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AHHOTALIUA
Pseudomonas syringae pv. maculicola sBisieTcs purora-
TOT€HOM, TI0PaXKalIUM KPEeCTOIBETHbIE PACTEHUS
BO BceM Mupe. P. 5. pv. maculicola perynupyetcs ¢u-
TOCAaHUTAPHBIMU TPeGOBAHUSIMU CJIENYIOIUX CTPAH:
Kuraii, Ispaunb, Mekcuka, Erunet, Cyman u VHIO-
He3ud. Takum o6pa3oM, BO3HUKJIA HEOOXOLUMOCTD
B YCTAHOBJIEHUW COOTBETCTBUS MECT IIPOU3BOJICTBA
¥ DKCTIOPTHOM MPOAYKIIUY TPEGOBAHUSIM CTPAH — TOP-
TrOBBIX MapTHEPOB Poccuu MeTomamu j1abopaTopHOU
IVAarHOCTUKU. B CBSI3W C BBICOKMM T€HETUYECKUM
CXOJICTBOM I1aTOBapoB BUzaA P, syringae, Ipu MPOBeJie-
HUM JabopaTOPHON NMarHOCTUKU OCOOBIN MHTEPEC
MIpenCcTaBIsIeT HEOOXOUMOCTb OTJIUYUTH aTOBAP
maculicola oT ITaTOBapa tomato. JJaHHbIE HAKTEPUU MO-
r'yT OLHOBPEMEHHO IIPUCYTCTBOBATh HA PAaCTEHUAX
cemeiictBa KpecTorBeTHbie (KamycTHBIE) U BHI3BIBATh
6akTepuos. TakKe TPYLHOCTU B YCTAHOBJIEHUU BO3-
OyznuTess 6akTepro3a Ha KPECTOLBETHBIX PACTEHUIX
npeacrapisgeT baktepusa P cannabina pv. alisalensis.
JTOT BUJ, UMEET IMUPOKUYA KPYT PACTEHUU-X035€EB,
BKJIIOYASI KPECTOIIBETHBIE. KpOMe TOro, apeasibl X0351eB
¥ CUMIITOMBI TIPOSIBJIEHUS 3a60JieBaHus P, 5. pv. macu-
licola v P, c. pv. alisalensis COBIIaIal0T, YTO TAK)KE MOXKET
MIPUBECTY K ITyTaHUIIE B OTIPEIeJIEHUY BO30OYAUTEIS.
C 1eJIb0 aHAIN3a FeHeTUYECKUX OTIUYNI HEKOTO-
PBIX IaTOBapoOB Pseudomonas syringae, a TaK>Xe TIOMCKA
cnenuUUHBIX TEHETUYECKUX MapKepOB, KOTOPHIE
MOTYT GBITH MCIIOJb30BaHbI TIPU IIPOBENEHUHN J1abo-
PaTOPHOY IMArHOCTUKYU P, 5. pv. maculicola, HaMu ObLIT
TIPOBEIEH TTOUCK IMIPEATIONOXKUTENbHON MUIIIEHU I1Y-
TeM U3y4yeHUs 6eJIKOB, COOTBETCTBYIOIIUX 293 obuie-
JIOCTYITHBIM reHOMHBIM C60pKaM HEKOTOPBIX [TaTOBA-
poB Buza P, syringae, a Takxe 43 reHOMHBIM c60pKaM
6JIM3KOPOACTBEHHBIX BULOB P. cannabina u P. savasta-
noi. AHaJIM3 TT0Ka3aJl BBICOKOE CXO/ICTBO 6OJIBIIMHCTBA
aHAJIM3UPYEMBbIX [TOCTIEL0BATEIbHOCTEN C ITOCIe0Ba-
TeJbHOCTAMU ITaToBapa P c¢. pv. alisalensis.

Knrouesvte cnosa. TeHeTUUECKU TECT, TEHOMHbIE
c6opku, 6esIoK, huiioreHeTUYECKOE I PEBO.
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ABSTRACT
Pseudomonas syringae pv. maculicola is a phytopathogen
affecting cruciferous plants worldwide. P. s. pv. macu-
licola is regulated by the phytosanitary requirements
of the following countries: China, Israel, Mexico, Egypt,
Sudan and Indonesia. Thus, there was a need to estab-
lish the compliance of the places of production and ex-
port products with the requirements of the countries,
Russia’s trading partners, using laboratory diagnostics
methods. Due to the high genetic similarity of P. syrin-
gae pathovars, when conducting laboratory diagnostics,
of particular interest is the need to distinguish macu-
licola pathovar from tomato pathovar. These bacteria
can simultaneously be present on plants of the Cru-
ciferous (Cabbage) family and cause bacteriosis. It is
also difficult to identify the causative agent of bacte-
riosis on cruciferous plants, the bacterium P. cannabi-
na pv. alisalensis. This species has a wide range of host
plants, including cruciferous plants. In addition, host
plants areas and symptoms of P. s. pv. maculicola and
P c. pv. alisalensis coincide, which can also lead to con-
fusion in the identification. In order to analyze the ge-
netic differences of some Pseudomonas syringae patho-
vars, as well as the search for specific genetic markers
that can be used in laboratory diagnosis of P, s. pv. ma-
culicola, we searched for a potential target by studying
proteins corresponding to 293 available genomic as-
semblies of some P, syringae pathovars, as well as 43 ge-
nomic assemblies of closely related species P. cannabina
and P, savastanoi. The analysis showed a high similarity
of most of the analyzed sequences with the sequences
of P c. pv. alisalensis pathovar.

Key words. Genetic test, genomic assemblies, pro-
tein, phylogenetic tree.
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BBEJEHUE

aKTepuu poga Pseudomonas oTHOCSTCS
k kjaccy Gammaproteobacteria, ce-
MelicTBYy Pseudomonadaceae u 6buIN
BIIEpBbIe omumcaHbl Migula (1894 T.).
BriocjencTBUM pPasBUTHE MOJIEKYJISIP-
HBIX METOZOB UCCJIENOBAaHUMN IIPUBEJIO
K 3HAUUTEJbHOMY IE€PECMOTpPY KJjac-
cuUKalMY TICEBIOMOHAM. [PYIIIbI
TICeBIOMOHAa, GbLI chOPMUPOBAHBI HA OCHOBE WC-
CJIeZlOBAaHUU TIocjienoBaTebHOCTEeN reHa 16S pPHK
(Anzai et al., 2000). Ha cerogHAmHNN TeHb PO Pseu-
domonas cauTaeTcss HauboJiee CJIIOKHBIM B TIJIaHE AWa-
THOCTUKY. HeKOTOpbIe BUIbI TICEBOMOHA, SBJISIOTCS
BO30OynuTeasIMU 3a00JieBaHUN CeIbCKOXO03IUCTBEH-
HBIX U JIEKOPAaTUBHBIX pacTeHui. Hambosee pacrpo-
CTpPaHEHHBI MPeCTaBUTENDb (DUTOIIATOTEHOB JaHHO-
ro poga — Bun P, syringae (https://www.cabi.org, 2021).
BakTepuu 3TOTO BHUJA CIIOCOGHBI KOJIOHU3UPOBATH
(hunochepy MMUPOKOro Kpyra KaK KyJIbTYPHBIX, TakK
U IUKOpacTyux pacreHust (Morriset al., 2007). Cum-
IITOMBI 3a60JIeBaHUY, BBI3BIBAEMBIX P, Syringae, pa3Ho-
00pasHbl U MPOSIBIAIOTCI B hopMe THUJIEH, MATHU-
CTOCTEeH, raJuloBbIX obpasoBaHuil (Sarkar, Guttman,
2004).
Bup P, syringae monpasiessieTcs Ha IaTOBapPhI
B 3aBUCUMOCTHU OT PACTEHUS-X03I1HA. TeM He MeHee
HEOJHOKPATHO O6BLIN YCTAHOBJIEHBI CIyYau MOpaxe-
HUS OJHUM 6aKTepUaIbHBIM U30JIITOM ITaTOBapa pas-
HBIX PACTEHUM-X035€B, YTO ITPUBEJIO UCCIIeIOBaTEIel
K He0OXOIMMOCTH ITepecMoTpa KiaccuduKauy BUIa.
CnoxHocTb B guddepeHMalMy TaTOBAPOB TaKXe
COCTOUT B UX GJIU3KOM (PUIOTEHETUYECKOM POZICTBE
(Hwang et al., 2005; Gironde, Manceau, 2012). Ha ce-
TOOHAIIHUM JeHb Ha ocHOoBe romojioruu JTHK BeIgesnd-
10T 9 reHOMOBUIOB P, syringae (Gardan et al., 1999; Ilic¢i¢
etal., 2016).

Pseudomonas syringae pv. maculicola TiopakaeT pac-
TeHUus ceMelicTBa KaIyCTHbBIE U IBJISIETCS TIPUYUHON
CIIOPaAUYeCKUX SNMUMUTOTUHN 6aKTePUaATIbHON IATHY-
CTOCTH B ITOCEBAX PA3JINYHbBIX KDECTOIBETHBIX KYJIb-
TYP BO BCEM MUPE, B TOM YUCJIE U HAa TeppUTOpUU Poc-
cun. Heo6xoauMoCThb B IuarHocTuke P s. pv. maculicola
BO3HUKJIA B CBSI3U yBeJIUYEHUEM 06bEMOB DKCIIOPTA
MaCJIMYHOTO parica. MecTa IIpoM3BOICTBa SKCIIOPTHOMN
MIPOIYKIIUY TOJKHBI 6bITH CBOGOILHBI OT BPELHBIX OP-
TraHM3MOB, DETYIMPYEMBIX CTPAHON-UMIIOPTEPOM. J1JIst
YCTAaHOBJIEHUS COOTBETCTBUS TaKUM TPEGOBAHUSIM
IIPOBOASATCS MOHUTOPUHTY PACIIPOCTPAHEHUS BPEI-
HBIX OPTaHU3MOB, a TAKXKE UCCIEeN0BaHNS ITPOAYKIINH,
mpenHasHadeHHOM Ha 3KCIopT. P. 5. pv. maculicola pe-
rynupyeTcs GUTOCAHUTAPHBIMU TPEGOBAHUSIMHU CJIe-
nyromux ctpaH: Kutai, Mekcuka, Eruret, Vispaub,
CymaH u MagoHe3us (I[Tpuxombko u ap., 2021). Ipu
MIPOBEeIEeHUM OUATHOCTUKU B JabOpPaTOPUU OCOOBIH
WHTEePEC MPEACTABISET HEOOXOIUMOCTb OTJAUYUTD T1a-
ToBap P, s. pv. maculicola oT tomato, TOCKOJIBKY 9TU Gak-
TePUU MOTYT OJJTHOBPEMEHHO ITPUCYTCTBOBATh HA pac-
TEeHUSAX U BBI3bIBATh 6akTepuro3 (Cuppels, Ainsworth,
1995; Gironde, Manceau, 2012). Takxe OJIU3KUI BUT,
P. cannabina pv. alisalensis nMeeT MUPOKUHN KPYT pac-
TEHUI-X035€B, BKJIOYasi KPECTOIBETHBIE. ApeaJibl
xo3s1ieB P. 5. pv. maculicola u P. cannabina pv. alisalensis
coBIamaiT. P. cannabina pv. alisalensis BbI3bIBAeT Oak-
TepUAJIbHYIO ITIITHUCTOCTD 1 0XKOT PACTEHU CEMENCTB
Brassicaceae u Poaceae. CXOLHBIN KPYT ITOPa’kaeMbIX
pacTeHW ¥ CUMIITOMATHUKA TPOSIBJIEHUS 3a60JI€BaHUS

INTRODUCTION

acteria of the genus Pseudomonas belong

to the class Gammaproteobacteria, fami-

ly Pseudomonadaceae and were first de-

scribed by Migula (1894). Subsequent-

ly, the development of molecular research
methods led to a significant revision of the classifi-
cation of pseudomonads. Pseudomonas groups were
formed on the basis of studies of the 16S rRNA gene
sequences (Anzai et al., 2000). Today, the genus Pseu-
domonas is considered the most difficult to diagnose.
Some species of pseudomonas are causative agents of
diseases of agricultural and ornamental plants. The
most common representative of phytopathogens of
this genus is the species P. syringae (https://www.cabi.
org, 2021). Bacteria of this species are able to colo-
nize the phylosphere of a wide range of both cultivat-
ed and wild plants (Morriset al., 2007). Symptoms of
diseases caused by P, syringae are varied and manifest
in the form of rot, spots, gall formations (Sarkar, Gut-
tman, 2004).

P syringae is subdivided into pathovars depend-
ing on a host plant. Nevertheless, cases of damage by
one bacterial isolate of pathovar to different host plants
have been repeatedly established, which led research-
ers to the need to revise the classification of the spe-
cies. The difficulty in differentiating pathovars also lies
in their close phylogenetic relationship (Hwang et al.,
2005; Gironde, Manceau, 2012). To date, based on DNA
homology, 9 genomospecies of P, syringae have been iso-
lated (Gardan et al., 1999; Ili¢i¢ et al., 2016).

Pseudomonas syringae pv. maculicola infects plants
of the Cabbage family and is the cause of sporadic epi-
phytoties of bacterial spotting in crops of various cru-
ciferous crops throughout the world, including in Rus-
sia. The need for diagnosis of P. 5. pv. maculicola arose
due to the increase in exports of oilseed rape. Places
of production of export products must be free from
pests regulated by the importing country. To estab-
lish compliance with such requirements, monitoring
of the pests spread is carried out, as well as studies of
products intended for export. P. 5. pv. maculicola is re-
gulated by the phytosanitary requirements of the fol-
lowing countries: China, Mexico, Egypt, Israel, Sudan
and Indonesia (Prikhodko et al., 2021). When conduct-
ing diagnosis in the laboratory, it is necessary to dis-
tinguish the pathovar P. s. pv. maculicola from tomato,
since these bacteria can simultaneously be present
on plants and cause bacteriosis (Cuppels, Ainsworth,
1995; Gironde, Manceau, 2012). Also, the closely relat-
ed species P. cannabina pv. alisalensis has a wide range
of host plants, including cruciferous. Host plants
areas of P s. pv. maculicola and P. cannabina pv. alisalen-
sis coincide. P. cannabina pv. alisalensis causes bacteri-
al blotch and blight on plants of the families Brassica-
ceae and Poaceae. A similar range of affected plants
and symptoms of the manifestation of the disease of-
ten lead to confusion in identifying the pathogen only
by classical microbiological and biochemical methods
(Sakata et al., 2021). The aim of our research was to
analyze the genetic differences of some Pseudomonas
syringae pathovars.
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YacTOo MIPUBOJAT K ITyTaHUIIE B OTIpeIeJIeHUY BO36yau-
TeJISI TOJIBKO KJIACCUYECKUMU MUKPOOUOJIOTUUECKUMU
u 6uoxuMuueckumu Meromamu (Sakata et al., 2021).
Llebio HANIUX UCCIENOBAHU IBIISJICS aHAJIU3 TeHe-
TUYECKUX OTJIMYNY HEKOTOPBIX IaTOBapoB Pseudomo-
nas syringae.

MATEPUAJIBI U METO/IbI

IMoaGop reHOMHBIX C6O0POK GakTepuii poaa Pseudo-
monas. AHaJIU3 TEHETUYECKUX OTINUYNN HEKOTOPBIX
maToBapoB Pseudomonas syringae OCyUIeCTBIISAIN IIy-
TEeM HCCJeloBaHUS aHHOTUPOBAHHBIX 0EJIKOB, CO-
OTBETCTBYIIMUX 293 061IeL0CTYIIHBIM T€HOMHBIM
c6opkam u3 6a3bel NCBI Reference Sequence Data-
base (NCBI RefSeq), a Takxxe 43 TeHOMHBIM c60pKaM
OGJIM3KOPOICTBEHHBIX BUIOB P. cannabina u P. savastanoi
(Tabm. 1).

KiacTepusaiusa 6eJIKOBBIX IT0OCJIEI0BATEJIbHO-
cTeii maToBapoB. BejIkoBbIe [TOCIEeN0BATEIbHOCTH,
COOTBETCTBYIOI[MEe TEHOMHBIM c6opKaM, moMedaan
B COOTBETCTBUU C BUJIOM M IIaTOBApOM, 3aTeM IIPO-
M3BOAUJIN KJIACTEePU3aIlNI0 IOCIeI0BaTeIbHOCTEN
P TOMOIIY 6MONHMOPMATHUECKOTO NHCTPYMEHTA
CD-HIT (v. 4.1). laHHBI UHCTPYMEHT MTPOU3BOJUT
TPYNIUPOBKY ITOCJENOBATENBHOCTEN B KJIACTEPHI
110 3aJJaHHOMY IIOPOTy CXOJICTBA Ha OCHOBE COOTBET-
CTBUS paclupeleseHnii KOPOTKUX ITOII0C/IEIOBATEb-
HOCTEH-TIEIITULO0B («CJIOB»).

VIcTioNib30BaIMCH CIeAYIOIEe TIOPOTH CXOACTBA
IJIST KaXKJIOM 13 TI0CIeN0BaTEeIbHOCTEM, TToagaroleit
B KjacTep: He MeHee 70% UIOEHTUUYHOCTU LPYTrUM
II0CJIeIOBATEeJIbHOCTIM KJjacTepa u He MeHee 70%
OT IJINHBI Haubojiee NJIUHHOMN IOCJeI0BaTENIbHO-
CTU KJIacTepa. ITO YCJIOBHBIN MTOPOT, TO3BOJISIONU
He 0TGpaChIBATh MMOCJEN0BATEIbHOCTHY, CIeTKa pas-
JIMJamlnrecs Mexay coboli 1Mo AJinHe, UTO SIBJISIETCS
JIOIIyCTUMBIM, U B TO JKe BpeMs u36eXkaTh IormaJaHus
B KJIacTeP KOPOTKUX ITOCIEI0BATEIbHOCTEN C YaCTUY-
HBIM CXOJICTBOM C aHAJIU3UPYEMbBIMU — TaKKe TIOCIIEI0-
BaTEJIbHOCTU 3aTPYAHSAIOT aHaIM3. TaKoi IOPOT AJIu-
HBI IT03BOJISIET AHAJM3UPOBATh IIPUMEPHO «PaBHbBIE»
TI0CJIeI0BATEIbHOCTY U MUHUMU3UPOBATh KOJIUYe-
CTBO «IIIyMa».

JlJIVHA UCII0JIb3yeMOT0 «CJIOBa» COCTaBUJIa 5 aMu-
HOKMCJIOTHBIX OCTaTKOB. Takas IJrHa SIBJISETCS XKe-
JIATEeJIbHOY AJIMHOM MPU JaHHOM IIOPOTe CXOMICTBA CO-
rJIaCHO peKOMeHalusaM aBTopoB ajropurma CD-HIT.
Takast UIEHTUYHOCTD SIBJISIETCS MUHUMAaJbHBIM I10-
POTOM CXOJICTBA, HA KOTOPOM paboTaeT «besKoBas»
Bepcus anropurma CD-HIT. Tako# mopor mO3BOJIUII
MpoaHaJIUu3UPOBaATh MaKCUMaJbHOE KOJIUYECTBO KJla-
cTepoB. [ToBBINIIEHNE TIOPOTA IPUBOIUT K ITOTEPE JaH-
HBIX, 4 CHI)KEHME €T0 HEBO3MOXKHO.

BoipaBHUBaHUE 0EJIKOBBIX U HYKJIEOTHUJHBIX
MOCJIeJ0BATEIbHOCTEM N30 paHHbIX KJIACTEPOB U I10-
CTpOeHue JepeBbeB. )11 KaXXIoro 13 12 n3bpaHHbIX
OEJIKOBBIX KJIACTEPOB ObLIO IIPOBEIEHO MHOXKECTBEH-
HOe BbIpaBHUBAHUE IT0CJIEN0BATEIbHOCTEH C MCIIOIb-
30BaHMEeM mHCTpyMeHTa MUSCLE (v. 3.8.31) (https://
drive5.com/muscle/downloads_v3.htm). Ha ocHoBe
TTOJIyYeHHBIX BBIPAaBHUBAHUY OBLIN TTOCTPOEHBI (hu-
JIOTEHETUYECKUE IEPEBDBS C MCIIOJIb30BAaHNEM METO-
JI0OB MaKCHMAaJIbHOT'O IIPaBI0II0L00Ms ¢ TTIOMOIIBIO TIa-
kera PhyML (v. 3.0) (Guindon et al., 2010). B kauecTBe
MOJeJr 3aMeH HcIoJab30oBajiack mogeab JTT. JaHHasa
MoOJieJib 6bIJIa BeIOpaHa aBTOMATUYECKU UHCTPYMEH-
ToM PhyML kak HauboJsiee OAXOAILas AJs JaHHOTO

MATERIALS AND METHODS

Selection of genomic assemblies of bacteria of
the genus Pseudomonas. The analysis of genetic differ-
ences of some Pseudomonas syringae pathovars was per-
formed by examining annotated proteins correspond-
ing to 293 available genomic assemblies from the NCBI
Reference Sequence Database (NCBI RefSeq), as well as
43 genomic assemblies of the closely related species
P. cannabina and P, savastanoi (Table 1).

Ta6suma 1

VicnoJjib30BaHHbBIE IITAMMBI ¥ N30JISIThI
Pseudomonas syringae pv. maculicola
(https://www.nchi.nlm.nih.gov/refseq/)

Table 1

Used strains and isolates

of Pseudomonas syringae pv. maculicola
(https://www.nchi.nlm.nih.gov/refseq/)

leHomHasd c6opka  IllTamm/

P.s. pv. maculicola  n3onar ITpoucxoxaeHue/
2  Genomic assembly Strain/ pacreHue
n/n P s. pv. maculicola  Isolate Origin/Plant
1 GCF_000145845.2 ES4326 CIIA USA/

Raphanus sativus L.

2 GCF_000935725.1 CFBP 1657 HoBas 3enaHnus
New Zealand/
Brassica oleracea
var. botrytis L.

8 GCF_001293575.1 YM7930 dnonus Japan/
Raphanus sativus L.

CIIIA USA/
Brassica oleracea
var. hotrytis L.

4  GCF_001293855.1 90_32

5 GCF_001293925.1 H7608 slmonusa Japan/
Brassica rapa
subsp. pekinensis

(Lour.) Hanelt

6 GCF_001294165.1 M6 Benukobpuranus
UK/
Brassica oleracea

var. botrytis L.

7 GCF_001294185.1 KNO91 —/Raphanus sativus

I,

CIIIA USA/
Raphanus sativus L.

9 GCF_001400855.1 ICMP 3935 HoBag 3enaHaus
New Zealand/
Brassica oleracea
var. hotrytis L.

8 GCF_001294305.1 M4a

3umbabse
Zimbabwe/
Brassica oleracea
var. botrytis L.

11 GCF_003700765.1 ICMP 2744 BenukoOpUTaHUSI
UK/
Brassica nigra (L.)
W.D.J. Koch

12 GCF_003702755.1 ICMP 11281 Kwuraii China/
Brassica rapa L.

10 GCF_003699635.1 4981
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Habopa IoCae0BaTeNIbHOCTel. MOIeb UCIIONb30Ba-
Jlach JIJIsI TIOCTPOEHUS BCEX IEPEBBEB.

Busyanuzaiius MoJIyUeHHBIX JIePEBbEB IPOBO-
IUach C UCIIOJb30BaHMEM MHCTpyMeHTa TreeDyn
(v. 198.3) (http://phylogeny.lirmm.fr/phylo_cgi/one_
task.cgi?task_type=treedyn).

BhlpaBHUBaHNE PeIIPe3eHTAaTUBHBIX 6EJIKOBBIX
IMOCJIeIOBATENbHOCTEN KaXXJIOT0 M3 OTOOPAHHBIX
B XOZle aHaJIK13a 8 KJIACTEPOB IIPOBOIMIIN IIPY IIOMOIIN
anropurma BLASTP (NCBI).

BrIpaBHUBaHWE HYKJIEOTULHBIX TIOCTEN0BATEb-
HOCTEH ITPOBOIUIIOCH TP ITOMOIIY MHCTPYyMeHTa Mus-
cle (v. 3.8). Busyanusaius pe3ylbTaTOB BhIPaBHUBA-
HU4 ITpou3BoAuiIack B MView (v. 1.20.1) (https:/www.
ebi.ac.uk/Tools/msa/mview/).

PE3VJIBTATBI U OBCYXKJEHUNE

B pesynbTaTe kiactepusanuu 1 760 372 6eIKOBBIX
IOCJIeIOBATEJIbHOCTENW C MOMOIbI0 MHCTPYMEHTA
CD-HIT 6510 110JTyUeHO 38 498 KIacTepoB, COmepIKa-
mux oT 1 10 920 aMUHOKMCIOTHBIX [10OCJIE0BATEIBHO-
CcTel pa3IuyHOM AJUHBL. [ToTyUYeHHbIE KJIacTePhl aHa-
JIN3UPOBAJIU C TTIOMOIIIbI0 CKPUIITA HA 93bIKe Python,
TIO3BOJISIIOIIEr0 HAXOAUTH KJIACTEPHI C 3aJaHHBIMU T1a-
paMeTpaMu B G0JIBIIIOM MaCCHBE TEKCTOBBIX JJAHHBIX.

AHann3 NoJy4YeHHBIX KJIACTEPOB I10KAa3aJ OTCYT-
cTBUE OEJIKOBBIX ITOCJIEIOBATENILHOCTEMN, cCIeluduy-
HBIX TOJIBKO ZJis TIaToBapa P, s. pv. maculicola. Yacto
6eJIKOBbIE TIOCJIe/IOBAaTEJIbHOCTU ITaToBapa P. syringae
pv. maculicola KiacTepu30BaJIUCh BMECTE C TaTOBAPOM
P s. pv. tomato. BBuny 6J11M30CTH JaHHBIX TTaTOBAPOB,
a TaKXXe CJOXHOCTU ux AudhepeHuPOBAHUS, UTO
MOTJIO TIPUBECTU K OMMOO0YHOMY aHHOTUPOBAHUIO
nmatoBapoB B NCBI RefSeq, MbI TpOU3BOAUIN TOKUCK
KJIaCTEPOB, COLep XalluX MaKCUMaJibHOE KoJuude-
cTBO 6eJIKOB maToBapoB P . pv. maculicola u P. s. pv. to-
mato ¥ MUHUMAJIbHOE KOJIMUYECTBO GEJIKOB APYTrUX
[1aToBApOB. B pesynbTaTe TaKOro aHANIW3a HaM yha-
JIoch OOHAPYXKUTH 2 KJacTepa, comepxaliue 6eyiko-
BBIE TIOCJIEIOBATENIBHOCTU TOJBKO P, 5. pv. maculicola
u P, s. pv. tomato 1 He cofieprkalire 6eJIKOBBIX ITOCTe-
I0BaTeJbHOCTEYN APYTUX IIaTOBApoOB. B kjacTepax,
coiepXKaliux MmocjefoBaTeIbHOCTH P, 5. pv. maculicola
U P s. pv. tomato, TaxKe 4aCTO BCTPeYaJIuCh I10CIe0Ba-
TeJIbHOCTY ITaTOBaPOB P, 8. pv. lachrymans v P. cannabina
pv. alisalensis. [aHHble aHaaU3a N36PaHHbBIX OEJIKOBBIX
KJIaCTEPOB NIPUBENIeHbI B Tabaulle 2.

Kak BUHO 13 BAaHHBIX, IPECTaBIEHHBIX B Tab-
e 2, n36paHHbIe 6eJIKOBbIE KJIACTEPHI PA3MEIUINCH
Ha II Tuna. Kimacrteps! I Tuna npucyrcrBoBaau B 10
13 12 npoaHaJu3UpPOBAHHBIX WITAMMOB P. 5. pv. ma-
culicola, B 5 n3 20 mmpoaHaJIU3UPOBAHHbBIX IIITAMMOB
P s. pv. tomato, BO BCex 4 IpoaHaJIM3UPOBAHHBIX LITaM-
Max P, c. pv. alisalensis v B 2 u3 11 nmpoaHaJInu3upPOBaH-
HBIX WITAaMMOB P. 5. pv. lachrymans. Kinacteps II Tuna
IIPUCYTCTBOBAJIX B 7 U3 12 mpoaHaJIu3UPOBAHHBIX
mraMMoB P, s. pv. maculicola, B 9 u3 20 ipoaHaau3u-
POBaHHBIX MITAMMOB P, 5. pv. fomato ¥ OTCYyTCTBOBaJIU
B ITPOAHAIU3UPOBAHHBIX MTaMMax P, ¢. pv. alisalensis
u P, s. pv. lachrymans. Tlogo6HbIe Pe3yJbTaThl CTABSAT IO,
BOIIPOC KOPPEKTHOCTb aHHOTAIUYN UCITOJIb30BAHHBIX
TeHOMHBIX CO0POK, AermoHrpoBaHHBIX B NCBI RefSeq.

B kauecTBe mpuMepa HUXe IpeJCcTaBJieHbl
4 n3 12 punoreHeTUUYECKUX IePEBbEB, IOCTPOEHHBIX
JIJI KJTacTepoB 060uX TUTIOB (puc. 1).

[To pe3yabTaTaM aHajliuza (QujoreHeTUUe-
CKUX JlepeBbeB HaMU ObLIM MCKJIIOUEHBI KJIACTEPHI,

Clustering of pathovars protein sequences. Pro-
tein sequences corresponding to genomic assemblies
were labeled according to species and pathovar, then
the sequences were clustered using the bioinformat-
ics tool CD-HIT (v. 4.1). This tool groups sequences into
clusters according to a given threshold of similarity
based on the correspondence of distributions of short
peptide subsequences (“words”).

The following similarity thresholds were used for
each of the sequences in the cluster: at least 70% iden-
tity to other cluster sequences and at least 70% of the
length of the longest cluster sequence. This is a condi-
tional threshold that makes it possible not to discard
sequences that slightly differ in length from each oth-
er, which is acceptable, and at the same time to avoid
getting into the cluster of short sequences with partial
similarity to the analyzed ones — such sequences make
analysis difficult. Such a length threshold allows us to
analyze approximately “equal” sequences and mini-
mize the amount of “noise”.

The length of the used “word” was 5 amino acid
residues. This length is the desired length for a given
similarity threshold, as recommended by the authors
of the CD-HIT algorithm. This identity is the minimum
similarity threshold on which the “protein” version of
the CD-HIT algorithm works. This threshold made it
possible to analyze the maximum number of clusters.
Raising the threshold results in data loss, but lowering
it is not possible.

Alignment of protein and nucleotide sequenc-
es of selected clusters and construction of trees. For
each of the 12 selected protein clusters, multiple se-
quence alignments were performed using the MUSCLE
tool (v. 3.8.31) (https://drive5.com/muscle/downloads_
v3.htm). Based on the resulting alignments, phyloge-
netic trees were constructed using maximum like-
lihood methods using the PhyML (v. 3.0) package
(Guindon et al., 2010). The JTT model was used as a
substitution model. This model was automatically se-
lected by the PhyML tool as the most suitable for this
set of sequences. The model was used to build all trees.

The resulting trees were visualized using the Tree-
Dyn tool (v. 198.3) (http://phylogeny.lirmm.fr/phylo_cgi/
one_task.cgi?task_type=treedyn).

Alignment of representative protein sequences of
each of the 8 clusters selected during the analysis was
performed using the BLASTP algorithm (NCBI).

Alignment of nucleotide sequences was carried
out using the Muscle tool (v. 3.8). Alignment results
were visualized in MView (v. 1.20.1) (https:/www.ebi.
ac.uk/Tools/msa/mview/).

RESULTS AND DISCUSSION

As a result of clustering 1,760,372 protein sequences
using the CD-HIT tool, 38,498 clusters were obtained
containing from 1 to 920 amino acid sequences of vari-
ous lengths. The resulting clusters were analyzed using
a Python script that allows finding clusters with given
parameters in a large array of text data.

Analysis of the resulting clusters showed the ab-
sence of protein sequences specific only for the patho-
var P, s. pv. maculicola. Often the protein sequences of
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Tao6auna 2
Vi36paHHbIE KJIACTEPHI C II0CJIEI0BATEJIbHOCTSIMY IIATOBaPa
P. syringae pv. maculicola

Table 2
Selected clusters with P. syringae pv. maculicola pathovar sequences

Kinactep AHHOTauus JJauHa

Cluster Annotation Length N.mac N.tom N.ali N.lach

1415 TonB-dependent receptor 785 10/12 5/20 4/4 2/11

9438 DJ-1/Pfpl family protein 333 10/12  5/20 4/4 2/11

11492 MBL fold metallo-hydrolase 296 10/12 5/20 4/4 2/11

12691 DJ-1/PfpI family protein 276 10/12 5/20 4/4 2/11

17663 putative natural product 208 10/12 5/20 4/4 2/11
biosynthesis protein

18924 putative natural product 193 10/12 5/20 4/4 2/11
biosynthesis protein

19719 OsmC family protein 184 7/12 9/20 0/4 0/11

21897 copper chaperone PCu(A)C 162 10/12 5/20 4/4 2/11

22842 DUF2946 domain-containing 154 10/12 5/20 4/4 2/11
protein

26276 DUF2946 domain-containing 127 10/12 5/20 4/4 2/11
protein

28504 carboxymuconolactone 110 7/12 9/20 0/4 2/11
decarboxylase family protein

30723 cytochrome c5 family protein 95 10/12 5/20 0/4 2/11

«KnacTep» — HoMep knactepa. «AHHOTaLMa» — aHHOTALLMS pPenpe3eHTaTUBHOM
nocneposatenbHocTy B NCBI RefSeq. «lnnHa» — MakcMManbHas aivHa
nocnefoBaTeNlbHOCTM B KJlacTepe B aMUHOKMUCIOTHbIX ocTaTkax. «N. mac (tom/ali/lach)» —
KONIMYecTBO WTaMMoB natosapa maculicola (tomato/alisalensis/lachrymans), B KOTOpPbIX
NPUCYTCTBYET AaHHas 6enok-kogupytoLLas nocrenoBaTesibHOCTb, OT 0bLLero KonnyecTsa
NPoaHaNM3NPOBaHHbIX LUITAMMOB JAHHOMO NaToBapa.

“Cluster” - cluster number. ‘Annotation” is an annotation of a representative sequence in NCBI
RefSeq. “Length” - the maximum length of the sequence in the cluster in amino acid residues.
“N. mac (tom/ali/lach)’- number of pathovar maculicola (tomato/alisalensis/lachrymans) strains,
containing this protein-coding sequence, from the total number of analyzed strains of this

the pathovar P, syringae pv. maculi-
cola were clustered together with
the pathovar P, s. pv. tomato. Due to
the proximity of these pathovars, as
well as the complexity of their dif-
ferentiation, which could lead to er-
roneous annotation of pathovars in
NCBI RefSeq, we searched for clus-
ters containing the maximum num-
ber of proteins of the pathovars P s.
pv. maculicola and P. s. pv. tomato,
and the minimum number of pro-
teins of other pathovars. As a result
of this analysis, we were able to de-
tect 2 clusters containing protein
sequences only of P. s. pv. maculicola
and P, s. pv. tomato and not contain-
ing protein sequences of other pa-
thovars. In clusters containing se-
quences of P, s. pv. maculicola and
P, s. pv. tomato, there were often se-
quences of the pathovars P, s. pv.
lachrymans and P. cannabina pv. alisa-
lensis. Analysis data for selected pro-
tein clusters are shown in Table 2.
As can be seen from the data
presented in Table 2, the select-
ed protein clusters were divid-
ed into two types. Type I clusters
were present in 10 of the 12 ana-
lyzed strains of P. s. pv. maculico-
la, in 5 of the 20 analyzed strains
of P.s. pv. tomato, in all 4 analyzed
strains of P. ¢. pv. alisalensis and
in 2 of the 11 analyzed strains of
P s. pv. lachrymans. Type II clusters
were present in 7 of the 12 ana-
lyzed strains of P. s. pv. maculico-
la, in 9 of the 20 analyzed strains
of P s. pv. tomato and absent in the

pathovar.

He II03BOJISIONME OTJUYATD IIOCIEL0BATENbHOCTHU
naToBapoB maculicola v tomato oT TIaToBapa alisalensis.
Bo3MOJKHbIE IIepecevueHnss MapKepHbIX II0CIe0Ba-
TEJIbHOCTEN C TOCIef0BaTENbHOCTSIMY JaHHOTO Ma-
TOBapa HEXeJIaTeJbHbI BBULY CXOXKECTH CITIEKTPA I10-
pa’kaeMbIX KYJIbTYP ¥ CUMIITOMOB MOpPaskeHus. TakKuM
o6pazoM, 66110 0TOGpPaHO 6 KyIacTepos: 9438, 12691,
11492,19719, 28504 u 30723.

[pu aHanu3e Pe3yJbTaTOB BbHIPABHUBAHUS
TMOCJIeIOBAaTEbHOCTEN 3TUX KJACTEPOB OBIJIO
YCTAHOBJIEHO BBICOKOE CXOACTBO OOJIBIIMHCTBA
aHaIM3UPYEMBbIX TIOCTIE0BATENbHOCTEHN C TIOCTIE0-
BaTEeJIbHOCTAMM ITaToBapa P, ¢. pv. alisalensis, a Takxe
BO3HUK BOTIPOC O KOPPEKTHOCTY aHHOTAIIUY T1aTOBAa-
POB HCIIOJIb30BaHHBIX TEHOMHBIX CO0POK, JEIIOHUPO-
BaHHBIX B NCBI RefSeq.

C 1eJIbI0 TTIOMCKA CTPATETUM PEIleHUs HaHHbIX
npo6ieM HaMu 6blaa MIpoBeAeHa IIepelpoBepKa
KUCIO0JIb30BaBIINXCS B aHaJlM3e TEHOMHBIX COOPOK
P s. pv. maculicola u P s. pv. tomato. B pe3ysibTaTe 13 aHa-
JIn3a ObLIM WMCKJIIOYEHBbI 3 cOopku P 5. pv. maculicola,
uMetomue cratyc “Taxonomy check: Inconclusive”.
Takoii cTaTyc 03HAYaET, YTO CPENHSS HYKJIEOTULHAS
uneHTUYHOCTD (Average Nucleotide Identity, ANI) mis

analyzed strains of P, c. pv. alisalen-

sis and P, 5. pv. lachrymans. Such re-

sults call into question the correct-
ness of the annotations of the used genomic assemblies
deposited in NCBI RefSeq.

As an example, 4 out of 12 phylogenetic trees con-
structed for clusters of both types are presented below
(Fig. 1).

Based on the results of the analysis of phylogenet-
ic trees, we excluded clusters that did not allow us to
distinguish the sequences of the pathovars maculicola
and tomato from the pathovar alisalensis. Possible inter-
sections of marker sequences with sequences of this
pathovar are undesirable due to the similarity of the
spectrum of affected crops and the symptoms of the
disease. Thus, 6 clusters were selected: 9438, 12691,
11492,19719, 28504 u 30723.

When analyzing the results of alignment of the se-
quences of these clusters, a high similarity of most of
the analyzed sequences with the sequences of the pa-
thovar P, c. pv. alisalensis was found, and also there was
a question about the correctness of the annotation of
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IAHHOM CO0OPKM HEe COOTBETCTBYET OXujaeMou. Ta-
KUM 00pa3oM, U3 aHaau3a ObLIN UCKJIIUYEHbI T€HOM-
Hble coopku GCF_001293575.1, GCF_001294185.1
1 GCF_000145845.2 (Tab6a. 1). Beaku UMEHHO 5TUX
TeHOMHBIX CO0POK ITPOSIBIISIIN HanOOIbIIee CXOACTBO
C rTocyieoBaTeNIbHOCTAMMU P, c. pv. alisalensis.

HaMu GbLIM mepecTpoeHbl (QUIoTeHeTUYeCcCKue
JlepeBbs Iy 12 paHee oTOOpaHHBIX KJIACTEPOB C 06-
HOBJIEHHBIMHY TI0CJIENOBATEIbHOCTIMU. Ha pucyHKe 2
IIpencTaBieHbl 4 13 12 QUIoreHeTUYECKUX TePEeBhEB
Cc 0GHOBJIEHHBIMU ITOCJIEOBATEIbHOCTSIMU.

CpaBHUMBAas NpUBeNeHHbIEe HA PUCYHKaxX 1 U 2
IepeBbsi, MOXKHO CIIeJIaThb BBIBOJ, YTO (PUJIbTPAIIUS
reHOMHBIX COOPOK C HEIIOATBEPXIEeHHON aHHOTA-
IIMEeN II03BOJIMJIA UCKIIUUTD II0CIeL0BaTEIbHOCTH
P, c. pv. alisalensis 13 Kjaz, B KOTOPBIX HAXOIATCS I10-
cienoBaTesibHOCTHU P, 5. pv. maculicola v P, s. pv. tomato,
JIMIIb [IJI 4YaCTU KjlacTepoB. TakuM o0pasoM, U3 aHa-
JIn3a 6bLIY UCKJIIOUEHBI IT0CJIeI0BATEIbHOCTY KJlacTe-
poB 22842, 21897,18924,17663.

Il ocTaBIIMXCS KJIacTepoB Habamomagach Ba-
prabesbHOCTh MOCeoBaTeIbHOCTEM P, 5. pv. macu-
licola. HecMOTps Ha TO, UTO HaMu ObljIa MPOBeIeHa
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Puc. 1. ®unoreHeTnyeckme aepeBbs 6enkoBbIx nocnenoBaTeNbHOCTEN

nns knactepos 1415 (a), 18924 (b), 19719 (c), 28504 (d)

[4]

pathovars of the used genomic assemblies deposited
in NCBI RefSeq.

In order to find a strategy for solving these prob-
lems, we rechecked the genomic assemblies of P s. pv.
maculicola and P, s. pv. tomato used in the analysis. As a
result, 3 assemblies of P, 5. pv. maculicola were excluded
from the analysis with the status “Taxonomy check: In-
conclusive”. This status means that the average nucleo-
tide identity (ANI) for this assembly does not match the
expected. Thus, genomic assemblies GCF_001293575.1,
GCF_001294185.1 and GCF_000145845.2 were exclud-
ed from the analysis (Table 1). The proteins of these ge-
nomic assemblies showed the greatest similarity to the
sequences of P, ¢. pv. alisalensis.

We rebuilt phylogenetic trees for 12 previously se-
lected clusters with updated sequences. Figure 2 shows
4 out of 12 phylogenetic trees with updated sequences.

Comparing the trees shown in Figures 1 and 2, we
can conclude that the filtering of genomic assemblies
with an unconfirmed annotation made it possible to ex-
clude sequences of P. ¢. pv. alisalensis from the clades
containing the sequences of P. s. pv. maculicola and
P s. pv. tomato, only for some clusters. Thus, sequences

macl2_WP_0
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Fig. 1. Phylogenetic trees of protein sequences
for clusters 1415 (a), 18924 (b), 19719 (c), 28504 (d)

MioHb Ne 2 (10) 2022 55



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

macd_WP_00
macG_WP_00
mac5_WP_00
mac2_WP_00
macl2_WP_0
macll_WP_0
macl0_WP_0
— lach_WP_00_4
lach_WP_00
tom?7_WP_0
wm287_Wp
tom286_WP
tom2as_Wp
toml_WP_01
macd_WP_01

ali_Wp_007_3
100 ali_WP_007

# ali_wP_057_2
ali_wPpP_057

G

macl2_WP_0_4
100 macl2_WP_0
gaymacs> WP 05 3
macs_WP_05
104 toml_WP_01
tomds?_WP
om77_WP_0
100 tom286_WP
tom2Es WP
macd_WP_01
lexm_wv_n_z
macl0_WFP_0
100 tom273_WP
tom2B0_WP
tom279_ WP
= tom103_WP
mact_WP_02
macll _WP_1

"

ali_wp_007 5
ali_WP_007_4
ali_WP_007_3
ali_WPp_007
tom287_WP
(om286_WP
104 om2B5_WPp
loml_WP_00
macd_WP_00
tom77_WP_1
lach_WP_03_2
— lach_WF_03
macl0_WPp_0
macll_WP_0
macl2_WPp_0
macs_WP_03
mach_WP_03
a8 lmacS_WP_l 6
mac2_WP_16

|E| 0.009

maci_WP_053481123.1
om 103_WP_0534811231
womZ73_WP_053451122.1
25 Jtom279_WP_0G34811231
tomzB0_WP_0534811231
macl1_WP_014860758.1
1 macs_WP_005779149.1
78 lmac10_WP_005779149.1
macl2_WP_005779149.1
WE287_WP_011104923 1
miacd_WP_011104923.1
aml_WP_011104923.1

wom77_WB_011104023. 1
nom285_WP_D11104933.1
1om286_WP_011104923.1

macs_WP_025214435.1

£ macld_ Wp_025214435.1

Imaciz_wp_025214435.1

mac11_WP_122368558.1

q -

Puc. 2. ®unoreHeTnyeckue gepeBbs 6enkoBbix nocneposatenbHocTein  Fig. 2. Phylogenetic trees of protein sequences for selected

nns oto6paHHbIX kKnactepos 1415 (a), 18924 (b), 19719 (c), 28504 (d)

¢ yueToM 06HOBNeHHOro Habopa nocnepoBaTeNbHOCTEN

(buspTpaIMa UCMOB30BABUINXCS TEHOMHBIX COOPOK,
TI0CJIeIOBATEbHOCTY JAHHOT'O TIATOBAPAa BBIZIENSIINCH
B PasJIMUHbBIE KJIa/Ibl, YTO ITIOCTABUJIO T10]] BOIIPOC BO3-
MOXXHOCTB CO3/IaHUSI YHUBEPCAJIbHOU TECT-CUCTEMBI,
obJaatoneil YyBCTBUTEIbHOCTBIO0 KO BCEM IITAMMaM
natoBapa. [To-BuguMOMY, JIJis JaHHOTO I1aToBapa Xa-
pakTepHa BbIcOKas BapuabebHOCTh ITOCJIef0BaTEb-
HOCTEH.

PesynbTaThl BEIPABHMBAHUSI BOCHhMU OTOGpaH-
HBIX KJIACTEPOB MPUBELEHBI B Tabuuile 3. JlaHHbIE
BBIPDABHUBAHUS OBLIU MIPOBEIEHBI [IJIS1 YCTAHOBJIEHUS
UX CXOJICTBA C I10CJIeIOBATENbHOCTSIMHU APYTrUX GUTO-
MMaTOTeHHBIX BUJIOB, HE MCII0JIb30BaBIUINXCS Ha ITpe-
IBIAYITEM dTare paboTsl. [Ipyu 3TOM He OLleHMBAJIACh
TOYHOCTh aHHOTAIIUU T€HOMHBIX CO0POK JPYTruXx
BUIOB pona Pseudomonas. V13 Bcex BU0B, CXOJICTBO
C TIOCJIEIOBATENBHOCTSIMU KOTOPBIX 00HAPYKMBAJIOChH
10 pe3yJbTaTaM BbIDAaBHUBAHUS aHAJIIU3UPYEMBIX I10-
CJIe0BaTEIbHOCTEN, MPUBEAEHBI TOJHKO 3HAYNMbIE
(butomaToreHHble U MUPOKO PACIIPOCTPAHEHHBIE
BU/IBL.

Il paibHEHUIIero aHajausa Mbl BbIGPAJIX TOJb-
KO T€e KJIACTePHI, B KOTOPBIX 6EJIKOBAas UI€HTUYHOCTD
rocjenoBaTeabHOCTIM Pseudomonas fluorescens, P, viri-
diflava u P. cannabina pv. alisalensis He TIpeBbILIAET
95%. TakuM yCJI0BUAM COOTBETCTBOBAJIY 2 KjacTepa:
11492 u 9438 (BbIZeJIeHbBI 3€JeHbIM). 19 KaXkaoi
u3 GEJIKOBBIX MMOCJE0BATEIbHOCTEHN, BXOMASIIUX
B KJIACTEPHI, OBIIU 3aTrPy>KEeHbI COOTBETCTBYIOIIME

clusters 1415 (a), 18924 (b), 19719 (c), 28504 (d) taking
into account the updated set of sequences

of clusters 22842, 21897,18924, 17663 were excluded
from the analysis.

For the remaining clusters, variability was ob-
served for the sequences of P, s. pv. maculicola. Despite
the fact that we filtered the used genomic assemblies,
the sequences of this pathovar were allocated to differ-
ent clades, which questioned the possibility of creating
a universal test system that is sensitive to all pathovar
strains. Apparently, this pathovar is characterized by
high sequence variability.

The results of the alignment of 8 selected clusters
are shown in Table 3. These alignments were carried
out to establish their similarity with the sequences of
other phytopathogenic species that were not used at
the previous stage of work. At the same time, the ac-
curacy of the annotation of genomic assemblies of oth-
er species of the genus Pseudomonas was not evaluated.
Of all the species, the similarity with the sequences of
which was found by the results of the alignment of the
analyzed sequences, only significant phytopathogenic
and widespread species are shown.

For further analysis, we selected only those clus-
ters in which the protein identity for the sequences of
Pseudomonas fluorescens, P. viridiflava and P. cannabina
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Ta6auuna 3
Pe3y.]'leaTbI 6e.mc030r0 BbIPaBHHBAaHUA aHAJIN3UPYEMbIX KJIaCTEPOB
C II0CJIeJOBATEJIbHOCTAMU APYruX (U TONATOr€HHBIX IICEBAOMOHA],

Table 3
Results of protein alignment of the analyzed clusters with sequences
of other phytopathogenic pseudomonads

MaxkcuMaJjibHas UAeHTU4Y- MakcuMaJjibHas UIeHTU4Y- MakcuMajibHasl UIEeHTUYHOCTD C

Npentudukarop HocTs c P, fluorescens HocTb ¢ P, viridiflava P. cannabina (B T. 4. pv. alisalensis)
Kiactep O6eJska Maximum identity Maximum identity Maximum identity with P. cannabina
Cluster  Protein ID with P, fluorescens with P, viridiflava (including pv. alisalensis)
11492 WP_044392274.1 94,59% 94,93% =
12691 WP_005771418.1 91,67% 91,30% 97,46%
1415 WP_080898718.1 88,46% 97,77% 96,56%
19719 WP_029290780.1 99,46% 97,28% -
26276 WP_080898717.1  79,53% 89,76% 98,43%
28504 WP_053481123.1 100% - -
30723 WP_005764646.1 56,84% 95,89% 96,84%
9438 WP_005770349.1  77,99% 92,55% 92,55%

IOCJIeIOBATEJIbHOCTY KOAUPYIOIIUX UX T€HOB. [lys
Ka’kJIoro M3 6eJIKOB Oblila OCTaBJIeHa TOJbKO 1 COOT-
BETCTBYIOLIAs EMY PENPE3eHTATUBHAST HYKJIEOTUIHAS
[I0CJIEIOBATENIBHOCTbD.

B xone nmasipHellero aHanusa KOPPEKTHOCTH
aHHOTAIIMY F'eHOMHBIX C60POK He GhLIN 06HAPYKEHbI
IIOCJIEOBATEJIbHOCTY T€HOB, COOTBETCTBYIOIIUX 6eJi-
kam P, fluorescens u P, viridiflava, 9T0 MOXeT GbITh 06BsIC-
HEHO MPUMEHEHHBIM HaMU (WUJIBTPOM KOPPEKTHOCTH.
TakuM 06pa3oM, HyKJIEOTULHBIE [TOCTIEJ0OBATEIbHOCTU
reHoB P. fluorescens u P, viridiflava B aHaJIn3 BKIJIFOYEHBI
He ObLIN.

Ha pucyHkax 3 u 4 nipefcTaBleHbl Pe3ylbTaThl
BbIDABHUBAHUS HYKJIEOTUHBIX I1OCJIEN0BATEIbHO-
CTeli, COOTBETCTBYIOIIUX KjacTepaM 11492 1 9438.

Ha pucyHKe 3 BUJHO, YTO B PA3JIUYHBIX IITaM-
Max martoBapa P, s. pv. maculicola monuMoppr3Mbl

pv. alisalensis does not exceed 95%. Two clusters cor-
responded to these conditions: 11492 and 9438 (high-
lighted in green). For each of the protein sequences in-
cluded in the clusters, the corresponding sequences of
the genes encoding them were loaded. For each of the
proteins, only 1 corresponding representative nucleo-
tide sequence was left.

In the course of further analysis of the correctness
of the annotation of genomic assemblies, no sequenc-
es of genes corresponding to proteins P, fluorescens and
P, viridiflava were found, which can be explained by the
correctness filter applied by us. Thus, the nucleotide
sequences of the genes of P. fluorescens and P, viridiflava
were not included in the analysis.

Figures 3 and 4 show the results of the alignment
of the nucleotide sequences corresponding to clusters
11492 and 9438.
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Puc. 3. BolpaBHMBaHMe HYKEOTUOHbIX NOC/Ief0BaTeNIbHOCTEN,

CcoOTBeTCTBYHOWMX 6enkaM us knactepa 11492.

KpacHbIM 0603HaueHbl NOMMOPdHbIE YUYaCcTKU, 6eNbIM — «r3Mbl».

Fig. 3. Alignment of nucleotide sequences corresponding
to proteins from cluster 11492.
Polymorphic areas are marked in red; “gaps” are marked in white.
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Puc. 4. BolpaBHMBaHWE HYKNEOTUOHbIX NOC/Ief0BaTeIbHOCTEN,

cooTBeTCTBYlOWMX 6enkaM us knactepa 9438.

KpacHbIM 0603HaueHbl NOMMOPdHbIE YYacTKU, 6eNbIM — «r3Mbl».

Fig. 4. Alignment of nucleotide sequences corresponding
to proteins from cluster 9438.
Polymorphic areas are marked in red; “gaps” are marked in white.
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reHoB kJiactepa 11492, XOTb U OTJIMYAKOTCSI OT COOT-
BETCTBYIOIIEY TTOCIefoBaTeNbHOCTH P, ¢. pv. alisalensis,
BapuabeIbHbI M He UMEIOT KOHCEeHCyca. XapaKTep pac-
peneaeHus IToJIUMOP(GU3MOB pas3IeisaeT I0CIeI0Ba-
TEJIbHOCTY TIaToBapa Ha 3 pasjMYHbIX TUIIA, OTJINYA-
ouuxcs Kax ot P, ¢. pv. alisalensis, Tak 1 gpyT OT Ipyra.
ITO He MO3BOJISET MTOA06PATh YUACTOK M5 pa3paboTKu
YHUBepPCAJIbHBIX ITPaiMepPOoB Ha ITATOBAap C UCITOJb30-
BaHMUEM JaHHBIX II0CJIEeI0BATEIbHOCTEMH.

AHaJIOTMYHOE paclpeeeHne 6bLIO0 TTOJyUYeHO
ILJIsI TIOCJIeIOBaTeNIbHOCTEN KitacTepa 9438 (puc. 4):
MOCJIe0BaTENIbHOCTY BapuabesibHbI BHYTPU I1aTO-
Bapa M pasfesioTcd Ha 2 THUIA, YTO HE II03BOJISIET
nomobpaTh Ha JaHHBIE TTOCIEL0BATEIbHOCTY Mpaki-
MEPHI JIJI BCEX U3YUEHHBIX CETOAHS I'PYIII IIITAMMOB
P s. pv. maculicola.

3AKJ/IIOYEHUE

AHanu3 reHeTUYeCKUX OTJINYNY HEKOTOPHIX ITaTOBAa-
PpoB Pseudomonas syringae, TpOBeIeHHbBIN ITIyTEM HCCIIe-
JIOBaHUS aHHOTUPOBAHHBIX OEJTKOB, COOTBETCTBYIOIIUX
293 06111eI0CTYITHBIM T€HOMHBIM C60PKaM HEKOTOPBIX
nmaToBapoB Buma P syringae (Bkawdasg 12 mTaMMOB
natosapa P, s. pv. maculicola), a Takxe 43 TeHOMHbBIM
cbopkaM GJIM3KOPOIACTBEHHBIX BUOOB P. cannabina
u P, savastanoi, ToKa3aJl BBICOKOE CXOJICTBO GOJIbITNH-
CTBa aHAJIM3UPYEMBIX TTOCIEN0BATEIbLHOCTEH C ITOCIEe-
IOBaTeJbHOCTAMU aToBapa P c. pv. alisalensis.
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Figure 3 shows that in various strains of the pa-
thovar P, s. pv. maculicola, the polymorphisms of genes
of cluster 11492, although they differ from the corre-
sponding sequence of P, c. pv. alisalensis, are variable
and have no consensus. The pattern of distribution of
polymorphisms separates pathovar sequences into
3 different types, different both from P, c. pv. alisalensis
and each other. This makes it impossible to select a site
for the development of universal primers for the patho-
var using these sequences.

A similar distribution was obtained for sequenc-
es of cluster 9438 (Fig. 4): sequences are variable with-
in pathovar and are divided into 2 types, which does
not allow selecting primers for these sequences for all
strain groups of P, 5. pv. maculicola studied today.

CONCLUSION

Analysis of genetic differences of some Pseudomonas
syringae pathovars conducted by examining annotat-
ed proteins corresponding to 293 available genom-
ic assemblies of some P, syringae pathovars (including
12 strains of the pathovar P, s. pv. maculicola), as well
as 43 genomic assemblies of closely related species
P. cannabina and P, savastanoi, showed a high similarity
of most of the analyzed sequences with the sequences
of the pathovar P. c. pv. alisalensis.
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