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Web-based tool for fast and accurate de novo inference of regulons in the sets of closely related bacterial genomes >
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Introduction

Comparative genomi

One of the major challenges for the bioinformatics community in view of constantly Transeription factors 4P (TFs) Regulo% ‘ S Validation of predicted binding sites
growing number of complete genomes is providing effective tools to enable high-quality proteins that recognize specific binding sites to D ey ons operated by orthologous TFs Tyical pros Typical cons
R . L . either activate or repress transcription of genes. in closely-related genomes. Very strong subport
reconstruction of transcriptional regulatory networks (TRN). Definition of a particular TRN Binding sites # (TFass) ~involves Sf(dU'_s;"E;w!'m ioTréesvved TFB(SS " . . . Y stiong supp N
. AP . s . . . . inding sites S| -is associated with a distinct -recognition profile. — ) ) — ) =) - o))
includes specification of which transcription factors (TF) bind to TF-binding sites (TFBS) in (or operators) are cis-regulatory DNA sequences —_=e
. . . N i) *—p =) ) * =) —) —) =) )
the promoter regions of which genes and what is the integrated effect of all these TFs on located in 5'-untranslated regions (UTRs) of genes.
. . — ) =) —) %) —) — -y =) —)
the expression of al these genes. Reconstruction of TRNs helps to better understand the Regulon (single genome) ¢ r Sy e
metabolism and functions of bacteria. is a set of genes in a particular genome directly ’ Presence of binding sites in  Birth of new bindingsite in  Operon rearrangement and Presence of orthologs, but
regulated by the same transcription factor B e L e e upstreams of orthologs upstream of ortholog birth of new binding sites absence of binding sites
! ) ) ¢ repe ey
Among different approaches that are used for TRN reconstruction are an expression ‘ § ii B
data-driven approach, and comparative genomic approaches that are either computing-
driven, or subsystem (pathway) -driven . DNA microarrays, reporting gene expression, . ¢ ated orthol I Joint tices by edge if th 1. Build h linked R
. . . P il . Join two vertices eage | e . Build up each linked componen
continue to be an important tool for high-throughput measurements on transcriptional Clusters of regulated orthologous operons 1. For a,se'e_“e_d pr?f"e; search " ¥ ! & by addi P N b.pd.
R R K X . potential binding sites in upstream correspondent operons: y adding operons witout binding
levels, and machine-learning approaches were used to identify TRN (without a TFBS Allow to regions of genes. Consider each i.are orthologous sites that are orthologous to one of
component) from a compendium of microarray expression profiles . However, in many 1.separate all found potential TFSs into operon as a vertex in the graph ii.have potential binding sites operons from the linked
cases the complexity of the interactions between regulons makes it difficult to distinguish subsets which can be analyzed independently ' component
. " - R Extract all linked components.
between direct and indirect effects on transcription. Availability of a large number of 2.Collect pros and cons for decision making
complete genomes opens an opportunity to apply modern approaches of comparative Definition U o o
genomics to expand the known regulons to yet uncharacterized organisms and to predict . . i = eem R B eER
N N N .. 'wo operons from two different genomes are
and describe new regulons with high precision . called orthologous i they have one or more LS s ==
common orthologous genes g
Allows to collect pros... Allows to collect cons...
Threshold selection problem Web Based GUI
Bernoulli Estimator Search TFBS profiles |:‘> i [y Regulon annotation
Searc Run profile Visual analysisfor validation
. The typesofses of sequences o searchprfile in . The sourceof profles e
Background dstrbution; known o = «The library of profiles from RegPrecise database i provided. Each — M
——  “Signal” =Sets of genes positionally inked to transcription factors ey
S =Sequences provided by user corresponded of regulog. p—
“Algnment of inding sies i asa ormat provided by user —
Consider a sample of {w;} of size n which is a Profile search parameters
> mixture from background and signal . Parameters —
distributions T d search +Parameters for selection upstrear regions p—
all selected types of profiles at once. kil *Threshold for the score of the potential binding site
Task: select the threshold V/*, which would maximize probability that all v, > V* are from T i — = — =
d ally, <V* are from FE o e o e —— Jrasa —
* Go through all v, and consider each v, as a potential threshold V' J:-r-:u —w.. I-- - » ] m:f:::’::;::s I e — — oy o st
= Calculate the number k of values v,greater than selected threshold V. Tei—— RegPrecise database (http://regprecise.Ibl.gov) v ?J‘:l‘lﬁ,;”.?.’:,?,ﬂif::i'mg,m
* Supposingall {v, pled from the stributi calculate : isa collcion ofnfrred egulons of the same TF r o
probability o observe k or more values n a sample to be equal o greater than — - e e of e
potential threshold 1/ == ¥ -
. X Eachprofile fom ibrary avalable to search was o
LI vy v ‘The result of the profile search procedure e pracoas s - build on RegPrecise regulogs. For a given regulog. b ol ez - = lected i Il found
_ Vo - - —e . - 12 selected aperon cuser al foun
PM=2Cp VIR <Y) N |/ Th st o alfoundpofes.Echpofe s suppldwith st [ Alowstorunthe sleced prffe gt vy | 1o oo T i fectr (knoun), et of —— = i she e i g i
‘of properties such as profile type, profile length, the size of the +| against a selected set of genomes. After genomes under analysis, complete description of Syl baints. So - by - ‘sequence, position, score, gene and
* Select V*=V which delivers the minimum training set selected for a profie. Several types of scores running selected profile, the user can come > i regulons in each genome, including regulated S sl A o e - genome name. For each site left and
for P(V) Py back to the list of profiles, select another sition g e b e e right flanks are shown to visualize the
v . ted. il pr run it against genomes and compare site. overall conservation level of gene
v argmin(p(v) conservaton core, prcent of sinificant postions in profe. Tesults 1o make s dckion sbout whichprf Tt
T The st of profie can besored b anyof the parameters of isthe best
aualty scores.

: Top quality operon clusters _Cluster1 v Cluster2 v/ Cluster3 X Clustera X Clusters X Cluster9 X
Input for the p set of with p ined rows of or genes and TFBS profile Input: genes from the same metabolic - s — —— = —
pathway o - — - -
[ icant orthologous rows . ) e —— =
Ry R Ry R; Histidine (SEED e —_—
onthologous rows, L~ ——  Coleatequalty 2(5°) for ach othologousrow = e ——— - ———— —
r—— el SreEen e— = —_— e =
Lengthl,, - | > Use Bernoulli Estimator to set threshold 2*(5*) for orthologous row quality — — I e e —
[ — =
values 2(5*) which would separate significant and non-significant rows. 070003 8 finicesolonerroplol e v s R
Sravemeons o — smsmiormrengen. | OIS EGR S EH GRregricE e e = TC——— =
> 50_0097  urocanate hydratase Noise...
* Fora given row R, 50_0008 e ammonia-lyase —
Ny number of —— ! . Result
P22Z,IN,L.8) =P K, N, L,S) 504198 arginase family protein w—

orthologous genes (the
sizeof orthologous ow) 503164 conserved hypothetical protein o test the platform for regulon inference we analyzed regulation of the histidine degradation in the group of 7 Shewanella
* For an arbitrary value Z and row R} genomes. For the training set of upstream regions, the procedure selected X palindromic profiles with length between 16
P(22Z N, L,.S)=P(k= K@) N, L,.$) . and 24 bp. The best scored profile (a 20-bp palindrom) was used to scan the genomes for binding sites resulting in
whereK @)= _min identification of 143 clusters of candidate regulated operons. Cluster ranking and visual analysis allowed us to identify just
RN two clusters with strong binding site conservation(clusters 1 and 2), whereas all other operon clusters appear to be linked
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hat ill have quality Z or to false positive sites that are fairly conserved across the genomes.

further considerationif ) = Visual analysis for regulog annotation t

Qualityof orthologous row .
i better: [ —
> Run profil to search potential binding ites. R L Selectpredefined setof genes « Search profil Py -
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