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Introduction
The first step toward the modelling of a transcriptional genetic network is to understand which are the transcription
factors that are involved in the process. It is possible to represent the binding site of a transcription factor on the
DNA regulatory sequence with a position weight matrix, and so to locate potential binding sites on a regulatory
region. However this approach requires a prior knowledge about the involved trancription factors and it is not
suitable for long genomic sequences, due to the high number of false positive predictions.
It is more likely to infer regulation hypothesis for families of genes that are assumed to share regulatory mecanisms. It applies to functionally related genes or to clusters of genes that are derived from DNA array analysis. The
aim of this work is to present a computational method that searchs for common regulatory elements in promoter
regions of co-regulated genes. The algorithm developed here can deal with proximal as well as with distal sites and
it is able to extract information from families of thousands base long sequences.

Mining the regulatory sequences
The core of the method consists in detecting regions where predicted binding sites show local over-representation.
This idea is already present in [1]. The first task is to be able to properly define when a factor is over-represented.
For that, we chose to rely on the observed distribution of predicted binding sites with Matinspector [6]. Those
distribution are of course heterogen. Figure 1 shows two examples : distribution of EVI1 and AP2F factors for
5000 arbitrary Human promoters.
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Figure 1. Two examples of distribution of predicted binding sites
It remains to extract significant regions. The method should not make any assumption about the length of the
regulation region, its location on the DNA sequence, or the number of involved genes. A limited number of such
candidate regions is detected by a linear greedy heuristic strategy. We select final regions amongst these candidates
using a simple Chi square statistical test. For one transcription factor, this takes much less than one second. So
it is possible to check a set of sequences against all matrices of the TRANSFAC transcription factor database [9]
within a few seconds.

Examples
We demonstrate the relevance of our technique with two case studies in Human genome: 32 muscle-specific genes
of the database [8] and 99 NF-κB target genes compiled from [2, 3, 4, 5].
For each gene, we recovered the Refseq accession number and we retrieved the corresponding promoter sequences
from [7] (5000 bp upstream the initiation transcription site). We then searched exhaustively for all potential binding
sites predicted with Matinspector from TRANSFAC vertebrate matrices. This brute output of Matinspector gives
more than 90% of false positives. Finally, we looked for over-represented factors. The background distribution is
here based of 5000 Human genes that were randomly picked up from [7].
muscle-specific genes
Factor
Region
Score
TEAF
-318 -54
6.55−11
MYOD -2581 -2463 2.09−10
MEF2
-82 -30
6.30−9
TBPF
-42 -30
1.14−8
MZF1
-305 -32
4.79−8

NF-κB target genes
Factor

Region

Score

NFKB

-230 -56

1.16−11

TBPF

-67 -20

1.09−8

Figure 2. Results for muscle-specific genes and Td
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In Figure 2 we
report all predicted factors whose significance score is smaller than 10 −7 . These factors are actually
involved in the regulation mecanisms. Moreover the interesting regions (extracted from 5000 bp long sequences)
are consistent with the observed binding sites. MYOD is a notable exception : it is predicted more than 2000 bp
usptream the initiation site. It y be a sign of existence of alternative binding sites. Lastly, the method appears
to be robust to uncertainty of data. For instance, for more than 20% of the muscle-specific genes regulatory
elements are located in Intron 1 or Intron 2, and we restricted our inspection to upstream promoters.

Software availability
The method described here is implemented in C with a web interface. It is available from the authors upon request.
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