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1 Introduction

The particular expression pattern of genes is encoded in the structure of the transcription regula-
tory regions by specific combinations of transcription factor (TF) binding sites. Last years, several
computational approaches have appeared addressing the problem of combinatorial regulation of tran-
scription. Specific TF binding site combinations were identified for muscle-specific promoters [7, 3] for
liver-enriched genes [6] and for yeast genes [1]. Recently, we have shown that search for specific com-
binations of two TF sites – composite elements – is a very effective tool for predicting gene expression
patterns for immune-cell specific genes [4]. The drawback of all these approaches is their limitation
to the only types of TF binding sites that is already known and sometimes quite poorly defined. The
need of involving a wide spectrum of additional nucleotide signals in the analysis of promoter structure
becomes clear now. New tools appeared, such as ModelGenerator that is able to invoke politracts and
more complex feature in the analysis [2]. Here we present a new method for identifying combinatorial
structures referred as TF composite units in promoters of similarly regulated genes.

2 Method and Results

2.1 Method for recognition of TF composite units

The method for recognition of TF composite units based on the SITEVIDEO approach developed
earlier [5]. TF composite unit consists of a binding site for a known transcription factor Φ arranged
with various flanking motifs (λ1, λ2, · · · , λn) – potential targets for additional transcription factors.
Such TF composite units could serve as combinatory targets for complexes of different transcription
factors synergistically regulating gene transcription.

The method is designed by discriminating two set of sequences. In the first set (Y ) sequences
contain experimentally proven TF binding site for the considered factor Φ. A weight matrix designed
for the target sites of this factor is used for aligning this set [4]. As the negative control set (N) we
consider sequences matching this weight matrix as well, but yet known as containing no binding sites of
the considered type. We search for short nucleotide motifs λi that appeared in the sequences of the set
Y significantly more/less frequently then in the sequences of the set N . Means of SITEVIDEO system
[5] are used for performing effective search through the space of all possible motifs in all possible
windows. The significance is tested using many statistical criteria [5] integrated in a generalized
criteria – utility value U . Motifs with the maximal utility are selected. Out of them, finally, we choose
a limited set of uncorrelated motifs and use it for constructing a linear discriminating function.
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Table 1: Frequency of potential E2F composite units

N Set Frequency (sites per 1.000bp)
1 C-gene promoters 3.298
2 EPD promoters 0.371
3 Exons 0.038

2.2 Search for E2F composite units in cell-cycle genes

Nowadays, one of the high priority field is the study of the molecular mechanisms regulating cell
proliferation, commitment, differentiation and apoptosis. Understanding of these mechanisms will help
to discover means for the treatment of cancer, developmental and immune diseases. Therefor analysis
of transcriptional regulation of specific sets of genes activating during different stages of cell cycle is of
high interest now. Using the methods developed in the present work we revealed E2F composite units
in promoters of cell-cycle genes with maximal level of expression at the G1/S transition and in the
S-phase of cell cycle (C-genes). The potential E2F composite unites exhibit extremely high frequency
in promoters of C-genes in comparison with other promoters and exon sequences (see Table 1).

Search for E2F composite units in blind genomic sequences provides possibility to identify new
cell-cycle genes playing important role in the complex network of gene regulation controlling cell
proliferation, differentiation and apoptosis. Tools are available at
http://compel.bionet.nsc.ru/FunSite/SiteScan.html.
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