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Non‐coding sequences 

Protein binding sites: 

 Promoters, Enhancers, Silencers, Insulators  TFBS 
Other:  

 non‐coding RNAs, etc 

Transcription Factor Binding Sites



TFBS: Detec)on methods 

in vivo 
Func)onal analysis 

ChIP 

in vitro on cloned fragment 
Footprin)ng reac)ons 

Exonuclease digests 

Gel retarda)on (EMSA) 
UV Crosslinking 

in vitro on ar)ficial DNA: 
SELEX: Systema)c Evolu)on of Ligands by Exponen)al enrichment 
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TF Binding Sites 

•  Problems: 
–  oSen poorly defined consensus 
–  Sequences not conserved within species, and even worse 
between species 

–  Examples of enhancers func)onally conserved but not 
sequence‐conserved 

– Most of the TFBS sequence data comes from just a few 
species 

–  Very oSen in vitro experiments 

–  2 completely different binding sites could be merged in 
the same matrix/consensus 

Transcription Factor Binding Sites





http://www.epd.isb-sib.ch/ 



hYp://rulai.cshl.edu/soSware/index1.htm 



http://gerg01.gsc.riken.jp/cage_analysis/ http://gerg01.gsc.riken.jp/cage/ 

Experimental Transcrip)on Start Sites (TSS) 
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Data collection 

Probabilities can be calculated and corrected for background 

Also called position-specific scoring matrices (PSSMs). In log scale. 



From PFM to PWM/PSSM 
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SEQUENCE LOGOS: The information content of a matrix column ranges from 0 
(no base preference) and 2 (only 1 base used).  

http://weblogo.berkeley.edu/ http://www.lecb.ncifcrf.gov/~toms/sequencelogo.html 



AAGTTC 
AAGCTC 
AGGCTC 
AAGGTC 

A  430000  
C  000204 
G  014100 
T  000140 

Consensus: ARGBTC 

Summary 
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Transfac: not free, 848 matrices, loads of information and references,  
quality score based on methods used 

Jaspar: open sources, 123 matrices, minimal information,  
majority based on SELEX method (80%) 



hYp://www.gene‐regula)on.com/pub/databases.html 

TRANSFAC® 
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Transfac example: WT1 
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Transfac example: WT1 
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Transfac example: WT1 
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Transfac example: WT1 
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Transfac quality assignment 
Score Meaning 

1 Functionally confirmed transcription factor binding site 

2 Binding of pure protein (purified or recombinant) 

3 Immunologically characterized binding activity of a cellular 
extract 

4 Binding activity characterized via a known binding sequence 

5 Binding of uncharacterized extract protein to a bona fide element 

6 No quality assigned 



hYp://jaspar.cgb.ki.se/ 



24 

Jaspar example: Pax6 

2
4 
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http://www.gene-regulation.com/cgi-bin/pub/programs/match/bin/match.cgi 



Click here to select 
all TFBS 
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PaYern discovery 

Reference Genome 

Seq. oligo  expected 
  frequency 

AAAAAA  0.00024 
AAAAAC  0.00030 
AAAAAG  0.00031 
AAAAAT  0.00024 
AAAACC  0.00028 
… 

Sequences of interest 

Seq. oligo  observed 
  frequency 

AAAAAA  0.00023 
AAAAAC  0.00031 
AAAAAG  0.00125 
AAAAAT  0.00018 
AAAACC  0.00026 
… 

*** 



hYp://meme.sdsc.edu/meme/ 



hYp://www.cisred.org/ 

Looking at conservation of over-represented motif (pattern) discovery 



•  “For each target gene's search region, we use 
a base set of probabilis)c ab initio discovery 
tools, in parallel, to find over‐represented 
atomic mo)fs. Discovery methods use 
compara)ve genomics with over 40 
vertebrate input genomes.” 
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CisRED 





http://rsat.ulb.ac.be/rsat/ 



http://rsat.ulb.ac.be/rsat/ 



Philippe Gautier, Bioinformatics 
MRC-Human Genetics Unit 

Edinburgh UK 

http://www.hgu.mrc.ac.uk/Users/Philippe.Gautier/tfbs_seminar/noncoding.html 

Thank you! 

And thanks a lot for some of the slides to: 
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EXERCISE  
Step by step 

a.  Go to http://rulai.cshl.edu/cgi-bin/TRED/tred.cgi?process=searchPromForm 
and retrieve the mouse and human fosB promoters (-1500..299) 

b.  Save your promoters as .fasta files. 

c.  Go to Match and search for TFBS in the mouse promoter with the defaults. 
Change the options to minimize false negatives. 

d.  Go to JASPAR and search for TFBS in the mouse promoter with the defaults. 

e.  Compare the results. 


