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AHHOTALIUA
C 11eibio pa3paboTku [TLIP-TeCTOB, TO3BONIAIOIINX UIEH-
TUQULIVPOBATH 3HAUUMBbIH JJIsT 9KCIIOPTA POCCUNCKON
3epHOBOU mpoAyKnuu duronaroreH Xanthomonas
translucens, GBI MIPOU3BEAEH MOUCK ITOAXOAAIEN
[T P-MmunieHu. B pesynabTaTe 6MOuHMDOPMAaTUIECKOTO
aHaJM3a aHHOTUPOBAHHBIX GEJIKOB, COOTBETCTBYIOIIUX
KOAVPYIOILUM IT0ocjiefoBaTebHOCTAM 10 reHOMHBIX
cbopok 11esieBolt 6akTepun — Xanthomonas translucens —
1 161 reHOMHOI c60pKYU 25 APYTUX BUMIOB OaKTEpPUil
pona Xanthomonas, 3arpyxeHHbIM 13 NCBI GenBank
B MapTe 2020 I., 06HaPYXWJIU 6 yYaCTKOB T€HOMa, CIle-
nUGUYIHBIX IJ1s Xanthomonas translucens v TIOIXOIAIINX
IJIS1 ICTI0J1b30BaHM4 B KayecTBe [T P-Mumenu. Hykieo-
TUJIHBIE TIOCJIeIOBAaTEJIbHOCTY 3TUX F'eHOB UCII0JIb30Ba-
JIV 1711 pa3paboTKy IIpaiMepoB.

Ons HalileHHBIX TOCJIeIOBATEJIbHOCTEN paspa-
6otaHo 12 map mparimepoB — 1F8/1R8, 1F10/1R10,
2F6/2R6, 3F3/3R3, 3F5/3R5, 3F9/3R9, 4F1/4R1,
4F3/4R3, 5F3/5R3, 5F6/5R6, 6F6/6R6 u 6F10/6R10,
BULOCTIENIM(UUYHOCTh KOTOPBIX B XOJle UCCJIe0BA-
HUS anpobupoBaHa ¢ 35 mraMMaMy OaKTepuil poma
Xanthomonas, BKJItouas Xanthomonas translucens. AHa-
JIN3 pe3yabTaTOB NpoBefeHHOM [TLIP 11 BhBIpaBHUBAHUS
MIOJIYYEeHHBIX HYKJIEOTUIHBIX ITOCIENOBATENIbHOCTEN
npoaykrtoB [IIIP ¢ nmoMoumbw anropurma BLAST Ha
6aze NCBI moxkaszaJ, uTo napsl npatimepoB 1F8/1R8,
1F10/1R10, 4F1/4R1, 5F6/5R6 u 6F10/6R10 aBisdI0T-
Csl TIPUTONHBIMUY IJIST UX TPUMEHEHUS B JUATHOCTUKE
BO30yAUTEST UePHOT0 6AKTEePr03a 3ePHOBBIX KYJILTYP
Xanthomonas translucens. HoBbie T1LIP-TeCTbI MOTYT CTaTh

ABSTRACT
In order to develop PCR tests that allow identifying the
phytopathogen Xanthomonas translucens, which is signi-
ficant for the export of Russian grain products, a search
was made for a suitable PCR target. As a result of bio-
informatic analysis of annotated proteins correspond-
ing to the coding sequences of 10 genomic assemblies
of the target bacterium — Xanthomonas translucens — and
161 genomic assemblies of 25 other species of bacte-
ria of the genus Xanthomonas, downloaded from NCBI
GenBank in March 2020, 6 genome regions specific for
Xanthomonas translucens and suitable for use as a PCR
target. The nucleotide sequences of these genes were
used to design primers.

For the discovered sequences, 12 pairs of prim-
ers were developed — 1F8/1R8, 1F10/1R10, 2F6/2R6,
3F3/3R3, 3F5/3R5, 3F9/3R9, 4F1/4R1, 4F3/4R3,
5F3/5R3, 5F6/5R6, 6F6/6R6 and 6F10/6R10, the spe-
cies-specificity of which was tested in the course of the
study with 35 strains of bacteria of the genus Xanthomo-
nas, including Xanthomonas translucens. Analysis of the
results of the PCR performed and the alignment of the
obtained nucleotide sequences of the PCR products
using the BLAST algorithm based on the NCBI showed
that the primer pairs 1F8/1R8, 1F10/1R10, 4F1/4R1,
5F6/5R6, and 6F10/6R10 are suitable for their use in
the diagnosis of the pathogen causing bacterial leaf
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YaCThI0 PelleHs TPo6JieMbl YCTaHOBIEHUS (DUTOCAHU -
TAPHOTO COCTOSHUS MapPTUM POCCUNCKOHN TTPOAYKIIUY
3epHa, a TakyKe I03BOJISIT IPOBOAUTH O0OCJieloBaHe
TeppuTopuil Poccutickoil demepaliuy 1 JOCMOTP Hap-
TUY TOAKAPAHTUHHOMN MPOLYKITUU.

Knrwuesvle cnoéa. IKCIIOPT 3epHA, KapaHTHUH pac-
TeHuH, puTocaHuTapHble TpeboBanms, [1LIP, muaruo-
CTHKa 0aKTEepPUO30B 3€PHOBBIX KYJIbTYP, GuomHODOP-
MaTUUeCcKU TeHOMHBIN aHaius, cKpunT Ha Python,
CeKBEeHHPOBaHUE.

BBEJEHUE

€pHO ¥ WU3TOTaBJIMBAaeMble W3 HETO
IIPOJYKTHI SBJISIIOTCS OJHWUMU U3 OC-
HOBHBIX HCTOYHWKOB NUTAHUS Hace-
snenust B Poccum (https://rosstat.gov.ru,
2021) u B Mupe (Kamenena, 2018). B Te-
yeHue nocaegHux 10 jgeT Poccusa BXo-
IUT B TPOUKY KPYITHEUIINX MUPOBBIX
SKCIIOPTEPOB IPOAYKIIUU 3€PHOBBIX
KyJIbTYP, B YaCTHOCTHU MineHUNbl 1 gumeHs (https://
www.exportcenter.ru/, 2021). BMecTe ¢ TeM 3KCIIOPT
3epHa ABJISIETCSI OCHOBHOI CTAaTheH IIPOI0BOJILCTBEH-
Horo 6usHeca B Poccum (Slovareva, 2020). VmMmop-
TePhbl POCCUMCKOr0 3epHA IPEIbABIIIOT K KaUeCTBY
BBO3UMOM NPOAYKIMY Pl TPe6OBAHU, B TOM YUCJIIE
K ee (DUTOCAHWUTAPHOMY COCTOSHUIO. KapaHTWHHbBIE
TepevHY pPsijia CTPaH — UMITIOPTEPOB POCCUKCKOM ITPO-
IYKIIUY 3€PHOBBIX KYJIBTYD COZEPKaT BO36yAuTesei
06aKTepuo30B, B YacTHOCTU Xanthomonas translucens.
CorjacHO JUTEPATypPHBIM MCTOUHUKAM, OGaKTepuu
Buma X. translucens pacripocTpaHeHbl Ha TePPUTOPUU
Poccuiickont ®epepanum (Slovareva, 2020; https://
gd.eppo.int, 2021). Bug X. translucens 1o OTHOUIEHUTO
K pacTeHMsIM-X035eBaM pasfejieH Ha I1aToBaphl, BCe
TIaTOBaphI IIPY 3TOM SIBJISIOTCS CEPbE3HOU yrpo3ou
JLJIST TTPOM3BOZCTBA 3€PHOBBIX KyJIbTyp (Sapkota et al.,
2020).

B Tpe6GoBaHUSA CTPAH-UMIIOPTEPOB BOILIN 4 TTa-
toBapa (tab6a. 1) (http://portal.fsvps.ru/sites/fsvps/
documents/1485966841778_phyto_vred_nigeria.
pdf, 2021; http://portal.fsvps.ru/sites/fsvps/docu-
ments/1485966741302_phyto_requerements_egypt.
pdf, 2021; https://gd.eppo.int, 2021).

X. translucens pv. translucens, BO36yquTeIb Y€PHOTO
fGakTepro3a STUYMEHS, IIOPAXKAET, KpOMe TUMEHS, ITIle-
HUILY ¥ POXBb, & TAK)KE JIYTOBBIE 3JIaKOBbIE TPABHI.

X. translucens pv. graminis, BO30yAUTeNb GaKTEPU-
QJIbHOTO YBSALAHYS 3€ PHOBBIX KYJIbTYP, ITOPa’KaeT 3J1a-
KU, BKJII0Yas MIIEHUILY, POXXb U SUMEHb.

X. translucens pv. cerealis, BO36ynuTeJIb YEPHOTO
fGaKkTepuro3a PXKU, IOPaXKaeT IIIEHUILY, POXKb, TYMEHb
¥ OBEC.

X. translucens pv. undulosa, BO36yAUTENb Y€PHOTO
0aKTepurO3a IIIEHUIIBI, [TOPAYKAET MIIEHUITY U TUMEHb
(Sharma et al., 2019; Ledman, 2020).

O6BbeM DKCITOPTA POCCUUCKOTO 3epHa 10 KOOIy
TH B3 1001 (riureHuIia 1 MECJIMH) B ETUIIeT COCTaBUII
3a mepuon 2018-2020 IT. B cpegHeM 8 MJIH TOHH B T'O/I,
B Moppanuuto — 112 TeIC. TOHH, B TypILIXIO — 6 MJIH TOHH,
B Mapokko — 500 TbIC. TOHH, B Hurepuio — 1,5 MJIH
TOHH. B MekcuKky riocraBjieH0 994 TbiC. TOHH 3€pHa I10

streak of wheat, Xanthomonas translucens. New PCR tests
can become part of the solution to the problem of es-
tablishing the phytosanitary state of consignments of
Russian grain products, and will also make it possible
to inspect the territories of the Russian Federation and
inspect consignments of regulated products.

Keywords. Grain export, plant quarantine, phy-
tosanitary requirements, PCR, diagnostics of bacterial
leaf streak of wheat, bioinformatic genomic analysis,
Python script, sequencing.

INTRODUCTION

rain and grain products are one of the main

sources of nutrition for the population in

Russia (https://rosstat.gov.ru, 2021) and in

the world (Kameneva, 2018). Over the past

10 years, Russia has been one of the three
largest world exporters of cereal products, in parti-
cular wheat and barley (https:/www.exportcenter.ru/,
2021). At the same time, grain export is the main item
of the food business in Russia (Slovareva, 2020). Im-
porters of Russian grain impose a number of require-
ments on the quality of imported products, includ-
ing their phytosanitary condition. Quarantine lists of
some countries importing Russian grain products
contain bacteriosis pathogens, in particular Xanthomo-
nas transiucens. According to academic papers, bacte-
ria of the species X. translucens are widespread in the
territory of the Russian Federation (Slovareva, 2020;
https://gd.eppo.int, 2021). The species X. translucens in
relation to host plants is divided into pathovars, while
all pathovars are a serious threat to the production of
grain crops (Sapkota et al., 2020).

The requirements of the importing countries in-
clude 4 pathovars (Table 1) (http://portal.fsvps.ru/sites/
fsvps/documents/1485966841778_phyto_vred_nige-
ria.pdf, 2021; http://portal.fsvps.ru/sites/fsvps/docu-
ments/1485966741302_phyto_requerements_egypt.
pdf, 2021; https://gd.eppo.int, 2021).

X. translucens pv. translucens, bacterial leaf streak of
barley, apart from barley, infects wheat and rye, as well
as meadow grasses.

X. translucens pv. graminis, bacterial wilt of grasses,
infects cereals, including wheat, rye and barley.

X. translucens pv. cerealis, bacterial streak of gras-
ses, infects wheat, rye, barley and oats.

X. translucens pv. undulosa, bacterial leaf streak of
wheat, infects wheat and barley (Sharma et al., 2019;
Ledman, 2020).

Over the period of 2018-2020, the export volume
of Russian grain under the TN VED 1001 code (wheat
and meslin) to Egypt amounted to 8 million tons per
year, on average, to Jordan 112 thousand tons, to Tur-
key — 6 million tons, Morocco — 500 thousand tons, to
Nigeria — 1.5 million tons. 994 thousand tons of grain
were delivered to Mexico under the TN VED 1001 code
in 2018 and 99 tons in 2019 (https://rosstat.gov.ru).
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komy TH BT 1001 8 2018 1. 1 99 TonH B 2019 1. (https://
rosstat.gov.ru). JlaHHbIe TTOKa3bIBAIOT, YTO Poccuiickas
depepalys SKCIOPTUPYET 3€PHO B CTPAHBI, JIJI KOTO-
PBIX OTCyTCTBUE X. transiucens B IPOAYKIIVU SBJISIETCS
00513aTEIbHBIM.

B To ke BpeMs METOLUKU HUIeHTU(GUKALIUU
X. translucens OTCyTCTBYIOT, a METOMbI UNeHTU(UKA-
IIUY CBOJATCS JINGO K KJIACCUUECKOMY MUKPOBUOJIO-
rMYECKOMY aHaJIM3y, He JalleMy BO3MOXXHOCTD JI0-
CTOBEPHO MPOBECTU UAEHTUMUKAIINIO TaXKe 10 BUA,
160 K TeHOMHOMY aHaJIn3y, TPebyIoIeMy crieraim-
3UPOBAHHOT'0 060PYIOBAHMS I HABBIKOB.

B cBs131 C TOTPEeOHOCTHI0 B 06eCTIeUeHNY COOTBET-
CTBUS (PUTOCAHUTAPHOTO COCTOSTHUS POCCUMCKOM TTPO-
IYKIIUY 3€PHOBBIX KYJIbTYP TPEGOBAHUSAM CTPAH-UM-
IIOPTEPOB IIPOBEMIEHO UCCIIeIOBaHIUE, IIeJIbI0 KOTOPOTO
sIBJIsSTach paspaboTka MeTomoB TP misa ngeHTUdUKA-
uuu X. translucens.

MATEPUAJIBI U METO/1bI

OmHOM M3 OCHOBHBIX M HamboJiee CIOXKHBIX 3amau
IIpu paspaboTKe SJUATHOCTUYECKHUX METOMOB Ha oc-
HOBe MoJimMepasHou 1enHou peakmnuu (T1LIP) aB-
JISLJICS TIOUCK HYKJIEOTHHOU ITOCJIENOBATENBHOCTH,

Ta6auna 1

duTOCAaHUTAPHBIN CTATYC IIATOBAPOB
Xanthomonas translucens ajis cTpaH —

MMIIOPTEPOB POCCUIMCKOM MTPOAYKIIUU
3€PHOBBIX KYJIbTYP

HasBanmue CtpaHa- duTOCAaHNUTAPHBII
GaKTepuun HMIIOPTEP cTartyc
Xanthomonas  Erumnet OTCyTCTBYIOIIVI
translucens pv. KapaHTUHHBIN
Yuin
translucens OpraHu3M
Noppanusa OrpaHnYeHHO
acIIpOCTPaHEHHBIN
Typuusa P pocTp .
KapaHTUHHBIN
OpraHusM
MapoxKo KapaHTUHHBIN
OpraHu3M
TyHuUC -
Hurepuga 3alpeleH K BBO3Y
Ha TEPPUTOPUIO
Hurepuu
Xanthomonas  HOxHas OTCyTCTBYIOIINHI
translucens pv. Adpuka KapaHTUHHBIA
Taminis OpraHusm
8 bpasunusa P
N3panib KapaHTUHHBIHN
OpraHuam
Eruner Briirouen
B UTOCAHUTAPHbBIE
TpeboBauug Erumnra
Xanthomonas  MeKcuKa KapaHTUHHBIN
translucens pv. OpraHu3M
cerealis
Xanthomonas  Hurepus KapaHTUHHBIHN
translucens pv. OpraHu3sM
undulosa

The data show that the Russian Federation exports
grain to countries for which the absence of X. transiu-
cens in production is mandatory.

At the same time, there are no identification me-
thods for X. translucens, and identification methods are
reduced either to classical microbiological analysis,
which does not make it possible to reliably carry out
identification even to a species, or to genomic analy-
sis, which requires specialized equipment and skills.

Due to the need to ensure the compliance of the
phytosanitary state of Russian grain products with the
requirements of importing countries, a study was car-
ried out to develop PCR methods for the identification
of X. translucens.

MATERIALS AND METHODS

One of the main and most difficult tasks in the deve-
lopment of diagnostic methods based on polymerase
chain reaction (PCR) was the search for a nucleotide
sequence corresponding to a region of the Xanthomo-
nas translucens genome and suitable for its use as a PCR
target.

To search for targets, we used annotated proteins
corresponding to the coding sequences of 10 genomic

Table 1

Phytosanitary status of pathovars
Xanthomonas translucens for countries
importing Russian grain products

Name Importing Phytosanitary
of bacteria country status
Xanthomonas  Egypt Absent quarantine
translucens pv. . organism
P¥" Chile 8
translucens
Jordan Limitedly present
uarantine organism
Turkey q g
Morocco Quarantine organism
Tunisia
Nigeria Prohibited from
import into Nigeria
Xanthomonas  South Africa Absent quarantine
translucens pv. . organism
ucens Brazil g
graminis
Israel Quarantine organism
Egypt Included in the
phytosanitary
requirements
of Egypt
Xanthomonas  Mexico Quarantine
translucens pv. organism
cerealis
Xanthomonas  Nigeria Quarantine
translucens pv. organism

undulosa
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Tao6auna 2

T'eHOMHbBIE COOPKU ITAMMOB Xanthomonas translucens
n3 NCBI RefSeq, ucrnoib30BaHHbIE JIJIsI TOMCKA MUIIIEHEH

N¢ MWcnoJib30BaHHBIE N¢ VicnoJib30BaHHBIE
/1 TeHOMHbIE c6opku IllTamMm

I/ TeHOMHbIe c6opku  IllTaMm

assemblies of the target bacte-
rium — Xanthomonas translucens
(Table 2) — and 161 genomic as-
semblies of 25 other (non-target)
species of bacteria of the genus
Xanthomonas, not belonging to
the species Xanthomonas transiu-

GCF_000313775.1  ART-Xtg29 6 GCF_001269865.1 CFBP 2053

cens (Table 3) loaded from NCBI

GCF_000331775.1 DSM 18974 7 GCF_001282765.1 LMG728

GenBank in March 2020.
The most available set of

Xanthomonas translucens genomic

GCF_000807145.1 CFBP2541 9 GCF_001282885.1 LMG730

assemblies presented in Table 2
was used to search for genome re-

1
2
3  GCF_000334075.1 DAR61454 8 GCF_001282805.1 LMG727
4
5

GCF_001021935.1  Xtu 4699

10 GCF_001455815.1 XT123

gions identical in all assemblies of

OnucaHve WTaMMOB, yKa3aHHbIX B Tabnuue 2,

[OCTynHo no ccbinke: https://www.ncbi.nlm.nih.gov/nuccore/.

Table 2

Genomic assemblies of Xanthomonas translucens strains

from NCBI RefSeq used for target search

Genomic

Genomic
N2 assemblies used Strain N2 assemblies used

the target bacterium. A set of ge-
nomic assemblies of non-target
bacteria of the genus Xanthomo-
nas was used to assess the le-
vel of identity of selected target
genes for Xanthomonas translucens
among closely related bacteria.
Sets of protein sequences
for each of the assemblies were
labeled according to the species

Strain and strain and then clustered

GCF_000313775.1  ART-Xtg29 6 GCF_001269865.1 CFBP 2053

using the CD-HIT program (ver-

GCF_000331775.1 DSM 18974 7  GCF_001282765.1 LMG728

sion 4.1), which groups the se-
quences according to a given

GCF_000334075.1 DAR61454 8 GCF 001282805.1 LMG727 identity threshold using short

GCF_000807145.1 CFBP2541 9 GCF_001282885.1 LMG730

subsequences (k-mer). The pre-
determined identity threshold

g |~ | W |DN |

GCF_001021935.1  Xtu 4699 10 GCF_001455815.1 XT123

was 70%. The specified thresh-
old for the permissible length of

The description of the strains indicated in Table 2
is available here: https://www.ncbi.nlm.nih.gov/nuccore/.

COOTBETCTBYIOIEH ydyacTKy reHoma Xanthomonas
translucens v IOAXOASIIEN 1] €€ UCIIOJIb30BaHMS B Ka-
yecTBe [TIIP-MuIeHu.

Ils roricka MuIieHe UCII0JIb30BaJI aHHOTUPO-
BaHHbBIE GEJIKYM, COOTBETCTBYIOIIE KOMUPYIOIIUM I10-
cjiemoBaTebHOCTIM 10 TeHOMHBIX COOPOK IIeJIeBOH
GakTepuu — Xanthomonas translucens (ta6a. 2) — u 161
TeHOMHOI c60PKU 25 Npyrux (HelesieBbIX) BUILOB OaK-
Tepult poga Xanthomonas, He IPUHAIJIEXKAUUX BULY
Xanthomonas translucens (Tadi. 3), 3arpy’>KEHHBIM U3
NCBI GenBank B mapTte 2020 T.

MaKCcuMaJIbHO JOCTYITHYI BBIGOPKY r€HOMHBIX
c6opok Xanthomonas translucens, IpeAcTaBIeHHbBIX
B Tabsuile 2, UCIIOJIb30BAJIM JIJIST TIOMCKA YUYACTKOB Te-
HOMa, UIEHTUYHOTO y BCeX CO0POK I1eJIeBOM 6aKTepUH.
BbIGOPKY T€HOMHBIX COOPOK HElleJeBBhIX 6aKkTepui
poia Xanthomonas UCIIOJIb30BaIU IJisI OIleHKY YPOB-
HS UJAEHTUYHOCTY BbIOpPAaHHBIX I'€HOB-MUIIEHEH IJIs
Xanthomonas translucens cpenu 6J13KOPOICTBEHHBIX
6aKTepui.

HabGopb! 6eJIKOBBIX ITOCJIEIOBATEIbHOCTEN IS
Ka)xJIo¥ 13 c60pOK ImoMevajii B COOTBETCTBUU C BU-
JIOM 1 IITaMMOM U 3aT€M KJIaCTePHU30BAJIH C IIOMOIIIbIO
nporpamMmmbl CD-HIT (version 4.1), npousBogsaiei
TPYIIIMPOBKY TIOCIEN0BATEIbHOCTEN I10 3aJaHHOMY
TTOPOTY UJAEHTUYHOCTHU C UCITOJIb30BAHUEM KOPOTKUX
nopmnociaenoBaresibHocTe (k-mer). 3amgaHHBIN II0-
POT UAEHTUYHOCTU coCcTaBmJ 70%. 3aJlaHHBIA ITOPOT
JIOMIYCTUMOM IJIUHBI TIOCJEL0BATENbHOCTH, TPYIIIIN-
pymomielicsa B KJlacTep, cCOCTaBUJI He MeHee 80% OT

a sequence grouped into a clus-

ter was at least 80% of the longest

sequence in a cluster. The used

length of k-mer, based on the co-
incidence of which the degree of similarity of the two
sequences in the alignment process is measured, was
5 amino acid residues.

Using a Python script, from the obtained sets of pro-
tein clusters, we identified those clusters that contained
only protein sequences of Xanthomonas translucens and
did not contain protein sequences of other analyzed
bacterial species. Clusters of Xanthomonas translucens
protein sequences not found in other analyzed species
were compared with a database of known protein se-
quences (nr) using the BLASTP program to assess their
specificity for Xanthomonas translucens. Proteins with high
(>70% identity) similarity with proteins of other bacterial
species not previously included in the analysis, as well as
sequences less than 100 amino acid residues in length,
were excluded from the analysis. Protein sequences that
showed strong variability within the Xanthomonas trans-
lucens species were also excluded, as not suitable for the
development of universal species markers.

Nucleotide sequences of the genes encoding pro-
teins from clusters specific for Xanthomonas translucens
were used to design primers.

The primers were selected using the Primer-BLAST
program (https:/www.ncbi.nlm.nih.gov/tools/primer-
blast, 2021). Among the parameters for the selection of

duTtocaHutapus. KapaHTtuH pactenuin 40
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HauGoee IJIMHHOM rocefoBa-  TaGuauua 3
TeJIbHOCTU KJjacTepa. Mcroiib-
3yeMas JJuHa k-mer, Ha OCHO-

Buabl 6aKTepuii poga Xanthomonas v KOJINUECTBO

Bamum cosmageHus xoropex MX FEHOMHBIX c60pok u3 NCBI RefSeq, ucrnonb3oBaHHBIX
u3MepseTcsa cTeleHb cxoncTtBa AJIA IIOMCKA MUIIIEHEU

IBYX TIOCJIefOBATeJIbHOCTEeMU Kousu- Kosu-
B IIPOIleCCe BBIPABHUBAHUS, CO- N2 yecTBO N2 YecTBO
cTaBjsgia 5 aMUHOKKUCIOTHBIX m/m Bup, c6opok 1/m Bup c6opoK
OCTaTKOB. . o
C HCIIOMbBOBAHIEM CKDHTI- 1  Xanthomonas albilineans 10 14 Xanthomonas hyacinthi 2

Ta Ha fA3bIKe Python u3 moxy- 2  Xanthomonas axonopodis 10 15 Xanthomonas maltophilia 10
YEeHHBIX H B KOBBIX . )

© abopos Geiko 3 Xanthomonas arboricola 10 16 Xanthomonas melonis 3
KJIACTEPOB HAEHTUDUIIUPO-
BajJu Te KJacTepbl, KoTopele 4  Xanthomonasbromi 2 17 Xanthomonas oryzae 10
COLepXKaJK TONBKO OENKOBBIE 5 xunthomonas campestris 10 18 Xanthomonas phaseoli 10
TIOCJIeI0BaTeIbHOCTY Xanthomo- —
nas translucens u He conepxamu ©  Xanthomonas cassavae 1 19 Xanthomonas pisi 2
GenKkoBble [TOCNEN0BATENIBHOCTA 7 Xanthomonas citri 10 20 Xanthomonas populi 3
IPYTUX aHATU3UPYEMbIX BUIOB . )
GakTepuii. KiacTepsl GeKo- 8  Xanthomonas codiaet 1 21 Xanthomonas prunicola 3
BBIX IoOcJeloBaTeJdbHocTel 9  Xanthomonascucurbitae 2 22 Xanthomonas sacchari 7
Xanthomonas translucens, e 06- 10 Xanthomonas dyei 3 23 Xanthomonas theicola 2
Hapy>XeHHBIX y APYTUX aHAJIU-
3UpyeMbIX BUIOB, cpaBHuBanu 11 Xanthomonas euvesicatoria 10 24 Xanthomonas vasicola 10
¢ 6a30il M3BECTHBIX GENKOBBIX 12  Xanthomonas fragariae 10 25 Xanthomonas vesicatoria 10
[ocJjiefoBaTeJIbHOCTEH (Nr) € I10-

13 Xanthomonas hortorum 10

Moubl nporpamMmbel BLASTP

IIJIST OLIEHKY UX CIenupUUHO-
ctu fas Xanthomonas translucens.  Table 3
V3 aHanu3a uckjw4danu 6es-
KU, uMeronue Bbicokoe (>70%

Bacteria species of the genus Xanthomonas and the number

unentuunoctu) cxoxzcrso Of their genomic assemblies from NCBI RefSeq used

¢ 6enkamu npyrux 6axrepu- 10 search for targets

aJNbHbIX BUJIOB, paHee He BKJIO- Number Number
YeHHBIX B aHAJNM3, a TaKXe of assem- of assem-
[I0CJIe/J0BATENbHOCTY JJINHOA N Species blies N2 Species blies
MeHee 100 aMUHOKMCJIOTHBIX . T
ocTaTKOB. Tamxke mckmmouanu L Xanthomonas albilineans 10 14 Xanthomonas hyacinthi 2
6eJIKOBBIE IIOCJENO0BaTeNbHO- 2  Xanthomonas axonopodis 10 15 Xanthomonas maltophilia 10
CTH, TIOKASABIINE CHIBHYIO BA™ g 3o inomonas arboricola 10 16 Xanthomonas melonis 3
pruabesbHOCTb B paMKax BUIA
Xanthomonas translucens, kaxk ue 4  Xanthomonas bromi 2 17 Xanthomonas oryzae 10
MoAXOAAmUe AN PaspaboTKU 5 xunthomonas campestris 10 18 Xanthomonas phaseoli 10
YHUBEPCAJNbHBIX BUIOBBIX Map- —
KEpOB. 6  Xanthomonas cassavae 1 19 Xanthomonas pisi 2

HykneoTunHble IOCTENOBA- 7  Xanthomonas citri 10 20 Xanthomonas populi 3
TEJIbHOCTY T'€HOB, KOJUPYIOIINX . ;

AEpYIom 8  Xanthomonas codiaei 1 21 Xanthomonas prunicola 3

6eJIKY 13 KJIaCTePOB, crieruduy-
HBIX 0Jig Xanthomonas translucens, 9  Xanthomonas cucurbitae 2 22 Xanthomonas sacchari 7
HCH(EHBBOBMH AJsL paspaboTku 10 Xanthomonas dyei 3 23 Xanthomonas theicola 2
IpariMepoB.

MlpafiMepsl mop6upanu 11 Xanthomonas euvesicatoria 10 24 Xanthomonas vasicola 10
C MCIIOJIb30BaHWEM IIPOrpPaM- 12 Xanthomonasfragariae 10 25 Xanthomonas vesicatoria 10
MbI Primer-BLAST (https:/www.

13 Xanthomonas hortorum 10

nchi.nlm.nih.gov/tools/primer-
blast, 2021). Cpenu mapame-
TPOB MJis IMojbopa ImpariMepoB
cJielyeT OTMETUTh OTPaHWUYEHUEe IJIMHBI TPOAYKTA
amrutugukanuy 1000 11. 0., YTO CBSI3aHO C METOLUKOHN
1 060pyIOBaHUEM, UCITOJIb3YEMBIMY B PAMKaX JJAHHO-
r'0 UCCIeN0BaHUSA IJIs TIOCTIEYIOIIEero aHaln3a moJy-
yeHHoro ITIP-tipoaykTa. [IpaitMepbl CUHTE3WPOBAIYU
B 3A0 «EBporen» (Poccus).

Amnpob6amuio mpaiMepoB mpoBomuiau ¢ JHK
6aKTepUaJbHBIX IMITAMMOB, IPUHALJIEKAIUX POIY
Xanthomonas, B ToM uucjie Xanthomonas translu-
cens (Tabu. 4).

the primers, the limitation of the length of the amplifi-
cation product to 1000 bp should be noted, which is as-
sociated with the technique and equipment used in this
study for the subsequent analysis of the obtained PCR
product. Primers were synthesized at “Evrogen” (Russia).
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Ta6auia 4

Buabl 6aKTepuii poga Xanthomonas, NCII0JIb30BaAHHbBIE

IJI IIpOBepKH cnenuuuuoctu meToaos I[P

Ne N¢ mramma B KoJuteknuu IIpoucxoxkaeHue, N2 mTaMmma
n/m HasBaHue GaKTEpPUH PdI'BY «BHUUKP» B JIPYTUX KOJUIEKIUAX (IPYU HAJTUUKNH)
1 Xanthomonas campestris pv. raphani 0148 NCPPB 1946

2 Xanthomonas arboricola pv. pruni 0149 AOBC PPSCD

3 Xanthomonas campestris pv. campestris 0226 Brassica oleracea

4 Xanthomonas oryzae 0227 NCPPB 3002

5 Xanthomonas campestris pv. campestris 0228 Brassica oleracea

6 Xanthomonas campestris pv. campestris 0230 Brassica oleracea

7 Xanthomonas campestris pv. campestris ~ 0232 Brassica oleracea

8 Xanthomonas campestris pv. campestris ~ 0234 Brassica oleracea

9 Xanthomonas translucens 0337 DSMZ 18974

10 Xanthomonas euvesicatoria 0338 DSMZ 19128

11 Xanthomonas perforans 0343 DSMZ 18975

12 Xanthomonas gardneri 0344 DSMZ 19127

13 Xanthomonas fragariae 0345 NIB Z125

14 Xanthomonas fragariae 0346 NIB Z126

15 Xanthomonas fragariae 0347 NIB Z127

16 Xanthomonas sp. 0348 NIB Z128

17 Xanthomonas sp. 0373 Allium cepa

18 Xanthomonas vesicatoria 0374 DSMZ 22252

19 Xanthomonas sp. 0375 Vicia

20 Xanthomonas oryzae pv. oryzicola 0376 CFBP 2286

21 Xanthomonas axonopodis pv. allii 0377 CFBP 6107

22 Xanthomonas axonopodis pv. phaseoli 0386 CFBP 2534

23 Xanthomonas sp. 0394 Trifolium

24 Xanthomonas sp. 0399 Phaseolus vulgaris

25 Xanthomonas axonopodis pv. phaseoli 0400 Phaseolus vulgaris

26 Xanthomonas gardneri 0404 Solanum lycopersicum
27 Xanthomonas vesicatoria 0405 Solanum lycopersicum
28 Xanthomonas campestris 0406 Brassica oleracea

29 Xanthomonas axonopodis pv. allii 0419 CFBP 6369

30 Xanthomonas axonopodis pv. axonopodis 0420 CFBP 5141

31 Xanthomonas phaseoli 0426 Trifolium

32 Xanthomonas phaseoli 0427 Phaseolus vulgaris

33 Xanthomonas hyacinthi 0446 CFBP 1156

34 Xanthomonas arboricola 0473 DSMZ 50854

35! Xanthomonas citri pv. glycines 0483 CFBP 2526

DSMZ - HeMeLkasa KONNeKUMs MUKPOOPraHM3MOB M KNETOUHbIX KyNnbTyp, Accoumaums JlenbHuua, lfepManus;
AOBC PPSCD - konnekuwus ¢utonatoreHoB nabopatopun baktepmnonormm CenbCKOX0o3sCTBEHHON CTaHLMM

o 3alLuTe pacTeHnin 1 oxpaHe nous obnactu bapaHbs, r. Mey, BeHrpusa; NCPPB — HaumoHanbHas Konnekums
thUTONaTOreHHbIX 6akTepwil, r. Mopk, Bennkobputanus; CFBP — MexayHapoaHbli LeHTp MUKPOBHBIX pecypcos
(CIRM-CFBP); NIB — HauumoHanbHbI UHCTUTYT Gruonorum, r. JllobnaHa, CrnoeeHus.

dutocaHuTapusi. KapaHTUH pacTeHuii
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Table 4
Bacteria species of the genus Xanthomonas used to test the specificity
of PCR methods

Strain N2 in the collection Origin, strain N2 in other collections
Ne Name of bacteria of FGBU “VNIIKR” (if present)
1 Xanthomonas campestris pv. raphani 0148 NCPPB 1946
2 Xanthomonas arboricola pv. pruni 0149 AOBC PPSCD
2 Xanthomonas campestris pv. campestris 0226 Brassica oleracea
4 Xanthomonas oryzae 0227 NCPPB 3002
5 Xanthomonas campestris pv. campestris 0228 Brassica oleracea
6 Xanthomonas campestris pv. campestris 0230 Brassica oleracea
7 Xanthomonas campestris pv. campestris 0232 Brassica oleracea
8 Xanthomonas campestris pv. campestris 0234 Brassica oleracea
9 Xanthomonas translucens 0337 DSMZ 18974
10 Xanthomonas euvesicatoria 0338 DSMZ 19128
11 Xanthomonas perforans 0343 DSMZ 18975
12 Xanthomonas gardneri 0344 DSMZ 19127
i3 Xanthomonas fragariae 0345 NIB Z125
14 Xanthomonas fragariae 0346 NIB 2126
15 Xanthomonas fragariae 0347 NIB 72127
16 Xanthomonas sp. 0348 NIB 2128
17 Xanthomonas sp. 0373 Allium cepa
18 Xanthomonas vesicatoria 0374 DSMZ 22252
19 Xanthomonas sp. 0375 Vicia
20 Xanthomonas oryzae pv. oryzicola 0376 CFBP 2286
21 Xanthomonas axonopodis pv. allii 0377 CFBP 6107
22 Xanthomonas axonopodis pv. phaseoli 0386 CFBP 2534
23 Xanthomonas sp. 0394 Trifolium
24 Xanthomonas sp. 0399 Phaseolus vulgaris
25 Xanthomonas axonopodis pv. phaseoli 0400 Phaseolus vulgaris
26 Xanthomonas gardneri 0404 Solanum lycopersicum
27 Xanthomonas vesicatoria 0405 Solanum lycopersicum
28 Xanthomonas campestris 0406 Brassica oleracea
29 Xanthomonas axonopodis pv. allii 0419 CFBP 6369
30 Xanthomonas axonopodis pv. axonopodis 0420 CFBP 5141
31 Xanthomonas phaseoli 0426 Trifolium
32 Xanthomonas phaseoli 0427 Phaseolus vulgaris
33 Xanthomonas hyacinthi 0446 CFBP 1156
34 Xanthomonas arboricola 0473 DSMZ 50854
28] Xanthomonas citri pv. glycines 0483 CFBP 2526

DSMZ - German Collection of Microorganisms and Cell Cultures, Leibniz Association, Germany; AOBC PPSCD -
collection of phytopathogens of the bacteriology laboratory of the Agricultural Station for Plant Protection and Soil
Protection, Baranja Region, Pecs, Hungary; NCPPB — National Collection of Phytopathogenic Bacteria, York, UK;
CFBP - International Center for Microbial Resources (CIRM-CFBP);
NIB — National Institute of Biology, Ljubljana, Slovenia.
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Ilnsg arrpobaliyy ImpalMepoB IIPOBOAMIIN aMILIN-
GUKaLUI0 CO CIENYIOIIUM TEMIEPATYPHBIM PEXU-
MOM: HauaJibHad JeHaTypauusd — 5 MuH. npu 95 °C;
3aTeM 40 nukJjaoB: 95°C—-30c¢., 60°C-30c.m 72 °C —
60 c.; buHanbHag 3JoHTaN g — 7 MuH. npu 72 °C.
CocTaB peakIMoHHOU cMecu: 75-100 HT 6aKTepu-
anpHOM OHK, mpsaMo¥ um o6paTHBIN IpaliMepsl B KO-
HeYHOU KOoHIeHTpanuu 0,4 MUKPOMOJIS, 5 MKJI H,0,
5 MKJI MacTep-Mukca ScreenMix-HS (IIpousBoOAUTENb
3A0 «EBporen», Poccus). AMIiInduKaiiuio IpoBo-
IUIA B 2-KPaTHOM MMOBTOPHOCTU. PeaynbraTsl I1LIP
BU3yaJau3upoBanau B 1,5%-M arapo3HoM reje, okpa-
IIEHHOM GPOMUCTBIM dTUAUEM. s ITIP-npoayKToB
nauHoi 200 11. 0. u 60oJiee OIIPelessayu HyKJIeOTUIHYTO
IOCJIeN0BaTEeJIbHOCTh HA TeHETUUYECKOM aHaJIu3aTope
Appled Biosystems 3500. AHaJIn3 HYKJIEOTULHBIX T10-
CJIeIOBaTEIbHOCTEM ITPOBOIMIIY C TIOMOIIBIO ITPOTPaM-
MbI BioEdit (Hall T., 1999).

PE3VJIBTATBI U OBCYXKJOEHHNE

B pesynbTaTe kjacTepusanuu 667 416 6eKOBBIX
MIOCJIEOBATEIbHOCTEN, COOTBETCTBYWOIINX TeHaM
u3 171 reHOMHOU c6opku 26 BUAOB GaKTepuUH, MMO-
ayuunsiu 42 570 KJacTepPoOB, copepXalwux oT 1 1o
343 aMUHOKUCJIOTHBIX IIOCJIe[OBATEJIbHOCTEH. VI3 HUX
55 KJIacTepOB BKJIIOUAJY B cebs1 6esiku Bcex 10 mmpo-
aHaJIU3UPOBAHHBIX cO6OpoK Xanthomonas translucens
¥ He BKJIIOYAJIU B cebs 6eku Apyrux BumoB. [Tocie
GunabTpaIy MoCJeN0BaTEIbHOCTEH 110 YCTaHOBJIEH-
HBIM KPUTEPUSIM CIIeIIN(PUUHOCTH, AJHUHBI U Bapura-
GenbHOCTH (CM. pasmest «MaTepuaibl 1 METOIbI») OTO-
GpaJiy IocyieOBaTEIbHOCTY 6 TeHOB (TabJ. 5).

YKasaHHbBIE IT0CJIe0BATEIbHOCTY UCIIOJIb30BaIU
ILJ1s pa3paboTKy IIpaiMepoB. [Jis KaXkIol u3 6 moce-
JloBaTeJIbHOCTEM TTomobpasty oT 1 1o 3 map mpariMepos.
Bcero nomobpasiu 12 rmap npaiMepos.

PesynbraTs [1L[P, TpoBeeHHOM C KX 0U 13 ITap
npaMepoB s 35 6akTepult poma Xanthomonas, 3a-
HOCuUJIU B Tabsuuy 6. Pesynbrat [P cunTanu noJo-
SKUTEJIbHBIM MTPYU HAJIMYUY TTPOAYKTA aMILIu(UKAI[UY,
pasMep KOTOPOTr'0 COOTBETCTBOBAJ OXKULAEMOMY JIJIs
mramMmMma 0337 Xanthomonas translucens (IOJI0XKUTEIIb-
HBIN KOHTPOJIb); B 3TOM CJIydae B TabJIuIle YKa3bIBaIU
pasMep OpoAyKTa aMmaupuKaiuu. [Ipu HAJTUIYUUN
KaKoro-Jinbo MPoAyKTa aMIIMpUKaIuY, pa3Mep KO-
TOPOTO OTJINYAJICS OT KOHTPOJIS, B TAGIUILY 3aHOCUIIU
IpUOGIN3UTENbHYIO AJUHY IIOJIYYeHHOT0 (hparMeHTa.

Pesynbrart [LIP cynTaau OTPUIIATETbHBIM (—) TIPU
OTCYTCTBUU KaKOT0-JIMOO0 ITPOAYKTA aMILIU(PUKALINY,
BKJIIOUas HecIlelu(pUUIHbIE TPOAYKTHI PeaKIUuy U IU-
MEepPHI.

PesynbratT I[P cuuTanm HeJLOCTOBEPHBIM (n/a)
IpY HAJIMYUY HeCTTeU(PUIHBIX ITPOLYKTOB PeaKIUU.
[Mpu Haguuuu [NLIP-TIpoAyKTa TOIbKO OOHOU AJIMHBI
B TAGJIUILY 6 3aHOCUJIN CBEJIEHUS O Pa3Mepe IIPOJyKTa.

B xoze paboTsl co BceMm 12 rapaMu ImpaiiMepoB 06-
Pa30BBIBAJIUCH MPOJYKTHI OXKUIA€MOU AJIUHBI TIPU WC-
I0JIb30BaHUM B KauecTBe MaTpuilbl JHK mramma 0337
Xanthomonas translucens. 1yis Bcex 12 T P-TIpOIyKTOB
OBLIIN OTIpejieJieHbl HYKJIEOTUIHbBIE ITOCJIe0BaTeb-
HOCTH, KOTOPBIE ObLIY MIEHTUYHBI [I0CJIEN0BAaTEIbHOC-
M Xanthomonas translucens, aHHOTMPOBAaHHBIM B 6a3e
nanHbIX NCBI, Ha 94,29-99,81%, nipu MIKPUHE TOKPHI-
g 95-99%. ITpatimepsr 3F3/3R3, 3F5/3R5, 3F9/3R9,
4F3/4R3, 5F3/5R3 1 6F6/6R6 moka3aau HU3KYIO CIIelu-
¢uyHOCTb. [IJIsI BUIOBOM UAeHTUDUKAIINY Xanthomonas
translucens moxkasaHa BO3MOXXHOCTb IIPHMMEHEHUS

The primers were tested with DNA of bacterial
strains belonging to the genus Xanthomonas, including
Xanthomonas translucens (Table 4).

To test the primers, amplification was carried out
with the following temperature regime: initial denatu-
ration — 5 min. at 95 °C; then 40 cycles: 95 °C — 30 sec.,
60 °C — 30 sec. and 72 °C - 60 s.; final elongation —
7 min. at 72 °C. The composition of the reaction mix-
ture: 75-100 ng of bacterial DNA, forward and reverse
primers at a final concentration of 0.4 micromolar, 5 ul
of H20, 5 ul of the ScreenMix-HS master mix (manu-
factured by “Evrogen”, Russia). Amplification was per-
formed in duplicate. The PCR results were visualized
on a 1.5% agarose gel stained with ethidium bromide.
For PCR products with a length of 200 bp. and more,
the nucleotide sequence was determined using the Ap-
pled Biosystems 3500 genetic analyzer. The analysis of
nucleotide sequences was performed using the BioEdit
program (Hall T., 1999).

RESULTS AND DISCUSSION

As a result of clustering 667 416 protein sequences cor-
responding to genes from 171 genomic assemblies of
26 bacterial species, 42 570 clusters containing from 1
to 343 amino acid sequences were obtained. Of these,
55 clusters included proteins from all 10 analyzed as-
semblies of Xanthomonas translucens and did not include
proteins from other species. After filtering the sequences
according to the established criteria of specificity, length
and variability (see the Materials and Methods section),
the sequences of 6 genes were selected (Table 5).

These sequences were used to design primers. For
each of the 6 sequences, from 1 to 3 pairs of primers were
selected. A total of 12 pairs of primers were selected.

The results of PCR carried out with each of the
primer pairs for 35 bacteria of the genus Xanthomonas,
were entered in table 6. The result of PCR was conside-
red positive in the presence of an amplification pro-
duct, the size of which corresponded to that expected
for strain 0337 Xanthomonas translucens (positive con-
trol); in this case, the table indicated the size of the am-
plification product. In the presence of any amplification
product, the size of which differed from the control, the
approximate length of the obtained fragment was en-
tered in the table.

The PCR result was considered negative (-) in the
absence of any amplification product, including non-
specific reaction products and dimers.

The PCR result was considered unreliable (n/a) in
the presence of nonspecific reaction products. In the
presence of a PCR product of only one length, informa-
tion about the size of the product was entered in Table 6.

In the course of work with all 12 pairs of primers,
products of the expected length were formed using the
DNA of strain 0337 Xanthomonas translucens as a tem-
plate. For all 12 PCR products, nucleotide sequences
were determined that were identical to the sequen-
ces of Xanthomonas translucens, annotated in the NCBI
database, by 94.29-99.81%, with a coverage width of
95-99%. Primers 3F3/3R3, 3F5/3R5, 3F9/3R9, 4F3/4R3,
5F3/5R3, and 6F6/6R6 showed low specificity. For
the species identification of Xanthomonas translucens,
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npadimepoB 1F8/1R8, 1F10/1R10, 4F1/4R1, 5F6/5R6
u 6F10/6R10 (cM. pucyHok). C JaHHBIMU TIpaiiMe-
pamu ¢ JIHK Xanthomonas translucens CUHTe3UPyeTCS
1 INIP-nIpoLyKT oxuzaemMoro pasmepa. Ho mHanuuue
[LIP-TTpOAyKTOB, 06pa3yIoIIyXCcs B X0/le aMIIn(UKa-
unu JHK gpyrux BULOB OPTaHU3MOB, XOTh U OTJINYAI0-
IIUXCS 110 pa3Mepy oT Xanthomonas translucens, TpebyeT
OITVMU3AIINY YCJIOBU TTITP.

Ta6uuiia 5

the possibility of using primers 1F8/1R8, 1F10/1R10,
4F1/4R1, 5F6/5R6 and 6F10/6R10 has been shown (see
figure). With these primers, 1 PCR product of the expec-
ted size is synthesized with Xanthomonas translucens DNA.
But the presence of PCR products formed during the am-
plification of DNA from other species of organisms, al-
though they differ in size from Xanthomonas transiucens,
requires optimization of the PCR conditions.

HykJjieoTUgHbIE I10CJI€0BAaTEJILHOCTHU I'€HOB, MCII0JIb30BaHHbIE IJId no,uﬁopa npaﬁmepOB

N¢ ITociepoBaTesbHOCTh KoopauuaTsl Kopaupyemblit

n/u NCBI Nucleotide reHa 0eJIoK

Ha3sBa- Jauna ITIP-
AHHOTaLUSA HUA nmap IPOAyYKTA,
KoAMpyeMoro 6ejika TIpaiiMepoB II. O.

1 NZ_FLTU01000142.1 6002-8863 WP_039956369.1

2 FLTU01000085.1

5245-7368 WP_009581062.1

3 NZ_FLTU01000009.1 ¢3500-2202 WP _039955267.1

DUF5110 domain- 1F8/1R8 711
containing protein 1F10/1IR10 379
TonB-dependent 2F6/2R6 759
siderophore receptor

nucleoside hydrolase 3F3/3R3 246

3F5/3R5 209
3F9/3R9 869

4  NZ_LHSIO1000001.1 2522179-

WP_009581060.1

ATP-grasp domain- 4F1/4R1 503

2523426 containing protein AF3/4R3 904

5 NZ_ANGGO01000457.1 10914-12119 WP_009598496.1 aldose 1-epimerase  5F3/5R3 200
family protein 5F6/5R6 424

6 NZ_ANGGO01000136.1 c4667-3489 WP_009581057.1 MFS transporter 6F6/6R6 970

6F10/6R10 663

Table 5

Nucleotide sequences of genes used for the selection of primers

Sequence NCBI Gene Encoded
N2 Nucleotide coordinates protein

Length
Annotation Primer of the PCR
of the encoded protein pair names product, bp

1 NZ_FLTU01000142.1 6002-8863 WP_039956369.1

DUF5110 domain- 1F8/1R8 711
containing protein 1F10/1R10 379

2 FLTU01000085.1

5245-7368 WP_009581062.1

TonB-dependent 2F6/2R6 759
siderophore receptor

3 NZ_FLTU01000009.1 ¢3500-2202 WP_039955267.1

nucleoside hydrolase 3F3/3R3 246
3F5/3R5 209
3F9/3R9 869

4 NZ_LHSIO1000001.1 2522179-
2523426

WP_009581060.1

4F1/4R1 503
4F3/4R3 904

ATP-grasp domain-
containing protein

5 NZ_ANGG01000457.1 10914-12119 WP_009598496.1

aldose 1-epimerase 5F3/5R3 200
family protein 5F6/5R6 424

6 NZ_ANGG01000136.1 c4667-3489 WP_009581057.1

MFS transporter 6F6/6R6 970
6F10/6R10 663
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Ta6auiia 6

PesyabTraTsl ITLP ¢ 35 mTaMmMaMu 6aKTepuii poga Xanthomonas
JLJISI KasKI0M maphl MpaiiMepoB

ITapa npaiiMepoB

1F8 1F10 2F6 3F3 3F5 3F9 4F1 4F3 5F3 5F6 6F6 6F10

1R8 1R10 2R6 3R3 3R5 3R9 4R1 4R3 5R3 5R6 6R6 6R10

Pesynsbrart IIIP: pa3mep hparmeHTa ammiuukanuu,
IITaMm 1. 0. (IpU HAJIMYKMHK) / OTPULIATEJIbHO (-) / HegocToBepHO (n/a)
0148 - - n/a - - n/a n/a 240 - - n/a n/a
0149 - - n/a - - n/a - - - - n/a -
0226 - - n/a - 1120 1150 n/a 240 - - n/a n/a
0227 - - - - - - - - - - - -
0228 = = n/a = 1120 1150 - 240 = = n/a =
0230 - - n/a - 1120 1150 - 240 - - n/a n/a
0232 - - n/a - n/a 1150 - 240 - - n/a n/a
0234 - - n/a - - 1150 - 240 - - n/a n/a
0337 711 379 759 869 209 246 503 904 424 200 1050 663
0338 - - n/a 869 - n/a - - n/a - 470 -
0343 = n/a n/a 869 1300 n/a = 470 1220 - 470 =
0344 - - n/a 869 1300 n/a - 470 n/a - 470 -
0345 260 = n/a 869 = = = = n/a n/a n/a =
0346 260 - n/a 869 - - - - n/a n/a n/a -
0347 260 = n/a 869 = = = = n/a n/a n/a =
0348 260 - n/a 869 - n/a - - n/a n/a n/a -
0373 = = n/a n/a = = = = = = n/a =
0374 - n/a n/a 800 - - - n/a - - - n/a
0375 - - n/a n/a 1120 - - - n/a - - n/a
0376 - - n/a 869 - n/a 1200 n/a 1400 - n/a n/a
0377 - - n/a 869 - n/a n/a n/a n/a - n/a n/a
0386 - - n/a 869 n/a n/a - n/a - - n/a -
0394 - - n/a n/a 400 n/a - n/a 1400 - n/a n/a
0399 - - n/a 869 - n/a n/a - 1120 - - -
0400 - - n/a 869 n/a n/a - - 1120 - - -
0404 - - n/a - - - - - - - n/a -
0405 - - n/a n/a n/a n/a - n/a - - n/a n/a
0406 - - n/a n/a n/a 1150 - 240 1120 - n/a -
0419 - - n/a n/a - - - n/a - - n/a -
0420 - - n/a 869 1300 1150 - n/a 1340 - n/a n/a
0426 - - n/a - - - - - - - n/a -
0427 - - n/a n/a - 1150 - - - n/a n/a -
0446 - - n/a - - - - - - - n/a n/a
0473 - - n/a n/a - n/a n/a n/a 1120 - n/a -
0483 = n/a n/a n/a = n/a = = = = n/a =
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Table 6

PCR results with 35 strains of bacteria of the genus Xanthomonas
for each pair of primers

Pair of primers

1F8 1F10 2F6 3F3 3F5 3F9 4F1 4F3 5F3 5F6 6F6 6F10

1R8 1R10 2R6 3R3 3R5 3R9 4R1 4R3 5R3 5R6 6R6 6R10

PCR result: size of the amplification fragment,
Strain bp (if any) / negative (-) / unreliable (n/a)
0148 - - n/a - - n/a n/a 240 - - n/a n/a
0149 - - n/a - - n/a - - - - n/a -
0226 - - n/a - 1120 1150 n/a 240 - - n/a n/a
0227 - - - - - - - - - - - -
0228 = = n/a = 1120 1150 - 240 = = n/a =
0230 - - n/a - 1120 1150 - 240 - - n/a n/a
0232 - - n/a - n/a 1150 - 240 - - n/a n/a
0234 - - n/a - - 1150 - 240 - - n/a n/a
0337 711 379 759 869 209 246 503 904 424 200 1050 663
0338 - - n/a 869 - n/a - - n/a - 470 -
0343 = n/a n/a 869 1300 n/a = 470 1220 - 470 =
0344 - - n/a 869 1300 n/a - 470 n/a - 470 -
0345 260 = n/a 869 = = = = n/a n/a n/a =
0346 260 - n/a 869 - - - - n/a n/a n/a -
0347 260 = n/a 869 = = = = n/a n/a n/a =
0348 260 - n/a 869 - n/a - - n/a n/a n/a -
0373 = = n/a n/a = = = = = = n/a =
0374 - n/a n/a 800 - - - n/a - - - n/a
0375 - - n/a n/a 1120 - - - n/a - - n/a
0376 - - n/a 869 - n/a 1200 n/a 1400 - n/a n/a
0377 - - n/a 869 - n/a n/a n/a n/a - n/a n/a
0386 - - n/a 869 n/a n/a - n/a - - n/a -
0394 - - n/a n/a 400 n/a - n/a 1400 - n/a n/a
0399 - - n/a 869 - n/a n/a - 1120 - - -
0400 - - n/a 869 n/a n/a - - 1120 - - -
0404 - - n/a - - - - - - - n/a -
0405 - - n/a n/a n/a n/a - n/a - - n/a n/a
0406 - - n/a n/a n/a 1150 - 240 1120 - n/a -
0419 - - n/a n/a - - - n/a - - n/a -
0420 - - n/a 869 1300 1150 - n/a 1340 - n/a n/a
0426 - - n/a - - - - - - - n/a -
0427 - - n/a n/a - 1150 - - - n/a n/a -
0446 - - n/a - - - - - - - n/a n/a
0473 - - n/a n/a - n/a n/a n/a 1120 - n/a -
0483 = n/a n/a n/a = n/a = = = = n/a =
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1F8 1F10 2F6 3F3 3F5 3F9

M 4Rs M

1R10 2Ré 3R3 3R5 3R9

PucyHok. dnekTtpogoperpamma pesynbratos lNLP co wrammom
0337 Xanthomonas translucens pnsa KaXkaov UCNONb30BaHHOM
B UCCNef0BaHMY Napbl NpaiMepos. Mcnonb3oBaH Mapkep
reHeTu4veckoro Beca GeneRuler 100 bp Plus DNA Ladder
ready-to-use, komnaHusa Thermo Fisher Scientific (CLLUA)

3AKJ/IIOYEHUE

B pesynbTaTe Moucka reHeTUYEeCKUX MapKepoB IJs
rpynnbsl 6aKTepuil, BEI3BIBAKILUX YePHBIN GaKTe-
P03 3€ePHOBBIX KYJbTYDP, — IaTOBAPOB Xanthomonas
translucens — HalileHO 6 HYKJIEOTUHBIX 10CJIEI0Ba-
TeJIbHOCTEM, Crieu()UYHBIX JJis YKa3aHHOTO BUZA.
Insa Halie HHBIX TTOCJIe[OBAaTEeIbHOCTEM pa3paboTaHo
12 map npaiimepoB — 1F8/1R8, 1F10/1R10, 2F6/2R6,
3F3/3R3, 3F5/3R5, 3F9/3R9, 4F1/4R1, 4F3/4R3,
5F3/5R3, 5F6/5R6, 6F6/6R6 u 6F10/6R10, BumocIie-
U(MOUIHOCTb KOTOPBIX B X0OJle UCCIIe0BAHNS allpobu-
poBana ¢ 35 mrraMmmMaMu 6akTepuii poga Xanthomonas,
BKJIIOUas Xanthomonas translucens. AHaIM3 pe3ysibTa-
TOB nIpoBefleHHO [TLIP 1 BrIpaBHUBAHUS IOJyUeH-
HBIX HYKJIEOTUIHBIX TIOCJIeL0BaTEIbHOCTEHN TTPOJIYK-
ToB I[LIP c momotbio anroputMa BLAST Ha 6a3e NCBI
TmokasaJi, uTo rmapsl npatimepon 1F8/1R8, 1F10/1R10,
4F1/4R1, 5F6/5R6 u 6F10/6R10 gBASI0TCSA IPUTO-
HBIMU JIJIg UX TIPUMEHEHUS B AUAaTHOCTUKE BO36Y-
OUTEeJsT YepHOTo OaKTepuo3a 3ePHOBBIX KYJIbTYP
Xanthomonas translucens. HoBsie I1LIP-TecTsl MOTYT
CTaTh YacCThI0 pellleHus NpobyieMbl YCTAHOBJIEHUS
puTOCAaHUTAPHOTO COCTOSHUS MaPTUN POCCUMCKON
MIPOAYKIIUY 3epPHA.
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CONCLUSION

As a result of the search for genetic markers for a
group of bacteria causing bacterial leaf streak of
wheat — pathovars Xanthomonas translucens — 6 nucle-
otide sequences specific for this species were found.
For the sequences found, 12 pairs of primers were de-
veloped — 1F8/1R8, 1F10/1R10, 2F6/2R6, 3F3/3R3,
3F5/3R5, 3F9/3R9, 4F1/4R1, 4F3/4R3, 5F3/5R3,
5F6/5R6, 6F6/6R6 and 6F10/6R10, the species-spe-
cificity of which was tested in the course of the study
with 35 strains of bacteria of the genus Xanthomonas,
including Xanthomonas translucens. Analysis of the re-
sults of the performed PCR and alignment of the ob-
tained nucleotide sequences of the PCR products us-
ing the BLAST algorithm based on the NCBI showed
that the primer pairs 1F8/1R8, 1F10/1R10, 4F1/4R1,
5F6/5R6 and 6F10/6R10 are suitable for their use in
the diagnosis of the pathogen of bacterial leaf streak of
wheat Xanthomonas translucens. New PCR tests can be-
come part of the solution to the problem of establish-
ing the phytosanitary state of consignments of Rus-
sian grain products.
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