NpeHTUdpUKauma dakrepmanbHbIX onepaTtopoB
Ha ocHoBe 3D-CTPYKTYpP KOMNMEeKCOoB
TpaHCKpuUNunoHHbIX bakTopoB ¢ [HK:
anropuTM U pe3ynbraTthbl ero npuMeHeHus

= . A. Hukonandmk




Tbicsum 6akTeprMaAbHbIX FEHOMOB CEKBEHMPOBAHBI,
HO OYeHb HEMHOIrme aHHOTUPOBaHbl KAYE€CTBEHHO

192?000 192?000 193(|)000 193ZILOOO 193%000 193?000 1934|1000 l935|>000 193?000 l93|7000 l932|3000
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GZ59 17380 GZ59 GZ59 17420 GZ59_  GZ59 GZ59 GZ59 1747 GZ59_ 17480
excision nuclease ABC subunit GZ59 17400 molybdenum co molybd GZ molyb Putative ace TonB-dependent ferric achromot
putati molybd

Putative CofD mol

- Typical annotation: gene, CDS, rRNA, tRNA features only
- Transcription control signals (promoters, operators, attenuators, riboswitches,
terminators) are rarely annotated

Without regulatory info one doesn’t know if, when and how strongly a gene is
expressed

1928000 1929000 1930000 1931000 1932000 1933000 1934000 1935000 1936000 1937000 1938000
1 uvrB GZ59 moaA moaB moaC moaE Gz59 1747 | acr
excision nuclease ABC subunit GZ59 17400 molybdenum co molybd mo molyb Putative ace TonB-dependent ferric achromob
putati molybd }
Putative CofD mol

moa operon



TpaHCKpUNUMOHHbIE PaKTOPbI U CaUTbl UX
CBA3bIBAHMS — KAIOY K MOHMMAHUIO peryAsiumu
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) - LexA
| (1=21.2 bits)
TF dlrﬂer 1‘IQC TAT&IA‘EAI(A:CATTQ

operator motif
with inverted repeats

ArcA
T (1=21.0 6mT)
éACQIC

lllllllllllllllllll

10 15

operator motif
with direct repeats

TF binding site
(TFBS or operator)



SigmolD Bepcuu |: npumeHeHne peryAsTopHOM MHPOpMaLIUM
K HEU3YYEeHHbIM MOCAEAOBATEABHOCTAM FEHOMOB

nikolaichik / SigmolD OWatch 2 K Star 4 ¥YFork 0

<> Code Issues 0 Pull requests 0 Projects 0O Pulse Graphs

A Xojo/python tool to ease annotation of sigma-factor and TF binding sites in bacterial genomes

(D 8360 commits [ 8 branches © 8 releases 42 2 contributors sfs GPL-3.0
|
Branch: Version2 ~ Find file
This branch is 6 commits ahead, 1 commit behind master. Pull request Compare
U nikolaichik Integrated cd-hit for promoter seq clustering Latest commit 9000d5e on Sep 8
Bl Build_resources Integrated cd-hit for promoter seq clustering 2 months ago
B Classes Family TFBSs export to a single meme file 2 months ago

SigmolD: a user-friendly tool for

Peer | improving bacterial genome annotation
eer through analysis of transcription control

signals

Yevgeny Nikolaichik and Aliaksandr U. Damienikan
Department of Molecular Biology, Belarusian State University, Minsk, Belarus
Submitted 26 January 2016
Accepted 29 April 2016 ABST RACT

Published 24 May 2016 o . '
The majority of bacterial genome annotations are currently automated and based
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C nomouwbto SigmolD MOXHO n3BA€Yb MHPOPMALMIO
O canTax cBsA3biBaHMSA U3 RegPrecise...

0O RegPrecise: regulons
Genome: Erwinia carotovora subsp. atroseptica SCRI1043 (52 regulons) v

. Regulator Effector Pathway

AcrR Rhodamine 6G; Ethidium bromide; Proflavin Multidrug resistance

AraC Arabinose Arabinose utilization

ArgR Arginine Arginine biosynthesis; Arginine degradation

Cellobiose-6-phosphate; Beta-glucoside-6-phosp Beta-glucosides utilization; Cellobiose utilization

' Betl Choline Glycine betaine synthesis

BirA Biotin Biotin biosynthesis

CelR Cellobiose-6-phosphate Cellobiose utilization

Crp Cyclic 3',5'-AMP Carbon catabolism
' CueR Copper ion, (Cu+) Copper resistance

DeoR Deoxyribonucleoside utilization

DgoR Galactonate Galactonate utilization

ECA4246 Sugar utilization

ExuR Galacturonate Galacturonate utilization
 FabR Unsaturated acyl-ACP; Unsaturated acyl-CoA Fatty acid biosynthesis

FadR Palmitoyl-CoA; Oleoyl-CoA Fatty acid degradation

Fnr Oxygen Energy metabolism; Anaerobic metabolism

v D Eviintannnas 1 nhannmbhata: Chiintanas 1 £ Ainbhaconbhads Manteanl Aanvinabaiddentas maatalyalioss

(7 ] Check TF Presence Regulon Logo




ONMTUMU3UPOBATb OMEPATOPHbIM MOTUB AAA
KOHKpPETHOro BUAQ U LLITaMMa...

Q0O SigmolD
T = \
= ¥ L - B L]
Load alignment Search HmmGen TermGen Palindromise Save log Settings
2_
1_
| zﬂ/\AA A A s TATEA:( ~
0 = -
1 1 1 1 15 1
score Dbias Evalue hmmfrom hmm to alifrom ali to envfrom env to sq len acc
? 10.1 0.0 8.9 3 24 .. 1981275 1981296 .. 1981273 1981299 .. 4991806 0.88
Alignment:
score: 10.1 bits
alimaskTmp 3 tataataAtaattattaTtatt 24

ata t Ataa tat+aTta t
CP009125 1981275 CATATTGATAAATATCATTACT 1981296
689990 *kkkkkk*kxk**9F5 PP

Internal pipeline statistics summary:

Query model(s): 1 (29 nodes)

Target sequences: 1 (9983612 residues searched)
Residues passing SSV filter: 3274939 (0.328); expected (0.3)
Residues passing bias filter: 3274939 (0.328); expected (0.3)

Residues passing Vit filter: 3274939 (0.328); expected (1)



...HaUTU CanTbl CBA3bIBAHUA PETYAATOPA B reHOME U
NpyU HEOBXOAMMOCTU CKOPPEKTUPOBATb AaHHOTALMUIO.

00 CP009125_Fur_ext_short.gb
< > 3773496:3773524 (-) Fur score 12.1 E-value 1.3 3773496-3773524:29 Q + -
?000 3'}'6)"000 3'/'6!?000 3'}'6?000 3':":’?000 3)":"}000 3';":'21000 3';')’.;:000 3'}')‘1000 3':";'!?000 3'/')'6;000 3)')"{000 3'/";'1?000 3'}')‘?000 3'.-'8(1)000 378
759 GZ59_34550 — —— 759_34590  GZ59 oprJ mex8 mexC nfxB GZ
CDS complement(3766350..3767570)
IK15  AIK15207.1 /locus tag="GZ59_34550" IK15211.1 AIK15 | AIK15213.1 AIK15214.1 AIK15215.1 AIK15 Alk

finference="ab initic prediction:Prodigal:2.60"
finference="similar to AA
sequence:INSD:CAG76339.1"
{ f/codon_start=1 {
/preduct="hypothetical protein®
ftrans|_table=11
/ncte="conserved hypothetical protein®
/db_xref="Gl:672934372"
/protein_id="AlIK15207.1"
H L R K L F P C * E I N I R * F S N H * F L M K I I §8 F L Y Y * K T PN OGQ * Y * P S A * N * R
T L 6 N Y F R V K K *» 1 L pb 8§ L A I I D F » == K L L V F Y T I K K H L T S D I N QO V H K I § G
P » E T I § V L R N K Y == I Vv *» ¢ § L I F N E N Y * F F I L L K N T * P V I L T K C I K L A A
CACCTTAGGAAACTATTTCCCTCT TAAGAAATAAATATTACGATAGTTTAGCAATCATTGATTTTTAATGAARATTATTAGTTTTTTATACTATTAARARACACCTAACCACGTCGATATTAACCAAGTCCATAAAATTAGCGGCE

| | | | | | | | | | | | | |
3773449 3773459 3773469 3773479 3773489 3773499 3773509 3773519 3773529 3773539 3773549 3773559 3773569  377:
GTGGAATCCTTTGATARAGGCACAATTCTTTATTTATAATCTATCAAATCGTTAGTANCTANAANTTACT TT TAATARTCANAAAATATGATAATTTTTTGTGGATTGGTCACTATAATTGGT TCACGTATTTTAATCGCCG]
R L F S N G H * s I F I L ¥ NULTUL * Q N K I F I I L K K ¥ * * F V G L W H Y * G L A Y F * R C
G * s VvV I ETANTZLTFTLTZY®*IT®*CDUNTIJZ KTULSTF* * N KTISNTFTFUV*GTTINJVTILIHMTFNAA
V K P F * KR TLF Y I NS L KA I M S K * HFNU T EKT®*V ILTFT CI RVTZLSTITLU WTTCTLTITL P

A i 75 150 225 300 375 407

Gucres Seq, e S
Specific hits  |(EEEEEFRA)

Superfanilies PHA02751 Oxidoreductase_nitrogenas Holubdopterin-Binding supers ‘ Ep CpxP_like =
FHA superfamily

Hulti-donains

Search for similar domain architectures el Refine search 2

List of domain hits

207.1:CDD © . AIK15207.1:UniProtkB ©

Name Accession Description Interval E-value

4] FHA cd00060  Forkhead associated domain (FHA); found in eukaryotic and prokaryotic proteins. Putative ... 7-109  ©6.65e-

05

] CpxP_like super family cl01482 CpxP component of the bacterial Cpx-two-component system and related proteins; This family ... 367- 0.32
406

AMAnDD 1 ~rrNDTED Thoe MaAan 1 DY naliidoae & et AfF ralatad rinmabharasstarrad hartarial mahibhAdantarm lhindinsg b T~ a4 4



ECcTb KOAAEKLIMM ONepaTOpPHbIX MOCAEAOBATEABHOCTEN,
HO OHM OrpaHUY€eHbl NO 0bbeMy, BUAOBOM CrieLUPUKE,
yaToTe ObHOBAEHUM

Organism specific:
RegulonDB (E. coli) — 141 TF, ~50 usable
DBTBS (B. subtilis) — 40 usable (Outdated)
RhizoRegNet - 46 usable (defunct)

Multi-species:
CollecTF — 84 of 252
Prodoric2 — 261 (few usable)
RegTransBase — 141 (defunct)
RegPrecise — 1184 usable



YTO MOXHO cAeAaTb AASl SHTepOobakTepum C
M3BECTHbIMU OMepPaTOPHbIMU MOTUBaAMM!

[1pumep — Pectobacterium atrosepticum 2| A:
4 HanpaeHo noutu 100 opTtororos TO ¢ nM3BeCTHbIMY
onepaTopHbIMM MOTUBAMM
4+ NaeHTuomnumposaHo okoao 1000 onepaTopos
4 HalaeHHble onepaTopbl KOHTPOAUPYIOT OKoAO 40% Bcex
TPaHCKPUMNLUMOHHbIX €AMHMUL,

[1pobAaembi:

* TOABKO AASl 6 TD ecTb aKCNEPMMEHTAABHOE MOATBEPXKAEHUE UX
OMnepaTopoB

* MPOLLEAYPA OMMPAEeTCs Ha NPEANOAOXKEHME (KOTOPOE HUKOTAA He
npoeepseTca!) 0 KOHCEPBATUMBHOCTM OMEPATOPOB Y POACTBEHHbIX
OpraHM3MOB
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[locAepOBaTEABHOCTM OMEPATOPOB CUMTHIBAOTCA HECKOABKUMMU
KPpUTUUHBbIMU ocTaTKaMm AHK-cBasbiBaloLWMX AOMEHOB

Many TF-TFBS structures are solved, CR-nucleotide contacts are known, but this info is never used!

A F

&
-.-1:?_ A1l
12

l"ﬁzilhtl:'--""g e

Monamer B

A. Vannini et al. The crystal structure of the quorum sensing protein TraR
bound to its autoinducer and target DNA. EMBO J. 21:4393-4401 (2002)




NPIDB (npidb.belozersky.msu.ru) — yaobHasa 6a3a AaHHbIX AASI MOUCKa

KPUTUYHDBIX aMUHOKHUCAOTHDIX OCTAaTKOB

NPIDB: 4X4D structure

NPIDB: Interaction

H-bonds Hydrophobic Interactions Help

Show specific contacts
Show all contacts
Hide all contacts

[ Download ]
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DG3:F.0P2/1 2.98 GLN24:D.NE2/1
DG3:F.0P2/1 3.04 SER39:D.0G/1
ARG35:D.NH1/1
DG3:F.N7/1 3.34|ARG35:D.NH2/1
ARG35:D.NH2/1
DT4:F.0P2/1 2.68 ARG43:D.NE/1
DT4:F.0P2/1 24 ARG43:D.NH2/1
DT4:F.05'/1 2.89 ARG43:D.NH2/1
DAl12:F.0P1/1 3.19 ASN47:C.ND2/1
DA13:F.0OP1/1 3.41 THR49:C.N/1
DAl13:F.0OP1/1 2.56 SER52:C.0G/1

C

C

B

DAl13:F.0P2/1 2.11 TYR37:C.OH/1
DT14:F.0P2/1 34 ASP34:C.N/1
DC17:F.0OP1/1 3.03 ARG17:B.NH1/1
DC17:F.0P2/1 2.93 GLN24:B.N/1

DC17:F.N4/1 | 266/ARG35:C.NH2/1

DAl18:F.0P2/1 2.83 GLN24:B.NE2/1
DAL8:F.N6/1 | 301|ARG35:B.NH1/1 |
DC19:F.0P2/1 3.01 ARG43:B.NE/1
DA27:F.0P1/1 2.83 ASN47:A.ND2/1
DA28:F.0P1/1 2.99 THR49:A.N/1
DA28:F.0P1/1 2.79 SER52:A.0G/1
DA28:F.0P2/1 3.1 TYR37:A.0H/1
DG29:F.N7/1 3.37|ARG46:A.NH1/1




AAS OCHOBHbIX CEMEMNCTB TPAHCKPUMLMOHHbIX
$aKTOPOB OMNMpeAeAeHbl CTPYKTYPbl
ux AHK-cBasbiBatlowmx aoomeHoB B komnaekce ¢ AHK

LuxR-cemMencTBo: CTPYKTYPbl CUJIbHO BAPbUPYHOT, HO
KOHTakTUpytowye ¢ JHK (KpUTnyHble) aMUHOKCIOTHBLIE OCTaTKM
BCeraa B Tpex coceaHuUX BUTKaxX pacrno3Haloweun c-cnupanm

[e1=3 9 TR 1 --sLskRErevLrllaeGksnkeIAdelLniSekTVkvhrgnimkKlnvksrvelvrla 571
12G5'NarL Ecoli---=-----"-= QLTPRERDILKLIAQGLPNKMIARRLDITESTVEVHVEHMLKKMKLKSRVEAAVIW -1

1zgl ‘NarL Ecoli------ RDVNQLTPRERDILKLIAQGLPNKMIARRLDITESTVKVHEVEKEMLKKMKLKSRVEAAVWVHQERT F']
1je8-NarL Ecoli------ RDVNQLTPRERDILKLIAQGLPNKMIARRLDITESTVKVHVEKHMLKKMKLKSRVEAAVWVHOERTI F']
4wu4 -LiaR-Efaecalis-- -5 EDLTNREHEILMLTAQGKSNQEIADELFITIKTVRTHVSNILAKLDVDNRTQAATYA 619
4wuH-LiaR-Efaecalis S EDLTNREHEILMLIAQGKSNQEIADELFITIKTVETHVSNILAKLDVDNRTQAATYA 619
4wulL-LiaR-Efaecalis S EDLTNREHEILMLIAQGKSNQEIADELFITILKTVRTHVSNILAKLDVDNRTQAATIYA 619
1131 -TRAR Atu-=------- - AWLDPKEATYLRWIAVGKTMEEIADVEGVKYNSVRVKLREAMKRFDVRSKAHLTALATRRKLIT
1HOM -TRAR_Atu------- 168 -AWLDPKEATYLRWIAVGKTMEEIADVEGVKYNSVRVKIREAMKRFDVRSKAHLTALA -2249
1ZLK -DosR -Mtuberculosis *SGLTDQERTLLGLLSEGLTNKQTADRMELAERTVENY VSRLLAKLGMERRTQAAVEAT



NAeHTUPUUMPOBATb U KAACCUPULMPOBATD

TPaHCKPUMNUUOHHbIE PAKTOPbI AETKO C MOMOLLbIO
moaeaen PFAM

The clan contains the following 256 members:

AbiEi_3_N
Bac_DnaA_C
Cro
Dimerisation
DUF1441
DUF2089
DUF3860
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Ets

FokI _C
GntR

HPD
HTH_13
HTH_21
HTH_28
HTH_34
HTH_41
HTH_6

HTH _Tnp_Mu_2
IF2 N

LexA DNA_bind
MerR-DNA-bind
MgsA_antitoxin
Myb_DNA-bind_7
PadR
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Rapl1-DNA-bind
RFEX_DNA_binding
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SatD
Sigma70_ECF
SMC_ScpB
TetR_N
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YdaS_antitoxin
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Exc
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YokU

AphA_like
BrkDBD
Cullin_Nedd8
DUF1133
DUF1670
DUF2582
DUF4364
E2F_TDP
FaeA
Ftsk_gamma
HNF-1 N
HTH_ 1
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Myb_DNA-bind_3

NUMOD1
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TrmB
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Arg_repressor
C_LFY FLO
CUT
DUF1153
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Homeobox
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HTH_25
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HTH_micro
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HTH_WhiA

Myb_DNA-bind_4
OST-HTH
Phage_AlpA
Pox_D5

RepC
RNA_pol_Rpc34
RuvB C
SgrR_N
Sigma70_r4
SWIRM

TFIIF beta
Trp_repressor

DUF3253
DUF480

ELL
Fe_dep_repress
GcrA
Homeobox KN
HTH_11
HTH_19
HTH_26
HTH_32
HTH_39
HTH_47
HTH_AsnC-type
HTH_OrfB_IS605
HTH_Tnp_ISL3
HxIR

MarR_2

Mor

Myb_ DNA-bind_5
P22_Cro
Phage_antitermQ
PuR_N

RepL

RP-C
SAC3_GANP
Sigma54 CBD
Sigma70 r4 2
TBPIP

Tn7 _Tnp_TnsA C

UPF0122

B-block_ TFIIIC
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DUF134
DUF1870
DUF3853
DUF722
ESCRT-II
FeoC

GerE

Homez
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HTH_40
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HTH_CodY
HTH_psq

HTH Tnp Mu_1

E‘E
O
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erR
MotA_activ

Myb_ DNA-bind_6
PaaX

Phage CI repr
Put DNA-bind N
Replic_Relax
RPA
SANT_DAMP1 like
Sigma54 DBD
SLIDE
Terminase_5
Tn916-Xis
Vir_act_alpha_C
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CeMeHncTBO
LysR
AraC

GntR

Lacl

XRE
TetR N
Trans reg C
LuxR
HxIR

F1s
DeoRC
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Pfam #

PF00126
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PF00392
PF00356
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Kak MOXXHO MCMOAB30BaTb CTPYKTYPHYIO
MHPOpMaLMiO?
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Sequence analysis
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Novel sequence-based method for identifying transcription factor
binding sites in prokaryotic genomes

Gurmukh Sahota and Gary D. Stormo*

Department of Genetics, Washington University School of Medicine, Saint Louis, MO 63108, USA

Associate Editor: Dmitrij Frishman

ABSTRACT

Motivation: Computational techniques for microbial genomic
sequence analysis are becoming increasingly important. With next-
generation sequencing technology and the human microbiome
project underway, current sequencing capacity is significantly greater
than the speed at which organisms of interest can be studied
experimentally. Most related computational work has been focused
on sequence assembly, gene annotation and metabolic network
reconstruction. We have developed a method that will primarily
use available sequence data in order to determine prokaryotic
transcription factor (TF) binding specificities.

Results: Specificity determining residues (critical residues) were
identified from crystal structures of DNA—protein complexes and TFs
with the same critical residues were grouped into specificity classes.
The putative binding regions for each class were defined as the set
of promoters for each TF itself (autoregulatory) and the immediately
upstream and downstream operons. MEME was used to find putative
motifs within each separate class. Tests on the Lacl and TetR TF
families, using RegulonDB annotated sites, showed the sensitivity of
prediction 86% and 80%, respectively.

classification of gene (Qin et al., 2010; Selengut et al., 2010)
and metabolic network reconstruction (Ye and Doak, 2009). Many
of these analyses are accomplished through the identification of
homologous proteins with known function and the inference of
functional conservation in the newly sequenced species. As of yet,
there has been little computational work focused on transcriptional
regulation in these prokaryotic systems. In this article, we present a
novel sequence-based method to infer the specificities of prokaryotic
transcription factors (TFs) through the comparisons of their DNA-
binding domains and applying a motif-finding algorithm to likely
binding regions.

Most prokaryotic TFs contain a helix-turn-helix (HTH) fold,
where the second helix, also known as the recognition helix,
primarily contacts DNA (Harrison, 1991; Perez-Rueda and Collado-
Vides, 2000; Santos et al., 2009). Using crystal structures of
protein—-DNA complexes, we can determine a set of residues that
is important for defining the specificity of the protein, the ‘critical
residues’. Commonly, these HTH TFs bind as homodimers with
palindromic DNA specificities. Previous studies have utilized those
features to identify regulatory motifs in related bacterial species



YAy4weHHbIn aaroputMm nomcka CCTO B SigmolD v.2
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Tekywan umnaemeHTauma B nporpamme SigmolD

ONON®
Name
GerE
GntR
GntR
HTH_1
HTH_1
HTH_1
HTH_27
HTH_3
HTH_3
HTH_MARR
HTH_MARR
HxIR
Lacl
TetR_N

Accession
PF00196.16

PF00392.19
PF00392.19
PF00126.25
PF00126.25
PF00126.25
PF13463.4
PF01381.20
PF01381.20
SMO00347
SMO00347
PF01638.15
PF00356.18
PF00440.20

XRE_superfamily SM00530
Deselect All

Select All

Protein database to search

UniProt (full)

de novo TFBS inference

CR tag residues

31,35,36,39,40

28,37,38,39,58,59
27,28,37,38,39,40,43,58,59,62

27, 28, 29, 31, 32, 49, 51

27, 28, 29, 31, 32, 49, 50, 51

26, 27, 28, 29, 31, 32, 49, 51

32, 33, 34, 35, 37, 38, 53, 57, 59

23, 24, 27, 28, 33, 35

12, 13, 22, 23, 24, 25, 27, 28, 33, 34
37, 38, 39, 40, 42, 43, 58, 62, 64

37, 38, 39, 40, 42, 43, 64

30, 32, 34
2,3,12,13,14,17,18,24,25,26
20,29,30,31,32,34,35

13, 14, 23, 24, 25, 26, 28, 29, 34, 35

) UniProt Reference Proteins
4 Look in full UniProt if less than 10 hits

Output Folder:

Description

Bacterial requlatory proteins, luxR family

Bacterial regulatory proteins, gntR family

Bacterial regulatory proteins, gntR family
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KAloueBoM aTan KoHBeuepa:
IKCTPaAKLUMA PErYAATOPHbIX MOCAEAOBATEABHOCTEN
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OLMBKM aHHOTaLUMM: MPOMYCK FrEHOB (MW JINLLHWE TEeHbl) HE NMO3BOIAKT KOPPEKTHO HAXOOWTb
PEMYNATOPHbIE 0DM1ACTW.

[TponyLUeHHbIE NONSA B aHHOTaLMKX (MOIMYT HE AaTh HAWUTU HYXXHYKO MOC/1e00BaTE/IbHOCTh BOOOLLIE)
KopoTkue dhparMeHTbl FrEeHOMOB

W



MEME noutun Bceraa HaxoAUT HECKOABKO MOTUBOB.
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Bepudukauma canta ceasbiBaHna benka VirR P atrosepticum



B reHome P. atrosepticum Ha ceroAHs
npoaHaAusmpoBaHo |56 peryaatopos u3 10 cemencrs

+ [lpaBunnbHO onpeneneHbl 39 n3 42 N3BECTHLIX MOTUBOB (93%)
+ [1nAa HeoxapakTepusoBaHHbLIX 6€/IKOB TUMNUYHbIX O/ CEMENCTBAa MOTUB HauaeH B 74%
criv4yaeB

Uiieno TD ¢ yucyio TO B renome Pat 21A
CewmeiictBo TO Monaens PFAM HW3BE€CTHBIMU BCELO TOCTYTIHBI TSt UJICHTUDUITIPOBAHO
3D-cTpykTypamu (H3BECTHBIX) S— KOPPEKTHBIX

MOTUBOB

Lacl PF00356 7 21 (14) 18 17 (94%)
GntR PF00392 3 22 (9) 18 14 (78%)
LuxR PF00196 4 12 (4) 12 8 (67%)
TetR PF00440 7 17 (3) 16 13 (81%)
LysR PF00126 1 59 (2) 50 32 (64%)
XRE SM00347 11 19 (1) 15 12 (80%)
HxIR PF01638 1 8 (1) 8 6 (75%)
MarR SM00530 5 6 (0) 6 5 (83%)
OmpR PF00486 5 13 (4) 13 9 (69%)

bEBP PF02954 4 8 (5) 8 8 (100%)



[1pakTnueckum npmumep |: ABa naparoruyHbix TO ¢
oamnHakoBbiMM KO pacnosHatloT OAMHAKOBbIA MOTUB

1zg5 NarL Ecolil QLTPRERDILKLIAQGLPNKMIARRLDITESTVKVHVKHMLKKMKLKSRVEAAV
1zgl NarL Ecolil QLTPRERDILKLIAQGLPNKMIARRLDITESTVKVHVKHMLKKMKLKSRVEAAV
1je8 NarL Ecoli QLTPRERDILKLIAQGLPNKMIARRLDITESTVKVHVKHMLKKMKLKSRVEAAV
4wud4 LiaR Efaecalis DLTNREHEILMLTAQGKSNQEIADELFITLKTVKTHVSNILAKLDVDNRTQAAT
4wuH LiaR Efaecalis DLTNREHEILMLTIAQGKSNQEIADELFITLKTVKTHVSNILAKLDVDNRTQAAT
4wul, LiaR Efaecalis DLTNREHEITLMLTAQGKSNQETIADELFITLKTVKTHVSNI LAKLDVDNRTQAAT
1HOM TRAR Atu WLDPKEATYLRWIAVGKTMEEIADVEGVKYNSVRVKLREAMKRFDVRSKAHLTA
1ZLK DosR Mtuberculosis GLTDQERTLLGLLSEGLTNKQIADRMFLAEKTVENYVSRLLAKLGMERRTQAAV

YP 049663 VirR Patrosepticum IFSQRENEILYWASMGKTYPEIALILDIKISTVKFHIGNVVKKLGVLNAKHATIR
AAX'77678 ExXpR Pcarotovorum IFSQRENEILYWASMGKTYLEVAIILGIKTISTVKFHIGNVVKKLGVLNAKHAIR
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[1pakTHUeckui npumep 2: paclunmdppoBka peryAsumu
$aKTOPOB BUPYAEHTHOCTHU Y Pectobacterium atrosepticum

Eur J Plant Pathol
https://doi.org/10.1007/s10658-018-1496-6

SI: PLANT PATHOLOGY FOR INNOVATIVE AGROECOLOGY

Transcriptome profiling helps to identify potential and true
molecular switches of stealth to brute force behavior

in Pectobacterium atrosepticum during systemic colonization
of tobacco plants

Vladimir Gorshkov - Rim Gubaev - Olga Petrova - Amina Daminova -
Natalia Gogoleva - Marina Ageeva - Olga Parfirova - Maxim Prokchorchik -
Yevgeny Nikolaichik - Yuri Gogolev
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Locus tag Gene

ECA0131
ECAO0336
ECA0427
ECAQ0905
ECA0916
ECA1085
ECA1482
ECA1965
ECA2227
ECA2284
ECA2724
ECA2973
ECA3556
ECA3879
ECA4305
ECA0610
ECA4483
ECA2036
ECA1911
ECA1954
ECA1644
ECA2910
ECA3511
ECA1194
ECA4253
ECA2437
ECA3695
ECAO0089
ECA1203
ECA1901
ECA2089
ECAO0027
ECA0785

cysB
rscR

nhaR
sftR

nac
pecS

emrR
cueR
metJ
rdgB

mtIR
rcsB
narP
hrpY
ginG

UniProt annotation

LysR-family transcriptional regulator
LysR-family transcriptional regulator
LysR-family transcriptional regulator
LysR-family transcriptional regulator
LysR-family transcriptional regulator
LysR-family transcriptional regulator
LysR-family transcriptional regulator
LysR-family transcriptional regulator
LysR-family transcriptional regulator
cys regulon transcriptional activator
LysR-family transciptional regulator
LysR-family transcriptional regulator
LysR-family transcriptional regulator
transcriptional activator protein

LysR-family transcriptional regulator
LysR-family transcriptional regulator

nitrogen assimilation regulatory protein

regulatory protein

MarR-family transcriptional regulator
putative transcriptional regulator
putative DNA-binding protein
putative plasmid replication protein

negative regulator of multidrug resistan

copper efflux regulator

repressor of the methionine regulon
regulator of pectin lyase production
phage regulatory protein protein
mannitol operon repressor
two-component response regulator
nitrate/nitrite response regulator
two-component response regulator

Family

LysR
LysR
LysR
LysR
LysR
LysR
LysR
LysR
LysR
LysR
LysR
LysR
LysR
LysR
LysR
LysR
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MarR
MarR
MarR
MarR
MarR
MarR
MerR
MetJ
Mor
Mor
MtIR
NarL
NarL
NarL

nitrogen regulation two-component systNtrC

two component system response regule OmpR

Expression level (Log2FC)

nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG

3.69
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG
nonDEG

in vitro
-5.32
-1.07
3.81
1.13
-2.46
-1.80
-1.17
1.37
1.35
-1.85
-1.52
1.19
-1.08
-1.13
1.65
4.05
-1.07
1.95
1.36
1.44
3.23
3.49
1.86
-1.07
1.01
nonDEG
-1.43
nonDEG
nonDEG
-2.49
-1.30
1.32
5.65

Zone 1vs. Zone 1vs. Zone 2 vs.
Zone 2

in vitro
-3.67
nonDEG
4.66
1.67
-1.58
nonDEG
-1.36
nonDEG
1.44
-1.73
-2.04
nonDEG
nonDEG
-1.03
2.28
nonDEG
nonDEG
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nonDEG
1.24
2.81
2.88
1.90
-2.08
nonDEG
2.19
-1.82
1.38
-1.25
-2.40
-1.11
1.73
7.22



ECAO0427 ckopee Bcero kKoHTpoAnpyeT RsmA —
rAObaAbHbBIN PEryASTOp BTOPUYHOro MeTaboAnsma
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[1pakTnyeckum npumep 3: aHaan3 AaHHbIX RNA-seq
NO3BOASIET PasAUYaTb MPAMYIO U HEMPAMYIO PETYAALUIO
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