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AHHOTAIUA
Bupyc Mo3auku nenuHo (Pepino mosaic virus, Pep-
MV) — mpezcTaBUTeNb poja Potexvirus, sBisercs
KapaHTUHHBIM 06beKTOM IJisg cTpaH EA3C, EOK3P
U pslla CTPaH Pa3JUYHBIX KOHTUHEHTOB. OCHOBHBIE
pacTeHus-xo03s€eBa BUpyca — TOMAaT U OakKJiaXkaH,
HO TaK’ke OH MOpakaeT Iepell, KapTodesb U Melu-
HO. IloTepu ypo’kasd IJIOLOB TOMaTa B pe3yJbTaTe
3apaxeHuda PepMV moryT gocturats 30-40%. Bupyc
MO3auKHU IIEMMHO XapaKTepu3yeTcs MHOr006pasrueM
yTel PaciIpoCTPaHEHUS U CIIOCO6eH NJIUTEJIbHOE
BpPEeMS COXPAHATHCS B PACTUTENbHBIX OCTAaTKaX, IIOYBE,
BOJle, PaCTBOpax AJisi TUAPOIOHUKY U Ha PA3JIUUYHBIX
WHEPTHBIX TOBEPXHOCTIX. BakHOe 3HAaUEHME B pac-
npocTpaHeHuu PepMV nMeeT ceMeHHass UHQPEKIU.
C 3apa’keHHBIMU CEMeHaMU BUPYC CII0COGEeH pacIipo-
CTPAHATHCS HA HOBbIE TEPPUTOPUU, & €JUHUYHBIE
3apa’keHHbIe ceMeHa B IIapTHUM CIIOCOOHEI B IIpoIiecce
BereTaluy HAaHECTH KOJIOCCAJIbHBIN yIIepd IPou3BO-
OUTEIIM OBOIHBIX KYJIBTYP.

MupoBag MMONyJd¥sa BUPyCca MO3auKU IeIu-
HO COCTOUT U3 IISATU F€eHEeTUYECKHU Pa3InudarluXxcs
LITAMMOB, UTO 3aTPYLHSIET €ro JUAarHOCTUKY C UC-
[10JIb30BaHUEM MOJIEKYJIIPHBIX MeTOA0B. Llesibio IIpo-
BOJIVIMBIX MCCJIEIOBAHUY ABJISIJICA ITIOUCK ITPaliMEPOB,
TMO3BOJISIOIIUX OCYIIECTBJISAITh YHUBEPCAJIbHOE BbI-
sABJIEHVE U30JITOB BCEX LITAMMOB BUPyCa MO3auKU
MeNrHO W IPaiMepoB, MO3BOJSIIOIINX IIPOBOIUTH
BBICOKOCTIEIIU(DUUHOE ONpeAesieHre IMTaMMOBOU
MPUHAIJIEKHOCTU BBISIBJISIEMBIX U30JISTOB 3TOTO BU-
pyca. [To pesynbTaTaM UCIIbITAHNSA 13 mmap rmpaiiMepoB
oITpejleIEHbI TPU Mapbl TPaMEPOB [IJIs YHUBEPCAJIb-
HOT'O BBIABJIEHUA BCeX mTaMMOB PepMV u niBe mapbl
TIparMePOB I BBICOKOCITEIIN(UIHOTO OTIPeIeIeHUS
mraMMoB Eu/Peruvian. KoHcTaTrpoBaHa He06X01u-
MOCTbD JaJIbHEUIero CKpUHUHTa IIPaliMepOoB JIJIs BbI-
cokocnenuduuHoro onpeaeaeHns mramMmmoB CH1/US1
u CH2 PepMV.

Knrwuesvte cno6a. MojeKyndpHasgd OUarHOCTUKA,
obpaTHas TPAHCKPUIIIIMS, IIOJMMEpPasHas IelTHasa
peakIius, mpaniMepsl.
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ABSTRACT
Pepino mosaic virus (PepMV), a representative of the
genus Potexvirus, is a quarantine pest for the EAEU and
the EPPO countries, as well as some other countries on
different continents. The main host plants of the virus
are tomato and eggplant, though it also affects peppers,
potatoes and pepino. Tomato fruit yield losses as a re-
sult of PepMV infection can reach 30-40%. PepMV is
characterized by various pathways and can maintain
in plant debris, soil, water, hydroponic solutions and
onvarious inert surfaces for a long time. Seed infection
plays an important role in the spread of PepMV. With
infected seeds, the virus can spread to new territories,
and single infected seeds in a batch can cause colos-
sal damage to vegetable producers during the grow-
ing season.

The global PepMV population consists of five ge-
netically distinct strains, making it difficult to diagnose
using molecular methods. The purpose of the research
was to search for primers that allow universal detec-
tion of isolates of all PepMV strains and primers that
allow highly specific determination of the strain affil-
iation of the detected isolates of this virus. Based on
the results of testing 13 pairs of primers, three pairs
of primers were identified for the universal detection
of all PepMV strains and two pairs of primers for the
highly specific detection of Eu/Peruvian strains. The
need for further screening of primers for highly specif-
ic determination of CH1/US1 and CH2 PepMV strains
has been stated.

Key words: molecular diagnostics, reverse
transcription, polymerase chain reaction, primers.

®dutocaHuTapus. KapaHTuH pacteHuii N 2 (18) 2024 41



OWATHOCTUKA  DIAGNOSIS

BBEJIEHUE

upyc Mosauku nenuHo (Pepino mo-
saic virus, PepMV), oTHOCAIIUMCS
K pony Potexvirus cemetrictBa Alpha-
flexiviridae, siBaseTCcs KApDAaHTUHHBIM
ob6bexkToM EASC, EOK3P u 1ejyoro
psia cTpaH Mupa.
OCHOBHBIMU DKOHOMMUYECKU
3HAYMMBIMU PaCTEHUSIMU-X0359€e-
BaMU BHPyCa MO3aWK{ IENUHO SBJSIOTCS: TOMAT
(Solanum lycopersicum), kaptodenb (S. tuberosum), Tie-
MHO (S. muricatum), 6axyiaxkas (S. melongena), 6a3mIUK
(Ocimum basilicum). K HacTOAIeMy BpeMeHU TaKxXe
IOKa3aHo, uTo mramMMm PepMV US1 MOXeT BbI3bIBATh
cucTeMHOe 3apa)keHue rnepua (Capsicum annumnt), TOT-
Jla KaK JPyTye IMTaMMbl BI3BIBAIOT HA 5TOM PACTEHUN
JINIIIb MECTHYI0 UH(DEKITHI0. Bupyc 3apa)kaeT Takxe pas-
JINYHbBIE TUKOPACTYIIVE PACTEHUS, OTHOCAIIECS KaK
K ceMelcTBy nacyieHoBbie (Datura stramonium, D. metel,
Solanum chilense, S. chmielewskii, S. dulcamara, S. nigrum,
S. parviflorum, S. peruvianum v pyrue), Tak U K APyTUM
6oTaHMYeCKUM ceMeucTBaM (Amaranthus retroflexus,
Amaranthus viridis, Calendula arvensis, Convolvulus arven-
sis, Convolvulus humilis, Heliotropium europaeum, Malva ne-
glecta, Malva parviflora, Plantago major, Rumex sp., Sonchus
oleraceus, Taraxacum officinale v npyrue)(EPPO, 2024).
Bupuousl PepMV mpeAcTaBisSiOT co00ii rubKue
HUTEBUJIHbIE YaCTUIBl BeanunHon 510 x 12.5 HM
(Jones et al., 1980).
lenoMm PepMV coCTOUT u3 €IUHCTBEHHOU
TIJIFOC-CMBICJIOBOM OJTHOIETIOUEYHON MOJIeKyabl PHK
¢ 3’-monu-A-KOHIIOM, cocTosAlel u3 6410 HyKJieo-
TUIOB (He BKJIIOYasa mojau-A-Tpakra). lenomMmuass PHK
COIEPIKUT IISITh OTKPBITEIX paMoK cunThiBaHUs (ORF),
kopupyromux PHK-3aBucumMmyro PHK-monumepasy
(RARp) pasmepoM 164 kJla, TpOMHOM 6JIOK TEHOB pas-
MepoM 26, 14 u 9 x/la u reH 6esika o6osmouku (CP) pas-
mepom 25 k]l (Mumford, Jones, 2005; Ling et al., 2013).
Ha ocHOBaHMM 0CO6EHHOCTEH OGHMOJIOTUH, CEPOJIO-
TUY ¥ CPAaBHEHUS HYKJIEOTUIHBIX IIOCIeI0BATEbHO-
cTell B HaCTOsIIlee BpeMs BBIZENSIOT YeThIPe OCHOB-
HBIX ImTaMMa PepMV, 3apaxarwiux KOMMepUYecKue
copra Tomarta — eBpornerickuii (EU), mepyanckui (LP),
ynianiickuii-2 (CH2) u amepukanckuii-1 (US1), a Tax-
ke mTaMM PES, nmeHTuGUIIMPOBAaHHbIN Ha JUKUX BU-
JIaX pacTeHWH ceMelCTBa ITacjIeHOBRIX B [1epy.
CpaBHeHUE HYKJEOTUIHBIX TOCJEN0BATENb-
HOCTE! TOJIHOTO TEHOMAa MeXy MHOXEeCTBEHHBIMU
M30JIITAMM Pa3HBIX MITAMMOB ITOKA3bIBAET, UTO IIE-
pyaHCKUY u eBpormelickuii mramMmmbl (LP u EU) Hau-
60oJiee TECHO CBSI3aHbI MEX/Y cO60ii ¢ TpuMepHO 95%
UIEHTUYHOCTBIO ITOCIeI0BaTebHOCTEH. [IITaMM ame-
pukaHckuii-1 (US1) u HOBBIM mTamMM PES mpuMepHO
Ha 86% UIOEeHTUYHBL IPYT APYTY U IpUMepHOo Ha 81%
UIEeHTUYHHI ITepyaHckomy (LP) u eBpormetickomy (EU)
mraMmmaM. [ltamMM unnuiickuii-2 (CH2) apisieTcsd Hau-
6oJiee IUBEPTreHTHBIM, IOCKOJIBKY UMEET ITPUMEPHO
78% UAEHTUYHOCTY IIOCJIEI0BATEIbHOCTEH C UEThIPb-
MS IPYTUMU IITaMMaMu. [Ipy 5TOM UIeHTUYHOCTb I10-
CJIeIOBATEIbHOCTEN HYKJIEOTUIOB MEXIY U30JIATAMU
BHYTPU KaXXJOr0 LITaMMa COCTaBJIsIeT He MeHee 98%
(EPPO, 2024).
Hanmuue cynieCTBEHHbIX TeHETUUYECKUX PA3JIU-
Yny MeXxnay usossaramMmu PepMV ob6yciiaBivBaeT He-
06X0UMOCTb eTaJIbHON OTPabOTKU MOJIEKYISIPHBIX
METOM0B JUAaTrHOCTUKU.

INTRODUCTION

epino mosaic virus (PepMV), belonging to the
genus Potexvirus of the family Alphaflexivi-
ridae, is a quarantine pest for the EAEU and
the EPPO countries, as well as some other
countries.

The main economically important PepMV host
plant are: tomato (Solanum lycopersicum), potato (S. tu-
berosum), pepino (S. muricatum), eggplant (S. melon-
gena), basil (Ocimum basilicum). It has now also been
proven that the PepMV US1 strain can cause system-
ic infection of peppers (Capsicum annum), while other
strains cause only a local infection on this plant. The
virus also infects various wild plants belonging to the
Solanaceae family (Datura stramonium, D. metel, Sola-
num chilense, S. chmielewskii, S. dulcamara, S. nigrum,
S. parviflorum, S. peruvianum, etc.), as well as to other
botanical families (Amaranthus retroflexus, Amaranthus
viridis, Calendula arvensis, Convolvulus arvensis, Convolvu-
lus humilis, Heliotropium europaeum, Malva neglecta, Mal-
va parviflora, Plantago major, Rumex sp., Sonchus oleraceus,
Taraxacum officinale, etc.)(EPPO, 2024).

PepMV virions are flexible filamentous particles
measuring 510 x 12.5 nm (Jones et al., 1980).

The PepMV genome consists of one single strand-
ed positive sense RNA molecule with a 3’ poly-A end,
consisting of 6410 nucleotides (not including the po-
ly-A tract). Genomic RNA contains five open reading
frames (ORFs) encoding the 164-kDa RNA-dependent
RNA polymerase (RdRp), a 26-, 14-, and 9-kDa triple
block of genes, and a 25-kDa coat protein (CP) gene
(Mumford, Jones, 2005; Ling et al., 2013).

Based on the biology, serology and comparison
of nucleotide sequences, four main PepMV strains are
currently identified that infect commercial tomato va-
rieties — European (EU), Peruvian (LP), Chilean-2 (CH2)
and American-1 (US1), as well as PES strain identified
on wild Solanaceae species in Peru.

Comparison of whole genome nucleotide se-
quences between multiple isolates of different strains
shows that the Peruvian and European strains (LP
and EU) are most closely related, with approximately
95% sequence identity. The American strain 1 (US1)
and the new PES strain are approximately 86% iden-
tical to each other and approximately 81% identical to
the Peruvian (LP) and European (EU) strainS. Strain
Chilean-2 (CH2) is the most divergent, sharing ap-
proximately 78% sequence identity with four other
strainS. Moreover, the identity of nucleotide sequenc-
es between isolates within each strain is at least 98%
(EPPO, 2024).

The presence of significant genetic differences
between PepMYV isolates requires detailed develop-
ment of molecular diagnostic methods.

PepMV is a highly contagious pathogen and is ef-
fectively transmitted by mechanical sap inoculation
and by contact between healthy and infected plantS. As
aresult, the virus easily spreads mechanically through
contaminated tools, shoes, clothing, and hands during
agricultural work (Mehle et al., 2014). It was also ex-
perimentally established that the virus is effectively
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Bupyc MO3auKy IMENUHO SBJSETCS OUeHb KOH-
Tarvo3HbIM IATOTeHOM U 3G (HEKTUBHO IEPEHOCUTCS
MeXaHWYEeCKOU WHOKYJIAIUEN COKA U ITyTeM KOHTAaK-
Ta MEeXJY 3[,0POBBIMU U 3apaKEHHBIMU PACTEHUSIMMU.
BceiiencTBUE 3TOTO BUPYC JIETKO PAcIIpOCTPaHsIeTCs
MeXaHUYEeCKUM IyTEM uepes 3arps3HeHHbIe MHCTPY-
MEHTHI, 00yBb, OIEXK Y, PYKU B IIpOIlecce MPOBEeNEHNS
arporexHuyeckux pabot (Mehle et al., 2014). Ixcme-
PUMEHTAJIBHO GBLJIO YCTAHOBJIEHO TaK)XXe, YTO BUPYC
3(ppekTUBHO nepenaeTca MeXxAy PACTEHUSIMU TOMa-
Ta B 3aKPbITHIX PEIUPKYISIIIMOHHBIX TUIPOTIOHHBIX
cucreMax (Shipp et al., 2008).

Bupyc MOXXeT JIJINTEIbHOE BPEMSI COXPAHSITh UH-
(heKIIMOHHOCTD BHE CBOMX PACTEHUMN-X03IEB B OKPY-
JKaloIel cpefie. YCTAHOBJIEHO, YTO B BOJIE ITPY TEMIIE-
patype 20+4°C PepMV coxpaHsieT UHHEKIIMOHHOCTb
Ha NPOTSHKEHUU Tpex Hemenb (Mehle et al., 2014).
B coke nH(UIIMPOBAHHBIX PAaCTEHUIN TOMAaTa, HaHe-
CeHHOM Ha pa3jIMuyHble HeOPTraHUYEeCKYe TTIOBEPXHO-
cTH (CTEKJIO, AJIFOMUHUH, TIJIACTUK), BUPYC COXPaHSIET
UHQEKIIMOHHOCTD Ha MPOTSKEHUU 5 HEJleNIb IIPU yC-
JIOBUU HAJIMUMS OTHOCUTEJIBHO HEBBICOKOU TeMIIe-
paTyphl ¥ BBICOKOI BJa)KHOCTHY Bo3amyxa (Mumford,
Jones, 2005).

BaxHyr poJib B anugemuojgoruun PepMV ume-
eT ceMeHHasd MHQeKIMI. YCTaHOBJIEHO, YTO 3apa-
’KEHHOCTb 3TUM BUPYCOM CEMSH TOMAaTa COCTAaBJISI-
eT B cpepgHeM 0,026%, HO MOXXeT BapbUpoOBaThCA
ot 0,005% 1o 0,057% B 3aBUCUMOCTY OT ITAapPTUU Ce-
MaH (Hanssen et al., 2010). Coo611aioch TakXe O BbI-
aBjieHuu PepMV B 25% ceMaH TOMarTa, 4TO IIPUBO-
JIWJIO K 3apakeHu0 1,84% pacTeHUM, MIOJyUYeHHbIX
oT 3Tux ceMaH (Cordoba-Selles et al., 2010). OgHaKO
BeJeicTBUe 3 (PeKTUBHON MeXaHUUYeCKOU mepemadyu
HaJIn4re Ja’ke HEMHOTOYMCIIEHHBIX 3aPa’kKeHHBIX Ce-
MSIH IIPUBOAUT K OY€HB OBICTPOMY PACIIPOCTPAHEHUIO
3TOr0 BUpPYyca B ITOCaIKaX TOMATa.

YcTaHOBJIEHA BO3MOXXHOCTh IepeHoca PepMV
IIMeJIIMU C 3aPaKeHHBIX PACTEHUM TOMAaTa Ha 37]0-
poBbie sk3eMIIsgphl (Lacasa et al., 2003; Shipp et
al., 2008), a Tak)XXe C 3apa’keHHBIX PACTEHUI ToMaTa
Ha HeCKOJIbKO BUJOB COPHBIX pacTeHui (Stobbs et al.,
2010).

Ba)xHoe 3HaUeHUE MMeeT TaK)Ke BOIIPOC O BO3-
MO>XHOCTHY pacnpocTpaHeHus1 PepMV XUIIHbIM KJIO-
noMm Makposodycom (Macrolophus nubilis H.S.),
LMIXPOKO MCIIOJIb3yeMbIM B KauecTBe areHTa 610Jio-
TUYEeCKOU 60pbOBI. [IJI 9TOr0 KJIOIIa XapaKTepeH 30-
ouTodaroBeIil TUII TUTAHUS, TO ECTh CIIOCOOHOCTH
MUATAThCS MUIIEN KaK )KUBOTHOTO, TAK U PACTUTEIb-
HOTO IIPOUCXOXJeHU. B 3Tol cBsA3u B HumepiaH-
Jlax GBIJIO YCTAHOBJIEHO, UTO ITPU HAJIMYNUY BBICOKOM
YWCJIEHHOCTU NONynainuii Macrolophus nubilis Hauu-
HaeT MUTAThCS Ha IJIOAaX TOMATa, BBI3BIBAS UX I10-
BPEeXJeHUs, U MHTEHCUBHOCTb 3TUX MOBPEXIEHUN
KoppeJsupoBaja c 3apaxenueMm PepMV (Moerkens
etal., 2015).

TakuM 06pa3oM, BUPYC MO3auKU ITETIMHO Xapak-
TepusyeTcss MHOTooOpa3ueM MyTel pacmpocTpaHe-
HUS ¥ MecCT JIokanusanuy nadexmuu ([aeimep F0.A.
u ap., 2021). Iag BbISIBIEHUS 04aroB 3TOTO BUpPYcCa,
ToMUMO J1abopaTOPHOTO UCCIeN0BaHUS BereTupy-
OUUX PACTEHUH, CEMSH U IJIOOB PAaCTEHUN TOMa-
Ta\, Heo6XOAUMO TaK)Xe OIPENeNsITh OTCYTCTBUE
BUpYyCa B IOJIMBHOM BOJe, pacTBOpPax JJisd FUJPOIIo-
HUKY, cy6cTpaTax AJis BhIpAllMBAaHUS PAcTeHUH,

transmitted between tomato plants in closed recircu-
lating hydroponic systems (Shipp et al., 2008).

The virus can remain infective for long periods of
time outside its host plants in the environment. It was
found that PepMV remains infective for three weeks in
water at a temperature of 20+4°C (Mehle et al., 2014).
The virus remains infective for 5 weeks in the sap of in-
fected tomato plants applied to various inorganic sur-
faces (glass, aluminum, plastic), provided there is a rel-
atively low temperature and high humidity (Mumford,
Jones, 2005).

Seed infection plays an important role in the Pep-
MV epidemiology. The infection rate of this virus in to-
mato seeds has been found to average 0.026%, but can
vary from 0.005% to 0.057% depending on the seed lot
(Hanssen et al., 2010). PepMV was also reported to be
detected in 25% of tomato seeds, resulting in infection
of 1.84% of plants obtained from these seeds (Cordo-
ba-Selles et al., 2010). However, due to effective me-
chanical transmission, the presence of even a few in-
fected seeds leads to a very rapid spread of this virus
in tomato plantings.

The possibility of PepMV transfer by bumblebees
from infected tomato plants to healthy specimens
has been established (Lacasa et al., 2003; Shipp et al.,
2008), as well as from infected tomato plants to several
weed species (Stobbs et al., 2010). Transfer of PepMV
by bumblebees occurs in a non-persistent mechani-
cal manner.

Also important is the question of the possible Pep-
MV spreading by the predatory bug Macrolophus nubilis
H.S., which is widely used as a biological control agent.
This bug is characterized by a zoophytophagous type
of nutrition, i.e. the ability to feed on both animal and
plant origin food. In this regard, it was found that when
there are high Macrolophus nubilis populations in the
Netherlands, it begins to feed on tomato fruits, causing

Puc. 1. CumnTOMBI Fig. 1. Symptoms of pepino
BMpyca MO3auKM nennHo  mosaic virus (PepMV)
(PepMV) Ha nucTbax on tomato leaves

Tomara (cpoTo aBTOpPOB) (photo by the authors)
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Puc. 2. CumnTtombl BUpyca  Fig. 2. Symptoms of pepino
Mo3auku nenuHo (PepMV)  mosaic virus (PepMV)

Ha pacTeHuu Tomata on tomato leaves

(thoTo aBTOPOB) (photo by the authors)

Ha KOHCTPYKIIMSX TEIJIUI], Tape U 000PYyIOBaHUH,
a TaK’Ke B HaCeKOMBIX-OITbLIUTENISIX U 00beKTax 01o-
JIOTUUYECKOM GOPHOBI.

NHTEHCUBHOCTBD IIPOSBJIEHUSI CUMIITOMOB Pep-
MV Ha pacTeHUSIX TOMAaTa BApbUPYETCS OT HE3HAYUM-
TEJIbHBIX 10 CEPbEe3HBIX B 3aBUCUMOCTH OT arPECCUB-
HocTu mrTamMmMma PepMV, Bo3pacTa u copTa ToMara,
a Tak)Ke YCJIOBUU BhIpalUBaHUsA. [lepBble CUMIITO-
MbI OGBIUHO ITOSIBIASIOTCS Uepes 2—3 HeIelu I10-
clie 3apakeHus. PAHHNE CUMIITOMBI TIPOSIBJISTIOTCS
Ha BEPXHUX YACTSIX ITOPAKEHHbBIX PACTEHUN B BUJIE
00pas3oBaHMs CBETI0-3€JIEHbIX TOHKUX WUJIN UT0JIb-
YaThIX JIUCTHEB U 3aJI€PXKKM pocTa. 3aTeM Ha JIU-
CThSIX PA3BUBAIOTCS MO3aMKa, XKeJiTas yrjaoBaTas
ISATHUCTOCTD, CJIa0BIN MEXIKMIJIKOBBIN XJIOPO3 U Jie-
dbopmaruu (Puc. 1-2). Ha mo6erax u IjBeTKaxX MOTYT
pPa3BUBATbCS HEKPO3bI, OKA3BIBAKOIINE BIUSIHUE
Ha pasBUTHE LBETOB U IJI0A0B. CUIBHO IOpaKeH-
HbIE PACTEHUS CTAHOBSITCS YaXJIBIMU U Ie(hOPMUPO-
BauHbIMU (EPPO, 2024).

Puc. 3. CumMNTOMbI BUpPYyCa MO3anKun
nenvHo (PepMV) Ha nnopax Tomata
(thoTo aBTOPOB)

Fig. 3. Symptoms of pepino mosaic
virus (PepMV) on tomato leaves
(photo by the authors)

on tomato fruits

(photo by the authors)

“Photo Shneyder Y.

Puc. 4. CuMNTOMbI COBMECTHOI0O
3apa)keHusi BUPYCOM MO3auMKM NennuHo
(PepMV) 1 BUpycom NSITHUCTOrO
yBAnaHus Tomarta (TSWV) Ha nnopax
ToMmara (poTo aBTOpPOB)

Fig. 4. Symptoms of co-infection

of PepMV and TSWV

damage, with the intensity of this damage correlating
with PepMV infection (Moerkens et al., 2015).

Thus, PepMV is characterized by a variety of path-
ways and infection localization (Schneider Y.A. et al.,
2021). To identify its outbreaks, besides laboratory
testing of vegetative plants, seeds and fruits of tomato
plants, it is also necessary to determine the absence of
the virus in irrigation water, hydroponic solutions, sub-
strates for growing plants, on greenhouse structures,
containers and equipment, as well as in insect polli-
nators and biological control objects.

The severity of PepMV symptoms on tomato plants
varies from mild to severe depending on the severity
of the PepMV strain, the age and variety of the toma-
to, and growing conditionS. The first symptoms usu-
ally appear 2—-3 weeks after infection. Early symptoms
appear on the upper parts of affected plants with the
formation of light green, thin or needle-like leaves and
stunted growth. Then the leaves develop mosaic, yel-
low angular spots, mild interveinal chlorosis and de-
formations (Fig. 1-2). Necrosis may develop on shoots
and flowers, affecting the development of flowers and
fruitS. Severely affected plants become stunted and of
irregular shape (EPPO, 2024).

Tomato fruits typically develop yellow-red mosaic
patterns (marbling) as a result of PepMV infection (Fig.
3), resulting in uneven fruit ripening. Fruit cracking,
deformation and necrotization are sometimes observed
(EPPO, 2024). Co-infection of plants with PepMV and
TSWYV increases the intensity of symptoms (Fig. 4).

MATERIALS AND METHODS

In experiments to test the diagnosis of PepMV, iso-
lates of this virus were used PV-0554, PV-0577, PV-
0578, PV-0632, PV-0674, PV-0716, PV-0730, PV-
0750, PV-0751, PV-0973, PV-0975, PV-1022, PV-1110
u PV-1125 (all - DSMZ, Germany), positive controls for
PepMV ELISA from Adgen (UK), Bioreba (Switzerland)
and Loewe (Germany), as well as potexvirus isolates:
potato X (PVX PV-0014, PV-0020, PV-0847), Clover yel-
low mosaic virus (CIYMV PV-0851), Cymbidium mo-
saic virus (CymMYV, PV-0334), Hydran-
gea ringspot virus (HRSV, PV-0372),
Potato aucuba mosaic virus (PAMV,
PV-0007) and Alternanthera mosaic
virus (AltMV, PV- 0849) (all - DSMZ,
Germany).

RNA isolation of the studied vi-
ruses was carried out with a set of Pro-
ba-NK reagents (Agrodiagnostica, Rus-
sia), according to the manufacturer’s
instructions.

Synthesis of complementary DNA
was carried out using reagent Kkits for
reverse transcription from Agrodiag-
nostica and Evrogen (both from Rus-
sia), according to the attached instruc-
tions.

PCR testing to detect PepMV was
carried out with the primers present-
ed in Table 1.
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Ha miopax TomaTa B pe3yibTaTe 3apakeHus Pep-
MYV, kak rmpaBuJio, pa3BUBAITCS XKEJITO-KPaCHbIE MO-
3aMYHbIE Y30PbI (MPaMOPHOCTH) (Puc. 3), YTO IPUBO-
IUT K HePaBHOMEPHOMY CO3peBAHUIO0 IJI00B. UHOTIA
HabJirogaeTcs pacTpecKUBaHUeE TLIONOB, UX Aedopma-
nusa v HekpoTusanus (EPPO, 2024). CoBMecTHOe 3apa-
JKeHUe pacTeHUI BUpPyCcaMU MO3anKHy renuHo (PepMV)
¥ MSATHUCTOTO yBsAmaHus Tomara (TSWV) ycunuBaet
WHTEHCUBHOCTD IPOSBJIEHNSI CUMITOMOB (Puc. 4).

MATEPUAJIbBI U METO/IbI

B skcrmepmMeHTax 1o 0TpaboTKe AUarHOCTUKY BUPY-
ca Mo3auKu IenuHo (PepMV) KCITOTb30BaIN U30JISIThI
3TOro Bupyca PV-0554, PV-0577, PV-0578, PV-0632,
PV-0674, PV-0716, PV-0730, PV-0750, PV-0751,

The following reagent kits were used to carry out
PCR:

Dream TaqGreen PCR Master Mix (Thermo-
Scientific, USA); 5x MasPPMix-2025; 2,5x
MasCFETagMIX-2025 (both — Dialat, Russia); Screen
Mix; Screen Mix-HS; One Tube RT-PCR SYBR,
gPCRmix-HS, gPCRmix-HS SYBR + High ROX (all -
Evrogen, Russia).

RESULTS AND DISCUSSION

The purpose of the research was to search for primers
that allow universal detection of isolates of all PepMV
strains, and primers that allow highly specific deter-
mination of the strain affiliation of detected isolates of
this virus.

Ta6J1. 1. XapaKTepuCcTHKa NPaiiMepoB, UCII0JIb3yeMbIX AJid NpoBeaeHus I[P

Ha HAJINUHe BUPYCOB

Table 1. Characteristics of primers used for PCR for viruses

HasBanue npaiimepa IlociezoBaTeIbHOCTD 5’3’

IIpoaykT (1.H.) ABTOP

Primer name Sequence 5’3’ Product (bp) Author
PepMVCH2CPF GTTTTCCTCAATTGTGAAAT
855 Ling etal., 2013
PepMVCH2CPR TTTTTTTTTTATTTAGTAGATTTAGATAC
PepMVEUCPF GTTTTCCTAAATTTGAAAAT )
839 Lingetal., 2013
PepMVEUCPR ATTTCAAAGAAATAATTAGG
PepMVUS1CPF GTTTTCCTAGTGTTTGAAA
846 Ling et al., 2013
PepMVUS1CPR AAATTACAAAAGCAATTTATTG
PepTGB-F CAC ACC AGA AGT GCT TAAAGC A
845 Mumford, Metcalfe, 2001
PepUTR-R CTC TGA TTAAGT TTC GAC TG
Pep3 ATGAGGTTGTCTGGTGAA
624 Souiri et al., 2017
Pep4 AATTCCGTGCACAACTAT
PepCP-D CAC ACC AGA AGT GCT TAAAGC A
845 Pagan et al., 2006
PepCP-R CTC TGA TTA AGT TTC GAG TG
pepF2 AAACAATTTAACTCAACTATG
750 Candresse et al., 2010
pepR TGATTAAGTTTCGAGTGTTTA
PepMV CP-7F CCCATCAGATGCACCACCAA Pa3zpaboTaHbl B paMKaXx JaHHOTO
6380 ncciefOBaHUa
PepMV CP-2R CAGGAGGTGCATCAATTGCG Developed as part of this study
Eur-rep F TGGGTCAAGAAAGTGGAAAAATTAG
Eur-repR TGCATGAAAGCTGCAATGGT 71 Gutierrez-Aguirre et al., 2009
Eur-rep P FAM-TGCTGTCAAGTCAAAGCCTGGCCA -BHQ1
Ch2-US2-cp F TGGGTTTAGCAGCCAATGAGA
Ch2-US2-cp R AACTTTGCACATCAGCATAAGCA 72 Gutierrez-Aguirre et al., 2009
Ch2- US2-cp P FAM-CGGACCTGCCATGTGGGACCTC-BHQ1
US1-cpF AGCGCGTGCTTATGCTGAT
US1-cpR CGTGAGAGTGCTGGATTTGAAG 81 Gutierrez-Aguirre et al., 2009
US1-cp P FAM-CCGCACAACTCATAGGTGCCACCC - BHQ1
KL05-48 F1 ACTCCTAGAGCTGACCTCAC
KL05-49 F2 ACTCCTAGAGCTGATCTTAC
Ling et al., 2007;
KL05-51 R1 TCTCCAGCAACAGGTTGGTA 107 EPPO, 2013
KL05-52 R2 TCACCTGCAACTGGTTGATA

KL05-50 probe

FAM-TGTCAGCTTGCATTTACTTCC AAA - BHQ1
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PV-0973, PV-0975, PV-1022, PV-1110 u PV-1125
(Bce — DSMZ, l'epMaHus), IIOJIOXKUTEIbHbIE KOHTPOJIN
nis A k PepMV upm Adgen (BernkobpuTaHus),
Bioreba (IliBetirtapus) u Loewe (TepMaHus), a TaKxKe
M30JIAThI TTIOTEKCBUPYCOB: X KapTodesns (PVX PV-0014,
PV-0020, PV-0847), )xkenToi Mo3auku Kiesepa (CIYMV
PV-0851), mozauku numbuguyma (CymMYV, PV-0334),
KOJIbIIEBOM NATHUCTOCTU ropTeHsuu (HRSV, PV-0372),
ayky6a mozauku kaptodens (PAMV, PV-0007) u mo-
3aUKu ajabTepHaTepsl (AltMV, PV-0849) (Bce — DSMZ,
T'epMaHU).

Boipenenve PHK n3yyaeMbIX BUPYCOB IIPOBOLU-
Jiv ¢ HabopoM peareHToB [1poba-HK (ArpoguarHocTu-
Ka, Poccus), COTJIaCHO MHCTPYKIIMY (UPMBbI-TTPOU3BO-
IUTeJS.

CuHTe3 koMILIeMeHTapHoU JHK mpoBomuiu
c HabopaMu peareHTOB AJis 06paTHON TPAHCKPUIIIIUU
¢upm Arponmaraoctuka 1 EBporen (o6e — Poccus), co-
TJIaCHO IPUJIaraeMbIM UHCTPYKITUSIM.

OtpaboTky TP mjs BRISBIEHUS BUPyca MO3au-
Ky menrHO (PepMV) mpoBOIWIIY C IpaliMepaMH, IIpe-
CTaBJIEHHBIMU B Tabyuie 1.

Jua npoBegenuda INP ucnonb3oBasu cienyro-
e Habopbl peareHTOoB:

Dream TaqGreen PCR Master Mix (Thermo-
Scientific, CIIDA); 5x MasP’Mix-2025; 2,5x
Mas‘F*TagMIX-2025 (o6a — Ouajat, Poccus); Screen
Mix; Screen Mix-HS; One Tube RT-PCR SYBR,
gPCRmix-HS, gPCRmix-HS SYBR + High ROX (Bce —
EBporeH, Poccus).

PE3VJIBTATBI U OBCYXKIEHHNE

LlesibI0 TPOBOAVMBIX UCCIENOBAHUN ABJISJIICS IIOUCK
IpaiiMepoB, MO3BOJISIOIIUX OCYIIECTBIISATh YHUBED-
CaJIbHOE BBISIBJIEHUE U30JIATOB BCEX IIITAMMOB BUPyCa
MO3auKU IEeNWHO, U TPaMepPOB, MTO3BOJISIOIINX IPO-
BOJIUTh BBICOKOCITEIM(PNYHOE OIIpe/iesIeHre IITaMMO-
BOM IPUHAJJIEKHOCTY BBISIBJISIEMBIX U30JIITOB 3TOTO
BUDpYyCa.

Ha nmepBoM aTamne paboThl GbLI0 ITPOBEIEHO OIIpe-
JIejieHUe MITaMMOBOW NPUHAJIEXHOCTU 14 U30J-
TOB PepMV u3 kosuiekuu DSMZ 1 MOJIOXKUTEJIbHBIX
KoHTpoJel nysg DA k PepMV pupm Adgen, Bioreba
u Loewe c ucroJib3oBaHueM rpatrimepo PepMVEUCPF/
PepMVEUCPR, PepMVUS1CPF/PepMVUS1CPR u Pep-
MVCH2CPF/PepMVCH2CPR (Ling et al., 2013), pas-
paboTaHHBIX AJS BbIIBJeHMS mTamMMoB EU, US-1
u CH-2, COOTBETCTBEHHO. JKCIIEPUMEHTBI [IPOBOLU-
JIv ¢ HabopoM peareHTOB 5x Mas‘**Mix-2025 GpupmMbl
Iuanart. JIJis ToIaBJISIONIEeTro O0JIbIINHCTBA TUX U30-
JIITOB LITaMMOBAas NMPUHAJIEKXHOCTD He U3ydajach
(Shneyder et al., 2016).

B skcmepuMeHTe ¢ nipatimepamu PepMVEUCPF/
PepMVEUCPR cnenuduuyHble IPOAYKTHI IJIaHUPYeE-
MOM BeJIMYMHBI ObLIY TTOJTyYEHBI JJIsT U30JIITOB PepMV
PV-0554, PV-0577, PV-0578, PV-0674, PV-0751,
PV-0973, PV-1110, PV-1125 1 IOJIO)KUTEJIbHBIX KOH-
TpoJeit gyst UPA k PepMV ¢upm™m Bioreba u Loewe
(puc.5a). Ous usonsara PepMV PV-0730 66110 T10JTY-
UeHO JBa NPOAYKTa aMIIUu(UKAIUY, a JJIs U30JIATa
PepMV PV-0750 — MHOTOUYUCJIEHHbBIE IIPOLYKTHI aM-
nauuUKaIny.

B skcnepuMeHTe ¢ mpaiiMmepamMu PepMVCH1CPF/
PepMVCH1CPR npoayKThl aMIIIX(PUKALUA OJIy4de-
HBbI 1J1g u30J19T0B PepMV PV-0730 u PepMV PV-0975
(puc.5h).

10 11 12 13 14 m 15 16 17 18 10 11 12 13 14 15 16 17 18

a) Mpaiimepbl b) Mpaiimepbl

PepMVEUCPF/ PepMVUS1CPF/
PepMVEUCPR PepMVUSI1CPR
(cneundunuHbIv NnpoayKT —  (cneuudUUHbIN NPOJYKT —
839 n.o.) 846 n.o.)

a) Primers PepMVEUCPF/  b) Primers PepMVUS1CPF/
PepMVEUCPR (specific PepMVUSI1CPR (specific
product - 839 bp) product - 846 bp)

*Mpumeuanue: O6pasubl (M3on5Tbl PepMV):

1 - PepMV PV-0554; 2 — PepMV PV-0577,

3 — PepMV PV-0578; 4 — PepMV PV-0632;

5 — PepMV PV-0674; 6 — PepMV PV-0716;

7 — PepMV PV-0730; 8 — PepMV PV-0750;

9 — PepMV PV-0751; 10 — PepMV PV-0973;

11 - PepMV PV-0975; 12 — PepMV PV-1022;

13 — PepMV PV-1110; 14 — PepMV PV-1125;

15 — nonoxuTenbHbin KOHTPoNb ans UDA k PepMV rpmbl
Bioreba; 16 — nonoxwuTenbHbii KOHTPonb ans DA k PepMV
thupmblAdgen; 17 — nonoxxuTenbHbIn KOHTponb ang MDA

K PepMV dupmbl Loewe; 18 — oTpuLaTenbHbIi KOHTPOsb (Boga).

*Note: Samples (isolates PepMV): 1 — PepMV PV-0554;
2 — PepMV PV-0577; 3 — PepMV PV-0578;

4 — PepMV PV-0632; 5 — PepMV PV-0674;

6 — PepMV PV-0716; 7 — PepMV PV-0730;

8 — PepMV PV-0750; 9 — PepMV PV-0751;

10 — PepMV PV-0973; 11 — PepMV PV-0975;

12 — PepMV PV-1022; 13 — PepMV PV-1110;

14 — PepMV PV-1125; 15 - positive control for PepMV ELISA
from Bioreba; 16 — positive control for PepMV ELISA
from Adgen; 17 — positive control for PepMV ELISA
from Loewe; 18 — negative control (water).

Puc. 5. Onpepenexue Fig. 5. Determination of
LUTaMMOBOM MPUHALNEKHOCTHU strain affiliation of reference
pedepeHTHbIX M30naTOB BUpyca PepMV isolates using
Mo3aunku nenuHo (PepMV) the primers PepMVEUCPF/
C ucnonb3oBaHWeM npanmepos  PepMVEUCPR
PepMVEUCPF/ PepMVEUCPR and PepMVUS1CPF/

1 PepMVUS1CPF/PepMVUS1CPR PepMVUSI1CPR

(Ling et al., 2013) (Ling et al., 2013)

At the first stage of the work, the strain identity of
14 PepMV isolates from the DSMZ collection and posi-
tive controls for PepMV ELISA from Adgen, Bioreba and
Loewe were determined using primers PepMVEUCPF/
PepMVEUCPR, PepMVUS1CPF/PepMVUS1CPR and
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B ombeiTe ¢ mpaiimepamu PepMVCH2CPF/
PepMVCH2CPR ni4g 11esioro psgpa U30J9TOB TaKxXe
Habawganoch o6pazoBaHre PA3JIMYHBIX TPOAYKTOB
ammnudukanuu. OfHaKO GOJNBUIMHCTBO ITUX MIPO-
OYKTOB 6bLIN BeJIMUMHOU okoJyio 800 11.0., TOTIA KaK
cnenuUIHBIN TPOAYKT IJIS STUX ITPalMEpPOB J0J-
JKeH cocTaBJyisATh 549 1.0. Haubonee NHTEHCUBHBIN
TIOJIOKUTEJNbHBIM CUTHAJ MMeJ MECTO [IJIs N30JISITOB
PepMV PV-0632, PV-0716, PV-1022, PV-11125 u mo-
JIOXKUTENBHOT0 KOHTPOJIA 11t UDPA hupmbr Adgen (pe-
3yJIbTAThI HE TOKA3aHbI).

Pe3ysibTaThl IPOBEIEHHBIX YKCIIEPUMEHTOB I10-
3BOJIAIOT OTHECTU U30J4Thl DSMZ PepMV PV-0554,
PV-0577, PV-0578, PV-0674, PV-0751, PV-0973,
PV-1110, PV-1125 1 ITOJI0XKUTEJIbHBIX KOHTPOJIEH IS
VA k PepMV ¢upm Bioreba u Loewe k mTammy EU,
a u3onart PepMV PV-0975 — k mrammy CH1/US1. Inis
nsojugara PepMV PV-0730 MOXXHO ITPEAIION0XUTE Ha-
Judre cMelmaHHou ek mraMmoB EU u CH1/
US1. He 6ply1a oTipefiesieHa TOYHAas IITaMMOBAasI TIPU-
HaIJIe)KHOCTh U30J4TOB DSMZ PepMV PV-0632,
PV-0716, PV-0750, PV-0975, PV-1022 1 ITOJIOKUTEJb-
HOTO KOHTpOJs 1151 DA k PepMV pupmbl Adgen. Beu-
Iy OTCYTCTBUS PEAKIIUU STUX U30JISITOB C IIpaliMepa-
mMu PepMVEUCPF/PepMVEUCPR u PepMVUS1CPF/
PepMVUS1CPR 1 Ha/in4u4 MOJIOXKUTEJBHOI'O CUTHAJIA
c mpaiimepamu PepMVCH2CPF/ PepMVCH2CPR, M0X-
HO MPEATIONOXUT UX MPUHAJIEKHOCTD K IITAMMY
CH2/US2.

LlesIbI0 MOCJENYIOIINX SKCIIEPUMEHTOB SBJIS-
JIOCh ONpeJesieHre MITaMMOBOU CIelU(pUUYHOCTHU
npatimepoB PepMV CP-7F/PepMV CP-2R, paspabo-
TAHHBIX B PAMKAaX JAaHHOTO MCCJIEeNO0BAHMS, & TAKXKe
npariMepoB u3 nybaukanuii PepTGB-F/PepUTR-R
(Mumford, Metcalfe, 2001), PepCP-D/PepCP-R (Pagan
et al., 2006), pepF2/pepR (Candresse et al., 2010)
u Pep3/Pep4 (Souiri et al., 2017). Ha ipefBapuUTeIb-
HOM 3Tare paboThl 6bLJIa yCTAHOBJIEHA MTPUHIIUIIN-
aJibHas BO3MOXXHOCTb UCITOJIb30BAHYS BCEX IISITH WC-
TIBITYEeMBIX TIap IpaliMepoB ¢ HabopaMu peareHTOB
DreamTaq Green PCR Master Mix (ThermoScientific),
5x MasDDTagMix-2025 (Ouanat) u ScreenMix-HS
(EBporeH) (pesynbTaThl He ITOKa3aHbl). [lociemyolye
9KCIIePUMEHTHI TIPOBOAWIIY C HAOOPOM pPeareHTOB 5X
MasDDTagMIX-2025 u nBymMa BapuaHTaMU CUHTe-
3a kJIHK.

JIl7g TpOBeleHUsI TECTOB CO BCEMU HCITBITyeMbI-
MU [TapaMu IIpaiMepoB KOHCTATUPOBAHO OJHO3HAY-
HOE€ IIPeuMylecTBO ucrojab3oBanug KJIHK, cuuTesu-
poBaHHOI Habopom peareHToB MMLV RT Kit hupMBbl
EBpOreH 1o CpaBHEHUI ¢ HA6OPOM peareHTOB [JIs
06paTHOM TPaHCKPUNIIUY PUPMbI ATPOIUATHOCTUKA
(pes3ynbTaThl He MOKa3aHbl). [l BCeX UCIIBITYEMBIX
rap ImpaMepoB He HaOJII0AAI0Ch HecItelnuIHoM pe-
aKIIMY C U30JISITAMU HELEeJIEBBIX IOTEKCBUPYCOB XKeJ-
TOM Mo3auku kjiepepa (CIYMV), Mo3auKy IIUMOUIM-
yMa (CymMYV), KOJIbIleBOM MATHUCTOCTU TOPTEH3UU
(HRSV), Mmozauku anbTepHaTeps! (AItMV), aykyba Mo-
3auku kaptodens (PAMV) u X kaptodens (PVX), uTo
CBUJETENIbCTBYET 06 MX BBICOKOU CIIEIU(DUIHOCTHI
K PepMV. Bce mmpaiMepbl pearupoBaJiv C BAKIITUHHBIM
npenaparoM V10 (Valto, HumepiaHabl), KOTOPBIN CO-
IEPXXUT CMeCh CJIaboIaTOreHHbIX U30JIITOB PepMV
mraMmMoB EU u CH2 (puc. 6).

[To pe3ysbTaTaM IPOBELEHHBIX 3KCIIEPUMEH-
TOB YCTAaHOBJIEHA BO3MOXXHOCTh MCIIOJIb30BAHUS

PepMVCH2CPF/PepMVCH2CPR (Ling et al., 2013), de-
signed to detect strains EU, US-1 and CH-2, respective-
ly. Experiments were carried out with a set of reagents
5x MasCFEMix-2025 by Dialat. For the vast majority of
these isolates, strain affiliation was not studied (Shn-
eyder et al., 2016).

In the experiment with primers PepMVEUCPF/
PepMVEUCPR, specific products of the expected size
were obtained for PepMV isolates PV-0554, PV-0577,
PV-0578, PV-0674, PV-0751, PV-0973, PV-1110,
PV-1125 and positive controls for PepMV ELISA from
Bioreba and Loewe (Fig. 5a). Two amplification pro-
ducts were obtained for the PepMV PV-0730 isolate,
and multiple amplification products were obtained for
the PepMV PV-0750 isolate.

In the experiment with primers PepMVCH1CPF/
PepMVCH1CPR, amplification products were obtained
for isolates PepMV PV-0730 and PepMV PV-0975
(Fig. 5b).

In experiments with primers PepMVCH2CPF/Pep-
MVCH2CPR for some isolates, the formation of various
amplification products was also observed. However,
most of these products were around 800 bp in size,
whereas the specific product for these primers should
be 549 bp. The most intense positive signal was ob-
served for PepMV isolates PV-0632, PV-0716, PV-1022,
PV-11125 and the positive control for the Adgen ELISA
(results not shown).

The results of the experiments allow us to clas-
sify the DSMZ PepMV isolates PV-0554, PV-0577,
PV-0578, PV-0674, PV-0751, PV-0973, PV-1110, PV-
1125 and positive controls for ELISA as PepMV from
Bioreba and Loewe to the EU strain, and the PepMV
isolate PV-0975 to the CH1/US1 strain. For the PepMV
isolate PV-0730, a mixed infection of the EU and CH1/
US1 strains can be assumed. The exact strain affilia-
tion of the DSMZ PepMV PV-0632, PV-0716, PV-0750,
PV-0975, PV-1022 isolates and the positive control
for ELISA to PepMV from Adgen was not determined.
Due to the lack of reaction of these isolates with prim-
ers PepMVEUCPF/PepMVEUCPR and PepMVUS1CPF/
PepMVUS1CPR and the presence of a positive signal
with primers PepMVCH2CPF/PepMVCH2CPR, it can be
assumed that they belong to the CH2/US2 strain.

The purpose of subsequent experiments was to
determine the strain specificity of the PepMV CP-7F/
PepMV CP-2R primers developed as part of this study,
as well as primers from the publications PepTGB-F/
PepUTR-R (Mumford, Metcalfe, 2001), PepCP-D/PepCP-
R (Pagan et al., 2006), pepF2/pepR (Candresse et al.,
2010) and Pep3/Pep4 (Souiri et al., 2017). At the prelimi-
nary stage of the work, the fundamental possibility of us-
ing all five tested primer pairs with the DreamTaq Green
PCR Master Mix (ThermoScientific), 5x MasDDTaq-
Mix-2025 (Dialat) and ScreenMix-HS (Evrogen) reagent
kits was established (results not shown). Subsequent
experiments were carried out with a set of reagents 5x
MasDDTaqMIX-2025 and two options for cDNA synthesis.

To carry out tests with all the tested primer pairs,
there was a clear advantage of using cDNA synthesized
with the MMLV RT Kit reagent kit by Evrogen compared
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npatimepoB PepCP-D/PepCP-R (Pagan et al., 2006) mis to the reverse transcription reagent kit by Agrodiag-
YHUBEPCAJIbHOI'O BBIIBJIEHUSI U30JITOB BCEX IITaM- nostica (results not shown). For all the primer pairs
MOB PepMV. [lng npaiiMmepoB PepTGB-F/PepUTR-R tested, no nonspecific reaction was observed with iso-
(Mumford, Metcalfe, 2001) xapakTepHa peakIiius lates of the non-targeted potexvirus isolates of CIYMV,
co mramMmMaMu Peruviav, EU u CH2, HO OTCYTCTBYeT pe- CymMYV, HRSV, AltMV, PAMV and PVX, indicating their
akims co mramMmmoM CH1/US1. ITpaiimepsl Pep3/Pep4 high specificity for PepMV. All primers reacted with
(Souiri et al., 2017) pearupoBaJiu JHUIIb C U30JITaMU the vaccine preparation V10 (Valto, the Netherlands),
mramma EU. Ing npatiMmepoB PepMV CP-7F/PepMV which contains a mixture of weakly pathogenic PepMV
CP-2R (HMOB BHUUMKP) u pepF2/pepR (Candresse et isolates of strains EU and CH2 (Fig. 6).

al., 2010) ycTaHOBJI€HA ITPENMYIIECTBEHHAS PeaKIUs Based on the results of the experiments, the possi-

bility of using primers PepCP-D/PepCP-R
(Pagan et al., 2006) for universal detec-
tion of isolates of all PepMV strains was
= established. The PepTGB-F/PepUTR-R
primers (Mumford and Metcalfe, 2001)
are characterized by a reaction with the
Peruviav, EU, and CH2 strains, but there
is no reaction with the CH1/US1 strain.
Pep3/Pep4 primers (Souiri et al., 2017)
reacted only with EU strain isolateS. For
primers PepMV CP-7F/PepMV CP-2R
(NMOV VNIIKR) and pepF2/pepR (Can-
dresse et al., 2010), a preferential reac-
a) Mpaiimepbl PepTGB-F/PepUTR-R  b) Mpaiimepbl Pep3/Pep4 tion with PepMYV isolates of strain CH2
a) Primers PepTGB-F/PepUTR-R b) Primers Pep3/Pep4 was established, but the possibility of

8§ M 9 1011 12 13 14 13 16 23 4 5 5 7 % s 9 10 11 12 13 14 15 16 23R L 5 6 7 M 9 10 11 12 13 14 15 16
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c) Npaiimepbl PepCP-D/PepCP-R d) Npaitmepbl pepF2/pepR e) Mpaiimepbl PepMV CP-7F/PepMV CP-2R
c) Primers PepCP-D/PepCP-R d) Primers pepF2/pepR e) Primers PepMV CP-7F/PepMV CP-2R

06pasubl: 1. PepMV pv-0554 (EU/ Peruvian); 2. PepMV PV-0577 (EU); 3. PepMV PV-0578 (EU);

4. PepMV PV-0632 (CH2); 5. PepMV PV-0674 (EU); 6.PepMV PV-0716 (CH2); 7. PepMV PV-0730 (EU + CH1);
8. PepMV PV-0750 (EU); 9. PepMV PV-0751 (EU); 10. PepMV PV-0973 (EU); 11. PepMV PV-0975 (CH1/US1);
12. PepMV PV-1022 (CH2); 13. PepMV PV-1110 (EU); 14. PepMV PV-1125 (EU); 15. PepMV (BakumHa V10);
16. Tomar (c/n 34958435); 17. Tomat (c/n 34958436); 18. TomaT (c/n 34958437); 19. PVX PV-0014;

20. PVX PV-0020; 21. PVX PV-0847; 22. CIYMV PV-0851; 23. CymMV PV-0334; 24. HRSV PV-0372;
25.AltMV PV-0849; 26. PAMV PV-0007; 27-29. — oTpuuaTebHbIi KOHTPOIb (BOAaA);

30. NONIOXUTENBHbIV KOHTPOJIb (CMech n3onatoB PepMV); 31. PepMV (BakuuHa V10).

Samples: 1. PepMV pv-0554 (EU/ Peruvian); 2. PepMV PV-0577 (EU); 3. PepMV PV-0578 (EU);

4/ PepMV PV-0632 (CH2); 5. PepMV PV-0674 (EU); 6.PepMV PV-0716 (CH2); 7. PepMV PV-0730 (EU + CH1);
8. PepMV PV-0750 (EU); 9. PepMV PV-0751 (EU); 10. PepMV PV-0973 (EU); 11. PepMV PV-0975 (CH1/US1);
12. PepMV PV-1022 (CH2); 13. PepMV PV-1110 (EU); 14. PepMV PV-1125 (EU); 15. PepMV (vaccine V10);
16. Tomato (s/p 34958435); 17. Tomato (s/p 34958436); 18. Tomato (s/p 34958437);

19. PVX PV-0014; 20. PVX PV-0020; 21. PVX PV-0847; 22. CIYMV PV-0851; 23. CymMV PV-0334;

24. HRSV PV-0372; 25.AltMV PV-0849; 26. PAMV PV-0007; 27-29. — negative control (water);

30. positive control (mixture of PepMV isolates); 31. PepMV (vaccine V10).

Puc. 6. OnpepeneHve cneunYHOCTY NATKU Nap nNpaiMepos Fig. 6. Determination of the specificity of five pairs of
Kk PepMV c ucnonbsosaHvem kAHK, cuHTesmpoBaHHoi Habopom  primers to PepMV using cDNA synthesized with a reagents
peareHToB A4na 06paTHOM TpaHcKpunuun hupm EBporeH kit for reverse transcription by Evrogen (top row of gels)

(BepxHUi psp reneit) 1 ArpoguarHocTuka (HUXKHUIA psp, renen) and Agrodiagnostica (bottom row of gels)
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Ta6J1. 2. BeIABJI€HUE U30JIATOB PAa3JIMYHBIX IITAMMOB PepMV MeTOZ0M 2-3TaITHOM
OT-PLIP-PB c npaiimepamu KL05-48 F1/KL05-49 F2/KL05-51 R1/KL05-52 R2
¥ 30H70M KL05-50 probe (Ling 2007)

Table. 2. Detection of isolates of various PepMYV strains by 2-step RT-RTR-RT with primers
KL05-48 F1/KL05-49 F2/KL05-51 R1/KL05-52 R2 and probe KL05-50 probe (Ling 2007)

P TTI— Ne  HasBauue o6pasua uk 9 pexTHBHOCTD
- n/m Sample name Cycle Efficiency

U S, 1 PepMV DSMZ PV-0674 EU 12,17 29,67

ss 000 2 PepMV DSMZ PV-0578 EU 14,53 30,97

o 3 PepMV DSMZ PV-0973 EU 14,50 30,57

St bk L LA 4 PepMV DSMZ PV-0730 EU+US1 15,36 32,85

s 5 PepMV DSMZ PV-1022 CH2 16,43 31,17

o 6 PepMV DSMZ PV-0554 EU 15,13 29,22

w0000 7 PepMV DSMZ PV-0716 CH2 14,20 34,09

PepMV (TomM-1 BHUKKP) CH2
PepMV (TomM-1 VNIIKR) CH2
9 K- >=40

MNpumeuaHve — Habop ons BoigeneHus PHK — MNpob6a HK (Arpo[lnarHoctuka),
cuHTes kKAHK — Habopom MMLV RT kit (EBporeH), MLP-PB — c Habopom peareHToB
5xMas‘FfTaqMIX-2025 (duanaT); pexxum amnandmkaumn:

95°C — 10 MuH, 40 umknos (95°C — 15 cek, 60°C — 1 MUH).

Note — RNA isolation kit — Proba-NK (Agrodiagnostica),

cDNA synthesis — with MMLV RT kit (Evrogen), RT-PCR — with a reagents kit
5xMas‘FETaqMIX-2025 (Dialat); amplification mode: 95°C — 10 min,

40 cycles (95°C — 15 sec, 60°C — 1 min).

8 9,43 29,85

Ta6.1. 3. OnpenesieHue mraMMmcaenuUIHOCTH MpaiiMepoB

¥ 30H10B Eur-rep F/Eur-rep R/Eur-rep P, Ch2-US2-cp F/Ch2-US2-cp R/Ch2-US2-cp P
u US1-cp F/US1-cp R/US1-cp P (Gutierrez-Aguirre et al., 2009)

Table 3. Determination of strain specificity of primers

and probes Eur-rep F/Eur-rep R/Eur-rep P, Ch2-US2-cp F/Ch2-US2-cp R/Ch2-US2-cp P
and US1-cp F/US1-cp R/US1-cp P (Gutierrez-Aguirre et al., 2009)

Cq B 9KCIIepUMEHTAaX C MpaiiMepamMu:
Cq in experiments with primers:

e N30Tl PepMV

n/u PepMV isolates a) Eur-rep 6) Ch2-US2-cp B)US1-cp
1 PV-0554 (Eu/Peru) 20,16 0,00 0,00
2 PV-0577 (Eu) 18,24 0,00 0,00
3 PC-0578 (Eu) 21,00 0,00 0,00
4 PV-0632 (Ch2) 0,00 14,34 0,00
5 PV-0674 (Eu) 18,48 0,00 0,00
6 PC-0716 (Ch2) 0,00 13,97 0,00
7 PV-0730 (EU+CH1/US1) 19,57 0,00 38,19
8 PV-0750 (Eu) 19,88 0,00 31,85
9 PV-0751 (Eu) 16,98 27,34 0,00
10 PV-0973 (Eu) 18,04 28,17 34,17
11 PV-0975 (Ch1/Us1) 0,00 38,49 11,27
12 PC-1022 (Ch2) 0,00 12,34 27,91
13 PV-1110 (Eu) 17,76 0,00 27,62
14 PV-1125 (Eu) 25,11 0,00 0,00
15 K- (Boga) 0,00 0,00 0,00

*Mpumeuanue: BoigenerHve PHK — Mpoba-HK (ArpogmarHoctuka),

cuHTes kKAHK — MMLV RT Kit (EBporeH), MLP-PB — gPCRmix-HS (EBporeH).

* Note: RNA isolation — Proba-NK (Agrodiagnostica), cDNA synthesis — MMLV RT Kit (Evrogen),
RT-PCR — gPCRmix-HS (Evrogen).
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c uzosgtamu PepMV mtamma CH2, HO KOHCTaTUPOBa-
Ha Tak)ke BO3MOXXHOCTb PEAKIINU C OTAEeJIbHBIMU U30-
agaramu mrammoB EU u CH1/US1 (Puc. 2).

BBIJIO OATBEPXKAEHO TaKXXe, UYTO MpariMepsl
KL05-48 F1/ KL05-49 F2/ KL05-51 R1/ KL05-52 R2
u 30H], KL.0O5-50 probe (Ling et al., 2007), pekoMeH/y-
eMble B IMarHoCTU4YeCcKoM rnpoTtokoje EOK3P PM PM
7/113 (1) (EPPO, 2013), II03BOJISIOT JUATrHOCTHUPOBATD
M30JIATHI BCeX OCHOBHBIX IITaMMOB PepMV (Tabniu-
na 2).

Ha 3akamouuTebHOM 3Tare paboThl OBLIO IPO-
BeIeHO HCIIbITaHVe MpaliMepoB M 30HAO0B Eur-rep
F/Eur-rep R/Eur-rep P, Ch2-US2-cp F/Ch2-US2-cp
R/Ch2-US2-cp P u US1-cp F/US1-cp R/US1l-cp P
(Gutierrez-Aguirre et al., 2009), pazpaboTaHHbIX B Vc-
TaHWU IJIs BBIIBIEHUSA 1 AuddepeHIInaAUY MTaM-
MoB EU, CH2 u CH1/US1 PepMV MmeTomom TagMan
OT-IILIP-PB. 9KCIIepUMEeHThI IPOBOLUIN C HAaO0POM
pearenToB qPCRmix-HS (EBporeHn) u kJHK, cuHTe3u-
poBaHHOU Ha6opoM MMLV RT Kit (EBporen).

YcTaHOBJIEHA BBICOKAS MITAMMCHEIIN(UUYHOCTD
npaiiMepoB u 30H1Ia Eur-rep F/Eur-rep R/Eur-rep P,
KOTOPbIE€ pearupoBaju JIMIIb C U30JI9TaMU IITAMMOB
EU/Peruvian (tabuauta 3).

B skcmepuMeHTe C npadiMepaMu U 30HIOM
Ch2-US2-cp F/Ch2-US2-cp R/Ch2-US2-cp P, Hapsany
C TIOJIOXKUTEJIbHBIM CUTHAJIOM JIJIST U30JISITOB IITaM-
ma CH2, mabiromansach Tak)ke peakiius C OTAebHbI-
mu usossaramu mrammoB EU u Ch1/Us1. TTpatiMepst
u 30H1 US1-cp F/US1-cp R/US1-cp P Takke pearu-
pOBaJI He TOJBKO C M30JIITAMHU 11€JIeBOT0 IMITaMMa
CH1/US1, HO U C HEKOTOPBIMU U30JITaMU LITAMMOB
EU u CH2 (tabauiia 3). He uckaUYeHa BO3MOXKHOCTD,
4YTO HEKOTOPbIe U30J4Thl PepMV DSMZ nipencraBiisi-
0T co60l cMelTaHHYI0 UH(PEKIIUI0 HITaMMOB 3TOTO
BUpYyca.

3AKJ/IIOYEHUE

[IpoBemeHO UCIIbITaHKE 13 map IpaMepoB IJis BbI-
SIBJIEHUS BUPYyCca MO3auky nenuHo (PepMV) B paziaud-
HbIX hopmaTax OT-TILP. YcTaHOBJIEHO, UTO ITpaliMephbl
PepCP-D/PepCP-R (Pagan et al., 2006) u Pep5383F/
Pep5584R (Groen Agro Control Lab), a Tak:ke mpaiime-
pe1 KL0O5-48 F1/KL05-49 F2/KL05-51 R1/KL05-52 R2
¢ 3ou70M KL0O5-50 probe (Ling et al., 2007) 1103BOJISIOT
OCYIIECTBJISITh YHUBEPCAJIbHOE BBISBJIEHUE U30JISITOB
Bcex mTaMMOB PepMV. [Ijist mpatiMepoB 1 30H1a Eur-
rep F/Eur-rep R/Eur-rep P (Gutierrez-Aguirre et al.,
2009) u mpaiiMmepoB Pep3/Pep4 (Souiri et al., 2017)
YCTAHOBJIEHO HAJUUWe BBICOKOU CIelu(pUIHOCTU
k mramMmaMm Eu/Peruvian satoro Bupyca. Koncratu-
poBaHa HEOO6XOIMMOCTh JAJIbHEHUIIero CKpUHUHTA
IpaMepPOoB JJIsI BBICOKOCIIEIU(DUYHOTO OTIpeeIeH U
mramMmMoB CH1/US1 u CH2 PepMV. OnipeneneHa mram-
MoOBad MPUHAJIEKHOCTD Psia U30J9TOB BUpyca MO3a-
VKU TIETINHO 13 KoJIIeKIuyu DSMZ.
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reaction with individual isolates of strains EU and CH1/
US1 was also stated (Fig. 2).

It was also confirmed that the primers KL05-48
F1/ KL05-49 F2/ KL05-51 R1/ KL05-52 R2 and the
KL05-50 probe (Ling et al., 2007), recommended in
the EPPO PM PM 7/113 diagnostic protocol (1) (EPPO,
2013), allow the diagnosis of isolates of all major Pep-
MV strains (Table 2).

At the final stage of the work, primers and probes
Eur-rep F/Eur-rep R/Eur-rep P, Ch2-US2-cp F/Ch2-
US2-cp R/Ch2-US2-cp P and US1-cp F were tested /
US1-cp R/US1-cp P (Gutierrez-Aguirre et al., 2009), de-
veloped in Spain for the detection and differentiation
of PepMV strains EU, CH2 and CH1/US1 using TagMan
RT-RT-PCR. Experiments were performed with the
gPCRmix-HS reagent kit (Evrogen) and cDNA synthe-
sized with the MMLV RT Kit (Evrogen).

High strain specificity of the primersand probe Eur-
rep F/Eur-rep R/Eur-rep P was established, which re-
acted only with isolates of EU/Peruvian strains (Table 3).

In the experiment with primers and probe Ch2-
US2-cp F/Ch2-US2-cp R/Ch2-US2-cp P, along with
a positive signal for isolates of strain CH2, a reaction
was also observed with individual isolates of strains EU
and Ch1/Us1. The primers and probe US1-cp F/US1-cp
R/US1-cp P also reacted not only with isolates of the
target strain CH1/US1, but also with some isolates of
strains EU and CH2 (Table 3). It is possible that some
PepMV DSMZ isolates represent a mixed infection of
strains of this virus.

CONCLUSION

Thirteen pairs of primers were tested for the detection
of pepino mosaic virus (PepMV) in various RT-PCR for-
matS. It was found that primers PepCP-D/PepCP-R (Pa-
gan et al., 2006) and Pep5383F/Pep5584R (Groen Agro
Control Lab), as well as primers KL05-48 F1/KL05-49
F2/KL05-51 R1/KLO5- 52 R2 with the KL05-50 probe
(Ling et al., 2007) allow universal detection of isolates
of all PepMV strainS. For primers and probe Eur-rep F/
Eur-rep R/Eur-rep P (Gutierrez-Aguirre et al., 2009) and
primers Pep3/Pep4 (Souiri et al., 2017), high specifici-
ty for Eu/Peruvian strains of this virus was established.
The need for further screening of primers for highly
specific determination of PepMV CH1/US1 and CH2
strains was stated. The strain affiliation of some Pep-
MV isolates from the DSMZ collection was determined.
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