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ABSTRACT

Large-scale genome annotations, based largely on gene prediction programs, may be inac-
curate in their predictions of transcription start sites, so that the identification of promoter
regions remains unreliable. Here we focus on the identification of reliable gene promoter re-
gions, critical to the understanding of transcriptional regulation. We report the construc-
tion of databases of upstream sequences HumanUpstream and MouseUpstream based on in-
formation from both the human and mouse genomes and the database of expressed sequence
tags (dbEST). Using the ENSEMBL generic genome annotation system, our approach al-
lows more reliable identification of transcript start sites, and therefore extraction of more
reliable promoters regions. The HumanUpstream and MouseUpstream databases are avail-
able free of charge.

INTRODUCTION

ACOMMON AND FUNDAMENTAL PROBLEM in promoter analysis is the determination of transcription start
sites. Despite the assembly of the human and mouse genomes, this remains an unsolved problem. Large-

scale genome annotations are based largely on gene prediction programs, which may not predict full-length
transcripts, so that the derived transcription start sites may be inaccurate (Liang et al., 2000; Quackenbush
et al., 2000; Pertea et al., 2003; Zhu et al., 2003; Wasmuth and Blaxter, 2004; Foissac and Schiex, 2005;
Hubbard et al., 2005; Lee et al., 2005). Since proximal promoter elements are of indispensable importance
to transcription regulation, even small errors in the prediction of transcription start sites may eventually
mislead promoter analyses. We focus on the identification of reliable gene promoter regions, a task critical
to the understanding of transcriptional regulation. In our approach, we defined the transcription start sites
of human and mouse genes based on the Ensembl EST GeneBuilder, which maps ESTs to the genome and
then processes by merging the redundant ESTs and setting splice-sites to the most common ends (Clamp
et al., 2003; Birney et al., 2004; Eyras et al., 2004; Hammond and Birney, 2004; Hubbard et al., 2005). EN-
SEMBLE EST Genes database contains resulting full-length transcripts for varies species. We then selected
a subset of human and mouse 5�-reliable transcripts using stringent criteria for more accurate transcription
start site predictions and then extracted upstream sequence for such transcripts. This approach allows us to
extract more reliable gene promoter regions, compared to various genome annotation systems.
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We are reporting here the construction of HumanUpstream and MouseUpstream, databases of promoter
sequences that should be useful for understanding the transcriptional regulation of genes. Whenever there
is evidence for a set of genes to be co-regulated, one can attempt to analyze the corresponding promoter
regions to identify binding sites (and their combinations) using the weight matrices of known transcription
factor binding sites (Frech et al., 1993, 1998; Chen et al., 1995; Quandt et al., 1995; Prestridge, 1996;
Werner, 1999, 2003; Scherf et al., 2000; Kielbasa et al., 2001; Aerts et al., 2003, 2004; Philippakis et al.,
2005; Xing and van der Laan, 2005), or to discover over-represented sequence motifs as candidates of novel
binding sites (Lawrence et al., 1993; Hughes et al., 2000; McGuire et al., 2000; Liu et al., 2001; Sinha and
Tompa, 2003; Moses et al., 2004; Sinha et al., 2004; Thompson et al., 2004; Down and Hubbard, 2005;
Nix and Eisen, 2005; Tan et al., 2005; Tompa et al., 2005).

MATERIALS AND METHODS

To extract ENSEMBL EST Genes and their upstream sequences, we used EnsMart–toolset for re-
trieving customized data sets from annotated genomes (Hammond and Birney, 2004; Kasprzyk et al.,
2004; �http://www.ensembl.org/Multi/martview�), which generates a number of different types of out-
put, including sequence data. Various output formats, including HTML, text, and Microsoft Excel, are
supported. We collected 59,820 human and 46,646 mouse EST Gene sequences and their upstream re-
gion 5 KB of length in FASTA format. To identify EST Genes that have reliable 5� ends, we used
BLAST to align them against the latest collection of human and mouse ESTs from NCBI’s dbEST data-
base. This database is updated on daily basis, at the time of analysis dbEST contained 4,806,831 hu-
man and 2,733,310 mouse ESTs. All EST sequences were used as a query, and 59,820 human and 46,646
mouse EST Gene sequences served as a database for BLAST alignment. All perfect matches at 5� end
of EST Genes were analyzed. Only EST Genes with at least one such perfect match were selected and
further used.

To annotate selected EST Genes and, therefore, their promoter sequences using various resources we
mapped EST Genes sequences to Affymetrix probe sequences (�http://www.affymetrix.com/support/tech-
nical/byproduct.affx?cat�arrays�) and created Affymetrix probe set ID—ENSEMBL EST Gene pairs for
four commonly used Affymetrix GeneChip Arrays–human U95 and U133, and mouse U74 and MOE430.
Mapping was done by direct matching of smaller sequence to larger one. Then we extended these links us-
ing the TIGR’s RESOURCERER, which provides comprehensive annotation for all Affymetrix GeneChip
Arrays. (Tsai et al., 2001; �http://www.tigr.org/tigr-scripts/magic/r1.pl�). To each ENSEMBL EST
Gene–Affymetrix probe set pair we added Genbank Acc, UniGene ID, RefSeq and LocusLink ID related
to this Affymetrix probe set (Table 1).
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TABLE 1. ANNOTATION FOR SOME MOUSE EST GENES CREATED WITH AFFYMETRIX NETAFFX

DATA AND RESOURCERER FROM THE INSTITUTE FOR GENOMIC RESEARCH

Probe ID Genbank accession UniGene ID RefSeq Acc LL ID EST gene

1451547_at BC023358 Mm.24153 NM_027391 70337 �ENSMUSESTT00000000014
1453021_at BM899291 Mm.286868 NM_030191 78808 �ENSMUSESTT00000000018
1423654_a_at AF169300 Mm.21281 NM_011278 19822 �ENSMUSESTT00000000022
1422156_a_at NM_008503 Mm.299566 NM_008503 16898 �ENSMUSESTT00000000024
1452072_at W34301 Mm.33762 NM_026793 68632 �ENSMUSESTT00000000028
1428664_at AK018599 Mm.98916 NM_011702 22353 �ENSMUSESTT00000000029
1417057_a_at BC011499 Mm.295252 NM_026352 67738 �ENSMUSESTT00000000031
1438025_at BE686616 Mm.55082 NM_175374 108853 �ENSMUSESTT00000000034
1421495_a_at NM_024261 Mm.346733 NM_024261 73419 �ENSMUSESTT00000000035
1421495_a_at NM_024261 Mm.346733 NM_024261 73419 �ENSMUSESTT00000000036
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RESULTS

Extraction and verification of promoter sequences

ENSEMBL human and mouse EST Genes are assemblies of human and mouse ESTs (Clamp et al.,
2003; Eyras et al., 2004; Hammond and Birney, 2004), and in many cases represent full-length tran-
scripts. In some cases, EST genes also may contain full or partial cDNA sequences. 5�-ESTs are sup-
posed to start directly on Transcription Start Site, so all transcripts with such a match or matches are
very likely have correct 5�-end, what allow us to select and further use correct promoter sequences. We
have used 5�-ESTs to verify quality of all human and mouse EST Genes by BLAST alignment. Only
EST Genes showing perfect match of their 5� end to at least one 5� EST were further selected. From
59,820 human and 46,646 mouse EST genes, 34781 human and 31622 mouse EST Genes were found
5�-reliable, and their 5 KB upstream sequences were added to the set of promoter sequences organized
as relational databases HumanUpstream and MouseUpstream. From them, 19097 (31.9%) human and
18862 (40.4%) mouse sequences have only one match to 5� EST, 5742 (9.6%) human and 5563 (11.9%)
mouse sequences have two matches, and 9942 (16.6%) human and 7191 (15.4%) mouse sequences have
three or more such matches. Each promoter sequence in the database is marked with *, ** or *** in
accordance with number of perfect matches to 5� ESTs, as an indicator of the reliability of this pro-
moter.

Annotation of promoter sequences

ENSEMBL EST Gene promoter sequences can be effectively utilized by various tools and methods, in-
cluding computational prediction of organization of their promoter elements. However, ENSEMBL EST
Genes database is not linked to any other resource, such as GenBank, LocusLink, UniGene, and RefSeq.
We provided a comprehensive annotation for most of human and mouse EST Genes and their promoter se-
quences by linking them to individual probe sets from commonly used Affymetrix Gene Expression Analy-
sis Arrays. We created Affymetrix probe set ID–ENSEMBL EST Gene pairs for 22,365 U74 probe sets,
20,248 MOE430 probe sets, 40,089 U95 probe sets, and 31,050 U133 probe sets. Such pairs then allowed
us to also link most of EST Genes and their promoters to other identifiers, using publicly available the
TIGR’s RESOURCERER, which integrates information from various resources from the same species. Re-
sulting tables contain Affymetrix probe set IDs, Genbank accession numbers, UniGene, RefSeq and Lo-
cusLink IDs, as well as corresponding ENSEMBL EST Gene IDs (Table 1). If necessary any other identi-
fiers can be also linked to this data set.

CONCLUSION

Thousands of genes must be coherently differentially expressed in different cell types in response to
extracellular and intracellular signals. Such diverse expression patterns can only be the result of com-
binatorial control of gene regulation since only a limited number of transcription factors are encoded
by genome. Despite the assembly of several genomes, the identification of gene promoter regions re-
mains unreliable. Large-scale genome annotations are based largely on gene prediction programs. A
limitation of these annotations is that transcription start sites and, therefore, promoter sequences derived
from them might be inaccurate. We have developed methods for an identification of gene promoter re-
gions for various species using stringent criteria for more accurate transcription start site predictions.
Compared to various genome annotation systems, our approach allows more reliable identification of
transcription start sites, and therefore extraction of more reliable promoters regions. Using these meth-
ods we are able to derive high-quality promoter sequences for groups of co-regulated or functionally
related genes. This allows us to define statistically significant combinations of transcription factors in-
volved in their specific expression patterns. To determine their biological significances, these combi-
nations should be verified experimentally.

LEYKIN ET AL.

222

5847_01_p220-224  9/22/05  1:07 PM  Page 222



DATA SETS

The HumanUpstream and MouseUpstream databases contain promoter sequences 5 KB of length in
FASTA format for 34,781 human and 31,622 mouse EST Genes. They are available free of charge at
�http://www.biostat.harvard.edu/�ileykin/upstream.tar.gz�. The archive also contains README file and
four annotation files for Affymetrix U74, MOE430, U95, and U133 probe sets (Table 1).
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