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ABSTRACT

PromAn is a modular web-based tool dedicated to
promoter analysis that integrates distinct comple-
mentary databases, methods and programs.
PromAn provides automatic analysis of a genomic
region with minimal prior knowledge of the genomic
sequence. Prediction programs and experimental
databases are combined to locate the transcription
start site (TSS) and the promoter region within a
large genomic input sequence. Transcription factor
binding sites (TFBSs) can be predicted using several
public databases and user-defined motifs. Also, a
phylogenetic footprinting strategy, combining mul-
tiple alignment of large genomic sequences and
assignment of various scores reflecting the evo-
lutionary selection pressure, allows forevaluationand
ranking of TFBS predictions. PromAn results can be
displayed in an interactive graphical user interface,
PromAnGUL. It integrates all of this information to
highlight active promoter regions, to identify among
the huge number of TFBS predictions those which
are the most likely to be potentially functional and
to facilitate user refined analysis. Such an integrative
approach is essential in the face of a growing number
of tools dedicated to promoter analysis in order to
propose hypotheses to direct further experimental
validations. PromAn is publicly available at http://
bips.u-strasbg.fr/PromAn.

INTRODUCTION

The functional genomics revolution has given rise to a huge
number of transcriptomics studies. This, combined with the
availability of numerous eukaryotic genome sequences, has
lead to the current challenge of decoding the regulatory net-
works underlying gene expression. As a consequence, a rapid
increase in the number of available databases, methods and
programs dedicated to promoter analysis has emerged during
the past few years. Transcription factor binding sites (TFBSs)
are small, degenerative sequences, so a major problem in
promoter analysis is the selection of the correct TFBS predic-
tions in the resulting low signal-to-noise ratio environment.
Cross-species comparison has been commonly used to filter
TFBS predictions and to identify potentially active regulatory
elements, as in ConSite (1) and rVista 2.0 (2). This approach is
based on the assumption that gene regulatory regions and
elements are often preferentially conserved during evolution
but also suggests that selective pressure on orthologous genes
must be similar in each respective organism. This phylogenetic
footprinting (3,4) method is implemented in almost all web
servers implicated in gene regulation studies, e.g. CONREAL
(5) and Footer (6). However, the tools differ in their choice of
TFBS databases, prediction programs and methods, as well as
the genomic sequence alignment and statistical scoring meth-
ods implemented to estimate the TFBS conservation pressure.

In this context, integrative approaches become essential for
in-depth promoter analysis. We thus developed PromAn, a
web server aimed at integrating different publicly available
databases, programs and methods dedicated to promoter
analysis. PromAn integrates transcription start site (TSS)
and TFBS databases, prediction programs, a phylogenetic
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footprinting approach, several statistical scoring methods as
well as an interactive graphical user interface, PromAnGUI.
PromAnGUI integrates all of this information and helps the
biologist to refine results and further guide gene regulation
hypotheses in parallel with experimental data and validations.

METHODS
Input genomic sequences

The PromAn web server requires as input a single genomic
sequence that will be taken as the reference in subsequent
analysis and a set of orthologous sequences in fasta format
(Figure 1). PromAn provides the possibility of inputting large
genomic sequences, which allows the user to begin analysis
with minimal prior knowledge of proximal and distal active
promoter regions. To limit the processing required and to
allow for variation on the TSS position, the user can input
genomic sequences up to 20 kb. According to the NCBI stat-
istics of the human genome (http://www.ncbi.nih.gov/
mapview/stats/BuildStats.cgi?taxid=9606&build=35), the
average size of exons and introns are 231 and 5407 bp,
respectively. Thus, large sequences up to 20 kb can allow
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Figure 1. Flowchart of the PromAn integrated strategy. A single reference
sequence and a set of orthologous genomic sequences are required as input.
First, dinucleotide distribution, TSS and promoter location as well as TFBS
predictions characterize the reference sequence. Next, a phylogenetic footprint-
ing approach is used to determine the evolutionary conservation profile and
TFBS evaluation with statistical scores. This integrated strategy is used to
validate the TSS location, highlighting potentially active promoter regions
and potentially functional TFBSs through the PromAn graphical user interface
(GUI).
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for 5’ non-coding exons, TSS mis-location and coding exons
anchoring the multiple alignment.

Reference sequence characterization

In order to locate the promoter region on the reference
genomic sequence and validate the TSS location, PromAn
integrates experimentally-based databases such as DBTSS
(Database of Transcriptional Start Sites) (7) and EPD
(Eukaryotic Promoter Database) (8) as well as promoter,
first exon or exonic map prediction programs, such as First
EF (9), Eponine (10) and GenScan (11). TSS location vali-
dation is an essential preliminary step in promoter analysis.
PromAn determines the nucleotide distribution of the refer-
ence sequence to detect the presence of potential GC-rich
regions within the given promoter of interest. On the reference
sequence, PromAn also looks for TFBS predictions based on
the following nucleotide matrices: public TRANSFAC (12)
and JASPAR (13) databases, user-defined motifs and data-
bases dedicated to a specific biological problems, such as
retina or nuclear receptor databases. The Position Weight
Matrices (PWM) scoring method (14,15) has been implemen-
ted to locate and score TFBS predictions on the reference
promoter region of interest. The profiles are first converted
to log-scale PWM to evaluate candidate TFBS predictions. A
normalized matrix score, S, is assigned to each prediction
where:

SCore — SCOrepn,;
S =100 x mm

SCOr€max — SCOT€min

A threshold is then applied to the scores to define the pre-
dictions that are considered to be candidate TFBS predictions.

Phylogenetic footprinting

The TFBSs are small (6-20 bp) and degenerate sequences.
Their inherent properties imply that there can at least be one
TFBS prediction per genomic sequence base pair. Given the
huge number of predictions, >90% are usually false positives.
PromAn uses the multiz (16) multiple sequence alignment
program to implement a phylogenetic footprinting method
to take into account evolutionary selection pressure. Ortho-
logous sequence alignment allows highlighting of regions
conserved during evolution. Several studies have demons-
trated that regulatory modules are under positive selection
pressure, therefore regions of high conservation should
correspond to potentially active promoter. Multiple sequence
alignment also provides the basis for statistical scores
estimating the significance of predicted TFBSs. As the number
of orthologous input sequences is not limited in PromAn, use
of at least three sequences provides a more precise multiple
alignment that allows for more accurate statistical scores
reflecting the conservation of TFBSs during evolution. The
evolutionary distances between organisms should be taken
into account, as sequence divergence between closely related
organisms, such as human and chimpanzee or rat and mouse
is usually insufficient to provide relevant evolutionary conser-
vation information (1). PromAn implements three comple-
mentary statistical scores. The conservation score measures
the identity of the orthologous sequences with respect to the
reference sequence for a given region. It corresponds to the
average percentage of nucleotides identical to the reference
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Figure 2. Example of a PromAn output. The upper frame displays the mouse rhodopsin genomic region (extracted from +10 kb with respect to the start codon—red
boxes), surrounding dinucleotide (AT in green and GC in red) and conservation (blue) profiles. The orange rectangle highlights the RPPR that is described in Figure 3.
The lower frames depict the DBTSS, Eponine, GenScan, user-defined motifs (Match_Pattern), TRANSFAC (Match_TRANSFAC_MinSumGood), JASPAR
(Match_JASPAR_CORE) and retina dedicated (Match_BIBLIO_Retina) predictions. Each prediction is displayed as a colored [gradient from low (grey) to high
(red) Mean Distance score] box where the outline indicates the strand (blue for minus and red for plus).



Nucleic Acids Research, 2006, Vol. 34, Web Server issue

sequence at a given position in the multiple sequence align-
ment. The entropy score is based on the ScoreCons program
(17). It gives the degree of nucleic acid variability to quantify
residue conservation in a multiple alignment. The mean
distance score is based on the ClustalX conservation profile
(18) this means on the mean pairwise distance between
sequences in a continuous sequence space. The combined
scores allow for an evaluation and ranking of TFBS predic-
tions in order to estimate their biological relevance.

PromAn results display and analysis

PromAn results are sent to the user by e-mail. PromAnGUI
gives the user the possibility to visualize and refine results as
often as needed in parallel with expert biological knowledge
and experimental validations, which are indispensable to
complete and further guide gene regulation hypotheses. A
help section relative to the PromAnGUI graphical user
interface is available on the PromAn home page.

As an example, we consider the analysis of the mouse
rhodopsin promoter region. cis-regulatory elements of the
bovin rhodopsin proximal promoter region (RPPR) have
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been characterized in several studies (19,20). PromAn allows
us to determine whether these elements are retrieved in the
mouse. In other words, are these biologically active regions
conserved during evolution? Input genomic sequences have
been extracted from the HomoloGene Downloader tool (http://
www.ncbi.nlm.nih.gov/HomoloGene) and the UCSC Genome
Browser web server (http://genome.ucsc.edu). Mouse and a set
of five orthologous sequences (human, cow, dog, chicken and
Xenopus tropicalis) extracted from —10 kb to +10 kb with
respect to the start codon have been used as input in this
PromAn analysis.

Figure 2 illustrates the display of this analysis in the
PromAnGUI. Results are always located with respect to the
reference sequence (mouse), which is depicted as two red
boxes surrounding different profiles in the upper frame.
Both AT (green) and GC (red) profiles can be depicted to
easily and immediately identify regions enriched in these
dinucleotides. The DBTSS database allows us to locate an
experimentally validated TSS at the 9903th bp of the
mouse reference sequence. The dinucleotide profiles in
Figure 2 show that the RPPR contains a GC-rich region around
the TSS. The blue curve represents the conservation profile of

f PromAnGUI ;: Promoter Analysis Graphical User Interface (v. 1.0) - Rho_Mouse_0316_0829_17323.PromAn

File Options Help
L & —
1 5000 10000 15000 Z0000D
B e e
W_V—W
e e e e e e e e e e e el e e e e e e e T i e e e e e e T e e e e
2677 9700 9750 5800 9850 9300 593916
Havch BIBLIO_Retina
Eopsinl bovin : Eopsinl bovin
= | = = I = E= i == -
Eopsinl bovin Z : Eopsinl bovin 2
= = = = = = . = [ = =
= = = = =
=] -
HRE_bovin : NRE bovin
] = —  m—
—
Retd_bovin : Retd_bovin
| s [——|
Retl PCEl bovin 2 : Retl PCEl _bowin 2
. =
BAT1 bovin : BAT1 bowin
==

Figure 3. TEBS analysis of the RPPR responsible for photoreceptor specificity. User-defined motifs, TRANSFAC, JASPAR and retina specific predictions are
depicted. They highlight the conservation of the Ret-1/PCE-1, BAT-1, NRE and Ret-4 elements among mammals.
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the reference sequence based on a multiple alignment of the
orthologous genomic sequences. The higher peaks correspond
to coding exons present in the mouse sequence and conserved
in the five other orthologs. The DBTSS, Eponine, GenScan
and TFBS (user-defined TATA and CCAAT boxes, TRANS-
FAC, JASPAR and retina dedicated databases) predictions are
depicted in the lower frames by boxes colored according to the
mean distance [gradient from low (grey) to high (red)] score.
The conservation profile shows a proximal region of about
1 kb long conserved in all four mammals. Within this region,
a small region (from 9677 to 9916—depicted in orange) has
been described as being responsible for the photoreceptor
specificity and is named the RPPR.

Figure 3 presents a zoom-in on this conserved RPPR region.
The full genomic reference sequence is depicted above the
profiles and the zoomed-in region is displayed in red below
the profiles. PWM and conservation score cut-offs of 0.6 were
used to select TFBS predictions. These results highlight
the conservation of the Ret-1/PCE-1, BAT-1, NRE and
Ret-4 elements among mammals. Many Eopsin-1 binding
sites are predicted because the motifs are only 6 bp long.

PromAn program implementation and
future improvements

The PromAn web server and PromAnGUI visualization tool
are written in Tcl/Tk 8.4, HTML and JavaScript. Both tools
are modular and organized in order to allow for easily
upgrade by the addition of supplementary genomic sequence
alignment tools, promoter or TFBS databases and prediction
programs.

We are currently integrating additional multiple alignment
programs dedicated to large genomic sequences, such as
TBA (16) and Multi-LAGAN (21). A future version of
PromAn will include an option to give the user the possibility
to predict TFBSs on orthologous sequences. PromAn will
thus integrate statistics similar to the ones available in Footer
(6). Identification of cis-regulatory modules will be imple-
mented in a future version of the graphical user interface.
PromAnGUI will also integrate tissue-specific, transcriptomic
and interactomic data relative to transcription factors to add
new filtration dimensions aimed at improving TFBS predic-
tions. Thus, the user will be able to select regulatory motifs
or modules according to co-expressed transcription factors
interacting together.

CONCLUSION

The PromAn web server provides a number of advantages over
many existing systems for promoter analysis. First, minimal
prior knowledge of the genomic region of interest is necessary.
Second, PromAn provides the possibility of performing
multiple alignment using more than two orthologous
sequences, allowing refinement of the evolutionary conserved
regions. The PromAnGUI graphical user interface is a power-
ful tool used to integrate and visualize results and to filter out
false positive TFBS predictions with matrix, conservation
scores and biological knowledge of the user. Therefore,
PromAn facilitates the construction of hypotheses in terms
of potentially regulatory regions and elements in order to
direct further experimental validations.
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