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Identification of DNA motifs

Day 2
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Suzanne Komili & Pamela A. Silver (2008) Nat. Rev. Genetics 9:38-48

Gene regulation
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http://pbil.univ-lyon1.fr/baobab/article.php3?id_article=278

Gene regulation
Regulation of transcription

http://pbil.univ-lyon1.fr/baobab/article.php3?id_article=278
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TRANSFAC® DNA binding sites
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TRANSFAC® DNA sequence motifs
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TRANSFAC® DNA sequence motifs
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Position-specific frequency matrix (PFM) –
the simplest and most often
used DNA-sequence motif model

Describing DNA-sequence patterns
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Log-odds score of a site: 𝑆𝑙𝑜𝑑 𝑥 = σ𝑘=1..𝐿 log(4 ∙
𝑛𝑖𝑘+𝑞𝑖

𝑁+σ𝑖 𝑞𝑖
)

MatchTM score of a site: 𝑆𝑀𝑎𝑡𝑐ℎ 𝑥 = σ𝑘=1..𝐿 𝐼𝑘 ∙
𝑛𝑖𝑘

𝑁
; 𝐼𝑘 = 2 + σ𝑖 𝑝𝑖𝑘 ∙ 𝑙𝑜𝑔2𝑝𝑖𝑘

1   2   3   4   5   6   7

A 0.0 0.0 0.8 0.4 0.0 0.0 1.0

C 0.0 0.0 0.2 0.6 0.2 0.8 0.0

G 0.0 0.8 0.0 0.0 0.0 0.2 0.0

T 1.0 0.2 0.0 0.0 0.8 0.0 0.0

Positional Weight Matrix –
binding site scores
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Log-odds score of a site: 𝑆𝑙𝑜𝑑 𝑥 = σ𝑘=1..𝐿 log(4 ∙
𝑛𝑖𝑘+𝑞𝑖

𝑁+σ𝑖 𝑞𝑖
)

MatchTM score of a site: 𝑆𝑀𝑎𝑡𝑐ℎ 𝑥 = σ𝑘=1..𝐿 𝐼𝑘 ∙
𝑛𝑖𝑘

𝑁
; 𝐼𝑘 = 2 + σ𝑖 𝑝𝑖𝑘 ∙ 𝑙𝑜𝑔2𝑝𝑖𝑘

Positional Weight Matrix –
binding site scores

A log-odds score matrix of V$AP1_02

A  -4.25 -4.25  1.77 0.14 -0.55 -4.25  1.77

C  -1.93 -4.25 -1.08  1.37 -4.25  1.68 -4.25

G  -4.25  1.68 -4.25 -1.93 -1.93 -0.55 -1.93

T   1.86 -0.55 -4.25 -4.25  1.58 -4.25 -1.93

Score of the consensus site: 11.71
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- Score thresholds

- Profiles

- Site p-values

A  -4.25 -4.25  1.77 0.14 -0.55 -4.25  1.77

C  -1.93 -4.25 -1.08  1.37 -4.25  1.68 -4.25

G  -4.25  1.68 -4.25 -1.93 -1.93 -0.55 -1.93

T   1.86 -0.55 -4.25 -4.25  1.58 -4.25 -1.93

Score of the consensus site: 11.71

Sequence scan for binding sites

...ACGCGACGGTACTGACTCAACGTACGAACTT..

.

DNA binding site prediction
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Motif enrichment analysis
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• Use cases:

• Find transcription factors for co-regulated gene set

• Identify motifs “co-enriched” in ChIP-seq regions

Yes sequences

No sequences

• Which binding sites are significantly 
enriched in the Yes sequences?

• Site optimization tool

• Automatic threshold optimization

• One-sided binomial test for 
significant enrichment of sites
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Motif enrichment analysis
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Improved methods in the geneXplain platform

• MEALR: motif enrichment analysis by logistic 
regression

• Sparse logistic regression to select a subset of 
motifs from a possibly large and redundant 
motif library

• 𝑥𝑖𝑘 = log(
1

𝐿𝑖
σ𝑤𝑖

𝑒𝑥𝑝 𝑆𝑤 )

• 𝑆𝑤 := Log-odds score of window w

• Sequences i = 1 .. N with classes {0,1} and 
lengths 𝐿_𝑖

• Motifs k = 1 .. M

• For enrichment analysis, rank motifs by LR 
coefficient from highest to smallest.

Stegmaier et al. (PLoS CB, 2013)

Motif enrichment analysis

https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1002958
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Search for new TF binding sites with PWMs
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Relationship between Sequence Logo and PWM
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New Ensembl motif features

http://www.ensembl.info/2018/10/15/new-ensembl-motif-features/

http://www.ensembl.info/2018/10/15/new-ensembl-motif-features/
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ChIPMunk: fast and efficient motif discovery tool

http://autosome.ru/ChIPMunk/

http://autosome.ru/ChIPMunk/
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Binding site prediction & Identification of enriched motifs
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• ChIPMunk 

• Binding site prediction

Hands-on training


