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AHHOTALIUA
KapTtodens (Solanum tuberosum) sSBAsSIeTCS BakHe-
el ceJbCKOX035AMCTBEHHOUN KyJbTypPOl. B HacTosA-
mee BpeMs B MUPe KapTodesb BeIPALIUBAIOT HA TEP-
putopuu 6ojiee 18 MytH ra. O6'bEKTOM MCCIIEIOBAHUS
TIpeACcTaBJIeHHON CTAaThbU SIBJISIETCS BUPYC MeTeJibua-
ToCTU Bepxylek kaprodens (Potato mop-top virus),
OITaCHBIV MAaTOTEH, TPUUYUHAIOIMUY yIinep6 kapTode-
JIEBOJICTBY BO BceM Mupe. JJaHHBIN BpeAHBIN opra-
HU3M CHMKAET YPOXKaNUHOCTb KapTO(heJs, BEI3bIBAET
XapaKTepHbIe ITOBPEXIEHUS MAKOTHY U IOBEPXHOCTU
KJIy6Hel, UTO CKa3blBaeTCs HA TOBAPHOM KaueCTBe
¥ BOBMOXHOCTH KCITOJIb30BaHUS UX JIJISI IepepaboT-
ku. KiiuMaTryeckye ycaoBUs B CTPaHaxX pacipocTpa-
HEeHUS BUPyca CX0XKY C KIUMaTUUEeCKUMU YCIOBUSIMU
BRIpaIMBaHusa kKapTodess Ha TeppuTopuun Poccuii-
ckoit demepanuu. KpoMe TOro, ero nmepeHoOCUHUK,
rpub Spongospora subterranea f. sp. subterranea, BbI3bl-
BAIOIIMU MTOPOUIUCTYIO Tapury KapTodesis, MUuPOKO
pacmpocTpaHeH B Poccun. Hazie)XHbIe METOIBI 60Pb-
OBbI C BUPYCOM MeTeJIbUYaTOCTU Bepxyllek KapTode-
JIS OTCYTCTBYIOT, TIO3TOMY CYIIECTBYET BEPOSITHOCTD
TOT0, YTO BUPYC TAK)Ke MOXKET aKKJIUMaTU3UPOBAThCS
U PACIIPOCTPAHUTHLCS HA TEPPUTOPUU Halllell CTPaHbI.
B CBsI3U C 9TUM Ba)XHO UMETH JAEUCTBEHHBIE METO/IBI
BBISIBJIEHUS U UJIeHTU(DUKAIUY JAHHOTO OpraHu3Ma.

B riccnenoBaHuy 6bLI TPOBEeH CPABHUTEIbHBIN
aHaJIM3 KOMMePUYeCcKoro Habopa AJs oJIuMepasHoi
LIEeNHOU peaK U B PEXUMEe PeajlbHOTO BPeMEeHU
(TILIP-PB) u BuAocneuUIHBIX IIPAMEPOB IJII UIeH-
TUDUKALMY BUPYCa METEJIBUYATOCTU BEPXYIIEK KAPTO-
(ens. Takxe 6bl1a TPOBEJIeHA OLIEHKA TIPUMEHUMOCTH
KOMMepUecKrX HabOpOB PeaKTUBOB [IJIsI TOCTAaHOBKU
obpaTHOU TpaHcKpumiuu. Haubosee ymauyHbie KOM-
OVHAIIMM PeaKTUBOB IJsg cuHTe3a k/JHK, mpaiiMmepos
¥ PEXUMOB aMIIn(UKAIUY AJI BhIIBJIeHUs Potato
mop-top virus 6bLIM anmpoOUpPOBaHbl Ha obpasmax
KapTodens, oTobpaHHbIX B VIpKyTCKO#, Boirorpa-
CKOM u PocToBCKOU 06JiacTsaX, a Takxe [IpumMop-
CKOM Kpae.
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ABSTRACT
Potato (Solanum tuberosum) is the most important agri-
cultural crop. Currently, potatoes are cultivated on
more than 18 million hectares in the world. The ob-
ject of study of the presented article is Potato mop-top
virus (PMTV), a serious pathogen causing damage to
potato all over the world. This pest reduces the yield,
causes characteristic damage to the pulp and tuber
surface, which affects the commercial quality and the
possibility of using them for processing. Climatic con-
ditions in the countries where the virus is spreading
are similar to those for potato cultivation in the Rus-
sian Federation. Besides, its vector, fungus Spongospora
subterranea f. sp. subterranea, causing powdery scab of
potato, is widespread in Russia. There are no reliable
methods to control PMTYV, so the virus can also adapt
and spread throughout Russia. In this regard, it is im-
portant to have effective methods for detecting and
identifying this organism.

The study compared a commercial real-time poly-
merase chain reaction (real-time PCR) kit with spe-
cies-specific primers for the identification of PMTV.
The applicability of commercial reverse transcription
kits was also evaluated. The most successful combi-
nations of reagents for cDNA synthesis, primers, and
amplification modes for the detection of PMTV were
tested on potato samples taken in the Irkutsk Oblast,
Volgograd Oblast and Rostov Oblast, as well as Pri-
morsky Krai.
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Knrwuesote cnosea. PMTV, putonaToreHbl KapTo-
(heng, MonekynsipHad [UarHoCcTHKa, obpaTHas TpaHC-
kpunuus, purocaHuTapHas 6e30MacHOCTh, SPongos-
pora subterranea.

BBEJIEHUE

aprodens (Solanum tuberosum) sB-
JISIeTCA [EHHOM KYJIbTypPOH, KOTO-
PyI0 IIXPOKO BO3JEJNBIBAIOT Ha Tep-
putopuu Poccuiickoii demepaliun.
ITo pmaHHBIM [IPOAOBOJIBCTBEHHOMN
U CeJIbCKOX0351ICTBEHHOM OpraHm3a-
nuu O6benmHeHHbIX Haruit (DAO),
KapTodesb BXoAUT B 10 caMbIX ITPO-
U3BOAUMBIX KynbTyp Mupa (FAOSTAT, 2023). [Tpous-
BOJICTBO CEMEHHOT0 KapTodesis PEerylIupyeTcs Mex-
IYHAPONHBIMU U HAIMOHAJbHBIMM CTAHJAPTaMU.
Kpome aToro, kapTodenb HoJikeH ObITh CBOOOZEH OT
KapaHTWHHBIX BPEHBIX OPTaHM3MOB. Bupychl u 6ax-
Tepuu KapTodesis BbI3bIBAIOT OLHU M3 CAMBIX 9KOHO-
MUUYECKM 3HAYUMBbIX 3a60jieBaHUN BTON KYyJIbTYPHI,
rmopakast Kak CEMEHHOU, TaK U IIPOJJOBOJIbCTBEHHBIHN
MaTepuall. YacTo BpeAHble OPraHW3Mbl COXPAHSIIOT-
¢4 B KJIIyOHSIX B JIaTeHTHOU (pOpMe, a IpU UBMeHEHNUU
YCJIOBUU BBIPALIUBAHUS CTAHOBSATCS MIPUYUHON DKO-
HOMMUYECKOTO yIiep6a AJis TPOU3BOAUTENIEN JaHHON
KyJIbTYPBl. B CBSI3U C 3TUM HeOOXOAMMO pa3pabaThbi-
BaTh U MCIIOJIb30BATh B JIA60PATOPHON ITPAaKTUKE HAW-
60Jiee YyBCTBUTEbHbBIE U CIIELUMDUYHBIE IUAaTHOCTU-
xyMmbl (IHelmep u ap., 2017; TuxoMuposa, lIHetinep,
2018; Shneyder et al., 2023).

OnuH M3 BUPYCOB, YaCTO Mepealouuics B Jia-
TEHTHOM COCTOSSHUU W HPOSABJSIONMA CUMITTOMBI
B KOHIIE BETETAIIUM, — BUPYC METEJIbYaTOCTU BEPXY-
mek Kaprodensa (Potato mop-top virus, PMTV; pog
Pomovirus). OH peryiupyeTcs cTpaHaMu A3UaTCKO-
THUX0OKEaHCKOW KOMUCCUHY 110 KAPAHTUHY U 3alu-
Te pacTeHu#, KoMuTeTa 1Mo 370POBbI0 PACTEHUU
I0xHOTO KOHYyca, CeBepoaMepUKaHCKOU OpraHu-
3allUM 110 KAPAHTUHY U 3allUTe PACTEHUH, a TaKXKe
CraugmapTtom 4/28 (1) EBpomnetickoit u Cpegusem-
HOMOPCKOU OpraHu3aluu M0 KapaHTUHY U 3allu-
Te pactenuir (EOK3P) mnis ceMeHHOTO KapTodens
(EPPO, 1999).

PMTYV BbI3bIBaeT HEKPOTUUYECKUE LYY U KOJIbIA
Ha MSIKOTY U TIOBEPXHOCTH KIyGHEN KapTodess, YTo
TIOPTUT €I'0 TOBAPHOE KAaUeCTBO, 4 CUMIITOMaTUYECKUE
KJIyOHU CTAHOBUTCS HEBO3MOXXHO UCIIOJIb30BaTh JJIs
nepepaborku (Santala et al., 2010). Kpome Toro, cHU-
JKaeTes ypoxxaiHOCTb. HecMOTpS Ha TO, UTO ceJleKIUs
COPTOB, KOMILJIeKC (hpuToCaHUTAPHBIX Mep U 60pbba
¢ BekTopoM PMTV, Bo36yauTe €M TTIOPOIIMCTON TTap-
mu (rpubom Spongospora subterranea f. sp. subterranea),
JIaloT OIIpeZleIEHHYO 3alUTY, [I0Ka He CYIeCTBYeT Ha-
JIeXXHBIX METOJIOB 60PHOBI C 3TUM BUpPycoM (Sandgren
et al., 2002).

Bupyc MeTesbuaTOCTU BepxylleK KapTodesis
He IepeJiaeTcsl eCTECTBEHHBIM ITyTEM TJSIMU WJIU IPY-
TUMU IIePEHOCYNKAMU, HO C TI0JIS Ha T0JIe PacIpo-
CTpaHsSIeTCs B MHPUIIMPOBAHHBIX CEMEHHBIX KIYOHSX,

Key words. PMTV, potato phytopathogens, mole-
cular diagnostics, reverse transcription, phytosani-
tary safety, Spongospora subterranea.

INTRODUCTION

otato (Solanum tuberosum) is a valuable crop

widely cultivated on the territory of the Rus-

sian Federation. According to the Food and

Agriculture Organization of the United Na-

tions (FAO), potatoes are among the 10 most
produced crops in the world (FAOSTAT, 2023). Seed
potato production is regulated by international and
national standards. In addition, potatoes must be free
from quarantine pests. Potato viruses and bacteria
cause some of the most economically significant di-
seases of this crop, affecting both seed and food ma-
terial. Often, pests remain in tubers in a latent form,
and when growing conditions change, they cause
economic damage to producers of this crop. In this re-
gard, it is necessary to develop and use in laborato-
ry practice the most sensitive and specific diagnos-
tics (Schneyder et al., 2017; Tikhomirova, Schneyder,
2018; Shneyder et al., 2023).

One of the viruses, often transmitted in a latent
state and showing symptoms at the end of the grow-
ing season is Potato mop-top virus (PMTV; genus Po-
movirus). It is regulated by the countries of the Asia
and Pacific Plant Protection Commission, the Comite
de Sanidad Vegetal del Cono Sur, the North American
Plant Protection Organization, and the European and
Mediterranean Plant Protection Organization (EPPO)
Standard 4/28 (1) for seed potatoes (EPPO, 1999).

PMTYV causes necrotic arcs and rings on the pulp
and surface of potato tubers, which reduces its com-
mercial quality, and symptomatic tubers cannot be
used for processing (Santala et al., 2010). In addition,
the yield decreases. Despite the fact that the selection
of varieties, a set of phytosanitary measures and con-
trolling the PMTV vector, the causative agent of pow-
dery scab (fungus Spongospora subterranea f. sp. subterra-
nea), provide some protection, there are still no reliable
methods to control this virus (Sandgren et al., 2002).

PMTYV is not naturally transmitted by aphids or
other vectors, but spreads from field to field in infected
seed tubers, as well as in soil contaminated with dor-
mant spores of the vector fungus (Calvert and Harri-
son, 1966), which is distributed in almost all parts of
the world (CABI, 2023). It is believed that in the absence
of the vector fungus, plants can self-curing from PMTV
after several reproductions, since the virus is unevenly
distributed throughout the plant and in a plant grown
from an infected tuber, not all stems and daughter tu-
bers will be infected (Kirk, 2008). However, in dormant
spores of the fungus S. subterranea in the soil, PMTV
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a Tak)Ke C TTIOYBOM, 3apaKeHHOU IMTOKOSIIUMUCS CIT0-
pamu rpuba-sexropa (Calvert, Harrison, 1966), koTo-
PBII pacIpocTpaHeH MPaKTUYEeCKU BO BCEX YACTAX
cBerta (CABI, 2023). CunuTaeTcs, 4TO B OTCYTCTBUE
rpuba-BeKToOpa pacTeHUsS MOTYT CaMOU3JIEUUThCS
oT PMTV uepe3 HECKOJIBKO PENPOAYKIINM, TTOCKOJIBKY
BUPYC HEPABHOMEPHO PaCIIPeesIIeTcs 0 PACTEHUTO
Uy pacTeHus, BIPallleHHOT0 13 3apPaKeHHOT0 KIIyOHS,
He Bce cTebsin U JjouepHue KIyOHY OyayT MHDUILUPO-
BausI (Kirk, 2008). OiHaKO B TOKOSIIIIUXCS CIIOPax rpu-
6a S. subterranea B iouBe PMTV BbI)XKHBAET B TeUeHUE
MHorux jiet (Jones, Harrison, 1972). Kak Tosibko PMTV
aIamnTUPyeTCs Ha I10Jie, BhIpAaIUBaHNE UYBCTBUTENb-
HBIX COPTOB CTAHOBUTCS HEBO3MOXXHBIM, TTIOCKOJIBKY
TIOKOSIINECS CIIOPbI BEKTOPA JOJITO COXPaHSIIOTCS
¥ YCTOMYMBHI K 3acyXe U arpoxuMukaTtam (Sandgren
etal., 2002).

[Tockonbky PMTYV, Kak u ero nepeHoCYuK, pac-
MPOCTPAHEH B CTPaHaX C KJIMMATOM, CXOXXUM C KJIH-
MaTOM B peTrroHax BhIpalluBaHUusg KapTodensa B Poc-
curickou denepannu, CyIecTByeT BEPOSITHOCTD TOTO,
yT0o PMTV Takoke MOXKeT 3[1eChb aKKJIUMaTU3NPOBATbCI
U pacIpocTpaHuTbCcs. CBOEBPEMEHHOE BhISIBJIEHNE —
OZHA M3 OCHOBHBIX Mep, HEOOXOMMBIX JJIS MIPELy-
npexIeHud pacupocrpanenud PMTV Ha Tepputopuu
Poccuiickoii ®emepauuu (lHekmep u mp., 2017;
[THetimep u Ap., 2021; Shneyder et al., 2021).

MATEPUWAJIBI U METO/IbI

B paMKax OlLleHKY ITPUMEHUMOCTH MOJIEKYIISIPHO-TeHe-
TUYECKVX METO/IOB INarHOCTUKY BUPYCa METEIbYaTO-
CTU BepXylllek KapTodesis 6bLIN MCTI0Ib30BaHbI 06pa3-
IIbI ITOJIOXKUTEJIbHBIX KOHTPoIer PMTV nmpousBoacTBa
Bioreba (PMTV 113053), Adgen (PMTV 1040-11),
000 «Arpo/luarHocTuka», a TakXe 3apaeHHBIX
KJIyoHe# u3 Koyuteknuu OTBY «BHUUKP». Kpome
TOTO, IJi OIleHKU CITeIU(PUIHOCTHU ObLIU IpUMe-
HeHbI 6JIM3KOPOICTBEHHbBIE BUPYCHI pojia Pomovirus:
Beet soil-borne virus (BSBV 1214-11 (Adgen, Beiuko-
oputanus), BSBV PV-0576 (DSMZ, l'epmanus)), Beet
virus Q (BVQ PV-0961 (DSMZ, l'epMaHus)), a TaKxKe
BeTreTaTUBHBIE YacTU KapTodess copTa 'ana, He 3a-
paxenHoro PMTV. Bo Bcex aHajiM3ax UCII0Jb30BaJICI
OTPUIIATEIbHBIN KOHTPOJIb CO CTEPUIBHOMN INCTUIIN-
POBaHHOY BOLOM.

Boimenenre PHK 13 06pa3iioB GbIJIO BEITIOJTHEHO
HabopoMm «IIpoba-HK» («Arpo/lmarHocTuka», Poccus)
COTJIACHO UHCTPYKIIUY IIPOU3BOJIUTEIS.

Ins cuuTesa k/IHK ucmonb3oBaiy HAbGOP s
obpaTtHoi TpaHckpumiuy (OT) mpon3BoACTBa GPUPMbI
«Arpo/luaranoctuka» (Poccus) u Habop «MMLV RT Kit»
(3A0 «EBporen», Poccust), 06paTHY0 TPaHCKPUITITAIO
TIPOBOAUIU COTJIACHO MHCTPYKIIMSAM IIPOU3BOLU-
TeJel.

ITpu moctanoBke OT HabopoMm «MMLV RT Kit»
(«<EBpOreH») UCIOJb30BaJIM CMECH, COCTOSLIYIO
u3 npaiimepos oligo (dT)15 u dN20 random, 1o 1 MKJ
Ha peaknuio. CpaBHUBaJMW 2 BapuaHTa obbeMa
PHK-MaTpuibl — 3 MKJI U 5 MKIJL.

[T1IP B pexxriMe peaJbHOT'O BPEMEHU ITPOBOIWIIN
KOMMepuecKkuM HabopoM pupmMbl «ATpo/luarHoCTu-
Ka» COTJIaCHO MHCTPYKIIUU TPOU3BOAUTENS, a TaK-
ske HabopoM muis [TLP «qPCR mix-HS» («<EBporeu»),
c npatimepamMmu PMTV-1948F, PMTV-2017R u 30H-
nom 1970P (Mumford et al., 2000). ITLIP mpoBOgUIK
Ha ammndukraTope Real-time CFX96 Touch (Bio-Rad,

remains viable for many years (Jones and Harrison,
1972). Once PMTV adapts to the field, growing suscep-
tible varieties becomes impossible as the vector’s dor-
mant spores remain viable for a long time and resist
the drought and agrochemicals (Sandgren et al., 2002).

Since PMTYV, like its vector, is common in coun-
tries with climates similar to those in the potato-grow-
ing regions of the Russian Federation, there is a pos-
sibility that PMTV may also adapt and spread there.
Timely detection is one of the main measures neces-
sary to prevent the spread of PMTV in the territory of
the Russian Federation (Shneyder et al., 2017; Shney-
der et al., 2021; Shneyder et al., 2021).

MATERIALS AND METHODS

As part of the assessment of the applicability of mo-
lecular genetic methods for diagnosing PMTV, sam-
ples of PMTV positive controls produced by Bioreba
(PMTV 113053), Adgen (PMTV 1040-11), AgroDiagnos-
tica, as well as infected tubers from the FGBU “VNIIKR”
collection were used. In addition, closely related virus-
es of Pomovirus genus were used to assess the speci-
ficity: Beet soil-borne virus (BSBV 1214-11 (Adgen,
UK), BSBV PV-0576 (DSMZ, Germany)), Beet virus Q
(BVQ PV-0961 (DSMZ, Germany)), as well as vegetative
parts of potatoes of the Gala variety, not infected with
PMTV. All tests used a negative control with sterile dis-
tilled water.

RNA isolation from the samples was performed
using the Proba-NK kit (AgroDiagnostica, Russia) ac-
cording to the manufacturer’s instructions.

For cDNA synthesis, a reverse transcription kit
manufactured by AgroDiagnostica (Russia) and a
MMLV RT Kit (Evrogen, Russia) were used; reverse
transcription was performed according to the manu-
facturer’s instructions.

When setting up reverse transcription with the
MMLV RT Kit (Evrogen), a mixture consisting of prim-
ers oligo (dT)15 and dN20 random was used, 1 ul per
reaction. We compared 2 variants of the volume of the
RNA template — 3 ul and 5 ul.

Real-time PCR was performed using a commercial
AgroDiagnostica kit according to the manufacturer’s in-
structions, as well as a PCR kit gPCR mix-HS (Evrogen),
with primers PMTV-1948F, PMTV-2017R and probe
1970P (Mumford et al., 2000). PCR was carried out on
a Real-time CFX96 Touch amplifier (Bio-Rad, USA) ac-
cording to the modes indicated in the publication of
Bastidas et al., 2013, with an increase in the denatura-
tion time: 95 °C — 5 min, then 40 cycles (95 °C — 25 sec
and 60 °C — 1 min) (Bastidas et al., 2013).

RESULTS AND DISCUSSION

Table shows the values of the threshold cycles (Cq Va-
lue) of the fluorescence curve of the studied samples.
During the tests, it was shown that the AgroDiag-
nostica Kkit, as well as the reaction mixture with prim-
ers and a probe from Mumford et al., 2000, make it
possible to detect the genetic material of all analyzed
PMTYV isolates. No non-specific reactions with non-
target closely related species were noted. However,
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CIIIA) o pexxuMaM, yKasaHHbIM B ITyOJUKalmy Basti-
das et al., 2013, c yBesinueHUEM BPeMeHU JleHaTypa-
nun: 95 °C — 5 muH, 3ateM 40 11ukioB (95 °C — 25 cek
un 60 °C — 1 muH) (Bastidas et al., 2013).

PE3VYJIBTATBI 1 OBCYKJEHUE
B Tabsuile MpUBEIEHbI 3HAUEHUS TTOPOTOBBIX ITUKJIOB
(Cq Value) kpuBO# (hIyopecLeHITUY UCCIENYEMBIX 06-
PasIoB.

Ta6smua. [loporoBbie LUKJIbI KPpUBOii dryopecueHuu npu OT-TIILP-P

the best result can be achieved when carrying out the
reaction with the primers described by Mumford et al.,
2000, both when synthesizing cDNA with the MMLV RT
Kit (Evrogen) with 5 pl of the RNA template, and with
the AgroDiagnostica kit for reverse transcription.
Subsequently, potato samples from Irkutsk Oblast,
Volgograd Oblast and Rostov Oblast were analyzed us-
ing the selected method with primers and a probe de-
scribed in Mumford et al., as well as Primorsky Krai. All

ate
w

Ha BbIABJIeHHEe PMTYV B M0JI0KUTEJIbHBIX KOHTPOJIAX U 06pa3iiax kapTodessa

Table. Threshold cycles of the real time RT-PCR fluorescence curve
for the detection of PMTYV in positive controls and potato samples

IIIIP-PB, «Arpo/luarHocTUKa»
Real time PCR, AgroDiagnostica

ML P-PB, «qPCR mix-HS»,
npaiimepsl Mumford et al., 2000
Real time PCR, qPCR mix-HS,
primers Mumford et al., 2000

OT?Y, «<EBporen», OT, «<EBporen», OT, «Arpo- OT, «<EBporen», OT, «<EBporeH», OT, «Arpo-
3 MKJ 5 MKJ JAuarHoctTuka» 3 MKJ 5 MKJ JAUuarHocTuka»
Reverse Reverse Reverse Reverse Reverse Reverse
OGpaszer transcription!, transcription, transcription, transcription, transcription, transcription,
Sample Evrogen 3 ul Evrogen, 5 ul AgroDiagnostica Evrogen, 3 ul Evrogen,5ul  AgroDiagnostica
Kiry6enb kapTodens 35,08 35,17 34,84 32,63 33,25 B2NIN2
PMTV+3
Potato tuber PMTV+3
PMTV (positive control, 28,04 27,14 28,07 26,61 25,33 25,83
Bioreba 113053)
PMTV (positive control, 38,70 37,36 36,36 22,58 22,32 24,55
Adgen 1040-11)
PMTV (positive control, 31,83 31,83 30,81 31,07 31,14 28,46
«Arpo/luarHoCTUKa»)
PMTV (positive control,
AgroDiagnostica)
BSBV (positive control, 0,00 0,00 0,00 0,00 0,00 0,00
Adgen 1214-11)
BVQ (DSMZ PV-0961) 0,00 0,00 0,00 0,00 0,00 0,00
BSBV (DSMZ PV-0576) 0,00 0,00 0,00 0,00 0,00 0,00
OTpuUIlaTeIbHBIN 0,00 0,00 0,00 0,00 0,00 0,00
KOHTPOJIb
(xapTodens c. I'aja)
Negative control
(potato v. Gala)
OTpuIlaTeIbHbIN 0,00 0,00 0,00 0,00 0,00 0,00
KOHTPOJIb BBIJIEJIEHUS
Negative isolation
control
OTpunaTeabHbIN 0,00 0,00 0,00 0,00 0,00 0,00
KOHTPOJIb
aMIInUKaIum
Negative amplification
control

1 OT - peakuusa obpaTHOM TPaHCKPUMLUK.

2 3eneHbIM B Tabnmue yKasaHbl SUENKM C HaMeHbLW MM 3HaveHeM noporoeoro uvkna (Cq Value).
3 KpacHbIM WpUdToM 0603HaUEHbI MONOXMTENbHbIE 06PasLbl 1 KOHTPOSM LieNIeBoro BMpyca.

1 Reverse transcription — reverse transcription reaction.

2 Green in the table indicates the cells with the lowest value of the threshold cycle (Cq Value).
% Red indicates positive samples and controls of the target virus.

*TLLP c 06paTHOM TpaHCKPUMLMEN B pexxnume peanbHOro
BPEMEHM.
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B xozie ucIbITaHUM OBLIIO I10-
KaszaHo, YTO Habop IMPOM3BOJICTBA
000 «Arpo/lmarHocTtuka», Kak
¥ peakIoHHas CMech C mpaiime-
pamu 1 30HA0M aBTOpoB Mumford
et al., 2000, I103BOJIAIOT BBIABIATH
TeHeTUUYEeCKUU MaTepuaj BCexX
NpoaHaJN3WPOBAHHBIX M30JIs-
ToB PMTV. Hecnenuduueckux
peaxIiiuii ¢ HelleJIeBbIMU OJIU3KO-
POZICTBEHHBIMH BUJAMU HE OTMe-
yeHOo. OgHAKO HAWUJIy4IlIero pe-
3yJibTaTa yLaeTcs AOCTUYDb MPU
MNPOBEIEHNY PeaKIIUU C IpaMe-
pamu, onucanHbeiMu Mumford et
al., 2000, kak rpu cuHTe3e KIHK
HabopoMm «MMLV RT Kit» («<EBpo-
res») ¢ 5 MKJI PHK-MaTpuIlbl, Tak
1 HabopoM [ij1g 06paTHOM TpaHCc-
KPUIIIUU ITPOU3BOACTBA KOMIIa-
HUU «Arpo/luarHoCTuKa».

B manpHelinieM BbIGPaHHBIM PucyHok. Kaptotenb c cumntomamn  Fig. Potato with PMTV symptoms (photo

METOZOM C MpaliMepaMu U 30H- PMTV (poTo H.A. XopuHoii)

JIOM, OTIMCAHHBIMU B ITyOJIUKAIINN

Mumford et al., 2000, mpu cunTe3ze kJHK Habopom
«MMLV RT Kit» («kEBporeH») ¢ 6 Mg PHK-maTpu-
16l OBLIV TIPOAHAJNIM3UPOBAHBI 06pA3IIbI KAapTOhess
u3 VIpKyTCcKOM, Bosrorpackoir 1 POCTOBCKO#M 06J1a-
cTelt, a Taioke [TpuMopcKoro kpas. Bce 06pasiibl 1o pe-
3yJbTAaTaM AAHHOTO UCCJIeLOBAHUS ObLIN CBOOOHBI
OT BUPYCA METEJNIbYATOCTU BEPXYIIEK KapTodes, of-
HaKO HE0OXO0IUMO ITPOIOJIKUTD ITPOBEPKY MaTepUaa,
4TO6BI yOeIUThCS B OTCYTCTBUM PMTV B Ipyrux peru-
oHax Poccuu.

CTOUT 3aMETUTh, UTO Ha TeppuTopuu Poccuiui-
ckoit ®eflepaliuy BUPYC METEJIbYATOCTU BEPXYIIEK
KapTodess BeIABISLICS TOJAbKo B 2019 1. (Malko et al.,
2019), Ipu 3TOM aBTOPHI ITyGIMKAIIUY MCITOIb30BaJIU
ILJIS TECTUPOBAHUSA 06Pas3I[0B BKCIIEPUMEHTAJbHYIO
cucTeMy Ha ocHoBe [11IP B Mukpouumnax. B xoze uc-
clenoBaHus ObLJIO ITPOTeCTUPOBaHO 60jiee 1700 06-
pas1oB KapTodess U TOJBKO B 6 06pasiiax BUPYC GbLIT
BBISIBJIEH. [ToATBEPXKIEHUE JPYTUMY METOAAMU UJIN
CeKBEHUPOBAHMUEM HE TIPOBOAUIIOCH, B CBSI3U C YEM
pPe3yabTaThl MOTYT OBITh COMHUTEJIBHBIMHY, TaK KaK
HU JI0, HU TI0CJIE UCCIeN0BaHus B 06pasiiax kapTode-
Jist, OTOGPAHHBIX B PA3JIMYHBIX PErMOHAaX POCCUIICKON
depnepanuu, BUPyC He GbLI BBIABIEH. Heob6xommumo
TaK)Xe OTMEeTUTh, 4yTO B 2020 I. B UMIIOPTHOM MarTe-
puase u3 ErumnTa 6511 BbISIBJIEH 00pasel] kKapTodes,
3apakeHHbI PMTV (IIHetimep u np., 2020; Shneyder
et al., 2023) (CM. pUCYHOK).

3AKJIIOYEHUE

Pe3ynbTaThl MPUBEJEHHBIX B CTATbe UCCIENOBAHUYN
10 U3YYEHUI0 BUPYCA METENbUATOCTH BEPXYIIEK Kap-
To(ess ¢ UCMONb30BaHWEM METOJA TTOJUMEPA3HOM
eTTHOY peakIuu ¢ 06paTHON TPaHCKPUTIIUEH B pe-
JKMMe PeaJlbHOTO BPEMEHU MTOCIYKUJIM OCHOBOI [IJIST
COCTaBJIEHUS METOAUYECKUX PEKOMEHIAIIN 110 BbI-
SIBJICHUIO TAHHOTO MTaTOTeHA U eT0 UIeHTU(DUKATINH.

Bbaaeodaprnocmsb. ABTOPBHI BBIPAXXaloT CBOIO
ONPU3HATENBHOCTh COTPYAHUKAM HAYyYHO-METO-
IUYeCcKOT0 OTZAejla BUPYCOJOTUU U GAKTEpPUOJIO-
ruu ®I'BY «BHUUKP» 3a mmomolb B IIPOBEAEHUU

by N.A. Khorina)

samples from this study were free from PMTV, how-
ever, further testing of the material is necessary to en-
sure the absence of PMTV in other regions of Russia.
It should be noted that in the territory of the Rus-
sian Federation, PMTV was detected only in 2019
(Malko et al., 2019), while the authors of the publication
used an experimental system based on PCR in micro-
tests to test samples. More than 1,700 potato samples
were tested during the study, and the virus was detect-
ed in only 6 samples. Confirmation by other methods or
sequencing was not carried out, and therefore the re-
sults may be doubtful, since neither before nor after the
study in potato samples taken in various regions of the
Russian Federation, the virus was detected. It should
also be noted that in 2020, a PMTV-infected potato
sample was detected in imported material from Egypt
(Shneyder et al., 2020; Shneyder et al., 2023) (see Fig.).

CONCLUSION

The results of the studies presented in the article on
the study of PMTYV using the real-time reverse tran-
scription polymerase chain reaction method served
as the basis for the preparation of guidelines for the
detection of this pathogen and its identification.
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