Identification of human transcription factor binding sites by comparative
genomics.
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Introduction

Understanding transcriptional regulation of gene expression is one of the greatest challenges of modern molecular
biology. A central role in this mechanism is played by transcription factors (TF) which typically bind to specific, short DNA
sequence motifs which are usually located in the upstream region of the regulated genes. We discuss here a simple and
powerful approach for the identification of these cis-regulatory motifs based on human-mouse genomic comparison. By
using the catalogue of conserved upstream sequences collected in the CORG database [1] we construct sets of genes sharing
the same overrepresented motif in their upstream regions both in human and in mouse. We perform this construction for all
possible words from 5 to 8 nucleotides in length and then filter the resulting sets looking for two types of evidence for
coregulation: first, we analyse the Gene Ontology annotation of the genes in the set looking for statistically significant
common annotation; second, we analyse the expression profiles of the genes in the set as measured by microarray
experiments, looking for evidence of coexpression. The sets which pass one or both these filters are conjectured to contain a
significant fraction of coregulated genes, and the upstream motifs characterizing the sets are thus good candidates to be the
binding sites of the TF's involved in such regulation. In this way we find various known motifs (which we use to validate
our approach) and also some new candidate binding sites.

Discussion

1. The CORG database

The CORG  database [1] is a collection of conserved sequence blocks in the non-coding, upstream regions of
orthologous genes from man and mouse. These blocks were obtained by searching statistically significant local suboptimal
alignments of 15kb regions upstream of the translation start site. The database contains more than 10,000 pairs of
orthologous genes. The alignments were obtained using the Waterman-Eggert algorithm. An important role in the
following analysis is played by the fact that more than half of the genes in the database are annotated in the GO database.



2. Our analysis
We perform our analysis in four steps:

oWe select only those entries of the CORG database less than 200bp long, so as to eliminate possible conserved
exons. We also eliminated multiple entries so that, as a final result of this preliminary step, each nucleotide in each
conserved upstream region has exactly the same statistical weight.

e Following [2,3], for each word of 5, 6, 7 and 8 nucleotides we construct the set of all genes in whose upstream
region the word is overrepresented. To this end we assume as null hypothesis a random binomial distribution with
a "reference probability" given by the frequency of the word in the whole database, always counting a word
together with its reverse complement (i.e. we assume that the TF can act in both orientations). As a result of this
second step we obtain for each word a set of genes to be examined for evidence of coregulation in the two
following steps.

eFor each set we consider the annotation of its genes to Gene Ontology [4] terms, the rationale being that common
annotation is likely to be correlated with coregulation. Specifically, we compute (for each word and each GO term)
the number of genes in the intersection between the set of genes which share the same overrepresented word in
their upstream region and the set of genes annotated to the GO term in the whole human genome. We then compute
the probability that an intersection as large as or larger than the one actually found occurs by mere chance, using
the hypergeometric distribution.

eFor each set we consider the expression profiles of the corresponding genes in a publicly available microarray
dataset [5]: similar expression patterns are likely to indicate transcriptional coregulation. For each motif and each
microarray, we compare the expression profile of the genes in the set with that of the entire genome, using a
Kolmogorov-Smirnov test, again with a strict Bonferroni-corrected threshold on the P-value.

3. Results

The words that pass one or both coregulation tests can be easily clustered together in motifs (a similar phenomenon has
been described for yeast [2,3]). Some of them turn out to be well known binding sites, but some are new. As an example of
our results, one of the motifs which emerge from our analysis is GAAATTCCC which compares well with the known motif
(M00054 entry of the Transfac database) GGRAAKTCCC of the NF-kB transcription factor. Besides validating our method
the identification of such already known TF’s is also interesting in itself since our method also gives a list of genes which
are candidate to be regulated by the identified TF and a list of GO terms associated to them. Besides the known TF's we
also find some new candidate binding sites which apparently were not previously identified. Needless to say, further studies
and experimental tests are needed to validate these new candidates. However our method could be of great help in reducing
the number of possible candidates and guide these experimental tests.
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