Profile
. [ Site search -1000 100
fi;;' Transcription factors Ensembl genes

The table Enriched Motifs ( ﬁ ) contains those site models, here TRANSFAC® matrices,
which are enriched in the Yes set as compared to the No set as shown below.




First | | Previous | Page 1 of 14 | Mext | | Last Showing 1 to 50 of 697 entries
Show | 50 44

D Adj. site FE Site FDR Adj. seq FE Seq FDR
VEIRFE_01 B.7T7224 4.0867TE-21 4 820886 4 8602E-13
VHIRF_QB 6.1681 4 9243E-19 4 23674 6.1644E-12
VESTAT1_0B 5.88627 2.517E-16 4.14904 5.4349E-12
VHIRFT_02 5.608938 3.357V6E-16 3.49184 1.B604E-9
VEIRFT_03 5.56418 5.7136E-17 3.00564 4. B913E-11
WEIRFS_01 5.40063 2.33E-17 3.53058 4 8602E-13
VEIRF3_07 487257 2.3966E-13 3.42624 3.303E-10
WEIRFT_01 4.75037 B.0433E-186 3.12478 2.4B45E-9
VHIRF4_05 444517 1.2701E-14 3.49184 1.4155E-8
VEIRF1_03 4.43839 4.3002E-12 3.2818 1.17EGE-2
VHIRFZ_Q6 3.52371 1.252E-10 267228 1.2729E-B
VEIRF1_Q6_01 3.2277 7.0638E-9 296378 5.5275E-T
VEISGF3IG_03 3.21976 1.3093E-186 270013 1.1766E-D
VHIRF_QB_01 3.19324 1.7231E-9 284883 4 BODSE-T
VHICSEP_0Q6 3.13741 1.9435E-8 270484 6.19E-6

Each row of the output table represents the result for one PWM from the input profile.
Only those PWMs with adj. site FE >1 are included in the output. For details on the
output columns please refer to section 9.5.1. Recommended sorting, as shown in the
screenshot above, is done by highest Adj. site FE (adjusted fold enrichment for sites).

Please note that out of 4307 matrices in the initial profile, hits for 697 matrices are
enriched with adj. site FE >1. These matrices are considered to create profiles specific for
the input Yes and No sets.

Motifs for IRF, STAT, ICSBP transcription factors are highly enriched, with adj. site FE >2,
as shown in the screenshot above. This is a very relevant result considering that here the
effect of IFNy on liver cells is studied.

The table Profile ( ‘o ) presents details for PWMs with adj. site FE >1.

First | | Prewvious | Page 1 of 14 | Next | | Last Showing 1 to 50 of 627 entries
= Core Core Core .
Name Matrix Cutoff cutoff start length Matrix logo

VSAIRE_02 $*: VEAIRE 02 063068 © 2 5 : T TAT 'l' AATT TTA

3%e VSAIRE 03
VHAIRE_03 b 076762 0 2 5 TTJ‘.’-TTA LT ST
VHALX1_03 $%: VSALX1 03 067367 051305 3 5 TAATT ATT

This profile is an intermediate result of the workflow, and it is used further for Site search
on gene set analysis.

Site search analysis output (F_:{) is an intermediate result of the workflow, and its
results are used further for the identification of composite modules. Details about the
individual output files in this folder can be found in Section 20.1.4.



The Modules folder ( %2 ) is a result of the analysis Construct composite modules. It
contains two tables, two tracks, one histogram, and one model view as shown below:

4 22 Modules
- [ Histogram
- [2x Model view
HL@: Model visualization on No set
ﬁ‘i: Model visualization on Yes set
4 no track
. & yes track

The Model View is a graphical summary for the hierarchically organized composite
elements generated as a result of the CMA analysis. As mentioned above, this workflow
is designed to identify pairs of sites, and we asked to identify 2 to 5 pairs. The Model
view presents four pairs, and we can see by exactly which site models (matrices) these
pairs are formed as well as statistical parameters of the overall model.

Module 1:

VSBCL11A_02 | | V$IRF_QB
0.86; N=2 0.00; N=2

Modube width: 55

Module 2:

VSTEAD1_04 | |V$PBX1_03
0.80; N=1 0.87; N=2

Module width: 45

Module 3:

VSIRFB_01 | | VSBCL11A_02
0.00; N=3 0.00; N=3

Module width: 46

Module 4:

VSHMGIY_Q4 | | V$IRX3_05
0.00; N=1 0.81; N=3

Module width: 27

Model score (-p*logl0(pval)): 14.06
Wilcoxon p-value (pval): 5.68e-27
Penalty (p): 0.536

Average yes-set score: 3.16
Average no-set score: 0.77

AUC: 0.84

Middle-point: 1.78

False-positive: 13.50%
False-negative: 30.40%

Each track can be opened in the genome browser by double-clicking. Visualization of the
composite modules on the promoter of ISG15, one of the Yes set genes, is shown below.



ENSGO0000187608:931-1044
550 560 570 80 590 1000 1010 10
IIIIIIIIIIIIIIIIIII|II|III|IIIIIIIIIIIIIIIIIIIIII|II|III|IIIIIIIIIIIIIII
CEGECATGCCTCGEEARAGEEARACCGAARCTGARCCCARRTTTEECCACCAGCECAGECTOGECEGCACED
ise1s |
M3 MI
VSBCL11A_02
VSBCL11A_02
VSIRF_Q6
VSIRFE_(1
I
VSIRF_Q6
——
VSIRFE_01
VSBCL11A_02
VSBCL11A_02

For more details on the individual output tables and tracks as well as for visualization of
the identified composite modules in the genome browser please refer to Section 20.1.4.

The output table Transcription factors Ensembl genes ijl is a list of transcription factors
linked to the site models in the composite module identified by the workflow. For each
transcription factor, the Ensembl gene ID is provided, as well as a gene description, the
HGNC gene symbol, species, and site model (TRANSFAC® PWM name).

ID Gene description af:;zl Site model ID
ENSGE00000117595 interferon regulatory factor 6 IRFG VEIRF_Q6
ENSG00000119866 Er's:’;!m':}""‘"ymph“ma 1A (zinc finger BCL11A VSBCL11A_02
ENMSGEO0000125347 interferon regulatory factor 1 IRF1 VEIRF_Q6
ENSG00000126456 interferon regulatory factor 3 IRF3 VEIRFE_D1 VEIRF_Q6
EMNSE00000128604 interferon regulatory factor 5 IRFS VEIRF_Q6
ENSGO0D00137T265 interferon regulatory factor 4 IRF4 VEIRF_Q6
EMNSGEO0000137309 high mobility group AT-hook 1 HMGEAT VEHMGIY Q4
ENSG00000140968 interferon regulatory factor 8 IRF& VEIRFE_D1 VEIRF_Q6
ENSGE00000168310 interferon regulatory factor 2 IRF2 VEIRF_Q6
ENSGO0D00185507 interferon regulatory factor ¥ IRFT VEIRF_Q6
EMNSGE00000185630 pre-B-cell leukemia homeobox 1 PBX1 VEPBX1_03
ENSG00000187079 liﬁﬁ;:}'ﬂ;ﬁgfﬂ:{'ﬁg?:Ert;rgswﬂ TEADT VSTEAD1_04

Twelve transcription factors shown in the table above are candidate regulators of genes
in the input Yes set. They are suggested to regulate transcription of Yes-genes via the
identified composite elements. This table can be further annotated to add a column with
expression values, as shown below. Details for annotation of the tables are given in
Section 16.1.1.



D @c. IFN ED Gene description sf;’;il Site model ID
EMSGO00001B5507  2.30255433333333 interferon regulatary factor 7 IRF7 VSIRF_Q6
ENSGO0000125347  1.10823966666667 interferon reguiatory factor 1 IRF1 VSIRF_0O6
ENSGUO00DT117595  0.790294166666667  interferon regulatory factor 6 IRF6 VSIRF_Q6
ENSGDO000119866 Er'gti:n?"""‘“mph”m VA (zincfinger gy 44 VEBCL11A_02
ENSGO0000126456 interferon regulatary factor 3 IRF3 VSIRFE_D1,V3IRF_Q8
ENSG00000128604 interferon regulatory factor 5 IRFS VEIRF_Q6
EMSG00000137265 interferon regulatory factor 4 IRF4 VEIRF_Q6
EMSG00000137309 high mability group AT-hook 1 HMGA1 VSHMGIY_Q4
ENSG00000140968 interferon reguiatory factor 8 IRF8 VSIRFE_01,V$IRF_Q6
EMNSG00000188310 interferon regulatory factor 2 IRF2 VEIRF_Q6
ENSGO00000185630 pre-B-cell leukemia homeobox 1 PBX1 VSPBX1_03
ENSGO0000187079 Iﬁ;ﬁ;;‘:;ﬁ::gﬁ:‘:g :’;Ert;rgs"“m TEADA VSTEAD1_D4

Three TFs are found to be highly up-regulated under the same conditions, IRF1, 6 and 7.
The role of these TFs in regulation of the input Yes genes is suggested by two
independent lines of evidence: genes encoding these TFs are highly up-regulated, and
their motifs are parts of the identified enriched composite modules.

Note. This workflow is available together with a valid TRANSFAC® license.
Please, feel free to ask for details (info@genexplain.com).

10.4.4.2. Version 1.2 (Classical) with TRANSFAC®

This workflow enables the identification of combinations of several TFBSs in the
promoters of the genes under study (Yes-set). Such combinations of sites are referred to
as composite modules. The resulting composite module differentiates the Yes-set from a
background set (No-set).

In the first part of the workflow a Site search on gene set ( ﬁ) is performed with your
selected Yes-set, No-set and a specified profile of matrices. You can refer to section 9.3
for details of this method. In the second part of this workflow, composite modules are

identified (ﬂ) based on the identified single sites in the Yes and No sets. For more
details about the hierarchical structure of the composite modules, search for composite
modules, visualization and interpretation of the results refer to section 20.1.5.4.

To launch the workflow, follow these steps:

Step1l. Open the workflow input form from the Start page. It opens in the main Work
Space and looks as shown below:




Start page || %+ Identify composite modul... XT

Identify composite modules in promoters (TRANSFAC(R))
D Input Yes gene set

= (select element)

h Input No gene set = |-..ing genes (Housekeeping genes (Human) 300

W) Species IHuman (Homo sapiens) |
A Profile Gay |---a/profilesivertebrate_non_redundant_minSUM
EI Minimal number of pairs 2

B Maximal number of pairs 8

B Number of iterations 300

E Start promoter 1000

E End promoter 100

E Results folder ] | (SE|ECt element)

Run workflow Edit workflow

Step 2. Input the Yes set from the tree. You can either drag-and-drop or select the Yes
set from the Tree area. Here, the set of genes from the Example folder is used as input
Yes set.

Step 3. Similarly input the No set from the tree area. By default the workflow uses a
subset fo 300 genes randomly taken out of the human housekeeping genes. The default
NO set can be found here:

http://genexplain-
platform.com/bioumlweb/#de=data/Public/Data%20sets/Data/Housekeeping%20genes
%20(Human)%20300

Step 4. After input of the Yes and No sets, the species (human, mouse or rat) is
adjusted automatically. Verify the species shown in the species field.

Step 5. Select the profile. This profile will be applied in the first part of the workflow for
identification of TFBSs. The default profile is vertebrate_non_redundant_minSUM from
the most recent TRANSFAC® release available. Any other TRANSFAC® profile or user-
specific profile created with TRANSFAC® matrices can be chosen. With a mouse click on
the field Profile, a pop-up window opens, where a profile can be selected. The profile
used in this example is:

http://genexplain-
platform.com/bioumlweb/#de=databases/TRANSFAC(R)%202014.4/Data/profiles/verteb
rate human p0.001

@ If you are interested in finding site models for particular TFs, and see them
eventually in the resulting composite modules, you need to be sure that such matrices
are present in the selected profile.

Step 6. Set up parameters for the composite module search. This workflow identifies
pairs of sites. By default, the minimum and maximum number of pairs are fixed as 2 and


http://genexplain-platform.com/bioumlweb/#de=databases/TRANSFAC(R)%202014.4/Data/profiles/vertebrate_human_p0.001
http://genexplain-platform.com/bioumlweb/#de=databases/TRANSFAC(R)%202014.4/Data/profiles/vertebrate_human_p0.001
http://genexplain-platform.com/bioumlweb/#de=databases/TRANSFAC(R)%202014.4/Data/profiles/vertebrate_human_p0.001

8, respectively. You can change these parameters according to the number of pairs you
want to identify. The number of iterations of the genetic algorithm is 300 by default, and
can be adapted as required.

Step 7. Specify promoter regions relative to the TSS as they are annotated in Ensembl.
The default promoter region is -1000 to +100 relative to the TSS. You can edit the fields
Start promoter and End promoter as required.

Step 8. Specify the result folder location and name and press the button [Run workflow].

Note. This workflow may take more time depending on the size of the Yes and No sets
and on the number of iterations. The recommended size of the Yes set is 150 genes
maximum, and the recommended size of the No set is 300 genes maximum.

Results

The results folder consists of two folders and one table as shown below:

) __] Yes set (Site search and CMA on gene set)
rr‘;;' Transcription factors Ensembl
E 22 modules
i = Site search -500 100

Site search analysis output (E"’) The summary table of the site search is shown
below. Identified TFBSs are used further for the identification of composite modules.
Details about the individual output files can be found in Section 20.1.2.

Start page ||[[5 Site search -500 100 l‘
First | | Previous | Page |1 of 15| Next | | Last Showing 1 to 50 of 735 entries Show |50 v | entries
ID Yes density per 1000bp No density per 1000bp Yes-No ratio Model cutoff P-value
V$ZFP281_04 0.34535 0.01572 21.96396 0.962 2 463E-6
VEAP4_QB_02 0.1952 0.01572 12.41441 0.9822 0.00121
VERXRA_03 0.1952 0.01572 12.41441 0.9893 0.00121
V$HBP1_Q2 0.18018 0.01572 11.45946 09759 0.0022
V$XBP1_01 0.18018 0.01572 11.45946 0.9185 0.0022
V$CEBP_C 0.16517 0.01572 10.5045 0.9046 0.004
V$E2F_Q4_01 0.16517 0.01572 10.5045 0.9422 0.004
VEHNFE_Q4 0.16517 0.01572 10.5045 0.9204 0.004
V$BCLE_02 0.15015 0.01572 9.54955 0.8433 0.00722
V§ISX_01 0.3003 0.03145 9.54955 0.8935 9.1564E-5
V$S0X14_05 0.15015 0.01572 9.54955 0.9536 0.00722
V$DTYPEPA B 0.13514 0.01572 8.59459 0.8875 0.01294
VEMYB_Q6 0.13514 0.01572 8.59459 0.9944 0.01294
V$COMP1_01 0.25526 0.03145 8.11712 0.7953 5.1482E-4
VSCMAF_Q5 012012 0.01572 7 63964 09934 0023

With a double-click on the folder modules, the visualization of the composite modules in
the promoters of the Yes set will be opened in the work space. Simultaneously, in the




operations field, under the tab My description, a plot with a schematic representation of
the composite modules and statistical parameters are shown. In the Info box you can see
the list of parameters this particular run of the workflow was done with.

b J Upregulated Ensembl genes (enriched motifs and First | | Previous Page 1 of 3| Next | | Last Showing 1 to 50 of 111 entries

__] Upregulated Ensembl genes (enriched motifs and D Name Medal
J Upregulated Ensembl genes =1 (enriched motifs :

i L] Upregulated Ensembl genes LogFC=1.2 (Site sez

P d]ueres M o ¢ 1 ENSGODDDO0B40S3  REST o o

i L] Yes set {enriched motifs)
__] es set (Mapping to ontologies Transpath)
a __]ch set (Site search and CMA on gene set) —_EX0SsCi..

] ENSG00000163812 ZDHHC3

H i
H ﬁ; Non-changed Ensembl genes_NO set ENSGO0000100526 CDKN3

ﬁ(' Yes set il

3 _Jﬂr*d master regulators (all tables in a folder)
__]galaxy analysis ¥
_J Hugene_1_25t - ENSGO0000184804 ALDHTAL p L

: > *

Infe [ Default 3]JI£H I@lm | Filters ” Columns | Geneme browser ” Site colo [Mydcecrlpﬂon ‘ h search || Script ” Clipboard|

D m ~ [ Module width: 62 [ W -
Created: Wed Feb 12 08:11:41 UTC 2014 Module 4:

Modified: wed Feb 12 08:11:51 UTC 2014

size: 6 V$OTX_QI || V$SMAD1_01
Size on disk: 184.1kb {188,569 bytes) 0.00; =3 0.00; N=3

Result of analysis: Construct composite modules Module width: 54
Parameters: Module 5:
o Site search result: Site search -500 100
- Genetic algorithm parameters (expert) “"$”U°?ﬁ{§—°1 LEGHER T8
= Number of iterations: 300 — e 51' -
« Population size: 1000 _
= Non-change limit: 100 Module 6:
o Elite size: 100
o Score calculation parameters (expert) DA% N1 099 N=2
& pena|ty rate: 0.3 Module width: 57

» Site models in focus:
« Model parameters
o Min modules: 2
o Max modules: 8
o Gaussian model (expert)
= Min models: 2

Model score (-p*log10(pval)): 9.94
Wilcoxon p-value (pval): 1.14e-21
Penalty (p): 0.475

Average yes-set score: 4.95

4 [ Average no-set score: 1.89

v AUC: 0.87

ey 1
The modules “* folder can be expanded in the tree area. It contains two tables (fi-’i),
two tracks (Q), and two plots (@):

4 22 Modules
@ Histogram

- [?x Model view

. H/: Model visualization on No set

: T@: Model visualization on Yes set
4 no track

- 4 yes track

The plot Model View is a graphical summary for all composite modules generated as a
result of the CMA analysis, and it can be opened in the work space.

The plot Histogram is a distribution of scores for individual promoters:
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For a detailed interpretation of the histogram as well as for a visualization of the
identified composite modules in the genome browser, please refer to section 20.1.5.5.

The output table Transcription factors Ensembl genes is a list of transcription factors
linked to the site models in the composite module. For each transcription factor, the
Ensembl gene ID is provided, as well a gene description, HGNC gene symbol, species,
and site model (TRANSFAC® PMW name):

Apply || Cancel ‘ Select all || Select p

First| | Previous | Page |1 of 1| Next | | Last Showing 1 to 10 of 10 entries Show 50 MR

ID A Gene description N Species Site model
symbol

ENSG00000006704 GTF2I repeat domain containing 1 GTF2IRD1 E:;i-leons V$BEN_01

ENSGO00000103495 MYC-associated zinc finger protein (purine-binding transcription MAZ Hon_’lo VSMAZ_Q6 |

- factor) sapiens

ENSG00000111424 vitamin D (1,25- dihydroxyvitamin D3) receptor VDR E:;i-leons V$VDR_Q3

ENSGO0000112658 serum response factor (c-fos serum response element-binding SRE Hon_’lo VSSRF_Qd

- transcription factor) sapiens

ENSG00000115507  orthodenticle homeobox 1 OTX1 :':;;?:ns V$OTX_Q1

ENSG00000128714  homeobox D13 HOXD13 :':;;:ns VSHOXD13_

Note. This workflow is available together with a valid TRANSPATH® license.
Please, feel free to ask for details (info@genexplain.com).




10.4.5. Cross-species identification of enriched motifs in promoters
using ortholog information (TRANSFAC®)

This workflow is designed to find individual motifs enriched in the promoters of the input
gene set as compared with a background set (No set). It is very similar to the workflow
described in section 10.4.3.1 except that here you can use an input table for any species
and get the output for the desired species.

The workflow can be accessed from the start page here:

analyses/Workflows/TRANSFAC/Cross-species identification of enriched motifs in
promoters, using ortholog information (TRANSFAC(R))

In the first part of the workflow, enriched motifs are identified by the method

analyses/Methods/Site analysis/Search for enriched TFBSs (genes), icon b . Please
refer to section 20.1.4 for details on this particular analysis method. Filtered enriched
motifs serve as a basis to construct a specific profile, and this profile is applied to the
promoters of the input gene set, method analyses/Methods/Site analysis/Site search on
gene set. Details about this individual method are given in section 6.1.2. The last step is
a conversion to homology transcription factors.

The input form looks as shown below:

Start page 4, Cross-species identificati... X‘

Cross-species identification of enriched motifs in promoters, using orthologue information (TRANSFAC(R))

0 Input Yes gene set [~ l(select element)

D Species input I lJ

[y Species output IHuman {Homo sapiens) ~|
D Input No gene set ﬁ'i,' _is/Data/Housekeeping genes (Human) 300
0y Profile a5 4/Data/profiles/vertebrate_human_p0.001
D Filter by TFBS enrichment fold 10

D Start promoter 1000

D End promoter 100

D Allow big input

[y Result folder | |(selsct element)

Step 1: Select an Input Yes gene set from the tree. You can either drag-and-drop or
select the Yes set from the Tree area.

Here, the set of up-regulated genes from the following Examples folder is used:

data/Examples/Transcriptional  biomarkers to  predict mouse liver tumors,
GSE18858/Data/Normalized (RMA) DEGs with EBarrays/Naphthalene_20ppm upreg
Ensembl Select the species of the input table

Step 2: Specify the Species of the input set and the Species of the output set.

Step 3: Select Input No gene set from the tree area. By default, the workflow uses a
subset from 300 genes randomly taken out of the human housekeeping genes.

Step 4: The profile will be applied in the first part of the workflow for the identification of
enriched motifs. The default profile is vertebrate_human_p0.001 from the most recent



TRANSFAC® release available. Any other TRANSFAC® profile or user-specific profile can be
selected. With a mouse click on the field Profile, a pop-up window will open, where a
profile can be selected.

Step 5: Filter by TFBS enrichment fold: In this field you can specify the enrichment
fold (FE) to filter the motifs. By default, it is 1.0, which means all motifs with FE>1.0 will
be reported in the resulting table and the same motifs will serve to create a specific
profile. If you want to use highly-enriched motifs, you can specify higher thresholds, e.g.
1.1, 1.2 etc., or even 2.0 or 3.0 depending on your Yes and No sets. It is recommended
that you run it with default parameters first, check the results, and then repeat with the
desired filter value.

Step 6: Specify the promoter region relative to TSS as they are annotated in Ensembl.
The default promoter region is -1000 to +100 relative to the TSS. You can edit the fields
Start promoter and End promoter as required.

Step 7: Specify the Result folder location and name and Press the button [Run
workflow]. Wait till the workflow is completed.

The result folder consists of several files as shown below:

1 .| Naphthalene_20ppm upreg Ensembl (enriched motifs_TRANSFAC(R))
| | 1 Enriched motifs
ﬁ'i;; Molecules_human
R ﬁ'i;,; Molecules_orthologues
‘& Profile
| -1 Site search -1000 100

L. ﬁ'i;; Transcription factors Ensembl genes

=
The table Enriched Motifs (|' ¥ ) contains those site models, here TRANSFAC® matrices,
which are enriched in the Yes set in comparison with the No set. More details on the
result can be found in section 10.4.3.1.

The table Molecules Orthologs have a list of molecules from the input gene set with
their site search results as shown below:



start page || Molecules_orthologues )ﬂﬁgmmecules_human )4

[ selectanl [ select page
First| [ Previous |Page 1 |of 5 Next| [Last Showing 1 to 50 of 247 entries Show| 50 v |entries
Yes density No density L=

D Ensembl ID Site model ID hes 100000 her 1000t Mo P-value
ENSMUSGO0000000247  ENSGOODDO106689 VSLHXZ Q6 017408 0.24242 071809 0.21852
ENSMUSG000D000D567  ENSGO0000125398 VSSOX9_04 1.33462 0.75152 177591 4.195E6
ENSMUSGO00D000DES0  ENSGO00D0108511 VSHOXBE_01 065764 0.75455 087157  0.25667
ENSMUSG000D0000938  ENSGO0000253293 VSPBXAHOXA10_01 0.40619 0.38182 106383 043222
ENSMUSGO0000000942  ENSGO0000157576 VSHOXA4 01 17795 1.59697 11143 018341
ENSMUSGO0000001444  ENSGOO0DDOT73561 VSPOUZF1TBX21_01 0.27079 0.19091 141844 015307
ENSMUSG00000001493  ENSGO00D0005102 VSMEOX1_02 0.25145 0.34545 072788  0.16891
ENSMUSG00000001504  ENSGOO0D0170561 VSIRX2_01 0.81238 0.82727 0.982 0.49712
ENSMUSGO00D0001510  ENSGOO0D00E4195 VSDLX3_Q3 1.08317 111515 097132 045428
ENSMUSGOODD00D1517  ENSGOO0D0111206 VSFOXM1_Q6 0.44487 0.14848 299608 1P
ENSMUSGO00D0001566  ENSGO0000120675 VSMNX1_02 0.40619 0.49081 082742 024296
ENSMUSGO00D0001655  ENSGO0000123364 VSHOXC13_Q2 048256 0.33636 143761 0.06811
ENSMUSGO00D0001657  ENSGO0000037965 VSHOXCS 01 017408 02 087041 042777
ENSMUSGOODD0OD1815  ENSGO0000174279 VSEVX2_03 0.29014 0.40303 071988  0.13574
ENSMUSGO00D0001823  ENSGO0000170178 VSHOXD12HOXA3_01 0.07737 011515 067189 0.31065
ENSMUSGO00D0003032  ENSGDO00D126526 VSGKLF_Q4 125725 07 17908 D 1020F
ENSMUSGO0000003154  ENSGOO0D00ESST0 VSFOXJ2_02 0.44487 0.29697 149805  0.05704

Every gene is linked to the corresponding matrix molecule by the Yes-No ratio. More
details on each column of the above results can be found in section 6.1.2.

The table Molecules_human contain the site models of the converted input table. In
this case the output species is Human hence this table is Molecules_human with mapping
to human Ensembl genes with corresponding matrices. If the output species is mouse,
then this table will have mouse Ensembl genes.

The table Transcription factor Ensemble genes contains

H Start page HF@: Molecules_orthologues X‘

% Molecules_human X‘

First | | Previous | Page [1 of 6| Next | | Last Showing 1 to 50 of 265 enfries Show | 50 ¥ | entries
ID Site model ID Yes density per 1000bp No density per 1000bp Yes-No ratio P-value
ENSGD0DD0004848  V$ARX 03 0.15474 0.13333 1.16054 0.40795
ENSGOD00D005102  VSMEOX1 02 0.25145 0.34545 0.72788 0.16891
ENSGOD00D006194  VSZNF263_01 0.77369 0.42727 1.81077 0.00112
ENSGOD000D007372  VSPAXG_02 0.75435 0.90606 0.83256 0.15893
ENSGO0D000D008196  VSTFAP2B 02 0.59961 0.24545 2.44287 £.2303E-5
ENSG00000009709  VSPAXT_D1 0.90909 1.01818 0.89286 0.26014
ENSGOD00D012504  VSFXRIR1_Q6 0.69632 0.35152 1.98092 5.1233E-4
ENSGOD00D016082  VSISL1_Q6 1.6441 1.17576 1.39833 0.00399
ENSGO00D000028277  VSPOU2F2_03 1.48936 1.70909 0.87144 0.1404
ENSGO0000037965  VSHOXCE_D1 0.17408 0.2 0.87041 0.42777
ENSGO0D000043039  VSBARX2 01 0.21277 0.45758 0.46499 0.00505
ENSGOD00D049768  VSFOXP3_01 0.85106 0.42727 1.99185 1.2044E-4
ENSGOD000D052850  VSALX4 02 1.29594 1.14242 1.13438 0.18775
ENSG00000054598  VSFOXC1_03 0.71567 0.33939 210866 1.5928E-4
ENSGOD00D063515  VSPOU2F1GSC2_D1 0.90909 0.82424 1.10294 0.29023
ENSGOD000064195  VSDLX3 Q3 1.08317 1.11515 0.97132 0.45428
ENSGOD00D064218  VSDMRT3_D1 1.0058 0.8697 1.1565 0.18656
ENSGOD0000G4835  VSPIT1_D1 0.29014 0.31515 0.92062 0.44695
ENSGOD00D0G5970  VSFOXJ2_02 0.44487 0.29697 1.49805 0.05704
ENSGOD000D0G8305  VSRSRFC4_Q2 2.94004 3.38182 0.86937 0.05531

The output table Transcription factors Ensembl genes is a list of transcription factors
linked to the enriched motifs. For each transcription factor, the Ensembl gene ID is
provided, as well as gene description, HGNC gene symbol, species, and site model
(TRANSFAC® PWM name). This table can be further annotated to add a column with



expression values, as shown below. Details for annotation of the tables are given in the
section 16.1.1.

10.4.6. Visualization of site search results

This method visualizes results of the site search analyses. It can be found under the tab

Analyses, in the folder Methods/Site analysis/Site search report (F"). Here the default
input form is shown:

D Result of site search analysis [ |(select element)
[y Number of best models 3
D Add columns with site positions ]
D Target report path [ ||{se|ec1 element)

In the following, we will consider the input fields one by one.

Result of site search analysis. You can drag & drop the site search result (must
contain summary table with p-value column) from your project within the tree area.
Alternatively, you may click on the pink field “select element”, and a new window will
open, where you select the site search result. After having selected the result, press the
[Ok] button.

For this example, all further steps are demonstrated with the following input set:

data/Examples/Transcriptional  biomarkers to predict mouse liver tumors,
GSE18858/Data/Naphthalene_20ppm upreg Ensembl (enriched
motifs_ TRANSFAC(R))/Site search -1000 100

4 [ Transcriptional biomarkers to predict mouse liver tumors, GSE18858
| 1 _|Data
|| L] GSE18858_RAW
1 .| Maphthalene_20ppm upreg Ensembl (enriched motifs_TRANSFAC(R))
=¥ Enriched motifs
%, Molecules_human
L E,.;' Molecules_orthologues
‘4 Profile
. [ site search -1000 100
Loy Es:;' Transcription factors Ensembl genes

Number of best models. Choose the nhumber of best models (according to p-value) to
include in the report. The default value are the three top models.

Add columns with site positions. If you are interested in the promoter positions of the
single sites, please check the appropriate box.

Target report path. Define where the table with the results should be located in your
project tree. You can do so by clicking on the pink box (select element) in the field, and a



new window will open, where you can select the location of the resulting table and define
its name.

Press the [Run] button and wait until the method is completed. The result opens
automatically and looks like this:

First | Previous Page 1 of 1 Next Last Showing 1 to 40 of 40 entries Show 50

- entrie

D Symbol Sites view Total VSPOUF1_03 ~ VSCDX_Q5 ~ VSFOx03 g3 VPOU3M03 . VSCDX Q5 VSFOXO3 03
count positions positions positions
CCDC38...
-983,-982, -981,-977,
-072,-968, -069, -867, -885, -806,
-921,-919, -846,-836, 798, -735,
-814,-810, -81,-807, -733,-725,
ENSG00000114416 FXR1 102 48 3 23 -806, -802, -805, -780, -682,-510,
-800, -796, 768,763, 500, -498,
-790,-786, -748, 746, -246, 146,
-781,-777, - -742, -740, -135
(more) .. (more)
.
-932,-903, -923,-896,
-899,-883, -813,-807,
-840, -838, -803,-799, -938, -850,
-832,-818, -797,-795, -800, -792,
ENSG00000111700 S8LCO1B3 a1 49 24 18 -798,-794, -791,-785, -664, 326,
-790,-788, -730,-727, -186, 175,
-782,-T78, -576, 528, -163, 87
-760,-758, - -489, -473,

(more) -... (more)

We see a visualization of two promoters from the genes FXR1 and SLCO1B3. The TSS is
on the right side, where the blue box is located. All arrows are identified sites of the best
models and marked with different colors. Also the orientation of the individual sites is
shown by the arrow head. The number Total count gives the number of all sites
according to the three best models. The numbers of sites for every model (1-3) are given
in the next three columns. As an example, model V$POU3F1_03 finds 49 sites in the
promoter of FXR1l. The column V$POU3F1_03 positions contains all single site
positions for the first model in the promoter of FXR1, e.g. -994 from TSS.

10.5. Further workflows in this area

For the other workflows that you can find in the area Microarrays, please refer to the
following Sections:

Load data See Chapter 3
Analyze networks See Section 5.1

Find drug targets See Chapter 11






Drug targets

11. Drug targets

-] Drug targets

“® Load gene or protein list

¥~ Find drug targets
Upstream analysis (TRANSFAC(R) and GeneWays)

Upstream analysis (TRANSFAC(R) and TRANSPATH(R))
Complete upstream analysis (TRANSFAC(R) and TRANSPATH(R))

Enriched upstream analysis (TRANSFAC(R) and TRANSPATH(R))
Focused upstream analysis (TRANSFAC(R) and TRANSPATH(R))
Upstream analysis with feedback loop (TRANSFAC(R) and TRANSPATH(R))

11.1. Find drug targets with TRANSFAC® and GeneWays

This is very similar to the workflow described in greater detail below, Section 11.2, with
the only difference being the pathway database applied for network analysis. Here the
search for master regulatory molecules is performed with the protein-protein interaction
network of the GeneWays database. Because of the high connectivity between molecules
in GeneWays, by default 4 steps upstream of the input list of TFs are considered for the
search for master regulators, as compared with 10 steps when applying the TRANSPATH®
database. A diagram for the top master regulator as suggested from a GeneWays-based
analysis is shown below in a force-directed layout.



256 Drug targets

&

For the input form of this workflow and for the description of the corresponding results
folder, please refer to Section 11.2.

Note. This workflow is available together with a valid TRANSFAC® license.
Please feel free to ask for details (info@genexplain.com).

11.2. Find drug targets with TRANSFAC® and TRANSPATH®

The geneXplain upstream analysis is an integrated promoter (TRANSFAC®) and pathway
(TRANSPATH®) analysis to discover unanticipated causal relationships in your data.

11.2.1. Complete upstream analysis (TRANSFAC® and TRANSPATH®)

To launch the workflow, open the workflow input form from the Start page:



Drug targets

Start page |~ Upstream analysis (TRAM... K‘

Upstream analysis (TRANSFAC(R) and TRANSPATH(R))
D Input Yes gene set = (select element)

[y Species [Human (Heme sapiens) =l

D Input No gene sat

Fi;' ...ple data/Data/Housekeeping genes (Human)

3 Prefile “a ..alprofilesivertebrate_non_redundant_minSUM
D Start of promoter 1000
D End of promoter 100

D Results Folder u_] {select element)

I.f \I I.f N \I
| Run workflow | | Edit workflow |

Step 1: Specify a gene set under study, e.g. a list of differentially regulated genes, as
the Input Yes gene set. You can drag & drop it from your project within the Tree Area
and drop in the pink box of the field Input gene set.

For this example, the further steps are demonstrated with the following input set:

http://genexplain-
platform.com/bioumiweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Aff
ymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/E
xperiment%?20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)
/Upregulated%20Ensembl%20genes%20filtered%20(LogFC%3E1)

Step 2: Specify the biological species of the input set in the field Species by selecting
the required species from the drop-down menu.

Step 3: Input a No gene set. This is the set of background genes or control set. The
default No set used for this workflow is data/Examples/Sample data/Data/Housekeeping
genes (Human). If your Yes set is from mouse or rat, you may wish to adjust the No set
accordingly. With a mouse click on the field Input No gene set, a pop-up window will be
opened as shown below. You can select mouse or rat housekeeping genes from these
pre-compiled sample sets, or you can alternatively select any of your specific gene sets
from your project. When selection is done, press [Ok].


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
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Folder: |d ata/Examples/Sample data/Data ;l

'&AII_QEF&S_HUmar'_Er'sembI_BE FPRT disease Housekeeping genes (Mouse) site sear
fﬁg'ﬁ.ll_g&r'&s_Track Housekeeping genes (Mouse) track -10
ﬂf‘%ﬂll_ger'&s_Track Proteins Transpath peptides rﬁs Housekeeping genes (Rat)
ﬁéﬁ.ll_ger'&s_Track Proteins Transpath peptides annotated r@;HousekE&pir‘g genes (Rat) (converted i
= Al_genes_Track Proteins Transpath peptides Title Housekeeping genes (Rat) track =100
fox RandSMPs track processed 100bp
[y HGU133Plus2_Hs_ENSG.cdf [ Transpath_Crossreference.txt
fﬁ,; Housekeeping genes (Human) [ Transpath_Crossreference_AllZTransp:
Housekeeping genes (Human) track -1000 100
Housekeeping genes (Human j: track -100000 to -S8000

Mame. Housekeeping genes (Mouse)

| Cancel || Ok |

Step 4 Define a TRANSFAC® profile. The default profile is
vertebrate_non_redundant_minSUM. Any other TRANSFAC® profile or user-specific
profile can be chosen. With a mouse click on the field Profile, a pop-up window will
open, where a profile can be selected.

Step 5: Define the promoter regions to be analyzed. The default promoter region is
from-1000 to 100 relative to the TSS as annotated in the Ensembl database. You can
adjust Start of promoter and End of promoter by typing in the corresponding fields.

Step 6: Define where the folder with the results should be located in your project tree.
You can do so by clicking on the pink box (select element) in the field Results folder,
and a new window will open, where you can select the location of the results folder and
define its name.

Step 7: Press the [Run workflow] button. Wait until the workflow is completed, and take
a look at the results.
Visualization and interpretation of results

The result folder contains several files and one subfolder:
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LJ_] Upregulated Ensembl genes filtered (LogFC=1) (Upstream analysis Transfac and Transpath)
ﬁ; Master regulators annotated

- & Master regulators upstream 10
= Site search-1000 +100

- |¢%| Top 3 regulators, CEBFalphaih)

- &%/ Top 3 regulators, huntingtin(h)

- &%/ Top 3 regulators, sumoi-isoformzih)

F,% Transcription factors annot

Master regulators

The primary result table Master regulators upstream 10 (Eﬁ') is a list of master
regulatory molecules that were identified at a distance of up to 10 steps upstream of the
input TFs. Each master regulatory molecule is characterized by a Score, Z-score, FDR,
and Ranks Sum.

Apply | cancel [ selectall | select page
First | [ Previous Page 1 |of 9 Next [ Last Showing 1 to 50 of 437 entries Show |50 v | entries|
Maximal Reached Reachable z- Ranks ,
D Master molecule hame radius from set total Score FDR Score o Hit names
AML3-isoform1(h), AML3-isoform2(n), AML3-
MO000312549 sumo-isoform2(h} 963 102 35854 0.41156 o] 485411 61 isoform3(h), BCL-6-isoform1(h). BCL-6-isoform2(h),
(more)
AML3-isoform1{h). AML3-isoform2(h). AML3-
MO000084581 huntingtin(h) 9.1 105 37527 0.43787 0.004 4.3999 G4 isoform3(h), BCL-B-isoform1(h). BCL-6-isoform2(h),
(more)
AML3-Isoform1(h), AML3-isoform2(h), AML3-
MO000058351 C/EBPalpha(h) 9.92 84 35439 0.36859 0.002 53905 90 isoform3(h), BCL-6-isoform1(h). BCL-6-isoform2(h),
(more)
AML3-isoform1{h). AML3-isoform2(h). AML3-
1M0000045001 ING1h(h) 9.96 100 38046 0.38222 0.003 4.36045 96 isoform3(h), BCL-B-isoform1(h). BCL-6-isoform2(h),
(more})
AML3-isoform1(h). AML3-isoform2(h), AML3-
MO000078285 sumo-isoformiih) 963 102 35871 04144 0.012 3.94538 98 isoform3(h), BCL-6-isoform1(h). BCL-6-isoform2(h),
(more)
~ AML3-isoform1{h). AML3-isoform2(h). AML3-
1MO000186472 E,Ef’;fri}(pf)ﬁm Caks 9.83 107 25824 0.35267  0.003 511834 122 isoform3(h), BCL-6-isaform1 (h), BCL-6-isoform2(h),
(more)
AML3-Isoform1(h), AML3-isoform2(h), AML3-
MO000057974 ?&%%{;ﬁfwmu} 9.97 94 35879 034363 0003 446839 142 isoforma(h), BCL-6-isoform1(h), BCL-6-isoform2(h),
(more)

Further details about the columns of this table and how to work further with it are given
in Section 5.1.1. The selection of the best master regulatory molecules based on Score,
Z-score and Ranks sum is explained in there under “Interpretation of the results”.

The three Top 3 regulators diagrams ()visualize the networks for each of the three
top master regulators. By default, the top regulators are identified upon sorting the

Master regulators upstream 10 table (Ei'-?") by the column Ranks sum with the lowest
rank on top.
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o o a 0o o o m|
@ e @ e & ' i o @ G
I N ful ____¥____D [

H-Ras2 B

o O 0D 0o O ) @ @ O @ ® @

DREPTE-alpha + NF30-isoform1 DRBPTE * DRBPT

K-Ras? B Master regulatory molecule

Input molecules
DRBP76 for the network analysis

Intermediate molecules
A suggested by the algorithm

@ for working with the diagrams

By default network diagrams are shown in the vertical hierarchical layout. The layout can
be interactively changed into horizontal hierarchical, or force directed, or orthogonal
layouts as described in Chapter 23. Expression data can be mapped on the diagrams as
described in the Section 21.3.

Results of the promoter analysis

Along with the master regulatory molecules, this workflow returns the results of the
promoter analysis, including TFBSs enriched in the promoters of the Yes set as compared

with the No set, see summary ( ﬁ). The tracks with the Yes and No promoters and with
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the TF binding sites ( are also included in the output. In the screenshot below the
results of this workflow are shown with the subfolder Site search -1000 +100 opened:

A _;1_] Upregulated Ensembl genes filtered (LogFC=1) (Upstream analysis Transfac and Transpath)
f@; rMaster regulators annotated
- [%° Master regulators upstream 10
# [= site search -1000 +100

. 4 no promoters

4 no sites optimized

= summary

L & ves promoters

4 yes sites optimized

- &a TOp 3 regulators, CEBPalpha(h)
- % Top 3 regulators, huntingtin(h)
- &"a Top 3 regulators, sumol-isoform2(h)
F,E, Transcription factors annot

The corresponding tables and tracks are described in detail in Section 16.2.5.

Note. This workflow is available together with valid TRANSFAC® and TRANSPATH®
licenses. Please feel free to ask for details (info@genexplain.com).

11.2.2. Enriched upstream analysis

This workflow enables a complete upstream analysis using the newest algorithm to
detect enriched transcription factor binding sites (version 2.0), resulting in the
identification of master regulators upstream from the transcriptional key molecules. To
launch the workflow, open the workflow input form from the Start page:

Enriched upstream analysis (TRANSFAC(R) and TRANSPATH(R))

= I[select glement)

D Input Mo gene =set

ﬁg'l sets/Data/Housekeeping genes (Human) 300

[ Profie fﬂI...IZI1E.ZI’Data.fprl:lﬁles.i".rertebrate_human_pIII.IJIH
B Species |Human {Homo =apiens) ;l
D Filter by TFBS enrichment fold 1.0

D Start promoter -1000

B End promoter 100

[ Allow big input |

LJI[select element)

Show expert options ==

l Run workflow ] [ Edit workflow
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Step 1: Specify a gene set under study, e.g. a list of differentially regulated genes, as
the Input Yes gene set. You can drag & drop it from your project within the Tree Area
and drop in the pink box of the field Input gene set.

For this example, all further steps are demonstrated by means of the following input set:

http://genexplain-
platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C
%20Affymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/
New%?20workflow%203.1.1/Upreqgulated%20Ensembl|%20genes%20filtered 2

Step 2: Input a No gene set. This is the set of background genes or control set. The
default No set used for this workflow is data/Examples/Sample data/Data/Housekeeping
genes (Human). If your Yes set is from mouse or rat, you may wish to adjust the No set
accordingly.

Step 3: Define a TRANSFAC® profile. The default profile is vertebrate_human_p0.001.
Any other TRANSFAC® profile or user-specific profile can be chosen. With a mouse click
on the field Profile, a pop-up window will open, where a profile can be selected.

Step 4: Specify the biological species of the input set in the field Species by selecting
the required species from the drop-down menu.

Step 5: Filter by TFBS enrichment fold: In this field you can specify the enrichment fold
(FE) to filter the motifs. By default, FE is 1.0, which means all motifs with FE>1.0 will be
reported in the resulting table and the same motifs will serve to create a specific profile.
If you want to use highly-enriched motifs, you can specify higher thresholds, e.g. 1.1,
1.2, or even 2.0 or 3.0 depending on your Yes and No sets. It is recommended that you
run the workflow with default parameters first, check the results, and then run again with
the desired filter value.

Step 6: Define the length of the promoter regions to be analyzed. The default promoter
region is from-1000 to 100 relative to the TSS as annotated in the Ensembl database.
You can adjust Start of promoter and End of promoter by typing in the corresponding
fields.

Step 7: Checking Allow big input enables analysis of more than 500 promoters.

Step 8: Define where the folder with the results should be located in your project tree.
You can do so by clicking on the pink box (select element) in the field Results folder,
and a new window will open, where you can select the location of the results folder and
define its name.

Step 9: Press the [Run workflow] button. Wait until the workflow is completed, and take
a look at the results.

Visualization and interpretation of results

The result example folder can be found under data/Examples/Brain Tumor GSE1825,
Affymetrix HG-U133A microarray/Data/Ewing Family Tumor versus Neuroblastoma/New
workflow 3.1.1/Enriched upstream analysis_TF and TP/Upregulated; itcontains several
files:


http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/New%20workflow%203.1.1/Upregulated%20Ensembl%20genes%20filtered_2
http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/New%20workflow%203.1.1/Upregulated%20Ensembl%20genes%20filtered_2
http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/New%20workflow%203.1.1/Upregulated%20Ensembl%20genes%20filtered_2
http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/New%20workflow%203.1.1/Upregulated%20Ensembl%20genes%20filtered_2
http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/New%20workflow%203.1.1/Upregulated%20Ensembl%20genes%20filtered_2
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i __] Enriched upstream analyziz_TF and TP

> J Downregulated

a J Upregulated

~ [ Enriched motifs

~ [[= Enriched motifs_first

F@;‘ Master regulaters annotated

- & Waster regulators upstream 10

@y Profie

: [ site search -1000 100

- &= Top 3 regulators, CKl-alphalh):.CKll-alphaZ{h}):CKI-betalh)
- woa Top 3 regulators, PDK1(h H{pS241}

- ioa Top 3 regulators, RSK3-izoformzih}
FﬁTranscriptiun factors (Proteins: Tranzpath peptides)

F@; Transcription factors Ensembl genes

Enriched motifs

The list of motifs, which were identified during the first part of the workflow and filtered

with enrichment fold >1 can be found in the table Enriched_motifs (ﬁ). It contains
those site models, here TRANSFAC® matrices, which are enriched in the Yes set in
comparison with the No set as shown below.

The example has 86 detected motifs with enrichment fold >1.

First | | Previous | Page 1 of 2| Next | | Last Showing 1 to 50 of 85 entries
Show 30 - entries
I} Adj. site FE Site FDR Adj. =eq FE Seq FDR

VERREB1_Q5 2.0254 4.5405E-4 1.45214 0.07787
VEMAZR_01 1.78136 3.916E-4 0.65726 0.12931
VEHBP1_03 1.77734 £.0420E-6 0.67006 0.13523
WEPOU4F3_02 1.76984 0.00221 1.58514 0.07787
VEZFPI3 02 1.69456 1.3021E-4 0.66841 0.12981

Please refer to section 10.4.3 to learn more about the site enrichment results. The table

=
Profile ('ﬂ) presents details for PWMs with adj. site FE >1. This profile is an
intermediate result of the workflow and is used further for Site search on gene set
analysis.

Site search analysis output (H_:', ) serves to visualize enriched motifs in the promoters.

This folder contains four tracks (E’). The output table Transcription factors Ensembl

I
genes Hf? is a list of transcription factors linked to the enriched motifs. For each
transcription factor, the Ensembl gene ID is provided, as well gene description, HGNC
gene symbol, species, and site model (TRANSFAC® PWM name).

This list of transcription factors is the input for the second part of the workflow, the
master regulator search.

Master regulators
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The primary result table Master regulators upstream 10 (E":"T) is a list of master
regulatory molecules that were identified at a distance of up to 10 steps upstream of the
input TFs. Each master regulatory molecule is characterized by a Score, Z-score, FDR,
and Ranks Sum.

First | | Previous | Page 1 of 8| Next | | Last Showing 1 to 50 of 376 entries
1 Master molecule name Max|_ma| Reached from Reachable Score FDR Z-5core Ranks
radius set total sum
MO000034388 PDK1(hHpS241} B8.52 T 441059 0.57289 0 3.39967 68
Moopotszsss  Craleha(n)CKikalpha2(h):CKI- 894 83 39048 045611 0 367682 78
betalh}
MOO00255879 RSK3-izoformz{h} 10 70 40173 0.45024 0 3.84191 78

Further details about the columns of this table and how to work further with it are given
in Section 5.1.1. The selection of the best master regulatory molecules based on Score,
Z-score and Ranks sum is explained therein under “Interpretation of the results”.

The three Top 3 regulators diagrams () visualize the networks for each of the three
top master regulators. By default, the top regulators are identified upon sorting the

Master regulators upstream 10 table (E'*-'T) by the column Ranks sum with the lowest
rank on top.

Please refer to section 5.1.1 for more details about master regulator results.

Note. This workflow is available together with valid TRANSFAC® and TRANSPATH®
licenses. Please feel free to ask for details (info@genexplain.com).

11.2.3. Focused upstream analysis

This workflow searches for enriched transcription factor binding sites (TFBSs), and
selects those transcription factors (TFs), which were detected via direct (from input
genes) regulator search method. To launch the workflow, open the workflow input form
from the Start page:
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Focused upstream analysis (TRANSFAC|R) and TRANSPATH(R))

EI Input Yes gene set =] I(seleu:t element)

EI Input No gene set Fﬁ;'l sets/Data/Housekeeping genes (Human) 300
EI Profile f'mI...ﬂtﬂ.-'pruﬁles.-".fertebrﬂte_humﬂn_p[l.[l[l1_nun3d
[ Seecies | Human (Homo sapiens) =]
EI Fitter by TFBS enrichment fold 13

EI Start promoter -1000

EI End promoter 100

[y Allow big input |

EI Result folder _JI(S'EIEET element)

Show expert options ==

[ Run workflow ] [ Edit workflow

Step 1: Specify a gene set under study, e.g. a list of differentially regulated genes, as
the Input Yes gene set. You can drag & drop it from your project within the Tree Area
and drop in the pink box of the field Input Yes gene set.

For this example, all further steps are demonstrated with the following input set:

http://genexplain-
platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C
%20Affymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%?20versus%20Neuroblastoma/E
xperiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)
/UpDownReg%20Ensembl%20genes

Step 2: Input an Input No gene set. This is the set of background genes or control set.
The default No set used for this workflow is data/Examples/Sample
data/Data/Housekeeping genes (Human). If your Yes set is from mouse or rat, you may
wish to adjust the No set accordingly.

Step 3: Define a TRANSFAC® profile. The default profile is
vertebrate_human_p0.001_non3d. Any other TRANSFAC® profile or user-specific profile
can be chosen. With a mouse click on the field Profile, a pop-up window will open,
where a profile can be selected.

Step 4: Specify the biological species of the input set in the field Species by selecting
the desired species from the drop-down menu.

Step 5: Filter by TFBS enrichment fold: In this field you can specify the enrichment fold
(FE) to filter the motifs. By default, it is 1.3, which means all motifs with FE>1.3 will be
reported in the resulting table, and the same motifs will serve to create a specific profile.
If you want to use highly-enriched motifs, you can specify higher thresholds, e.g. 1.5,
1.6 etc., or even 2.0 or 3.0 depending on your Yes and No sets. It is recommended that
you run it with default parameters first, check the results, and then repeat with the
desired filter value.


http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/UpDownReg%20Ensembl%20genes
http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/UpDownReg%20Ensembl%20genes
http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/UpDownReg%20Ensembl%20genes
http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/UpDownReg%20Ensembl%20genes
http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/UpDownReg%20Ensembl%20genes
http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/UpDownReg%20Ensembl%20genes
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Step 6: Define the promoter regions to be analyzed. The default promoter region is from
-1000 to 100 relative to the TSS as annotated in the Ensembl database. You can adjust
Start of promoter and End of promoter by typing in the corresponding fields.

Step 7: Checking Allow big input enables analysis of more than 500 promoters.

Step 8: Define where the folder with the results should be located in your project tree.
You can do so by clicking on the pink box (select element) in the field Results folder,
and a new window will open, where you can select the location of the results folder and
define its name.

Step 9: Press the [Run workflow] button. Wait until the workflow is completed, and take
a look at the results.

Interpretation of results

The result folder contains several files and one profile (collection of matrices):

4 | | Focused upstream analysis
== Effectors
FE,;' Effectors_Ensembl
... [ Enriched motifs
F@; Focused_TFs
- ‘a) Profile
T@;‘ Tranzcription factors Ensembl genes

Enriched motifs

The list of motifs, which were found during the first part of the workflow, and were

filtered with enrichment fold >1.3, can be found in the table Enriched_motifs (ﬁ). It
contains those site models, here TRANSFAC® matrices, which are enriched in the Yes set
in comparison with the No set. The example has 260 detected motifs with an enrichment
fold >1.3. The table Transcription factors Ensembl genes includes the corresponding 161
TFs from the site models as shown below. The Profile contains the matrix collection of
converted and filtered site models.

First | | Previous |Page 1 of 4| Next | Last Showing 1 to 50 Show 50 * entries
D Gene description sgfnnueol Species Site model ID Adjl'::ne Site FDR Ad]};:eq i;g
ENSGO0000091010 POU class 4 homeobox 3 POU4F3 :2;-;2"5 VSBRN3C_01, VSPOU4F3_02 1.66774 1.122E5 1.59285 0.05791
ENSGO0000152182 POU class 4 homeobox 1 POU4F1 ::;;ns VEPOU4F1_01, VSPOU4F1_Q8 1.54086 1.8275E-4 1.31884 0.08928
ENSGQO000168505 gastrulation brain homeobox 2 GBX2 :2;-;2"5 VSGBX2_01 1.46886 6.4356E-5 0.77667 0.05474
ENSGO0000087303 regulatory factor X2 RFX2 :::;ns WERFXZ_01 1.3874 1.4761E-4 078177 0.06878
ENSGQ0000100105 POZ (BTB) and AT hook containing zinc finger 1 PATZ1 ::;:gns VENMAZR_01 1.32736 B8.7211E-5 0.77667 0.07071
Effectors

The result table Effectors (E":"T) is a list of identified regulatory molecules found with
effector search method from the input gene list. Each effector molecule is characterized
by a Score, Z-score, FDR, and Ranks Sum.
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Focused transcription factors

The final table of focused TFs is a list of 5 linking molecules between detected TFs and
the regulatory elements from effector search analysis. The final list contains CUX1,
RAD21, ILF3, POU2F1 and HDAC2 as upstream regulators of the identified TFs.

First | | Previous | Page 1 of 1| Next | | Last Showing 1 to 5 of 5 entries
Adi. Adi.
D seq site 4 Gene. Gene Seq Site FOR ~  SitemodelID ~  Species = FOR
escription symbol FDR
FE FE
cut-like VSCDF_Q6_01, Homa
ENSGO0000257923  0.9464 113318 CUXI 0.06985  D.0387E-4  VECUX1_OS, capiens 0.045
VECUX1_06 *
RAD21
ENSGO0000164754 077667  1.413g2  conesh RAD21 0.05214  0.00128 VSRAD21_04 Homo 0.033
complex sapiens
component
interleukin
ENSGO0000129351  1.03853 14003  Cnnancer ILF3 0.0514  0.00152 VSNFAT Q4 g1 Homo 0.022
binding factor =zapiens
3
POU class 2 NEOCT1_04, Homo
ENSGO0000143190 077921 106823 - "o POUZF1 007364 482884 Lo apiens 0.032
histone Homo
ENSGOOD00196581 077921 100741  deacetylase HDAC2 0.0843 23708E-11  VSHDAC2 06 sapiens 0.024
2
Note. This workflow is available together with valid TRANSFAC® and TRANSPATH®
licenses. Please feel free to ask for details (info@genexplain.com).
11.2.4. Upstream analysis with feedback loop
This workflow enables a complete upstream analysis, detecting enriched transcription
factor binding sites and resulting in the identification of master regulators upstream from
the transcriptional regulators. Some master regulators with expression values (fold
changes) from the input set are identified (with feedback loop). The results of this
workflow include master regulators from all transcription factors and master regulators
only with expression values from the input set (=feedback loop). To launch the workflow,
open the workflow input form from the Start page:
Upstream analysis with feedback loop (TRANSFAC(R) and TRANSPATH(R})
D Input Yes gene set E='|(S-B|E=Ct element)
D Species |Humsn {Homo =apiens) ;l
[y Input No gene set ﬁs'l sete/Data/Housekesping genes (Human) 300
[ Profie r'mI...ﬂa’pruﬂles-'vertebrﬂte_nun_redundﬂnt_minSUM
D Start of promoter -1000
D End of promoter 100
D Results Folder J|(53|ECT element)

Show expert options ==

[ Run workflow ] [ Edit workflow
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Step 1: Specify a gene set under study, e.g. a list of differentially regulated genes, as
the Input Yes gene set. You can drag & drop it from your project within the Tree Area
and drop in the pink box of the field Input gene set.

For this example, all further steps are demonstrated with the following input set:

http://genexplain-
platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C
%20Affymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/E
xperiment%?20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)
/UpDownReg%20Ensembl%20genes

Step 2: Specify the biological species of the input set in the field Species by selecting
the required species from the drop-down menu.

Step 3: Input a No gene set. This is the set of background genes or control set. The
default No set used for this workflow is data/Examples/Sample data/Data/Housekeeping
genes (Human). If your Yes set is from mouse or rat, you may wish to adjust the No set
accordingly.

Step 4 Define a TRANSFAC® profile. The default profile is
vertebrate_non_redundant_minSUM. Any other TRANSFAC® profile or user-specific
profile can be chosen. With a mouse click on the field Profile, a pop-up window will
open, where a profile can be selected.

Step 5: Define the promoter regions to be analyzed. The default promoter region is from
-1000 to 100 relative to the TSS as annotated in the Ensembl database. You can adjust
Start of promoter and End of promoter by typing in the corresponding fields.

Step 6: Define where the folder with the results should be located in your project tree.
You can do so by clicking on the pink box (select element) in the field Results folder,
and a new window will open, where you can select the location of the results folder and
define its name.

Step 7: Press the [Run workflow] button. Wait until the workflow is completed, and take
a look at the results.
Visualization and interpretation of results

The example result folder is here: data/Examples/Brain Tumor GSE1825, Affymetrix HG-
U133A microarray/Data/Ewing Family Tumor versus Neuroblastoma/Upstream analysis
with feedback loop (Transfac and Transpath) and contains several files.


http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/UpDownReg%20Ensembl%20genes
http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/UpDownReg%20Ensembl%20genes
http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/UpDownReg%20Ensembl%20genes
http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/UpDownReg%20Ensembl%20genes
http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/UpDownReg%20Ensembl%20genes
http://genexplain-platform.com:8080/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/UpDownReg%20Ensembl%20genes
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a __] Upstream anahysis with feedback loop (Tranzsfac and Transpath)
F@;‘ Master regulators annotated

- [ Master regulators upstream 10

- 7 Master regulators with input expression

- 7 Master regulators with input expression_fitered

- [[3 Site search -1000 +100

- i=a TOp 3 regulators with Expression, FAP-1-isoformzih}
- é=a TOp 3 regulators with Expression, FAP-1-izoform3(h}
- &% Top 3 regulators with Expression, huntingtin{h}

- i=a Top 3 regulators, huntingtinh}

- ioa Top 3 regulators, p300(hHacek1020H{acekK 1024}

- é=a Top 3 regulators, sumol-isoform2ih}

F,E, Transcription factors annot

Master regulators

The primary result table Master regulators upstream 10 (E:*'_“) is a list of master
regulatory molecules that were identified at a distance of up to 10 steps upstream of the
input TFs. Each master regulatory molecule is characterized by a Score, Z-score, FDR,
and Ranks Sum.

First | | Previous | Page 1 of 10| Next | | Last Showing 1 to 50 of 484 entries
[} Master molecule name Maxi.mal Reached Reachable Score FDR Z-5core Ranks
radius from set total sum
MO000084581 huntingtinfh} 9.1 152 38874 0.4702 0.005 475672 57
MO000312549 gumo1-iseform2(h) 9.99 150 38358 0.41077 0.004 442305 135
MO000097974 p300(h{aceK1020}{acek 1024} 9497 140 36817 0.35014 0.003 5.1083 160

Further details about the columns of this table and how to work further with it are given
in Section 5.1.1. The selection of the best master regulatory molecules based on Score,
Z-score and Ranks sum is explained therein under “Interpretation of the results”.

The three Top 3 regulators diagrams ()visualize the networks for each of the three
top master regulators. By default, the top regulators are identified upon sorting the

Master regulators upstream 10 table (E:'"'_'“) by the column Ranks sum with the lowest
rank on top.

The three Top 3 regulators diagrams with Expression () visualize the networks for
each of the three top master regulators, which have expression values from the input
table. These master regulators with expression values are the results of a feedback loop;
they are regulated by themselves. By default, the top regulators with expression values

are identified upon sorting the Master regulators with input expression_filtered (E:'“'_’) by
the column Ranks sum with the lowest rank on top.
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M| J_] Upstream analysis with feedback loop (Transfac and Transpath)
e I“i, Master regulators annotated

- [ Master regulators upstream 10

- [57 Master regulators with input expression

- 57 Master regulators with input expression_fitered

- [ Site search -1000 +100

- 4-a TOp 3 regulators with Expression, FAP-1-isoform2(h)

~ &-a Top 3 regulators with Expression, FAP-1-isoform3(h)

4« Top 3 regulators with Expression, huntingtin(h)
«= Top 3 regulators, huntingtin(h)

- o TOp 3 regulators, p300(h){aceK1020}{aceK1024}
-~ 4 TOp 3 requlators, sumo1-isoform2(h)

I’g, Transcription factors annot

The output of the workflow shows the top master regulator huntingtin, which was found
as a feedback-loop regulated molecule according to the input parameters.

Note. This workflow is available together with valid TRANSFAC® and TRANSPATH®
licenses. Please feel free to ask for details (info@genexplain.com).

11.3. Further workflows in this area

Load gene or protein list See Chapter 3
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All the workflows that constitute this Area have already been explained in other
Chapters, where pathway-related functions contribute. Therefore, please refer to the
Chapters and Section listed below.

o~ !

Pathways

“® Load gene or protein list

“® Load pathways and models

@~ Discover pathway enrichment
Gene set enrichment analyses (GSEA)

GO categories and metabolic pathways

GO categories. signaling pathways and diseases

with a selected ontology

Functional classification

Mappinq to GO categories and metabolic pathways
Single gene/protein set 2 gene/protein sets and comparison

Multiple gene/protein

sets
Mapping to GO categories and signaling pathways

Single gene/protein set 2 gene/protein sets and comparison

Multiple gene/protein

sels

Mapping to GO categories. signaling pathways and di
Single gene/protein set 2 gene/protein set and comparison
sets

Mapping with selected classification
Single gene/protein set 2 gene/protein sets and comparison

Multiple gene/protein

Multiple gene/protein

sels

Cross-species mapping to ontologies

@~ Analyze networks
Find master regulators

with TRANSPATH(R

Single gene or protein set

with GeneWays
Single gene or protein set

Multiple gene or protein sets

Multiple gene or protein sets

Find common effectors

with TRANSPATH(R

Single protein set

with GeneWays
Single protein set

Multiple protein sets

Multiple protein sets

Identify functional gene or protein cluster

Find longest connected chains

Match genes and metabolites

Load gene or protein list,

Load pathways and models

Discover pathway enrichment

Analyze networks

.,
Rt

i

See Chapter 3

See Section 10.3

See Section 5.1
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13. NGS

Many of the workflows that constitute this Area have already been explained in other
Chapters, please refer to the Chapters and Section listed below.

-

“® | oad NGS data

“®” NGS preprocessing
SRA to FASTQ
Alignment of FASTQ with Bowtie
Alignment of FASTQ with TopHat
Convert genome coordinates with Lift-over

Find genome variants and indels from full-genome NGS

“®” RNA-seq
Quantification of RNA-seq with Cufflinks for multiple BAM files

Quantification of RNA-seq with Cufflinks (no de-novo assembly) for FASTQ files
Quantification of RNA-seq with Cufflinks (with de-novo assembly) for FASTQ files
Find gene fusions from RNA-seq

Find genome variants and indels from RNA-seq

“$” ChIP-seq

Peak calling
MACS

SICER

Identify and classify target genes near the intervals
GO categories and metabolic pathways

GO categories and signaling pathways

GO categories. signaling pathways and diseases

Site search with TRANSFAC(R)

version 2.0 (Adjusted p-values)
Single interval list

version 1.2 (Classical)
Single interval list Multiple interval sets

Search for composite modules with TRANSFAC(R)
version 1.2 (Classical)

Search with tissue specific TSS (Fantom5) and TRANSFAC(R)
Discover de-novo motifs using ChiPHorder

Load gene or protein list See Chapter 3
Discover pathway enrichment See Section 10.3

ChIP-seq See Chapter 7
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14. Genomic variants

= Genomic variants
o d

Load genome variation data

%~ Find genome variants and indels
Find genome variants and indels from full-genome NGS
Find genome variants and indels from RNA-seq

%~ Visualize variants in genome browser

Human
Mouse
Rat
<+ Identify and classify genes with genomic variants Dot

GO cateqgories and metabolic pathways
GO categories and signaling pathways
GO categories, signaling pathways and diseases

- Identify TFBS affected by genomic variations |
Enriched TFBS around regulatory SNPs )
with TRANSFAC(R)
with GTRD

Find enriched TF binding sites in variation sites (TRANSFAC(R))
Mutation effect on sites

%~ Discover functional enrichment among variant genes

Gene set enrichment analyses (GSEA)
GO categories and metabolic pathways

GO categories, signaling pathways and diseases

with a selected ontology

Functional classification

Mapping to GO categories and metabolic pathways
Single gene set 2 gene sets and comparison Multiple gene sets

Mapping to GO categories and signaling pathways
Single gene set 2 gene sets and comparison Multiple gene sets

Mapping to GO categories, signaling pathways and diseases
Single gene set 2 gene sets and comparison Multiple gene sets

Mapping with selected classification
Single gene set 2 gene sets and comparison Multiple gene sets

Cross-species mapping to ontologies

¥

-"

L Analyze network with variant genes

Find master regulators
with TRANSPATH(R)
Single gene table Multiple gene sets

with GeneWays
Single gene table Multiple gene sets
Find common effectors
with TRANSPATH(R)

Single protein table Multiple protein sets

with GeneWays
Single protein table Multiple protein sets

Identify functional gene cluster
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Genomic variants can be uploaded in the platform in different formats. The files uploaded

in bed format are shown in the tree area as tracks (‘5}). Genomic variants can be also
uploaded as a table, where the ID column contains standard SNP IDs (e.g. rs10010325).

When imported into the platform, the tables with this type of ID have a special icon (E )
in the tree area. An example of such a table can be found in the Examples folder:

http://genexplain-
platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20t0%20human%20hei
ght/Data/SNP_height hgl9

14.1. Find genome variants and indels from full-genome NGS

This workflow is based on a framework to discover genotype variations in full-genome
NGS data by De Pristo et al., Nature Genetics 43:491-498, 2011. The process includes
initial read mapping, local realignment around indels, base quality score recalibration,
SNP discovery and genotyping to find all potential variants.

In the first part of the workflow the input sequences are mapped using the BWA tool
(Galaxy). BWA is a fast light-weight tool that aligns relatively short sequences to a
sequence database, such as the human reference genome (published by Li & Durbin,
Bioinformatics 25:1754-1760, 2009).

The second part includes local realignment around indels, base quality score
recalibration, SNP discovery and genotyping to find all potential variants. After the first
part, and after identification of duplicates and covariates, the workflow creates a first
output as a new BAM file. Then the recalibrated BAM file is used as an input for SNP
discovery and genotyping to find all potential variants by GATK (Genome Analysis
Toolkit).

To launch the workflow, follow these steps:

Step 1. Open the workflow input form from the Start page. It will open in the main Work
Space and looks as shown below:

Find genome variants and indels from full.genome NG5S

D I(seleu:t element)

D I(seleu:t element)

_Jliselect element)

| Run workflow | | Edit workflow |

Step 2. Input the Forward and Reverse fastq files. You can either drag&drop or select
the files from the Tree area. Here, a set of files from the Example folder is used as input.
data/Examples/Chronic Myeloid Leukemia Patient Genotyping/Data/SRR944150
forward.fastq

data/Examples/Chronic Myeloid Leukemia Patient Genotyping/Data/SRR944150
reverse.fastq



http://genexplain-platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20to%20human%20height/Data/SNP_height_hg19
http://genexplain-platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20to%20human%20height/Data/SNP_height_hg19
http://genexplain-platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20to%20human%20height/Data/SNP_height_hg19
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3083463/
http://genexplain-platform.com/bioumlweb/#de=analyses/Galaxy/solexa_tools/bwa_wrapper
http://bioinformatics.oxfordjournals.org/content/25/14/1754.long
http://genexplain-platform.com/bioumlweb/#de=analyses/Galaxy/gatk
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic Myeloid Leukemia Patient Genotyping/Data/SRR944150 forward.fastq
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic Myeloid Leukemia Patient Genotyping/Data/SRR944150 forward.fastq
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic Myeloid Leukemia Patient Genotyping/Data/SRR944150 reverse.fastq
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic Myeloid Leukemia Patient Genotyping/Data/SRR944150 reverse.fastq

Genomic variants

Step 3. Specify the OutputFolder location and name and press the button [Run
workflow].

All results are saved in the result folder:
data/Examples/Chronic Myeloid Leukemia Patient Genotyping/Data/SRR944150
forward.fastq (Genome variants and indels from RNA-seq)

In the first step the input fastq sequences are subjected to the BWA method from
Illumina. BWA is a software package for mapping low-divergent sequences against a
large reference genome, such as the human genome. It consists of three algorithms:
BWA-backtrack, BWA-SW and BWA-MEM. The first algorithm is designed for Illumina
sequence reads up to 100bp, while the other two algorithms are designed for longer
sequences ranging from 70bp to 1Mbp. BWA-MEM and BWA-SW share similar features
such as long-read support and split alignment, but BWA-MEM, which is the latest, is
generally recommended for high-quality queries as it is faster and more accurate. BWA-
MEM also has better performance than BWA-backtrack for 70-100bp Illumina reads.

In the next step the sorted files are subjected to the Mark Duplicates method.

This method removes duplicates. The purpose is to mitigate the effects of PCR
amplification bias introduced during library construction. Two read pairs are considered
duplicate if they align to the same genomic position. The resulting MarkDuplikatesl.log
file is stored in the log folder and the MarkDuplikates1.stat file is stored in the stat folder.

The next step is a local realignment. Read mapping algorithms operate on each read
independently, locally realigning reads such that the number of mismatching bases is
minimized across all reads. Output files are Realigner.log and TargetCreator.log in the log
folder, ddupl.bam, Realigned.bam and realigner.intervals in the tmp folder.

The realigned BAM file is used again to remove duplicates (output MarkDuplicates2.log
and MarkDuplicates2.stat), because realignment may change genomic positions of read
pairs, after this step additional duplicates can be identified. The next step is a
recalibration of base quality values. For each base in each read the method calculates
various covariates (such as reported quality score, position in read, dinucleotide, read
GC-content). Using these values it builds the model that predicts sequencing errors. Then
it applies this model to calculate an empirical base quality score and overwrites the phred
quality score in the read. Output is a new BAM file (Good.bam).

4 Eﬂﬂhrunic Myeloid Leukemia Patient Genotyping
i .| Drata
j .| genotyping results
. |loge
>l Quality check
1. SMP_indels.vef (Enriched TF binding sites (TRANSFALC))
1 1| SRR544150 forward. fasty (Genome variants and indels from RNA-zeq)
P .| loge
.| statz
.| tmp
& Good. bam
& SHNP_indels. vcf

L [~ wariant effects
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http://genexplain-platform.com/bioumlweb/#de=analyses/Galaxy/picard_beta/picard_MarkDuplicates
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic Myeloid Leukemia Patient Genotyping/Data/genotyping results/Good.bam
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The user can view the Good.bam files in the genome browser by double-clicking on it.
The browser shows each aligned read and also shows nucleotides mismatching between
the reads and the reference genome sequence.

[srese [ eromenemes cecrr > ——,

Sequence (chromosome): 1

v Position: [EEEERERES [Cset |
119 132440 132460 132480 132500 132520 132540
L | L | L | L | L | L |
Good.bam4 b
ey G
—_—— c _e
N S —

GC content4p

Genesdp

Varations4 b

-RP11-34P13.7..

_RP11-34P13.10._.

1877977595 1878796236
4 4

This file is used then for the unified GATK (Genome Analysis Toolkit) genotyper method
to detect the SNP-indels. It generates a table in VCF format, which can be viewed either
as a table or as a track in the genome browser (right mouse button click and select either
“Open track” or “Open table”).

e

| selectall | select page |

First | | Previous Page 1 of 2052 Showing 1 to 50 of 104854 entries

Sequence Pro .
D (ch ra;:i::me} From To Length Strand Type Althpfler:
1 1 69511 69511 1 x variation G
2z 1 Ta1267 T41267 1 x wariation C
3 1 757734 FoIT34 1 ® variation T
4 1 TE1147 751147 1 x wariation C
5 1 752539 752589 1 x variation C
3 1 TE2552 TE2552 1 X wariation G
T 1 7526501 75260 1 X wariation C
& 1 a08922 &08922 1 x variation A
9 1 2028528 808928 1 x wvariation T
10 1 12267 B1Z267 1 x wariation G


http://genexplain-platform.com/bioumlweb/#de=analyses/Galaxy/gatk/gatk_unified_genotyper

Start page Echromosomes GRCh3T Xi
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760000 765000

Sequence (chromosome) 1+ Position:
557 745000 750000 755000
Lo 0 PR T RN T SR T T R SR T T SR NN S
SNP_indels.vcf 4 b \'aria?on
GC contentdb ., . . . . . TN T | U1 T [ PP W YSPUN T
Genes4r 8311 RP11-206L10.10
BB5TE2 4 FAMRTB
—_— _—

-FP11-206L10.9

FP11-206L10.8

variation

|
Variaifi.on
variaifi.on
\'ariaifi.on
- - ﬂ”ii. ML

LINCOO113
d—

In the track visualization the information about each variation (either a base substitution

or an indel) is shown in the info box when clicking on each variation.

14.2.

Visualize variants in genome browser

The genomic variants shown in the tree area as tracks (‘Q) can be directly visualized in

the genome browser. Tables with SNP IDs (f—lc ) should be first processed into the tracks.

For this, you can apply the method called SNP matching (ﬁ); for details please refer to

the section 17.1.1.

¥~ Visualize variants in genome browser

Human

Mouse
Rat

A mouse click on the links Human, Mouse or Rat immediately opens up a genome
browser for the corresponding species in the work space, and the corresponding Ensembl
database appears in the tree area.

14.2.1. Human

When Human is selected, the genome browser opens up the latest Ensembl build, hg19
chromosomes GRCh37, highlighted by the red oval.
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In the pop-up window Add tracks to genome browser you can select which tracks among
those available in Ensembl should be opened together with your track of the genomic
variants. Two tracks are selected by default, GC-content and Genes. When the selection
is ready, push the [Ok] to get the following view:

pmosome){ 1 % | position: | 1:50091-106023

)91 §0000 70000 80000 90000 100004
| I T T T T T T | I T A T S R | I T T T T T T T | I T T T T T R T | I T T T T T T T [
GC content4 » ‘AF"T' WMW-WﬂhWW

Genes4 > AL627309.2 OR4G1P OR4FS RP11-34P138

f— C Fr
RP11-34P1317...
A—

Now you can drag & drop your track with the genomic variants on the genome browser
to add it to the default tracks. As an example, the following track is shown here, in the
screenshot below:

http://genexplain-
platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%?20to%20human%?20hei
ght/Data/SNP_height hg19%20(Analyse%20SNP%20list%20(TRANSFAC))/All%20SNPs/
SNP height hg19%?20track



http://genexplain-platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20to%20human%20height/Data/SNP_height_hg19%20(Analyse%20SNP%20list%20(TRANSFAC))/All%20SNPs/SNP_height_hg19%20track
http://genexplain-platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20to%20human%20height/Data/SNP_height_hg19%20(Analyse%20SNP%20list%20(TRANSFAC))/All%20SNPs/SNP_height_hg19%20track
http://genexplain-platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20to%20human%20height/Data/SNP_height_hg19%20(Analyse%20SNP%20list%20(TRANSFAC))/All%20SNPs/SNP_height_hg19%20track
http://genexplain-platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20to%20human%20height/Data/SNP_height_hg19%20(Analyse%20SNP%20list%20(TRANSFAC))/All%20SNPs/SNP_height_hg19%20track

Sequence (chromosome):| 1 + | Position: | 1:212227748-212273353 Set
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For further details regarding visualizations, please refer to the basic operations with

tracks, Section 2.3.3.

14.2.2. Mouse

When Mouse is selected, the genome browser opens up the latest Ensembl build for

mouse, mm10 chromosomes GRCm38

P

Echmmmomns GRCm38

bases || Data || Analyses || Users . Sequence (chromoso

sition: | 1:3054171-3054304 Sat
= -
f/] EnsembiMouse L~ 1171 3054180 3054200

GC content 4 »

Genes4 )

iagtagacatctgtgtoctcacattgggtgaagatgtegect

The further steps of the visualization are similar to the human tracks.

14.2.3. Rat

When Rat is selected, the genome browser opens up the latest Ensembl build for rat, rn5

chromosomes Rnor_5.0

bases || Data || Analyses || Users

EEI EnsemblMouseB5 = 132 650000
f7] EnsemblRat [

[set |

655000 700000 705000

b lpata GC conent > uippremremptrrpey ey~ v

Genes 4 b protein_coding Eﬂiﬂ_ﬂoﬂiﬂs
—— o mp

The further steps of the visualization are similar to the human tracks.
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14.3. Identify and classify genes with genomic variants
Genomic variants are represented in the same format as genome intervals or ChIP-seq

peaks, i.e. with their absolute chromosomal positional locations. Therefore, please apply
correspondingly the workflows explained in detail under 6.1.1 or 7.2.1.

14.4. Identify TFBS affected by genomic variations

14.4.1. Enriched TF sites around regulatory SNPs and SIFT analysis

Analysis with TRANSFAC®

The input form of this workflow, when opened form the Start page, is the following:

Start page | 7+ Analyze SNP list (TRANSF... Xi

Analyze SNP list (TRANSFAC(R))
[y Input SNP Table =) I(select element)
D 9 and 3" gene bound extension 10000
D Profile .f'ﬁI...ta.'proﬂlBs.'vertebrate_non_redundant_minFN
D SMP surrounding region, bp 30
D Species |Human (Homo sapiens) ;I
[y Resutts Folder _||(select element)

( Runworkflow ) ( Edit workflow )

Step 1. Specify an input table in the field Input SNP table. A table with standard SNP
IDs in the format like rs10010325 can be used as an input. The tables with this type of

IDs have a special icon (T—' ) in the tree area. In this example the following input table
with 180 SNPs is used:

http://genexplain-
platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20t0%20human%20hei
ght/Data/SNP_height hgl9

Step 2. Specify the region around each SNP in the field 5 and 3’ gene bound
extension. By default this region is 10000 bp long. Genes located within the region of
10000 bp around each SNP in the input list will be considered as SNP target genes.

Step 3. Specify a TRANSFAC® profile in the field Profile. The workflow uses the default
profile vertebrate_non_redundant_minFN from the TRANSFAC® library, but another
TRANSFAC profile can be chosen as needed.

Step 4. Specify the region around each SNP that will be analyzed for potential TFBSs in
the field SNP surrounding region. The default length of this region is 30 bp on each
flank.

Step 5. Select a species corresponding to your input table from the drop-down menu in
the field Species.


http://genexplain-platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20to%20human%20height/Data/SNP_height_hg19
http://genexplain-platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20to%20human%20height/Data/SNP_height_hg19
http://genexplain-platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20to%20human%20height/Data/SNP_height_hg19
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Step 6. Specify the path to store the results and the name of the output folder in the
field Results folder.

Step 7. Having filled the input form, launch the analysis with the [Run] button. Wait till
the workflow is completed.
Results

The output is a result folder with three subfolders named all SNPs, SNPs in exons and
SNPs regulatory, respectively, containing all resulting tables and tracks:

4 || | SNP_height_hg18 (Analyse SNF list (TRANSFAC))
a || | All SNPs
- I SNP_height_hg19 SNP on genes, schematic map
- 4% SNP_height_hg19 track
4 || | SNPs in exons
f_‘t SNP_heighi_hg12 matched SNPs in exons
= SNP_height_hg19 maiched SNPs in exons SIFT
4 || | SNPs regulatory
f_',_. SNP_heighi_hg19 matched SNPFs regulatory
Q SNP_heighi_hg12 TFBSs around regulatory SMNPs
- % SNP_height_hg19 TFs binding around regulatory SNPs
= Summary: TFBSs around regulatory SNPs

The results shown here can be found in the trea area: data/Examples/SNPs linked to
human height/Data/SNP_height_hg19 (Analyze SNP list (TRANSFAC))

Subfolder All SNPs

This folder includes one gene table and one track.

|
The table SNPs on genes, schematic map (ﬁ) contains all genes that were identified in
the region of 10000 bp on both flanks around each SNP, in this example 119 genes.

D Gene symbaol SNP_height_hg19 track: Schematic

ENSG00000011052 MNMEZ W
ENSG00000048323 LTBP1 Wﬁfﬂﬂ“ﬂﬂﬂ"}
ENSG00000053518 KCNOA mﬂm
ENSG00000066827 ZFAT I

ENSG00000066933 MY CoA ﬂfﬂifﬂfﬂﬂﬂﬂﬂﬂiﬂfﬂﬂfﬂ;ﬂfﬂﬂﬂl-
ENSG00000067E08 PRECZ mmmm
ENSGE00000070081 NUCB2 mm;l'mm

Each row of this table corresponds to one gene; the column ID presents Ensembl gene
IDs, and HGNC gene symbols are listed in the column Gene symbol. The title of the last
column Schematic also contains the name of the input table. This column represents a
schematic view for each gene, where blue boxes correspond to exons, and the lines
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between exons symbolize introns, drawn in logarithmic scale. SNPs are shown by vertical
red lines. This schema provides an overview of SNP location within genes.

A track (‘5}) represents the results of the SNP mapping to genomic positions. In this
example, out of 180 input SNPs 148 were mapped to the genome, and for them the
following information is shown:

D Sequence (chromosome) name From To Length Strand Type Property: name
1 4 106106353 106106353 1 + variation rs10010325
2 5 BB3IG4ETS BB35467T5 1 + variation rs10037512
3 17 36922196 36922196 1 + variation rs1043515
4 1 184023529 184023529 1 + variation rs1046934
5 B 109783941 109783941 1 + variation rs1046943
3] B 19841493 19841493 1 + variation rs1047014
T 12 20857467 20857467 1 + variation rs10770705
8 1 227211883 227911883 1 + variation rs10799445
] 1 48028280 48028280 1 + variation rs10838801
10 1 212237738 212237798 1 + variation rs10863936
11 1 93323971 93323971 1 + variation rs10874746
12 12 93978504 93978504 1 + variation rs11107116
13 2] 78542286 78542286 1 + variation rs11144688
14 1 149822872 149892872 1 + variation rs11208277
15 15 84580582 84580582 1 + variation rs11259936

For each SNP the tabulated view of the track contains information about chromosomal
location, absolute positions, length, and strand. In the column Type the value variation
is shown for all SNPs, and in the column Property: name SNP IDs are shown.

Subfolder SNPs in exons

This folder includes two tables, both present information for those SNPs that are located
in exons. In our example, 19 out of 148 SNPs mapped to the genome are located in
exons.

One of the tables contains standard SNP IDs in the ID column, and has the same icon as

the input SNP table (-c).

D 1 Emenid o Locaen Shrnaetiw SVneline Sy S nating
rs1043515 ENSGO0000141720 PIP4KZB Exon 17 36922196 AIG +
rs1045934 ENSG00000 198860 TSEN1S Exon 1 184023529 AC +
rs1045943 ENSGO00000112365 ZBTB24 Exon <] 108783941 AIG +
rs1351394 ENSGE00000149948 HMGAZ Excn 12 BB351826 TiC +
rs143384 ENSG00000125365 GDF5 Exon 20 34025756 AIG +
rs16942341 EMNSGO0000157766 ACAN Exon 15 89388905 T +
rs17318596 ENSGE00000248098 BCKDHA Exon 19 41937095 GiA +
rs1741344 ENSGO00000BEE2E SMOX Exon 20 4101800 CIT +
rs2066807 ENSGO00000170581 STATZ2 Exon 12 SBT40B82 CIG +
rs2247341 ENSG00000163350 SLBP Exon 4 1701317 GiA +
rs422421 ENSGO0000160867 FGFR4 Exon 5 176517326 TiC +
572169 ENSGE00000121853 GHSR Exon a 172165727 CIT +
rsb742915 ENSGO00001404684 PML Exon 15 74336633 TiC +
rs724016 ENSGO0000177311 ZBETB3E Excn a 141105570 AG +
rs7689420 ENSGO0000164161 HHIP Exon 4 145568352 TIC +
rsB06T24 ENSGO0000197846 HIST1HZBF Exon -] 262006877 AG +
rs2455307 ENSGE00000130338 TULP4 Exon B 158920442 TiA +
rsB835332 ENSGO0000163246 FAM208A Exon 3 56667682 GIC +
rs0B44 866 ENSGO00000114054 PCCE Exon a 135974218 GiA +
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This table contains general information about SNPs that are located in exons. Each row in
this table corresponds to one SNP. The columns Ensembl ID and Gene symbol refer to
the gene in which this particular SNP is located. The column Location confirms that all
SNPs are located in exons. The absolute genomic positions of the SNPs are shown in the
columns SNP_matching-Chromosome, SNP_matching-Position and
SNP_matching-Strand. The column SNP_matching-Allele shows which nucleotide
exactly varies at the listed position.

If your input SNP table contains more columns in addition to IDs, all these columns will
be preserved and will be added to the right side of this table.

The other table in this subfolder results from the SIFT analysis, and is represented by an

icon for a general table (E='). SIFT is a widely accepted method to check whether a
particular variation is synonymous or non-synonymous, and in case of a non-
synonymous variation whether it is damaging or tolerated. More details about SIFT can
be found under http://sift.jcvi.org/www/SIFT help.html.

This table also has 19 rows according to the number of SNPs identified in exons. There
are many columns in this table, we will consider the most important ones in the
following.

Allele Codons Transeript ID Protein ID Substitution Region dbSNP ID SNP Type Prediction
AIC CAA-CAC ENSTO0000361641 ENSP00000355299 QS59H EXON CDS rs1046834:.C Nonsynomymous DAMAGING
CIT GTC-GTt EMSTOO000266134 ENSFPD0000268134 V40TV EXON CDS rs16942341:T Synonymous NiA

GiA GCG-aCG EMSTOO000375186 ENSPD00003674 38 AJSIT EXON CDS rs17318596:A Nonsynonymous TOLERATED

The columns Codons and Substitution show which nucleotide in a codon varies and
which amino acid is substituted by which. The column SNP Type shows if it is a
synonymous or a non-synonymous variation, and in case of non-synonymous variations
the column Prediction shows if it is damaging or tolerated. An extension of this table to
its right side is shown below, starting with the column Prediction:
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Median i Gene
Prediction Score seqs at Gene ID Gene Desc
Info . Name
position

tRMNA splicing
endonuclease 15
homolog (3.
cerevisiae)
[Source:HGNC
Symbol;Acc:16791]

DAMAGING 0.01 347 28 ENSGO0000198860 TSEN15

aggrecan
WA MIA MIA M/A ENSG0000015TTES ACAN [Source:HGNC
Symbol;Acc:319)

branched chain keto
acid dehydrogenase
E1, alpha
polypeptide
[Source:HGNC
Symbol;Acc:088)

TOLERATED 0.08 2.87 139 ENSG00000248058 BCKDHA

The columns Gene ID, Gene Name, Gene Desc show information about which genes
and gene products are affected and might be even damaged by a given variation.

Subfolder SNPs regulatory

This subfolder contains three tables and one track.

4 || | SNPs regulatory
f,-. SNP_height_hg19 matched SNPs regulatory
4% SNP_height_hg19 TFBSs around regulatory SNPs
- % SNP_height_hg19 TFs binding around regulatory SNPs
ﬁ summary: TFBSs around regulatory SMNPs

In this example, 129 out of 148 SNPs mapped to the genome are located in introns or

gene flanking regions. The table (Ec) contains standard SNP IDs in the ID column, and
has the same icon as the input SNP table, and as the table with SNPs in exons. The
structure of the latter was described above in detail, under the subheading Subfolder
SNPs in exons.

The other two tables and one track in this subfolder present the results of the TFBS
search in the SNP surrounding regions.

The table Summary: TFBSs around regulatory SNPs ( ﬁ) shown below has been sorted
by the values in the Yes-No ratio column.

[»] Yes density per 1000bp Mo density per 1000bp Yes-No ratio Model cutoff P-value
YELMO2C0M_01 0.12708 0.00204 G2.26998 0.9996 0.02371
VER_01 0.50832 0.07653 6.64213 0.8454 0.00378
VESMAD3_Q6 0.6354 0.11837 5.38681 0.954 0.00297
VEAPT_Q4_01 0.38124 0.07449 5.11808 0.9968 0.02309
WEZF5_B 1.27081 0.24888 5.1041 0.8456 4 5582E-5
WEHIF1_Q3 1.01665 0.20102 5.05746 0.9159 2.T29E-4
VEETS_Q6 0.25416 0.05408 4 59962 1 0.07141
WEHLF_01 0.88957 025102 3.54382 0.8829 0.00453
VERBPJK_Q4 0.76249 030714 2.48252 0.9538 0.03783
VEPS3_02 088957 0.37245 2.38844 0.9304 0.0311
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Each row summarizes the information for one PWM. The columns Yes density per
1000bp and No density per 1000bp show the number of matches normalized per
1000 bp length for the sequences around SNPs and in the sequences around random
genomic positions, respectively. The column Yes-No ratio is the ratio of the first two
columns. Only matrices with a Yes-No ratio higher than 1 are included in the Summary
table. The higher the Yes-No ratio, the higher the enrichment of matches is for the
respective matrix in the sequences around regulatory SNPs. The matrix cutoff values
calculated by the program at the optimization step are shown in the column Model
cutoff, and the last column shows the P-value of the corresponding event.

|
The table TFs binding around regulatory SNPs (ﬁ) includes transcription factors (TFs)
that are associated with the PWMs listed in the table above, and each row shows details
for one TF, including its Ensembl gene ID (column ID), gene symbol, gene description of
the corresponding TF (columns Gene description, Gene symbol). The column Site
model ID shows the identifier of the PWM associated with this TF, and several further
columns repeat information that is also shown in the table above.

Yes No
G G densi densi Yes-N Model
ID ene ene Site model ID ensity ensity es-No o P-valuy
description symbaol per per ratio cutoff
1000bp  100Dbp
LIM domain only
ENSC00000135363 2 (rhombotindike  LMO2 VSLMO2COM_01  0.12708 000204 6226998 08986  0.0237
1)
ENSGO0D00166848 i’;‘ﬁgﬁ?g"” SMAD3  V$SMAD3_Q6 0.5354 0.11837 53681 D.954 0.0029]
FOS-like antigen
ENSGO000007S428 ) FOSL2 V$AP1_Q4_01 0.38124  0.07440  5.11808 09968  0.0230
FBJ muring
ENSGOOD0DIZE74g  Coioosarcoma FOSB V$AP1_Q4_01 0.38124 007449 511808 09988  0.0230
viral oncogene
homolog B
ENSG00000130522 J{:J:cggiff' JUND VSAP1 Q4 01 038124  0.07448 511808 09968  0.0230

These TFs are suggested to have their binding sites in close proximity or even
overlapping with SNPs, and their binding might be affected by a given SNP.

The track TFBSs around regulatory SNPs (‘5}) gives information about the genomic
positions of the identified TFBSs.

Sequence
Property: Property: Property:
1D (chromosome) From To Length Strand Type coreScore score siteModel
name
TF
1 1 212237781 212237795 15 + Binding 0.74026 0.72689 VSCDPCR3_01
site
TF
2 1 212237801 212237815 15 + binding 0.72453 0.61502 VECDPCR3_01
site
TF
3 1 212237774 212237788 15 - binding 0.74251 0.62884 VSCDPCR3_01
site
TF
4 1 212237785 212237797 13 - Binding 0.907186 0.86357 VSCEBPG_Q6
site

Each row presents details for an individual TFBS. The columns Sequence
(chromosome) name, From, To, Length and Strand show the genomic location of
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the match including chromosome number, start and end positions, strand, and length of
the match. The column Type contains information about the type of the elements; in this
case all matches are assigned the type TF binding site. Further columns keep information
about the site model producing each match (column Property:siteModel) as well as a
score of the core (column Property:coreScore), and a score for the whole site model
(column Property:score).

@ Further visualization of tracks in the genome browser:

When having tracks opened in the Work Space, the menu button on the top panel
can be applied to visualize it. A supplementary window Add tracks to genome browser
will open. Here you can select tracks that can be visualized together with your track
(shown below).

Folder: Idahbasesu‘Ensemblﬂral:ks ;I Up

£ Karyotype
£ GC content
2 Genes

£ ExtendedGene Track
& Repeats

& Variations

Mame:  Karyotype,GC content; Genes Extended GeneTrack;Repeats, Variations

After pressing [Ok] you will get the picture shown below with your track in focus at the
top position.
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Sequence (chromosome): 1

+ | Position: | 1:1962495-2001323

1495 1965000 1870000 1875000 1980000 1985000
L PR | PR S T T N T TR T | I 1 L PR PR I T
SNP_height_hg18 TFB... 4}
Karyotype 4 ¥ p36.33
GC content 4P wssseladivd b su oSk i st o s mamn ki ol gt it o B, ol ab iy gt it
Genes4 ) RP11-547D24.3
i
ExtendedGeneTrack 4 Hl - —_
Repeats  » AU SR TN I S R [ L T Y
LT T S T C) SO
P! L 4 ! » !
. ) y ) ’ ;
' ' >
» }
L] ] ’
»
]
L 4
o YT 0 5 0006000 b 660600 0000 0 Db 0 6 0 00 0D 806 086:680 B0 O 00 000 MO0 5060 0003 06t
HEN (I FE NN (I ITEE N IRRL (] "o (NI TN TN ] IR T N T RN
(A N ] " ] e (N [ ] ] (] L] [BIRI N ] (] ] ] [ A RN ] ]
N ' RN " iy W TN N NI ' I EEE I "

A number of options are available to navigate the browser and get the desired view. You

can use several buttons at the top panel to zoom in and out, and to shift the visible part
of the map left or right.

SHEY ElEE T ETES

With the help of the small triangles next to the track names you can jump to the next or
previous element of this track.

With the drop-down menu shown below, you can jump between different chromosomes,
or specify exact positions in the Position window.

Sequence (ch rumu:us:nme]:'L 1 r J Position:  1:1-249250621

When having a track opened in the genome browser, you can drag & drop any other
track over the same picture to add it to the browser, where you can find it below the
bottom-most track. You can drag & drop it then to any track into desired position.

For example, you can add the track with all input SNPs from the folder A/l SNPs, and shift
it to the top position, and then jump to the position of the 1st SNP along the
chromosome. The resulting picture is shown below.
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2070000 2075000
L 1 1 1 I 1 1 L 1 I 1 1

rs425277
L}

SNP_height_hgl9 track 4 »
SNP_height_hg19 TFB...4 ¢ V$HANDIIE4T 01
\-’$1’UU3IF2 02
VSi’UUBIFZ 02
VSCDPCR3_01

VEHMGIY Q6
[

VEPPARG (1

Next, you can zoom in down to the nucleotide level, and get the following picture, where

one of the identified regulatory SNPs, rs2284746, is overlapping with several TFBSs, e.qg.
with the binding sites for c-Maf and PPARy.

JBE3E

17306660
|

17306680
|

17306700

n

L
tcagatgttgoagogocgocacagotgggaacaatcagoocgeoggaaacttgotocgogogooct

cgegete

SNP_height_hgl9 track4 rs2284746

ENP_height_hglS TFB... 4} VSHMGLY 06
_heignt_ng

VIPAXS5_01 V3ZF5_B

L

VEPAXS 01 VESRY 01

T r

VICMAF_01 VIPPARG_02

VIZF5_B

VI0S5F2 Q6

r -

VIDBP_(Q6
—

VENKX25_02 VECMAF_01

-

VEPAXGO ()2 VIMYOGNF1_01

r

VIFPARG_02

T

VSDBP Q6 VSMAZ Q6

VIFPARG 02

VEPPARG 02

Note. This workflow is available together with a valid TRANSFAC® license.
Please feel free to ask for details (info@genexplain.com).

Analysis with GTRD

This workflow is similar to the one described above. The difference is in the database
applied for the TFBS search; in this workflow it is the GTRD database. Correspondingly,
the results for regulatory SNPs overlapping with TFBSs might be different.

The results of this workflow can be found under:

data/Examples/SNPs linked to human height/Data/SNP_height_hg19 (Analyze SNP list
(GTRD))
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4 uJ SNP_height_hg12 (Analyse SNFP list (GTRD})

a4 | |AIsNPs

F@; SMNP_height_hg12 SNF on genes, schematic map

» & SNP_height_hg18 track

4 || | SNPs in exons

E-: SNP_height_hg12 matched SNFs in exons

= SNP_height_hg1® matched SNPs in exons SIFT

F u_] SMNPs regulatory
f_‘t SNF_height_hg12 matched SNPs regulatory
> 5’ SNP_height_hg12 TFBESs around regulatory SNPs
.- % SNP_height_hg18 TFs binding around regulatory SMPs
ﬁ Summary: TFBSs around regulatory SNPs

14.4.2. Find enriched TF binding sites in variation sites

This workflow is designed to study variations (mutations) located especially within
promoter regions. It helps to address the questions, which TFBSs are enriched around
the variations, and which TFs are responsible for the regulation of the corresponding
promoters.

As input, you submit two tracks, one track in vcf format with variations (mutations), and
another track with the promoters in focus; by default all promoters from Ensembl 65.37
are used. You also need to specify a profile (a set of PWMs), and a window (region)
around each variation point, e.g. 10-20 bp, where TFBS analysis is to be performed.

As output you get a summary table with enriched TFBSs, a table with transcription
factors as well as a track with the enriched TFBSs, which can be used for visualization in
the genome browser.

The workflow can be found on the Start page, in the section "Genomic variants”.

o Genomic variants

* Load genome variation data

* Find genome variants and indels

*® Visualize variants in genome browser

* |dentify and classify genes with genomic variants

@~ |dentify TFBS affected by genomic variations

———uiched TEBS araund reguiatony SNOS
Find enriched TF binding sites in variation sites (TRANSFAC(R

Mutation effect on sites

291



292

Genomic variants

Step 1. Open the workflow input form from the Start page. It will open in the main Work
Space and looks as shown below:

Find enriched TF binding sites in variation sites (TRANSFAC(R))

D Input Variaticn track «Q‘ (select element)

- [} Gene promoters & __ata/promoters_-1000_+100_ensembl_85_37

D Profile ‘A .talprofies/vertebrate_non_redundant_minFM

D Variaticn surrounding region, bp 15

D Results Folder .| (select element)

{"Run workflow ) [ Edit workflow |

Step 2. Specify the Input Variation track in vcf format.
To specify the track, you can drag & drop it from your project within the tree area.
Alternatively, you may click on the pink field “select element” and a new window will
open, where you can select the input track. After having selected the track, press the
[Ok] button.
You can use either a newly imported track in vcf format, or a track that has been
calculated within the platform, e.g. as a result of the workflow Find genome variants and
indels from RNA-seq or the workflow Find genome variants and indels from full-genome
NGS. Both workflows can be found under http://genexplain-
platform.com/bioumlweb/#de=analyses/Workflows/Common/

In the following example we took as input the track SNP_indels.vcf, which can be found
at: data/Examples/Chronic Myeloid Leukemia Patient Genotyping/Data/SNP_indels.vcf

This vcf file was produced by the workflow Find genome variants and indels from full-
genome NGS.

Step 3. Specify the Gene promoters. By default all promoters -1000 to +100 bp
relative to the TSS from Ensembl 65.37 genome version are used.

Step 4. Select the Profile. This profile will be applied for the identification of the
enriched motifs around variation sites. The default profile is
vertebrate_non_redundant_minSUM from the most recent TRANSFAC® release available.

Step 5. Specify the Variation surrounding region in base pairs. By default 15 bp are
used. Within these region/window the search for enriched TFBSs will be performed.

Step 6. Define where the folder with the results should be located in your project tree.
You can do so by clicking on the pink field “select element” in the field Results Folder,
and a new window will be opened, where you can select the location of the results folder
and define its name.

Start the workflow by pressing the [Run workflow] button.

Below you can see the result folder for the example: data/Examples/Chronic Myeloid
Leukemia Patient Genotyping/Data/SNP indels.vcf (Enriched TF binding sites
(TRANSFAQ))/

The output folder contains on sub-folder with a track and two tables.


http://genexplain-platform.com/bioumlweb/#de=analyses/Workflows/Common/
http://genexplain-platform.com/bioumlweb/#de=analyses/Workflows/Common/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%20Patient%20Genotyping/Data/SNP_indels.vcf
http://genexplain-platform.com/bioumlweb/#de=databases/TRANSFAC(R) 2014.4/Data/profiles/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic Myeloid Leukemia Patient Genotyping/Data/SNP_indels.vcf (Enriched TF binding sites (TRANSFAC))/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic Myeloid Leukemia Patient Genotyping/Data/SNP_indels.vcf (Enriched TF binding sites (TRANSFAC))/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic Myeloid Leukemia Patient Genotyping/Data/SNP_indels.vcf (Enriched TF binding sites (TRANSFAC))/

Genomic variants

4 Chronic Myeloid Leukemia Patient Genotyping
4 | |Data
j .| genotyping results
. |loge
) _J CQuality check
zl .| SMNP_indels.vcf (Enriched TF binding sites (TRANSFAC))
F| __| “ariations regulatory
- 4 SNP_indels vcf TFBS=s around regulatory Variations
H";s' SNP_indels.wcf TF= binding around regulatory Variations

b ! Summary: TFBSs around regulatory SNPs

The Summary table: This table contains a list of site models (PWMs) over-represented
around variation (mutation) sites in promoters, in this case 14 site models. By default

this table is sorted by the Yes-No ratio, with the most over-represented model on top.

First | | Previous | Page |1 |of 1| Next | [ Last Showing 1 to 14 of 14 entries Show | 50 v ] Entries
n] Yes density per 1000bp Mo density per 1000bp Yes-No ratio Model cutoff P-value
VEERALPHA_D1 0.49429 0.1 494286 0.7191 0.00355
VEGMEB2_04 1.68057 0.85 1.97714 0.8286 0.0015
VEAMLI_Q8 0.78344 0.45 1.74099 0.9234 0.05404
VEBLIMP1_Q4 1.58913 1 1.58913 0.8483 0.01956
VESF1_0Q5 01 119123 0.75 1.58831 0.9089 0.04045
VEMZF1_Q5 1.74236 1.2 1.45197 0.9742 0.03747
VHGECM2_01 3.07446 215 1.42998 0.8177 0.00948
VEPS3_0Q3 T.4118B2 5.65 1.31183 0.8588 0.00189
VHIK_Q5 01 2.02183 1.55 1.30428 0.9737 0.08069
VEING4_01 6.23285 4.9 1.27203 0.8535 0.00908
VEYY1_0Q6_03 7.50821 6.15 1.22085 0.8207 0.01482

For a visualization of the over-represented TF binding sites in the variation sites you can
open the SNP_indels.vcf TFBS around regulatory Variations track in the genome browser.

Sequence (chromosome)| 1 & | Position: | 1:865655-B65748 Set

655 BE56ED B&5700 BG65T720

1 1 1 | 1 | 1 | 1

SNP_indels.vcf TFBSs ... 4k VEGKLF (4 VECPHX_01
—
VEHDX_01 VIGATA_Q6:
——

VESIX1_01
S

VERHOX11 01
I

VEYY1_ Q6 03
—

VEHOMEZ 01
—
VINANOG_01
—

VIRELA_Q6
——

VESIX1_01
J—

T EE G AT T AR A ARG AT CETC O A AT O TAT AT CARCAGARCETACTTECAD CAGEE

VERELA_Q6 865 |

The table SNP_indels.vcf TFBS around regulatory Variations presents the list of TFs
corresponding to the over-represented site models, in this case 14 TFs. This table
contains the Site model IDs of over-represented binding sites, as well as the Gene
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description and Gene symbol for each transcription factor. The results can be sorted
by Yes-No ratio, as it is shown on the screenshot below.

First | | Previous  Page 1 of 1| Mext | | Last Showing 1 to 14 of 14 entries Show | 50 [+] entries
Yes No Yos-
A Gene " density density Model P-
D Gene description symbol Site model ID per per r:t?o cutoff value
1000bp 1000bp

ENSGCO000021831 estrogen receptor 1 ESR1 VHEERALPHA_O1 0.49429 0.1 4.94286 0.7191 0.00355
glucocorticoid

ENSGOO000101218 modulatery element GMEBZ VEGMEB2_D4 1.68057 0.85 1.87714 0.8286 0.0015
binding protein 2

EMSGO00000124813 ~ uni-related RUNX2 VEAML3_Q8 0.78344 0.45 174089 009234  0.05494
transcription factor 2 = ’ . : : :
PR domain

ENSGOC000057857 containing 1, with PRDM1 VEBLIMP1_Q4 1.58913 1 1.58913 0.5483 0.01956
ZMNF domain
nuclear receptor

ENSGLO000136931 subfamily 5, group NREA1 VESF1_Q5_01 1.19123 0.75 1.58831 0.90892 0.04045

A, member 1

ENSG00000099326 T?e'm”i”“ﬂnger MZF1 VEMZF1_Q5 1.74236 1.2 145197 00742  0.03747

14.4.3. Mutation effect on sites analysis

This method allows to find transcription factor binding sites (TFBSs) affected by
variations or mutations.

The analysis “Mutation effect on sites” can be found in the NGS folder of the analysis
methods (analyses/Methods/NGS/Mutation effect on sites) or under the start page button
‘Genomic variants’ under section ‘Identify TFBS affected by genomic variations’.

Step 1. Open the analysis form from the Start page. It will open in the main Work Space
and looks as shown below:

Start page ||ﬁ!.'1utation effect on sites )(1

[y Input VCF track & |(5._=,|._=,.:1 element)

Ely Genome
[ Sequences source [Ensembi 72.37 Human (hg19) =l
[ Profile ‘@ |...Iprofilesivertebrate_non_redundant_minSUM
D Score difference 5.0
[y CQutput track & |(5e|eu:1 element)

| Run

Step 2. The Input VCF track is a track file with mutations and should be in vcf format.
One input example is here on the platform:

http://genexplain-
platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%20Pati
ent%20Genotyping/Data/SNP _indels.vcf

Open the track file as a table, and for each variation point you can see several columns
with genomic position, chromosome, alternative nucleotide, etc., as shown below.


http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/NGS/Mutation%20effect%20on%20sites
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%20Patient%20Genotyping/Data/SNP_indels.vcf
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%20Patient%20Genotyping/Data/SNP_indels.vcf
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%20Patient%20Genotyping/Data/SNP_indels.vcf
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l‘ Start page ”T_;?Mutaﬁon effect on sites X“t

SHP_indels.vcf XI

First | | Previous Page 1 of 2098 | Next | | Last Showing 1 to 50 of 1048534 entries
Sequence .

(] :chronrQ;seome] From To Length Strand Type '::Eﬁglt:'

1 1 69511 69511 1 * wariation G

pid 1 741287 T41287 1 x variation C

3 1 ToTT34 ToFT34 1 X variation T

4 1 TE1147 751147 1 * variation C

5 1 762589 762589 1 *x variation C

] 1 782552 752582 1 x variation G

i 1 762601 762601 1 * wariation C

2 1 2808522 2808922 1 x variation A

9 1 &08928 808928 1 * wariation T

10 1 212287 12287 1 b4 wariation G

Step 3.

Verify the Sequences source and use the drop-down menu for different

Ensembl genome annotations of human, mouse and rat, as shown below.

Start page sf:? Mutation effect on sites X

EI Input VCF track

El h:I Genome

B Sequences source

EI Score difference

|/R \I
| Rum )

4 [zelect element)

Ensembl 65.37 Human (hg19) LI
Ensembl 72.37 Human (hg19})

Ensembl 52.36n Human (hg18

Ensembl 65.37 Human (hg19

Ensembl 77.38 Human (hg20})
Ensembl 72.38 Mousa (mm13)
Ensembl 65.37 Mousa ([mm3)
Ensembl 71.5 Rat (rn3)

Ensembl 65.34 Rat (m4)
Custom...

Alternatively, you can choose 'Custom' from the same menu, if you would like specify
another genome, e.g. a particular patient genome imported into the platform before. As

soon as the option 'Custom' is chosen,

an additional field, Sequence collection,

automatically appears on the input form (screenshot below), and you can specify the

sequences location manually.

‘ Start page

|f4“!.'1utation effect on sites Xi

D Input WCF track
EHEY Genome
D Seguences source
D Seguence collection
D Profile
D Score difference

D Qutput track

o |(5&Ieu:t element)

| Custom...

=

ﬁ|...a’En zembl’Sequences/chromosomes GRCh3T

) |...s'pr|:| filesfvertebrate_non_redundant_minSUK

2.0

& |iselect element)
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Step 4. Select the Profile. This profile will be applied for the identification of
transcription factor binding sites overlapping with the variation positions. The default
profile is vertebrate_non_redundant_minSUM from the most recent TRANSFAC® release
available.

Step 5. The Score difference from unaffected to affected site is per default 5.0. This
parameter is a threshold for the difference between the TFBS score in the reference
genome and the TFBS score at the same position with a variation in the alternative
sequence. For TRANSFAC matrices adjust this parameter between 0.1 and 0.5.

All TFBSs with score differences above this specified value will be reported in the output
track.

The lower this value, the more TFBS will be reported as the result, because even a small
change in the score will be considered. If you are interested in those TFBSs that are more
strongly affected by a variation, set this parameter to 0.5 (see also example output with
score difference = 0.5).

Step 5. Specify the path and name of the Output track.

After completion the output track file (SNP_indels.vcf affected sites) is opened by default
in the work space. One example of the affected identified site is shown in the red box
(V$EBOX_Q6_01).

This resulting track can be found in the Examples folder under the URL:
http://genexplain-
platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%?20Pati
ent%20Genotyping/Data/Affected%20binding%?20sites

Start page f._?!.lutation effect on sites X“u:hromosomes GRCh37 X“t SHP_indels.vcf affected ... I|

Sequence (chromosome) 1 » Position: 1:85015-79533
115 66000 67000 €3000 63000 70000
|I. .- -—- ‘ Ll A L L 1l 1 L. 1 ‘ | . ———-— ‘. Ll L b Ll 1 1 ‘. Lol L b 1 L _J 1L ‘. Ll Ll

SHNP_indels.vcf affec...4 b VSEBOX_Q6_01
]

GC contentdk

Genesd k OR4F5

Opening the track as a table shows all affected TFBSs in table format.

I

H Start page ”":?Mutallon effect on sites Jﬂchromosomes GRCh37 X”t- SNP_indels.vef affected .. XI

First | | Previous | Page 1 of 3388 | Next | | Last Showing 1 to 50 of 169873 entries Show 50 + entries
D Sequence ([chromosome) name From To Length Strand Type Property: Score difference Property: coreScore Property: score Property: siteModel
1 1 69507 69516 10 - TF binding site 0.90404 087769 0.90404  WSEBOX 06 01

2 1 741264 741274 11 + TF binding site 0.82232 083115 082232 M VSTEF1 Q6 04

3 1 757730 757736 7 - TF binding site -0.57458 071728 0 & VSGATA 06

4 1 761141 761148 8 + TF binding site 0.95833 0.8833 0.85833 A VSGEN NI B

5 1 T62587 762600 14 + TF binding site -0.80475 0.39707 0 & VSZFP161 04

6 1 762581 762554 14 - TF binding site -0.7458% 0.39519 o A VSZFP161 04

T 1 808915 808931 17 + TF binding site: 0.68478 0.54706 0.68478 & VSHOXD12 01

8 1 808925 808932 8 - TF binding site -0.95343 0.60554 o A WSGEN NI B

8 1 808920 808926 T - TF binding site -0.555851 0.71437 0 A VESWAD4 Q6 01
10 1 812282 812288 T + TF binding site 0.94798 085528 0.94798 & WSDEP 06



http://genexplain-platform.com/bioumlweb/#de=databases/TRANSFAC(R) 2014.4/Data/profiles/
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%20Patient%20Genotyping/Data/SNP_indels.vcf%20affected%20sites
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%20Patient%20Genotyping/Data/Affected%20binding%20sites
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%20Patient%20Genotyping/Data/Affected%20binding%20sites
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%20Patient%20Genotyping/Data/Affected%20binding%20sites
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The upper example highlighted by the red box has ID=1 in the table. The columns From
and To define the positions of the affected site within the genome on chromosome 1
(Sequence (chromosome) name). The column Length shows the length of the
binding motif, here 10. The Type TF binding site shows that a transcription factor binding
site is affected with a score difference of 0.90404.

The column Property: Score difference shows the arithmetical difference between
TFBS score in the reference genome and the TFBS score at the same position with a
variation (in the alternative sequence). The score difference can be positive or negative.
A positive score indicates a disrupted site and a negative score predicts a new site (site
appears).

A positive score difference means that the given TFBS had a better score in the reference
sequence, and it was decreased by the variation. In the other words, the given variation
disrupted a TFBS which occurred in the reference sequence.

A negative score means that the given TFBS has a better score in the sequence with the
variation as compared to the reference sequence. A given TFBS became stronger or even
appears after the variation. The conclusion can be made that a given variation created or
enhanced corresponding TFBS.

The last column Property: siteModel gives a link to the matrix model and can be
opened in the workspace to view the matrix logo.

14.4.4. SIFT (Sorting Tolerant From Intolerant) analysis

The SIFT analysis tool predicts whether a single amino acid substitution (AAS) affects
protein function, based on sequence homology and the physical properties of amino
acids. SIFT can be applied to naturally occurring non-synonymous single nucleotide
polymorphisms (nsSNP) and laboratory-induced missense mutations. This tool uses a
SQLite databases containing pre-computed SIFT scores and annotations for all possible
nucleotide substitutions at each position in the human exome. Allele frequency data are
from the HapMap frequency database, and additional transcript and gene-level data are
from Ensembl BioMart. The updated version of SIFT is published in Nat Protoc. 4:1073-
1081, 2009.

The tool can be found in the Galaxy section of the geneXplain platform
(analyses/Galaxy/Human Genome Variation/SIFT) or on the start page button ‘Genomic
variants’ under section ‘Identify TFBS affected by genomic variations’.

Step 1. Open the analysis form from the Start page. It will open in the main Work Space
and looks as shown below:
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Start page || =, SIFT XI

[ Dataset B |(select element)
D Genome 1D hg19

D Column with chromosome | ;'
D Column with position | LI
D Position coordinates are |,:,ne_bﬂse.j LI
[ Column with allele | -]
[ Strand info [a column in the dataset =
3 Column with strand | =
DI Include comment column |,-,,:, LI
DI Include the following addtional fislds in the output |(n|:| =election) LI
[y Output [ |(select element)

Step 2. The input Dataset must contain columns for the chromosome, position, and
alleles. The alleles must be two nucleotides separated by '/', usually the reference allele
and the allele of interest. The strand must either be in another column.

Input example format:

chr3 81780820 + T/C
chr2 230341630 + G/A
chr2 43881517 + A/T
chr2 43857514 + T/C
chr6 88375602 + G/A
chr22 29307353 - T/A
chr10 115912482 - G/T
chr10 115900918 - C/T

chrl6 69875502 + G/T

One example input table can be found here on the platform: data/Examples/SNPs linked
to _human height/Data/SNP_height hgl9 (Analyse SNP list (TRANSFAC))/SNPs in
exons/SNP height hgl9 matched SNPs in exons



http://genexplain-platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20to%20human%20height/Data/SNP_height_hg19%20%28Analyse%20SNP%20list%20%28TRANSFAC%29%29/SNPs%20in%20exons/SNP_height_hg19%20matched%20SNPs%20in%20exons
http://genexplain-platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20to%20human%20height/Data/SNP_height_hg19%20%28Analyse%20SNP%20list%20%28TRANSFAC%29%29/SNPs%20in%20exons/SNP_height_hg19%20matched%20SNPs%20in%20exons
http://genexplain-platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20to%20human%20height/Data/SNP_height_hg19%20%28Analyse%20SNP%20list%20%28TRANSFAC%29%29/SNPs%20in%20exons/SNP_height_hg19%20matched%20SNPs%20in%20exons
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| Start page H:SIFI’ )l”l‘_, SNP_height_hg19 match... XI

First | | Previous Page 1 of 1| Next | Last Showing 1 to 19 of 19 entries
D Ensembl ID SS:']':UI Location -~ ShP-matchind- . SNE_matehing- . SHP_natching- . SNP_MalchiNS- . Beta STAGEN+STAGE2 ~ Chr Position ~  Effect other allele

151043515 ENSGOOD00141720  PIPAKZE Exon 17 6922196 AlG - 0023 17 682195 AIG
rs1045934  ENSGOODDO1SBE60  TSENIS Exon 1 184023528 alc . 0.044 1 184023528 AIC
rs1045943  ENSGOODOOTZ365  ZBTB2E Exon 6 109783941 G . 002 5 109783840 AJG
rs1351294  ENSGOODD014994B  HMGAZ Exon 12 66351826 e . 0.08 12 eeasiazs  TIC
rs143384 ENSGOODDD25865  GOFS Exon 20 34025756 AG + 0.063 20 M0ETEE AG
rs16942341  ENSGOODDOISTTES  ACAN Exon 15 89388905 ot . 013 15 gsaEse0s  TIC
1s17318596  ENSGO0000248098  BCKDHA  Exon 19 11937095 aA . 0032 19 41937034 AG
rs1741344  ENSGOODDOOBBEZE  SMOX Exon 20 211800 T * 0.023 20 amree TIC
1s2085807  ENSGO0D00170581  STAT2 Exon 12 S6740652 oG . 0.054 12 seTadest  CiG
rs2247341  ENSGOOODD163850  SLBP Exon 4 170317 GIA * 0.025 4 17TM3ate AG
rs422421 ENSGOOD0D160867  FGFRE Exon s 176517326 e - 0.031 5 176517325 TIC
rs572169 ENSGOOD0DIZ18S3  GHSR Exon 3 172165727 oT . 0033 3 172185726 TIC
1S5747915  ENSGOOOD0140464  PML Exon 15 74336633 e . 0.031 15 7aes3z T
1724016 ENSGOOOOD177311  ZBTE3S Exon 3 141105570 G * 0.07 3 141105568 AG
17680420  ENSGOODDO1E4161  HHIP Exon 1 145568352 e . 0073 s 145568351 TIC
rSB06794 ENSGOOD0D197848  HISTIHZBF  Exon [ 26200677 G * 0052 [ 26200678 AIG
rs3456307  ENSGOODOOT30338  TULP4 Exon 6 158929442 A . 0.048 6 1568929441 AT
rs9835332  ENSGOODOO163346  FANZ0SA  Exon 3 SBBBT6E2 GIC + 0.026 3 SEEBT6R1 CIG
1s9844585  ENSGOOODD114054  PCCB Exon 3 135974216 an . 0.024 3 135974215 AIG

Step 3. Determine the Genome ID. The tool currently works only for genome builds
hgl18 or hg19.

Step 4. Define the Column with chromosome. In our example above it is column 5
(SNP_matching-Chromosome).

Step 5. Define the Column with position. In our example above it is column 6
(SNP_matching-Position).

Step 6. Selection if Position coordinates are one-based (default) or zero-based
counted.

Step 7. Define the Column with allele. In our example above it is column 7
(SNP_matching-Allele).

Step 8. Define whether the Strand info is a column in the dataset (default).

Step 9. Define the Column with strand. In our example above it is column 8
(SNP_matching-Strand).

Step 10. Select Include comment column for additional comments.

Step 11. Possibility to select multiple output columns and Include the following
additional fields in the output table.

D Include the following additional fields in the output (no selection) L'
D Output Ensembl Gene ID
Gene Name
Gene Description
Run Ensembl Protein Family ID

Ensembl Protein Family Description

Ensembl Transcript Status (Known / Novel)

Protein Family Size

Ka/Ks (Human-mouse)

Ka/Ks (Human-macaque)

OMIM Disease

Allele Frequencies (All Hapmap Populations -
weighted average)

Allele Frequencies (CEU Hapmap population)
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Step 3. Define where the output table should be located in your project tree. You can do
so by clicking on the pink field “select element” in the field Output, and a new window
will be opened, where you can select the location of the table and define its name.

Start the SIFT analysis by pressing the [Run workflow] button.

An example output table can be found here: data/Examples/SNPs linked to human
height/Data/SNP height hgl9 (Analyse SNP list (TRANSFAC))/SNPs in
exons/SNP height hgl9 matched SNPs in exons SIFT

” Start page H-‘_‘ SIFT Xﬂ\ SNP_height_hg19 match... x‘

Edit Selectall | select page

Showing 110 19 of 19 entries

Allele = Codons Transcript 1D Protein ID Substitution Region dbSHP 1D SHP Type Prediction = Score Protein Family ID Protein Family Desc.

TRNA SPLCING
ENDONUCLEASE SUBUNIT
SEN15 TRNA INTRON
ENDONUCLEASE SEN1S

AlC CAACAc  ENSTODOOO381841  ENSP000003SS209  QSOH EXON CDS. 191046934.C  Monsynonymous  DAMAGNG  0.01 317 28 ENSGODDDD198380  TSEN1S ENSFH00250000007978

CORE PRECURSOR
SULFATE
PROTEOGLYCAN

2 OXOISOVALERATE
DEHYDROGENASE

or GIC-GTt  ENSTOOO00268134  ENSPO0000268134  VAOTV EXON CDS 1816942341 Synonymous WA A A NiA ENSGODDDDSTTES  ACAN

PRECURSOR EC_1.24.¢

ENSFI00250000004858  BRANCHED CHAIN ALPHA.
KETO ACD
DEHYDROGENASE E1
COMPONENT ALPHA
CHAIN BCKDE1A BCKDH
E1 ALPHA

cA GCE-aCG  ENSTODOO0378195  ENSPO0000367438  A2SIT EXON CDS. rs17318596:4  Nonsynonymous  TOLERATED 0.8 287 139 ENSGODDD0248098  BCKDHA

SIGHAL TRANSDUCER
ENSFI00S00000265705  AND ACTIVATOR OF
TRANSCRIFTION

1] ATG-ATc  ENSTOD000314128  ENSPOO000315763  MSa4) EXON CDS rs2088807:G  MNonsynomymous  TOLERATED 022 252 232 ENSGODODD170581  STAT2

HISTONE RNA HARPIN
ENSFI00250000004776  BINDING HISTONE STEM
LOOPBNDING

G TACTAt  ENSTO0000316386  ENSPODD00316430  Y158Y. EXONCDS. 1s2247341A  Synonymous. A A A niA ENSGODDDD163850  SLBP

The column Codons in the output table shows the originally and changed codon of the
input position coordinates. The Transcript ID and Protein ID give information about
the affected gene/protein. If the SNP Type is Nonsynonymous, the Prediction of the
protein function is DAMAGING, which means that the functionality of the protein is
predicted as being compromised.

Selected additional fields like Gene ID, Gene Name and others are shown in the output
table.

14.5. Further workflows in this area

For the other workflows that you can find in the area Genomic variants, please refer to
the following Sections:

Load genome variation data See Chapter 3

Identify and classify variant genes See Sections 6.1.1,
7.2.1

Discover functional enrichment among variant genes See Section 10.3

Analyze networks of with variant genes See Section 5.1

KNOWN

KNOWN

KNOWN

KNOWN

KNOWN


http://genexplain-platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20to%20human%20height/Data/SNP_height_hg19%20%28Analyse%20SNP%20list%20%28TRANSFAC%29%29/SNPs%20in%20exons/SNP_height_hg19%20matched%20SNPs%20in%20exons%20SIFT
http://genexplain-platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20to%20human%20height/Data/SNP_height_hg19%20%28Analyse%20SNP%20list%20%28TRANSFAC%29%29/SNPs%20in%20exons/SNP_height_hg19%20matched%20SNPs%20in%20exons%20SIFT
http://genexplain-platform.com/bioumlweb/#de=data/Examples/SNPs%20linked%20to%20human%20height/Data/SNP_height_hg19%20%28Analyse%20SNP%20list%20%28TRANSFAC%29%29/SNPs%20in%20exons/SNP_height_hg19%20matched%20SNPs%20in%20exons%20SIFT

Metabolism _

15. Metabolism

- Metabolism

“® Load list of gene, proteins or metabolites

<% | oad metabolic pathways

®~ Discover metabolic pathway enrichment
Gene set enrichment analyses (GSEA)
GO categories and metabolic pathways

GO categories. signaling pathways and diseases

with a selected ontology

Functional classification

Mapping to GO categories and metabolic pathways
Single protein set 2 protein sets and comparison Multiple protein sets

Mapping to GO categories and signaling pathways
Single protein set 2 protein sets and comparison Multiple protein sets

Mapping to GO categories, signaling pathways and diseases
Single gene/protein set 2 protein sets and comparison Multiple protein sets

Mapping with selected classification
Single protein set 2 protein sets and comparison Multiple gene/protein sets

Cross-species mapping to ontologies

* Analyze metabolic networks
Find longest metabolic chain

Find metabolic clusters by shortest path
Find metabolic clusters by all path
Flux Balance Analysis

15.1. Analyze metabolic networks

15.1.1. Find longest metabolic chain

The goal of this analysis is to find longest chains which contain as many elements from
the input collection as possible. Here chain means a path which starts and ends with the
elements from the input collection. In this path the length between two elements from
the input collection is limited by the maximum search radius.

This method can be found under the analyses tab wusing the path
analyses/Methods/Molecular networks/Find longest connected chains.

The input form of the method looks as shown below:
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Start page ||+ Find longest connected c... ﬂ

[y Molecules collection [ liselect element)

D Search direction |DU*.'.-'nstream LI

0 Max radius 10

[ Max depth for Dijkstra 100

D Score cutoff 0.z

0 Search collection I |

[y Species |Human {Homo sapiens) -]
=5 Decorators [ Add | Remove |

D Qutput table [ liselect element)

Show expert options == Run

Step 1: Specify the Molecules collection, which can be any molecule, protein or gene
list.

To specify the input table, you can drag & drop it from your project within the tree area.

Step 2: Specify the Search direction, either upstream, downstream reactions or both
directions.

Step 3: Selection of Maximal search radius, the default is 10.

Step 4: Selection of Maximal depth which will be used by the Dijkstra search
algorithm, the default is 100.

Step 5: Specify the Score cutoff — Molecules with a Score lower than specified will be
excluded from the result.

Step 6: Specify the Search collection, which can be one of the drop-down menu shown
below.

GeneWays hub

HMR hub

ReconZ hub

Reactome database (45)

Reactome database (57}

Tranzpath (Species specific) (2015.4)
Tranzpath (Species specific) (2016.1)
{ Transpath (Species specific) (2016.2)

Step 7: Specify the biological species of the input set in the field Species by selecting
the desired species from the drop-down menu.

Step 8: Define where the folder with the results should be located in your project tree.
You can do so by clicking on the pink box (select element) in the field Output name,
and a new window will open, where you can select the location of the results folder and
define its name.
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Example:

data/Examples/Brain Tumor GSE1825, Affymetrix HG-U133A microarray/Data/Ewing
Family Tumor Versus Neuroblastoma/Find Master
regulator_Transpath/Upregulated_Ensembl/Regulators upstream 10 Proteins Transpath
peptides

Using all other default parameters, press run and wait for the method to complete.

The result is a table which opens by default as shown below:

« |[7" Regulators upstream 10 Pr... )q 7

First | | Previous | Page 1 of 1936 | Next | | Last Showing 1 to 50 of 96780 entries Show 50 v er
1] from:nput Elsments Score Hit names
set total

MO000031997 = 9 g 0 64286 Caspase-§-p53(h). Caspase-8-p43(h). Caspase-8-p18(h), PARP(h). DNA-PKcs-isoformi(h), ABL-1a(h), PKCdelta-
MO000096604 } xbbri(h), proCaspase-3(h), Caspase-3-p20(h) (less)

MO000092535 = 9 g 064286 Caspase-8-ph3(h), Caspase-8-p43(h). Caspase-8-p18(h), PARP(h), DNA-PKcs-isoformi(h), ABL-1a(h), PKCdelta-
MO000096604 . xbbi(h), proCaspase-3(h), Caspase-3-p21(h) (less)

MO000095668 = 9 9 0.64286 Casp p53(h). Casp p43(h), Casps: pl8(h), PARP(h). DNA-PKcs-isoformi(h), ABL-1a(h), PKCdelta-
MOQ000096604 ) xbb1(h), proCaspase-3(h), Caspase-3-p24(h) (less)

MO000103622 = 9 g 064286 Caspase-8-p53(h), Caspase-8-p43(h). Caspase-8-p18(h), PARP(h), DNA-PKcs-isoformi(h), ABL-1a(h), PKCdelta-

MO000096604 xbb1(h), proCaspase-3(h), Caspase3-p11(h) (less)

MO000160419 = 3 9 0.64286 Caspase-G-ph3(h). Caspase-8-p43(h). Caspase-8-p18(h). PARP(h), DNA-PKcs-isoformi(h), ABL-1a(h). PKCdelta-
MOQ000096604 ) xbb1(h), proCaspase-3(h), Caspase-3-p10(h) (less)

MO000021178 -» g 3 0.61538 Caspase-8-p53(h), Caspase-8-p43(h). Caspase-8-p18(h), PARP(h), DNA-PKcs-isoform1(h), ABL-1a(h). proCaspase-
MO000096604 : 9-isoform4(h), Caspase-9-p35(h) (less)

MO000021179 = g 3 0.61538 Caspase-8-p53(h), Caspase-8-p43(h), Caspase-8-p18(h), PARP(h), DNA-PKcs-isoform1(h), ABL-1a(h). proCaspase-
MO000096604 : Y-isoformd(h), Caspase-9-p10(h) (less)

MO000031191 = 8 8 061538 Caspase-8-p53(h), Caspase-8-p43(h). Caspase-8-p18(h), PARP(h), DNA-PKcs-isoformi(h), ABL-1a(h), PKCdelta-
MQ000096604 - xbb1(h), PKCdelta-CF(h) (less)

MO000031997 == 8 8 0.61538 Caspase-8-p43(h), Caspase-8-p18(h). PARP(h). DNA-PKcs-isoform1(h), ABL-1a(h), PKCdelta-xbb1(h),
MO000042043 : proCaspase-3(h), Caspase-3-p20(h) (less)

MO000031997 = 8 8 061538 Caspase-§-p12(h). Caspase-8-p10(h). PARP(h). DNA-PKcs-isoform1(h), ABL-1a(h), PKCdelta-xbb1(h).
MO000042044 } proCaspase-3(h), Caspase-3-p20(h) (less)

MO000059313 = 8 8 061538 Caspase-8-p53(h), Caspase-8-p43(h), Caspase-8-p18(h), PARP(h), DNA-PKcs-isoformi(h), ABL-1a(h), PKCdelta-
MO000096604 : xbb1(h), proCaspase-3(h) (less)

MQ000090340 = 8 8 0.61538 Casp: p53(h). Casp p43(h), Casp: pl8(h), PARP(h), DNA-PKes-isoform1(h), ABL-1a(h), proCaspase-
MO000096604 ) 9-isoformd(h), Caspase-9-p37(h) (less)

All chains within the radius 10 are included in the results. You can click on each row and
visualize the results as shown below:

 Caspase-8-p53 |

o]

Caspase-8-p43 |

‘\, Caspas'e-8-p1 8 |
| PARP |

| DNA-PKcs-isoform1 |

(]

ABL-1a

g

{ PKCdeI:.ta-xbb‘I J

]

[ proCaspase-3 l

Caspase-3-p20 |
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Similarly other long chains can be visualized from the result table.

15.1.2. Find metabolic clusters by shortest path

Please refer to Section 3 and apply the steps explained there correspondingly.

15.1.3. Find metabolic clusters by all path

This analysis allows you to generate a cluster of genes/molecules upstream or
downstream or both by taking reactions and all intermediate molecules from a specified
search collection. To launch the analysis, open the method form from the Start page:

[y Melecules collection F'I(select element)

D Input size 300

B Search direction |U|::-5'.tream ;l
D Max radius 3

D Search collection | LI
[y Species |Human (Homo sapiens) |
[y Output name _Jl(select element)

Step 1: Specify the Molecules collection, which can be any molecule, protein or gene
list.

To specify the input table, you can drag & drop it from your project within the tree area.
Step 2: Select the maximum Input size (expert modus).

Step 3: Specify the Search direction, either upstream, downstream reactions or both
directions.

Step 4: Selection of Maximal search radius, the default is 3.

Step 5: Specify the Search collection, which can be one of the drop-down menu shown
below.

GeneWWays hub

HMR hub

Recon2 hub

Reactome database (45)

Reactome database (57}

Transpath (Species specific) (2015.4)
Transpath (Species specific) (2016.1)
{ Transpath (Species specific) (2016.2)

Step 6: Specify the biological species of the input set in the field Species by selecting
the desired species from the drop-down menu.

Step 7: Define where the folder with the results should be located in your project tree.
You can do so by clicking on the pink box (select element) in the field Output name,



and a new window will open, where you can select the location of the results folder and
define its name.

15.1.4. Flux Balance Analysis

To launch this workflow, open the workflow input form from the Start page:

Start page ||t Flux Balance Analysis xi

Flux Balance Analysis

D Input ﬂ='|[selec1 element)

- [ MetoB [Reconz =l
[y Score column | (no options available) =l
[y Max column |(n-:| options availablz) =l
[y Obiective function column | (no options available) =]
D Wax radius 2

D Search direction |Eh:|th LI
D Output Flux table B I[s.elem element)

Step 1: Specify a gene set under study, e.g. a list of differentially regulated genes, as
the Input Yes gene set. You can drag & drop it from your project within the Tree Area
and drop in the pink box of the field Input gene set.

For this example, all further steps are demonstrated with the following input set:

http://genexplain-
platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%?20Aff
ymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/E
xperiment%20normalized%20(RMA)%?20(Differentially%?20expressed%20genes%20Affy)
/Upregulated%20Ensembl%20genes%?20filtered%20(LogFC%3E1)

Step 2: Specify the metabolism database (MetDB) by selecting Recon2 or HMR from the
drop-down menu. As default the Recon2 database is selected.

Step 3: Define the Score column, Max column and Objective function column by
selecting one numerical column from your input table from the drop down menu.

Step 4: Define the Max radius, which is the maximal number of steps within the
selected metabolism database. The default value is 2.

Step 5: Specify the Search direction by selecting from the drop-down menu; default is
both.

Step 6: Define where the output table should be located in your project tree. You can do
so by clicking on the pink box (select element) in the field Output flux table, and a new
window will open, where you can select the location of the results table and define its
name.
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http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
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Step 7: Press the [Run workflow] button. Wait until the workflow is completed, and take
a look at the results.

Visualization and interpretation of results

The results consist of several files and one folder:

F | Gene expression profiles in cbese subjects, E-MTAB-3017
4 || |Data
El _J Agilent normalized DEGs with EBarrays
b _J Obesity upreg Ensembl Shortest path Db-ReconZ Radius-2 Direction-Both
., | Cutput EBarrays
.|| Output plots
- F@;‘ Obesity downreg Ensembl
- Fi,.;' Obesity upreg Ensembil
besity upreg Ensembl Enzymes
besity upreg Ensembl FBC
besity upreg Ensembl Flux

besity upreg Ensembl Metabolites

A ngs

besity upreg Ensembl Reactions
_J E-MTAB-3017.raw.1

The first step of the workflow is to convert the input genes into enzymes (output
example: Obesity upreg Ensembl Enzymes). Next step is to match the enzymes with
metabolites (output example: Obesity upreg Ensembl Metabolites). The 634 metabolites
are listed in table format with Recon2 IDs.

First | | Previous Page 1 of 13| Mext | | Last Showing 1 te 50 of 534 entries
[1] Refgnz Ensembl ID Agilent 1D Gene description Gene symbol

M_12dgr120 SE004 ENSGO0000111666 A_23 P10585T1 choline phosphotranzferaze 1 CHPT1

W 134 375056, ENSGO0000154305, A_23_PT0243, kisphosphoglycerate mutase melanoma inhibitory BPGM MIA2

P 569 ENSG00000172331 A_33_P3236632  activity family member 3 o
2844 ENSGO0000108181, A_23 P21TH7T, UDP glucurcnosyltransferase 2 family, glutathione

M_13_ciz_retn 7365, ENSGO0000134184,  A_23_PS3407, Stransferase mu 1,polypeptide B10, polypeptide GSTM1,UGT2B810,UGT2B15 UGT2B27P
7366 ENSGO0000196620 A_23_PTi42 B15, polypeptide B27 pseudogene

M_17ahprgnlone 1586 ENSGO0000148795 A_33_P33Te4TE cytochrome P450 family 17 subfamily A member 1 CYP17A

M_17ahprgstrn 1586 ENSGO0000148795 A_33 P33T6473 cytochrome P450 family 17 subfamily A member 1 CYP1TA1
2688, ENSGO0000099998, A_33 P3255304, gamma-glutamyltransferaze 5 gamma-

WM_1p3h5 GGTS,GGTY

=HPEEE 2687 ENSGO0000131067  A_33 P3356792 glutamyttransferase 7
M_23dpg 669 ENSGO0000172331 A_23_PT0243 kizphosphoglycerate mutase BPGHM

Parallel to the described conversion and match steps, the enzyme list is converted into an
enzyme reaction table (output example: Obesity upreg Ensembl Reactions), and 663
reactions are listed in table format with Recon2 IDs. Then a Flux Balance Table (Obesity
upreg Ensembl FBC) is calculated, where the input parameters Score column, Max
column and Objective function column are used. After that, a table with flux data is
constructed. From this Obesity upreg Ensembl Flux table, together with the first cluster,
a new diagram (Cluster 1 flux) is created, which shows the input proteins from cluster 1
with added and calculated flux information. A screen from the output is shown below:
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myo-inositol
hexakisphosphate{12-}

o O
(alpha-D-Glucosylj2-(alpha-D
-mannosyl)g-beta-D-mannosyl
-diacetylchitobiosyl-L
-agglaragine (protein

(alpha-D-Glucosyl)3-{alpha-D
-mannosyl}B-beta-D-mannosyl
-diacetylchitobiosyl-L
-asparagine (protein)

7 indol-3-ylacetaldehyde

inggEitol 1,3,4,56

Eqnosphate(1o-
3.2.1.106 m )

T 34356 .0
° 1 D-myo-inositol 1,3 4,5
1D-myo-inositol 1,3,4 -letrakisphosphate(8-)
Diphosphoinositol -trisphosphate(6-} J
tetrakisphosphate
D-glucose
pemadscanoate

The folder Obesity upreg Ensembl Shortest path Db-Recon2 Radius-2 Direction-Both
contains all results from the cluster analysis within the workflow.

15.2. Further workflows in this area

For the other workflows that you can find in the area Metabolism, please refer to the
following Sections:

Load list of gene, proteins or metabolites See Chapter 3
Load metabolic pathways See Chapter 3

Discover metabolic pathway enrichment See Section 10.3
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16. Popular functions

= Popular functions

<% | oad data

®° Operations with tables
Annotate table

Convert identifiers for a single gene table
Convert identifiers for multiple gene sets
Join tables

Intersect tables
Venn diagram

@~ Operations with tracks
Annotate track with genes
Intersect tracks

Gene set to track
Track to gene set
Process track with sites
Create random track

Create transcript region track

Create tissue-specific promoter track
Track statistics

Mutation effect

@~ Statistical methods
Principal Component Analysis (PCA)

Normalization quality plots

Heatmap

CRC clustering
K-means clustering

Limma

EBarrays
Compare analysis results

16.1. Operations with tables

Any table may be opened by double-clicking the corresponding name in the Tree Area. It
will open under a new tab in the Work Space.

The contents of the table are sorted according to the values in one of its columns. Being
opened for the first time, a default column is defined for sorting, usually the ID column.
This default column is indicated by a blue arrowhead. If this arrowhead points upwards,
the table rows are sorted in ascending order of this column’s values. Clicking on this
arrowhead will change it into a downwards pointing one, while the values are sorted in
descending order. Correspondingly, you may sort the table according to the values of any



310 Popular functions

other column in ascending or descending order by clicking on the up- or downwards
pointing gray arrowhead on top of this column, respectively.

On top of the table, you can navigate between the individual pages of the table; it is also
shown on which page out of how many pages in total you are, and in the right top
corner, the page size in terms of number of entries (rows) is shown and can be adjusted.

You can edit the contents of a table by pressing the [Edit] button in the right upper
corner. Now, you can manually edit the contents of each cell in the table. With the
[Apply] option, you will save this change, while [Cancel] quits it.

Even without activating the Edit function, you can select
- individual rows with a left-mouse click,
- several ones by keeping the Ctrl key pressed,

- a range of rows with the Shift key pressed when clicking on the last row of the
range to be selected, or

- [Select all] by clicking on the corresponding button.
The selected rows can be saved as a separate file, which by default is given the name
<original file name> subset, but you can change this name.
Changing the table structure in the Operations Field

Having opened a table in the Work Space, e.g. by double clicking on its name in the Tree
Area, it is possible to edit its structure in the Operations Field under the tab Columns.

For instance, if you have opened a table with data about Enrichment GO Molecular
Mechanism (resulting from having run a GSEA), this field may look like this:

E@m | Filters || Columns || Description || Graph search || Script || Clipboard || S0OL Editor || Tasks |
First | | Previous | (17 | Mesxt | [ Last show [50 <] ertries =
Column name Type Description Expression Hature Visible

[Es [Flost =] [Es [ Ei [mone ™ =] W
IH'rt names I Set LI IH'rt names | 4 I MOME LI I~
JHit= |zt =] Hit= | [Ed |none | Il
|Leve| | rteger | |Leve| | | | NOME v ™
JrES |Float =] JrES | [Fi |none | I3
[Fieme [tfed =] [Fieme [ [Ei [mowe =] 73
INamespace I Text j INamespace I Iﬁ I MOKE j I~
INominaI P-value I Flost ;I INominaI P-value I lﬁ I MIOHE ;I I~
INumber of hits I Integer LI INumber of hits | lﬁ I MIOHE LI I~
JPrat |chart =] JPrat [ E |nore =] 4
id Text HOME Ird

Showing 1o 11 of 11 entries EI

Recognizably, you can change the column headers, the data type in the column, or its
(usually hidden) descriptions. You may add an Expression, which may be a mathematical
formula, formulated in Java script; you find detailed explanations for this when you press

the Edit key (Iﬁ) next to this field. In the last column, you can specify which columns
are visible or shall be hidden (unmarking a column here does NOT delete it, it hides it
from the currently displayed table).
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If you hide a column by unmarking it, you have to refresh the Work Space by pressing
the button '@ in the control panel right on top of the Operations Field. Here, you can

also add new ('%:') columns. Before removing a column with the button E}, you have to
mark it by clicking somewhere in the background of the line specifying this column; the
selected item will be highlighted in blue. But be careful: Deleting it from the table will
irrevocably erase the column including all its contents!

16.1.1. Annotate table

The analysis method Annotate table (r:-) can be found in the Tree Area, under the
Analyses tab in the folder Methods, subfolder Data manipulation. The complete path to
this method is:

http://genexplain-
platform.com/bioumlweb/#de=analyses/Methods/Data%20manipulation/Annotate%?20ta
ble

Applying the Annotate table method, you can add columns to any gene or protein table in
the tree. The source for annotation columns can be a database or any other table.

The input table will not be changed. As a result of the analysis, a new table with
additional columns will be created.

The input form of this method, when opened in the work space, is shown below:

start page |77, Annotate table X|

- [ Experiment G = (select element)

- [y Species [?1 |Human (Homo sapiens) J.d
- [} Annotation source [?] |databases/Ensembl/Data/gene

- [y Annotation columns [?] [(no selection) >
-y QOutput table M |E (select element)

Show expert opfions == Run

In the following, we will consider the input fields one by one:

Experiment - Input a table for which you wish to add annotation. In order for this
analysis to work properly, the ID column of this table should contain recognizable
biological identifiers that can be mapped to the annotation source identifiers.

Species - Species corresponding to the input table. By default, human is selected. If
your input table corresponds to a mouse or rat dataset, please specify it.

Annotation source - Select the data collection, a database or any table in the tree
area, which you plan to use as a source of additional columns. Below two examples are
given, with the Ensembl database and with a user-specific table as possible annotation
sources.


http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/Data%20manipulation/Annotate%20table
http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/Data%20manipulation/Annotate%20table
http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/Data%20manipulation/Annotate%20table
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Annotation Columns - As soon as the annotation source is specified, all columns of this
table are visible in the drop-down menu. There you can select one or several columns
from the drop-down menu, which will be added to the input table.

Output table - Select the location in the tree area where the resulting table will be
stored, and define a name for the new table. If a table with the same name already
exists at the same location, it will be replaced.

Annotate table of Affymetrix probe IDs with gene description and gene symbol

As input, a table with normalized Affymetrix probes is selected. This input file can be
accessed with the URL:

http://genexplain-
platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%?20Aff
ymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/E
xperiment%20normalized%20(RMA)

In the field Species Human is selected, because the input table corresponds to a human
dataset.

By default, the Ensembl database, namely its gene table, is selected in the field
Annotation source. All columns present in this table are available in the drop-down
menu of the field Annotation columns. As shown in the screenshot below, two columns
are selected, Gene description and Gene symbol:

Start page ||1% Annotate table X‘

D Experiment (] E=.I;___urotJ|astc:maf'EJr.perimemt normalized (MASS)
-~ [ Species [?]  [Human (Homo sapiens) |
- [} Annotation source [?] |databases/Ensembl/Data/gene
- [} Annotation columns [?] |[2] Gene description. Gene symbol |
[ OQutput table [7] Allributes

) Attributes/createdDate

Attributes/status
Attributes/version
Bibliography
Chromosome
Comment

Complete name
Created date
Database references
Date

Gene symbol

[dentifier
Tacks Regulation
Source

Species
Status

show expert oplions == Run

Next, the output path is defined, and you can press the [Run] button.


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)
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After completion of the analysis the output file is opened automatically in the work space
as shown below:

Start page Ef".:,'.Annntate table X FEExperiment normalized (... X
First | | Previous | Page |1 of 446 | Next | | Last Showing 1 to 50 of 22283 entries
ID “  Gene description 53:12; GSM31871.CEL GSM31872.CEL GSM31873.CEL

discoidin domain

1007_s_at receptor tyrosine DDRA1 6.86563 7.10547 7.36446
kinase 1
replication factor C

1053_at (activator 1) 2, RFC2 479749 5.06341 523328
40kDa
heat shock 70kDa
protein 6 (HSP70B'), HSPAG,

117_at heat shock 70kD3 HSPAT 42401 4 38912 4.52082
protein 7 (HSP70B)

121_at paired box & PAXS 576225 548362 648192
guanylate cyclase

1255_g_at activator 1A (retina) GUCATA 3.58738 3.51592 3.25704

In this result table two new columns are added, Gene description and Gene symbol,
to the right of the ID column. The ID column itself, and all the other columns are exactly
the same as they were in the input table.

Annotate a gene or protein table with expression values

You may wish to see the expression values in any gene or protein table. In this example,
let’s consider the annotation of the master regulatory molecules table with fold change
values. Such a table can be generated, e.g. by the workflows Find master regulators in
networks, described in Section 5.1.1.

Further steps are shown with the following input table:

http://genexplain-
platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Aff
ymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%?20versus%20Neuroblastoma/
Upregulated%20Ensembl%20genes%20filtered%20(LogFC%3E1)%20(Master%?20regulat
0ors%?20Transpath)/Regulators%20upstream%2010

In the field Species Human is selected, because the input table corresponds to a human
dataset.

As Annotation source you can use a table with expression values corresponding to this
dataset. You may have such a table in your tree area, e.g. a table with differentially
expressed genes. In this example, the following table is used as annotation source:

http://genexplain-
platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%?20Aff
ymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%?20versus%20Neuroblastoma/E
xperiment%20normalized%20(RMA)%?20(Differentially%?20expressed%20genes%20Affy)
/Upregulated%20Ensembl|%?20genes%?20filtered%20(LogFC%3E1)
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http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20filtered%20(LogFC%3E1)%20(Master%20regulators%20Transpath)/Regulators%20upstream%2010
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20filtered%20(LogFC%3E1)%20(Master%20regulators%20Transpath)/Regulators%20upstream%2010
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20filtered%20(LogFC%3E1)%20(Master%20regulators%20Transpath)/Regulators%20upstream%2010
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20filtered%20(LogFC%3E1)%20(Master%20regulators%20Transpath)/Regulators%20upstream%2010
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20filtered%20(LogFC%3E1)%20(Master%20regulators%20Transpath)/Regulators%20upstream%2010
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20filtered%20(LogFC%3E1)%20(Master%20regulators%20Transpath)/Regulators%20upstream%2010
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
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As soon as the annotation source table is selected in the field Annotation source, you
can see all available columns in the drop-down menu of the Annotation columns field.
The LogFoldchange column is selected as shown below:

Start page ||[%° Regulators upstream 10 X|

ﬁ; Upregulated Entrez genes XJ| {7, Annotate table

; El Experiment

; ; D Species

5 ; El Annotation source

; El Annotation columns

i 0y Output table

Show expert options == Run

[ & _._pregulated_Entrez/Regulators upstream 10

(7] |Human (Homo sapiens) hd
(7] ﬁ{ ..55ed genes_log2/Upregulated Entrez genes|
[?] |LogFoldChange |-
7] -log(P-value)
1 Affymetrix 1D

Gene symbaol

Gene description

Species
name

Next, the output path is defined, and you can press the [Run] button.

After completion of the analysis the output file is opened automatically in the work space

as shown below:

Start page |[f°° Regulators upstream 10 a... X‘

Edr
First | | Previous | Page 1 of 7| Next | | Last Showing 1 to 50 of 329 entries
Master molecule Maximal Reached Reachable Z-
1D LogFoldChange name radius from set total Score FDR score

MO000023153 3.781739974253634 PKCbeta1(h) 9.975 109 42270 0.50693 0.023 2.28631
140000023154 3.781739974253634 PKCbeta2(h) 9.975 111 42436 0.51198 0.032 2173506
1MO000084186 3.398687013991221 caveolin-1alpha(h) 9.835 a2 37068 0.3111 0.002 4.83861
140000150274 3.398687013991221 caveolin-1beta(h) 9.835 a2 37068 0.31117 0.003 4.89331
MO000057444 2.6997508589470143 Jaki(h) 9.835 104 40317 0.46806 0.003 3.96665

In this result table one new column is added, LogFoldChange, to the right of the ID
column. The ID column, and all the other columns are exactly the same as they were in

the input table.

16.1.2. Convert identifiers for a gene table

Single gene table
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The analysis method Convert table (ﬁ”‘p) can be found in the tree area, on the Analyses
tab in the folder Methods, subfolder Data manipulation. The complete path to this
method is:

http://genexplain-
platform.com/bioumlweb/#de=analyses/Methods/Data%20manipulation/Convert%20tabl
e

This method changes the type of identifiers using the internal chain of BioHubs. BioHubs
is an internal, proprietary database that maps the IDs of a wealth of data source to each
other. For example, this method converts the Genes: Ensembl type of identifiers into
Proteins: Ensembl. If a direct conversion between two selected types is impossible, this
analysis will create an optimal chain of several BioHubs and use them subsequently.

The analysis input form when opened in the work space is shown below:

Start page ||{s Convert table X

[ !nput table F {select element)

[ Input type | Unspecified

[y Output type | Unspecified

[y Species [ Human (Homo sapiens) =]
[y Numerical value treatment rule [exreme

[y Leading column [ (none) >

. D Output table © (select element)

show expert options == Run

In the following, we will consider the input fields one by one:
Input table: Input the data table for which you wish to convert the identifiers.

Input type: Type of identifiers in the input table. This is automatically detected in the
majority of cases. However, if there are two columns with different identifiers in the input
table, you can manually select the identifier you wish to convert.

Output type: Type of identifiers into which you wish to convert the input type.
Species: Select human, mouse or rat, corresponding to the input table.

Numerical value treatment rule: Select one of the rules for treating the values in the
numerical columns of the input table. Rule selection is important, when several rows are
merged into a single one. We have to take into account that one identifier of a given type
may correspond to several identifiers of another type, each of which is associated with a
numerical value in the Leading Column (for this, see below). To choose which of these
numerical values has to be taken into the merged row, a rule has to be defined. It is to
be chosen from a drop-down menu. By default the “extreme” rule is selected, which is
equivalent to the maximal value in case of positive numbers, but corresponds to the
minimal value in case of negative numbers. In cases of "average", "average w/o 20%
outliers" and "sum", the selected rule is applied to all numerical columns of the table.


http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/Data%20manipulation/Convert%20table
http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/Data%20manipulation/Convert%20table
http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/Data%20manipulation/Convert%20table
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In case of the "minimum”, "maximum" and "extreme" rules a new option appears below
which requests the user to select a Leading column. The chosen rule is applied then to
the values in the selected Leading column (e.g. in the Leading column the maximum
value is computed among all merged rows). All other numerical values of the table will be
taken from that row which corresponds to the selected value in the leading column.

Output table: Path to store the resulting table in the tree.
Note that several non-trivial situations might occur during conversion:

- A single source ID matches to several target IDs. In this case the source row will
be copied several times, one copy per target ID.

- A source ID doesn't match to any target ID. In this case the source row will be
removed from the result.

- Several source IDs match to a single target ID. In this case two options are
available:

If you have specified the leading column, only one out of all suitable source rows will be
shown in the resulting table, based on the specified rule. For example, if you specified
'maximum’' as a rule, the source row with maximal value in the main column will be
selected from suitable rows.

If you have not specified a leading column, all the corresponding source rows will be
merged together using merging rules. Non-trivial columns like 'Graph' will not be shown
in the resulting table. Text columns will have all values joined into a sorted comma-
separated list with duplicates removed. Numerical columns will be merged based on the
selected rule. For example, if you select 'average' as a rule, then the mean value will
appear in the resulting table. If your source column has an integer type, it might be
changed into float.

Example: Conversion of Ensembl gene IDs to UniProt IDs
The input table with Ensembl gene IDs can be accessed via URL:

http://genexplain-
platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Aff
ymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%?20versus%20Neuroblastoma/E
xperiment%?20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)
/Upregulated%20Ensembl%?20genes

Fill the input fields and press [Run] as shown below:


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes
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Start page

s convert table X|[£ Upregulated Ensembl ge... X

Y Input table

Ik Input type

[ Output ype

. [y Species

B D Numerical value treatment rule

. D Leading column

]
ﬁs’ ..ed genes_log2/Upregulated Ensembl genes

|Genesz Ensembl x|

|Proteins: UniProt

|Human (Homo sapiens)

IE‘K‘II’EH’IE

|LogFoldChange >

317

[y Output table __pregulated Ensembl genes Proteins UniProt

Show expert options ==

0%

Upon completion of the analysis the output file is opened by default as shown below:

Start page Hﬁ Convert table X‘ﬂ_';';f,Upregulated Ensembl ge... X‘
[ Edit | [ selectall |[ sele
First | | Previous | Page |1 of 7| Next | | Last Showing 1 to 50 of 342 entries Show | 50
A Affymetrix . Gene . -log(P-

ID Ensembl ID D Gene description symbol Species value) LogFold
ABNHCO  ENSG00000184445  208316_s at  kinetochore associated 1 KNTCH ;'gg?gns 305282 126233
ABKOTO  ENSGOO000198678 213365 _at ERI1 exoribonuclease family ERI2 Homo 363037 075171

member 2 sapiens : :
eukaryotic translation initiation
factor 3, subunit F, eukaryotic EIF3F, Homo
000303 ENSG00000175390 200023_s_at translation initiation factor 3, EIF3FP3 Sapiens 3.6246 0.75118
subunit F pseudogene 3
211952_at, o Homo
000410  ENSGOO0000B5150 51722420 importin 5 IPO5 oamions 327704 152704
014524  ENSGO00000166881 212621 _at transmembrane protein 194A TMEM104A Egg?gns 35564 165817
regulatory factor X-associated Homo
014503  ENSGOO000064400 202756 s at  L-ov@0Y EoR Rassort RFXANK capions 330508 150255

The column ID now contains UniProt IDs. The column Ensembl ID, which was the ID
column in the input table, is also present in the output table, as the second column to the
right of the new ID column.

All the other columns of the input table are included in the output table as well.
Numerical values are calculated according to the selected rule.

Similarly, any other table in the tree area with gene or protein identifiers can be
converted into the desired type of identifiers.
Multiple gene sets

The input is a folder with several gene tables. The steps of this workflow for each
individual gene table are the same as described in the section above. The same steps are
performed iteratively for each of the gene tables in the input folder.
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The output is a folder which contains subfolders with the results for each individual input
table. The subfolders are automatically given the same names as the input tables.

16.1.3. Join tables

The analysis method Join tables ( E=) can be found in the Tree Area under the Analyses
tab in the folder Methods, subfolder Data manipulation. The complete path to this
method is:

http://genexplain-
platform.com/bioumlweb/#de=analyses/Methods/Data%20manipulation/Join%?20tables

Applying the Join table method, you can join two tables together in one new table
containing selected columns. Joining is performed according to ID matching from left and
right tables. The result table will contain IDs present in at least one table.

The input form of this method, when opened in the work space, is shown below:

Start page || ¢ .Join tables Xi

=l Lefttable

- D Table [ '|(se|ecte|ement}

. D Columns |(a|lcn|umns} ;I
=i Righttable

. D Table [ '|(se|ecte|ement}

- [y Columns | (all columns) =
! D Merge columns with the same names
. D Aggregator for numbers |ex‘[reme .;I

. D Cutput table F '|(se|ec’[element}

In the following, we will consider the input fields one by one:
Left Table - left (first table) for join.
Right Table - right (second table) for join.

Aggregator for numbers (expert) — Function to be used for numerical columns when
several rows are merged into a single one, if the merge columns option is selected.

Output table - Name of the table where results will be saved. If a table with that name
already exists it will be replaced.

If you like to join more than two tables, please see method Join several tables ( Hz; ).
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16.1.4. Intersect tables

The analysis method Intersect tables ( Iil=I) can be found in the Tree Area, under the
Analyses tab in the folder Methods, subfolder Data manipulation. The complete path to
this method is:

http://genexplain-
platform.com/bioumlweb/#de=analyses/Methods/Data%20manipulation/Intersect%20ta
bles

This function allows for the identification of common rows between two tables. The
intersection is performed according to IDs matching from "left" table to "right". The
result is a single table that contains rows common for both input tables.

Start page || ¢ Intersect tables XI

=l Lefttable
- D Table f '|(se|ect element)
- D Columns |[a|l columns) ,;l
=l Righttable
- D Tahle f '|(select element)
- D Columns |[a|l columns) L'
: D Merge columns with the same names
. D Aggregatar for numbers |extreme .=|
. D Output table f '|(se|ectelement)

In the following, we will consider the input fields one by one:
Left Table - left (first table) for intersection.
Right Table - right (second table) for intersection.

Aggregator for numbers (expert) — Function to be used for numerical columns when
several rows are merged into a single one if merge columns option is selected.

Output table - Name of the table where the results will be saved. If a table with that
name already exists it will be replaced.

16.1.5. Venn diagram

With this feature you can create VENN diagrams from the input tables as well as to get
tables of common and unique genes according to the sections of the VENN diagrams.
VENN diagrams are images that show all possible logical relations between the input
tables. As input, two or three gene tables can be provided for which you wish to know
common and unique genes. These input tables can be in any format (gene or protein
IDs). The VENN diagram function can be found under the tab Analyses, in the folder

Methods/Data manipulation/Venn diagrams ( " ).

The initial form of this analysis looks as it is shown below:


http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/Data%20manipulation/Intersect%20tables
http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/Data%20manipulation/Intersect%20tables
http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/Data%20manipulation/Intersect%20tables
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) L
[y Left table (T1) = [ (select element)
0y Right table (T2) B O (select element)
K Center table (T3) = [ (select element)
DI Simple picture E
[y Output path ||| (select element)
Show ex tiong =

When the expert options are opened, the form looks like:

rrpm—

[y Left table (T1) = O (select element)
D Left table name

D Left-top circle color | |

D Right table name

D Right-top circle color _

= O (select element)

D Center table name

D Center-bottom circle color | |

D Simple picture E

[y Ovutput path .| (select element)

== Hide expert options

To perform this analysis you can input two or three tables.

Left Table (T1), Right Table(T2) and Center table (T3). You can drag and drop the
input tables which you wish to add to the VENN diagram.

Left table name, Right table name, and Center table name. These are expert
options. You can specify the names of the input tables as you want to see them in the
output diagram, if you want them to be different from the names of the input tables. By
default the original names of the input tables will be shown in the resulting diagram.

Left-top circle color, Right-top circle color, and Center-bottom circle color. These
are expert options. In these fields you can specify the colors you wish to see in the
diagram. The default colors are displayed in the input form. To change them just click
on the colored boxes.
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Simple picture. When this box is checked-, all three circles in the resulting diagram will
have the same size, no matter whether the input tables are of the same size or not. By
default this option is checked. When this box is unchecked, the size of the circles will be
proportional to the size of the input tables in the resulting diagram.

Output path. Specify the output path. Define where the folder with the results should be
located in your project tree. You can do so by clicking on the pink field “select element”
in the field Output path, and a new window will be opened, where you can select the
location of the results folder and define its name.

Important: please define the output path within one of your Project folders.
Press [Run].

The analysis will start as shown below:

B Left table (T1)

(= _vs Control DEGs, adj p-val<0.05 genes|

- [} Righttable (T2) (=1 ol DEGs, aj p-val<0.05 Genes Ensembl|

B Center table (T3) F?; ) |s Control DEGs, adj p-val<0.05 Genes |

I} Simple picture v

[y Output path ,J_']|___st1fDatafNeetuNenn diagram/\/enn analysis” Auto |

Show expert options »=

ALLIITTT7 -

INFO - Lnalysis 'Venn diagrams' added to gueus

INFO - REnalysis 'Venn diagrams' =started

INFO — Creating sub-tabkles...

INFO - Creating T1 IFN 6hours v= Control DEGs, adj p-val<0.05 genes
INFO — Creating T2 IFN 2Z4h v= Control DEGs, aj p-val<0.05 Genes Ensembl
INFO - Creating T2 IL2E8B & v= Control DEGs, adj p-val<0.05 Genes

INFO - Creating Rows present in Tl, but not in T2 and T3

INFO - Creating Rows present in T2, but not in Tl and T3

INFO — Creating Rows present in T3, but not in T1 and T2

Wait till the analysis is completed.

The output is a folder comprising several tables and one diagram as shown below:
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ll .‘.E] Venn analysis
P‘_‘! Diagram
ﬂ;' Rows present in all three tables
I'i;' Rows presentin T1 and T2, but not in T3
I'@;' Rows present in T1 and T3, but not in T2
I'i; Rows presentin T1, but notin T2 and T3
I'i; Rows present in T2 and T3, but notin T1
I'i; Rows presentin T2, but notin T1 and T3
ri; Rows present in T3, but notin T1 and T2
l'@;' T1 IFN 6hours vs Control DEGs, adj p-val<0.05 genes
ri; T2 IFN 24h vs Control DEGs, aj p-val<0.05 Genes Ensembl
ﬂ;' T3 IL28B 6 vs Control DEGs, adj p-val<0.05 Genes

Results

Diagram opens automatically in the work space when the analysis is completed:

IFN 6hours vs Cont... (787) IFN 24h vs Control... (589)

IL28B 6 vs Control... (1927)

This picture can be exported in png, jpg, or bmp formats with the help of the Export (ﬁ)
button on the top control panel.

For the same input files, if you specify the input table names under the expert options as
L1, L2, and L3 respectively, and un-check the Simple picture box, the resulting diagram
looks different, as shown below:
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L1 (787) L2 (589)

L3 (1927)

Please note that the size of the circles is proportional to the number of genes in the input
tables.

Along with the diagram, there are several tables in the output folder.
T1, T2 and T3 are the three original input tables.

Each individual intersection is shown as a separate gene table; correspondingly, the
following tables are displayed:

Rows present in all three tables,

Rows present in T1 and T2, but not in T3,
Rows present in T2 and T3, but not in T1,
Rows present in T1, but not in T2 and T3,
Rows present in T2 and T3, but not in T1,
Rows present in T2, but not in T1 and T3,
Rows present in T3, but not in T1 and T2

The tables containing rows present in all three or in two tables, also contain columns
from three or two input tables, respectively. As an example, the table Rows present in
T2 and T3, but not in T1, contains the columns from T2 and from T3 tables, as shown
below. If the column names are the same in two input tables, *_1" is automatically added
to the name for the second column.
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D Affymetrix |ID legFC adj.P.Val Affymetrix ID_1 legFC_1 ad].P.Val_1
ENSG 00000004 700 205081 x at -0.44118 0.03705 205081 x at -[.46245 0.01346
ENSGO000001 2660 215082 at 0.68037 0.00367 215082 at 0.54503 0.00882
ENSGO0000018408 202133 at -0.55275 0.03773 202134 s at -0.54B15 0.01538
ENSGO0000019582 20586819 at 0.72048 8 45686E-4 2058619 at 0.40518 0.04815
ENSGO000002057T 215485 s at 0.57604 0.02706 2154586 at 0.56096 0.02288
ENSG 00000080282 226517 at -0.73873 0.01165 225285 at -0.81009 1.0118E-4
ENSGO00000E5275 224581 = at -0.86112 00244 224581 = at -0. 75567 0.04378
ENSGO000007T0214 227820 at -0.72333 0.034 228485 s at 0.3807 004544
ENSGOD0000T5151 1554309 at 0.78061 0.02136 1554309 at 0.64527 0.03152
ENSGO00000TS426 218880 at 0.47339 0.03448 225262 at -0.48181 0.03448
ENSGO0000084110 217521 at 0.41967 0.02303 217521 at 0.32343 0.04707
ENSGO00000B571S 202118 = at -0.66387 0.01375 202118 = at -0.47281 0.04704

Each of the resulting tables can be used for all operations with tables and serve as input
for a number of workflows, e.g. for functional classifications, promoter analysis, pathway
analysis and more.

16.2. Operations with tracks

The folder Data manipulation contains several methods allowing useful operations with
tracks, among other methods. This folder can be found on the Analyses tab. Track is a
set of DNA fragments or intervals with obligatory information about their chromosomal
location and absolute positions of the beginning and of the end. Optionally, any additional
information about the fragments can be included. Tracks are very often available in BED

format. Within the geneXplain platform, tracks in the tree area are shown as (55’). As for
the basic operations with tracks, kindly refer to the previous descriptions (2.3.3).

16.2.1. Annotate track with genes

The method Annotate track with genes (@) helps to add information about nearby
located genes to each fragment. The input form is shown below:

Start page @Annntate track with genes X
[y Input track & |(select element)
D Species |Human (Homo sapiens) LI
D 5 region size -1000
D 3 region size 100
- [y Output track & |(select element)
S

Input track. Specify the input track. You can drag & drop it from your project within the
tree area. Alternatively, you may click on the pink field select element and a new window
will be opened, where you can select the input track.

®,

% The input track used in this example can be found under location:
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» http://genexplain-
platform.com/bioumiweb/#de=data/Examples/Encode%20TFBS%20CEBPB%20in
%20H1-hESC%20cells/Data/CEBP%20in%20H1-hESC%20cells%20YES

% This track contains 500 in vivo binding fragments for C/EBP transcription factor

(Encode project).

Species. Choose human, mouse or rat from the drop-down menu.

5’ region size and 3’ region size. By default this method considers the following
regions around Ensembl genes: 1000 bp in 5’ direction from TSS and 100 bp in 3’
direction from the last exon. The positions of each fragment on the input track are
compared with the positions of the extended gene regions. Genes overlapping with an
input fragment are considered for annotation of this fragment.

Output track. Specify the path and name to store the output track.

Having filled in the input form, launch the analysis with the [Run] button. Wait till the
analysis is completed.

Results. The resulting track is automatically opened in genome browser in the work
space.

In the tree area, at the location specified in the input form, you can find the resulting
track, highlighted in blue on the screenshot below:

F J Operations with tracks
> ~§> CEBP in H1-hESC cells YES
> 5’ CEBP in H1-hESC cells YES annotated

When opened as a table, it looks like this:

Sequence
D (chromosome) From To Length Strand Type Property: Genes
name
1 16 B7812460 B7B13135 B76 ? unsure RP4-536B24.4 (5 + exon)
2 3 45883291 45883938 T08 ? unsure LZTFL1 (2 exons + 2 introns)
3 20 17663143 17663690 548 ? unsure RRBP1 (5"
4 4 163418722 163419179 458 7 unsure
3 1 31583866 31584530 BES 7 unsure
3] B BE58B20 BE60541 852 ? unsure ERI1 (2 exons + intron)
T 1 6319894 6320418 525 7 unsure GPR153 (intron)
8 16 30825258 30826036 738 7 unsure
] 4 B160544 B181183 840 ? unsure ABLIMZ (5" + exon)
10 B 37010771 37011343 573 ? unsure
"n 2 120124148 120124695 548 ? unsure g;fgﬁjz;; n2] exons + intran),

All columns of the input track are present, and one column is added, called
Property:Genes. This newly added column is a result of an annotation of the input track
with genes, and for each fragment it contains gene symbols of overlapping genes. As you
can see, some of the fragments are not overlapping with any genes, and some of the
fragments may be overlapping with two or even more genes. It depends on the particular
fragments, their length and location as well as on the length of the gene-bound extension
regions specified in the input form.


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Encode%20TFBS%20CEBPB%20in%20H1-hESC%20cells/Data/CEBP%20in%20H1-hESC%20cells%20YES
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Encode%20TFBS%20CEBPB%20in%20H1-hESC%20cells/Data/CEBP%20in%20H1-hESC%20cells%20YES
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Encode%20TFBS%20CEBPB%20in%20H1-hESC%20cells/Data/CEBP%20in%20H1-hESC%20cells%20YES
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Next to each gene symbol there are gene regions specified, for example ERI1 (2 exons +
intron). This means, a particular fragment overlaps two exons and one intron of the ERI1
gene.

@ If you would like to annotate overlapping genes for all fragments in the input track,
you might be interested to increase the gene-bound extension regions in the input form,
and run the analysis again.

16.2.2. Intersect tracks

Track intersection provides two types of operations whose results are either the
intersection itself or the difference of two tracks. In the first case, the output track
consists of intervals two tracks have in common (which overlap). In the second, the
output contains those intervals uniquely found in the input track.

This analysis can be used, for instance, to filter predicted binding sites for conserved
regions.

] “ Start page ||* Intersect tracks Xi
1| Data || Analyses || Users | l D Input track 7 Ql(salec‘t element)
ﬁ Create random track e D Filter track 2 Ql(selec‘l clement)
- %y Fitter one track by another
5 Fiter table [} Operation type [71 [intersection =1
- %2 Filter track by condition - [y Output track 71 | & |(select element)
& Gene setto track [ Overlap coverage M 08
- ' Intersect tables
5 * T ST E D Maximal uncovered flank positions [ 2z
- FJUin several tables
= Join tables == Hide expert options

The parameters can be described as follows.

Input track: The input track contains the intervals which will be available in or omitted
from the output track if they overlap with intervals of the filter track.

Filter track: The filter track contains the intervals against which input intervals are
tested for overlap.

Operation type: Here one can select the desired input intervals, intersection or
difference.

Output track: The output track will contain the input intervals contained in the
intersection of difference set.

Overlap coverage: The overlap coverage is the relative proportion of an input interval
that needs to overlap with a filter interval.

Maximal uncovered flank positions: This parameter limits the number uncovered
positions (sometimes called "overhanging ends"). Note that this limit is applied to each
side of an input interval, not to the total number of uncovered end positions.
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16.2.3. Gene set to track

The method Gene set to track ( {éa) aims at creating a track corresponding to any table
with Ensembl gene IDs. As with the fragments of the output track, this method takes the
gene regions around TSS (transcription start sites). It is a useful method to create a
track of gene promoters or upstream regions for any input gene table. The input form is
shown below:

Start page ||| % Gene set to track X|
[ Table % |(select element)
D Species |Human (Homo sapiens) ;l
D From -1000
D To 100
D QOutput name .Pl{s.elact element)
E
S

Input table. Specify the input table with Ensembl gene IDs. If your table has different
IDs, you need to convert it first. Details on how to convert table identifiers are given in
the Section 11.3.3. You can drag & drop the table from your project within the tree area.
Alternatively, you may click on the pink field select element and a new window will be
opened, where you can select the table. Here, the following table is taken as input.

— Gene :
o] Gene description symbol Affymetrix 1D

EMNSGE00000002545 leucine aminopeptidase 3 LAP3 217933 s at
ENSG00000006210 ‘;‘hf’m':'k'"f’ (C-X3-C motif) figand CX3CL1 823 at
EMSG00000010030 ets variant 7 ETVT 221680 s at

lymphocyte cytosolic protein 2
EMNSG00000043462 [SHZ2 domain containing leukocyte LCP2 205269 at

protein of 7ekDa)
ENSGO0000055332 eukaryotic transilatlcun initiation EIFZAKS 313704 at
- factor 2-alpha kinase 2 -
EMNSG0000008B807TI interferocn-induced protein 35 IFI35 209417 s at

You can see Ensembl gene IDs in the column ID. Such a table may contain any number
of additional columns. Here, three additional columns are present, Gene description,
Gene symbol and Affymetrix ID.

Species. After input of the table, the species (human, mouse or rat) is adjusted
automatically. Verify the species shown in the species field.

From and To. By default this method considers the following regions around the TSS of
the input genes: 1000 bp in 5" direction and 100 bp in 3’ direction.

Output track. Specify the path and name to store the output track.
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Having filled in the input form, launch the analysis with the [Run] button. Wait till the
analysis is completed. The resulting track is automatically opened in genome browser in
your work space.

The output track when opened as a table, is shown below:

Sequence
ID* (chromosome) From To Length Strand Type Property: Affym
name
1 4 17577815 17578914 1100 * misc_feature 217933 _s_at
2 16 57405370 57405469 1100 * misc_feature BZ3_at
3 B 363560865 36357164 1100 - misc_feature 221680_s_at
4 5 169725132 169726231 1100 - misc_feature 205269 _at
5 2 37384109 37385208 1100 - misc_feature 213294 _at
] 17 41157742 41158841 1100 + misc_feature 209417 _s_at

This table contains exactly the same number of the fragments (rows) as the number of
Ensembl genes in the input table. There are columns for chromosome, positions From
and To, Length, Strand, and Type. The type of the fragments after this conversion is
automatically assigned as misc_feature. Other columns present in the input table are all
added on the right side of this table, e.g. here Affymetrix ID column.

16.2.4. Track to gene set

The method Track to gene set ({:F) aims at identifying genes located close to the
fragments in the input track. Genes overlapping with at least one input fragment are
considered resulting target genes. The input form is shown below:

Start page ||“f=Track to gene set X
[y Input tracks &‘/‘|[D]
D Species |H|.|mar| [Homo sapiens) LI
D 5 region size -1000
D 3 region size 100
- [ Types of resulting column | Count =l
[y Output name % |(select element)

E
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Input track. Specify input track. You can drag & drop it from your project within the
tree area. Alternatively, you may click on the pink field select element and a new window

will be opened, where you can select the input track. With the [track Plus] button (Q )
you can add another track to have several tracks analyzed together.

Species. Choose human, mouse or rat species from the drop-down menu.

5’ region size and 3’ region size. By default this method considers the following
regions around Ensembl genes: 1000 bp in 5’ direction from the TSS and 100 bp in 3’
direction from the last exon. The positions of each fragment on the input track are
compared with the positions of the extended gene regions. Genes overlapping with at
least one input fragment are considered resulting target genes.

Types of resulting columns. This analysis specifies the overlap between the extended
gene regions and the fragments; such a specification can be given in several different
waysanda desirable way of representation can be specified in this field. Let’s consider the
options available in the drop-down list:

EI Input tracks & |[1] Housekeeping genes (Mouse) track -...
EI Species |Human [Homo sapiens) LI
EI 5' region size -1000
DI 3 region size 100
[y Types of resulting column Count |
[y Output name + ar-
O
_ _ Count in exons
{ Run’ Count in introns
Count in &'
Count in 3'
Structure
Positions
Schematic

+ or -. This option shows the presence or absence of overlap between any of the input
tracks and the specified gene regions.

Count. Returns the number of fragments overlapping with each gene.

Count in exons, Count in introns, Count in 5, Count in 3. When any of these options is
chosen, the number of fragments overlapping with the corresponding gene regions is
shown for each gene in the resulting table.

Structure. This option returns the names of gene regions overlapping with the
fragment(s).

Positions. With this option, you can see the position of the 5’ end of the fragment relative
to the TSS of the overlapping gene.

Schematic. The gene structure is shown schematically with exons and introns, and the
overlapping fragments are displayed.

The resulting tables with all available types of representation are shown below.

Output name. Specify the path and name to store the output table with Ensembl genes.
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Having filled in the input form, launch the analysis with the [Run] button. Wait till the
analysis is completed. The resulting table is opened automatically in the work space.
Let’s consider different variants of the resulting gene tables depending on the selected
option in the input field Types of resulting column.

+ or -.

This option is especially useful when two or more tracks are added as input. In the
resulting table (below) you can see the columns corresponding to each of the input
tracks, here two columns.

D Gene GSMS558469_E2F1_hg19 filtered CEBP in H1-hESC
symbol chr1: +or- cells YES: + or-
ENSGO0000000457 SCYL3 + -
ENSGO0000000460 Clorfi12z + -
ENSG00000001460 STPG1 + -
ENSGO00000002822 MADILA - +
ENSGO00000044 55 AKZ + -
ENSGO000000:4487 KDM1A + -
ENSG00000007341 ST7L + -
ENSGO0000007923 DMNAJCTT + -
ENSG00000007268 E2F2 + +
ENSGO0000008128 CDK11A + -

Each row corresponds to one gene overlapping with at least one fragment in at least one
of the input tracks. For example, in the table above, the gene SCYL3 is overlapping with
at least one fragment in the track GSM558469_E2F1 _hg19 filtered chr 1, and is not
overlapping with any fragment in the track CEBP in H1-hESC cells YES.

@ If you would like to find overlapping genes for all fragments in the input
track(s), you might be interested in increasing the gene-bound extension
regions on the input form, and run the analysis again.

To learn more details, e.g. how many fragments are overlapping with gene regions and
with exactly which parts of particular genes, you might be interested to choose other
types of the output, as shown below.

Count
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[[» Gene symbol CEBP in H1-hESC cells YES: Count -
ENSGE00000120549 KIAAI21T 2
EMNSGE00000135378 PRRG4 2
ENSG00000140262 TCF12 2
ENSG00000149150 SLC43A1 2
ENSGE00000158218 RUNX1 2
ENSGE00000170927 PKHD1 2
ENSG000001837 15 OPCML 2
EMNSGE000001B5665 SYN3 2
ENSG00000002822 MADTL1 1
EMNSG00000007968 E2F2 1
ENSG00000010322 NISCH 1
EMNSG00000046889 PREXZ 1
ENSG00000051108 HERPUD1 1
EMNSGE00000051341 POLQ 1
EMNSGE00000058453 CROCC 1
EMNSG00000060138 YBX3 1

For each gene, a gene symbol is given, and in the column Count you can see a humber
of the fragments overlapping with each gene. Here, the sorting is done by this column.

Structure

D " Gene CEBP in H1-hESC cells YES:
symbaol Structure

ENSG00000002822 MADALA Intron
ENSG00000007368 E2F2 5'

ENSG00000010322 MISCH Intron
ENSG00000046889 PREX2 Intron
ENSGE00000051108 HERPUD1 5

ENSGE00000051341 POLGQ 5

EMSG00000058453 CROCC Intron
ENSGD0000060138 YB3 Exon
ENSG00000083169 GLTSCRA1 Intron
ENSG00000084607 SUGP2 Intron
ENSG000000T0EES ASNS Exon
ENSG00000071831 CDH1%9 Intron

The column Structure contains the names of gene regions overlapping with the
fragment(s). The table can be sorted by this column to get all genes where the

fragments overlap the gene regions in focus.

Positions
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D Gene CEBP in H1-h_E.SC cells YES:
symbaol Positions

ENSG00000002822 MADILA 128810
ENSGE00000007968 E2F2 =276
ENSG00000010322 MISCH 260
ENSG00000046889 PREX2 10099
ENSG00000051108 HERPUD1 -115
ENSG00000051341 POLC -7B3
ENSG00000058453 CROCC 1484186
EMNSGE00000080138 YBX3 1147
ENSGE00000063169 GLTSCRA1 59442
ENSGO0000084607 SUGP2 ar3
ENSGE000000T0663 ASNS 187
ENSG00000071991 CDH19 43358

The column Positions presents positions at the 5’ end of the fragment overlapping with
this gene. Positions are shown relative to the TSS of the gene in each row.

Schematic

ID Gene symbol CEBP in H1-hESC cells YES: Schematic

EMSGE00000002522 MADILA m
ENSG00000007968 E2F2 |
EMSG000000 10322 MISCH -I;I“I‘I"I‘H*I*I"I’I‘I‘IH’I"I‘H‘I’I'I'I-
EMSGE000000465685 FREXZ wmmmm
EMSGE00000051108 HERPUD1 mm
ENSG00000051341 FOLQ I

EMSG00000058453 CROCC ﬂ‘mﬂwm*
EMSG00000060138 YBx3 _.m'rm"-
EMSGE00000063 169 GLTSCR1 W‘F“I’“"I‘"‘l"l‘"‘l"‘l‘l‘“
EMNSGE00000064607 SUGFZ |

ENSG000000T0E6S ASMNS Wmm
EMNSG00000071991 CDH19 '"Wil"l”‘l"‘l‘m""'"'

The column Schematic presents a gene schema with depicted as blue boxes. Introns, 5’
regions and 3’ regions are represented by blue lines, and the fragments on the input
track by red short vertical lines. The length of the introns is calculated in logarithmic
scale relative to the length of the exons, to allow for a reasonable schematic
representation.

All Ensembl gene IDs are hyperlinked, and upon click on them the corresponding
Ensembl gene page is opened in a new tab of the browser.
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16.2.5. Process track with sites

In general, a track is a set of intervals where positions are specified that we can map on
a chromosome. These track files can be visualized in a genome browser and can be used
as input for various site analysis functions.

The geneXplain platform provides you with an option to modify these track files. “Process
track with Sites” is a function which enables the user to enlarge/shrink sites on the track,
merge overlapping sites or remove too short sites. For example an already saved track in
the repository can be processed by adding sequences from Ensembl or some other
database.

The initial form of this analysis looks as shown below:

Start page |[|-= Process track X‘

D Source track QI(%'BCT element)
D Sequences —r—'l[D]

D Enlarge sites at start 100

D Enlarge sites at end 100

D Merge overlapping |:|

D Remave small sites

D Minimal site size 0

[y Output track QI(SPJECT element)

Source track: Track you want to process

Sequences: Sequences to use

Enlarge sites at start: Use positive numbers to enlarge and negative to shrink
Enlarge sites at end: Use positive numbers to enlarge and negative to shrink

Merge overlapping: Checking this box merges overlapping sites into a single site. Site
annotations will be lost!

Remove small sites: If checked, sites smaller then Minimal site size will be removed,
otherwise they will be expanded to Minimal site size

Minimal site size: Sites shorter than the specified size will be removed from output
Output track: You should specify the path for the processed track here.

An example source track file saved in the repository to which you want to add sequences
may look like this:
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Select all
| First | | Previous | Page 1 of 22798 | Next | | Last | Showing 1 to 50 of 11398596 entries
sitelp 4 >Sequence (chromosome) Type From To Length Strand
name
1 4 unsure 175298219 175298237 19 2
2 7 unsure G2524570 §2524588 19 3
3 2 unsure 75071833 75071851 19 3
4 2 unsure 185004542 188004560 19 3
5 15 unsure 59567985 59568003 19 3
G 11 unsure 37744718 37744738 19 2
T 3 unsure 181842653 181842671 19 2
3 9 unsure 125695397 125695915 19 3
9 5 unsure 14953599 14859017 19 3
10 21 unsure 27951176 27951104 19 3
1 1 unsure 108394722 108394740 19 2
12 15 unsure 65672061 65672079 19 2
13 13 unsure 99012521 99012539 19 2
14 8 unsure 2700549 2700957 19 3
5 18 unsure T4472804 T44T2822 19 3
16 5 unsure 174301218 174301234 19 3
i [+ unsure 80764453 20754481 19 2
18 3 unsure 17521293 1782131 19 2
19 3 unsure 105244541 1059244559 19 2

The track file shown provides you with the positions of promoter areas selected for
analysis, as shown in columns From and To. The column Strand shows the strand of the
chromosome where these promoters are located, where 1 means strand not applicable, 2
means forward strand, 3 means reverse strand, 4 means both strands. This file can be
dragged and dropped on a particular chromosome opened in the genome browser to
visualize its positions (see Section 16.2.3).

This Source track file can be selected as an input to “Process track with Sites”. The
sequences we want to map are selected from the Ensembl database as shown below:
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D Source track

& |..le_SOX2/GSE23795_RAWI/GSMSB6971_SOX2

D Sequences —‘——'I[u]
D Enlarge sites at start 100
D Enlarge sites at end 100
D Merge overlapping
D Remove small sites
D Minimal site size o

& |.E23795_RAWIGSMS8E971_S0X2 processed

=)
-
Folder: Idataha.sestnsemhh‘Sequ ences/chromozomes GRCh37 ;I [i] + Tl
Ny ENEEEEE - c ooz racH
10 Engel] _*HG1007_PATCH
11 bl _*HG1032_PATCH L
12 32 _*HG104_HGS7S_PATCH 3
13 "3 _*HG1133_PATCH
14 4 _*HG115_PATCH
15 _*5 _*HG142_HG150_HG151_PATC|
16 find:} _*HG14_PATCH L&
T T _*HG183_PATCH
8 *HG185_PATCH ==
. My description || Graph sg |19 lnd:} _*HG186_PATCH il l
tion is not available Cancel

Using default conditions for the other parameters you can now press [Run].

The output track looks like shown below:

e
Selectall
[First| | Previous |Page 1 of 2378 Next| [ Last | Showing 1 to S0 of 118931 entries
Siteld  * Sequence (chromosome) name Type From To Length Strand
i 18 unsure 40016540 400156758 219 3
2 18 unsure 37098113 37098331 219 2
3 18 unsure 1550392 1530610 219 2
4 18 unsure 53741378 53741588 219 2
5 18 unsure 62749362 62749580 218 3
1 18 unsure 71454930 71458148 219 3
7 18 unsure 10995992 10995210 219 3
3 18 unsure 44588278 44588404 219 2
] 18 unsure 22308822 22305140 218 3
10 18 unsure 28209415 28200633 219 3
il 18 unsure 58547124 58547342 219 3
12 18 unsure 45245885 452458104 219 2
13 18 unsure 41911735 41911953 219 3
14 18 unsure 35142284 35142502 219 3
15 18 unsure 65351677 653518895 218 3
16 18 unsure 55823415 56823534 215 2
17 18 unsure 3808537 2308755 219 2
18 18 unsure 35068719 35068937 215 2
19 18 unsure 33930689 33930807 219 3
20 18 unsure 58867935 58868153 219 3
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For comparison of the results you can click on individual chromosome sequences from
both the original track and the Processed track from the Tree Area as shown below:

Ilhtahases Data || Analyses || Users - Position: 1 Set | Find: Go

il 1 5 10 15 19
d & GSMS86971_S0OX2 (4

NN TN FREEE |
M| TARRRTATATATTTAATGET
.o
.3
.4

.25
. 6
.7

. 8
. g
.t 10
.11
.12

CeaErE000

Databases Data || Analyses Users Position: 1 Set | Find: Go
50

= = L 100 150 200 219
4 & GSM586371_SOX2 processed ) ) I I L

. :
e BE
.. [ 4
.. _*g
.. _*§
. T
. g
.. _[*g
S ]
ST |
- 2
- 13

14

The detailed view of the processed track is as shown below:

ﬁ

Position: 1 Set |Fin-|:l: Go |
1 5 10 15 20 25 30 35 40 45 L

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIII|IIIIIIIIIIIIII
agCcacagajgacagadasataagcaatgaggctgaaaggcadgaaagagas

100bp are added to both the sides and thus from original 19bp track, you now have a
track with 219bp. This processed track can be used further for other site analysis
functions.
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16.2.6. Create random track

This method creates a track of randomly sampled sequence regions, also denoted as
intervals, segments or subsequences. Upstream regions of genes serve as source for the
random segments.

Sampling can take into account an input track in two ways. First, the lengths of output
regions are sampled from lengths observed in the input track, so that the output track
has a similar length distribution. This functionality can be overridden by specifying a
common sequence length, in which case all sampled sequences will have the same
length. Second, gene upstream regions that overlap with segments in the input track can
be omitted from the sampling. Omission of overlapping upstream regions is active by
default and can be switched off (see parameter description).

Specification of an input track is optional. Random seed and sequence length arguments
with values less than or equal to 0 are ignored. However, if no input track is provided,
the sequence length argument is required.

‘ || Start page ||f1'7; Create random frack Xi

Data || Analyses D Input track P2 ] I(selec{ element}

i [ Sequence source [Ensembl 72.37 Human (ha18) =]
r = D Species [7 IHuman (Homo sapiens) ;I
laxy
‘aScript D Standard chromosomes 17
thods D Sequence number 7 1000
| Admin 3
equence length E
| Data manipulation D rro
r;AnnUtate table | D Allow overlap 17 D
@Annutate track with gene!| D Output track e Ql(select slement)

<" Apply state to diagram :
‘.. [™ Random number seed

& Composite module to prote D el oo

[ convert table . .

.= Convert table to track =< Hide expert ootions

ﬁ'\, Convert table via homolog

4 Create folder

i#i Create random track

The input mask of the tool is shown above. The parameters are described in the
following.

Input track: This is argument is optional. The input track can be supplied to obtain a
random track with a similar length distribution and/or void of segments overlapping with
input intervals.

Sequence source: The sequence source specifies which sequences are associated with
intervals. Note that you can apply a custom source, e.g. a specifically uploaded genome.
Clicking on the “Custom” option will open a new field to choose the custom sequence
source.

Species: Upstream regions of genes will be compiled from the annotation for the
specified species.

Standard chromosomes: If marked (default), sampling will only take into account
standard chromosomes. As non-standard chromosomes, this analysis considers for
instance haplotype segments.

Sequence number: This is the number of sequence regions to sample.
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Sequence length: If greater than 0, this value specifies one length for all sampled
sequence regions. Otherwise, an input track must be provided and random interval
length will be sampled from length observed in the input track.

Allow overlap: If marked, sampled intervals are allowed to overlap with input intervals.
Output track: The path of the track with random track to be created.

Random number seed: If greater than 0, this number will be supplied as seed for the
random number generator in order to be able to reproduce the sampling result.

16.2.7. Create transcript region track
This method allows for creating tracks specific for particular transcript regions, e.g.
promoters, 5’ UTRs, 3’ UTRs, exons, introns.

The analysis method ‘Create transcript region track’ can be found on the Start page,
under the button ‘Popular functions’.

~ Popular functions

“® Load data

“® QOperations with tables

@~ Operations with tracks
Annotate track with genes

Intersect tracks
Gene set to track

Track to gene set
Process track with sites

Create random track

|Create transcript region track]

Create tissue-specific promoter track

Track statistics
Mutation effect

Start Emi ﬁcreate transcript regiﬂn Lo _

[ Input transcripts 7 gfit,[l(select element)

|__°*| 3pecies [#1 |Human (Homo sapiens) ;I
[y Transcript region [# |3' UTR =l
D Firstllast exon as UTR M [0

[ Fixed UTR length 71 | 300

[y lanere COS 71

+ [ Output path 7] I(select element)
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Here it is shown how to create a track with 5" UTR sequences starting from input
transcripts. The input should be a table with Ensemble transcripts.

In the following, the input fields are shown one by one:

Input transcripts - Enter a table of Ensemble transcripts in this field. You can either
drag and drop the file from the tree area or select it from the drop-down menu. In case
your gene table does not have transcript information, use the ‘convert table’
function(section XXX) to convert any gene or protein table into Ensembl transcripts.

Species - Select the species of the input transcripts.

Transcript region - You can select the part of a transcript region which you wish to
include in the output track. The region can be selected from 3’ UTR, 5’ UTR, promoter,
intron, and exon.

Start page |ﬁ Create transcript region ftr... lq
EI Input transcripts [7] niil:l (select element)
3 Species %] |Human {Homa sapiens) |
EI Transcript region 71 [sutr LI
EI First/last exon as UTR (71 grﬁ?;ter
[ Fixed UTR length 7] P
D lgnore CDS [71 &Imn
EI Qutput path (7] (select element)

ra R

| Run )

As soon as you have chosen a transcript region from the drop-down menu, the following
input fields are adjusted. If Promoter is selected as the transcript region, the input form
becomes the following:

[y Imput transcripts [?] I (select element)

D Species [7] IHuman (Homo sapiens) ;l
E'I Transcript region %1 |Prumc:-ter ;l
DI Promoter start 71 1000

EI Promoter end [*1 100

[ Cutput path [l (select element)

Promoter start - You should specify the first base of the promoter relative to the TSS.

Promoter end - Here you should specify the last base of the promoter relative to the
TSS.

If 3" UTR or 5’ UTR are selected as the transcript region, the input form looks as follows.
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D Input transcripts [7] Eiil:'l* (select element)

G Species [7] |Human {Homo sapiens) =]
D Transcript region (71 |3~ UTR ;I
EI Firstflast exon as UTR [71 O

D Fixed UTR length 71 (200

EI lgnore CO3 [71 E

[} Qutput path ["]  |(select element)

First/last exon as UTR - This check box can be used to select the first or last exon as
UTR if it is not defined in the input transcript. By default this box is unchecked.

Fixed UTR length - The column can be used to create UTRs of fixed length. By default
the method uses 300bp as the track length. Please note that actual UTRs can be very
long.

Ignore CDS information - This box is checked to ignore CDS information and create
fixed length UTRs. By default this box is checked.

Output path - Specify the path to store the result and indicate the name of the output
track or sequences.

If Exon or Intron are selected as the transcript region, the input form is adjusted as
follows:

D Input transcripts [ ﬂfir_.'. (select element)

- [y Species (7] IHuman {Homo sapiens) |
0y Transcript region [7] |Intrun ]
D Exocnfintron number 1

- [y Output path 7] | [(select element)

Exon/Intron number - This field becomes active when you select Intron or Exon as the
transcript region. You should specify 1, 2 ... for first, second, ... exon/intron, or -1, -2, ...
for last, second last, ... exon/intron.

Output path - Specify the path to store the result and indicate the name of the output
track or sequences.

Below it is shown how to create a track with 5' UTR sequences starting from the input
transcripts. The input should be a table with Ensemble transcripts.

The analysis will start as shown below:
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Start page

- [ Input transcripts [?] FR|...nes filtered (LogFC>2) Transcripts Ensembl|
- [y Species [?1 |Human (Homo sapiens) =l
= DI Transcript region [?] |5. UTR _:_I
a D First/last exon as UTR 71 0

- [y Fixed UTR length [7] |300 |
B [ 'gnore CDS 71 &

£ [}y Output path [?]

INFO - Analysis 'Create transcript region track’ added to queue
INFO - Analysis 'Create transcript region track® started
INFO - Creating sequence collection for 5" UTR

|_ogFC=2) Transcripts Ensembl transcript region |

After the run is completed, the output track is opened automatically in the work space as
shown below:

I Start page I'Ensembl transcripts tra...

Sequence (chr ). ENSTO0000406729_16_2140196-2140285_-1 | v ]Position: ENST00000408729_16_2140196-21402: [_Set |
ENST00000384960_9_140732871-140732968_1 45 40 45 S0 S5 60 65 70 75 80 85 90
::Ss::ggggg:g;;;g—?§1g:ﬁ:g;?:g;s-;1 LALL Illlll‘lllllllllllllllllllll‘lll‘llllllllllllllllllllll

. _16_ = gEcctgggetetgeccagggtycagecggactgactgageccetgtgecgeccecag
S R ER L) F 1 ST00000546612_16_16402399-16403857 -1 R

ENST00000583494_19_18392887-18392971_1
ENST00000583592_2_219923410-219923472_-1
ENST00000596186_19_18392659-18393560_1

5

You can select the sequence (chromosome) number from the drop-down arrow menu and
view the corresponding track file.

The track file when viewed as a table looks like as shown below:

I Start page Iﬁcmate transcript region tr... 11’ Upregulated Ensembl ge... XI’ Upregulated Ensembl gen...

select all
(First| (Previous | Page [1 | of & Next| [Last | Showing 1 to 50 of 359 entries Show entries
D Sequence (chromosome) name From To Length strand Type

ENST00000200457_7_100464760-100471076_1  ENSTO0D00200457_7_100464760-100471076_1 1 300 200 % misc_feature
ENSTO0000205061_16_74485856-74641012_-1  ENSTO0000203061_16_74485856-74641012_1 1 300 200 % misc_feature
ENSTO0D00221466_19_50015536-50029590 1 ENSTODDOD221466_19_50015536-50029590 1 1 300 300 % misc_feature
ENSTO0D00222693_7_116130444-116148505_1  ENSTO0D00222693 7_116130444-116148505_1 1 300 200 % misc_feature
ENST00D00232125_3_122103023-122128764_1  ENSTODDOD232125_3_122103023-122128764_1 1 300 200 % misc_feature
ENST00000224091_2_2618975-6324583_1 ENST00000224091_2_2618975-6624583_1 1 300 200 X misc_feature
ENST00000249504_2_176972014-176974722_1  ENSTO0D00249504_2_176972014-176974722 1 1 300 300 % misc_feature
ENST00000256593_1_110254877-110260888_1  ENST00000256593_1_110254877-110260888_1 1 300 300 % misc_feature
ENST00000259523_8_128747680-128752723_1  ENSTO0DO0259523_8_128747680-128752723 1 1 300 200 % misc_feature
ENSTO0D00261574_13_08605020-93676551 1 ENSTODDOD261574_13_08605929-93676551 1 1 300 200 % misc_feature
ENSTO0DO00263946_1_201252580-201302121 1 ENSTODDOD263946_1_201252580-201302121 1 1 300 300 % misc_feature
ENSTO0D00264221_4_57301915 57327534_1 ENSTO0D00264221_4_57301915 57327534_1 1 300 300 % misc_feature
ENST00000265981_11_10533225-10562764_1  ENSTO0D00265981_11_10533225-10562764_1 1 300 300 X misc_feature
ENSTO0000268603_16_64977656-65156101_1  ENSTO0000268603_16_64977656-65156101_1 1 300 300 % misc_feature
ENST00000270645_19_50030875-50046895_1  ENSTO0DO0270645_19_50030875-50046895 1 1 300 200 % misc_feature
ENSTO0000271002_1_63906444-53955886_1 ENSTO0000271002_1_63906444-53955886_1 1 300 300 % misc_feature
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The resulting tracks file can be used as input for various other workflows, for example to
search for TF binding sites, enriched motifs and composite modules, and others.

16.2.8. Create tissue-specific promoter track

The analysis method ‘Create tissue-specific promoter track’ can be found on the Start
page, under the button ‘Popular functions’.

This method uses a set of Ensembl genes as input and extracts promoter regions by
mapping it against the TSS locations defined in CAGE data in the Fantom5 (Nature
507:462-470) database (see also 19.10).

- Popular functions

“® Load data

<% Operations with tables

@®~ Operations with tracks
Annotate track with genes

Intersect tracks
Gene set to track

Track to gene set
Process track with sites

Create random track

Create transcript region track

[Create tissue-specific promoter track]

Track statistics
Mutation effect

The input form is as shown below:

D Input genes M r@;l{selec't element)

- [} CAGE TSS database [ I{selec't element)
D CelTissue condition 71 |Nune ;I
D From 71  -1000
[y T 71 | 100
[y 7SS selection 71 [Most active |
D Substitute default Gl

- [y Output path [ I{selec't element)


http://www.nature.com/nature/journal/v507/n7493/full/nature13182.html
http://www.nature.com/nature/journal/v507/n7493/full/nature13182.html
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Input genes: Enter the set of genes or a gene table to extract transcription start sites
(TSSs).

CAGE TSS database: Specify the path of the Fantom database.

Cell/Tissue condition: Once you specify the database, select the cells/tissues for which
you want to create the promoter track from the drop-down menu.

From/To: Specify the promoter length relative to the TSS; by default the promoter
length is from -1000 to +100 bp

TSS selection: The TSS should be selected if there are multiple TSS. By default the
most active site is considered as TSS.

Substitute default: By default this box is unchecked. If checked it will substitute the
gene promoter by default, if the promoter is missing in the selected condition.

Output path: Define the output file name and path in the tree area where you wish to
save the Fantom5 promoter track.

For example:

The method is run using a set of upregulated genes from brain tumor as input, specifying
cerebellum—->adult as cell tissue condition, and keeping all other conditions as default.

The input dataset can be found here:

http://genexplain-
platform.com/bioumliweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Aff
ymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%?20versus%20Neuroblastoma/E
xperiment%?20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)
/Upregulated%20Ensembl%20genes%?20filtered%20(LogFC%3E2)

Upon completion the output file is opened in the work space and looks as shown below:

H Start page HFS_:._ Create tissue-specific pro... #
Sequence (chromosome):; 1 ¥ Position:|

2930 33500 65434000 65434500 65435000

chromosomes GRCh37 X‘

[— 1 I 1 1 1 i I I I 1 1 1 I I | 1 i i I | i i

Upregulated Ensembl ... 4} promoter

LY S s gy 11 e

Genes4 )

These set of promoters can be used as an input for other site analysis workflows.

16.2.9. Track statistics

The analysis method Track Statistics can be found on the Start page, under the button
‘Popular functions’ as shown below:
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http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes%20filtered%20
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o Popular functions

“® |Load data

“® Operations with tables

@~ Operations with tracks
Annotate track with genes

Intersect tracks
Gene set to track

Track to gene set
Process track with sites

Create random track

Create transcript region track

Create tissue-specific promoter track

Track statistics

Mutation effect

This method gathers various statistical information about any input track or Fastq file.
This information is helpful to calculate the number of reads in a particular input file which
is a pre-requisite for many workflows. The input form is shown below:

[y Source |Track ;I
[y put track & |(select element)

[y Alignment Ileft =]
E‘ﬁ Processors

- [y Basic statistics

: D Quality per base

D Quality per sequence

: D Mucleotide content per base

D GC content per baze

: D GC content per sequence

D M content per base

: D Sequence length distribution

D Duplicate sequences

D Overrepresented sequences

EI Owverrepresented K-mers

D Overrepresented prefices

[y Output path || (select element)



The input form parameters are as follows:

Source -Specify the type of input track that you wish to process using this method. The
source can vary from Track, FastQ, Solid and CSFastQ.

FastQ file - This is a sequence file with reads in FastQ format.
CSfastq file - This is a file containing reads in color space.

If the source is Track, you have to specify the Input track. Based on the specified
source, you should input the track to process using this method.

Alignment - Specify whether to align sites on the left or on the right.
In case the source is a Fastq or CSFasta file, you need to specify:

Quality encoding - This specifies how phred quality values are encoded in the FASTQ
file. In most of the cases the system detects this value automatically. You may change it
manually if the auto-detection worked incorrectly.

Alignment - Specify whether to align sites on the left or on the right.

Processors - This is a list of methods to gather diverse statistics:

Basic statistics - Gathers basic statistics like reads count and average read length.
Quality per base - Distribution of phred quality score along the bases.

Quality per sequence - Distribution of phred quality score among the sequences.
Nucleotide content per base - Distribution of individual nucleotides along the bases.
GC content per base - Distribution of GC along the bases.

GC content per sequence - Draws a distribution of GC content among reads.

N content per base - Distribution of 'N' along the bases.

Sequence length distribution - Calculates a distribution of read lengths and outputs
them as a table and a chart.

Duplicate sequences - Calculates the rate of sequences duplication: how many
sequences occur 2, 3 etc. times relative to unique sequences. This statistic is based on
the first 200000 reads.

Overrepresented sequences - Looks for sequences which appear in more than 0.1%
cases.

Overrepresented K-mers - Search for K-mers which are represented 3x times per
sequence or 5x times per position.

Overrepresented prefixes - Search for read prefixes (starting from the read start) up
toa length od 15 bp which are overrepresented in the set.

Output path - Specify the output file name and path in the tree where you want to save
the output file.

After pressing ‘Run’ the method runs as shown below:
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i [y Alignment

Sl Processors

w
Ed
Kl

D Basic statistics
! D Quality per base
! D Qualty per sequence
! D Nucleotide content per base
! D GC content per base
D GC content per sequence
! D N content per base
I D Sequence length distribution
D Duplicate sequences
Overmepresented sequences

[y Overepresented K-mers

LIRS L SR YL SR L Y S Y SR Y

[y Overepresented prafices

Cutout path L\ filesiDsta/Fastq fles/SRR340741 fastq sta

Cancel

_ 443

INFO - Analysis 'Track statistics' added te queue
INFO - analysis 'Track statistics' started

After completion of the method, the output folder is created and an HTML report opens in
the workspace.

The link to an example HTML output report for an input FastQ file is here:

http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-
Seq%20analysis%200f%20human%20esophageal%?20squamous%?20cell%?20carcinoma
%20(ESCC)%2C%20GSE32424%2C%20FASTQ%20files/Data/Fastq%20files/SRR349741
.fastq%20stats/Report

The report looks as shown below:

e e

Statistics report SRR349741.fastq stats

[OK] Basic statistics

[OK] Quality per base

[OK] Quality per sequence

[ERRDR] Muclectide content per base
[ERROR] GC content per base
[WARN] GC content per sequence
[OK] M _content per base

[OK] Seguence length distribution
[ERROR] Duplicate sequences
[WARN] Overrepresented sequences
[ERROR] Overrepresented K-mers
[ERROR] Qverrepresented prefixes

Basic statistics (OK)

Value
Avg length  38.00
Count 6999000
GC% 54.33
Max length 38

Min length 38

It gives a summary of all the parameters at first glance; details can be retrieved by
clicking on the respective hyperlinks.

The tool calculates each parameter and lets you know if the particular value looks ‘OK’ in
the input sequence, else it gives a WARNING or ERROR

The link to an output HTML file using a track file as input is here:


http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq%20analysis%20of%20human%20esophageal%20squamous%20cell%20carcinoma%20%28ESCC%29%2C%20GSE32424%2C%20FASTQ%20files/Data/Fastq%20files/SRR349741.fastq%20stats/Report
http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq%20analysis%20of%20human%20esophageal%20squamous%20cell%20carcinoma%20%28ESCC%29%2C%20GSE32424%2C%20FASTQ%20files/Data/Fastq%20files/SRR349741.fastq%20stats/Report
http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq%20analysis%20of%20human%20esophageal%20squamous%20cell%20carcinoma%20%28ESCC%29%2C%20GSE32424%2C%20FASTQ%20files/Data/Fastq%20files/SRR349741.fastq%20stats/Report
http://genexplain-platform.com/bioumlweb/#de=data/Examples/RNA-Seq%20analysis%20of%20human%20esophageal%20squamous%20cell%20carcinoma%20%28ESCC%29%2C%20GSE32424%2C%20FASTQ%20files/Data/Fastq%20files/SRR349741.fastq%20stats/Report
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http://genexplain-
platform.com/bioumlweb/#de=data/Examples/E2F1%20binding%20regions%20in%20He
La%20cells%2C%20ChIP-

Seg/Data/GSM558469 E2F1 hg19%20filtered%20chr%201%20stats/Report

16.2.10. Mutation effect analysis

This tool allows to find proteins affected by mutations. The mutation effect analysis
determines the effect of a certain genomic mutation on a protein, such as synonymous,
gain/loss of stop codon, frameshift or others. It accepts a list of Single Nucleotide
Variations (mutations), and determines the type for each mutation.

The analysis “Mutation effect” can be found in the NGS folder of analysis methods
(analyses/Methods/NGS/Mutation effect) or on the start page button ‘Popular functions’
under the section ‘Operations with tracks’.

= Popular functions

“® Load data

“® Qperations with tables

@~ Operations with tracks

“® statistical methods

Step 1. Open the analysis form from the Start page. It will open in the main Work Space
and looks as shown below:

Start page | s Mutation effect

[ Input track & |(selec1 element)
[l Properties for track import

[ Sequences source [Ensembl 72.37 Human (hg13) -]

0 Output track d"|(select element)

Step 2. The Input track is a track file with a list of single nucleotide variations
(mutations) and should be in vcf format.


http://genexplain-platform.com/bioumlweb/#de=data/Examples/E2F1%20binding%20regions%20in%20HeLa%20cells%2C%20ChIP-Seq/Data/GSM558469_E2F1_hg19%20filtered%20chr%201%20stats/Report
http://genexplain-platform.com/bioumlweb/#de=data/Examples/E2F1%20binding%20regions%20in%20HeLa%20cells%2C%20ChIP-Seq/Data/GSM558469_E2F1_hg19%20filtered%20chr%201%20stats/Report
http://genexplain-platform.com/bioumlweb/#de=data/Examples/E2F1%20binding%20regions%20in%20HeLa%20cells%2C%20ChIP-Seq/Data/GSM558469_E2F1_hg19%20filtered%20chr%201%20stats/Report
http://genexplain-platform.com/bioumlweb/#de=data/Examples/E2F1%20binding%20regions%20in%20HeLa%20cells%2C%20ChIP-Seq/Data/GSM558469_E2F1_hg19%20filtered%20chr%201%20stats/Report
http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/NGS/Mutation%20effect
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One input example is here on the platform:

http://genexplain-
platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%20Pati
ent%?20Genotyping/Data/SNP_indels.vcf

Open the track file as a table, and for each variation point you can see several columns
with genomic position, chromosome, alternative nucleotide etc., as shown below.

| Start page ":}“Mutation effect x“a SHP_indels.vef x‘

First | | Previous | Page 1 of 2088 Next | | Last Showing 1 to 50 of 104894 entries
SE(REICE Property:

D tchronr;;seome] From To Length Strand Type mt:n;:

1 1 69511 69511 1 x wvariation G

2 1 T41267 741267 1 X variation c

5 1 757734 757734 1 x wariation T

4 1 751147 TE1147 1 x variation C

5 1 762589 762589 1 ® wariation c

[ 1 782502 762592 1 x variation G

T 1 762601 762601 1 x wvariation c

8 1 808922 a08922 1 X variation A

9 1 808928 208928 1 ® wariation T

10 1 812267 B12267 1 x wvariation G

Step 2. Verify the Sequences source and use the drop-down menu for different
Ensembl genome annotations of human, mouse and rat, as shown below.

[ Start page |’§:§'Mutaﬁon effect X|

[y Input track - |(selec1 element)
=8 Properties for track import

[ Seauences source [Ensembl 65.37 Human (hg13} -]

[ Output track ! Human (hg19)

Ensembl 52.38n Human (hg18)
Ensembl 55.37 Human (hg19)
Ensembl 77.38 Human (hg20}

Ensembl 72 38 Mouse (mm10)

Ensembl 65.37 Mouse (mm3)
Enzembl 71.5 Rat (rn3)
En=embl 65.34 Rat (rn4d)
Custom...

Alternatively, you can choose 'Custom' from the same menu if you would like to specify
another genome, e.g. a particular patient genome imported into the platform before. As
soon as the option 'Custom' is chosen, an additional field, Sequence collection,
automatically appears on the input form (screenshot below), and you can specify the
sequences location manually.


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%20Patient%20Genotyping/Data/SNP_indels.vcf
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%20Patient%20Genotyping/Data/SNP_indels.vcf
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%20Patient%20Genotyping/Data/SNP_indels.vcf
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‘ Start page |’§?Mutation effect XI

[y Input track F |(selec1 element)
=HED Properties for track import

DI SequUences source [Custom... =
[ Seaquence collection §|...umanﬁEJSequences.-‘chrumusumes GRCh3T
[y Qutput track & |(zelect element)

Step 3. Specify the path and name of the Output track.

After completion the output track file (SNP_indels.vcf with mutation effect) is opened by
default in the work space.

This resulting track can be found in the Examples folder under the URL:
http://genexplain-
platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%?20Leukemia%?20Pati
ent%20Genotyping/Data/SNP _indels.vcf%20with%20mutation%20effect

The output track is created from the input track by adding the single column
'MutationEffect’ with the determined mutation type. Note that a single mutation can
affect multiple proteins with distinct consequences. In this case the MutationEffect
column contains a list of mutation types separated by comma. This analysis uses the
Ensembl database for protein genomic annotations.

| Start page ||Echromosomes GRCh37 X“b SNP_indels.vef with mut... Xi

First | | Previous Page 1 of 2088 | Next | | Last Showing 1 to 50 of 104894 entries Show 50 « entries
D Sequence (chromosome) name From To Length Strand Type Property: AltAllele Property: MutationEffect Property: RefAllele
I 1 1 69511 69511 1 x variation G NONSYNONYMOUS_SHNY A ]

T 71267 141261 1 I3 varaton . C NOTHING T
3 1 757734 757734 1 x wvariation T NOTHING =
4 1 751147 751147 1 x variation C NOTHING T
5 1 762589 762589 1 x wvariation c NOTHING G
[ 1 762582 762582 1 x variation G NOTHING C
T 1 762601 752601 1 x variation C NOTHING T
il 1 808922 808922 1 x variation A NOTHING G
9 1 803928 808928 1 x wvariation T NOTHING =
10 1 812267 812287 1 x variation G NOTHING A
1 1 812284 812284 1 x wvariation G NOTHING =
12 1 857728 857728 1 x variation G NOTHING T
13 1 865604 865604 1 x variation T NONSYNONYMOUS_SHNY c
14 1 866319 866319 1 x variation A NOTHING G
15 1 871215 871215 1 x wvariation G SYNONYNYMOUS_SNV =
16 1 874827 aragzT 1 x variation G NOTHING A
17 1 B76499 876499 1 x wvariation G NOTHING A
18 1 230238 230238 1 x variation G NOTHING A
19 1 881627 881627 1 x variation A SYNONYNYMOUS_SNW G
20 1 883625 883625 1 x variation G MOTHING A

The upper example highlighted by the red box has ID=1 in the track. The columns From
and To define the positions of the affected position within the genome on chromosome 1
(Sequence (chromosome) name). The column Length shows the length of the
position, here 1. The Property:AltAllele exhibits the nucleotide in the mutated
sequence and Property:RefAllele gives the nucleotide of the reference genome at the
indicated position. The Property:MutationEffect shows NONSYNOMYMOUS and means
a single nucleotide change which will cause an amino acid change.


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%20Patient%20Genotyping/Data/SNP_indels.vcf%20with%20mutation%20effect
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%20Patient%20Genotyping/Data/SNP_indels.vcf%20with%20mutation%20effect
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%20Patient%20Genotyping/Data/SNP_indels.vcf%20with%20mutation%20effect
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Chronic%20Myeloid%20Leukemia%20Patient%20Genotyping/Data/SNP_indels.vcf%20with%20mutation%20effect
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Possible Mutation effect types are:

1. SYNONYNYMOUS_SNV - a single nucleotide change that does not cause an amino acid
change

2. NONSYNONYMOUS_SNV - a single nucleotide change that causes an amino acid
change

3. STOP_GAIN - a nonsynonymous SNV, frameshift insertion/deletion, nonframeshift
insertion/deletion or block substitution that leads to the creation of a stop codon at the
variant site. For frameshift mutations, the creation of a stop codon downstream of the
variant will not be counted as "stopgain"!

4. STOP_LOSS - a nonsynonymous SNV, frameshift insertion/deletion, nonframeshift
insertion/deletion or block substitution that leads to the immediate elimination of a stop
codon at the variant site

5. NONFRAMESHIFT_INSERTION - an insertion of 3 or multiples of 3 nucleotides that
does not cause frameshift changes in the protein coding sequence

6. NONFRAMESHIFT_DELETION - a deletion of 3 or mutliples of 3 nucleotides that does
not cause frameshift changes in the protein coding sequence

7. NONFRAMESHIFT_BLOCK_SUBSTITUTION - a block substitution of one or more
nucleotides that does not cause frameshift changes in the protein coding sequence

8. FRAMESHIFT INSERTION - an insertion of one or more nucleotides that causes
frameshift changes in the protein coding sequence

9. FRAMESHIFT_DELETION - a deletion of one or more nucleotides that causes frameshift
changes in the protein coding sequence

10. FRAMESHIFT_BLOCK_SUBSTITUTION - a block substitution of one or more
nucleotides that causes frameshift changes in the protein coding sequence

11. NOTHING - coding sequence is not changed

Tip. If you would like to not show the single nucleotide changes that do not cause an
amino acid change, use Property_MutationEffect '= 'NOTHING' for filtering.

The output track can be opened in the genome browser as shown in the picture below.

ERRARARIREE EEENEE

T
= |@| l ” Start page ||Echromosomes GRCh37 X”¢ SNP_indels.vef with mut... XI
| || Data ” Analy ” Users | l Sequence (chromosome): 1+ Position: 1:69452-59547
- 452 69460 69470 69480 62490 69500 69510
4 | |Examples - 1 | | | I | |
¢ Atherusclerusis GSEBS84, llumina HumanRef-Bv1 beadarr| _ . RGCCCCTACACTACACTACARTTATGTGIGECARCGCATGTGTCGGCATTATGE
| [ Brain Tumor GSE1825, Affymetrix HG-U133A microarray | SNP_indels.vcf with ... 4» .
@Chrunic Myeloid Leukemia Patient Genotyping GC contentd bk
. [Joata B Al i minn
_J genotyping results. Genes4»
b logs
b .| Quality check

_J SNP_indels.vcf (Enriched TF binding sites (TRANS
[ .| SRR944150 forward.fastq (Genome variants and i
[ 4 Affected binding sites

L & SNP_indels.vef

b & SNP_indels.vcf affected sites

A 4 SNP_indels.vcf with mutation effect

| . -
'l o b @l
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16.2.11. Remove overlapping sites

This method removes overlapping sites from any track and constructs a subset of the
input track with no sites overlap in the output track. It can be found under the tab
Analyses, in the folder Methods/Data manipulation/Remove overlapping sites. Here the
default input form is shown:

. D Input track & ||{se|ec1 element)
=4y Genome
. D Sequences source |Ensembl 84.38 Human (hg38) LI
. D Independent strands [l
. D Cwverlapping site selection mode Igne longest ;l
- [} Output track & ||{se|ec1 element)

In the following, we will consider the input fields one by one.

Input track. You can drag & drop the input track from your project within the tree area.
Alternatively, you may click on the pink field “select element” and a new window will
open, where you can select the track.

Sequence source. Specify the reference genome or select Custom to specify the
sequences location manually.

Independent strands. Select whether you want to handle sites from different strands
independently; by default it is unchecked, and strands are not handled independently.

Overlapping site selection mode. Choose one mode from the drop-down menu for the
selection of sites.

: D Owerlapping site selection mode One longest |

) D Output track Cne longest
Cne shortest

One with bestvalue
Run Cne random
Largest set
Longest set

Set of best sites
Most &

Most 3

The One longest, One shortest, One with best value and One random modes will select a
single site from the set of overlapping sites. Other modes can select more than one site
from the set of overlapping sites, but the resulting sites will not overlap with each other.
The Largest set mode constructs a non-overlapping set of sites with the maximum
number of sites. The Longest set mode constructs a non-overlapping set with the largest
total length of sites. The Set of best sites mode iteratively selects the best site and
removes sites that overlap with the best site, then selects the best from the remaining
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sites and removes those which overlap with the best site, and so on until no sites remain.
The Most 5 and Most 3’ select the site located at the 5 or 3’ end.

Output track. Define where the track with the result should be located in your project
tree. You can do so by clicking on the pink box (select element) in the field, and a new
window will open, where you can select the location of the resulting track and define its
name.

Press the [Run] button and wait until the method is completed.
For this example, all further steps are demonstrated with the following input track:
data/Examples/Sample data/Data/Overlapping sites/example overlaps

The track looks as shown below:

Sequence (chromosome)| 1 v |Position: |[EEEEY [ set ]
L 50 100 150 200 250 300 3t
l L L 1 L I 1 L 1 '] | L L 1 L I L 1 L L J 1 L L L l L 1 1 L I | L L 1
example overlaps 4k site] sited sited
- - =

3

sitel sitel
—

We perform several runs with different site selection modes. All different output tracks
are shown below:

Sequence (chromosome)| 1 v |Position: {[REEE | set |
L 50 100 150 200 250 3c
I 1 L 1 | I L 1 Il L l 1 L L 1 I L 1 L L I | 'l L 1 I L 1 L L
example overlaps4 ¥ 513 sited site§
—

Largest setd b 51‘3 % au'e“
Longest setd b sitel sitel
Most 3prime 4 k au'e“
Most Sprimed b Eﬂ iﬁ
One longest4 b site
One random4 b sitel
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16.3. Statistical methods

These methods have been described in detail in other sections, where they contribute
essentially to certain workflows. Please, refer to these sections as specified below.

Principal Component Analysis (PCA) See Section 10.1.4
LIMMA (Linear Models for MicroArrays) See Section 4.2.1
EBarrays See Section 4.2.2

16.3.1. Compare analysis results

This tool compares P-values in two analysis results. Analyses of interest are, for instance,
binding sites or GO term enrichment results. The comparison can help to reveal items
that show different enrichment across certain conditions.

This analysis method can be found on the Start page under the button “Popular
functions”.

The input form looks as shown below:

Start page L Compare analysis results )#

D First analysis result [7] 7= |(select element)

D P-value column [?] I _:j
D Second analysis result [?] 7= |(select element)

D P-value column [7] I .1]
D‘l Output folder [?] ., ||(select element)

Run .

In the following, the input fields are shown one by one:

First analysis result - Enter the first input table which you wish to compare having a P-
value column.

Note: Currently the method does not compare FDR or log (P-value) columns.

P-value column - From the drop-down menu select the P-value column which will be
used for comparison.

Second analysis result - Enter the second input table which you wish to compare
having a P-value column.

P-value column - Select the P-value column from the drop-down menu.

Output folder - Specify the path to store the result and indicate the name of the output
folder.
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Here, two
analysis wi

enrichment results are taken for comparison from the Examples folder; the
Il start as shown below:

E compare anaIYSis results _

Start page

[y First analysis result 71 &|___ted Ensembl genes/GO (biological proce55)|
[y P-value column [?1 |P-value =l
[y Second analysis resuit (71 &|___ted Ensembl genes/GO (biological proce55)|
- [ P-value column 71 |P-value =
- [y Output folder (21 | ,J..ies_Transpath/Upregulated Ensembl genes |

INFO - Anal
INFO - Anal

ysis "Compare analysis results' added to queue
ysis '"Compare analysis results’ started

The output consists of two files: the Analysis comparison plot and the Analysis
comparison Table.

The Analy
difference

sis comparison table as shown below lists all P-values, absolute differences,
P-values and estimated FDR.

Start page

Apply | cancel [ selectall | select p

(First | [ Previous | Page [1 | of 14 Next | [Last | Showing 1 to 50 of 668 entries Show entries
D First P-value (-log) Second P-value (-log) v Differsnce Difference P-value Difference FDR

GO000B412 8088041 3761515 4326526 16223E-19 3 7369E-18
GO0044237 5929194 33 80688 25 48507 8 5502E-12 1.0577E-10
GO'0010467  73.01833 33 00637 40.01196 41978E-18 8.763E-17
GO:0044249  54.21292 30.37371 2383921 4.4337E-11 5.1959E-10
GO0006396  28.52356 28.34616 1017739 3 802E-5 2 9676E-4
GO:0009058  50.3697 28.2599 22 1098 2 4994E-10 2 6502E-9
GO0034645  47.98122 27 79913 20.18209 1718E-9 1.6877E-8
GO0044238 5030266 2721022 2309245 9 3557E-11 1.0245E-9
GO:0044260  55.18127 26.3134 28.86788 2.903E-13 4.04E-12
GO0008152 5060379 2593718 24 6666 1.9383E-11 2 3377E-10
GO'0006397 1546504 25 60895 1014391 3.9315E-5 22914E-4
GO0009059 46 46826 2525587 2121239 6.1316E-10 6.1133E-9
GO0016071 6349676 2362202 30 87474 48152E-18 9.7472E-17
GO'0034641  56.8884 2188216 3500623 6.2659E-16 1.0209E-14
GO0006807 5228243 2116928 3111315 3 0742E-14 4775713
GO'0043170 4324278 21.16521 22 07757 2 5813E-10 2 6I42E-9
GO'0008380  19.41937 20.12836 0.70899 049214 051448
GO:0006139  58.046657 20.11946 37.92721 3.3761E-17 5.9349E-16
GO0043933  37.04913 19.08179 17 96734 1.5736E-8 1.4805E-7
GO0022618  22.0486 18.92316 312544 0.04392 0.05202

The output columns are explained below:

First P-value (-log): This column contains the -log P-values calculated from the P-
values of the first input table.
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Second P-value (-log): This column contains the -log p-values calculated from the P-
values of the second input table

Difference: Column 2 - Column 1

Difference P-value: This column contains the calculated P-values for the results in
column 3 (Difference)

Difference FDR: This column contains the calculated FDR values for the results in
column 3 (Difference)

The analysis comparison plot as shown below is a scatter plot of P-values on the log-
scale together with the diagonal and the difference cutoffs at FDR < 0.05.

Analysis comparison
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17. Gene or protein lists

e Gene or protein list

“® Load gene or protein list

%~ Discover functional enrichment

Gene set enrichment analyses (GSEA)
GO categories and metabolic pathways

GO categories, signaling pathways and diseases

with a selected ontology

Functional classification

Mapping to GO categories and metabolic pathways

Single gene/protein set

sets

2 gene/protein sets and comparison
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Multiple gene/protein

Mapping to GO categories and signaling pathways

Single gene/protein set

sets

Mapping to GO categories, signaling pathways and diseases

Single gene/protein set 2 gene/protein sets and comparison

sets

2 gene/protein sets and comparison

Multiple gene/protein

Multiple gene/protein

Mapping with selected classification

Single gene/protein set

sets

2 gene/protein sets and comparison

Multiple gene/protein

Cross-species mapping to ontologies

@~ Analyze networks
Find master regulators

with TRANSPATH(R
Single gene or protein set

with GeneWays

Single gene or protein set

Find common effectors

with TRANSPATH(R
Single gene or protein set

with GeneWays

Single gene or protein set

Multiple gene or protein sets

Multiple gene or protein sets

Multiple gene or protein sets

Multiple gene or protein sets

Identify functional gene or protein cluster

Find longest connected chains

Match genes and metabolites

%~ Analyze regulatory regions

Motif quality analysis
Create matrix logo

Identify enriched TF sites in promoters

version 2.0 (Adjusted p-values)
with TRANSFAC(R)

with GTRD

version 1.2 (Classical)

with TRANSFAC(R)

with GTRD

Identify composite modules in promoters

version 2.0 (Adjusted p-values) with TRANSFAC(R)

TRANSFAC(R

version 1.2 (Classical) with

Cross-species identification of enriched motifs in promoters

Visualization of site search results

%~ Find drug targets

Upstream analysis (TRANSFAC(R) and Gene\Ways)
Upstream analysis (TRANSFAC(R) and TRANSPATH(R))

Complete upstream analysis (TRANSFAC(R) and TRANSPATH(R))
Enriched upstream analysis (TRANSFAC(R) and TRANSPATH(R))

Focused upstream analysis (TRANSFAC(R) and TRANSPATH(R))

Upstream analysis with feedback loop (TRANSFAC(R) and TRANSPATH(R))
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All functions collected in this area have already been described in other sections. Kindly
refer to those parts of this User Guide, as specified in the following:

Load gene or protein list See Chapter 3

Discover functional enrichment See Section 10.3
Analyze networks See Section 5.1
Analyze regulatory regions See Section 10.4

Find drug targets See Chapter 11
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18. Complete list of workflows

When you open this Area, the following complete listing of workflows available in the
geneXplain platform will show up:

- Complete workflow list

“® | oad data

@~ Normalize data

Experiment vs. control
Affymetrix
Agilent
lllumina

Multiple conditions
Affymetrix
Agilent
lllumina

Heatmap

Normalization guality plots

Principal Component Analysis (PCA)

@~ RNA-seq preprocessing
SRA to FASTQ
Convert genome coordinates with Lift-over
Alignment of FASTQ with Bowtie
Alignment of FASTQ with TopHat
Quantification of RNA-seq with Cufflinks for multiple BAM files
Find gene fusions from RNA-seq
Find genome variants and indels from RNA-seq
Quantification of RNA-seq with Cufflinks (no de-novo assembly) for FASTQ files
Quantification of RNA-seq with Cufflinks (with de-novo assembly) for FASTQ files

@~ Detect differentially expressed genes
Compute differentially expressed genes using Limma
Compute differentially expressed genes using EBarrays
T-test
Affymetrix
Agilent
lllumina

Hypergeometric analysis
Affymetrix
Agilent
lllumina

@~ Discover functional enrichment
Gene set enrichment analyses (GSEA)

GO categories and metabolic pathways

Affymetrix  Agilent lllumina Single gene or protein table
GO categories, signaling pathways and diseases

Affymetrix; Agilent lllumina Single gene or protein table
With a selected ontology

Eunctional classification

Mapping to GO categories and metabolic pathways
Single gene/protein set 2 gene/protein sets and comparison Multiple gene/protein
sets

Mapping to GO categories and signaling pathways

Single gene/protein set 2 gene/protein sets and comparison Multiple gene/protein
sets

Mapping to GO categories, signaling pathways and diseases
Single gene/protein set 2 gene/protein sets and comparison Multiple gene/protein
sets

Mapping with selected classification
Single gene/protein set 2 gene/protein sets and comparison Multiple gene/protein
sets

Cross-species mapping to ontologies

(continues next page)
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(continued)

-‘.

®~ Analyze networks

Find master requlators
With TRANSPATH(R)
Single gene or protein set Multiple gene or protein sets

With GeneWays
Single gene or protein set Multiple gene or protein sets

Find common effectors

with TRANSPATH(R)
Single gene or protein set Multiple gene or protein sets

with GeneWays
Single gene or protein set Multiple gene or protein sets

Identify functional gene cluster

%~ Analyze regulatory regions s
Motif quality analysis '
Create matrix logo
Identify enriched TF sites in promoters

version 2.0 (Adjusted p-values)
with TRANSFAC(R) with GTRD

version 1.2 (Classical)
with TRANSFAC(R) with GTRD

Identify composite modules in promoters
version 2.0 (Adjusted p-values) with TRANSFAC(R)
version 1.2 (Classical) with TRANSFAC(R)

Cross-species identification of enriched motifs in promoters

Visualization of site search results

Analyze any DNA sequence(s)

Search for TF binding sites
with TRANSFAC(R)  with GTRD

Analyze any DNA sequence for site enrichment
with TRANSFAC(R) with GTRD

Discover de-novo motifs using ChiPHorder

®~ Find drug targets
Upstream analysis (TRANSFAC(R) and GeneWays)

Upstream analysis (TRANSFAC(R) and TRANSPATH(R))
Complete upstream analysis (TRANSFAC(R) and TRANSPATH(R))

Enriched upstream analysis (TRANSFAC(R) and TRANSPATH(R))

Focused upstream analysis (TRANSFAC(R) and TRANSPATH(R))
Upstream analysis with feedback loop (TRANSFAC(R) and TRANSPATH(R))

@~ Analyze ChIP-Seq peaks Tk
Identify and classify target genes near the intervals
GO categories and metabolic pathways
GO categories and signaling pathways
GO categories, signaling pathways and diseases

Site search with TRANSFAC(R)

version 2.0 (Adjusted p-values)
Single interval list

version 1.2 (Classical)
Single interval list Multiple interval sets

Search for composite modules with TRANSFAC(R)

version 1.2 (Classical
Search with tissue specific TSS (Fantom5) and TRANSFAC(R)
Discover de-novo motifs using ChiPHorder

(continues next page)
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(continued)

*° Analyze genomic variants
Analyze SNP list (TRANSFAC®)
Analyze SNP list (GTRD)
Find enriched TF binding sites in variation sites (TRANSFAC®)
Mutation effect on sites
SIFT analysis
Find genome variants and indels from full-genome NGS
Find genome variants and indels from RNA-seq

@~ Analyze NGS data

NGS preprocessing
SRA to FASTQ

Alignment of FASTQ with Bowtie

Alignment of FASTQ with TopHat
Convert genome coordinates with Lift-over

Find genome variants and indels from full-genome NGS

RNA-seq
Quantification of RNA-seq with Cufflinks for multiple BAM files
Quantification of RNA-seq with Cufflinks (no de-novo assembly) for FASTAQ files
Quantification of RNA-seq with Cufflinks (with de-novo assembly) for FASTQ files
Find gene fusions from RNA-seq
Find genome variants and indels from RNA-seq

ChiP-seq

Peak calling
MACS SICER

Identify and classify target genes near the intervals

GO categories and metabolic pathways GO categories and signaling pathways GO
categories, signaling pathways and diseases

Site search with TRANSFAC(R)
version 2.0 (Adjusted p-values)
Single interval list
version 1.2 (Classical)
Single interval list ~ Multiple interval sets

Search for composite modules with TRANSFAC(R)
version 1.2 (Classical

Search with tissue specific TSS (Fantom5) and TRANSFAC(R)
Discover de-novo motifs using ChiPHorder

®° Analyze miRNA data
Normalize miRNA microarray data
Experiment vs. control
Multiple conditions
Normalization quality plots
Principal Component Analysis (PCA)

Detect differentially expressed miRNA genes
Limma

EBArrays
T-test

Hypergeometric analysis

Prediction of miRNA binding sites
miRNA binding sites

* Analyze metabolic networks
Find longest metabolic chain
Find metabolic clusters by shortest path
Find metabolic clusters by all path
Flux Balance Analysis

For detailed explanation of their function and how to operate them, please refer to the
previous chapters.
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19. Working with the different databases

Working with one of the databases listed in the Tree Area involves several, frequently all
four areas of your screen. In this chapter, we will briefly demonstrate how to operate the
individual databases.

19.1. Biomodels

Biomodels is a source of mathematical models suitable for simulating biological
processes. They have been compiled by the BioModels.Net project
(http://www.biomodels.net/). These models are stored in the geneXplain platform as
database Biomodels, subdirectory Diagrams, along with their graphical representations,
parameters, simulation default values, etc. The present version is release 25, comprising
426 curated and 522 non-curated diagrams

You can access the Biomodels contents by browsing or searching. When you browse the
list of models in the Tree Area (Databases > Biomodels > Diagrams), please note that
only 50 of either 421 curated or 433 non-curated diagrams are displayed at once.
Selecting one of the models is by double-clicking on the respective name.

Searching for a model starts from the Search tab in the Info Box. You may enter, for
instance, glycolysis and start the search with the button & vou will get back 75 entries,
the contents displayed under the tab Search result in the Operations Field, the
information given being essentially self-explaining: A short description of the model
including references is given. You may open any model by a click on the corresponding
Accession number in the last column.

- = % My description ” Search result H Graph search H Seript ” Clipboard H Tasks ‘

First  Previous 1 |2  Mext| | Last Showing 1 to 50 of 75 entries Show | _50)
(o] Name Title Field Field data
0 BICMDOO00000253 Teusink1998_Glycolysis_TurboDesign description This is the model described in
1 BICMDOO00000023 Rohwer2001_Sucrose __childNames compartment, ADP, ATF, Fru,
2 BICMDOO00000023 Rohwer2001_Sucrose components compartment, ADP, ATF, Fru,
3 BIOMDOO00000225 Westermark2003_Pancreatic_GlycOsc_basic description This is the basic model descri
4 MODEL1303260001 Smallbone2013 - Glycolysis in S.cerevisi... description Smallbone2013 - Glycolysis i
5 MODEL1303280001 Smallbone2013 - Glycolysis in S.cerevisi... title Smallbone2013 - Glycolysis i
] MODEL1303260000 Smallbone2013 - Glycolysis in S.cerevisi... description Smallbone2013 - Glycolysis i
T MODEL1303260000 Smallbone2013 - Glycolysis in S.cerevisi... title Smallbone2013 - Glycolysis i
8 MODEL1202170000 Mazaret2008_Dynnik1980_CarbohydrateEnerg... description This model is from the article:
9 MODEL 1008230071 Bertram2004_PancreaticBetaCell_modelA description This a model from the article:
10 BIOMDOO00000373 Bertram2004_PancreaticBetaCell_modelB description This a model from the article:
1 BICMDOO00000428 Mosca2012 - Central Carbon Metabolism Re... description Mosca2012 - Central Carbon
12 MODEL1006230022 Wolf2000_AnaerobicGlycolysis description This a model from the article:

Having opened one of the diagrams by either method, the network schema will appear in
the Work Space as well as in the Operations Field, tab Overview; see Section 23.3 for
editing these diagrams. The tab Layout provides a number of options for changing the
layout style of the diagram (see 21.2); none of these options will change the diagram
contents. Clicking on an individual node will show information about this component and
its role in this model within the Info Box (tab Info).
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Many Biomodels have been optimized for dynamic simulation. Open, for instance, the
subdirectory Diagrams and double-click Goldbeter1991 MinMitOscil_ExplInact. The
diagram will open in the Work Space, the tab Info in the Info Box will show some details
about the model, database links for the individual components. In the Operations Field,
under the tab “My description”, a detailed description of the model is given; it shows the
original reference, its abstract and the PubMed link. Further information about how the
model was constructed is added.

Under the tabs Simulation, you will find the default settings for the simulation, which can
be changed before launching the simulation (E). The simulation results will be
graphically displayed in a new window, which can be saved as image using the Export

button ( @) in the Control Panel (E, see Chapter 2). For this, a number of formats are
available.

19.2. Biopath

Biopath is a collection of molecular pathways, manually annotated from original scientific
publications and comprising biological models and diagrams. A more detailed description
can be found in the Info Box, tab Info, after clicking on the term Biopath in the Tree
Area, Databases.

User accessible entities are stored in the subdirectory Diagrams (presently 571).

This way, you may browse the database contents, receiving information about the
individual entities in the Info Box, after a single click with the left mouse button on the
corresponding entity. The Diagrams can be opened by double-click with the left mouse
button, or by opening a context menu with the right mouse button and selecting “"Open
diagram”. These diagram contain their components listed underneath as nodes (“() and
edges (d’ﬂ), for which additional information can be retrieved in the same way as for the

whole diagram. Many of them may be assigned to a hierarchy of compartments (D).
If you select the Biopath database for a search, you may enter a gene name into the field

of the Search tab in the Info Box (try, for instance, AKT1). In the Operations Field, under
the tab Search result, you will find the following hit:

e @llﬁl% | Description || Search result || Graph search || Script || Clipboard H Tasks | ”

First | | Previous | |1 | Mext | | Last ShoWISD 'lentries
1] Title Field Field data Accession

r 1] Inzulin--=Ak1 pathwesy title Inzulin--=Akt1 pathuay DGRO344 1

Showing 1 to 1 of 1 entries

It shows the molecule encoded by the gene AKT1 being involved in the insulin pathway.
The hyperlinked Accession number here opens a pathway diagram from the Biopath
database, which includes insulin and AKT1 as well as the path between them. The
pathway is shown in full in the Work Space; an overview is depicted under the
“Overview” tab of the Operations Field:
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The part of the diagram that is displayed in the Work Space is framed by the dotted blue
line in the Overview, which can be shifted with the mouse, the Work Space adapting
accordingly. You may also shift your mouse pointer over the Work Space: It turns into a
hand, indicating that you can now shift the diagram section in the display by pressing the
left mouse button and moving the mouse accordingly. The dotted blue rectangle in the
“"Overview” tab of the Operations Field will move accordingly.

Information about an individual node can be obtained in the Info Box after double-click
on the corresponding symbol in the Work Space.

In the diagram, green arrows represent conversions, magenta edges catalytic effects. To
facilitate overview in complex diagrams, individual edges are highlighted in light blue on
mouse-over.

19.3. Ensembl

The Ensembl database provides annotation of genes from the Ensembl genome
databases (http://www.ensembl.org/index.html).

Presently, there are human, mouse and rat Ensembl data included in the geneXplain
platform, separately listed on the Databases tab. The following versions are provided:

Human:

% Genome build hg19, version 72.37
% Genome build hg19, version 65.37
% Genome build hg18, version 61.37f

% Genome build mm10, version 72.38
% Genome build mm9, version 65.37

< Genome build rn5, version 71.5
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DETE]EES

s Genome build rn4, version 65.34

In the subdirectories “Sequences/Chromosomes ...” the individual chromosomes of the
corresponding genome are stored. A double-click on an individual chromosome symbol
opens the corresponding object with its annotation in the genomes browser of the
geneXplain platform. Here, you can move the mouse pointer along the sequence to select

a certain position. With the buttons % and @ (zoom-out and zoom-in, resp.), you can
go up to a level where you have the whole chromosome displayed or down to a level
where you see the individual nucleotides. The most extreme views can also be directly

selected with the buttons (overview) and E (detail; see below). A moderate view is
provided as “default” (E).

l Start page [|-C"1 ;
Pos'rtion:l Set Find:l o |
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L 1 1 " 1 1 1 1 1 1 | 1 1 1 M | 1 1 1 1 | 1 1 " 1 J
GeneTrack 4 » 5232 sites
Karyotype.. < [T [T 1T T T M1 Nl FENNININNICE | BNl 100 W
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Wariation.. 4 2712813 sites
l Start page |1 ;
Position: | Set Find:l Go |
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L L 1 L 1 L 1 L 1 L 1
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GeneTrack 4 b .GPBFPILL...
Karyotype., 4 ¢ p34.1
RepeatTrack 4 b LbTndh

Wariation,, 4 » rs10430121

At an intermediate resolution of, e.g., human chromosome 1, you see individual genes
highlighted in the Work Space:
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The alignment of genes and other genomic data against a reference genome can be
viewed as data tracks in genome browser. The GeneTrack shows the localization of
primary transcripts including intron/exon structure and direction of transcription.
Scrolling backwards and forward through the genome can be done using the arrowheads

next to the track name, or with the buttons “Page backward” (B?) and “Page forward”
(Ei-), respectively.

Information about individual genes is displayed in the Info Box after clicking on the
respective gene symbol in the Work Space; on the Sites tab of the Operations Field, a
detailed list of all functional sites

The KaryotypeTrack shows on which arm and in which karyotypic band(s) of the
chromosome the present view is located.

RepeatTrack and VariationTrack comprise large numbers of sites scattered all over the
chromosome. In a resolution like the one given above, only summarizing figures can be
given. When zooming in, at a certain level of resolution, localization of individual repeats
and their names will appear, and similarly sequence variations will show up in the Work
Space, and they are listed in the Operations Field, under the Sites tab. Note that
information about individual sites can be invoked in the Info Box only after a resolution
has been adjusted that allows the display of their names in the Work Space, since the
names are the clickable items.
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The color scheme for the display in the Work Space can be changed in the Operations
Field; here, on the Tracks tab, you can adjust the settings of the genome browser:

E’l ‘ My description H Graph search |

DB Track visible [

Script H Clipboard ” Tasks ” Sites || Tracks ‘
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View options
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Individual tracks can be removed from the display in the Work Space (e.g. by de-
selecting them on this tab). The same way, they can be brought back. Another possibility
is to open the subdirectory Tracks in the Tree Area, where all available tracks are listed

with the symbol ‘5}. Just drag-and-drop the track of interest to the Work Space will
render the corresponding data amenable to the browser.

The Ensembl database sections are searchable in the same way as described before: Just
click on the name of the respective database in the Tree Area, so that it receives a light-
blue background and its path appears on the Search tab of the Info Box. Enter your
search term, launch the search by pressing l5‘5, and find your Search results on the
respective tab on the Operations Field. Among the multiple hits, the one with the perfect
match will be highlighted in bold.

19.4. Gene Ontology (GO)

Contents from Gene Ontology are imported into the geneXplain platform and are updated
regularly. The present version is 06.2013.

GO is searchable in the same way as described before: Just click on the name GO in the
Tree Area, so that it receives a light-blue background and its path appears on the Search
tab of the Info Box. Enter your search term, launch the search by pressing '5'5, and find
your Search results on the respective tab on the Operations Field. When clicking on
linked descriptions, additional information will appear in the Info Box, Info tab.
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19.5. GeneWays

GeneWays is a database about genes and their functional interactions. The underlying
data (version 7.0) have been retrieved from the original scientific literature by a
sophisticated text mining system applied to more than 360,000 full text papers and of
more than eight million publication abstracts [lossifov 1., Rodriguez-Esteban R., Mayzus
I., Millen K.J., and Rzhetsky A. Looking at cerebellar malformations through text-mined
interactomes of mice and humans. PLoS Comput Biol. 2009, 5:e1000559. PubMed PMID:
19893633].

The directory GeneWays/Data has two subdirectories: Genes and Reactions. When you
click on any gene entry, information about the gene will be retrieved from the Entrez
database. When you click on any reaction entry, you will find reaction title, links to
Entrez for both incoming and outgoing molecules and the link to the PubMed entries of
the corresponding publication in the Info Box.

A single click on the term GeneWays in the Tree Area / Databases suffices to indicate this
data source in the Info Box, tab Search. You can insert your search term (e.g., a gene
symbol) into the field underneath. Clicking on the icon & Jaunches the search. The
search routine scans for exact matches, but use of wildcards is possible. Thus, searching
for elk* returns results for elkl, elk2p1, elk3, and elk4.

The results will be shown in the Operations Field, under the tab Search result. For
instance, when searching in GeneWays for JAG1, the following result table will be
displayed:

= ‘ My description

Search result H Graph search H Script H Clipboard ” Tasks

First  Previous 1  MNext Last Showing 1 to 3 of 3 entries Show | 50 _¢ entries
D Accession Title Field Field data

0 29146 Jagl (r) litle Jagi (r)

1 15449 jag1 (m) title jag1 {m)

2 182 j2g1 (h) fitle jag1 {h)

The search term is highlighted in bold.

You may recognize that the numbers in the last column (Accession) are hyperlinked.
When you click on them, information about the gene will be retrieved from the Entrez
database at NCBI, displayed in a new window or tab, depending on your browser
settings. Rows referring to reactions show a different type of accession number, they are
linked to a PubMed entry of the corresponding publication.

19.6. Reactome

Reactome is a database that provides information on biological objects such as proteins,
protein complexes, reactions etc. It is an open-source, open access, manually curated
and peer-reviewed pathway database. Pathway annotations are authored by expert
biologists in collaboration with the Reactome editorial staff, and cross-referenced to
many bioinformatics databases. The contents of Reactome are copyright © 2003-2010
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Cold Spring Harbor Laboratory (CSHL), Ontario Institute for Cancer Research (OICR) and
the European Bioinformatics Institute (EBI).

So far 5222 diagrams have been imported from version 45 of this database into the
geneXplain platform. They can be used as graphical and editable schemata. In the Tree
Area, all components are listed in each diagram subdirectory.

19.7. TRANSPATH®

TRANSPATH® is BIOBASE’s database about signal transduction and metabolic pathways
in human and the most important model organisms, mouse and rat. Its particular
structure, which models signaling components and reactions in multiple hierarchical
ways, makes TRANSPATH® a unique resource for both encyclopedic and modeling
purposes.

Under the geneXplain platform, the TRANSPATH directory contains the following folders:
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Under “Data”, browsable lists of objects, like genes and molecules, and of processes, like
reactions and pathways, are stored. As usual, detailed database contents are displayed in
the Info Box upon selecting individual entities from the lists by mouse click.
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As for other databases, the Search tab in the Info Box provides an easy search function
to retrieve individual entities from the resource. The search results are displayed in the
Operations Field, amenable to further activities.
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19.8. GTRD

GTRD (Gene Transcription Regulation Database) is a database of weight matrices to
recognize transcription factor binding sites. The GTRD library of weight matrices consists
of new matrices derived from ChIP-seq data by applying our multiple alignment method
IPSmatrix. The IPSmatrix represents a modification of the previously published alignment
method [Ananko E.A. et al. Recognition of interferon-inducible sites, promoters, and
enhancers. BMC Bioinformatics 2007, 8:56. PMID: 17309789]. Each individual matrix is
derived from an analysis of the corresponding set of TF-binding regions obtained from a
set of raw ChIP-seq data. It is assumed that:

some TF-binding regions do not contain TF-binding sites;

strand orientation and exact location of TF-binding sites in TF-binding regions are
unknown.

The IPSmatrix relies on the Gibbs sampling principle and our conception of the Individual
Probability Score (IPS) where IPS represents the extension of the common matrix score.
In addition to the cores of TF-binding sites, the IPSs take advantage of nucleotide
contents of both flanks of site cores.

When several ChIP-seq datasets are available for a single TF, several matrices were
calculated from which the optimal matrix was selected by comparing the corresponding
Receiver Operator Characteristic (ROC) curves.

In the GTRD directory of the geneXplain platform, the folder “matrices” provides the list
of matrices generated in the way described. You may also wish to include at this point a
matrix collection provided by the UniProbe database.

Under “profiles”, the matrices are stored along with thresholds that are to be applied
when using the matrices for TFBS recognition. All these “profiles” are grouped according
to three different thresholds (strong, moderate and weak).

The directory “tracks” provides ChIP-seq (or ChIP-chip) data, e.g. from GEO (Gene
Expression Omnibus database at NCBI) in a format that renders them suitable for
visualization in the Genome Browser.

Under “views”, available matrices (PWMs), underlying ChIP-seq experiments or the TFs
themselves can be browsed. They are arranged according to the most recent
classification of human TFs (http://www.edgar-wingender.de/huTF classification.html)
and extended to mouse and rat homologs.



http://www.edgar-wingender.de/huTF_classification.html
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19.9. TRANSFAC®

TRANSFAC® is the most comprehensive database on eukaryotic transcription factors
(TFs), their genomic DNA-binding sites and DNA-binding profiles. It is a commercial
database, maintained and distributed by BIOBASE GmbH as well as, in most countries,
also offered for licensing by geneXplain. A valid license is thus required to access the
contents of this database.

In the TRANSFAC folder labeled according to the respective release, there is the data
subdirectory with the areas “classifications”, “factor”, “gene”, “matrix”, “profiles” and
“site”:
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Under “classifications”, the class definitions of DNA-binding domains of eukaryotic TFs are
listed with their accession numbers (such as C0001 for “zinc finger”). Clicking on any
item invokes further information in the Info Box. The same holds for taxa (of biological
species), and for the TF classification as it was basically established in 1999.

By clicking on the folder “factor”, you can browse all TF accession humbers, with detailed
information about any selected TF appearing in the Info Box. The same applies to the
folder "matrix”, which lists all PWMs available in the actual database release, and the Info
Box displaying the matrix and the corresponding logo plot.

Under “profiles”, matrix collections are given for TFs that are known to play a role in a
certain biological context, as defined by the profile name.

The TRANSFAC folder “Dictionaries” contains mostly files with links to other databases for
internal use of the program.

19.10. Fantom5 cell-type and tissue-specific transcription start
sites

The Fantom5 databases (Fantom5-Cell and Fantom5-Tissue) provide cell- and tissue-type
specific transcription start site (TSS) annotations derived from CAGE measurements of
the functional annotation of the mammalian genome 5 (FANTOMS5) project (FANTOM
Consortium, Nature 507:462-470, 2014). The databases cover 171 cell types and 121
tissue types (plus one type of default TSSs from Ensembl), respectively.

TSSs were inferred by a two-step process. The data for inference were the number of
Cage TSSs (CTSSs) that had been mapped experimentally to genomic locations. First, a
set of CTSS clusters was obtained by a sliding-window method similar to the one
described by Strbenac et al. (BMC Genomics 5:5S9, 2013). As illustrated in the figure
below, this method used estimates of the rate of CTSS “hits” per nucleotide to calculate a
statistical significance for the putative TSS (red line) on the basis of the Poisson
distribution. For this, local background CTSS rates were calculated from flanking regions
(blue areas) of a putative TSS (red line), excluding its direct vicinity (red area).
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In the second step, we further refined the initial CTSS clusters using a Hidden Markov
Model (HMM). The HMM modelled CTSS hits in TSS regions as well as in the genomic
background by negative binomial distributions whose parameters, as well as their
transitions, were estimated from the first set of CTSS clusters.

The HMM-based CTSS clusters from corresponding cell or tissue samples (the Fantom5
project collected tissue or cell samples from several donors) were eventually grouped
into sets of overlapping clusters and annotated with high CTSS mark as consensus TSS.

The derived databases are now available in the geneXplain platform denoted as
Fantom5-Cell and Fantom5-Tissue. Condition-specific TSSs can be extracted for gene
sets using the tool named “Create tissue-specific promoter track”.
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19.11. Other data sets

In addition to databases, there are several datasets available within the platform that
might be interesting to make use of in particular analyses. The datasets are available
under the tab Data in the folder Public, within the project Data sets.
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19.11.1. DrugExpress — genome-wide transcriptional signatures of
drug response

The folder DrugExpress contains sets of genes that significantly change their expression
in response to treatment by different drugs. It originates from the Connectivity Map (also
known as cmap) project developed at the Broad Institute, USA,
http://www.broadinstitute.org/cmap/.

In this collection, we identified 321 compounds that could be mapped to Drugbank
(http://www.drugbank.ca/), and also have known target genes in Drugbank. The
following steps were performed:

< Data normalization with affy package in R with parameters: method="quantiles",
bgcorrect.method="rma", pmcorrect.method="pmonly",
summary.method="liwong".

Gene IDs were converted into Ensembl IDs using Convert table analysis.

Up- and down-regulated genes were identified applying the following criteria:
(LogFoldChange >= 0.7) and (p_value <= 0.05) for up-regulated genes, and
(LogFoldChange <= -0.7) and (p_value <= 0.05) for down-regulated genes.
LogFoldChange is a logarithm of fold change with base 2 of gene expression in
treated versus untreated cells.
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The DrugExpress folder contains 321 gene tables for up-regulated and 321 gene tables
for down-regulated genes for each chemical compound or drug, altogether 642 gene
tables. The names of the files correspond to the names of the chemical compounds.
Along with the individual files, there are 17 subfolders, in which the files are grouped
according to the classification of the respective drugs (for example, “adrenergic
antagonist”).

Search with DrugExpress Database


http://www.drugbank.ca/
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To search within the DrugExpress database you have to switch from Default mode to
DrugExpress, mode using the drop-down menu at the top right corner (see picture
below). The input mask of the search page appears automatically in the main Workspace.

| i DrugExpress

l Start page

DrugExpress

Browse summary table

Search by drug name:
Search by gene name:

Browsing the summary drug table can be done by clicking the link “Browse summary
table”. The table with 321 entries, corresponding to the represented drugs, will be
automatically opened as shown below. The columns of the table are sorted
alphabetically. The links to the following external databases are provided:

Drug Bank (http://www.drugbank.ca/drugs),
PubChem Compound (https://www.ncbi.nlm.nih.gov/pccompound),
ChEBI (http://www.ebi.ac.uk/chebi/init.do).

The next columns provide links to the gene lists of all up- and down-regulated genes
in response to drug treatment. The Known targets for every drug is shown in the next
column. A Structure of the drug is visible in the last column of the table.
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First | | Previous Page 1 of 7| Next | | Last Showing 1 to 50 of 321 entries Show 50  entries
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Y .
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alprostadil DBOO770 5280723 CHEBL15544 F‘;; alprostadil Up txt F ‘6‘ alprostadil Dn txt F ;j DBOO770
amikacin DB00478 37768 CHEBL2637 r q," amikacin Up. bt r i,: amikacin Dn bt I DBO047Y

Let’s close the summary table to return to the search form of the DrugExpress database.

To search by the drug name, you can type in your search term and press .


http://www.drugbank.ca/drugs
https://www.ncbi.nlm.nih.gov/pccompound
http://www.ebi.ac.uk/chebi/init.do
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Browse summary table

Search by drug name: acenocoumarol|

acenocoumarol

Search by gene name: acetazolamide

acetohexamide
aciclovir

acid

adenosine
ajmaline
albendazole
alprostadil
amikacin

aminocaproic

Let's consider this example. Searching for “acid” returns
database with all columns described above.

15 search results in the

To search within the DrugExpress database by the gene

search term and press . button.

Example. Searching for CaspaselO (caspl0) returns 5 entries.

IA [ i |1 .@ My description ” Search result |
First | | Previous | [ 1| | Next | |Last Showing 1 to 15 of 15 entries Show 50 - entries
1] Accession Drug Bank Pub Chem Compound ChEBI Up regulated genes Down regulated genes Known targets

0 &minocaproic acid DB00513 564 CHEBL: 16586 1] aminocaproic acid Up.bd I} aminocaproic acid Dn.bd £ DB00513

1 ascorbic acid DBO0126 54670087 CHEBL17208 ¥ ascorbic acid Up bt ¥ ascorbic acid Dn.tdt I DB00126

2 chenodeoxycholic acid DBOSTTT 10133 CHEBI 16755 rc holic_acid Up. bt ric acid Dn.bxt I DBOSTTT

3 etacrynic acid DB00S03 3278 CHEBI-4878 ¥ etacrynic_acid Up bd I} tacrynic_acid On b I DB00903

4 etidronic acid DBO0107T 3305 CHEBL:4807 %, etidronic scid Up.txt 5! etidronic acid Dn.tet 2 DBO10T7.

5 folic acig DB00158 6037 CHEBI:27470 % folic acid Up.tt % folic_acid Dn.tet 2 DB00158

8 mefenamic acid DB00734 4044 CHEBL&T17 1%} mefenamic acid Up.tt % mefenamic acid Dn.ixt % DBO00784

7 mycophenolic acid DBO1024 448541 CHEBI 168396 5} mycophenalic_acid Up txt 5 mycophenolic_acid On.bd F DB01024

3 nicotinic acid DB00627 938 CHEBI:15840 1% nicotinic_acid Up.tet 1% nicotinic acid Dn.bdt I DBO0627

9 niflumic acid DB04552 4488 ¥ piflumic scid Up bt % niflumic_acid Dn.bet % pBo4s52

10 tisprofenic acid DB01600 5468 CHEBI:32221 1 tisprofenic_acid Up bd 1% tiaprofenic_acid On bd I DB01600

" tranexamic acid DB00302 5526 CHEBI-48669 I tranexamic acid Up.bed 1% tranexamic acid Dn txt I DB00302

12 ursodeoxycholic acid DB01586 31401 CHEBI:9807 H‘;;ursunengcrmhc acid Up b H‘;é ursodeoxycholic acid Dn bt F fDBDWE-Bﬁ

13 flufenamic acid DB02266 aan CHEBL31619 F‘-ﬂ‘ﬂufenam\c acid Up.txt Fi-,: flufenamic acid Dn.txt

14 alycocholic acid 10140 CHEBIL.5464 % alvcocholic acid Up.tet % givcocholic acid Dn.txt

name please type in your

The resulting table

contains the following columns, the Accession numbers of the linked drug, Drug Name,
ENSEMBL Gene Id, Gene Symbol, Affymetrix Id, P_value and the Fold Change of

gene expression in the drug treatment experiment.

[ NEIF .& My description ” Search result ‘
First | | Previous | (17 | Next | | Last Showing 1 to 5 of 5 entries Show 50 - entries
1D Accession Drug Name Ensembl Gene Id Gene Symbol Affymetrix Id P value Fold Change

0 30075 estradiol ENSGO0000003400 CASP10 2107T08_x_at 0.03582 -1.05379

1 60361 metronidazole ENSG00000003400 CASP10 210855_at 0.03444 0.78267

2 67411 nimodipine ENSG00000003400 CASP10 211888_x_at 0.04606 -0.8434

3 68608 norfloxacin ENSG00000003400 CASP10 210955 _at 0.02285 -0.858%

4 90960 sulfamethizole ENSG00000003400 CASP10 210955_at 0.02916 -1.28321

To find out which other genes are regulated in response to the same drug, follow the link
from the drug accession number. This opens the whole table with genes that significantly

change their expression in response to the treatment.
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I
|@ | & |G| ] H Start page (|I% estradiol_Dn.txt X‘
databases ] First | | Previous |Page 1 of 2| Next | | Last Showing 1 to 50 of 57 entries Show 50 - entries
.. pi;é Ergu\:;cifgruLDn_m - I Gene Symbol Affymetrix ID EC2003092302AA _cel EC2003092303AA _cel pvalue Fold Change
. I ergocalciferol_Up.txt ENSG00000003400 210708_x_at 145 34762 303.81377 003582  -1.05379
- %} erythromycin_Dn.bet ENSGO0000018188  ROTT 213430_at 1940339 33.11088 004336  -0.77098
% erythromycin_Up.bxt ENSGOO0000023608  SNAPCI 205443_at 3363863 5673246 002609  -0.75414
- 'Y} estradiol_Dn.txt ENSGO00D004EE53  GPMEB 209170_s_at 45.94797 75.36293 0.02037  -0.71385
%} estradiol_Up.bxt ENSGO0000048828  FAM120A 210516_at 32.12675 59.53781 0.0334 -0.89003
- ) estriol_Dn.txt ENSGO0000048247  UTS2 220785_at 57.92857 103.66738 0.02488  -0.53859
% estriol_Up.bet ENSGO00D00S9SST  F2RXE 211147_s_at 4713877 77.64353 0.02042  -0.71995
1% estrone_Dn.ixt ENSGO0000102883  SGCG 207302_at 29.85 50.20885 0.02817  -0.75021
- I estrone_up.oxt ENSGO0000104435  STMNZ2 203000_at 6430527 15.02222 0.02445  -0.8389
- I estropipate_Dn txt ENSGO00D0107828  FBXW4 221519_at 16565169 285 95455 001988  -0.78764
F f/' estropipate_Up.txt ~ | ENSGDOOD010S6B0  TBCID1S 220260_at 6832577 123.47729 002502  -0.85366
] n > ENSGO0000113780  EHHADH 205222_at 21.18854 37.70773 0.04159  -0.83151

l Search W Default :I_] é’]] i|g|m\ | Filters H My description ” Search result

1ID: estradiol Dn.bd

Size: 57

Size on disk: 8.0kb (8,208 bytes)

Complete name: databases/DrugExpress/Dataftables/estradiol_Dn.txt

Put your comment here - press Edit button above

Functional analysis applying DrugExpress, the input form

The classification of drugs can be also applied to any gene signatures, for example to the
genes differentially expressed under certain disease conditions. Mapping of disease-
specific gene signatures to the gene signatures of drug responses and the similarities
identified may result in intriguing suggestions which drugs can be potentially used for
disease treatment.

The DrugExpress dataset can be used by two methods, Functional classification and
Enrichment analysis, as a user-specific ontology, the so-called Repository folder. Any
input gene or protein table will be classified using the DrugExpress data. 17 subfolders
and 642 gene tables will be used as categories for the classification of the input table. We
will exemplify this in the following.

Step 1. Open Functional classification analysis (';:1), under the tab Analyses, folder
Methods, subfolder Functional classification.

l l| Start page ’1 Functional classification 4
Databases || Data || Analyses || Users D Source dats set Tﬁ,;l(seled element)

Fl il analyses

: [y Species | Human (Homo sapiens) =l
P | Galaxy —

|| JavaScript o D Classification |FuII gene ontology classification ;l
al __JMethDds D Minimal hits to group 2

[ || Data manipulation

i o [y P-value threshold 0.05
i 1| Data normalization ’
4 || |Functional classification D Result name '11|(aelect element)
2 Enrichment analysis
. *1 Functional classification Show expert options >> | Run |

b .| Import

Step 2. Select your input gene table with Ensembl IDs and the corresponding species in
the input fields, Source data set and Species, respectively.

Please note that if the table you plan to classify has other IDs, you first need to convert it
into a table with Ensembl IDs. This can be done using the Convert table (ﬁe) function
located at analyses/Methods/Data manipulation/Convert table.

For this example, the following input table is used:
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http://genexplain-
platform.com/bioumiweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%?20Aff
ymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/E
xperiment%?20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)
/Upregulated%20Ensembl%?20genes

Step 3. In the Classification field, select the option Repository folder from the drop-
down menu, as shown below.

Start page |?1 Functional classification Xi

EI Source data set

Fﬁ;l...ed genes_log2Upregulated Ensembl genes

EI Species |Human {Homo sapiens) LI

[y Classification Full gene ontology classification =]
EI Minimal hits to group Full gene ontology classification

GO [biological process)

EI P-value threshold GO (cellular component)

GO (molecular funchion)

HumanCyc pathways

PROTEOME(TM) GO {biological process)
. F o= PROTEOME(TM) GO {cellular component

Show expert aplions >>  (guig F‘HDTEDMEETI‘M“I; GO Efull {:lassiﬁcaptinn} !

PROTEOME(TM) GO {molecular function)

PROTEOME(TM) disease

Reactome pathways

TF dassification

TRANSPATH Pathways (2013.1)

Repository folder

Step 4. As soon as the option Repository folder is selected, two additional fields will
automatically appear in the input form, Path to classification root and Reference
collection. The input form with the added fields is shown below.

Start page |'j1Fum:tinnal classification Xi

DI Source data set

F@;'l...&d genes_log2Upregulated Ensembl genes

D Species |Human (Homo sapiens) LI
[y Classification |ngositc-ry folder x|
[ Path to classification root Jl{sele,[;t elament)

D Reference collection H" 8 I{seleci element)

D Minimal hits to group 2

D P-value threshold 0.05

73 |(select element)

Show expert oplions == {(Run
| S

Step 5. Mark the DrugExpress folder in the field Path to classification root.


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Upregulated%20Ensembl%20genes

Databases

EERNEANE '
| @ & g | % @ G | Start page '*1 Functional classification X1
” Databases H Data || Analyses || Users ‘ l D Source data set Fﬁ;l...ed genes_log2/Upregulated Ensembl genes
F data 2l i
_J a i | D Species |Human (Homo sapiens) ;I
[ L, |Examples : T
+ | Projects D Classification |Reposimry folder =
4[| Public - [ Path to classification roat ||| datafPublic/Data sets/Data/DrugExpress
4 |5 Data sets : .
Reference collection 1™
. _JData D Fﬁ; =] I{select element)
_J 1000 genomes D Minimal hits to group 2
jgNAz:tunce formats [y P-value threshold 0.05
rugExpress :
_J HOCOMOCO D Result name '31|...2;'U;lregulated Ensembl genes DrugExpress
¢ []ios J—
fi;' Housekeeping genes (Human) Show expert options >> | Run ]
i[5 Housekeeping genes (Human) |

Step 6. Leave the fields Minimal hits to group and P-value threshold as per default,
and specify location and name for the output table in the field Result name.

Step 7. Press the [Run] button and wait till the analysis is completed.

Results of the functional classification using DrugExpress

As a result, a table is generated with all columns as usual for Functional classification
results, shown below. You can find the resulting table at:

http://genexplain-
platform.com/bioumliweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%?20Aff
ymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%?20versus%20Neuroblastoma/
Upregulated%20Ensembl%20genes%20DrugExpress

Each row corresponds to one ontological category, which in this case is one of the
subfolders or tables from the DrugExpress folder. The names of the tables and subfolders
are shown in the ID column. For each row several parameters are calculated, including
the expected number of hits, actual number of hits, p-values, as well as hit names.

All IDs are internally hyperlinked, and with a click on each name the corresponding gene
table will be opened.

Start page ’1 Upregulated Ensembl gen... )‘i
Select all | Select page
First | Previous Page 1 of 1| Next | Last Showing 1 to 31 of 31 entries Show |50 v | entries
D Numper Gr_oup Expc_ected P-value Adjusted Hit names
of hits size hits P-value

metronidazole_Dn 52 948 1872048 [ 15361E9 A AIFMI, ANGEL2, APEX,
e 12 APTX, (more)
anti-inflammatory 3.1287E- ARMC1, CPSF8, ELAVLT,
drug/Up/mesalazine_Up 16 301 5.94681 4 0.03212 HNRNPAS, HNRNPA3P1, (more)

. 3.1287E- ARMC1, CPSF6, ELAVL1
mesalazine_U 16 301 594681 1 0.03212 HNRNPA3, HNRNPA3P1, (more)

4.7654E- BAZ1A, CBX5, CENPA, CPSF6

resveratrol_Up 9 116 229179 4 0.03669 MRPS12, (more)

o ANGEL2, AUNIP, CSTF3,
colistin_Dn 28 767 15.1535 0.00117 0.07227 EFCAB11, GABPBI, (more)
atovaquone_Dn 2 719 1420517 000202 008696 K2 AUNIP, CDK14, CHEK2,

CSTF3, (more)
. AKR7A3, APTX, CDC37L1,
benzocaine_Dn 26 724 14.30395 0.00222 0.08696 EIF4EBP2, ERI2, (more)
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http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20DrugExpress
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20DrugExpress
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20DrugExpress
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20DrugExpress
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Upregulated%20Ensembl%20genes%20DrugExpress
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For this example, we classified genes up-regulated in the Ewing brain tumor versus
neuroblastoma, using DrugExpress gene signatures. Each resulting line identifies a
statistically significant similarity of genes up-regulated in Ewing brain tumor versus
neuroblastoma, with the gene signature in response to a given drug or chemical
substance. For example, 52 genes from the input list are classified into the group
metronidazole Dn, which means that these 52 genes are known to be down-regulated by
metronidazole; the p-value of this classification is 6.2862E-12. In the next lines, 9 genes
from the input list are classified into the group resveratrol Up, which means these 9
genes are known to be up-regulated by resveratrol; the p-value of this classification is
4.7654E-4 This might be an interesting hint, because resveratrol has a potential
anticancer activity.

H Start page H'&Funcﬁonalclﬂssiﬁcﬁtiﬂn 11"aUpregulated Ensembl ge... X

Edit [ setectan | select page | *

First | | Previous | Page 1 of 1| Next | | Last Showing 1 to 19 0f 19
entries
Show 50 -
entries | _
Number Group Expected 3

of hits size hits P-value Hit names

ADI, AGA,
AIFNA1, APEX1,
BAZI1A,
(more)
BAZ1A, CBXS,
CPSFB,
MRPS12,
MRPS17,
MRPS34,
\ NCAPG,

\ RP11-15K19.2,

\ SRSFT, TCF3
Res\fgratrol

From Wikipedisthe free encyclopedia

S
Resveratrol (3.5.4"tMydroxy-frans-stilbene) is a stilbenocid, a type of
natural phenaol, and a phy oa@xin produced naturally by several plants —

especially the roots of the JapaMese Knotweed, from which it is OH
extracted commercially — when und? al{ack by pathogens such as
S

bacteria or fungi. ~ HO.
colchicine U ) ~ ~ )
The effects of resveratrol are currently a topic of numerdrs am.maJ_and_>

human studies. Its effects on the lifespan of many model organisms
remain controversial, with uncertain effects in fruit flies, nematode

metronidazole Dn 51 543 18.72943 2.1808E-11

resveratrol Up 10 116 229179 8.7071E-S

colchicing D

Resveratrol
papavering |

OH

worms.'® and short-lived fish. In mouse and rat experiments. anticancer.
Cancer prevention [edit]

In 1997, Jang reported that topical resveratrol applications prevented skin cancer development in mice treated with a
carcinogen.*! There have since been many studies of the anti-cancer activity of resveratrol in animal models. /"2

1351271 and smooth muscle PEIEEIE2]

Resveratrol has been shown to induce apoptosis in platelets,

@ Any user-created ontology or collection of tables can be used for the classification
of input gene lists, in a similar way as it has been shown for DrugExpress. To do this,
you need to create a corresponding folder in your project, which can contain a
hierarchy of subfolders as well. Importantly, each table in such a folder should have
Ensembl IDs. Each subfolder and individual table will be used as a separate
classification category, and will result in a separate line in the resulting table.
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20. Description of analysis methods

20.1. Sequence analysis methods

20.1.1. SNP matching

NGS DNA sequencing is a powerful analytical method to discover novel SNPs and detect
known SNPs. The geneXplain platform provides a unique analysis method termed SNP
matching. Using this method and an SNP table (derived after sequencing) as input, the
corresponding SNP loci are mapped to Ensembl genes so that you can get an annotated

SNP table as output.

By default the SNP matching tool looks as shown below:

# |45 SNP matching )_r‘

D Output track

D Output SNP table

[y Table E|n=-'|:|(s.£=|£=ct element)

[y Species |Human (Homo sapiens) |
D 5" region size 1000

[y ¥ region size 0

D Output non-matched =

[y Column to copy |(nu column} B2
[y Aggregator |averag& x|

Ql(select element)

E|n=-'|:| (=elect element)

n=gSI(E.E:IE:L:t element)

Example:

An example data file to be used as an

input table for SNP matching may look like this:
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Start page ﬂn=_'c ALC_SNPs_with_pos_1e-4 X‘
Select all
First | | Previous | Page 1 of 15| Next | | Last Showing 1 to 50 of 732 entries Show 50« entries
D P CHR POS_B36
rs10000182 5.6889E-5 4 138590757
re10004134 1. 404%E-5 4 189167333
rs 10008540 §.5796E-5 4 51235254
rs10025154 4 BY44FE-5 4 7832450
rz10038738 7.5066E-5 5 174591660
rs10044167 T8202E-5 5 174551452
rs 10057656 5§ 508E-5 5 174580065
rs10057759 8.8951E-3 5 174580221
rz1 0067966 T.458YE-5 5 174553450
rs10072533 8.4577E-5 5 1745590136
rs1007387 6§ 5075E-5 5 174584078
rs 1008405 4.58687E-5 20 2365085
rs1012515 2ATZVE-S (5] 137258540
rz10135089 8.34453E-5 14 69454359

In this table, ID is the SNP identifier, CHR is the chromosome, P is some p-value, and
POS_B36 is the genomic position of a given SNP in NCBI-build36 human genome.

You can save this table in the repository and input the saved table in the SNP matching
tool. The tool yields three output files as shown below:

Output table 1 (ALC_SNPs_annotated)

® |- ALC_SNPs_with_pos_1e-.. X‘ »

select all

First | | Previous | Page 1 of 3| Next | | Last Showing 1 to 50 of 379 entries Show 50 - entries
10 P CHR POS5_B36 Ensembl ID Gene symbol Location
ra10025154 4.8T44E-5 4 7832480 ENSG00000138526 AFAM Intron
re1012515 21727E-5 6 137258540 ENSG0O0001 12357 PEXT Intron
rz10135089 8.3443E-6 14 60454399 ENSG00000138732 SMOC1 Intron
rs10184414 2.6047E-8 2 15778788 EN3G00000231031 AC0082711 Intron
r=10128349 9.7148E-5 2 212053757 ENSG00000178568 ERBB4 Intron
re1021258 8.0015E-5 12 37418782 ENSGOO0001 39117 CPNEB Intron
rs10223983 2.3786E-5 i 158404554 ENSG00000126870 WDRS0 Intron
re10274534 1.8814E-5 7 152405013 ENSG00000126870 WDRS0 Intron
re 10275341 1.5141E-5 7 158403403 EN3G00000126570 WDRS0 Intron
rz10279428 1.2072E-5 7 158404345 ENSG00000126870 WDRS0 Intron
rs10281870 1.9853E-5 7 158409945 EN3G00000126570 WDRS0 Intron
rz1038540 7.5451E-5 12 37415410 ENSGOO000139117 CPNES Intron
re10452901 2.5825E-5 5 173091097 ENSG00000253588 CTB-43E15.3 Intron
re1045593 31137E-5 3 11571402 ENSG00000197548 ATGET Exon
re10482810 2.4382E-5 1 216674155 ENSG00000032969 TGFB2 Exon
rs10484826 3.0785E-5 1 199352619 EN3G00000237888 RP5-894H24.2 Intron
rz10495143 3.4797E-5 1 218233904 ENSG00000136528 EPRS Intron
re 10747574 7.428E-5 12 37422911 EN3G0O0001 39117 CPNEB Intron

Output table 2 (ALC_SNPs_genes)
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Start page ﬁs ALC_SNPs_with_pos_1e-. Xi
Edit Select all
First Previous | Page 1 of 4| Next Last Showing 1 to 50 of 188 entries Show 50 w entries
D

ENSG00000007062

ENSG00000011422

ENSG00000029153

ENSG00000030582

ENSG00000050555

ENSG00000055483

ENSG00000059377

ENSG00000065032

ENSG00000075413

ENSG00000078140

ENSG00000080298

ENSG00000080854

ENSG00000082438

ENSG00000036570

ENSG00000087116

ENSG00000089057

ENSG00000091317

ENSG00000092968

ENSGO00000096T17

ENSG00000100596

ENSG00000101132

ENSG00000102452

ENSG00000102780

Output table 3 (ALC_SNPs_track)
Start page Q ALC_SNPs_with_pos_1e-... )41
Select all
First | | Previous | Page 1 of &| Next | | Last Showing 1 to 50 of 379 entries Show 50 = entries
sitelD Sequence name type from to length strand properties

1 4 wariation 7781560 7781560 1 2
10 7 variation 158711584 158711584 1 2
100 4 wariation 124528025 124528025 1 2
101 4 variation 16003151 16003151 1 2
102 [ wvariation 49502780 49502780 1 2
103 2 variation 61969128 81959128 1 2
104 9 wariation 4331760 4331760 1 2
105 9 variation 4305064 43050684 1 2
106 2 wvariation 20110952 20110952 1 2
107 2 variation 194141424 194141424 1 2
108 2 wariation 80112744 80112744 1 2
109 10 variation 55129286 56129286 1 2
11 ¥ wariation 158717184 158717184 1 2
110 L] variation 137206528 137206528 1 2
111 [ wvariation 137207304 137207304 1 2
112 11 variation 19711953 19711983 1 2
113 3 wariation 55794587 55794587 1 2
114 2 variation 15854800 15854800 1 2
115 2 wvariation 80117158 20117158 1 2
116 2 variation 20117468 20117468 1 2
T1F 2 wariation 165312719 165312719 1 2
113 12 variation 39133728 39133728 1 2
119 12 wariation 39138687 39138687 1 2

The output tables can be further used for any other analysis of the geneXplain platform.
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20.1.2. Site search on gene set

This feature provides you with an option to search for putative transcription factor
binding sites (TFBS) in a set of genes. As input for the analysis you are supposed to
indicate two gene sets, Yes (e.g. differentially expressed in an experiment, test set) and
No (set of background genes, control set) as well as positional range relative to the TSS
and a collection of predefined weight matrices with a particular threshold (profile).

The initial form of this analysis looks as it is shown below:

Start page || Site search on gene set XI

[y ves ==t ﬁl(&elect element)

[y Mo set ™% [ [(select element)

D Species |Human (Homo sapiens) Ll
D From -1000

[y To 100

[y Profile |(5e|en::t element)

“ [y Output path = [izelect element)

Show expert options ==

Run

To perform this analysis you have to input two datasets:

Yes set: This is the set of genes that you want to analyze, for example these can be
genes the expression of which has changed in an experiment (test set). Tables with
Ensembl gene IDs can be used as input in this column. In case you have a file with
different identifiers, you can first use the Convert table function in the Data manipulation
folder.

No set: This is the set of background genes (control set). This again should be a gene
table with Ensembl gene IDs as input.

These two datasets might be taken from the output tables of previous analyses; see,
e.g., Detect differentially expressed genes (Section 10.2).

Species: A pull down menu allows you to select the biological species according to the
species of your Yes and No gene sets. Currently, the analysis can be done for human,
mouse and rat genes.

From: You can indicate the gene region where the search for putative TFBS should be
done. Here, you enter the 5’ border of the region, relative to the transcription start site
(TSS) as it is annotated in the current version of Ensembl.

To: Here, you enter the 3’ border of the region relative to the TSS.

Profile: This is a predefined set of positional weight matrices with a particular threshold.
By default, the TRANSFAC® profile vertebrate _non_redundant_minSUM is applied.
You can use other available TRANSFAC® profiles. Alternatively, you can apply profiles in
the GTRD database. Currently, there are three profiles included in the GTRD database;
they depend on the threshold for matrices: strong threshold (with an Individual
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Probability Score (IPS) higher than 6), moderate threshold (with IPS higher than 5), and
weak threshold (with IPS higher than 4).

You also have the option to import matrices and profiles into the geneXplain platform and

use them for your further analysis.

To perform site search following steps are recommended:

Step 1. Input Yes set from the tree. You can drag-and-drop as usual. Here, the set of
genes from the Example folder is used as input Yes set, highlighted blue on the
screenshot below:

Databases

= __I LICTLET

Data ‘

Analyses

Users

i J Examples
[ - Atherosclerosis GSES584, lllumina HumanRef-8v1 beadarray
i . Brain Tumor GSE1825, Affymetrix HG-U133A microarray
wyl Data
__J Ewing Family Tumar versus Meuroblastoma
___| Analyze Promoters
J Construct composite modules
_| Experiment normalized (RMA) (Differentially expressed genes Affy)
H:E Downregulated Ensembl genes
- ﬁg Downregulated Entrez genes
- F;;E Downregulated probes annot
- ﬁg‘ Genes, fold change and p-value, non-filtered

- [ Histogram

- % Non-changed Ensembl genes

- ﬁ; Mon-changed Entrez genes

- i Report

- F;'; Scores and p-value, non-filtered

- ﬁg' UpDownReg Ensembl genes

- ﬁg' UpDownReg Ensembl genes subset

- ﬁ; UpDownReg Entrez genes

- ﬂ:;'; UpDownReg probes annot

- ﬁ;' Upregulated Ensembl genes

- ﬁ;' Upregulated Ensembl genes filtered (LogFC=1)
- ﬁ;' Upregulated Ensembl genes filtered (LogFC=2)
[+ 4 Upregulated Ensembl genes filtered (LogFC=2) Fantom& promaoter

Step 2. Input pre-saved No set. You can drag-and-drop as usual. Here, the set of human
housekeeping genes from the Example folder is used as input No set, highlighted blue on
the screenshot below:
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Databases | Data| Analyses Users

4 | |data

4 || |Examples

> Amgmsclerusis GSEB584, llumina HumanRef-8v1 beadarray
> Brain Tumor GSE18235, Affymetrix HG-U133A microarray

> [ Breast Cancer GSE9187, Agilent 014850 microarray

> [fml E2F1 binding regions in Hela cells, ChiP-Seq

- ffml Optimization

> Response to BMP-4, Affymetrix HG-U133_Plus_2 microaray
b SMAD1.5 binding regions induced BMP-4, ChiP-Seq

] Sample data

a | |Data

\,_| Cell designer

> .\| DNA sequence formats

. |, JEcolikiz

> ]IDs

b RITA

b i fox

[y HGU133Plus2_Hs_ENSG.cdf

FS; Housekeeping genes (Human)

P Housekeeping genes (Human) track -100000 to -28000

Step 3. Select the species and the promoter length. By default the promoter length is set
as -1000 to +100 relative to the TSS. In this example, the range
-500 to 100 is selected.

Step 4. Select the TRANSFAC® or GTRD profile from the pre-saved profiles in the tool. In
this example the default TRANSFAC® profile vertebrate_non_redundant_minSUM is used:

Folder: [databases/TRANSFAC(R) 2014 4/Data/profiles ~[
{myvertebrate_human_p0.01 m vertebrate_mouse_p0.05 ‘my vertebrate_on
ay vertebrate_human_p0.05 a vertebrate_non_redundant ay vertebrate_ony

fm vertebrate_mouse_10_in_10K_bases (s vertebrate_non_redundant_minFN ay vertebrate_ony
iy vertebrate_mouse_10_in_1K_bases (i vertebrate_non_redundant_minFP ay vertebrate_ony
mvertebrate_mouse_1_in_10K_bases m vertebrate_rat
fmyvertebrate_mouse_1_in_1K_bases fm vertebrate_oryza_10_in_10K_bases |G vertebrate_rat
‘myvertebrate_mouse_50_in_1K_bases (s vertebrate_oryza_10_in_1K_bases ‘m vertebrate_rat
‘mvertebrate_mouse_5&_in_10K_bases (s vertebrate_oryza_1_in_10K_bases ‘m vertebrate_rat

fmy vertebrate_mouse_5_in_1K_bases ‘m vertebrate_oryza_1_in_1K_bases ‘my vertebrate_rat
{my vertebrate_mouse_p0.001 m vertebrate_oryza_S50_in_1K_bases m vertebrate_rat
{my vertebrate_mouse_p0.01 m vertebrate_oryza_5_in_10K_bases m vertebrate_rat
1 3

Mame: vertebrate_non_redundant_minSLUmM

| Cancel || Ok ‘
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Step 5. Identify the output path. Define where the folder with the results should be
located in your project tree. You can do so by clicking on the pink field “select element”
in the field Output path, and a new window will be opened, where you can select the
location of the results folder and define its name.

Important: please define the output path within one of your Project folders.
Press [Run].

The analysis will start as shown below:

Start page ﬁ Site search on gene set Xi

D‘ Yes set ﬁsl...ed genes_log2/Upregulated Ensembl genes
D No set % E |...ata.fData}Huu5ekeeping genes (Human)
DI Species |Human (Homo sapiens) LI
- [y From -500

[ Te 100

D Profile !’ﬁI...pmﬁIes.'vertebrate_non_redundant_minSUI"."I
D Output path ﬁ I...IUpregluIated Ensembl genes sites -500..100

a I/—\I
Show expert options => | Cancel |

l 51%

Wait until the analysis is complete as shown by the progress bar. The output of Site
search on gene set contains one table and six tracks:

summary table (ﬁ ), yes promoters (), no promoters (), yes sites (), no sites
(, yes sites optimized () and no sites optimized ().

The summary table is automatically opened in a new tab of the geneXplain platform
when the analysis is completed. An example of the summary table is shown below:

Yes densit r No densi er Yes-No Model
D 1|:|n|1|:|::;r ’e 1 uuu:};rn P ratio cutoff Foviiue
VEMKXZ5_ 02 19.99237 15.2862 1.30787 0.6965 3.534E-56
VEPOU3F2_01 7.57138 5.44B82 1.38954 0.8501 4 T23BE-32
VEPAX4A 02 904632 6.80661 1.32905 0.8255 2.41893E-29
VEPAXZ_02 15.74847 13.33209 1.18125 0.96831 4 2205E-19
VHCDXA_02 3.25274 2.24534 1.44866 0.9239 4 9285E-18
VEGATAL_Q3 1117811 9.37218 1.19258 0.738 1.7275E-15
VEOCT1_07 241104 1.82002 1.48828 0.7482 1.7405E-15
VECEBPG_Q6 4. 13378 310767 1.33018 07772 1.814E-14
VEOCT_Q6 2.34024 1.59229 1.46974 0.82589 2.5459E-14
VHEOCT1_03 34966 2.57186 1.359586 0.9301 4 211E-14
VEFOXJZ_02 2.17505 1.4B639 1.46331 0.7829 3.458TE-13
VEPOU3F2_02 2.87209 2.100386 1.37076 0.7104 1.9772E-12
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Each row summarizes the information for one PWM. For each selected matrix, the
columns Yes density per 1000bp and No density per 1000bp show the number of
matches normalized per 1000 bp length for the sequences in the input Yes set and input
No set, respectively. The Column Yes-No ratio is the ratio of the first two columns. Only
matrices with a Yes-No ratio higher than 1 are included in the summary table. The higher
the Yes-No ratio, the higher is the enrichment of matches for the respective matrix in the
Yes set. The matrix cutoff values as they are calculated by the program at the
optimization step are shown in the column Model cutoff, and the last column shows the
p-value of the corresponding event.

Tracks Yes promoters and No promoters
These two files resulting from the “Site search on gene set” analysis represent promoters

of the corresponding set, as a track (). The track files might be used for site
visualization or for further analyses, e.g. Construct Composite Modules, Construct IPS
CisModule.

The track file Yes promoters when opened in the work space is shown below. The track
file No promoters has a similar structure.

Sequence Proparty: )
(chromosome) From To Length Strand Type gens Property: id
name

1 2322787 2323386 800 + misc_feature RER1 ENSG00000157216
1 6269350 5269949 600 - misc_feature RPLZ2 ENSG00000116251
1 10489659 10490258 600 + misc_feature APITD1 ENSG00000175279
1 11071914 11072513 600 + misc_feature TARDBP ENSG00000120948
1 19638541 19639140 600 - misc_feature AKRTAZ ENSG00000053371
1 24017769 24018368 800 + misc_feature RPL11 ENSG00000142676
1 25291513 25292112 600 - misc_feature RUNX3 ENSG00000020633
1 27113463 27114062 600 + misc_feature PIGV ENSG00000060642
1 27532921 27533520 800 + misc_feature RP11-40H20.2 ENSG00000225159
1 28831955 28832554 600 + misc_feature RCC1 ENSG00000180198
1 356568650 35659249 600 - misc_feature SFPQ ENSG00000116560
1 38512351 38512950 600 - misc_feature POU3F1 ENSG00000185668
1 52344378 52344977 800 - misc_feature NRD1 ENSG000000TBET8

This table lists the positions of the promoter areas selected for the analysis on particular
chromosomes, as shown in the columns From and To. The column Strand shows the
strand on which each particular promoter is located. This track can be dragged and
dropped on a particular chromosome opened in the genome browser to visualize the
localizations of the promoters as discussed in Section 19.3.

Yes (No) sites optimized track. The file Yes sites visualizes those putative sites that
are over-represented in the promoters of the Yes set versus the No set as they are

located in the promoters of the Yes set. Putative TFBSs are shown as a track . Scores
of the putative sites are optimized by the algorithm.
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Seguence . . . .
(chromosome) From To Length Strand Type Property: P'°"ef‘3" Property: P_roperty.
coreScore matrix score siteModel
name
TF
1 28832202 28832210 9 + binding 1 VSAHRHIF_QB 0.95248 VSAHRHIF_Q8
site
TF
1 28832479 28832487 9 - binding 1 VEAHRHIF_Q6 0.99682 VSAHRHIF_Q6
site
TF
1 28832200 28832210 11 + binding 1 VSAHR_QS 0.9574 VSAHR_QS
site
TF
1 28832479 28832483 1 - binding 1 VSAHR_QS 0.96422 VSAHR_QS
site
TF
1 28832154 28832162 9 + binding 0.99725 VSAP2ALPHA_O1 0.98684 VSAP2ALPHA_O1
site
TF
1 28832171 28832179 9 - binding 0.9964 VEAP2ALPHA_Q1 0.98752 VEAP2ZALPHA_O1
site

This track is a list of all putative TFBS found in one analysis. Each row presents details
for each individual match for every PWM. The columns Sequence (chromosome)
name, From, To, Length and Strand show, correspondingly, genomic location of the
match including chromosome number, start and end positions, strand and length of the
match. The column Type contains information about the type of the elements, in this
case all matches are considered as “TF binding site”. Further columns keep information
about PWM producing each match (column Property: matrix) as well as score for the
whole matrix (column Property: score). The column Property: siteModel contains the
identifier for the corresponding site model, which is the matrix together with a cutoff
applied (and in the example shown is identical to the matrix identifier).

Yes (No) sites tracks are very similar in structure. The major difference is that these
tracks include putative binding sites before the cutoff optimization, and thus they contain
more sites.

These track files can be used as an input for other functions, for example sites can be
visualized on chromosomes. For visualization details please refer to the tip in the Section
7.2.2.

Visualization of TFBS for individual genes and for individual matrices

Having the summary table opened in the work space, you can select different rows and
apply a couple of different functions with the help of the buttons on the top menu bar.
These five buttons are marked by red oval in the figure below.
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e[ [r [O[m[a]=
5 Upregulated_Transfac _
Databases
|| data First | | Previous |Page 1 of 2| Next | | Last Show
! ‘—‘J mple:s [s] Yes density per 1000bp No density per
[ Atherosclerosis GSE8584, [llumina HumanRef-8v1 be VEEFC_Q6 0.01507 0.00275
i Brain Tumor GSE1825, Affymetrix HG-U133A microa VSMEF2_Q&_01 0.02153 0.00481
« |, |Data VSLHX3A_01 0.02153 0.00618
] ,_.J Ewing Family Tumeor versus Neurcblastoma VEAIRE_D2 0.01252 0.00412
4 || | Analyze Promoters VEZBRK1_01 0.04091 0.01442
i[5 Downregulated_Transfac VSPAX_Q8 0.01723 0.00818
4 5 Upregulated_Transfac VSEZF_03 0.02584 0.01088
f; &} no promaters WECHX10_01 0.01723 0.00755
_ VEBACHZ_01 0.03445 0.01578
& nosites VEHSF2_01 0.07752 0.03777
P no sites optimized VSPPARA_01 0.04522 0.02335
ﬁ summary VEER_Q& 0.06029 0.03286
ﬁ; Transcription factors Ensembl ge VSIRF_Q8& 0.04737 0.02678
% Transcription factors Entrez gen VSPOUBF1_01 0.08475 0.05494
b @ yes promoters VEAR_Q2 0.07967 0.0467
’ p yes sites VECARTY_01 0.26816 0.16961
: ) - WEOSF2Z_Q6 0.12058 0.07622
& yes sites optimized 4| VSISRE_O1 0.1615 0.103
; ,_._]detect deferentially expressed genes_log _ VEPPARG_02 0.10338 0.08798

To get a visualization of TFBS for individual genes, the button should be applied on
the selected matrices. After click on this button, two new files will be saved in the tree

area, a table % and a track , as shown below. The table is automatically opened in
the Work Space.

patsboss [ ot [ anstyss [ vere [N
ata 131 of2|Next | | Last Showing 1 to 50 of 428 entries
_‘_] Ewing Family Tumar versus Neurcblastoma
4 ||| Analyze Promoters Symbol Sites view
[5 Downregulated_Transfac
Fl ﬁ, Upregulated_Transfac eas] L2 L 2 L] e & & L
> & no promoters
, & nostes MATZB b ®
b & no sites optimized @ @
MCME o @
ﬁs Transcription factors Ensembl genes ®
q ﬁs Transcription factors Entrez genes
% VSEFC_Q6,VSMEF2_Q6_01,VSLH CCND1 = @
i = X3A_01... tra.
;’
b 4 yes promoters HNRNPUL1 pn °
[ 4 yes sites &
- P yes sites optimized
- l_‘_]detect deferentialy expressed genes_log2 GRIK1 Y

Let’s consider this table in more detail. Each row corresponds to one individual gene.

) Symbol Sites view I:ﬁ‘[ VSEFC_Q6  VSMEF2_ Q601  VSLHX3A_
ENSGOD000165808  CASPT ° ° - PR, o o 8 0 [ [
ENSGODOD0038274  MAT2B b - 0 0 0

° °
ENSGO00000TE003  MCME - e o 0 [ ]
¢ &
ENSGO0000110082  CCNDA — s - 0 [ [}
ENSG00000105323  HNRNPUL1 - - 4 0 [ ]
¢
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The column ID presents the Ensembl ID for each gene, and the gene symbol is shown in
the column Symbol. The column Sites view shows a schematic representation for each
gene, where blue bars correspond to gene starts and coding regions, and TFBSs for
different matrices are shown by arrows of different colors. The column Total count
shows the number of TFBSs for all matrices together in the promoter of each particular
gene. The next columns are named as matrices in the summary table and represent the
number of TFBSs for each matrix in each particular gene.

On the picture above the table is sorted by the column Total count, and on the top we
can see those genes that contain the highest total number of sites. This table can be
sorted by different columns corresponding to individual matrices, and then on the top
you will see those genes that contain the highest number of sites for the matrix in focus.

The TFBS color schema can be customized. For this, open the tab ,Site colors" in the
Operation Field in the bottom right area of the tool (figure below). You can see the
default colors for different matrices, and can adjust them by clicking on each color box.

_ Start page |[[ Upregulated_Transfac ;1 % VSEFC_QG,VSMEF2_Q6_01... )_fl
e
Data First | | Provious Page 1 of9|Next | Last Showing 1 to 50 of 428 entries
Analyses D Symbol Sites view Jotal _ VSEFC.QE  VSMEFZ_Q601  VSLHX3A
Users ENSGO0000185806  CASP? e 8 o ) 0
= ® ® ® see & @
& no promett hiaT2E
& nosies ENSGO0000038274  MATZE . o o ) 0
4 nosites of - -
summary MCM6
ENSGUO0D00TE003  MCME - 6 o 0 ] 0
% Transcript S
% Transcript
4 VSEFC_Q | ENSGO00D0110082  CCND1 o N 0 0 0
& VSEFC_Q
& yes promo |
; ENSGO0000105323  HNRNPUL1 - ° 4 0 ] 0
& yes sies o
& yos sies 4 GRIK |
etect deferentially ¥ | nsapoonnt71189  GRIKT 4 0. n 3
& K0 <>
l Search | Info [Default B :’l‘ I « ‘ Filters H Columns " Genome browser H Site colors " My description ‘ »
Model V$IRF_Q6 =g Cobrs
Binding element: IRF [y VSHIRE 02 _
Threshold: 0.964 -
Matrix. VSIRE 6 [ e —
et ength 13 [y venerz o1 [
TTTC.. TT J [y oo —
- - = == : e s —
: 0

This table can be exported in tab-separated format (txt) or comma-separated format
(csv).

The second file, a track , has the same structure as described above for other track
files. For visualization details please refer to the tip in Section 7.2.2.

20.1.3. Creation of customized profiles

"Profile" is a term used for a collection of positional weight matrices (PWMs) with a
particular threshold (or cutoff), also referred to as “site models”. The geneXplain platform
provides an option to create profiles from a table of site models or from any gene table
that contains some transcription factor genes. The newly created customized profiles can
be further used for analyses of regulatory regions.

There are two possibilities to create a user-specific profile.

Create profile from gene table %
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This option supports you in creating a new profile from any gene table. The
resulting profile contains site models linked to the genes encoding the
corresponding transcription factors in the input gene set. This option can be
accessed via the URL:

http://genexplain-
platform.com/bioumlweb/#de=analyses/Methods/Site%20analysis/Create%20pro
file%20from%20gene%20table

=

Create profile from table

Here you can create a profile from a table of matrices. This option can be
accessed via the URL:

http://genexplain-
platform.com/bioumlweb/#de=analyses/Methods/Site%?20analysis/Create%20pro
file%20from%20site%20model%?20table

20.1.3.1. Create profile from gene table

This function creates a new profile from any gene table. The resulting profile contains site
models linked to the transcription factors in the input gene set.

The input form when opened in the work space is shown below:

” Start page ” ,Qp Create profile from gene t... Xi

‘ Databases ‘ Data || Analyses || Users D Gene set FI(&BlEDl prwe—
| Site analysis )
el Species H H i
@,’f Change profile thresholds D I uman (Homa sapiens) LI
e ; i ir - -
 jpg Construct IPS CisModule [y Reference profile 'mI...ta-'prufllE:s.fvertebrate_nun_redundant_mlnFP
- 22 Construct composite modules ; ~
Qutput path L
- |22 Construct composite modules on trac D I(E"E’lﬂ":‘t ZLTEE
-~ |jpg Create IPS model CRom)

- | g Create Match model S’
- % Create profile from gene table
EE Create profile from table

- |y Greate weight matrix model

In the following, we will consider each of the input fields.

Gene set: Input any gene table here for which you intend to design a profile. The
algorithm automatically identifies transcription factor genes in the input table and the
matrices linked to these factors in the TRANSFAC® database. These matrices will be put
into the newly created profile.

Further steps are demonstrated with the table of genes available in one of the platform
examples present in the Tree Area. The example file can be accessed using the URL:

http://genexplain-
platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Aff
ymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%?20versus%20Neuroblastoma/E
xperiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)
/Genes%2C%20fold%20change%20and%?20p-value%2C%20non-filtered



http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/Site%20analysis/Create%20profile%20from%20gene%20table
http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/Site%20analysis/Create%20profile%20from%20gene%20table
http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/Site%20analysis/Create%20profile%20from%20gene%20table
http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/Site%20analysis/Create%20profile%20from%20site%20model%20table
http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/Site%20analysis/Create%20profile%20from%20site%20model%20table
http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/Site%20analysis/Create%20profile%20from%20site%20model%20table
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Genes%2C%20fold%20change%20and%20p-value%2C
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Genes%2C%20fold%20change%20and%20p-value%2C
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Genes%2C%20fold%20change%20and%20p-value%2C
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Genes%2C%20fold%20change%20and%20p-value%2C
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Genes%2C%20fold%20change%20and%20p-value%2C
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Genes%2C%20fold%20change%20and%20p-value%2C
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Species: Select the biological species corresponding to the input gene set from the drop-
down menu.

Reference profile: Specify one of the TRANSFAC® profiles available. Cutoffs for the
corresponding matrices will be copied from the selected reference TRANSFAC® profile into
the newly created profile.

To select the reference profile click on the box of this field and a new window will be
opened. Scroll towards the desired profile and click on it so that the name of the selected
profile is displayed in the field "Name”. When the selection is done, press [Ok].

Please note that this analysis method works only for the TRANSFAC® profiles.

Start page ﬁ;; Create profile from gene t... X‘

2 D Gene set (= Al

]
o i B N N
o |Gy EEEEE |HL||‘13n {Homo sapiens) -

- [ Reference profile ‘m../profilesivertebrate_non_redundant_minSUM

| |

[IGenes, fold change and p-value, non-filtered

gyl Folder [databasesTRANSFAC(R) 2014 4/Datalprofiles |
{m vertebrate_human_p0.01 (m vertebrate_mouse_p0.05 {m verte
m vertebrate_human_p0.05 m vertebrate_non_redundant i vere

 vertebrate_mouse_10_in_10K_bases s vertebrate_non_redundant_minFMN m vere
K_bases |G vertebrate_mouse_10_in_1K_bases -'ﬂ verte
| bases |Gm vertebrate_mouse_1_in_10K_bases [Gs vertebrate_non_redundant_minSUM s verte
| bases |Gm vertebrate_mouse_1_in_1K_bases o vertebrate_oryza_10_in_10K_bases ( verte
bases (s vertebrate_mouse_50_in_1K_bases [is vertebrate_oryza_10_in_1K_bases {m verte
| bases |Gm vertebrate_mouse_5_in_10K_bases |Ge vertebrate_oryza_1_in_10K_bases s verte

| bases |m vertebrate_mouse_5_in_1K_bases (m vertebrate_oryza_1_in_1K_bases ) verte

L pases i verebrate_mouse_p0.001 (my vertebrate_oryza_50_in_1K_bases (my verte
m vertebrate_mouse_p0.01 m vertebrate_oryza_5_in_10K_bases (s verte

L] »

Name: \vertebrate_non_redundant_minFP

Output path: Specify the path to store the result and indicate the name for the new
profile.

Having filled all the input fields, launch the analysis with the [Run] button. The process
will start as shown below:
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Start page || 4 Create profile from gene ... X‘

D Gene set

t4
Hﬁ _..enes, fold change and p-value, non-filtered

- [y Species |Human {Homo sapiens) =]

'
D Reference profile o ../profiles/vertebrate_non_redundant_minFP

- [y Qutput path a . ta/documentation/affym_non-filtered profile

l 40%

INFQ — Znalysis 'Create profile from gene table' started
INFC — Gathering profile factor types...
INFO — Matching gene set to Proteins: Transfac

After completion of the analysis the output profile is opened automatically as shown
below:

Start page \ @Create profile from gene ... X‘ # affym_non-filtered profile X‘
First  Previous Page 1 of 1| Next | | Last Showing 1 to 44 of 44 entries Show |50
. Core Core Core .
Name Matrix name Cutoff cutoff start length Matrix logo
V$AHRHIF_Q6 V$AHRHIF_Q6 0.997 0.752 1 5 C T
AN —_—
V$AP4 01 V$AP4_ 01 0.879 0.679 5 5 A CA C
T2 T p=¢ L1 _Q__L

V$AREB6_02 V$AREB6_02 0992 07 3 5 ' A CC T
—_— -

V$BACH2 01 V$BACH2_01 0.988 0.734 2 5 T A C A

V$BRCA_01 V$BRCA_01 0.995 0.74 3 5 T T
i sl i

Let us now have a look into the newly created profile.

Each row presents the information for one site model. In the column Name the name of
the site model is given which here is the same as for the matrix. In the column Matrix
name the name for the positional weight matrix is present. For each site model, a cutoff
adapted from the “Reference profile” is shown in the column Cutoff.
According to the TRANSFAC® standard, the core part is specified for each matrix. The
core is represented by the 5 consecutive most conserved nucleotides. The columns Core
cutoff, Core start and Core length provide details about the core of each matrix. In
the last column the matrix logo is shown.

=
In the Tree Area, the newly created profile has the symbol “®, the same symbol as for
all other profiles, and is ready to use for the analysis of regulatory regions.

Suggestion when to use “Create profile from gene table”

If you plan to do a promoter analysis for differentially expressed genes from a particular
experiment, you might be interested in creating a profile from a table of genes expressed
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under the same conditions. For example, you might take one of the tables resulting from
the workflows “Detect differentially expressed genes...” as input gene table for profile
creation.

The example table is a list of non-filtered genes from the workflow “"Detect differentially
expressed genes...”:

http://genexplain-
platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Aff
ymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/E
xperiment%?20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)
/Genes%2C%20fold%20change%20and%20p-value%2C%?20non-filtered

A profile created from this gene table can be found here:

http://genexplain-
platform.com/bioumliweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%?20Aff
ymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%?20versus%20Neuroblastoma/
Genes%2C%20fold%20change%20and%?20p-value%2C%?20non-filtered%20profile

Such a profile contains matrices for the transcription factors expressed under the same
experimental conditions, and thus it might be reasonable to apply it for the promoter
analysis of genes up-regulated or down-regulated in this experiment.

20.1.3.2. Create profile from site model table

This function creates a profile from the table of site models. For example, a new profile
can be created from the summary table resulting from the workflow “Analyze promoters
(TRANSFAC®)” or “Upstream analysis (TRANSFAC® and TRANSPATH®)",

The analysis input form can be found in the Tree Area, under the Analyses tab, in the
folder Methods/Site analysis. The opened input form is shown below.

-.C-Q l “ Start page ”ﬂ? Create profile from site m... Xi
Databases Data Analyses || Users | l __ D Inputtable = [select element)

3 .| Simuiation - " EI Reference profile (a [iselect element)

7l Site analysis
ul g . % Cutoffs column —
- 5 Analyze miRNA target enrichment ] ||n0ne_. =l
= * Apply CMA model to tracks - D Output profile m(select element)
- 14 Change profile cutoffs
- [rge Construct IPS CisModule Run

IFS
22 Construct composite modules

.. |22/ Construct composite modules on tracks
- |jg Create IPS model

- | %, Create Match model

- TA Create matrix logo

- |@ Create profile from gene table

- :ﬁ__ Create profile from matrix library

- [& Create profile from site model table
- | fy Create weight matrix model

- |y, IPS motif discovery

- & MEALR (tracks)

. 77 Motif quality analysis

Let us consider the individual input fields:


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Genes%2C%20fold%20change%20and%20p-value%2C
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Genes%2C%20fold%20change%20and%20p-value%2C
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Genes%2C%20fold%20change%20and%20p-value%2C
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Genes%2C%20fold%20change%20and%20p-value%2C
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Genes%2C%20fold%20change%20and%20p-value%2C
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Experiment%20normalized%20(RMA)%20(Differentially%20expressed%20genes%20Affy)/Genes%2C%20fold%20change%20and%20p-value%2C
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Genes%2C%20fold%20change%20and%20p-value%2C%20non-filtered%20profile
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Genes%2C%20fold%20change%20and%20p-value%2C%20non-filtered%20profile
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Genes%2C%20fold%20change%20and%20p-value%2C%20non-filtered%20profile
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Genes%2C%20fold%20change%20and%20p-value%2C%20non-filtered%20profile
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Genes%2C%20fold%20change%20and%20p-value%2C%20non-filtered%20profile
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Input table: Input a table with matrices for which you intend to design a profile. The
input table should contain TRANSFAC® matrix IDs as row names. Such a table can be the
result of a site search analysis.

In the following, further steps are demonstrated with a table of site models from one of
the examples. The example file can be accessed using the URL:

http://genexplain-
platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Aff
ymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/A
nalyze%20Promoters/Upregulated%?20(filtered) Transfac/Site%?20search%20-
1000%20100/summary

S0k

“ Databases

Data || Analyses

Users |

4 || |databases
- [&] Biomodels
- [fmi Biopath
L .| EndoNet
@Ensembl
@EnsemblHumanﬁz
@Ensembll‘u‘lnuse
. "] EnsembliRat
[0
- [l GTRD
@GeneWays
@Humanﬂy{:
- [R] PROTEOME(TM) 2012.1
@Heactnme
- [R] TRANSFAC(R) 2012.1
[7] TRANSFAC(R) 2012.2
- [R] TRANSFAC(R) 2012.3
- [E] TRANSFAG(R) 2012.4
- [R] TRANSFAC(R) 2013.1
[7] TRANSPATH(R) 2012.1
- [R] TRANSPATH(R) 2012.2
- [R] TRANSPATH(R) 2012.3
- [R] TRANSPATH(R) 2012.4
[/] TRANSPATH(R) 2013.1
- | utils

Reference profile: In this field, you indicate the profile where the cutoffs for the new
profile should be taken from. It is filled automatically if the input table is a result of a site
search analysis or derived from it, and it corresponds to the profile used for site search.
You also have an option to manually select the reference profile from the available
TRANSFAC® profiles.


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Analyze%20Promoters/Upregulated%20(filtered)_Transfac/Site%20search%20-1000%20100/summary
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Analyze%20Promoters/Upregulated%20(filtered)_Transfac/Site%20search%20-1000%20100/summary
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Analyze%20Promoters/Upregulated%20(filtered)_Transfac/Site%20search%20-1000%20100/summary
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Analyze%20Promoters/Upregulated%20(filtered)_Transfac/Site%20search%20-1000%20100/summary
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Analyze%20Promoters/Upregulated%20(filtered)_Transfac/Site%20search%20-1000%20100/summary
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Analyze%20Promoters/Upregulated%20(filtered)_Transfac/Site%20search%20-1000%20100/summary
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Cutoffs column: In this field you specify which column of the input table should be
considered for the cutoff values. It is filled automatically if the input table is the result of
a site search optimization analysis. It is advisable to use "(none)" to leave the cutoffs as
in the reference profile.

Output profile: Specify the path to store the result and indicate the name for the new
profile.

To launch the analysis, fill the input fields and press [Run]. The process will start as
shown below:

Start page |3§ Create profile from site m... Xi

- D Input table = _..)_Transfac/Site search -1000 100/summary
' D BElEISnEss predi= ‘| __rofiles/vertebrate_non_redundant_minSUmM
-~ D Cutoffs column |Yes-N0 ratio Ll
i D Output profile ‘& _astomalAnalyze Promoters/summary profile

[ 60%

INFO - Analysis 'Create profile from site model table' added to queue
INFO - Analysis 'Create profile from site model table' started
INFO - 5 of 186 table rows matched to profile

After completion of the analysis the output profile is opened automatically as shown
below:

H Start page ||3E~ Create profile from site m... )4

‘% summary profile Xi

Select all | Select
First | | Previous | Page [1 of 1| Next | | Last Showing 1to 5 of 5 entries Show |50 ¥ | entries
Name Matrix Cutoff Core cutoff Core start Core length Matrix logo
VSARIDSA_03 's VSARIDSA_03 168241  0.762 2 5 AA TAT I
VSERALPHA 01  $'s VSERALPHA 01 2388898 0644 9 5 ~
¢ ACCTICA. _TCACCH
VSHBP1_03 £'s VSHBP1_03 168654  0.724 6 5 T AA T AAT
— - =L M R -_—
VSMAZR_01 ' VSMAZR 01 365938 0792 5 5 _
VSPIT1_Q6_01 %5 VSPIT1_Q6_01 135452 065 4 5 AT ~CA~

An example profile created from this gene table can be found here:
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http://genexplain-
platform.com/bioumiweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Aff
ymetrix%20HG-
U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/A
nalyze%20Promoters/summary%?20profile

Each row summarizes the information for one site model. In the column Name the name
of the site model is given, which in the majority of cases is the same as for the matrix. In
the column Matrix name the name for the positional weight matrix is present. For each
site model, cutoff is shown in the column Cutoff. According to the TRANSFAC® standard,
the core part is specified for each matrix. The core is represented by the 5 consecutive
most conserved nucleotides. The columns Core cutoff, Core start and Core length
give details about the core of each matrix. In the last column the matrix logo of each
matrix is shown.

The new created profile has the symbol 'fﬁ, the same symbol as for all other profiles,
and is ready to use for the analysis of regulatory regions.

Suggestion when to use "“Create profile from table”

Creating a new profile from a table of site models (matrices) might be very useful e.qg. if
you plan to focus the analysis on those matrices shown to be over-represented upon the
first run of promoter analysis and plan further to construct composite promoter models.

For this, you first run a site search with optimization, e.g. the workflow “Analyze
promoters (TRANSFAC®)” or “Upstream analysis (TRANSFAC® and TRANSPATH®)”. Then,
you can use the table summary as an input to construct your specific profile.

It will contain only those site models (matrices) for which hits are over-represented in
your genes of interest versus the background set, which is a specific subset of the
TRANSFAC® matrix library. Having such a profile specific for your genes of interest, you
can run it on the same set of genes without optimization, and then use the results as
input to construct composite promoter models.

20.1.3.3. Create profile from matrix library

This tool can set score cutoffs for an entire matrix library and store a corresponding
profile, which in turn can be applied binding site analyses.

The figure below shows the default input mask. There are two general ways of setting
score cutoffs, either by P-value (the default) or as one cutoff value that will be applied to
all matrices.

D Input matrix library ?ﬁ (zelect element)

D Core-cutoff 075

[y Template for cutoffs | P-value = 0.001 B3
D Hucleotide distribution template |Human ;I
D Output profile r'ﬁl(seled element)

Run


http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Analyze%20Promoters/summary%20profile
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Analyze%20Promoters/summary%20profile
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Analyze%20Promoters/summary%20profile
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Analyze%20Promoters/summary%20profile
http://genexplain-platform.com/bioumlweb/#de=data/Examples/Brain%20Tumor%20GSE1825%2C%20Affymetrix%20HG-U133A%20microarray/Data/Ewing%20Family%20Tumor%20versus%20Neuroblastoma/Analyze%20Promoters/summary%20profile
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The input parameters are as follows.

Input matrix library: Selection of the matrix library. All matrices of the library will be
present in the profile ("Output profile”).

Core-cutoff: The cutoff for the matrix core, which is the five consecutive matrix position
which are most selective for certain nucleotides. When the matrix cutoff is defined by a
P-value, the core cutoff will be 0 for all matrices.

Template for cutoffs: The P-value threshold according to which the score cutoff for
each matrix will be set. Selecting the “"Custom...” option presents a new field to set one
common cutoff for all matrices of the library.

D Input matrix library E"’ﬁ‘ (select element)

D Core-cuto ff 075

D Template for cutoffs |Custum... ;I
B Cutoff 0.8

D Nucleotide distribution template |Hurr|ﬂn ;I
D Cutput profile r‘ml[select element)

Nucleotide distribution template: The distribution of nucleotides on which P-value
calculations are based. Selecting the “Custom..” option enables custom setting of
individual base frequencies.

D Input matrix library 5"3“ (select element)
D Core-cutoff 075
D Template for cutoffs |P--.ralue =0.001 ;I
D Mucleotide distribution template |Cu5tc|rr|... ;I

E..l:l Nucleotide distribution

[y A frequency 0.237

D C frequency 0.261

D G frequency 0.264

..... D T frequency 0.238
[y Output profie 7 |(select element)

Output profile: The path for the output profile.

An profile can be created as follows.

Step 1. Input the matrix library. As usual, you can drag-and-drop. Here we use the
TRANSFAC® 2013.1 library:
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‘@ |@‘ l l| Start page H% Create profile from matri... 1\1
Y
” Databases | | l - [y Input matrix fibrary =5 [sstavasesTrANSFAC(R) 2013 1ataimatic )
E\ LEJLII TETHOTTETS. L
@Ensemb\h‘uuse [y Core-cutotf 0.7s
i [%EnsembiRat - [y Template for cutoffs [P-value = 0.01 =l
i fEleo
Nucleotide distribution template
GTRD D i IHuman ;I
i [F Geneways [y Output profile |- ases/TRANSFACIR) 2013.1/Dataimatrx profie
Eﬁ HumanCyc
F&] PROTEOME(TM) 2012 1
Eﬁ Reactome

@ TRANSFAC(R) 2012.1

£ TRANSFAC(R) 20122
@ TRANSFAC(R) 2012.3
@ TRANSFAC(R) 2012.4
£ TRANSFAC(R) 2013.1

H 1 i/ Data

» | classifications

3 F“aiadnr

Step 2. Edit other input parameters as shown in the figure above. The output profile
path needs to be chosen in a writable directory, e.g. one of your projects.

Clicking the [Run] button will invoke the analysis. A part of the resulting profile is shown

below:
. Core Core Core -
N Mat Cutoff Matrix |
ame atrix name utof cutoff start length atrix logo
ASAPIAPZ_M ASAPIAPZ_MM 0.7 0 5 5 T CA C
= _G A
ASAPIAPZ 02 ASAPIAPZ_02 07 0 5 5 T CA C
S _%E :I
ASAPIAPZ_03 ASAPIAPZ_03 0.7 0 5 5 T CA C
SIS _C: —.I
ASCGD2 ASCGD2 0.75 0 4 5 C CAT C Fay
_T —
BSCRP_C BSCRP_C 062069 0 7 5 AAT A TOTGA
— - e s = =
BETRAM_01 BETRAM_D1 0.73333 0 5 5 A | AT C TC': AT A 0T
TY"aaTCcaYa!l aToaTTCA
FEABAL 11 FEABAL 01 0.75 0 T 5 CATT CC
= 0
T e TR o L — -_—
20.1.4. Search for enriched TFBSs

The platform comprises tools that are dedicated to discovering types of binding sites
enriched in a set of sequences. They are named “Search for enriched TFBSs (genes)” and
“Search for enriched TFBSs (tracks)”. Both apply a common core algorithm to gene
promoters or tracks, respectively. The “Search for enriched TFBSs”-tools are accessible in
the “Analysis” tab under “analyses/Methods/Site Analysis”.
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Dedication to discovering enriched types of binding sites means that these methods won't

EELFO

Users

Databases Data Analyses

L | Galaxy
b 1\ | JavaScript
4 || |Methods
3 .| Data manipulation
.| Data normalization
\\| Functional classification
.\ Import
\\.| Molecular networks
P nes
\\| Optimization

m

1| Simulation
a4 || | Site analysis
@,’|‘ Change profile cutoffs
- pe Construct IPS CizModule
- |22 Construct composite modules
- |22 Construct composite modules on tracks
- |[pg Create IPS model
- | % Create Match model
@ Create profile from gene table
3-}3 Create profile from matrix library
E Create profile from table
- | %y Create weight matrix model
- B IPS motif discovery
- 7 Motif quality analysis
- E: Search for enriched TFBSs (genes)
_%: Search for enriched TFBSz (tracks)

set” and are described in the following.

4 |, |analyses &

bother with storing predicted binding sites
and they also do not require predictions as
input. Their sole output is a relatively small
table summarizing the enrichment detected
for PWM models in a sequence set of interest.
As a result, the "Search for enriched TFBSs”-
tools are often considerably faster than
solutions that have to read and write binding
site information. In addition, their outputs
consume only the disk space needed to
present the results of analyzing binding site
enrichment. Hence, a “Search for enriched
TFBSs” is for you if you wish to gain insight
into enriched binding sites quickly and in an
uncomplicated way.

20.1.4.1.
(genes)

Search for enriched TFBSs

Let us begin with the analysis for gene
promoters. The figure below depicts the input
mask of the analysis tool. The parameters are
similar to those used by “Site search on gene

Start page E’ Search for enriched TFBS... Xi

D No set

[y Input motif profile

D Species

== Hide expert options Run

[? f@s'lts-elect element)

7 fﬁél[&elec‘t element)

71 i I...F{ANSFAC(R} 2012 Z/Data/profiles/vertebrates

7 |Hun'|an {Homo sapiens) ;'
71  -1000
[?1 | 100

71 ﬁl(&elect glement)
[*1 0.0s

Yes set: This is the set of genes that you want to analyze, for example these can be
genes with altered expression. The program accepts genes specified by Ensembl gene
identifiers. Note that the “Convert table” functionality in the “Data manipulation” folder
can map other identifiers to the required Ensembl genes.

No set: This is the set of background genes (control set), which also need to be specified

by Ensemble gene IDs.

These two datasets might be taken from the output tables of previous analyses; see,
e.g., "Detect differentially expressed genes” (Section 10.2).
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Species: This option specifies the biological species of Yes and No gene sets. Currently,
the method is applicable to human, mouse or rat genes.

From and To: These values define the length and location of promoter regions
(upstream and downstream) relative to the transcription start site (TSS). Respective
sequence regions are extracted for each Yes and No gene according to Ensembl
annotation.

Input motif profile: The profile lists the PWMs (motifs) to be used for binding site
prediction together with a score cutoff. By default, this field is set to the last profiled set
in your workspace. Note that cutoffs in the profile are ignored, because the “Search for
enriched TFBSs” determines a starting threshold specified in the Initial cutoff field.

Output path: In this field you select a path in the workspace to store the output table.

Initial cutoff: This cutoff determines the starting point of the analysis with respect to
the score threshold to predict binding sites. The choice is expressed as frequency of
predicted sites per base. By default, the analysis begins with a frequency of 5 sites in
100 bases (0.05). From the initial cutoff the algorithm iterates over higher cutoffs and
eventually reports the one that resulted in optimal enrichment of binding sites in the Yes
set. This is done separately for each PWM.

The steps of an analysis can be described as follows:

Step 1. Input Yes set from the tree. As usual, you can drag-and-drop. Here, the set of
genes from the Example folder is used as input Yes set, highlighted blue on the
screenshot below:

|d| @ |G‘ l h Start page || E’Ssarch for enriched TFBS... Xi
H AT ‘ Data | Y H R | [ ves set (7 ﬂl expressed genes/Upregulated Ensembl genes
4wy dat i [y Mo set r
1| Examples -
B Amarusclerusls GSESS84, llumina HumanRef-8v1 bead [y Input motif profile 17l r&l RANSFAC(R) 2012 2/Dataiprofilesivertebrates
H Brain Tumor GSE1825, Affymetrix HG-U133A micrearra D Species 17 I Human (Homo sapiens) LI
@ Breast Cancer GSES187, Agilent 014850 microarray From
[ oata -G 71 | -1000
bl GsEste7_Raw SO 171 | 100
4 _J metadherin gene knockdown celis and control ¢ D Output path 7 ﬁl...a!erent\ﬂw expressed genes/Enriched_motifs

i ||| Anatyze promoter E : -
JDEfEFEI‘IUEW expressed genes ’ D Initial cut-off 71 005
ﬁ;‘ Downregulated Ensembl genes
ﬁ; Downregulated Entrez genes == Hide expert options Run
ﬂﬁé Downregulated probes annot
ﬁ; Genes, Fold Genes, fold change and p|
Fﬁ Genes, Fold Genes, fold change and p|

ﬁ;‘ Mon-changed Ensembl genes
ﬁ; Mon-changed Entrez genes

ﬂﬁé Probes, fold change and p-value

@ Report

ﬁ;' UpDown Ensembl genes

ﬁ; UpDown Entrez genes

—_
ﬁ;' Upregulated Ensembl genes
_Ex.. R

Step 2. Input No set (drag-and-drop). Our example uses the set of “Non-changed
Ensembl genes”:
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= ﬁ G Start page s Search for enriched TFBS...

Databases || Data | Analyses | Users D es set 7 ! Ensembl genes

Fl dat;
U ]daa il - [} Moset 4] ﬁg‘l...xpressad genes/Non-changed Ensembl genes
u_] Examples .
Atherosclerosis GSEBS84, llumina HumanRef-8v1 bead [ Input melif profile ) sorates
Brain Tumer GSE1825, Affymetrix HG-U133A microarral - D Species Il I Human (Home sapiens) LI
@ Breast Cancer GSE9187, Agilent 014850 microarray From
« L]osta O 71 | -1000
b L] GSEBT_RAW [T 17 | 100
4 u_l n:jadhenn gene knockdown cells and control ¢ 1 - [y Output path o ﬁI sferentially sxpressed genss/Enriched_motifs
[ Analyze promoter £
i 1] Deferentially exprassed genes - [ Initial cut-off 7 oos

- ﬂ Downregulated Ensembl genes
- f@; Downregulated Entrez genes =< Hide exparroptions Run
T‘é Downregulated probes annot

- f@;Genes, Fold Genes, fold change and-p|

3 Enes,
i ﬂ Non-changed Ensembl genes
Hl—

™

Step 3. Select the TRANSFAC® or GTRD profile from the available profiles. In this
example, we select the TRANSFAC® 2013.1 profile named “vertebrates”:

Start page Bsaarch for enriched TFBS...

[ Yesset il ﬁs‘l expressed genes/Upregulated Ensembl genes
PR TRANSFAC(R} 20123 [ Noset [ 5| xpresseg ganeslian.aaanaedEnsemsl genes
Input motif profile 7, RANSFAC(R) 2013.1/Data/profies/vertebrat
4 [7] TRANSFAC(R) 2013.1 b i q
D Species [71 |Human (- OT T e p—
b 1] clessifications [ From 7 -1000

|:> 9:‘% factor

H ujgena D To 71 100
D ﬁ matrix | D Qutput path 71 él...aferenhalhr expressed genes/Enriched_motifs. ,
4 1 |profies || [y it cutory @ | 005
‘® adipocyte_specific

i

¢ % al_human_p0.0001 y

[ & all_human_p0.001 ZsHide Bxpert oofions

LI -

Step 4. Edit the output path (highlighted green in the figure above). After setting the
Yes gene set, a default output path is suggested. The Example folder may however not
be writable for your account requiring selection of an alternative such as one of your own
projects. A different selection can be made easily by clicking on the field.

We keep the defaults for promoter range (starting from 1000t base upstream to the
100t base downstream of the TSS) and initial cutoff.

Clicking the [Run] button will invoke the analysis. The summary table = is automatically
opened in a new tab when the analysis is completed. Here is a part of the output for our
example:

D Adj. site FE v Site FDR Adj. seq FE Seq FDR
VEZEC_01 264073 1.3829E-4 264073 0.06259
WEEWSRIFLH_01 2.07964 6.307SE-10 0.75753 1
VEIRF1_06_01 1.99868 3.7B86E-4 1.58411 0.07603
WVEMAZR_01 1.80672 2.2254E-5 1.68013 0.07603
VEOCTAMER_01 1.57048 5.6555E-4 0.76612 1
VEPOUIF3_01 1.57048 5.6555E-4 0.76612 1
VEZFPT40_03 1.54585 3.0578E-5 0.76013 1
WEZFP410_04 1.45825 6.6076E-6 0.758 1
WEAPR4_06_02 1.42537 0.00114 0.758 1
VEAHR_QS5 1.4133 0.00158 0.75885 1
VEBCLEE_04 1.35808 3.5645E-4 0.75871 1
WEHOXA10_0M 1.35731 0.0mz 1.18255 0.07803
VEPLAGL1_03 1.3071 0.00105 0.76323 1
WEFOX01_Q5 1.28545 2.1651E-4 1.14645 0.07603
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Each row of the output table represents the result for one PWM from the input profile.
Fold enrichment (FE) values quantify the enrichment of binding sites in the Yes sequence
set as a whole (Adj. site FE) and of Yes sequences with at least one binding site (Adj.
seq FE). The FE is an odds ratio that compares the ratio of Yes sites to No sites with the
ratio of Yes sequences to No sequences. Unlike in other tools the FE values are
statistically corrected (adjusted) quantities that report a value below the actually
observed ratio according to the 99% confidence interval. This correction takes into
account the underlying site numbers and sequence numbers and penalizes enrichment
values that are based on only few binding site occurrences, e.g. at a high score
threshold. The output table is sorted by the adjusted Site FE by default.

The statistical significance of enrichment is further assessed by one-tailed binomial test
and Fisher tests P-values, for which False Discovery Rates (FDRs) are reported. The Site
FDR is based on binomial test P-values calculated for the number of binding site in Yes
and No set. The Seq FDR column contains FDRs for Fisher test P-values for the number
of sequences with at one site in Yes and No sets.

Additional columns are available via the “Columns” tab of the lower-right panel. Each
column is also accompanied by a concise description and can be included into the table
presentation upon demand.

| Filters Columns H My description H Graph search H Script ” Clipboard || Tasks |
Column name Type Description
#No sites per 1K Float - Number of sites per 1000 sc
#res sites per 1K Float - Number of sites per 1000 sc
%Mo seq Float - Percent Mo seguences with
%eres seq Float - Percent Yes seguences with
Adj =eq FE Float - Adjusted fold enrichment of
Adj. =ite FE Float - Adjusted fold enrichment of
Seq FDR Float - FOR of seguence enrichmen
Seq P-value Float - P-value of sequence enrichr
Seq cuteff Float - Score cut-off with best sequ
Site FOR Float - FOR of site enrichment (Benj
Site P-value Float - P-value of site enrichment (b

20.1.4.2. Search for enriched TFBSs (tracks)

The “tracks” variant of the “Search for enriched TFBSs” can be applied to sequence

tracks signified by the symbol (‘Q). For instance, a track may contain genomic intervals
identified by a ChIP-seq experiment.
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D res set [7] @)I(select element)

[y No set [7] Ql(select element)

D Sequence source [# |Ensemt:-l 65.37 Human (hg19) ;l
[y Input motif profile 7] r'ml...RANSFAC(R} 2013.1/Data/profiles/vertebrates
[y Output path [7] ﬁl(seled element)

D Cut-off 1 | 0.05

The analysis uses the following parameters:

Yes set: This is the track that you want to analyze, for example these can be ChIP-seq
intervals bound a transcription factor.

No set: This is the set of background intervals (control set).

Sequence source: Both Yes and No track need to refer to a common source, such as a
genome, as specified by this parameter. Note that you can apply a custom source, e.g. a
specifically uploaded genome. Clicking on the “Custom” option will open a new field to
choose the custom sequence source.

Input motif profile: The profile lists the PWMs (motifs) to be used for binding site
prediction together with a score cutoff. By default, this field is set to the last profiled set
in your workspace. Note that cutoffs in the profile are ignored, because the “Search for
enriched TFBSs” determines a starting threshold specified in the Initial cutoff field.

Output path: In this field you select a path in the workspace to store the output table.

Initial cutoff: This cutoff determines the starting point of the analysis with respect to
the score threshold to predict binding sites. The choice is expressed as frequency of
predicted sites per base. By default, the analysis begins with a frequency of 5 sites in
100 bases (0.05). From the initial cutoff the algorithm iterates over higher cutoffs and
eventually reports the one that resulted in optimal enrichment of binding sites in the Yes
set. This is done separately for each PWM.

The platform is provides an out-of-the-box example for this tool under “data/Examples/
Encode TFBS CEBPB in H1-hESC cells”. The ChIP-seq experiment targeted CEBPB binding
sites in H1-hESC cells. The steps of an analysis can be described as follows:

Step 1. Input the Yes set from the tree. As usual, you can drag-and-drop. The YES set
contains the 500 most significant peaks:

|<ﬂ |@ |a || i |G| ] l| Start page ||ﬁ Enriched_motifs 4|‘§;5earch for enriched TFBS... 1\1

: =
“ Databases ‘ Data | Analyses H Users | ] D “es set £ ...1-hESC cells/Data/CEBP in H1-hESC cells YES
4 || |data - [ No set 71 | g |(selectel
4 |, |Examples i

i [l Atherosclerosis GSES584, llumina HumanRef-8v1 bead - [y Seauence source 7] [Ensembl 85,37 Human (hg13) =]
Brain Tumor GSE1825, A ffymetrix HG-U1334 microarra i+ [ Input motif profile [7) G| RANSFAC(R) 2013 1/Datsiprofies/veriebrates
Breast Cancer GSE9187, Agilent 014850 microarray H
E2F1 binding regions in Hela cells, ChiP-Seg

= ) L [ Cut-off 5
] Encode TFBS CEBPE in H1-hESC cells ] [ | 005

.| Data
: < Hide expert options

D Output path % ﬁl CEBPB in H1-hESC cells/Data/Enriched_motifs

{ [ 4 CEBPin H1-hESC cells YES

Step 2. Input the No set (drag-and-drop). The NO set contains 1000 random intervals
from promoter regions with the same length distribution as the 500 YES intervals:
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EISEIEEIES

|| Databases | Data ‘ Analyses ” Users |

4 || |data o
1 | Examples
Y Atheros:lerosis GSEB584, llumina HumanRef-8v1 bead

- Brain Tumor GSE1825, Affymetrix HG-U133A microarra

- Breast Cancer GSE9187, Agilent 014850 microarray

> E2F1 binding regions in HelLa cells, ChIP-Seq

F ﬁ Encode TFBS CEBPB in H1-hESC cells
‘ gl

45 CEBP in H1-hESC cells NO
in H1-hESC

D Yes set

D Ho set

D Seguence source
[} Input motif profile
D Output path

i [y Cut-off
=« Hide expert options

l| Start page ||ﬁ Enriched_motifs X”.Q Search for enriched TFBS... Xt

71 (ﬁ| RANSFAC(R) 2013 1/Datalprofiesivertebrates

[l [Z[. CEBPB in H1-hESC cells/Data/Enriched_motifs

[?1 o005

Step 3. Select the TRANSFAC® or GTRD profile from the available profiles. In this
example, we select the TRANSFAC® 2013.1 profile named “vertebrates”:

it n n

m

¢ [®) ensembiHumans2
¢ f&EnsembiMouse
¢ [FEnsembirat

b GO

b fmiGTRD

i f&]Geneways

i f&] Humancyc

i f=] PROTEOMECTM) 2012.1

i f&] Reactome

3 @ TRANSFAC(R) 20121

¢ @ TRANSFAC(R) 20122

¢ @ TRANSFAC(R) 2012.3

R TRANSFAC(R) 2012

4[] TRANSFAC(R) 20131
Data

|| classifications
ﬁ;@, factor

bl gene

b [ matrix

u | [l profies

i @ adipocyte_specific
i b @ al_human_po.0001

Step 4. Edit the output path.

” Databases || Data || Analyses || Users l L[ vessst
4 ||| databases 3 [ Nosst
i f&] biomodels
Biopath D Seguence source
i [ Ensembl i+ [y Input motif profile

[ Output path

D Cut-off

[

[ QI 1-hESC cells/Data/CEBP in H1-hESC cells YES

2 él . H1-hESC cellsiData/CEBP in H1-hESC cells NC

17 |Ensemblas

N |- RANSFACR) 2013.1Dataiprofiestvartebrates

After setting the Yes

gene set, a default output path is

suggested. The Example folder may however not be writable for your account requiring
selection of an alternative such as one of your own projects. A different selection can be

made easily by clicking on the fi

eld.

Clicking the [Run] button will invoke the analysis. The summary table = is automatically
opened in a new tab when the analysis is completed. A part of the output for our
example is shown below. Please refer to “"Search for enriched TFBSs (genes)” for further

description.
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ID Adj. site FE Site FDR Adj. seq FE Seq FDR
VECEBPE_01 5714469 5.1994E-116 35.93992 S.0372E-24
WECEBPE_02 23.88447 5.2263E-01 18.63352 4 0359E-57
WECEBPD_0Q6 01 21.12524 2.1321E-85 1680092 1.4431E-T5
VECEBPB_Q6 21.06665 1.14287E-53 18.20379 5. 7438E-50
WECEBP_(12 17.07393 1.7734E-38 1424187 1.7335E-79
WECEBPA_0M1 G 77794 3.0308E-90 &.11222 S.0372E-24
VECEBP_Q2_ 01 8.59034 2.1052E-59 7.22086 6.4101E-55
WECEBPG_06_01 7.57880 1.0374E-55 6.08461 1.699E-49
VECEBPB_01 T.44422 4 3951E-40 6.23166 4 1809E-35
WECEBRA_QG 6.14838 3.1984E-116 3.232T1 2.0432E-34
WEHLF_01 5.90053 2.8085E-16 6.32245 1.2186E-16
WVECEBPD_Q6 397228 1.4818E-43 387102 5B942E-29
VECTCF_02 361809 1.2433E-9 3.61809 7.863E-9
WECEBPE_Q6 341213 1.9695E-48 312427 6.3656E-17
WEDEP_Q6_01 272728 7.G347E-O 261739 1.4963E-6
WECEBP_C 26812 5.0525E-28 237N 1.939E-23
WEATF4_0O2 2821 1.9478E-8 26165 4 4548E-T
WECTCF_01 250799 7.904E-9 295829 3.50T9E-9
WECREB_Q2 250216 6.6199E-7 250216 5.618E-6

20.1.5. Construct composite modules

Composite modules are combinations of several TFBSs that are found together in a set of
regulatory sequences. We search for such combinations of TF binding sites that are
overrepresented in the regulatory sequences under study compared to a background set
of sequences. The search for composite modules is performed using an in-house
implementation of a genetic algorithm. As input for the genetic algorithm we take the
output of a site search analysis.

There are two individual analysis functions available with the same symbol “; they are
different with respect to the type of sequences where the search for composite modules
is done, and correspondingly with respect to the format of the input data.

% Construct composite modules analysis works on the promoter sequences
specified relative to TSS in the set of genes. As input, it takes the results of the
Site search on gene set analysis function.

% Construct composite modules on tracks works with any DNA sequences
specified by their absolute genomic positions, and is very often applied for the
analysis of ChIP-seq fragments. As input, it takes the results of the Site search
on track analysis function.

Both analysis functions can be found in the geneXplain platform online under the path

http://genexplain-platform.com/bioumiweb/#de=analyses/Methods/Site%?20analysis

20.1.5.1. Construct composite modules

This analysis function enables the identification of combinations of several TFBSs in the
promoters of the genes under study (Yes-set). The resulting composite module
differentiates the Yes-set from a background set (No-set).


http://genexplain-platform.com/bioumlweb/#de=analyses/Methods/Site%20analysis
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Before starting this analysis, you need to perform Site search on gene set with your
selected Yes-set, No-set and a specified profile of matrices. If you are interested in
finding site models for particular TFs, and see them eventually in the resulting composite
modules, you need to be sure that such matrices are present in the selected profile. You
can use one of the available TRANSFAC® profiles, or alternatively you can construct a
customized profile; for details please see Section 20.1.3.3.

The input form for this analysis is shown below:

|| Start page ”ﬂ Construct composite mod... Xi

|| Databases ‘ Data H Analyses || Users D Site search result ﬁl{s«electelernent]
Pl NGS E|.,:| Model parameters
¢ ||| Optimization f

[ .\ | Simulation !

a4 || |Site analysis

@,’l‘ Change profile thresholds

- jpe Construct IPS CisModule

- 22 Construct composite modules

1

= |(select element)

N Fa Y
Show expert options >> | Run |

- |22 Construct composite modules on trac
- |jpg Create |FS model

- | %1y Create Maich model

Qp Create profile from gene table

Step 1. Specify Site search result. This is the input field for the analysis, where you

specify the results of the site search. The input field is marked by the symbol ﬁ, which
means that the input data set should have the same symbol.

In the example below, we will use an input data set, which you can find in the geneXplain
platform online under the following path:

data/Examples/Brain  Tumor GSE1825, Affymetrix HG-U133A microarray/Data/Ewing
Family Tumor versus Neuroblastoma/Construct composite modules/Upregulated Ensembl
genes LogFoldChange >1.2 sites -500..100, profile 0.001

As you can see, this is a folder with the results of the Site search on gene set. If you
single-click on this folder in the tree area it will be highlighted in blue, and in the Info box
you can find a description of all the details about Yes-set, No-set, profile, promoter
regions applied to get these results (cf. screenshot below).
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|| Databases | Data | Analyses Users
T o OMA £ 10 3 IMOaUTES, Z uemulvwmmwmﬂmﬂ'ﬂm—l. E . ~5UU.. TUU, )

22 CMA 2 to 3 modules, 2 models, mut 0.8, elite 100 (Upreg Ensembl genes LogFC =1.2 sites -500..100, profile |
22 CMA 2 to 5 modules (Upregulated Ensembl genes LogFoldChange =1.2 sites -500..100, profile 0.001)

. F@; Upregulated Ensembl genes LogFoldChange >1.2

i ﬁ Upregulated Ensembl genes LogFeldChange >1.2 sites -500..100, profile 0.001

b ﬁ Upregulated Ensembl genes LogFeldChange »1.2 sites -500..100, profile 0.01

.| detect deferentially expressed genes_log2
.,_| Enrichment analysis
b .| Find Common Effectors

| Saarch ’m Default v

ID: Upregulated Ensembl genes LogFoldChange >1.2 sites -500..100, profile 0.001
Created: Mon Jan 28 18:23:07 UTC 2013

Modified: Mon Jan 28 18:28:23 UTC 2013

Size: 5

Result of analysis: Site search on gene set

Parameters:

< Yes set: Uprequlated Ensembl genes LogFoldChange >1.2
< No set: Non-changed Ensembl genes

Species: Human (Homo sapiens)

From: -500

To: 100

Profile: vertebrate human p0.001

Optimize cutoffs (expert): true

Optimize window (expert): false

P-value cutoff (expert): 0.1

Remove non-optimized sites (expert): true
Overrepresented matrices in summary (expert): true
Output path: Upregulated Ensembl genes LogFoldChange >1.2 sites -500..100, profile 0.001

kel

Q00000000

Complete name: data/Examples/Brain Tumor GSE1825, Affymetrix HG-U133A microarray/Data/Ewing
Family Tumor versus Neuroblastoma/Construct composite modules/Upregulated Ensembl genes
LogFoldChange >1.2 sites -500..100, profile 0.001

You can drag & drop the name of the folder Upregulated Ensembl genes LogFoldChange
>1.2 sites -500..100, profile 0.001 into the input field, or you can select it in the tree in
the pop-up window if you click on the pink box of the input field.

Step 2. Specify Model parameters. You can specify the number of elements in the
hierarchical structure of the desired composite module. Details and explanations on how
to do this are explained below in Section 9.5.3 Hierarchical structure of the composite
modules.

Step 3. Specify Output path. Specify a location for the results in your project in the

tree area. The resulting folder will be marked by the same icon as the analysis, “*.

Results are described below in Section 20.1.5.4.

20.1.5.2. Construct composite modules on tracks

This analysis is designed for identifiying combinations of several TFBSs in DNA sequences
specified by their genomic positions (tracks). An example of a track that is very often
used is a set of the ChIP-seq data. The resulting composite module differentiates
between a Yes-track and a background (No-track).
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Before starting this analysis, you need to perform Site search on track with your selected
Yes-set, No-set and specified profile of matrices. If you are interested in seeing the site
models for particular TFs in the resulting composite modules, you have to make sure that
such matrices are present in the selected profile. You can use one of the available
TRANSFAC® profiles, or alternatively you can construct a customized profile; for details
please see Section 20.1.3.

The input form for this analysis is shown below:

l H Start page ||ﬂ Construct composite mod... X
“ Databases H Data H Analyses || Users D Experiment track ‘Ql{seledelernenu

[ |NGS D Control track
b .| Optimization :

& |(select element)

H =% Maodel parameters
.| Simulation E‘ o i

a | | Site analysis

G_l,'l' Change profile thresholds
- jpe Construct IPS CisModule i
- 22 Construct composite modules ' [y Qutput path = I{s.eIE{:t element)
- 22 Construct composite modules on tracks

D Min modules 1

D Max modules 1

. I/ \l
- |jpg Create IPS model Show expert options == | Run )
- | %hq Create Match model

@v Create profile from gene table

Step 1. Experiment track is the input field for the Yes-track, or track under study.
Step 2. Control track is the input field for the No-track, or background track.

Step 3. Model parameters. You can specify the number of elements in the hierarchical
structure of the desired composite module. You may find details and explanations on how
to do this below in Section 9.5.3 “Hierarchical structure of the composite modules”.

Step 4. Output path. Specify a location for the results in your project in the tree area.

The resulting folder will be marked by the same icon as the analysis: ==,

Results are described below in Section 20.1.5.4.

Note. This analysis is the central part the workflow ChIP-Seq - Identify composite
modules on peaks (TRANSFAC®), and it might be more convenient to use the workflow
instead of the individual analysis.

20.1.5.3. Hierarchical structure of the composite modules

Composite modules may have a complex hierarchical structure consisting of two levels:
site models and modules. The highest hierarchical level contains several modules and
corresponds to the promoter model.

The first level, site model, corresponds to the individual site model, often based on one
PWM. Names of the site models are often the same as the matrix names (in case the site
models are based on a library of matrices). The site models are taken from the profile
that was used in the site search. In the resulting schemas the site models are shown by
blue boxes, for instance:
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VSE2F4_04
0.81; N=2

Within these boxes, there are two values below the site model. The first value is the
threshold value for the score of the respective site model, which is determined by the
genetic algorithm during the optimization process (here it is equal to 0.81); in some
cases this value is equal to 0.0, which means that the original threshold value given in
the profile was found by the algorithm to be the optimal one. The second value, in this
example N=2, is the maximum number of best found individual matches (sites) for this
site model which are taken into account for calculating the score of the module.

The next level, module, may contain several site models, shown within the light brown
boxes:

V$E2F4_04 | | V$OBOX6_01 | | VENFAT2_Q5
0.81; N=2 0.78; N=2 1.00; N=2

Madule width: 237

The module is characterized by its width, the average length of DNA window containing
matches for the mentioned site models. In the example, the module width is 237 bp. In
the resulting schemas modules are shown in green boxes, and they are numbered, e.g.
Module 1, Module 2, ....

In the input form you can define the complexity of the promoter model to be constructed
by specifying the number of units of each level: number of modules, number of site
models, and also the minimum and maximum numbers of individual sites to be
considered. In order to illustrate how to specify these parameters, let's consider three
examples of resulting modules depending on the input parameters.

Example 1. - [y Site search resul = achar
E‘u.:l Genetic algorithm parameters

In the picture below (left part) you can see the

composite module resulting from the performed + [ Number of terations 200
analysis. On the right side of the picture the - [ Population sims 1000
input form with specified parameters is shown. - [ Men-change limit 100
D Elite size 10
D Mutation rate 05
: Penalty rate
-G 0.3
\ E‘uﬂ Model parameters
$E2F4_04| | VSTEF1_Q6 | | VSSTATISTATL OB L7 ) Min modules 1
0.81; N=2 0.00; N=2 0.00; N=2 \ Max modules "
V$DEAF1_02 | | VSWHN_B | | V$LHX3_Q3 = (= Gaussian model
0.00; N=2 0.95; N=1 0.00; N=2 H
: Min models
V$EGR2_Q6 | | V$GATA3_05
0.99; N=2 0.00; N=1 Max models
i HET Min sites to account

Max sites to account

~ [y Output path .. 1dChan
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We can see that Min modules (minimum number of modules) and Max modules
(maximum number of modules) is 1, and correspondingly there is just one module in the
resulting picture, Module 1, highlighted by the red circle on both the resulting schema
and the input parameters.

The blue circle highlights the parameters Min models (minimum number of site models
within one module) and Max models (maximum number of site models within one
module) in the input form. As we can see, the number of site models is set to vary from
4 to 12. Correspondingly, in the resulting schema (left part above) there are 11 site
models (blue boxes) identified by the algorithm.

The third parameter, Min sites to account (minimum number of individual sites for
each site model to be considered) and Max sites to account (maximum number of
individual sites for each site model to be considered), is highlighted by a green circle. As
we can see, this parameter is set to vary from 1 to 3, and correspondingly in the
resulting schema, for the different matrices we can see N=1 or N=2 or N=3.

Example 2.

In this example, the number of modules (red circles) is specified from 2 to 3, and
correspondingly the resulting promoter model contains three modules, Module 1, Module
2, and Module 3 (picture below, left part, red circles).

The number of site models is specified in the input form as from 2 to 2, which means
that we are going to search for pairs of individual site models. In agreement with the
input parameters, in the resulting schema we can see each module containing two site
models highlighted by blue circles.

Module 1‘ """ - [y Site search resul ﬁl...ldﬂhﬂn
Eh.:l Genetic algorithm parameters
[y Number of iterations 200
EI Population size 1000
Mﬂﬂm%\ EI Mon-change limit 100
7 —
( U$IK2_{11 "I.I'$E2F4_U4 EI Elite size 10
\ | 000 N=L 0.81; N=1 EI Mutation rate 0.5
Module width: 232 :
¥—4 EI Penalty rate 03
Module 3.
7Qv\ Ell.j Model parameters
V$0BOX6_01| | V$E2F2_03 \) © Min modules
0.79; N=2 0.82; N=2
Modube width: 272 Wiax mocules

= Gaussian
H D Min models

[y Max models

..... B Max sites to account 3

..... EI Output path o I___|dc:han
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Example 3.

In this example, the number of modules (red circles) is specified from 2 to 5, and
correspondingly the resulting promoter model consists of four modules selected by the
algorithm, Module 1, Module 2, Module 3 and Module 4 (picture below, left part, red
circles).

The number of site models is specified in the input form as from 2 to 3, which means
that we would like to find either pairs or triplets of individual site models. In agreement
with the input parameters, three out of four modules contain three site models
(highlighted by blue circles within Module 1), and one module, Module 3, contains two
site models.

D Site search result ﬁlm
E'lii'l Genetic algorithm parameters
: [y Number of iterations 200
[y Population size 1000
- = EI Mon-change limit 100
/IVSE2F4_04 | | V$OBOX6_01 | | VSNFAT2_Q5 o I
{ 0.81; N=2 0.78; N=2 1.0D; N=2 ) [y Elite size 10
Madule width: 237 [ Mutation rate 0.5
Module 3: ]
€ 3, EI Fenalty rate 0.3
/', T
V$STATISTAT1_Q3 | | V$LHX3_Q3 £l Model parameters
< 0.00; N=2 0.00; M=1 . .
Modube width: 254 / Min modules
A — M dul
MDI:IUIE‘L,, — : ax modules
L —ng == Gaussian mode
4 V$SOX2_Q6 | | VSIRX2_01 | | V$SMAD4_04 |\
<\ 0.00; N=2 0.00; N=3 0.87; N=2 ) EI Min models
\ Modube width: 278 / : Max models

D Min sites fo account

..... D Max sites to account 3

Based on these three examples you can specify input parameters for the number of
modules, site models, and individual sites, depending on what resulting promoter model
you would like to get.

Site models in focus

There are situations when researchers would like to focus on particular TFs and would
like to find out with what other TFs they may form composite modules. Site models that
must be present in the resulting modules, are referred to as site models in focus. In the
expert options menu, under Score calculation parameters, there is a field Site models in
focus. As soon as the site search results are submitted to the input field, all site models



418

Methods

from the profile used before for site search are now available for selection via the drop-
down menu, as shown on the screenshot below.

E.j Score calculation parameters

D Penalty rate 03

[ D Site models in focus VEAPT Q2 01 -

E‘uj Model parameters gﬁ:gﬂ"}“g_sm ~
D Min modules 33:’&%—%25
- VEAP1 Q2 01

: D Max modules VEAP1_ Q4 01

E|.j Gaussian model xgﬁgﬂiﬂ—m—m

: FRrpTRg—— VEAPZ_QE_01

In this example, we can see that V$AP1_Q2_01 is selected. Using the Ctrl button, several
matrices from the list can be selected.

As soon as the site model is selected, two new fields will appear just below the field Site
models in focus (screenshot below).

All modules contain site model in focus. When this box is checked, all the resulting
modules must contain specified site models. When it is unchecked, at least one of the

resulting modules must have a specified site model, and other may have them too, but
not necessarily.

Focused sequences percent. In the drop-down menu, you can specify the minimum

percentage of the Yes sequences (genes, promoters) that must contain modules with the
specified site models in focus.

E‘uj Score calculation parameters
C D Penalty rate 03
D Site models in focus IVS}’\P‘I_DZ_M ;I
D All modules contain site model in focus M
; D Focused sequences percent G0% LI
E|.;'| Model parameters gg“%
- [y Min modes L

20.1.5.4. Visualization and interpretation of the results

Let us consider the results of the Construct composite module analysis obtained for the

following input data set, which you can find in the geneXplain platform online under the
following path:

data/Examples/Brain  Tumor GSE1825, Affymetrix HG-U133A microarray/Data/Ewing
Family Tumor versus Neuroblastoma/Construct composite modules/Upregulated Ensembl
genes LogFoldChange >1.2 sites -500..100, profile 0.001

Input parameters used were the following:
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o Site search result: Upregulated Ensembl genes LogFoldChange =1.2 sites -500..100, profile 0.001

+ Genetic algorithm parameters (expert)
¢ MNumber of iterations: 200
¢ Population size: 1000
» Non-change limit: 100
o Elite size: 10
+ Mutation rate: 0.5
¢ Score calculation parameters (expert)
¢ Penalty rate: 0.3
¢ Site models in focus:
¢ Model parameters
¢ Min modules: 2
o« Max modules: 5
¢ Gaussian model (expert)
= Min models: 2
= Max models: 3
= Min sites to account: 1
= Max sites to account: 3
= Min module width: 30
= Max module width: 200

o Qutput path: CMA 2 to 5 modules (Upreq genes LogFoldChange =1.2 sites -500..100, profile 0.001)

As result, a new folder is generated containing two tables, two tracks, and one

histogram, as shown below.

F | _J Ewing Family Tumor versus Meurcblastoma
r _J Construct composite modules

t [ Histogram

H" Model visualization on No set
f@;‘ Model visualization on Yes set
-&5 no track

-5” yes track

4 22 ChA 2 to 5 modules (Upreg genes LogFoldChange =1.2 sites -500..100, profile 0.001)

Model visualization in Yes set

This table represents the primary results of the analysis, and shows the visualization of

the identified composite modules in the promoters of the Yes set.

D Name Model Score
mars. ——— oG
ENSG00000163743 RCHY1 ( 8 = - 6.68436
S = =
=5
ENSGO0000105874 CAV1 = = = 6.66507
CcDH1L |
ENSG 00000140937 CDH11 o= = 6.39537
= =
ENSGO0000178035 IMPDHZ = -. 6.26059
&=
PDSSB |
ENSGO0000083642 POS5B =9 = 6.15113
= =
ENSGOO000101444 AHCY = o= = 5.91804
@ =
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Each row in this table corresponds to one gene of the Yes set, and for each gene the
Ensembl ID and the gene symbol are shown in the two first columns. The column Model
displays a symbolic map of the gene promoter taken for the analysis, in this case -
500/+100 relative to the TSS. Arrows of different colors correspond to individual TFBSs,
and a gradient in grey corresponds to the statistical density of the identified composite
modules. The most intensive grey color corresponds to the center of a composite module.
Each individual TFBS on this map is clickable, and upon a click information is displayed in
the Info box (bottom left corner in the tool). As an example, one blue arrow is selected
on the promoter of the top gene in the screenshot above, and for this selected TFBS the
following details are shown in Info box:

Site ID: 11

Type: V$IRX4_01

Sequence name: ENSG00000163743
Sequence: GCAATAAATGTAAGATT
Position: 266 - 282 (17)
Properties:

+ score: 0.8324545794157083
+ siteModel: V$IRX4 01

+ subModel: M4

+ weight: 0.539245597

Model V$IRX4 01
Binding element: IRX4
Threshold: 0.75876
Matrix: V$IRX4 01
Matrix length: 17

N TACATGCTAa .

The last column in the table, Score, shows a score calculated for each promoter
depending on the number of modules, site models, sites, their scores and other statistical
parameters. The higher the score for a promoter, the better the differentiation of this
promoter from the promoters of the No set. The column Score is used for default sorting
of the table, with the highest scores on top.

Having opened the table Model visualization on Yes set, you can see the schematic
representation of the hierarchical structure of the identified composite module as well as
a comprehensive set of its statistical characteristics at the bottom part of the tool, under
My description tab, as shown on the screenshot below.
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Module 1:

VEWHN_B
0.00; N=3

V$E2F3_03

0.80; N=2 0.91; N=2

]

Module width: 118

Module 2:

V$GFI1_0Q6_01

0.98; N=2

V$AIRE 01
0.00; N=2

Module width: 131

VENFY_0Q6_01
0.99; N=3

Maodule 3:

V$MAZ Q601
0.90; N=1

V$SREBPZ_Q6
0.00; N=1

Module width: 108

Module 4:

V$SREBPZ_Q6
0.00; N=1

V$IRX4_01
0.00; N=2

V$POLY_C
0.78; N=1

Module width: 111

Model score (-p*logl0{pval)}): 10.66
Wilcoxon p-value (pval): 1.29e-22
Penalty (p): 0.487

Average yes-set score: 4.13
Average no-set score: 2.31

AUC: 0.88

Middle-point: 3.44

False-positive: 16.82%
False-negative: 23.42%

Yes track

The Yes track provides essential information about the regulation of individual promoters
and is therefore important to be included in the visualization of individual promoters by
the genome browser.

The schematic visualization can be comfortably extended to a more detailed visualization
for each individual promoter.

‘ Filters ” Columns ” Genome browser ” Site colors ” My description || Graph search H Script ” Clipboard | Tas
# protein_coding # vsAIRE_01 ™ vsE2F3 03
W vsiRx4e_01 ™ vsmaz_as_o1 ™ vsoTx o1
¥ vssreBP2_ 06 ™ misc_feature ™ vsNFY_as_ o1
#vspoLy © # antisense ™ vsGFI1_os_ 01
E\-’SWHN_B Ep@cudogcnc E processed_transcript
# incRNA
) 50 100 150 200 250 300 350 400 450 500 550
L 1 Ll I Ll 1 L | 1 Ll 1 | L 1 Ll I Ll L 1 I L Ll L I 1 L Ll | Ll L 1 I L Ll L I 1 L Ll | Ll L 1 I
ExtendedGeneTrack AV
yes track M2 M4 M3 Ml
VSAIRE 01 VSIRX4 01 vsrrzﬂ 03 VSOTJ‘(_QI
VSAIRE 01 VSIRX4 01 VSEzﬂ 03
vsm@-s_m
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To do this, open the table Model visualization on Yes set, select one row in the table with
a mouse click, and open the tab Genome browser in the Operation Field (bottom right
part of the tool),.

For a selected promoter, you can see a more detailed map, including the names of the
matrices and the numbers of individual modules, M1 through M4. Each element of this
interactive map has a corresponding check box. Unchecked elements will not be
displayed on the map. De-selection is applied simultaneously to both the detailed view of
one promoter, and the table with the schematic representation of all promoters.

To adjust colors for individual matrices, you can open the next tab to the right, called
Site colors, and change the colors to your liking by clicking on the individual colored box,
as shown below.

« | Filters || Columns || Genome browser || Site colors My descript

E‘uj ExtendedGeneTrack

Bl Celors

: D antisense _
D lincRMA l:l
D processed_transcript _
D protein_coding _
D pseudogene

EI ] yes track

EH o Colors
D WEAIRE_01

I
| L 1
D WSEZF3_03 _
D WEGFI1_Q6_01 l:l
D WEIRX4_01 I:I
D WEMAZ_Q6_01 _

]

[y VSNFY_Qg_01

Model visualization on No set and No track

The table Model visualization on No set shows a visualization of the identified composite
modules in the promoters of the No set.

The structure of this table is the same as that of the Model visualization on Yes set table,
described above.

The function of the No track is to provide a possibility for a detailed visualization of no
promoters in a way similar to that of the Yes track.

Histogram

The distribution of scores for individual promoters is shown as a histogram, where the
promoter score value is shown on X axis and the percentage of promoters (% sequences)
having this score is shown on the Y axis.
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This histogram can be further interpreted applying the statistical characteristics described
above.

The center, a vertical grey line, corresponds to the average score value and is equal to
3.44 in this example. Promoters from the No set with a score above 3.44 are shown in
the histogram as blue bars to the right of the center, and they are referred to as false
positives. In this example, the false positive rate is 16.82 %.

Promoters from the Yes set with a score below 3.44 are shown in the histogram as red
bars to the left of the center, and they are referred to as false negatives. In this
example, the false negative rate is 23.42 %.

A visual analysis of the histogram suggests that the Yes promoters with a score above
4.5 are very well separated from the No promoters, which means that for this part of the
promoters the composite model constructed is most suitable. In this example there are
38 promoters with the score value >4.5; they can be saved as a separate gene set, and
for them the model obtained works best.

20.1.5.5. Score calculation of the composite models

The figure below demonstrates the calculation of the score value for the composite
modules in the promoter sequences. The TSS is shown as a thin arrow on the right side
of the figure. Four thick arrows exemplify four sites found in this promoter. The color of
the arrows exemplifies the site model which these sites belong to (three site models -
red, green and blue).
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A promoter model consists of K modules. The score of each module Mk (Score(Mx), k = 1,
..., K) is calculated according to this formula:

T mg

Score (M) = max z Z SiteScore(t, i) X f (x4, 02)
p=1,

t=11i=1

Here,

Site Score (t,i) is the site score for the sites found in the promoter, which is calculated by
the Match algorithm.

m: — the number of sites of the site model t found in the promoter.

T« — the number of site models in the module Mk, and

L iz

Flaino?) = —=

The final promoter score is calculated as the sum of the module scores Mk.

Standard deviation (o) of the normal distribution is subject of optimization by the genetic
algorithm and represents the width of the module in the output of the composite module
analysis.

20.2. About the GSEA analysis and the interpretation of the
results

Schematic description of the GSEA algorithm

The Gene Set Enrichment Analysis (GSEA) is a method that determines whether an
independently defined set of genes shows a statistically significant enrichment either in
up-regulated or down-regulated genes
http://www.broadinstitute.org/gsea/doc/GSEAUserGuideFrame.html

Independently defined sets of genes might be groups of genes linked to Gene Ontology
terms, or to TRANSPATH® pathways, or to Reactome pathways, etc.


http://www.broadinstitute.org/gsea/doc/GSEAUserGuideFrame.html
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As input for the GSEA, we can use either normalized tables after normalization of the
microarray raw data, or a table with genes that contains a column with pre-calculated
expression values. The algorithm of the GSEA can be schematically presented in three
steps:

All genes are sorted by Fold Change, from highly up-regulated to highly down-
regulated. In such a sorted table, each gene is given a rank, which is just the
number of the line where this gene is located in the sorted table. The most highly
up-regulated gene has the rank “1”, and so on.

The algorithm takes a set of genes linked to one biological term (e.g. to a
particular GO category) and maps each gene in this set to the sorted (ranked)
table. Genes in some categories might be distributed randomly over the ranked
table; some are among the up-regulated, some among the down-regulated, and
some among the non-changed genes. For some of the GO categories, a majority
of the genes are among the up-regulated. These GO categories are the most
interesting for a biological interpretation.

Several statistical parameters, ES (Enrichment Score), NES (Normalized
Enrichment Score), Rank at max, nominal p-value, FDR, for each GO category are
calculated. ES and NES reflect how significantly genes in each particular GO
category are enriched (over-represented) among up-regulated genes.

Structure of the resulting tables with enriched ontological terms

The resulting tables with enriched ontological categories contain twelve columns. Here, to
have a better resolution of the screenshots, one table is shown in two parts. This is the
result of a GSEA using the PROTEOME™ biological process.

Group Expected
D Titd
e size hits
regulation of
GO:0002831 response to biotic 48 45.30478
stimulus
GO.0p43gpg  ogulation of muiti- g 45.39478
Organism process
GO0051607 ~ OUonseresponse ae 98.20095
— to wirus
GO.0000a17  ESPONSeto 515 477.10839
bacterium
GO.00301p1  Matural killer cell &1 56.51187
activation
GOgo1gzzy  CViokine-mediated ., 300.16139
signaling pathway
cellular response
GO:0071345 o cylokine 380 352.04114
stimulus

Each row presents details about one enriched ontological term. The column ID comprises
the identifier of the ontological category, here identifiers of Gene Ontology biological
process terms. These identifiers are hyperlinked to the page
http://www.ebi.ac.uk/QuickGO/ where you can get further information about this
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ontological term. In case of enrichment by PROTEOME™ diseases the disease identifiers
are hyperlinked to http://ctdbase.org/

The columns Title and Group size contain further details about the ontological terms,
the title and the number of genes linked to this term in the corresponding database, here
in PROTEOME™.

The column Expected hits shows the number of genes expected to fall into this category
by random chance, based on the size of the input set and the size of the category.

Nominal . Number
ES at NES FDR . Plot Hit names
P-value max of hits

ABCE1, APLN,
APOBECIE,
APOBECAF, BIRC2Z,
(more)

ABCE1, APLN,
APOBECAE,
APOBECIF, BIRCZ,
(more)

ABCB4, ABCE1,
ADAR, AGBL1,
APLN, (more)
ABCA1, ABCBS,
ACOXL, ACTRZ,
ADAM10, (mare)
CCL2, CCL8, CD228,
CD244, CD27, (more)
ADAM1T0, ADCKZ,
ADIPOQ, ADORAZA,
AGPAT2, (more)
ABCBS, ADAM10,
ADCKZ, ADIPOQ,
ADORAZA, (more)

0.003 0.24473 046 1.9571 0.09332 45

0.003 0.25079 546 1.855621 0.08373 44

0 0.214M 833 2.4382 0.00435 a7

0.009 0.06934 1164 1.73429 0.21905 484

0.02 0.18552 1808 1.5859 0.33839 54

D.027 0.079586 1897 1.59715 0.33019 3av

0.006 0.08501 1897 1.86268 0.14082 359

Five columns, Nominal P-value, ES (Enrichment Score), Rank at max, NES
(Normalized Enrichment Score), and FDR, show corresponding statistics of the results.
For more details about each of these statistics, please refer to
http://www.broadinstitute.org/gsea/doc/GSEAUserGuideFrame.html, under the section
Interpreting GSEA results/GSEA statistics.

The column Number of hits shows how many genes from the input set fall into the
enrichment group; these genes are explicitly listed in the column Hit names. As the lists
can get quite long, only a few genes are shown by default in each row. To get the full list,
press (more). The column Plot and View diagrams are described in detail in a separate
sub-section below.

Further possible actions with the enrichment results.

The tables with the GSEA results can be exported in txt, csv or html formats. To export,
you can apply the Export button in the top control menu, highlighted by the dark-blue
oval.

One or several rows of the table can be selected with shift-click , shown in blue color in
the screenshot below. Having selected one or several rows in this way, you can save hits
of these rows in a separate gene table, with the button Save hits in the top control menu,
highlighted by the red oval. Such genes tables can be analyzed further, e.g. to find
master regulatory molecules in the networks, and to identify transcription factors that
might commonly regulate these genes.


http://www.broadinstitute.org/gsea/doc/GSEAUserGuideFrame.html
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You can save the selected rows in a separate table, with the button Save selected rows
as... in the top control menu, highlighted by the green oval.

N\
il = al|

Start page || %% Enrichment by PROTEOM...

First | Previous Pagej1

D Title

juf21 Next  Last

GO:0042100 B cell proliferation 51

response to type |
GO:0034340 . o 42
i positive regulation of
GO:0051251 lynp s lion 120
G0:0009595 detection of biotic stimulus 55

Group
size

Showing 1 to 50 of 1005 entries

Expected MNominal

A
hits P-value S at
max
47.24763 0.002 0.27512 1267

38.90981 0 0.3763 1468
111.17083 0.007 0.14513 1523
50.95332 0.027 0.19821 1537

Enrichment plots

As described above, there is a column Plot with the buttons View in each row in the

GSEA resulting tables.

Let’s open a visualization plot for the category defense response.
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10,000 12,500 15,000 17,500 20,000 22,500 25,000
Gene rank in the set

X-axis

On this line, all (human in this example) genes present in the input table are ranked from
1 to approximately 23,000 according to their LogFoldChange. The numbers we see on the
X-axis, 2,500; 5,000 etc., are the ranks of the genes.

At the left end of the line X, up-regulated genes are located, and down-regulated genes
at the right end . The smaller the rank of a gene is, the higher is its up-regulation.
Y-axis, right

This axis shows the values of the LogFoldChange. Positive values correspond to up-
regulated genes, negative values to down-regulated genes.

Blue plot

This is a distribution of LogFoldChange values among all (human) genes.

Y-axis, left

This axis shows the values of the ES parameter (also known in statistics as Kolmogorov-
Smirnov score). Positive values correspond to up-regulated genes, negative values to
down-regulated genes.

Red plot

This is a distribution of ES values for a particular GO category over all (human) genes. ES
is calculated by summing up on the previous values, so the most interesting parts for us
are those where the plot is coming up.
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Interpretation of the plots

For interpretation, let's look at the red plot. The most interesting parts are those where
the red line is ascending. In this example plot, let’s follow the red line from its left end to
its maximum.

The starting point for the red line is 0 on the Kolmogorov-Smirnov score axis.
Next, the algorithm takes each gene within the category "defense response", and looks
what the LogFoldChange for this gene is. If gene is up-regulated, the red line grows.Then
the algorithm takes the next gene from "GDP binding" and again looks what the
LogFoldChange for the 2d gene is. If it is also up-regulated, the red line grows further.
This is called incremental growth: the closer the next gene is to the previous one on the
X-axis, the more pronounced is the growth of the red line.

Let’s add an auxiliary line (here, the green dotted line) from the maximum point of the
red plot down to the X-axis. The intersection of the green dotted line with X-axis
corresponds to the rank of the gene at maximum enrichment. This value is exactly what
in statistics is called Rank at max, and it is shown in a dedicated column in the tables
with the GSEA results. In the plot shown above, the green line crosses the X-axis at
approximately 4,500. To know this value exactly, look at the table, and in the column
Rank at max for this category, you can find the number 4328.

To describe this plot, we can say:

“Genes belonging to the GO category defense response are enriched among the top 4328
up-regulated genes”.
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21. Operations field

In the Operations Field (D in the figure of Section 2.1) a number of essential functions
to operate the geneXplain platform are provided on a number of tabs. How many and
which tabs are shown depends very much on the context.

Please note that not all tabs are always visible due to space constraints. In these cases,
double arrowheads left and right of the tabs indicate that there are additional ones,
reachable by clicking on these double arrowheads.

[ “ | Overview || Layout ” Expression mapping ” My deseription ” Graph search ” Simulation || Variables | »

The function of the individual tabs will be explained in more detail in those sections
where their effect is part of a certain operation. In general, the icon [*] initiates the
corresponding activity within the Operations Field, whereas [«] applies to the results
generated in the Operations Field of the Work Space.

21.1. Changing the table structure in the Operations Field
Having opened a table in the Work Space, e.g. by double clicking on its name in the Tree
Area, it is possible to edit its structure in the Operations Field under the tab Columns.

For instance, if you have opened a table with data about Enrichment GO Molecular
Mechanism (resulting from having run a GSEA), this field may look like this:

Eﬂ@ | Filters || Columns || Description || Graph search || Script || Clipboard || S0OL Editor || Tasks |
First | | Previous | |1 | | Mext | | Last Show lﬂ entries =
Column name Type Description Expression Hature Visible

[Es [Flost =] [Es [ [Fi [nowe =] 7
IH'rt names I Set j IH'rt names I [ I MONE j I~
[Fits [s2t =] [Fits [ [Fi [mone ™ =] r
ILeveI I Inteer LI ILeveI | 4 I MOME LI I~
|rES |Float =] |rES | [Ei |nore =] I
[Fieme [ted =] [Fieme [ Ei [mone ™ =] W
INamespace I Text LI INamespace | ﬁ I MIOHE LI I~
INominaI P-value I Flost LI INominaI P-value | ﬁ I MIOHE LI I~
|Number of hitz | Integer j |Number of hitz | ﬁ | MOME j 2
Pict |chart =] Pict | [Ei |none | I3
id Text HOME Ird

Showing 1 to 11 of 11 entries El

Recognizably, you can change the column headers, the data type in the column, or its
(usually hidden) descriptions. You may add an Expression, which may be a mathematical
formula, formulated in Java script; you find detailed explanations for this when you press
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the Edit key (I/ipl) next to this field. In the last column, you can specify which columns
are visible or shall be hidden (unmarking a column here does NOT delete it, it hides it
from the currently displayed table).

If you hide a column by unmarking it, you have to refresh the Work Space by pressing
the button @9 in the control panel right on top of the Operations Field. Here, you can
also add new (@) columns. Before removing a column with the button g, you have to
mark it by clicking somewhere in the background of the line specifying this column; the

selected item will be highlighted in blue. But be careful: Deleting it from the table will
irrevocably erase the column including all its contents!

21.2. Changing the layout

Under the Layout tab, you can change the layout of the diagram. First, you can select
one of the following layout schemes:

% Hierarchical layout (default)
% Orthogonal layout

% Force directed layout

% Cross cost grid layout

% Grid layout

When you have selected another layout type, you have to press the “Prepare layout”
button (m), showing the new layout at the right of the same window in the Operation
Field. Pressing “Apply layout” (E) transfer the new layout to the Work Space.

Here are examples how the different layouts look like; the example is the Caspase 12

pathway and has been taken from the database Integrated models
(Int_casp12_modulel2):
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Some of the re-layouting options may take considerable time. If you want to interrupt
the process, press the “Stop layout” button ().

The layout that has been applied to the Work Space can be further edited manually. A
single click on a node (component or reaction node) highlights it; it can be shifted now

by mouse movement, or can be deleted (right mouse button click opens a context menu
with the option “Remove”). The results of this manual editing can be saved to the

Operation Field (E) so that they will be retained for the following work.

Please, be careful: changes in your own diagrams are automatically saved! You can
even close the diagram in the Work Space, but still can undo your last changes with the
Undo button (@). After logout, all your changes will be automatically fixed.

Further editing of the layout schemes can be done by parameter settings in the
Operation Field, Layout tab. A detailed description of these layout schemes, the
underlying algorithms and parameterization can be found in the Help texts.

21.3. Expression Mapping

This function enables highlighting of up-regulated and down-regulated genes in the
network diagrams.

The Expression mapping tab can be found in the Operations Field after having a network
diagram opened in the work area. Initially, the expression mapping form is empty as
shown in the figure below.

Start page ”#.Top:l regulators, NRG1-G... Xi
NEEEEEEEEEEEED BE
NRG1-GGF2
d O I:I EI EI EI g EL___
)-C)Cﬂ"@( 3...‘
g 0O O 4a l_'l g 4d U
1 I (|
{ 4 e
|@|G « | Overview ” Layout || Expression mapping ” My description H Graph search ” Simulation ” Variables ” Parameters »
Mapping:| (none)
To map expression values on the diagram, drag and drop the corresponding table from the tree area over the diagram. You can then adjust parameters in the form that
will be displayed.

LEE]
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First, drag and drop the table with expression data from the Tree Area over the diagram.
You might be interested to use the table with identified differentially expressed genes
and calculated fold change values for expression mapping.

Important note. The format of the table with expression data that can be used depends
on the format of the diagram. If the diagram was constructed based on the TRANSPATH®
database, the format of the table to drag and drop should be “Proteins: Transpath

peptides”, and the table should have the symbol ﬁ_ﬁ . If the diagram was constructed
based on the GeneWays database, the format of the table to drag and drop should be

“Genes: Entrez”, and the table should have the symbol %

Please check the format of the table with expression data before dragging and dropping it
over the diagram, and if necessary, convert it to the required format with the function
“Convert table” that can be found at the analyses/Methods/Data manipulation/Convert
table.

After the table with expression data is dragged and dropped, the up- and down-regulated
genes are automatically highlighted, and the expression mapping tab looks as shown
below:

pm'm! Expression mapping I My description | Graph search

ing: | Genes, fold change and p-value, non-filtered Proteins Transpath peptides v )

D Table BTﬁ'ﬁl...lue. non-filtered Proteins Transpath peptides
- [y Use outside fil ™

Eﬁ] Outside filling options

. i [y Columns | LogFoldChange =l
D Width of the fill 20
D Minimum value -5.60081651976061
D Start-color _
D Maximum value 5.60081651976061
D End-color _
- [y Use color for zero I
D Zero color l:l
D Zero level 0.0

[ Use inside fill O

[y Use p-value stars =]

Let’s consider the main options/fields of the expression mapping form.
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The default type of mapping is “outside fill”, and the corresponding check-box is checked,
highlighted by the red oval below.

Mapping: | Genes, fold change and p-value, non-filtered Proteins Transpath peptides  « |

D Table = ue, non-filtered Proteins Transpath peptides
- [y Use outside fill

Eﬂ Qutside filling options

- [y Columns | LogFaldChange =l
D Wigth of the fill 20 i

If the selected table contains a column LogFoldChange, this column is automatically
chosen in the field “Columns”, highlighted by the green oval above. Other numerical
columns in the selected table are available under the drop-down menu, and can be
chosen instead of the default column to be applied for mapping expression data.

The fields Minimum value and Maximum value display the corresponding values of the
selected column with expression data, (see highlighted red ovals in the figure below).
These values are used to calculate the intensity of the colors for expression.

Elﬂ Qutside filling options

| LogFoldChange LI
20

-5.60081651976061

5.600818519760861

. D End-color

. EI Use color for zero Al

. D Zero color

You can select colors to indicate up- and down-regulation by mouse click over the colored
boxes, and the following toolbox will be displayed.
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Drag Markers To Pick A Color

POL0P0 sSO20*FE

#: |0000ff

The expression values can be inferred by the color gradation. A more intensive color
corresponds to a bigger fold change value whereas the lighter shade corresponds to a
smaller fold change value. In this example all the up-regulated genes are shown with a
color gradient from white to red whereas down-regulated genes are shown in with a color
gradient from white to blue.

Check-in the box Use inside fill and check-out the box Use outside fill result in the
following picture.

(e

o O oo ogoonon
(@) (=) -
0 oo d 0 0 A

o) () (o) () ()

21.4. Graph Search

The “Graph search” option allows to extend diagrams already saved in the tree, e.g. to
add interactions around the molecules in focus. Whenever a network diagram is opened
in the Work Space, the “Graph search” tab can be found in the Operations Field as it is
shown below.
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Start page | .. Top 3 regulators, LAMAS(h)

(

@i S overview I Layout I Expression mapping I My description i Graph search i Simulation I Variables I I Script I cl I Tasks i

¥ Add ¥ use Database ID  Title Type Linked frem |
D Search type Imiwhwrs
E‘E} Options
- [y Direction [oown |
D Depth 1

EB Target databases

Eli5 Collections

The gray fields in the graph search form cannot be edited. The user can change the
search direction (upstream of the molecule in focus, or downstream, or both directions)
and number of steps (depth) in the selected direction.

Graph search can be done in several iterations.

First iteration of a graph search.

To perform a graph search the following steps are recommended:

®

% Open a diagram in the Work Space and select one element (gene or protein or
reaction) for which you want to perform search by mouse-clicking over that
element. On the picture below, the molecule "PAK1-isoform1” has been selected,
marked by the red oval.

% Use the button to add the selected molecule to the elements pane. The added
element is marked by the blue oval on the picture below.
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J

14|

mum Overview I Layout I Expression mapping I My description I Graph search I Simulation I Variables I Parameters I Script i

Vada v L Linked from | ‘
™ TRANSPATH(R) 2012.2 MOD0D057720 PAK1-isoformi(h) Substance -~ [y Search ¥ | neighbours
E&] Options

- D Directi(lDuwn ;I
! - D Depth | ¢
é.@ Target dat

7
*

Simultaneously, the database to search for additional interactions is automatically

identified as the database based on which the network diagram is constructed. For
the identified database the Search engine field is specified, marked by the blue

oval on the picture below.

[y Name |Gﬂmwﬂirs

[y Searchengine  [(no selection) =]

EI Mame IHumanGy::

[y Searchengine  [(no selection) |

[y Name \PROTEOME(TM) 2012.1

[y Searchengine  [(no selection) |

[y Name Im“

[y Searchengine  [(no selection) |

[y Name " TRANSPATH(R) 2011.4

[y Searchengine  [(no selection) |

[y Mame | TRANSPATH(R) 2012.1

[y Searchengine  [(no selection) =]

..... —
----- | Transpath (Species specific) search (2012.2) »| >
; ————
[y Searchengine  [(no selection) =]
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% Next, choose the direction and depth of search.

[y Search type Ineight:curs

EI o Options

P D Direction |Bnth LI
D Depth 1

% Use to start the search. Once the search is finished you get the search
results in the elements pane as shown in the screenshot below.

E LIE Database 1D Title Type Linked from
s

¥ ¥ ;[T:"ENESP‘“TH[H] MOODD0O5TT20 PAK1-isoformi{h) Substance

¥ @ IRANSPATHIR) \ao00107138 TCoB{h):PAK1-isoformi(h)  Substance XNODD131339

- = 222

TCoB(h) + PAK1-isoformi(h)
XNOD0131339 ==== TCoB(h):PAK1- Reaction  MO0000D57720
isoform1(h}

TRANSPATH(R)
| |
¥ & 2012.2

v 7 TRANSPATH(R)

[»] ¥ oopias MO000107380 DLCZ(hypPAKI-isoform1(h)  Substance XM0O00132537

o TRANSPATHR) DLC2(h) + PAK1-isoform1(h)

v ¥ XNO00132897 <==> DLC2(h):PAK1- Reaction MOOOO0S7720
2012.2 )
isoform1({h}
TRANSPATH(R
/N ) 110000107518 (PAK1-isoformith)i2 Substance XNOOD131714
W o TRANSPATHIR) oy nageatpee 2PART-sofommi(h) <==> o ction  MOD00057720

& ¥ ap22 (PAK 1-isoform1{h))2

% When the Add box is checked, the corresponding molecules will be added to the
diagram.

The column with the check box Use means that selected molecules can be in turn
used for searching, e.g. in the next search iteration. Direction of the search (up,
down or both) and depth will be applied to the molecules with checked boxes in
the Use column. By default, all boxes are checked. If you like to add to the
diagram only a few molecules, you need to uncheck the others.

In the next step, found molecules can be added to the current diagram by using

7
*

the [=] icon. By default all found molecules are checked. The user can uncheck
some of the molecules in the column Add before adding to the diagram. Only the
molecules checked in the column Add are added to the diagram. Here, all
molecules are added, as shown on the picture below.
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Now, the layout for the extended diagram can be specified, details of the layouts are
described in Section “"Changing the layout”.

If you would like to remove the search results and select another molecule, the button

ﬁ' can be applied.

Second and next iterations of the graph search.

7

% Having several molecules in the element pane at the previous iteration of a graph
search, the user can start searching again in the specified direction from these
molecules.

The user can uncheck some of the molecules in the column “"Use” before starting
the search again. Only the molecules checked-in in the column “Use” are used for
the second search.

7
0‘0

After the search is completed, all found molecules can be again added to the diagram,
which may result in a picture, like shown below:
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22. Editing and creating workflows

22.1. Edit a pre-existing workflow

Tip| for the workflow editing

You can easily create a similar workflow with parameter values adjusted to your needs.
For example, you might be interested to change the number of steps used for the
regulator search. By default, 10 steps are applied.

To make a change, you need first to open the workflow under the “Edit workflow” mode,
and save its copy in your project area. The [Edit workflow] button is located near the
button [Run workflow]. Upon clicking on "Edit workflow", the workflow diagram will be
opened in the Work Space, and you can select the analysis box you would like to modify.
On the screenshot below "Regulator search" analysis was selected, and in the Operations
Field, on the tab "Workflow", all the parameters are visible. Under this mode, you can
modify default parameters and then save the workflow.

start page || "% Find master regulators i... X]

EEEEECEE

Results folder/

- . L . .
Input gene set/'—wl— Conver table — —
aaulator search
e Transpath peptides SLLLIL dEil
TP hub

(LI

Graph search Tasks

Lo} 3
I‘EII | Crverview ” My description

| Script || Clipboard

Workflow ” History |

Melecules collection
D & [szlect element)

D ‘Weighting celumn | :J
D Limit input size

D Input size 1000

D Max radius 10

D Score cutoff 0.2

D Search collection |T'snspsth [Species specific) (2012.3) lJ
D Species |Humsn [Homo sapiens) 1]
[y Calculat= FOR

D FDR cutoff 0.05

D Z-score cutoff 1.0

D Fenalty a1

D Context genes f D [select element)

In this way you will get a customized workflow, with the parameters specified according
to your needs.
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22.2. Create a new workflow

To create your own workflow, please go to the Start page and click “Create your own
workflow” under the list of pre-defined workflow groups. You will be asked to specify the
name of the new workflow.

Collection: |data.fF‘rnjects.l'demuaccuuntl'Data LI M
32 INFgarm
8'l:;a.\-.
32 INFgam
% INFgan -
SS' =;ﬁ""
32 NFgam

«“o/UpDown Ensembl genes Upstream & viz
= test
<. test?

Name:  New workflow|

Cance

In this example, an entry New workflow (default name) will be created.

You will see now a new tab being opened in the Work Space, where you can design a
new workflow diagram. The workflow diagram represents different analysis functions
being connected by input and output files. The resulting directed graph visualizes the
sequence of analysis steps in the workflow. The diagram also may contain parameters,
which are to be defined by the user.

Below you can see an example of one step of a nhew workflow. At the top of the Work
Space there is a toolbox (1) to create all the elements of the workflow. The light blue
rectangle in the center (2) is the analysis function (Filter table) to be used in this step.
The green box at the left (3) stands for an input table, the right yellow box (4) for the
output table of this analysis function. The yellow box above (5) represents a parameter
of the analysis function, which in this case (Filter table function) defines a filtering
condition.

(1)
RECERT]

%

Filtaring condition

(2)
a3 . P pA

Table ' — [ Filler table [ —— Table I'lll-irad
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Upon clicking on any component of the workflow you can see the information about this
particular element in the Operations Field. For instance, in the figure below, we can see
the content of the parameter “Filtering condition”, which was set as “Score > 2” (so the
input table will be filtered by this condition in the table column “Score”).

) — Filter table I~ ——— Table filtered

L)
| Overview " My description Il Graph search I Seript I Clipboard I Tasks ﬂ Warkflow Histary |

D Name Fillering condiion

[y Trwe | string =
DI Value Score =2

D Cpen data element

D Expressda Sende = 2 El

22.2.1. Six steps to create a simple workflow

Let us go now through the steps of creating this workflow.

Step 1. The elements of the workflow can be placed into the Work Space by using the
toolbar or by drag and drop from the Tree Area. Let us place the Filter table function by
drag and drop from the subdirectory Methods/Data manipulation on the “Analysis” tab of
the Tree Area:
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BN EEEREBEIE

=
TEv=apT]

4 | |analyses - o
i L] Javascript
4 Juetnocs

Ik ||] pata manipulation

i1

|

i

|

|" F& Conven able Filter table

- (4 Create folder
- [ Fitter table

[ Intersect tables i

m
——

' Join tables ‘ [ 1 | v

| searen | iro Default HEE DO S Overview || My description || Graphsearch | Script

1D: Filter table _ ) ol Clipboard Tasks l Workflow History
L name: analyses/Methods/Data pul ilter table

Description:
[} lnput table ™ [(select clement)

Filter table O g amndten T
This analysis allows you to filter table (that is, to remove rows which don't fulfill given condition). Tt doesn't [y Output table | =] [(setect element)

modify original table. The analysis is functionally equivalent to 'Filters' tab you can find under the opened table _
document. I

Parameters:

= Input table - table to filter.

« Filtering condition - logical condition in JavaScript language to sort out filtered and non-filtered rows.
Inside it you may use column names and various operations supported by JavaScript. Note that
non-alphanumeric symbols in column names should be replaced with underscores ("_"). To determine
exactly how to refer to columns in your table, you may open the table as the document, select 'Filters'
tab below and check 'Columns' list. Some of useful JavaScript operations are listed below:

© == - check equality (don't mix with single '=").
o 1= - check inequality.
© >; <; >=; <=; greater than, lesser than, greater or equal, lesser or equal.
; *; | — standard math operations.
o &&; || - logical 'and' and 'or' operations.
° r:'ia.m...sa.r:l!.x\.:_u.attl..s‘.n.f.xJ.:_M.aﬂ)...nqv.v_o.L_vl_}.':_e.t.c.;m.aﬂ'-_f_un.cli.o.ns.. R

<

Step 2. For creating the input table you should click on the green element in the tool
bar, locate the cursor in the Work Space where you would like to put this element and
click. A new window “Create new node” will pop up, where you can define the parameters
of the element as will be explained in the following.

VLLLLLL LI TITLA7 e

Databases
e
; uj.lavaScript
i L.\.j Ehtia.{:sa [y Name ITabie
. [ And [y Tvee IData element |
- [ con [y Value |Error: Expression is empty
BE Crel . [y Opendataslement [ e . -
- [ Fitd ¢ :
- nzlnte [ Defautt value [sprojects =] Filter table =
- o | L [y Rank (sort order) T 1| [ B 1
SO T I
He | D [ g
LJJ Data no
. Funen
L.\J Import '| . .

Name field: the title of the element; Type: please, select “"Data element”, for any
objects like tables. In the field Default value you can type a full folder path where the
table is located. You can also use some global variables, like “$project$” that already
contain the full path (by clicking on the “...” button you can access all the global variables
defined for this workflow. Rank (sort order): this number gives the position of this
input element in the list of all elements upon starting the workflow. Role: Input, since
we are using this element for inputting a table into the workflow.
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We have created now an input table element:

NEMEEVIE

SS— S .
. Filter table -.
S S i

Step 3. Connecting elements on the diagram is done by clicking on the arrow symbol in
the toolbar. A new window “Create new edge” will pop up. By clicking on the “Table”
element in the Work Space you select it as Input node for this edge. Similarly, you click
on the left table symbol in the “Filter table” element to select it as an Output node of
this new edge.

NEFHEEEEE

Input node: Table

Output node: Filter tablefinputPath

e Filter table =
After pressing "OK” a new connection is created:

___: Filter table =

Step 4. The same way you can create now an output table element on the diagram by
selecting the yellow element in the tool bar (since it is going to be an intermediate table
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for further use in the next steps of the workflow) and connecting it with the output icon
of the “Filter table” element.

- [y Name |Table fitered
[ Type | Data element |
EI Valug IEr'rnr: Exprezsion is emph

EI Open data element [

- [ Expression [sTables fitered

In the field “Expression” you can now use a new global variable “$Table$” which will
contain, during the run of the workflow, the name of the table which you have entered.
So in this case we are creating a new name for the future output table “$Table$ filtered”
by adding to the name of the input table an ending “filtered”.

As a result, we have now created one step of the workflow.

 Table y——®1 Filter table I —® Table filtered

Step 5. To filter data, we have to define a filtering condition. To do this we have to
create a new element “Filtering condition” (yellow element in the tool bar), which will be
now of simple “String” type and which contains a filtering condition “Score > 2” in the
field Expression.

[ Mame IFirtering condition|
[ Type |String =]
D Value IEer: Expreszsion is emph

D Open data element [

D Expression ISI:I:IFE =7

A new element “Filtering condition” is created. This element should now be connected to
the analysis function “Filter table” in order to define the filtering condition that is going to
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be applied in this step of the workflow. To do that, please click first on the “Filter table”
element and open the parameters of this element in the Operations Field. After that, click
on the field “Filtering condition” (1) in the parameter list and select it (a blue background
color indicates that the field is selected). Click on the “Bind property to variable” button
(2) in the toolbar of the Operations Field. And after that, move the cursor to the Work
Space and click on the “Filtering condition” element on the diagram (3).

3
D( )

Filtering condition

Table)— Filter table »— Table filtered
:. - -
< (2) m »
’ DEH « I Script " Clipboard " Tasks II Workflow »
D e {able D(l) I[data/Pro;ects/demoaccount

[y Fiering condition

g Idata/Projects/demoaccount fitered

D Output table

So, a filtering condition parameter is now connected to the corresponding field in the
“Filter table” function.

Filtering condition

_

(Table y—* Filter table =— Table filtered

I F

]
%E « ‘ Script ” Clipboard H Tasks H Workflow ‘ »

D Input table B=I|1:|ata.fPr|:|jra-:’c.*’.J'|:|eml:lac:-:l:lunt
[y Fitering condition Score =2

D Output table

E |d ata/Projectsidemoaccount fittered

Step 6. The workflow is how ready to be executed. To start the workflow please click on
the “Run workflow” button (E) in the toolbar of the Operations Field.

In the pop-up menu “Workflow parameters” you should specify the input table. Please
navigate to the folder with your tables and select a table which has a column Score and
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press [Ok]. The workflow will be executed and a new table with a new name and the
appendix “filtered” will be created in the same folder as the input table.

22.2.2, Complex workflows

More complex workflows are created by adding further workflow steps and by connecting
them through a common data element. As in the example below, the output element
“Table filtered” of the first step is used as an input element of the second step of the
workflow, “Regulator search”. You can also see that we have added a new input
parameter “Species”, which appears now among the workflow parameters upon starting
the workflow. With this, you can select a taxonomic species (presently human, mouse or
rat) for the table you are going to run through the workflow.

Filtering condition S]ECES"
Table)——* Filter table = —» Table filtered —*% Regulator search 7 —» Regulators

- Table data/Projects/demoaccount
| b | 1" over| A ! ﬂ History
: D Species

""" databazes/Utis/Species/h
D HETE D Save research diagram I...ccuunt.-’Data.n’New workflow research
- [ Type
D Value
D Open data element
[y Expression STable fiteredS Regulator |I|

Note: During execution of the workflow a research diagram is saved (you can specify the
name of this diagram before starting of the workflow). The research diagram (see figure
below for an example) contains the history of the workflow execution with the names of
all input and output files. It also contains all the links to these tables, so that you can
easily open them by clicking on the respective element in the diagram.

UpDown Ensembl genes Upsiream 3|— Filter table

UpDown Ensembl genes Upstream & filtered

Regulator search

sllpDown Ensembl genes Upstream & filtered Regulators
[ ] -
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22.2.3. Cycles and scripts

One more element available in the workflow is cycle. It can be created using the “cycle”
button in the tool bar. It is necessary to specify the Name of the cycle (the “cycle
variable”), and to choose the appropriate Type and Cycle type.

[y MName TableColumn

[y Tyee [ String |
[y Value Error: Collection not found

[y Cycle type All elements in collection |

All elements in collection
Elements in =&t
Lizt of values separated by semicolon

Range (from..to}
m_g —
{Table columns (numerical onhy)

The option “All elements in collection” (Cycle type) together with the Type "“Data
element” and some folder name in the field Expression means that all data elements
from that folder will be taken one by one as cycle variable values. E.g., when selecting
Cycle type “"Table columns”, Expression should specify the name of this table. Or when
choosing Cycle type “"Range (from ...to)” for Type “Integer number” and Expression as
“2 ... 6”, the cycle will be executed by assigning the values 2,3,4,5 and 6 to the cycle
variable.

EI Exprezszion

The Script workflow element represents a code written in JavaScript, which can be
executed during the workflow run. To add a script the user should press the tool bar
button “analysis-script”, click the proper place in the workflow diagram area and type the
JavaScript code in the Script source field.

Another way to add a script to the workflow is to drag and drop some script data element
right from the project tree.

All variables defined in a workflow (green and orange boxes) are available inside the
script as JavaScript variables. If the name doesn’t contain spaces, it can be used as is,
the name should be put into $["...”] otherwise. For example, the variable “TableColumn”
can be accessed from a script by name TableColumn, but “Table column N1” should be
called as $["Table column N1"].

Example 1. Print column names
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In the example below the data element parameter InputTable (green box) is first added
to the workflow. Then a cycle with the following settings is added:

[y Name TableColumn

[ Type |5tring =l
D Walue Error: Collection not found

- [y Cyeletype [Table columns |
D Expression SinpuiTables E

Note that expression is set to $InputTable$ for a cycle.
Then a script element with the following code will be created inside a cycle:
print(TableColumn);

When the [Run] button is pressed, the workflow will ask for a table path, and then will
print all column names into the workflow output log.

I—TabIeCqumn

) N print{TableC ofumnj;
| InputTable

Example 2. Run GO classification for all tables in a folder

| InputFoIder__\f-' Table

Create folder D
l Convert table F%—%  Functional classification d——*' GOres
. > [ A
| ResultsFolder/ J
| Species_.:-

This workflow contains 3 input elements: InputFolder, where one or more Tables should
be placed; ResultFolder that will be created by the method “Create folder”, and the data
element Species, required for table conversion and functional classification.

The cycle has following settings:
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D Marme Table

D Type IData element ;I
D Walue data/Projectsitest/Data/An

[ Cycke type |A|| elementz in collection =l

ShputFolders [

Here the cycle variable named Table will adopt the names of the tables in the
InputFolder. Then it goes to the method “Convert table”, and identifiers are converted to
Ensembl genes, according to the analysis settings below:

[y Input table i ..estDatai&nnRyabovaldelete_1_GOie1 subset
[ mput type I(ﬂutu}

[y Output type |Genes: Enzembl

[y Species |Human (Homo sapiens)

i+ [y Name of main column |(nu column)

L e b b b

D Aggregator for numbers Iﬂverage

i [y Output table Y[ 0132025906-c911-4508-ac54-a887cB3167dc

The conversion result is taken as input set in the Functional classification analysis:

D Source data set

= ... p32025506-c911-45dE-ac54-a%87c6316Tde

[y Seecies IHuman {Homo =apiens) |
D Classification | Full gene entelogy classification LI
D Winimal hitz to group 7

D Only aver-represented

I‘j P-value threshold 0.05

L[ JannRyabovaidekte_1_GO resiet subset GO

The output of the functional classification is a data element named GOres with Expression
$ResultsFolder$/$Table/name$ GO.

When the [Run] button is pressed, the workflow will start. If, for instance, the folder test

with some tables is defined as input, and the result folder name is test result GO, we get
after completion of the workflow:

1 _:JtEST > 1 | | test GO results
P i~ gy Tablet L - GF Table1 GO
% Table2 t .. @ Table2 GO
g=é Table3 a Table3 GO







23. Editing and creating diagrams

23.1. Diagram types

Diagram types are hierarchically organized as shown in the following scheme:

‘ 1. S8emantic network ‘ — Semi-structured
l data

2. Pathway diagram
(semantic network +
gene network or metabolic pathway)

Structured data
(reactions and
its components)

y
3. Metabolic pathway | | 4. Gene network €—

Y A
5. Pathway simulation
(mathematical model)

Kinetic data
(kinetic laws, constants,
initial values

There are 5 types of diagrams in the geneXplain platform:

53

%

Pathway diagram

Pathway simulation
Composite diagram
Pathway simulation (SBGN)
SBML simulation (SBGN)

5

8

e

8

53

%

3

%

You find them listed for selection when pressing the button == to create a new diagram.
This button appears on top of the Tree Area when you go into the Data folder of your
project directory (usually under your user name).

The Pathway type diagram is used for formalized description of biological pathway
structure (metabolic pathway, gene network, etc).

The Pathway simulation type diagram is an extension of pathway type, where variables
are associated with graph nodes and differential equations with graph edges. This allows
automatic generation of the mathematical model of the system and simulation of its
dynamics.

The Composite diagram may contain several pathway simulation diagrams as well as
some types of links between them to join separate simulation modules into one
composite model.

The Pathway simulation SBGN diagram type is the same as pathway simulation, and
visualized according to the rules of System Biology Graphic Notation.

SBML-SBGN is a specific type to wrap an SBML diagram in the SBGN view.

Please note that diagrams of Semantic type can't be constructed under general user
account.
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Start page  ||..°. DGRO004 ;
NOo=ERERE e

autainduction &

oxidative stress

of haem owygenase
see DGR_ADODD2

Feflly

> .
TS Bilirubin
Biliverdin

Renal nervesfrom hrain to
kidneys

LTF Receptar

LTF

cell membrane

4

Entity types and proteins are represented as follows:

Entity types Proteins
Compartment ©  Active monomer
(& ) cell . Inactive monomer
. Substance CO Heterodimer
i_ Gene (O Homodimer

(Se) Multimer
wasny  RNA
O Phosphorylated
protein
The following relations can be defined:
Reactions Regulatory events
——+——+  binary ———  switch on
-~ complex ——e&——# increase
. decrease
Interactions -
——+— switch off

——— direct

----+---> indirect

When you choose the option “Pathway simulation”, additional functions are available
which you can see from the extended series of icons on top of the Work Space:
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Start page || .°. New diagram X

N= & ERE EERYEREEEE

D

The seven new icons on the right (red frame) are specifically introduced for simulation
functions, the one on the left replaces the icon with the capital A in the “Pathway
diagram” option.

23.2. Creation of a new diagram

A new diagram can be made in the Work Space by two methods:

You can edit pre-composed diagrams and create a new diagram by saving it in your own
project area (see below, 23.3).

You can start a new diagram in the work space by using graph search. The details of this
method are further described below.

To start with the creation of a new diagram, please select the correct folder in your

project area and press the icon in the Control Panel. The tool will ask you to select
the type of diagram you want to create in the work space. In the following, the creation
of a new “Pathway diagram” will be described.

Diagram name:
...gmail. com/Data’new diagram/Mew diagram

Diagram type:

-
Pathwray simulation

Composite diagram

Pathway =imulation (SBGN)

SBHL simulation (SBGN} o

Diagram type description: Pathway diagram

The description for diagram types has been mentioned above. Upon selecting the type of
a diagram and clicking [Ok] a new node New Diagram will appear in the Tree and the
corresponding tab is opened in the Work Space to start the diagram creation.

A pathway diagram opened in the work space has a tool bar as shown below:
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‘ Start page

\%@Dnﬁwol%g—f

- New diagram ){1

Using these icons, you can manually add a node that represents a cell (®), a cellular
compartment (D), a gene ("_—E*), an RNA (W), a protein ('C') or a substance (or small
metabolite, .). It may also something as abstract as a concept ( A ). These nodes may
be related to each other with any kind of link (_"), or , more specifically and if you wish

to model your network as a bipartite diagram, with a reaction (}3“).

In case you wish to link two already existing nodes by a new edge, click on the icon -+,

which will open a new mask where you can define the input and the output node. Just
move the mouse cursor into the respective field and click on the node that should serve
as input or output node, respectively. The corresponding name or accession number will

appear in the field. The same works for linking a note (to be defined before with ) toa
node by introducing an edge of the type *‘J.
To add an element to the diagram, several ways are available:

i) Search for the element using the search tab in the databases folder (as described in
the Section 2.1.3.2) and then add this element to the diagram using the icon [=1

ii) Drag and drop the element from the Tree Area to the Work Space as shown below.

EEREEEoOONEENEENEENE S]] & ] Researem nee
|@|(¥| | Start page ”.".Newdiagram
“ Databases || Data || Analyses | | %|©|D|A|£}|W|O|.|}:~||—>|_"|
4 || |databases -
i fm Biomodels -
4 famil Biopath 1
a4, |Data
b st

L 0 dment Drag and drop from tree area to work space
- compartmen

[ L] concept

1 L\ | gene 'i'
¢ b [y mBcBI) — | ABTBA()
[ aBTB1(h)

D ace(h)

D adenoviral plX polypef

Pl A anmemm -

4 1

= « | My description || Search result

First | | Previous | | 1 | Next | | Last Showing 1to 10f1
entries
show [50 ||
ent]
1] Accession Title Synonyms Description Comm|
Select database to search in... v

abtb1

“ Search || Info |

GEND0OZ2Z2T ABTBA(h) BPOZ

Please note that double clicking on the gene gives the information about that gene in the
Info box.

iii) You can then use the Graph search option as described in Section 21.4 to further
search for other elements upstream or downstream of those that are already included in
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the diagram. You can add elements to the new diagram as per your requirement as
shown below.

You can specify a layout for the extended diagram, details of the layouts are described
under “"Changing the layout”.

‘ Start page || . Hew diagram 1 X‘

RO EOmE]]

ABTB@\_\ PIP3
From PRTD02264 to GEN000227 O
.

PTEM(h})
From PRT002264 to GEM000228

i

-

PIF2
SH2B2(h)

From PRT002264 to CPTO01078

signal transduction

iv) To create an entirely new node on the same diagram, click on the icon on the

pathway diagram menu bar and click on the diagram where you want to add a node. You
will get a message as shown below:

You can add the node/Name and press [Ok]; the node will be added to the diagram.

You can also link this node to another element by clicking on the icon in the pathway
diagram menu bar. The tool asks the user to select input and output nodes.

Input node:

Output node:

Cancel
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You can select input and output nodes easily by clicking first on the element you want to
select as input node, and second on the element you want to be the output node. The
diagram after adding the node and linking it to a protein looks like shown below.

Start page ” < New diagram 1 )ﬂ
NoEAERE EE=E
ABTBA(n) g
From PRT00ZZRI06 ZEMOIGERN00227 %
PTEN(N) T

From PRT002264 to GEND00228 ié—"—f T~ .
sH282(h) \K\\x FIP2

From PRT002264 to CPT001078 T~

-
signal transduction
23.3. Editing a pre-composed diagram

Diagrams saved in the tree area can be edited in several ways. For this, please first copy
one of the diagrams, e.g. located in the Examples folder, in your own project area. For
this, you open the diagram in work space by double-clicking on its name. On the picture
below, the diagram which is opened in the work space, highlighted blue.

D | Data Analy

data

.| Examples 1
- Nherosclerusis GSEGB584, llumina HumanRef-Bv1 bead:

4 [f| Brain Tumor GSE1825, Affymetrix HG-U133A microarray
4 | Data
.| Ewing Family Tumor versus Neuroblastoma

+ | |Analyze Promoters D D D

+ | |detect deferentially expressed genes_log2

+ || Enrichment analysis

+ | Find Comman Effectors

4 | |Find master regulator_Geneways m
., | Downregulated_Ensembl _

4 | |Upregulated_Ensembl
=% Entrez genes annot
=% Filtered regulator genes annot 1 < .
15 Fiered reguistor protsins | | 0 a a a a | a O d
F& Regulators Upstream 4
=% Regulators Upstream 4 filterad

. Top 3 regulators, bard1
. Top 3 regulators, ovol1 pabpet rad51 Jun tert

L [ Top 3 regulators, pabpc

Users |

Then choose the option “Save as” (button EEI in the Control Panel). A new mask opens
(“Save document as”), where you will find your project and a folder labeled “data”; you
should save this copy under any new name.

Changing location, color and title of the nodes on a diagram

When you open a diagram saved in your project, you can change color and edit the title
of the nodes, shift one node relative to others, remove or add nodes. Adding new nodes
to a diagram is described in the previous section, Section 23.2.

To edit a node, first, select it by a mouse click. Below, the molecule bard1 is selected.
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Apply the Edit button at the top right corner of the Info box to open the form for
editing the selected node. The Edit button is highlighted by a red oval on the picture

below.

ssed genes Affy)

ifications U
TEOME)

nspath)

The Edit form is opened as shown below.

[y Title bard1
[y ShapeColor _
- [y Size [70.0:400
[y Comment |
E‘E:I Fole
Dyt [Soar
[y Initial value 0.0
[y Quantity type [amount =l
[y Units [ =]
[y Boundary condition 0O
D Constant O
0Oy Show in plot 0O
E‘ﬁ Flot line spec
f-1
255 n
[255 53
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In the Title field you can edit the name of the selected node. In the ShapeColor field the
current color of the selected node is shown. By clicking into this field you can open the
Select color form and change the color.

After editing is done, press Save on the Edit form.

To remove a node from the diagram, first select this node and then right-click (see figure

below).

O O O

jco (o)

St ]| ReMoOVE

To shift a node relative to other nodes, select it and drag to a desired position.

Saving changes and undo & redo functions.

After editing of a diagram is complete, you can either save changes or undo them.

Saving a diagram under the same path and name is done by the button = on the top
menu. If you would like to save a diagram to a different folder or project, or under

different name, use the Save button I:EI

In case you would like to return to the previous variant, use the Undo button @

Important: undo and redo functions work for one previous step, you need to click the
same button again to undo or redo the next previous step. Please note, undo and redo
functions work only before saving.

To return to the previously saved version of a diagram, use the Revert button (E'

Further editing of diagrams includes mapping available expression data on the molecules
and adding interactions around the selected molecules. For details on these two functions
please refer to the sections 21.3 “Expression mapping”, and 21.4, “Graph search”.
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24. Editing and creating JS scripts

User-specific scripts in JavaScript (JS) can be added directly into the platform, and
immediately executed. They can be combined with pre-existing analyses and can be part
of the workflows; existing codes in workflows can be edited.

24.1. Creating new JS scripts

For writing a new JS script, go to any of your data folder (blue marked) and click on the

“New JS script” button () in the toolbar. After pressing a new tab “New script.js”
opens in the Workspace. You can write your script and save it for later execution or
incorporation into a workflow.

4 | data
x .| Examples
4 |Projects
L 4 [Fltestt
| | L Data
i v L Journal
| b wdtmp
] Public

24.2. Executing JS scripts

To execute a JS code directly, click the “Script” tab in the Operation Field. Simply write or
copy and paste your script code in the box. To run the script, press the button [Execute].

My description || Graph search || Script || Clipboard || Tasks

Language: JavaScript = Execute
var tbll = data.get("data/Examples/Scripts/Data/tableToMergel"); S —
var tbl2 = data.get("data/Examples/Scripts/Data/tableToMerge2™); [

var newTablePath = "data/Examples/Scripts/Data/mergedExample”;
var columns = tbll.getColumnMsodel () .getColumns();

var restbl = table.create (newTablePath );

for(var j = 0; j < columns.length; j++)

var colname = columns[j].getName();
table.addColumn (restbl, colname, columns[j].getType());

After pressing [Execute] the new tab “Script log” opens in the Workspace. Here you can
find information about the success and the output of the script.
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e

js> war tbll = d.ata.get("datafl?.xamplesfsDriptstataftableTaMergel"]; war tbhl2 = d.ata.get("datafExamplesfScripts
/Data/tableToMerge?") ; var newTablePath = "data/Examples/Scripts/Data/mergedExample"”; wvar columns =

thll.getColumnModel () .getColumns () ; var restbl = table.create (newTablePath ); for(var j = 0; j < columns.length; j++) { wvar
colname = columns[j].getName () ; table.addColumn(restbl, colname, columns[j].getType()); } var namesl = tbll.getNameList(); var
names? = tbl2.getNameList(); for(var t = 0; t < namesl.size(); t++) { var elemName = namesl.get(t); var newValues = new
Array () ; var values = thll.get(elemName) .getValues(); for(var j = 0; j < values.length; j++) { wvar val = values[]j];
newValues.push(val); } if(names2.contains (elemName)) { print("Element " + elemName + " is duplicated. Merging...") wvar values2
= tbl2.get (elemName) .getValues(); for(var j = 0; j < values2.length; j++) { var val = wvalues2[j];

if(eclumns[j].getType ()=="Float" || columns[j].getType ()=="Integer") newValues[j] = (Number (newValues[j]) + Number(wal))/2;
else newValues[j] += ", " + wal; } } table.addRow(restbl, elemName, newValues); } for(var t = 0; t < names2.size(); t++) { var
elemName = names2.get(t); if (namesl.contains (elemName)) { continue; } var newValues = new Array(); var values =

tbl2.get (elemName) .getValues () ; for(var j = 0; j < walues.length; j++) { var val = values[j]; newValues.push(val); }
table.addRow(restbl, elemName, newValues); } restbl.setReferenceType (tbll.getReferenceType()); print ("end");

Element MO0Q00000014 is duplicated. Merging...

end

To familiarize yourself with the handling of JavaScript, you may use the following
example script:

http://platform.genexplain.com/bioumlweb/#de=data/Examples/Scripts/Data/mergeTabl
es.js

24.3. Editing JS scripts in workflows

To edit a JavaScript code in an existing workflow, you have to open the workflow in Edit
mode and copy it in your data folder. An example is given by the following workflow:

http://platform.genexplain.com/bioumlweb/#de=analyses/Workflows/GTRD/Analyze%20
promoters%20%28GTRD%29

To change the JavaScript code, the grey ScriptBox must be clicked in the workflow
overview (1), whereupon the Script source appears in the “Workflow” tab of the
Operation field (2). Press the button [ ... ] to open the JavaScript editor (3). In this
window, the code can now be changed directly. The confirmation of the editing is done
using the [Ok] button.
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'\ Ansiyze promotecs (GTRO)

5 Koty eneched motls in promoters (GTRD),

B PRoTECUE m(d
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o TRaNsPTH

p 3 L) L) ) ) 0 o e
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http://platform.genexplain.com/bioumlweb/#de=data/Examples/Scripts/Data/mergeTables.js
http://platform.genexplain.com/bioumlweb/#de=data/Examples/Scripts/Data/mergeTables.js
http://platform.genexplain.com/bioumlweb/#de=analyses/Workflows/GTRD/Analyze%20promoters%20%28GTRD%29
http://platform.genexplain.com/bioumlweb/#de=analyses/Workflows/GTRD/Analyze%20promoters%20%28GTRD%29
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24.4. Inserting JS scripts in workflows

To insert a script in an existing or self-created workflow, press the “Analysis -script”

button () in the toolbar. After clicking on button [...] of the Script source, the
JavaScript editor opens. The script can be inserted.

D Start page InPhAnalfle any DNA sequenc...
NEEEEEEEE

J)
& Bite search on track & —j lfé é\_

Site search result
&—
&
& Site search on track 941 |
N

optimization

Input Yes sequence set

Input No sequence set ﬁ_—

Results folder
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25. List of icons and their meaning

25.1. General (Control Panel)
Icon Function

L':-;-;iul'. Log-out

Home

N Account info

Project Properties

Save

Save as, applied to the element (table or diagram) opened in the Work Space

Revert to the previously stored version, to discard the changes introduced and
revert to the default diagram

Import a file

Export the element (table or diagram) opened in the Work Space

Undo previous action

Redo previous action

Zoom in

Zoom out

Information about geneXplain platform

Help

W S e oY e R FEE T

Remove selected rows from a table

25.2.

25.2.1.

Note that the appearance of these icons on top of the directories in the Tree Area is

Tree Area Panel

General

context-sensitive.

Expand / collapse directory

Invoke a script

Compose a new workflow

Compose a new diagram
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| Create a new directory

s Start an parameter optimization process

ik Import a file into the selected (sub-)directory

i Export the element selected in the (sub-)directory of the Tree Area

(g Remove

o= Open the selected file (highlighted by a light-blue background in the Tree Area)
25.2.2 Database types

Icon Function

Protected database with read access enabled

Public database with read access

S

Database with read & write access

Database with read access, write access enabled

El

Database with read access, write access disabled

E)

25.2.3. Data types

Icon Function

Table (general)

Table of probes and properties of their signals

Table of probes with Affymetrix IDs

Table of probes with Agilent IDs

Table of probes with Illumina IDs

Table of genes

Table of genes with Ensembl IDs

Table of genes with Entrez IDs

Table of genes with GeneBank IDs

Aaassapaaan

Table of genes with Gene Symbol as IDs
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Table of genes with RefSeq IDs

Table of genes with UniGene IDs

Table of genes with Illumina IDs

Table of genes with Proteome IDs

Table of genes with Transpath IDs

Table of proteins (general)

Table of proteins (Reactome database)

Table of proteins (TRANSPATH database)

Table of proteins (Ensembl)

Table of proteins (GeneBank)

Table of proteins (IPI)

Table of proteins (RefSeq)

Table of proteins (TRANSFAC)

Table of proteins (UniProt)

Table of SNPs

Table of transcripts

Transcripts Ensembil

DNA sequences in EMBL, FASTA, GenBank format

dranadadaasdasLaaas

Workflow

Diagram, with nodes and (optionally) edges as components

Compartment, with nodes and edges hierarchically assigned

Node in a diagram

Protein

Gene

Edge (relation) in a diagram

Plot

Reaction

| ¥ 7 N B O 4 [

Set of genomic intervals (Track)
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25.2.4.

Types of analyses

Icon

Function

Data manipulation

Annotate a table (add additional columns)

Annotate track with genes

Apply State to Diagram

Composite modules to Proteins

Convert table identifiers using BioHub(s)

Convert table to track

Create a folder

Create Random track

Filter one track by another

Filter table

Filter track by condition

Gene set to track

Intersect / join tables

Intersect Tracks

Join several Tables

Join Tracks

Matrices to molecules

Process track with Sites

SNP matching

Split table by columns

Track to gene sets

N EEEE EE AR EEREEE

Venn diagram

Data normalization

= Normalize expression data
Yin Normalize data and split between experiment and control
—ﬁ Normalization Quality Plots

Functional classification

1

Gene Set Enrichment Analysis (GSEA)

Functional classification
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Import
i Import a file
Molecular networks
g Add expression values to a network / diagram
Tel Cluster by shortest path/Join Diagrams
°3° Search for a common effector
oL Extend network to all reachable nodes
oFs Search for a common regulator
e Save hits
= Save network
g Visualize results as diagram

Optimization

=8N

Parameter optimization

Sequence manipulation

Bowtie
=
i Chip-Seq peak Profile
S Model-based analysis of ChiP-Seq data (MACS)
& ChipHorde/DiChipHorde
ﬁy ChipMunk/DiChipMunk
b 4 Mutation Effect
ki
Site analysis
@l! Create Profile cutoffs

Construct IPS cisModule

Construct Composite Modules

Create IPS model

Create Match model

Create profile from gene table

Create profile from the table of site models (matrices)

Create profile from matrix library

Create weight matrix model

B 2 88 5 9 2 B B3

IPS motif discovery
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MEALR(tracks)

il
et

Motif quality analysis

Search for enriched TFBSs (genes)

Seach for enriched TFBS (tracks)

Site search on gene set

Site search on track

B I & e 5]

ook
By

Site search result optimization

Statistical analysis

K-means cluster analysis

Chinese restaurant cluster analysis (CRC)

Correlation analysis

EBarrays

Fold change calculation

Hypergeometric analysis

LIMMA

Meta-analysis

PCA

Polynomial regression analysis

Identification of up- and down-regulated genes




25.3.
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Info Box

View information in a separate window

[y

Edit description on the Info tab (only for own files; editing possible in pink
fields)

L Launch search for the entered term in the selected database
25.4. Operations Field
3 Execute (e.g., prepare layout as defined)
e Apply layout as generated in the Operations Field to the diagram in the Work
Space
Stop process (e.g., stop preparing new layout)
Accept layout edited in the Work Space to the Operations Field

Add new (e.g., new expression mapping)

Remove

Edit description

Save

Launch graph search

Discard changes / clear elements

Stop Task
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25.5. Work Space

25.5.1. Diagram editing

Insert a node representing a cell

Insert a node representing a cell compartment

Insert a node representing a concept

Insert a node representing a gene

Insert a node representing an RNA

Insert a node representing a protein

Insert a node representing a substance

Define a reaction

Add a note

Add an edge representing a relation

W MY 8o s e

Add an edge to a note




