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AHHOTALINA
Bupyc nmosocaToit Mmo3auku mmeHuIbl (Wheat streak
mosaic virus, unu Tritimovirus tritici; akpOHUM —
WSMV) aBisgeTcsa BPeIOHOCHBIM IaTOTE€HOM MIIEeHU-
IbI, KYKyPy3Bbl, 0BCa, IIPOCa, PXKU, COPro, TPUTUKAJIE,
STUMEHS ¥ MHOTOUVCJIEHHBIX BUJOB MHOTOJIETHUX 3J1a-
KOBBIX TpaB. [ToTepu ypoxkas MIIEHUIIEl B pe3yabTaTe
3apakeHusd 3TUM BUPYCcOM MOryT gocturatb 100%.
WSMV pacnpocTpaHseTcsd KOHTaKTHBIM CII0CO60M,
C ceMeHaMU U NUIeHWYHBIM 3aBUTYUIHBIM KJIEIIOM
Aceria tosichella Keifer. TToo)xeHre 06 OTCYTCTBUY 3TO-
T0 BUpyCa COEPXKUTCS B GUTOCAHUTAPHBIX TPpeboBa-
HUAX 16 CTpaH — UMIIOPTEPOB POCCUIHICKOM 3€PHOBOM
POAYKIN.

Inst pa3zpaboTKku MeTOAMYECKUX peKoMeHa-
LU 110 BBIIBJIEHUIO ¥ ugeHTuuKanuu WSMV 65110
IIPOBELIEHO UCIIBITaHME TPeX TecT-cuctem ajiaga UPA
Beymux (pupM-IIpou3BoAUTENIeH, YUeThIPEX TECT-CU-
cteM giig [P B «peanbHoM BpeMeHu» (OT-ITLIP-PB)
¥ BOCBMU ITap IIpaiMepoB MJis Kiraccudyeckoi OT-TILIP.
YcTaHOBJIEH NOCTAaTOYHO BBICOKWYM YPOBEHDb CIIEIU-
(buuyHOCTH K 1I€JIEBOMY O6BEKTY Y TECT-CUCTEM IS
N®A xk WSMV ¢dupm Agdia, DSMZ u Loewe. CoBmafe-
HUS pe3yJIbTaTOB CEPOJIOTUUECKUX TECTOB C TECT-CHU-
cremolt pupmer Agdia 1 pesysbTaTOB MOJIEKYISIPHBIX
TecToB cocTaBujio 90,5-100%, 4TO MO3BOJISIET PEKO-
MeHJIOBaTh JAHHYI TeCT-CUCTEMY [Jisl IPOBEJleHUS
CKPUHUHTOBBIX TeCTOB Ha Hajmuuue WSMV. YcTaHOB-
JIEHO, YTO HabGophl peareHToB AJs I1I[P-PB k WSMV
OTeUYeCTBEHHBIX PUPM-TIPOU3BOAUTEJIEN MOTYT OBITh
PEKOMEeHJ0BaHbI AJ IPOBEAEeHNSI CKPUHUHTOBBIX
TecTOB Ha Hanuuue WSMV npu npoBefeHUU Ppurto-
CAaHWUTApPHOTO MOHUTOPWHTA IIOCEBOB U AJIg aHaIu3a
CeMsH 3ePHOBBIX KYyJbTYD, IpeJHA3HAUYEHHBIX [JIs
UCIIOJIb30BaHUS BHYTpU Poccuiickoit demepanum. [[yis
aHaJIM3a 3ePHOBOY MPOAYKIIUYU, TpefHa3HAUeHHOU
ILJIS BKCTIOPTA, aJibTepHATUBOYN MeTony DA MoXeT
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ABSTRACT
Wheat streak mosaic virus, or Tritimovirus tritici; ac-
ronym — WSMYV, is a harmful pest of wheat, corn, oats,
millet, rye, sorghum, triticale, barley and numerous
species of perennial cereal grasses. It can lead to wheat
yield losses of up to 100%. WSMV is spread by con-
tact, seed and the wheat curl mite Aceria tosichella Keif-
er. 16 countries importing Russian grain products in-
clude the absence of this virus as a prerequisite in the
phytosanitary requirements.

To develop methodological guidelines for the de-
tection and identification of WSMV, three ELISA test
systems from leading manufacturers, four RT-PCR
test systems in “real time” (real-time RT-PCR) and
8 pairs of primers for classical RT-PCR were test-
ed. A sufficiently high level of specificity to the tar-
get object was established for the ELISA test systems
for WSMV from Agdia, DSMZ and Loewe. The coinci-
dence of the results of serological tests with the test
system of Agdia and the results of molecular tests was
90.5-100%, which allows us to recommend this test
system for screening tests for the presence of WSMV. It
was established that reagent kits for RT-PCR to WSMV
from Russian manufacturers can be recommended
for screening tests for the presence of WSMV during
phytosanitary monitoring of crops and for the analy-
sis of grain seeds intended for use within the Russian
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ABJIATBCSA TeCT B popmaTe omHosTarnmHOi OT-TIL[P-
PB c npatiMmepamMmu u 30oHg0M WSMV F1/WSMV R1/
WSMV P. Ing npoBefeHUS ITOATBEPKIAIOIINX TECTOB
Ha Hajguume WSMV oTpaboTaH ITPOTOKOJ OHOITATI-
HOU kJyaccuueckot OT-TILIP ¢ mpatimepamu PMB-70/
PMB-71, He yCTyTIAIOIINH 10 YYBCTBUTEJIbHOCTH Te-
ctaM MeTozoM [ILIP B «peajibHOM BpeMeHU». YCTa-
HOBJIEHA BO3MOXHOCTD MCIIOJIb30BaHUS IIPaiMepPoB
WSMV-F/WSMV-R u WSMVL2/WSMVR2 B KauecTBe
NOATBEPKIAOIIVX TECTOB. i U3yUeHUS reHEThYEe-
CKUX 0COOEHHOCTEU y BBISIBJISIEMbIX U30JISITOB B Ka-
YyeCTBe [IOIOJHUTEJbHBIX TECTOB IeJeco00pasHo
WCTI0JIb30BaTh NpatiMepbl WSMV-CP-AM-F2/WSMV-
CP-AM-R u WSMV-CP-Czech-F/WSMV-CP-Czech-R,
KOTOpPbIe aMILTU(UIUPYIOT IIOJIHbIE TI0CJIeL0BaTeNb-
HOCTU HYKJIEOTHU/IOB T'eHOB 6eJIKa 060JI0UKY M30JISITOB
mraMMoB WSMV-D 1 WSMV-B coOTBETCTBEHHO.

Knrouesvte cnosa. Wheat streak mosaic virus, MDA,
TP, npatimepst, CEKEEHUPOBAHUE.

BBEJJEHUE

IIEHUIIA SBJISIETCS BeAyIeil 3epHO-
BOU KyJIbTypO# Poccutickoit depe-
pamuu. C60pbl yporxkasd MIIEeHUIbI
B Hamel ctpane B 2024 r., 10 Ipei-
BapUTEJIbHBIM JaHHBIM PoccTara,
coctaBuyiu 82 419,3 ThIC. TOHH, YTO
Ha 11,2% Menbre (Ha 10 431,8 Thic.
TOHH), ueM B 2023 I. CHIKeHue c60-
POB MPOM3OILIO KaK 3a CUET COKpAIeHus IIJIonaeit
(Ha 4,1% — go 28 523,1 TbIC. ra), TaK U 3a CUET CHU-
JKeHUs ypokatiHocTu (Ha 7,9% — mo 29,3 11/ra). OmHoi
U3 IPUYUH CHIDKEHUS YPOXKalHOCTU MOTJIY CTaTh BU-
pycHBbIe 60Jie3HU. B HacTosIIlee BpeMs Ha IMIIeHUIe
n3BeCcTHO 6oJiee 50 BU0B (hUTOITATOT€HHBIX BUPYCOB,
OTHOCAIIUXCA K 23 pogaM 12 TaKCOHOMUYECKUX Ce-
mericTB (CABI, 2025).

OmHuM 13 HauboJiee BPELOHOCHBIX ITATOTEHOB
TIIIeHUIIBI IBJISETCS BUPYC IIOJI0CATON MO3auKY IIiie-
auibl (Wheat streak mosaic virus, unu Tritimovirus
tritici; akpoHuM — WSMV). WSMV cuuTaeTcss BTOPBIM
10 3HAQUYUMOCTY BUPYCOM IIIIEHUIIbI ITOCJTE BUPY-
ca KeJITOM KapJAuKoBoCTY TuMeHs (BYDV) v BbI3bIBAET
He TOJIbKO CIIOpaJiuyecKue, HO U KaTaCTpopUuUIeCcKue
SMU(UTOTUY Ha IIIIEHUIle B PA3JUUYHBIX PETUOHAX
mupa (Jones, 2021). Ha YkpavHe [1oTepu yporkas TIie-
HUIIBI B pe3ysbTaTe 3apaxeHusa WSMV olLleHMBaJIUCh
B 20-63% ([leMbsSIHEHKO 1 Ip., 1998), a B ABCTpaJINL —
10 83% (Coutts et al. 2008; Lanoiselet et al. 2008). Iy
ycnoBuit Benukux paBHUH CIIIA KOHCTaTMPOBAHO, YTO
TIOTePU YPOoskasi BOCTIPUUMUYMBLIX COPTOB ITIIEHUIIbI
moryT mocturatb 100% (Coutts et al., 2014).

PacteHusamu — xozsgseBaMu WSMV gBIIHOTCSA
TaKXXe KyKypy3a, OBec, IIPOCOo, POXb, COPTO, TPUTHUKA-
Jie, SUMEHb U He MeHee 28 BUJ0B KyJIbTUBUPYEMBIX
U OUKOPACTYIIMX 3JIaKOBBIX TpaB. Bupyc pacmpo-
CTpaHeH Ha BceX KOHTHHEeHTaX (KpoMe AHTapPKTUIbI),
BrJitouas 14 ctpau EBpomnbl 1 9 crpan Asuu (CABI,
2025). B CCCP 6o0Jie3Hb I10JI0OCATOM MO3aUKU IINIEe-
HUIBI ObLIa BIIEPBbIE UIEHTUPUIIMPOBaHA B 1963 T.
B KpacHomapckoM kpae (PaBa3kuHa W Ap., 1963),

Federation. For the analysis of grain products intend-
ed for export, an alternative to the ELISA method may
be a test in the format of a 1-stage real-time RT-PCR
with primers and probe WSMV F1/WSMV R1/WSMV P.
For conducting confirmatory tests for the presence
of WSMYV, a protocol of 1-stage classical RT-PCR with
primers PMB-70/PMB-71 has been developed, which is
not inferior in sensitivity to tests using the PCR meth-
od in “real time”. The possibility of using primers
WSMV-F/WSMV-R and WSMVL2/WSMVR2 as confir-
matory tests has been established. To study the genet-
ic characteristics of the detected isolates, it is advisable
to use the primers WSMV-CP-AM-F2/WSMV-CP-AM-R
and WSMV-CP-Czech-F/WSMV-CP-Czech-R as addi-
tional tests, which amplify the complete nucleotide se-
quences of the coat protein genes of the isolates of the
WSMV-D and WSMV-B strains, respectively.

Key words. Wheat streak mosaic virus, ELISA, PCR,
primers, sequencing.

INTRODUCTION

heatis the leading grain crop of the Rus-

sian Federation. According to prelimi-

nary data from Rosstat, wheat harvests

in our country amounted to 82,419.3

thousand tons in 2024, which is 11.2%
(10,431.8 thousand tons) less than in 2023. The de-
crease in harvests occurred both due to a reduction
in area (by 4.1% to 28,523.1 thousand hectares) and
due to a decrease in yield (by 7.9% to 29.3 c/ha). One of
the reasons for the decrease in yield could be viral dis-
eases. Currently, more than 50 phytopathogenic virus
species belonging to 23 genera of 12 taxonomic fami-
lies are known on wheat (CABI, 2025).

One of the most harmful wheat pests is the Wheat
streak mosaic virus (Tritimovirus tritici; acronym —
WSMV). WSMYV is considered to be the second most
important wheat virus after the barley yellow dwarf
virus (BYDV) and causes sporadic but catastrophic ep-
iphytotics on wheat in various world regions (Jones,
2021). In Ukraine, wheat yield losses due to WSMV
infection were estimated at 20-63% (Demyanenko
etal., 1998), and in Australia — up to 83% (Coutts et al.
2008; Lanoiselet et al. 2008). For the conditions of the
Great Plains of the USA, it was stated that yield los-
ses of susceptible wheat varieties can reach 100%
(Coutts et al., 2014).

WSMV host plants also include corn, oats, mil-
let, rye, sorghum, triticale, barley and at least 28 spe-
cies of cultivated and wild cereal grasses. The virus
is distributed on all continents except Antarctica, in-
cluding 14 European countries and 9 Asian countries
(CABI, 2025). In the USSR, wheat stripe mosaic disease
was first detected in 1963 in Krasnodar Krai (Raviz-
kina et al., 1963), and was later noted in the North
Caucasus, Ukraine, Moldova and Central Asia (Vlasov,
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a 3aTeM ObLIa oTMeuyeHa Ha CeBepHOM KaBkase, Ykpa-
uHe, B MosnmaBuu u CpegHen Asuu (Biacos, JlapuHa,
1982). B coBpeMeHHBIN nepuom B Poccuiickoit de-
nepauyu WSMV peructpupoBaiam Ha IOxHOM YpaJie
(CnuaymkuH, 2013), B CpegteM [ToBosrkbe (BoroyTau-
HOB U 1p., 2017), KpacHogapckoM Kpae (A6yioBa u 1p.,
2012), Pecrty6nuke KpbiM, Pecniy6iuke BypsaTus, AJi-
TatickoM, KpacHomapckoM u CTaBPOIIOJIbCKOM Kpasx,
Boarorpamckoii, BopoHexcKkoil u PocToBCKOM 06Jia-
crax OKuBaeBa u mp., 2024; [IpuxoabKo u Ap., 2024).

Pacnipoctpanenre WSMV BO3MOYXHO TPeM$ CIIO-
cobamMu: MeXaHUYECKUM ITyTeM KOHTAKTa MeX/Y pac-
TEHUSIMU, CEMEHAMU U MTOCPEACTBOM MMEPEHOCUYMKA —
MIIeHWYHBIM 3aBUTYIIHBIM KJjelioM Aceria tosichella
Keifer. [Tepemaua WSMV ¢ ceMeHaMU ITIIEHUIIbI BAPbU-
pyet ot 0,5 1o 2%, a mepefava c ceMeHaMU KyKypy3bl
06b1uHO He nipeBbimaeT 0,1% (Jones, 2021). [ToJoxe-
HUYe 06 OTCYTCTBUU 3TOTO BUPYCA COTEPKUTCS B hu-
TOCAHUTAPHBIX TPEOOBAaHUAX 16 CTPaH — UMIIOPTEPOB
poccuiickoli 3epHOBOM TPOAYKITUN.

WSMV gBisgeTcss TUIIOBBIM BUIOM pojia Tritimovi-
rus cemetictBa Potyviridae. Bupmuonst WSMV TipezicTaB-
JISIOT cO00M THOKMe HUTEBUIHBIE YaCTUILBI CO CITU-
paNbHOM CUMMeTpuel IJIuHou 750 HM U IuaMeTpoM
15 uM, He uMetomye 06010uKy. KaXkplii BUPUOH CO-
CTOUT 13 MoJiekyJibl PHK u mpuMepHO 2 ThIC. KOTUHU
6esika o6osiouky, okpyxawiux PHK. Terom WSMV
COCTOUT U3 eqUHCTBEHHOUN MOJIEKYJIbI OJIHOIIETIOUEeY-
HOI JUHENHOMU Ioc-cMbicyioBod PHK, cocTogmien
u3 9339-9384 mykueotupos. PHK Tpancaupyerca
c obpasoBaHUEM ITOJUMIPOTENHA C MOJIEKYIIPHOU
maccoi 350 k/la, cocrosiero u3 3035 aMUHOKUCJIOT.
STOT MOJIMIPOTENH IIPOLIECCUPYETCI TPEMS KOLUPY-
eMbIMU BUpycoM Tpoteazamu (P1, HC-Pro u Nla-Pro)
Ha 10 QyHKIIMOHAJIbHO aKTUBHBIX 6ejikoB: P1, HC-Pro,
P3, 6K1, CI, 6K2, VPg, Nla-Pro, NIb u 6eyiok 0605104-
ku (CP). IMeeTcsT Tak)ke JNOIOJHUTENbHAS OTKPBI-
Tag pamka cuuTbiBaHusa (ORF) P3N-PIPO, koTopas
SKCIIPECCUPYETCH KaK CIUTHIN 6eJI0K ¢ N-KOHIIEBOTO
yuacTka resa P3 (Tatineni, Hein, 2020).

[To pa3auyusIM B IIOCJIEI0BATEJIbHOCTU HYKJIEO-
TUIOB Ha reHOMHOU PHK MupoBas nonynsamnus WSMV
noApasgesseTcd Ha 4YeThipe (QPUIOTEHETUUYECKUE
rpymmnsl, wiy mramma (A, B, C u D) (Redila et al., 2021;
Jones et al., 2022). [lltamMm WSMV-A BKJIIOYaeT U30JI5-
ThI, pacIipocTpaHeHHble B Mekcuke. [lltTamm WSMV-B
o6benuHseT n30aThl WSMV 113 pa3IuyHbIX CTPaH EB-
porel, Mpana u Typuuu. lllTamm WSMV-C orpanuuu-
BaeTCcs HeCKoJIbKuMU n3ongramu WSMV us Upana, Ko-
TOpbIe ObLIY BbISIBJIEHBI B OHOM HEOOJIBIIIOM PErvoHe
9Tou cTpansl. llITaMMm WSMV-D 06beIMHSAET U30JISIThI
Toro Bupyca us CIIA u KaHaZibl, HEKOTOPbIE U3 KOTO-
PBIX PacIpoCTpPaHUIUCh 3aTeM B HKHYI0 AMEDPUKY,
AscTpanuio, Espomny, pan u Typuuio.

[Tomumo WSMV, B pop Tritimovirus BXOOAT CJie-
IYIOIe BUPYChI: MO3aUKM IIIeHUIbI KIug (Wheat
Eqlid mosaic virus, WEgMV), mojocaToii Mo3auKu
kocTpa (Brome streak mosaic virus, BrSMV), Hekpo-
THYecKol KpamuaTocTu oBca (Oat necrotic mottle
virus, ONMV), M0O3anK¥ TPUILETHHHNKA JKEeJITOBATO-
ro (Yellow oat-grass mosaic virus, YOgMV) u Mmozau-
Ku pairpaca Bbicokoro (Tall oatgrass mosaic virus,
TOgMV) (Inoue-Nagata et al, 2022).

Ha reHeTHYEeCKOM U CEPOJIOTUYECKOM YPOBHIX
WSMV naubosee 6au3ok k ONMV, KOTOpHBI Ipeu-
MyIIeCTBEHHO pacIpocTpaHeH Ha oBce B KaHage

Larina, 1982). Currently, WSMV has been registered in
the Russian Federation in the Southern Urals (Glinush-
kin, 2013), the Middle Volga region (Bogoutdinov et al.,
2017), Krasnodar Krai (Ablova et al., 2012), the Repub-
lic of Crimea, the Republic of Buryatia, Altai Krai, Kras-
nodar Krai and Stavropol Krai, Volgograd Oblast, Vo-
ronezh Oblast and Rostov Oblast (Zhivaeva et al., 2024;
Prikhodko et al., 2024).

WSMV has three pathways: mechanically through
contact between plants, seeds, and via the vector, the
wheat curl mite Aceria tosichella Keifer. Transmission of
WSMV with wheat seeds varies from 0.5 to 2%, while
transmission with corn seeds usually does not exceed
0.1% (Jones, 2021). 16 countries importing Russian
grain products include the absence of this virus as a
prerequisite in the phytosanitary requirements.

WSMV is the type species of the genus Tritimovirus
of the family Potyviridae. WSMV virions are flexible, fil-
amentous, helically symmetrical particles 750 nm long
and 15 nm in diameter that do not have an envelope.
Each virion consists of an RNA molecule and approxi-
mately 2,000 copies of the envelope protein surround-
ing the RNA. The WSMV genome consists of a single
molecule of single-stranded linear plus-sense RNA
consisting of 9339-9384 nucleotides. The RNA is trans-
lated to form a polyprotein with a molecular weight of
350 kDa, consisting of 3035 amino acids. This polypro-
tein is processed by three virus-encoded proteases (P1,
HC-Pro, and Nla-Pro) into 10 functionally active pro-
teins: P1, HC-Pro, P3, 6K1, CI, 6K2, VPg, NIa-Pro, NIb,
and envelope protein (CP). There is also an addition-
al open reading frame (ORF) P3N-PIPO, which is ex-
pressed as a fusion protein from the N-terminal region
of the P3 gene (Tatineni, Hein, 2020).

Based on differences in the nucleotide sequence
of the genomic RNA, the global WSMV population is di-
vided into four phylogenetic groups, or strains (A, B, C,
and D) (Redila et al., 2021; Jones et al., 2022). Strain
WSMV-A includes isolates distributed in Mexico. Strain
WSMV-B includes WSMV isolates from various Europe-
an countries, Iran, and Turkey. Strain WSMV-C is lim-
ited to a few WSMV isolates from Iran that were de-
tected in a small region of this country. Strain WSMV-D
includes isolates of this virus from the United States
and Canada, some of which have then spread to South
America, Australia, Europe, Iran, and Turkey.

Apart from WSMYV, the genus Tritimovirus in-
cludes the following viruses: Wheat Eqlid mosaic vi-
rus, WEgMYV, Brome streak mosaic virus, BrSMV, Oat
necrotic mottle virus, ONMV, Yellow oat-grass mosaic
virus, YOgMV and Tall oatgrass mosaic virus, TOgMV
(Inoue-Nagata et al, 2022).

On the genetic and serological levels, WSMV is
most closely related to ONMV, which is predominant-
ly distributed on oats in Canada (Navia et al., 2013).
There is only one report of this virus in Europe: in Ger-
many on meadow grass (Rabenstein et al., 2002). In
terms of the complex of biological and genetic proper-
ties, WSMV is also similar to WEgMYV, which is distrib-
uted in the north of Fars Province in Iran, and WEqMV,
which is often found in mixed infection with WSMV
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(Navia et al., 2013). IMeeTcs eqUHCTBEHHOE COOOIIE-
HUe O BBIABJIEHUU 3TOTr'0 BUpyca Ha Tepputopuu EB-
porbel: B l[epMaHuy Ha MATIMKe JyroBoM (Rabenstein
et al., 2002). TTo KOMILJIEKCY OGMOJIOTUYECKUX U TeHe-
TUYEeCKUX cBoMcTB WSMV cxomeH Takxke ¢ WEQMYV,
KOTOPBIM paclpocTpaHeH Ha CeBepe MPOBUHIIUU
®apc B VMpaHe 1 4acTO BCTPeUYaeTCs B CMEeIIaHHOMU
uHbpekuy ¢ WSMV (Masumi et al., 2005). Coob1ieHns
o BoigBiIeHNY WEQMV B KaKuX-1160 MHBIX 3€PHOBO/I-
YEeCKMUX PervoHax Mupa OTCYTCTBYIOT. Ha pacTeHuax
TIIeHUIbI, STUMEHS U HEKOTOPBIX BUAX 3JIaKOBBIX
TpaB WSMV MOXeT BCTpPeUaTbCs B CMENIaHHON WH-
(eKIum ¢ TPUTUMOBHPYCOM BrSMV, KOTOPBI# pacIipo-
CTpPaHEH B HECKOJIBKUX eBpOIlelicKkuX cTpaHax (Navia
etal., 2013). Beicoka BEpPOSITHOCTD ITPUCYTCTBUS STOTO
BuUpyca u B Poccuiickoii ®enepariunu. Ha pacTeHUIX
OBCa XU HEKOTOPBIX BUAAX 3J1aKOBbIX TpaB WSMV 110-
TEHIIMAJIBHO MOXKET BCTPEUATHCS TAKXKE B CMEIIaHHOMN
uHpekmu ¢ TpuTuMoBUpycamMmu YOgMV u TOgMV.

[ToMUMO TPUTUMOBUPYCOB, PACTEHUS 3€PHOBBIX
KYJIBTYP 3apa’kaeT TaK)Ke LEeJIbIN Psifl IPYTUX BUPYCOB
ceMmeticTBa Potyviridae, OTHOCSIIIUXCS K pogaM Bymovi-
rus, Poacevirus, Potyvirus u Rymovirus. B Poccutickoii de-
Jepalny CylleCTBYeT BbICOKASI BEPOSITHOCTb HAJIMUNSI
kovHpeKruyr WSMV ¢ MOTUBUPYCOM MO3anUYHOM Kap-
JINKOBOCTH KyKypy3bl (MDMV) Ha KyKypy3e, 6UMOBU-
PyCOM BEpPETEHOBUTHOM ITOJIOCATON MO3aWKU TIIIEHY -
el (WSSMV) Ha MIIeHUIle 1 OMMOBHUPYCAMU JKEJITOHN
Mo3auKy suMeHs (BaYMV) u cj1aboii MO3auKU TUYMEHS
(BaMMV) Ha guMeHe.

PaspabaTbiBaeMble METObI JUATHOCTUKHU JIOJIK-
Hbl 06ecreyuBaTh HaJleXXKHYI0 AudGepeHIInaIunio
WSMV oT 6Ju3KOPOACTBEHHBIX TPUTUMOBUPYCOB
U IPYTUX BUPYCOB ceMeiicTBa Potyviridae, 3apaato-
WX 3ePHOBBIE KYIbTYPHI, a Takke 3 GHEeKTUBHO 1a-
THOCTUPOBATh U30J4ThI ITaMMOB WSMV-B 1 WSMV-D,
JIOMUHUPYIOIINE B MUPOBOU MOMYJSAIIUY BUPYyCa IT0JI0-
caTol MO3aVKU MIIEHUITBI.

MATEPUAJIbBI U METO/IbI

Ob6BbeKTaMU HCCIeNOBAaHUM SIBJISIIINCD:

— pedepenTtHbie n30aThl WSMV PV-0356 (DSMZ,
T'epmanus) u 07048 PC (Loewe, TepMaHus);

—u3oJisaTel WSMV, BeIsIiBJIeHHBIE B 2024 T. B IToce-
Bax IMIIIeHUIIbI Ha TeppuTopruy KpacHomapckoro Kpas;

— pedepeHTHBIE U30JATH GUMOBUpPYca caaboit
Mo3auku suMeHs (BaMMV), 6uMoBupyca XXeJITou
Mo3auku suMeHs (BaYMV), 6GuMoBUpyca BEPETEHO-
BUJHOU IToJiocaTod Mo3auky nmeHuIn bl (WSSMV),
6poMoBUpyca Mo3anuKu KocTpa (BMV), BBICOKOPaBHUH-
HOTO eMapaBupyca Mo3auku nieHuisl (HPWMoV),
JIIOTEOBUPYCA XKEeJITOM KapJauKoBoCTU TuMeHs (BYDV),
MacTpeBUPyCca KapJIUKOBOCTHU mimeHuIibl (WDV),
MaxJIOMOBUPYCA XJIOPOTUYECKON KPATyaTOCTU KYKY-
py3sr (MCMV), TT0JIEPOBUPYCA JKEJITON KapJAUKOBOCTH
3y1akoB (CYDV), TOTUBUPYyCa MO3aUYHOM KapJIUKOBO-
cTy KyKypy3sl (MDMV), moTUBUPYyCa MO3auKHU caxap-
HOTO TpocTHUKa (SCMV), TOTUBUpPYCa MO3auKU COP-
ro (SrMV), moTuBUpyca cOpro ajerrckoro (JGMV),
mouyBooGuTawIero GypoBupyca Mo3auKu 3JIaKOB
(SBCMV), mouBoobuTawmero ¢GypoBupyca MO3auKu
mmeHuIbl (SBWMV), TPUTUMOBUPYCA TTOJI0CATON MO-
3auku KocTpa (BStMV), xopJiemBupyca MTPUX0BaTON
Mozauku suMeHs (BSMV), KoTopble MCITOJIb30BaIU
B DKCIIEPUMEHTAaX 10 OlleHKe CIelu(PUIHOCTHY UCIIhI-
TYEMBIX TECT-CUCTEM.

(Masumi et al., 2005). There are no reports of WEqMV
in any other grain-growing regions of the world. On
wheat, barley and some cereal grasses, WSMV can be
detected in mixed infection with trithymovirus BrSMV,
which is distributed in several European countries
(Navia et al., 2013). There is a high presence probabil-
ity of this virus in the Russian Federation. On oat plants
and some cereal grasses, WSMV can also potentially
occur in mixed infection with tritymoviruses YOgMV
and TOgMV.

In addition to tritymoviruses, cereal crops are
also infected by other viruses of the family Potyviridae,
belonging to the genera Bymovirus, Poacevirus, Potyvi-
rus and Rymovirus. In the Russian Federation, there is
a high probability of co-infection of WSMV with maize
mosaic dwarf potyvirus (MDMV) on maize, wheat spin-
dle streak mosaic virus (WSSMV) on wheat, and barley
yellow mosaic virus (BaYMV) and barley weak mosaic
virus (BaMMV) on barley.

The diagnostic methods being developed should
ensure reliable differentiation of WSMV from closely
related tritymoviruses and other viruses of the Potyvir-
idae family that infect grain crops, as well as effectively
diagnose isolates of WSMV-B and WSMV-D strains that
dominate the world population of wheat streak mosa-
icvirus.

MATERIALS AND METHODS

The objects of the study were:

— reference isolates WSMV PV-0356 (DSMZ, Ger-
many) and 07048 PC (Loewe, Germany);

—WSMV isolates identified in 2024 in wheat crops
in Krasnodar Krai;

— reference isolates of barley weak mosaic by-
movirus (BaMMYV), barley yellow mosaic bymovirus
(BaYMV), wheat spindle streak mosaic bymovirus
(WSSMV), brome mosaic virus (BMV), high plains wheat
mosaic emaravirus), barley yellow dwarf virus (BYDV),
wheat dwarf virus (WDV), maize chlorotic mottle virus
(MCMV), cereal yellow dwarf virus (CYDV), maize dwarf
mosaic virus (MDMV), sugarcane mosaic virus (SCMV),
sorghum mosaic virus (SrMV), Johnsongrass mosaic
virus (JGMV), Soil-Borne Cereal Mosaic Virus (SBCMV),
Soil-borne wheat mosaic virus (SBWMV), Brome Streak
Mosaic Tritimovirus (BStMV), barley streak mosa-
ic virus (BSMV), which were used in experiments
to assess the specificity of the tested test systems.

Surveys of wheat crops in Krasnodar Krai were
conducted jointly with employees of the Federal State
Budgetary Scientific Institution “Lukyanenko Nation-
al Grain Center”.

For serological tests, test systems for ELISA for
WSMV from Agdia (USA), DSMZ and Loewe (both Ger-
many) were tested. These test systems were used ac-
cording to the instructions supplied with the kits by
the manufacturers.

RNA extraction for the polymerase chain reac-
tion with reverse transcription (RT-PCR) was carried
out using commercial reagent kits “Proba-NK” (Agro-
Diagnostica, Russia) and “FitoSorb” (Synthol, Russia)
according to the instructions of the manufacturers.
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O6cnenoBaHUs IOCEBOB MIIEHUIIBI B KpacHo-
IapCcKOM Kpae MPOBOAUIU COBMECTHO C COTPYIHU-
kamu ®T'BHY «HallmoHaJabHbBIN IIEHTP 3€pHa UMEHU
IT. 1. JIlykbTHEHKO».

JI71sI TIPOBEEHYS CEPOJIOTUYECKUX TECTOB UCIIbI-
TBIBAJIX TeCT-CUCTEMBI 111 UPA k WSMV dhupm Agdia
(ClIIA), DSMZ u Loewe (06e — 'epMaHus). ITU TECT-
CHUCTEMBI HCIIOJIb30BAaJM COTJIACHO MPUJIaraeMbIM
K HabopaM MHCTPYKUIUAM (GUPM-TIPOU3BOAUTENEN.

IkcTpakuuio PHK niig npoBegeHus rmoaumepas-
HOU 1IeNTHOM peakiiuy ¢ o6paTHOM TpaHCKPUIIIuen
(OT-TILIP) mpoBOLUIM KOMMEpPYECKUMHU HabopaMu
peareHTOoB «[Tpo6a-HK» (<KArpomuaraocTuka», Poccust)
u «®utoCop6» («CHUHTOJI», POCCHS) COTIIACHO MHCTPYK-
ouaM GUPM-TIPOU3BOIUTETIEH.

Cunrtes k/IHK ocyliecTBIg4/IU OTeYeCTBEHHBIMU
HabopaMu peareHTOB /Jig 06PaTHOMN TPAHCKPUIIIIUU:
Easy RT («JuanaTt»), MMLV RT kit (<kEBporen»), OT-1
(«CuHTOJ») U «KOMITJIEKT PEareHTOB IPOBEIEHUS IS
00paTHOM TPAHCKPUIIINN» («ArPOLUAaTHOCTHKA») CO-
TJIAaCHO MHCTPYKUUIM (QUPM-ITPOU3BOLUTETEH.

Jna BeigBienusd WSMV metogoMm TP B «pe-
anbHOM BpeMeHu» (OT-IILIP-PB) uCIBITHIBAIU
Habopbl peareHTOB «BUPyC IMMOJOCATON MO3aUKU
nmenunbl (Wheat streak mosaic virus, WSMV)»

Synthesis of cDNA was carried out using Russian re-
agent Kits for reverse transcription “Easy RT” (Dialat),
“MMLV RT kit” (Evrogen), “OT-1" (Synthol) and “Kit of
reagents for conducting reverse transcription” (Agro-
Diagnostica) according to the instructions of the man-
ufacturers.

To detect WSMV using the real-time PCR (re-
al-time RT-PCR) method, the reagent kits “Wheat
streak mosaic virus (WSMV)” (AgroDiagnostica) and
“Wheat streak mosaic virus-Real-Time” (Synthol) were
tested, which were used according to the instructions
of the manufacturers.

The WSMV diagnosis was also done using the
primers and probes presented in Table 1.

The obtained amplicons were sequenced using a
modified Sanger method on an AB-3500 genetic an-
alyzer (Applied Biosystems, USA). The BioEdit 7.0.5.3
software (Hall, 1999) and the BLASTN and Needle-
man-Wunsch Global Align Nucleotide Sequences
(blast.ncbi.nlm.nih.gov) alignment algorithms were
used to analyze the obtained nucleotide sequenc-
es. Phylogenetic analysis was performed using the
MEGA11 program. (Tamura et al., 2021).

Thefollowing reagentkitswere used to perform PCR:

— 5x MasP’Mix-2025 (Dialat, Russia);

Ta6. 1. [IpaiiMepsl ¥ 30HABI, UCII0JIb3yEMbIE JIJIT OTPAGOTKU AUAarHOCTUKU WSMV
Table 1. Primers and probes used for WSMV diagnostic testing

IIpopykT

Has3BaHue IleneBoii Genome (m.o.)
npaiiMepa IlociegoBaTebHOCTD 5°>3’ ydactok target Product ABTOp
Primer name Sequence 5’3’ reHoMa region (bp) Author
PMB-70 AAGGGAAGCGAGAGGAAGC

e CEnes 748 Jones, 2008
PMB-71 CGTTGTGCTCTTAAGCCAGTTG 6K1-CT  6KI1-CI
WSMV-CP1-Czech-F CGAACTGATCTGGGAGAGGAA

TenCP  GeneCP 1147  bennypaul
WSMV-CP2-Czech-R CGCTCAAACCCTGGTACT etal., 2019
WSMV-CP-AM-F2  CTGGGACCCGAACGGATTTAG

TeuCP  GeneCP 1117 Benlnypam
WSMV-CP-AM-R GCTCACGCAAGAGCGTTTAC etal, 2019
WSMV-F TGGCGATGAAGATGTCAG TeHsL Genes Lee et al

834 "

WSMV-R CCATTTCTGTGAAGGCTTT CI/Nla CI/Nla 2013
WSMV-F1 AAGTGCAGAACAGCGTTG
WSMV-R1 AAACTGTGCGTGTTCTCC TenCP  GeneCP 139 zf:lne;(fl 0
WSMV- Probe FAM-ACTGAGTGCGGGTACTAAT GAGGAC-BHQ1
WsmF-7288 CAAAGCTGTGGTTGATGAGTTCA
WsmR-7343 TTGATTCCGACAGTCCATGGT TeaNIb  GeneNIb 75 gg‘lcg etal,
WsmP-7312 FAM-CAAATTCTTCTACACAAAGCA TTTGCGCG-BHQ1
WSMV L2 CGACAATCAGCAAGAGACCA Deb and

T'en Nla Gene NIa 193 Anderson,
WSMV R2 TGAGGATCGCTGTGTTTCAG 2008
WSMV-C1 TACTTGACTGGGACCCGAA N Cal

TenCP  GeneCP 1255 zgfz’rs etal,
WSMV-XC1 AACCCACACATAGCTACCAAG
WS8166F GAGAGCAATACTGCGTGTACG

TeuCP  GeneCP 740 Izmdela sitall,
WS8909R GCATAATGGCTCGAAGTGATG 008
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Puc. 1. PacTeHune 03MMOM MNiLeHULbl

C CUMNTOMaMM 3apakeHnsi BUPYCoM
noslocaToi Mo3anKu MiLeHuLbl
(WSMV) (choTo U. B. Abnosoi,
rnevaraeTcs C paspelleHus aBTopa)

Fig. 1. Winter wheat plant showing
infection symptoms of wheat
streak mosaic virus (WSMV)
(photo by I.B. Ablova, published
with permission of the author)

(«Arpomuarunoctuka») u Wheat streak mosaic virus-PB
(«CuHTOJ»), KOTOPBIE KCIIOJb30BAJIY COTJIACHO MH-
CTPYKIUAM (GUPM-TIPOU3BOAUTETIEH.

OTtpaboTky fuarHocTuku WSMV NpoBOAWIIY TaK-
JKe ¢ ImpaliMepaMy W 30HIaMU, IPEeACTaBIEHHBIMU
B Tab. 1.

[MTonyuyeHHbIe aMIJIUKOHBI CEeKBEHUPOBAJIU
o MmopuduImpoBaHHOMY MeTony CeHrepa Ha reHe-
THU4eckoM aHayimsaTope AB-3500 (Applied Biosyste-
ms, CIITA). [IJist aHaIM3a MOJyYeHHBIX HYKJIEOTUIHBIX
TIOCJIeIOBAaTEIbHOCTEH HCIT0Nb30BaJIX IIPOTPAMMHOE
obecneuenue BioEdit 7.0.5.3 (Hall, 1999) u anropuTMbl
BeipaBHUBaHUsI BLASTN u Needleman-Wunsch Global
Align Nucleotide Sequences (blast.ncbi.nlm.nih.gov).
OUIIOreHeTUYEeCKU N aHaJIM3 MPOBOIMIIY C ITOMOIIbIO
nporpamMmMel MEGA11 (Tamura et al., 2021).

Jig npoBepenud [P ncmonb3oBanu Clenyo-
e Habophl peareHTOoB:

— 5x MasPPMix-2025 («[Iuanat», Poccust);

— 5x Mas‘féMIX-2025 («JuamaT», Poccus);

—OneTube RT-PCR TagMan («<EBporen», Poccus);

— One Tube RT-PCR mix («kEBporen», Poccus);

- 5x Genta Single-tube RT-PCR master mix («['eH-
Teppa», Poccus);

—«2,5X peakiimoHHas cMech AJis [TLP-PB» («Cun-
TOJI», Poccus).

PE3VJIBTATBI U OBCYXKIEHHNE

B xoge ripoBemeHus o6caemoBaHuil B KpacHomapcKoM
Kpae HabJII0IaICh MHOTOUUCIEHHbIE PACTEHUS 03U-
MOU IIIIEHUIIbI C CUMIITOMaMu 3apakeHus WSMYV,
BYDV u xommiekca WSMV+ BYDV (cm. puc. 1-3). 06-
pasiibl TAKUX PACTEHUN OTOMPAJIY 115 TTOCIELYIOIIETO
TIPOBENIEHNS CEPOJIOTUUECKUX TECTOB. [IpeBapuTEb-
HO ObLJIa IPOBeAeHa OLeHKa CIIelu()UIHOCTY TECT-
cucteM ajisa UPA k WSMV dupm Agdia, DSMZ u Loewe
B OTHOIIIEHUY KOMIIJIEKCA BUPYCOB, 3apaXkaloIiux pac-
TEHUS 3ePHOBBIX KyJIbTYD (CM. Ta6II. 2).

Puc. 2. PacTeHne 03MMOI4 NWeHnLbl

C CUMNTOMaMM 3apaXKeHnsi BUPycoM
JKENTOl Kap/IMKOBOCTU suMeHs (BYDV)
(choTo U. B. Abnosoii, neuataetcs

C paspelleHns aBTopa)

Fig. 2. Winter wheat plant
showing infection symptoms of
barley yellow dwarf virus (BYDV)
(photo by I.B. Ablova, published
with permission of the author)

Puc. 3. PacTeHune 03uMoli NweHnLbl

C CUMNTOMaMM KOMIJIEKCHOTO 3apakeHus
WSMV+BYDV (choTto U. . A6nosoi,
neyaraercs C paspeLlleHuns aBTopa)

Fig. 3. Winter wheat plant with
symptoms of complex infection
with WSMV+BYDV (photo by
I.B. Ablova, published with
permission of the author)

— 5x Mas‘f¢MIX -2025 (Dialat, Russia);

— OneTube RT-PCR TagMan (Evrogen, Russia);

— One Tube RT-PCR mix (Evrogen, Russia);

— 5x Genta Single-tube RT-PCR master mix (Gen-
Terra, Russia);

— 2.5x Reaction mixture for real-time-PCR (Syn-
thol, Russia).

RESULTS AND DISCUSSION

During the surveys in Krasnodar Krai, numerous win-
ter wheat plants with infection symptoms of WSMYV,
BYDV, and the WSMV+ BYDV complex were observed
(Fig. 1-3). Samples of such plants were collected for
subsequent serological tests. A preliminary assess-
ment was made of the specificity of the WSMV ELISA
test systems from Agdia, DSMZ, and Loewe with re-
spect to the complex of viruses infecting grain crops
(Table 2).

According to the results of the experiments, it was
found that the DSMZ WSMYV test system has the high-
est specificity. However, when using this test system,
it should be taken into account that a positive signal
with extinction values of 100-150 optical units (o.u.)
may indicate a non-specific reaction with non-target
objects —BaMMV and MDMV. The Agdia WSMYV test sys-
tem is characterized by a cross-reaction with isolates of
wheat dwarf virus (WDV) observed at very high extinc-
tion values (1220-1486 o.u.). Therefore, the use of this
test system will not allow differentiating WSMV and
WDV in case of their joint infection. The Loewe WSMV
test system reacted only with one isolate of the target
object out of three tested with low extinction values,
the DSMZ test system reacted with two isolates, and
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[To pesysbTaTaM NPOBENEHHBIX SKCIIEPUMEHTOB
KOHCTaTHPOBAaHO, UYTO HauboJiee BHICOKOU CIIEIN-
(pUYHOCTBI0 XapaKTepu3yeTcs TecT-cucrema k WSMV
¢upmer DSMZ. OnHAKO TIPU UCIIOJb30BAaHUU BTOU
TECT-CUCTEMBI Ha/I0 YUUTBIBATh, UTO ITOJIOKUTETbHBIN
CUTHAJI CO 3HAaYEeHUSIMU sKCTUHKIMU 100-150 onTu-
YeCKUX eIuHUI (0.6.) MOKET 03HAUYATh HeCcTerupud-
HYI0 peakIinio C HelleJeBbIMU 00bekTaMu — BaMMV
u MDMV. [lsis TecT-cucteMbl K WSMV dbupmbr Agdia
XapaKTepHO Haluuyue IepPeKPecTHOU peakIuu
C U30J9TaMU MacTpeBUPyca KapJUKOBOCTU IIIle-
Huiel (WDV), HaGaromatoleecs IIpyu 04eHb BBICOKUX

only the Agdia test system reacted with all three iso-
lates (Table 2). In preliminary experiments, we found
that the WSMV isolates PV-0356 DSMZ and 07048 PC
Loewe belong to the WSMV-B strain, while the Agdia
isolate belongs to the WSMV-D strain. Consequently,
the Agdia and DSMZ ELISA test systems allow us to di-
agnose isolates of the WSMV-B and WSMV-D strains,
while the Loewe test system only diagnoses isolates of
the WSMV-B strain.

To test the WSMV diagnosis using the real-time
PCR method (real-time RT-PCR), the reagent kits
“Wheat streak mosaic virus (WSMV)” (AgroDiagnostica,

Ta6.1. 2. OnipeesieHre CIeu(pUUHOCTH TPEX TECT-CUCTEM A1 UDA

K BHPYyCY II0JIOCATOH MO3auKu nueHnubl (WSMV)

Table 2. Determination of the specificity of three ELISA test systems

for wheat streak mosaic virus (WSMYV)

N O6pasern WSMV (DSMZ) WSMV (Loewe) WSMV (Agdia)

o6p. Sample X Ao Ao/Ak X Ao Ao/Ak  ** X Ao Ao/Ak ¥
1  WSMV PV-0356 DSMZ 0,455 10,34 + 0,173 4,02 + 3,086 36,3 +
2 WSMV +K, Agdia 0,819 18,61 + 0,057 1,33 - 0,575 6,76 +
3 WSMV +K, Loewe 07048PC 0,083 1,89 - 0,061 1,42 - 2,249 26,5 +
4 CYDV +K, Agdia C2307 0,059 1,34 - 0,057 1,33 - 0,099 1,16 -
5 WDV PC-0840 DSMZ 0,045 1,02 - 0,049 1,14 - 1,220 14,4 +
6 WDV +K, Loewe 07082PC 0,043 1,00 - 0,045 1,05 - 1,486 17,5 +
7  WSSMV PC-0541 DSMZ 0,098 2,23 - 0,078 1,81 - 0,109 1,28 -
8 WSSMV +K, Agdia 0,070 1,59 - 0,051 1,19 - 0,091 1,07 -
9  WSSMV +K, Loewe 0,054 1,23 - 0,053 1,23 - 0,081 1,00 -
10 SBWMV PC-0748 DSMZ 0,073 1,66 - 0,089 2,07 - 0,127 1,49 -
11 SBWMV +K, Agdia C2697 0,071 1,61 - 0,054 1,26 - 0,087 1,02 -
12 SBCMV PC-0552 DSMZ 0,045 1,02 - 0,056 1,30 - 0,087 1,02 -
13 BYDV +K, Loewe 07005PC 0,048 1,09 - 0,056 1,30 - 0,093 1,09 -
14 BYDV-MAV +K, Agdia 0,054 1,23 - 0,043 1,00 - 0,097 1,14 -
15 BYDV-PAV +K, Agdia 0,065 1,48 - 0,062 1,44 - 0,112 1,32 -
16 BSMV PC-0330 DSMZ 0,044 1,00 - 0,047 1,09 - 0,087 1,02 -
17 BMV PV-0178 DSMZ 0,036 1,00 - 0,060 1,40 - 0,070 1,00 -
18 BaMMV +K, Loewe 07006PC 0,046 1,05 - 0,044 1,02 - 0,085 1,00 -
19 BaMMV PC-0329 DSMZ 0,150 3,41 +- 0,081 1,88 - 0,143 1,68 -
20 BrSMV +K, Loewe 07123PC 0,053 1,20 - 0,053 1,23 - 0,096 1,13 -
21 MCMV PC-1087 DSMZ 0,047 1,07 - 0,056 1,30 - 0,111 1,31 -
22 MDMYV PC-0802 DSMZ 0,100 2,27 +- 0,043 1,00 - 0,096 1,13 -
23 PMTV +K, Adgen 0,040 1,00 - 0,039 1,00 - 0,084 1,00 -
24 TMV (MT'Y) 0,043 1,00 - 0,048 1,12 - 0,095 1,12 -

OTpULATEJbHbIH KOHTPOJIb 0,044 0,043 0,085

Negative control

** 3aKJII0UeHre 0 HAJIMUYMM BUpYyca:

- BUpyc oTcyTcTByeT (Ao/AK<2,0);

+- HeIOCTOBepHOe Hajuume Bupyca (Ao/Ak=2,0-3,0);
+ JIoCcTOBepHOe Hanuuue Bupyca (Ao/Ak>3,0),

rie Ao — cpeliHee 3HaUeHUe SKCTUHKIINY 06pasiia,
AK — cpenHee 3HaAUEHME SKCTUHKITUY
OTPUILIATEJIbHOT'O KOHTPOJIS

** Conclusion on the virus presence:

- the virus is absent (Ao/Ak<2,0);

+- unreliable virus presence (Ao/Ak=2,0-3,0)

+ reliable virus presence (Ao/Ak>3,0),

rme Ao — average extinction value of the sample,
Ak — average extinction value of negative control.
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3HAUeHUAX SKCTUHKIINY (1220-1486 o.e.). CiiemoBa-
TeJIbHO, MCII0JIb30BaHUE TaHHOM TECT-CUCTEMBI HE I10-
3BonutT guddepennupoatb WSMV u WDV B ciyuae
WX COBMeCTHOM mHpeKnuu. TecT-cuctema K WSMV
¢upMbl Loewe pearuposBaljia JUIIb C OTHUM KU30JIsI-
TOM I1€JIEBOTO OGbEKTA M3 TPEX UCIIBITYEMBIX C He-
BBICOKMMU 3HAUYEHUSIMU SKCTUHKIINHU, TECT-CUCTEMA
¢upmMbl DSMZ — ¢ IByMs U30JITaMU, U JINIIb TECT-CU-
crema dupmbl Agdia — co BceMu TpeMs U30JIATaMUu
(cM. Tabi. 2). B mpenBapUTENbHBIX SKCIIEPUMEHTAX
HaMu 6bLJIO YCTaHOBJIEHO, UYTO U30J11Thl WSMV PV-0356
DSMZ u 07048 PC Loewe oTHOCATCA K miTammy WS-
MV-B, Torma kak usonat Agdia — k mrammy WSMV-D,
cJienoBaTeNIbHO, TeCT-cucTeMbl 1Jig DA ¢upm Agdia
v DSMZ 1103BOJISIOT AUAarHOCTUPOBATh U30JIAThI IIITaAM-
MoB WSMV-B u WSMV-D, Torga Kak TecT-cucteMa pup-
MbI Loewe — JIuIb n30JiThI mTaMMma WSMV-B.

Ilns oTpaboTku muarHocTuku WSMV meTomom
[1LIP B «peanbHOM BpeMeHu» (OT-TILIP-PB) 661510 IpO-
BeJIeHO HCIIbITaHre HabopOB peareHTOB «BUPYC M0JI0-
caroll Mosauku mneHnIbl (Wheat streak mosaic virus,
WSMV)» («KArpomuarHocTuka», Poccust) u Wheat streak
mosaic virus-PB («CunT0JI», Poccus), a TakxKe IIpaii-
MepoB ¥ 30HA0B WSMV-F1/WSMV-R1/WSMV-Probe
(Tatinene et al., 2010) 1 WsmF-7288/WsmR-7343/
WsmP-7312 (Price et al., 2010).

Brl0 yCTaHOBJIEHO, UYTO BCE 3TU TECT-CUCTEMBI
xapakrepusyoTcsa 100%-1 cnellu(pUIHOCTHIO K Iie-
JieBoMy 06beKTy. He HabJt01aoch epekpecTHOU pe-
AKIIUU 3TUX TECT-CUCTEM C U30JIITaMU UHBIX BUPYCOB,
3apakawluxX 3epPHOBBIE KyJbTypbl, — BaMMV, BMV,
BSMV, BStMV, BYDV-MAYV, BYDV-PAV, CYDV, HPWMoV,
MCMV, MDMV, SBCMV, SBWMYV, SCMV, WDV u WSSMV.
OIHAKO MPU 3TOM ObLIIO KOHCTAaTUPOBAHO, UTO Mpati-
Mepbl ¥ 30HA WsmF-7288/WsmR-7343/WsmP-7312
T03BOJISIOT NMAarHOCTUPOBATh JIUIIb M30JSIThI IITaM-
ma WSMV-D, Torzga Kak Tpu LpPyrue TeCT-CUCTEMBI
TI03BOJISIOT BBISIBJISATh M30J4ThI mTaMMOB WSMV-B
1 WSMV-D (pe3yibTaThl He ITOKa3aHbI).

B nocienymomux SKCIIepUMEHTaXx M0 OIleHKEe aHa-
JIUTUYECKOU UYBCTBUTEJIbHOCTHU ObLJIO YCTAHOBJIEHO,
4To BbIgBJIeHUe n3oasara WSMV PC-0356 B TecTax
c Habopom pearenToB Wheat streak mosaic virus-PB
(«CunHTON») U C IIpaiiMepaMu U 30HZOM WSMV-F1/
WSMV-R1/WSMV-Probe (Tatinene et al., 2010) Bo3-
MOXXHO TIPU pPa3BeIeHUsIX COOTBETCTBeHHO B 103
u 10° co 100%-1 MOBTOPSIEMOCTHIO Pe3yabTaTOB. I1pu
9TOM B TecTax C mmpariMepaMu u 30HI0M WSMV-F1/
WSMV-R1/WSMV-Probe rcrmonb3oBaHue Habopa pea-
reuToB One Tube RT-PCR Tag Man («<EBpOTeH») IMeJIO
HEKOTOPOe IPEeNMYIIEeCTBO 10 CPABHEHUIO C MCIIOJb-
30BaHUeM Habopa peareHToB 5x Genta Single-tube
RT-PCR master mix («I'eaTeppa») B maaHe 6oJee
HU3KUX 3HAYEHUHN IOPOrOBBIX IIUKJIOB AJIST BBICOKUX
pasBelleHUI.

UyBCTBUTEJLHOCTb TECTOB C HA6OPOM peareH-
TOB «Bupyc mojocaToir Mo3auku mieHuIsr (WSMV)»
(«ArpoiarHOCTHKa») CYIeCTBEHHO 3aBHcesa OT Ba-
puanTa cuHTe3a KIHK. [Ipu ncrob30BaHUY AJISI CUH-
Tesa k/IHK nHabopa pearenToB OT-1 («<CUHTOJI») BbISIB-
Jienue nsonsgra WSMV HabJi01aj0Cch TP Pa3BeleHUN
B 10° u HecTabuJIbHO — ITPU pas3BegeHun B 104, Torma
Kak IIPY MCIIOJIb30BaHUY Hab0OPOB peareHToB IJIs 06-
paTHOU TpaHCKPpUNIUU GUPM «ATPOAMATHOCTUKA»
U «EBpOreH» — JINIIb JJIST NCXOAHbBIX Hepa30aBIeHHBIX
06pa3s11oB (cM. TabJr. 3).

Russia) and “Wheat streak mosaic virus-Real-Time”
(Synthol, Russia), as well as primers and probes WS-
MV-F1/WSMV-R1/WSMV-Probe (Tatinene et al., 2010)
and WsmF-7288/WsmR-7343/WsmP-7312 were tested
(Price et al., 2010).

It was found that all these test systems are char-
acterized by 100% specificity to the target object. No
cross-reaction of these test systems with isolates of
other viruses infecting grain crops was observed —
BaMMV, BMV, BSMV, BStMV, BYDV-MAV, BYDV-PAY,
CYDV, HPWMoV, MCMV, MDMV, SBCMV, SBWMYV,
SCMV, WDV and WSSMV. However, it was also found
that the WsmF-7288/WsmR-7343/WsmP-7312 prim-
ers and probe allow diagnosing only isolates of the WS-
MV-D strain, while the other three test systems allow
detecting isolates of the WSMV-B and WSMV-D strains
(results not shown).

In subsequent experiments to assess the ana-
lytical sensitivity, it was found that the detection of
the WSMV PC-0356 isolate in tests with the Wheat
streak mosaic virus-Real-Time reagent kit (Synthol)
and with primers and probe WSMV-F1/WSMV-R1/
WSMV-Probe (Tatinene et al., 2010) is possible at di-
lutions of 103 and 106, respectively, with 100% re-
peatability of the results. At the same time, in tests
with primers and probe WSMV-F1/WSMV-R1/WS-
MV-Probe, the use of the One Tube RT-PCR Taq Man
reagent kit (Evrogen) had some advantage over the
use of the 5x Genta Single-tube RT-PCR master mix
reagent kit (GenTerra) in terms of lower threshold cy-
cle values for high dilutions.

The sensitivity of tests with the reagent kit “Wheat
stripe mosaic virus (WSMV)” (AgroDiagnostica) sig-
nificantly depended on the variant of cDNA synthesis.
When using the reagent kit “OT-1" (Synthol) for cDNA
synthesis, the detection of the WSMV isolate was ob-
served at a dilution of 10% and unstable —at a dilution of
104 while when using the reagent kits for reverse tran-
scription from AgroDiagnostica and Evrogen - only for
the original undiluted samples (Table 3).

Confirmatory tests for the presence of WSMV
using classical RT-PCR were performed with prim-
ers PMB-70/PMB-71 (Jones et al., 2018), WSMV-CP-
AM-F2/WSMV-CP-AM-R (Bennypaul et al., 2019), WS-
MV-CP-Czech-F/WSMV-CP-Czech-R (Bennypaul et al.,
2019), WSMV-F/WSMV-R (Lee et al., 2013), WSMVL2/
WSMVR2 (Deb and Anderson, 2008), WSMV-C1/WS-
MV-XC1 (Rogers et al., 2012) and WS8166F/WS8909R
(Kudela et al., 2008). Preliminary testing of these prim-
ers was carried out in a 1-step RT-PCR format with
the One Tube RT-PCR TagMan reagent kit (Evrogen,
Russia).

It was found that the primers WSMV-CP-AM-F2/
WSMV-CP-AM-R (Bennypaul et al., 2019) and WS-
MV-C1/WSMV-XC1 (Rogers et al., 2012) are specific to
the WSMV-D strain, the primers WSMV-CP-Czech-F/
WSMV-CP-Czech-R (Bennypaul et al., 2019) detect
only isolates of the WSMV-B strain, and the primers
PMB-70/PMB-71 (Jones et al., 2018), WSMV-F/WS-
MV-R (Lee et al., 2013), WSMVL2/WSMVR2 (Deb, An-
derson, 2008) and WS8166F/WS8909R (Kudela et al.,
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OTpaboTKy MOATBEPXXIAIONINX TECTOB Ha Ha-
anuyre WSMV MeTonmoM kjaccuueckou OT-IILIP
MNPOBOIMIIY C IIpaiMepamMu PMB-70/PMB-71 (Jones
et al., 2018), WSMV-CP-AM-F2/WSMV-CP-AM-R
(Bennypaul et al., 2019), WSMV-CP-Czech-F/WSMV-
CP-Czech-R (Bennypaul et al., 2019), WSMV-F/
WSMV-R (Lee et al., 2013), WSMVL2/WSMVR2 (Deb
and Anderson, 2008), WSMV-C1/WSMV-XC1 (Rogers
et al., 2012) u WS8166F/WS8909R (Kudela et al.,
2008). ITpemBapUTENbHOE UCIIBITAHNE 3TUX ITPAM-
MEePOB MPOBOAMIU B OgHOSTarTHOM hopmaTe OT-TILIP
c HabopoMm pearerTtoB One Tube RT-PCR TagMan
(«EBporeH», Poccus).

BBlJI0 yCTaHOBJIEHO, UTO MpaiMepsl WSMV-CP-
AM-F2/WSMV-CP-AM-R (Bennypaul et al., 2019)
u WSMV-C1/WSMV-XC1 (Rogers et al., 2012) xapaxk-
TepU3yoTCca crienquduuHoCThI0 K mrTaMMmy WSMV-D,
npaimepbl WSMV-CP-Czech-F/WSMV-CP-Czech-R
(Bennypaul et al., 2019) BBIABASIIOT JUIIb U30JIAThI
mramma WSMV-B, a npatimepst PMB-70/PMB-71
(Jones et al., 2018), WSMV-F/WSMV-R (Lee et al.,
2013), WSMVL2/WSMVR2 (Deb, Anderson, 2008)
1 WS8166F/WS8909R (Kudela et al., 2008) mmo3Bo-
JITIOT IUarHOCTUPOBATh 06a 3TUX mTaMMa. [ Bcex
W3y4yaeMbIX IIpalMepoB He HabGJI0Iajoch Iepe-
KPecTHOU peakIiluu C HelleJIeBEIMU BUPycaMu 3ep-
HOBBIX KYJIBTYD, OTHOCSIIUXCS K CEMEUCTBY Potyvir-
idae: TpuTUMOBUPYCY BrSMV, 6uMoBupycamMm BaMMYV,
BaYMV, WSSMV, notuBupycam MDMV, JGMV, SCMV
u SrMV. [IpuHaJIeXHOCTh BCeX II0JIyUYEeHHBIX IIPO-
IYKTOB aMIIU(DUKAIIUY K I[eJIeBOMY 00beKTY ObIIa
oA TBEPXeHa UX CeKBeHUpPOBaHMEM. Pe3ynbTaThl
WCIIBITAHUSA HEKOTOPBIX IIPaliMepPOB MIPeICTaBIeHbI
Ha puc. 4.

Il TIocyieAyIoMuX UCTIBITAHUMN, BBUAY TIOJTHOTO
OTCYTCTBUS HeCIEU(MUYHBIX TPOLYKTOB aMIIIU(bU-
Kanuu, 6611 BIOpPaHbI ITpatiMmepsl PMB-70/PMB-71
(Jones et al., 2018), koMILJIeMeHTapHbIE TTOIPAHUYHO-
My yuacTky resoB 6K1 u Cl reroma WSMV. YcTaHOB-
JIeHa BO3MOXXHOCTbh UCITOJIb30BAHUS STUX ITPAliMEPOB
Kak B omHosTanHoM GopmaTe OT-TILIP (cM. Taba. 3),
Tak u B AByx3TanHoM ¢opmare OT-TILP ¢ Habopom
peareHToB 5X MasPPMix-2025 («/luajaTt», Poccus),
HO IPEeVMYIIeCTBO UMeeT UCII0Ib30BaHKe OJTHO3TATl-
Horo (hopmaTa. YCTaHOBJIEHO, YTO YyBCTBUTEIBHOCTD
TecTa B ¢popMaTe omHoaTarHou OT-TIIP ¢ mpaiime-
pamu PMB-70/PMB-71 u HabopoM peareHToB One
Tube RT-PCR TaqMan («EBporeu», Poccus) BiIsieTCs
OuYeHb BBICOKOM. BrisiByeHue nsojasara WSMV PV-0356
IOCTUTAJIOCh BILJIOTH 10 pasBemeHus 10° co 100%-it
TIOBTOPSIEMOCTBHIO PEe3YJIbTAaTOB (CM. puc. 5). UyBCTBU-
TEJIbHOCTDb TECTa C 3TUMMU IIpaliMepaMu U HabopoM
pearenToB 5x Genta Single-tube RT-PCR master mix
(«TeuTeppa», Poccust) okasaoch 3HAUUTEILHO MeHee
BBICOKOM: cTabuiibHOE BhIIBIeHUE n30asaTa WSMV
PV-0356 Habamomanioch JUIb O pa3Begerus 102,
a nJig pa3BesieHus 10 66110 HeCTaOUITBHBIM (PE3YIIb-
TaThl He IOKa3aHBbl).

C nenbio anpobamnuu paspaboTaHHON MeTOI-
K 95 06pasIiioB 3epPHOBBIX KYJIbTYP, OTOOPAHHBIX
B 2024 1. Ha Tepputopuu KpacHomapCcKoro kpag,
OBIJIM TIPOTECTUPOBAHBI MeTogoM MDA c TecT-
cuctemou dupmbr Agdia, merogom OT-TILIP-PB
c mpatimepaMu u 30HZOM WSMV-F1/WSMV-R1/
WSMV-Probe (Tatineni et al., 2010) 1 MeTOLOM KJiac-
cuueckoit OT-ITILIP c mpatiMmepamu PMB-70/PMB-71

2008) allow diagnosing both of these strains. For all
the primers studied, no cross-reaction was observed
with non-target cereal viruses belonging to the Potyvi-
ridae family: tritymovirus BrSMV, bimoviruses BaMMV,

8 M 9 10 11 12 13 14 15 16

a) Mparimepbl WS8166F/WS8909R (Kudela et al., 2008), 740 n.o.
a) Primers WS8166F/WS8909R (Kudela et al., 2008), 740 bp.

10 11 12 13 14 15 16

b) Mpamepbl WSMV-F/WSMV-R (Lee et al., 2013), 834 n.o.
b) Primers WSMV-F/WSMV-R (Lee et al., 2013), 834 bp.

8 M 9 1011 12 13 14 15 16

c) Nparimepbl PMB-70/PMB-71 (Jones et al., 2018), 748 n.o.
c) Primers PMB-70/PMB-71 (Jones et al., 2018), 748 bp.

Puc. 4. Pe3ynbTaTtbl UCMbITaHWU NpaiMepoB
WS8166F/WS8909R (Kudela et al., 2008), WSMV-F/WSMV-R
(Lee et al., 2013) u PMB-70/PMB-71 (Jones et al., 2018).
0O6pasupl: 1 — WSMV PV-0356 DSMZ (wutamm WSMV-B),

2 - WSMV +K, Agdia C3101 (wtamm WSMV-D),

3 -WSMV +K, Loewe 07048PC (wwtamm WSMV-B),

4 - WSMV -K, N/D SP1521, 5 - BrSMV, +K Loewe 07123PC,
6 — WSSMV PC-0541, 7 - WSSMV +K, Agdia C2682,

8 —WSSMV +K, Loewe 07171PC, 9 - BaMMV PC-0329,
BaYMV +K, Loewe 07006PC, 11 - MDMV PC-0802,

12 - SCMV PC- 0731, 13 - SrMV PC-0801, 14 - JIGMV +K,
Agdia, 15 - -K (Boga), 16 — +K (cmecb nsonsitos WSMV)

Fig. 4. Results of testing primers WS8166F/WS8909R
(Kudela et al., 2008), WSMV-F/WSMV-R (Lee et al., 2013)
and PMB-70/PMB-71 (Jones et al., 2018).

Samples: 1 - WSMV PV-0356 DSMZ (strain WSMV-B),

2 - WSMV +K, Agdia C3101 (strain WSMV-D),

3 - WSMV +K, Loewe 07048PC (strain WSMV-B),

4 - WSMV -K, N/D SP1521, 5 - BrSMV, +K Loewe 07123PC,
6 — WSSMV PC-0541, 7 - WSSMV +K, Agdia C2682,

8 — WSSMV +K, Loewe 07171PC, 9 - BaMMV PC-0329,
BaYMV +K, Loewe 07006PC, 11 - MDMV PC-0802,

12 - SCMV PC- 0731, 13 - SrMV PC-0801, 14 — JGMV +K, Agdia,
15 - -K (water), 16 — +K (WSMYV isolate mixture).
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Ta6.1. 4. CpaBHeHUe pe3yiabTaToB UPDA, OT-IIIIP-PB u knaccuueckoii OT-IILIP B BbIIBJIEHUU
WSMV B o6pa3iiax 3epHOBBIX KyJabTyp KpacHogapckoro kpas

Table 4. Comparison of the results of ELISA, real-time RT-PCR and classical RT-PCR
in the detection of WSMV in samples of grain crops of Krasnodar Krai

U®PA (0.e.)* WSMV F1/WSMV PMB70/PMB-71

OGpas3ser, Sample ELISA (0.u.)* R1/WSMV P**  1-step***
IMuenwuna, c. Anekcenu Wheat, Alekseich 0,715 20,842 +3
[Mmenuna c. Anexcend, mojie N2 2122 Wheat, Alekseich, field No. 2122 0,214 24,55 +
IMmenuna c. Anekcend, mojie N2 0205  Wheat, Alekseich, field No. 0205 0,633 23,56 +
IMmenuia c. Anexcend, moje N2 0205 Wheat, Alekseich, field No. 0205 0,893 18,51 +
[Mmenua c. Ajexkcend Wheat, Alekseich 0,298 22,13 +
TTmenwuiia c. Bbi3oB Wheat, Vyzov 0,057 32,45 -r
IMmenwunna c. Xut Wheat, Hit 0,412 20,90 +
[Tmenuna c. Tausg Wheat, Tanya 0,320 17,40 +
TMmenuIa c. SMMa Wheat, Emma 0,557 19,50 +
[Mmenwua c. TaBpuzga Wheat, Tavrida 0,446 17,62 +
[Mumenuna c. F'Hom Wheat, Dwarf 0,061 H/0° -
IMmuenuna c. EnaHuymk Wheat, Elanchik 0,481 18,77 +
[Nmenunna c. Bersos Wheat, Call 0,459 21,23 +
[Mmenuna c. TumupszeBka-150 Wheat, Timiryazevka 150 0,306 23,29 +
IMmenwura c. Kompuyra Wheat, Kolchuga 0,719 17,78 +
IMmenuna c. Ctuiab-18 Wheat, Stil 18 0,350 30,43 +
[Mmenwuna c. barpart, mosie N2 16 Wheat, Bagrat, field No. 16 0,333 17,96 +
[Nmennna c. barpart, nosie N2 16 Wheat, Bagrat, field No. 16 0,065 H/O -
[Tmenuna c. Taud, moje N2 35 Wheat, Tanya, field No. 35 0,304 17,82 +
IMmenwuna c. Taud, mojue N2 35 Wheat, Tanya, field #35 0,524 18,53 +
[Mmenuia c. Enanuuk, mmoye N2 5K82 Wheat, Elanchik, field #5K82 0,362 18,25 +
IMuenuna c. [Tobema-75, mojie N2 5K82  Wheat, Pobeda 75, field #5K82 0,071 H/O -
IMmenwuna c. Ctuib-18, mose N2 5K82  Wheat, Stil 18, field #5K82 0,378 18,13 +
ITmenwuna c. Ctuib-18, obpaserr 3/6 Wheat, Stil 18, sample 3/6 0,241 23,58 +
[Tmenua c. 9MMa, obpasers 4/10 Wheat, Emma, sample 4/10 0,748 23,79 +
[Mmenwuria c. Bek, o6pasers 3/11 Wheat, Vek, sample 3/11 2,542 19,19 +
[Mmenuta c. Enanuuk, obpasers 3/11 Wheat, Elanchik, sample 3/11 1,988 19,92 +
[Mmenwuta c. CTuib, o6paser 3/17 Wheat, Stil, sample 3/17 0,496 21,61 +
IMmenwuna c. [lobega-75, obpaser; 3/11  Wheat, Pobeda 75, sample 3/11 2,734 20,35 +
OTpHUIaTEIbHBIN KOHTPOJIb Negative control 0,063 H/0 -
IM0J10°KUTEJIbHBIN KOHTPOJIb Positive control 2,753 19,48 +

* Peaynbtatbl MDA (B ONTUUECKUX €AMHULAX)

c TecT-cuctemon k WSMV cdunpmbl Agdia;

** MNP B «peanbHOM BpeMeHu» C npaiMmepamu 1 30H40M

* Results of ELISA (in optical units)

with the test system for WSMV from Agdia

** Real-time PCR with primers and probe WSMV F1/WSMV R1/

WSMV F1/WSMV R1/WSMV P (Tatinene et al., 2010) n Habopom
peareHToB One Tube RT-PCR TagMan («EBporeH», Poccus);

*** Knaccuueckas MNLUP ¢ npaimepamu PMB70/PMB-71

(Jones, 2008) 1 Habopom peareHToB One Tube RT-PCR mix
(«EBporeH», Poccua);

a — MOPOroBbIi LMK, MPU KOTOPOM MPOM30LLIO BbiSBNEHWE
Lenesoro obbekTa;

6 — ueneBol 06bEKT He BbISB/EH;

B — HaJIMume crneundmyecKor Nonochl NaaHNpPyeMoi BENUUYNHbI
B resie, 03Havatollee BbigB/eHMe LeneBoro obbeKkTa;

I — OTCYTCTBUE Cneuuntyeckor nosoch B rese, 03Havatoliee
oTCyTCTBME LienieBoro obbekTa

WSMV P (Tatinene et al., 2010) and One Tube RT-PCR TaqMan

reagent kit (Evrogen, Russia)

*%% Classical PCR with primers PMB70/PMB-71 (Jones, 2008)
and the reagent kit “One Tube RT-PCR mix” (Evrogen, Russia)

a —threshold cycle at which the target object was detected

b — target object was not detected

¢ — presence of a specific band of the planned value

in the gel, indicating detection of the target object

d - absence of a specific band in the gel,

indicating the absence of the target object

dutocaHuTapus. KapaHTuH pactenuin =~ 72
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(Jones et al., 2008). HekoTopble MapTUu 00pasIioB
OBIJIV IPOTECTUPOBAHBI Takxe Habopamu njs OT-
[TLP-PB x WSMV ¢upm «ArpoguarHoctTuka» u «CuH-
TOJI» ¥ MeTO/IOM KJjtaccuueckout OT-TILIP c mpatimepa-
My WSMV-F/WSMV-R (Lee et al., 2013). Pe3ynbTaThl
TECTUPOBAHUS OJHON M3 IMapPTUH 00pa3loB IIpe-
CTaBJIEHBI B Ta0JI. 4.

[TosiHOE coBIIaleHME Pe3yabTaTOB BO BCEX TPEX
TecTax HabJIOIaIoCch IJig 28 06pasiioB u3 29 mpoTe-
CTUPOBAHHBIX, WU B 96,6% cirydaes. JIuiib B 06pas-
11e IIIeHUIbI ¢. BbI30B BhisiBIIeHEe WSMV MeToAOM
OT-IILIP-PB He 6bLIO ITOATBEPXKIEHO TECTAMU METO-
noM V®A u metomoM Kiaccuueckoir OT-TTLP. Tem ca-
MBIM COBIIafleHUe pe3ynbTaToB VDA 1 kjaccuuecKon
OT-IILIP cocraBuno 100%, coBriazeHue pe3yjabTaToB
DA u OT-TILP-PB - 96,5%, coBriazieHue pe3yiabTa-
ToB OT-IILIP-PB u xnaccuyeckou OT-TILIP — 96,5%
(cM. Tabu. 4).
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Puc. 5. OnpegeneHve aHaIMTUYECKOM YYBCTBUTENIbHOCTHU
TecTa c npariMmepamu PMB-70/PMB-71 (Jones et al., 2018)
1 HabopomM peareHToB One Tube RT-PCR TagMan
(«EBporeH», Poccus)

Fig. 5. Determination of analytical sensitivity of the test
with primers PMB-70/PMB-71 (Jones et al., 2018)

and the One Tube RT-PCR TagMan reagent kit

(Evrogen, Russia)

no dilution — 6e3 paseBegeHus
dilution — pasBepeHune

Cxema onbiTa
Experiment scheme:

WSMV PV-0356, no dilution 14 WSMV PV-0356, dilution 10

WSMV PV-0356, no dilution 15 WSMV PV-0356, dilution 10

WSMV PV-0356, no dilution 16 WSMV PV-0356, dilution 10°

WSMV PV-0356, dilution 10* 17 WSMV PV-0356, dilution 10

WSMV PV-0356, dilution 10* 18 WSMV PV-0356, dilution 10-°

WSMV PV-0356, dilution 10 19 WSMV PV-0356, dilution 10

WSMV PV-0356, dilution 102 20 WSMV PV-0356, dilution 10

WSMV PV-0356, dilution 102 21 WSMV PV-0356, dilution 10

V|| N|oc|la| br|lw|DN]| P

WSMV PV-0356, dilution 102 22 WSMV PV-0356, dilution 107

10 WSMV PV-0356, dilution 10 23 WSMV PV-0356, dilution 10”7

11 WSMV PV-0356, dilution 10° 24 WSMV PV-0356, dilution 10”7

12 WSMV PV-0356, dilution 10 25 -K (water)

13 WSMV PV-0356, dilution 10

BaYMV, WSSMV, potyviruses MDMV, JGMV, SCMV and
SrMV. The belonging of all the obtained amplification
products to the target object was confirmed by their
sequencing. The results of testing some primers are
presented in Figure 4.

For subsequent testing, due to the complete ab-
sence of non-specific amplification products, prim-
ers PMB-70/PMB-71 (Jones et al., 2018) complemen-
tary to the border region of the 6K1 and CI genes of the
WSMYV genome were selected. It was established that
these primers can be used both in the 1-step RT-PCR
format (Table 3) and in the 2-step RT-PCR format with
the 5x MasPPMix-2025 reagent kit (Dialat, Russia), but
the 1-step format has an advantage. It was found that
the sensitivity of the test in the 1-step RT-PCR format
with primers PMB-70/PMB-71 and the One Tube RT-
PCR TagMan reagent kit (Evrogen, Russia) is very high.
Detection of the WSMV PV-0356 isolate was achieved
up to a dilution of 10° with 100% repeatability of the re-
sults (Fig. 5). The sensitivity of the test with these prim-
ers and the reagent kit “5x Genta Single-tube RT-PCR
master mix” (GenTerra, Russia) was significantly low-
er: stable detection of the WSMV PV-0356 isolate was
observed only for a dilution of 102, and for a dilution of
1073 it was unstable (results not shown).

In order to test the developed methodology, 95
samples of grain crops collected in 2024 in Krasnodar
Krai were tested using the ELISA method with the Ag-
dia test system, real-time RT-PCR method with primers
and probe WSMV-F1/WSMV-R1/WSMV-Probe (Tatine-
ni et al., 2010) and the classical RT-PCR method with
primers PMB-70/PMB-71 (Jones et al., 2008). Some
batches of samples were also tested with real-time
RT-PCR Kkits for WSMV by AgroDiagnostica and Synthol
and the classical RT-PCR method with primers WS-
MV-F/WSMV-R (Lee et al., 2013). The testing results of
one of the sample batches of are presented in Table 4.

Complete match of the results in all three tests
was observed for 28 samples out of 29 tested, or in
96.6% of cases. Only in the wheat sample from Vyzov
village, the detection of WSMV by the real-time RT-
PCR method was not confirmed by the tests by the
ELISA method and the classical RT-PCR method. Thus,
the agreement of the ELISA and classical RT-PCR re-
sults was 100%, the agreement of the ELISA and re-
al-time RT-PCR results was 96.5%, the agreement of
the real-time RT-PCR and classical RT-PCR results was
96.5% (Table 4).

Similar results were obtained when testing oth-
er sample batches. In addition, it was found that the
ELISA method and the classical RT-PCR method, as a
rule, do not confirm the presence of the target object in
samples in which WSMV was detected by the real-time
RT-PCR method at high threshold cycles (Cq > 35).

In this series of experiments, the possibility of ef-
fective use of primers and probe WSMV F1/WSMV R1/
WSMV P with the reagent kit “2.5x Reaction mixture for
RT-PCR” (Synthol, Russia) was also established. A high
level of coincidence of test results by the classical
RT-PCR method with primers PMB-70/PMB-71 (Jones
et al., 2008) and WSMV-F/WSMV-R (Lee et al., 2013).

Mai Ne 2 (23) 2025 73



OWATHOCTUKA  DIAGNOSIS

CxonmHbIe Pe3yJbTaThl ObIIU MTOJYYEHBl U IPU
TEeCTUPOBAHUU APYyrux napTtuit o6pasmnos. Hapany
¢ 9TUM 6bLJIO KOHCTATHUPOBAHO, YTO MeTon MDA u mMe-
TOZ, Kjaaccudyeckoi OT-TILIP, kak IIpaBuIO, HE TIOI-
TBEPXXIAIOT HAJIMUMeE 11eJIeBOT0 06beKTa B 00pasIiax,
B KoTOpBIX WSMYV 6bL1 BeIsIBIIEH MeTomoM OT-TILIP-PB
Ha BBICOKUX MTOPOTOBBIX ITMKJax (Cq > 35).

B IaHHOU cepuu 3KCIIEPUMEHTOB YCTaHOBJIEHA
TaK)Xe BO3MOXHOCTh 3()(PeKTUBHOTO MCII0JIb30Ba-
HUS npariMepoB u 30Hma WSMV F1/WSMV R1/WSMV
P ¢ HabopoM peareHToB 2,5X peakIMOHHAs CMeChb
naa ILP-PB («CuaToN», Poccus). KoHcTaTupoBaH
TaK)Xe BBICOKUU YPOBEHBb COBIIAJIEHUS PE3YIbTAaTOB
TECTOB METOZIOM Kjlaccuueckoi OT-TILIP c mpatime-
pamu PMB-70/PMB-71 (Jones et al., 2008) u WSMV-F/
WSMV-R (Lee et al., 2013).

3AKJIIIOYEHUE

[IpoBeneHHbIE UCCIeOBAHUS IT03BOJIMIN pas3pabo-
TaTh METOAMYECKME PEKOMEHIAIUU T10 BhISIBJIEHUIO
U ugeHTUGUKAIUU BUPyca IOJOCATON MO3aUKU
nmeHunisl (WSMV), B KOTOPBIX IJIs TIPOBEINEHUS OT-
GOPOYHBIX (CKPUHUHTOBBIX) TECTOB PEKOMEH/IYETCS
HCIIOJIb30BAaTh OLUH U3 CIELYIOUUX TECTOB: METOJIOM
V@A c TecT-cuctemoit K WSMV ¢pupmbr Agdia (CIIIA),
MeTtomom IILIP B «peaJibHOM BpeMeHU» C HAOGOpPOM
pearenToB gJist OT-TILIP-PB k WSMV ¢upm «Arpoau-
ar”HocTuka» u «CuHTOJI», uiu MmetonoM [P B «peaib-
HOM BpeMeHU» C IipatiMepamMu u 30HL0M WSMV-F1/
WSMV-R1/WSMV-probe (Tatinene et al., 2010). Ha6o-
prI peareHToB AJis [TLP-PB k WSMV ¢upm «Arpogua-
THOCTHKAa» U «CHUHTOJI» 11eJ1eCO00Pa3HO UCIT0JIb30BaTh
nJg BoeigBieHus WSMV 1mpu npoBeieHUU (PUTOCAHU-
TapHOrO0 MOHUTOPUHTA ITOCEBOB U JJid aHaJIKM3a ce-
M4H 3€PHOBBIX KYJIbTYP, IPeLHAa3HAUYEHHbIX IJIS UC-
MoJIb30BaHUS BHYTpU Poccutickont ®enepamnuu. s
aHaJIM3a 3ePHOBOY MPOAYKIIUY, TpefHa3HAUeHHON
JIJIST DKCIIOPTA, B KaUueCcTBe CKPUHUHIOBOTO TecTa 60-
Jiee 1ejiecoo6pasHo MCIIOJIb30BaTh MeTon MDA unu
omnoaTtanuyn OT-TILP-PB c mpaliMepaMu U 30HI0M
WSMV F1/WSMV R1/WSMV P (Tatinene et al., 2010).
[ToATBEPXKOAIOIIUYM TECT PEKOMEHYETCS TPOBOAUTH
¢ mpaiimepamu PMB-70/PMB-71 (Jones, 2008) B ¢op-
MaTe OJHO3TAITHOM Kiaaccuueckoi OT-TILIP.
ViccnemoBaHuS BBHIIOJIHEHBI B paMKaxX rocygap-
cTBeHHOTO0 3amanus (per. N HMOKTP 123022100120-4).
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CONCLUSION

The conducted studies allowed to develop methodolog-
ical guidelines for the detection and identification of
wheat streak mosaic virus (WSMV), in which for con-
ducting selection (screening) tests it is recommended
to use one of the following tests: ELISA method with
the test system for WSMV from Agdia (USA), PCR meth-
od in “real time” with a set of reagents for real-time
RT-PCR for WSMV by AgroDiagnostica and Synthol,
or real-time PCR with primers and probe WSMV-F1/
WSMV-R1/WSMV-probe (Tatinene et al., 2010). It is
advisable to use reagent kits for RT-PCR for WSMV by
AgroDiagnostica and Synthol to detect WSMV during
phytosanitary monitoring of crops and for analysis of
grain crop seeds intended for use within the Russian
Federation. For the analysis of grain products intend-
ed for export, it is more appropriate to use the ELISA
method or a 1-step real-time RT-PCR with primers and
probe WSMV F1/WSMV R1/WSMV P as a screening test
(Tatinene et al., 2010). The confirmatory test is recom-
mended to be carried out with primers PMB-70/PMB-71
(Jones, 2008) in the format of a 1-step classical RT-PCR.

The research was carried out within the
framework of the State assignment (Reg. No. R&D
123022100120-4).
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