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Abstract

In the post-genomic area, the prediction of transcription factor regulons by position weight matrix-based programmes is a powerful
approach to decipher biological pathways and to modelize regulatory networks in bacteria. The main difficulty once a regulon prediction
is available is to estimate its reliability prior to start expensive experimental validations and therefore trying to find a way how to identify
true positive hits from an endless list of potential target genes of a regulatory protein. Here we introduce PREDetector (Prokaryotic
Regulatory Elements Detector), a tool developed for predicting regulons of DNA-binding proteins in bacterial genomes that, beside
the automatic prediction, scoring and positioning of potential binding sites and their respective target genes in annotated bacterial gen-
omes, it also provides an easy way to estimate the thresholds where to find reliable possible new target genes. PREDetector can be down-
loaded freely at http://www.montefiore.ulg.ac.be/~hiard/PreDetector/PreDetector.php.
� 2007 Published by Elsevier Inc.
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Genome sequences are a mine of information to esti-
mate the natural predisposition of a microorganism to face
and respond to particular ecological niches or can be
regarded as valuable resources for interrogation to specific
biotechnological ends. However, beyond these basic
genetic data, the assessment of the real metabolic and phys-
iological potentialities requires intensive investigations on
how the living cell senses environmental signals and trans-
mits messages to regulatory authorities that control genes
expression. The characterisation of a regulon, i.e. the tran-
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scription factor(s) (TF), cis-acting element(s), ligand affect-
ing the DNA-binding ability, the set of target genes and the
controlled biological processes, is crucial to understand all
living organisms. Deciphering the cis–trans relationships
that weave a regulatory network is considered as the first
step towards this aim. Once regulatory DNA sequences
have been demonstrated as targets for a specific transcrip-
tion factor, their conserved signature is generally described
by position weight matrices (PWMs) which specify the fre-
quency distribution of nucleotides at each position of the
TF cis-acting elements. Several PWMs based web tools
(such as Target Explorer [1], Virtual Footprint [2], or
PredictRegulon [3]) have directed experimental investiga-
tion by highlighting potential new target genes of a tran-
scription factor [4], defining a regulon in closely related
bacterial species, and also have contributed to revealing
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new cis–trans relationships [5]. The diversity and complex-
ity of in vivo cis–trans relationships make computational
predictions of transcription factors regulons hazardous.
Two main difficulties are to identify true positive hits from
an endless list of potential target genes and, at the opposite,
some programmes are too restrictive and do not allow gen-
erating predictions beyond a certain reliability threshold.
Often, it is user’s experience and knowledge in the field that
is the best, and probably, the unique way to categorize a
predicted motif in the list of target hits that deserve further
investigation for experimental validation. Because this spe-
cific scientific expertise is unfortunately almost impossible
to integrate within software, it is therefore too restrictive
to use computational programmes that do not leave the
possibility to scientists to retrieve information at thresholds
generating high levels of false positive hits. The priority
and challenge of PREDetector (Prokaryotic Regulatory
Elements Detector) was to offer a programme which, all
at once, would provide an easy way to estimate the reliabil-
ity of the predictions, and beyond the identification of
strongly reliable cis-acting elements, would guarantee users
the possibility to access information among the list of pre-
dicted sites with scores generally regarded too low to be
reliable. In addition, with PREDetector users have also
access to sites located within coding regions and regions
in between two translation Stop codons and therefore gen-
erally omitted during investigations because systematically
considered with no functional elements. The characteristics
and the possibilities offered to users by PREDetector are
explained and illustrated below with the prediction of the
ScbR (c-butyrolactone binding protein) regulon of Strepto-

myces avermitilis using experimentally validated ScbR
binding sites of Streptomyces coelicolor [6,7].

Software description

Generation of weight matrices

PREDetector is structurally divided into two sections
called ‘‘Weight Matrix Creation’’ and ‘‘Regulon Predic-
tion’’, respectively. In the ‘‘Weight Matrix Creation’’ sec-
tion (Supplementary Fig. 1), users can build a PWM
from a set of DNA sequences. Sequences of equal (L)
lengths are inserted in fasta format. Once the set of input
sequences has been inserted, a consensus is deduced from
the multiple alignment which is also converted into a
weight matrix using the expression [8]:

weighti;j ¼ ln
½ðni;j þ piÞ=ðN þ 1Þ�

pi

� �
� ln

fi;j

pi

� �

where N is the total number of sequences in the alignment,
ni,j is the number of times nucleotide i is observed in posi-
tion j of the alignment, fi,j = ni,j/N is the frequency of letter
i at position j, and pi is the a priori: the frequency of base i

in the genome (for example, 0.25 for each nucleotide in a
genome where the G + C content is 50%). For the best pre-
diction accuracy, users are encouraged to fix themselves the
a priori according to the nucleotide content of the genome
where DNA-binding sites have been characterized. The
generated matrices can be saved and used for future com-
putational predictions.

Regulon prediction

The search for potential binding sites of the regulatory
protein starts with the selection of one of the saved position
weight matrices from the user’s library and the definition of
the cut-off score (Supplementary Fig. 2). The lowest score
among the input sequences used to build a matrix is fixed
by default as the recommended cut-off score for this
matrix. Our web tool allows users to modify the cut-off
score (see below estimation of the reliability of the predic-
tions). PREDetector is able to scan either complete or
selected regions of bacterial genomes available in the Gen-
Bank database [9]. Once the options have been set, PRE-
Detector scans the selected genome sequences and
classifies the predicted target DNA motifs according to
their localisation in the genome. This includes coding
sequences or intergenic sequences, which can be classified
as (1) regulatory regions (where regulatory elements are
predicted to be found), (2) upstream regions (any region
upstream of a translational start codon), and (3) termina-
tor regions (in PREDetector the terminator region termi-
nology is only used to indicate regions between two
translational stop codons) (Supplementary Fig. 3A). Pre-
dictions results are distributed among these four genome
localization categories (Supplementary Fig. 3B–E).

Estimation of the reliability of the predictions

Besides the amount and the variability of the binding-
sites available for the studied transcription factor, the effi-
ciency of a prediction mostly depends on the choice of the
threshold of the cut-off score. A cut-off score that is set
too high could of course prevent the identification of truly
functional elements, while a cut-off score that is too low will
ensure a high false-positive rate. In PREDetector, the low-
est score among the input sequences is considered by default
as the cut-off score. Once the first round of prediction has
been completed, our web tool allows to readily modify
and check the appropriate cut-off score to use in any search.
A methodology to set the threshold to predict strong and
weak sites was described by Tan and collaborators [10]. In
summary, given the observation that functional regulatory
sites usually are located upstream transcription units
(TUs), they considered that the threshold for the cut-off
to predict new strong sites must have a score at which most
sites are located upstream of TUs, and the threshold for
weak sites must have a score at which approximately half
of all sites are located upstream of TUs (Fig. 1A and B).
At low cut-off scores, almost all sites are located within
TUs, indicating a high false-positive rate. A simple
approach to determine the inferior limit of weak sites is to
take count of the amount of upstream regions in the consid-
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Fig. 1. Estimation of the reliability of the predictions: determination of
the appropriate cut-off score. The cis-acting sequences bound by ScbR of
Streptomyces coelicolor [6,7] were used as training set to generate the scbR

weight matrix. (A) Prediction reliability output: fractions of sites located
either within intergenic or coding regions in S. avermitilis. (B) Graphic
representation of the Prediction reliability output. Illustration of the
determination of strong, weak, and random sites’ thresholds according to
Tan et al. [10] methodology. The amount of coding and intergenic regions
in S. avermitilis is 86 and 14%, respectively. Therefore, the threshold to
predict new strong sites is fixed at scores at which 86% of the predicted
sites are located within intergenic regions. By convention, the threshold for
weak sites is fixed at scores at which about the half of all sites are located
within intergenic regions. At low cut-off scores, most of predicted sites are
located within TUs and are closer to the threshold for a random
localization. This threshold is around 14% in S. avermitilis which means
that sites with random localization occur 14% of the time within intergenic
regions.
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ered organism. In S. avermitilis for instance, this amount is
�14% of the genome, which means that sites with random
localization occur �14% of the time upstream TUs. This
threshold (in S. avermitilis �14%) will be called hereafter
the ‘‘random threshold’’ (Fig. 1B). In this case all sites pre-
dicted with scores at which�86% or more of sites are within
TUs should not be selected for the list of possible new target
sites of a particular transcription factor. Thus from the
‘‘Prediction Reliability’’ output, PREDetector offers users
the possibility to check the distribution of predicted sites,
i.e. within intergenic or coding regions, according to their
score (Fig. 1B). Therefore, users know which categories
(strong, weak, or random) the predicted target sequences
belong and can consequently adapt the cut-off score from
each set of input sequences and each genome.

Conclusion

This paper describes a new tool—PREDetector—suit-
able for genome-wide prediction of potential cis-acting ele-
ments that aims to compile most of the features offered by
several tools already available, avoiding the repetition of
prediction searches and retrieving complementary data
from different sources. PREDetector automatically (1) pre-
dicts, scores and positions potential binding sites and their
respective target genes, (2) includes the downstream co-reg-
ulated genes, (3) extends the predictions to coding
sequences and terminator regions, (4) saves users’ private
matrices and allows predictions in other genomes, and (5)
provides an easy way to estimate the reliability of the pre-
dictions. PREDetector is continuously under development
and suggestions for improvements are welcome (contact
Samuel Hiard, S.Hiard@ulg.ac.be and Louis Wehenkel,
L.Wehenkel@ulg.ac.be). PREDetector is available at
http://www.montefiore.ulg.ac.be/~hiard/PreDetector/Pre
Detector.php [11].
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Appendix A. Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.bbrc.
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