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Part 1

TFClass is a classification of eukaryotic transcription factors based on the
characteristics of their DNA-binding domains (DBDs).

We will use a list of genes and identify the most prominent transcription
factor class with the functional classification tool and underlying statistics.

This analysis allows you to classify a set of genes into TF classification groups.
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Part 1 — Classify a set of genes into TF classification groups
After logging into the geneXplain platform, open the Functional classification tool as shown below.

Databases Da Analyses ‘ ) ‘ ‘ Start p_agg"q Functional classification )q
4 | |analyses - T
N . I
b ) Galaxys = - P i D Source data set I'%I(select element) I
DR L7 [y Species [Human (Homo sapiens) =l
/ - [} Classification | Full gene ontology classification -]
e /! . :
: ] . Minimal hits to grou
lf ,_J_] olon cancer signature ] D G ? |2 |
ll | Data manipulation / [y P-value threshold |0_05 |
b ,_J_J Data Trorwalization / - [} Result name @[ (select element) |
; N\
i |FBC \ 7/
" -.;J F'-'”Ct'o_”?l dafiﬁcéuo_” _ 7 Show expert options >>
i f 2 rerreeTeTYy - -
‘& Functional classification -
7 } y diagrams
& LB LRPath
.TreeMap on Functional classification

gene)‘f plain info@genexplain.com



Part 1 — Classify a set of genes into TF classification groups

Navigate to the UpDownReg 168 Ensembl_genes table and drag-and-drop it to the Source data set field of the tool.
The field Classification is a source directory whose information is used for the comparison (mapping) and select TF
classification. Change Minimal hits to group to 1, because our input list is quit small and we would like to have an
overrepresentation from the first hit already. Click Run when parameters are set as shown below.

Databases Data‘ Analyses

‘ Start page ‘QFunctional classification X‘

\ [ Training 290414 P8
¢ [ Training 290414 P9
4 Trainingip\atform

4 | |Data

I ] 1_Introduction

b L2 _Motifs

[ .| 3_Factors

[ |4 Enhancers

I L.J5_Pathways

I L) 6_Networks

b L) 7_Targets
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I 1] 2_Motifs_Input
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L
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i
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-
. -
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Part 1 — Classify a set of genes into TF classification groups
Sorting the resulting table with lowest Adjusted P-value on top gives four most prominent TF classes in the red box.

Start page QFunctiona\ classification X‘Q UpDownReg_163_Ense... X‘

Edit Select all Select page
| First | | Previous IPage‘ 1 ‘of 1| Next | | Last | Showing 1 to 35 of 35 entries Show entries
iD Title Num!:er of Gr_o up Expgcted P-value Adjusted P- 4 Hit names
hits size hits value
? 6.1 Rel homology region (RHR) 4 30 0.35225 3.0202E- 0.00944 BCL3, NFKBIA, NFKBIE, i
factors 4 RELB
. ) 4,5699E-
6.1.2 Ankyrin domain-only factors 3 14 0.16438 4 0.00944 BCL3, NFKBIA, NFKBIE
3.6172E-
6.1.2.1 IkB-related factors 3 13 0.15264 4 0.00944 BCL3, NFKBIA, NFKBIE
. 7.5582E- BCL3, NFKBIA, NFKBIE,
\é Immunoglobulin fold 5 67 0.78669 4 0.01172 RELB, STATG
1.1.1.1.2 JunB 1 1 0.01174 0.01174  0.02912 JUNB
1.1.2.2.1 ATF-3 1 1 0.01174 0.01174 0.02912 ATF3
2.1.3.5.2 COUP-TFII (NR2F2) 1 1 0.01174 0.01174 0.02912 NR2F2
2.2.1.1.3 GATA-3 1 1 0.01174 0.01174 0.02912 GATA3
HIV-EP2 [2+2] (MBP-2,
2.3.4.5.2 ZNF40B) 1 1 0.01174 0.01174 0.02912 HIVEP2
3.1.2.11.1 MSX-1 (HOX7) 1 1 0.01174 0.01174 0.02912 MSX1
3.3.2.1.8 E2F-8 1 1 0.01174 0.01174 0.02912 E2F8
3.5.2.1.2 c-Ets-2 1 1 0.01174 0.01174 0.02912 ETS2
3.5.3 Interferon-regulatory factors 2 9 0.10568 0.00447 0.02912 IRF1, IRF2
3.5.3.0.1 IRF-1 1 1 0.01174 0.01174 0.02912 IRF1
3.5.3.0.2 IRF-2 1 1 0.01174 0.01174 0.02912 IRF2
51.1.1.3 MEF-2C 1 1 0.01174 0.01174 0.02912 MEF2C
6.1.1.2.2 RelB (I-Rel) 1 1 0.01174 0.01174 0.02912 RELB
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Part 2

Now we are using a tool to convert a list of transcription factor binding sites
into a list of corresponding transcription factors.
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Part 2 — Convert a list of transcription factor binding sites (TFBSs) into a list of transcription factors (TFs)
Open the Matrices to molecules tool as shown below.

Databases DXa @ Analyses } . )
T avascript Start page | Matrices to molecules
y 4

4 | |Methods

b o] Admin : f
@e -~ [y Sites table : [ | (select element)
4 Data manipulation - .
o Tagram - D Profile | G [ |(select element)
I
]

- [T, Anngtate table

= &’Annotate track with genes i D Species
- & CR c‘uster selector i

o Calcjlate weighted mutation score ]

- 68 Chec quotas i D Output type / |Unspeciﬁed
- %, Composite module to proteins :

% comvlrt table - D Ignore emptd values

- I & Convlrt table to track : /

- I§ Convqrt table via homology . Numerical value treatment rule |extreme

- [ Creatj folder /

- & Create random track . D Leadl-ng Cﬁlumn I(none)

- Esz Create\tissue—speciﬁc promoter track

|Human (Homo sapiens)

=

1 1

- 9% Create \ranscript region track /
= Filter dup‘icate rows . D DUtPUt bable ﬂ= (select element)
- <= Filter one ‘rack by another /
= F‘T Filter table /
- ¢‘$ Filter track‘by condition /
- | & Gene set tq track
- Group tablg rows
- BC tmpert from BC Platform
— ﬁ Import from! TranSMART /
~ ' Intersect taples /
- ’ Intersect tracks /
— = Join full tables /
- B Join severalltables /
~ Join tables
Foon tables § _”

. i g' +
P = - -
— Ui Matrices to molecules
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Part 2 — Convert a list of transcription factor binding sites (TFBSs) into a list of transcription factors (TFs)

Navigate to the Enriched motifs top50 table and drag-and-drop it to the Sites table field of the tool. The field Output
type defines the hub, which is used for the conversion mapping and defines the output type and ID. Click Run when
parameters are set as shown below. The resulting table has Ensembl IDs added to the original Sites table.

” Databases ” Data ‘ Analyses ‘ Start page ‘C; Matrices to molecules X‘

: Tra!n!ng 290414 P9 Sites table - - = = = = = = ..._platform/Data/3_Factors/Sites top5
4 Tralmngiplatform --——
e

+ | |Data ’ Ly-Prefile ...ched motifs_TRANSFAC(R)),/Profile|
i L] 1_Introduction ¢ [ Species Human (Homo sapiens) ~]
b 1|2 Motifs “ : —_—

i “‘] b == - | [} Qutput type Genes: Ensembl ) ~|

[ Sitestops0 )= = = — = — - D Ignore empty values
UpDownReg_168_Ensembl_genes D Numerical value treatment rule |extreme ;l

Q UpDownReg_168_ Ensembl_genes TF classification i Leadi

! eading column -

.| 4_Enhancers -0 [P-value o

.| 5_Pathways " [y Output table ﬁsll ...actors/Sites top50 TFs Genes Ensembl |
.| 6_Networks

117 Targets 4== RUN

|| 8_Biomarkers

i
i
i
|
|

Databases | Data ‘ Analyses | ‘ Start page U Matrices to molecules X‘I'is' Sites top50 TFs Genes E... )q
b Training 290414 P9 - Edit Select all Select page
# @ Training_platform CFirst Previous Page of 1 Next | Last Showing 1 to 39 of 39 entries
a | |Data D D
I L] 1_Introduction ;- —_—— - -
[ ._4_] 2_Motifs ID ‘| Site model ID Length Matrix logo
i | |3 Factors .
- [ Sites top50 | |
. I'?s' Sites top50 TFs Genes Ensembl | ENSG00000006194 | V$FPM315 02 20 A A
- F% UpDownReg_168 Ensembl_genes | | TTEooF o mTEmETeTE s
Q UpDownReg_168_Ensembl_genes TF classification ' |
I [.]4 Enhancers ENSG00000008196 ~ V$AP2_Q6 12 _.C CC P C
[ || 5_Pathways | | TET oEsoEses=
[ .| 8 Networks | |
b L] 7_Targets ENSG00000028277 ) V$OCT2_Q6 14 A T CA AA
L .| 8_Biomarkers SN e e == =T ===
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Part 3

This part demonstrates the analysis of ChIP-seq data in the geneXplain
platform. We will show how to work with genomic intervals loaded from BED
files. The ChIP-seq peaks from Jurkat cells were bound by TAL1 in a study be
Palii et al. [1]. In the first part, we will analyze binding sites in TAL1-bound

regions in Jurkat cells.

1. Palii CG, Perez-Iratxeta C, Yao Z, Cao Y, Dai F et al. (2011) Differential genomic
targeting of the transcription factor TAL1 in alternate haematopoietic lineages.

EMBO J. 30:494-5009.
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Part 3 — Enriched motifs in ChIP-seq peaks

Open the Create random track tool. This tool randomly samples upstream regions of genes that do not overlap with
and has the same distribution of lengths as a specified set of intervals. The random intervals will present our
background set of genomic sequences for subsequent binding site analysis.

Databases Data
4 | |analyses |

v | Galaxy p
[ __J_.]JavaSc:r'lpt !
4 | |Methods

: b L) Admin 1

T ATTITOtEtE dlagram
- [7; Anndtate table
- <:% Annc'itate track with genes

- & CR cluster selector

- 4 Calculate weighted mutation score
- GB Check\quotas

- Uy Compodite module to proteins

- % Convert'table

~ "= Convert table to track

- ﬁ Convert table via homology

5 Es.rL Create Tissue-specific promoter track
% Create transcript region track
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Part 3 — Enriched motifs in ChIP-seq peaks
Navigate to the jurkat cell track and drag-and-drop the item onto the Input track field of the tool. Change the Sequence
source to Ensembl 75.37 Human (hg19). Click Run when parameters are set as shown below.

Databases | Data ‘ Analyses ‘ ‘ Start page
@l Training 290414 P9 T et ek
4 Training platform :
3 A_i Data o D Sequence source

i ] 1_Introduction [} Species PR - [?] W
[' “—.]2 Motifs 5 [y standard chromosomas - 7]
(, .| 3_Factors :
[’ d_'] 4_Enhancers o D Sequence nqm%r 71 |1000 |
[' _‘_:] 5_Pathways - D Segyeﬁce length 7] |0 |
[ - JG_Networks 5 D AIIow overlap 21 O
[ .| 7_Targets |7
[ .| 8_Biomarkers - | “ [y Output track [?] g]|...t Data/3_Factors_Input/Random track |
[ _JTrammg_Documents -7
4 _,_]Tralnmg_Input Data _ ” < Show expert o

:) |, 1_Introduction P

b A_]2 Motifs_Input PRe

[ sites top50
: I'i(' UpDownReg_168_Ensembl_genes
b _J_] 4_Enhancers_Input
u_] 5_Pathways_Input -
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Part 3 — Enriched motifs in ChIP-seq peaks

The next goal is to extract a subset of intervals, as we are not going to analyze binding sites in all peaks. Open the

interval table and follow the steps described below to extract an interval subset.

D&=@ BdAt ¢®<—--------________________rm

LEE

Trainingfplatfurm

,A:IData
[7 u\:l 1_Introduction
] 2_Motifs
pEw3 -
- +C_ 4 GSM614003_jurkat.tall
/ E» iz OP
\

bl e

' = Open table

e i

5 T — hdiC -
‘ DatabasefJ Data | Analyses ‘ ‘ Start page “GSM614003Jurkat.taI1 )4 A\
; Training 290414 P9 4 ||| Filter: Property_name > 25 selec€all  Select page

\jFirsti\ \jPrevious | Page of 1 \ Nexti\ \:Last |

ID * Sequence (chromosome) name

Showing 1 to 451 of 451 entries

From o Length Strand rty: nafhe

=}
-
-
m

6377096 6377399 304 ? unsure 39

10977931 10978572 642 ? unsure 51

17 1 16575310 16575588 279 ? unsure 36

20 1 21952326 21952623 298 ?

- unsure 37
-y Export Ibl_genes TF classification 4SS U 24222945 24223469 525 ? unsure 47
4 L.Cli'-g Skt o TS e 28 1 S 26704744 26705302 559 ? unsure 61
3
Pl pemove ;20 N 202463 20211790 328 2 wswe 40
E’ d;I - - 35 1 31241846 31242046 201 ? unsure 30
< Cow Y emes emsen e 0 e @
| 4 bl
P—
= Ly
‘ Search | Info SQL track V|- ‘@ [} ( | Filters ‘ M)Eseﬂ'pt'm'l Graph search  Script  Clipboard = Tasks

Track GSM614003_jurkat.tall

Sequence collection: databases/EnsemblHuman?5/Sequences/chromosomes GRCh37
Site count: 2238

platform.genexplain.com/bioumlweb/#
s

]

bZIP_dimer_bound...jpg  ~ [w] TFBS.png

Template to construct the filtering expression: (“{)Iumns (double-click to paste):

Select template -
~

v]

\
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Expression in JavaScrip
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[P

Alle anzeigen
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Part 3 — Enriched motifs in ChIP-seq peaks
We are now ready to compare binding sites in TAL1-bound regions with those in the sampled genomic background.
Here we will apply the MEALR tool which finds a weighted set of discriminating motifs using sparse logistic regression.

Use the steps shown below to open the MEALR tool.

Da{tabasef Dald
_| Site analysis

e
L- TA model to tracks

!'L+ Change profile cutoffs
- = Cjuster track

L = Cpmpare TFBS mutations

{g# Cpmpute profile thresholds

~ jpg Cpnstruct IPS CisModule

~ 22 Censtruct composite modules

5 C¢nstruct composite modules on track (correlation)

~ 22 Cdnstruct composite modules on tracks

f;".': Construct composite modules on tracks with keynodes
ﬁ Copstruct composite modules with keynodes

- 5 Cobtinue CMA

-~ U4 Corlvert site search summary Start page #- MEALR (tracks) X‘
- b Create IPS model -
F'." Creale Match model i Yes set [?]

i : “| (select element
- TA create matrix logo ; D él( ) |
mﬁ Creatk profile from CMA model i D No set [?] é‘l(select element) |
- |l Creatk profile from gene table _ Sequence source -
ﬁ Creath profile from matrix library D 2] IEnsembI 100.38 Human (hg38) :l
- [® Creatd profile from site model table i D Input motif profile [?] fﬁl ...hed motifs_TRANSFAC(R))_new,/Proﬂlel
|?|'| Creatd weight matrix model L D Output path [2] E“,I{select Bt |

:fé;‘l' Find r&gulatory regions
':fé;‘L Find régulator\; regions with mutations
- e Get tr!mscripts track
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Part 3 — Enriched motifs in ChIP-seq peaks

In MEALR, specify Yes and No sets by dragging the interval items of the TAL-1 peak subset and of the random track onto

respective fields. Navigate to the vertebrate recommended specific profile of TRANSFAC 2020.3 to specify the set of

motifs (a file navigator opens when clicking on the field Input motif profile). Click Run when ready.

Analyses

Databases | Data ‘
. Uy «JuTLeT o

‘ Start page ‘ﬁjMEALR (tracks) X‘

- [l Training 290414 P9
4 @Training_platform

a | |Data
I [l]1_Introduction
b 1|2 Motifs
4 | |3_Facto
[ =3 R ISR e -
& GSM614003_jurkat.tall subset - - -
- -

3
j I'is' Sites top50 TFs Genes Ensembl

I'is' UpDownReg_168_Ensembl_genes

i. @ UpDownReg_168_Ensembl_genes TF classification

D Yes set
No set
D -

[ Sequence source ”
-
-

- -
_ - ’.Blnﬂltﬂwoﬁfpmﬁﬁa

-
- - ’D Output path

[?] & [BrFactors/GSM614003_jurkat.tal1 subset
- -
2
- E] _fb{\atform/Data/B_Factors/Random track I

(LRun | /
—_ V4
| Input motif profile x ‘
\
Foldefgdatabases/TRANSFAC(R) 2020.3/Data/profiles =l Up

‘@ vertebrate_rat_5_in_10K_bases
‘4 vertebrate_rat_5_in_10K_bases_n...
. limy vertebrate_rat_5_in_1K_bases
‘4 vertebrate_rat_5_in_1K_bases_no...
n... a vertebrate_rat_p0.001
‘4 vertebrate_rat_p0.001_non3d
n... fm vertebrate_rat_p0.01
‘m vertebrate_rat_p0.01_non3d
o... ‘mvertebrate_rat_p0.05
‘4 vertebrate_rat_p0.05_non3d

4

‘@ vertebrate_rat_50_in_1K_bases_n... ['& | EaE sl ol = vl v

‘mvertebrate_thale_10_in_10K_bases [V
{m vertebrate_thale_10_in_10K_base... @V
‘mvertebrate_thale_10_in_1K_bases v
‘m vertebrate_thale_10_in_1K_bases... v
‘m vertebrate_thale_1_in_10K_bases v
{m vertebrate_thale_1_in_10K_bases... (v
‘mvertebrate_thale_1_in_1K_bases v
‘mvertebrate_thale_1_in_1K_bases_... (v
‘mvertebrate_thale_50_in_1K_bases (v
‘m vertebrate_thale_50_in_1K_bases... (v
3

Name: | ertebrate_recommended_specific

‘ 0Ok ’Cancel
4
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Part 1 — Enriched motifs in ChIP-seq peaks
Like the original study, MEALR identifies GATA, Runx-type, and ETS motifs as dominant patterns. In addition, it proposes
also an MYB motif at the top of the list.

Start page " MEALR (tracks) X [ Enriched_motifs_MEALR X| A Jurkat versus control
Edit Class Motif Score
First | | Previous | Page of 2| Next | | Last Showing 1 to 50 of 77 Show entries 1 Runx VCCACA* 49
entries
1D Coefficient - 2 Gata (C)TTATCT* 45
VETALL_04 0.35132
VSAML2_03 0.16593 3 E-box(GC) CAGCTG 40
VEGATAL_10 0.11608
VSNGN2_02 0.11212 4 Ets CAGGAAR 28
VEETV2_03 0.09975
VEFLI1ITCF3_01 0.09506 5 Gata AGATAA 19
V$AML1_02 0.06003
V$HAND2_02 0.05756 6 Runx AACCACA 17
VECOREBINDINGFACTOR_Q6 0.0532 2
VEGATAZ_ 11 0.04998 ¥ * GCAGVC 17
VEZNF563 04 0.04472
« P Enriched_motifs_MEALR ... X From Figure 6, Palii et al., EMBO J.

ENSG00000188227  zinc finger protein 793 ZNF793 0.02102 2011, 30:494-509

ENSGO0000141510 tumor protein p53 TP53 0.02173

ENSGO0000144792 zinc finger protein 660 ZNF660 0.02558

ENSGO0000090447 transcription factor AP-4 TFAP4 0.02621

ENSGO0000178403 neurogenin 2 NEUROG?2 0.02759

ENSGO0000175691 zinc finger protein 77 ZNF77 V$ZNFPT1_02 0.02845

ENSG0O0000187987 zinc finger and SCAN domain containing 23 ZSCAN23 V$ZMNF390_02 0.03276

ENSG00000148737 transcription factor 7 like 2 TCF7L2 V$TCF4_07 0.04458

ENSGO00001588868 zinc finger protein 563 ZNF563 V$ZNF563_04 0.04472

ENSG0O0000164107 hear‘t_and neural crest derwativwressed 2 HANDZ2 V$HANDZ_02 0.05756

ENSGO00000159216 RUNX family transcription factor 1 RUNX1 V$AML1_02 0.06003

ENSGO0000071564 transcription factor 3 TCF3 V$FLI1ITCF3_01 0.09506

ENSG00000151702 Fli-1 proto-oncogene, ETS transcription factor FLI1 VS$FLIITCF3_01 0.09506

ENSGO0000105672 ETS wariant transcription factor 2 ETV2 V$ETV2_03 0.09975

ENSGO00000102145 GATA binding protein 1 GATAL V$GATAL_10 0.11608

ENSGO0000020633 RUNX family transcription factor 3 RUNX3 V$AMLZ2_03 0.16553

ENSG00000162367 TAL bHLH transcription factor 1, erythroid differentiation factor TAL1 V$TALL_04 0.35132
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Practical session completed
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