HAYYHbIE UCCNTEOOBAHUA

YOK 632.3.01/.08

Hcnojsib30BaHUueE
IIIIP-cucTtem

OJIS1 AUATrHOCTUKU
BO30yauTEJIeH
0aKTepuo3a YepHas
HOKKa KapTodesa

A.U. YCKOB!?, 1.B. IIMBITJIA?,
A.A. CTAXEEB?, C.K. 3ABPUEB*, 10.A. BAPUIIEB®,
IT.A. TAJIYIIKAS, H.B. CYCJIOBA’

1.2,5.6,7 ®UII kapTodens umenu A.T. Jlopxa, 1. Kpackoso,
r/0 JIro6Gepiibl, MOCKOBCKas 00j1acThb, Poccus

34 @I'BYH VMHCTUTYT OMOOPraHNYECKON XUMUU

uM. akageMukoB M.M. lllemsakuHa u 10.A. OBUMHHHUKOBA
PAH, r. MockBa, Poccusa

1 ORCID 0000-0003-1596-8359, e-mail: korenevo2000@mail.ru
2 ORCID 0000-0002-4727-7141, e-mail: i.shmyglya@mail.ru
3 ORCID 0000-0002-0732-5321, e-mail: stakheev.aa@gmail.com
4 ORCID 0000-0002-6741-8175, e-mail: szavriev@ibch.ru
5 ORCID 0000-0002-2329-7965, e-mail: varyuriy@yandex.ru
¢ ORCID 0000-0003-4680-9684,
e-mail: pavel_galushka@mail.ru
7 ORCID 0000-0002-9864-9945, e-mail: suslidik@yandex.ru

AHHOTALIUA
UepHadg HOXKa KapTodesasa — IOBCEMECTHO Paclpo-
CTpaHeHHBIN B Poccuiickoit ®emepanuu 6aKTepuos,
BBI3bIBA€MbBIU TEKTOJUTUUECKUMU OaKTEPUIMU POLA
Pectobacterium wu3 ceMelicTBa Enterobacteriaceae.
B 2009 1. Ha TeppuTopuy Poccuu GbLIN UAeHTUDUITI-
poBaHbl BO36yIUTEIN YePHON HOXKM KapTodes, OT-
Hocsmmecs K poxny Dickeya: Dickeya dianthicola v Dickeya
solani. ExxeromHbIN HeI000P ypoXKas U3-3a JaHHOU 60-
JIe3HU MOXKeT coCcTaBJATh OT 1-2 10 50-70%. OCcHOB-
HOMU IIyTh PACIIPOCTPAaHEHUS MaTOTEHHbBIX OaKTepuit
CBfI3aH C IlepeMellleHUEM CeMeHHOI'0 MaTepualja.
15 BBISIBJIEHUS U UJeHTU(GUKAIuYU (GUTONAaTOTEHOB,
BBI3BIBAIIUX YEPHYIO HOXKKY KapTodess, Heobxomu-
Ma pa3paboTKa U ONTUMU3AIUS AJd IPAKTUIECKOT0
UCIIOJIb30BAaHUS BBICOKOUYBCTBUTEJIbHBIX Jiabopa-
TOPHBIX MeTOmOB. B 2019 1. B paMmkax ®emepaibHOU
HayuyHO-TEXHUYECKOU nporpaMmbl (PHTII) pas3Bu-
TUS CeJIbCKOTO X03gticTBa Ha 2017-2025 rr. UHCTU-
TyTOM 6MOOPTaHUYECKON XMMUU UMEHU aKaJIeMUKOB
M.M. llemakuHa u 10.A. OBunHHKUKOBa PAH u ®ene-
PaJIbHBIM UCCJEOBATENbCKUM II€eHTPOM KapTodessa
uMenu A.T. Jlopxa (PUL] kapTodens) 6b1mu paspabo-
TaHbI HOBbIE TECT-CHUCTEMBI B (hopMaTe IIoJIMMepa3HOn
LEeNHOU peakiuu B peajlbHoM BpeMeHu (TILP-PB) giis
IVaTHOCTUKY GaKTePUi, BHI3BIBAKIINX YEPHYI0 HOX-
Ky KapToders, c aHaIMTUYECKON YYBCTBUTENbHOCTbIO
BeIsiBJIeHUs JHK naTtoreHoB Ha ypoBHe 10-50 Konuii
ILIa3MUIbI, ComepKaleil crenuduyueckut [1LIP-mpo-
LYKT, HAa peaku. B cTaTbe npefcTaBieHbl Pe3yib-
TaThl CPAaBHUTEJIbHBIX UCIBITAHUN HOBBIX TECT-CUC-
TeM [IJig AUAaTHOCTUKM 6akTepuit 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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