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ABSTRACT

Information about the genomic coordinates and
the sequence of experimentally identified transcrip-
tion factor binding sites is found scattered under a
variety of diverse formats. The availability of standard
collections of such high-quality data is important to
design, evaluate and improve novel computational
approaches to identify binding motifs on promoter
sequences from related genes. ABS (http://genome.
imim.es/datasets/abs2005/index.html) is a public
database of known binding sites identified in promot-
ers of orthologous vertebrate genes that have been
manually curated from bibliography. We have anno-
tated 650 experimental binding sites from 68 tran-
scription factors and 100 orthologous target genes
in human, mouse, rat or chicken genome sequences.
Computational predictions and promoter alignment
information are also provided for each entry. A simple
andeasy-to-useweb interface facilitatesdata retrieval
allowing different views of the information. In addi-
tion, the release 1.0 of ABS includes a customizable
generator of artificial datasets based on the known
sites contained in the collection and an evaluation
tool to aid during the training and the assessment
of motif-finding programs.

INTRODUCTION

Expression of genes is regulated at many different levels,
transcription of DNA being one of the most critical stages.
Specific configurations of transcription factors (TFs) that inter-
act with gene promoter regions are recruited to activate or
modulate the production of a given transcript. Many of these
TFs possess the ability to recognize a small set of genomic
sequence footprints called TF-binding sites (TFBSs). These

motifs are typically 6–15 bp long and in some cases, they show
a high degree of variability. In addition, many motifs may
ambiguously be recognized by members of different TF fami-
lies. Because of these flexible binding rules, computational
methods for the identification of regulatory elements in a
promoter sequence tend to produce an overwhelming amount
of false positives. However, the identification of conserved
regulatory elements present in orthologous gene promoters
(also called phylogenetic footprinting) has proved to be
more effective to characterize such sequences (1–3). In fact,
the ever-growing availability of more genomes and the con-
stant improvement of bioinformatics algorithms hold great
promise for unveiling the overall network of gene interactions
of each organism (4).

Typically, computational methods to detect regulatory
elements use their own training set of experimental annotated
TFBSs. These annotations are usually collected from biblio-
graphy or from general repositories of gene regulation
information, such as JASPAR (5) and TRANSFAC (6). How-
ever, each program establishes different criteria and formats to
retrieve and display the data that forms the final training set,
which makes the comparison between different methods very
difficult. The construction of a good benchmark to evaluate the
accuracy of several pattern discovery methods is therefore not
a trivial procedure (7).

Although important efforts are being carried out to stan-
dardize the construction of collections of promoter regions (8)
or the presentation of experimental data (9), there is a clear
necessity to provide stable and common datasets for future
algorithmic developments. In this direction, we present here
the release 1.0 of the ABS database constructed from literature
annotations that have been experimentally verified in human,
mouse, rat or chicken.

DATABASE CONSTRUCTION

We have gathered from the literature a collection of experi-
mentally validated binding sites that are conserved in at least
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two orthologous vertebrate promoters. The sites and the
promoter sequences have been manually curated to ensure
data consistency. The compiled data are suitable for
training both classical pattern discovery programs and new
emerging comparative methods. Flat files accomplishing
the GFF standard format were used to store and query the
information.

The GenBank accession number of the sequences in each
bibliographical reference was utilized to retrieve the promot-
ers. Such sequences were mapped on to the corresponding
RefSeq annotations to ensure we were retrieving the actual
promoter. The DBTSS database (10) was finally used to refine
the annotation of the TSSs. Since it is the region in which most

experimental studies have been focused on, we considered the
sequence 500 bp immediately upstream the annotated TSS, as
the promoter region in this first release.

For each annotated promoter, we only included experiment-
ally tested sites in this proximal region whose motifs were
correctly identified in at least two species, i.e. orthologous
sites. Every known binding site was mapped on to the cor-
responding promoter sequence by BLASTN (11). Those
matches that exhibited <80% of identity between the sequence
of the original site and the mapped motif in the promoter
region were rejected.

We computedBLASTN (11), CLUSTALW (12), AVID (13)
and LAGAN (14) alignments of the orthologous promoters

Figure 1. Examples of the ABS data retrieval system showing the annotation of a gene, the set of binding motifs from a given TF in human and mouse and the
extraction of the promoter sequences containing such annotations.
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from each gene. Moreover, we produced a dotplot of word
matches with EMBOSS (15) to visualize unusually conserved
regions. For comparative assessments, computational predic-
tions using the JASPAR (5), TRANSFAC (6) and PROMO
(16) collections of position weight matrices were calculated.
A very restrictive threshold of 0.85 was used to remove those
predicted TFBSs whose score was below this value, creating a
first group of more reliable predictions. A second group of
predictions was produced using a more flexible threshold of
0.70 (see the ABS website for further information about the
scoring method).

DATABASE CONTENTS

Release 1.0 of ABS database contains 100 annotated ortholo-
gous genes, each entry corresponding to two or more species.
The total number of promoter sequences is 211 (105 500 nt).
There is a clear predominance of human and mouse annota-
tions: 73 entries contain at least annotations for human–mouse
orthologs. A total of 650 experimental binding sites from
68 different TFs are associated with ABS entries, covering
8624 nt. In average, three TFBSs per sequence have been
mapped on to the promoters with an average length of
13.3 nt per site. The majority of the TFBSs are found near

Figure 2. Protocol to evaluate the accuracy of an externalmotif-finding programon a synthetic dataset generated by plantingmotifs fromABS in randomly generated
sequences.
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the TSS, as expected. The TFs that appear more frequently are
TBP (14.6% of sites), SP1 (13.6%) and CEBP (5.6%). Those
TFs are known to be part of the core of many eukaryotic
promoters (see the ABS documentation for further details
about the contents of the database).

WEB INTERFACE

Data retrieval

The ABS database can be accessed through a simple CGI/
Perl-based web interface at http://genome.imim.es/datasets/
abs2005/index.html. On-line documentation and tutorials are
provided for each web service. The following functionalities
are implemented in the current release (see Figure 1):

(i) For each gene in the collection, show the orthologous
promoters and a list of experimentally verified TFBSs
annotated on the corresponding sequence. Promoter
sequence alignments, computational predictions, dotplots
and cross-references to other well-known databases, such
as GenBank, Entrez Gene and PubMed, are also provided
for each annotation.

(ii) Retrieve all of the binding motifs associated with a given
TF, filtering by species. Moreover, a global alignment of
themotifs is providedand the corresponding sequence logo
representation is displayed by using WebLogo (17). This
information could be used to produce new profiles for
subsequent detection of this TF in other promoters.

(iii) Retrieve all of the promoter sequences in which at least
one binding site for a given TF was annotated. These
sequences and the associated motifs could be used to gen-
erate datasets based on known sites to train motif-finding
programs.

(iv) The gene catalogue, the promoter sequences, the collection
of annotations, the sequence alignments and the com-
putational predictions are also individually distributed in
several flat files.

Benchmarking and evaluation tools

The ABS database aims to become a platform to evaluate new
algorithms for the discovery of novel regulatory elements in
a set of related gene promoters (e.g. orthologous promoters or
co-regulated genes from microarray experiments). In addition
to the data retrieval functions, two on-line applications are
available to perform the benchmarking of such algorithms
(see Figure 2):

(i) Constructor is a web server to produce synthetic datasets
basedon theABSannotations. Thedesignof the benchmark
is highly flexible allowing to customize the number of
sequences, their length, the background nucleotide distri-
bution, the number of motifs to plant on them, the prob-
ability to plant a motif, the species and the TFs for which
the associated motifs will be randomly selected from the
known sites collection. The output consists of the artificial
sequenceswith the embeddedmotifs, the list ofmotifs and a
graphical representationof theoccurrences in the sequences
produced with the program gff2ps (18).

(ii) Evaluator is a web server to determine the accuracy of a set
of predicted motifs in several sequences using a list of

known binding sites as a reference set. Both sets must be
provided by the user in GFF format. A complete accuracy
assessment at both nucleotide and site levels is computed
using the standard measures in the field (7,19).

CONCLUSIONS AND FUTURE WORK

The ABS database has been developed to fill the existing
gap in the availability of consistent datasets to train and com-
pare different pattern discovery programs. The lack of stan-
dard collections of TFBSs is specially serious in the case of
phylogenetic footprinting data. The collection described here
contains 650 experimental TFBSs identified in human, mouse,
rat and chicken genes. Orthologous promoter sequences and
their binding sites have been manually curated from biblio-
graphy. Supplementary information about the promoters is
also provided for each entry. In addition, two web applications
(Constructor and Evaluator) are included in this first release
to facilitate the development of new motif-finding programs
using the ABS annotations. In the next release, we plan to
increase the number of annotations adding known sites in
regulatory regions different from the proximal promoter and
eventually incorporate binding motifs from other species.

ACKNOWLEDGEMENTS

E.B. is recipient of a predoctoral fellowship from Ministerio
de Ciencia y Tecnologı́a (Spain). D.F. is recipient of a predoc-
toral fellowship from Instituto Nacional de Bioinformática
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