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Ilng caMKky yepBeria KoMCTOKA OTJIMYUTENIbHBIM
MIPU3HAKOM SABJIETCH UX HAJIMUKe Ha Ta3UKaX 3aJHUX
KOHEUYHOCTEeH, B OT/INYKe OT OJIM3KUX BUIOB, ¥ KOTO-
PBIX POCBEUMBAIOIIYE IIOPBI OTCYTCTBYIOT HA Ta3MUKaX,
a UMEKTC TOJIbKO Ha 6epax v TojeHax. [IpocBeyun-
BaloIIKe ITOPHI y caMKK YyepBerja KoMcToka MHOTOYHC-
JIEHHBIE ¥ ITPUCYTCTBYIOT Ha TasuKe, Gefipe U roJIeHU
3aIHUX KOHeUHocTeH (puc. 13).

BbIBO/IbI

B x0/le TPOBEIEHHOTO MUKPOCKOITUYECKOTO UCCIie-
JIOBaHUS 0COOEHHOCTEN CTPOEHUS AUArHOCTUYECKUX
CTPYKTYp Tejla caMKu uepBella KoMcTOKa, pacroJo-
JKEHHBIX Ha BEHTPAJIbHOU 1 JOPCAJIbHON ITOBEPXHO-
CTSAX, TIOJIyYEeH WJIIOCTPATUBHBIA CPaBHUTEJIbHBIN
MaTepua, KOTOPBIHM IT03BOJISIET BRIABIATH MOPdOJIO-
TUYECKUM METOZOM OTJIUUUTETbHbIE TPU3HAKYA CAMKH
yepBelia KOMCTOKa, UMEIOIIETO CTaTyC KapaHTUHHOTO
00BbEKTA.

JlaHHasd CTaThsl UMEET MPAKTUUECKOe 3HAUEHWE
IJsT COTPYOHWKOB HCITBITATEJbHBIX JabopaTopuii
B 06J1aCTV KapaHTWHA PACTEHU, TIPOBOAANINUX SHTO-
MOJIOTUYECKYE UCCIeJOBAHYS Ha BhIIBJIEHNE KapaH-
TUHHBIX BUJIOB MYUYHMCTBIX YEPBEIOB, a TaKXKe [IJIs
CIIEIMAIUCTOB B 00JIACTY 3al[UThI PACTEHU.
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Translucent pores on hind legs of a female Com-
stock mealybug

Translucent pores are disc pores located on hind
legs of mealybug females.

Presence of translucent pores on hind coxae is a
distinctive feature of a female Comstock mealybug un-
like closely related species that do not possess translu-
cent pores on coxae but only on femurs and tibiae. Fe-
male Comstock mealybugs have numerous translucent
pores on hind coxa, femur and tibia (Fig. 13).

CONCLUSION

Ilustrative comparative material obtained from this
microscopic study of the morphological characters of
diagnostic structures of a female Comstock mealybug
situated on the dorsal and ventral surfaces, allows, by
using a morphological method, to identify distinctive
features of a female Comstock mealybug that is of qua-
rantine status.

This article has a practical importance for the staff
of plant quarantine testing laboratories who carry out
entomological research in order to identify quarantine
species of mealybugs, as well as for the plant protec-
tion specialists.
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AuHOTanMda. B cmamobe npedcmasiensl obuiue cee-
JdeHus 0 npoucxoNcoeHuu, MaKcoHoOMul, 6UoI02UL, 2e02pa-
Puueckom pacnpocmpaHeHul U 0CHO8HbLX memodax dua-
2HOCMUKU 6030y0umens 6aKmepuaibHOl NAMHUCIOCMU
ysemuoti kanycmol — Pseudomonas syringae pv. maculicola
(McCulloch) Young et al. Bo36ydumesi 6aKxmepuanbHol nam-
HUCMOCMU 8KJII0YEH 8 CNUCOK BPEOHBLX OP2AHUZMO8, UMEH)-
wux KaparmunHoe snadenue ong Kumas, U3pauns, Eeunma
u Mexcuxu. Ha base nabopamopuu 6axmepuosioeu Hcnoi-
mamenvHo20 Jabopamoproeo yeumpa ®OIBY «BHUHKP»
OvLu nposedersl uccnedosanus 06pa3y08 panca, Komopvle
NONy4eHbl U3 MEeCM BblPAUUBAHUS IKCTIOPMHBLX CEMSH,
npedHa3HAYeHHbLX MOJIbKO0 0119 nepepabomiu. MoHumopuHe
pacnpocmpanerus 8pedHo20 0peaHU3Ma HA Meppumopul
P® nposoduics 8 HeKOMOPvLY pecuorax JlanbHes0cmo4H020
u Cubupcroeo giedepanvHulx 0Kpy208. JuaeHocmuKy 06pas-
1408 862eMAMUBHBLY YaACEll Panca 0CyuLeCmaeaiu Memooa-
MU KAK KJACCUHECKUMU MUKPOOUONO2UYECKUMU, MAK U MO-
JIEKYNSIPHO-2CHETMUYECKUMU.

KiroueBsble cJI0Ba. FaKmMepuaivHas RAMHUCIOCTDb
ysemHoii xanycmol, Pseudomonas syringae pv. maculicola,
JKCnopm, panc, MOHUMOPUHe, J1ab0pamopHoe ucciedosa-
HUe, MUKPOOUON02UUECKUL NOCEB, CEKBEHUPOBAHIE.

BBEJEHUE

YCJIOBUSIX Pa3BUTHS PBIHOYHBIX OTHO-
menuii Poccutickoit ®emepaniuu ¢ Ku-
Tarickoi HapomHo# Pecmy6yimKkotii B va-
CTH SKCIIOPTa 3€PHOBOM MPOAYKITUU,
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Abstract. The article presents general information
about the origin, taxonomy, biology, geographical distribu-
tion and the main diagnostic methods of bacterial leaf spot of
cabbage Pseudomonas syringae pv. maculicola (McCulloch)
Young et al. Bacterial leaf spot of cabbage is included in the
list of pests of quarantine importance for China, Israel, Egypt
and Mexico. The bacteriology laboratory of the Testing La-
boratory Center of FGBU “VNIIKR” analyzed rape samples,
obtained from the places where export seeds intended only
for processing are cultivated. Pest spread on the territory
of Russia was monitored in some regions of the Far Eastern
and Siberian Federal Districts. Samples of vegetative parts of
rape were diagnosed by classical microbiological and mole-
cular genetic techniques.
Keywords. Bacterial leaf spot of cabbage, Pseudomonas
syringae pv. maculicola, export, rape, monitoring, laborato-
ry testing, microbiological inoculation, sequencing.

INTRODUCTION

n the conditions of development of market re-
lations between the Russian Federation and the
People’s Republic of China in terms of export of
== grain products, corn, soybean, rice and rape,
compliance of plant production areas with phy-
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KYKypy3bI, COY, PUCa M parca
OTPOMHOE 3HaueHMe rpuobpera-
€T COOTBETCTBUE MECT ITPOU3BOJI-
CTBAa PACTUTENBHOU MPOLYKIINU
¢uTOoCAaHUTAPHBIM TPEGOBAHUAM
CTpaHBI-UMIIOPTEPA.

CoryacHO IPOTOKOJIY MeX-
ny ®emepalibHOU CIyXG60H 110
BETEPUHAPHOMY U (DUTOCAHU-
TapHOMY HaJ30py Poccuiickoi
denepanuu U [JIaBHBIM rocy-
IIapCTBEHHBIM YIIPaBJIEHUEM T10
KOHTPOJII0 KAYeCTBa, UHCITEKIIUU
¥ KapaHTuHy KuTatickoi Hapo-
HOU Pecrty6yinKy, ceMeHa parica,
penHa3HaYeHHbIE AJI 9KCIIoP-
Ta B KuTtaii, JOJKHBI OBITH BbIpa-
1meHbl B CubUpPCKOM u [JaibHEBO-

g

Puc. 1. leorpachmueckoe pacnpocTpaHeHue Fig. 1. Geographical distribution
P. s. pv. maculicola B Mupe

of P. s. pv. maculicola in the world

CTOYHOM (hefepajibHbIX OKPyrax. (https://www.cabi.org/cpc/datasheet/44973) (https://www.cabi.org/cpc/datasheet/44973)

B MecTax mnmpousBoACcTBa CTpa-

HOM-3KCIIOPTEPOM TIPOBOASTCS

MOHUTOPUHTY PACIPOCTPaHEHUS BPEIHbIX OPTraHu3-
MOB, UMERIIUX KapaHTUHHOe 3HaueHue 1Jg KHP.

OnHUM U3 TIOKasaTejiel, OTCYyTCTBYE KOTOPOTO
B MeCTax MMPOM3BOMCTBA HSKCIIOPTHHIX CEMSH parica
perjaMeHTUPYEeTCs COOTBETCTBYIOIIUMMU TpeboBa-
nuamu KHP, aBisieTcsa Bo36ynuTe b 6aKTepuaIbHOM
TIATHUCTOCTY IIBETHOM KamycThl Pseudomonas syringae
pv. maculicola (McCulloch) Young et al. B aTo# cBSI311 00-
cliejoBaTeIbCKYe MEPOIIPUATHUS C aJibHelIIell fra-
THOCTMKOM 0aKTepPUaJbHOTO BO3OYAUTENS HA TAlle
BBIPAIIVBAHUS PACTUTEIbHOMN MPOAYKIINY ITO3BOJISIT
BBISIBUTb CBOOOJHBIE OT (DMTOITATOTE€HA 30HbBI IPOU3-
BOZICTBA parica.

LleJibI0 HACTOSAIIETO UCCIENOBAHMS CTAJIO OIHCA-
HYE OCHOBHBIX XapaKTEPUCTUK BO36YAUTEIST DaKTEPU-
aJIbHOY MATHUCTOCTH I[BETHOM KamycThl Pseudomonas
syringae pv. maculicola (McCulloch) Young et al. u ycra-
HOBJIEHUE pacIpocTpaHeHus: GUTOIaToreHa Ha Tep-
putopuu Poccuiickoi defepaliuy B perruoHax Mpous-
BOZICTBA parica, IpeJHa3HAYEeHHOTO JIJIsT SKCTIOPTHBIX
eaen.

B xofe poBeIeHNs UCCIIeIOBaHMSI aBTOPaMU pe-
IIAJTUCh CIIeYIONIMEe 3aa4un:

1. [IpoaHAIU3UPOBATh UMEIOIIECST MUPOBBIE JIK-
TepaTypHbIe JaHHbIE KacaTeTbHO CBEIEeHUHN O IIPOUC-
XOXIEHWU, TAKCOHOMUY, GUOJIOTUY U SKOJIOTUH, T€0-
rpaduYecKoM PacrpoCTPaHEHUY B MUPE U OCHOBHBIX
MeTOoJlaX NUaTrHOCTUKY BO36yAUTENsS GaKTepralbHOM
MATHUCTOCTY IIBETHOM KAITyCThI — Pseudomonas syringae
pv. maculicola (McCulloch) Young et al.

2. [IpoBecTu JabopaTopHOE MCCIemoBaHue 00-
PasiioB BETeTAaTUBHBIX YACTEH parica Ha MPUCYTCTBUE
Pseudomonas syringae pv. maculicola.

OBILIME CBEJEHUY
0 BO3BY/IUTEJIE

Bo36yznuTesb OTHOCUTCS K TUILY Proteobacteria, kiac-
cy Gammaproteobacteria, cemeticTBy Pseudomonada-
ceae, pony Pseudomonas [10].

Knerku 6axtepuu P. s. pv. maculicola ipencTaB-
JITIOT CO60¥ KOPOTKME rPaMOTPUIaTENbHbBIE TTAJI0UKU
C 3aKPYTJIEHHBIMU KPasiMU, TOJBYKHbBIE JIOPOTPUXH,
criop He 06pasyoT, a3po6bl. PazMep KIETOK COCTABJIS-
et 0,9 x 1,5-3,0 MKM [4, 9].

BriepBble BO30OyAUTENb OaKTEPUATbHON HSITHU-
cTocTy 6bLI onircaH B 1911 T. Ha LIBETHOU KaITyCTe,

tosanitary requirements of the importing country ac-
quires great importance.

According to the protocol between the Federal
Service for Veterinary and Phytosanitary Surveillance
of the Russian Federation and the General Administra-
tion of Quality Supervision, Inspection and Quarantine
of the People’s Republic of China, rape seeds intend-
ed for export to China must be grown in the Siberian
and Far Eastern Federal Districts. At the places of pro-
duction, the exporting country monitors the spread of
pests of quarantine importance to China.

One of the pathogens is bacterial leaf spot of cab-
bage Pseudomonas syringae pv. maculicola (McCulloch)
Young et al. Its absence at the places of production of
rape seeds is regulated by the relevant requirements of
China. In this regard, survey activities with further di-
agnosis of the bacteria at the stage of plant production
will make it possible to identify phytopathogen-free
areas of rape production.

The purpose of this study was to describe the main
characteristics of bacterial leaf spot of cabbage Pseudo-
monas syringae pv. maculicola (McCulloch) Young et al.
and to establish the spread of the phytopathogen in the
regions of the Russian Federation where rape is pro-
duced for export purposes.

In the course of the study, the authors solved the
following tasks:

1. Analysis of the available international literature
data concerning information on origin, taxonomy, biolo-
gy and ecology, world geographical spread and main di-
agnostic methods of bacterial leaf spot of cabbage Pseu-
domonas syringae pv. maculicola (McCulloch) Young et al.

2. Laboratory testing of samples of rape vegeta-
tive parts for the presence of Pseudomonas syringae pv.
maculicola.

GENERAL INFORMATION

ABOUT THE PATHOGEN
The pathogen belongs to the Proteobacteria type, Gam-
maproteobacteria class, Pseudomonadaceae family,
Pseudomonas genus [10].
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Fig. 2. Symptoms

of bacterial leaf spot on

white cabbage (https://

(https://www.nexles.com, 2018 r.) www.nexles.com, 2018)

Puc. 2. CumnTOoMBI
6akTepranbHON NATHUCTOCTH
Ha 6efloKoYaHHON KanycTe

BhIpaleHHoU B Bupmxuuun (CIIA), 1 IMOJTydns Ha-
3BaHue Bacterium maculicolum (McCulloch, 1911).
B 1913 r. bakTepus OblIa MepernMeHoBaHa B Pseudo-
monas maculicola (McCulloch) Stevens. B 1966 1. B Ho-
BOU 3eJlaHI WU C IBETHOU KammycThl (Brassica oleracea
var. botrytis) 6b1J1 U30JMPOBAH WITaMM Pseudomonas
maculicola [15]. B HacTosIee BpeMs TUIIOBOU IITaMM
P s. pv. maculicola XpaHUTCS B MUPOBBIX OaKTEPHOJIO-
TMYECKMX KOJUIEKIIMIX, TAKMX KaK HaluoHanbHAas
KOJIJIEKIMS MaTOTEHHBIX 6aKTepuil pacTeHuu (AHT-
Just); MexXyHapOHBIN [IEHTP MUKPOGHUOJIOTUYECKUX
pecypcoB — ®paHILy3cKas KOJJIEKIIMs 6aKkTepu, ac-
COIIMMPOBAHHBIX C PACTEHUSIMU; MeXIyHapoaHas
KOJIJIEKIMSI PACTUTENBHBIX MUKpoopranusmos (Ho-
Basg 3ejaHausa); Beabruiickas KOJIJIEKIIUSI MUKPO-
OPraHMU3MOB. B 5TUX KOJJIEKIIMIX YKAa3aHHBIM TUIIO-
BOM mITaMM XpaHuUTCH 1o, Homepamu NCPPB 2039,
CFBP 1657, ICMP 3935, LMG 5071.

B 1978 1. Young et al. ycTaHOBMJIU, YTO BO36YIM-
TeJIb 6aKTePUATbHOM MATHUCTOCTY SIBJISIETCS IaTOBA-
pom maculicola Bupma Pseudomonas syringae. Tlo3nHee,
B 2015 r., pacmudpoBaH IMOJHBINA F'eHOM IITaMMa
Y TIOJITBEPIK/IEHA eT0 TAKCOHOMMUYECKAS ITPUHAIJIEXK-
HOCTbB [7].

BakTepus pacnpocTpaHeHa BO MHOTHX CTPaHax
(puc. 1), BO3/eIbIBAOIIUX KYJIbTYPHBIE PACTEHUS CE-
MelicTBa Brassicaceae, B TOM 4ucCjie Ha TEPPUTOPUU
obiBiIero CCCP [5].

B dMoHUM CUMIITOMBI 6aKTEPUAJBHOUN MATHU-
CTOCTY BIIePBbI€ ObLIY BhIABJIEHBI B 1931 1. Ha me-
KMHCKOM KarycTe, a B 1932 I. oHU 66111 06HAPYKEHbI
Ha JaliKoHe, BbIpAllleHHOM Ha ocTpoBe TaliBaHb [15].
B 1992 1. omy6/IMKOBaHO TIePBO€E YIIOMUHAHYE O IIPU-
CYyTCTBUU BO30OYynUTENsI 6aKTePHUATIBHOM ITATHUCTOCTU
B ApreHTUHe Ha GpioccesibCKOl KamycTe [6]. B 2004 .
P s. pv. maculicola BpI3Baja BCIIBINIKY 6aKTepUATbHON
MMATHUCTOCTY Ha IIBETHOM KamycTe B ABcTpanuu [13].
Bo36ynuTesb MIMPOKO PACIPOCTPAHEH HA TEPPU-
Topuu CIIA. Tak, B 90-x rogax XX Beka B OKjaxome

Cells of the bacterium P. s. pv. maculicola are short
gram-negative rods with rounded edges, mobile lopho-
trichs. They do not form spores and are aerobes. Cell
sizeis 0.9 x 1.5-3.0 um [4, 9].

The pathogen of bacterial leaf spot of cabbage was
first described in 1911 on cauliflower grown in Virgi-
nia (USA) and was called Bacterium maculicolum (McCul-
loch, 1911).In 1913, the bacterium was renamed Pseu-
domonas maculicola (McCulloch) Stevens. In 1966 in
New Zealand the strain Pseudomonas maculicola (Bras-
sica oleracea var. bhotrytis) was isolated from cauliflow-
er [15]. At present, a typical strain of P. 5. pv. maculico-
la is stored in world bacteriological collections, such
as the National Collection of Plant Pathogenic Bacte-
ria (England); International Centre for Microbiological
Resources — French collection of plant associated bac-
teria; International Collection of Microorganisms from
Plants (New Zealand); and Belgian Coordinated Collec-
tions of Microorganisms. In these collections, the speci-
fied standard strain is stored under numbers NCPPB
2039, CFBP 1657, ICMP 3935, LMG 5071.

In 1978, Young et al. established that bacterial leaf
spot of cabbage is the pathovar maculicola of the spe-
cies Pseudomonas syringae. Later, in 2015, the complete
genome of the strain was sequenced and its taxonomic
identity was confirmed [7].

The bacterium is widespread in many countries
(Fig. 1) that cultivate plants of the Brassicaceae family,
including the former USSR territory [5].

InJapan, symptoms of bacterial leaf spot of cabbage
were first detected in 1931 on Chinese cabbage, and in
1932 they were found on a daikon grown on the island of
Taiwan [15]. In 1992, the presence of bacterial leaf spot
of cabbage in Argentina on Brussels sprouts was first
recorded [6]. In 2004 P, s. pv. maculicola caused an out-
break of bacterial leaf spot of cabbage in Australia [13].

The pathogen is widely spread in the USA. Thus, in
the 1990s in Oklahoma, bacterial leaf spot of cabbage
caused significant damage to such cultures as cabbage,
spinach, mustard and turnip [16]. There are also data
on outbreaks of bacterial leaf spot of cabbage on cruci-
ferous plants in France [11].

Bacterial leaf spot of cabbage affects Brassicaceae
plants, such as Chinese mustard (Brassica juncea var.
Jjuncea), cauliflower (B. oleracea var. botrytis), Brussels
sprouts (B. oleracea var. gemmifera), asparagus broccoli
(B. oleracea var. italica), Chinese cabbage (B. rapa subsp.
pekinensis), garden radish (Raphanus sativus), black mus-
tard (Brassica nigra), cabbage (B. oleracea var. capitata),
kohlrabi (B. oleracea var. gongylodes), borecole (B. oleracea
var. viridis), forage turnip (B. rapa subsp. rapa), rape (B.
Napus), and others. But cauliflower, white and red cab-
bage are the most damaged plants [4, 9, 17].

At present, diagnostic methods of bacterial leaf
spot of cabbage are limited to isolation on the nutrient
medium with subsequent identification of isolates by
biochemical methods [2]. However, even when isolating
the bacterium on the nutrient medium, it is possible to
identify the culture only to the species Pseudomonas sy-
ringae sp. [14]. Molecular techniques are limited to the
identification of the genus Pseudomonas sp. The maculi-
cola pathovar is heterogeneous and has similarity both
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fakTepraibHag MATHUCTOCTh HaHeca 3HAUUTENb-
HBIH yiIep6 TaKUM KyJIbTypaM, Kak KarycTa, IIITUHAaT,
ropuwuiia u pera [16]. Tak)ke eCTh JaHHbIE O BCITHIII-
Kax 6aKTeprabHOMN IATHUCTOCTH HAa KPECTOI[BETHBIX
Bo ®pannuu [11].

BakTepuaibHas MATHUCTOCTD I[BETHOM KaITyCThI
ropajkaeT pacTeHus ceMelicTBa Brassicaceae, Takue
Kak ropuuiia capemntckas (Brassica juncea var. juncea),
1BeTHas Karycta (B. oleracea var. botrytis), GprCcesib-
ckas kamycra (B. oleracea var. gemmifera), 6pOKKOIU
(B. oleracea var. italica), mexuHckas kamycta (B. rapa
subsp. pekinensis), penbka (Raphanus sativus), TOpuunIia
uepHas (Brassica nigra), KouaHnHas kamycra (B. oleracea
var. capitata), konbpabu (B. oleracea var. gongylodes), nu-
croBas kamycrta (B. oleracea var. viridis), pemna (B. rapa
subsp. rapa), parc (B. napus) u gpyrue. Ho 60sb1ie Bce-
T'0 MIOBpEXKJaeTcsd IBeTHas, 6eJI0- ¥ KpaCHOKOYaHHas
kamycra [4, 9, 17].

B HacTosIee BpeMs MeTOIbl JUArHOCTUKY BO3-
OynuTesis 6aKTepUATbHOMN MATHUCTOCTY IIBETHOM Ka-
MIyCThI OTPAHUYMBAIOTCS U30JIAIIMEH Ha TUTATEeIbHYIO0
cpeny ¢ mociaenyonel uaeHTuGuUKaIeir n30JaITOB
6roxmMudyeckuMu Metogamu [2]. Ho maxke mpu Beizie-
JIeHuY 6aKTePUU Ha TUTATEIbHOMN Ccpeie, MOYKHO UIeH-
TUGUITMPOBATD KYJIbTYPY TOJIBKO 10 Bua Pseudomonas
syringae sp. [14]. MoyiekynsipHbIE ke MeTO/Ibl OTPaHU-
YMBAIOTCS OTIpeiesieHneM poaa Pseudomonas sp. IlaTo-
Bap maculicola IBJII€TCS TeTEPOTEHHBIM U UMEET CXOJI-
CTBO KaK B IaTOT€HEe3€e, TaK U TEHETUYECKY C APYTUMU
natToBapamu P, syringae [15, 17]. [loaToMy Ba)kHOMH 3a-
Iaueil IBIgeTCs pa3paboTKa METOMLOB, IT03BOJISIOIINX
uneHTuduIIMpoBaTs P, s. pv. maculicola.

MATEPUWAJIBI U METO/IbI

OGBEKTOM HCCIEeNOBAHUM ABJSIJIUCH BereTaTUBHbBIE
JacTu parica Brassica napus L.

O6pas1ipl parica IoIyvYaiu U3 CJIeYIOIUX PErro-
HOB P®: Pecrrybnmku Xakacus, KpacHOSPCKOTo Kpas,
AnTarickoro kpas, 3abalikajabCcKoro Kpas, Kemepos-
ckoit, Tomckoit, OMcKoM, pkyTcKkolM 1 HoBocubup-
CKo¥i obJiacTeil.

[MocTynuBuive B jabopaTopuio 06pasiibl ocMa-
TPUBAJIM HA HAJIMUYUE CUMIITOMOB OaKTepUaJbHOU
MSATHUCTOCTHU. 3aTeM (hparMeHThl PAaCTUTEIbHOU TKa-
HU TOMelaiiv B KOHTelHep ¢ ochaTHbIM 6ydhepom
¥ BcTpsaxuBany npu 200 06/MuH B TeueHre 90 MUH.
Mariepat GuabTPOBATIU Yepe3 00€330JIEHHBIN DUIBTP
¥ KoHIleHTpupoBaiu npu 8000 06/MuH. [ToTydeHHbIH
KOHIIEHTPAT pecycrieHaupoBasu B 1 Mit pocdhaTHO-CO-
JieBoro Gydepa.

PacTuTenbHBIN SKCTPAKT UCIIOJb30BAIU IS T10-
ceBa Ha cpeny Kunra b [14, 16].

KosoHUM ¢ XapaKTEPHBIMU KYJbTYPaJIbHBIMU
npusHakaMu Pseudomonas syringae 0OTOVMPaNu IJisl BbI-
JleJIeHUSI HYKJIEMHOBBIX KUCJIOT METOJIOM KHUIIsTYe-
HUs (HarpeBaHus MIpu TeMIiiepaType 96 °C B TeueHue
10 MUH C MTOCJIEAYIONINM OXJIKIEHUEM).

CyCIieH3W HYKJIEWHOBBIX KHCJIOT MCIIOJIb30-
BaJM IJig ITOCTAHOBKM MOJMMEPAa3HOU IETTHOU pe-
akuum ([TLIP) B cooTBeTcTBUU ¢ Kazempour et al.,
2010 [12] c mpaiimepamu PSF/PSR. [IJisT TTIOCTaHOB-
KU peakllvu IIPUMEHAJIU IOTOBY cMech a4 [TIIP
5x ScreenMix («EBporen», Poccus).

AMrimdurKaImo MTPOBOAUIN HA TEPMOIIUKIIEDE
momenu T100 (Bio-Rad, CIIIA) ¢ mociexnyrolnei Bu-
3yasiusaliveil pe3yabTaToB I11[P MeTOOM TOPU30H-
TaJIbHOTO dJieKTpodopesa B 1,5%-M TpucbopaTHOM

Puc. 3. THWUNb siNoOHCKOM
penbku (pavikoHa) Raphanus (daikon) Raphanus sativus

Fig. 3. Rot of Chinese radish

sativus var. longipinnatus, var. longipinnatus caused
BbI3BaHHas P. s. pv. maculicola, by P. s. pv. maculicola,
rpynna II (Y. Takikawa, group II (Y. Takikawa,

F. Takahashi, 2014 [15]) F. Takahashi, 2014 [15])

in pathogenetically and genetically with other P, syrin-
gae pathovars [15, 17]. It is therefore important to de-
velop methods to identify P. s. pv. maculicola.

MATERIALS AND METHODS

The object of research was vegetative parts of rape Bras-
sica napus L.

Rape samples were obtained from the following
regions of the Russian Federation: Republic of Khakas-
sia, Krasnoyarsk Krai, Altai Krai, Transbaikal Krai, Ke-
merovo, Tomsk, Omsk, Irkutsk and Novosibirsk Oblast.

Samples submitted to the laboratory were exa-
mined for symptoms of bacterial leaf spot of cabbage.
Then fragments of plant tissue were placed in a con-
tainer with a phosphate buffer and shaken at 200 rpm
for 90 min. Macerate was filtered through an ash filter
and concentrated at 8000 rpm. The obtained concen-
trate was resuspended in 1 ml of phosphate-salt buffer.

The plant extract was used for inoculation on King
B medium [14, 16].

Colonies with characteristic cultural features of
Pseudomonas syringae were selected for the extraction
of nucleic acids by boiling (heating at 96 °C for 10 min
with subsequent cooling).

The nucleic acid suspension was used for poly-
merase chain reaction (PCR) according to Kazempour

dutocaHuTapusi. KapaHTuH pactenuii = 28
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araposHOM TeJie, OKpaleHHOM 1%-M pacTBOpoM 6po-
MUCTOIO aTuaud. Busyanusanuw nponykToB [P
OCYIIECTBJISIJIN HA reJIbJOKYMEHTUPYIOIIel cucTeMe
Gel Doc XR+ (Bio-Rad, CIIIA).

B cnyuae nonyuenuda [T P-1poayKTOB onipenend-
JIY UX HYyKJIEOTUHYIO [10CIeN0BaTEIbHOCTh METOLOM
CEeKBEHMPOBAHUSI HA T€HETUUYECKOM aHaJIu3aTope
3500 Genetic Analyzer (Applied Biosystems™, CIIIA).
BrIpaBHUBaHUE U pelaKTUPOBaHUE [10CJIEL0BATEIb-
HOCTEM BPYYHYI IIPOBOJMJIU C ITOMOIIBI0 IIPOrpaM-
mbl CodonCode Aligner v.7.0 (Green, 2017), IpOBEPKY
U CPaBHEHUE TIOJYyYeHHBIX HYKJIEOTULHBIX IIOCIIENO0-
BATEJbHOCTEN C TIOCIEeLOBATENIbHOCTIMU 6a3bl JaH-
HbIX GenBank BBITTOJHSAIYU C TTOMOIIBIO ITPOTPaMMBbI
NCBI BLAST [8].

PE3YJbTATBI U OBCYXKJEHNA

[Tpu mpoBeeHUY 06CIeIOBAaHUS MECT TPOM3BOJCTBA
parica oco6oe BHUMaHUE VAT HATUINUI0 CUMIITO-
MOB Ha BETETUPYIOLIUX PACTEHUSIX.

B 10JIEBBIX YCJIOBUSX CUMIITOMBI 3a60JI€BAHUSI
IIPOSIBJISIIOTCSI HAa JIUCThSAX PACTEHUYN HAa HAYyaJIbHOM
aTare B BU/Jle HEOOIbIINX BOASHUCTBIX IIATEH — YIJIOBa-
TBIX WM OKPYTJIBIX. BIIOCIEACTBUY MATHA CIUBAIOTCS
B 60JI€€ KPYITHBIE BBITSHYThIE TIATHA TEMHO-KOPUYHE-
BOT'O Wi (PUOJIETOBOTO 11BETA, OKPY>KEHHBIE XJIOPOTUY-
HBIM 0peoJioM (puc. 2). PazaMep MATEH MOXKET IOCTUTATh
oT 3 1o 7 MM. OCO6EHHO OTUYETIINBO
CUMIITOMBI IISITHUCTOCTU IIPOSIBJISIIOT-
Csl Ha HW)KHEUW CTOpOHe JucTa. Takue
TTOBPEXEHNS NCKAXKAIOT (hOPMY JIUCTA
Y IPUJAKT eMY MOPUIUHUCTBIN, IIePO-
XOBaThI BUJ,. [IpyU CUIIBHOM ITOBPEX-
IIEHUU JIUCThSI YChIXAIOT U OIIaJIaloT,
a BCXO/IbI PACTEHUN MOTYT MOTUOHYTh.
Ecyi BCXO/IbI BBIKMBAIOT, B JaJibHEN-
IIIeM TaKue PaCcTeHUs CUJIBHO OTCTAOT
B POCTe 1 He 06pasyioT ceMsH [1, 3, 4].

BakTepuo3s Imopa’kaeT Kak Berera-
TUBHBIE, TAK U T€eHEPATUBHbIE YaCTU
pacTeHusd. Ha colBeTuSIX IIBETHOU
KaITyCThI IITHUCTOCTb HOCUT ITOBEPX-
HOCTHBIM XapakTep, HO C TeUeHUeM
3abosieBaHUS MHDEKIUS TPOHUKAET
B IJIyOb TKaHEH!, IPUBOJS K UX Pa3py-
meHuto. [|BeT MATEH BapbUPYET OT KO-
PUYHEBBIX JI0 CEPOBATO-KOPUYHEBBIX.
[TopakeHHbIE I'OJIOBKY OBICTPO CTHU-
BAIOT B PE3YJIbTaTe TPOHUKHOBEHUS
BTOPUYHOU campo@uTHON MUKPO-
610THI [4, 5].

[Tpu mopa’keHU Y IBETOHOCOB Ha-
6JII0AI0TCS YePHO-OyphIe ITATHA HEO-
npefieJIeHHON (OPMBI, YTO BIIOCHE] -
CTBUM MNPUBOAUT K 3HAYUTEJIbHOMY
CHM)XEHUIO KauecTBa ceMsH. CHapy-
KU ¥ BHYTPY CTBOPOK CTPYYKOB 3apa-
JKEHHBIX DACTeHUU TaKKe 06pasyTcs
YepHbIe MTHA, UMelre 6JIeCTALLYI0

et al., 2010 [12] with PSF/PSR primers. The ready mix-
ture for PCR 5x ScreenMix (Evrogen, Russia) was used
for reaction.

Amplification was carried out on a thermal
cycler of model T100 (Bio-Rad, USA) with subsequent
visualization of PCR results by horizontal electropho-
resis in 1.5% trisborate agarose gel painted with 1%
ethidium bromide solution. Visualization of PCR pro-
ducts was carried out on gel-documenting system
Gel Doc XR+ (Bio-Rad, USA).

If PCR products were obtained, their nucleotide
sequence was determined by sequencing on the 3500
Genetic Analyzer (Applied Biosystems™, USA). Se-
quences were manually aligned and edited using Co-
donCode Aligner v.7.0 (Green, 2017); the verification
and comparison of the obtained nucleotide sequences
with the sequences in the GenBank database was per-
formed using NCBI BLAST [8].

RESULTS AND DISCUSSIONS

When surveying rape production sites, special atten-
tion was paid to the presence of symptoms on vegeta-
tive plants.

In the field, symptoms appear on plant leaves at
first in the form of small angular or rounded watery
spots. Subsequently, the spots merge into larger elon-
gated spots of dark brown or purple color, surrounded

TIOBEPXHOCTD. BakTepuanbHas MHPEK-  pyc. 4. Kynstypa P. s. pv. maculicola Fig. 4. Culture of P. s. pv. maculicola
LU IIePexXofUuT CO CTPYUKOB Ha ceMe-  (wrtamm CFBP 1657) Ha cpege KuHra b (strain CFBP 1657) on King B medium

Ha, KOTOPBIE [T03JHEe CTAHOBATCI Uep-  uepes 72 4 (oo A.B. Apemko)

HbBIMU [4, 5].

Takke 6aKTepuUs MOXKET BbI3bI-
BaTh CUMIITOMbI THUJIX KOPHEILIOL0B
Ha pelbKe, TaliKOHE U JPYTUX PacTe-
HUSX ceMelicTBa Brassicaceae (puc. 3).

after 72 hours (photo by A.B. Iaremko)
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Puc. 5. Kynbtypa P. s. pv. maculicola
Ha 6e3rnKo3HOM NenToHHO-ApoXXKeBoM  glucose-free pepton-yeast agar after

arape uvepes 48 u (hoTo A.B. Apemko)

PacmpocTpaHeHuio 3a60JI1eBaHUS CITOCOGCTBYET
BJIQXKHAS, TPOXJIaJHas [TOro/ia, 3aMOPO3Ku. TakuM 06-
pasoM, 6aKTepUU B TEUEHUE BETeTallMOHHOT0 Ce30Ha
TepefarTcs OT PacTeHUS K PacTeHUI0 Yepes LoXK/e-
BYIO ¥ TTOJIUBHYIO0 BOLY. BaKTepuu IJIUTEIbHOE BpeMs,
KaK MUHUMYM T'0JI, CIIOCOGHBI COXPAHSATHCS B ITOUBE
U PaCTUTENIbHBIX OCTAaTKaX, OTKyZa (PUTOIIATOTEH I1PO-
HUKAaET B 3JI0POBbIE PACTEHUS Yepe3 YCThbUIA, MeXa-
HUYeCKUe TTOBPEXIEHY S, BBI3bIBAS HOBYIO BCIIBILIKY
3abosieBaHudg [1, 3, 4].

EcCTb aHHbBIE O ITepeHOoCce UHMEKITUY C HACEKOMBbI-
MU Y COPHBIMU PacTeHUSIMU ceMelicTBa KpecToiBer-
Hble. [ToaToMy npoduiakTuka 6aKTepurosa JoJKHA
TIpeACcTaBIATh KOMILIEKC Mep, BKIoUasg 60pbOy ¢ Ha-
CEeKOMBIMU U COPHSIKaMU, a TaK)Ke MCIIOJIb30BaHMe
3JI0POBOTO ITOCAZIOYHOI'0 MaTeprajia, 06paboTKy ceMsIH
Y IPUMEHEHUE YCTOMYUBBIX COPTOB. OCHOBHBIM ITyTEM
pacmpocTpaHeHus Ha GOJIbIIIYE PACCTOSHUS IBIISTIOTCS
3apa)keHHbIe ceMeHa 1 paccaja [1, 3].

B XOo/le MOHUTOPWHTA PacIpOCTpaHEHUS Ha
Tepputopum PO BpenHBIX OPTaHU3MOB, UMEIIIUX
KapaHTWHHOe 3HaueHUe AJa KuTas, mabopaTtopueh
6akTepuoJioTuu VCIbITaTENbHOTO JabopaTOPHOTO
nentpa ®IrbY «BHUMKP» B 2019 1. 6bLIM ITpOaHa-
Ju3upoBaHbl 250 06pa3Il0B BEereTAaTUBHBIX YacTel
parmca.

P s. pv. maculicola Ha cpege Kunra b o6pasoBbIBa-
Jia i dysHbIN QIyopecuupyIui MUrMeHT (puc. 4),
CITY>KMBIIUY AUaTHOCTUYECKUM IPU3HAKOM TIPU aHa-
JI3e MUKPOOGUOJIOTMUECKOT0 TTIOCERA.

B pesysbTaTe aHaIMU3a TeHETUYECKUX MOCJIe0-
BaTeJIbHOCTEN OOJIBIIMHCTBO N30JIUPOBAHHBIX IITAM-
MOB GBI OTHECEHBI K Bumam Pseudomonas fluorescens
u P, putida. B xozie vicciaemoBaHU 06Pa3IloB SKCIIOPT-
HOT0 parica He ObLJIO BbISIBJIEHO ITPEACTABUTENIEN BUA
Pseudomonas syringae.

Fig. 5. Culture of P. s. pv. maculicola

48 hours (photo by A.B. Iaremko)

by a chlorotic halo (Fig. 2). The
size of the spots can reach from 3
to 7 mm. The symptoms of spot-
ting are particularly pronounced
on the underside of the leaf. Such
damage distorts the shape of the
leaf and give it a wrinkled, rough-
ish look. If the damage is severe,
the leaves die back and fall off,
and the young plants may die. If
the seedlings survive, the plants
lag far behind in growth and do
not form seeds [1, 3, 4].

Both vegetative and gene-
rative parts of the plant are af-
fected by bacteriosis. At first the
spotting is located on the surface
of cauliflower inflorescences, but
as the disease progresses infec-
tion penetrates deep into tissues,
leading to their destruction. The
color of the spots varies from
brown to grayish-brown. Affect-
ed capitates rot quickly as a re-
sult of secondary saprophyte mi-
crobiota penetration [4, 5].

Black and brown spots of
undefined shape are observed in
the affected pedicels, which sub-
sequently lead to a significant de-
crease in seed quality. Black spots
with shiny surface are also formed outside and inside
the pods of infected plants. Bacterial infection passes
from pods to seeds, which later become black [4, 5].

The bacteria may also cause symptoms of root
rot on radish, daikon and other Brassicaceae plants
(Figure 3).

Wet, cool weather and frost contribute to the
spread of the disease. During the growing season, bac-
teria are transmitted from plant to plant through rain-
water and irrigation. Bacteria are able to persist for at
least a year in soil and plant residues, from where the
phytopathogen penetrates into healthy plants through
stomatae, mechanical lesions, causing a new outbreak
of disease [1, 3, 4].

There are data on the transfer of infection with in-
sects and weeds of the cruciferous plants. Therefore,
bacteriosis should be prevented by a set of measures,
including insect and weed control, as well as the use
of healthy propagative material, seed treatment, resis-
tant varieties. Contaminated seeds and seedlings are
the main means of long-range spread [1, 3].

In the course of monitoring the spread of pests
of quarantine importance to China on the territory of
the Russian Federation, 250 samples of rape vegeta-
tive parts were analyzed by the bacteriology laborato-
ry of the Laboratory Testing Center of FGBU “VNIIKR”
in 2019.

P s. pv. maculicola formed on King B medium a dif-
fuse fluorescent pigment (Fig. 4), which served as a di-
agnostic feature in the analysis of microbiological in-
oculation.

dutocaHutapus. KapaHtuH pactenuii 30
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CormacHO HCCIELOBAaHUAM SAMOHCKUX yue-
HbIX [15], pasiuuHbie U30JATHI P. . pv. maculicola
OBLIM pas3jieJIeHbl Ha 4 TPYIIIBI 10 KYJIbTYPaJibHbIM
MIpu3HaKaM U CUMIITOMAaTUKe Ha PAaCTEHUIX-X035e-
Bax. I'pynmbt 11T u IV 06pa3oBeIBANIN HETIPO3PAUYHbIE,
CJIM3UCTHIE, BHIMYKJIbIe C POBHBIM KpaeM KOJIOHUU
Ha Yalkax ¢ 6e3TJIF0KO3HBIM MTENITOHHO-IPOXKEBBIM
arapowm (puc. 5), a u3ossaThl rpymnil [ u Il o6pasoBbIBa-
JIY TIpO3payvHble BHIMYKJIble KOJIOHUU Ha 3TOU cpelie.
Kosonuu rpynnel IV BriociaeLCcTBUM CTAHOBUJIUCH
KpyIHee (Ha 2—3 MM), UeM KOJIOHUHU rpyIsl I11, uepes
3 mus ripu 28 °C. BiocyieiIcTBUY K rpy1ine [ 6b1I0 OTHE-
CEHO GOJTBIIMHCTBO U30JISITOB M3 MUPOBBIX KOJUIEKITUH,
B TOM YUCJIe HOBO3€eJaHACKUHI TUIIOBOM U30JIAT C IIBET-
HOU KaIycThl U 1 M30JIAT C IIBETHOM KaIlyCThl U3 SI10-
Huu. B rpyrmy I BOULIY M30JIATHI, TOJIyYeHHBIE C Taii-
KOHA U BBI3bIBABIIVE MEJIKYI MIATHUCTOCTD JIUCThHEB
Y THUJIb KOPHS, TAaK)Ke GPUTAHCKUM U30JISIT C TOPYHUITBI.
B rpymmy 111 BOUIIY M30JIATHI C TIEKUHCKOUM KaIlyCThI,
perbl, 60k-4o0s (Brassica rapa subsp. chinensis) v 11BeT-
HOY KamycThl U3 AnoHuu. B rpynity IV BOIIY U309 ThI
¢ IalikoHa u3 SJTIOHUY, BBI3BIBABIIME KPYITHBIE HEKPO-
3bl, U ¢ penyica us CIIIA. BriocnencTBuu rpymnmna IV 6bu1a
OTHeceHa K Pseudomonas cannabina pv. alisalensis.

TakuMm 06pas3oM, ISt TUATHOCTUKYU BO3OYIUTEIS
TpebyeTcs KOMIIJIEKCHBIN MTOIXO0M, B CBSI3U C BBICOKUM
KYJIbTYPaJIbHO-MOP(OJIOTUIECKUM U FreHeTUUeCKUM
CXOICTBOM I1aTOBapOB BHYTPU Buua Pseudomonas
syringae, a TaK)Xe BOBMOXXHOCTBIO TTIOPa)kKEHMS pacTe-
HUM-X035€B APYrUMU GUTOIIaTOTEHAMU CO CXOIHOU
CUMIITOMATUKOU TeUueHUsI UHDEKIUH.

3AKJ/IIOYEHUE

Panee B Poccuu GakTepuabHbie GOJIE3HU palica
OBLIY U3YUYEHBI B HEJIOCTATOUHON CTeIeHU. [Tpu aTOM
KUCCJeN0BaHMUs, 3aKJIIOYAIONINECST B ONpeleJIeHUn
KYJIbTyPaJbHO-MOP(DOJOTUUECKUX, BUOXUMUUECKUX
CBOMCTB, IBJSIOTCSA aKTyaJbHBIMU MeTOLaMU J1ab0-
PaTOPHBIX UCCIeNOBaHUN BO36yAUTENST GAaKTEPU-
QJIbHOYN MATHUCTOCTH IIBETHOM KamycThl. [l03TOMY
IuarHocTuka P s. pv. maculicola mpencTaBiisieT co60M
KOMILJIEKC METO/IOB, BKJIIOUAKIINX 00513aTEJIbHOE BhI-
IeJieHVe YMCTOM KyJIbTYphI TaTOTeHa U PabOTy C CUM-
IITOMHBIM MaTEPUATIOM.

AHaJIM3 CyIIeCTBYIOUINX JaHHBIX TTOKa3aJI HE06X0-
IMMOCTb pa3paboTKy 1 COBEPIIEHCTBOBAHKS METOIOB
IUarHOCTUKY, TTO3BOJISIONIUX JOCTOBEPHO BBISIBUTH
U uIeHTUUIINPOBaTh 6aKTepuio P, 5. pv. maculicola s
CBOEBPEMEHHOTO 06HaPY)KeH M 3a00JIeBaHUS B PACTH-
TeJIbHOM MaTepualjie ¥ ceMeHax parica.

JIUTEPATYPA

1. Ta6op B., Kao [Ix., Kpayse [I. PYKOBOZICTBO I10
60JIE3HSIM KPECTOIBETHBIX. [IpaKTUUecKoe mocobue
ILJISI CEMEHOBO/IOB, OBOIIEBO/IOB M KOHCYJIBTAHTOB TI0
CeJIbCKOMY X035HCTBY. — Seminis, 2013. - 50 c.

2. MatBeeBa E.B., irgaTtoB A.H., [ToauTbiko B.A.,
®okuHa B.I. BakTepuraabHble 00JIe3HM parica // 3aiuTa
¥ KapaHTUH pacTeHuit. — 2008. — C. 23-24.

3. Cranmapt EOK3P PP 2/7 (1) Guidelines on good
plant protection practice. Vegetable brassicas // Bulletin
OEPP/EPPO Bulletin. — 1996. — No. 26. — P. 311-347.

4. CranueBa . ATiac Gojle3Heil celbCKOX03Sii-
CTBEHHBIX KyJNbTYD [. BOJIE€3HU OBOUHBIX KYJIBTYP. —
Codust — Mocksa: ITeHcodrt, 2005. - 181 c.

5. Agroatlas, 2020. — URL: http://www.agroatlas.ru
(mata obpamenus: 06.06.2020).

As aresult of genetic sequence analysis, most iso-
lated strains were attributed to Pseudomonas fluorescens
and P, putida. No representatives of the species Pseudo-
monas syringae were identified in the studies of export
rape samples.

According to studies by Japanese researchers [15],
various isolates of P. 5. pv. maculicola were divided into
4 groups according to cultural features and symp-
tomatology on host plants. Groups III and IV formed
opaque, mucous, convex colonies in dishes with glu-
cose-free pepton-yeast agar (Fig. 5), and isolates of
groups [ and II formed transparent convex colonies
on this medium. Colonies of group IV later became
larger (by 2—3 mm) than colonies of group III, after 3
days at 28 °C. Subsequently, most of the isolates from
the world collections were assigned to group I, inclu-
ding New Zealand colonies of cauliflower and 1 colony
of cauliflower from Japan. Group II included isolates
derived from daikon that caused fine small leaf spotting
and root rot, and British mustard isolate. Group III in-
cluded isolates from Beijing cabbage, turnips, bok choy
(Brassica rapa subsp. chinensis) and cauliflower from Ja-
pan Group IV included isolates from Japanese daikon,
which caused large necrosis, and from radish from the
United States. Group IV was subsequently assigned to
Pseudomonas cannabina pv. alisalensis.

Thus, to diagnose the pathogen a comprehensive
approach is required due to the high cultural, morpho-
logical and genetic similarity of the pathovars within
the species Pseudomonas syringae, as well as the possibi-
lity of the host plants to be affected by other phyto-
pathogens with similar symptoms of the infection
course.

CONCLUSION

Previously, bacterial diseases of rape were insuffi-
ciently studied in Russia. At the same time, the stu-
dies, which determine cultural, morphological and bio-
chemical properties, are actual methods of laboratory
tests of bacterial leaf spot of cabbage. That is why di-
agnosis of P, s. pv. maculicola is a complex of methods
that includes the required isolation of the pure culture
of the pathogen and the handling of the symptomatic
material.

The analysis of existing data has shown the need
to develop and improve diagnostic methods to reliably
detect and identify the bacteria P, s. pv. maculicola for
timely detection of the disease in plant material and
rape seeds.
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AuHoTauuA. B npoyecce pabomul 6bl1a UYYEHA 803-
MOJNCHOCMb NPUMEHEHUSL Memoda NOAUMEPA3HOT UenHol
peaxyuu (TTLP) onpedenenHuvix yuacmros eena COI 0ns udeH-
mugukayuu asuamcxoii 20010l Opozogunvt Drosophila
suzukii Ha NPEUMALUHANBHLIX CMAJUIX PA3BUMUS U 603-
MONCHOCb NPUMEHEHUS. U3YYUaAeMblX mMecmos s 1a60pa-
mopHoti duazHocmuku. B cmambve npueedeHvl 0pueuHaIb-
Hvle dauHble (HykJieomudnvle nociedosamenvHocmu) Ons
udenmuguxayuu yenesoeo obvexma memodom I1LP u ux
nocaedyoueeo Ucnosv30eanus 8 nodbope sudocneyudiuy-
HbLX 2EHEMUYECKUX MAPKEPOS.

KiroueBsle cioBa. Asuamckas 200Has dpo3oguna
Drosophila suzukii, sudosas udenmuguxayus, ITLP, eex
COI, kapaumuu pacmeHull.

BBEJEHUE

mocjaegHue TOAbl 3HAUYUTENbHO
YBEJIUYUJICA UMIIOPT ILJI0L0BO-
SITOIHOM TIPOAYKIIMY Ha TEPPUTO-
puto Poccuiickot denmeparuu. I1o
na"HbIM PeflepaibHOM CIIYXKOBI 110
BeTepUMHAPHOMY U (DUTOCAHUTAPHOMY Hazzopy (cTa-
TUCTWKA TIOCTYTIAIIEN MPOLYKIIUY B HCIIBITATENb-
HbIe JIabOPaTOPUM CTPaHbl COTJIACHO MH(OPMAIIOH-
HOW cucteMe «Apryc-®uTo»), ToJbKo 3a 2018-2019 rT.
Ha TeppuTopur Poccuyu UMIIOPTUPOBAJIU OKOJIO
2 MJIpPZ, T TIJIOAOBOY U ATOLHOU MPOAYKIIMY HA CYMMY
6oJiee 3 muiph, mosapos CIIA m3 cTpaH pacipocTpa-
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Application

of polymerase chain
reaction method

for identification

of preimaginal stages
of Drosophila suzukii
(Matsumura, 1931)
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Abstract. In the process of work, the possibility of ap-
plication of polymerase chain reaction (PCR) of certain COI
gene fragments for identification of preimaginal develop-
mental stages of spotted-wing drosophila Drosophila suzukii
and possibility of application of these methods for laboratory
diagnostics were studied. The article presents original data
(base sequences) for identification of the target object by PCR
method as well as further use for selection of species-specific
genetic markers.

Keywords. The spotted-wing drosophila Drosophila
suzukii, species-level identification, PCR, COI gene, plant
quarantine.

INTRODUCTION

n recent years, the import of fruit products into
the Russian Federation has increased signifi-
cantly. According to the data of Federal Ser-
== vice for Veterinary and Phytosanitary Sur-
veillance (statistics on products incoming to
the testing laboratories of the country, according to the
Argus-Phyto information system) in 2018-2019 only,
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