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CeNbCKOX03AMCTBEHHAsa opranmnszaumsa (U ( [\32 5,/ ) KOHBEHUMA no KapaHTUHY
06beauHeHHbIX Hauuii ST 2 M3awmTte pacTeHuin

3HaeTe nu Bbl, 4T0 MCPM - 310
eQMHCTBEHHbIE MeXOYHapPOaHble
CTaHAAPTbl, MOCBSALWEHHbIE 300POBbIO
pacTeHnmn?

MexayHapogHble CTaHAapTbl No GUTOCAaHUTapHbIM MepaM (MCOM) - 310
MeXYyHapOoaHblE MHCTPYMEHTbI, KOTOpble YfieHbl BceMupHoil Toproson

Me)'KnyHa ponH ble CTa Hna prI opraHusauum (BTO) npu3HaloT B KaYyecTBe MeXAYHApPOAHbIX 3Ta/llOHOB B

4yacTu, Kacarowencs TOproBan pacTUTENbHbIMU TOBapaMu. 3TN CTaHAapPThbI
NMPUMEHSIIOTCA MPU MEXAYHAPOAHOM Toproefie B pamkax CornaweHus no
I o ¢ MToca H MTa p HbiIM M e pa M NMPUMEHEHMIO CaHUTapHbIX U puToCcaHMTapHbIX Mep (CornaweHus no CHC).

MeXpyHapoaHasi KOHBEHLMSI MO KapaHTMHY M 3aWuTe pacTeHui
(MKK3P) - eagMHCTBEHHAs MPU3HAHHAs Ha MEXAYHAPOAHOM YPOBHE CTaH-
3A|_|_L|/|T|/| M PACTEHNY = COXPAHUUM XWN3Hb AapTOyCTaHABMBalOLLAS KOHBEHLMSA B 061aCTM 300POBbS paCTEHUN.

DTN CTaHZAPTbI TaKXKe BHOCAT BKNag, B peannsaunto NMoBeCcTKn gHa
OpraHusaumnm O6beguHeHHbIXx Haumn (OOH) B 06nacTn yCTOMYMBOTO
pa3BuTUS Ha nepuopg ao 2030 roga n Llenen OOH B obnacTu
YyCTOWYNBOTO Pa3BUTUS.

i 3awmTaycTon4Ymeoro i 3awmTa i Copencreue
i CenbCKOro xo3sMcTBa U i okpyxatoLel i pa3BuTuHiO
i ycuneHune rnobanbHoil i cpefbl, NecoB i 3KOHOMUKM 1
i NMPOAOBO/LCTBEHHOM i BruopasHoobpasus i Toprosnu
i BesonacHoCcTH : :
v \/ \/
JNHKBUAALAA JINKBUAALLMA 8 ﬂmnm PABOTA OTBETCTBEHHOE
HHILETHI ToNnojA W SKOHOMUYECKMA 1 MOTPERNEHUE
poCT W POHBOACTEO
bk (44
st < M O
‘I COXPAHEHME 1 MAPTHEPCTBO B 1 BOPbBA
JKOCHCTEM CYLLIK MHTEPECAX C U3MEHEHHEM
YCTOHYMBOTD PA3BHTUA KTHMATA

> B T 3

A
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Ponb MCOM LleHHble npumepbl MCOM B gencteun. ..

MKK3P 1 MCOM nmetoT pyHAaMeHTaIbHOE 3HAYEHME A1 MeXAYHAPOLHOM

rapMoHM3aumnm GUTOCAaHNTAPHBIX MeEp U nonynspusaumu rno6uaanoro KAKVIM OBPA30M Bbl JOKYMEHTA/TbHO

COTPYAHMYECTBA, HaNpaB/IeHHOro Ha cofecTBMe 6e30MacHol TOpPro.e.

OHM CIOCOBCTBYIOT: NOATBEPXOAETE, YTO PACTUTE/IbHbIE
MPOAYKTbI COOTBETCTBYHOT TPEBOBAHUAM?

¢ nNpefoTBPALLEHUNIO MHTPOAYKLUUMN U aKKAUMaTU3aLUN BPeAHbIX
A/19 paCTEHUIN OPraHnU3MOoB; 0000000000000 00000 0SS :

¢ 3awuTe hepMepPCKMNX XO3ANCTB OT 04aroB BPEAHbIX OPraHM3MOB, i « MCOM 12 onucbiBaeT npouecc cepTuguKaumm, npu
i 3TOM 3/IeKTpOHHasa hunTocaHnTapHas cepTudmKaLlms

- 3TO CnepyloLWmMI War, N03BONSAOWNN CaenaTb ero
6onee achpeKTUBHbIM

NPUBOASLLMNX K TSHKENBIM SKOHOMUYECKUM NOCNEACTBUSIM;
¢ npepoTBpaLLeHuto yuepba ans oKpyxXatoLen cpeabl 1 3awmTe

3KOCUCTEM;
* 3aWuTe OTPACHEl NPONIBOACTEA U MOTPEBHTENEI OT PACXOIOB
Ha 60pb6y C BpeaHbIMN OpraHn3MaMun Uan Ha X NMKBnaauunio; TAPMOHU3NPOBAHHBIE |_|P|/|HL|,|/||_||:)| AHAJTN3A
¢ yYMpOLLEHMIO NPoLeayp MEXAYHAPOAHON TOProBAM. ®UTOCAHUTAPHOMO PUCKA (ADP)
. e S
Ca MbIU T p03 pa‘-l HbIN U « BMCOM 2 npusoputca cTpykTypa npouecca AOP
6ecnpuncTpacTHbIV NpoLlecc . BMC®OM 11 1 MCOM 21 onucarsl Tpy >Tana |
i nposegeHus AGP
Pa3paboTKu 1 yTBEPXAEeHUS
CTaHAapTOB
MCOM pa3spabaTbiBalOT MeXAyHapoaHble 3KCMepTbl, U [0 YTBEPXAeHUS HNKAKWUX 3ACOPAROLLWX BPEAHbIX
Komuccueid no duTtocaHuTapHbiMm Mepam (KOM) mo HMM nposogsaTcs OPFAHM3MOB HA AEPEBAHHbLIX NO440HAX!
KOHCY/IbTaL M.
M

Mpouecc pa3paboTKM 1 yTBEPXKAEHUSA CTaHRAPTOB KypupyeT KomuteT
K®M no ctaHgaptam n obecneymBaet pynna CekpeTtapuata MKK3P no
pa3paboTKe CTaHAAPTOB.

i « BMC®M 15 npuBogaTcs cnocobbl yaaneHus
i onacHbIX BPefHbIX OPraHN3MOB, NepeMeLLaloLLXCS C
A peBeCHbIMM YMAaKOBOYHbIMW MaTepuanamu.

Co3paHune Pa3paboTka KoHcynbTauusa u YTBepXxaeHve n
crvcKa Tem npoekTa peueH3npoBaHue nybnvkaums
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NPUHUMAWTE YYACTUE!

»

»

»

MpuHMManTe y4acTue B paboTe pefaakLMOHHbIX U
TEXHWUYECKUX FPYNM 3KCNepTOB.

B3anMopgencTBymTe CO CBOMMU HAaLMOHANBHON 1
pernoHanbHOM OpraHM3aumnsMy No KapaHTUHY 1 3alumTe
pacTeHu.

MpuHMManTe yyactme B pabote Kommuccum no
buToCaHUTapHbIM MepaM.

Mbl XOTUM, YTOBbI Bbl AIAJZTN O CEBE 3HATD!

»

»

»

Mpepnararite Tembl (pa3 B ABa roga) u duToCcaHUTapHbIe
06paboTKM (Ha MOCTOSIHHON OCHOBE).

YyacTByMTe B KOHCY/IbTALMSIX NO NPOEKTaM cneundukaymn
K CTaHpapTam.

Y4yacTByMTe B KOHCY/bTaLMAX MO MPOEKTaM CTaHAAPTOB.

BHECUTE CBOI BK/A/!

»

»

»

»

OkaxunTe (pMHAHCOBYIO NOAAEPXKKY pa3paboTKe NpoekTa
CTaHpapTa.

OkaxunTe (pMHAHCOBYIO NOAAEPKKY paboTe pefaKLMOHHON
rpynnbl 3KcnepT1dB.
MpodbuHaHCUpYITE
OKaxuTe cogencTs
®AO.

OHKPETHbIN MPOEKT.
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CTPAHUUA, NOCBALWLEHHAA PASPABOTKE CTAHOAPTOB

COUMAIbHBIE CETH

» Twitter: @ippcnews

» Facebook: ippcheadlines

» LinkedIn: groups/3175642
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Did you know that the ISPMs are
the only international standards
dedicated to plant health?

International Standards for Phytosanitary Measures (ISPMs) are international
instruments, recognized by the members of the World Trade Organization (WTO)
as international benchmarks for trade in plant commodities. These standards
are applied in international trade under the Agreement on the Application of
Sanitary and Phytosanitary Measures (the SPS Agreement).

The International Plant Protection Convention (IPPC) is the only internationally
recognized standard setting convention for plant health.

Standards also contribute to the United Nations (UN) 2030
Agenda for Sustainable Development and the UN Sustainable

Development Goals.
L))
=

i Protect sustainable i Protect the i Facilitate
i agriculture and enhance i environment, i economic
: global food security : forests and i and trade
: : biodiversity i development
\/ \/ \4
NO IERO DECENT WORK AND 12 RESPONSIBLE
POVERTY HUNGER ECONOMIC GROWTH CONSUMPTION
AND PRODUCTION
[ ] C K ) [ ]
LY S ™
LU 4 (1’
CLIMATE
LIFE PARTNERSHIPS
1 ON LAND 17 FOR THE GOALS 13 ACTION

s o




®AO UHOOPMUPYET FAO INFORMS

dutocaHuTapusi. KapaHTuH pacTeHuii

The role of ISPMs

The IPPC and ISPMs are essential in the international harmonization of
phytosanitary measures and in the promotion of global cooperation on the
facilitation of safe trade. They help to:

prevent the introduction and establishment of plant pests;
protect farmers from economically devastating pest outbreaks;
prevent damage to the environment and protect ecosystems;
protect industries and consumers from the costs of pest control
or eradication;

¢ facilitate international trade.

* & o o

The most transparent and inclusive
standard setting process

ISPMs are drafted by international experts and go through a consultation process
before being adopted by the Commission on Phytosanitary Measures (CPM).

The standard setting process is overseen by the CPM Standards Committee
and facilitated by the IPPC Secretariat's Standard Setting Unit.

Stage 1 Stage 2 Stage 3 Stage 4

Developing the Drafting Consultation Adoption and

list of topics and rewiew publication

10
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Valuable examples of ISPMs in action...

HOW DO YOU CERTIFY THAT PLANT PRODUCTS
COMPLY WITH REQUIREMENTS?

i * ISPM 12 describes the certification process and ePhyto is
{  the next step to make it more efficient.

HARMONIZED PRINCIPLES
OF PEST RISK ANALYSIS (PRA)

i * ISPM 2 provides a framework
:  for the PRA process.

* ISPM 11 and ISPM 21 describe the three stages of
i conducting PRA.

* ISPM 15 provides solutions to remove dangerous pests
travelling with wood packaging material.

Hekabpb N2 4 (4) 2020
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GET INVOLVED!

»

»

»

Participate in expert drafting groups and technical panels.
Engage with your national and regional plant protection
organization.

Attend the Commission on Phytosanitary Measures.

WE WANT TO HEAR FROM YOU!

»

»

»

Submission of topics (every two years) and treatments
continuously.

Consultations on draft specifications for standards.
Consultations on draft standards.

CONTRIBUTE!

Sponsor the development of a draft standard.

Sponsor an expert drafting group.

Fund a specific project.

Contribute to translation of documents into FAO languages.
Provide human resources to the IPPC Secretariat.

»

»

»

»

»

12

DAO UHOOPMUPYET

FAO INFORMS

STANDARD SETTING PAGE

SOCIAL MEDIA

» Twitter: @ippcnews

» Facebook: ippcheadlines

» LinkedIn: groups/3175642

o0Le

BY NC SA
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KapmnoJiornueckue
KOJIJIEKIIUU COPHBIX
BH/IOB pacTeHUM:
COBPEMEHHOE
COCTOSIHUE

U IePCIEeKTUBbI
pa3BUTUS

10.10. KYJIAKOBA

®I'BY «BcepoccuiicKuii IIEHTP KapaHTHUHA
pacreHuii» (PI'BY «BHUMKP»), p. 11. BBIKOBO,
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AHHOTALUA
Kapnosiornueckue KOJJIEKIIUM SBJISIIOTCS 6a30BbIM
UHCTPYMEHTOM JIJIsl BeLeHUS TTOJTHOIIeHHBIX HayYHBIX
WCCJIENOBAHWHY I10 U3YUYEHUIO CTPOEHUS TIJIO/I0B U Ce-
MSTH PAaCTeHUU Pas3iMUHbIX TAKCOHOMUYECKUX TPYIIIL,
BBISIBJIEHUIO IMAaTrHOCTUYECKUX IIPU3HAKOB, HE00X0-
IVMBI B IPOBEeIeHNY J1abopaTOPHBIX repboiormyec-
KuX uccjenoBaHuil. [IpaBUIbHO OPraHU30BAHHBIN
c60p CEMSH/TIIIONOB B IIPUPOJIE U NaJbHEUIIUHN yUeT
KOJIJIEKIITMOHHBIX MAaTEPUAJIOB SIBJISIOTCS 3aJI0OTOM BbI-
TIOJIHEHUSI KaueCTBEHHOUW HayuYHOU M MPUKJIATHOU
IesSTeJIbHOCTHY 110 TePOOIOTUH.

Knrouesoie cnosa. Kapmoaorus, KapIioJioruyecKkas
KOJIJIEeKIIUs, TIJIONbI, CeMeHa, COpHble PAacTeHUsd, Ka-
PaHTUHHbBIE BUIBI, TePOOJIOTUYECKNE UCCIeL0BAHNU,
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CBSI3aHHBIE C OII€HKOU 3aCOPeHHOCTH U YacTOTOU
BCTPEUAEMOCTY HEKOTOPBIX BULOB COPHBIX PACTEHUN
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u E.B. PazyMoBO#i 3a KOHCTPYKTHUBHBIE IIPE/JIOKEHUS
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TOTOBKU M PELAKTUPOBAHUS CTAThU.
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OIUIEM3BECTHO, YTO ILIOABI ITBETKO-
BBIX PACTEHMI YPe3BbIUYAHO Pa3HO-
06pasHBbI IT0 CTPOEHUI0, OKpacKe, hop-
Me. Bce 3T0 pasHooGpasue uaydaeT
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Carpological
Collections of Weed
Plants: Modern Status
and Development
Prospects

Y.Y. KULAKOVA

All-Russian Plant Quarantine Center

(FGBU “VNIIKR”), Bykovo, Ramenskoye,

Moscow region, Russia;
e-mail: thymus73@mail.ru

ABSTRACT
Carpological collections are a basic tool for conducting
comprehensive research on the structure of fruits and
seeds of different taxonomic groups of plants, and for
identifying diagnostic characteristics; they are essen-
tial for laboratory herbological studies in Plant Quaran-
tine. A properly organized collection of seeds/fruits in
nature and a further recording of the collection mate-
rials are a cornerstone to quality research and applied
activities in herbology.

Keywords. Carpology, carpological collection,
fruits, seeds, weed plants, quarantine species, herbo-
logical studies, identification.
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ruits of flowering plants are extremely diverse
in structure, colour and shape. Carpology, a
special section of botany, studies the diver-
sity of fruits. One of the tasks of carpology

dutocaHutapus. KapaHTuH pactenunin = 14
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KapIIoJIOTHs — CIIeIMaIbHBIN pasaen 6oTanuky. OmMHON
U3 3a71a4 KapIIOJIOTUY SIBJISIETCS U3yUeHre 0COOeHHO-
cTelt MOP(GOJIOrNYECKOTI0 CTPOEHNS 1 TeHEe3UCa IIJI0N0B
¥ CEMSIH Pa3JIMYHbIX I'PYIII pacTenutii [1, 2, 3, 4, 5, 6].

B Poccuu kaprosiornyeckoe HalipaBJjeHue 10JIy-
unjo pa3BuTue B XIX Beke Ha 6a3e MOCKOBCKOTO YHU-
BepcuTeTa, rae 6iaromaps HayYHOU JIeATEIbHOCTHU
I.®. Todpmana, b.M. Kozo-TlosssHckoro, C.10. Jlunmuiia,
H.H. KajleHa 1 MHOTUX JPYTUX yUeHbIX ObLIN ITPOBe-
IIeHbI Cepbe3HbIe HAyUHbIE UCCIEOBAHUS, OTTyBINKO-
BaHbI MHOTOYUCJIEHHBIE TPYAbI, PYKOBOJICTBA, TOCOOUS
10 KJlaccu(UKaIIMY IIJIOIOB U CEMSH Pa3JIMUHBIX Ce-
MEeMCTB 1 cOOpaHbl OTPOMHbIE KOJUIEKIIMY 06Pa3IloB CO
Bcero mupa [7]. 3HauuTeNbHAas 110 06bEMY U BUILOBOM
MIPeNCcTaBIEHHOCTH KapIloJoTryecKas KOJIJIEKITUS Ha-
XOIUTCS B BoTaHMuYeckoM My3ee BoTaHMYeCKOro MH-
ctutyTa uM. B.JI. KomapoBa PAH (6osiee 36 Thic. 06pas-
110B). A camas 6oraTasi B MUPe KOJUIEKIUS KYJIbTYPHBIX
pacteHul mpuHamIexuT PenepasbHOMY UCCIEN0BA-
TEeJIbCKOTO IIeHTPY «Bcepoccuiickuii UHCTUTYT TeHe-
TUYEeCKUX PecypcoB pacTeHud uM. H.M. BaBuyioBa»
(6osee 250 ThIC. 06PABIIOB).

Bcepoccuiickuil eHTP KapaHTWHA PacTeHUH
(®I'BY «BHUHMKP») ¢ MOMEHTa CBOET0 CO3JaHuI U Ha
MIPOTSKEHUY HECATKOB JIET IPOBOAUT PabGOTHI 10 c60-
Py CEMSH U TIJIOAOB COPHBIX pacTeHUU. B hoHmax nH-
CTUTYTa COXPAHUJIUCH CTapeline KOJIEeKIIUN U YHU-
KaJIbHbIE 06Pa3Ilbl CEMSH, KOTOPhIE OBLIN ITOJIYYEHbI
B X0jie 0OOMeHa OITbITOM C MHOCTPAHHBIMU KOJIJIETaMU
U TI0e370K B 3apy0eKHbIe CTPAHBI.

3anocnenHue roasl COTpynHUKU GI'BY «BHUVIKP»
y4YacTBOBAJIU B TIOJIEBBIX BbIE3/IaX B Pa3JIMUHbIE CTPa-
HBI MUpa: ApreHTuHy, BbeTHaM, IH0He3U10, KuTai,
Kenwuto, Kotymbuto, Mekcuky, [lepy, Yunu, Y36eku-
ctaH, I0xHyt0 Koperto, ATIOHWIO U JIP.; TPOBOAMIIN C60-
PBI COPHBIX PACTEHUH B YCJIOBUSIX UX €CTECTBEHHOTO
apeajia Wy B MECTaX yCIIEITHON aKKJIUMAaTU3aIUU.
Cob6paHHbie 06pasiibl PACTEHUH CYIECTBEHHO MO0 -
HUJIU KOJIJIEKIIMOHHBIE (DOHIBI UHCTUTYTA. BaXKHBIM
crIoco60M TIOJIyYeHUs CEMSH U TIJIOL0B COPHBIX pac-
TEHUU CTaJIU TTOEe3IKHU 10 TEPPUTOPUU Poccuiickou
denepaiuu.

Heo6X0IMMO OTMETUTDh 3HAUUTEJbHBIA BKJIA,
OTZIEJIbHBIX COTPYAHUKOB UHCTUTYTA B ITOTIOJIHEHE
kosmekimuy: .. Kacarkuna, T.B. 96ensb, [.JI. benku-
Ha, C.10. MyxaHoBa, K.A. 'pe6eHHmKOBa, 11.0. Kamae-
Ba, E.A. Cyxoso30Boii, H.M. ATaHoBa, E.B. PazyMoBOH,
S1.H. KoBaseHko, I0.A. JloBrioBoii, K.IT. KopHeBa u 1p.

Tak, B 2019 I. B KOJLJIEKIIVIO [IOCTYIIUIIU YHUKAJIb-
HbIe 00pasIlbl pacTeHUN: repbapuii 1 ceMeHa CTPUTU
erurieTckoi Striga hermonthica (Delile) Benth., cobpaH-
ueie B Keuuu (5. KoBanenko, C. MyxaHosB, H. LluH-
KeBUY); CeMeHa ITacjieHa KapoJuHCKOro Solanum
carolinense L. (K. I'pe6eHHuKOB, C. MyxaHOB); 06pa3Ilbl
VHBa3WBHBIX BUIOB ITACJIE€HOB II0Apoaa Leptostemonum,
yepen v urioMeti u3 Boernama u Tanzanuu ([.T. Kacat-
kuH) (puc. 1-2).

Ha cerogHAMIHNUY JeHb KapIIOJOTUYeCcKas KO-
JIeKIIVSI aHHOTMPOBAHHBIX 006pa3IoB, CO3JaHHAI
B OTZleJie MHBa3WBHBIX BUIOB PacTeHUM, BKJIOYa-
eT 531 o6pasell. V3 HUX BUIOBasA IIPUHALIEKHOCTD
ycTtaHoBjeHa 44 109 BunoB, oTHOCcAuxcda K 40 po-
IaM, 9 ceMelicTBaM IIBETKOBbIX pacTeHuil (Asterace-
ae, Poaceae, Solanaceae, Convolvulaceae, Orobancha-
ceae, Polygonaceae, Euphorbiaceae, Papaveraceae,
Malvaceae). HauboJiee IIOJIHO IIpeACcTaBIeHbl 00pas-
1IaMM pPacTeHUs, BKIIOUYEeHHbIe B EQUHBIN IepedeHb

is to study the morphological structure and genesis of
fruits and seeds of different plant groups[1, 2, 3, 4, 5, 6].

In Russia, carpology developed in the 19" cen-
tury on the basis of the Moscow State University,
where G.F. Goffman, B.M. Kozo-Polianski, S.I. Lipshits,
N.N. Kaden and many other researchers carried out im-
portant studies, where numerous works, guides, manu-
als on the classification of fruits and seeds of different
families were published, and huge collections of spe-
cimens from around the world were collected [7]. A sig-
nificant carpological collection in terms of volume and
species representation is located in the Komarov Bo-
tanical Museum of the Botanical Institute of the Rus-
sian Academy of Sciences (more than 36,000 speci-
mens). And the richest collection of cultivated plants
in the world belongs to the Vavilov All-Russian Institute
of Plant Genetic Resources of the Russian Academy of
Sciences (over 250,000 specimens).

The All-Russian Plant Quarantine Center
(FGBU “VNIIKR”) has been collecting seeds and fruits
of weeds for decades since its establishment. The insti-
tute’s funds have preserved the oldest collections and
unique seed specimens, which were obtained through
the exchange of experience with foreign colleagues and
trips to other countries.

In recent years, employees of FGBU “VNIIKR” have
participated in field trips to various countries: Argen-
tina, Vietnam, Indonesia, China, Kenya, Colombia, Me-
xico, Peru, Chile, Uzbekistan, South Korea, Japan, etc.;
they have collected weed plants in their natural habi-
tat or in places of their successful establishment. The
collected plant specimens have greatly enhanced the
institute’s collection funds. Trips within the Russian
Federation have become an important way of obtain-
ing seeds and fruits of weed plants.

The significant contribution of the institute’s
certain specialists to the collection should be not-
ed: D.G. Kasatkin, T.V. Ebel, D.L. Belkin, S.Yu. Mukha-
nov, K.A. Grebennikov, 1.0. Kamayev, E.A. Sukholo-
zova, N.M. Atanov, E.V. Razumova, Ya.N. Kovalenko,
Yu.A. Lovtsova, K.P. Korneyv, etc.

In 2019, the collection received some unique plant
specimens: a herbarium and the seeds of purple witch-
weed Striga hermonthica (Delile) Benth., collected in
Kenya (Ya. Kovalenko, S. Mukhanov, N. Tsinkevich); the
seeds of bull nettle Solanum carolinense L. (K. Greben-
nikov, S. Mukhanov); the specimens of invasive solana-
ceous species of the subgenus Leptostemonum, beggar-
ticks and morning glory from Vietnam and Tanzania
(D.G. Kasatkin) (Fig. 1-2).

To date, the carpological collection of the men-
tioned specimens created in the Department of Inva-
sive Plant Species includes 531 specimens. Among
others, it consists of 109 identified species belonging
to 40 genera and 9 families of flowering plants (Astera-
ceae, Poaceae, Solanaceae, Convolvulaceae, Oroban-
chaceae, Polygonaceae, Euphorbiaceae, Papaveraceae
and Malvaceae). The most fully represented plants
are those included in the Common List of Plant Qua-
rantine Objects of the Eurasian Economic Union and
those belonging to the genera Cenchrus spp. (102),
Bidens spp. (49), Solanum spp. (59), [pomoea spp. (32),

Dexabpb N2 4 (4) 2020 15



KONMNEKUMMN  COLLECTIONS

Puc. 1. C6op nnopoB nacneHa  Fig. 1. Collection of

ocTpeiwero B TaH3aHMU cockroach berry fruits from
(cTaplumin HayuHbI cOTpyaHMK  Tanzania (senior researcher
PocTtoBckoro hunuana of the Rostov branch

K. 6. H. [I.I. KacaTkuH) D.G. Kasatkin, PhD in Biology)
(choTo O.A. Kynewosa) (photo by D.A. Kuleshov)

KapaHTUHHBIX 00beKTOB EASC u mpuHaIJIexale
poxam Cenchrus spp. (102 obpasiia), Bidens spp. (49),
Solanum spp. (59), Ipomoea spp. (32), Ambrosia spp. (12).
Bce o6pa3iiel perucTpupyioTes B 6a3e JaHHBIX C yKa-
3aHUEM clefyioulelt nHpopMaluu: reorpapuiecKmux
KOoOpAUHAT MecTa c60opa, Ha3BaHUS OJIMKAMIIEro Ha-
CeJIEHHOTO ITYHKTA WX yPOUuIna (MHOTJA TPUBOJUTCS
HOMEp aBTOCTPaAbI), AaThl c6opa, haMuany c6opuiu-
Ka, (hOpMBI XpaHeHUs 06pasiia B KOJUIEeKIUY (Hampu-
Mep, TpobmpKa 06beMOM 15 MJI) U YCIIOBUH XpaHEHUS
(RT unu +4 C°) (puc. 3—4).

B 2017 r. 6617 ITOCTPOEH M HaYaJl paboTy KapaH-
TUHHBIN MHTPOAYKIIMOHHBIN YyUacTOK B Pecriybiuke
Kpbim (KpbiMckuii punuan ®TBY «BHUUKP», r. CuMm-
(heporonb), roe TPOBOASATCS UCCIIELOBAHUS 10 U3yYe-
HMIO POCTA U PA3BUTHUS YY>KEPOIHbBIX BUJIOB PACTEHNUH,
MIPUKJIaIHbIE PAOOTHI TI0 UX PA3MHOXKEHUIO, BEIETCS
(hopMupoBaHME MHTPOAYKIIMOHHOTO repbapus u 6aH-
Ka ceMsH [8]. 9Ty MaTepuaibl PEryIIpPHO MOTIOJIHIIOT
KOJUIEKIIVI0 MHCTUTYTA U UCIIOJIb3YIOTCS IJIsl IPOBeE-
JIeHUs TYPOB MEXJIa00PaTOPHBIX CIMUYNTEIbHBIX UC-
TIBITAHUH.

OmHOI U3 HACYIHBIX TPUKJIAIHBIX 3a/Ia4 COBPe-
MEHHOU KapIOoJOTUM SBJISETCS CO3/laHue yAo6HOU
U OeTaJu3UPOBAHHON HAYYHO-TIPUKIIALHON CUCTe-
MBI JIJIS OTIPEZeJIEHUS TIJIOJOB U CEMSH COPHBIX pac-
TeHUHN. ITa CUCTEMA JIOJDKHA 00eCcIIeuynBaTh HAJIUUMe
IeTaJbHBIX OMMCAHUY, ONPeeJINTENbHBIX KI0Ueln
¥ BaJIMIMPOBAHHBIX JUAaTHOCTUUYECKUX TTPOTOKOJIOB
10 COPHBIM BUAM PACTEHUH, COleP)KaTh KaUueCTBEH-
HbIe n306pakeHmsd ((poTorpaduu c BEICOKKUM paspele-
HUEM U 4YepHO-0eJible PUCYHKH) IJIOJIOB, CEMSIH U UX
YJacTel, ¢ yKa3zaHUEM AUATHOCTUYECKUX ITPU3HAKOB,

g

Puc. 2. C6op nnopoB nacneHa Fig. 2. Collection of dense-
rynsaBHUKONUCTHOrO B MpaHe thorned bitterapple fruits
(cTapwuit HayuHbI coTpygHuk  from Iran (senior researcher
PocTtoBckoro chunuana of the Rostov branch

K. 6. H. [I.I. KacaTkuH)

(choTo C.C. KakyHuHa) (photo by S.S. Kakunin)

Ambrosia spp. (12). All specimens are registered in a da-
tabase with the following information: geographical co-
ordinates of the collection site, the name of the nearest
settlement or landmark (sometimes it is the highway
number), the date of collection, the name of the col-
lector, the form of specimen storage in the collection
(e. g. 15 ml tube) and storage conditions (RT or +4 C°)
(Fig. 3—-4).

In 2017, a quarantine introduction site was built
and began its operation in the Republic of Crimea
(Crimean branch of FGBU “VNIIKR”, Simferopol),
where researchers study the growth and development
of alien plant species, conduct applied work on their re-
production, and form an introduction herbarium and
seed bank [8]. These materials are regularly added to
the institute’s collection and used for rounds of inter-
laboratory comparison tests.

One of the urgent applied tasks of modern carpo-
logy is the creation of a convenient and detailed scien-
tific and applied system for the determination of fruits
and seeds of weed plants. This system should contain
detailed descriptions, identification keys and valida-
ted diagnostic protocols for weed plant species, as well
as quality images (high-resolution photographs and
black-and-white drawings) of fruits, seeds and their
parts, with the indication of diagnostic characteristics
that make it possible to distinguish morphologically
similar species. Such a system will be in great demand

dutocaHuTapus. KapaHTuH pactenuii = 16

D.G. Kasatkin, PhD in Biology)
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MTO3BOJIAIONIMX OTJANYATh MOP-
(osornvecku 6JaM3KUE BUMBI.
Takas cucrema OymeT ypes-
BBIYAMHO BocTpebGoBaHa cIe-
OUAJNCTAMU KUCIIBITATEJIbHBIX
nabopaTopuii B 06sacTu pUTO-
CAaHMTApUM U KadecTBa 3epHa
U 3ePHOMNPOLYKTOB, arpoHOMa-
MU, CEMEHOBOJIaMU, CTYJIEHTaMU
CeJIbCKOXO03AMCTBEHHBIX U OMO-
JIOTUYECKUX CIIEeINaJIbHOCTEH.
B Hacrogiee BpeM4 cylie-
CTBYET MHOKECTBO CIIPABOYHBIX
U3JaHUU U aTJIacoB, II03BOJISIO-
IUX OMNPeIesiTh ceMeHa Cop-
HBIX PaCTeHUU. B meaTenbHOCTU
KapaHTUHHBIX jJabopaTtopui
TTOJTYYMJIX IIMPOKOE TIPU3HAHUE
U WCIOJIb3YIOTCS CJenyllue
U3aHUSA: CIIPAaBOYHOE I10CO-
6ue B.H. Jo6poxoToBa «CeMeHa
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Puc. 3. Konnekuusi cemsiH copHbix BugoB  Fig. 3. Seeds collection of weed plant

COPHBIX pacTeHui» [9]; «Ariac pacTeHui1, 3acopsOLLMX 3€PHO NleHNUbl  species contaminating wheat grain (60 slots,

IIJIOAOB U CEMAH COPHBIX U AN0- (60 sueek, npobupka OnopuHCKOro;

Florinsky test tube; the collection was

BUTHIX PACTEHUU, 3aCOPSAIONIUX  Komnnekuus paspaboraHa cneumanuctamum  created by the specialists from the Rostov
MO KapaHTUHHYIO IPOAYKIUI0» PocTosckoro (unmana ®reY «BHUMKP»)  branch of FGBU “VNIIKR”)

E.M. BosikoBoii [10]; «ATiac ce- (oTo H0.10. Kynakogoii)

M4aH U tionoB» [LI1. MockajieHKo,
B.W. lOguna [11], «CopHbIe pac-
Tenus CCCP» [12].

[I1poKKe BO3MOXXHOCTH B OIIpeZeIeHUN pacTe-
HUU U UX CEMSH NPEOCTABISI0T UHTEPHET-PECYPCHI,
Hanpumep: «MHGOPMaAIIMOHHASA CUCTEMA UIEHTU(DU-
Kalliy PaCcTUTEJbHBIX 00beKTOB Ha OCHOBE KapIio-
JIOTUYECKUX, TaJNHOJOTUYECKNX U aHATOMUYECKUX
IaHHbIX MI'Y» [13], caiiT KaHaJICKOT'0 areHTCTBA IPOo-
IIOBOJIbCTBEHHOU nHcHekIuu [14], «IludpoBoii aTiac
ceMsaH» [15], MHTEePaKTUBHBIN ONIpeNe/InTe/lb CEMSIH
Q-bank [16].

Muorue j1abopaTopuu ucC-
ITOJIB3YIOT 6A30BYI0 KOJIEKIIUIO
CeMSH COPHBIX PacTeHUM (PJIOPEI
CCCP, Brirouaroyr 420 BUZOB.
B He¥ JOCTaTOYHO IIOJHOIIEHHO
MIPeICTaBJIEHb OCHOBHBIE BU/IbI
cereTajbHBIX pacTeHui. U, He-
CMOTPS Ha OTHeNibHbIe BBHISB-
JIeHHBbIEe CJIyYau IePecOPTHUILHI,
OHA BecbMa pellpe3eHTaTHBHA
U1 YacTO SIBJSIETCI eLUHCTBEH-
HBIM MOJICIIOPbEM B paboTe rep-
60JI0TOB.

OIHAKO MPUXOAUTCS IIPU-
3HATh, YTO BCETO BTOI'0 y)Ke Hell0-
CTATOYHO JJIsl BHITIOJIHEHUS Tep-
BOJIOTUUECKUX UCCIeIOBAHUM.

B cyImecTByomel IpakTUKe
CHEeIMaJINCTOB UCIbITATeIbHbBIX
nabopaTopuil 1 pedepeHTHBIX
IIeHTPOB Poccesbx03Ham30pa

(photo by Y.Y. Kulakova)

by specialists of testing laboratories in the field of phy-
tosanitary and quality of grain and grain products,
agronomists, seed growers and students of agricultu-
ral and biological specialties.

At present, there are many reference books and
atlases that make it possible to identify weed plant
seeds. The following publications are widely recog-
nized and used in the activities of quarantine laborato-
ries: Weed Plant Seeds by V.N. Dobrokhotov [9]; Atlas

BUJ0BOM COCTaB COPHBIX PACTE-  pyc, 4, BapuaHTbl eauHuL, xpaHeHns  Fig. 4. Options of storage units
HUH, BBIABJIAEMbIX B 06DA3IaX  ceMsiH/MNOLOB COPHBIX PACTEHMI for weed plant seeds/fruits

MMOAKAPAHTUHHON TIPOAYKIIMU, (hoTo HO.H0. KynakoBoii)

JIOCTAaTOUYHO OBUIMPEH, YaCTO 3a-
BUCUT OT MIPUPOJHO-KINMATH-
YeCKUX 0COOEHHOCTEHN perruoHa MMPOXCXOXKIEHUS TIPO-
IYKIIAY, TPUHSATOU CXeMbI 3aII[UThI IOCEBOB, CTETIEHN
OYMCTKHU U TIP. Ha COBpeMEeHHOM 3Talle HeoOX0quMO

(photo by Y.Y. Kulakova)
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UIeHTU(PUIIMPOBATDb He TOJbKO YacTO BCTpedalolre-
Cs1 B IIPOJIOBOJIbCTBEHHBIX U (DYPaAYKHBIX TTAPTUIX 3€P-
HOBBIX M TEXHUYECKUX KYJIBTYP CEMEHA COPHOI MPU-
mecu (Avena fatua L., Convolvulus arvensis L., Fallopia
convolvulus (L.) A. Love, Galium aparine L., Chenopodium
album L., Amaranthus retroflexus L., Delphinium conso-
lida L., Lappula squarrosa (Retz.) Dumort., Thlaspi ar-
vense L., Euphorbia virgata Waldst. & Kit., Setaria pumila
(Poir.) Roem. & Schult., Polygonum scabrum Moench,
Tripleurospermum inodorum (L.) Sch. Bip., Echinochloa
crus-galli (L.) P. Beauv. 1 fip.), HO ¥ MeHee pacIipocTpa-
HeHHbIe BUJbl COPHSIKOB, KOTOPhIe MEPUOLUUECKN
00HAPYKMBAIOTCS B T€X WJIM WHBIX BUJIAaX 3€PHOBOU
nponykiuu (Echium vulgare L., Fumaria officinalis L.,
Raphanus raphanistrum L., Stachys annua (L.) L., Corisper-
mum declinatum Stephan ex Iljin, Bifora radians M. Bieb.,
Cichorium intybus L., Linaria vulgaris Mill., Rumex cris-
pus L., Sinapis arvensis L., Viola arvensis Murr., Arctium
lappa L., Camelina microcarpa Andrz. ex DC., np.).
HexoTopble BUbI HEBO3MOXXHO UAEHTUDUITUPO-
BaTh TOJBKO I10 BHEITHEMY CTPOEHUIO CEMSH, U Tpe-
OyeTcs mpoBeJleHUe JIeTAJbHBIX aHATOMUYECKUX HC-
ciaemoBaHui. OBIIEN3BECTHO, YTO cCeMeHa ITacJieHOB
Pa3HbBIX BUJIOB MOTYT GbITh OYEHDb CXOXKU, HO OTJINYU-
MBI IPYT OT APyTa I10 XapaKTepy YTOJNUeHUN CTEHOK
SHJIOTECTHI. [1JIObI CJI0KHOIIBETHRIX TPUOBI Cynareae
(Cirsium, Carduus, Onopordum, etc.) u Cichorieae (Tra-
gopogon, Cichorium, Crepis) comep>xaT Bugocrenuduy-
Hble TIPU3HAKM HA YPOBHE CEMEHHOU KOXXypPhI, a He
okoJiorIogHuKa [17, 18, 19, 20, 21]. UneHTHUGUKAIINSA
TJIOLOB/CEMSIH HEKOTOPBIX 3JIAKOB, 30HTUYUHBIX, Kpe-
CTOIIBETHBIX, 'PEUUIITHBIX YACTO BbI3BIBAET OTIPElE-
JIeHHbIe 3aTpyAHeHus [22].
Bojiee TOro, BBIITOJIHEHME
¢utocaHUTapPHBIX TPeGOBAHUY
CTpaH — UMIIOPTEPOB POCCUIM-
CKOM 3epHOBOM TIPOAYKIINU TPe-
OyeT 3HAHUY O TIPUCYTCTBUU TEX
WY WHBIX BUIOB PacTEHUM Ha
TEPPUTOPUY HaIlled CTPaHbI U,
CcoGCTBEHHO, HAJIUYUS U300pa-
JKeHU ux ceMaH. IIpenBapu-
TEJIbHO COCTaBJEHHBIA CIIUCOK
COPHBIX PAacTeHMU BKJIIOUYAET
0K0JI0 60 BUIOB, Ube IIPUCYT-
CTBHE B COCTaBe ITOJKAPaHTUH-
HBIX TTAPTUY AJIT 3KCIIOPTHBIX
1ejell HEAOIMyCTUMO. B sToM
CIIKCKE eCTh PACTEeHUs, KOTOPhIE
UMEIOT OTpaHrnYeHHOe (MHOoTIa
JIOKAJIbHOE) pacIpoCcTpaHeHue
Ha TeppuTtopuu P®, Takxe He
BCeT/Ia SIBJSIOTCSI COGCTBEHHO
cereTaJIbHbIMU, WK II0JIEBBI-
MU, COPHSIKAMU M, €CIIU JaXKe
MPUCYTCTBYIOT Ha MOJIIX, OUeHb
PEeZIKO TI0IMaiatoT B IMTPOLYKIHIO,
Kak, Hanpumep, Coronopus didy-
mus (L.) Sm., Conringia orienta-

onucaHuii B arpoueHose rpeymnxu

of Fruits and Seeds of Weed and Poisonous Plants Con-
taminating Quarantine Products by E.M. Volkova [10];
Atlas of Seeds and Fruits by G.P. Moskalenko, B.I. Tu-
din [11], Weed Plants of the USSR [12].

Internet resources provide a great opportunity
to identify plants and their seeds, for example: an in-
formation system for identification of plant objects on
the basis of carpological, palynological and anatomical
data of the Moscow State University [13], a website of
the Canadian Food Inspection Agency [14], Digital Seed
Atlas [15], Q-bank interactive seed identifier [16].

Many laboratories use the basic collection of weed
plant seeds of the USSR flora, which includes 420 spe-
cies. The main species of segetal plants are fairly
well-represented in this collection. Despite the indivi-
dual cases of reclassification that have been identified,
it is very representative and is often the only means
that supports the work of herbologists.

However, one has to admit that all this is no longer
enough to carry out herbological studies.

In the existing practice of Rosselkhoznadzor test
laboratories and reference centers, the species com-
position of weed plants detected in regulated product
samples is quite extensive and often depends on the
natural and climatic characteristics of the region of ori-
gin, the adopted crop protection scheme, the degree of
purification, etc. At the present stage, it is necessary to
identify not only the seeds of weed impurities frequent-
ly encountered in food and forage lots of cereals and
technical crops (Avena fatua L., Convolvulus arvensis L.,
Fallopia convolvulus (L.) A. Loéve, Galium aparine L., Che-
nopodium album L., Amaranthus retroflexus L., Delphinium

Puc. 5. MpoBepeHne reoboTaHMUECKUX Fig. 5. Geobotanical description

in the buckwheat agrocoenosis

lis (L.) Dumort., Turgenia latifo- g Kopmunosckom p-He OMckoii 061, in Kormilovksy District of the Omsk Region

lia (L.) Hoffm. (HayuHbIli coTpyaHUK TOMCKOrO

(researcher of the Tomsk branch T.V. Ebel)

3HAUYUTEJIbHOU ITpobyieMoil  (unmana T.B. 36enb) (dhoto AJ1. 36ensa)  (photo by A.L. Ebel)

P BBIMOJHEHUU (PUTOCAHU-
TaPHBIX TPEGOBAHUN SIBJISIIOTCS
TaKCOHOMUYECKYE PA3HOTIACKS B TOHUMAHUY 06beMa
OJIHOTO U TOT'O )Ke TAKCOHA COPHOTO PACTEHUS MEXY
2 cTpaHaMu — OTIIPABUTEJIEM M IOJIydyaTeJeM rpysa,

dutocaHutapus. KapaHtuH pactenunii = 18
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Puc. 6. N3yuyeHune cocTtaBa COpHbIX BUAOB
pacTeHui B noceBax 3epPHOBbIX KyNbTyp
MeH3eHcKol o6nactu (Hay4YHbI COTPYRHUK

MeHseHcKoro cunumana k. 6. H. E.A. CyxonosoBa) E.A. Sukholozova, PhD in Biology)
(photo by E.A. Sukholozov)

(choTo E.A. Cyxonososa)

4TO 6€3yCJIIOBHO ITPUBOAUT K CIIOPHBIM BOTIPOCAM U HO-
TudUKaIMIM (HaIpuMep, B caydae ¢ 60/IIKOM I1oJie-
BBIM).

[lepBOoOUYepenHON 3a/lauell IJIsd PEIleHUs CJIO-
JKUBIIENCS CUTYaluy, 110 HallleMy MHEHUIO, SBJISIETCS
OTITUMU3AIUSA JIEUCTBUN 60TAHWKOB HAYYHbIX TI0/Ipa3-
IeJeHUH 1 TepO0JIOr0B UCIThITATEIbHbIX JJa60paTOPUi
110 aKTyaJM3aluu JaHHBIX O PACIIPOCTPAHEHUU TeX
WM WHBIX BUJIOB COPHBIX PACTEHUU B KOHKPETHOM
peruoHe, IPUCYTCTBUU UX HA yYACTKaX MPOU3BOJ-
CTBa ¥ B [IPOAYKIIMU U (DOPMUPOBAHYE AHHOTHMPOBAH-
HBIX KOJIJIEKIIMI CEMSH COPHBIX PACTEHUU C yUYETOM
0COBGEHHOCTEN PeruOHAIBHBIX (hJiop. MBI ITpezjiaraeM
clenyIollee:

1. YCuauTh SKCIIeAUIIMOHHO-UCCIIEIOBATEIBCKYIO
IeSITeIBHOCTB T10 cO0PY repbapHbIX 06pas3ioB COPHBIX
pacTtenutii. ITpu c6ope ceMsH U MJI00B 003aTEIbHO
cobuparb repbapHbIil 06pasel] pacTeHUsI, YTOObI B I10-
CJIeAYIOIIEeM TOYHO UAeHTU(UITMPOBATh BuL,. CHa6XaThb
o6pasel] 3STUKETKOI 0 MeCTe 1 JjaTe cOopa 1 3acopsieMon
KyJIbType. UIeHTU(UKAIINIO TIPOBOIUTD C TIPUBJIEYEH N -
eM PO UIBbHBIX CIIEINATINCTOB YHUBEPCUTETOB. Heob-
XOZIIMO OPraHU30BaTh ¥ BECTU TaKyt0 paboTy B paziny-
HBIX PETMOHAX CTPaHbI, 0COGEHHO B 30HE BhIPAIIUBAHUS
OCHOBHBIX CEJIbCKOX03IMUCTBEHHBIX KYJIBTYP.

2. TIo BO3BMOXXHOCTHU IMPOBOAUTh MaKpodOTO-
CbEMKY CEMSH U IJIOJIOB COPHBIX PACTEHUI, KOTOPhIE
IIPOIILIY OKOHYATEJbHYI0 BUJOBYI UIEHTUDUKALINIO;
opMupoBaTh 6aHK M300PAYKEHUH C YUETOM BO3MOXK-
HOTO MOP(OJIOTUYECKOTO TOJIUMOP(DU3Ma U reTepo-
Kapmnuu. YOeJuTh Hanbobliiee BHUMaHUE CJIOXKHBIM
I uIeHTUDUKAL MY IPyInaM pacTeHUH, a Takxe
BUJIaM, KOTOPbIE BKJIIOUEHBI B (DUTOCAHUTAPHBIE TPeE-
60BaHMS IPYTUX CTPAH U JIOKAJBHO PACIIPOCTPAHEHBI
B JaHHOM DETHOHE.

3. CnenuanucTaM UCIIbITaTeIbHBIX JJabopaTopuii
B cJiyyae OOHapy>XeHUS CEMSH U ILJIOZOB PACTEHUH,

Fig. 6. Study of the weed species : - N
composition in cereal crops in the Penza anatomical studies are required.
Region (researcher of the Penza branch It is well-known that the seeds
of different solanaceous species
may be very similar, but they dif-
fer from each other in the na-

consolida L., Lappula squarrosa
(Retz.) Dumort., Thiaspi arvense L.,
Euphorbia virgata Waldst. & Kit.,
Setaria pumila (Poir.) Roem. &
Schult., Polygonum scabrum Mo-
ench, Tripleurospermum inodo-
rum (L.) Sch. Bip., Echinochloa
crus-galli (L.) P. Beauv. and oth-
ers), but also less common types
of weeds that are periodically
found in certain grain products
(Echium vulgare L., Fumaria offici-
nalis L., Raphanus raphanistrum L.,
Stachys annua (L.) L., Corispermum
declinatum Stephan ex Iljin, Bifo-
ra radians M. Bieb., Cichorium in-
tybus L., Linaria vulgaris Mill., Ru-
mex crispus L., Sinapis arvensis L.,
Viola arvensis Murr., Arctium lap-
pa L., Camelina microcarpa Andrz.
ex DC. and others).

Some species cannot be
identified by their external seed
structure alone, and detailed

ture of the thickening of the en-
dotesta’s walls. The fruits of composite flowers of the
tribe Cynareae (Cirsium, Carduus, Onopordum, etc.) and
Cichorieae (Tragopogon, Cichorium, Crepis) contain spe-
cies-specific characteristics on the level of seed peel,
and not pericarp [17, 18, 19, 20, 21]. Identification of
fruits/seeds of some seeds of Poaceae, Apiaceae, Brassi-
caceae, and Polygonaceae families is often difficult [22].

Moreover, meeting the phytosanitary require-
ments of countries that import Russian grain products
requires knowledge about the presence of certain plant
species in Russia and, in fact, the availability of imag-
es of their seeds. The preliminary list of weed plants
includes about 60 species whose presence in regulat-
ed lots for export purposes is unacceptable. There are
plants on this list that have limited (sometimes local)
distribution in the Russian Federation, are also not al-
ways segetal or field weeds and, even if present in the
fields, are very rarely contaminate products such as
Coronopus didymus (L.) Sm., Conringia orientalis (L.) Du-
mort., Turgenia latifolia (L.) Hoffm.

A significant problem in meeting phytosanitary
requirements is taxonomic discrepancies in the un-
derstanding of the volume of the same weed taxa be-
tween the consignor and consignee countries, which
certainly leads to controversial questions and notifica-
tions (e. g. creeping thistle).

In our opinion, the primary task in resolving this
situation is to optimize the actions of botanists from re-
search units and herbologists from test laboratories in
order to update data on the distribution of certain spe-
cies of weeds in a particular region, their presence at
production sites and in harvest, and to form annotated
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Puc. 7. C6op repbapusi COpHbIX pacTeHUI Ha TePPUTOPUN
tOxkHoro 6epera KpbiMa (coTpyoHukm chunumana
OreY «BHUUKP» B Pecnybnuke Kpbim) (hoTo T. PoibapeBoit)

BKJIFOUEHHBIX B EIVHBIN ITepeyeHb KapaHTUHHBIX 00'b-
exToB EAJC, o UCTeueHNN CPOKa XpaHeHH s obpasiia
PEKOMEHJIOBATh IIepeaBaTh BhISIBJIEHHBIE CEMEHA
KapaHTUHHBIX 06bEKTOB BO BCEpPOCCUIICKUY TIEHTP
KapaHTUHA PACTEHU AJiS BBITIOJHEHUS HAyYHO-UC-
clienoBaTENbCKUX PAbOT.

B maHHyI0 paboTy yKe aKTUBHO BKJIIOUUJIUCH
Hay4HbI€ COTPYAHUKYU U CIIEIUAJUCTHI (HDUIUATOB
®I'BY «BHUUKP» (ToMckuii, BopoHexckuii, [1eH-
3eHCKul, Boarorpagckuii, dunuan B Pecriybirke
KpoiM, [TpuMopckuii). MicciemoBaTenu QUINAIOB
PEryJIsiDHO OPTaHU3YIOT SKCIELUIIMOHHbBIE BblE3]bl
B pasjinuyHble arpoJjiaHauadThl, TPOBOAST U3yUeHUE
BUJIOBOTO COCTaBa COPHOTO KOMITOHEHTa (hJIOPHI, Je-
JIaloT Teob60TaHUYECKME OTIMCAHUS COPHOU pPacTu-
TEeJIbHOCTHU, OCYIIeCTBIISAIOT c60p repbapHBIX 06pas-
1I0B, TIJIOJIOB U CEMSH PacTeHU, BCTPEeYaAIUXCS
B CEJIbCKOX03S9¥CTBEHHBIX [T0CEBAX 3€PHOBBIX U Mac-
JINUHBIX KyJIbTYP, U3y4aloT XapaKTep 3aCOPEHHOCTHU
CeMEeHHBIX U MPOJIOBOJIbCTBEHHBIX MapPTUH IMOJKA-
PAHTUHHOM TpoAyKiuu (puc. 5-8). PesyapTaTamMu
TaKo! paboThl ABJIAIOTCS MOLPOGHBIE HAYUHO-KUC-
cJIe[IoBaTeIbCKKUE OTUYETHI, pETUOHAJIbHbBIE Tepbap-
HbIE U KapIioJiornyeckye KojaeKuu. OGHUM U3 JIu-
JIepOB 3TOTO IBUXEHUS aBJsgeTcss TOMCKUN duiuall,
KOTOPBIH y)Ke B TeUeHUEe HECKOJIbKUX JIET OCYIIECT-
BJIsSIeT 1Mo06HYI0 paboTy Ha CaMOM BbICOKOM yPOBHE
U IIPUCTYIUI K co3TaHui0 hoTobaHKa N306paKeHNH
CeMSH COPHBIX pacTeHuN. OTUETHI U 3HAYUMBbIE I10-
JeBble MaTepuaJibl nepepawTcsa B PI'BY « BHUUKP»
U MCIIOJIb3YIOTCS 1JI MOIIOJHEHUS KOJJIEKIIMOHHBIX
(hoHIOB, TOATOTOBKY METOLUYECKUX PEKOMEHI AN
110 BBISIBJIEHUIO0 U UJIEHTU(QUKAIIUY COPHBIX BUJOB
pacTeHU, aHAJIUTUUYECKUX NOKYMEHTOB U UH(OP-
MAaIMOHHBIX CIIPABOK.

Fig. 7. Herbarium collection of weed plants on the Crimea
southern coast (researchers of FGBU “VNIIKR” branch
in the Republic of Crimea) (photo by T. Rybariova)

collections of weed plant seeds, taking into account the
specifics of the regional flora. The following can be pro-
posed:

1. Increase expeditionary research activities to
collect herbarium specimens of weed plants. Collect
herbarium specimens of the plant seeds and fruits to-
gether to identify the species accurately. Label spe-
cimens with the information about the place and date
of collection and the contaminated crop. Identification
should be carried out with the involvement of relevant
university specialists. It is necessary to organize and
carry out such work in different regions of the country,
especially in the area where the main crops are grown.

2. If possible, take macrophotographs of weed
plant seeds and fruits that have passed the final spe-
cies identification; create an image bank taking into ac-
count possible morphological polymorphism and hete-
rocarpy. Pay the greatest attention to groups of plants
that are difficult to identify as well as to species that are
included in phytosanitary requirements of other coun-
tries and are locally distributed in the region.

3.In case of detection of seeds and fruits of plants
included in the Common List of Plant Quarantine Ob-
jects of the Eurasian Economic Union, the specialists
of the testing laboratories should recommend transfer-
ring the detected seeds of the quarantine facilities to
the All-Russian Plant Quarantine Center for research
after the expiration of the storage period of a specimen.

Researchers and specialists from FGBU “VNIIKR”
branches (Tomsk, Voronezh, Penza, Volgograd and

dutocaHutapus. KapaHtuH pactenuin 20
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[TpomoskeHre paboThI TO3BOJIUT HE TOJBKO CO-
6paTh PENpe3seHTaTUBHYI0 KaPIIOJOTUUECKYI0 KOJI-
JIEKIIMIO, HO U BHIIBUTH BUIOBOM COCTAaB COPHBIX pac-
TeHUM MIPUMEHUTEIbHO K OIPeIeIeHHOMY PETHOHY
U 3aCOPSIEMOU KYJBTYPE, YTO OYEHD BAXKHO B ITPUHS-
TUY KOHKPETHBIX PUTOCAHUTAPHBIX PEIIeHUH.
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Puc. 8. C6op cemsH copHbix  Fig. 8. Weed plant seeds

pacTeHui Ha TeppuTopun collection of the Republic
Pecny6nuku Kpbim of Crimea (junior researcher
(M. H. c. H.B. LluHKeBMUy, N.V. Tsinkevich, junior

M. H. C. T.3. OMenbAHEHKO) researcher T.Z. Omelianenko)
(choTo T. PoibapeBoit) (photo by T. Rybariova)

Primorsky Krai) have already actively participate in
this work. Researchers of the branches regularly or-
ganize expeditions to various cultivated lands, study
the species composition of the weed component of the
flora, make geobotanical descriptions of weed vege-
tation, collect herbarium specimens, fruits and seeds
of plants found in agricultural crops of grains and oil-
seeds, study the nature of contamination of seed and
food lots of regulated products (Fig. 5-8). The results
of this work include detailed research reports and re-
gional herbal and carpological collections. One of the
leaders of this movement is the Tomsk branch, which
has been carrying out such an activity at the highest
level for several years now and has started to create an
image bank of weed plant seeds. Reports and signifi-
cant field materials are submitted to FGBU “VNIIKR”
and are used to replenish collection funds, prepare me-
thodological recommendations for detecting and iden-
tifying weed plant species, analytical documents and
reference materials.

Continuous work will allow to collect a represen-
tative carpological collection, as well as identify the
species composition of weed plants in a particular re-
gion and contaminated crop, which is very important
in making specific phytosanitary decisions.
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HoBbIe JaHHbIE

o0 mopdgoJsioruu
CYPHHaAMCKOTO
MyKoeaa Oryzaephilus
surinamensis (L.)

(Coleoptera, Silvanidae)
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AHHOTALIUA
B paMKax 3HAUUTEJbHO PACIIMPEHHOI0 OMUCAHUSI
Bupa Oryzaephilus surinamensis BiepBble MPUBOAUTCI
WJUTIOCTPUPOBaHHAas MHGOPMAIINS O paHEEe HEU3BECT-
HBIX CTPYKTYpPax U Mpu3HaKax JaHHOI'0 BUJA, a UMEH-
HO: O CTPOEHUM POTOBBIX YacTel (MaHAUOYII, MAKCUILI,
HIKHEHN Ty0bl, ITOA00POaKa), Me30- M1 METAaHOTyMa,
MEeTIHIOCTePHUTA, 8-ro Teprura camua. Ilpusonar-
Cs IOTIOJIHUTEJIbHBIE TaHHBIE O CTPOEHUY U3BECTHBIX
CTPYKTYP — HQJIKPBLJIbEB, IJ1a3 M CTEPHUTOB GPIOIIKA.
Kntrouesvie cnosa. CypuHaMcKui Mykoen, Oryzae-
philus surinamensis, Coleoptera, Silvanidae, Bpegurtenu
3aracoB, MOpGOJIOTHS, MUKPOTIPeTIapar.
Baazodaprocms. ABTOD IPUHOCUT UCKPEHHIOH
6a1aromapHoOCTh coTpynHukaMm ®TBY «BHUWKP»
O.T. BoakoBy u 10.A. JIOBIIOBO¥ 3a ITOMOIIB B (hOTOTpa-
(bupoBaHUY MUKPOIIPENIAPaATOB U IOCJELYIONIEM KOM-
ITBIOTEPHOM CHIUBAHUU (OTOTPADUUECKUX CIIOEB.
Jna xoppecnondenyuu. Kypbatos Cepreir Ajlek-
CAHAPOBUY, KAHAUAAT 6MOJOTUUECKUX HAYK, HadaJlb-
HUK Hay4YHO-METOAUYECKOT0 OTZHEeJIa HHTOMOJIOTHU
®I'BY «BHUMKP», 140150, Poccug, MocKoBcKas 00JI.,
r. PameHnckoe, p. 1. beikoBo, yiu. [lorpanuuHas, 32,
e-mail: pselaphidae@yandex.ru.

ypuHaMcKuii Mmykoen — Oryzaephilus
surinamensis (Linnaeus, 1758) — mupo-
KO pacIpoCTpaHeHHbIN B MUPE BPeIu-
TeJIb 3aTIacoB, OT 3epHA U MPOJYKTOB
ero 1epepaboTKu OO0 KOHIUTEPCKUX
usgenuii. OH He BXOAUT B IEePEYHUM KapPaHTUHHBIX
06beKTOB Poccuiickolt defepaliuy U CTPaH — y4acT-
uui, EASC, ogHako GurypupyeT B pUTOCAHUTAPHBIX
TpeGOBaHUAX PsAla CTPAH — UMIIOPTEPOB POCCUICKO-
r'O 3epHA.

HecMOTpSt Ha Ba)KHOE XO3SIMCTBEHHOE 3HAUEHE
CypUHAMCKOTO MyKOeJa, CBeeHUsT 0 MOPGOJIOTUMN

SCIENTIFIC RESEARCH

UDC 591.4; 595.2

New Data

on the Morphology of
the Saw-Toothed Grain
Beetle Oryzaephilus
surinamensis (L.)
(Coleoptera, Silvanidae)
S.A. KURBATOV

Bykovs, Ramenckore Moscon tesion Rz

ORCID 0000-0002-9729-5751,
e-mail: pselaphidae@yandex.ru

ABSTRACT
As part of the vastly expanded description of the Ory-
zaephilus surinamensis species the illustrated informa-
tion about previously unknown structures and cha-
racters of this species is presented for the first time,
namely: the structure of the mouthparts (mandibles,
maxillae, prementum, postmentum), meso- and meta-
notum, metendosternite and the 8" male tergite. Addi-
tional data on the known structures — elytrae, eyes, and
abdominal sternites are provided.

Keywords. Saw-toothed grain beetle, Oryzaephi-
lus surinamensis, Coleoptera, Silvanidae, storage pests,
morphology, slides.
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he saw-toothed grain beetle, Oryzaephi-
lus surinamensis (Linnaeus, 1758), is a
world widespread storage pest damaging
from grain and processed grain products
to confectionery. It is not included in the
quarantine objects lists of the Russian Federation
and the EAEU member states, but it appears in the
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9TOTO BpenuTesa (Kak, BIIPOYEM, U B IIEJIOM poja
Oryzaephilus) B 3HaUUTEJbHON Mepe HEMOJHEI [1, 2,
3, 4]. laxxe B r1oCcieqHEN 110 BpeMeHHU peBu3nu poja [5]
COBEPIIEHHO OTCYTCTBYIOT AAHHbIE O CTPOEHUU Iie-
JIOTO ps/ia CTPYKTYP, HAIIPUMEP, TaKUX KaK POTOBBIE
Ooprasbl, CpefiHe- U 3aJHECTIMHKA, METIHIOCTEPHUT,
nocienHuy (8-1) Teprut camiia. JleTaau CTPOEHUS
IPYTUX CTPYKTYpP (Hampumep, rjiasa UiIu HaJKPhI-
JIbEB) OTIMCAHbI HEITOJHO. MeX Iy TeEM 3HAaHUE CTPOe-
HUS BCEX TAKUX CTPYKTYP BAXKHO KaK JIJIsI TIOHUMAaHUS
9BOJIIOIUY ceMelicTBa Silvanidae v BbigBIeHUS QUIIO-
TeHETUYECKUX OTHOIIEHUH BHYTPU STOU TPYIIIILI, TaK
¥ B IPAKTUYECKOU paboTe NCIbITATEIbHBIX JIJAO0OPATO-
puii, OCyIIEeCTBISAIOMIMX Ja60pPaTOPHbIE UCCIEIOBAHYS
B 06JIaCTY KapaHTWHA PACTEHUM, KOTOPBIE MOTYT IT0JTY-
YaTh Ha HMCCJIE0BAHNE He IIeJIbIX HACEKOMBIX, a JIUIIIb
nedopMUpOBaHHBIE 00PA3IIbI MU JJaXKe OTHeJIbHbIe
(bparmMeHTHI UX TEJ.

B mpoilecce HaIIEro MCCIENOBAHUSI Mbl BIIED-
Bble U3YUYUJIU OTHEJIbHbIE CKJIEPUThI U YACTU TeJia
Oryzaephilus surinamensis, KOTOpble OTUJIEHSIIUCH OJIST
9TOTO OT HAaCEKOMOTO ¥ IIOMEeIIaJiiCh B Ipemapar.
It TPUTOTOBJIEHU S TIPEITapaToB UCIIOJIb30BaJICS Ka-
HaJCKUii 6anb3aM. [ToJ MUKPOCKOIIOM MTPOUCXOUIIO
OTZEeJIeHVEe YacTel Teja U MOCJeAyrllee OUUIleHe
OKpY)KalIuX TKaHel 1 MeMOpaH. 3aTeM B TeUeHUE
1-2 4 yacTu TeJia BBIZEP)KUBAJINICH B U30TIPOTIAHOJIE
¥ TIOCJIE STOT'0 TIOMENAJINCH B 6anb3aM. [ M3yueHus
TOTOBBIX ITPETIAPATOB MCIIOJIb30BaJicsa MUKpockor Carl
Zeiss Axio Imager A1l; mocsotiHoe ¢oTorpadupoBaHre
“3y4yaeMbIX 00BEKTOB OCYLIECTBISLIOCH (hoToanmmapa-
ToM Carl Zeiss AxioCam MRc. CuiuBaHUE CJIOEB ITPO-
BOJIMJIOCH C TTIOMOIIbI0 KOMITBIOTEPHOI MPOrpaMMbl
Zerene Stacker. [JajgpHeIas 06padoTKa n306pakeHUi
MIPOXOAMJIa C UCIIOJb30BaHKEM ITporpaMMbl Adobe
Photoshop CC 2018.

B ocHOBe NPUBEAEHHOTO HUXXE OIMNMCAHUI
Oryzaephilus surinamensis JI€)KUT OIKMCAHUE 3TOTO
BUIa, TpuBemeHHoe Halstead [5]. 9T0 HECKOJIBKO MO-
IU(UIIMPOBAaHHOE aBTOPOM CTaThH OIMCAHNE 3HAUM-
TEJIbHO JIOTIOJITHEHO HOBBIMU JaHHBIMY O CTPOEHUU He
M3YYaBIIUXCS PAaHEE CTPYKTYP: MaHIMOYJ, MaKCUJLI,
HUKHEH ry6bl, TOn60poaKa, Me30- U MEeTaHOTyMa,
MET3HIOCTEPHUTA, 8-T'0 TepruTa camiia. Takxe 106aB-
JIEHbI HOBbIE CBEJIEHVS O CTPOEHUU TaKUX U3BECTHBIX

Puc. 1. Umaro Fig. 1. The Oryzaephilus
Oryzaephilus surinamensis  surinamensis imago
(hoto Udo Schmidt [6]) (photo by Udo Schmidt [b])

phytosanitary requirements of some Russian grain
importing countries.

Despite the important economic significance of
the saw-toothed grain beetle, the information regard-
ing its morphology (as well as the Oryzaephilus genus)
is largely incomplete [1, 2, 3, 4]. Even the most recent
revision of the genus [5] includes absolutely no data on
the structure of certain body parts, such as mouthparts,
meso- and metanotum, metendosternite, the last (8™)
male tergite. The details of the other body parts struc-
ture (e. g. eyes or elytrae) are described incompletely.
Meanwhile, knowing the structure of all such compo-
nents is important both for understanding the evolu-
tion of the Silvanidae and phylogenetic relationships
within this group, as well as for the practical work of
testing laboratories conducting research in the field of
plant quarantine, which can receive deformed samples
or even fragments of insects’ bodies rather than whole
specimens for the study.

During this research, individual sclerites and body
parts of Oryzaephilus surinamensis have been studied for
the first time. For this purpose, they were disarticulat-
ed from the insect body and placed on a slide. Canada
balsam was used to make the slides. Body parts were
separated under the microscope and the surrounding
tissues and membranes were subsequently cleansed.
Next, the body parts were left in isopropanol for 1-2
hours and then placed in balm. To study the finished
slides, the Carl Zeiss Axio Imager A1 microscope was
used; the photography layering of the studied objects
was carried out with a Carl Zeiss AxioCam MRc camera.
The layers were stacked together using the Zerene
Stacker software application. Further image process-
ing was carried out using Adobe Photoshop CC 2018.

The Oryzaephilus surinamensis description be-
low is based on the description of this species given
by Halstead [5]. This slightly modified description is
greatly supplemented by new data on the structure of
previously unstudied body parts: mandibles, maxillae,
prementum, postmentum, meso- and metanotum, me-
tendosternite and the 8™ male tergite. New information
about the structure of such well-known components
as eyes, elytrae, and abdominal sternites has also been
added. All of these new data are illustrated. In addition,
original illustrations of the male hind legs bearing se-
condary sex characters and the aedeagus are given.

The body length is from 1.7 to 3.5 mm. The colo-
ration is most often dark brown, sometimes lighter
to yellow-brown. The upper body is slightly shiny to
matte, the bottom of the body is shiny. The pubescence
is short, recumbent, golden (Fig. 1).

The head as long as wide or slightly wider than
long, tapering anteriorly, slightly narrower than pro-
notum. The clypeus is slightly notched. The cheeks
are raised. The eyes are relatively small, 2.5-3 times
longer than their width when viewed from above,
slightly oval when viewed sidewise from the side, con-
sist of 40-50 ommatidia; numerous small spines are
located between the ommatidia (Fig. 4a). The tem-
ples are long, 2/5 to 1/2 of the eye’s length, round-
ed or slightly angular. The antennae are of medium
length, 3—-3.5 times shorter than the body’s length,
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CTPYKTYP, KaK [JIa3a, HaIKPbLIbS ¥ CTEPHUTHI OPIOIITKA.
Bce 3Ty HOBBIE JlaHHBIE ITPOUJIIIOCTPUPOBAHEL. KpoMme
TOTO0, JaHbl OPUTKHAJbHbIE WJJIIOCTPALIUK 3aLHUX
HOT caMIla, HECYIIIMX BTOPUYHbIE ITOJIOBbIE TIPU3HAKY,
U BJlearyca.

JnvHa tenmaor 1,7 7o 3,5 mm. OKpacka Jaliie BCero
TEMHO-KOPUYHEeBas, MHOILa 6oJiee CBETIIas, 10 KEeJITO-
KOPUYHEBOU; BEPX TeJia OT cj1abo-6JIeCTAIIero 10 Ma-
TOBOTO, HU3 TeJia OyecTsamuii. OnyleHre KOPOTKOE,
Ipuiieraloliee, 30J0TucToe (puc. 1).

ToJioBa OJAMHOUN C MUPUHY WU CJErKa Iupe
ILTVHBI, CY)KaeTCcs KIepeiy, He3HAUYUTEIbHO yKe TIe-
penHecnuHKY. HanuuyHuK ciabo BeieMYaThiid. [eku
MPUMIOAHATHI. [J1a3a OTHOCUTEJNbHO HEKPYITHBIE,
B 2,5—3 pasa IJMUHHee MUPUHLI IIPU paccMaTpuBa-
HUU CBEPXY, CJIETKA OBaJIbHbIE ITPY PACCMATPUBAHUU
c60oKy, cocToaT u3 40—-50 oMMaTUAUER, MEXIY OMMa-
TUOUSIMU PACIIOJ0XKeHbI MHOTOYMCJIeHHbIE MeJIKKe
munuky (puc. 4a). BUCKu AJIWHHBIE, COCTABJSIOT
oT 2/5 1o 1/2 anuHBI rjaas3a, OKPyTrJAeHHbIe WU Clia-
60 yryioBaThle. YCUKYU CPeIHEel IJIuHbI, B 3—3,5 pasa
KOpouYe IJUHBI Tejla, Kopode o6uIell JJINHBI FOJIOBEI
U TIepefHeCcIuHKY, 9-10-1 YIeHUKY JUITb He3HAUN -
TEJIbHO IIUPe CBOEU AJIMHBL. [[yHKTUPOBKa Jiba U Te-
MEHU COCTOUT M3 KPYITHBIX TOYEK, pazMep 6oJbiuei
YacTU KOTOPBIX IPUMEPHO COOTBETCTBYET pPaszMepy
OMMAaTHUMEB IJIas.

PoToBbIe opranbl. MaHImbysIb! (puc. 2 a, b) cuiib-
HO CKJIEPOTM30BAaHBI, C XOPOIIO Pa3BUTLIMU MOJIOH
U TIPOCTEKOH, C 1 IOTIOJIHUTEIbHBIM BEPIIMHHBIM 3y0-
1IOM Ha BHYTPEHHEM Kpae; BHEITHUY Kpal cHabXeH
PAIOM IJIUHHBIX CEHCUJLI; OPCaJibHAsI TIOBEPXHOCTD
C OTJEeJIbHBIMU ILJIOX0 3aMETHBIMY MEJIKUMU MIpUjie-
ramoiiyMy BOJIOCKaMu. MaKcuJIbl (puc. 2¢) pasme-
JIeHBI Ha 5 yacTel: Kapao, CTUIIEC C TIPUUYJIEHEHHBIM
K HEMY HW)KHEUETIOCTHBIM IIYITUKOM, JIAIIMHUIO U r'a-
Jlea; KapAo CUJIbHO CKJIEPOTU30BaH, 60jiee Uil MeHee
TPEeyroJibHOU (OPMbI, pas3fiesieH TOHKUM IIIBOM Ha
2 HepaBHbIE YaCTH, KAXKIAsa 13 KOTOPhIX Ha BHELIHEM
Kpae cHab)XeHa MMapoil AJIWHHBIX, CJIerKa U30THYTHIX
meTUHOK. CTurec ciabee CKJIIEPOTHU30BaH, 60jiee UIn
MeHee TPEYToJibHOU (DOPMBI, K €er0 y3KOMY BHEIIHE-
My Kpar MMpUYJIeHeH 4-4JIeHUKOBBIN HUKHEUEIOCT-
HOY HIyTIUK. 1-1 YJeHUK MyIUKa JJIUHHBIN U Y3KUH,
U30THYT B 6a3ajibHOU TpeTu, caabo pacuupseTcsa

shorter than total length of head and pronotum; seg-
ments 9-10 only slightly wider than their length. The
punctation of forehead and of vertex consists of large
punctures, most of which approximately correspond
to the size of eyes ommatidia.

Mouthparts. The mandibles (Fig. 2 a, b) are
strongly sclerotized, with the well-developed mola and
prostheca, with the 1 additional apical tooth on the in-
ner margin; outer margin have the row of long sen-
silla; the dorsal surface with separate, poorly visible,
small and recumbent hairs. The maxillae (Fig. 2c) are
divided into 5 (five) parts: a cardo, stipes with maxil-
lary palp joined to it, a lacinia and a galea; the cardo
is strongly sclerotized, more or less triangular, divid-
ed by a thin suture into the 2 (two) unequal parts, each
of which on the outer edge is equipped with a pair of
long, slightly curved bristles. The stipes is less sclero-
tized, more or less triangular in shape, with a 4-seg-
mented maxillary palp attached to its narrow outer
margin. The 1% palpomere is long and narrow, curved
in a basal third, slightly widening towards apex; the
2 palpomere at its widest point is almost twice as
wide as the 1%, more or less triangular in shape, wide-
ning towards apex; the 3" palpomere almost square,
only slightly longer than its width, slightly wider than
the 2"9; the 4™ palpomere strongly elongated, more
than twice as long as its maximum width, narrowed
in apical half, its distal edge forms a rounded mem-
branous sensory surface equipped with several very
small elongated processes. The lacinia is a strongly
elongated, weakly sclerotized sclerite, the straight in-
ner edge of which is provided with long curved setae
in the upper half. The galea is also weakly sclerotized;
arow of several long, straight setae is located parallel
to its straight outer margin; the rounded anterior mar-
gin is provided with a very dense brush of long bristles
curved in one general direction, which are more orless
integral with similar lacinia bristles. The prementum
(Fig. 3a) is more or less trapezium-shaped, its anterior
margin is wider than the posterior margin; the anteri-
or angles are rounded; the anterior margin is provid-
ed with a number of numerous long bristles; the dis-
tal part of the ventral surface is also covered with long
bristles, this bristling part has the shape of a triangle.
The labial palpi are 3-segmented; their 15t segment
is long and narrow, curved in
the basal part; the 2" segment,
elongated, much wider than
the 1%, apparently, evolutiona-
rily formed by fusion of two
segments, the remnants of the
border between which the out-
er edge of this segment can be
seen in the middle; the 3™ seg-
ment strongly elongated, more
than twice as long as its maxi-
mum width, narrowed in the
apical half, its distal edge forms
arounded membranous senso-
ry surface, equipped with seve-
ral very small elongated pro-
cesses. In general, the general

Puc. 2. [leTanun CTpoeHMs poTOBbIX Fig. 2. The Oryzaephilus surinamensis

opraHoB Oryzaephilus surinamensis: ~ mouthparts structure:

a — neBas MaHaubyna; b — npaeas a — left mandible; b - right mandible;

MaHaubyna; ¢ — neeas Makcuna ¢ — left maxilla
(¢hoTo C.A. KypbaTtoBa)

(photo by S.A. Kurbatov)
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K BepIiuHe; 2-1 YJeHUK B CAMOM IIMPOKOM MeCTe
TIOYTH BJIBOE mupe 1-ro, 60jiee MU MeHee TPEYTOJIb-
HOU GOPMBI, pacuiupseTcs K BepuinHe; 3-i YUJIeHUK
TTOYTHU KBAJIPATHBIN, JIUIIh HE3HAUUTEJIbHO AJIUHHEE
CBOEM MUPUHBI, €Ba MUpPe 2-TO; 4-1 YIEHUK CUJTb-
HO yAJIMHEHHBIH, 60Jiee UueM BJIBOe IJIMHHEe CBOel
MaKCUMaJbHOU UIUPUHBI, CY’)KEH B BEPIINHHOU I10-
JIOBWHE, €TO AUCTAJbHBIN Kpal 06pasyeT OKPYTIIYIO
MeMOPaHO3HYI CEHCOPHYIO ITOBEPXHOCTH, CHAOXKEH-
HYI0 HECKOJIBKUMU OUYeHb MEJKUMU YIOJUHEHHBIMU
BbIpOCTaMU. JIAaIIMHUS TIPENCTABJISIET CO60HM CUIBHO
VOJMHEHHBIHN, cJ1ab0 CKIEPOTU30BAHHBIN CKJIEPUT,
IPSIMOY BHYTPEHHUM Kpail KOTOPOTO B BEPXHEH I10JI0-
BUHE CHabXeH NJIMHHBIMY U30THYTBIMU IIETUHKAMU.
T'ayea Taxxe cj1abo CKIEPOTHU30BaHA; TTapajiesibHO ee
MIPSIMOMY BHEITHEMY KPAa PAcCIIOJIOKEH P, U3 He-
CKOJIBKUX JJIMHHBIX, IPSAMBIX IIETUHOK; OKPYTJIEH-
HBIY IepeJHUM Kpali cHabGXXeH OUueHb I'yCTOM IIeTKOU
IIVHHBIX, U30THYTHIX B OHOM 06IIeM HaIIpaBJIeHUU
IEeTUHOK, KOTOPbIE COCTABJIAIT GoJjiee MU MeHee
OJTHO II€JIO€ C aHAJOTUYHBIMY IIEeTUHKAMU JIAIMHUU.
HwxHss ry6a (puc. 3a) 6oyiee Wi MeHee Tparelue-
BUAHOU (hOPMBI, TIepeqHUN Kpal ryosl Mupe 3aHe-
T'0 Kpasi; IepeHUe YTJIbl OKPYTJIEHBI; TIEPEeSHUN Kpaii
cHabXXeH pSAIOM MHOTOYUCIEHHBIX AJUHHBIX IE€THU-
HOK; IUCTaJIbHAas YaCcTh HUKHEN TOBEPXHOCTHU TaKXKe
MMOKPBITA JJMHHBIMU METUHKAMU, 3Ta 3aHATas Ie-
TUHKaMU 4YacTh UMeeT (hopMy TPeyTroJibHUKA. HUK-
Hery6HbIE MYITUKU 3-UJI€eHUKOBBIE; UX 1-1 YIEHUK
OJVUHHBIN U Y3KUU, U30THYT B 6a3aJibHOMN UacTu; 2-U
YIEHUK, YIJIMHEHHBIH, ropasfo mupe 1-ro, mo-Buau-
MOMY, 9BOJIIOIJMOHHO 06pa3oBaH IMyTEM CpPacTaHUSs
JIBYX WIEHUKOB, OCTaTKU T'PAHUIIbI MEXY KOTOPBIMU
MO’KHO BUJIETh Ha CepefiHe BHENIHETO Kpas 3TOT0
YJeHVKa; 3-U WIEHUK CUJIbHO YIJUHEHHBbIN, 605ee
YeM BIIBOE AJIMHHEE CBOEW MaKCUMAaJIbHOM IIMPUHBI,
CY)X€H B allMKaJIbHOU MOJIOBUHE, €Tr0 AUCTAJIbHBIN
Kpay o6pasyeT OKPYTJIyI0 MeMOPaHO3HYI0 CEHCOp-
HY0 [TOBEPXHOCTH, CHA6KEHHY0 HECKOJIBKUMY OY€Hb
MeJIKMMU YIJIMHEHHBIMU BHIPOCTaMU. B 11e10M 0611as
¢opmMa HIYKHETYOHBIX IIIYITMKOB BIIOJHE COOTBETCTRBY-
€T TaKOBOW HU)KHEUEJFOCTHBIX
mynukoB. [Tog6opomok (puc.
3b) uMeeT GopMy IIOTIEPEUHOTO
IIECTUYTOJbHUKA; €T0 MepPe-
HUH Kpal CUIbHO OKPYTJIO-BbI-
eMyuaThIli, 3Ta BbleMKa cHabxe-
Ha OYeHb TOHKON MeMOpaHOu;
GOKOBBIE Kpasi, TPUMBIKAIOIIYE
K OCHOBaHUWI TOAGOPOMKaA,
TaKXXe CUJbHO BbBIEMYATHIE;
BCS TIOBEPXHOCTB, 3a HUCKJIIO-
YeHUEM caMOTO OCHOBaHUS,
MMOKPBITA AJUHHBIMU IETUH-
KaMu, HallpaBJIeHHbIMU (oJiee
uau MeHee Briepen. [Tog6opo-
JIOK CUJIbHO CKJIEPOTU30BAaH,
JIOTOJHUTEJIbHO apMUPOBaH
HECKOJbKUMU MOIIHBIMU KU-

TTOBEPXHOCTHU TT0A00POIKA.
[lepenHecIrHKA OJIVHHEE
HMIUPUHEI, e MeIuaibHOe IIPOo-
JIIOJIbHOE KUJIEBUHOE BO3BbINIEHNE Caabo BhIpaxe-
HO; GOKOBbIE KUJIEBUHbIE BO3BBIIIEHUS U30THYTHI,
Ha cepeJiuHe CBOel MJIWHBI 6y1MKe K 60KOBOMY KParo

(choTo C.A. KypbaTosa)

shape of the labial palp is quite consistent with that
of the maxillary palp. The postmentum (Fig. 3b) has
the shape of a transverse hexagon; its anterior mar-
gin is strongly round-notched; this notch is provided
with a very thin membrane; the lateral margins adja-
cent to the base of the postmentum are also strong-
ly notched; the entire surface, with the exception of
the base itself, is covered with long bristles directed
more or less forward. The postmentum is heavily scle-
rotized, additionally reinforced with several powerful
keel-shaped formations protruding from the plane of
the postmentum surface.

The pronotum is longer than the width, its medi-
al longitudinal keeled elevation is weakly expressed;
lateral keeled elevations curved, in the middle of their
length closer to the lateral edge of the pronotum than
to the medial elevation; the apical (1*!) tooth of the late-
ral margin is no more protruding than the basal (6');
the punctation is similar to that of the forehead and the
vertex.

The prosternum is densely punctuated, on both
sides with a longitudinal epipleural suture, ending in
front at the base of the 1% lateral tooth; there is no de-
pression of the prothorax between its anterior margin
and the prosternal process.

The elytrae are more than twice as long as the
total width, slightly wider than pronotum; the elytral
apex without elevation near the suture; the anterior
margin of the elytra (excluding the sclerite hidden in
the whole insect under the posterior margin of the
pronotum), as well as the base of their lateral margin
is crenulated.

The mesonotum (Fig. 4d) is small, consists of the
scutum hidden under the posterior margin of the pro-
notum and a scutellum located in the middle of the
base of the elytrae; the border between the scutum and
the scutellum in the form of a straight line. The scutum
has a thin longitudinal medial carina in the anterior
two-thirds; the surface of the scutum is covered with
an indistinct wavy microsculpture; the anterior margin
is angularly notched; the posterior third of the scutum,

Puc. 3. [leTanu CTpoeHUs poToBbIX Fig. 3. The Oryzaephilus surinamensis
TeBUIHBIMU 00Pa30BAHUAMHY,  opramos Oryzaephilus surinamensis:  mouthparts structure:
BbICTYIAIOIXMU U3 IIJIOCKOCTH  a — HukHAS ryba; b — nopbopoaok a— prementum; b — postmentum

(photo by S.A. Kurbatov)
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TepeHeCIUHKY, YeM K MeUaJIbHOMY BO3BbIIIEHUIO;
anmuKaJbHbIN (1-11) 3y6el] 60KOBOTO Kpast BHICTYIIAEeT
He cuJibHee, yeM 6as3ajibHbIU (6-11); TYHKTUPOBKA
CXOJIHA C TAaKOBOII Ji6a U TEMEHU.

[lepegHETPYOb B T'YyCTOU ITYHKTUPOBKE, C 06€UX
CTOPOH C IIPOAOJIbHBIM 3IIUILJIEBPAJIbHBIM LIBOM, 3a-
KaHYMBAIONMMCS BIIEpPeI1 y OCHOBAaHUS 1-T0 60KOBOTO
3y011a; BIaBJeHE IEPEIHETPYAY MEXKLY €€ TIEPEeIHUM
KpaeM M MPOCTEPHAJIIbHBIM BHIPOCTOM OTCYTCTBYET.

HaaxpbLiabs 6ojiee ueM B 2 pasa OJUHHee 061ien
IMUPUHBI, €Ba MKUpPe MepelHEeCIUHKN, BEePIINHbI
HaJKPLIIbeB 0e3 MOAHATUS OKOJIO IIBa; MepegHui
Kpa¥ HagKpbLabeB (6e3 yueTa CKIEPUTa, CKPBITOTO
y LeJIOT0 HaCeKOMOTO 10 3aJJHUM KpaeM IepenHe-
CIIMHKH), a TAKXKEe OCHOBaHMeE UX 60KOBOTO Kpast MeJIKO
3a3y6peHHbIE.

CpepnecninHKa (puc. 4d) MajieHbKas, COCTOUT U3
CKPBITOTO TI0Z, 3aJJHUM KPaeM MePENHECITUHKY CKY-
TyMa ¥ PacIioJiOKeHHOTO Ha cepefuHe OCHOBAHUA
HaJKPBLIbEB CKyTeJIyMa (I[UTKA); TPaHUIla MEXKILY
CKYTYMOM U CKYTEJIJIyMOM B BUJIE MPSIMOU JIMHUU.
CKyTyM B MEPEeIHUX ABYX TPETIX CHAOKEH TOHKUM
MIPOMOJbHBIM MeouallbHbIM KUJIEM; ITOBEPXHOCTD
CKyTyMa MOKPbITAa HEIBCTBEHHOW BOJHUCTOU MU-
KPOCKYJIBIITYPOU; IepeLHUN Kpail yriIoBaTO-BbIEM-
YaThIN; 3a/IHSISI TPETh CKYyTyMa, a Tak)ke ero 60KOBbIE
U IepeIHny Kpas CKJIEePOTHU30BaHbl 60jiee CUIbHO.
CKyTeJIIyM TIOTIEePEeYHbIH, IO IeHTPy apMUPOBaH
V-06pasHo# CTPYKTYPOU; 3aJHUY Kpall CKyTeJIyMa

Puc. 4. Oetanu ctpoeHus Oryzaephilus surinamensis:
a-rnas; b —1-3- BUAUMbIE CTEPHUTbI GPIOLIKA;

C — MET3HJA0CTEePHUT; d — CpegHECNNHKA; € — 330 HECTINHKA;
f — 8- Teprut caMua; g — reHMTanbHbIN annapar camua
(choTo C.A. KypbaToBa)

as well as its lateral and anterior margins, more strong-
ly sclerotized. The scutellum is transverse, reinforced
in the center with a V-shaped structure; the posterior
margin of scutellum angularly rounded. In general, the
scutellum is more strongly and more uniformly sclero-
tized than the scutum.

The metanotum (Fig. 4e) is weakly sclerotized,
more or less rectangular. The prescutum is transverse,
only its narrow anterior margin is sclerotized, the rest
of it is membranous. The scutum is large, membra-
nous; as well as scutellum, it is divided lengthwise into
2 parts by 2 sclerotized apophysises. The outer mar-
gins of the scutellum are rounded. The postnotum is
fragmented into two separate transverse sclerites, at-
tached to the posterior margin of the scutum and the
scutellum.

The fused meso- and metasternum are densely
punctured with the exception of an almost non-punc-
tured depressed median part of the metathorax. The
metendosternite (Fig. 4c) with a wide base and 2 nar-
row, diverging apophysises, devoid of any additional
processes.

The 1 (morphologically 3') visible abdominal
sternite is the longest; the 2" and the 3" visible ster-
nites in the middle of the inner side are reinforced
in the form of an irregular discontinuous transverse
line (Fig. 4b); punctation of sternites is expressed only
laterally; the pubescence is small; hairs are directed
backward.

Fig. 4. The Oryzaephilus surinamensis structure details:
a-eye; b — 1-3" visible abdominal sternites;

¢ — metendosternite; d - mesonotum; e — metanotum;
f — 8t male tergite; g — male genital apparatus

(photo by S.A. Kurbatov)
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YIJIOBATO-OKPYTJIEHHBIN. B 11e710M CKyTeJIyM 6oJiee
CUJbHO U 60Jiee PaBHOMEPHO CKJIEPOTU30BaH IO
CPaBHEHMIO CO CKYTYMOM.

3agHecnuHKa (puc. 4e) ciabo CKJIepoTHU30BaHa,
6oJiee MM MeHee MTPSIMOYTOJIbHON hopMbl. [Ipecky-
TYM IOTIEPEYHBIH, CKJIEPOTU30BAH JIUIIb €T0 Y3KU
nepegHU Kpal, oCcTaJibHas ero 4acTb MeMOpPaHO3-
Hasa. CKyTyM 60JbION, MeMOPaHO3HBIN; TaK Xe, KaK
¥ CKYTEeJIIYM, PasjieJIeH BJIOJb Ha 2 YacTH 2 CKJIEPO-
TU30BaHHBIMU anodu3aMu. BHeIIHME Kpas CKyTeJ-
JIyMa OKpyTIJIeHBbI. [IOCTHOTYM )parMeHTMPOBAH Ha 2
OTZIeJIbHBIX IIOIIEePEUYHBIX CKJIEPUTA, IPUUJIeHEHHbIX
K 33/THEMY KPalo CKyTyMa U CKyTeJuIyMa.

Cpocinmecs cpeiHe- 1 3aJHErpyIb I'yCTO ITyHKTY-
POBaHBbI 38 UCKJIIOUEHUEM TIOYTH HE MMyHKTUPOBAHHOM
BILABJIEHHOU CPEIMHHOM YaCcTHY 3aJHETPYAU. MeT3HI0-
CTePHUT (PHUC. 4C) C MIUPOKUM OCHOBAHUEM U 2 Y3KUMU
pacxongIMucs artopu3aMu, JUIeHHBIMY KaKUX-JI1-
60 DOTIOJHUTEbHBIX BHIPOCTOB.

1-ii (Mopdosoruuecku 3-i) BULUMBINA CTEPHUT
OpIoLIKA CaMbIll AJUHHBIN; 2-1 U 3-1 BUAUMbIE CTEP-
HUTHI Ha CepeUHe BHYTPEHHEN CTOPOHBI apMUPO-
BaHbI B BUJle HEPOBHOM, TPEPHIBUCTON TTOTIEPEUHON
JuHuY (puc. 4b); MIyHKTUPOBKA CTEPHUTOB BhIpa)KeHa
JINIIB 110 60KaM; OIyIIeHe MeJIKO€, BOJIOCKY HaIIpaBs-
JIEHBI Ha3a]l.

1-3-ii YWIeHUKH JIAIIOK Ha HUIKHEH II0BEPXHOCTU
CHaGYKeHBI I'YCTBIMU BOJIOCKAMU, 4-1 YIEHUK MaJIeHb-
KWH, TJIOXO 3aMEeTHBIN, 5-U YIeHMK pacIliupseTrcs
K BEepIIVHE, IJUHON KaK BCE MTPEbIIYIIVE YIEHUKH,
B3sThbIE BMecTe (puc. 5).

BTopuuHbIe 110JI0BBIE IPU3HAKU. ['0JI0Ba caMila
HECKOJIBKO LIWPE, YeM Y CAMKU: AJMHOU C IUPUHY
WJIY €J1Ba IIIVPe IJIUHBI y caMIla (COOTHOIIEHNE IJITMHBI
K mupuHe 1-1,1), mupe IJIUHbI Y CAMKY (COOTHOIIEHNE
IJIUHBL K mupuHe 1,1-1,2). Boka
TOJIOBBI BIIEPENM IJIa3 y camila
uHorza (Ho He Bcerjna) C rmapoi
TOPYAIIMX BBEPX M30THYTHIX
«porop». [lepelHeCIIMHKA CaM-
11a B 11€JIOM HECKOJIbKO JIJINHHEE,
YeM y caMKu (CpeJlHee COOTHO-
leHVe OJUHBI K mupuHe — 1,2
y camiia, 1,15 y caMKu).

Y caMua 3aHUE BEPTIYrU
cHabXXeHbI TI0 3aJlHEMY Kparo
GOJBITUM TYITBIM 3y6IIOM, 3a]l-
Hue 6eapa B JUCTAJbHON TPeTU
3aJHET0 Kpas ¢ HeGOJIbIINM IITH-
TI0M, 3aJJHVE TOJIEH! Ha BEePIIu-
He BHYTPEHHEN CTOPOHBI C 0YEHD
MaJleHbKUM 3y6umnKoM (puc. 5a);
y caMKU 3aiHVEe HOTH 6e3 0CoObIX
oTanuuii. [Tocnenuuii (8-i) Tep-
ruT camiia (puc. 4f), mosHOCTHIO
CKPBITBIN TOJ HAIAKPBIIbIMU,
CHabXXeH TYCTBIM PALOM IIETH-
HOK, KOTOPbI€ PAaCIIOJOXXEHBI

a

The 1%-3" tarsal articles on the ventral surface
are provided with dense hairs, the 4™ article is small,
poorly visible, the 5" article expands towards the
apex, as long as all the previous segments taken to-
gether (Fig. 5).

Secondary sex characters. The head of the male
is slightly wider than that of a female: as long as wide
or slightly wider than the length in the male (the ratio
of length to width is 1-1.1), wider than the length in
the female (the ratio of length to width is 1.1-1.2). The
sides of the head in front of the male’s eyes sometimes
(but not always) have a pair of curved “horns” sticking
up. The male’s pronotum is slightly longer than that of
the female (the average ratio of length to width is 1.2 in
the male, 1.15 in the female).

The male has the hind trochanters provided along
the posterior edge with a large blunt tooth, the hind fe-
murs in the distal third of the posterior edge with a
slight spine, the hind tibiae on the apex of their inner
side with a very small tooth (Fig. 5a); the female has no
special characters in hind legs. The last (8" male ter-
gite (Fig. 4f), completely hidden under the elytrae, has
a dense row of bristles, which are located at the same
distance from the evenly rounded posterior margin of
the tergite.

Aedeagus is as in Fig. 4¢g.
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AHHOTALIA
[IpoBezmeHBI aNTPOGMPOBAHNE M OTITUMU3AIUS TECTOB
Ha OCHOBE MOJIMMEPAa3HON I[eNHOU PeaKIuM C HC-
0JIb30BaHWEM KOMMepUecKUX HabopoB peareHTOB
POCCHUICKOTO IMTPOU3BO/ICTBA JJI BhIZEJIEHUS Y aMILIN-
¢ukarum JHK coeBoli ucTo06pasyomei HeMaTO bl
Heterodera glycines Ichinohe B ¢popMaTe KjaccuyecKoit
[1P. [TonTBepXIeHa IPUTOLHOCTb OTEUECTBEHHBIX
KOMMepPYeCKUX HabOPOB AJI JAaHHOTO MCCIIeIOBAHNS.

Knrouesvie cnosea. KapaHTUH pacTeHUi, coe-
Bas mucToobpasyromias HemaTona Heterodera glycines
Ichinohe, Mopdosioruueckue Mpu3Haky, MOPHOMET-
pud, MOJIEKYJIAPHO-TEHETUYECKEe MeTO/bl, II0JInMe-
pasHag emnHag peakius ([TLIP), cekBeHUpPOBaHUE.

Jlna xoppecnondenyuu. ViBanoB AHTOH Biamuc-
JIaBOBUY, MJIAMUINY HAy4YHBIM COTPYLHUK Jjabopa-
TOPUM TEJbMHUHTOJIOTUU VICTIBITATENBHOTO Jiabopa-
TopHOro uenrpa ®I'bY «BHUUKP», 140150, Poccus,
MockoBcKas 061., I. PaMmeHCKoe, p. IT. BeikoBO, yi1. I10-
rpanudHas, 32, e-mail: tonijons8@mail.ru.

BBEJEHUE

051 SIBJISIETCS II€eHHBIM WHTPENVEHTOM
MIUIIEBbIX IPOAYKTOB U KOPMOB, BaXK-
HEUIIUM KOMIIOHEHTOM MHOTHUX (ap-
MalleBTUYeCKUX IIperapaToB U KOC-
METUYECKUX CpPeAcTB. [TomysnsipHOCTD
STOU KyJIbTYPHI CBSI3aHA B TIEPBYI0 OUePElb C BHICOKOU
KOHIIeHTpaIuel 6ejika, KOTOPbIK comep XKUTcst B 60-
6ax (B cpemueM okojo 40% OT Macchl CEMEHHU), U JI0-
CTAaTOYHO BBICOKOM YPOXKAHOCTHIO.

Obmas raomanb o coeit B Mmupe B 2019 . co-
craBujia 122 MJIH ra, MUPOBOE ITPOU3BOJICTBO JJOCTUT-
J10 336 MJiH TOHH. bosiee 80% MUPOBOIo MPON3BOLCTBA
cou nipuxonuTcd Ha 3 ctpansbl: CIIA, Bpasunuio u Ap-
TeHTUHY.
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ABSTRACT
The approbation and optimization of PCR tests us-
ing Russian commercial reagents kits for the DNA ex-
traction and amplification of the soybean cyst nema-
tode Heterodera glycines Ichinohe in classic PCR format
has been carried out. The suitability of Russian com-
mercial kits for this study has been confirmed.

Key words. Plant quarantine, soybean cyst nema-
tode Heterodera glycines Ichinohe, morphological cha-
racteristics, morphometry, molecular genetic methods,
polymerase chain reaction (PCR), sequencing.
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INTRODUCTION

oy is a valuable ingredient of food and forage,
a major component of many pharmaceuti-
cals and cosmetics. This culture’s popularity
is mainly accounted for by high protein con-
centration in beans (about 40% of the seed

mass on average), and a fairly high yield.
The total area of soybeans cultivation in the world
in 2019 amounted to 122 million hectares, the world
production reached 336 million tons. Over 80% of the
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Ha mouio Poccrum B MEPOBOM ITPOM3BOJICTBE COU
B 2019 r. mpuxoauaoch okoJio 1,3%. Poccus o6iamaer
CYLIECTBEHHBIMU BO3MOXKHOCTSIMU JIJISI PA3BUTHUS COE-
BOI OTpAaC/U: paclojiaraeT arpoKJINMaTUYECKUMHU,
3eMeJIbHbBIMU, BOJHBIMU PECYpCcaMu, YHUKAJIbHBIM
COPTOBBIM IIOTEHIIMAJIOM ¥ MHOTOJIETHUM OIIBITOM
BO3/IEJIbIBAHUS COU.

Benyas poJib B IPOU3BO/ICTBE COU B Poccuiickon
denmepanvy MIpUHAIJIEKUT JlaIbHEBOCTOUHOMY (efie-
panbHOMY OKpyTY ([IpUMOpCKUii, XabapoBCKUY Kpad,
AMypckas 06J1acTh), Tlie pasmeniaeTcs 6oee 88% 1o-
CEBOB cOU U IIpou3BoAuUTCS 6oJjiee 86% ee BaJOBOTO
cbGopa B CTpaHe.

Heterodera glycines Ichinohe — coeBas 1mcToo6pa-
3ylollas HeMaTo/Ja, KOTopass HAaHOCUT OTPOMHBIN
yIep6 ypoXxar cou U pyrux 6060BbIX KyJIbTYD. Briep-
BbIe O6bIIa 06HapyxeHa B dnoHuu 1 Kopee B 1915 T.
B 1952 r. HeMaToa Gbljla OIKCaHa MCCIEI0BATEIEM
Ichinohe Ha ocTpoBe Xokkatizo [1, 2]. H. glycines uupo-
KO pacIpocTpaHeHa B 60JIbIIMHCTBE CTPAH, TIe TPOu3-
BOJZICTBO COMU SIBJISIETCSI OCHOBOII CEJIbCKOXO03SIHCTBEH-
HOMU JIesITeJIbHOCTH, 0COGEHHO B CTpaHax AWM.

B Mupe 10% ceslbCKOX035ICTBEHHOM ITPOAYKIIUY
COU TEPSIETCS 13-3a ITOBPEXKIEHUI COeBOI HEMATOI 0,
YTO COCTaBJIAET 1/3 IOTEPh OT BpeguTeael u 60Jes-
Heli [3, 4]. B 2014 . H. glycines 6b1a BKJIIoUeHa B [Tepe-
YeHb KapaHTUHHBIX 00beKTOB Poccuiickoit denepaliuu
u 3ateM, B 2016 I., BHeceHa B EQWHBIN IepevyeHb Ka-
PAHTUHHBIX 00BeKTOB EBPa3niicKOro SKOHOMUYECKO-
ro cor3sa [5, 6]. B HacTosiIee BpeMs coeBas HEMaTo1a
OTPaHUYEHHO MPUCYTCTBYET Ha TeppuTopuu Poccuu
B JlaibHEBOCTOUYHOM (pefepasibHOM OKpyre. C 11eJbio
TIOTIOJIHEHUSI HAYYHOU KOJIJIEKIITMY HEMATO/, U3y YEHUS
00beKTa U pa3paboTKy METOHOB €ro UAeHTU(GUKAIIUYT
B 2016-2019 I'T. COCTOSJIMCH HAYYHO-UCCJIEI0BATEb-
CKMe DKCIeIUIINY BCepoCcCuicKoro IieHTpa KapaHTu-
Ha pactenus (PI'BY «BHUVKP») Ha JlaibHN# BocToK
Poccuu.

CHMIITOMBI ITOPAXKEHUSI PACTEHNH COEBOI IIUCTO-
obpasymwulell HeMaToOLON HA HAJ3eMHOU YacTu He-
cnenuMUYUHBI, UX MOXKHO CIIYTaTh C e(UIUTOM ITUTAa-
TeJIbHBIX BelecTB (0CO0EHHO ¢ Ae(UIIUTOM XKejesa),
CTPECCOM OT 3aCyX¥ WM IPYrUMU 3a60JIeBaHUSIMU.
OHU ITPOSABJIIIOTCS B 3aMeIJIEHUY Y OTCTaBaHUU B PO-
CTe PACTEHUMH, TIOXKEITEHNU JINCThEB, CHUKEHUU YPO-
JKaliHoCTU ceMaH. [Togo6GHble CUMIITOMBI HaGJII0LaIU
BO BpeMs SKCIIeIUIIMK Ha MoceBax cou (puc. 1). Ha
KOPHSIX TaKUX PacTeHUM ObII0 OTMeUeHO 06pa3oBaHue
CaMOK C SHIIeBbIMU MEIIKaMU, a TaK)Ke CHIDKEHNE KO-
JIMYeCcTBa KJIyOeHbKOB U MOSBJIEHUE JOTIOJHUTEIbHBIX
KOpemKoB (puc. 2, 3).

BHeIHWe NMPU3HAKY YTHETEHUS HA OTIEJIbHBIX
PACTEHUSIX COU U IOSIBJIEHWE 0YaroB IMTOXKEJITEBIINX
pacTeHui MOTYT GbITh OCHOBAHUEM JIJISI TPOBEIEHUS
obciieoBaHMM Ha HaJIM4Yre HeMaToAbl. VIHOTIa TaKue
YYaCTKY TOPAKEHHBIX PACTEHUY OBLIY PACIIOJI0KEHBI
I10 Kpalo I10JIs, YaCTO B MECTaX, T 3ae3’Kajia TEXHUKA.
HawboJiee CMJIbHO CTpagaiv PaCTEHUS B IIEHTPE ITopa-
JKEHHOTO yYacTKa.

Vicxons 13 GMOJOTUK 00BbEeKTa, OITUMAaJIbHBIM
IIpeJICTaBJIIeTCS 00CIeOBaHYE HA IPUCYTCTBUE COEBOM
HEMAaTOZbI B IIEPUO]] BereTaluy ¢ 0T60POM pacTeHUH
COM C KOPHEBOU CHUCTEeMOI IJIs JaJbHEeNIIero aHajImsa.

Lukn passutusg H. glycines TUTIMYEH IJIST BCEX
BUIOB IIMCTOOOPA3yONIMX HEMATO. [IJisT COEBOM He-
MaTObl XapaKTepPeH MOJIOBOM IUMOP(U3IM: CaMKU
JIMMOHOBUIHBIE, O€JIOTO IIBETa, CAMIIBI ITPO3PaAYHbIE

world soybeans production is concentrated in 3 coun-
tries: the USA, Brazil and Argentina.

In 2019, Russia’s proportion of the soybean pro-
duction in the world accounted for about 1.3%. Rus-
sia has significant opportunities for the soybean indus-
try development: agroclimatic, land, water resources,
unique variety potential and many years of experience
in soybean cultivation.

The leader of the soybeans production in the Rus-
sian Federation is the Far Eastern Federal District (Pri-
morsky Krai, Khabarovsky Krai, Amur Region), where
more than 88% of soybean crops are located and more
than 86% of its gross harvest in the country is produced.

Heterodera glycines Ichinohe, 1952, is the soybean
cyst nematode, which causes great damage to the soy-
bean and other Fabaceae crops. It was first detected in
Japan and Korea in 1915. In 1952 the nematode was
described on the island of Hokkaido by the researcher
Ichinohe [1, 2]. H. glycines is widespread in most coun-
tries where soybean production is the basis of agricul-
tural activity, especially in Asia.

10% of the world’s agricultural soybean produc-
tion is lost because of the soybean cyst nematode,
which amounts to 1/3 of the losses caused by pests and
diseases [3, 4]. In 2014, H. glycines was included in the
Quarantine Pest List of the Russian Federation and then
in 2016 it was included in the Common List of Plant
Quarantine Objects of the Eurasian Economic Union [5,
6]. At present, soybean cyst nematode is limitedly pre-
sent in Russia’s Far Eastern Federal District. To develop
the scientific nematode collection, study the object and
develop methods for its identification, in 2016-2019
All-Russian Plant Quarantine Center (FGBU “VNIIKR”)
sent scientific expeditions to Russia’s Far East.

The symptoms of plants’ damage by soybean cyst
nematode on the aerial parts are non-specific, they can
be confused with nutritional deficiencies (especial-
ly iron deficiency), drought stress, or other diseases.
They manifest themselves in slow and irregular plant
growth, yellowing of leaves, and a decrease in seed
yield. Such symptoms were observed during an expe-
dition to soybean crops (Fig. 1). On the roots of such
plants, the formation of females with egg sacs was not-
ed, as well as a decrease in the number of tubercles and
the appearance of additional roots (Fig. 2, 3).

External signs of inhibition on individual soybean
plants and the appearance of yellowed plants foci may
be the basis for surveys for the nematode presence.
Sometimes such areas of infected plants were located
at the edge of the field, often in places where vehicles
entered. Plants in the center of the affected area were
infected the most.

According to the biology of the object, the best
option is to conduct the examination for the soybean
nematodes presence during the growing season se-
lecting soybean plants with root systems for the fur-
ther studies.

The development cycle of H. glycines is common for
all cyst nematode species. Soybean nematode is cha-
racterized by sexual dimorphism: females are lemon-
shaped, white, males are transparent and vermiform.
The nematode remains in the stage of eggs and larvae
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e

to the development of diagnostic protocols for detec-
tion and identification. Heterodera spp. cyst nematodes
diagnosis involves the same molecular methods as
those used for many other nematode species, including
restriction fragment length polymorphism (PCR-RFLP),
PCR with species-specific primers, real-time PCR (R-T
PCR), as well as methods of DNA partial sequencing
(determination of the nucleotide sequence).

Molecular methods are becoming more important
as Heterodera spp. nematode cysts are quite often de-
tected on regulated products. Morphologically they are
quite similar, e. g. nematodes belonging to one group.
In this case, conducting research by the morphological
method can be difficult.

The aim of the research was testing and opti-
mizing sample preparation methods and classic PCR
methods with available Russian commercial kits for the
effective identification of soybean cyst nematode, in-
cluding the use of specific primers. Currently, Russian
companies offer a wide range of reagents for DNA ex-
traction and amplification. For example, Syntol (Rus-
sia) offers a kit for the isolation of nucleic acids from
animal tissues “DNA-Extran-2”. Basic kits for carrying
out amplification, containing all the necessary compo-
nents, with the exception of species-specific oligonu-

Puc. 3. UucTa coeBom
HemaTtopbl Heterodera nematode Heterodera glycines

Fig. 3. Cyst of soybean cyst

Puc. 1. Ouaru nopaxkeHusi cou HemaTogou Heterodera Fig. 1. The foci of soybean syst nematode Heterodera glycines
glycines Ha JlanbHeM BocToke Poccuum (Mpumopckuii kpai)  infection in the Far East of Russia (Primorsky Krai)
(choTo A.B. MBaHOBa) (photo by A.V. Ivanov)

glycines c anueBbIM with an egg sac on soybean
MEeLLKOM Ha KOPHSAX con roots
(choTo A.B. MBaHOBa) (photo by A.V. Ivanov)

u yepBeobpasHble. HeMaToma COXpaHSIeTCs B CTaIUU
UL, U JIMUWHOK, HaXOASAIIUXCS B LIUCTaX. BecHoM
JIMYMHKYA WHBA3UPYIOT MOJIOZble KOPHU, TTUTAKTCS
¥ TIPEBPAIIAIOTCS B CAMOK M caMI1i0B. CAaMKM OCTAIOTCS
B KOPHE, a caMIlbl BBIXOJST B [TIOUBY, OILJIOLOTBOPSIOT
caMoK 1 moru6arT. CaMKY OTKJIaZbIBAIOT M1 B THIIE-
BOM MEIIOK MJIX BHYTpU Teja (puc. 2, 3). BHyTpeHHUE
OpraHbl CaMOK IT0CJIe BbI3PEBAHUS BHYTPU HUX SUI]
OTMUPAIT, KYTUKYJIa CAaMKHU yTOJIIAEeTCs, 3aTBEPe-
BaeT U nmpruobpeTaeT KOPUUYHEBBIH 11BeT (puc. 4). Ta-
KUe OTMepIlNe CaMKU C SUIlaMy BHYTPU Ha3bIBAIOTCS
nycTaMu. L{UCTHI IBJSIOTCS UCTOUHUKOM UH(EKITNUN.
3a BeTeTalMOHHBIN MTePUOJ, MOXET PA3BUTHCS OT 3 /10
5 TTOKOJIEHU ! COeBOY HeMATOIbl. [IpM3HAKY ITOpake-
HUS COEBOM HEMATO/IOH ITOSIBJISIIOTCS IPUMEPHO Yepes
2 Mecslia rmocJie mocesa [7].

Iuar"octuka H. glycines OCHOBBIBAETCS Ha MOp-
(hostornyeckom 1 MOJIEKYJISIPHOM MeToiaX. [I0CTOSIH-
HOE COBEPUIEHCTBOBAaHME MOJIEKYJISIPHBIX METOLOB
TpebyeT HOBBIX MOAX0MIOB K pa3paboTKe AMarHOCTU-
YeCKHUX ITPOTOKOJIOB 110 BBISIBJIEHUIO U UAeHTUDUKA-
uuu. [ IMarHOCTUKY IIMCTO0OPAa3y0IIuX HeMaTo/
pona Heterodera VCTIONb3YIOTCS TE K€ MOJIEKYIISIPHbIE
METOJbI, UTO U IJisi GOJIBIIMHCTBA APYTUX BUIOB He-
MaTO[I, BKJIFOUAs MOJIUMOPGU3M IJINH PECTPUKITUOH-
HbIX hparmenToB ITLP-T1IP® (PCR-RFLP), ITLIP c Bu-
JocrneuuduyeckuMu npaiiMmepamuy, 1P B peasibHOM
BpeMenu (Real-Time PCR), a Tak)Xe MeTOAbI YaCTUU-
HOT'O CEKBEHUPOBaHUs (ONpefiesieHre HYKJIeOTULHON
nocyiefoBaTesbHoCTH) JHK.

B HacTodIee BpeMs MOJIEKYJISIPHbBIE METOJbI
npuo6peTaroT 0coboe 3HaUeHUe, TaK KaK B ITOJKapaH-
TUHHOW MPOAYKIIUYU JJOCTATOYHO YAaCTO BBISBJISIOTCS
LIMCTBI HeMaTo, posa Heterodera, KoTopbie MOpdoJio-
TUYECKM OUYEHb CXOXM MEeXIy cO00M, HAIIpUMep He-
MaTOAbI OJJHOY I'pymIThl. [IpOBEIEHNE UCCIEN0BAHMIM
MOpPGhOJIOTUYECKMM METOOM B 3TOM CJydyae ObIBAET
3aTPYLHUTENBHO.

[lesbl0 UCCTAEeNOBAHUS SABJSJOCH UCIIBITAHUE
¥ OTITUMU3AIIYS CIIOCOG0B MOJITOTOBKY TIPO6 1 TECTOB

in cysts. In spring, larvae invade young roots, feed and
develop to females and males. Females remain in the
root, while the males go out into the soil, fertilize the fe-
males and die. Females lay eggs in an egg sac or inside
the body (Fig. 2, 3). The internal organs of females die
off after the eggs inside them mature, the female’s cu-
ticle thickens, hardens and turns brown (Fig. 4). Such
dead females with eggs inside are called cysts. Cysts are
the source of infection. During the growing season, 3 to
5 generations of soybean cyst nematodes can develop.
The signs of soybean cyst nematode infection appear
approximately 2 months after planting [7].

The diagnosis of H. glycines is based on morpho-
logical and molecular methods. The constant improve-
ment of molecular methods requires new approaches

Puc. 2. Camku coeBoit Fig. 2. Female of soybean

HeMmaTopbl Heterodera cyst nematode Heterodera
glycines Ha kopHsax cou  glycines on soybean roots

(choTo A.B. UBaHOBA) (photo by A.V. Ivanov)

dutocaHuTapusi. KapaHTuH pactenuii -~ 32

kJaccudeckoy [P ¢ MOCTYIHBIMU OTEUYECTBEHHBI-
MU KOMMepuecKuMU Habopamu Ay 3ppeKTUBHON
uneHTUDUKALINY COeBOM 1cTO06pasyollell HeMaTo-
IIbI, B TOM YMCJIE C UCIIOJIb30BaHMEM CITIeIU(PUUIECKUX
mpaiMepoB. B HacTosIIee BpeMs POCCUMCKIE KOM-
MaHUU MpeajaraT IMUPOKU Habop peareHTOB AJg
Boifenenusa JHK u amnaudukanuu. B yacTHOCTH,
000 «CunTosn» (Poccus) mpeaJjaraeT Habop [IJs Bbi-
IeJeHUsT HyKJIEMHOBBIX KMCJIOT U3 TKaHeH >KMBOTHBIX
«[IHK-9kcTpaH-2». bBa3oBble KOMILIEKTHI JJIsI TPOBee-
HUS aMIUTMGUKAILIUY, COIepIKalIre Bce He06X0quMble
KOMIIOHEHTHI, 38 UCKJIIOUeHUEM BUAOCTEIUPUIHBIX
OJIUTOHYKJIeOoTUumoB, npepmaratoT OO0 «CuHTOII»,
3A0 «EBporen» (Poccus), OO0 «Arpo/luarHOCTU-
ka» (Poccus), 3A0 «/Iuajat JIta.» (Poccus) [8, 9,10, 11].
BupocnenuduyuHble OIUTOHYKIJIEOTUIbI M3TOTABINBA-
eT 000 «Buotexunayctpus» (Lumiprobe), 3A0 «EBpO-
res», 000 «CHUHTOJI».

3AJJAYU NCCJIEJOBAHUA

OnTUMU3UPOBATH TECTHl HA OCHOBE KJIACCUYECKOH
T1LIP c mpaiiMmepamu, paspaboTanusiMu Hu et al. (2002)
u Subbotin et al. (2001) [12, 13]. B paMKax 2To 3aauu
IIPOBECTU TeCTUPOBaHMWE HEMATOJ, IPynnsl Schachtii,
CXOIHBIX MEXXIYy 0001 MOPGOJOTUUECKY.

MATEPHAJIBI U METO/IbI

Pa6oTa mpoBomuyiach B JlabopaTOPUU TeNb-
MUHTOJIOTUY VICTIBITaTEIbHOTO J1ab0paTOPHOro IeH-
Tpa ®I'BY «BHUUKP». [Ipu npoBeleHNN nCCIe0Ba-
HUM MCTIO0Jb30BAaJIM IUCTHI H. glycines B KOMTUYECTBE
10 mTykK, co6paHHble BO BpeMs SKCIIeAUIIUU Ha
HOanbHuil BocTok Poccuu ¢ pacTeHuit cou (puc. 5),
a Tak)ke I[MCThI CBEKJOBUYHOU Heterodera schachtii
u JollepHOBOU Heterodera medicaginis IUCTO-
00pasywIux HeEMATOJ, MMOJyueHHbIe U3 Jjabopa-
TOPHOM KoJIeKuuu. [lepen BeimenenueM JHK
MMPOBENIN UAeHTU(DUKAIIUIO UCIIOJIb3yEeMbBIX JIJIS WC-
cjieloBaHUS HeMaTod MOP(OJIOTUUECKUM METOJIOM
cornmacHo MP BHUUKP N2 32-2015 «MeTogudeckue

cleotides, are offered by Syntol, Evrogen (Russia), Agro-
Diagnostica (Russia), Dialat Ltd. (Russia) [8, 9, 10, 11].
Species-specific oligonucleotides are produced by Bio-
techindustria (Lumiprobe), Evrogen and Syntol.

OBJECTIVES OF THE RESEARCH
Optimize tests based on classical PCR with primers de-
signed by Hu et al. (2002) and Subbotin et al. (2001) [12,
13]. As part of this task, test morphologically similar
Schachtii spp. nematodes.

MATERIALS AND METHODS
The work was carried out in Helminthology Laborato-
ry of FGBU “VNIIKR” Testing Laboratory Center. The re-
search involved 10 cysts of H. glycines collected during
an expedition to the Russian Far East from soybean
plants (Fig. 5), as well as the cysts of beet cyst nematode

P E

Puc. 4. UucTa coeBoit Fig. 4. Cyst of soybean
HeMaTtogabl Heterodera cyst nematode Heterodera
glycines c aniueBbIM glycines with an egg
MELLKOM U caMKa sac and a female

(choTo C.B. CypmapukoBoi) (photo by S.V. Sudarikova)
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PEKOMEH ALY T10 BBIABICHUIO U UAEHTUPUKALIUA
coeBoii HeMaTo bl Heterodera glycines (Ichinohe)» [14].

MOP®OJIOTUYECKOE MCCJIEJOBAHUE
IIEPEJ BBIJEJEHUEM JHK

Kaxxzyio ycTy paspesaliy, BEIYUIIAIYN COLEePKUMOe
B KaTLJII0 BOJIBI U OTIPEEJISIIN IO, MUKPOCKOITOM KH3-
HeCIIOCOGHOCTB. JIJis TPOBeAeHYsI MOP(OJIOTUIECKOTO
aHaJIM3a W3TOTABJIMBAJIM ITPENapaThl aHAJTbHO-BYJIb-
BapHBIX ITACTUHOK, 8 OCTABIIYIOCS TIOJIOBUHKY ITUCTEI
TTOMEIaIu B MPOGUPKY IJIs TTOCTEAYIOIEro MOJIEKY-
JISPHOTO aHAJIM3a.

Jlist aHaJIM3a MOJIEKYIAPHBIMYU METOJaMU 0TG-
panu ucTel H. glycines, comepiraliye )XU3HeCcII0COOHbIe
SIAIA U IMYUHKY, TaK KaK 9TO TapaHTUPYET IOCTOBED-
HBIN pesynbTaT. Kus3HecrmocobHble JUUNHKY UMENT
TUMUYHYI 4YepBeoOpasHyo Gopmy Tesa u HeHaPY-
IIEHHYI0 CTPYKTYPY BHYTPEHHUX OPTaHOB.

MOJIEKVIIAPHO-TEHETNYECKOE
NCCIEJOBAHUME

It IpOBeIeHUsT TECTOB Kylaccuuecko [TLIP 1cIob-
30BaJIM KOMMepueckuil Habop 5x ScreenMix mpo-
usBojgicTBa 3A0 «EBporeH» (OKpalleHHas CMECh JIJIs
TTOCTAaHOBKY aMIIN(DUKAIIUY C TTOCTIEIYIOIUM BHECE-
HUWEM TIPOJIYKTOB B T'€Jib) U OJIUTOHYKJIEOTUbI, U3TO-
TOBJIEHHBIE 110 3aKa3sy B 3A0 «EBporeH».

TecTUpOBaHUE MOJIEKYISIPHBIMU METO-
mamMu mpoBoguau mo Hu et al. (2002) u Subbo-
tin et al. (2001) [12, 13].

B KauecTBe MTOJIOKUTEIHHOTO KOHTPOJIS NCIIOJIb-
3oBasiu [HK H. glycines n3 1abopaTOPHOYN KOJIJIEKITUU.

INOJATOTOBKA ITPOB
U BBIJEJIEHNE JHK HEMATO/IbI

Boigenenue JJHK u3 06pasiioB IIMCT roMOreHu3aI e
¥ HarpeBaHUEM [I0 TeMIIEPATypPhl JeHaTypanuu 6e-
ka B TE-6ydepe nmpoBogunu corjiacio CTO BHUUVKP
6.001-2010 gns FLASH-PCR [15]. ToMoreHu3aIno
LUCT C IIOMOIIbI0 BCTpaxuBaresga MagNa Lyser
(ROCHE, IliBetiniapus) B TE-6Gydepe MpoOBOAUIIN CITO-
co6oM, 0TpaboTaHHBIM B J1abopaTOPUY reJIbMUHTOJIO-
TUM ¥ OITyOJIMKOBAaHHBIM paHee: 06beM 60POCUINKAT-
HBIX mapukoB — 0,5 MKJI, 06beM pacTBopa — 110 MKJI,
pexum BCTpAxUBaHUA — 60 CeK IIPU CKOPOCTU
3000 06/muH [16].

Beimenenue OJHK xKoMMepueckuM Habopom
«OIHK-9xcTpaH-2» (000 «CHHTOJI») IPOBOLUIN CO-
TJIaCHO MHCTPYKILWY IPOU3BOAUTENA. LIuCThI roMore-
HU3UPOBAJIY ITECTUKOM B MUKPOITPOOVPKE 06bEMOM
1,5 MJ1 B Tu3upyolieM pactBope o6bemMom 300 Mkt [8].

WCCJIEJOBAHME JHK HEMATOJbI
METOJOM KJACCUYECKOI ITIIP
10 HU ET AL., 2002 [12]

[Ipu IpOBeleHUY UCCIeN0BaHUN UCIIOIb30BAJH ClIe-
Iyiollye mpaiMepsl: IPSIMOU YHUBePCaIbHbBIN ITpai-
mep JB3 (5’ = TTTTTTGGGCATCCTGAGTTTAT - 3’)
1 o6paTHBIM yHUBEpPcadbHbIN mpaimep JB5 (5 —
AGCACCTAAACTTAAAACATAATGAAAATG — 3’), KO-
Topble aMIIndunupyT dparmeHT 400 bp, xapak-
TEePHBIN [JIT BCeX BUIOB HeMaToJ poxaa Heterodera.
JaHHbBIN MeTOJ, UCTI0Ib30BaJIU JIJIsI CPDaBHEHUSI CIIOCO-
60B BrIZeaeHud JHK.

CocTaB paboueil cMecu B XOJie MCCJIEJOBAHUS
OBLJI OTITUMM3VPOBAH: YBeJIUUYEeH 00beM MpaliMepoB
u ToTanbHOU JJHK 1Mo cpaBHEHUIO C PpEKOMEHYEMbIM

Puc. 5. LucTbl n caMmku Fig. 5. Cysts and females
Heterodera glycines, of Heterodera glycines
oTobpaHHble pns aHanusa  selected for the analysis
(choTo A.B. UBaHOBa, (photo by A.V. Ivanoy,
C.B. CymapukoBoit) S.V. Sudarikova)

Heterodera schachtii and alfalfa cyst nematode Heterodera
medicaginis obtained from the laboratory collection. Be-
fore DNA extraction, the nematodes used for the study
were identified by the morphological method according
to MR VNIIKR N2 32-2015 “Methodological recommen-
dations for the detection and identification of soybean
cyst nematode Heterodera glycines Ichinohe” [14].

MORPHOLOGICAL EXAMINATION
PRIOR TO DNA EXTRACTION

Each cyst was cut open, the contents were cleaned out
in a drop of water and the viability was determined un-
der the microscope. For morphological analysis, slides
with vulval-anal plates were made, and the remaining
half of the cyst was placed in a test tube for further mo-
lecular analysis.

H. glycines cysts containing viable eggs and larvae
were selected for the analysis by molecular methods
as this guarantees a reliable result. Viable larvae had a
typical vermiform body shape and an intact structure
of internal organs.

MOLECULAR GENETIC STUDY

For classic PCR tests, a commercial kit 5x ScreenMix
by Evrogen (colored mixture for setting amplification
followed by adding products to the gel) and oligonucle-
otides custom made by Evrogen were used.

Molecular testing was carried out according to Hu
et al. (2002) and Subbotin et al. (2001) [12, 13].

H. glycines DNA from the laboratory collection was
used as a positive control.

SAMPLE PREPARATION
AND EXTRACTION OF NEMATODE DNA

DNA extraction from cyst samples by homogenization
and heating to the protein denaturation temperature in
TE buffer was done according to STO VNIIKR 6.001-2010
for FLASH-PCR [15]. Homogenization of cysts with
MagNa Lyser (ROCHE, Switzerland) in TE buffer was
carried out by the method previously tested in the hel-
minthology laboratory: borosilicate beads volume -
0.5 pl, solution volume — 110 pl, shaking mode — 60 sec
at a speed of 3000 rpm [16].
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Tao6auiia
MopdomeTpuuecKkre XapaKTePUCTUKU
HUCCJIeyeMbIX IIUCT (MKM)

IucThI

JdauHa
Mudp JauHa MIupuna ByJIbBApPHOM
o6pa3sua ¢eHecTpsl (eHeCcTPbl IIEJU

1 56,0 24,0 46,0
2 49,1 32,8 48,8
3 42,0 30,2 48,5
4 47,3 29,0 46,1
5 49,0 28,0 47,5
6 52,0 27,3 47,3
7 49,8 29,7 48,4
8 51,1 26,2 46,2
9 49,6 30,4 47,2
10 47,9 31,6 46,9

Cpennee 49,4+3,6 28,9+2,6 47,3+1,0
3HavyeHue (42,0-56,0) (24,0-32,8) (46,0-48,8)

aBTopamu: 5x ScreenMix — 5 MkJ, JB3 — 1 mkJ, JB5 —
1 Mk, H,0 - 14 MK, o6pasen JJHK (uccnemyembrit 06-
paseir) — 4 MKJI. Bcero 25 MKIJI.

Pexxum amnnudukanuu: 15 MmuH npu 95 °C,
40 uwmkaos (mo 1 MuH npu 95 °C, mo 1,5 MUH IIpU
41 °C, o 2 MuH npu 72 °C), OKOHYATeJbHaI SJI0HTa-
uusg — 10 MuH npu 72 °C. AMIIU(UKAIIUIO IIPOBOI I
B ammugukatope CFX96 Bio-Rad.

Ananu3s ¢parmenTtoB JHK mpoBomuiu c 1mo-
MOIIIbI0 METOJla TOPU30HTAJBHOTO 3JeKTpodopesa
B 1,5%-M arapo3HoM reJie.

WCCJIEJJOBAHUE JHK HEMATOJbI
METO/IOM KJIACCUYECKOH MIIP
110 SUBBOTIN ET AL., 2001 [13]

[Tpu IpOBEIEHUY MCCIIeLOBAHUHN UCIIOIb30BAJIU CIIe-
Iylolve TpaiMepsl: IPAMOU BUIOCTIETU(PUIHBIN
npaiimep GlyF1 (5° — TTACGGACCGTAACTCAA - 3’)
1 o6paTHBIN YHUBepCaJbHBIN nTpaiiMep rDNA2 (5° -
TTTCACTCGCCGTTACTAAGG - 3’), aMIIIuUIIUPYI0-
mue pparmMeHT 181 bp, 4TO COOTBETCTBYET BUAY
H. glycines. C 1eJbl MPOBEPKU CIEUPDUIHOCTHU
MpaliMepoB TeCTUPOBAJU CJeNyIolle BUAbI, 6JI13-
Kue Mexzay coboii Mopdosoruuecku U OTHOCIIMe-
cs K omHOU rpymrie Schachtii: H. glycines, H. schachtii,
H. medicaginis.

CocTtaB paboueii cMecH B X0OJie UCCIIeIOBAHUS ObLI
OTITUMU3UPOBAH: YBeJIMYEH 00BEM ITPAiMEPOB U TO-
TasibHOU JIHK 1o cpaBHEHMIO C peKOMEHIyeMOU aBTO-
pamu: 5x ScreenMix — 5 mkJI1, GlyF1 — 1 Mk, rDNA2 —
1 mxa, H,0 - 14 Mk, ob6pasen; JHK (uccnepyemblia
obpaserlr) — 4 MKJI. Bcero 25 MKJI.

PexuMm amnaupukanuu: 4 MuH mnpu 94 °C,
35 mukioB (o 30 cek mpu 94 °C, mo 30 cek pu 55 °C,
o 1,5 muH nipu 72 °C), OKOHYATeJIbHAS SJIOHTAIIUS —
10 muH nipu 72 °C. AMIIn(QUKAIIVIO TPOBOAUIN B aM-
mudukarope CFX96 Bio-Rad.

DNA extraction with the commercial kit “DNA-Ex-
tran-2” (Syntol) was carried out according to the pro-
ducer’s instructions. Cysts were homogenized with
a pestle in a 1.5 ml microtube in a lysis solution with a
volume of 300 ul [8].

STUDY OF NEMATODE DNA BY CLASSICAL
PCR ACCORDING TO HU ET AL., 2002 [12]

The following primers were used in the studies: for-
ward universal primer JB3 (5’ — TTTTTTGGGCATCCT-
GAGTTTAT - 3’) and reverse universal primer JB5 (5’ —
AGCACCTAAACTTAAAACATAATGAAAATG — 3’) which
amplify the fragment 400 bp typical of all Heterodera
spp. nematodes. This method was used to compare
methods of DNA extraction.

The composition of the PCR mix during the study
was optimized: the volume of primers and total DNA in-
creased in comparison with that recommended by the
authors: 5x ScreenMix - 5 ul, JB3 —1ul, JB5 -1 ul, H,0-
14 ul, DNA sample (studied sample) — 4 ul. In total — 25 ul.

Amplification mode: 15 min at 95 °C, 40 cycles
(1 min at 95 °C, 1.5 min at 41 °C, 2 min at 72 °C), final
elongation — 10 min at 72 °C. Amplification was carried
out in the amplifier CFX96 Bio-Rad.

The analysis of DNA fragments was carried out us-
ing the method of horizontal electrophoresis in 1.5%
agarose gel.

STUDY OF NEMATODE DNA BY CLASSICAL PCR
ACCORDING TO SUBBOTIN ET AL., 2001 [13]

The following primers were used in the studies: for-
ward species-specific primer GlyF1 (5’ — TTACG-
GACCGTAACTCAA - 3’) and reverse universal prim-
er rDNA2 (5" — TTTCACTCGCCGTTACTAAGG - 3’)

Table
Morphometric characteristics
of the studied cysts (um)

Cysts

Sample Fenestra Fenestra Length
code length width of vulval slit
1 56.0 24.0 46.0

2 49.1 32.8 48.8

3 42.0 30.2 48.5

4 47.3 29.0 46.1

5 49.0 28.0 47.5

6 52.0 27.3 47.3

7 49.8 29.7 48.4

8 51.1 26.2 46.2

9 49.6 30.4 47.2

10 47.9 31.6 46.9

Average 49.4+3.6 289+2.6 47.3+1.0
number (42.0-56.0) (24.0-32.8) (46.0-48.8)
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Puc. 6. AHanbHO-ByNibBapHasa naacTuHKa

umncTbl Heterodera glycines (hoto A.B. MBaHoBa)  plate (photo by A.V. Ivanov)

Ananus ¢pparmenTtoB JHK npoBoguaum c mo-
MOIIbI0 METO/A FOPU30HTAJNBHOTO 3JIeKTpodopesa
B 1,5%-M arapo3HoM reie.

[Tocne mpoBeieHUA JIeKTPO(OPE30B IPOBOAUIIN
CeKBeHUPOBaHUE U 6MOMH(POPMAIIMOHHBIY aHAJIU3
¢parmenTtoB JHK. IIpoBepKy, BbIpaBHUBAHNE U PeJlak-
THUPOBAaHME TI0CJIEIOBATEIBHOCTEN BHITIOJHSJIHU C I10-
MOIIbIO TIPOTrPpaMMHOr0 obecrnevenus BioEdit v.7.0.5.3.
CpaBHUTEJIbHBIY aHAJMU3 MOJyUeHHBIX ITOCJIe0Ba-
TeJIbHOCTEN MPOBOAUIU C IMOCJTIEL0BATEIbHOCTIMU
6asb! JaHHbIX BLAST NCBI [17].

PE3VJIBTATBI U OBCYXKJIEHHNE

1. Ha ocHOBaHUU ITPOBEIEHHBIX UCCIIEeIOBAHUM
OBLII cIleJIaH BBIBOI, UTO MOPQoJIoTHUecKre 1 MOP¢o-
MeTPUYECKUE XapPaKTEPUCTUKM UCCIENYEMBIX ITUCT
TIOJTHOCTBIO COOTBETCTBOBANU Bunmy Heterodera glycines
(puc. 6, 7; Tabauiia).

Teslo TMYMHKY YePBeo6pasHoe, C KOJIbYATON Ky-
TUKYJION. JITuHA TUINHKY 0K0JI0 400 MKM; IJINHA CTU-
Jeta — 21,0-22,8 MKM. BynbBapHas IacTUHKA aMOu-
¢eHecTpasibHOrO TUTA. [luHa peHecTphl — 49,4 + 3,6
MKM; IJINHA ByJbBapHOU mmenu — 47,3 + 1,0 MKM. Byi-
Jie XOpoIo HabJII0La0TCs, OHU PACIIOI0XKeHbl BOKPYT
3agHero Mmocta. dopma Gyssie — OT KPYTJIbIX IO Majlb-
11e06pas3HbIX, PA3JIMUHON AJUHBI U IMUPUHBL. 3aJHUHN
MOCT Pa3BUT XOPOILO (PHUC. 6).

Heterodera glycines BXOIWUT B TPYTIILY Schachtii v OT-
JINYaeTCs OT BJIM3KUX BUJIOB 110 KOMOMHAIIMY MOP(O-
JIOTUYECKUX U MOP(HOMETPUUECKUX ITPU3HAKOB. Tak,
oT H. schachtii oHa oTimyaeTcsa (OPMOM TOJIOBOK CTUIIE-
Ta MHBA3WOHHOU JIMUYMHKY (CJIErKa BBITYKJIbIE, TPOTUB
YMEPEHHO WJIV CUJIBHO BOTHYTHIX), 60JI€€ KOPOTKUM
CTUJIETOM JIMUYMHKY (21-23 MKM, IIPOTUB 22—26 MKM)
u 6oJiee LIUHHOY (beHECTPOU y ITUCT (34—58 MKM, TIPO-
tuB 32-38 MkM). OT H. medicaginis oTinudaeTcs 6oyee
KOPOTKUM CTHJIETOM (21-23 MKM, IPOTUB 25 MKM)
¥ XBOCTOM (39-51 MKM, IPOTUB 52 MKM) y JIUUHNHOK
BTOPOTr0 BO3pacTa.

2. VccremoBaHye ¢ yHUBEPCAJIBHBIMY TIpaliMe-
pamu JB3/JB5 mokasaJio, 4To criocob Beiaenenus JHK
¢ nomoIbio Habopa «IHK-9kcTpan-2» (000 «Cun-
TOJ») (06pasibl 1-5) Jyuine 10 CPaBHEHUIO CO CIIO-
co6om BhieneHuss B TE-6ydepe (06pasiisr 6-10).
VHTEeHCHUBHOCTh CBeueHUs obpasiioB 1-5 Ha ¢ope-
rpaMMe BBIIIIE.

PesynbTaThl 3jieKTpodopesa ImoKasaau, YTo Uc-
cienyemMble OOBEKTHI SIBJASIOTCS HeMaToLaMU pojia
Heterodera, pazmep ammiaukoHa — 400 bp (puc. 8).

which amplify the fragment
181 bp, which corresponds to
the species H. glycines. In or-
der to check the specificity of
primers, the following species,
morphologically close to each
other and belonging to the
same group Schachtii: H. gly-
cines, H. schachtii, H. medicagi-
nis, were tested.

The composition of the
PCR mix during the study was
optimized: the volume of pri-
mers and total DNA increased

Fig. 6. Heterodera glycines cyst vulval-anal ~in comparison with that re-

commended by the authors: 5x
ScreenMix — 5 ul, GlyF1 — 1 yl,
rDNA2 — 1 ul, H20 — 14 pl, DNA
sample (studied sample) — 4 ul. In total — 25 ul.

Amplification mode: 4 min at 94 °C, 35 cycles (30
secat 94 °C, 30 secat 55 °C, 1.5 min at 72 °C), final elon-
gation — 10 min at 72 °C. Amplification was carried out
in the amplifier CFX96 Bio-Rad.

The analysis of DNA fragments was carried out
using the method of horizontal electrophoresis in 1.5%
agarose gel.

After electrophoresis, sequencing and bioinforma-
tic analysis of DNA fragments were performed. Valida-
tion, alignment and editing of sequences was performed
using the software BioEdit v.7.0.5.3. The comparative
analysis of the obtained sequences was carried out with
the sequences of the database BLAST NCBI [17].

RESULTS AND DISCUSSION

1. The conducted research has led to the conclu-
sion that the morphological and morphometric charac-
teristics of the studied cysts totally corresponded to the
species Heterodera glycines (Fig. 6, 7; Table).

The larva body is vermiform, with ringed cu-
ticle. Larva length about 400 um; stylet length —
21.0-22.8 um. Vulval region ambiphenestral. Fenestra
length —49.4 + 3.6 um; vulval slitlength—47.3 + 1.0 um.

Puc. 7. TonoBHas Fig. 7. The head (anterior)
(nepepHsia) vactb nuumHkm  part of the Heterodera
Heterodera glycines glycines larva (photo by
(choTo C.B. CypapukoBoit) S.V. Sudarikova)
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Cnocobbl Bbigenenusa OHK: 1-5 — npu nomowm Habopa
«AHK-3KcTpaH-2»;

6-10 - B TE-6ychepe. M — mapkep; K- — oTpuuatenbHblii
KOHTPOJIb (AUCTUNNIMPOBaHHas BOOaA);

K* — koHTponb H. glycines

Puc. 8. Pesynbtathbl MLP ¢ yHMBepcanbHbIMK NpanmMepamm
JB3/JB5 u pasHbiMu crnocobamMu NnpobonoproToBKu

DNA extraction methods: 1-5 — using the kit “DNA-Extran-2";
6-10 - in TE buffer. M — marker; K- — negative control
(distilled water);

K* — control of H. glycines

Fig. 8. PCR results with universal primers JB3/JB5

and different methods of sample preparation

Pe3ynbTaThl Kjaaccudeckoi TP 6b1IU JOTIOTHY-
TEJIbHO ITOATBEPIKIEHBI METOLOM CEKBEHUPOBaHUSA. BO
BCEX MCCJIeyeMbIX 06pasiiax — coeBasi [ICTO06Pasyo-
mas Hematoa H. glycines, TPOLIEHT MMOKPBITUS U ULEH-
TUYHOCTHU cocTaBageT 99-100%.

3. VccnemoBaHue mapbl IpaliMepoB — YHUBED-
canbHOro rDNA2 u BugocnenuduyHoro ajs H. glycines
GlyF1 - Ha 3 Bumax HeMaTog, poza Heterodera 1ajio IoJio-
JKUTENIbHBIN Pe3yabTaT. AMILIN(MUKAIINS ITPOIILIA TOJb-
KO B obpastiax H. glycines (181 bp), 4TO MOATBEPXKAAET
crnenu(UIHOCTD ITpaiMepoB. OTHAKO, MHTEHCUBHOCTD
cBeueHUs Ha hoperpaMmme 06pasioB H. glycines HEBBI-
cokas. B obpasiiax 6JiM3KuxX BUIOB H. schachtii v H. medi-
caginis aMIIIUGUKauy He HabII0an0ch (puc. 9).

MR =

b L IR ;

0O6pasubl 1-5 — Heterodera glycines; 6-10 — Heterodera
schachtii; 11-15 — Heterodera medicaginis.

«=» — OTPULATENbHbIN KOHTPONb (BUCTUNNNPOBaHHas BOAA);
«+» — MONOXUTEJIbHbIN KOHTpOnNb H. glycines

Puc. 9. Pesynbtatbl MNLUP ¢ npaimepamu GlyF1/rDNA2

Bullae are clearly seen; they are placed around the vul-
val bridge. Bullae shape — from round to finger-shaped,
of various lengths and widths. Vulval bridge is well-
developed (Fig. 6).

Heterodera glycines belongs to Schachtii and dif-
fers from close species by a combination of morpho-
logical and morphometric characters. Thus, it dif-
fers from H. schachtii by the shape of the stylet heads
of the invasive larva (weakly convex against mo-
derately or strongly concave), a larva’s shorter sty-
let (21-23 um, against 22-26 pym) and a longer fenes-
tra in cysts (34-58 um, against 32-38 pum). It differs
from H. medicaginis by a shorter stylet (21-23 pm,
against 25 ym) and a tail (39-51 pm, against 52 um)
in second instar larvae.

2. The study with universal primers JB3/JB5
showed that the DNA extraction method using the
“DNA-Extran-2” kit (Syntol) (samples 1-5) is bet-
ter compared to the extraction method in TE buffer
(samples 6-10). The luminescence intensity of samples
1-5 on the foregram is higher.

The electrophoresis results showed that the stu-
died objects are Heterodera spp. nematodes, amplicon
size — 400 bp (Fig. 8).

The results of classical PCR were additionally con-
firmed by sequencing. All the studied samples were the
soybean cyst nematode H. glycines, the percentage of
coverage and identity is 99-100%.

3. Study of a pair of primers — universal rDNA2 and
species-specific for H. glycines GlyF1 — on 3 Heterodera
species nematodes gave a positive result. Amplification
took place only in samples H. glycines (181 bp), which
confirms the specificity of the primers. However, the
luminescence intensity on the foregram of the H. gly-
cines samples is not high. In close species H. schachtii
and H. medicaginis samples there was no amplifica-
tion (Fig. 9).

The research results show that the method Subbo-
tin et al. (2001) [13] after adjusting it to increase the glow
intensity and validate it, can be used to identify the qua-
rantine species Heterodera glycines and can be included
in the new Methodological recommendations for the de-
tection and identification of Heterodera glycines.
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Samples 1-5 - Heterodera glycines; 6-10 — Heterodera
schachtii; 11-15 — Heterodera medicaginis.

«—» — negative control (distilled water);

«+» — positive control of H. glycines

Fig. 9. PCR results with primers GlyF1/rDNA2
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PesynbTaThl UCCIEIOBAHUS TOKA3BIBAIOT, YTO Me-
Toz Subbotin et al. (2001) [13], rTocyie ero KOPPEKTUPOB-
KU C [eJIbI0 YBEJINYEHUST UHTEHCUBHOCTY CBEUEHUS
¥ €TO BaJIUAIIU¥, BO3MOXKHO TPUMEHSTD ITPYU UIeH-
TudUKAIUY KapaHTUHHOTO Buma Heterodera glycines
¥ BKJIIOYUTDH B HOBbIe MeTOIUYECKUE PEKOMEHIAIINN
TI0 BBISIBJIEHUIO U upeHTUDUKauu Heterodera glycines.

BbIBO/JIbI 1 3AKJIIOYEHHE

Ha ocHOBaHWM IPOBEIEHHBIX MCCIAEIOBAHUN OBLI
clejiaH BBIBOJ, UYTO Mopdosoruveckue u Mmopdo-
MeTpuUecKrue XapaKTepPUCTUKU UCCIeNyeMbIX IIUCT
TIOJIHOCTBIO COOTBETCTBOBAJIU BULY Heterodera glycines.
Bce cmioco6wI Beiienenus JJHK, ormrcaHHbIe B paboTe,
TIOAXOISAT IJIsI KJlaccuyueckoro Mmetoa ITLIP. Hanboee
5 HeKTUBHBIM Mg BeigenaeHus JHK coeBoii 11mcTo-
obpasyrorel HeMaTonbl Heterodera glycines Tpu3HaH
Habop «IHK-dxcTpaH-2» (000 «CuHTOJI»). MeTog,
kyaccuyeckoi [TILIP Subbotin et al. (2001) ¢ mpuMeHe-
HUEM TOTOBBIX OT€UEeCTBEHHBIX KOMMEPUECKUX Habo-
poB 5x ScreenMix 3A0O «EBporeH» u rpatimMepos GlyF1
1 rDNA2 MOYXHO UCIIOJIb30BaTh IIPU IIPOBEIEHUH Jia-
60paTOPHBIX UCCIIeNOBAHNN. [TpeII0KeHHBIN COCTAB
pabouelt cMecu ITPUTOJIEH IIJIs UCIIOJIb30BaHUS OTIH-
CaHHBIM METOJIOM.
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MU U gonojHeHuamu oT 30.03.2018 (u3MeHeHUd OT
02.05.2018 — Pemenne CoBeta EBpa3uiickoi 5KOHO-
Muueckor komuccuu ot 30.03.2018 N2 25). — 2018.

6. [lepeuyeHb KaPAaHTUHHBIX 06'HEKTOB, YTBEPXK-
JIeHHBIN TPUKAa30M MUHUCTEPCTBA CEJIbCKOTO X035IH-
cTBa Poccutickont demepariuu ot 15.12.2014 N2 501.

7. Bytopuna H.H., 3unosbeBa C.B., Kynunuu O.A.
u ap. [IpukaagHas HeMaToJorus / IH-T mapasuToJio-
ruu PAH. — Mocksa: Hayka, 2006. — 350 c.
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03.09.2020).
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URL: http://evrogen.ru (maTa o6paimenus: 03.09.2020).

10. OduiuanbHbIY caliT KOMIIaHUU «Arpo/lua-
rHoctuka». — URL: https:/www.agrodiagnostica.ru
(maTa obparienus: 03.09.2020).
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12. Hu M., Hoglund J. Mutation scanning analy-
sis of mitochondrial cytochrome c oxidase subunit 1
reveals limited gene flow among bovine lungworm
subpopulations in Sweden // Electrophoresis. —2002. -
Vol. 23, No. 19. - P. 3357-3363.

CONCLUSION

The conducted research has led to the conclusion that
the morphological and morphometric characteristics
of the studied cysts totally corresponded to the species
Heterodera glycines. All the methods of DNA extraction
described in the work are suitable for the classical PCR
method. The kit “DNA-Extran-2” (Syntol) was the most
effective for the DNA extraction of the soybean cyst
nematode Heterodera glycines. The classic PCR method
by Subbotin et al. (2001) using the ready-made Russian
commercial kits 5x ScreenMix (Evrogen) and primers
GlyF1 and rDNA2 can be applied for laboratory re-
search. The proposed composition of the PCR mix is
suitable for use by the described method.
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AHHOTAIUA
B cTaTbe mpescTaBiieHbl 00IVie CBEIEHUS O TOJIOBHE-
BBIX rpubax poja Tilletia: pacripocTpaHeHre, CUMIITO-
MBI, MOP(OJIOTUYECKUE TTPUBHAKY, ITUKJ PAa3BUTHS.
T'onoBHEBbIE IPUOHI ABJISIOTCS BPEJOHOCHBIMY BO30Y-
IUTENSIMU 00JIe3HEel 3ePHOBBIX KYJIbTYD, HAHOCSIIUX
CyIeCTBEHHBIE MTOTEPU YpoxKar. [IJist 60pbOBI ¢ JaH-
HBIMU (PUTOIIATOTEHAMU U YTOUHEHYS UX BULOBOTO CO-
CTaBa ITPOBOLAT €XerogHble MOHUTOPHHI'Y, B KOTOPBIX
MIPUHUMAKT yYacTUe COTPYIHUKU BCepoCCUUCKOro
IeHTpa KapautuHa pacteruil (PI'BY «BHUUKP»).

Knrouesuvte cnosa. T'onoBHeBbIe Tpubsl, Tilletia,
SKCITOPT, GUTOCAaHUTAPHBIE TPEOOBAHUS, MOHUTOPUHT,
MIIEeHUTIA, TYMEHB, GUTOMATOTEH, TEINOCIIOPHI, COPYC.

Jna xoppecnondenyuu. YBapoBa [lapbsg AHATO-
JIbEBHA, MJIQAIINY HAYYHBIM COTPYAHUK HAYYHOTO
OTZENa MOJIEKYJISIPHO-TEHETUYECKUX METONOB Iu-
arHoctuku PI'bBY «BHUUMKP», 140150, Poccus, Mo-
CKOBCKas 00J1., . PaMeHCKoe, P. T1. BBIKOBO, yi. [Torpa-
HU4YHasdg, 32, e-mail: darya.uvarova. 93@mail.ru.

0 CTaTUCTUYECKUMM J[OaHHBIM, Poc-

cutickasg depepalivs 3aHUMaeT

1-e MeCTO B Mupe IO 3SKCIIOPTY

3epHa. CoryjacHo uH(pOpPMaIUU

International Trade Centre (ITC),

B 2018 1. poccuiickue NpeAIpUITHS IMIOCTaBUIN Ha

MUPOBOM PBIHOK TIIEHUITbI Ha cyMMy 8,4 Maipg $, uTo

Ha 2,6 Mapz, $ 60JblIIe, YeM TOIOM paHee. Jloxozbl Poc-

CUM OT IKCIOPTa BCeX 3ePHOBBIX KyJbTyp B 2018 T.
BO3POCJIY 10 CPABHEHUTO C MPEIBIAYIIUM TOA0M [1].

B 2018 1. Poccus cob6pana 113,3 MJIH TOHH 3€pHa,

B TOM 4HcJie 72 MJIH TOHH ITiIeHu1bl. [10 JaHHBIM MUH-

cenbxo3a Poccuu, sKCropT 3epHOBBIX B 2017-2018

CeJIbCKOX03SMCTBEHHOM TOJIy IPEeBBICUI 53,4 MJIH T,

BKo4Yasa 40,5 MJIH T nuieHuUIlsI, a 3a 2019 r. 1 Haua-

J10 2020 1. 3KcnopT 3epHa cocraBui 50,5 MiH T. Cynsa
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ABSTRACT
The article provides general information about the
smut fungi of the genus Tilletia: spread, symptoms,
morphological characters and the development cycle.
Smut fungi are serious agents of grain crop diseases
causing considerable crop losses. To control these phy-
topathogens and update the list of their species, annual
phytosanitary monitoring is carried out, where specia-
lists of the All-Russian Plant Quarantine Center (FGBU
“VNIIKR”) take part.
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ccording to statistics, the Russian Federa-

tion ranks first in the world in grain exports.

According to International Trade Centre

(ITC), in 2018 the amount of wheat supplied

to the world market by Russian enterprises

was estimated at $ 8.4 billion, which is $ 2.6 billion

more than the previous year. Russia’s incomes from

the export of all grain crops in 2018 increased com-
pared to the previous year [1].

In 2018, Russia harvested 113.3 million tons of

grain, including 72 million tons of wheat. According

dutocaHutapus. KapaHtuH pactenuii 40

HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

110 JTaHHBIM TaMOXKeHHOMU cTtaTucTtuky ITC, 3epHOBBIE
B 2018 I. TepeMeCcTUJIUCh C 6-T0 Ha 3-e MeCTO IJiaB-
HBIX SKCIIOPTHBIX TOBapoB Poccuu (Ha MEPBBIX ABYX —
9HEPropecypchl U MeTAJUIyPTruUecKas IPOAYKIIS).
Poccutickoe 3epHO rmocTaBiiseTcs B 132 cTpaHbl MUPAa,
[JIAaBHBIMMY €T0 TIOJIyYaTEIIMU ABJIAIOTCS Eruner (aKc-
noptupoBano Ha 1,9 mupxa $), Typuus (1,3 mapa $)
u Vpa# (0,5 mapg $) [2].

B ¢uTocanuTtapHbie TpeboBaHUS, KOTOPHIE
MIPeIbsIBIAIOT CTPAHBI-UMIIOPTEPHI, BXOASIT T'OJIOB-
HeBble Tpubbl poma Tilletia — HanboJiee OMaCHBIE
B030ynuTenu 6Goje3Hel MIIeHUIbl. Bo36yauTeb
KapJIMKOBOI rojioBHU nuieHuilsl (Tilletia controversa
Kithn) sBisieTcs KapaHTUHHBIM BUJIOM IJis Pecmy6-
nuku AnbaHudg, AzepbaiiixaHcKol Pecnybauku,
KopouseBcTBa Baxpelin, ®emepaTUBHOU Pecmybanku
Bpasunus, Apabeckont Pecnybsivku Eruret, F'ocymap-
cTBa M3paunab, Kanambl, Kutatickoit HapomHoit Pec-
ny6auku, Kopelickoit HapomHo-[leMOKpaTUu4ecKou
Pecny6nuku, KoposeBcTBa MapoKKko, MEKCMKAHCKUX
CoenuHeHHbIX llITaToB, Pecriy6nuku Mozamb6uk, Pec-
my6simku Magarackap, MoHrosvuu, HoBol 3eyiaHnuu,
Cynranara OmaH, Pecriybsimku ITaparsai, Pecry6auku
[Tepy, Pecniybsiviku ®ununnuHlbl, Pecrybauku Yuau,
IeMokpaTrndeckoy ConuaniucTuIecKon Pecrybimnku
Ipu-Jlanka, I0xHO-AdpurKkaHcKol Pecriy6auku [3].
B 2019 rony Bo36ynuTesb KapJIUKOBOM OJIOBHU OBLI
BKJIIOUEH B EQUHBIN epevyeHb KapaHTUHHBIX 00bEK-
TOB EBpPa3uiicKOro SKOHOMHUYECKOT'0 COI03a KaK orpa-
HUYEHHO pacIlpocTpaHeHHbIN opraHusM s Poc-
cutickon ®eneparuu. Bo36yauTenab TBEPIO TOJIOBHU
nmennnsl! (Tilletia caries (DC.) Tul. & C. Tul.) aBigeTca
KapaHTUHHBIM BUAOM IJig Erunra u MeKcuku, a Bo3-
O6ynuTesb BOHIOUEN roysioBHU numeHuilsl (Tilletia laevis
J.G. Kithn) — gyg Bpasunuu [4].

IaHHbIe (PUTOIIATOTEHBLI KPOME IIPSIMBIX IIOTEPh
YPO’Kasi 3epHA BBI3BIBAIOT CKPBITHIE, OOUIUY yIIep6 OT
KOTOPBIX OIleHMBaeTcs B 4—5 pas Bbille. Bo3oynuTenu
TOJIOBHUM MMEIT CIIOCOOHOCTD 3apakeHus 60JIbIIOTO
4ucJia PaCTeHUH, IT0O3TOMY B PsijJie PETMOHOB HabJI0-
IaeTcs TopaXkeHYe IMTOCEBOB HAa 3HAYUTEIbHBIX T1JI0-
mansax. [pubsl poma Tilletia B TIepBbie TOMbLI HE IAIOT
BCHBIMIKY 3a60J1eBaHUsI, MH(PEKIUSI HaKaIJINBaeTCs
HECKOJIBKO JIET, ¥ TIPY 6JIaTOTIPUSTHBIX YCIOBUIX 60-
JIE3Hb JOCTUTAET MaKCUMaJIbHOT'O Pa3BUTHUA [5].

Bo36ynuTenu roJIOBHEBBIX 3a60I€BaHUM IUPOKO
pacripocTpaHeHbl 110 BceMy Mmupy. B Poccuu nposo-
IaTcsa puTocaHUTapPHbIE MOHUTOPUHTY Ha BbISBJIE-
Hue 3 BO36yuTeNel roJIoBHEBBIX 3a60eBaHM. Bo3-
OoyauTenb TBepHoY rosoBuY (T, caries) MIIEHUITI UMEET
mupokuit apeasn: Cerepo-3anaj u HeuepHOo3eMHYIO
30y Poccun, Ypau, Cubups, lanbHuit BocTok, Kazax-
cTaH. B 10kHBIX perrnoHax Poccuu T. caries 3aMelaeT
onuskuii Bumg — T. laevis. B LleHTpaabHO-UepHO3EMHOM
paiione Bpenart oba Buma — T. caries u T. laevis [6].

Boumwuas rosoBHs (7. laevis) mopakaeT MIIEHU-
11y BO BCeX palioHaX ee BO3[eJIbIBAHNS, XOTS PACIIPO-
cTpaHeHue TOro (huToIaToreHa 6ojee orpaHUYEHHO,
ueM T. caries. Bce e T. laevis BCTpevyaeTcs valie, 4eM
9TO OOBIUHO PETUCTPUPYIOT. PaHbIlle BOHIOUYIO T'0-
JIOBHIO OGHAPY’KMBAJIM MTPEUMYIIECTBEHHO B I0XKHBIX
perunonax (PocToBCKOM, AcTpaxaHCKoOM, Boirorpas-
CKoi1 obaacTax, KpacHomapckoM kpae, CpenHelt A3uu,
Cubupn), rae ona 3ametaet T. caries. Jiumb B LleH-
TpaJibHO-UepHO3eMHOM pailioHe 06a BHJA BCTpeva-
IOTCSI OJTHOBPEMEHHO [7]. YKa3aHHbBIE BbIIIe apeasibl
T. caries u T. laevis LOBOJBHO CTAaOMIIbHBI, TIOCKOJIbKY

Puc. 1. CuMnNTOMbBI FONOBHEBbIX Fig. 1. Blunt symptoms

3a6o5eBaHuUI Ha KOJTOCbAX on wheat ears collected
nieHnL,bl, 0TOBPaHHbIX in Stavropol Krai

Ha TeppuTopum CtaBpononbckoro  (photo by D.A. Uvarova)
kpas (choto [.A. YBapoBoit)

to the Ministry of Agriculture of Russia, grain exports
in the 2017-2018 agricultural year exceeded 53.4 mil-
lion tons, including 40.5 million tons of wheat, and in
2019 and the beginning of 2020, grain exports reached
50.5 million tons. According to ITC customs statistics,
grains in 2018 moved from 6™ to 3™ place as Russia’s
main export goods (the first two are energy resources
and metallurgical products). Russian grain is exported
to 132 countries, its main recipients being Egypt (ex-
ported to $ 1.9 billion), Turkey ($ 1.3 billion) and Iran
($ 0.5 billion) [2].

The phytosanitary requirements of the import-
ing countries include the smut fungi of the genus Til-
letia — the most serious agents of wheat diseases. The
agent of dwarf bunt of wheat (Tilletia controversa Kithn)
is a quarantine species for the Republic of Albania, the
Republic of Azerbaijan, the Kingdom of Bahrain, the
Federal Republic of Brazil, the Arab Republic of Egypt,
the State of Israel, Canada, the People’s Republic of
China, the Democratic People’s Republic of Korea, the
Kingdom of Morocco, the United Mexican States, the
Republic of Mozambique, the Republic of Madagascar,
Mongolia, New Zealand, the Sultanate of Oman, the Re-
public of Paraguay, the Republic of Peru, the Republic
of the Philippines, the Republic of Chile, the Democ-
ratic Socialist Republic of Sri Lanka, the Republic of
South Africa[3]. In 2019, the dwarf bunt of wheat agent
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Puc. 2. 3epHoBKkM nweHuubl:  Fig. 2. Wheat caryopses: on
crnesa — NnopaxeHHble the left — infected by common
TBepAou rosioBHen, cnpasa — bunt of wheat, on the right —
3poposbie [9] non-infected ones [9]

HEOJTHOKPATHbIE CTydyau 3aHOCOB BO30YAUTEJIEl B He-
CBOMCTBEHHbIE MM 30HbBI HE TPUBOAUIIN K OOIIUPHOMY
U IIMTEJIbHOMY Pa3BUTUIO UX B 3TUX 30HAaX [6].

A BOT apeaJt KapJINKOBOI I'OJIOBHU ITIIEHUIIBI Ha-
MHOTO MeHbIIIE. B mocieqHue fecaTUIeTrs Ha TEPPU-
Topuu Poccutickoy demepaliuu ciaydan BbIIBIECHUS
IaHHOTO (DUTONATOTEHA 3apPETUCTPUPOBaHbI B HOX-
HOM (hefiepasibHOM OKPyTe (B MPeATOPHBIX paioHax
KpacHomapckoro kpast u B Pecriyosirike KpbIiM), a TaKKe
B CeBepo-KaBkasckoM (hefepasibHOM OKpyTe (B IIpej-
TOPHBIX patioHax CTaBpoOmoJIbCcKOro Kpas (puc. 1)) [6].

3aboJieBaHUs, BbI3bIBaeMble Tpubamu poja Tilletia,
TIPOSIBJISIIOTCS B HauUaJie (ha3bl MOJIOYUHOM CIIeJIOCTU 3eP-
Ha. UHOUIIMPOBaHHbBIE PACTEHUS OTINYAIOTCSI HU3KUM
poCTOM, a TakXe 3apa)KeHHbIe KOJIOChS HECKOJIbKO
CILJIFOCHYTHI U MMEIOT MHTEHCUBHYIO CUHE-3€JIEHYI0
oKpacky. [To Mepe co3peBaHUs KOJOCHEB 3Ta OKpacKa
TIOCTETIEHHO yTpauuBaeTcs. [Ipy HalaBIMBaHUU Ha
3apa’keHHbIE 3ePHOBKY, HaXosIIecs B haze MOJIOY-
HOM CIIEeJIOCTH, M3 HUX BBIJEJSETCS CepOBaTast KU -
KOCTb C 3arIaxoM TPUMeTUJIaMuHa (3armax rHUJIoH ce-
Jienku). TTopajkeHHbIEe KOJIOChsI 60Jiee TJIOTHBIE, CIerka

was included in the Common List of Quarantine Ob-
jects of the Eurasian Economic Union as a limitedly
spread organism for the Russian Federation. The agent
of common bunt of wheat (Tilletia caries (DC.) Tul. &
C. Tul.) is a quarantine species for Egypt and Mexico,
and the agent of stinking smut of wheat (Tilletia laevis
J.G. Kihn) - for Brazil [4].

Apart from direct crop losses, these phytopatho-
gens cause indirect ones, the total damage from which
is estimated 4-5 times higher. The bunt agents are
capable of infecting a large number of plants, there-
fore, crop damage is observed in significant areas in
a number of regions. The Tilletia genus fungi do not
lead to an outbreak of the disease in the first years,
the infection accumulates for several years, and under
favorable conditions the disease development reach-
es its peak [5].

The blunt agents are widely spread around the
world. Russia performs phytosanitary inspections to
detect three blunt agents. The agent of common bunt of
wheat (T. caries) has an extensive area: North-West and
Nonchernozem belt of Russia, Ural, Siberia, Far East,
Kazakhstan. In Russia’s southern regions T. caries sub-
stitutes for T. laevis. In Central Black Belt Region da-
mage is caused by both T. caries and T. laevis [6].

The stinking smut of wheat (T. laevis) damages
wheat in all areas of its cultivation, though this phyto-
pathogen is spread more limitedly than T. caries. How-
ever, T. laevis is detected more often than it is usually
registered. The stinking smut of wheat used to be de-
tected mainly in southern regions (Rostov, Astrakhan,
Volgograd Regions, Krasnodar Krai, Central Asia, Sibe-
ria), where it substitutes for T. caries. Only in Central
Black Belt Region both species can be seen at the same
time [7]. The stated above areas of T. caries and T. laevis
are quite stable, because numerous cases of the pests’
introduction in the areas unusual for
them did not lead to their extensive
and long development there [6].

The area of dwarf bunt of wheat,
though, is much smaller. In the Rus-
sian Federation, this phytopathogen
has been detected in the Southern
Federal District (in the foothill territo-
ries of the Krasnodar Krai and in the
Republic of Crimea), as well as in the
North Caucasian Federal District (in
the foothill territories of the Stavropol
Krai in recent decades (Fig. 1)) [6].

The diseases caused by Tilletia
spp. can be noted at the beginning of
grain milky stage. Infected plants are
short, and infected ears are slightly
flattened and have an intense blue-
green coloration. As the ears ripen,
this color gradually fades away. When
pressed, infected caryopses, which

¥
are in the milky stage phase, release
Puc. 3. Bronornyeckuin u MHMHEKLMOHHBbI Fig. 3. Biological and infectious a grayish liquid with the smell of
LUK pasBUTUS FTONOBHEBBIX rpnboB poaa development cycle of Tilletia: trimethylamine (smell of rotten her-

Tilletia: 1 v 2 — 60nbHOV U 30,0POBbLIN
KONOCbSl; 3 — paspyLLEHHbIV FONOBHEBDIN
MeLloYeK, HanoJIHEeHHbIV cnopamu;

4 — 3epHOBKa MNILEeHULbl, 3arpsa3HeHHas

land 2 -infected and healthy ears;  ring) Affected ears are denser, slight-
3 — damaged smut bag filled with

spores; 4 — spore-contaminated
wheat caryopsis; 5 — teliospores

ly shortened and sometimes do not

crnopamu; 5 — TenvMocnopsbl Ha NpopacTawlweM  on germinating wheat grain;
3epHe nweHuubl; 6 — npopocLas B 6asnputo 6 — teliospore sprouted in basidium

Tenunocrnopa Ha 3epHOBKe; 7 — cropbl
TBEPOOW roNoBHU NweHuubl [10]

on caryopsis; 7 — common bunt
of wheat spores [10]
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YKOPOYEHHI ¥ MHOT/IA He BBIXOAAT U3 MTa3yX BEPXHUX JIN-
CTBEB UJIM OCTAIOTCS IPUKPBITHIMU HATIOJIOBUHY BILJIOTh
IO TIOJTHOTO co3peBaHUs. OCTY 3aMEeTHO PeAyLIPOBAHbI.
ITepen ha30ii BOCKOBOM CIIEJIOCTY B 3aPa’KEHHOM KOJIO-
ce BMeCTO 3epeH 06pasyTcs roJloBHEBbIE MENIOUKY,
TO €CTh COPYChI rpuba ¢ TenarocnopamMmu. Copychl uMe-
10T OBaJIbHYI0 (DOPMY M Ha BEpPIUIMHE HEMHOI'O 3a0CTpe-
HBL B caMux 3epHaX BMECTO 3HZ0CIIEPMa Pa3BUBAETCS
TeMHas Macca CIiop. 3epHOBKY, cofleprkalijiie CIIOPHI,
YKOPauMBaKTCSA B AJUHY, B3LyBalTCs, mIpuobpera-
10T 60Jiee MapOBUIHYIO 10 CPAaBHEHUIO CO 3JJ0POBBIMU
thopmy (puc. 2). BecAT OHY 3HAYUTETBHO MEHbIIIE, YEM
3[0POBBIE 3€PHOBKH, B CBSI3Y C UeM K MOMEHTY OKOHYa-
TEJIbHOT'O CO3PEBAHNS ITOPaXKEHHbBIE KOJIOChS OCTAIOTCS
MIPSIMOCTOSTYMMU, TOTIA KaK 3JI0POBbIE MOJ TSYKECTbHIO
HaKJIOHSIOTCS. B mepumo/1 y6opKy 3€ PHOBBIX COPYCHI Pa3-
PYLIAIOTCS, ITPY 3TOM CITOPbI 3apakaroT 3epHa [8].
Tenumocriopsl rprba 3UMYIOT Ha 3epHe. [1pu TIpo-
pacTaHUU PACTEHUS-X03IMHA TPOTaeTcs B POCT U Te-
nuoctiopa. ®opmupyerca 6asugus ¢ 6a3uLUOCIIO-
paMu. Basuauocophl KOMYJUPYIOT APYT C LPYTOM,
1 06pa3oBaBIIasCcs ABYXbIAePHAS KJIETKA BHEIPSIETCS
B MOJIOZIblE TKAHU ITPOPOCTKA. [IByXbaZiepHas KJIeTKa
MpeBpallaeTcs B JUKAaPUOHHBIN MUIIEJINH, KOTOPbIH
10 cTeBJII0 IOCTUTAET COLIBETHUS 3JIaKa U €ro IBeTKa.
B 3aBsI3u 11BETKA MUILENUY pa3pacTaeTcd U pacra-
IaeTcs Ha TeJiMoCcmophl. OKOJIOTIOLHUK 3€pHOBKY

Tao6auiia

protrude from the axils of the upper leaves or remain
half-covered until fully ripe. The awns are conside-
rably reduced. Before the waxy ripeness phase, smut
bags are formed in the infected ear instead of grains,
i. e. the fungus sori with teliospores. Sori are oval and
slightly pointed at the top. In the grains themselves,
a dark mass of spores develops instead of the endo-
sperm. Caryopses containing spores are shorter in
length, swollen, and acquire a more spherical shape
compared to healthy ones (Fig. 2). They weigh much
less than healthy grains, and therefore, by the time of
final ripening, the affected ears remain erect, while
healthy ears bend under their weight. During the har-
vesting period, the sori are destroyed, with the spores
infecting the grains [8].

Teliospores of the fungi overwinter on grain.
When the host plant germinates, the teliospore starts to
grow. Basidium with basidiospores is formed. Basidio-
spores copulate with each other, and the resulting bi-
nucleated cell is introduced into the young tissues of
the seedling. The binucleated cell turns into a dicaryon
mycelium, which reaches the inflorescence of the cere-
al and its flower along the stem. In the ovary of a flower,
the mycelium grows and breaks down into teliospores.
The pericarp of the caryopsis remains intact; therefore,
the caryopsis appears to be non-infected. During the
threshing, the pericarp is destroyed, the teliospores

Mopdosroruueckrie MpU3HAKU TEJIMOCIIOP HEKOTOPBIX BUAOB rpu6oB poaa Tilletia,

nopakawumux mmeHuiy [10, 11]

dopma Tesuocniop Pasmep
¥ OKpacka 060JIOUKU TeJINOCIIOP, MKM NukpycTauus U Jpyrue NpusHaku

Bo36yauTesnb

1. T caries (DC.) Tul. & C. Tul. IllapoBugHas UiIu 14-25x12,6-21 CeTuarTas, SYEHKU Jallie

Syn. T. tritici (Bjerk.) R. Wolff. mouTu mapoBugHas. (uamie 18,9 x 18)

CBEeTJIO- WJIU TEMHO-
KOpUYHEeBad

5-yroJibHbIE, ¢ pebpaMu (IIUTIamMmn)
BbIcOTOM 1,4-2,1 MKM. Be3s
OCIIM3HAIOIIErocs cjios. BecliBeTHbIe
KJIETKY OTCYTCTBYIOT

2. T laevis J.G. Kiihn

IIpoAoJIroBaTasd.

@ CBETJIO- MJIN

TEeMHO-0JIMBKOBO-

KOpHU4YHEBad

dnnuncoupanbHas — 13,5-22,5x12,6-18 Tmazkas. OCIU3HSIOUINICS CIIOMH.
Syn. T. foetida (Bauer) Liro niu cpepryueckas, (vame 17 x 14)

CTepI/IJ'II:HbIe KJIETKU OTCYTCTBYIOT

3. T. controversa Kiithn
Syn. T. brevifaciens G.W.

Fischer, DJINIUTICOUZAIbHAS.
T. nanifica (Wagner) Savul. CBeTJIO- WY TEMHO-
KOpUYHeBast

[lapoBugHad, pexe 19-24x16-25
npojosroBaTtas uian  (daiie 24,3)

C 04eHb XOPOIIO BEIPAYKEHHOM
CeTYaTOCThIO, TUEHKU HETPABUJIbHBIE,
WX IIUPUHA — 3—5 MKM U BBICOTA

pebpa — 1o 4,0 MKM. C OCIU3HSIIONIUMCS
GeCIIBETHBIM CJIOEM Ha TIOBEPXHOCTY
criop. CTepuiibHbIe GeClIBETHBIE, NN
cJ1abo-3ejIeHOBaThIe, NI KOPUYHEBLIE
kjaeTkH (16—20 MKM B aM.),
mapoo6pasHoi GOpPMEI, C TJIaIKOMH,
pexe c ceTyaTol 060JI09KON
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Table

Teliospores morphological characteristics of some Tilletia species

infecting wheat [10, 11]

Teliospore shape

Teliospore size,
Pathogen and color of the cover pm

Incrustation and other
characteristics

1. T caries (DC.) Tul. & C. Tul. Spherical or nearly
Syn. T. tritici (Bjerk.) R. Wolff.  spherical. Light or

14-25x12,6-21
(more often 18,9 x 18) with ribs (spines) 1.4-2.1 ym

Reticulate, cells are usually 5-sided,

dark brown in height. No sliming layer.
No colorless cells
2. T laevis J.G. Kithn Ellipsoidal or 13,5-22,5x12,6-18 Smooth. Slime layer. Sterile cells are

Syn. T. foetida (Bauer) Liro spherical, oblong.

Light or dark olive

@ brown

(more often 17 x14)  missing

3. T. controversa Kihn Spherical, less often
Syn. T. brevifaciens G.W. Fischer, oblong or ellipsoidal.
T. nanifica (Wagner) Savul. Light or dark brown

19-24x16-25
(more often 24,3) cells are irregular, their width is

With a very well-defined reticulate,

3-5um and rib height is up to

4.0 ym. With a slimy colorless

layer on the spores surface. Sterile,
colorless, or slightly greenish, or
brown cells (16—-20 uym in diameter),
spherical, with a smooth, less often
with a reticular membrane

OCTaeTcs IeJIbIM, TT0O3TOMY BHEIIHEe 3epHOBKA HAIO-
MUHaEeT 34,0pOBYI0. Bo BpeMs 06M0JI0Ta OKOJIOTIOLHUK
paspylIaeTcs, TEIUOCIIOPHI BBICHITAITCS U ITPUJIATIA-
IOT K 3JTOPOBBIM CeMeHaM M TakK 3MMYI0T. MaKCUMaJb-
HOe 3apa’keHNe 3€PHOBBIX MaTOreHaMU JaHHOTO POJa
IPOUCXOAUT Ipu 8—9 °C 1 OTHOCUTEIBHOM BJIAXKHOCTH
Bo3myxa 6osiee 50%. Ha prcyHKe 3 IipeficTaBJIeH 1K
Pa3BUTHS I'OJIOBHEBBIX I'prboB poaa Tilletia [10].
JmarHoCTUKy BO30yAuTeJiel TOJIOBHEBBIX 3a60-
JIeBaHUU 3€PHOBBIX TIPOBOAAT TPALUIIMOHHBIMU Me-
TOIaMU — BU3YAJIbHBIM, METOJIOM CMbIBA U LIEHTPUDY-
TUPOBAHUS C IMOCIENYIOIIUM MUKPOCKOIIMPOBAHUEM
u MopdoMeTpueit. BusyanabHbIH 0OCMOTP 06pasIloB
TIIIEHUIIBI TPOBOIUTCS C 11€JIbI0 BBISIBJIEHUS TTIOPaXKEH-
HBIX COPYCOB C TIOCJIEAYIIIUM MUKPOCKOITMPOBAHUEM
CIIOP [AJIg OTIpeZeNieHns Buaa rpuba. JIjisg 3Toro 4acTb
TOJIOBHEBOT0 MelllouKa (IbIIAel MacCchl) COcKabJiBa-
0T B KAILJTIO BOZbI HA ITPEIMETHOE CTEKJIO K OCTOPOXKHO
HaKPBIBAIOT €r0 ITOKPOBHBIM CTEKJIOM. [OTOBBIN TIpe-
mapaT IIPoCMaTPUBAIOT 10, MUKPOCKOIIOM HaunlHas
¢ maJjioro yBenuuenus (10 x 10) u gayee — ipu 60J1b-
mom yBenuueHuu (10 x 20 u 10 x 40) B CBETJIOM I10JIE
U B (ha30BOM KOHTpAacTe. IJist TOUHOM UIeHTU(PUKaAIUN
BO30YAUTEJIS aHATU3UPYIOT KOMILIEKC MOPdOoJIoTHYe-
CKUX IPU3HAKOB (CM. TabJIKILy) TETUOCIIOp rpuba.
Ecnu npu BU3yaJibHOM IIPOCMOTPE IIIIeHUIbl He
OyzeT BBISIBJIEHO 3apakeHNs, TO JAHHBIN 06pa3el] IIpo-
BEPSIOT C TOMOIIbIO METO/IA CMbIBA M IIEHTPUQYTUPOBA-
HU. IToIpO6HO STOT METO/I, OITHICaH B METOIUECKIIX Pe-
KOMeHIallngX, HalucaHHbIX Ha 6a3e ®I'BY «BHUMKP»
(MeTommyecKyie peKOMEHIAIINY T10 BhISBJIEHUIO U UIEH-
TudUKAINYU BO30YAUTENI KapJIUKOBOM IOJIOBHY IIIIe-
Hutpl, YIK 57 (094); MeToguyecKre peKOMeHIAY IT0

drop and stick to healthy seeds and overwinter this
way. The maximum infection of grain crops with this
kind of pathogens occurs at 8-9 ° C and a relative hu-
midity of more than 50%. The Fig. 3 shows the develop-
ment cycle of Tilletia spp. [10].

The agents of blunt diseases are diagnosed by tra-
ditional methods — visually, by washing and centrifug-
ing followed by microscopy and morphometry. Visu-
al inspection of wheat samples is carried out in order
to identify infected sori followed by spore microscopy
to identify the fungus species. To do this, a part of the
smut bag (dusting mass) is scraped into a drop of water
on a slide and carefully covered with a cover slip. The
obtained slide is studied under the microscope starting
at low magnification (10 x 10) and then at high mag-
nification (10 x 20 and 10 x 40) in a bright field and
in phase contrast. A complex of morphological cha-
racteristics of fungal teliospores is analyzed for pre-
cise pathogen identification (see Table).

If no infection is detected by visual investiga-
tion of wheat, then this sample is checked using the
washing and centrifugation method. This technique
is described in detail in the recommendations by
FGBU “VNIIKR” (Methodological recommendations for
the detection and identification of dwarf bunt of wheat,
UDC 57 (094); Methodological recommendations for
the detection and identification of smut fungi in grain
crops, UDC 57 (094)).
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BBISIBJIEHUIO ¥ UAEHTU(PUKAIIUY TOJIOBHEBBIX I'PUOOB
B 3€PHOBBIX KyJIbTypax, YK 57 (094)).

CTOUTH OTMETUTb, YTO MOP(OJIOTUUECKUE TTPU-
3HAKM HEKOTOPBIX BUAOB I'OJIOBHEBBIX I'PHUOOB CXOXKU,
HanpuMep T. controversa u T. caries. TOUHOCTb UIEHTU-
(rkanuy 3aBUCUT OT KBATUDUKAIIUY CIIEIIUATNCTA
U UCTIOJIb3yEMOU ONTUKU. M B HACTOsIIee BpeMs ak-
TyaJIbHOU 3a/1aueil aBJsgeTcs paspaboTKa MOJIEKYIIp-
HBIX METOJIOB AUATHOCTUKY IJis 3TuX BumoB (T caries,
T. laevis u T. controversa) TOJIOBHEBBIX TPUOOB.

Ha 6aze ®TBY «BHUUKP» BepeTcst paboTa 1o
YCOBEPIIIEHCTBOBAHWIO BHISIBJIEHUS U UeHTU(DUKA-
LIUY TOJIOBHEBBIX 3a00JI€BAHUM ITIIeHUIIBL. [IpoBeme-
Ha anpobanusa ¥ ONTUMU3AIUI ITOJIMMePa3HOH 1em-
Ho#i peakiiuu ([TLIP) mjg IMarHOCTUKY KapPJIUKOBOU
TOJIOBHU. B HacTosIIee BpeMs BELyTCS UCCIEJOBAHUS
1o pa3paboTke crelM(pUUHBIX TPAUMEPOB U 30HI0B
I IVarHOCTUKY BO30ynuTeell TOJIOBHEBBIX 3a60-
neBaHu MeTonoM [P B peajibHOM BpeMEHH.
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MH®OPMAIIUA OB ABTOPAX

VYBapoBa Japbs AHATOJIb€BHA, MJIAAIINN Ha-
VUYHBIA COTPYAHUK HAYYHOTO OTZAEJIA MOJIEKYJISPHO-
TeHEeTUYECKUX METOLOB JuarHocTuku ®I'BY « BHUKP»,
p. 1. BeIKOBO, I. PaMeHCcKoe, MockoBcKas 06.1., Poccus.

CypuHa TaTbdaHa AJIeKCaHJAPOBHA, KaHIWAT
61OJIOTMYECKUX HAYK, CTAPIINY HAYUHBIN COTPYAHUK
HAY4YHOTO OTZeJla MOJIEKYJIAPHO-TeHETUUYEeCKUX Me-
TOHOB AuarHocTuku ®I'BY «BHMUWKP», p. 1. BBIKOBO,
r. PameHcKoe, MocKoBcKas 006J1., Poccus.

It should be noted that morphological characte-
ristics of some smut fungi are similar, e. g. T. contro-
versa and T. caries. The identification accuracy depends
on the specialist’s qualifications and the optics used.
At present, the development of molecular diagnostic
methods for these smut fungi species (T. caries, T. laevis
u T. controversa) is a priority.

FGBU “VNIIKR” conducts work to improve the
detection and identification of wheat blunt diseases.
The polymerase chain reaction (PCR) for diagnostics
of dwarf bunt of wheat has been approbated and opti-
mized. Nowadays, research is done to develop specific
primers and fluorescent reporter probes for the diag-
nosis of blunt pathogens by RT-PCR.
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AHHOTALINA
[IpencraBuTenu poma Sorbus sensu lato (PgsbuHa) — us-
BECTHBIE U JOCTATOYHO IIHPOKO PACIPOCTPaHEeHHbIE
pacTeHus — X03sgeBa 0aKTepUalbHOI'0 0XKOTa ILJI0-
IOBBIX KyAbTyp Erwinia amylovora (Burrill) Winslow
et al. OmHAKO 10 HACTOAIIEro BpeMeHU oQUIlualb-
HO IOATBEPXXIEHHBIX JAHHBIX O BBIIBJIEHUU BO3-
OynuTens Ha psbuHe B Pocculickoit ®emepalnuy He
6b1J10. B maHHOU paboTe MpoBemeHO ob6ciaemoBaHme
HacaxxgeHui Sorbus aucuparia L. M KyTbTYPHBIX COP-
TOB psAOMHBI B 7 perMoHaX eBPOMelcKoi yacTu Poc-
cuu. CoopHbIe 06pas1lbl ¥ TPOOLI PA3JIUUYHBIX YacTel
pacTeHuH IpoaHaIu3UPOBAHBI C IIOMOIIbIO 4 TECTOB
Ha OCHOBE MOJUMepasHoU 1enHoi peaknuu (ITLP),
METOJOM CEKBEHUPOBAHUS, a TAKXKE KYJIbTypaJib-
HO-MOPQOJIOTUUECKUM METOHOM. JJOCTOBEPHO BhISIB-
sneHa JHK Bo36ynuress B I. MOCKBe U MOCKOBCKOM
obyacTu. M3yuyeHa AUHAMUKa Pa3BUTHUS aTOTeHa
B PasMMYHBIX YaCTIX PACTeHUI PAOUHEI B TeueHN e
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ABSTRACT
The species of the genus Sorbus sensu lato (moun-
tain-ash) are well-known and quite widespread host
plants of fire blight Erwinia amylovora (Burrill) Winslow
et al. Nevertheless, there have been no officially proven
data about the pest detection on the mountain-ash in
the Russian Federation. This work presents the survey
results of Sorbus aucuparia L. and cultivated varieties of
mountain-ash plantations in 7 regions of the Europe-
an part of Russia. The combined samples and the sub-
samples of separate parts of plants have been analyzed
by 4 PCR-based tests, the sequencing method, as well
as the plating method. The DNA of Erwinia amylovora
has been reliably detected in Moscow and the Moscow
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BETETAIMOHHOTO ce30Ha. He moaTBepXIeHbI CO06-
meHus 06 0OCHOBHOM poJiu Erwinia amylovora B pa3Bu-
TUY HEKPOTUUECKUX MMOPAXKEHUU pacTeHU pAOMHbI
B MOCKOBCKO¥ 06JiacTH.

Knrouesuoie cnosa. ObciegoBaHme, BhIABIEHNE, Ka-
panTuH, IHK, IT1IP, ce30HHas [HaMMUKa 3a00JIeBaHNsI,
CHUMIITOM, HEKPO3, IITHUCTOCTb, YBSLAaHNE, PACTEHNE-
X035¥1H, aHTarOHUCTBI, MUKPOOPTaHM3M, MUKPOOUMOTA,
Pseudomonas.

Jna koppecnondenuyuu. IpeHoBa Haramusa Ba-
CUJIbeBHA, HAUAJIbHUK — CTAPIIWY HAYUHBIN COTPYI-
HUK HAy4YHO-MEeTOJMUEeCKOTO OTAejia BUPYCOJOTUU
u 6akrepuosoruu ®I'BY «BHUMKP», 140150, Poc-
cus, MockoBckasg 06j., . PaMeHCKOoe, P. M. BBIKOBO,
e-mail: drenova@mail.ru.

BBEJIEHUME

aKTEePUAaTbHBIN OXKOT IIJIOJIOBBIX KYJIb-

TYyp, BBI3bIBAEMbIN BdHTepobaKkTepuen

Erwinia amylovora (Burrill) Winslow et

al., uMeeT KapaHTUHHOE 3HaUeHNe IJIs

P® u EASC. BriepBble Ha TEPPUTOPUU
Poccuu oxor momoBbIxX 6611 BeISIBIIEH B 2003 T. B Ka-
JIMHUHTPAJCKON 06JIaCTH, M K HACTOSIIEMY BPEMEHU
B pasHble Tofibl ovaru ObLIM ODUITUAIBHO 3aUKCH-
poBaHbI B Besiroposickoii, BpsHCKOM, BoJrorpamcKkoi,
Bopouexxckoii, KanuHuHrpaackou, Jiunerkou, [TeH-
3eHcKol, Camapckoif, CapaToBcKoi, CMOJIEHCKOMH,
Tam60Bckol, TyabCKOI 00JacTdX, B pecIybrKax
Iarectan, KabGapmuno-Bankapus, Kapauaeo-Uep-
kecud, KpoeiM, B KpacHogapckoM u CTaBpOIIOJIbCKOM
Kpasx. B xofle HayYHBIX UCCJeNOBaHUMN 3abojieBaHUe
OBLIO BBIABJIEHO B I. MockBe 1 OPJIOBCKOM 06J1acTH,
3apakeHHble 00pa3Ilbl ObUIM TIOJYUEHBI OT T'PaKIAH
u3 PocToBckoli obsiacTu u Pecriybsiiku CeBepHas Oce-
Tusd — AnaHus. B psie pernoHOB o4aru yanoch JIUK-
BUIVMPOBATh, OJHAKO B II€JIOM BO3OYAWTEJb ITPOJIOJI-
JKaeT pacrnpocTpaHaThes[1, 2, 3, 4, 5].

HecMOTps Ha TO, UTO GaKTepUaJIbHBIN 0XKOT ITOpa-
skaeT 6osiee 180 BUIOB pacTeHM ceMelicTBa Rosaceae
Juss. [6], B momaBisionieM 60JbIINHCTBE CITyUay BbISB-
JieHus B PO mpuypoYeHbl K HACAKIEHUSIM KYJIbTYPHBIX
pacreHuii-xo3seB: Malus domestica Borkh. (1601 10-
MaurHss), Pyrus communis L. (Ipyiia o6bIKHOBEHHAS),
Cydonia oblonga Mill. (A#iBa 0GBIKHOBEHHA), a TAKXe
Prunus domestica L. (Cnua momauiuss) u Amelanchier sp.
(Mpra), mpou3pacTaiolluX B IPOMBIIIJIEHHBIX 1 YaCT-
HBIX CaJlaX ¥ IMTOMHUKAX. [Iogo6Hast TeHIeHIIUA IIPO-
cliexuBaeTcs U B cTpaHax 6siBmiero CCCP [7, 8, 9, 10,
11]. [To MHEHUIO aBTOPOB, 3TO O0YCJIOBJIEHO HECKOJIb-
KMMU IPUYXHAMU: 3aHOC U PACIIPOCTPaHeHUe BO36y-
IUTEJS TTPOUCXOIAT IPEUMYIIECTBEHHO C 3apakeH-
HBIM I10CAaJOYHBIM MaTepPHUajoM; PpacTeHUI-X03sgeBa
B KYJIbTYPHBIX HACOKIEHUSIX CKyYeHHBI, YTO TPUBOLUT
K OBICTPOMY pPacCIPOCTPaHEHUI0 MH(EKIIUU; X03IH-
CTBEHHO 3HAUMMbIe HAaCAXKIEHUS JIydllle 06CIeLy0T-
cs KaK caMUMU CaZloBOLaMU, TaK U YIIOJTHOMOYEHHBI-
MU TofpasfeseHuaMu Poccesibxo3Hag3opa. B cBasu
C 9TUM OUKOPACTYIIue, NeEKOPATUBHBIE U MeHee TTopa-
’KaeMble pacTEeHUS — X03sieBa 6aKTepHUaIbHOTO 0XKOra

region. The dynamics of pathogen development in va-
rious parts of mountain-ash plants during the grow-
ing season has been studied. The reports on the main
role of Erwinia amylovora in the development of necrotic
damage of mountain-ash plants in the Moscow region
have not been confirmed.

Key words. Survey, detection, quarantine, DNA,
PCR, seasonal dynamics of the disease, symptom, ne-
crosis, spots, wilting, host plant, antagonists, microor-
ganism, microbiota, Pseudomonas.

For correspondence. Nataliya Drenova, Head and
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search and Methodology Department, FGBU “VNIIKR”,
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INTRODUCTION

ire blight caused by the enterobacterium

Erwinia amylovora (Burrill) Winslow et al.

is considered to be a quarantine one for

the Russian Federation and the EAEU. Fire

blight was first detected in Russia in 2003 in
Kaliningrad region, and by now in different years foci
have been officially registered in Belgorod, Bryansk,
Volgograd, Voronezh, Kaliningrad, Lipetsk, Penza,
Samara, Saratov, Smolensk, Tambov, Tula regions, in
the republics of Dagestan, Kabardino-Balkaria, Ka-
rachay-Cherkessia, Crimea, in Krasnodar Krai and
Stavropol Krai. In the course of scientific research,
the disease has been detected in Moscow and the
Oryol region, infected samples were obtained from
citizens of Rostov region and the Republic of North
Ossetia-Alania. In some regions, the foci were eli-
minated, but in general, the pathogen continues to
spread [1, 2, 3, 4, 5].

Despite the fact that fire blight damages over 180
species of the family Rosaceae Juss. [6], in most cas-
es detections in Russia were connected with cultivated
host plants: Malus domestica Borkh. (apple), Pyrus com-
munis L. (pear), Cydonia oblonga Mill. (quince), as well
as Prunus domestica L. (plum) and Amelanchier sp. (june-
berry) growing in industrial and private gardens and
nurseries. A similar trend can be seen in the former
USSR countries [7, 8, 9, 10, 11]. In our opinion, this is
accounted for by several reasons: the pest introduction
and spreading primarily occur with infected plants for
planting; host plants in cultivated areas grow densely,
which leads to a rapid spread of the infection; economi-
cally significant plantations are better inspected both
by the gardeners themselves and by the authorized di-
visions of the Rosselkhoznadzor. In this regard, wild,
ornamental and less affected host plants of the fire
blight remain poorly studied. Meanwhile, host plants
growing in forests, on wastelands and fallow lands, in
uncontrolled plantings of forest belts and settlements
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OCTAITCS MaJIOU3yUYEeHHBIMU. MEXIYy TeM PACTEeHUS-
X03s1€Ba, IIPOU3pacTa0IINe B JIecax, Ha ITyCThIPSIX U 3a-
Jie)kax, B MaJIOKOHTPOJIMPYEMBIX HACAXKIEHUAX JIECO-
TI0JIOC ¥ HAaCEJIEHHBIX ITYHKTOB, aKTUBHO ITOCENAI0TCS
HaceKoMbIMU (0COGEHHO B TTEPUOJ, IIBETEHUST), CIIyXKaT
MeCTaMM OTAbIXa IITUIL ¥ UX KOPMJICHUS; He IIoIBepra-
SICh 3aIIUTHBIM MEPOIIPUATUSIM, MOTYT HAKaTlJINBATh
UHQPEKIINIO U CIY)KUTh €€ NCTOUHUKOM JIJIST OKPYKAI0-
L[UX arPOIeHO030B.

Cpenu IWKOPACTYU[MX W JAeKOPaTUBHBIX pac-
TEHUI-X0359€B 0CO0yI0 pOJib B PAacCHIpPOCTPaHEHUM
E. amylovora urpaioT npencTaBuTenu pona Crataegus
Tourn. ex L. (BogpbIIIHUK). B cuily cBOel BBICOKO
BOCTIIPUMMYUBOCTU K OXKOTY, a TaK)Ke CIIOCOOHOCTH
XOPOIIIO BOCCTAHABJIMBATh KPOHY M JIOJITOE BPEMS CO-
XPaHATDb B MOPAKEHHBIX TKAHIX JKM3HECIIOCOOHOTO
BO30yIUTES, GOSIPBIIIHUKY IBJISIOTCS TPU3HAHHBIMU
pesepBaTopamu E. amylovora [6,12, 13,14, 15,16, 17].
Ha teppuTtopuu PO 6aKTepraJibHBIM 0)KOTOM YacTO
nopaxaercs Crataegus monogyna Jacq. (BOIPBIIIHUK
OIHOIECTUYHbIH), IINPOKO PacIIpoCTpaHeHHbIN B Ka-
JIMHUHTPAACKON 006J1acTH, a TaK)Ke BCTPEYaloIuiics
B IIEHTPaJIbHBIX U I0KHBIX PETMOHAX €BPOMIENCKON Ua-
ctu Poccuu u B IToBOJIKbE [18].

JIpyruMu NIMPOKO PACHIpPOCTPAaHEHHBIMU pac-
TEHUSIMU — X035ieBaMU 6aKTePUaJbHOTO OXKOTa SIB-
JIAI0TCSA BUABI poma Sorbus L. (Pabuua). Pom Sorbus
sensu lato mpezcTaBiieH JUCTOIMALHBIMY JEePEBbs-
MU U KyCTapHUKaMU, BKJW4YaeT oKojo 100 BUIOB
¥ MHOXECTBO r'M6pUAHBIX (DOPM (3TU BUIBI U TUODPU-
IIBI PACIIPOCTPaHEHBI B yMePeHHOM Tosice CeBEPHOT0
nosrymapus) [19]. B 2017 1. Ha OCHOBaHUY HOBEUIIUX
¢uIOreHeTUYECKUX MCCJIefOBaHUY Oblja IIpoBe-
JleHa PeBU3US €BPOMENCKUX BUIOB POJa, B PE3YJIb-
TaTe 4ero ObLIO BBIZEJEHO 5 HEeruOpUAHBIX POJIOB,
MHPEeICTABIAONINX OTAeJbHbIE DBOJIOLKMOHHEIE JIH-
uuu (Aria (Pers.) Host, Chamaemespilus Medik., Cormus
Spach, Sorbus L., Torminalis Medik.), a Takxe 5 rubpu-
JIOTeHHBIX POIOB, B OOIIEH CI0KHOCTH BKJIIOUAOLUX
201 BUI OUIIJIOUIHBIX 1 alIOMUKTHBIX BUIOB U T'U6-
pumoB [20]. B 2018 r. S. intermedia (Ehrh.) Pers. u ee
rubpug c S. aucuparia L. 6bLIY BbIJIEJIEHBI B HOBBIN PO/
Scandosorbus Sennikov [21].

Ha TeppuTopuu eBporieiickoit yactu PO Hanbo-
Jiee MIXPOKO pacupocTpaneHna S. aucuparia L. (PaouHa
06bIKHOBEeHHAN); S. sibirica Hedl., mnu S. aucuparia ssp.
sibirica (Hedl.) Krylov (Ps6una cubupckas), mpeobJa-
JIaeT OT CeBePO-BOCTOUHBIX TEPPUTOPUI eBPOTIeiCKON
YaCTH [I0 I0TO-BOCTOUYHBIX TEPPUTOPUIL lambHero Boc-
ToKa [22]. Ha KaBkase, B Pecrry6iuke KpbiM, a Takxe
B peruoHax Kpatinero CeBepa u JlanbHero BocToka
BCTPEYAIOTCS MECTHBIE, B T. Y. PEJIUKTOBBIE, BUbI
u op™meI [22, 23, 24].

IMpencTaBuTeNU posa Sorbus sensu lato gocraTou-
HO moaroseuHsl (1o 200—-300 JieT), HAUMHAIOT ILJI0LO-
HOCUTh B 10-12-jeTHeM Bo3pacTe. B mipupose pa3MHO-
JKaIoTCsI ceMeHaMu. [Tpy BeIPYOKe MJIM TTOBPEXAEHUU
HaJ|3€MHOI YacTU JAaIT OOUIBHYI0 TIOPOCJIb ¥ KOPHE-
BbI€ OTIIPBICKM. [[BETOUHBIE TIOUKY 3aKJIabIBAIOTCS
OCEHbI0, PACTEHUS TPOTAIOTCS B POCT U I[BETYT PaHO,
TIJIOOHOCST MPAKTUYECKHU €KeTOIHO [22].

Psa6uHa — 1leHHOE TIJI0I0BOE U IEKOPAaTUBHOE pac-
TEeHUE, B KYJIbTYPYy BBEZIEHO HE MeHee 14 BUIOB, UMEET
MHOT0 CaJIOBBIX (DOPM 1 COPTOB. BUIbI pAOGKMHBI 3MO-
CTOWKY 1 3aCyXOyCTOMUYMBHI, HEITPUXOTIUBBI K IOY-
BaM, u36eraT JUIIb 3a60JI0UEHHBIX, YUPE3MEPHO CY-
XUX U 3aCOJI€HHBIX. CBETOJII0OUBBI, HO BBIIEP)KUBAIOT

are actively visited by insects (especially during flo-
wering), serve as resting and feeding places for birds;
without being exposed to protective measures, can ac-
cumulate infection and serve as its source for the sur-
rounding agrocenoses.

Among wild and ornamental host plants, the re-
presentatives of the genus Crataegus Tourn. ex L. (haw-
thorn) play a special role in the spreading of E. amylovo-
ra. Due to their high susceptibility to fire blight, as well
as the ability to regenerate and keep a viable pathogen
in the affected tissues for a long time, hawthorns are
recognized as E. amylovora reservators [6, 12, 13, 14,
15, 16, 17]. In Russia, fire blight often affects Cratae-
gus monogyna Jacq. (common hawthorn) which is wide-
spread in Kaliningrad region, and occurs in the central
and southern regions of the European part of Russia
and the Volga region [18].

Other widespread host plants of fire blight are
Sorbus L. spp. (mountain-ash). The genus Sorbus sen-
su lato is represented by deciduous trees and shrubs
and includes about 100 species and many hybrid forms
(these species and hybrids are common in the tempe-
rate zone of the Northern Hemisphere) [19]. In 2017,
based on the latest phylogenetic studies, a revision of
European species of the genus was carried out, as a re-
sult 5 non-hybrid genera were identified, represen-
ting separate evolutionary lines (Aria (Pers.) Host, Cha-
maemespilus Medik., Cormus Spach, Sorbus L., Torminalis
Medik.), as well as 5 hybridogenic genera, a total of
201 species of diploid and apomictic species and hy-
brids [20]. In 2018, S. intermedia (Ehrh.) Pers. and its
hybrid with S. aucuparia L. were classified as a new ge-
nus Scandosorbus Sennikov [21].

In the European part of the Russian Federation,
the most widespread is S. aucuparia L. (mountain-ash);
S. sibirica Hedl., or S. aucuparia ssp. sibirica (Hedl.) Kry-
lov (Siberian mountain-ash), prevails from the north-
eastern territories of the European part to the south-
eastern territories of the Far East [22]. There are local,
including relict, species and forms in the Caucasus, the
Republic of Crimea, as well as in the regions of the Far
North and the Far East [22, 23, 24].

The plants of genus Sorbus sensu lato are quite lon-
gevous (up to 200-300 years), begin to bear fruit at the
age of 10-12. In nature, they reproduce by seeds. When
cutting down or damaging the aboveground part, they
give abundant shoots and root stalks. Flower buds are
laid in autumn, plants start to grow and bloom early,
bear fruit almost every year [22].

Mountain-ash is a valuable fruit and ornamental
plant, at least 14 species have been introduced into the
culture, it has many garden forms and varieties. Moun-
tain-ash species are winter-hardy and drought-resis-
tant, unpretentious to soils, avoid only swampy, exces-
sively dry and saline soils. They are light-demanding,
but withstand shading, therefore they can grow both in
open habitats and in the 2" forest storey, and in the un-
dergrowth. Due to its high ecological plasticity, moun-
tain-ash is widely used in urban landscaping and in the
creation of forest shelter belts in the steppe zone [19].
Mountain-ashes are used as rootstock for pears, as
well as in intergeneric selection of some pomaceous
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3aTeHeHUe, TT03TOMY MOTYT PACTHU KaK Ha OTKPBITHIX
MEeCTOOOUTAHUAX, TAK U B 2-M spyce Jieca, U B MOJ-
Jiecke. B CBSI3U C BBICOKOM DKOJIOTUUYECKOU IJIacTUY-
HOCTbHIO PAGUHBI IIUPOKO UCIIOJb3YIT B TOPOACKOM
03€eJIEHEHUU U IIPU CO3TAHUM JIECO3AIUTHBIX IT0JIOC
B CTeIMHO 30He [19]. PA6UHBI UCTIONB3YIOT B KaueCcTBe
TIOZBOS JIJIS TPYIIY, & TAK)KE B MEXKPOIOBOY CeIEKIINU
CEeMEYKOBBIX KYJAbTYP. [0l — IIeHHOE ChIPhe IJIS
MUIIEBOU 1 (hapMaKoJOTHUeCKON ITPOMBIIIIEHHOCTH.
OHWM CJTy»KaT BaXKHBIM ITAIEBBIM PECYPCOM JJISI MHOTUX
BUJIOB IITUI] [22].

BakTepuaJbHBIN OXKOT Ha BUAAX poxda Sorbus He-
OJHOKPATHO BBISBJISJICS B Pa3HBIX CTPaHax Mupa. Ha
ponuHe 6akTeprasibHOTO okora B CIITA van der Zwet
OIIMChIBAET OObIYHBIE CUMIITOMBI Ha PI0MHE KaK I10-
6ypeHue 1 MyMU(UKAIINIO JUCThEB, OCTAIOIIMXCS Ha
noberax [6].

B 1995 r. B KOJJEKIIMOHHBIX HaCaXJEeHUIX
B mtaTe Hpro-/)Kepcy Ha asmaTcKkux Bumax S. folgneri
(C. Schneider) Rehd. u S. alnifolia (Siebold & Zucc.) Koch
ObLJI OTMEYEH OXKOT B (hOPMe TUITUUHOTO YBSAaHUS T10-
6eroB, Ha3bIBAEMOTO «IIACTYIIM ITOcox» [25].

B CrapoMm CBeTe IepBOe BhISIBIIEHVE GaKTEePUAIIb-
HOTO 0)KOTa Ha psibuHe oTHOCcUTCA K 1959 T. 3aboJieBa-
Hue 6bLI0 OTMeuUeHo Ha S. aucuparia u S. aria (L.) Crantz
(Pss61HA KPYTIOJIUCTHAS, WU MyYHUCTasA) B Belmko-
6putanuu [26]. Takum 06pa3oM, BO30yAUTENb KOJIOHN-
3UPOBaJ PAOGUHY BCKOPE IIOCJE €T0 ITePBOT0o 06HAapY-
sKeHUd B 1957 I. Ha IJIOLOBBIX KYJIBTYPaXx, 3aBe3eHHBIX
u3 CIIIA [6].

B mocnexnymoiieM Ha psiouHe 3a60JieBaHNUE BBISB-
ngym B 1986 1. B Upnanguu, B 1991 1. B UTtanuu, B 1994
u 1996 rT. Ha S. aucuparia Bo dpaunuu [27], Ha S. aria
B 1996 . B Beurpuu [28], B ABcTpuu B 2001 1. Ha S. aria
u B 2003-m Ha S. aucuparia [29], B 2002 1. B Humepnan-
nmax [30], B 2004 1. B Benbruu [31], B 2005 r. B IlIBeiiia-
puu [32].

B 2005 r. cuMOTOMBI JIUCTOBOT'O 0XKOTa, a TaKXe
HEKPO3bI U SI3BBbI HA KOpe 1106eroB ¢ KpacHOBATO-6y-
PBbIM OKpaIlMBaHWEM IIOPa’Xe€HHBIX TKaHeHd ObIIu
oTMeueHbI Ha Sorbus spp. B Pecrty6nvke Cepbus. Bos-
OynuTtesb ObLI UAeHTUDUIIMPOBAH Kak E. amylovora.
ABTODBI TIPOBEJIM UHOKYJISAIINIO YePEIIKOB U Tobe-
OB PSAOMHBI CyCIIEH3USIMU BBIJIEJIEHHBIX U30JISITOB
Y TIOJIYUMJIM TUTIMYHBIE CUMIITOMBI 0aKTEPUAJIbHOTO
oxora [33]. B 2012 1. B Typuuu 6bLI BBISIBJIEH 0XOT
C CUMIITOMaM¥ HEKPOTUYECKOT0 ITOPakeHMs 106eroB
u nucThbeB [34]. HoBag nnmasmunma pEA68 E. amylovora
6bp11a OO6HApPY)XeHA Y M30JIATa, BBIAEJIEHHOTO C Ps-
6uHbl B Pecrmy6auke [MTosbimna [35]. CoobuiaeTcs o He-
OJITHOKPATHOM BBISIBJIEHUN BO3OyAUTENS Ha PAOUHE
B KueBckoii obsractu (Ykpauta) [9]. B 2011 1. mpu po-
BeJIeHUY CepPTU(GUKAIINY TTOJIbCKUX ITUTOMHUKOB CO-
TPpyAHUKaMU Bcepoccuiickoro 1eHTpa KapaHTUHA pac-
teHuii (PI'BY «BHVVIKP») 6b1JI0 BBISIBJIEHO pacTeHMe
PSIGUHBI C CUMIITOMaMHU YBALaHMs 1106eroB, HEKpo3a
COTIJIOAMS Y COCEIHUX JINCThEB, C BhIZleIeHeM OaKTe-
PUANIBHOTO BKccymara. [1pu nmpoBeneHuu jabopaTop-
HOTO MCCJIef0BaHUs 00pasia 6bLI M30JIUPOBAH BO30Y-
IUTeNb, UIeHTU(QUILIMPOBAaHHBIN KakK E. amylovora.

B 2000 r. omry61uKOBaHO COOGIIeHYE O BhIZIEIE-
Huu E. amylovora 13 HEKPO30B U 3B Ha KOpe BeTBeH
u noberoB psi6uHbl B KOoposeBckoM 60TaHUUYECKOM
canmy MenbbypHa (ABcTpanus) [36]. B 2005 1. Bo36ymu-
TeJIb BBISIBJIEH Ha psi6buHe B HoBoit 3enmanguu [37].

B Poccuiickoii denmepalld HEOILHOKPaTHO
O6bIIM OMYyOJIMKOBAHBI COOOILEHUS O BBISBJIEHUU

plants. Fruits are a valuable raw material for the food
and pharmaceutical industries. They serve as an im-
portant food resource for many bird species [22].

Fire blight on Sorbus spp. has been repeatedly de-
tected in different countries. In the USA, the home-
land of the fire blight, van der Zwet describes common
symptoms on mountain-ash as browning and mummi-
fication of leaves remaining on the shoots [6].

In 1995, fire blight in the form of a typical shoot
wilting called a “shepherd’s crook” was detected in col-
lectible plantations in New Jersey on the Asian species
of S. folgneri (C. Schneider) Rehd. and S. alnifolia (Siebold
& Zucc.) Koch [25].

In the Old World, the first detection of a fire blight
on mountain-ash dates back to 1959. The infection was
noted on S. aucuparia and S. aria (L.) Crantz in Great
Britain [26]. Thus, the pathogen colonized the moun-
tain-ash shortly after its first discovery in 1957 on fruit
crops imported from the United States [6].

Later, the infection was detected on mountain-ash
in 1986 in Ireland, in 1991 in Italy, in 1994 and 1996
on S. aucuparia in France [27], on S. aria in 1996 in Hun-
gary [28], in Austria in 2001 on S. aria and in 2003 on
S. aucuparia [29], in 2002 in the Netherlands [30], in
2004 in Belgium [31], in 2005 in Switzerland [32].

In 2005, symptoms of leaf burn, as well as necrosis
and cancers on the shoots bark with a reddish-brown
discoloration of the affected tissues were detected on
Sorbus spp. in the Republic of Serbia. The causative
agent was identified as E. amylovora. The authors ino-
culated the mountain-ash petioles and shoots with sus-
pensions of the extracted isolates and obtained typical
symptoms of fire blight [33]. In 2012, fire blight with
symptoms of necrotic damage to shoots and leaves was
detected in Turkey [34]. The new plasmid pEA68 E. amy-
lovora was detected on an isolate extracted from moun-
tain-ash in the Republic of Poland [35]. The pathogen
has been repeatedly detected on mountain-ash in Kiev
region (Ukraine) [9]. In 2011, when certifying Polish
nurseries, the specialists of FGBU “VNIIKR” detected a
mountain-ash with symptoms of shoots wilting, necro-
sis of infructescence and neighboring leaves, with the
release of bacterial ooze. During the laboratory study
of the sample, the isolated pathogen was identified as
E. amylovora.

In 2000, the Royal Botanic Gardens in Melbourne
(Australia) reported the isolation of E. amylovora from
necrosis and cancers on the mountain-ash branches
and shoots bark [36]. In 2005, the pathogen was detec-
ted on mountain-ash in New Zealand [37].

In the Russian Federation, the detection of fire
blight on forest crops, including mountain-ash, has
been repeatedly reported [38, 39]. However, the causa-
tive agent identification of the infection similar in
symptoms to fire blight (E. amylovora) was based only
on the use of microbiological methods (isolation, bio-
chemical analyzes and pathogenicity test), which is not
enough for the accurate identification of a quarantine
pathogen, in accordance with international and Rus-
sian diagnostic Standards [40, 41, 42].

Considering the possibility of Sorbus spp. and
other wild and ornamental host plants to be infected
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Tao6auna 1

CBegeHMsa 00 o6pa3iuax u3 BopoHexxckoii, [IeH3eHCKO¥ 06J1acTei

u CTaBpOII0JIbCKOIO Kpada

MecTo oTGOpa HOarta or6opa Kosi-Bo YacTb pacTeHuss CHMIITOMBI TecT
BOPOHEXCKA4 OBJIACTb
TepHOBCKUH p-H 27 maga 5 COLIBETUA HeT «IIpo6a-T'C» +
. N FLASH 000
XoxoJbCKUu p-H* 27 Mag 4 COILIBETUY HET
«Arpo/luarHocTuka»
T. Boponex* 3 UI0HA 2+3 MJIOOUKU HET
TTEH3EHCKAS OBJIACTbH
[IeH3eHCKUU p-H  7—8 U 2 JINCThS MISATHUCTOCTb, «ITIpo6a-I'C» +
KpPaeBOl HEKPO3 FLASH 000
«Arpo/luarHoCTUKa»
p. . Tamama*® 4 aBrycra 1 JIVCTHS IISITHUCTOCTD,
KpaeBOM HEKPO3, XJIOPO3
CTABPOIIOJIbCKM KPAIA
JKeyieaHOBOACK™ aBIyCT 3 BETBU, JIUCTHS, yChIXaHUe «dutoCopb» + ITLIP-PB
TIJIOIbI 000 «CuHTOJI»

[TaTuropck™ CeHTA6Pb 2

* — IIJIOIMIAIh ouara uiau 6yepHoi 30HbI.

6aKTepUaJIbHOTO 0XKOTA Ha JIECHBIX KYJIbTypax, B T. 4.
Ha psab6uHe [38, 39]. OnHako umeHTUDUKAIIUA BO36YIY-
TeJiell 3a60JieBaHMM, CXOXKKX 10 CUMIITOMAaM C 6aKTe-
PUAJIBHBIM 0XKOTOM TLIOZOBBIX KynbTyp (E. amylovora),
OblJIa OCHOBaHA MCKIIYUTENHHO HA MCIIOJIb30BAHNNU
KJIACCUYECKUX METOJ OB MUKPOOUOJIOTUU (KYJIbTY-
panbHO-MOPGOJIOTUYECKUX, OMOXUMUYECKUX aHAJIH-
3aX ¥ U3yYEHUU ITaTOTeHHOCTH), UYTO B COOTBETCTBUU
C MEXIYHAPOLHBIMU U POCCUUCKUMU JUATHOCTUYE-
CKUMH CTaHIapTaMU HeJOCTATOUHO JJIsI TOUHOM UIeH-
TudUKaAIMY KapaHTUHHOTO naTtoreHa [40, 41, 42].
[ToHuMas BEPOSITHOCTD 3apa’keHus PacTeHuH
pozna Sorbus v LPYyTUX OUKOPACTYIIUX U NeKOPATUB-
HBIX PAaCTeHUI-X035€B BO30ynuTeNeM 6aKTepuab-
HOTO 0’KOra, aBTOPhI HACTOSAIIEH CTaThbX HauuHasg
¢ 2003 1. mepuoguYeCcKy IMIPOBOAUIN HAOIIOOEHUS 3a
WX COCTOSTHUEM B PA3JINYHBIX pernoHax P®, oToupanmu
¥ TeCTUPOBaJIX 06pasIibl C UCIOJIb30BaHUEM IIPUHSI-
TBIX METOIUK [41, 42]. [lo TTOCIefHero BpeMeHy HaMu
He GbILJIO BBISIBJIEHO PACTEHU PAOMHBI C XapaKTePHBbI-
MU CUMIITOMaMu 6aKTepruaibHOTO OXora [6], TpoBe-
IeHHbIEe TeCThI TaK)Ke ObLIM OTPUIlATENbHbBI. OMHAKO
HaymHag ¢ 2017-2018 rT. B MOCKOBCKOH 00J1aCTH MBI
oTMeuaJu Ha S. aucuparia IOpakeHus, B HEKOTOPOU
CTEIleHU CXO0XKMe C CUMIITOMaMU, BbI3bIBA€MbIMU
E. amylovora. Han6oJjiee IONO3PUTENbHBIMY U3 HUX
0BTV MyMU(MUKAINSA TJI0JJOBBIX BETOUEK, HEKPO3 OT-
IeJbHBIX 3aBA3€H U MOJIOIBIX IIJIOJOB B COILIOIUY,
HEeKpO3 KOPbI, a TaK)Xe MATHUCTOCTU JUCTheB. Ha
MMUTATEJbHbIE CPE/Ibl BO MHOTUX CJIyYasX BbIIEJSIn
(hayopecnupyomue rceBLoOMOHAIbI, KOTOPBIE B I10-
clenHVe TOLbl HEPEAKO BCTPeUaloTcsd B obpasiiax
C cUMIITOMaMu 6aKTepruaJbHOTO oXora. OfHaKo Ipu
TECTUPOBAHUY PACTUTEJbHBIX SKCTPAKTOB C IIOMO-
mbio MeTo0B [11IP B peanbHoM BpeMeHu (ITIIP-PB)
B OTZIEJIbHBIX CJIyYasX GbLIY ITOJyYEHBI CIabble TT0JI0-
JKUTEJIbHBIE PEAKIIUY, COOTBETCTBYIOUINE HATUUUIO
eIVUHUYHBbIX Konuit JHK Bo36yauTess Ha peaKIuio,
nnu 0kojio 102-10% KOE/MJ pacTUTENIbHOI'O SKCTPaK-
Ta, YTO HEe MOTJIO OBITh MPUYUYNHON BOBHUKHOBEHUS

with fire blight, since 2003, the authors of this article
have periodically monitored them in various regions
of the Russian Federation, tested the samples using
the accepted methods [41, 42]. So far, no mountain-
ashes with the typical fire blight symptoms have been
detected [6], the tests performed have also been nega-
tive. However, starting from 2017-2018 in Moscow re-
gion some symptoms similar to fire blight have been
detected on S. aucuparia. The most suspicious of these
were the mummification of peduncles, necrosis of in-
dividual ovaries and fruitlets in infructescence, necro-
sis of the bark, as well as leaf spot. In many cases, fluo-
rescent pseudomonads were isolated, which have been
often found in samples with symptoms of fire blight in
the last years. However, when testing some plant ex-
tracts using qPCR methods, weak positive reactions
were obtained, corresponding to the presence of single
copies of the pathogen DNA for the reaction, or about
10%-10° CFU/ml of the plant extract, which could not be
the cause of the symptoms. During this period, there
was a tendency to both an increase in symptoms in
mountain-ash plants and an increase in the signal le-
vel obtained by qPCR.

Based on the previously obtained data, the aim of
the research was to examine Sorbus spp. plants to de-
tect the fire blight agent (E. amylovora) and study its role
in the necrotic damage development of mountain-ash
plants.

MATERIALS AND METHODS

The research and sampling were carried out in 2020
mainly in the areas of known fire blight foci in the Vo-
ronezh, Penza, Tula regions and in the Stavropol Krai,
as well as in regions where fire blight had not officially
been registered before: Moscow (1 location, 30 samples),
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Table 1

The data about the samples taken in the Voronezh, Penza regions

and the Stavropol Krai

Place of sampling Date of sampling Number Plant part

Symptoms Test

VORONEZH REGION

Ternovsky district ~ May 27 5 inflorescences no “PREP-GS” + FLASH
Khokholsky district* May 27 4 inflorescences no (Agrobiagnostica)
Voronezh* June 3 2+3 fruitlets no
PENZA REGION
Penza district July 7-8 2 leaves spotting, marginal “PREP-GS” + FLASH
necrosis (AgroDiagnostica)
Tamala* August 4 1 leaves spotting, marginal

necrosis, chlorosis

STAVROPOL KRAI

Zheleznovodsk* August 3

Pyatigorsk* September 2

branches, leaves, drying out
fruits

“PhytoSorb” + RT-PCR
(Syntol)

* — focus area or buffer zone.

CUMIITOMOB. B TeueHMe yKa3aHHOTO IIepUOia HaMe-
THJIACh TEHAEHIIVS KaK K YCUJIEHUI0 CUMIITOMATUKU
Ha pacTeHUIX PsAOUHBI, TaK U K YBEeJIUUYEHUIO YPOBHSI
CUrHala, nnojiyueHsoro merogamu [111P-PB.

C y4ueToM paHee IOJIyUYeHHbBIX JaHHbIX Halllel 1ie-
JIbI0 OBLJIO OOCieIoBaHNe PacTeHUM P. Sorbus Ha BhISIB-
JieHUe BO36ynuTe s 6aKTeprajibHOTO 0XKOTa IJI0I0BBIX
KynbTyp (E. amylovora) v usyuyeHUe €0 POJIU B Pa3BU-
TUU HEKPOTUUECKUX TTOPAKEHUN pacTeHUN PIOMHBI.

MATEPHWAJIBI U METO/1bI

ViccnenmoBauus ¥ 0T60P 06pasIoB ITpoBoauiv B 2020 T.
IIPEVMYIIECTBEHHO B PalOHaX M3BECTHBIX 0UaTOB OaK-
TEPUAJIbHOTO OXKOTa B BopoHeXXCKOM, [TeH3eHCKOH,
TynbCcKoOM obstacTsx u B CTaBpPOMOJbCKOM Kpae, a Tak-
JKe B PETMOHAX, Tlle paHee GaKTepuaJbHBINA 0JKOT 0(pu-
IIMaJIbHO He ObLI 3apeTucTPpUpOoBaH: I. MockBse (1 Tou-
ka, 30 06pasiioB), MockoBCcKoO# (PaMeHCKU TOPOACKOM
okpyT — 10 Touek, 49 o6pasmosg, I. KojomMHa — 1 Touka,
1 o6pasern) u Kamyxckoii (1 Touka, 4 o6pasiia) obJya-
cTax. O6pasiibl oTOMpaay OT HavaJia IIepuoa BeTe-
HUS 10 CO3PEBaHUS IIJIOIOB.

CBeneHus 06 o6pasiiax, oTOGPaHHbBIX B BOPOHEXK-
cKoii, [TeH3eHCKOM 0bJiacTsax 1 CTaBPOIIOJIbCKOM Kpae,
IIpefcTaBiieHbl B Tabauie 1.

[Tpu 1abopPaTOPHBIX UCCIENOBAHUIX 00PA3I[0B 13
. MockBbI, MockoBcKoH, Kasyskckoit u TynbcKol 06J1a-
CTell paCTUTEJIbHbBIN MaTepuraJl pasmessid Ha IIPo6HI,
BKJIIOUAIOIIYE OT/IeJIbHbIE YaCTU PACTEHUN C CUMIITO-
mamu (puc. 1, 2) u 6e3 CUMIITOMOB. B pasjinuHbIe Iie-
PUOIBI OCHOBHOM MHTEPEC MPEICTaBIISIIN IPOIILIOTO -
HUEe MyMUGUITMPOBAaHHBIE TLIOLOBbIE BETOUKU (KUBbIE
TKaHY Ha rpaHulle IMOPakeHus U MepPTBble TKAHMU),
LIBETKY (HOKHUIIAMU CPe3ajix OKOJIO YETBEPTHU IIBET-
KOB C HECKOJIBKUX IIIUTKOB, 00bENUHSS UX B 1 TIPOGY),
3aBsI3H, ILUIOAbI (CKAJIbIIENIEM CPe3aJii BEPXHIOK YacCTh
10-20 mmozoB Ha 1 mpo6y), IUCThS, T06eru, Kopa BeT-
BEU U CTBOJIOB.

[Ipobrl hoTorpadupoBasu, OTOUPAIN PaACTU-
TeJbHBIN MaTepuaj B IIJIACTUKOBBbIE CTaKaHUYMKHU,

Moscow region (Ramenskoye — 10 locations, 49 samples,
Kolomna — 1 location, 1 sample) and Kaluga region (1 lo-
cation, 4 samples). Samples were taken from the begin-
ning of the flowering period to fruit ripening.

The data about the samples taken in the Voronezh,
Penza regions and the Stavropol Krai are presented in
Table 1.

In laboratory studies of the samples from Moscow
and Moscow, Kaluga, and Tula regions, the plant ma-
terial was divided into subsamples that included in-
dividual parts of plants with symptoms (Fig. 1, 2) and
without symptoms. The main interest was the previ-
ous year’s mummified peduncles (living tissue at the
border of the damage as well as dead tissue), flowers
(about a quarter of the flowers were cut with scissors
from several inflorescences combining them into 1
sample), ovaries, fruits (the apical part of 10-20 fruits
per 1 sample was cut off with a scalpel), leaves, shoots,
bark of branches and trunks.

The samples were photographed, plant material
was selected in plastic containers, 30—-40 ml of phos-
phate buffer was added [40, 41, 42]. The flowers were
placed in bags for homogenization, and 50-100 ml of
buffer was added depending on the sample volume. Mi-
crobiota extraction was performed in accordance with
the Methodological Recommendations [42]. Some bark
samples were taken directly from the trees into sterile
plastic containers, after cleaning the bark at the border
of the damage with a cotton pad dipped in 70% ethanol,
and removing the top layer of the bark with a sterile
scalpel. The ants collected from the samples infected
with aphids (3—8 per sample) were placed in a micro-
tube with 500 uL of phosphate buffer, shaken gently,
insects were removed, and suspensions were used for
testing.
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Puc. 1. OCHOBHbIe TUMbI MOPaXKEeHUN
nccnefoBaHHbIX FTeHePaTUBHbIX
OpraHoB psbUHbI:

no6asssiu 30-40 ma dochaTHoro 6ydepa [40, 41,
42]. lIBeTKY IoMeIaJy B MaKeThl AJigd TOMOTeHU3a-
nuu u gobasinsanu 50-100 mu 6ydepa B 3aBUCUMOCTU
OoT 06beMa NPo6bI. [TPOBOAMIN DKCTPAKIINI0 MUKPO-
OGMOTHI B COOTBETCTBUYU C METOIMUECKUMU PEKOMEH-
nanuaMmu [42]. HekoTopblie 06pasiibl KOPbI OTOMPAIU
HEIIOCPeACTBEHHO C JepeBa B CTEPUJIbHbBIE ILJIACTU-
KOBBIE CTAKAHUMKM, ITPEBAPUTEIILHO OUUCTUB KOPY
Ha IpaHUIle IToPakeHus C ITIOMOIIbI0 BATHOT'O TaMIIO-
Ha, CMO4YeHHOTO0 B 70%-M 3TUJIOBOM CIIUPTE, Y CHSB
BEPXHUU CJIOU KOPBI CTEPUJBHBIM CKAJbIIEJEM.
MypaBbeB, coO6paHHBIX ¢ 06pPa3I[0B, MOPaXeHHBIX
Tielt (3—8 mT. B 06pasiie), IOMEIIAIN B MUKPOITPOGUP-
Ky ¢ 500 Mk pochaTHOTO Gyhepa, ciierka BCTPSIXUBA-
JIY, yOAJISJiV HACeKOMBIX, CMbIBBI UCTIOJIb30BAJIU JJIs1
HUcCIeloBaHud.

Fig. 1. The main damage types

of the investigated mountain-ash
generative organs:

a—-d - Mymudmkaums nnogoBbix BeTouek; a—d — mummification of peduncles;

e—g — yBagaHue, MymudmnKaums, HeKpos, e—-g — wilting, mummification, necrosis,
oTCTaBaHuWe B pocTe 3aBs3ei U N1oJo0B growth retardation of fruitlets and fruits

Plant extracts were plated on
levan agar [40, 41, 42]. Inocula-
tion was carried out using a bac-
teriological loop. From flowers ex-
tracts, as well as from some other
samples, three 10-fold dilutions
were prepared and 50 ul of each
extract and dilution were plated
using a Drygalski spatula. The Pe-
tri dishes were incubated for up
to 96 hours, at a temperature of
27 °C, starting to being watched
after 48 hours. Mucoid colonies
were selected under a binocu-
lar microscope and replated on
King B agar [40, 41, 42]. Incuba-
ted as described above.

Non-fluorescent cultures
were tested by qPCR according
to Gottsherger [42, 43]. For this,
suspensions at a concentration
of about 10° cfu/ml were prepared
in 200 pl of PCR grade water, heat-
ed for 10 min at 97 °C, cooled in
a sample cooler, and centrifuged
for 3 min at 7000 rpm. 2 ul DNA
per reaction were used.

Some extracts were en-
riched in levan broth (LB),
King B broth (KB) [40, 41, 42],
as well as in a medium con-
taining 1% of peptone and sor-
bitol (SB) [42]. 1 ml of the me-
dium and 200 ul of the plant
extract were transferred into the
microtube. The tubes were in-
cubated for 48 hours at a tem-
perature of 27 °C. The enriched
extracts were centrifuged for 5
min at 7000 rpm, the superna-
tant was removed, pellets were
resuspended in 900 ul of ste-
rile phosphate buffer or distilled
water, centrifuged as described
above, then the supernatant was
removed. 200 ul of sterile dis-
tilled water or PCR grade water
was added, DNA was extracted
by boiling, and the gPCR test was
performed according to Gotts-
berger [43], as described above.

To carry out direct PCR-based tests, DNA was ex-
tracted from 200 ul of the plant extract using the purifi-
cation kit “PREP-GS” (AgroDiagnostica, Russia) accord-
ing to the instruction.

The samples were tested with 2 qPCR tests using
commercial kits «Erwinia amylovora-RT» (Syntol, Rus-
sia) and “Fire blight-RT» (or “Fire blight F” in FLASH
format) (AgroDiagnostica, Russia). Commercial kits
include internal amplification control necessary when
working with plant extracts. Amplification was carried
out in accordance with the manufacturer’s instructions
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PacTuTeIbHbIE SKCTPAKThI BEICEBAIN Ha JIEBAHO-
BRI arap [40, 41, 42]. [ToceB IPOBOAMIIY C TIOMOIIBIO
0aKTEPUOJIOTUUECKOHN MeTaU. VI3 3KCTPaKTOB IIBET-
KOB, a TaK)Xe M3 YacCTu JAPyrux o6pasijoB roTOBUIN
1o 3 10-KpaTHBIX pa3BeleHUs U BbiceBaJIU I10 50 MKJI
9KCTpPaKTa U pas3BelleHUl C ITOMOIIbIO MImaTeas Jpu-
raJibCKOro. Yamky MHKYOUPOBaIH 10 96 U, HAUUHAS
pocMaTpUBaTh rocie 48 4, npu temneparype 27 °C.
MyKouAHBIE KOJIOHUU OTOUPAIU 0] OUHOKYIIPOM
u oTceBanu Ha arap Kunra B [40, 41, 42]. Uaky6upo-
BaJIM, KaK OITMCAHO BBIIIIE.

Hednyopecuupyiolnue KyJabTyphbl TECTUPOBAIU
meTtozowm ITLIP-PB mo Gottsberger [42, 43]. [l aTOTO
B 200 MkJ1 Bogb! 114 1L P roToBUIN CyClIeH3UU B KOH-
HeHTpanuu okojio 10° KOE/Mi1, HarpeBaiu 10 MUH IIpHU
97 °C, oCcTy>XaJIu B OXJIafuTese P06, eHTPUQYTrupo-
Basii 3 MuH npu 7000 06/MuH. VICTIONIb30BaIU 2 MKJ
JHK Ha peakiuio.

YacTh 3KCTPAKTOB o6oramiaju B JIeBAHOBOM Oy-
nwvoHe (LB), 6ynbone Kunra b (KB) [40, 41, 42], a Tak-
JKe B cpejie, cofepkalieil mo 1% mnerrtoHa u copbu-
Ta (SB) [42]. B MUKPOITPOGUPKY BHOCUJIM 1 MJI Cpeb
1 200 MKJI pacTUTEJIbHOTO 3KCTpakTa. ITpobupku;
uHKybupoBanu 48 u npu Temneparype 27 °C. Obora-
IeHHbIe SKCTPAKTHI EHTPUDYTUPOBAIN 5 MUH IIPU
7000 06/MUH, CIUBAJU CyIlepHATAHT, ITPOMBIBAIU
B 900 MKJI cTepusibHOTO pochaTHOTO Oydhepa niu guc-
TUJIIUPOBAaHHOM BOIBI, LIEHTPUDYTrUpOoBaiu, Kak OIu-
CaHO BBINE, 3aTeM YAy CyllepHAaTaHT. BHOCHIM
200 MKJI CTepPUJIbHON AUCTUJIIMPOBAHHOMN BOIbI UK
Boabl a4 [P, Beigensnan JHK MeTogoM KUIITYEHUS
u mpoBoguiu TecT [TLIP-PB mo Gottsberger [43], kak
OITHICAHO BBIIIIE.

[l mpoBeleHUS IIPSIMbIX TECTOB Ha OCHOBe [11]P
13 200 MKJ 3KcTpakTa Boigeasnun JJHK ¢ momoleko Ha-
0opa mjig BergeneHus «I1po6a-I'C» (000 «Arpo/luarto-
CTHKAa») B COOTBETCTBUU C MHCTPYKIIUEH.

O6pasIbl MCCJIEM0BAJM C ITOMOIIbI0 2 TECTOB
[T1IP-PB c MCIIONIb30BaHUMEM KOMMEPUYECKUX Habo-
poB «Erwinia amylovora-PB» (OO0 «CuHTOI») 1 «OXOT
TIJI0A0BBIX Rt» (Myin «OKOT TIOLOBBIX F» B hopMaTe
FLASH) (OO0 «Arpo/luaraoctruka»). KomMepueckue
Ha60PbI BKIIFOUAIOT BHYTPEHHUN KOHTPOJIb aMILIU(U-
kanuu (BK), HeoOX0qUMBbIH TTpU paboTe C PAaCTUTENb-
HBIMU 3KCTpPaKTaMU. AMILIN(MUKAIINIO ITPOBOAUIN
B COOTBETCTBUY C UHCTPYKIIUSIMU IIPOU3BOAUTENIEN HA
nputdope «IT-mant» (3A0 «HII® «IHK-TeXHOJIOTrsI»).

Tak)Xe MCIIOJIb30Bajiu 2 TeCTAa HAa OCHOBE KJlac-
cuueckoit TP ¢ npaiimepamu o Stoger et al. (2006)
u Obradovic et al. (2007) [1uT. 110 40]. TecTs! yHUDU-
MPOBAaHbI 1 BaJUAUPOBAaHbI C KOMMepUYecKol cMme-
cbio ais IILP 5x ScreenMix-HS (3AO «EBporen»).
Peakiiyio mpoBoAuau B 06beMe 25 MKJ, BKJIHYAT
5 MkJ JHK. YenoBusg aMmminukanuu: 96 °C — 15 MuH,;
45 11ukjaoB: 94 °C - 15¢,58°C-30¢, 72 °C — 45 c;
72 °C — 5 MyuH. AMOJIM(UKAIMIO TIPOBOAUIIY HA TIPU-
6opax Veriti (Applied Biosystems, CIITIA) u C1000 (Bio-
Rad, CIIIA). Peakiuio ¢ BK mpoBoguIu B OTAEIbHOMN
MMPO6VPKeE IJIsT BO3MOXXHOCTHU JaJbHENIIero CEKBeH -
poBaHUS MPOAYKTA.

Vi36paHHbIe MPOAYKTHI Kjaccuyeckux [11IP-Te-
CTOB CeKBeHUpOBaju o CeHrepy Ha reHeTU4YeCKOM
anasmsarope «Harnodop-05» (000 «CHUHTOI») C HC-
IoJib30BaHMeM peakTuBoB Applied Biosystems, CIIIA.
TTocnenoBaTeIbHOCTY 06 PabaThHIBAJIY C TIOMOIIBIO TTPO-
rpammbl BioEdit, cpaBHuBau ¢ 6a30# maHHbIX NCBI
BLAST pjig nnionTBepxneHuda pesyabTaToB [TIP.

on a DTlite device (DNA-Technology, Research & Pro-
duction LLC).

Also 2 tests were used based on conventional PCR
with primers according to Stoger et al. (2006) and Ob-
radovic et al. (2007) [cit. ex 40]. The tests are unified
and validated with the commercial PCR mix 5x Screen-
Mix-HS (Evrogen, Russia). The reaction was carried out
in a volume of 25 yl, including 5 ul of DNA. Amplifica-
tion conditions: 96 °C — 15 min; 45 cycles: 94 °C - 155,
58°C—-30s,72°C—-45s; 72 °C -5 min. Amplification
was performed on devices Veriti (Applied Biosystems,
USA) and C1000 (Bio-Rad, USA). The reaction with in-
ternal control was carried out in a separate test tube to
allow the further sequencing of the product.

The selected products of conventional PCR tests
were sequenced according to Sanger on a Nano-
for-05 genetic analyzer (Syntol, Russia) using the re-
agents from Applied Biosystems, USA. The sequences
were processed using the software BioEdit and com-
pared to the database NCBI BLAST to confirm the PCR
results.

RESULTS AND DISCUSSION

The detection of fire blight agent in samples
As a result, the research involved taking and testing a
total of 103 combined samples, or 173 subsamples of
various organs of S. aucuparia and cultivated varieties
with pathogen infection symptoms and without symp-
toms (Fig. 1, 2). The fire blight agent E. amylovora has
not been detected in the samples from Voronezh, Kalu-
ga, Penza, Tula regions and Stavropol Krai.

In the samples from Moscow, E. amylovora DNA
was detected in 18 out of 25 samples (72%), or in 28
out of 54 subsamples of various plant parts (52%). In
13 samples (52%), or in 20 subsamples (37%), the re-
sult was obtained by at least 3 tests, which is enough to
diagnose the fire blight causative agent, in accordance
with the Methodological Recommendations [42] used
in the Rosselkhoznadzor laboratories.

In Ramenskoye, DNA was detected in 23 of 49
samples (47%) and in 29 of 87 subsamples (33%). The
infected samples were taken at 6 out of 7 locations in
different areas of Ramenskoye, in the village Dergaevo,
Vyalki and Bykovo.

In 2 subsamples of the sample from Kolomna, the
genetic material was detected by 4 PCR tests and con-
firmed by the results of conventional PCR products se-
quencing.

Despite the fact that some samples were taken
at the optimal season time for the pathogen multipli-
cation, under favorable weather conditions, from the
trees untreated with pesticides and with characteris-
tic symptoms, a pure culture of E. amylovora could not
be isolated. It should be noted that according to the re-
sults of qPCR tests, the pathogen concentration in the
extracts of most samples can be estimated in the range
of 105-107 cfu/ml (Ct value from 26 to 20, respectively,
according to the test with a Syntol diagnostic Kkit). Be-
sides, by bio-PCR-RT it was shown that in at least 1 out
of 3 tested samples the pathogen was in a viable state,
Ct value changed from 32.0 in direct gPCR to 26.5 with
enrichment in LB, 29.1 in KB and 27.9 in SB, i. e. the
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PE3VJIBTATBI U OBCYXKJIEHUNE

BoisiBjiIeHUE BO30yAuTes s GaKTepHaJbHOIO
o’Kkora B o6pa3siax

B pesynbpTaTe mcciaemoBaHUU GbLIO OTOGPaHO
¥ TIPOTECTUPOBAHO B 061Iell ciokHocT 103 o6pas-
1a, uiau 173 npobbl pa3jauyHbIX YacTel S. aucuparia
¥ KyJIbTYPHBIX COPTOB C CUMIITOMaMU IOPaKeHUS
natoreHamu (puc. 1, 2) u 6e3 cuMITOMOB. B oOpasiiax
u3 BopoHexckoi, Kamysxckoii, [TeH3eHCKOH, TylnbCKON
obyacteir u CTaBPOIIOJIBbCKOTO Kpast BO30YAUTENb OaK-
TePUaJIbHOI'O OKOTa ILJIONOBBIX KYJAbTYpP E. amylovora
BBISIBJIEH He OBLI.

B o6pasiax u3 r. MOCKBBI ObLJ BEISIBJIEH T€HETH-
yecKkuit MaTepuas B 18 us 25 o6pasiioB (72%), uiu
B 28 13 54 po6 pasnuHbIX yacTei pacTerui (52%).
B 13 o6pasmax (52%), unu B 20 npobax (37%), pe-
3yJbTAT OBLJ ITOJyUYEeH He MeHee 4eM 3 MeToJlaMu,
YTO B COOTBETCTBUU C METOIUUECKUMU PEKOMEH-
Janusamu [42], UCIIONB3YIIUMUCS B 1ab0paTOPUIX
Poccenbx03Ha130pa, LOCTATOYHO JJIST YCTAHOBIEHUS
IMarHO03a O BBISIBJIEHUY BO36OYqUTEISI GaKTepHUaIbHO-
T'o OXKora.

B PamenckoM I'O JJHK BrigBuiIu B 23 u3 49 06-
pasioB (47%) u B 29 u3 87 npob (33%). [Ipu 5ToM 3a-
pakeHHbIe 00Pa3Ilbl ObIIX OTOOPAHBI B 6 U3 7 TOUEK
B PasHbIX palioHax r. PaMeHCKoe, B iep. [lepraeBo, Bsi-
KU 4 B P. II. BBIKOBO.

B 2 mpo6ax o6pa3siia, oTo6paHHOTO B I. KojloMHe,
reHeTUYECKUU MaTepuaJli 66l BeIsiBIIeH 4 TTI]P-TecTa-
MU ¥ TIOATBEPXKIEH Pe3ysibTaTaMU CEKBEHUPOBAHUS
IIPOLYKTOB Kjaccuueckux IIIP.

HecMoTps Ha TO, YTO HEKOTOPbIE 06Pa3Iibl ObLIN
0oTOOpaHbI B ONTUMAaJbHbIE IJIST PA3BUTUS ITATOreHA
CPOKY, TIPU GJIarOIPUSTHBIX MOTONHBIX YCIOBUSX,
¢ HeoOpaboTaHHBIX MECTUIIUAAMU AEPEBBEB U UME-
JIU XapaKTePHbIE CUMIITOMbBI, YUCTYIO KYJIbTYpPYy
E. amylovora n301upoBaTh He yAaioch. [Ipu 3TOM ciie-
IyeT OTMETUTb, 4TO I10 pedysibTaTaM TecToB [11]P-PB
KOHIIeHTpalus BO3GYyAUTENS B BKCTPAKTaX 3HAYU-
TEJIBHOT'0 KOJIMYECTBa 00Pa310B MOXKET OLlEHMBATHCS
B npenenax 10°-107 KOE/ma (3uauenue Ct oT 26 1o 20
COOTBETCTBEHHO I10 TecTy ¢ Ha6opoM OO0 «CUHTOJI»).
Kpowme Toro, metomom 6uo-IIL[P-PB 6b1JIO ITOKa3aHO,
4TO 10 KpariHell Mepe B 1 U3 3 MIPOTECTUPOBAHHBIX
06pa31i0B BO36YAUTENb IIPUCYTCTBOBAJ B XKU3HECTIO-
coOHOM cocTosgHUY, 3HaueHue Ct usMeHUIoCh ¢ 32,0
B mipsamoii [TLIP-PB 1o 26,5 ¢ oboraineHreM B JIeBaHO-
BoM OysiboHE, 29,1 B 6ysniboHe Kunra b u 27,9 B copbu-
TOBO-TIENITOHHOM GYyJIbOHE, T. €. KOHI[EHTPAIIUS T1aTO-
reHa Bo3pocia Ha 1-2 nopsajgka.

B 30 o6pasiiax (39% oT 0611ero KoJImuecTBa c6op-
HBIX 06pa310B u3 I. MockBbl 1 MO), uiu B 43 mpobax
(30%), 6BLIY BRIIBIIEHBI (DIIyOPECIIMPYIONIE U30JISIThI
6akTepuii Pseudomonas Sp., KOTOPbI€ CIIOCOOHBI BhI-
3bIBAaTh CUMIITOMBI, CXOXKV€ C CUMIITOMaMu GaKTepu-
aJIbHOTO OXKOTa. IHTEPEeCHO OTMETUTh, UTO B 17 06-
pasiuax (46% oT 3apa’keHHbIX), min 27 npobdax (46%),
6bLyIa BBISIBJIEHA cOBMecTHas uHbekuusd E. amylovora
u Pseudomonas sp. B pa6oTax BCTpedaloTcs JAaHHbIE
0 TIPSIMO NPOTHUBOIIOJIOXHOM BJIUSHUU GaKTepUil
Pseudomonas sp. Ha E. amylovora. Tak, yKpauHCKUE KC-
cJieloBaTesy B OKCIIEPUMEHTE I0Ka3aJii OTCYTCTBUE
aHTtaroHuama Mexnay E. amylovora v P. syringae pv.
syringae van Hall, oTMeyass CHHEPTU3M ITaTOT€HHOTO
BO3JIEWICTBUS STUX BUJOB Ha pacTeHue [9]. B mpyrux pa-
6oTax MokasaHo CUJIbHOE MO aBJIg0lee BO3LeCcTBYE
P, fluorescens Migula u P. aeruginosa (Schroeter) Migula Ha

pathogen concentration increased by 1-2 orders of
magnitude.

In 30 samples (39% of the total number of sam-
ples from Moscow and Moscow region), or in 43 sub-
samples (30%), fluorescent isolates of Pseudomonas sp.
were detected that can cause symptoms similar to
those of a fire blight. It is interesting to note that in
17 samples (46% of the infected ones), orin 27 subsam-
ples (46%) the infection of both E. amylovora and Pseudo-
monas sp. has been detected. In different studies there
are data on the opposite effect of the bacteria Pseudo-
monas sp. on E. amylovora. Thus, Ukrainian researchers
experimentally proved the absence of antagonism be-
tween E. amylovora and P. syringae pv. syringae van Hall,
pointing out the synergism of the pathogenic effect of
these species on the plant [9]. Other assays show strong
suppressive effect of P, fluorescens Migula and P. aerugi-
nosa (Schroeter) Migula on E. amylovora [44, 45]. In addi-
tion, there is evidence of suppression of the fire blight
pathogen by other bacterial species associated with
host plants [46, 47], as well as yeast [48] which were
also often found during isolation from mountain-ash
extracts. Thus, the problem of E. amylovora pure culture
isolation from mountain-ash plant material can be as-
sociated with the spread of antagonistic microorga-
nisms in the environment, which at this stage prevent
the introduction of an invasive species. In this case, in
the future, it is necessary to use a selective medium for
E. amylovora isolation.

Seasonal dynamics of the infection of moun-
tain-ash organs

The plant samples taken in Moscow and the Mos-
cow region were grouped according to the time of
their collection during the growing season, from the
flowering period to fruit ripening. It should be not-
ed that the number of samples taken at each location
was not the same in different periods. Nevertheless,
there is a definite tendency in the dynamics of the
infection level and its connection with various plant
parts (Table 2, Fig. 3).

Due to the cool spring, the flowering period of
mountain-ash in Moscow region began around May
20™. In the period from May 20" to 26™, no symptoms
of fire blight were detected on the flowers, the analysis
of asymptomatic material did not reveal the presence
of a latent infection.

When examining the plants, a frequent occur-
rence of the previous year’s mummified peduncles
was noted, which have a clear outer and inner bor-
der with healthy shoot tissues (Fig. 1 a—d). Among
other reasons, organs mummification (their drying
out and the lack of timely detachment from the shoot)
may be caused by fire blight. Besides, it is a typical
symptom of this infection. The infection can move to
older plant parts (up to the root system), persist at
the border of diseased and healthy tissue, as well as
in the mummified parts of some plant species [6]. The
presence of pathogen DNA was noted in mummified
fruits of apple and pear trees after wintering [49]. We
repeatedly detected the genetic material of E. amylo-
vora in mummified fruitlets of pear, apple and quince.
However, only once in March 2019 the pure culture
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E. amylovora [44, 45]. KpoMe TOTO,
UMENTCS JaHHbIE O ITOZaBJIeHUN
B030OyAuTeNsI 6aKTEPUaJbHOTO
o’Xora ApyrumMu Bugamu 6akTe-
pu, accolMMPOBAHHBIX C pac-
TeHUSIMU-Xo3sgeBamMu [46, 47],
a TakXke Apoxoxamu (48], KoTo-
pBle TaK)Ke YacTO BCTPeYaJuCh
B ITOCEBAX HKCTPAKTOB PSIGUHBI
Ha MUTaTeJIbHbIEe cpebl. TaKuM
obpasom, IpobieMa U3OIAIUN
YUCTOU KyAbTYpPHI E. amylovora
13 PaCTUTEJbHOTO MaTepuaia
psA6UHBI MOXXeT OBITH CBSI3aHa
C pacmpoCcTpaHEHUEM B OKPY-
JKaWIed cpefe aHTAaTOHUCTU-
YeCKMX MUKPOOPTAaHW3MOB, Ha
IAaHHOM 3Talle MPeIsaTCTBYI0-
IUX BHEJAPEHUI0 NWHBA3UBHOTO
BUJA. B 3TOM ciydae B JaJbHEN-
1IeM Heo0X0JMO HCII0JIb30BaTh
CEJIEKTUBHYIO CPefy IJIs U30JIs-
uuu E. amylovora.

Ce30HHasA JUHAMUKA 3apa-
JKEHHOCTH Pa3JIMUHBIX YacTei
PAGUHBI

PacTtuTenbHble 06Pa3Ilbl,
oTobpaHHBIE B I. MOCckBe 11 Moc-
KOBCKOU obJracTu, 6bLIN CTPYII-
MTMPOBAHbI 10 BDEMEHU UX OTOO-
pa B TeyeHUE BEreTal[MOHHOTO
ce30Ha, HauMHas C Iepuoza 1iBe-
TEHUS U JJO CO3PEBAHUS ILJIOJOB.
CienyeT OTMETUTH, UTO B pas-
Hble M1ePUOJ bl KOJIUYECTBO 06-
pasioB, OTOOPAaHHBIX B KaXKI0M
13 TOYeK, OBIJIO HEOLUHAKOBO.
TeMm He MeHee MpPOCJIEXUBAET-
csl olpezesieHHAas] TEHIEeHIIUS
B IMHAMUKe YPOBHS UH(PEKIIUU
Y ee IPUYPOUYEHHOCTH K Pa3JIny-
HBIM YacTsaM pacTeHus (tabi. 2,
puc. 3).

B mepuog ¢ 20 110 26 Mag HaMu ~ HEKpo3 nucTa; d - yeagaHue noberos;

. Puc. 2. OCHOBHble TUMbl NOPaXeHUi
B cBA3M C IPOXJIA/IHOM BEC~  yccnep0BaHHbIX BEreTaTMBHbIX OPraHOB
HOW IIepPUOJ, LBETeHUS PAOUHBL  ps6uHbI:

B MO Hauajcg okojo 20 Masg. a-KpaeBol HEKpo3 nucTa; b, ¢ — naTHUcTOCTb, a — marginal leaf necrosis; b, ¢ — spotting,

Fig. 2. The main damage types
of the investigated mountain-ash
vegetative organs:

leaf necrosis; d — wilting shoots; e —aphid

He GhLIY BBISBIEHBI CUMIITOMBI € — NOpaxeHue noberos Tneii; f — ycbixaHne infestation of shoots; f - drying of shoots;

6aKTepUaJbHOTO 0’KOTA Ha ITBET-
Kax, aHanus3 6ecCUMIITOMHOTO
MaTepuaja He BbISBUJ HAJTUYUS
JIATEHTHOU NH(DEKITUU.

[Tpu oCMOTpPEe pacTeHuH 6bla OTMeUeHa yacTas
BCTPEYAEMOCTD MPOULJIOTOJHUX MyMU(PUIITUPOBAH-
HBIX TIJIOJJOBBIX BETOUYEK, UMEIIUX YEeTKYI0 BHEII-
HIOI U BHYTPEHHIOK IPAaHUILY CO 3L0POBLIMU TKa-
HsaMu nobera (puc. 1 a—d). Cpeu IpoUYUX MPUYUH
MyMu(DUKAIIMSI OPTaHOB (UX YChIXaHUE U OTCYTCTBUE
CBOEBPEMEHHOTO OTCOEIMHEHUS OT Tobera) MoXeT
6BITh O6YCJIOBJIEHA OJKOT'OM ILJIOZIOBBIX. KpoMe Toro,
OHAa ABJISETCS XapaKTEPHBIM CUMIITOMOM JIaHHOTO 3a-
6osieBaHms. HQEKIIVSI MOXXET MUTPUPOBATh B 6ojiee
cTapble YaCcTU pacTeHus (BILJIOTh 0 KOPHEBOU CHUCTE-
MbI), COXPAHSIThCA Ha TpaHuIle 60JbHON U 3I0POBOH
TKaHU, a TAK)XXE ¥ B MyMU(DUIIMPOBAHHBIX YaCTSIX He-
KOTOPBIX BUJIOB pacTeHuu [6]. B MmymuduiupoBaH-
HBIX TIJIOJaxX A6JIOHb W T'PYII IIOCJIe 3UMOBKU GbBLIO

noberos; g — HEeKpO3 Kopbl, A3Bbl

g — bark necrosis, cancers

of the pathogen was isolated from mummified pear
ovaries collected from a fire blight focus in the Vo-
ronezh region.

The authors also noted a high degree of young
shoots infestation by aphids (Fig. 2e). It is interesting
to note that renewal buds are often located right under
the peduncles (Fig. 1 a, f), as a result, when growing
in spring, the young shoots are in close contact with
the mummified tissues (Fig. 1b). The aphid infesta-
tion contributes to the shoots twisting around the pe-
duncles, which creates inside favorable conditions
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nmokasaHo Hanmuue JHK Bo36ynutens [49]. B xone
COGCTBEHHBIX MCCIEN0BAaHNY aBTOPHI HEOIHOKPAT-
HO BBIABJISJIV TeHeTUUYeCKUY MaTtepuas E. amylovora
B MyMUDUIMPOBAHHBIX IJOLAX IPyIIu, S6J0HU
v auBbl. OOHAKO BBIJENUTh KYJbTYPYy BO30OynuTE-
Jid yZaJloch TOJBKO B MapTe 2019 r., KOorga naToreH
OBLT U30JIUPOBAH U3 MyMUDUITUPOBAHHBIX 3aBI3€el
rpyui, OTO6GPaHHBIX B 0UYare 0)Kora B BopoHeXCcKou
obacTu.

ABTOpPBI TaK)Xe OTMeYaJid BBICOKYI CTeleHb
TMOPaKeHHOCTHU MOJIOAbIX M06GEeros Tiei (puc. 2e).
VHTEepPEeCHO OTMETUTD, UTO Ha IIJIOJLOHOCSIIMX BET-
BAX S. aucuparia TTOYKY BO30OHOBJIEHMWS YacTO pac-
TIOJIOKEHBI IO/, TIJIOJOBOY BETOUKOI TEKYIIEro roja
(puc. 1 a, f), BciieAcTBHE Yero IPKU OTPACTAHUY BECHOMU
MOJIOJIOM ITOGET TECHO COTIPUKACAETCS C MyMUMUIIPO-
BaHHBIMU TKaHAMHU (puc. 1b). [TopakeHue TIeH CIIo-
CcOOCTByeT 3aKpPyUrBaHUI0 106eTOB BOKPYT ILJIOZ0OBOM
BETOYKU, UTO CO3/LaeT BHYTPU BJIaTOIPUSATHBIE YCJIO-
BUS ITOBBIIIEHHON BJIAXXHOCTHU UM 3alUIIEHHOCTH OT
BHEITHUX BO3IeNCTBUI; TakXKe Ipoliecc yCyrybsaeT-
csl IIOBPEXXIEeHNEM MOJIOONM TKaHU mobera 1 JINCThEB
STUMU HaceKOMbIMU. COBOKYITHOCTb 3TUX (haKTOPOB
IPU HAJIMUUNU XKU3HECTIOCOOHOTO BO30YAUTENSI MOXKET
CTaTh MOUIHBIM CTUMYJIOM Pa3BUTUS 6OJIE3HU HA MO-
JIOIbIX TOGerax.

B maHHOM HCCIeI0BaHNY TeHETUYECKUM MaTepu-
an E. amylovora 6bLJ1 [OCTOBEPHO BBISIBJIEH HA TPAHUIIE
0OJIBHOI 1 3J0POBOY TKaHU B 2 13 9 00pas1ioB (22%),
a TakXxe ellle B 2 ob6pasiax ¢ MOMOIIbI0 eTUHUYHBIX
TeCcTOB. B MyMuhuUIUpoOBaHHBIX YaCTIX IJIOJOBBIX
BeTouek JJHK Bo36ymuTesns He Gblia BbIsIBIEeHA 60-
Jee yueM 1 TectoM. Kak u mpepojarajiochk, BHyTPU
TOpPakKeHHBIX TJel 1mo6eroB HaGIAAJIN B TOU WU
WHOU CTeIleHU YBAJAIIVe U HEKPOTU3UPOBAHHbBIE
sucTbs (puc. 2e). OgHako JHK E. amylovora nocToBep-
HO ObLjIa BBISBJIEHA TOJIBKO B 1 IIpo6e, B GOJIbIINHCTBE
ciay4yaeB OBIIM M30JMPOBaHBI (hiyopeciupyolre
TICEBIOMOHA/Ibl. B HECKOJIBKUX UCCIEeI0BaHHBIX 00-
pasiax JUCTheB 1 M06Eros, a TaK)XXe Ha IIOBEPXHOCTH
TeJjia MacyIIyX TJII0 MypaBbeB BO30OYIUTENb JOCTOBED-
HO BbISIBJIeH He ObLI. B 1ieiom [THK E. amylovora 6b11a
BBISIBJIEHA B 15% COOPHBIX 06Pa3IloB (B reHepaTUBHBIX
opraHax — B 15%, B BeTeTaTUBHBIX — B 9% cITy4yaes).

B nepuog 5-16 nioHa 06pa3siibl 66111 0TO6PAHBI
B Pamenckom I'O u r. KosmoMHe. OTMeUaioch HAJIK-
yyre MOJ03PUTEJIbHbIX U XapaKTEePHBIX CUMIITOMOB
Ha Pas3JIMYHbIX YACTIX PACTEHUN PAOKUHBI. BBLIK IPO-
aHAJIM3UPOBAHBI OTIIBETIINE I[BETKYU C TTO6YPEBUINMU
JIeTIeCTKaMU UJIN CyXMe OTIeJSIoIIecss HeOIbIINB-
Iuecs IBETKU; 3aBSI3U C CUMITOMaMU YBSJaHUS,
HeKpo3a u 6e3 CUMIITOMOB; IIPOIIJIOTOHUE MyMU-
¢urvpoBaHHbIE TIJIOIOBbIE BETOUKY; TOGETY; IUCThS
C CUMIITOMaMU TISTHUCTOCTEN ¥ HEKPO30B, YBSLAHUS,
HEKpO3a IIeHTPAJbHOM XUJIKY 1 6€3 CUMIITOMOB; I10-
6eru, mopakeHHbIe TJIeH; Kopa CTBOJIA C CUMIITOMaMU
HEKPO30B U A3B (puc. 2g). [eHeTUYECKUI MaTepUal
E. amylovora GbLI BBISIBJIEH BO BCEX MCCJIENOBAHHBIX
YacTaX PacTEeHUH, B T. 4. B 6ECCUMIITOMHBIX, 32 UCKJIIO-
yeHMeM 1obera, MmopakeHHoro Tiel. KoHIleHTpalus
KOTIMII TEHOMA COCTAaBJIsLJIa B GOJIBIIMHCTBE CIIyYaen
He MeHee 10%-10° (Ct 29-25 cooTBeTCTBEeHHO). Hau-
6oJiee BbIcOKME KOHIleHTpaluu JJHK 66111 0TMeUYeHbl
B JIUCTBAX C Mpu3HakaMu natHuctoctu (Ct 20,3, UTO
COOTBETCTBYeT He MeHee 107 KOMUSAM reHoMa Ha MJI
PacTUTENIbHOr0 SKcTpakTa). O6uas JoJasd 3apakeH-
HBIX ITPO0 reHepaTUBHBIX OPTAHOB cocTaBuia 67%,

for high humidity and protection from external influ-
ences; the process is also aggravated by the damage
caused by these insects to the young tissue of shoots
and leaves. With a viable pathogen being present, the
combination of these factors can become a powerful
stimulus for the development of the disease on young
shoots.

In this study, the E. amylovora genetic materi-
al was reliably detected at the border of the infected
and healthy tissue in 2 out of 9 samples (22%), as well
as in 2 more samples using single tests. In the mum-
mified parts of the peduncles, the pathogen DNA was
not detected by more than 1 test. As expected, wilting
and necrotic leaves were observed inside the shoots af-
fected by aphids (Fig. 2e). However, E. amylovora DNA
was reliably detected only in 1 subsample, fluorescent
pseudomonads were isolated in most cases. In several
studied samples of leaves and shoots, as well as on the
body surface of aphid-herding ants, the pathogen was
not reliably detected. In general, E. amylovora DNA was
detected in 15% of the collected samples (in generative
organs —in 15%, in vegetative ones — in 9%).

In the period June 5"-16", samples were col-
lected in Ramenskoye and Kolomna. Some suspi-
cious and typical symptoms were noted on various
mountain-ash parts. The analysis involved faded
flowers with brown petals or dry separating unpolli-
nated flowers; ovaries with symptoms of wilting, ne-
crosis and asymptomatic, without symptoms; pre-
vious year’s mummified peduncles; shoots; leaves
with symptoms of spotting and necrosis, wilting, cen-
tral vein necrosis and no symptoms; shoots affec-
ted by aphids; trunk bark with symptoms of necro-
sis and cancers (Fig. 2g). E. amylovora genetic material
was detected in all the studied plant organs, includ-
ing those without symptoms, except for the shoot in-
fested with aphids. The concentration of genome co-
pies was in most cases no less than 10#-10° (Ct 29-25
respectively). The highest DNA concentrations were
found in leaves with signs of spotting (Ct 20.3, which
corresponds to at least 107 copies of the genome per
1 ml of plant extract). The total proportion of infect-
ed samples of generative organs was 67%, vegetative
shoots and bark — 80% each. The total number of in-
fected combined samples amounts to 86%. Fluores-
cent strains of Pseudomonas sp. were detected in 100%
of flower samples, 79% of ovaries, 83% of leaves, but
were absent in the bark and the previous year’s mum-
mified peduncles. The total proportion of the samples
infected with pseudomonads in this period was 82%.

From June 29" to July 3%, samples were taken
in Moscow. The examination concerned dried flow-
ers; fruitlets with symptoms of wilting, stunting,
necrosis (Fig. 1f), and asymptomatic ones; leaves
with spotting, necrosis (Fig. 2 b, ¢) and chlorosis;
shoots with symptoms of necrosis, wilting, drying
out (Fig. 2f). E. amylovora DNA was detected practi-
cally in all plant parts, in 69% of the combined sam-
ples. Shoots accounted for the highest proportion of
infected samples (67%). The highest concentration (Ct
24.3) was also noted in a sample of wilted and shrink-
ing shoot with leaves. Among the leaf samples, 60%
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BEreTaTUBHBIX ITI0GETOB U KOPHI — 110 80%. Ob1Iee Ko-
JINYECTBO 3apa’KeHHBbIX COOPHBIX 06pas3ioB — 86%.
dnyopecuupyouiue 6aktepuu Pseudomonas Sp. 6b1IM
BbIsIBJIEHBI B 100% mpo6 1IBETKOB, 79% 3aBs3ei, 83%
JINCTbEB, HO OTCYTCTBOBAJIM B KOpPe U B MyMUPUIIUPO-
BaHHBIX TJIOJIOBBIX BETOUKAX MPOILIOro rojaa. Obmas
IIOJISI 3apa’keHHbIX ICEBIOMOHAIaMy 00Pas3Il0B B JaH-
HBI ITepuos, cocTaBumia 82%.

B rmepuog ¢ 29 1ioH 110 3 1ioJist 06pasIbl 0TOMpa-
Jiu B T. MockBe. Vcce[oBaIu yCOXIIME IIBETKY; IO bI
C CUMIITOMAaMMY YBSIIAHUS, OTCTaBAHUS B POCTE U HEK-
posa (puc. 1f), a Tak)ke 6€3 CUMIITOMOB; JIUCThS C IIST-
HHCTOCTBIO, HeKpo3aMu (puc. 2 b, ¢) 1 MOXKeJITEeHUEM;
moberu ¢ CUMIITOMAMU HeKpO3a, YBIJaHUs, yChIXa-
Hus (puc. 2f). leHeTuyeckuit Mmatepuat E. amylovora
OBLJ BBISIBJIEH IIPaKTUYECKM BO BCEX YACTAX pacTe-
HUM psa6uHbl, B 69% cbopHBIX 06pas31ioB. Haubosee
BBICOKAS MIOJISI 3apa)XeHHbBIX P06 MPUXoAuiach Ha
nmoberu (67%). Haubombinas koHmeuTpaius (Ct 24,3)
OTMeYeHa TakXe B 00paslie YBAMAIOIIETO U YChIXat0-
mero mob6era ¢ JUCThbIMU. Cpenu Ipob JIMCThEB 3apa-
JKEHHBIMU OKa3aJinch 60%. JJ0Jisd 3apakxeHHbIX ILJI0J0B
coctaBuyia 53%, nmpuuem 3HaueHus Ct mpob ¢ cum-
nToMaMu U 6e3 He OTJInYaauch. [IpefeabHbIN ITUKJII
OOJIbIIMHCTBA TOJOXKUTEJIbHBIX 00Pa3I[0B COCTABUII
26-32. B 40% mpo6 Ma0moB C CUMIITOMAaMU HEKpo3a
u 6e3 CUMIITOMOB, a Tak)Xe B 1 Mpobe JUCThEB C CUM-
IITOMaMM HEKPO3a U MOXKEJITEHUS BbISIBJIEHBI 6aKTe-
puu Pseudomonas sp.

Tao6auia 2

resulted to be infected. The proportion of the infected
fruitlets was 53%, with the Ct values of the samples
with and without symptoms being equal. For the most
positive samples it was 26—32. In 40% of the fruitlet
samples with necrosis and without any symptoms, as
well as in 1 leaves sample with necrosis and bacteria
Pseudomonas sp. were detected.

During July, samples were taken in Moscow and
Ramenskoye, where special attention was paid to the
trunk bark necrosis, which has been observed in re-
cent years, leading to the death of trees. In sterile ta-
ken bark samples, E. amylovora DNA was detected
only in 1 case out of 9, Pseudomonas sp. was not isola-
ted. Among other subsamples, shoots and leaves with
symptoms of wilting, drying out, chlorosis, spotting
and necrosis, and vein necrosis were analyzed (2 sub-
samples of leaves from 10 subsamples of vegetative
organs are reliably positive (20%), or 2 out of 8 sam-
ples (25%)). Ct values exceeded 31. Among 4 fruit-
let subsamples, E. amylovora DNA was detected only
in 1 case — in wilting and asymptomatic ones. In this
subsample, the pathogen viability was confirmed by
the bio-PCR-RT method. The total proportion of the
infected samples was 29%.

In late August — early September, a study was car-
ried out mainly for combined samples, as well as sam-
ples of mature fruits without symptoms and with symp-
toms of wilting and mummification, peduncles with
signs of chlorosis and drying out, as well as leaves with

3apa’keHHOCTb OT/IeJIbHBIX YaCTEM pacTeHU PIGUHBI U CO0PHBIX 00Pa3II0B,

O0TOOpaHHBIX B T. MockBe 1 MO

(Ha OCHOBaHUM MOJIOKUTEJIbHBIX Pe3YJIbTAaTOB 3 U 60Jiee TeCTOB)

20-26.05 05-16.06 29.06-03.07 10-28.07 28.08-19.09 HToro
S5 5 It 1§ i: i
pacTteHus 3 a % 3 2 % 3 a % 3 a % 3 2 % 3 a %
[IBETKU 0 4 0 4 4 100 - - = - - = 0 1 0 4 9 44
3aBA3U - - = 7 14 50 - - = - - = - - = 7 14 50
I1JI0ZbI - - = - - = 8 15 53 1 4 25 O 12 0 9 31 29
IJIOJ. BET. 2 9 22 5 6 83 - — - - - 0 7 0 7 22 32
EHEPAT. 2 13 15 16 24 67 8 15 53 1 4 25 O 20 0 26 79 33
JIACTbA 1 7 14 4 5 80 3 5 60 2 8 25 O 3 0 10 32 31
noberu 0 5 0 - - = 4 6 67 O 1 0 - - = 4 11 36
BETETAT. 1 12 8 4 5 80 7 11 64 2 9 22 0 3 0 14 44 33
KOPA = = = 4 5 80 - - - 1 9 11 0 4 0 5 18 28
Bcero 3 25 12 24 34 71 15 26 58 4 22 18 O 27 0 45 141 32
CEOPHBIE 2 13 15 18 22 82 9 14 64 5 17 29 O 12 0 34 78 44
OBPA3LbI
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Table 2

Infection of individual parts of mountain-ash plants and combined samples

from Moscow and Moscow region
(based on positive results of 3 or more tests)

20-26.05 05-16.06 29.06-03.07 10-28.07 28.08-19.09 Total

E 3 E - E 3

e B S T S T S T e B e B
Plant parts E § % E § % E § % E § % E § % E § %
flowers 0 4 0 4 4 100 - - = - - = 0 1 0 4 9 44
ovaries - - = 7 14 50 - - = - - = - - = 7 14 50
fruitlets - - BN - - B 8 15 53 1 4 25 O 12 0 9 31 29
peduncles 2 9 22 5 6 83 - - = - - = 0 7 0 7 22 32
GENERAT. 2 13 15 16 24 67 8 15 53 1 4 25 O 20 0 26 79 33
leaves 1 7 14 4 5 80 3 5 60 2 8 25 O 3 0 10 32 31
shoots 0 5 0 - - = 4 6 67 O 1 0 - - = 4 11 36
VEGETAT. 1 12 8 4 ® 80 7 11 64 2 9 22 0 3 0 14 44 33
BARK = = = 4 5) 80 - = = 1 9 11 O 4 0 ) 18 28
Total 3 25 12 24 34 71 15 26 58 4 22 18 O 27 0 45 141 32
COMBINED 2 13 15 18 22 82 9 14 64 5 17 29 O 12 0 34 78 44
SAMPLES

B TeueHue uoJisi 06pasibl 0OTOMpPAIN B I. MOCKBe
u B PamenckoM I'O, rie ocoboe BHUMaHUe yOeau-
JIV HEeKpo3aM KOPBI CTBOJIA, KOTOPBIN HabsomaeTcs
B TeueHUe IOCJIEeLHUX JIeT, IPUBOAS K rubenu me-
peBBeB. B 0TO6paHHBIX CTEPUIbHO ITpobax kopsl JHK
E. amylovora Gblia BBISIBJIEHA TOJBKO B 1 ciaydae us 9,
He ObLIN W30JIUPOBaHbI U 6aKTepuu Pseudomonas sp.
Cpenu Ipyrux npob aHaJIu3UPOBAJIU ITOOETU U IUCThS
C CUMIITOMaMU yBSILAHUS, YChIXaHU, XJI0P03a, MIAT-
HUCTOCTEN M HEKPO30B, HEKPO3a JKMJIOK (IOCTOBEPHO
TIOJIOXKUTENbHBI 2 TPOOBI incTheB U3 10 1pob BereTa-
TUBHBIX 0praHoB (20%), wiu 2 u3 8 06pas1os (25%)).
3uauenus Ct mpeBbimanu 31. Cpenu 4 po6 MJI0I0B
IOHK E. amylovora BbigBJIeHa B 1 ciIydae — B YBALAIOIIUX
1 6eCCUMITTOMHBIX IJIOZAX. B ;aHHOM 06pa3siie )K1u3He-
CTI0COGHOCTD BO36YAUTENS ObLIA TOATBEP)KAEHA METO-
oM 6uo-TILIP-PB. O611as moJis 3apakeHHbIX 00pa3IioB
coctaBmia 29%.

B KOHIIe aBrycTa — Havajie ceHTs6ps IPOBEJHU UC-
cliefoBaHME B OCHOBHOM COOPHBIX 00PasIioB, a TAKXKe
Ipo6 3peJIbIX TIOAO0B 6€3 CUMIITOMOB U C CUMIITOMA-
MU yBAJAHUG ¥ MyMUDUKaAIUU, [IOJOBLIX BETOUEK
C TIpU3HaAKaMU TIOXKeJITeHUSI U YChIXaHUs, JUCTheB
C IATHUCTOCTBIO U HEKPO30M JXUIIKU. [TostyueHsl 3 10~
JIOKUTEJIbHBIX Pe3yJIbTaTa OLHOTO U3 IBYX UCII0JIb30-
BaHHBIX TECTOB Ha ocHOBe [1LI[P-PB. TakuM o6pa3oM,
B IAHHBIN [TePUOZ, 3apaKeHHbIEe 06PAa31Ibl JOCTOBEPHO
BBISIBJIEHBI HE OBLIN.

BbIBO/bI
B xome ucciemoBaHusa 06pasioB, OTOOPAHHBIX C pacTe-
HUM poxa Sorbus B TIepuoy, ¢ Masi 1o ceHTSI6pb 2020 T.
B Boponesxckoi, Kamyxcko#, [TeH3eHCKOH, TyabCKOM

spotting and vein necrosis. 3 positive results of one of
the two qPCR-based tests used were obtained. Thus,
during this period, the infected samples were not re-
liably identified.

CONCLUSION

As a result of the testing of the samples taken from ge-
nus Sorbus plants from May to September 2020 in Vo-
ronezh, Kaluga, Penza, Tula regions and Stavropol Krai,
the fire blight causative agent E. amylovora has not been
detected.

The pathogen has not been isolated from the sam-
ples taken in Moscow and Moscow region, however, in
accordance with the Methodological recommendations
for the detection and identification of the fire blight
causative agent Erwinia amylovora (Burrill.) Winslow et
al.[42], DNA of the pathogen has been reliably detected
by at least 3 tests based on conventional PCR and gPCR,
confirmed by sequencing at 8 out of 9 sampling loca-
tions in Moscow, Ramenskoye and Kolomna and in 44%
of the tested samples.

The genetic material of E. amylovora has been
detected in the samples of all tested parts of moun-
tain-ash plants (flowers, ovaries, fruitlets, peduncles,
shoots, leaves, trunk bark) both with symptoms and
without symptoms at concentrations corresponding to
102107 copies of the genome per 1 ml of extract. How-
ever, at the moment, the leading role of the fire blight
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o6yacTsax u CTaBPOIIOJIbCKOM Kpae, BO36ynuTesb 6ak-
TEPUAJIbHOTO OXKOTa MJIONOBBIX KyJNbTYp E. amylovora
BBISIBJIEH He OBLI.

V3 06pas110B, 0TOGPAHHBIX B I. MOCKBE 1 MOCKOB-
CKO¥ 06J1aCcTH, BO3OYIUTENDb He ObLIT M30JIMPOBAH, O HA-
KO B COOTBETCTBUM C METOAUYECKUMY PEKOMEHIAIIHSI-
MW TI0 BBISIBJIEHUIO U UAeHTU(GUKALIUY BO3OYqUTENS
6akTepuaJbHOTO OXKOTa IJIOAOBBIX KYJIbTYp Erwinia
amylovora (Burrill.) Winslow et al. [42] reHeTu4YecKuii
MaTepuall BO36yauTesis GbLI JOCTOBEPHO BBISBJIEH He
MeHee yeM 3 TecTaMM Ha OCHOBe Kjiaccuueckoi ITLIP
u [TIIP-PB, a Tak)Xe MeTOLOM CEKBEHUPOBAHUA IIPOLYK-
TOB aMILIU(UKAIIUKM Kiiaccuyeckoii ITIIP B 8 u3 9 To-
4yek oT6opa B T. MOCKBe, PaMEHCKOM I'OPOJICKOM OKPYyTe
u T. KomoMHe u B 44% mccieloBaHHbBIX 00pa3IioB.

leHeTwuyeckuit Mmarepuan E. amylovora GbLI BBISB-
JIEH B TIpobax BCeX UCCIENOBaHHBIX YaCTel pacTeHU
PA6MHBI (IIBETKHU, 3aBSI3H, IIJIObI, IIJIOJ0OBbIE BETOUKH,
rmo6eru, JIUCThs, KOpa CTBOJIA) KaK C CUMIITOMaMU, TaK
u 6e3 CUMIITOMOB B KOHIIEHTPAIIMSIX, COOTBETCTBYIO-
mux 102-107 KonusaM reHoMa Ha 1 MJI 3KCTpakTa.
OnmHaKO B HACTOSUIUM MOMEHT BeyIasi Pojb BO36y-
IUTeJsI 6aKTePUATbHOTO 0KOTa B (QOPMUPOBAHUU He-
KPOTHUYECKUX TTIOPaKeHUH PSIOVHBI He ITOITBEPKIEHA.

IrHaMMUKa 3apakeHHOCTH COOPHBIX 06pa3IioB
U OTJIEJIbHBIX OPTAaHOB B 11€JI0M COOTBETCTBYET AUHAMMU-
Ke 3a60J1eBaHVS Ha IJIOJOBBIX KYJIbTYpPaX, 32 UCKJIIOUe-
HUEM OTCYTCTBUS BBISIBJIEHUHN MHOMEKIIUY Ha IIBETKAX
B IIEPUOJ, IIBETEHUS, UTO MOXKET OBITH CBSI3aHO C MAJIBIM
KOJINYEeCTBOM OTOOGpPaHHBIX 00pa3IiloB. B ocTajlbHOM
HauboJiee BBICOKMI YPOBEHb MHMEKIIUU (KaK B IIPO-
LIEHTHOM OTHOIIIEHUHY OT UCCIeN0BaHHbBIX 06pa3IioB (10
82%), Tak u 110 KoHIleHTpauu JHK B sKcTpakTax Ipob

causative agent in the formation of necrotic damage of
mountain-ash has not been confirmed.

Generally, the infection dynamics of the combined
samples and individual organs corresponds to the di-
sease dynamics on fruit trees, except for no detection
of the infection on flowers during the flowering period,
which may be due to the small number of samples. In
all other respects, the highest level of infection (both
as a percentage of the tested samples (up to 82%), and
in terms of DNA concentration in samples extracts
of individual mountain-ash organs (average num-
ber Ct 28.3-30 in qPCR test with a Syntol commercial
kit) was observed in June. Thus, the surveys of moun-
tain-ash and fruit crops for the detection of E. amylovo-
ra in central Russia should be carried out in late May —
June before the hot dry weather. Combined samples of
symptomatic and asymptomatic vegetative and gene-
rative organs should be collected.

Fluorescent isolates of Pseudomonas sp. have been
detected in a significant number of symptomatic and
asymptomatic samples, both with E. amylovora co-
infection and unaffected ones. Besides, many sam-
ples have shown fast growth of other bacteria species,
as well as fungal and yeast-like organisms, which at
this stage may prevent the introduction of the inva-
sive species E. amylovora. In further studies, it is ad-
visable to study the effect of microbiota on the fire
blight causative agent. This will contribute to the un-
derstanding of its potential harmfulness, as well as
the development of selective media for isolation and
creating biological products to control the rapidly
spreading pathogen across the territory of the Rus-
sian Federation.

Jons 3apameHHbIx
obpasuos (%)
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of infected subsamples (%)
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Fig. 3. Fire blight infection dynamics of
various parts of mountain-ash plants
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OTHEJbHBIX YaCTeH pacTeHUN pAOUHEI (CpemHee 3HaUe-
Hue Ct 28,3-30 B TecTe ITLIP-PB ¢ Ha6opom OO0 «CuH-
TOJI»)) HAaOJII0IaJICs B ioHe. TakuM o6pas3om, 06¢caenoBa-
HUS PacTEeHWH PAOMHBI, KaK ¥ HACAXKIEHUH IJI0IOBBIX
KyJbTYP Ha BbIBIEHUE E. amylovora B cpegHel ojioce
Poccuu ciieryeT IpOBOIUTH B KOHIIE Masi — MIOHE JI0 Ha-
CTYTUJIEHUS JKapKOU cyxoi moronbl. CienyeT OTOUpPaTh
cOopHbIE 00Pa3Ilbl BETETAaTUBHBIX 1 TeHEPATUBHBIX OP-
TraHOB C CUMIITOMaMU 1 6€3 CUMIITOMOB.

B 3HAUMTENHbHOM KOJIMYECTBE 06PA3IIOB C CUM-
nrToMaMy U 6e3 ObLIM BBISIBIIEHBI (DJIyOPECIIMPYIOIITe
b6axTepuu Pseudomonas Sp., Kak B COBMeCTHOM MH(peK-
uuu ¢ E. amylovora, Tak 1 B He3apaXXeHHbBIX 00pa3iiax.
KpoMme Toro, Bo MHOTHX 06pasIiiax HabJII0maics O6UIb-
HBIU POCT APYTUX BUAOB 6AKTEPNii, a TaK)Ke TPUOHBIX
¥ IPOXIKETIONOOHBIX OPraHM3MOB, KOTOPbIE MOTYT Ha
IIAHHOM 3Talle ITPEeNsITCTBOBATh BHEIPEHNTIO NHBA3UB-
Horo Buja E. amylovora. B jaibHEUIITUX UCCIEN0BAHNU-
SIX 11eJec006pa3HO U3YyYUTh BIAUSHUE MUKPOOUOTHI
Ha BO30yAuTeNs 6aKTePHUaAIbHOTO 0XKOTa. ITO TTOCIIO-
CcOOCTBYeT MOHMMAHWIO €TO TIOTEHIMAJBbHOU BPeo-
HOCHOCTH, a TaKXe oA60Py CeJIEKTUBHBIX CPE IS
UBO0MAIINY U U3YUYEHUI0 BOBMOXXHOCTU CO3LaHUS 610~
IpenaparosB /Jisg 60pb6bI ¢ GBICTPO PACITPOCTPAHSIO-
LIIUIMCS 10 TeppUTOpuU PP maToreHoM.
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NHPOPMAIIMA OB ABTOPAX

JApenoBa Haranuga BacujbeBHa, HayaJb-
HUK — CTapIIUi HayYHBIU COTPYAHUK HAyUHO-METO-
IVYECKOTO OTZeJia BUPYCOJOTUU U OaKTEPUOJIOTUU
®I'BY «BHUUKP», p. r1. BeikoBO, I. PameHCcKoe, Moc-
KOBcKast 06J1., Poccus.

KonaparbeB MakcuM OJIeroBUY, MJIAIININHI Ha-
YUHBIM COTPYAHUK HAYYHO-METOAUUYECKOTO OTHesa
BupycoJyioruu u 6aktepuosoruu ®IrBY «BHUVKP»,
p. 1. BBIKOBO, I. PaMeHcKoe, MocKoBcKas 00J1., Poccus.

XapueHKO AH:KeJia AJIEKCaHAPOBHA, 3aBelyI0-
1asi UCIbITaTEJIbHOM JabopaTopueil BoOpoHEXCKOTO
dunuana ®I'BY «BHUUKP», . BopoHex, Poccug.

IIpim6as I0usa CepreeBHa, arpOHOM HCCJIENO0-
BaTeJbCcKoU jabopaTopuu BopoHexckoro guinaja
®I'BY «BHMUKP», . BopoHex, Poccus.

CyxoJi030Ba ExkaTepruHa AJIeKCaHPOBHA, MJIa]l-
UIMH Hay4YHBIN COTPYLHMK MCCIIel0BaTeIbCKOM 1abo-
paTtopuu Ilenzenckoro punuana ®I'BY «BHUVKP»,
r. [TeHsa, Poccus.

KBamuunHa HaTtajgbsa AJieKceeBHA, KaHOAUIAT
6MOJIOTUYECKUX HAyK, BEAYUUII arPOHOM HCCJIEe0-
BaTeJbCKOU JJabopaTopuu IlgTuropckoro puamana
®I'BY «BHUUKP», r. [Iaturopck, Poccus.

H:xanunnoB ®eB3u Ceng-YMepPoOBHUY, IOKTOP 6110-
JIOTMYECKUX HayK, 3aBeAyI0Nuil kadeapoii 3aluThl
pactenuit ®TEOY BO «PTAY — MCXA um. K.A. TuMups-
3eBa», I. MockBa, Poccus.

for Fire Blight: the Potential Role of Fruit Mummies and
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AHHOTALIUA
UepHadg HOXKa KapTodesnsa — IOBCEMECTHO PacIipo-
CTpaHeHHBbIN B Poccuiickoit ®enmepalniuy 6aKTepros,
BBI3bIBAEMbIl MEKTOJIUTUUECKUMU 6AKTEPUSIMU POjia
Pectobacterium wu3 ceMelicTBa Enterobacteriaceae.
B 2009 1. Ha TeppuTopuy Poccuy 6bLIM NAeHTUDUIT-
poBaHbI BO36yAUTEIN YePHOU HOXKY KapTodes, OT-
Hocsmuecs K poxny Dickeya: Dickeya dianthicola v Dickeya
solani. ExxeromHbIN He[0GOP yporkas U3-3a JaHHOH 60-
JIe3HU MOXKET cOoCcTaBJATh OT 1-2 10 50-70%. OCHOB-
HOM ITyTh PACIIPOCTPAaHEHUS MaTOTEHHbBIX OaKTepui
CBSI3aH C IlepeMellleHueM CeMeHHOTO0 MaTepuaja.
I BBISIBJIEHUS U UJeHTU(UKAINYU (QUTONAaTOTEHOB,
BBI3BIBAIOIIMX YEPHYIO HOXKKY KapTodesis, Heobxomu-
Ma paszpaboTka U OITUMUBALUS IJI TPAKTUYECKOTO
HUCII0JIb30BAHUS BBICOKOUYBCTBUTEJbHBIX Jlabopa-
TOPHBIX MeTOmOB. B 2019 1. B pamkax ®emepabHON
Hay4YHO-TeXHUYEeCKOU mporpaMmbl (PHTII) pa3Bu-
TUS CeIbCKOTO X03satcTBa Ha 2017-2025 rr. VIHCTU-
TYyTOM 6MOOPTaHUYECKON XMMUU UMEHM aKaJIeMUKOB
M.M. lllemakuHa u 10.A. OBunHHUKOBa PAH u ®ene-
PaJIbHBIM MCCENOBATEIbCKUM IIEeHTPOM KapTodess
uMenu A.T. Jlopxa (PUL] kapTodens) 6b1u paspabo-
TaHbI HOBBIE TECT-CUCTEMBI B hopMaTe IoJIMepa3Hon
LIETTHOM peakluy B peaabHoM BpeMmenu (T[1LIP-PB) mjs
IVArHOCTUKY OaKTePUi, BBI3BIBAINIUX YEPHYI0 HOX-
Ky kapTodes, c aHaJIUTUYECKOM YYBCTBUTEIbHOCTbIO
BoIsiBIeHUS JJHK natoreHoB Ha ypoBHe 10-50 xonui
TJIa3MUIbI, ComepKalleil crenududeckut [1LIP-Ipo-
IYKT, Ha peaK[uio. B cTaTbe NpencTaBiIeHbl Pe3yib-
TaThl CPAaBHUTEJIbHBIX UCTIBITAHUY HOBBIX TECT-CUC-
TeM [Jisg AuarHOCTUKU OakTepuiut Pectobacterium
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ABSTRACT
Blackleg of potato is a bacteriosis widespread in the
Russian Federation caused by pectolytic bacteria of
the genus Pectobacterium, Enterobacteriaceae fami-
ly. In 2009, Dickeya spp. agents of potato blackleg were
identified in Russia: Dickeya dianthicola and Dickeya so-
lani. The annual yield shortfall due to this disease can
reach from 1-2 to 50-70%. The main pathway for the
pathogen bacteria is connected to seed material move-
ment. The detection and identification of plant patho-
gens causing potato blackleg require the design and op-
timization of highly sensitive laboratory methods for
practical use. In 2019, within the framework of the Fe-
deral Scientific and Technical Program (FSTP) of agri-
culture development for 2017-2025, the RAS Shemya-
kin and Ovchinnikov Institute of Bioorganic Chemistry
and A.G. Lorkh Russian Potato Federal Research Center
designed new test systems in real-time PCR (RT-PCR)
for the diagnosis of bacteria causing potato blackleg,
with analytical sensitivity for detecting the pathogen
DNA at the level of 10-50 copies of plasmids, contai-
ning a specific PCR product, per reaction. The article
presents the results of comparative testing of the new
test systems for the diagnosis of the bacteria Pectobac-
terium atrosepticum, Dickeya dianthicola and Dickeya sola-
ni. When testing 20 varieties of seed potatoes delivered
to the Testing Laboratory of A.G. Lorkh Russian Potato
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atrosepticum, Dickeya dianthicola w Dickeya solani. ITpu
TecTupoBaHuu 20 COPTOO6PA3I[0B CEMEHHOTO KapTO-
(esns, mocTynuBLIUX B VICIIBITaTEIbHYIO0 Ta60PaTOPUI0
OUII kapTodess OT IPOU3BOAUTENIEHN U3 4 PETMOHOB
Poccutickoit @epepaniuy, B 15 ciryyasx mokasaHo I10JI-
HO€e COBIaJieHNe Pe3yJIbTaTOB aHaJIU3a IIPU UCII0JIb30-
BaHUY PYTUHHBIX ¥ HOBBIX UCITBITYEMbIX TECT-CUCTEM.

Knrwouegole croea. YepHasa HOXKa KapTodend,
[P B peanbHoM BpeMenu ([ILIP-PB), nuarHocTHUKa,
TeCT-CucTeMa.

Bnazodaprocme. CTaTbs MTOATOTOBJIEHA B PaMKax
OHTII pa3BUTHUS CENbCKOTO0 X03siicTBa Ha 2017-2025 I'T.
(mommporpaMma «Pa3BUTHE CEJIEKIIMU U CEMEHOBOJ -
cTBa KapTodensd B Poccuiickoit demeparium»).

Jlnsa xoppecnondenyuu. YCKOB Anexcanap Wpu-
HApXOBUY, [OKTODP CeJbCKOXO3IUCTBEHHBIX HayK,
TJAaBHBIM HAy4YHBIM COTPYAHUK, 3aBENYIOMIUU OTHE-
jgom OUILT kapTodenss umenu A.T. Jlopxa, 140051, Poc-
cust, MoCKOBCKas 00J1acThb, I/0 JIro6epIibl, 1. Kpackoso,
ya. Jlopxa, 23, ntutepa B, e-mail: korenevo2000@mail.ru.

BBEJEHUE

epHas HOXKa KapTodess — MIPOKO

pacmpocTpaHeHHBIN B Poccuiickon

depeparuu  6aKTepro3, BbI3bIBaE-

MbIY IEKTOJUTUYECKUMU GaKTEePHUsI-

MUy poma Pectobacterium u3 cemen-
cTtBa Enterobacteriaceae. BojiesHb TOpa’kaeT KapTo-
¢estb Kak BO BpeMs BereTaruy, Tak U IIPU XpaHEHUU
Ky6HeH [1].

BpemoHOCHOCTb YepPHON HOXKH IIPOSABISIETCS
B U3PEXUBAHNY [TI0CAIOK KapTO(es, CHYKEHUY IIPO-
IYKTUBHOCTY PACTEeHUU, YXYIOIIEHUN CEMEHHBIX U TO-
BapHBIX KAYECTB, Pa3BUTUN MOKDPBIX THUJIEH KIyOHEH
B Iepuof XxpaHeHus. Hemo60p ypokas M3-3a LaHHOU
6oJiesHu B Poccuu cocrasiisgeT oT 1-2 1o 50-70% [2].

B 2009 r. Ha TeppuTopuu Poccuu 6bLIN UAEHTHU-
(uupoBaHbI BO36YOUTENY YEPHOU HOXKKHU KapTode-
JIst, OTHOCSAIMecs K pony Dickeya: Dickeya dianthicola
u Dickeya solani [3, 4]. B HacTosIlee BpeMs maTore-
HBI poga Dickeya o6HaPY>XKeHBI BO MHOTUX PETrMOHAaX
P® [5]. CuMIITOMBI IPOSIBJIEHUS GOJIe3HUM Ha pacTe-
HUSX U KIIyOHAX KapTodess, BbI3bIBaeMOii 6aKTepus-
MU poja Dickeya, aHAJOTUYHBI CUMIITOMAaM, BBI3bI-
BaeMbIM GakTepusaMu poja Pectobacterium. B To e
BpeM4 Buabl Dickeya spp. 60jiee arpecCUBHbBI U MOTYT
BBI3BIBATh BOASHUCTYIO THUJIb cTebyiell u 6ojee ak-
TUBHYI0O (OPMYy MOKPOY THUJIM KIyOHEN 110 cpaBHe-
HUI0 ¢ Pectobacterium atrosepticum [6]. JIJist BUIOB poga
Dickeya xapaKTepHO pacIpoCTpaHeHWEe B PETMOHAX
¢ )KapKuM KiImMaToM. OJHAKO B TIOC/IeIHEeE BPEMS OT-
MeueHO UHTEHCUBHOE TPoABIKeHUe Dickeya Spp. B pe-
TUOHBI C yMEPEHHBIM KJIMMATOM, 6JIaronpUsTHbIE IS
Ipou3BoACcTBa kKapTodes [7, 8].

OCHOBHOW ITyTh PAaCIPOCTPAHEHUS MTATOTEHHbBIX
0akTepuii, BEI3BIBAIIINX OAKTEPHUO3 YepHAas HOXKA
KapToderis, CBSI3aH C ITepeMelleHreM CEMEeHHOT0 Ma-
Tepuana [9, 10]. ITpu 3ToM HepeaKo NHMEKIINSI MOXKET
HaXOOUThCA B CKPBITOM (JIATEHTHOM) COCTOSTHUM, He
BbI3BIBAS BHEUTHUX MPU3HAKOB MPOSIBIIeHUS 60jies-
Hu [11, 12]. B COOTBETCTBUU C [AelCTBYIOIIUM B Ha-
cTosiiee BpeMs MeXrocylapCTBEHHbIM CTaHIapPTOM

Federal Research Center by manufacturers from 4 re-
gions of the Russian Federation, in 15 cases, complete
coincidence of the analysis results was shown when us-
ing routine and new test systems.

Key words. Blackleg of potato, real-time PCR
(RT-PCR), diagnosis, test system.
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INTRODUCTION

lackleg of potato is a bacteriosis widespread

in the Russian Federation caused by pecto-

lytic bacteria of the genus Pectobacterium,

Enterobacteriaceae family. The disease af-

fects potatoes both during the growing sea-
son and tubers storage [1].

The damage caused by potato blackleg is mani-
fested in the thinning of potato plantings, a decrease
in plant productivity, reducing seed and commercial
qualities and the development of soft rot of tubers
during storage. The annual yield shortfall due to this
disease can reach from 1-2 to 50-70% [2].

In 2009, Dickeya spp. agents of potato blackleg were
identified in Russia: Dickeya dianthicola and Dickeya sola-
ni [3, 4]. At present, Dickeya spp. pathogens have been de-
tected in many Russian regions [5]. The disease symp-
toms on potato plants and tubers caused by Dickeya
genus bacteria are similar to those brought about by Pec-
tobacterium genus bacteria. At the same time, Dickeya Spp.
are more aggressive and can lead to stem soft rot and a
more active form of tubers soft rot compared to Pectobac-
terium atrosepticum [6]. Dickeya spp. usually spread in re-
gions with hot climate. However, Dickeya spp. have been
recently noted to actively spread into regions with tem-
perate climate, favourable for potato production [7, 8].

The main pathway for the pathogen bacteria caus-
ing potato blackleg is connected to seed material move-
ment [9, 10]. It should be noted that the infection can
often be in a latent state without causing external signs
of the disease manifestation [11, 12]. According to the
current interstate standard GOST 33996-2016 “Seed
potatoes. Technical conditions and methods of deter-
mining the quality”, the presence of bacteriosis agents
including potato blackleg in the initial material as well
as super-super elite (or ‘S’ for EU) is not allowed [13].
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I'OCT 33996-2016 «Kaprodenb ceMeHHON. TeXHU-
YecKue yCJIOBUS U METOJIbl OTIpefieJIieHUsl KauecTBa»
HaJIn4yue B UCXOHOM MaTepualjie, a TakXXe B CyIep-
cynepasuTe Bo30yauTesyei 6akTepro30B, B TOM YHCIIe
YepHOU HOXKKU KapTodes, He Jormyckaercs [13].

[lns BeIsIBJIEHUST (UTONATOTE€HOB, BhI3BIBAIOIIUX
YepHYI HOXKY KapTodess, HeobxoguMa pa3paboTka
Y ONITUMU3ALUS JId IPaKTUUeCKOI0 NCII0JIb30BaHUS
BBICOKOUYBCTBUTEJIbHBIX J1aBOPATOPHBIX METOOB.
JlaHHBIE METOMBI HOJKHBI IT03BOJIATh 3(DHEKTUBHO
KOHTPOJUPOBAThL BO36yAMTE el 6akTepro3a Ha paH-
HUX U TIOCJIeYIOUUX CTaAUsIX CEMeHOBOICTBA, obec-
IevYnBasi IPOU3BOACTBO BRICOKOKAYECTBEHHOIO Ce-
MEHHOTO0 MaTepuaJa.

[IpuMeHeHVWEe UMMYHO(QEPMEHTHOTO aHallu-
3a (MPA) 1 *MMyHOXpOMaTOrpamyecKux TECT-CUCTEM
B CXeMaX KOHTPOJIs KauecTBa CEMEHHOTO KapTodes
1mo3BoJisieT 3P GEeKTUBHO BHISIBALITh 3apa’keHHOCTh
TECTUPYEMOTr0 MaTepuraja CKpPhITON hopMoit Hambo-
Jiee BPeIOHOCHBIX 6aKkTepraibHBIX 3a6ojieBaHu [14,
15,16, 17]. BMecTe ¢ TeM y BO36ynuTenet 6akTeprio30B
kapTodesns Pectobacterium spp. u Dickeya spp. HabJro1a-
10TCS 6OJIBINYE IITAMMOBBIE PA3JINYUS B COCTaBE I10-
BEPXHOCTHBIX KJIETOUHBIX aHTUTEHOB, UYTO 3aTPYLHSET
UX UAeHTU(MUKAIUIO ¥ KOJIMYECTBEHHOE OITpefiesieHue
UMMYHOJIOTUYECKUMU MeTomamu [18].

[TonHOTEHOMHOE CeKBeHUpoBaHYe JJHK n30/14T0OB
6aKTepraJbHbBIX ITATOT€HOB, BBI3BIBAIOIIUX YEPHYIO
HOXKY KapTodeJsisi, OTKPbHIJIO HOBble BO3MOXXHOCTHU
LI MOJIEKYJIIPHOM NMarHOCTUKU Bo36ynuTeselt 60-
sie3nu [19, 20]. Vicnoyib30BaHNE BBICOKOUYBCTBUTEIb-
Horo MeToga ITLP moMKMO BBISIBJIEHUS MUHUMAJIbHBIX
KOJIMUECTB ITaTOT€HOB 103BOJISIET IIPOBOAUTD BUIOBYIO
ungeHTHUGUKaIuo akTepun [21]. Tak, c UCII0JIb30Ba-
HUeM crnennupruIecKux mpaiMepoB ObIJIO ITOKa3aHO
ITUPOKOE pacrpocTpaHeHure Bua Pectobacterium caro-
tovorum subsp. brasiliensis Ha mocagkax KapTodeas
B Poccuu ocenbio 2017 1. [22].

B 2019 r. B pamkax ®HTII pa3BUTU4 CeJIbCKOTO
xo3sa#cTBa HA 2017-2025 rT. UHCTUTYTOM GHOOpra-
HMYECKON XMMUU MMEeHHU aKaJgeMukoB M.M. IlleMmda-
kuHa u l0.A. OBunHHUKOBa PAH u ®enepalibHbIM
KCCIeN0BATEJbCKUM II€eHTPOM KapTodesas MMeHU
A.T. Jlopxa 6b111 pa3paboTaHbl HOBbIE TECT-CUCTEMBI
B hopmarte T1LIP B peanbroM BpeMenu (T1LIP-PB) mist
IVarHOCTUKYU O6aKTepuln Pectobacterium atrosepticum,
Dickeya dianthicola v Dickeya solani, BbI3bIBAIOIIVX Yep-
HYI0 HOXKY KapTodeJid. [TogpobHoe onucaHue mapa-
METPOB M XapaKTePUCTUK Pa3pabOTaHHBIX CUCTEM
nmpuBefieHO B paboTre CtaxeeBa u ap., 2020 [23]. Pas-
paboTaHHBIE TECT-CUCTEMBI IIPU UCTIBITAHUIX ITOKA-
3271 BBICOKYIO CHEIM(PUUYHOCTD U aHAJIUTUIECKYIO
YyBCTBUTEJIbHOCTD BbigBJeHUA JHK maTtoreHos Ha
ypoBHe 10-50 Komuii IyIa3MuIbl, CofepKallel creru-
tuueckuii [TIP-pomyKT, Ha peakuuio [23].

IOns pmanbHelImeln agantanuy paspaboTaHHbBIX
TeCT-CUCTEM B IIPAKTUUECKOU paboTe AuarHocTuue-
cKUX JJabopaToprit HeO6XOAVMMO ITPOBEIEHNE UX aITPO-
6anuy B IPOM3BOJICTBEHHBIX YCJIOBUSX Ha MaTepuae
pa3HBIX KaTeTOPUM U KJIACCOB, BhIPAllleHHOM B pas-
JIMYHBIX peruoHax Poccutickon demepanuu. B aToit
CBSI3U 11IeJIbI0 HacTOAIIeN pPaboThl ABJISIETCS U3ydeHre
BO3MOXXHOCTHU IIpuMeHeHud HOBbIX [IIIP-PB-cucrem
I uaeHTUGUKAUY BO30OyoUTeell YePHON HOX-
KU KapTodesis Py TECTUPOBAHUU CEMEHHOT0 MaTe-
puraJia, IOoCTyIalIero B akkpequTOBAaHHbIE HCIIbI-
TaTeJbHbIe Ja60oPaTOPUU JJig KOHTPOJISI KauecTBa

The detection of plant pathogens causing potato
blackleg requires the design and optimization of high-
ly sensitive laboratory methods for practical use. These
methods should allow to control effectively the bacteri-
osis agents in the early and subsequent stages of seed
production, ensuring the production of high-quality
seed.

Using enzyme-linked immunosorbent assay
(ELISA) and immunochromatographic test systems in
quality control schemes for seed potatoes allows to ef-
fectively detect the contamination of the test material
with a latent form of the most harmful bacterial diseas-
es[14, 15, 16, 17]. At the same time, the pathogens of
potato bacteriosis Pectobacterium spp. and Dickeya spp.
show great strain differences in the composition of cell
surface antigens, which makes it difficult to identify
and quantify them by immunological methods [18].

The whole genome sequencing of bacterial patho-
gens isolates causing potato blackleg opened up new
possibilities for molecular diagnosis of pathogens [19,
20]. Apart from detecting minimal quantities of patho-
gens, using a highly sensitive PCR method allows to
identify bacteria species [21]. Thus, using specific
primers showed a wide spread of Pectobacterium caro-
tovorum subsp. brasiliensis on potato plantings in Russia
in autumn 2017 [22].

In 2019, within the framework of the Federal Sci-
entific and Technical Program (FSTP) of agriculture
development for 2017-2025, the RAS Shemyakin and
Ovchinnikov Institute of Bioorganic Chemistry and
A.G. Lorkh Russian Potato Federal Research Center de-
signed new test systems in real-time PCR (RT-PCR) for
the diagnosis of bacteria Pectobacterium atrosepticum,
Dickeya dianthicola and Dickeya solani causing the black-
leg of potato. A detailed description of the parameters
and characteristics of the developed systems is given
in the work of Stakheev et al., 2020 [23]. During testing,
the developed test systems showed high specificity and
analytical sensitivity for detecting the pathogen DNA at
the level of 10-50 copies of plasmids, containing a spe-
cific PCR product, per reaction [23].

For further adaptation of the developed test sys-
tems in the practical work of diagnostic laboratories, it
is necessary to test them in production conditions on
material of different categories and classes grown in
various regions of the Russian Federation. In this re-
spect, the aim of the present work is studying the possi-
bilities of using the new RT-PCR systems for the identi-
fication of potato blackleg agents when testing the seed
material submitted to accredited testing laboratories
for quality control and certification carried out in ac-
cordance with the existing standard protocol.

MATERIALS AND METHODS

During the research, 20 variety samples were analyzed
delivered to the Testing Laboratory of A.G. Lorkh Rus-
sian Potato Federal Research Center by manufacturers
from 4 regions of the Russian Federation: Moscow, Tula,
Voronezh Regions and the Republic of Tatarstan. Each
variety sample contained 200 tubers belonging to dif-
ferent categories and classes of seed potato (7 samples
of the 1s'field generation from mini-tubers, 3 samples
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¥ cepTUdUKAIINY, OCYIECTBIIEMbIX B COOTBETCTBUY
C CyUIECTBYIOUUM CTAHAAPTHBIM ITPOTOKOJIOM.

MATEPUAJIBI U METO/1bI

B mpotiecce vcciaenoBaHuil aHaausuposaau 20 cop-
TOO6PAa310B, MOCTYNUBIINX B VCIIBITaTEIbHYIO Ja-
6opaTopuio ®UII kapTodess OT IIPOU3BOAUTENIEH U3
4 peruoHoB Poccuiickoit ®emeparivu: MOCKOBCKOMH,
Tynbckoii, BopoHeXxxckoil obJyiacTeit u PecmybJiu-
ku TaTtapcTtaH. KaXkIbpIii copTOoOGpas3el] COCTOSI U3
200 xky6HeN, OTHOCAIIUXCS K PAa3JINUHbIM KaTerOpu-
sIM U KJIacCaM CEMEHHOr0 KapTodes (K 1-My MmoJieBo-
My ITOKOJIEHUIO M3 MUHU-KIyoHeH (T1[1-1) oTHOCUINCH
7 06pas1ioB, cynep-cymnepanure (CCI) — 3 obpasiia, cy-
nepanute (CI) — 2 obpasiia, saute (J) — 3 obpasia, 1-i
penpoaykunu 3auTht (PC-1) — 1 o6paselr u 2-i perpo-
IyKIuy 9auThl (PC-2) — 4 o6pasiia).

Ilns skcTparupoBaHus 6aktepuist B 0,05 M ka-
nuii-pocatHoM Gydepe pH 7,0 ucnosb3oBaiu cer-
MEHTBI KJIyOHE! 13 CTOJIOHHOM YacTH C 3aXBaTOM CO-
CyIuCTOro KoJabila paamMepoM 1 x 1 cM. CpefHue mpobbl
006pasIoB roTOBWJIN B cOOTBeTCTBUY co CTO BHUKIKP
4.009-2013 [24]. Totanbuayo JHK cpemHUX 06pa3iioB
BBIJIEJISJIY C UCIIOJIb30BAaHNMEM KOMIIJIEKTOB PEaKTH-
BOB «[Ipo6a-I'C» (misa JHK) (000 «Arpo/luarHoCcTuKa»,
Poccust) B COOTBETCTBUHU C IIPOTOKOJIOM ITPOU3BOIVTE-
Jas. Kaxapiii u3 o6pasioB JHK 6bLT ITPOTECTUPOBAH
B 3 moBTOpHOCTAX. [IIIP-PB npoBoauiy B aMInudu-
katope JIT-96 (000 «/IHK-TexHOJ0THUsI», POCCHsT) B CO-
OTBETCTBUM C IpOorpaMMaMy aMILIU(PUKAIIUY, ITPUBE-
IeHHBIMU B cTaThe CTaxeeBa u Ap., 2020 [23]. AHanus
TIOJIyUeHHBIX PE3YJIbTATOB ITPOBOAUIN C UCIIOIb30Ba-
HUEM IIOPOTOBOro MeToza [25].

Il CPaBHUTENbHOM OIEHKU TIOJyYEeHHBIX pe-
3yJbTATOB MCCJIeyeMble 06pa3Ilbl TapaIeTbHO TECTH-
poBaju ¢ UCIIOJIb30BaHUEM KOMMepUeCKrUX HabopoB
nias UDPA (OULL kaprodens') u ITLIP-PB (000 «CuH-
TOJI»), IPUMEHSEMBIX B VICIIBITATEIbHOM J1a60PaTOPUU
OUII xapTodend OJisd PyTUHHBIX aHAJN30B 06pa31ioB
Ha Hajgn4uve 6aKTepul, BhI3BIBAIOIIUX YEPHY HOX-
Ky kaptodens: Pectobacterium atrosepticum, Dickeya
dianthicola, Dickeya solani (UDA) u Pectobacterium spp.,
Dickeya spp. (ITLIP-PB).

PE3YJIBTATBI UCCJIEJOBAHUM

[TOCKOJIBKY B MCXOJTHOM W OPUTHHAJIBbHOM CEMEHHOM
KapTodesie He [OMyCcKaeTCsa MPUCYTCTBHE BO30OYyAUTE-
Jieti 6aKTepPr030B, B TOM UUCJIE BbI3bIBAIOIIVX YEPHYIO
HOXKy KapTodens (TOCT 33996-2016), KOHTPOJIb pac-
pocTpaHeHys GUTOOAKTEPU HA PAHHUX CTAaIUIX Ce-
MEHOBO/ICTBA IIPY BhIPAlIMBAHNY OPUTMHAIBHOTO Ce-
MEHHOT'0 MaTeprajia UMeET IIePBOCTEIIEHHOE 3HAUEeHNE.

B Hamwux mcciiefoBaHUAX IIPU TECTUPOBAHUU
7 06pa3lloB UCXOLHOTO MaTepuraia u 3 06pPasIioB Cy-
TIep-CyIepaIuThl U3 PAa3JIUYHBIX PEeTrOHOB P® c uc-
MOJIb30BAHMEM TECT-CUCTEM, IIPUMEHSIEMBIX B VcC-
nbITaTeNibHOU jabopaTtopuu GUILL kapTodens aas
PyTUHHBIX aHaMM30B (MDA OULI kapTodens’u [T1P-PB
000 «CuHTOJI»), He GBLIU BBIIBJIEHBI BO3OYyAUTEN
YepHOU HOKKM KapTodes. B To ke BpeMs TeCTUPOBa-
Hye 06pasIioB C MCIOJIb30BaHUEM HOBBIX TECT-CUCTEM
TTLIP-PB 1103BOJINMJIO BBIOEJANTD AOIIOJHUTEIBHO B 1-M
T10JIEBOM TTOKOJIEHUY 13 MUHU-KJTyOHell 2 copToobpas-
11a u3 MOCKOBCKO o61acTu u Pecriy6nuku TaTapcTaH

1.2 laHHbIN MeTop, bbin paszpabotaH paHee BHUUKX, koTopbiit
ctan ®NL, kaptoens —c 31 aBrycta 2019 r.

of the super-super elite (S), 2 samples of the superelite
(SE), 3 samples of the elite (E), 1 sample of the 1% elite
reproduction (A1), and 4 samples of the 2 elite repro-
duction (A2)).

To extract bacteria in 0.05 M potassium phos-
phate buffer pH 7.0 segments of tubers from the sto-
lon part with a capture of the vascular ring measuring
1 x 1 cm were used. Average samples were prepared
in accordance with STO VNIIKR 4.009-2013 [24]. The
total DNA of average samples was isolated using re-
agent kits “PREP-GS” (for DNA) (AgroDiagnostika, Rus-
sia) in accordance with the manufacturer’s protocol.
Each of the DNA samples was tested in 3 replications.
RT-PCR was performed in the DT-96 detection ampli-
fier (DNA-Technology, Russia) in accordance with the
amplification programs given in the article by Stakheev
et al., 2020 [23]. The analysis of the obtained results
was carried out using the threshold method [25].

For a comparative assessment of the results ob-
tained, the studied samples were tested in parallel
using commercial kits for ELISA (A.G. Lorkh Russian
Potato Federal Research Center?) and RT-PCR (Syn-
tol) used in the Testing Laboratory of A.G. Lorkh Rus-
sian Potato Federal Research Center for routine tests
of samples for bacteria causing potato blackleg: Pecto-
bacterium atrosepticum, Dickeya dianthicola, Dickeya solani
(ELISA) and Pectobacterium spp., Dickeya spp. (RT-PCR).

RESEARCH RESULTS

Since the presence of bacteriosis agents is not allowed
in the initial and original potato seeds, including those
causing potato blackleg (GOST 33996-2016), con-
trolling the spread of phytobacteria in the early stages
of seed production when growing original seed mate-
rial is of paramount importance.

In this research, no agents of potato blackleg were
detected when testing 7 samples of the initial material
and 3 samples of super-super elite from different Rus-
sian regions with test systems used in the Testing Labo-
ratory of A.G. Lorkh Russian Potato Federal Research
Center for routine tests (ELISA, A.G. Lorkh Russian Po-
tato Federal Research Center? and RT-PCR, Syntol). At
the same time, testing the samples with new RT-PCR
test systems allowed to select additionally in the 15 field
generation from mini tubers 2 variety samples from
Moscow Region and the Republic of Tatarstan with a
positive reaction to Pectobacterium respectively at the
cycles of 28.4 and 26.4 and identify the pest as Pecto-
bacterium atrosepticum (Table 1).

Amplification of the internal control was noted
in all samples, which indicates the absence of the re-
action inhibition and the correctness of the results.
The graphs of the increasing fluorescent signal when
testing the samples with primers for the detection of
P. atrosepticum for specificity and internal control are
shown in Fig. 1.

According to GOST 33996-2016, the potato bacte-
riosis identification including potato blackleg in elite

12 This method was developed earlier by VNIIKH, which
became A.G. Lorkh Russian Potato Federal Research Center —
since August 31, 2019.
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Tao6auna 1

Pe3yJsIbTaThl TECTHPOBAHMSA 00pa31i0B OPUTHHAJIbHOI'0 MaTepHaJa

cemeHHOro kaprodes (III1-1 u CCI)

(B rpade ¢ manubiMu ITI[P-PB B cKOGKaxX MPUBEAEHbI CPeJHIE 3HAUEHHS ITOPOTOBbIX IMKJIOB IO 3 MOBTOPHOCTSIM)

Pe3yJIbTaTbI TECTHPOBAHUA

DA (onTrueckas
ILIOTHOCTB)

IIIP-PB(C. )

qcp-

Ne

n.n. OGpa3sery P. atro D.dian  D. sol

P. spp. D.spp. Patro D.dian  D.sol

1. Hescxkuii (I1I1-1) - - -
P. TaTapcTan

— — + - —

(26,4)

2. Tama (TIIT-1) - - -
P. TaTapcTan

3. Wmmauia (T1I1-1) - - -
MocKOBCKas 06J1acThb

4. ®duosertonsii (ITI1-1) - - -
MocCKOBCKas 001acTh

5. Iesupe (TII1-1) - - _
MockoBckast 06J1acTh

6. Pen Cxapaett (TIIT-1)
BopoHexxckas 06J1acTh

7. XKykoBckuii p. (ITI1-1) - - -
Tynbckasg obsacTb

8. Pem CkapJert (CC3)
Bopone’xckas 06J1acTh

9. Pep Ckapiett (CC3)
TysbcKast 06J1acTh

10. Ypaua (CC3) = = =
Tysnbckas 061acThb

P atro — Pectobacterium atrosepticum P, spp. — Pectobacterium spp.
D. spp. — Dickeya spp.

D. dian - Dickeya dianthicola

D. sol - Dickeya solani

and reproduction potato seeds
is done visually both on vege-
tative plants during field in-
spections and on tubers using
tuber material analysis. At the
same time, taking into account
a possible latent state of the in-
fection, laboratory control of
the disease agents spreading

1 2000
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during the reproduction of elite
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1 6 11 16 21 26 31 36 4 1 ]
Iomep wKna

Puc. 1. I'pacmku pasropaHus hiyopecueHTHoro  Puc. 1. The graphs of increasing
fluorescent signal when testing samples
of original seed potato material with

CUrHana npun TeCtTupoBaHun 06pa3U,OB
OpUrnMHanbHOro MmaTepuana ceMeHHoro

Homep wmna

21 26 31 3 4 and reproductive potato seeds
is a key element of the material
quality control.

When testing compara-

tively 10 variety samples of

kapToens ¢ npanmepamu K P. atrosepticum: primers for P. atrosepticum: the elite and reproduction po-
a - cneuuguka; b — BHyTPEHHUI KOHTPOSb. a - specific sample; b — internal control. tato seeds with 3 test systems
1 - o6pasew 1; 4 — ob6pasew, 4 (cm. Tabn. 1) 1 -sample 1; 4 — sample 4 (see Table 1)

(3 noBTOpPHOCTHN) (3 replications)

C MOJIOXKUTENIbHOY peakiiuell Ha Pectobacterium cooT-
BETCTBEHHO Ha 28,4 u 26,4 1UKJe U UJeHTUPUuIm-
poBaTh BO30ynmuTensa Kak Pectobacterium atrosepticum
(Tabm. 1).

AmrutndurKaIusa BHyTPeHHEro KOHTPOJISI ObLa OT-
MedeHa BO BCexX 00pasIliaX, YTO CBUIETEIbCTBYET 06 OT-
CYTCTBUM MHTUOUPOBAHMS PEAKIIUY U O KOPPEKTHOCTHU

our research showed a great
coincidence of the results ob-
tained using 2 routine and a tri-
al test system (Table 2). A total coincidence was noted
in 7 cases by 4 negative and 3 positive reactions by all
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Table 1

Test results of original potato seed material samples (1% field generation

and super-super elite)

(in the column with RT-PCR data in brackets are the average values of the threshold cycles for 3 replications)

Test results

ELISA (optical density)

RT-PCR(C, )

qcp-

N2 Sample Patro D.dian D.sol Pspp. D.spp. Patro D.dian D.sol

1. Nevsky (A1%) - - - - - + - _
Republic of Tatarstan (26.4)

2. Gala (A1) - = = - . — _ _
Republic of Tatarstan

3. Impala (A1) - - - - . _ _ _
Moscow region

4. Purple (A1) - - = - - + _ _
Moscow region (28.4)

5. Desire (A1) - -
Moscow region

6. Red Scarlett (A1) - _
Voronezh region

7. Zhukovsky (A1) - -
Tula region

8. Red Scarlett (super-super elite) — -
Voronezh region

9. Red Scarlett (super-super elite) - -
Tula region

10. Udacha (super-super elite) - -
Tula region

P, atro — Pectobacterium atrosepticum
D. dian — Dickeya dianthicola

MMOJyYeHHBIX Pe3yJbTaToB. 'padmKu pasropaHus
(ayopeciieHTHOTO CUTHAJIA ITPY TECTUPOBAHUY 06pas-
1I0B C ITpaiMepaMu IJisl AeTeKIIuu P, atrosepticum OJist
crenupUKY 1 BHYTPEHHETO KOHTPOJIS TIPUBEIEHBI Ha
pucyHke 1.

B coorBeTcTBUU ¢ T'OCT 33996-2016 uneHTudu-
Kaiusg 6aKTepro30B KapTodes, B TOM YKCIe YePHOUN
HOXXKU, B BJIUTHOM UM PETIPOIYKIIMOHHOM CEMEHOBOJ -
CTBe KapTodeJis OCYIIECTBIISIETCS BU3YAJIbHBIMU Me-
TOZAMU KaK Ha BETETUPYIOIIUX PACTEHUSIX BO BPEMSI
TIOJIEBBIX MHCITEKIUY, TaK W Ha KIYOHSAX C UCIIOJIb-
30BaHMEM KJIyDHEBOTO aHaJu3a MaTepuasia. B To xe
BPEMS, C yIYETOM BO3MOXKHOT'O JIJATEHTHOT'O XapaKTepa
nHQpEKIINY, Ta60PaTOPHbIN KOHTPOJIb 34 PACITPOCTPA-
HeHUeM B0o30ynuTeieil 60J1e3HU B IPOllecce Pa3MHO-
JKeHUS BJIUTHOTO U PENPOAYKIIMOHHOTO CEMEHHOTO
KapTodess IBIsSeTCS BaXXHbIM 3JIEMEHTOM KOHTPOJIS
KayecTBa MaTepuala.

B Hamux ucciemnoBaHUSX NPYU CPABHUTEJIbHOM
TecTupoBaHuy 10 cOpTOOOPABIIOB DJIUTHOTO U Pe-
MPOAYKIIMOHHOTO CEMEHHOTO KapTodess 3 TecT-
cucTeMaMu ObLJIO BBISIBJIEHO 3HAUMTEJIbHOE COBITalE-
HUe Pe3yabTaTOB, MOJYUEeHHBIX C UCIIOJb30BAHUEM
2 PYTUHHBIX U UCIBITYEMOU TECT-CUCTEMBI (TabJI. 2).
B 7 coyuyasix GbLIO BBISBIJIEHO ITOJTHOE COBIIaZIEeHUE TI0
4 oTpULlATEJIbHBIM U 3 MOJIOXKUTEJbHBIM pPeakluiIM
BCEMH 3 TECT-CUCTEMAMU. TaK, IPU TECTUPOBAHUU 06-
pasiia 3JuTHI C. ['aja, Ipou3BeIeHHOTO B MOCKOBCKOM

P, spp. — Pectobacterium spp.
D. spp. — Dickeya spp.

D. sol - Dickeya solani
* — see ‘Materials and Methods’

3 test systems. Thus, testing a sample of the elite vari-
ety Gala produced in Moscow Region and reproduction
material of the variety Picasso (A2) from Voronezh Re-
gion showed positive reactions for the presence of Pec-
tobacterium atrosepticum in the material by ELISA (op-
tical density — 2.15 and 0.16), Pectobacterium spp. by
RT-PCR (Syntol) at the cycles of 26.7 and 35.1 and Pec-
tobacterium atrosepticum using the new test system of
RT-PCR at the cycles of 26.0 and 28.3 respectively. The
graphs of fluorescent signal increase when testing the
samples with primers for the detection of P, atrosepticum
are given in Fig. 2.

The presence of the bacterium Dickeya solani was
also unambiguously detected in the sample of the vari-
ety Sifra (A2) from Voronezh Region by ELISA (optical
density — 2.28), Dickeya spp. by RT-PCR (Syntol) at the
cycle of 35.2 and Dickeya solani using the new test sys-
tem RT-PCR at the cycle of 29.7.

The testing of two elite samples from Moscow Re-
gion (Queen Anna and Colombo) and the sample of the
variety Gala (elite reproduction-1) from Voronezh Re-
gion showed positive reactions for the bacteria Pecto-
bacterium spp. by RT-PCR (Syntol) (average numbers
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Tao6auia 2

Pe3yJIbTaThl TECTUPOBAHMSA 06Pa31i0B 3JIMTHOTO

U PENMPOAYKIIMOHHOTO0 CEMEHHOI0 KapTodesa

(B rpade ¢ manubiMu ITI[P-PB B cKOGKaxX MPUBEAEHbI CPeJHIE 3HAUEHHS ITOPOTOBbIX IMKJIOB IO 3 MOBTOPHOCTSIM)

Pe3y.leTaTbI TEeCTUPOBAHUA

DA (onTHueckas
Ne IJIOTHOCTB) IIIIP-PB (C ae p.)
n.n. CopTooGpa3sers P. atro D.dian  D. sol P. spp. D.spp. Patro D.dian  D.sol
1. Pen Ckapiett (C3) - - - - - - - -
MockoBcKas 06J1acTh
2. Ymaua (C3) = = = = = = = =
MocCKOBCKasg 06J1acTh
3. Koposera AuHa (9) - - - + - - - -
MocKoBcKag 061acTh (31,1)
4. Kosom60 (9) - - = + = = = =
MockoBcKas 06J1acThb (33,1)
5. Tana (9) + - - + - + - -
MockoBcKas 06J1acThb (2,15) (26,7) (26,0)
6. Tama (PC-1) - - - + = = = =
BopoHesxcKkast 061aCTh (34,3)
7. Cudpa (PC-2) - - + - + _ _ .
BopoHeskcKkast 06J1acTh (2,28) (35,2) (29,7)
8. T'ama (PC-2) = = = = = = = =
Bopone’xckas 06J1acTh
9. 9poJiromrd (PC-2) - - - - - - - -
BopoHeXxcKas 06J1aCcTh
10. Tuxacco (PC-2) +/- - - + = + = =
Bopouesxckas obnactb  (0,16) (35,1) (28,3)

P, atro — Pectobacterium atrosepticum
D. dian — Dickeya dianthicola

P, spp. — Pectobacterium spp.
D. spp. — Dickeya spp.

D. sol — Dickeya solani

1400 2000 of the threshold cycles: 31.1,
1200] @ ,— b 33.1 and 34.3 respectively).
o 1500 Also, when using ELISA and the
£ §, ; new RT-PCR test systems for
§ o . the testing no blackleg of pota-
§ 800 § to agents were detected in these
5 0] 5 i samples.
- ; CONCLUSION
g
: J The comparative testing of

1 ] I W 1 26 3'1 36 41 1 6
Homep wiwna

Puc. 2. I'pachuku pasropaHua cnyopecueHTHoro  Puc. 2. The graphs of increasing
fluorescent signal when testing samples
of elite and reproductive potato seeds
with primers for P. atrosepticum:

CUrHana npuv TecTupoBaHumn o6pasLos
3NIUTHOIO M PENPOAYKLUOHHOIO CEMEHHOIo
kapTodens c npanmepamu K P. atrosepticum:
a - cneumnduka; b — BHyTPEHHUI KOHTPOSb.
5 — o6pasey, 5; 10 — o6pasey, 10 (cM. Tabn. 2)
(3 noBTOpPHOCTN)

o6J1acTH, ¥ PEMPOAYKIIMOHHOI0 MaTepuaJia c. [lmkacco
(PC-2) 13 BOpOHEXXCKOIT 06J1aCTH OBLIY TTOJyYEHBI [10-
JIO)KUTEJIbHBIE PEaKIIY Ha IIPUCYTCTBUE B MaTepurale
Pectobacterium atrosepticum MeTomoM VDA (orTuueckas
MJI0THOCTDb — 2,15 u 0,16), Pectobacterium Spp. MeTO-
nom ITIIP-PB (OO0 «CunToJI») HA 26,7 1 35,1 IIMKIaX
u Pectobacterium atrosepticum ¢ UCII0JIb30BaHEM HOBOH

; -
N1 1 31 3B 4
Homep wwna

a — specific sample; b — internal control.
5 — sample 5; 10 — sample 10 (see
Table 2) (3 replications)

20 variety samples of potato
seeds received by the Testing
Laboratory of A.G. Lorkh Rus-
sian Potato Federal Research
Center from producers from
4 Russian regions showed in
15 cases a full coincidence
of the analysis results using
2 routine and 1 trial test system
(12 negative and 3 positive re-
actions). Using the new RT-PCR test system in the early
stages of seed production to test original potato seeds
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Table 2

Results of testing samples of elite and reproductive potato seeds
(in the column with RT-PCR data in brackets are the average values of the threshold cycles for 3 replications)

Test results

ELISA (optical density)

RT-PCR(C_ )

q cp.

N¢ Variety sample Patro D.dian D.sol Pspp. D.spp. Patro D.dian D.sol

1. Red Scarlett (super elite) - - - - - - - _
Moscow region

2. Udacha (super elite) - = = - - _ _ _
Moscow region

3. Queen Anna (elite) - - - + - - - _
Moscow region (31.1)

4. Colombo (elite) - - = + _ - _ _
Moscow region (33.1)

5. Gala (elite) + - - + - + _ _
Moscow region (2.15) (26.7) (26.0)

6. Gala (A1) - = = + - - - _
Voronezh region (34.3)

7. Sifra (A2) - - + - + - - +
Voronezh region (2.28) (35.2) (29.7)

8. Gala (A2) - = = - - - _ _
Voronezh region

9. Evolution (A2) - - - - - - _ _
Voronezh region

10. Picasso (A2) +/- - - + = + _ _

Voronezh region (0.16) (35.1) (28.3)

P, atro — Pectobacterium atrosepticum
D. dian — Dickeya dianthicola

TecT-cucteMbl [11IP-PB Ha 26,0 u 28,3 1uKJIax COOT-
BeTCTBeHHO. 'padmku pasropaHus GJyopecleHIInu
Ipu aHaJau3e 06pasIioB C IpaiMepaMu K P, atrosepticum
TpUBeNeHbI Ha PUCYHKE 2.

Tak)xe OJHO3HAYHO BBIABJSJIU IPUCYTCTBUE
B o6pastie c. Cudpa (PC-2) u3 BopoHeXCKOH obacTu
6aktepuu Dickeya solani meTogom MDA (omTuuecKas
TUIOTHOCTH — 2,28), Dickeya spp. meTozoM [TLIP-PB (OO0
«CuHTOJI») Ha 35,2 1uKJe U Dickeya solani ¢ NCTIOIb30-
BaHMEeM HOBOU TecT-cucTeMbl [11IP-PB Ha 29,7 mukie.

[Ipy TecTUpPOBaHUYU 2 006Pa3I0B SJIUTHI U3 Mo-
ckoBckou obyactu (KoposeBa AnHHa u KojomG60)
u obpasma c. l'aja (PC-1), moctynuBuiero us Bopo-
HEXCKOM 06J1aCcTH, GBIIN ITOJIyYEHBI TIOJIOKUTEJIbHbIE
peaknuu Ha 6akTepuu Pectobacterium Spp. METOLOM
[TLIP-PB (OO0 «CunToJ») (CpemHue 3HaYeHUs I0PO-
roBbIX IIMKJOB: 31,1, 33,1 1 34,3 COOTBETCTBEHHO).
BMecTe ¢ TeM IpU UCITOJIb30BAHUY JIJII TECTUPOBAHUS
meTona DA v HOBBIX TecT-cucTeM [11IP-PB B maHHBIX
obpasiiax He 6BLIO BBISIBJIEHO IIPUCYTCTBUE BO36YIU-
TeJlel YepHOU HOXKY KapToders.

3AKJIIIOYEHUE

[Ipu cpaBHUTEIBHOM TeCTUPOBaHUY 20 copToo6pas-
110B CEMeHHOTO KapTodes, MOCTyNUBIINX B VICIIbI-
TaTeJIbHYI0 JJabopaTopuio deflepajibHOTO UCCIe0Ba-
TEJIbCKOTO LleHTpa KapTodessa umenu A.T. Jlopxa oT
npousBozuTeel us 4 peruoHoB Poccutickoit dene-
panuu, B 15 caydasx IOKa3aHo IIOJHOE COBIIaJieHue

P, spp. — Pectobacterium spp.
D. spp. — Dickeya spp.

D. sol — Dickeya solani

allowed to detect additionally 2 samples with a posi-
tive reaction to Pectobacterium atrosepticum. The con-
ducted research has shown the possibility of using the
test systems developed within the Federal Scientific
and Technical Program of agriculture development for
2017-2025 (subprogram “Development of potato and
seed production in the Russian Federation”) for the de-
tection and identification of potato blackleg agents.
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pe3yJIbTaTOB aHAJIW3a [IPU UCIIOJb30BAHUU 2 DYTUH-
HBIX ¥ 1 UCIIBITYeMOU TecT-cucTeMbl (12 OTpUIlaTENb-
HBIX ¥ 3 IIOJIOXKUTEJIbHbIE peakiinuy). MCcIioJb30BaHue
HOBOM TecT-cucTeMbl [1I[P-PB Ha paHHUX 3Talax
CEMEHOBOJICTBA JISI TECTUPOBAHUSA OPUTUHAJIBHOTO
CeMEeHHOT0 KapToeist TT03BOJIUJIO BhIAEIUTD OO -
HUTEJIBHO 2 06pasiia C IOJ0XKUTEJIbHOM peakiiuel Ha
Pectobacterium atrosepticum. [IpOBeIeHHBIMU UCCJIE-
IIOBAaHUSIMU ITOKa3aHa BO3MOXXHOCTh UCIIOJIb30BaHUS
paspaboTaHHbBIX B paMKax ®HTII pa3BUTHS CEIIbCKOTO
xo3satcTBa Ha 2017-2025 rT. (MopmporpamMmma «PasBu-
THe CeJeKIUU U CeMeHOBOJCTBa KapTodess B Poc-
cuiickoii demepalm») TECT-CUCTEM JJIST BhISIBJICHUS
U ugeHTU(GUKAIUY BO3OyIUTEJ el YepPHOU HOXKU
kapTodes.
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BETEPAHbl KAPAHTUHHOW CJTYKEbl

HOsi6pe 2020 roja 3aKOHYMJIA CBOIO
TPYZOBYIO [IeSITEJIbHOCTb 3aBemyio-
masa Jjaboparopuelr IIpUMOPCKOro
¢punuana OTBY «BHUVKP» Tamapa
dkoBneBHa dperiMaH.

Tamapa SdkoBieBHa 6ojee 50 jeT mpopaboTana
B chepe KapaHTHHA pacTeHui. B 1967 romy oHa 6bL1a
MpuHsSITa Ha paboTy B [oCymapCTBEHHYO ITOTPaHUY-
HYI0 WHCIIEKIIMIO 110 KapaHTUHY pacTeHuu 1o I1pu-
MOPCKOMY Kparo U IIPOIIJia TPYAOBOM Iy Th OT TEXHUKA
IO CIIeIUaJiucTa. B JOJIKHOCTHU arpoHOMa-s3HTOMO-
Jora Tamapa fAkoBjieBHA 3aHMMAaJlaCch BbIIBJIEHUEM
KapaHTWMHHBIX OPraHMW3MOB Ha TeppuTopuu [IpumMop-
CKOTO Kpas, uzyyeHueM ux 6uojyoruu. C 1991 rozma
OHA SBJIAJIACh KOOPAUHATOPOM PaboT 110 IMporpaMme
MOHUTOPUHTA JUMaHTPUU], TPOBOAVIMOYM COBMECTHO
CO CITeIVaJIUCTaMU KapaHTUHHON U JIECHOU CJIYKObI
CIHIA B 11 nopTtax JlanpHero Boctoka Poccuu. Tamapa
SIKOBJIEBHA T10JIb30BAJIACh 3aC/IyKEHHBIM YBa)KeHUEM
¥ aBTOPUTETOM Y 3aPy6EKHBIX KOJLJIET.

B 1995 rogy Tamapa fIkoBJIeBHA BO3IJIaBUJIa Jla-
6opaTtoputo l'ocuHcekuy, a ¢ 2006 roga paborasa
B JOJDKHOCTH 3aBenyouiel jaboparopuei [IpuMop-
ckoro dunuana PIr'bY «BHUUKP».

Biaromaps npogeccruoHanin3My U BbICOKOU KOM-
MyHUKa6esbHOCTU TaMapa JKOBJIeBHA yCTaHOBUJIA
TeCHbIe KOHTAKTHI C KOJIJIETaMU U3 APYTUX (QUINAJIOB.
Kax uesioBeK, yBJIeUeHHBIN CBOEH ITpodeccroHaIbHON
JlesiTeJIbHOCThIO, TITYOOKO ITpelaHHbIM BEIOPaHHOH pa-
60Te, OHA I'PAMOTHO, C TIOJIHOM OTIauel CBOUX 3HAHUY
U CWJI, pyKOBOJiUJIa labopaToprel, BHeAPsIa HOBbIE
MeTOoZbl PaboThl, KOTOPBIe 06eclieuynBaIN KaueCcTBO
PaboOThI CIEIINAJIVICTOB.

[Ton, ee PyKOBOACTBOM JlabopaTopusi Obljia OCHA-
IeHa HOBBIM 060PYZOBaHNEM, TIOITOTOBJIEHBI KBAJIU-
(humpoBaHHbIE KAJZIPBI, YTO U ITO3BOJIUJIO IIPOBOJIUTH
(buTocaHUTapHBIE KCCIEIOBAHNS, IPUMEHS ST HOBBIE
METOZBI JUATHOCTUKU: UMMYHO(DEPMEHTHBIN, UMMY-
HO(JIIyOpPEeCeHTHbIN aHanu3bI U [TIP.

Ha 6a3e stabopaTtopuu Tamapa SIkoByieBHa dpedi-
MaH OpPraHMW30Bajia KypChl IOBBIIIEHUS KBaJU(DUKA-
IIVU 110 KAaPaHTUHY PACTEHUH 10 IPOTPaMMe, YTBEPXK-
IeHHOU Poccenbxo3Han30poM. B okTs6pe 2015 rozga
[TpuMoOpCKas UCTIbITaTEIbHAS JJa60PaTOPUS OJHOU U3
TIEPBBIX ObLJIA aKKPEIUTOBAaHA HA TEXHUYECKYI KOM-
TIETEHTHOCTh U HE3aBUCUMOCTb.

He octaBasach Tamapa SIKOBJIEeBHA PaBHOALYIIHOMN
U K IpobJyieMaM KapaHTHHA PacTeHUH, PEryisipHo oc-
BelllaJia B CpPeJICTBaX MaccoBoy nHMOPMALY aKTyallb-
HbIE BOIIPOCHI BhISABJIEHUS KADAHTUHHBIX 00'bEKTOB Ha
Teppuropuu [IpyMOpPCKOro Kpas.

3a 106pOCOBECTHOCTD ¥ MHOTOJIETHUY TPy Tama-
pe SIkoBeBHe ®peliMaH MPUCBOEHO 3BaHUe «BeTepaH
TPyZLa», OHA HarpaxxJeHa cepe6GpsiHON Mejaibio MUH-
CeJIbX03a 3a 3aCJIyI'Y B arpOIIPOMBILITIEHHOM KOMILJIEK-
Ce U aKTHUBHYI0 001IeCTBEHHYIO PaboTy.

[Toxenaem Tamape SIKOBJIeBHe 60JIPOCTHU, KpeTI-
KOTO 3/I0POBbS, OJIATOTIONY YU, IPKUX COOBITUH U y1a-
4y B KU3HU!

dutocaHuTapusi. KapaHTUH pacTeHuii

3pecb MoXeT 6biTb Bawa ctatba!
XypHan ««PutocaHuTapus. KapaHTuH
pacTeHWn» NpurialaeT aBTopoBs

onga nybnnkaumm CBOUX HayYHbix paboT




denepajibHOE roCyIapCTBEHHOE
OIOI’KETHOE yUpe:KIeHue
«BcepoccUMCKUH IIEHTP KapaHTHHA
pactenuii» (PIrbBY « BHUUKP»)

— Hay4yHoe 1 MeToguyeckoe obecneveHue
neatenbHocTu PoccenbxosHag3opa,
ero TeppuTopUanbHbIX yNpaBsieHUi
n nogBegoMCTBEHHbIX eMy
yupexaeHuii B chepe KapaHTUHA
M 3aLUTbI pacTeHUM

— YcTaHoBneHue KapaHTUHHOrO
(hUTOCAaHMTAPHOrO COCTOAHMS
noAKapaHTUHHbBIX MaTepuanos
n TeppuTopun Poccuinckoin Gepepaumum
nyTeM NpoBeAeHUs nabopaTopHbIX
3KCMEPTU3 U MOHUTOPUHIOB

= HayuHoe CoTpyaHU4YecTBO
C HaUWOHaJbHbIMU
N MeXOyHapoOHbIMM
opraHusauusaMu B obnactu
KapaHTUHA pacTeHui

Bepyuiee yupexxkaeHue B Poccuiickon depepaumm no CUHTE3Y U NPUMEHEHUIO
thepoOMOHOB AN19 BbIIBNIEHUS KapaHTUHHBIX U HEKapaHTUHHbIX BpeguTene
1 60pbbbl C HUMMK

OreyY «<BHUMKP» — napTHep MexayHapogHoM NporpaMMbl N0 KOOpAUHaLUU
Hay4HbIX UccnepoBaHuin B obnactn kapaHTMHa pacteHuin EUPHRESCO II
(EUropean PHytosanitary RESearch COordination)

B ®rbY «BHUUKP» co3paH u nenctsyet TeEXHUUECKUIN KOMUTET
no ctaHgapTusaumm TK 42 «KapaHTWH U 3aWuMTa pacTeHnn»

Bepnyluee Hay4yHO-MeTOANYECKOE YUpexxaeHue B cocTaBe KoopanHaUMoHHOro
CoBeTa No KapaHTUHY PacTeHUI rocyaapcTe — y4acTHUKOB CHI

22 cmnuana Ha Tepputopum Poccuiickonn Pepepaumu

[onoBHOE Hay4yHO-MeTogu4YecKoe yupexageHue no peanmsauum MNnaHa
nepBoo4yepenHbIX MepOI'IpVIHTMl‘;I, HanpaBJZiIeHHbIX HAa rapMOHU3aLU0
KapaHTUHHbIX (PUTOCAHUTAPHbIX MEP rOCyAapcTB — YieHoB TaMOXXEHHOro coto3a
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