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Figure 3. The parts of interface devoted to user input in two main strategies of regulon inference. (A) ‘Run Profile’ allows the user to start regulon
reconstruction for a known PWM profile, (B) ‘Discover Profiles’ initiates the procedure for inferring candidate motifs in a training set of sequences.
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Figure 4. Interactive workspace of the RegPredict web server. Example shows the main output obtained by scanning nine Shewanella genomes with
PWM for the NagR transcription factor. Prioritized clusters of co-regulated orthologous operons (CRONS) are listed in the left panel table. Genomic
context and summary gene function information for the first selected CRON are shown in the central and right panels, respectively. Detailed genomic
information for the selected NagR-regulated operon in S. oneidensis MR-1 is shown in the bottom panel.

The ‘Gene properties’ panel provides details on
genomic and functional properties of each gene in a
selected operon. Gene functional annotations and affili-
ations with SEED subsystems are automatically
uploaded from the SEED database using web services
(21). Finally, each gene in this panel has multiple links
to web pages in the MicrobesOnline database (15),
including the central gene page (‘MO:Gene’), the
domain page (‘MO:Domain’) and the gene phylogentic
tree page (‘MO:Tree’).

The ‘Summary info’ panel shows additional informa-
tion about the analyzed group of genomes, current par-
ameters of the ‘Run Profile’ procedure and an overview of
functional annotations of orthologs populating a particu-
lar CRON.

The results of one round of CRON analysis can be
exported to a text file using the ‘Export’ button in the
‘Genomic context’ panel. The exportable CRON content
may be narrowed by marking genes/operons intended for
exclusion from the CRON (using ‘Alt’ button). The export
file contains detailed description of genes (gene ID in
MicrobesOnline, locus tag, gene name, ortholog ID in
MicrobesOnline and function note) and putative TFBSs
(site sequence, score and position relative to the following
gene start) for each analyzed genome (with listed genome
name and its NCBI taxonomy ID). Genes are grouped in
putative operons.

Additional components

To provide more flexibility during the regulon reconstruc-
tion, the RegPredict provides three additional compo-
nents, ‘Genome browser’, ‘Gene cart’ and ‘Site cart’.
‘Gene cart’ is used to work with a collection of genes
selected by the user. Genes can be added to the Gene cart
either from the ‘Gene properties’ panel or from additional
‘Gene search’ or ‘SEED subsystem’ dialogs. In the ‘Gene
cart’ dialog one can delete/add any gene, and export/
import sets of genes to/from a text file. ‘Gene search’
implements a simple text search in the analyzed group of
genomes. In the ‘SEED subsystem’, the user may open the
hierarchical classification of current subsystems available
from the SEED database via a web service, select the func-
tional roles of interest from a particular subsystem and
extract the list of genes that correspond to the selected
roles in the selected subsystem in the analyzed set of
genomes from the SEED database. Once a collection of
genes is compiled, it can be used as a training set in the
de novo regulon inference ‘Discover Profile’ workflow.
‘Genome browser’ allows for navigating among all
genes in any of the analyzed genomes. By opening the
genome browser by clicking ‘Show gene in browser’ link
available in the ‘Gene properties’ panel, one can analyze
the selected gene context and location of TFBSs in
the genome or to search by gene id, name or locus tag.
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Any gene in the genome browser can be added to the
‘Gene cart’.

The ‘Sites summary’ panel collects all putative TFBSs
that were identified in the selected CRON. ‘Site cart’
provides a tool for the comparative analysis of any
subset of TFBSs selected during the regulon analysis
session. Representation of TFBSs together with their
flanking regions allows for estimating the overall conser-
vation of gene upstream regions. ‘Site cart’ provides
export of all TFBS sequences to a file, and can be used
in ‘Run Profile’ procedure.

EXAMPLE USAGE ON RECONSTRUCTION OF
HRCA REGULON IN STAPHYLOCOCCI

Typical scenario of the RegPredict usage is the identifica-
tion of TFBSs and regulon reconstruction in a group
of genomes for a TF with a known motif in a model
organism. This scenario can be demonstrated by the infer-
ence of the heat shock regulon HrcA, previously described
in Streptococcus spp., in a novel taxonomic group, for
instance, the Staphylococcaceae (currently includes
SEVEN nonredundant genomes).

First, the potential HrcA regulon in the
Staphylococcaceae can be estimated by preliminary ‘Run
Profile’ scan using the Streptococcus-specific PWM avail-
able in the RegPrecise-based collection of profiles and
the default profile scan parameters (threshold = 6.3).
Three CRONSs highly conserved in all Staphylococcaceae
will be obtained including two heat shock response
operons, groES-groEL and  hrcA-grpE-dnaK-dnaJ-
SA1407-SA1406-SA1405, and the hypothetical gene
SA1838, which shares the same TFBS with the divergently
transcribed groES gene. Then additional putative HrcA
regulon members can be checked by repeating ‘Run
Profile’ with the reduced score threshold.

Second, the ‘Discover profiles’ procedure can be applied
to build the Staphylococcaceae-specific HrcA motif. The
training set of genes initially found with candidate sites
during the previous step in all Staphylococcaceae
genomes can be easily collected using ‘Add gene to cart’
function in ‘Gene properties’ panel (three genes in seven
genomes). Upstream regions of 21 genes from ‘Gene cart’
are extracted in the ‘Discover profiles’ dialog and the
resulting training set is used to build the profile with the
parameters specified for the HrcA motif (palindrome;
length = 27, 27, any, min palindromic positions = 4;
min GC pairs = 1; training set size = 100%). The best
resulting palindromic profile (information content = 1.04)
can be immediately applied to automatically calculate set
of CRON:Ss for HrcA regulon in Staphylococcaceae (profile
parameters: score threshold = 7). Sites with scores slightly
below the threshold could be easily checked using ‘Show
minor sites’ option. For instance, the third CRON
including SA7838 has a minor site with score = 6.98
upstream of the orthologous gene in Macrococcus
caseolyticus.

It should be noted that the final regulon reconstruction
in a particular case could be achieved by manual assess-
ment of each CRON taking into consideration individual

scores and overall conservation of TFBSs across the
genomes, as well as the genomic context and functional
annotations of regulated genes.

SUMMARY AND PERSPECTIVES

RegPredict is a highly interactive web server specifically
designed for fast and accurate comparative analysis
of microbial regulons and identification of TFBSs in
multiple taxonomically related genomes in semi-automatic
way. The server has user-friendly interface and multiple
functionality including: (i) scanning of microbial genomes
with annotated DNA motifs and collections of aligned
binding sites, (ii) collecting upstream DNA regions for
any gene set and identification of novel TFBS motifs
and (iii) comparative analysis of the genomic context of
candidate TFBSs in the group of genomes. Among few
other web tools available for genomic analysis of TFBS,
RSAT suite of tools (22) allows for sequence retrieval,
pattern discovery and pattern matching. Key features
of RegPredict include: (i) simultaneous analysis of
TFBSs in multiple genomes and (ii) distribution of the
analysis of large regulons using CRONs. RegPredict is
an extremely powerful tool for fast accumulation of refer-
ence sets of regulons in diverse groups of microorganisms.
We are planning further development and extension of
the RegPredict web server in three main directions. First,
we will achieve tight integration of the RegPredict server
with the RegPrecise database (14), including direct depos-
ition of the inferred regulons and PWMs to the database
using the individual sign-on capability. Such two-way
integration will facilitate accumulation of the reference
sets of regulons that will further be used for large-scale
automated propagation of regulatory annotations to
closely related genomes. Second, we will add new types
of input gene sets for the de novo regulon inference,
including: (i) genes with similar expression profiles using
microarray experiments deposited in the MicrobesOnline
database (15); (ii) genes derived from conserved gene
clusters and operons containing a putative TF gene;
(iii) genes that are homologous to previously inferred
regulons in other lineages described in the RegPrecise
database; and (iv) experimentally known sets of
co-regulated genes from the RegTransBase (17), DBTBS
(23), and CoryneRegNet (24) databases. Finally, we are
planning to add a module for the analysis of RNA regu-
latory elements described in the RFAM database (25).
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