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Outline  

• Gene regulation 

– Chromatin organization, transcription factor (TF), 

TF binding site (TFBS), and histone code 
 

• TFBS discovery 

– TFBS representation, TFBS databases, MEME 
 

• TF target-gene identification 

– Gene expression, ChIP-x, BETA 

 

• TF-TF interactions 

 

 



Gene regulation 



CS4220, AY2016/17 Copyright 2017 © Limsoon Wong 

4 

Chromatin organization  

The basic unit of chromatin 

organization is the nucleosome, 

which comprises 147 bp of DNA 

wrapped around a core of histone 

proteins 

 

Euchromatin (loose or open 

chromatin) structure is permissible 

for transcription. 

 

Heterochromatin (tight or closed 

chromatin) is more compact and 

refractory to factors that need to 

gain access to the DNA template.  

https://en.wikipedia.org/wiki/Chromatin_remodeling 
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https://en.wikipedia.org/wiki/Transcription_factor 
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• ~10% of genes in the human genome code for 

transcription factors (TFs) 

 

• Genes are often flanked by several binding sites 

for distinct TFs, and efficient expression of each 

of these genes requires the cooperative action of 

several different TFs 

 

• Combinatorial use of a subset of the ~2000 TFs 

easily accounts for the unique regulation of each 

gene in the human genome during development 
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Mechanisms 

• TFs bind to enhancer or promoter regions of DNA 

adjacent to the genes that they regulate 

• Depending on the TF, the transcription of the 

adjacent gene is either up- or down-regulated via: 

– Stabilize or block binding of RNA polymerase to DNA 

– Catalyze the acetylation or deacetylation of histones 
 

• Histone acetyltransferase (HAT) activity 

– Acetylates histonesweakens association of DNA w/ histonesDNA 

more accessible to transcriptiontranscription up 

• Histone deacetylase (HDAC) activity  

– Deacetylates histonesstrengthens association of DNA w/ 

histonesDNA less accessible to transcription transcription down] 

https://en.wikipedia.org/wiki/Transcription_factor#cite_note-pmid10322133-14
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Histone marks 

• H3K4me3 is found in actively transcribed promoters 

• H3K9me3 is found in constitutively repressed genes 

• H3K27me is found in facultatively repressed genes 

• H3K36me3 is found in actively transcribed gene bodies 

• H3K9ac is found in actively transcribed promoters 

• H3K14ac is found in actively transcribed promoters 
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http://www.cell.com/cms/attachment/610399/4879518/gr1.jpg 



TFBS discovery 
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Representations of TF binding sites 

• Position-specific frequency matrix (PSFM, PWM) 

 

 

 

 

 

 

 

• Consensus sequence 

– What is the consensus sequence for the TF 

binding site (TFBS) above? 

PSFM for the transcriptional repressor LexA as derived from 56 LexA-binding sites stored in Prodoric 
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Sequence logo 

• PSFM of TFBS is often 

visualized using 

“sequence logo” 

https://en.wikipedia.org/wiki/Sequence_logo 
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TFBS databases 

https://en.wikipedia.org/wiki/DNA_binding_site 
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http://bioinfo.cnio.es/files/training/Fourth_Sequence_Analysis_2011/TFBSdetection_2011.pdf 

Should you do a whole-

genome scan (using such a 

TFBS motif) to see where 

a TF binds? 



CS4220, AY2016/17 Copyright 2017 © Limsoon Wong 

15 

http://bioinfo.cnio.es/files/training/Fourth_Sequence_Analysis_2011/TFBSdetection_2011.pdf 
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TFBS discovery: General strategy 

• Identify target genes of the TF 
 

• Extract promoters or putative binding sites 
 

• Align and look for enriched patterns 

 

 

 

 

 
 

• Popular tool: MEME 

http://bioinfo.cnio.es/files/training/Fourth_Sequence_Analysis_2011/TFBSdetection_2011.pdf 
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1538909/ 
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Bailey & Elkan, Machine Learning Journal, 21:51-83, 1995 

MEME: Main idea 

MEME(dataset, W, NSITES, PASSES) { 

for i = 1 to PASSES { 

for each subsequence in dataset { 

run EM for 1 iteration with starting point derived from this sequence  

} 

choose model of the motif with highest likelihood 

run EM to convergence from starting point which generated that model 

print converged model of that motif 

Erase appearances of that motif from dataset 

 } 
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 = matrix of letter probability i,j  

z   = matrix of offset probability zi,j 

Choose a substring (e.g. TATAAT) in a sequence as a 

starting point 

Initialize  

Estimate z: Use  to find best offsets for the substring 

Estimate  based on these offsets 

Compute log likelihood of  
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MEME: Sample results 

This 

matches 

LexA motif 

This 

matches 

CRP motif 
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TF target-gene identification 
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The converse: 

How to find target genes of a given TF? 

• Gene expression data from TF-perturbation expt 
 

• ChIP-chip = Chromatin immunoprecipation + DNA microarray 

 

• ChIP-seq = ChIP + massively parallel sequencing 

 

• Popular tool: BETA 
– http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4135175/ 

 

• Also, DNAse-seq is a laboratory method for  

identifying accessible DNA regions (i.e. open 

chromatin) 
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ChIP-chip 

https://en.wikipedia.org/wiki/ChIP-on-chip 
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ChIP-seq 

https://en.wikipedia.org/wiki/ChIP-sequencing 
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Histone marks 

• H3K4me3 is found in actively transcribed promoters 

• H3K9me3 is found in constitutively repressed genes 

• H3K27me is found in facultatively repressed genes 

• H3K36me3 is found in actively transcribed gene bodies 

• H3K9ac is found in actively transcribed promoters 

• H3K14ac is found in actively transcribed promoters 
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http://www.cell.com/cms/attachment/610399/4879518/gr1.jpg 



CS4220, AY2016/17 Copyright 2017 © Limsoon Wong 

28 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4135175/ 
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BETA: 

Main idea 
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• For Stage 1, i.e. direct gene-target prediction, BETA ranks 

genes on the basis of both regulatory potential of factor 

binding and differential expression upon factor binding, 

and then it calculates the rank product of the two to predict 

direct targets 

 

• The regulatory potential is calculated as  

 

 

 

 

• All binding sites (k) near the transcription start site of the 

gene (g) within a user specified range (100 kb as default) 

are considered. Δ is the exact distance between a binding 

site and the TSS proportional to 100 kb (Δ = 0.1 means the 

exact distance = 10 kb) 

Wang et al. Nature Protocol, 8:2502-2515, 2013 

Tang et al. Cancer Research, 71:6940-6947, 2011 
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BETA: 

Sample result 
BETA output of activating/ repressive function 

prediction and motif analysis of AR. (a) BETA 

activating/repressive function prediction of the 

AR data set from the LNCaP prostate cancer 

cell line. The red and the purple lines 

represent the upregulated and downregulated 

genes, respectively. The dashed line indicates 

the non-differentially expressed genes as 

background. Genes are cumulated by the rank 

on the basis of the regulatory potential score 

from high to low. P values that represent the 

significance of the UP or DOWN group 

distributions are compared with the NON 

group by the Kolmogorov-Smirnov test. (b) 

Motif scan algorithm. Motif scores in each 

binding peak are compared among three 

regions. The middle region consists of 200 bp 

centered on the peak summit; the left and right 

regions comprise 200 bp in either direction of 

the middle region. The significance of motif 

summit enrichment is measured by the P 

value from a one-tailed t test. (c) Screenshot 

of binding motif analysis on UP target regions 

of AR. Similar motifs are grouped together, 

and the motif logo of the most significant 

factor in the group is provided in the last 

column. The motif symbol, DNA-binding 

domain and species are shown in the first 

three columns; the t score and the P value 

from the t test are shown in the middle two 

columns. 
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What happens when BETA is used w/o 

gene expression data? 

 

Some expts a student (Iana Pyrogova) did 

using OCT4/SOC2/Nanog data… 
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OCT4/SOX2/NANOG 

(A) Enhancers are bound by 

OCT4, SOX2 and NANOG 

together with p300 in embryonic 

stem cells. These enhancers 

maintain pluripotency by 

activating gene expression in ES 

cells (top) or poisoning 

expression for activation after 

differentiation (bottom)  

 

 

(B) After differentiation of the 

cell, the same enhancers are 

bound by p300 in developmental 

tissues together with other 

transcription factors. The target 

gene is expressed  
Göke et al.,  PLoS Comput. Biol., 7(12):e1002304, 2011. 
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Oct4 mm10 

Input 

• TF name: OCT4  

• Cell: ES 

• Expt: ChIP-seq 

 

BETA pamaters 

• Genome: mm10 

• Distance: 100kbp 

 

Compare top 500 

of these two lists 

Predict target genes  

overlap = 25 

Out of top 500 BETA predictions 

based on OCT4 binding data 

only, a mere 5% (=25) target 

genes are confirmed by gene 

expression data 



TF-TF interactions 
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Basic ideas for 

identifying co-

operative TFs 

• Check regulatory region 

of their common target 

genes for  

– Binding-site co-

occurrence enrichment  

– Relatively fixed binding 

distance between their 

binding sites 

Yu et al., NAR, 34(3):917-927, 2006 
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Genome Res., 14(2):201-208, 2004 
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Some 

technical 

details 
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Time for Exercise #1 

• Motif co-occurrence is a useful approach for 

identifying TF-TF interactions. This approach has 

the advantage of not needing experimental data 
 

• Discuss how you can make better prediction 

when some experimental data is available, and 

what type(s) of experimental data you should look 

for 
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Must read 

• [MEME] Bailey & Elkan. Unsupervised learning of multiple motifs in 

biopolymers using expectation maximization. Machine Learning 

Journal, 21:51-83, 1995 

 

• [BETA] Tang et al. A comprehensive view of nuclear receptor 

cistromes. Cancer Research, 71:6940-6947, 2011 

 

• Bulyk et al. A motif co-occurrence approach for genome-wide 

prediction of transcription-factor-binding sites in Escherichia coli. 

Genome Research, 14:201-208, 2004 
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Good to read 

• Bailey et al. MEME: Discovering and analyzing DNA and protein 

sequence motifs. Nucleic Acids Research, 34:W369-W373, 

2006 
 

• Wang et al. Target analysis by integration of transcriptome and 

ChIP-seq data with BETA. Nature Protocol, 8:2502-2515, 2013 
 

• Geertz & Maerkl. Experimental strategies for studying 

transcription factor-DNA binding specificities. Briefings in 

Functional Genomics, 9:362-373, 2011 
 

• Shin et al. Computational  methodology for ChIP-seq analysis. 

Quantitative Biology, 1:54-70, 2013 
 

• Jankowski et al. TACO: A general-purpose tool for predicting 

cell-type–specific transcription factor dimers. BMC Genomics, 

15:208, 2014 


