OVNATHOCTUKA

DOI 10.69536/FKR.2026.50.73.004
YOK 632.3.01/.08

Pa3paboTka U BaJauganusa
METO/,0B JUArHOCTHKH
BHUpPYyca KapJIUKOBOCTH
nueHunbl (Mastrevirus
hordei)

JIO30BA4 E.H.', [TIPUXOJbKO I0.H.?,
’KVBAEBA T.C.°, BAIIKVIPOBA .T.",
EMEJIbSIHOBA A.A.°, IIHEMIEP 10.A.°

L2345° HI'BY «BcepocCUCKuU IIeHTP KapaHTHHA
pacteuuii» (PI'BY «BHUUKP»), irtT BBIKOBO, M. 0.
PamMenckuii, MockoBsckas 06.1., Poccus, 140150

* ®I'BOY BO «Poccuiickuii rocy1apCTBEHHbIN
arpapHbIil yHuBepcuteT — MCXA umenu K. A.
TumupsaseBa» (Pr'BOY BO PTAY-MCXA um. K. A.
TumupsizeBa), I. MockBa, Poccus, 127434

'ORCID: 0000-0001-8612-5127,

e-mail: evgeniyaf@mail.ru

*ORCID: 0009-0004-9176-407X,

e-mail: prihodko_yuri59@mail.ru

*ORCID: 0009-0008-8312-2666,

e-mail: zhivaeva.vniikr@mail.ru

*ORCID: 0000-0001-9014-4179,

e-mail: bashkirovaid@mail.ru

*ibsh505505@gmail.com

°*ORCID ID: 0000-0002-7565-1241

e-mail: yury.shneyder@mail.ru

AHHOTALIUA

Bupyc xapaukoBocTu mmieHuiibl (Wheat dwarf
virus, unu Mastrevirus hordei; akpouum — WDV)
SIBJISIETCS BPEJLOHOCHBIM MMAaTOTEHOM IINIeHUIBI,
JUMeHsd, PXKU, TPUTUKAJEe, 0BCA U MHOTOUMCJIEHHBIX
BUJIOB MHOTOJIETHUX 3JIaKOBBIX TPaB. [loTepu yporkas
MIIEHUIbl B Pe3yJibTaTe 3apakeHUs STUM BUPYCOM
moryT pocturatb 100%. ITepenocuukom WDV
aBJIeTCS IIojocaTas IIMKazka (Psammotettix striatus
L.), IIXPOKO pacIpoCcTpaHeHHAS Ha TeppUTOpun PO.

JIs pa3paboTKU METOAMYECKUX PeKOMEeH Al
IO BBIIBJIEHUI0 U ugeHtuduxkamuu WDV 6bljIo
MPOBEJEHO UCIbITAHWE TecT-cucTteMbl AJasa MDA
¢upmer Loewe Biochemica GmbH (FepmaHus), IByX
TecT-cucTteM aid [P B peanbHOM BpeMmenu ([TLIP-PB)
U ceMU ITap IpariMepoB A1 Kitaccuuecko ITIP.

YCTaHOBJIEHO, UTO MCIIBITyeMas TecT-cucTeMa
ninga UPA k WDV xapakTepusyeTcd LOCTAaTOUYHO
BBICOKOU CIeIM(UYHOCTBI0 K IIeJIEBOMY OGBEKTY U
MOXXeT OBITh PEKOMEHJOBaHa [IJig IIPOBEAEeHUS
CKPUHUHTOBBIX TECTOB HAa HAJIMUME 3TOr0 BUpPYCA.
AHaornyHoe 3aKJIroueHre CAeIaHo Takke B OTHOIIIEHUY
npatimepoB u 30HAa RTIC-F/ RTIC-R/ RTIC-Probe
(Wang et al., 2016), KOTOpPbIe MTO3BOJISIIOT IUATHOCTH-
poBaThb n30JThI ITaMMOB WDV-B 1 WDV-W ¢ BBICOKOH
CrIeu(YMYHOCTHI, YYBCTBUTEJIbHOCTBIO M BOCIIPOU3-
BOJIMMOCTBIO TECTOB. YCTAHOBJIEHO, UTO MpaliMepsl
WDV-40F/WDV-806R u WDV-WFh/WDV-WRb
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ABSTRACT

Wheat dwarf virus (WDV), or Mastrevirus hordei, is
a harmful pathogen of wheat, barley, rye, triticale, oats,
and numerous species of perennial cereal grasses.
Wheat yield losses due to infection by this virus can
reach 100%. WDV is transmitted by Psammotettix
striatus L. Widely spread in the Russian Federation.

To develop guidelines for the detection and
identification of WDV, a test system for ELISA by Loewe
Biochemica GmbH (Germany), two test systems for
real-time PCR and 7 pairs of primers for classical PCR
were tested.

The WDV ELISA test system tested was found to be
characterized by a sufficiently high specificity for the
target and can be recommended for screening tests for
this virus. A similar conclusion was reached regarding
the RTIC-F/RTIC-R/RTIC-Probe primers and probe
(Wangetal.,2016), which enable the diagnosis of WDV-
B and WDV-W isolates with high specificity, sensitivity,
and reproducibility. It was established that the WDV-
40F/WDV-806R and WDV-WFb/WDV-WRb primers
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MO3BOJIAIOT AUATHOCTUPOBATh M3O0JATHI IITAMMOB
WDV-W u WDV-B, Torga kak rmpaiimepbsl WDV-F/WDV-
R, WDV-T-F/WDV-T-R u WDV-1F/WDV-WRb xapaxkTe-
pusyTCcd CHelluPUIHOCThI0 K mTamMmy WDV-W, a
npatimepsl WDV-H-F/WDV-H-R 1 WDV-WFh/WDV-4R
— cnenuUUHOCTLIO K mTamMmy WDV-B. JI151 ipoBefie-
HUY TOATBEPXOAWIINUX TECTOB Ha Hamuuuve WDV
oTpaboTaHbl MPOTOKOJIBI Kjaccuueckoi IILIP c
nparimepamMu WDV-WFbh/WDV-WRb u WDV-F/WDV-R,
obecrmeuymBalIe BbICOKYI0 DKCKJII3WUBHOCTD,
WHKJIFO3UBHOCTb U YyBCTBUTEIBHOCTb TECTOB.

Knrouesoie cnoea. UmmynogepmeHmublii aHaaU3,
MONEKYAIPHas OUaeHOCTUKA, NOJUMEPA3HASL UETHASL
Deaxyus, npaiimepol, CEK6EHUPOBAHUE.

BBEJEHUE

€pHOBbIE KYJIbTYPBhI MMEIT Ba)KHEMH-
Imee 3HadyeHue IJig obecHedyeHUs
IIPOJIOBOJIbCTBEHHON 6e30MacHOCTU
Halel cTpaHsbl. [To gaHHbBIM PoccTara,
ypoxxal 3epHOBBIX B Poccuu B 2022,
2023 u 2024 rT. cOCTaBMUJ COOTBET-
CTBEHHO 157,67 MJIH TOHH, 144,96 MIH
TOHH U 124,96 MJaH TOHH. B 2024 1.
OBLJIO TTPOM3BeNeHO 82,4 MJIH TOHH 3epHAa IIIEeHUIIHI,
16,7 MJIH TOHH 3epHa 94MeH4, 13,2 MJIH TOHH 3epHa
KYKypy3bl ¥ 12,6 MJIH TOHH 3epHa IPOUYUX KYyJIbTYP. [To
utoram 2025 I. oxxumaeTcss c6op ypoxkasi 3ePHOBBIX He
MeHee 135 MJIH TOHH, B TOM YMUCJIe IIIIEHUIIbI — He
MeHee 93,5 MJIH TOHH.

OmHOW W3 NMPUYUH CHUKEHUS YPOXKANUHOCTU
3€PHOBBIX KYJIbTYP SBJISIOTCSI BUPYCHbIe 60Jie3HU. B
HacToslIlee BpeMs Ha 3ePHOBBIX KYJIbTypPax U3BECTHO
He MeHee 128 (UTOMATOreHHBIX BUPYCOB, OTHOCS-
muxca K 36 pomaM 19 TaKCOHOMUUYECKUX CEMENCTB.
PacTeHud nuIeHUIbl 3apakarT He MeHee 62 BUPYCOB,
a pacTeHUs KyKypPy3bl, SYMEHS U PXKU — COOTBETCTBEH-
HO 52, 37 u 28 BupycoB (CABI, 2025). B ®I'BY
«BHUVKP» npoBoauinch MHOTOJIETHUE UCCIIEeNOBa-
HUS 3apaXeHHOCTU ITOCEBOB 3€PHOBBIX KYJIbTYP
BUpPYCAMU U JPYTUMU (PUTOMMATOTEHHBIMU OPTaHU3-
MaMHM, a TakXe COpPHbIMM pacTeHusMmu (KysmakoBa u
op., 2022, Xopuna H.A. u gp., 2023, [IpuxonbKko 1 ap.,
2024, XuBaeBa T.C.u ip., 2025).

OnHVM M3 Hambojee BPEMOHOCHBIX ITaTOTEHOB
TIIIEeHUIBI ABJISIETCS BUPYC KAPJIUKOBOCTH TIIIEHUIIBI
(Wheat dwarf virus, unu Mastrevirus hordei; akpOHUM —
WDV). WDV 3apaxaeT NIIeHUILY, SUYMEHb, POXb,
TPUTHKAJE, OBeC U He MeHee 25 BUL0B MHOTOJIETHUX
3JIaKOBBIX TpPaB, BKJIYAsd TaKUe ITOBCEMECTHO
pacmpocTpaHeHHbIE PACTEHMS, KaK KocTep 6e30CThIH
(Bromus inermis Leyss.), MeTJauIla OOGBIKHOBEHHAs
(Apera spica-venti (L.) P.Beauv.), MaT/IuK Jyrosoii (Poa
pratensis L.), MITIUK omHOJeTHUU (Poa annua L.),
oBcHoT (Avena fatua 1..), paiirpac nactoumaeiii (Lolium
perenne L.), TuMeHb MbIUHBIN (Hordeum murinumL.),)
(Nygrenetal.,2014; Pfriemeetal.,2023).

Bupyc pacnpocTtpaneH B 17 cTpaHax EBpoIibl,
BKJIIOUAs COIpenebHble ¢ Poccutickoit ®enepaliuein
[MTonbury, Ykpauny, PUHITHANIO ¥ ICTOHUIO, 2 TAK)Ke B
Upake, Npane, Kurae, Cupuu, Typuuu, Erunre,

enable the diagnosis of isolates of the WDV-W and
WDV-B strains, while the WDV-F/WDV-R, WDV-T-
F/WDV-T-R and WDV-1F/WDV-WRb primers are
characterized by specificity to the WDV-W strain, and
the WDV-H-F/WDV-H-R and WDV-WFb/WDV-4R
primers are specific to the WDV-B strain. To conduct
confirmatory tests for the presence of WDV, classical
PCR protocols with the WDV-WFb/WDV-WRb and
WDV-F/WDV-R primers have been developed, ensur-
ing high exclusivity, inclusiveness and sensitivity of
tests.

Key words. Enzyme-linked immunosorbent assay,
molecular diagnostics, polymerase chain reaction, primers,
sequencing.

INTRODUCTION

rain crops are crucial for ensuring Russia's

food security. According to Rosstat, the

grain harvest in Russia in 2022, 2023, and

2024 amounted to 157.67 million tons,

144.96 million tons, and 124.96 million
tons, respectively. In 2024, 82.4 million tons of wheat,
16.7 million tons of barley, 13.2 million tons of corn,
and 12.6 million tons of other grains were produced. By
the end of 2025, the grain harvest is expected to be at
least 135 million tons, including at least 93.5 million
tonsofwheat.

One of the reasons for the decline in grain crop
yields is viral diseases. Currently, at least 128
phytopathogenic viruses belonging to 36 genera of 19
taxonomic families are known to infect grain crops.
Wheat plants are infected by at least 62 viruses, and
corn, barley, and rye plants by 52, 37, and 28 viruses,
respectively (CABI, 2025). FGBU "VNIIKR" has con-
ducted long-term studies of the infestation of grain
crops by viruses and other phytopathogenic organ-
isms, as well as weeds (Kulakova et al., 2022, Khorina
N.A.etal., 2023, Prikhodko et al., 2024, Zhivaeva T.S. et
al.,2025).

One of the most harmful pathogens of wheat is the
wheat dwarf virus, or Mastrevirus hordei. WDV infects
wheat, barley, rye, triticale, oats, and at least 25 species
of perennial grasses, including such common plants as
Bromusinermis Leyss., Apera spica-venti(L.) P.Beauv., Poa
pratensis L., Poa annua L., Avena fatua L., Lolium perenne
L., Hordeum murinum L. (Nygren et al., 2014; Pfrieme et
al.,2023).

Thevirusiswidespreadin 17 European countries,
including Poland, Ukraine, Finland, and Estonia, which
border the Russian Federation, as well as in Iraq, Iran,
China, Syria, Turkey, Egypt, Zambia, and Tunisia (CABI,
2025). It is included in the list of quarantine pests in
Egypt.
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3ambuu u Tynwuce (CABI, 2025). BXoguT B IiepeyeHb
KapaHTUHHBIX BpeIHBIX OpraHu3MoB ErumnrTa.

HasBaHme Bupyca ITPOUCXOIUT OT €T0 OCHOBHBIX
XapaKTEePUCTUK: HAPYIIEHUS pocTa 1Mo6eroB u
HeHOpPMaJibHOTO 06pa30BaHUsI MHOTOUYUCTEHHBIX
c1abopa3BUTHIX ITOGETOB, UYTO MIPUBOAUT K PA3BUTHUIO
CUMIITOMOB KapJINKOBOCTH. YK€ 0CEHbIO IIOPa’keHHbIe
WDV pacTeHUs 03UMOT0 SUMEHS ¥ 03UMOI ITIIeHUITbI
BBIZEJITIOTCS Ha IT0Jie JKEeJIThIM IIBETOM M OYeHb
BBICOKOM CTEIeHbI0 KYIIeHUs. B TedeHUEe 3UMBI
UHQUIIMPOBAaHHbIE OCEHBIO PAaCTeHUS MOTYT IOru6-
HYTb, UTO NMPUBOAUT K U3PEXKEHHOCTU IIOCEBOB.
BBDKUBIINE PACTEHMS YaCTO MMEIOT KapJIUKOBBIM BU,
UX KOJIOChSI MOTYT ObITh CTE€PUJIBHBIMY MU 06Pa3yoT
ITYTIJIOE 3€PHO.

CUMNOTOMBI CHauajia TOSIBJSIOTCS HAa CaMbIX
MOJIOJIBIX JIUCTBHSIX, @ 3aTeM MepexonsaT Ha 6ojiee
cTapble JIUCThsI. Ha JIMCThSIX pa3BUBaeTCS XJIOPO3
HauyMHas ¢ KOHYMKOB 1 KPaeB JINCTheB. XapaKTePHbIM
MIPU3HAKOM SIBJIIETCS AedopMalius CaMOT0 MOJIOIOTO
JucTa. BepXHas9 4acTh JUCTbEB ITIIEHUIILI WHOTIA
mpuobpeTaeT KPacHOBATHIM OTTEHOK.

CuUMNOTOMBI Ha PaCTEHUIX O3UMOTO SUMEHS
aHaJIOTMYHBI CUMIITOMAaM Ha 03MMOM MIIIeHN’Ile, HO 6e3
o0pas3oBaHUsg KPacHOM OKpacku. IpoBoll TUYMEHb
pearupyeT MeHbIIEe! CTEIeHbI0 KapJUKOBOCTHU U
TTOXKEJITEHUST JINCTheB. Ha pacTeHMIX O3WMOU PKU
YaCcTO Pa3sBUBAETCS ITIOKPACHEHUE JIUCThEB. Y IPOBOM
XU HaOJTI0aeTCs JINITb He3HAUUTEIbHAS JeTIPeCcCUst
Pas3BUTHS, HEMHOTOUNCJIEHHbBIE TIITHA Ha JUCTHIX U
OTCYTCTBME HaAPYyIIEHWMN TreHepaTUBHBIX OPTaHOB. Y
pacTeHuil oBca HabJromaeTcsa He3HAYUTeJbHAM
IeIIpeccys Pa3BUTHS, TIOXKEJITEHNE U CBETJIO-KpacHas
OKPaCKa JINCThEB.

BriseiBaemble WDV CUMIITOMBI BU3yaJIbHO OY€Hb
CXO)KV C CUMITTOMaMMU, BbI3bIBAEMBIMU BUPYCOM XKEJITOM
KapJUKOBOCTU ssuMeHs (BYDV). [IBa 3TUX BUpyca MOTYT
ObITh JU(HePEHITMPOBAHbI JIUIIIH C TOMOIIHI0 CEPOJIOTH -
YEeCKUX U/WJIYA MOJIEKYISPHBIX METOIOB IMArHOCTUKU
(Manurung et al. 2004; Nygren et al., 2014; Mishchenko
etal.,2022; Pfriemeetal.,2023).

Bupyc KapJAMKOBOCTHU MIIEHUIbI SBISETCS
IpencTaBUTeNieM poma Mastrevirus ceMmencTBa
Geminiviridae.

Kak u y Ipyrux reMuHUBUPYCOB, BUPUOHBI WDV
COCTOSAT M3 JBYX HEITOJIHBIX MKOCA3JIPOB Pa3zMepoM
30x18 M. Hykjeokancum B o6IIeil CJIOXHOCTU
COCTOUT 13 22 KaliCOMEPOB, B CBOI0 OUepelb COCTOSI-
myx u3 110 6eIKOBBIX CyObeUHUI], KOTOPbIE (GOPMU-
PYIOT TUNIUYHBINA OJiS TEMUHUBUPYCOB BUPUOH
KBa3UM30METPUUYECKON (POPMBI, COCTOSIIIUN U3
CIIBOEHHBIX BUPUOHOB. BUPMOHBI SHKATICUIUPOBAHBI
€IUHCTBEHHBIM 0eJIKOM 000JIOUKM C MOJIEKYJISIPHOU
maccoii 28 k/la (Bruntetal., 1996).

T'erom WDV COCTOUT M3 eSUHCTBEHHOU MOJIEKY-
JIBI OHOIIEIIOYeYHOH KoablleBol JHK, cocTodIel us
2733-2749 nykaeotunon. 'enomHada JHK comepxut
YeThIpe OTKPBIThIE paMKu cunThiBaHUs (OPC), Kavkmast
13 KOTOPBIX KOAUPYET 110 ogHoMy 6esiky. OPC V1 u V2
C TIJIIOC-CMBICJIOBOM TIOCJIENOBATEIbHOCTBI0 HYKJIEO-
TUIOB KOJIUPYIOT, COOTBETCTBEHHO, 6eJ10K 060510uky (CP)
¥ TPaHCITOPTHBIN 6esiok (MP). OPC C1 u C2 ¢ aHTHC-
MBICJIOBOM TMOCJIEeI0BaTEJIbHOCTbI0 HYKJIEOTUIOB
KOJIMPYIOT, COOTBETCTBEHHO, ACCOIMUPOBAHHBIN C
pennukanuei 6emok (RepA) u 6eJIOK MHUIIUAIIUYU
penaukanuu (Rep). OPC ¢ mao0Cc-CMbICTIOBBIMU
Y aHTUCMBICJIOBBIMHU MOCJEI0BATENIbHOCTAMU

The virus's name derives from its primary characteris-
tics: impaired shoot growth and the abnormal forma-
tion of numerous underdeveloped shoots, leading to
the development of dwarfing symptoms. Already in the
fall, winter barley and winter wheat plants infected
with WDV are noticeable in the field by their yellow
colorandvery high tillering rate. During the winter, fall-
infected plants may die, resulting in sparse crops.
Surviving plants often have a dwarfed appearance,
with sterile ears or shrunken grain.

Symptoms first appear on the youngest leaves and
then progress toolder leaves. Chlorosis develops on the
leaves, beginning at the tips and margins. A character-
istic sign is the youngest leaf deformation. The upper
surface of wheat leaves sometimes takes on a reddish
tint.

Symptoms in winter barley plants are similar to
those in winter wheat, but without the red coloration.
Spring barley responds with alesser degree of dwarfing
andyellowing of leaves. Winter rye plants often develop
reddening of leaves. Spring rye exhibits only minor
developmental delay, a fewleaf spots, and no damage to
reproductive organs. Oat plants exhibit minor develop-
mental delay, yellowing, and light red leaf coloration.

The symptoms caused by WDV are visually very
similar to those caused by barley yellow dwarf virus
(BYDV). These two viruses can only be differentiated
using serological and/or molecular diagnostic methods
(Manurungetal.2004; Nygren et al., 2014; Mishchenko
etal.,2022; Pfriemeetal., 2023).

WDV is a member of the Mastrevirus genus of the
Geminiviridae family.

Like other geminiviruses, WDV virions consist of
two incomplete icosahedra measuring 30 x 18 nm. The
nucleocapsid consists of a total of 22 capsomeres,
which in turn consist of 110 protein subunits, which
form the quasi-isometric virion typical of
geminiviruses, consisting of double virions. The
virions are encapsidated by a single envelope protein
withamolecular massof28 kDa (Bruntetal.,1996).

The WDV genome consists of a single molecule of
single-stranded circular DNA, consisting of 2733-2749
nucleotides. Genomic DNA contains four open reading
frames (ORFs), each encoding one protein. ORFs V1
and V2, with a plus-sense nucleotide sequence, encode
the coat protein (CP) and the transport protein (MP),
respectively. ORFs C1 and C2, with an antisense
nucleotide sequence, encode the replication-
associated protein (RepA) and the replication initiation
protein (Rep), respectively. ORFs with plus-sense and
antisense sequences are separated by a large (LIR) and
short (SIR) non-coding intergenic sequences (Weietal.,
2024).

WDV is characterized by two groups of isolates —
WDV-W and WDV-B - that specialize in infecting wheat
and barley, respectively. The identity of the whole-
genome nucleotide sequences of these strains does not
exceed 84%. There are only a few reports of the
detection of barley strain isolates on wheat, while the
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paszenennl 6ousbinoi (LIR) m kopoTkoi (SIR) HeEKo-
IUPYIOUIUMU MeXTE€HHBIMU II0CTIEeL0BAaTEIbHOCTSIMU
(Weietal.,2024).

Onga WDV xapakKTepHO HajJuuue ABYX TPYIII
n3onAToB — WDV-W 1 WDV-B, crieniuanusupyoluxcs,
COOTBETCTBEHHO, Ha 3apPaKeHUU IIIEHUIIbl U TUMEHS.
VneHTUYHOCTh TTOJHOTEHOMHBIX II0CJIef0BaTeIbHOC-
Tel HYKJIEOTUIOB 3TUX IITAMMOB He IpeBbImaeT 84%.
VIMelTCs JIUIIh HEMHOTOUYMCIJIEHHbIE COOOUIEHUS O
BBISIBJIEHVU U30JISITOB STYMEHHOTO ITaMMa Ha IIIeH’-
11le, TOTJA KaK IMIIeHUYHbBIN IITaMM JOCTATOYHO YaCTO
BcTpeuaeTca Ha suMeHe (Tobias et al., 2011; Pfrieme et
al.,2023; Weietal.,2024).

VIeHTUYHOCTh TIOCJIEIOBATEIBHOCTEN HYKJIEO-
TUIOB BHYTPU rpyIibl WDV-W 0GbIYHO COCTABJISIET HE
MeHee 98%. V3ossaTel TpyIiiel WDV-B saBistoTcs 6oee
BapuabeJbHBIMU U MOTYT OTJIMYATHCS TI0 TIOCJIef0Ba-
TEJIbHOCTHU HYKJIEOTHUZOB Ha 6% u OoJiee. Haubosee
BapuabebHBIMU yUyacTKaMu reHoMa WDV SBJISIOTCS
6osbuion (LIR) 1 KopoTkuii (SIR) Me)XXTeHHBIE yUaCTKU
(Kundu et al., 2009; Pfrieme et al., 2023; Wei et al.,
2024).

[Tlepenocuukom WDV gBigeTcd ImmoJjiocaras
nukagka (Psammotettix striatus L.). B 3apy6GexHO
JIMTepaType 3TOT BUJ, 4acTo QUTYPUPYeT O, CUHOHU-
MUYECKUMU HaszBaHUAMU Psammotettix alienus Dahlb.
u Psammotettix provincialis Rib.

Psammotettix striatus NpeAcTaBJisgeT co60u
roJIapKTUYeCKUU BUJ, 0OUTAIOIIUY Ha Jyrax, IaxoT-
HBIX 3eMJISIX U 3aJIe)KHBIX yyacTKaxX. B EBpometickoi
vyacTtu Poccuiickoii ®demepanyuy pacnpocTpaHeHa
IIOBCEMECTHO, KpoMe paiioHOB Kpaitnero Cegepa.
PacnpocTpaHeHa Takxe B Kamuarckas objgacTu,
XabapoBckoM u IIpuMOpPCKOM Kpasix. Psammotettix
striatus sIBJISIeTCS TOAU(MaroM U MUTAeTCS Ha MHOTO-
YMCJIEHHBIX PacTeHUusx ceMelictBa Poaceae. Coobira-
JIOCh TaK)Ke O BOBMOXXHOCTHU ITUTAHUS 3TOU IIUKATKU
Ha HEKOTOPBIX [ABYLOJBHBIX DPACTEHUIX, TaKHUX Kak
JIFOIIePHA, MOPKOBb M aMOpPO3Us TTOJBIHHOJIMCTHAS.
3uMyeT B CTaauu gifiia. B yMepeHHOM KauMaTudec-
KOM TI0siCe pa3BUBAETCS OT JABYX JI0 UeThIPeX ITOKOJIe-
HUU T0JIOCAaTOM IUWKAAKU B TOJ B 3aBUCUMOCTHU OT
yCJIOBUM OKpyXatoieit cpexabl (Beii-Buenko, 1972;
OpJios, 2006).

Psammotettix striatus pacrnpocTtpaHseTr WDV
TIOJIYTIEPCHUCTEHTHBIM CIIOCO60M, T. €. BUPYC IMTPOHUKA-
€T B CJIIOHHBIE JKeJie3bl 0cobel IUKALKU, AJUTEIbHOe
BpeMsd COXpPaHSETCsd B HUX, HO He TlepelaeTcs ITI0TOM-
cTBy uepes siira. WDV crmioco6GHBI epefiaBaTh Kak
uMaro, Tak U BCe IMUMHOYHBIE CTAAUU UKAIKU. Kak
NpaBuUJIO, TTIEPBUYHOE 3apaxeHue WDV pacTeHUH
03UMOT'0 TUMEHSI U O3WMOM ITIIEHUIIbI ITPOUCXOAUT
B3POCJIBIMU 0COOSIMU IWKAAKU, MUTPUPYIOUIMMU Ha
T0JIsI C MHOTOJIETHUX 3JIaKOBBIX TPaB B OCEHHUU
nepuog (Bruntetal., 1996).

Haburomaroieecs TOTEIJIeHNe KIUMaTa CIIoco6-
CTBYET YAJUHEHNUIO IEPUOA aKTUBHOCTU Psammotettix
striatus, yCTIELITHOM TIepe3UMOBKE U PacIIPOCTPAHEHNUIO
9TOT0 BUJIa B HOBble MeCTa OOUTAHUS, UTO TIPUBEJIO K
yBenmueHnto 3HaumMocT WDV Ha 6oJibllled yacTu
EBpormsl (Pfriemeetal., 2023).

WDV He mepemaeTcs IIPU MeXaHUYECKOU
VHOKYJISILINY, He IepefaeTcsd KOHTAKTHBIM MHyTeM
MEX/ly PacTeHMSIMU, He PacIIpoCTpaHsIeTcs ceMeHa-
MU ¥ ITBLIBIION, He coxpaHseTcs B mouBe (CABI, 2025).

WDV xapakTepusyeTcs Upe3BbIUaliHO BBICOKOU
BPEIOHOCHOCTBI0. Ha YKpauHe GbIJIO YCTaHOBJIEHO,

wheat strain is quite common on barley (Tobias et al.,
2011; Pfriemeetal.,2023; Weietal.,2024).

The nucleotide sequence identity within the WDV-
W group is typically at least 98%. Isolates of the WDV-B
group are more variable and can differ in nucleotide
sequence by 6% or more. The most variable regions of
the WDV genome are the large intergenic region (LIR)
and short intergenic region (SIR) (Kundu et al., 2009;
Pfriemeetal., 2023; Weietal.,2024).

The vector of WDV is Psammotettix striatus L. In
international literature, this species often appears
under synonymous names Psammotettix alienus Dahlb.
and Psammotettix provincialis Rib.

Psammotettix striatus is a Holarctic species that
inhabits meadows, arable lands, and fallow lands. In
the European part of the Russian Federation, it is
widespread, except for the regions of the Far North. It is
also widespread in Kamchatka Oblast, Khabarovsk
Krai and Primorsky Krai. Psammotettix striatus is
polyphagous and feeds on numerous plants of the
Poaceae family. It has also been reported that this
leathopper can feed on some dicotyledonous plants,
such as alfalfa, carrots, and common ragweed. It
overwinters in the egg stage. In the temperate climate
zone, two to four generations of Psammotettix striatus
develop per year, depending on environmental
conditions (Bei-Bienko, 1972; Orlov, 2006).

Psammotettix striatus spreads WDV semi-
persistently, meaning the virus enters the salivary
glands of leafthoppers, persists there for a long time,
and is not transmitted to offspring via eggs. Both adult
and all larval stages of leafhoppers are capable of
transmitting WDV. Typically, primary WDV infection of
winter barley and winter wheat plants occurs through
adult leafthoppers migrating from perennial cereal
grassesinto fieldsin the fall (Bruntetal., 1996).

The observed warming of the climate contributes
to the extension of the active period of Psammotettix
striatus, successful overwintering and the spread of this
species to new habitats, which hasled to an increase in
the importance of WDV in most of Europe (Pfrieme et
al.,2023).

WDV is not transmitted by mechanical inocula-
tion, is not transmitted by contact between plants, is
not spread by seeds and pollen, and does not persist in
soil (CABI, 2025).

WDV is characterized by extremely high harmful-
ness. In Ukraine, it was found that infection of wheat
plants with this virus leads to a 3.3-fold decrease in the
number of grains per ear, 3.4-fold decrease in ear
weight, and 1000-grain weight by 1.9-3.3 times. In
heavily infested fields, the proportion of plants without
heading varied from 50% to 100% (Mishchenko et al.,
2021). In Sweden, during the WDV epiphytotic
outbreak of 1997, wheat yield losses averaged 35%,
but reached 90% in some fields (Lindblad,
Waern, 2002). In 2004, in Finland, winter wheat yield
losses due to WDV infection varied from
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UTO 3apakKeHue 3TUM BUPYCOM PACTEHUU IIIEHUIIBI
NPUBOAUT K CHUIKEHNMIO KOJIMUECTBA 3€PEH B KOJIOCE B
3,3 pasa, Macchel KoJocheB B 3,4 pa3a u maccel 1000
3epeH B 1,9-3,3 pasa. Ha cuyibHO 3apakeHHbIX I10JIIX
KOJIMUECTBO PACTEHUU C OTCYTCTBUEM KOJIOIIEHUS
BapbupoBajio ot 50 10 100% (Mishchenko et al., 2021).
B IlIBeruu Bo BpeMs snudutroruu WDV B 1997 T.
IOTEPU ypOoXKad IIIEeHUIbI B CpefHeM cocTaBuiu 35%,
HO Ha OTIEJIbHBIX mojiax jJocturanu 90% (Lindblad,
Waern, 2002). B 2004 1. B PUHISHIUY ITOTEPU YPOXKAST
03UMOU TIIIEeHUIIbl B pe3yJsibTaTe 3apakeHuss WDV
BapbupoBaiu B rpegenax 20-40%, HO Ha OTAEJIbHBIX
noJisgx gocturanu 100% (Lemmetty, Huusela-Veistola,
2005). B Yexum 1ocjie MCKYCCTBEHHOI'O 3apakKeHUSs
WDV pacTeHuil 25 COPTOB TIHIEHUIIBI HAGJIIIAIOCh
CHU)XeHUEe UX ypoxkaliHocTu oT 87,3% jJo 100%
(Sirlova et al., 2005). BBUy CTOJIb BBICOKO! BpeJOHOC-
HocTtu, WDV B HacTosIee BpeMs CUNTaeTCsa Hanuboyee
9KOHOMUUYECKN 3HAUYMMBIM BUDPYCOM MIUIEHUIIBI B
EBpomne (Pfriemeetal., 2023).

[Tomumo WDV, 3 u3BeCTHBIX MacCTPEBUPYCOB
pacTeHud MIIEHUIIBI 3apPakatoT TaKKe BUPYC KapJiu-
KoBOCTH mimeHmunbl u3 WMugum (Wheat dwarf India
virus, WDIV), BupyC IojocaToCcTu KyKypy3sl (Maize
streak virus, MSV) u BUpPyC IT0OJOCATON MO3aUKU
xyopuca (Chloris striate mosaic virus, CSMV; cuHo-
HuM: Wheat striate mosaic virus). MSV u CSMV
3apakarT TaK)XKe PAaCTEHU SUMEHS, OBCA U KYKYPY3HI.
MSV npeuMyleCTBEHHO PACIIPOCTPAHEH B CTpaHax
Adpuku, a Takxe B Hauu, VIHIOHE3UU U VeMmete.
PacmpoctpaneHHoctb WDIV orpanuyeHa VHpuedn, a
CSMV pacrnipocTpaHeH Jiullb B ABCTpajiuu. Takum
obpazom, WDV gBiyisgeTcsl eIMHCTBEHHBIM MaCTpPEBU-
PyCcOM, pacIipoOCTPaHEHHBIM Ha 3€ PHOBBIX KYJIbTYPax B
EBpone (Pfrieme et al., 2023), uTo objeruaer paspa-
6OTKY METOJIOB €r0 IUaTHOCTUKU.

MATEPUAJIBI 1 METO/1bI

O6GBEKTAMHU UCCIIENOBAHUMI SIBJISIJINCD:

- pedepenTHbIll M3ogIT WDV PV-0840 (DSMZ,
l'epmanus) u WDV +K (Loewe, [epMaHU);

- n3oa49Tbl WDV BeigBIIeHHBIE B 2024-2025 IT. B
rmoceBax TIIEHUIIBI HA TEPPUTOPUU AJTANCKOTO,
KpacHogapckoro, CTaBpOIIOJbCKOTO Kpaes, BoJsro-
rpajickoii 1 BopoHeKcKo obyiacTeil.

- pedepeHTHBIE U30JITHI 6UMOBUpPYyca cyaboi
Mo3auku guMeHs (BaMMV), 6uMoBupyca XeaTon
Mozauku ssuMeHs (BaYMV), 6uMoBUpyca BepeTe-
HOBUJHOH ITOJIOCATOM MoO3amky mnmeHulsl (WSSMV),
6pomMoBmpyca Mo3amku Koctpa (BMV), joTeoBUpyca
JKEJITOM KapJIMKOBOCTH stuMeHst (BYDV-MAV, BYDV-PAV),
nmouBoobuTaiuero GypoBupyca Mo3auku 3J1aKOB
(SBCMV), mouBoobuTawmero ¢GypoBupyca MO3aukKu
nmeHuI sl (SBWMV), TPUTUMOBHUPYCA MOJIOCATOMN
MozauKu TmieHuIlbl (WSMV), TpuTuMOBHUpYCa I10JI0ca-
TOM MO3arKy KocTpa (BStMV), XopZienBUpyca IITPUX0Ba-
TOU MOo3auku TuMeHs (BSMV), KOTOpbIe UCITOTb30BaJIN B
9KCIIePUMEHTAaX I10 OlleHKe CIel-(QUYHOCTY UCIIBITY-
€MBbIX TECT-CUCTEM.

O6ctemoBaHMS TIOCEBOB MIIEHUITHI B KpacHOIAPCKOM
Kpae MPOBOAWIIM COBMECTHO C COTpygHUKaMu OI'BHY
«HarmoHaIbHBIA TeHTP 3epHA UMEHU [ 1. IT. JIyKbTHEHKO».

Iy TIpoBeleHUsT CEPOJOTUUYECKUX TECTOB
UCIBITBIBAJIN TeCT-cucTeMy AJjig DA k WDV pupMbl
Loewe Biochemica GmbH (l'epmaHus). 9TU TeCT-
CUCTEMBI MCIIOJIb30BaJIM COTJIACHO TPUJIATaeMoOu K
Ha60py MHCTPYKIIUU QUPMBI-TIPOU3BOSUTEIS.

20-40%, but reached 100% in some fields (Lemmetty,
Huusela-Veistola, 2005). In the Czech Republic, after
artificial infection of 25 wheat varieties with WDV, yield
reductionsranging from 87.3% to 100% were observed
(Sirlova et al., 2005). Due to its high severity, WDV is
currently considered the most economically signifi-
cantwheatvirusin Europe (Pfriemeetal.,2023).

In addition to WDV, other known mastreviruses
that infect wheat plants include Wheat dwarf India
virus (WDIV), Maize streak virus (MSV), and Chloris
striate mosaic virus (CSMV; synonym: Wheat striate
mosaic virus). MSV and CSMV also infect barley, oats,
and maize. MSV is predominantly detected in African
countries, as well as in India, Indonesia, and Yemen.
WDIV is limited to India, and CSMV is found only in
Australia. Thus, WDV is the only mastrevirus common
in cereal crops in Europe (Pfrieme et al., 2023),
facilitating the development of diagnostic methods.

MATERIALSAND METHODS

Theobjects of the research were:

- reference isolate WDV PV-0840 (DSMZ, Ger-
many) and WDV +K (Loewe, Germany);

- WDV isolates detected in 2024-2025 in wheat
crops in the Altai Krai, Krasnodar Krai, Stavropol Krai,
Volgograd Oblast and Voronezh Oblast.

- Reference isolates of Barley Mild Mosaic Virus
(BaMMV), Barley yellow mosaic virus (BaYMV), Wheat
Spindle Streak Mosaic Virus (WSSMV), Brome mosaic
virus (BMV), Barley Yellow Dwarf Virus (BYDV-MAV,
BYDV-PAV), Soil-borne cereal mosaic virus (SBCMV),
Soil-borne wheat mosaic virus (SBWMV), Wheat Streak
Mosaic Virus (WSMV), Brome Streak Mosaic Virus
(BStMV), Barley stripe mosaic virus (BSMV), which
were used in experiments to assess the specificity of
the tested test systems.

Surveys of wheat crops in Krasnodar Krai were
carried out jointly with specialists of the P.P.
Lukyanenko National Grain Center".

For serological testing, we used the WDV ELISA
test system by Loewe Biochemica GmbH (Germany).
These test systems were used according to the manu-
facturer'sinstructionsincluded with the kit.

DNA extraction for polymerase chain reaction
(PCR) was performed using commercial reagent Kits
“Proba-NK” (Agrodiagnostika, Russia) and “FitoSorb-
M” (Synthol, Russia) according to the manufacturers'
instructions.

The diagnostics of WDV using the PCR method was
carried out with the primers and probes presented in
Table 1.

Real-time PCR tests were performed with Russian
reagent kits: 2.5x reaction mixture for RT-PCR in the
presence of ROX (Synthol), gPCR mix HS (Evrogen), 5x
Genta qPCR master mix and 5x Genta Taq-AB qPCR
master mix (GenTerra), and tests in the classical PCR
format were performed with reagent kits 5x Genta PCR
PRIZM (GenTerra) and 5x Mas” TagMIX -2025 (Dialat)
with the development of thermal cycling modes,
primer concentrations and templates.

The resulting amplicons were sequenced using a
modified Sanger method on an AB-3500 genetic
analyzer (Applied Biosystems, USA). BioEdit 7.0.5.3
software (Hall, 1999) and the BLASTN and Needleman-
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Ta6.1. 1. [IpaiiMepsbl U 30HbI, HCIIOJIb3yeMbIe IJIA 0OTPa6oTKu AuarHocTuku WDV meTtozom ITLIP
Table 1. Primers and probes used for WDV diagnostics using PCR

HaspaHue IleneBoit
nparimepa IIocyepoBaTesbHOCTD 5’3’ y4acToOK reHoMa Ipoaykr (11.0.) ABTOP
Primer Sequence 5’3’ Target genome region Product (bp) Author
RTIC-F AAGCTTGTTCTGCACGAGAACGTGC
I'eH Rep Wang et al.,
RTIC-R CCATGGCCTCTTCATCTACACCCAG (T . 206 2016
RTIC-Probe FAM-ATCCATCTTCGTGGAGCTC-BHQ
WDV-For CCCCGGGTCGATCTGATT
WDV-Rev CGGTCTGATTTGTATGCCGATT Ten CP 70 Hao etal,
Gene CP 2021
WDV-T FAM-CCTGTTTTGCTCAGGGTAAGG
CCGAT-BHQ1
WDV-1F GAGGCGAACGAGTAGTTGAT Ten Rep Abt et al.
346 S
WDV-WRb GGAAAGACTTCCTGGGCAAG Gene Rep 2020
WDV-WFhb CCACTGACATCTTTACGATGC Fen CP+SIR o3 Abt et al
5 o
WDV-WRb GGAAAGACTTCCTGGGCAAG Genes CP+SIR 2020
WDV-WFb CCACTGACATCTTTACGATGC Tert CP+SIR Abtetal
610 @
WDV-4R AGGGTGAATCATTCTTCG Genes CP+5SIR 2020
WDV-40F TGAGTGCGCGGAGGCTTTTGG Tenpl CP+MP Wu et al.
767
WDV-806R TCTGGCATTGCCTGTTTCGG Genes CP+MP 2008
WDV-F ATGGTGACCAACAAGGACTCC Fen CP Zhang et al
783 @
WDV-R TTACTGAATGCCGATGGCTTTG Gene CP 2017
WDV-H-F CAAGGGGCGAGATCACACA Trzmiel,
SIR 385 Klejdysz, 2018
WDV-H R CCACAACTACTACAACAGCC ’
WDV-T-F CGAGTAGTTGATGAATGACTCG TeRRen Trzmiel
735 L
WDV-T-R GGCTGTTTCAACTCCAGGTCG Gene RepA Klejdysz, 2018

JkcTpakuu OJHK mig npoBemeHUs mojuMe-
pasHo 1enHOY peakiuy (T[1LIP) mpoBoguIu KOMMEP-
yecKuMu Habopamu peareHTOB «[Ipo6a-HK» (Arpo-
nuarHoctuka, Poccust) u «dutoCop6-M» (CuHTOJ,
Poccust) coriacHO MHCTPYKIUAM (hUPM-TTPOM3BOIUTEIEN.

Orpa6oTky muarHoctuku WDV metomom IILIP
MIPOBOAMJIN C ITpaiMepaMu W 30HIAaMU, ITPECTaB-
JIEHHBIMM BTa0J1. 1.

Tectsl B hopMmarte IILIP B pealbHOM BpeMeHU
ITPOBOAUJIY C OTeUeCTBEHHbIMU HabopaMu peareHTOB:
2,5x peakuonHasa cMech a4 [TIIP-PB B mpucyTcTBUU
ROX (CunToi), gPCR mix HS (EBporewn), 5x Genta gPCR
macTtep-MukKC u 5x Genta Taq-AB qPCR macTep-Mukc
(TeuTeppa), a TecThl B hopMaTe Kyaccuueckou [P —c
Habopamu peareHToB 5X Genta PCR PRIZM (I'euTeppa)
n 5x Mas”™TaqMIX -2025 (IuanaT) ¢ 0TpaboTKOM
TEPMOIUKINUECKUX PEXUMOB, KOHIIEHTpaIl Ui
IIpariMepoB ¥ TEMILIATHL.

[TomyyeHHBIe aMILJIMKOHBI ITOJIBEPrajii CeKBe-
HUPOBAHUI MO MOAUMQPUILMPOBAHHOMY METOAY
CoHrepa Ha re"etruyeckoM aHasausatope AB-3500
(Applied Biosystems, CILA). [l aHaau3a I0JydeH-
HBIX HYKJEOTUIHBIX TTOCIEN0BATEIbHOCTEN UCIIOJb-
30BaJi IIporpaMMHoe obecrieuenme BioEdit 7.0.5.3
(Hall, 1999) u anroput™mbl BeipaBHuBaHUSI BLASTN u
Needleman-Wunsch Global Align Nucleotide
Sequences (blast.nchi.nlm.nih.gov). ®unaoreneruuec-
KUY aHaJIU3 TPOBOLUIU C TIOMOIIbI0 IIPOTrPaMMBbl
MEGA11 (Tamuraetal.,2021).

Wunsch Global Align Nucleotide Sequences
(blast.nchi.nlm.nih.gov) alignment algorithms were
used to analyze the resulting nucleotide sequences.
Phylogenetic analysis was performed using the
MEGA11 program (Tamuraetal., 2021).

RESULTS AND DISCUSSION

The analytical specificity of the Loewe WDV ELISA
test system was determined for 21 isolates of 16 cereal-
infecting viruses that can occur in mixed infections
with WDV, taxonomically belonging to the genera
Bromovirus (BMV), Bymovirus (BaMMV, BaYMV,
WSSMV), Furovirus (SBCMV, SBWMV), Hordeivirus
(BSMV), Luteovirus (BYDV-MAV, BYDV-PAV),
Emaravirus (HPWMoV), Nepovirus (ArMV),
Polerovirus (CYDV), Tobamovirus (TMV), and
Tritimovirus (BrSMV, WSMV). The WDV reference
isolate PC-0840 (DSMZ) was used as an additional
positive control sample.

In the experiment, a positive signal was observed
not only for the positive control and reference isolate of
the target, but also for the barley streak mosaic virus
isolate BSMV PC-0330 (DSMZ). BSMV is known to
belong to the Hordeivirus genus and is serologically
unrelated to WDV, which belongs to the Mastrevirus
genus. Therefore, it can be assumed that the freeze-
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PE3YJIBTATBI Y OBCY3K/JEHUE Ta6. 2. OnpeaeneHue cnenuGpuUHOCTH TECT-
cucTeMbl 1J11 UPA K BUPYyCY KapJIMKOBOCTHY MIIEHUIIBI
(WDV) hupmsi Loewe Biochemica GmbH (FepmaHuis)
Table 2. Specificity of the ELISA test system for wheat

AHanuTUYECKyl0 CIeUu(UYHOCTh TECT-
cucteMbl nag DA k WDV ¢pupmbl Loewe
onpenendanu B OTHoweHUU 21 m3onugra 16

BUDYCOB, 3apaKAIOUINX 3eDHOBbIE KYJIbTYPbI, dwarf virus (WDV) by Loewe Biochemica GmbH
KOTOpPBbIE MOTYT BCTPeYaThCd B CMEIIaHHOU (Germany)
vnHpekuuu ¢ WDV, B TAaKCOHOMUUYECKOM Ne OGpa3zer, WDV (Loewe)
OTHONEHUMN OTHOCAMUXCI K pogaM Sample X Ao Ao/Ak o
Bromovirus (BMV), Bymovirus (BaMMV, 1 BMV PV-0194 DSMZ 0,024 1,08 -
BaYMV, WSSMV), Furovirus (SBCMV, SBWMYV),
Hordeivirus (BSMV), Luteovirus (BYDV-MAV, 2 BMV PV-0178 DSMZ 0,030 1,38 .
BYDV-PAV), Emaravirus (HPWMoV), 3 BSMV PC-0330 DSMZ 0,192 8,86 +
Nepovirus (ArMV), Polerovirus (CYDV), 4 BSMV +K Loewe 0,023 1,04 -
Tobamovirus (TMV) u Tritimovirus (BrSMV, 5 BYDV-MAV +K Agdia 0,025 1,13 B
WSMV). B kauecTBe JONOJHUTEJbHOTO ;
6 BYDV-PAV +K Agdia 0,024 1,08 -

ITOJIOKUTEJIbHOTO KOHTPOJIbHOTO ob6pasiia
WCTIONb30BaIu pedepeHTHbIi u30aaT WDV 7 CYDV-RPV +K Agdia 0,025 1,13 S
PC-0840 (DSMZ). 8 BrSMV PC-1052 DSMZ 0,025 1,13 -

B mpoBeseHHOM IKCIHEDUMEHTE 9 BaMMV PC-0329 DSMZ 0,023 1,06 -
[IOJIOKUTEJbHBIN CUrHAJ HabJogajca He 10 BaYDV +K Loewe 0,022 102 i
TOJIBKO [IJIST TIOJIOKUTEJBHOI0 KOHTPOJS U
pedepeHTHOT0 M30JIATa IeJIEBOTO 0GBEKTA, 1 WSMV PC-0356 DSMZ 0,029 1,32 -
HO ¥ JJIs W30JIsITa BUPyca HITPUXOBATOU 12 WSMV +K Loewe 0,022 1.00 -
MO3auKy suMeHss BSMV PC-0330 (DSMZ). Kak 13 WSMV +K Agdia 0,024 111 B
u3BeCcTHO, BSMV oTHOCUTCHA K pony 14 WSSMV PC-0541 DSMZ 0.025 115 i
Hordeivirus u cepojIoTU4eCKy HEPOACTBEHEeH ’ ’
WDV, oTHOcamerocs K pony Mastrevirus. 15 SBCMV PC-0552 DSMZ 0,023 1,04 -
[To5TOMY MOKHO MHPEIII0JOXUTh, UTO B 16 SBWMV PC-0748 DSMZ 0,026 1,18 _
o6pasiie TUODUIN3UPOBAHHBIX JIUCTHEB, 17 SBWMV +K Agdia 0,027 122 )
copmepxameMm usongar BSMV PC-0330,
COLEPXKUTCA TaKKe Ipumech muzongara WDV. 18 TMV PV-1195 DSMZ 0,024 1,08 -
KocBeHHBIM NOLTBEDPXKAEHUEM 3TOMY 19 ArMV +K Agdia 0,025 1,15 -
ABJIAETCA TOT (baKT, YTO CO BTOPBIM UCIIOJIb3Y- 20 WDV PC-0840 DSMZ 0,359 16,32 +
eMbIM U30JIITOM BSMV (I10JI0OKUTEJIbHBIM 21 HPWMoV +K (CPC) Agdia 0.034 155 B}
KOHTpoJieM K BSMV ¢upmbl Loewe) mepe-
KpecTHOH peakuuy He Habmomanock. Js OTpUIATeIbHbI KOHTPOJbL 0,022
BCEX OCTAJIbHBIX U30JIATOB HelleJIeBbIX I10J103KUTEeJIbHBIN KOHTPOJIb 0,559
BUPYCOB MMEJ MECTO OTPUIlATEeNbHBIHN
CHTHAJ Ha YPOBHE OTPULATEIbHOIO KOH- dried leaf sample containing the BSMV PC-0330 isolate
TPOJBHOTO 06pasa (M. Tabt. 2). also contained an admixture of the WDV isolate.

Indirect confirmation of this is the fact that no cross-
reaction was observed with the second BSMV isolate
used (the positive control for BSMV from Loewe). For all
other non-target virus isolates, a negative signal was
observed at the level of the negative control sample
(Table2).

This test system was subsequently used to screen
grain samples collected during surveys. Many wheat
plants that tested positive for WDV exhibited typical
symptoms of this virus. Combined infections of WDV
and brome mosaic virus (BMV) resulted in more
intense symptoms (Fig. 1).

Real-time PCR diagnostics of WDV were tested
using RTIC-F/RTIC-R/RTIC-Probe (Wang et al., 2016)
and WDV-For/WDV-Rev/WDV-T (Hao et al., 2021)
primers and probes, complementary to the target Rep
and CP gene regions, respectively. Experiments were
performed with WDV isolates KrWD-1, KrWD-2
(Krasnodar Krai), VolWD-1, VolWD-2, VolWD-15,
VolWD-19, VolWD-20, VolWD-22 (Volgograd Oblast),

B mocnenytomeM JaHHY TECT-CUCTEMY UCIIOJb-
30BaJiv [Jid NPOBELEHUS CKPUHUHTOBBIX TECTOB
06pa3IoB 3epPHOBBIX KYJAbTYpP, OTOOPAHHBIX TIPU
npoBefeHuM obcienoBaHuii. Ha MHOTUX pacTeHUSIX
MIIEHUIIbI C CEePOIIOJIOKUTEIbHON peakiyein k WDV
HaAGJIOIANIUCh TUIIUYHBIE CUMIITOMBI 3TOr'0 BHpYycCA.
[pu HAMMUYMN KOMOMHUPOBaHHOYN nHMeKImu WDV u
BUpyca MosaukKu Koctpa (BMV) pasBuBaiuch Goyiee
WHTEHCUBHBIE CUMITTOMBI (CM. puC. 1).

OtpaboTky muarHoctuku WDV merozom IIIIP B
peasibHOM BPeMeHU IMPOBOAMJIM C IpaiMepaMu U
3oamamMmu RTIC-F/RTIC-R/RTIC-Probe (Wang et al.,
2016) u WDV-For/WDV-Rev/WDV-T (Hao et al., 2021),
KOMIIJIEMEHTAPHBIX COOTBETCTBEHHO y4acTKaM I'eHOB
Rep u CP 11e/1eBOT0 00'beKTa. IKCIIEPUMEHTHI ITPOBO-
OWJIA C BBISIBJEeHHBIMU B 2024 r. usongramu WDV
KrwD-1, KrWD-2 (KpacHomapckuii xKpaii), VolWD-1,
VolWD-2, VolWD-15, VolWD-19, VolWD-20, VolWD-22
(Bonrorpanckas o6iactb), VorWD-8 (BopoHeXxckas
obmacte) m AIWD-1 (AnTalickuil Kpai), a Takxe C
pedepenTHBIM n30J9TOM WDV PV-0840 (DSMZ).

[Ipu ucHbBITAaHUU ITpaliMepoB u 30Hma RTIC-
F/RTIC-R/RTIC-Probe B skcmepuMeHTe ¢ HabopoMm
peareHToB 2,5x PeakuuonHas cmech njg I11[P-PB B
rpucyTcTBuY ROX (CUHTOJI) MOJIOXKUTETbHBIN CUTHA
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a) Wheat, Torba variety, WDV
monoinfection (KrwD-13)

b) Wheat, Hermitage variety,
monoinfection with WDV
(KrwD-16)

Puc. 1. PacTeHne 03MMOM MILEHWLbI C CUMITOMaMM 3apaXkeHus

BUPYCOM Kap/IMKoBOCTU nweHuubl (WDV) 1 KOMMIeKcoM
Bupycos WDV+BMV (choTo aBTOpOB)

HabJIF0IAJICS [IJIST BCEX MB0JISITOB IeJIEBOTO 0O'bEKTA Ha
MIOPOTOBBIX IIMKJIAaX, He mpeBblmapmux Cp=28,4. B
9KCIIepUMEHTe ¢ HabopoMm peareHToB Genta Taq AB
UDG (T'enTeppa) MOJIOKUTENbHBIA CUTHAJ OTCYTCTBO-
BaJI IJis 060MX U30JISITOB 11€JIeBOTO 0OBbeKTa U3
KpacHozapckoro kpasi 1 OLHOTO 130Ji9Ta 13 BopoHex-
cKoli obJstacTu. B TecTe c HabopoM peareHToB qPCR mix
HS (EBporeH) Tak)ke He ObLIN BBISIBJIEHBI TPU U3yUae-
MbIX n3oJsisiTa WDV (M. prc. 2).

B mociemyommx sKCIiepuMeHTax ObIJI0 yCTaHOB-
JIEHO, UYTO JaHHBbIe IpaliMephl ¥ 30H, XapaKTePU3yIOT-
Cs1 OUeHb BBICOKOU CHeIM(UUHOCTBIO K IIeJIeBOMY
06beKkTy. B Tectax ¢ HabopaMu peareHTOB 2,5%
PeaknuonHag cMecs aJis [T P-PB B npucyrctBuu ROX
u Genta Taq AB UDG He HabJroaioch Hecmenuduy-
HOM peakUWM STUX NpaliMepoB U 30HJA CO BCEMU
UCIIBITYeMbIMU U30JSTaAMU HelleJieBbIX BUPYCOB,
3apaXkalolInX 3€PHOBBIE KYJIBTYPhI U OTHOCSILIUXCS K
pomam Bromovirus, Bymovirus, Furovirus, Hordeivirus,
Luteovirus, Polerovirus v Tritimovirus. B TecTe c HaGopoM
pearenToB qPCR mix HS HecrienmpUIHBIN CUTHAJ HA
BBICOKOM ITOPOroBoM Imkje (Cp=35,6) ©MeT MeCTo
JIVIIBL JIJIg U30JI9Ta BUPyca KapJWKOBOCTU STUMEHS
(BYDV-PAV) (cM. puc. 3).

Ha mpumepe pedepenHTHOro uzonsgta WDV PV-
0840 (DSMZ) yCTaHOBJIEHO, UTO IIPU KCITOJb30BAHUU
HabopoB peareHTOB 2,5X PeakIlMOHHAs CMECH IS
[MLP-PB B npucyTtcTBun ROX (CuHTOM) 1 PCR mix HS
(EBpOTeH) aHAJIUTUYECKAs YYBCTBUTEIbHOCTh TECTOB
¢ ipaiMepamu u 30HIOM RTIC-F/RTIC-R RTIC-Probe
coctasigeT 10° co 100%-1 MOBTOPAEMOCTBIO PE3YIlb-
TaTOB. UyBCTBUTEIBHOCTDb TECTOB C HAGOPOM peareH-
ToB Genta Taq AB UDG (T'euTeppa) ABIsIeTCI MeHee
BBICOKOM 1 cocTasisgeT 10° co 100%-ii moBTOpseMocC-
THI0 Pe3yJILTATOB (CM. puc. 4).

[To pe3ynbTaTaM MPOBEEHHBIX SKCIIEPUMEHTOB
KOHCTaTHUPOBAHO, UTO ITpariMeps! ¥ 30H1 RTIC-F/RTIC-
R/RTIC-Probe (Wang et al., 2016) xapaKTepu3yoTCsI
BBICOKOHM CHEIU(MUUYHOCTHIO K II€JIEBOMY OOBEKTY —
BUPYCY KapJauKoBOCTHM mineHuIpl (WDV). YeTaHo-
BJIEHO Tak)e, UYTO 3TU IIpaliMephl U 30HI, BBULY
BBICOKOU MHKJ3WUBHOCTU W YYBCTBUTEJbHOCTU

¢) Wheat, Hermitage variety,
co-infection with WDV + BMV  coinfection WDV + BMV
(KrwD-6)

d) Wheat, variety Helmet,

(KrwD-12)

Fig. 1. Winter wheat plant with symptoms of infection by
wheat dwarf virus (WDV) and the WDV+BMYV virus complex
(photo by the authors)

VorWD-8 (Voronezh Oblast), and AIWD-1 (Altai Krai),
identified in 2024, as well as with the reference isolate
WDV PV-0840 (DSMZ).

When testing the RTIC-F/RTIC-R/RTIC-Probe
primers and probe in an experiment with the 2.5x
Reaction Mix for real-time PCR in the presence of ROX
(Synthol), a positive signal was observed for all target
isolates at threshold cycles not exceeding Cp=28.4. In
an experiment with the Genta Tag AB UDG reagent kit
(GenTerra), a positive signal was absent for both target
isolates from the Krasnodar Krai and one isolate from
Voronezh Oblast. In the test with the gPCR mix HS
reagent kit (Evrogen), three studied WDV isolates were
alsonotdetected (Fig. 2).

Subsequent experiments revealed that these
primers and probe are highly specific to the target. In
testswith the 2.5x RT-PCR Reaction Mix in the presence
of ROX and Genta Taq AB UDG reagent kits, no non-
specific reaction was observed between these primers
and probe and all tested isolates of non-target viruses
infecting grain crops and belonging to the genera
Bromovirus, Bymovirus, Furovirus, Hordeivirus, Luteovirus,
Polerovirus u Tritimovirus. In the test with the gPCR mix
HSreagentkit, a non-specific signal at a high threshold
cycle (Cp=35.6) was observed only for the isolate of
barley dwarfvirus (BYDV-PAV) (Fig. 3).

Using the reference isolate WDV PV-0840 (DSMZ)
as an example, it was established that when using the
2.5x Reaction Mix for real-time PCR in the Presence of
ROX (Synthol) and gPCR mix HS (Evrogen) reagent Kits,
the analytical sensitivity of tests with primers and the
RTIC-F/RTIC-R RTIC-Probe probe is 10-5 with 100%
repeatability of results. The sensitivity of tests with the
Genta Taq AB UDG reagent kit (GenTerra) is lower and
is10-3 with 100% repeatability of results (Fig. 4).
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ONATHOCTUKA  DIAGNOSTICS

a) 2,5x PeaknuoHHas cMech a1 [IIIP-PB B npucyTcTBuu ROX (CHHTO.I)
a) 2.5x Real-time PCR Reaction Mixture in the presence of ROX (Synthol)

Homep snynku | Uaentuduxkarop npo6upku | Cp, Fam | Pe3yabTaT
Hole number | Test tube identifier Cp, Fam Result

Al KrwbD-1 28,4
A2 KrwD-2 27,6
A3 VolWD-1 18,2
A4 VolWD-2 22,0
A5 VolWD-15 20,4
A6 VolWD-19 24,3
A7 VolWD-20 17,2
A8 VolWD-22 24,6
A9 VorWD-8 23,5
A10 AIWD-1 26,5

N
N
N
N
N
N
N
N
N
N
A1l K- F
A12 K+_(WDV-PV-0840, DSMZ) | 13,4 +

6) Genta Taq AB UDG (T'eHTeppa)
b) Genta Taq AB UDG (GenTerra)

2000

%Jsm
Em:—

S

{ & 1t 1 ;m MW N M

Hotep wana

Homep snynku | UaenTuduxkarop npo6upku | Cp, Fam | Pe3yabTaT
Hole number | Test tube identifier Cp,Fam | Result
Al KrwbD-1
A2 KrwbD-2
e
A3 VolWD-1 19.3 +
A4 VolWD-2 24.2 + g e
55 [vowps .
A6 VolWD-19 28.1 +
A7 VolWD-20 19,7 + e
A8 VolWD-22 27.7 + -
A9 VorWD-8 26.4 + ; . N R R TR
A10 AIWD-1 30.5 + Heomepn wwna
All K-
A12 K+_(WDV-PV-0840,_DSMZ) 13.5 +
B) gPCR mix HS (EBporeH)
¢) gPCR mix HS (Evrogen)
Homep nynku | UpenTudukarop npooupku | Cp, Fam | Pe3ysnbsTaT
Hole number | Test tube identifier Cp, Fam Result
Al KrwbD-1 3
A2 KrwbD-2 28.1 e
A3 VolWD-1 i
e
A4 VolWD-2 21.0 § P
A5 VolWD-15 20
A6 VolWD-19 23.9 + o
A7 VolWD-20 17.7 + x
A8 VolWD-22 24.1 + &
A9 VorWD-8 22.6 * i d IF I M a3 e
A10 AIWD-1 26.3 + Hossep Lbetb
Al1l K-
A12 K+_(WDV-PV-0840,_DSMZ) 12.5 +
Puc. 2. BoigasneHue nsonatos WDV metoaom MLP-PB B Tectax Fig. 2. Detection of WDV isolates by real-time PCR in tests with
¢ npaviMepamu n 3oHpom RTIC-F/ RTIC-R/ RTIC-Probe (Wang et primers and probe RTIC-F/RTIC-R/RTIC-Probe (Wang et al.,
al., 2016) n Tpemsa Habopamu peareHToB ans MLP-PB 2016) and three reagent kits for real-time PCR
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ONATHOCTUKA  DIAGNOSTICS
Homep Homep
JyHKHN | UpenTudukarop npo6upku |Cp, Fam | Pe3ynprar JYHKH | UpenTudukarop npo6upku | Cp, Fam | Pe3ynbraT

Hole Test tube identifier Cp, Fam | Result Hole Test tube identifier Cp, Fam | Result
number number
Bl BMV_PV-0194 Bl BMV_PV-0194
B2 BMV_PV-0178 B2 BMV_PV-0178
B3 BSMV_PC-330 B3 BSMV_PC-330
B4 BSMV_Loewe B4 BSMV_Loewe
B5 BYDV_MAV_Agdia B5 BYDV_MAV_Agdia
B6 BYDV_PAV_Agdia B6 BYDV_PAV_Agdia
B7 CYDV_RPV_Agdia B7 CYDV_RPV_Agdia
B8 BrSMV_PC-1052 B8 BrSMV_PC-1052
B9 BaMMV_PC-0329 B9 BaMMV_PC-0329
B10 | BaYMV_Loewe B10 | BaYMV_Loewe
B11 | WSMV_PC-356 B11 | WSMV_PC-356
B12 | WSMV_Loewe B12 | WSMV_Loewe
C1 WSMV_Agdia C1 WSMV_Agdia
C2 WSSMV_PC-0541 C2 WSSMV_PC-0541
C3 SBCMV_PC-0552 C3 SBCMV_PC-0552
C4 SBWMV_PC-748 C4 SBWMV_PC-748
C5 SBWMV_Agdias C5 SBWMV_Agdias
C6 -K C6 -K
C7 K+_WDV-0840,_DSMZ) 12,1 + Cc7 K+_WDV-0840,_DSMZ) 12,0 +
- 1 003+
e |
©e Fron i
i- i
ol
i
- £
b
pro |
155 o
ks =
1 | LII. !1-! 1’! ::‘! 3 38 L ] 11 1} 2’1 n il
Howmen Liwns Horep wena
Homep 1
JYHKU | Upentudukarop npooupku | Cp, Fam | Pe3ynbraT -
Hole Test tube identifier Cp, Fam | Result
number £ 408
Bl BMV_PV-0194
1000
B2 BMV_PV-0178
B3 | BSMV_PC-330 -
B4 BSMV_Loewe 3
B5 BYDV_MAV_Agdia B ]
ena
B6 BYDV_PAV_Agdia 35,6
B7 CYDV_RPV_Agdia
B8 BrSMV_PC-1052
B9 BaMMV_PC-0329 Puc.v3. OnpepeneHne aHaNUTUUYECKON CneuntuyHoCTU
nparimepoB u 3oHaa RTIC-F/ RTIC-R/ RTIC-Probe
B10 | BaYMV_Loewe (Wang et al., 2016) B TecTax ¢ TpeMsl Habopamu
B11 | WSMV_PC-356 peareHToB ans MNLP-PB
B12 | WSMV_Loewe Fig. 3. Analytical specificity of primers and probe
c1 WSMV_Agdia RTIC-F/'RTIC-R/RTIC-Prol?e (Wang et gl., 2016) in
tests with three reagent kits for real-time PCR
Cc2 WSSMV_PC-0541
C3 SBCMV_PC-0552
C4 SBWMV_PC-748
C5 SBWMV_Agdias
C6 -K
C7 K+_WDV-0840,_DSMZ) 13,4 +
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OUWATHOCTUKA

DIAGNOSTICS

a) 2,5x PeakiinonHada cmech aJi ITI[P-PB
B ipucyTcTBuH ROX (CUHTOJT)
a) 2.5x Real-time PCR Reaction Mixture
in the presence of ROX (Synthol)

6) Genta Taq AB UDG (T'euTeppa)

b) Genta Taq AB UDG (GenTerra)

Homep Homep
JYHKU | Upentudukatop npooupku | Cp, Fam | Pe3ynbraTr JAYHKH | UneHTudukarop npoéupku | Cp, Fam | Pe3yabsraT
Eg}gber Test tube identifier Cp, Fam | Result Elgllgber Test tube identifier Cp, Fam | Result
Al WDV_0840_xoHII,. 13,3 + D1 WDV_840_KOHII. 13,4 +
A2 WDV_0840_xoHII. 13,1 + D2 WDV_840_xoHII,. 13,4 +
A3 WDV_0840_xoHII. 13,7 A D3 WDV_840_xoHII. 13,5 +
A4 PaszBemenue B 10-* 17,1 + D4 PaszBemenue B 10-* 18,4 +
A5 PasBemenue B 10-* 16,8 + D5 PasBenmeHue B 10-* 17,9 +
A6 PasBenenue B 10-* 16,9 i D6 PasBenmenue B 10-* 17,8 +
A7 PasBemenue B 10-2 20,8 + D7 PasBemenue B 10-2 23,4 +
A8 PasBenmenue B 10-2 20,9 + D8 PasBenmeHue B 10-2 24,2 +
A9 PasBenenue B 10-2 21,0 + D9 PasBenenue B 10-2 23,3 +
A10 | PasBemenHwue B 10-2 24,9 + D10 | PasBemeHwue B 10-2 30,5 +
A1l | PasBegmenmue B 10-* 24,9 + D11 | PasBepmeHme B 10-2 30,5 i
A12 | PasBemeHwue B 10-3 24,9 + D12 | PasBemenwue B 10-2 -
Bl PaszBemenue B 10-4 29,0 + El PaszBemenue B 10-4 -
B2 PasBenmenue B 10-* 28,7 + E2 PasBenmenue B 10-* =
B3 PasBenenue B 10-* 29,0 + E3 PasBenmenue B 10-4 =
B4 PaszBemenue B 10-° 32,4 + E4 PaszBemenue B 10-° -
B5 PasBenmenue B 10-° 33,1 + E5 PasBenmenue B 10-° -
B6 PasBenenue B 10-° 33,0 + E6 PasBenenue B 10-° =
B7 PaszBemenue B 10-° - E7 PaszBemenue B 10-° -
B8 PasBenmenue B 10-° = E8 PaszBemenue B 10-° -
B9 PaszBemenue B 10-° - E9 PaszBenmenue B 10-° -
Cc1 K- = F1 K- =
1000
2 ) &
g:m ’ -,_:'#- H L
% 50 4 H_F,-—F’_”':t E a
s o I 300

i 4 It 1e

i a8 1t 1.3

Hosep wsona

Puc. 4. OnpepeneHne aHanMTUUYECKON YyBCTBUTENbHOCTHU
TecToB ¢ npaiimepamm n 3oHaoM RTIC-F/RTIC-R/RTIC-Probe

Fig. 4. Analytical sensitivity of tests with primers and probe
RTIC-F/RTIC-R/RTIC-Probe (Wang et al., 2016) and three

(Wang et al., 2016) n Tpema Habopamu peareHToB ans MNLP-PB

reagent kits for real-time PCR

TecToB, HauboJiee 11ejIecO06pPa3HO MCITOJIb30BaTh C
HabopoM peareHTOB 2,5x PeakIMOHHAas CMeCh IJis
[TLIP-PB B mpucyTcTBuu ROX (CuHTOJI). YCTaHOBJIEHO,
yTo npaumMepsl u 30HI RTIC-F/RTIC-R/RTIC-Probe
(Wang et al., 2016) MOTYT GbITh PEKOMEHIOBAHBI LIS
IIPOBEJIEHUS CKDUHUHIOBBIX TECTOB Ha Hasiuuue WDV
B dopmaTe ITI]P B peasbHOM BDEMEHU.

VicribITaHMe TpatiMepoB u 30H1a WDV-For/WDV-
Rev/WDV-T (Hao et al.,, 2021) 6bLJIO HIPOBELEHO C
4yeThIpbMs HabopamMu msa I1IIP-PB oTeueCTBEHHBIX
(upM-ipousBogUTENEH. BO BCEX UeThIpeX ITPOBEIEH-
HBIX DKcIepuMeHTax Habsomanoch 3hHeKTUBHOE
BBIgBJIEHUE 130J19T0B WDV KrWD-2, VolWD-1, VolWD-2,
VolWD-15, VolWD-19, VolWD-20, VolWD-22
u VorWD-8 Ha HeBBICOKHX MOPOTOBBIX IMKJAX.
HabGiogajncd TakXe CTabUIbHBIN ITOJIOKTEJbHBIN

Based on the results of the experiments, it was
established that the RTIC-F/RTIC-R/RTIC-Probe
primers and probe (Wang et al., 2016) are character-
ized by high specificity to the target object — wheat
dwarf virus (WDV). It was also established that these
primers and probe, due to the high inclusiveness and
sensitivity of the tests, are most appropriate to use with
the 2.5x Reaction Mix for real-time PCR in the Presence
of ROX (Synthol) reagent kit. It was established that the
RTIC-F/RTIC-R/RTIC-Probe primers and probe (Wang
et al., 2016) can be recommended for screening tests
forthe presence of WDV in the real-time PCR format.
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OWATHOCTUKA  DIAGNOSTICS

B) PCR mix HS (EBporeHn)

The WDV-For/WDV-Rev/WDV-T primers and
probe (Hao et al., 2021) were tested with four real-time
PCR assays from domestic manufacturers. All four

¢) gPCR mix HS (Evrogen) gxperiments demonstrated effective detection of WDV
isolates KrwWD-2, VolWD-1, VolWD-2, VolWD-15,
Homep - - - -
JYHKU | UpenTudukarop npooupku | Cp, Fam | Pe3yabraT Vl’(l) IWE }3’ VOIIW D iO’ V(ﬁ;/v D 22.’ .a nd VOI‘V\;D 8at l{) W
Hole Test tube identifier Cp, Fam | Result thresho cycles. stable posmve signal was also
number observed with the reference isolate PV-0840 (DSMZ).
D1 WDV_0840_KOHII. 11,8 + The differences were in the detection of KrwD-1 and
D2 WDV_0840_KoL. 11,7 N AlWD—l isolates, which were.c'hara.cterlzed by lowtiters
in the tested samples. A positive signal for the KrwD-1
D3 | WDV_0840_KoHL, 11,9 + isolate was observed in tests with the Genta Taq AB
D4 | PasBeneHue B 10-* 16,0 + UDG reagent kit and 5x Genta gPCR master mix (both
D5 | Paspemenme B10-! 15,7 + GenTerra), but was absent in tests with the 2.5x
D6 PassexeHme 5 101 157 N Reaction Mix for real-time PCR in the presence of ROX
: (Synthol) and qPCR mix HS (Evrogen) reagent kits.
D7 | PasBezenue B10-2 20,5 it Detection of the AIWD-1 isolate was achieved
D8 PasBenenue B 10-2 20,5 +
D9 PasBeseHue B 10-2 20,6 + Jlynka  dayop. IIpoGa Cq
D10 | PasBezenue B 10-° 24,2 + Hole Fluor. Sample Cq
D11 | Passezmenue B 10-? 25,3 + BO1 FAM KrWD- 24 15,80
D12 | Passemenue B 10-° 24,4 + B02 FAM KrwD --37 16,43
El Passezenuve B 10-* 29,3 + B03 FAM KrWD- -45 18,18
E2 | Passezenwe B10- 29,6 + BO4 FAM KrWD - 54 37,49
E3 Passenenue B 10-* 29,1 + BO5 FAM KrWD- -55 15,79
E4 Passezenuve B 10-° 34,0 + B06 FAM KrWD- 57 18,19
E5 Passezenue B 10-° 35,0 + BO7 FAM KrWD- 66/5 13,31
E6 PasBenenue B 10-° 34,8 + BOS FAM KrwD- -68 10,93
E7 Passezenuve B 10-° - B09 FAM KrWD- 77 12,13
E8 Passegenue B 10-° . B10 FAM KrwD- 2 25,08
E9 Passemenue B 10-¢ - B11 FAM KrwbD- 3 38,30
F1 K- . B12 FAM -K H/O
- —
— A
L
§ se .
i 20
§ a0 -
s i
100 i
L=

curHasl ¢ pedepeHTHBIM u3oaaToM PV-0840 (DSMZ).
Pasznuuuga 3akI04YaIuCch B BBIIBJIEHUU H30JIITOB
KrWD-1 u AIWD-1, XapakKTepu3ymIUXcsI HU3KUM
TUTPOM B TECTHUPYEMBIX 00pasiiax. [T0JI0KUTENTbHbBIN
curHai nisg nsondara KrwWD-1 Habamomajcs B TecTax ¢
Habopamu pearenToB Genta Taq AB UDG u 5x Genta
PCR macTep-mMukc (06a—T'enTeppa), HO OTCYTCTBOBAJ
B TecTax c HabopaMu peareHTOB 2,5X PeaKIIMOHHAsI
cmech s TTHP-PB B mpucytcTBuu ROX (CuHTOMN) U
gPCR mix HS (EBporeH). BrisiBieHue nsomnsara AIWD-1
OBIJIO JOCTUTHYTO JIIIBb B TECTax ¢ HabopaMu peareH-
TOB 2,5x PeakiimonHaa cmech nJjig [111P-PB B nipucy-
tcTBuM ROX 11 5% Genta gPCR MacTep-MuKc (pesynbTa-
THI HE TTOKA3aHbI).

B TecTe ¢ JaHHBIMM IIpaliMepaMy U 30HIOM U
HabopoM peareHTOB 2,5X PeakilmoHHAas CMeCh IJIsS
[TLIP-PB B npucyTrcTBur ROX 1eneBoii 06BEeKT OBLI
IUarHOCTUPOBAaH Takxe B 11 mpyrux obpasiiax u3
KpacHOIapCcKOTo Kpas C CEePOIOJIOKUTENIbHONR
peaxmuei K WDV (cM. puc. 5).

Puc. 5. BoisBneHvie WDV B o6pasiiax nieHuubl U3
KpacHopapckoro kpas metogom MNMUP-PB B Tectax ¢
npariMepamu u 3oHpom WDV-For/WDV-Rev/WDV-T (Hao et
al., 2021) n Habopom peareHToB 2,5x PeakLMoHHas cMecb
ana NUP-PB B npucytcTBumn ROX (CuHTON)

Fig. 5. Detection of WDV in wheat samples from Krasnodar
Krai by real-time PCR in tests with primers and probe WDV-
For/WDV-Rev/WDV-T (Hao et al., 2021) and a 2.5x reagent
kit. Reaction mixture for real-time PCR in the presence of
ROX (Synthol)

®espanb N2 1 (26) 2026 49



OWNATHOCTUKA  DIAGNOSTICS

a) 5x Mas""MIX-2025 b) 5x Genta PCR PRIZM

Puc. 6. BoisiBneHue BMpyca KapJIMKOBOCTU nieHuubl (WDV)
MeToA0M Knaccuueckoi MLUP ¢ ucnonbsoeaHveM npanmMepos
WDV 40-F/WDV 806-R (Wu et al. 2008) u gByx Habopos

Fig. 6. Detection of wheat dwarf virus (WDV) by classical PCR
using primers WDV 40-F/WDV 806-R (Wu et al. 2008) and two
reagent kits

peareHTOB

AHaUTUYECKYI0 CIIelu(UIHOCTD ITPAaiMepPOB U
3012 WDV-For/WDV-Rev/WDV-T omnpepnensiu B
SKCIIEPUMEHTAX C UYEeThIPbMS Pa3INUHBIMU HabopaMu
pearenToB gxas IIIIP-PB. B Tectax ¢ HabopaMu
peareHToB 2,5X PeakiimonHasa cmechb gJd I1LIP-PB B
npucyTtcTBun ROX (CunaTou), gPCR mix HS (EBporeH) u
Genta Taq AB UDG (TeaTeppa) 66110 3apeTucTprupoBa-
HO HaJlu4yue HeCHellu(PUUHOTO MOJOXKUTEJIbHOTO
CUTHaJa C U30JIATaMU HelleJieBbIX BUPYCcOB — BYDV-
MAYV, BYDV-PAV u CYDV-RPV, a B TecTax Cc OByMd
nocjeIHUMHU HabopaMu peareHTOB, KPOME TOTO,
OTMeYeH HecHelU(MUUHBINA CUTHAJ C U30JITaMU
HenesneBblX Bupycos BSMV PC-0330 u SBCMV
PC- 0552 (06a-DSMZ). B To ke BpeMs B TecTe C Ha6OopoM
pearenToB 5x Genta qPCR macTtep-mukc (TernTeppa)
HeclenUPUUHBIX CUTHAJIOB C M30JISTaMU BCEX
HeIleJIEBBIX BUPYCOB He HABJI01aI0Ch (Pe3yIbTaThl He
[IOKa3aHBbl).

M3onsarel BYDV-MAV, BYDV-PAV, BSMV, CYDV-
RPV u SBCMV cozepxaTcs B JUOPUIN3UPOBAHHBIX
UHQPUIIMPOBAHHBIX JIUCThSIX PACTEHUN TUMEHS, TOTIA
KaK U30JISIThI BCEX IPYTUX BUPYCOB, aHAJIN3UPYEMBIX B
SKCIIEPHMEHTaxX I0 OIleHKe aHaJIMTHUYeCKOM CIIellu-
¢uruuHOCTH, comepKaTcsad B JUODUIANBUPOBAHHBIX
JIUCTBhAX PACTEHUU INIeHUIIbl. B CBSI3W C 3TUM He
UCKJIIOUEeHA BO3MOXKHOCTB, UTO ITpPaiMepbl M 30H[
WDV-For/ WDV-Rev/ WDV-T pearupyoT He C y4acTKa-
MV reHOMa HelleJIeBbIX BUPYCOB, a C TeHaMU PacTeHU!
SUMEHS.

BBlJI0 yCTAaHOBJIEHO TakKXXe, YTO YyBCTBUTEJIb-
HOCTb TecTa C IIpaiMepamMu u 30HL0M WDV-For/WDV-
Rev/WDV-T gaBisgeTcs JOCTATOYHO BBICOKOU. BhIsIBIIE-
Hue pedepenTHOro nzoagra WDV PV-0840 (DSMZ) B
JKcIlepruMeHTe ¢ HabopoM peareHToB 5X qPCR mix HS
(EBporeH) HabJII0aJI0Ch BILUIOTh 0 pa3BefeHnd B 10°
BKJIFOUUTENBHO cO 100%-¥ MOBTOPSIEMOCTBI0 PE3YITh-
TaTOB.

TakuM 006pasoM, B OTHOIIEHUM MPANMEPOB U
soma WDV-For/WDV-Rev/WDV-T (Hao et al., 2021)
OBLIY TTOJIyUYeHbl HEOJAHO3HAUHbIE Pe3ylIbTaThl. BBIIO
YCTAHOBJIEHO, YTO 3TU OJUTOHYKJIEOTUMABI TTO3BOJISI-
I0T IMarHOCTHUPOBATh MHOTOYKCJIEHHBIE POCCUI-
ckue u3onaTbel WDV, HO BOCIIPOU3BOAUMOCTD
BBISBJIEHUS M30JIITOB C HU3KUM TUTPOM B OIpee-
JIEHHOU CTeIeHY 3aBUCHUT OT UCIIOJIb3yeMOoro Habopa

only in tests with the 2.5x Reaction Mix for RT-PCR in
the presence of ROX and 5x Genta gPCR master mix
reagentkits (results not shown).

In a test with these primers and probe and a 2.5x
reagent Kkit, the real-time PCR reaction mixture in the
presence of ROX, the target object was also diagnosed
in 11 other samples from the Krasnodar Territory with
aseropositive reaction to WDV (Fig. 5).

The analytical specificity of the WDV-For/WDV-
Rev/WDV-T primers and probe was determined in
experiments with four different RT-PCR reagent kits. In
tests with the 2.5x real-time PCR reaction mixture in
the presence of ROX (Synthol), gPCR mix HS (Evrogen),
and Genta Taq AB UDG (GenTerra) reagent Kkits, a
nonspecific positive signal was recorded with isolates
of non-target viruses — BYDV-MAV, BYDV-PAV, and
CYDV-RPV. In tests with the latter two reagent kits, a
nonspecific signal was also noted with isolates of non-
target viruses BSMV PC-0330 and SBCMV PC-0552
(both DSMZ). At the same time, in the test with the 5x
Genta gPCR master mix reagent kit (GenTerra), no non-
specific signals were observed with isolates of all non-
target viruses (results not shown).

Isolates of BYDV-MAV, BYDV-PAV, BSMV, CYDV-
RPV, and SBCMV were found in lyophilized infected
barley leaves, while isolates of all other viruses
analyzed in the assay specificity experiments were
found in lyophilized wheat leaves. Therefore, it cannot
be ruled out that the WDV-For/WDV-Rev/WDV-T
primers and probe react not with regions of the non-
target virus genome, but with barley plant genes.

The sensitivity of the WDV-For/WDV-Rev/WDV-T
primer-probe assay was also found to be quite high.
Detection of the reference isolate WDV PV-0840 (DSMZ)
in an experiment using the 5x gPCR mix HS reagent kit
(Evrogen) was observed up to a dilution of 10-5, with
100% repeatability.

Thus, inconclusive results were obtained with the
WDV-For/WDV-Rev/WDV-T primers and probe (Hao et
al., 2021). These oligonucleotides were found to be
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M 13 14 1516 17 18 M 18 20 21

M 25 26 27 28 2830 M 3132 33 -K+K +K

5§ 6 M 7 8 910 1112

B M 19 20 21 22 2324

a) IIpaiimepst WDV-WFb/ WDV-WRb (reusi CP+SIR
mrammoB WDV-B u WDV-W, 939 11.0.)

b) IIpaiimeps: WDV-1F/ WDV-WRb
(rex Rep mramma WDV-W, 346 11.0.)

Puc. 7. BoisBneHne WDV meTonom knaccuueckoi MLP Fig. 7. Detection of WDV by classical PCR using primers

¢ ucnonbsoBaHuem npanmepos WDV-WFb/WDV-WRb, WDV- WDV-WFb/WDV-WRb, WDV-1F/WDV-WRb, WDV-WFb/WDV-
1F/WDV-WRb, WDV-WFb/WDV-4R (I.Abt et al., 2020) u Habopa 4R (I.Abt et al., 2020) and the 5x Mas™TaqMIX-2025 reagent
peareHToB 5x Mas™TaqMIX-2025 (Ouanart) kit (Dialat)

pearenToB naJjig [TIIP-PB. UyBCTBUTEJIBHOCTb TECTA C
9TUMU IIpaiiMepaMu U 30HJOM SIBJISETCS BBICOKOM.
OnHaKO B OKCIIEPUMEHTAX 110 OTIpe/ieJIeHUI0 aHATUTH -
YecKol criellu(PpUUHOCTHU ObLJIO YCTAHOBJIEHO HATUUIe
HecrneU(DUUHOU peaKIuU LAaHHBIX OJIUTOHYKJIEOTHU-
JIOB C U30JIATaMM HelleJeBBIX BUPYCOB 3€PHOBBIX
KyJIbTYpP, COLEPXAIIUXCI B JIUODUIN3UPOBAHHBIX
JINCTBSIX PACTEHU Y TUMEHS.

OtpaboTky nuarHoctuku WDV MeTOZoM KJlaccu-
yecko [TLP mpoBOAUIIN C CEMbIO ITapaMu ITpaiMepoB,
crnenuUUHBIX K Pa3JIMYHBIM ydacTKaM TreHoMa
1IeJIeBOT0 06bEKTA.

Bria mpoBelleHa cepusl 3KCIIEPUMEHTOB C
npatiMepamu WDV 40-F/WDV 806-R (Wu et al., 2008),
MO3BOJNIAIMUMU aMIJIUPUIIUPOBATH TOJHYIO
MOoCJeNOBaTENbHOCTh OJIMTOHYKJIEOTULOB TeHa
TPAHCIOPTHOTO OeJiKa U IIPUJIerailnii 5 -KOHIIeBOK
y4acTOK reHa 6eka 060Ji0uky reHOMHOM JITHK WDV. B
9KCIIEPUMEHTE C ABYyMsd HabopaMu peareHTOB
OTEeYeCTBEHHBIX (UPM-IIPOUBBOIUTENEN BGBIIO
YCTAHOBJIEHO, YTO 3TU IIpPaliMephl MO3BOJIIOT AUar-
HOCTHUPOBATh M30JATbI WDV pasauyHoro reorpadu-
YECKOT'0 TIPOMCXOXK/IEHUS C BBICOKOW BOCIIPOM3BOIU-
MOCTBIO Pe3yIbTaToB (CM. puc. 6).

capable of detecting numerous Russian WDV isolates,
but the reproducibility of detecting low-titer isolates
was somewhat dependenton thereal-time PCRreagent
kit used. The sensitivity of the test with these primers
and probe was high. However, experiments to deter-
mine analytical specificity revealed a nonspecific
reaction of these oligonucleotides with isolates of non-
target cereal viruses contained in lyophilized barley
plantleaves.

The diagnostics of WDV using the classical PCR
method was carried out with seven pairs of primers
specifictodifferentregions of the target genome.

A series of experiments were conducted with WDV
40-F/WDV 806-R primers (Wu et al., 2008), which allow
amplification of the complete oligonucleotide
sequence of the transport protein gene and
the adjacent 5-terminal region of the coat
protein gene of WDV genomic DNA. An experiment
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O6pasuer: 1 — uzonar KrWD-1; 2 — 3mopoBoe
pacTrenue OImeHUIbl; 3 — 130J9T VOIWD-1; 4 — u3oaT
VolWD-2; 5 — uzonat VolWD-15; 6 — u3oast VolWD-19;
7 — nsonat VolWD-20; 8 — usonar VolWD-22; 9 —
3JI0POBOE pacTeHue TIeHUIbl; 10 — OTpuIlaTeIbHbIN
KOHTPOJIb (Boma); 11 — msosar WDV PV-0840 DSMZ.
Crrenin(pUIHBIN ITPOLYKT — 746 11.0.

CekBeHUPOBAHUE MOJIYyYEHHBIX NPOLYKTOB
aMIIUOUKAIIUY TT03BOJIUIO YCTAHOBUTD, UYTO U30JIAT
KrWD-1 orHocurca k mwrammy WDV-B, a npouue
usyvyaemble U30JIAThl — K TaMMy WDV-W.

B sKcIlepuMeHTe ¢ JaHHBIMU IpaliMepaMu U
HabopoM peareHToB 5x Mas™TaqMIX-2025 (Jluajat)
OBIJIO YCTAHOBJIEHO, UYTO BBISIBJIEHUE I[€JIEBOTO
06beKTa BO3MOXKHO BILIOTh O pasBemeHud B 10°
BKJIFOUMTEIBHO cO 100%-1i TOBTOPSIEMOCTHIO (PE3YITh-
TaThl He [IOKa3aHBbI).

OnpepeneHne aHAIUTUYECKON CIIeIIM(PUIHOCTU
npatimepoB WDV 40-F/WDV 806-R mpoBoguiu B
9KCIIEPUMEHTAX C ABYMs HabopaMu PeareHTOB IJIs
TILIP. B oboux sKcrepuMeHTaxX HabJjomamach HecIle-
nuduruuHasg peakiius M3ydyaeMbIX MpPaliMepoB C
u30JgTaMyu OGPOMOBHpyca Mo3auku Koctpa (BMV) u
TPUTUMOBUMPYCA HMITPUXOBATOM MO3aMKU KOCTPA
(BrSMV). TIpoayKThl aMIIn(pUKAIINY 3TUX 00PasIioB
OBIJIW TIOABEPTHYTHI CEKBEHUPOBAHUIO. [IPOAYKT
ammumpukanuu obpasna BrSMV PC-1052 Ha 66,93-
68,09% COOTBETCTBOBAJI YyYacTKy IeHa LIUTOKUHUH
OKCHIa3bl/IeruLporeHasbl pacTeHUN SUYMeHd.
Ananu3s npoaykTa aMmrumdukanum obpasma BMV PV-
0194 He BBIIBUJI HAJIUYNE 3HAYNMOMN UAEHTUUYHOCTH C
Y4acCTKOM TeHOMa KaKoro-jaubo opraHmsMma. Takum
06paszoM, OBII0 YCTAaHOBJIEHO, UTO ITpaiiMepsl WDV 40-
F/WDV 806-R He B3auUMOZENCTBYIOT C TEHOMOM
HelleJleBbIX BUPycoB BMV u BrSMV, HO MOT'yT pearupo-
BaTh C y4acTKOM reHOMa S4YMeHs, BCIELCTBUE YEero
IaHHBIE OJIUTOHYKJIEOTU/IBI 11€JIeCO00Pa3HO UCIIONb-
30BaTh JINIIb JJISI TECTUPOBAHMS PACTEHUH ITIITEHUITBI.

B mocnenyiomieM 6bLIO TTPOBEEHO UCITbITaHUIE
Tpex paspaboTaHHBIX BO dpaHIIUU Map IparMepos,
TO3BOJIAIOIINX BBISABALATD U OuddepeHIIMpPOBaTh
n3oaaTbl mrTammoB WDV-B u WDV-W. CormacHo
cneruPUKAIIMYI aBTOPOB-Pa3paboTUYNKOB, TpariMepPhI
WDV-1F/WDV-WRb aMmmuduIiiupyoT y4acTOK reHa
Rep usonsaToB mramma WDV-W, npaiiMmepsr WDV-
WFb/WDV-4R — yuacTok reHa 6eska o6osouku (CP)
ns3oagaros mramMma WDV-B, Torma Kkak KOMOMHAIINSA
npaiimepoB WDV-WFb/WDV-WRb 1m03BoJIIeT aMILIu-
¢bunupoBaTs yyacTtok reHa CP u mpuierawomui
MeXXTeHHBIN yuacTok (SIR) M30/19TOB 060MX IIITAMMOB
(Abtetal., 2020).

[IpoBeneHHbIEe DKCIEPUMEHTHI HOATBEPIUIUA
cnenuPUKAIINI0 9TUX HparMepoB. [Tpatimepsr WDV-
WFb/WDV-WRb pearupoBanu ¢ usonsToM KrWwD-1,
oTHOcgIMMcd K mraMmmy WDV-B, u ¢ 19 uzongaramMmu
mramMma WDV-W. IIpatimepst WDV-1F/WDV-WRb
u36MpaTesbHO PearupoBaii ¢ U30JITaMU IITaMMa
WDV-W (cm. puc. 7). I[Ipatimepbst WDV-WFb/WDV-4R
pearupoBaau Juillb ¢ u3ongaroM KrWD-1 mrTamma
WDV-B (pesysnbTaTbl He MOKas3aHbl). COOTBETCTBUE
MOJIyYeHHBbIX MPOAYKTOB aMIIU(UKAIIUN 3asBJIEH-
HBIM y4yacTkKaM resHoma mramMmmoB WDV-B u WDV-W
OBLJIO ITOITBEPXKIEHO CEKBEHMPOBAaHUEM.

O6pa3siibl: 1 —uzonat KrwWD-24; 2 —u3ousat KrwD-
37; 3 — uzoaar KrwbD-45; 5 — uzonar KrwWD-55; 6 —
usondart KrWbD-57; 7 — uzonar KrWD-66/5;

with two sets of reagents from domestic manufacturers
showed that these primers allow the diagnosis of WDV
isolates of different geographic origins with high
reproducibility of results (Fig. 6).

Samples: 1 — Isolate KrWD-1; 2 — healthy wheat
plant; 3 — isolate VolWD-1; 4 — isolate VolWD-2; 5 —
isolate VolWD-15; 6 — isolate VolWD-19; 7 — isolate
VolWD-20; 8 — isolate VolWD-22; 9 — healthy wheat
plant; 10 — negative control (water); 11 — isolate WDV
PV-0840 DSMZ. Specific product—746b.p.

Sequencing of the obtained amplification
products made it possible to establish that the KrWwD-1
isolate belongs to the WDV-B strain, and the other
studied isolates belong to the WDV-W strain.

In an experiment with these primers and the 5x
Mas”TaqMIX-2025 reagent kit (Dialat), it was found
that detection of the target object was possible up to a
dilution of 10° inclusive with 100% repeatability
(results not shown).

The analytical specificity of the WDV 40-F/WDV
806-R primers was determined in experiments with
two PCR reagent kits. In both experiments, a nonspe-
cific reaction of the studied primers with BMV and
BrSMV isolates was observed. The amplification
products of these samples were sequenced. The
amplification product of BrSMV PC-1052 matched
66.93-68.09% of the barley cytokinin
oxidase/dehydrogenase gene region. Analysis of the
amplification product of BMV PV-0194 did not reveal
significant identity with the genome region of any
organism. Thus, it was established that the WDV 40-
F/WDV 806-R primers do not interact with the genome
of non-target viruses BMV and BrSMV, but can react
with a region of the barley genome, as a result of which
these oligonucleotides should be used only for testing
wheat plants.

Subsequently, three pairs of primers developed in
France were tested to detect and differentiate isolates
of the WDV-B and WDV-W strains. According to the
specifications of the developers, the WDV-1F/WDV-
WRbD primers amplify the Rep gene region of WDV-W
isolates, the WDV-WFb/WDV-4R primers amplify the
coat protein (CP) gene region of WDV-B isolates, while
the WDV-WFb/WDV-WRb primer combination
amplifies the CP gene region and the adjacent
intergenic region (SIR) of isolates of both strains (Abt et
al.,2020).

The experiments confirmed the specification of
these primers. Primers WDV-WFb/WDV-WRb reacted
with the KrWD-1 isolate, belonging to the WDV-B
strain, and with 19 isolates of the WDV-W strain.
Primers WDV-1F/WDV-WRb reacted selectively with
isolates of the WDV-W strain (Fig. 7). Primers WDV-
WFh/WDV-4R reacted only with the KrWD-1 isolate of
the WDV-B strain (results not shown). The correspon-
dence of the obtained amplification products to the
declared regions of the WDV-B and WDV-W genomes
was confirmed by sequencing.

Samples: 1 — isolate KrWD-24; 2 — isolate KrWD-
37;3—isolate KrWD-45; 5 —isolate KrWD-55; 6 —isolate
KrWD-57; 7 — isolate KrWD-66/5; 8 — KrWD-68; 9 —
isolate KrWD-77; 16 — isolate VolWD-1; 17 — isolate
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8 —KrWD-68; 9 — uzomnat KrWD-77; 16 — u3omnst VolWD-
1; 17 — usonat VolWD-2; 18 — usosuar VolWD-15; 19 —
n3044T VolWD-19; 20 — uzoagat VolWD-20; 21 — u3074T
VolWD-22; 22 —uzonat VorWD-8; 27 —usojiat KrWD-1;
28 —KrWD-2; 30 —usonat AIWD-1;4,10,11,12,13,14,
15, 23,24, 25, 26, 29, 31, 32, 33 — 300POBbIE PAaCTEHU
MIIEeHUIIbI, KYKYPY3bl, TPUTUKAJE U TuMeHs; -K (Boma);
+K (m3oaat WDV PV-0840 DSMZ); +K (u3osat WDV +K
Loewe)

B mocemyoommux 5KCIIepruMeHTaxX ObIJI0 YCTaHOB-
JieHo, uto npadimepst WDV-1F/WDV-WRb u WDV-
WFb/WDV-WRb xapakTepusylTcd O4eHb BBICOKOU
crenuUIHOCTDIO K 11eJIeBOMY 06beKTy. He HabJr01a-
JIOCh HecHenupUUHON peakIuy 3TUX MIPaliMEpPOB C
us3ongaTamu 12 HelleJIeBbIX BUPYCOB, KOTOPhIE 3apaka-
0T 3ePHOBBIE KYJBTYPbl U MOTYT BCTPEUYaThCS B
cMmenanHoN uH(pekuu ¢ WDV. YCTaHOBJIEHO TaKXe,
4TO IIPU UCII0JIb30BaHNM Habopa peareHToB 5x Genta
PCRPRIZM (T'euTeppa) mpaitmepst WDV-1F/WDV-WRb
TMO3BOJISIOT AMATrHOCTUPOBATH IIeJIeBOH O0GBEKT
(m3osaT WDV PV-0840 DSMZ) BIIJIOTH [I0 Pa3BEIEHNS B
10”° BKRIHOUUTENbHO cO 100%-i IOBTOPAEMOCTbHIO
pesynbTaToB. YYBCTBUTEIBHOCTD TECTOB C TIpaiiMepa-
mMu WDV-WFb/WDV-WRD sgBJIsIeTCS HECKOJIBKO MeHee
BBICOKOM 1 cocTaBjgeT 10, uTo, BepoaTHO, 06yCIIOB-
JIEHO OYeHb OOJIBIION BETUYUHOUN TTPOAYKTA, aMILIU-
puIImpyeMoro sTUMU IpaiMepaMu.

Paspab6oranubsie B Kutae nparimMmepsr WDV-
F/WDV-R (Zhang et al., 2017) mo3BOJSOT aMILTUGUITA-
pOBaTh MpPaKTUYECKU IIOJIHYIO II0CJIe0BATEeIbHOCTh
HYKJIEOTHU/IOB reHa 6eJika 060JI0YKY 11eJIEBOT0 06 BEKTA
3a UCKJIoYeHreM 14 5'-KOHIIeBbIX HYKJIeOTULOB 1 11
3’-KOHIIEBBIX HYKJIEOTUIOB. [10 pe3ynbTaTaM MCIIbITA-
HUH 6BLIO YCTAHOBJIEHO, YTO BTU ITPaiMephl XapaKTe-
pusytorcad 100%-1 cneuUUIHOCTbIO K I1€JIEBOMY
06BbEKTY U TTI03BOJISIIOT AUATHOCTUPOBATH BCE BBISIBJIEH-
Hble U30/AThl ITaMMoB WDV-B 1 WDV-W ¢ uyBCcTBU-
TeAbHOCTHIO 4O 10° BKIIOUUTENIBHO co 100%-it
TIOBTOPSIEMOCTBIO PE3YyJbTAaTOB. JJaHHbIE ITPaliMephI
HamboJiee 11eJ1eCO06Pa3HO UCITOJNB30BATh C HAGOPOM
peareHToB 5x Genta PCR PRIZM ¢pupmbl 'eHTeppa.

[TpoBelleHO TaK)Xe UCIIbITaHue ITpaliMepoB WDV-
H-F/WDV-H-Ru WDV-T-F/WDV-T-R (Trzmiel, Klejdysz,
2018), pa3paboTaHHBIX, COOTBETCTBEHHO, K MEXXT€H-
HOMy y4acTkKy (SIR) msongaroB mramma WDV-B u
y4dacTKy reHa RepA y uzongaroB mrtamma WDV-W. Tlo
pesynbTaTaM IIPOBEeIeHHbIX YKCIIEPUMEHTOB KOHCTA-
THUPOBAHO, UTO mparimepsl WDV-T-F/WDV-T-R MoryT
OBITh PEKOMEHIOBAHbI AJI MPOBeNeHUs IOMIOJHU-
TeJbHBIX ITIOATBEPKIAIONIMX TECTOB HA Hajnuuue WDV
C IEeJIbI0 M3Yy4YEeHUSI TEeHEeTUUYECKUX OCOOEHHOCTEHR Y
BBISIBJISIEMbIX U30JISITOB.

3AKJIOYEHUE

[IpoBemeHHble UCCIELOBAaHUSA MO3BOJIUIU
paszpaboTaTh MeTOAWYECKHEe PEKOMEHAIlUuu I10
BBISIBJIEHUIO U UAeHTU(DUKALIMY BUPyCca KapJInKOBOC-
Ty nmeHubl (WDV), B KOTOPBIX [JIsT TIPOBEIEHUS
0TGOPOYHBIX (CKPUHMHTOBBIX) TECTOB PEKOMEHYeTCS
KUCIIOJIb30BAaTh ONUH M3 CIELYIOILIUX TEeCTOB: METOL
W®A c TecT-cuctemoii K WDV ¢upmel Loewe (Fepma-
Hus) niu Metoz [P B peaJlbHOM BpeMeHU C Impaiime-
pamu u 30HA0M RTIC-F/RTIC-R/RTIC-Probe (Wang et
al., 2016). lyis IpoBeIeHNs TTOATBEPIKIAIOIINX TECTOB
Ha Hajuuue WDV peKOMeHJyeTCd KCIIOJIb30BaTh

VolWD-2; 18 — isolate VolWD-15; 19 — isolate VolWD-
19; 20 — isolate VolWD-20; 21 — isolate VolWD-22; 22 —
isolate VorWD-8; 27 —isolate KrWD-1; 28 — KrWD-2; 30
—isolate AIWD-1;4,10,11,12,13,14,15,23, 24, 25, 26,
29, 31, 32, 33 — healthy plants of wheat, corn, triticale
and barley; -K (water); +K (isolate WDV PV-0840 DSMZ);
+K (isolate WDV +K Loewe)

Subsequent experiments revealed that the WDV-
1F/WDV-WRb and WDV-WFb/WDV-WRb primers
exhibited very high target specificity. No nonspecific
reaction was observed between these primers and
isolates of 12 non-target viruses that infect grain crops
and can occurin mixed infections with WDV. It was also
found that, when used with the Genta PCR PRIZM 5x
reagentkit (GenTerra), the WDV-1F/WDV-WRb primers
enabled detection of the target isolate (WDV isolate PV-
0840 DSMZ) down to a dilution of 10° with 100%
repeatability. The sensitivity of tests with WDV-
WFb/WDV-WRb primers is somewhat less high and
amounts to 10, which is probably due to the very large
size of the product amplified by these primers.

The WDV-F/WDV-R primers developed in China
(Zhang et al., 2017) amplify almost the entire nucleo-
tide sequence of the target virus coat protein gene,
excluding 14 5-terminal nucleotides and 11 3-terminal
nucleotides. Testing showed that these primers are
100% specific for the target virus and enable the
diagnosis of all identified isolates of WDV-B and WDV-
W strains with a sensitivity of up to 10° and 100%
repeatability. These primers are best used with the
GenTerra 5x Genta PCRPRIZM reagentkit.

The WDV-H-F/WDV-H-R and WDV-T-F/WDV-T-R
primers (Trzmiel, Klejdysz, 2018), developed respec-
tively for the intergenic region (SIR) of WDV-B isolates
and the RepA gene region in WDV-W isolates, were also
tested. Based on the results of the experiments, it was
concluded that the WDV-T-F/WDV-T-R primers can be
recommended for additional confirmatory tests for the
presence of WDV in order to study the genetic charac-
teristics of the detected isolates.

CONCLUSION

The conducted studies allowed the development
of methodological recommendations for the detection
and identification of wheat dwarf virus (WDV), which
recommend using one of the following tests for
screening tests: the ELISA method with the Loewe
(Germany) WDV test system, or the real-time PCR
method with primers and probe RTIC-F/RTIC-R/RTIC-
Probe (Wangetal., 2016). For confirmatory tests for the
presence of WDV, it is recommended to use the
classical PCR method with WDV-WFb/WDV-WRb
primers (Abt et al., 2020) or WDV-F/WDV-R primers
(Zhangetal.,2017), developed for the target object coat
protein gene. To conduct additional confirmatory tests
and study the genetic characteristics of the identified
isolates, it is advisable to use the primers WDV-T-
F/WDV-T-R (Trzmiel, T.Klejdysz, 2018), WDV-1F/WDV-
WRb (Abt et al., 2020) and WDV-40F/WDV-806R (Wu et
al., 2008), complementary to the regions of the RepA,
Rep genes and the transport protein of the WDV
genomic DNA, respectively.
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MeToZ, Kjaccuueckou TP c mpaiiMmepamu WDV-
WFh/WDV-WRb (Abt et al., 2020) unu mpaimMepamMu
WDV-F/WDV-R (Zhang et al., 2017), pazpaboTaHHbBIMU
K TeHy 6Geyika 000JIOUKU IIeJeBOT0 o6bekTa. s
MIPOBEeJIeHUS NONOJHUTEIbHBIX TOATBEPKIAOIIUX
TECTOB U U3Y4YeHUS] reHeTUYEeCKUX OCOOEHHOCTEH y
BBISIBJIEHHBIX U30JIITOB Il€JIeCO06Pa3HO UCITOJIb30-
BaTh nmpauMepbl WDV-T-F/WDV-T-R (Trzmiel,
T.Klejdysz, 2018), WDV-1F/WDV-WRb (Abt et al., 2020)
u WDV-40F/WDV-806R (Wu et al., 2008), koMIIJIeMeH-
TapHbIE COOTBETCTBEHHO yyacTKaM IreHOB RepA, Rep u
TpaHCIOPTHOTO 6esika reHoMHOU JHK WDV.

MccnenmoBaHUSA BBINIOJHEHBl B paMKax
locymapcTtBeHHOTro 3amaHud (Per. N© HUOKTP
123022100120-4).
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