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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
and easy-to-use web interface facilitates data 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

2.1. EXPLORE THE ANNOTATIONS

Description:
For each gene in the collection, it shows the experimentally verified homologous TFBSs obtained from
Iterature curaton (position + mot) in at least twa orologous promoters. Accession ks 1 the

for each sequence. In additon, cormputational predictions and sequence alignments are also suppled
for posterior accuracy assessments of sducational pUIpOSSs.

Select the Gene by Name. Select the Gene by Accession Number

7

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

ABS database v 1.0

2.2. SEARCH THE BINDING SITES OF A TF Factor: MEFZ
ISpocis: human

Description
btain the subset of binding sites associated to a given TF in GFF format A
multpls alignment of the related TFBSs and a sequence logo aro also proviced

for comparative Studies between species of TFs, X12447  A0002 MEF2 378 391

Select the Transcription Factor
g

[CLUSTALW global alignment

ENTRY:20010
Lepiin
NM_000230 (human)
NM-008456 (mouse)
FUBLED
B Lonara, A, Sandeln, L. Mendoza, P. Engstom, N. Jarsborg and W, Wassefman
oentfcalon of consenvsd gualon lsmens by Comparate genoms arayse.
Joumalof By 219 (5005)
PMID: 12760745)
PROMOTER ANNOTATION
Organism GenBank Accession Promoter
Homo sapiens U43589 [500 bps]
Site Position Sequence
SP1 400 GGGCGG
CEBP 448GTTGCGCAAG
TBP 473 TATAAG
Mus musculus U36238 [500 bps]
Site Position Sequence
SP1 402 GGGCGG
CEBP 444GTTGCGCAAG
TBP 469 TATAAG
PREDICTIONS
JASPAR  0.850.70 0850070
PROMO  0.850.700.850.70
TRANSFAC0.850.700:850.70
DOTPLOT
ALIGNMENTS INFORMATION
GLOBAL slignment
LOCAL alignment
AVID alignment
LAGAN alignment
Factor EF
Species: mouse
Normber of Sies: & HUMAN Number of Stes: 6 MOUSE
+ . # HS: CCTAAATATAGGTC] M62404 A0004 MEF2 175 188 . + . ¥ MM: TTAAAAATAACTGA
Z20656 A0004 MEF2 167 180 . + . # HS: GGAAAAATAACTGA M29660 A0034 MEF2 65 74 . + . # MM: CTAAAAATAG
M61126 A0034 MEF2 65 74 . + . # HS: CTAAAAATAG u18131 A0035 MEF2 385 395 . + . # MM: CTATATATAAA
extracted07 A0036 MEF2 437 443 . + . # HS: CTATATT X71910 A0036 MEF2 433 439 . + . # MM: CTATATT
X00371 A0037 MEF2 335 343 . + . # HS: TAAAATAGC extracted09 A0037 MEF2 292 300 . + . # MM: CAAAATAGC
Joa1m A0052 MEF2 441 452 . + . # HS: GCTATTTTTAGG X57155 A0D052 MEF2 435 449 . + . # MM: GGGCTATTTTTAGGG]

ICLUSTALW global alignment

Select the Species:
CLUSTAL W (1.93) multiple sequence alignment CLUSTAL W (1.83) multiple sequence sligament
2 - GGARABATAACTGR- i -~ ~TTAAARRTARCTGA
ETANEE oG SES] 5 —--1AARRTAGC-——~ 5 CARBATAGC-—
3 ~CTARARRTAG----~ 2 —-CTARARRTAG--——
1 GCTARATATAGETG-~ 4 —-CTATATT-----—-
e CTATATT---- 5 GGGCTATTTITAGEG -~
3 ———-ccarraTIace 3 -—-CTATATATARA-—-

EBLOGO Sequence logo:

EBLOGO Sequence logo:

......... T = e r

2.3. SEARCH THE PROMOTERS OF A TF

Description:
Obtain the subset of binding sites associated 1o a gien TF In GFF format A
muitple aignment of the related TFBSS ano a sequence logo are aiso provided
for comparative studies between species or TFs,

Select the Transcription Factor
=

Select the Species:
o

kspecies: human

promoter Sequences

Tactor: VET?

umber of Sites: 6

X12447  A0002 MEF2 378 391 . + . # HS: CCTAAATATAGGTC
720656 A0004 MEF2 167 180 . + . # HS: GGAAAAATAACTGA
M61126  A0034 MEF2 65 74 . + . # HS: CTAAAAATAG
extracted07 A0036 MEF2 437 443 . + . & HS: CTATATT

X00371  A0037 MEF2 335 343 . + . # HS: TAAAATAGC
Jo4111 A0052 MEF2 441 452 . + . # HS: GCTATTTTTAGG

304111

cc C

GTTC

TCCCOOGT
T cacaccTT)
TAGACACT C ceTC:

&
cocoacaaTc
o

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).

2.4. CONSTRUCTION OF BENCHMARKS

Description:
This Is a wab ool o create anfol data sets for testng patten doovry programs. Arfcal
sequences are generared according to a certain nucleotide distrbution with & Set of erm

ekt rom e ABE carakane Tou oste v Fintoch & sabestof it pcions t simsars b
existance of related motits in @ set of ortholagous or co-feguiated geres from a rmicroaray
xperiment. A graphicel representation of the produced data setis aso displayed.

Parameters:
- Leng size of each artiil sequence (0p)
- Nurmber of sequencss: iz of s cats

- Number of plnted mots: motfs Tt o e s

Species 2 pacifc data set 1 Getact motls fom i apecies wilbe procced
 Nudeotds dembuton: AG,G.T cortent of e random fsgans between pated motfs
- Probabilty to plant a ot probabilty to insert @ mofifn a sequence
T e piaad motls aré ascoced to heso TEs

Example:
This Is an artfcial dara set produced by this applcation

Number of Sequences Number of Planted Motifs

Length (nucleotides)  Probability to plant a motif
Species Background composition
A C G T
[

TF name (multiple choice)

[ioTF 7

SEQUENCE 1 AP0S1355  A000% HNFL 277 251 . + . 4 HE: AGTTAAICATTGGCC
[SEQUENCE_2 extractedl9 A0045 HNF1 432 454 . HS: AGTCTAGTTAATAATCTACAATT]

,

[sequence_3 -
[SEQUENCE 4 extractedl9 AODAS HNF1 432 454 . + . 4 HS: AGICTAGTTAATAATCTACAATI]
[SEQUENCE_5 $85346 20018 HNF1 38 50 + . § HS: GTTAATCAGAAAA
[SEQUENCE_6 $85346 A0018 HNF1 200 212 . + . § HS: CTTACTCAATAAC
sequence 7 sss346 20018 HNFL 38 50 . + . § HS: GTTAATCAGAARA
sEQUENCE 6 D87674 20019 HNF1 426 436 . + . 4 HS: CTCARACATTAAC
[SEQUENCE_9 M17156 20015 HNF1 434 444 . + . § HS: TGAGATTAATA
sequence_10 s99e16 20020 HNF1 261 275 . + . § HS: GGTTAAGACTCTAAT

1000 bps | 10 sequences | 10 motifs| P 0.75 | G+C% 0.5 | human

e | = [

I - R | (] g |1 |
] o] (Y | 1 11 m
et | 1 nm o 1
LR B [}
o] 10 | ®m |1 |0 ] [
oy | m || 10 1
s [ 1 1 @ i I m
e R | | B 1 [ ]
o] 1 B I ] 1 1

[Nucieotide Level Accuracy:

[TP] [SN ISP |

SEQUENCE_1 7 0 0 493 1.00 1.00 1.00

SEQUENCE_2 8 0 0492 1.00 1.00 1.00

SEQUENCE_3 0 8 16 476 0.00 0.00 -0.02

SEQUENCE_4 5 2 9 484 0.36 0.71 0.50
AVERAGE 0.59 0.68 0.62

Site Level Accuracy:

S [sSNJsSPRsSN+sSP/2)

SEQUENCE_1 1 0 0 1.00 1.00 1.00
SEQUENCE_2 1 0 0 1.00 1.00 1.00
SEQUENCE_3 0 1 2 0.00 0.00 0.00
SEQUENCE_4 1 0 1 0.50 1.00 0.75
|_AVERAGE 062075 069)
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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

Pata set of arfificial sequences:

[>SEQUENCE_1
cgaataaggcttagttacattcaagctacttacatcattcgecctattggeatagaccet]
cgccaagtcgtataagttaaagaCACGTGgggagtgaacgtegatecctecagaaggttt
ccggegCTCAGCCAAGACATGTGATAATC taagetgatagactacegtgaagetactecd
cagggcaataggtctactaaagtattgatctgctctaatcgattaattacgacatgtgac)
aa tTTACCTCAagttaagaggetatctagttectagetttgtaggegaaattecacteg
+ ttctactcattt tgaggtgtgcat tggtcttatetg
acctgttcagtgaagttccaaggtctagagtaatctcaacgtaacggacGGACGCCCTCG
CTCACCTCGCTGACTCCATcagtcagecgtgcaacgaaggtateteattggeggtgatgg
agcaaagtataagcctcctggtatatttacaatgtgagetecgttgteacgtatactagd)
atcaccagagatggcgaagtccataattettgetagtgaccaaggegGAGGGAGGGe tag
ggcccccaggeaccategatttttecgateagtetetgotatecactacacagggagted
GTTAATCATTGGCCgacctttagta ccaagctaggtggetttggetttgatet
gaccaagtatactgaaaactaggGGGCGG tgt ttcttacgtgttt
gtggeggagtgacctgactgtatt t
tatgctccttatactataacactac ttggtgcgcggaaatcttgtcaagtcgaagcatga
cggtagtaaatcttcotegatgegtatcaccggtacctegetettgatcgaacaatacaag
gactctcogectataggttattecgteggtggecggecta

[>SEQUENCE_2
ctcgactctgaaagageggacgacteggtaategtttcataceggeagtegttgeagegd
ctagcctatattctacggtgagacCACGTGatcgteccactacccctgecgegegegecg
lacatcctctgtgtatgttgegetecc tAAAGTCAGTCATGTGCTTTTCAGAGGATGAL L
gcaaggtcgggataggaggtttteggettcatggtactggaacgegtcacegacaacatg
ccagtattccttgtottgggtgGARATTATTCATTTCCTCARAGtCttegtetetacgad]
gtatgtatgcagggtacccacggttcacceggtaagetecgtectttcaaaagegecttal
to tggcatcacatacggtttgccatctgc tgcacaaggetggcaacaggegeaatcactd

tgtacagtgtatt tgagtcAGCACACC
GGTGAACTCtgaagtstc tegatate teceg tegt)
cagt tettcatgac ttttagcaatttatac)

tototgegttattAGTCTAGTTAATAATCTACAATTgCC tEgtgtecaaccagteggged)
cttaccgtcgecttggegeatgtagtetectetectgaggggcagtaaagattatcaggal
tgttggaatcgtGGGCGGetattoteattegaaacatttgegatttaccatgagttcaad)

tga tgggttactttg tgat totat]

tttacagt ttGAGGGAGGG: tetateegeg

gtcctggggagectagacagteatgtgeac ttggacgatt
tgttttgctcttaggt, t

>SEQUENCE_3

aatgcgtCACGTGtaacaatcacgaactagggtcaagttacaagegggtgtacaatagesl
taaggctaagtgctcatccttettacatgetgotacatcacaccegegeggtggattical
gatcgatcattttggatcttg TCAGCCAA
GACATGTGATAATCggccgatetacaaacTTACCTCAacgecggtegttaacacteacag]
ccttgatatatgtcaccaatcttgtagettgettcaaggecttacgagggaattegeegd
tgttgcggacategtggaggtt taacctctttacgaata)
TGAATAATTAgcaagttcacttacaaagtagaactggacacgtgaacccaggttegtggd)

2.5. EVALUATION OF PREDICTIONS
Description:
“This is 2 web tool to evaluate the accuracy of matitfinding programs. Both annatations and predictions
must be provided in GFF format, The accuracy of the predicted TFEBSS in comparisar to the annotated
TFBSs is measured at nucleotide and site level according 1o the current standards of evaluiation (for further
detals, see explanation secton i the output). A graphical representation of the annotations and predictions
is shown at the end

arting: Use the same sequence narmes in both fles {column 1) -

Paste the KNOWN TF binding sites [GFF format]:

or upload the file containing the KNOWN TF binding sites [GFF format]

Paste the PREDICTED TF binding sites [GFF format]:

or upload the file containing the PREDICTED TF binding sites [GFF format]
[ —

Length of Sequences (nucleotides)
o)

Figure 2. Protocol to evaluate the accuracy of an external motif-finding program on a synthetic dataset generated by planting motifs from ABS 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 CGIl/
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.

(i1) Retrieve all of the binding motifs associated with a given
TF, filtering by species. Moreover, a global alignment of
the motifs is provided and 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
based on the ABS annotations. The design of 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
sequences with the embedded motifs, the list of motifs and a
graphical representation of the occurrences 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.
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