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Why study transcription factor
binding sites (TFBSs)?



• All protein coding genes are regulated by
transcription factors.
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http://bioinformatica.upf.edu/P21/transcription.jpg

binding sites = binding motifs = regulatory elements = regulatory motifs



The difficulties

• Transcription factor binding sites (TFBSs)
are short and degenerated.
- Usually 6 ~ 15 bp.

- TFBSs can be on either strand of the DNA

SWI6 ABF1





• In yeast, Saccharomyces cerevisiae:
– ~6000 genes
– >200 TFs



• All protein coding genes are regulated by
transcription factors.
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Basic idea

• Genes with the same (or similar) functions
could be regulated by the same TF,
therefore, have the same TFBSs at their
promoter regions.



To identify where are TFBSs, we need
to know:

• 1. What sequences they are
– Find motifs: AlignACE

• 2. Which TFs will bind to them
– Assign AlignACE motifs to known cis-

regulatory elements: CompareACE



• AlignACE
- Gibbs sampling

• CompareACE
- Pearson correlation coefficient between
the nucleotide base frequencies of two
motif alignments



Maximum a priori log likelihood (MAP) score:

             N log R

       N: number of aligned sites
       R: degree of over-representation



• Group specificity

N: the total number of ORFs

s1, s2: the numbers of ORFs in the group used to find the motif
and in the list of target gene, respectively

X: the number of ORFs in the intersection of the two lists



• Position bias

The probability of observing m or more sites out of possible t in a 50bp
window (w) of a 600bp region (s)



Result 1

• Motifs ranked by specificity score





Literature: STRE binding site: AGGGG



Only half site of known motifs



Result 2

• Positionally biased motifs







Negative controls



Positive controls

• Search 29 literature reported motifs
– 21 of 29 were found



Conclusion

The method (AlignACE + group specificity +
position bias) can be applicable to groups of
genes other than functional categories.



After that …

• Microarray

• Chromatin Immunoprecipitation chip
(ChIP-chip)



ChIP-chip
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Cis-rule

Cell (2004) 117:185-198
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Dealing with gapped motifs



• Questions


