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Regulation of gene expression becomes the key problem of the era of "Functional
Genomics". Now we know that genes in genomes of higher eukaryotic organisms are
regulated mainly by the means of multiple regulatory proteins - transcription factors (TF),
acting through specific regulatory sequences (TF binding sites) that are located usually in
the proximity of the genes when constituting a promoter, or at more remote locations
when being a part of an enhancer. Having available genomic sequences on one side and
the massive though phenomenological gene expression data on the other side the
challenge is to understand regulatory mechanisms of all and every gene in the genome by
computer analysis of the gene regulatory sequences and by integrating this data with
biological knowledge of the gene signal transduction, metabolic and physiological
networks. Sophisticated computational regulatory sequence analysis tools that employ
powerful statistical and machine learning algorithms driven by the rich databases that
collect known biological facts enable us to make profound in silico predictions and
formulate experimentally testable hypotheses. Such in silico driven experiments can
greatly speed up the process of our understanding of the gene regulatory mechanisms and
identification of new target genes. The understanding of how gene regulation
mechanisms are encoded in the genomic regulatory sequences will give us a powerful
means for deciphering causes of major human diseases. Functionally related genes
involved in the same molecular-genetic, biochemical, or physiological process are often
regulated coordinately by specific combinations of transcription factors. On the level of
DNA, the blueprint of such common mechanisms of regulation may be seen as specific
combinations of TF binding sites located in a close proximity to each other. We call such
structures as "composite clusters" that could serve as good benchmarks for identification
of regulatory regions in genomes. Last years, several computational approaches have
appeared addressing the problem of combinatorial regulation of transcription. Specific TF
binding site combinations were used for identification of muscle-specific promoters [1,2]
for liver-enriched genes [3] and for yeast genes [4]. Recently, we have shown that search
for specific combinations of two TF sites - composite elements - is a very effective tool
for predicting gene expression patterns. We have demonstrated this approach for
promoters of genes highly induced upon immune response [5]. Promoters of genes
regulated during cell cycle could be recognized by combination of E2F binding sites with
a dozen of oligonucleotide motifs [6]. A number of known examples of composite
elements is collected in COMPEL database [7]. This data together with computationally
predicted composite structure provide a key for annotation of regulatory regions in
genomes. We have developed a method for revealing of composite clusters of cis-
elements in promoters of eukaryotic genes that are functionally related or coexpressed. A
software system "ClusterScan" have been created that enables: (i) to train system on
representative samples of promoters to reveal cis-elements that tend to cluster; (ii) to train
system on a number of samples of functionally related promoters to identify functionally



coupled transcription factors; (iii) to provide tools for searching of this clusters in
genomic sequences to identify and functionally characterize regulatory regions in
genome. This tool was applied for regulatory annotation of human genome.
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