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ABSTRACT
We present a unique program for identiﬁcation of
estrogen response elements (EREs) in genomic DNA
and related analyses. The detection algorithm was
tested on several large datasets and makes one
prediction in 13 300 nt while achieving a sensitivity of
83%. Users can further investigate selected regions
around the identiﬁed ERE patterns for transcription
factor binding sites based on the TRANSFAC
database. It is also possible to search for candidate
human genes with a match for the identiﬁed EREs
and their ﬂanking regions within EPD annotated
promoters. Additionally, users can search among
the extended promoter regions of 11 000 human
genes for those that have a high degree of similarity
to the identiﬁed ERE patterns. Dragon ERE Finder
version 2 is freely available for academic and nonproﬁt users (http://sdmc.lit.org.sg/ERE-V2/index).

INTRODUCTION
Beyond its well recognized role as a female sex hormone,
estrogen is involved in the regulation of cell proliferation and
differentiation in a variety of tissues in both males and females
(1–3). Estrogen receptors (ERs) mediate hormone functions by
binding to target gene promoters at sites named the estrogen
response elements (EREs) (4). The signal pathways of estrogen
are currently under debate (5,6). At least four mechanisms are
possible in the estrogen reaction:
1. Classical pathway where estrogen-activated ERs bind
directly to EREs and induce changes in gene expression.
2. Hormone-independent pathways where ERs are activated
by growth factors but still bind directly to EREs.

3. Activated ERs bind indirectly to non-ERE sites (AP-1 and
Sp-1 sites) through interaction with other transcription
factors such as Jun and Fos.
4. Cell membrane signaling pathways which result in fast
tissue responses without involving gene expression.
Dragon ERE Finder focuses on the EREs utilized for the first
and second mechanisms and specific subsets of ER target
genes. The consensus sequence of ERE is composed of
palindromic half-sites intervened by three nucleotides (7).
However, all other EREs identified to date have one or more
base deviations from the consensus (8,9). In addition, the
length of interval between the two half-sites, as well as the
immediate flanking dinucleotide sequences are also important
in determining ER binding and hormone induction (8,10–12).
Identification and characterization of transcriptional mechanisms of genes regulated by estrogen are of fundamental
importance in understanding the diverse functions of the
hormone. Thus, it is crucial to have a computational tool that
can pinpoint candidate ERE patterns across anonymous DNA
and help to identify genes regulated by direct ER binding to
their promoters. Tools for this purpose should possess a high
sensitivity for the detection of putative functional ERE
patterns, but, at the same time, they should not make so many
predictions that the interpretation of results is made impossible. We have developed the Dragon ERE Finder (DEREF)
program which fits the above criteria and is now freely
available on the web (http://sdmc.lit.org.sg/ERE-V2/index) for
academic and non-profit users. Details of the implemented
recognition algorithm are provided on the web site.
PROGRAM DESCRIPTION
The program uses a probabilistic model to detect ERE patterns.
The model is described on the program’s web page. Its portal
allows users to input the sequence in FASTA, GenBank,
EMBL, IG, GCG or plain format by either pasting it into an
input box or by reading it from a file. The current version 2.0
of the program uses the same algorithm for detection of the
ERE patterns, as version 1.0. However, the report files and
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aims of these program versions are different. Version 1.0
(http://sdmc.lit.org.sg/ERE/) is suitable for the analysis of long
DNA sequences, up to 100 000 nt (nucleotides), in one session,
but analyses only the forward strand of the query sequence.
Its sample report file is shown in the Supplementary Material
(Fig. S1). Version 2 of the program (http://sdmc.lit.org.sg/EREV2/index) is primarily aimed at giving more detailed interactive analyses of the identified ERE patterns, although it is
possible to run it in a non-interactive mode (see sample report
file in Fig. S2) from the same window. We describe here the
use of version 2.0. When a pattern is detected along a DNA
sequence, a page with the following information is displayed:
1. the position of the pattern on the DNA;
2. the actual nucleotide composition of the identified ERE
pattern;
3. the nature of the identified pattern (i.e. does it belong to a
known pattern used for training or is it a new ERE pattern
not used for training).
A sample report page is shown in Figure S3.
Users can carry out further analyses of a selected region
around the identified ERE pattern. On the next page, Figure
S4, the user faces several options. Firstly, using an integrated
BLAST program (13), it is possible for the user to search for a
match of an identified ERE pattern (17 nt in length) with its
flanking 20 nt on either side against the promoter sequences of
EPD (14). The sample report page, with the identified ERE
pattern highlighted for easy inspection of the quality of the
BLAST matches, is in Figure S5. Sequences from the EPD
database cover proximal promoter region [500, þ100]
relative to the transcription start site (TSS). Similarly, the
same 57 nt sequence used to match the EPD data can be
matched, using BLAST, against about 11 000 human
promoters covering the region of [3000, þ1000] relative
to the start of the gene, as defined by the FIE2 program
(http://sdmc.lit.org.sg/FIE2.0) (15). The results of the BLAST
analysis are presented with the identified ERE pattern highlighted (sample report page is shown in Fig. S6). Finally, the
user can select a region around the identified ERE pattern and
subject that sequence to analysis by the MATCH program (16)
which uses TRANSFAC database version 6.1 (16). The
transcription factor binding sites (TFBSs) found with
MATCH in the selected region are presented to the user
through a graphical display with all pertinent information
appended. This can help the user in identifying potentially
important TFBSs in the immediate neighborhood of the ERE
site (a sample report page is shown in Fig. S7).
Users have to pay attention to the following: (i) if the query
sequence is shorter than 17 nt, the program will not make
predictions; and (ii) if you are in the interactive mode and
request BLAST of the found pattern against either the EPD or
the internal Human Promoter database, while the sequence
submitted to BLAST is shorter than 57 nt, no result will be
produced. This is because the internal BLASToperation is based
on the basic ERE motif (17 nt) flanked by 20 nt from each side.
SUGGESTIONS FOR EFFICIENT PROGRAM USE
If the interest is only in pinpointing the location of the putative
ERE patterns in long segments of DNA, then the use of the

non-interactive mode of DEREF v.2.0 is suggested due to
its simple output format. Sequences which are longer
than 100 000 nt would need to be segmented. The recommended sensitivity is 0.83, but the user can change it to meet
desired requirements. The data correlating sensitivity to
expected frequency of predictions is presented on
the program’s web page at http://sdmc.lit.org.sg/ERE-V2/
DERE2_test.htm.
Moreover, if users are interested in finding genes controlled
by direct ER binding to the promoters, they can use the Dragon
Promoter Finder programs (17–19, http://sdmc.lit.org.sg/
promoter/), to pinpoint potential TSSs, and then localize the
search for EREs within these promoters. Since the ERE
patterns could be in the range of [3000, 1000] relative to the
TSS, it is recommended that a region covering [5000,
þ3000] relative to the found TSS be used for the ERE search.
However, if the interest is in exploring the specific genes,
then the interactive mode of DEREF version 2.0 is far more
suitable. This will give the user option for finding the candidate
transcription factors that potentially interact with ER, by
the analysis of the immediate surrounding region of the
putative ERE pattern. If the examined sequence is of human
origin, an internal database of 11 000 human gene promoters
of high quality allows for the search of candidate paralogous
genes among them, or for those genes that have the found ERE
pattern and its close neighborhood highly preserved. Thus, it is
possible to find other genes that have a high chance of
being part of the gene network controlled by direct ER binding
to promoter region.
If in the query sequence, ERE patterns are not reported by
the system, the user may increase the sensitivity (the allowed
range is 0.7–1.0) and repeat the analysis. Conversely, the user
can reduce the sensitivity level if the detected ERE patterns
seem to be false positive predictions. Reduction in sensitivity
should decrease the number of potential false positives.

ACCURACY AND PREDICTIONS OF
FUNCTIONAL SITES
The program performance is presented on http://sdmc.lit.org.
sg/ERE-V2/DERE2_test.htm and it is obtained from the
analysis over several diverse data-sets. The page also explains
how test sequences and results were obtained and the main
findings. In summary, at the sensitivity of 83%, the program
makes one prediction per 13 300 nt, based on the analysis of
the whole human chromosome 21. Chromosome 21 has a
G þ C content of 41% which is less than the average GþC
content for the human genome. Prediction of ERE patterns is
2.8-fold higher in the promoter region of estrogen responsive
versus non-responsive genes obtained through a gene array
experiment. While one cannot assume that every new ERE
pattern detected by the system is functional, we have confirmed
that Dragon ERE Finder is capable of detecting new functional
ERE patterns. The system correctly detected recently characterized functional EREs (20) in human and mouse lipocalin
2 genes at the default sensitivity setting. Also, the system
detects ERE motifs ( p17d1, p17daTA, p17d2) for which
binding of ERa and ERb is experimentally shown (9,21). The
first two motifs are detected at the default sensitivity, while the
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third one is detected at a sensitivity of 0.87. The p17d2 ERE
motif is shown to be functional in COS-1 and HepG2
transfected cells (21).
SUPPLEMENTARY MATERIAL
Supplementary Material is available at NAR Online.
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Mechanisms of estrogen action. Phys. Rev., 81, 1535–1565.
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