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AHHOTALIA
DKCIIOPT 3€PHOBBIX KYJbTYP — BaXXHasd 4acCTb 3KO-
HoMuku Poccuu. B cBA3U ¢ MeXIAyHapOLHBIM [I1PO-
IOBOJIbCTBEHHBIM KPU3KUCOM 3€PHOBBIE CTAHOBSAT-
Cs1 CTPaATETUUECKUM ChIPheM. YPOXKalHOCTb 3€ PHOBBIX
KyJIBTYP 3aBHUCHUT OT MHOTUX (PaKTOPOB, B TOM UUCJIE
OT KaueCcTBa CEMEHHOTO MaTepuajia U yCTOUNUYMBOCTHU
pacTeHM K MHOTOUMCIIEHHBIM 3a60JieBaHUSIM. Bupyc
IITPUXOBATOM MO3aMKK SUMEHS SIBJISIETCSI OIIaCHBIM
3a60/IeBaHUEM, TTOPAXKAIONUM 3€PHOBBIE KYJIbTYPHI,
J4YMEeHb U IIIEeHUIY, & B OKCIIePUMEHTAJbHBIX yCJIO-
BUSIX — PAJl IPYTUX PACTEHUN CEMENCTB MATINKO-
Bble (Poaceae) u AMapaHToBble (Amaranthaceae). 9ToT
BUPYC BXOLUT B [IEPEYHYU KAPAHTUHHBIX BPEIHBIX OP-
TaHM3MOB MHOTHX CTPaH — UMIIOPTEPOB POCCUMCKOTO
3epHa, B TOM YuCJie JULEPOB 10 UMIOPTY — Typuuu
u Erunra. llenbio HAlIKUX KCCIENOBAaHUN ABISIACH
OLleHKa MeTOLOB JUAarHOCTUKU U CPaBHEHUE Pe3YJlb-
TaTOB, ITOJIYUEHHBIX KaK B X0/€e OLleHKU ITPUMEHUMO-
CTHU, TaK U C PeaJIbHbIMU PAaCTUTEJIbHBIMIU 00pa3ilaMu,
COOpPaHHBIMU B IIPOIeCCe HAYYHOTO MOHUTOPUHTA.
B cTraTbe mpezncTaBieH 0630p, KpaTKas XapaKTepu-
CTUKa BUpYyca, ero 0COOeHHOCTH, a TaKXXe pe3yJsibTa-
TBI anpobaIy COBPEeMEHHBIX METOLOB BhIIBICHUS
U neHTU(OUKALIMY. B X0/le UCTIBITAHUYN TECT-CUCTEM
WCIIOJIb30BaJU ITOJIOKUTENbHBIE KOHTPOJHU U pede-
PEHTHbIE U30JIAThHI BUPYCOB, [I0PAXKAIOLINX 3€PHOBLIE
KYJIbTYPbI U ITIOTEHIMAJbHO 3aTPYAHAIIUX JUATHO-
CTUKY 13-3a JIO)KHOIIOJI0XKUTEJIbHBIX PE3YJIbTaTOB.

Pe3ysnbTaThl O1leHKY CIIEU(MUIYHOCTU U UyBCTBU-
TEJIbHOCTU TECT-CUCTEMBI AJII UMMYHO(QEPMEHTHO-
ro aHaju3a I10Ka3aJii BbICOKYI UYBCTBUTEJIBHOCTD
U cIenu(UIHOCTD CO BCEMU UCCIELYEMBIMU B DKCIIE-
PUMEHTaxX BUPYCaMH, B CBSI3Y C UYeM ObLIIO IIPUHSTO pe-
IIeHre TPOBECTY CKPUHUHT-TECTHPOBaHMe 0OTOOpaH-
HBIX B X0Jle U3y4YeHUsd (PUTOCAHUTAPHOTO COCTOSTHUS
TI0CEBOB 3€PHOBBIX KYJIbTYP. BbIJIO BBHIIBIEHO 6OJIb-
1IIoe KOJMYECTBO CEPOIIOJIOXKUTENbHBIX 00pa3Iios,
KOTOpBIE B JajJbHENIIeM OABEPTai TECTUPOBAHUIO
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ABSTRACT
The export of grain crops is an important part of the
Russian economy. In connection with the internation-
al food crisis, grains are becoming a strategic raw ma-
terial. The yield of grain crops depends on many fac-
tors, including the quality of seed material and plant
resistance to numerous diseases. Barley stripe mosa-
ic virus is a serious disease affecting grain crops, bar-
ley and wheat, and in experimental conditions — some
other Poaceae and Amaranthaceae plants. This virus is
included in the quarantine pest lists of many countries
importing Russian grain, including the leaders in im-
ports — Turkey and Egypt. The purpose of our studies
was to evaluate diagnostic methods and compare the
results obtained both during the applicability assess-
ment and with real plant samples collected during sci-
entific monitoring. The article presents an overview, a
brief description of the virus, its peculiarities, as well
as the results of testing modern detection and identi-
fication methods. During testing of test systems, posi-
tive controls and reference isolates of viruses that in-
fect crops and potentially complicate diagnosis due to
false positive results were used.

The results of assessing the specificity and sensi-
tivity of the test system for enzyme-linked immunosor-
bent assay (ELISA) showed high sensitivity and speci-
ficity with all the viruses studied in the experiments,
and therefore it was decided to conduct screening test-
ing of grain crops selected during the study of the phy-
tosanitary state of crops. A large number of seroposi-
tive samples were identified, which were subsequently
subjected to testing by molecular methods — Russian
test kits for the polymerase chain reaction (PCR). The
test results showed that all seropositive samples did
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MOJIEKYJISIPHBIMU METOAMU — TECT-HA60paMU JIJIs 110-
JIMMepasHo 1ermHou peakiuy (TT1[P) oTeuecTBEHHOTO
IIPOV3BOACTBA. Pe3y/ibTaThl TECTUPOBAHUS ITOKA3AJIH,
YTO BO BCEX CEPOIIOJIOKUTEIbHBIX 06pasiiax He I01-
TBEPAWJIOCH HAJIMUME I1eJIEBOTO BUPYCA, B CBSA3Y C UeM
Heo0X0IMO IPOBECTHU AOIIOJTHUTEIbHOE UCCIEN0BA-
HYe IPUYYH JIOXKHOIIOJIOKUTEbHBIX PEAKIINA.

Kntroueswie cnosa. Barley stripe mosaic virus, ka-
PaHTUH pacTeHUH, SKCIIOPT, 3JIaKU, TUMEHb, ITIIeHH-
1a, ITpUXoBaTasd Mo3auKa suMeHs, BSMV.

BBEJEHUE

occuiickasg demepalys TPALUIIMOHHO
SBJISIETCS OJJHUM U3 BEAYIIUX KCIIOP-
TEPOB 3€PHOBBIX KYJIBTYP B Mupe. Poc-
CUICKOe 3epHO 3KCIopTupyercs 6o-
Jjee yeM B 130 cTpaH mupa. CoriacHo
naHabiM deflepalibHOM TaMOXXeHHOM
CJTy’K6BbI, OCHOBHBIMM TIOKYIIATEJISIMU
3epHa POCCUUCKOTO ITPOUCXOXKIEHUS
B IIOCJIeHUE roAbl aBjadTca Typruud, Erunert, Vpas,
CaymoBckast ApaBus, Baurmagemni, Azepbaiimxkan, Cy-
naH, Hurepusd, Kasaxcras, I'pysusd, JluBud, 3pauis,
Voppauus (http://stat.customs.ru).

B 2019 r. pocCUUCKMMU arpapusMu ObLIO CO-
6pano 121,2 myH T 3epHa (74,4 MJIH T NIOIEHUIIHI,
20,5 MJIH T TuMeHs, 14,2 MJIH T KyKypy3bl), B PEKOP/I-
HoM 2020-M — 133,5 MJutH T 3epHa (85,9 MJIH T muie-
HUIbl, 20,9 MJIH T suMeHs, 13,9 MJIH T KYKypy3bl),
B 2021-M — 121,4 maH T 3epHa (76,1 MJIH T HIIEHUIHI,
18,0 MmaH T TuMeHs, 15,2 MITH T KyKypy3sI) (https://ros-
stat.gov.ru, http://www.fao.org).

Ha sxcmopTt B 2019 r. 6b1JI0 OTIIpPaBJEHO
39,4 muH T 3epHa (31,9 MJIH T OINEHUIIBI U 3,94 MJIH T
ayMeHs), B 2020-M — 48,61 MiH T (38,4 MJIH T IIIE€HUIIBI
1 6,00 MITH T guMeHs), B 2021-M - 42,9 Maa T (32,5 MIH T
MIIEeHUIIBI 1 5,1 MJIH T SUMEH), YTO COCTABJIIET He Me-
Hee 35% oT o611ero cobpanHoro yposxas (https://ross-
tat.gov.ru, http://stat.customs.ru).

3epPHOBBIE KYJIbTYPbI — BLICOKOJIMKBUIHBIN TOBAPD
Ha BHEIIHEM pbIHKe. Jloxozbl Poccuu 0T 3KCIIOpTa BCexX
3€PHOBBIX KyJIbTyp B 2019-2021 IT. COCTaBUJIN OKOJIO
30 mupn poytapoB CIMA. SKCIOPTHBIM MOTEHITXAT
HAIMIPSIMYIO 3aBUCUT OT YPOXKAWHOCTY 3€ PHOBBIX KYJIb-
Typ (CpebeHHnKOB u Ap., 2020). OnHUM U3 HaKTOPOB,
CHIDKAKUIUX YPOXKAWHOCTD U BaJIOBble COOPHI 3ePHA,
SIBJIIETCS 3apakeHUe MHOTOUUCIEHHBIMU TPUOHBI-
MU, 6aKTepUaJbHBIMU U BUPYCHBIMU OOJIE3HAMU.
[Tpu mopakeHWU BUpPyCaMU yrHETAIOTCId PacTeHUdd,
CHUIKAETCI KAaUueCTBO U KOJUYECTBO IMOJYy4aeMOTO
yposkas, a ocjiabjieHre pacTeHUU CIIOCO6CTBYET UX
BOCIIPUMMYMBOCTH K 3aPa’KEHUI0 IPYrUMu QUTOMA-
ToreHaMu. Hau6oJbIIyIo IMTOTEHIINAIbHYIO OTIaCHOCTD
MIPELCTABJIANT BUPYCHI, IIepelarllrecd ceMeHaMu
pacTeHui-xo3seB. Takye BUPYCHI COXPAHSIOTCS B 3€p-
He B JIJAaTEHTHOU hopMe, YTO IIPU OTCYTCTBUY KOHTPOJIS
CcrIoco6CTBYeT MepeMellleHII0 BUpyca Ha aJibHUE pac-
cTossHu4. [Ipy moceBe 3apaKeHHbBIX CEMSH U3 HUX pPas-
BUBAIOTCS ocjabiieHHbIE PACTEHUS, KOTOPBIE B 1aJIb-
HellleM JJaloT MEHbBIINUH Ypo)kall UJIM BOBCe IOTUbaroT.
Kpome aToro, mpu moceBe 3apaXkeHHBIX CEMSIH BUPYCHI

not confirm the presence of the target virus, and there-
fore it is necessary to conduct additional research into
the causes of false positive reactions.

Key words. Barley stripe mosaic virus, plant
quarantine, export, cereals, barley, wheat, barley
stripe mosaic, BSMV.

INTRODUCTION

he Russian Federation is traditionally one of

the leading exporters of grain crops in the

world. Russian grain is exported to more

than 130 countries of the world. According

to the Federal Customs Service, the main
buyers of grain of Russian origin in recent years are
Turkey, Egypt, Iran, Saudi Arabia, Bangladesh, Azer-
baijan, Sudan, Nigeria, Kazakhstan, Georgia, Libya, Is-
rael, Jordan (http://stat.customs.ru).

In 2019, Russian farmers harvested 121.2 million
tons of grain (74.4 million tons of wheat, 20.5 million
tons of barley, 14.2 million tons of corn), in the record
2020 —133.5 million tons of grain (85.9 million tons of
wheat, 20.9 million tons of barley, 13.9 million tons of
corn), in 2021 — 121.4 million tons of grain (76.1 mil-
lion tons of wheat, 18.0 million tons of barley, 15, 2 mil-
lion tons of corn) (https://rosstat.gov.ru, http:/www.fao.
org).

In 2019, 39.4 million tons of grain were sent for
export (31.9 million tons of wheat and 3.94 million
tons of barley), in 2020 — 48.61 million tons (38.4 mil-
lion tons of wheat and 6.00 million tons of barley), in
2021 —42.9 million tons (32.5 million tons of wheat and
5.1 million tons of barley), which is at least 35% of the
total harvested crop (https://rosstat.gov.ru, http://stat.
customs.ru).

Cereal crops are highly liquid goods on the foreign
market. Russia’s income from the export of all grain
crops in 2019-2021 amounted to about 30 billion US
dollars. The export potential depends directly on the
yield of grain crops (Grebennikov et al., 2020). One of
the factors that reduces the yield and gross harvest of
grain is infection with numerous fungal, bacterial and
viral diseases. When affected by viruses, plants are in-
hibited, the quality and quantity of the crop is reduced,
and the weakening of plants contributes to their sus-
ceptibility to infection by other phytopathogens. Vi-
ruses transmitted by the seeds of host plants pose the
greatest potential threat. Such viruses remain in the
grain in a latent form, which, if not controlled, contrib-
utes to the movement of the virus over long distances.
When sowing infected seeds, weakened plants develop
from them, which later give a smaller yield or even die.
In addition, when infected seeds are sown, viruses are
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PacIpoCTpPaHSIITCS TOPU30HTAJNIbBHO — MEXaHUYECKHU,
C IOMOIIbI0 HACEKOMBIX-TIEPEHOCUYMKOB UJIX ITPOYUX
BEKTOPOB.

BBICOKOUYBCTBUTEIbHBIE METO bl JUATHOCTUKY
(uTOTIATOTEHHBIX BUPYCOB SIBJISIOTCSI OCHOBOM 0TGOPa
3[J0POBOr0 CEMEHHOT0 MaTepualjia 1 pellaT II0TeH-
uaJIbHbIe ITPO6JIEMBI IPY COBEPIIEHUYN SKCIIOPTHO-
UMIIOPTHBIX OTleparuii ¢ 3epHoM. B ®TBY «BHUVIKP»
TIPOBOMASTCS UCCIAEeIOBaHUS T10 BBISIBJIEHUIO U UIEH-
TUQUKAIIUYU BUPYCOB 3€PHOBBIX KYJIBTYP, BIUSIOIINX
Ha BKCIIOPTHBIN IToTeHITnaN Poccuiickoit ®enmepanuu,
a Taxke pa3paboTka MEeTO[OB UX MOJIEKYIIPHO-TeHe-
THUYecKkou upeHtudukanuy u suddepennuanun (Jlo-
maTKuH U 1p., 2020; Zvyaginceva et al., 2021).

OIHUM 13 OTIaCHBIX ITAaTOTE€HOB 3€PHOBBIX SIBJISIET-
¢S BUPYC NITPUXOBATOM MO3anKu suMeHs (Barley stripe
mosaic virus, BSMV). BriepBble 5T0 3a60JieBaHIE, OTMe-
yeHHoe B 1910r. B CIIIA B mTaTe BUCKOHCHUH, OBLJIO OITH-
CaHO KaK JIOXKHAA MTPUXOBATOCTh TUMEHS («JI0KHA
rmoJjiocatas Mo3arka»). OHO CUMTAJIOCh HellapasuTap-
HbIM. Tosibko crycTd 40 jeT, B 1951 r. Mak-KuHHU [10-
KasaJl BUPYCHYI0 pupojy 3abosieBanus, B 1954 1. Xaz-
Gopr nmoATBepAu 5TU gaHHbie (KpbLioB u ap., 1980).

CorJjlacHO JTUTEPATyPHBIM UCTOUHUKAM, Ha TeP-
puTtopum 6b1BIIEro CCCP mTpuxoBaTast MO3anKa suMe-
Hs ObLJIa BbIsIBJIEHA B 1960 I. B MOCKOBCKO} 00J1aCTH.
B mocsenyouiyie ToAbl PETUCTPUPOBANUCH CIyUan
obHapyxeHus 3TOro 3a6oseBaHus B JIEHUHTPALCKOM,
Openbyprckoii, Camapckod, CBepIJIoBCKOM, TaMbOB-
CKOM, YIbTHOBCKOM 06J1aCTsIX, a TaK)XKe B AJITAICKOM,
KpacuomapckoMm u [IpuMopckoM Kpasgx (lepacuMoB,
1966; MakeeBa, boroyrnuuos, 1993; BoroyrguHoB
u np., 2017; Kakapeka u ap., 2020). B [IpuMopke,
o nHopMauy psama ucciaemoBaTeieir, BSMV aBis-
eTcs HauboJiee MIMPOKO PACITPOCTPAHEHHBIM BUPYCOM
3€PHOBBIX KYJIbTYP U €XeroJlHO IopakaeT 0KOJIO TPETU
TIOCEBOB TUMEHS U nuieHuIbl (Kakapeka u np., 2020).
B rociiegHee BpeMs MacCOBBIX 00CJIEIOBAHNI TTOCEBOB
3€PHOBBIX He ITPOBOAUIOCH, [T09TOMY TOUHBIX JaHHBIX
0 pacIpoCcTpaHeHU!U aToreHa HeT.

CornacHo maHHBIM EBpomnetickoit u Cpen3eMHO-
MOPCKOM OpraHu3aluy o KapaHTUHY U 3aluTe pac-
tenuit (EOK3P) BSMV oduliraabHO 3aperucTPUPOBaH
B CJIEAYIOIIAX CTPAHAX:

Adpuxka: Erurnert, IOAP, TyHuc;

AMepuka: ApreHTuHa, bpasunud, Kanaga, Mek-
cuka, [Tepy, CIIA;

Asus: Kurait, ispauib, dnoHus, Mopmanus, Pec-
nybsnuka Kopes, JluBaH, [Takuctad, Cupus, TaliBaHb;

EBpomna: bonrapug, Yexud, Jauud, I'penud, Ben-
rpug, Moagasug, IlTosnbuia, IToptyranusa, PymbeiHNA,
Poccus, Cepbus, CinoBakus, CiioBeHnusd, llBeiiiapus,
YKpaunHa;

Oxeanwus: ABctpanud, Hoag 3enaunus (https://
gd.eppo.int).

C 1975 110 1999 r. BSMV Bxopui B [lepeueHs Ka-
paHTUHHBIX opraHu3MoB EOK3P, Ho 3aTeM 6bLII UCKITIO-
YeH M3 DTOT0 IePevHs B CBI3Y C IIMPOKON PacIipo-
CTpaHeHHOCTbhI. OJHAKO BO MHOTUX CTpaHaX MUpa
IITPUXOBATas MO3auKa TUMEHS IBJISIETCS KapaHTUH-
HBIM 00BEKTOM, B TOM YKCJIe ¥ CTPaHaX — MMIIOPTepax
poccuiickoro 3epHa: Baxpeiin, EruneT — Ciucok A2,
Typuwusga, Yunu, Ypyreay, Nopmanus, I'py3us, Bpasu-
Jus, ¥36eKrucTaH — KapaHTUHHBIA OPTaHU3M, OTCYT-
CTBYIOIIMU Ha TeppuTopuu ctpaH (Al). B Vzpauie
BSMV BKJIIOUYEH B KapaHTUHHBIHN nepedersb (https://
gd.eppo.int).

spread horizontally — mechanically, with the help of in-
sect vectors or other vectors.

Highly sensitive methods for diagnosing phyto-
pathogenic viruses are the basis for the selection of
healthy seed material and solve potential problems
when performing export-import operations with grain.
FGBU “VNIIKR” conducts research on the detection
and identification of crop viruses that affect the export
potential of the Russian Federation, as well as the de-
velopment of methods for their molecular genetic iden-
tification and differentiation (Lopatkin et al., 2020;
Zvyaginceva et al., 2021).

One of the serious grain crops pathogens is bar-
ley stripe mosaic virus (BSMV). This disease, noted in
1910 in the USA in the state of Wisconsin, was first de-
scribed as false barley stripes (“false striped mosaic”).
It was considered non-parasitic. It was only 40 years
later, in 1951, when McKinney proved the viral nature
of the disease, in 1954 Hadborg confirmed these data
(Krylov et al., 1980).

According to literary sources, barley stripe mosa-
ic was detected in the territory of the former USSR in
1960 in Moscow Oblast. In subsequent years, cases of
detection of this disease were recorded in the Lenin-
grad Oblast, Orenburg Oblast, Samara Oblast, Sverd-
lovsk Oblast, Tambov Oblast, Ulyanovsk Oblast, as well
as in Altai Krai, Krasnodar Krai and Primorsky Krai
(Gerasimov, 1966; Makeeva, Bogoutdinov, 1993; Bo-
goutdinov et al., 2017; Kakareka et al., 2020). In Primo-
rye, according to some researchers, BSMV is the most
widespread virus in grain crops and annually infects
about a third of barley and wheat crops (Kakareka et
al., 2020). Recently, mass surveys of grain crops have
not been carried out, so there is no accurate data on the
spread of the pathogen.

According to the European and Mediterranean
Plant Protection Organization (EPPO), BSMV is official-
ly reported in the following countries:

Africa: Egypt, South Africa, Tunisia;

America: Argentina, Brazil, Canada, Mexico, Peru,
USA;

Asia: China, Israel, Japan, Jordan, Republic of Ko-
rea, Lebanon, Pakistan, Syria, Taiwan;

Europe: Bulgaria, Czech Republic, Denmark,
Greece, Hungary, Moldova, Poland, Portugal, Roma-
nia, Russia, Serbia, Slovakia, Slovenia, Switzerland,
Ukraine;

Oceania: Australia, New Zealand (https://gd.eppo.
int).

From 1975 to 1999, BSMV was included in the
EPPO Quarantine Pest List, but then was removed from
it due to its widespread occurrence. However, in many
countries, BSMV is a quarantine pest, including coun-
tries importing Russian grain: Bahrain, Egypt — List A2,
Turkey, Chile, Uruguay, Jordan, Georgia, Brazil, Uzbeki-
stan — a quarantine pest, absent in the territory of the
country (Al). In Israel, BSMV is on the quarantine list
(https://gd.eppo.int).

The main host plants for BSMV are barley (Hor-
deum vulgare) and wheat (Triticum aestivum, Triticum
durum) (https://gd.eppo.int). More rarely, the infec-
tion occurs on oats (Avena sativa) (McKinney, Greeley,
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OCHOBHBIMU pacTeHUAMU — x03g9eBaMu BSMV
SIBJISIIOTCS TuMeHb (Hordeum vulgare) v nuenutia (Tri-
ticum aestivum, Triticum durum) (https://gd.eppo.int).
Pexxe nH(peKIIusa BcTpevaeTcsa Ha oBce (Avena sativa)
(McKinney, Greeley, 1965; Atabekov, Novikov, 1989;
Jackson et al., 2009). B ITpuMopckoM Kpae BSMV
nneHTU(UIMPOBAaH B KAUYeCTBE BO3OYIUTENS XJIOPO-
TUYECKOM TT0JI0CATOCTY KYKYPY3bI, UTO SIBJISETCS ITEP-
BBIM CJIy4aeM BBISIBJIEHUS 3TOT'0 BUPYyca Ha JaHHOU
kynbType (Fameka u gp., 2018; Gapeka et al., 2018).
Taxxe B [IpUMOPCKOM Kpae BUPYC MITPHUXOBATOU MO-
321Ky ObLI BhISIBJIEH HA PACTEHUSX IIbIPES TTOJI3YyUEro
(Elytrigia repens) v MmeTUHHWKA HU3KOTO (Setaria pumi-
la) (Gapeka et al., 2018). ITo manubsiM EOK3P, B sKC-
IIepUMeHTAJNbHBIX ycaoBusAx BSMV 3apaxaeT oBec
nyctoit (Avena fatua), poxs (Secale cereale), KyKypy3y
(Zea mays), puc (Oryza sativa), copro (Sorghum bicolor),
rpoco (Panicum miliaceum), mapb (Chenopodium album,
Chenopodium giganteum), kutuoa (Chenopodium quinoa),
mInuHAT (Spinacia oleracea), cBexiy (Beta vulgaris) u Ta-
6ak (Nicotiana tabacum) (https://gd.eppo.int).

Bupyc mTpuxoBaToi MO3auKU SUYMEHS SABJISETCS
TUTIOBBIM BUIOM poaa Hordeivirus (Hamilton, Jackson,
1995) cemeticTBa Virgaviridae. Yactuiisl BSMV npen-
CTaBJISIIOT COGOM JKeCTKYEe ITaJOYKOBUIHbIE BUPUOHBI
araMeTpoM okojio 20 HM u AjauHoM ot 100 10 150 HM
B 3aBUCUMOCTH OT pasMepa WHKarmcyaupyemoi PHK.
MosekynsipHas Macca HamboJiee KPYITHBIX BUPYCHBIX
YacTUILL COCTaBJSAET OKOJIO 26 KJla, IIpU 3TOM e uH-
CTBEHHBIN 6eJI0K 060JIOUKU UMeeT MOJEKYJISIPHYIO
Maccy okoJio 22 k/la (Atabekov, Novikov, 1989; Adams
et al., 2011). ¥ BupuoHoB BSMV 0TUeTINBO mpocMa-
TPUBAETCs 0CEBOM KaHaJI, UMEIIINKN JruaMeTP 0KOJIO
3—-4 HM, ¥ cIUpaJibHas CTPYKTypa C IIaroM crupa-
au 2,5-2,6 M (Gibbs et al., 1963). TeroM BSMV, kak
Uy OPYyrux npefcTaBuTtesel pomga Hordeivirus, COCTO-
UT U3 TPEX MOJIeKyJ ofHOHUTEeBOU PHK (o, B my, pas-
MepoM 3,8 ThIC. OCHOBaHU# (T. 0.), 3,3 T. 0. 1 3,2 T. O.
coorBeTcTBeHHO) (Hamilton, Jackson, 1995). Bece 3 re-
HoMHbIe PHK HEOOXOAMMBI AJI 3apaKeHUST PaCcTeHUs
(Petty et al., 1990).

HecMoTps Ha MHOTOJIETHEE M3yUYeHUe BUpYyca
IITPUXOBATOM MO3auKU SUMEHS, er0 eCTECTBEHHbIE
IIPYPOIHbBIE TIEPEHOCUMKY JIO CHX TIOP HE YCTAHOBJIEHBI
(Carroll, 1981; Atabekov, Novikov, 1989). MudexIiiusa
MOJKET IIepeflaBaThCa Yepes3 MeXaHUYeCKU KOHTaKT
JINCTBHEB 3[IOPOBBIX U MOPAKEHHBIX pacTeHuY (Pa3Bss-
KuHa, 1975), n3-3a 4ero BUpPyC GbICTPO PaCIIPOCTPaHI-
eTcs B [I0JIe OT pacTeHus K pacteHuio (Carroll, 1981).
Ho OCHOBHBIM CITIOCOG0M pacCIPOCTPaHEHUs BUpyca
SIBJIAIOTCS 3apakeHHbIe ceMeHa. CeMeHHas nHDeKIua
BSMV Bnepsble 6bla ycTaHoBJeHa B 1954 1. (Gold et
al., 1954), a 3aTeM uccjemoBaHa Pa3IUYHBIMU aBTO-
paMu C UCII0JIb30BaHMEM METOMIOB SJIeKTPOHHON MU-
KPOCKOITMY, 6OTECTOB U CEPOJIOrUH. [IPOIIEHT ITepe-
naum 3a60J1€BaHYs, TT0 PA3HBIM JJAHHBIM, COCTABJISIET
0T 90 10 100% (Gold et al., 1954) 1 3aBUCUT OT IITaMMa
BUpYCa, CTaIUM PAa3BUTHUS PACTEHNUI B MOMEHT 3apa-
JKEHUS M TeMIIepaTyphl OKpykawiel cpenb! (Singh
et al., 1960). BSMV crocob6eH OJUTEeJIbHOE BpeMs CO-
XPaHAThCS B IMOPaXeHHbIX 3€PHOBKaX. B wacTHOCTH,
YCTaHOBJIEHO, UTO XpaHeHNe UH(PUIITMPOBAHHBIX CEMSIH
B TeueHue 6oJiee 5 JIET He OKa3bIBAJIO CYLIECTBEHHOTO
BJIMSIHUS Ha WH(EKIIMOHHOCTD BUpyca (Pa3BA3KMHA,
1975; Makkouk, Attar, 2001), oH coXpaHSJCs, Jaxe
KOTJla CaM¥ CEMEHA y)Ke TTOTePSIN CBOI0 BCXOXECTh
(PasBsg3kuHa, 1975).

1965; Atabekov, Novikov, 1989; Jackson et al., 2009).
In Primorsky Krai, BSMV was identified as the caus-
ative agent of MCMV, which is the first case of detection
of this virus on this crop (Gapeka et al., 2018). Also, in
Primorsky Krai, BSMV was detected on plants of couch
grass (Elytrigia repens) and yellow foxtail (Setaria pumi-
la) (Gapeka et al., 2018). According to EPPO, under ex-
perimental conditions, BSMV infects empty oats (Avena
fatua), rye (Secale cereale), maize (Zea mays), rice (Oryza
sativa), sorghum (Sorghum bicolor), millet (Panicum mili-
aceum), pigweed (Chenopodium album, Chenopodium gi-
ganteum), quinoa (Chenopodium quinoa), spinach (Spina-
cia oleracea), beet (Beta vulgaris) and tobacco (Nicotiana
tabacum) (https://gd.eppo.int).

BSMV is a type species of the genus Hordeivirus
(Hamilton, Jackson, 1995) family Virgaviridae. BSMV
particles are rigid, rod-shaped virions about 20 nm in
diameter and 100 to 150 nm in length, depending on
the size of the encapsulated RNA. The molecular weight
of the largest viral particles is about 26 kDa, while the
only envelope protein has a molecular weight of about
22 kDa (Atabekov, Novikov, 1989; Adams et al., 2011).
BSMV virions clearly show an axial channel with a di-
ameter of about 3-4 nm and a helical structure with
a helical pitch of 2.5-2.6 nm (Gibbs et al., 1963). The
BSMV genome, like that of other members of the Hordei-
virus genus, consists of three single-stranded RNA mo-
lecules (o, B and vy, 3.8 kb in size, 3.3 kb and 3.2 kb re-
spectively) (Hamilton and Jackson, 1995). All 3 genomic
RNAs are required to infect a plant (Petty et al., 1990).

Despite many years of study of BSMV, its natural
vectors have not yet been determined (Carroll, 1981;
Atabekov and Novikov, 1989). The infection can be
transmitted through mechanical contact between the
leaves of healthy and diseased plants (Razvyazkina,
1975), due to which the virus quickly spreads from
plant to plant in the field (Carroll, 1981). But the main
way the virus spreads is through infected seeds. Seed
infection with BSMV was first detected in 1954 (Gold
et al., 1954) and subsequently investigated by various
authors using electron microscopy, bioassays, and se-
rology. The percentage of disease transmission, accord-
ing to various sources, ranges from 90 to 100% (Gold et
al., 1954) and depends on the virus strain, the stage of
plant development at the time of infection, and the am-
bient temperature (Singh et al., 1960). BSMV is able to
persist for along time in the affected caryopses. In par-
ticular, it was found that the storage of infected seeds
for more than 5 years did not significantly affect the in-
fectivity of the virus (Razvyazkina, 1975; Makkouk, At-
tar, 2001), it persisted even when the seeds themselves
had already lost their germination capacity (Razvyaz-
kina, 1975).

In addition to seeds, the phytopathogen spreads
with the pollen of infected plants (Gold et al., 1954; Raz-
vyazkina, 1975). The contamination of pollen grains
varies from 10 to 35% (Carroll and Mayhew, 1976). This
method can ensure the infection of plants growing at
some distance from the outbreak of the virus (Jackson
et al., 1989).

There are numerous BSMV strains that cause
different disease symptoms and vary in seed transfer
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I[ToMmuMo ceMsIH (uTOMIaTOTEeH
pacIpocTpaHseTcs C MbLILION 3apa-
’KeHHbIX pacteHui (Gold et al., 1954,
PasBa3kuHa, 1975). 3apa)keHue bLb-
11eBbIX 3epeH BapbupyeT oT 10 10 35%
(Carroll, Mayhew, 1976). 9ToT cioco6
MO’KeT 06eCIIeunThb 3apakeHre pacTe-
HUH, TPOU3PACTAIIMX HA HEKOTOPOM
yaaJeHnu OT oyara Bupyca (Jackson et
al., 1989).

CyIliecTBYIOT MHOTOYHUCJIEHHBIE
mTaMMbl BSMV, BeI3bIBawIIE pa3s-
JINYHBIE CUMIITOMBI 60OJIE3HU U pas-
auyuamiuecsd no 3¢pHeKTUBHOCTHU
nepenoca ¢ cemenamu (Jackson et al.,
2009). Ha guMeHe, MIIEHUIIE U OBCE
OBbLJIM OITKMCAHbI HECKOJbKO M30JIITOB
BSMYV, cyuiecTBeHHO pa3jnyaioniu-
ecsl TI0 BbI3bIBAEMBIM MMU CHUMIITO-
MaM, KOTOpPbIE TMOJYyYUJIU Ha3BaHUE
JIaTeHTHOTO, cJ1aboro, yMepeHHOTO,
CypOBOT0 Y HEKPOTUUECKOTO LITaM-
MOB. BbBIJIM OTMeueHbl TaKXe M30-
JISITBHI, BBI3bIBAOIME KapPJIUKOBOCTh
pacTeHU ¥ MOXXEeJTEeHHEe JIUCThEB
(McKinney, Greeley, 1965). TTo3nuee

uyyBLIKeE HasBaHue Type («TUIIOBOW»), BSMV (thoTo Aleksandra Zarzyiiska,
Russian («pycckuii»), Norwich, North  https://www.cabi.org/cpc/datasheet/10529)

Dakota 18 (ND18), Argentina mild (AM)
u Rothamsted (Jackson, Brakke, 1973). Crtoco6HOCTb
K TIepeHOoCy ceMeHaMu y U30JIITOB BUPyca pasjinyHa.
HeKkoTopble M30JISIThI PEIKO 3apakaloT 3aPOIBIII Ce-
MSTH, HEKOTOPbIE MHAKTUBUPYIOTCS B IIPOIIECCE TIPO-
pacranus cemsH (Singh et al., 1960; Carroll, 1972).
BOJBIIMHCTBO AUBEPTEHTHBIX U30JSTOB OBIJIO OMU-
CaHO B PAHHUWU IepUOJ, U3yUYeHUsI BUPYCa, U UX Te-
HeTUYecKre 0COOeHHOCTY He O6bLIN U3yUeHbl. B CBs-
3W C 9THM B HACTOSIIlee BPeMs HEBO3MOXXHO CJIeJIaTh
reHeTHMYecKy 060CHOBAHHBIYM BHIBOJ, O HAJIMYUU He-
CKOJIbKUX CTAOMJIbHBIX IITAMMOB BSMV.
BpenloHOCHOCTD 3a60JieBaHUs 3aBUCUT OT COPTa
mopa’kaeMo# KyJbTYpPbl, (Da3bl PA3BUTUS PACTEHUU
P 3apakeHuH, mramMma Bupyca. CoTyiacHO JIUTe-
paTypHBIM JaHHBIM, IOTEPU 3epHA MOTYT COCTaBUTH
16-27%, a B oTHenbHBIX caydasx — 30-50% (KpbLioB
u 1p., 1980). B mepuos 1953-1970 I'T. 5)KOHOMUUECKIE
noTepu npousBoguTeseli B CIIIA oT 3apakeHus TuMe-
H olleHuBaauch B 30 MaH mosaapos (Carroll, 1980).
B PyMBIHUM [TOTEpU ypoXKasd SUMeHd B pe3yjbTaTe
s3apakenus BSMV cocraBisiau 16-27% (EPPO, 1983).
CHMXXeHMe yPOXKAaWHOCTY IIIIEHUIBI OT 3apakeHUs
BSMV moxeT mocturarb 40-75% (EPPO, 1983), a mo-
Tepu yporkas 3epHa KyKypy3bl, KOTa B HEKOTOPHIX
cITy4dasix HaGJIioLaeTes ITOYTY ITOJTHAS HELOPa3BUTOCTD
nouatka, — 37,1% (Famneka u np., 2018).
BhIpa)keHHOCTh CUMIITOMOB YCUJINBAETCS MPU
BBICOKUX TeMmepaTypax (24-30 °C) (McKinney, 1954).
Ha TuCcThsX CUMIITOMBI BAPbUPYIOT OT CJIa60¥ 0 0UeHb
pe3Koil MO3auKu B 3aBUCUMOCTH OT IITaMMa BUpyca
¥ COPTOBBIX OCOGEHHOCTEN MOPaKeHHOU KYJIbTYPHI.
Mo3auKy COCTABJISAIOT ITapajjieSibHbIe CBETJIO-3eJIeHbIe
TI0JIOCHI, UAYIYE BIOJb XKUJIOK JUCTA OT OCHOBAHUSI
K ero BepIIrHe, HeCKOJIbKO MEHSISICh IT0 INMPUHE U Ya-
CTO TIpepbIBasich. Hepeako MO3avYHbIN PUCYHOK MMe-
eT hopMy 6yKBBI V — IIPSIMOM UJIU TTIEPEBEPHYTON. ITOT
npusHak oTianuuaeT BSMV oT Bcex Ipyrux BUPYCHBIX

Puc. 1. CpaBHeHne CMMNTOMOB JIUCTbEB,
BbI3BaHHbIX Y iUMeHs copTa AHHabenb

Fig. 1. Comparison of leaf symptoms
caused in Annabelle barley
ObLIH OMCAHBI U30JATEI BSMV, ONY-  arpeccuembiMu (a) n cnabbimu (b) nsonstamu by aggressive (a) and mild (b) BSMV

isolates (photos Aleksandra Zarzynska,

efficiency (Jackson et al., 2009). Several BSMV isolates
have been described in barley, wheat and oats, differ-
ing significantly in the symptoms they cause, and have
been termed latent, mild, moderate, severe, and ne-
crotic strains. Isolates causing dwarfing of plants and
yellowing of leaves were also noted (McKinney and
Greeley, 1965). Later, BSMV isolates were described
and named Type, Russian, Norwich, North Dakota 18
(ND18), Argentina mild (AM), and Rothamsted (Jack-
son and Brakke, 1973). The ability to carry seeds in
the virus isolates is different. Some isolates rarely
infect the seed embryo, some are inactivated during
seed germination (Singh et al., 1960; Carroll, 1972).
Most of the divergent isolates were described in the
early period of the study of the virus, and their gene-
tic characteristics have not been studied. Therefore, it
is currently not possible to make a genetically based
conclusion about the presence of multiple stable
BSMYV strains.

The harmfulness of the disease depends on the va-
riety of the affected crop, the phase of plant develop-
ment during infection, and the virus strain. According
to literature data, grain losses can be 16-27%, and in
some cases — 30-50% (Krylov et al., 1980). In the peri-
0d 1953-1970, the economic loss to US producers from
barley infection has been estimated at $30 million (Car-
roll, 1980). In Romania, barley yield losses due to BSMV
infection were 16—-27% (EPPO, 1983). The reduction in
wheat yield from BSMV infection can reach 40-75%
(EPPO, 1983), and the loss of corn grain yield, when in
some cases almost complete underdevelopment of the
cob is observed, is 37.1% (Gapeka et al., 2018).

dutocaHutapus. KapaHTuH pactenuii = 36

https://www.cabi.org/cpc/datasheet/10529)
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6ose3Helr 31akoB (Pa3Ba3kuHa, 1975). [lopakeHHbIE
pacTeHus OTCTAlOT B POCTE, UMEIOT YKOPOUYEHHbIE
cTebJIV U KOJIOChSI, YMEHbIIaeTCsd YKCJI0 3ePeH B KO-
Jioce, 3ePHOBKU CTAHOBSATCS IIYILJIBIMU U MEJIKUMY,
Ha6JII0TaeTCsI CTEPUIbHOCTD ITBETKOB.

BremHue cuMmnToMbl BSMV HarloMUHAIOT ITopa-
’KeHHe TeJIbMUHTOCIIOPKXO30M, BBI3bIBAEMBIM I'PHGOM
Pyrenophora graminea Ito & Kuribayashi (CABI, 2021).

Taxxe cuMnToMbl BSMV (puc. 1) B HEKOTOPBIX
cJrygastX MOXKHO JIETKO CITyTaTh C CUMIITOMaMU JIPYTUX
BUPYCOB, 3apa’karolyX PACTEHUS MIIIEHUIIbI U SUMEHS,
TaKUX KaK BUPYCHI caaboii Mo3auku stuMeHns (Barley
mild mosaic virus, BaMMV), »xeITOl MO3aUKUA TUMEHI
(Barley yellow mosaic virus, BaYMV) (puc. 2), »keJaToi
xapaukoBocTu guMeHs (Barley yellow dwarf virus,
BYDV), BepeTeHOBUIHOM IT0JI0CATON MO3aNKHU ITIIEHM-
el (Wheat spindle streak mosaic virus, WSSMV), mmou-
BEHHBIM BUPYC MO3aWKU MIIeHuIs! (Soil-borne wheat
mosaic virus, SBWMV), Bupyc Mmo3amku koctpa (Brome
mosaic virus, BMV) (puc. 3).

BcaencTBue 3TOro Bu3dyajbHas NUAarHOCTUKA
3a60JeBaHU HA 3€PHOBBIX KYJbTYPaxX MUMeeT cyry6o
IpeBapUTEJIbHBIN XapaKTep, a uAeHTU(UKaII U BU-
PYCOB BO3MO>KHA JINIIb C MCIIOJIb30BAHUEM CEPOJIOTH-
YEeCKUX U MOJIEKYJISIPHBIX METOJIOB IMArHOCTUKU.

Il BeIsiBJieHUsS BSMV B MUPOBOY MPaKTUKE KC-
TI0JIb30BAJIMCH PA3JIUYHBIE CEPOJIOTUUECKIE METO/IbI,
BKJIFOUAsT METOJbI ABOMHOU nMMyHOAnDGy3um (Carroll
et al., 1979), paguanbHoit uMMyHonuddysuu (Slack,
Shepherd, 1975), naTekc-arrntoruHanuu (Lundsgaard,
1976), dot-mMmmyHo6soTTUHTa (Lange, Heide, 1986),
UMMYHOCITeIIN(UIECKOM 3JIEKTPOHHON MUKPOCKOTTUHT
(Brlansky, Derrick, 1979) u uMMyHO(pEPMEHTHOT0 aHa-
ausa (UPA) (Huth, 1988).

B melicTBy0OIIEM AUAarHOCTUYECKOM MPOTOKOJIE
EOK3P PM3/034 (1) (OEPP/EPPO, 1991) s BbIBIIE-
HUug u ugeHTuduranuum BSMV pekomeHzmoBaH VDA,
KOTOPBIM XapaKTepPU3yeTCs MOCTATOYHO BBICOKOU
YyBCTBUTEJNBHOCTHIO U B HACTOSIIIEE BpeMs Hauboee
amarTUPOBAaH IJIsT OMHOBPEMEHHOTO TECTUPOBAHUSA
GoJibIIoro KomuecTsa 06pasiios (CABI, 2021).

Ilng TectupoBaHus MeTooM VDA mpurofHbl Kak
cyxue ceMeHa, TaK ¥ CeEMeHa, IIPOopalleHHbIe BO BJIaX-
HOU KaMepe B TeueHue ogHol Hemenu (CABI, 2021).
YcraHoBIEeHO, YTO MeToZ, VDA 1103BOJIsIeT 06HAPYIKHU-
BaTh OJIHO 3epHO, MHPUIIMPOBaHHOe BSMV, B mapTuu
u3 1000-2000 HenHpUUpPOBaHHBIX 3epeH (Huth,
1988).

B ciyuae ciabbpIx ¥ JJaTEHTHBIX U30JI1TOB BSMV,
BCTPEUAIONIUXCS B CEMEHAX TUMEeHSI B HU3KOW KOH-
1eHTpalluy, [UarHOCTUYecKas IIpolleAypa, peKoMeH-
noBaHHag crangmapToM EOK3P PM3/034 (1), apisercs
HEJIOCTAaTOUYHO YyBCTBUTEJIbHOU. PEKOMEHIyeTCSI MO-
IuduipoBaHHas IpolleAypa, BKIoUaolas IpeiBa-
puTeabHOE MpopallBaHye CEMSH IIepel TeCTUPOBa-
HueM MetosoM MDA (Jezewska, Cajza, 2010).

Jlng BeigBieHud BSMV npeuMyleCTBEHHO UC-
noJsib3yeTcst MDA B hopmaTe DAS-ELISA (Clark, Adams,
1977). lnarHOCTUYECKUE HABOPHI HJIS BhISIBIEHUS
BSMV meTozioM VDA B popmaTe DAS-ELISA BrIIIyCKa-
FOT HECKOJIBKO BEIYIINX MUPOBBIX (DMPM-TIPOU3BOJIU-
Tenel, HanpuMep Loewe u DSMZ (06e — l'epMaHust).

MATEPUAJIBI U METO/1bI
B pa6oTe 6b1J UCIOJB30BAH ITOJOXUTEBHBIN KOH-
TPOJIb BUPYCAa MITPUXOBATON MO3auKu suMeHs (BSMV)
07004 PC (Loewe, I'epmanus). CrenudrUIHOCTD

Puc. 2. CumnToMbI BUpyca Fig. 2. Symptoms of Barley
KenTou Mo3auku sumeHs (Barley  yellow mosaic virus (BaYMV)
yellow mosaic virus, BaYMV) on the leaves of barley plants
Ha JINCTbAX pacTeHUl aUuMeHs (photo IACR-Rothamsted,
(cpoTo IACR-Rothamsted, https://www.cabi.org/
https://www.cabi.org/isc/ isc/datasheet/

datasheet/10540#toPictures) 10540#toPictures)

Symptoms are aggravated at high temperatures
(24-30 °C) (McKinney, 1954). On leaves, symptoms
vary from mild to very severe mosaic, depending on the
virus strain and the varietal characteristics of the af-
fected crop. The mosaic consists of parallel light green
stripes running along the leaf veins from the base to its
top, somewhat varying in width and often interrupted.
Quite often, the mosaic pattern has the shape of the let-
ter V — straight or inverted. This feature distinguishes
BSMV from all other viral grain diseases (Razvyazki-
na, 1975). Affected plants lag behind in growth, have
shortened stems and ears, the number of grains per

Puc. 3. CumnToMmbl BUpyca Fig. 3. Symptoms of Brome
Mo3aukm kocTpa (Brome mosaic  mosaic virus (photo by
virus) (cpoTo H0.A. LLHeligepa) Yu.A. Schneyder)
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TECT-CHUCTEMBbI OLIeHUBAJIU C ITOJIOXKUTEJIbHBIMU KOH-
TposssMu upmel Loewe (TepMaHus) CleyOIINX BU-
PYCOB: XKEJITOM KapIMKOBOCTU siuMeHs (BYDV), ciraboii
Mo3auku guMeHda (BaMMV), s)keJITo MO3auKy SUMeHI
(BYMV), Mmozauku kocTpa (BMV), rmosiocaToir Mo3auku
nmenuilbl (WSMV), KapJarKOBOCTH MineHuIlsl (WDV),
MITPUXOBATOM MO3auKu KocTpa (BStMV), BepeTeHO-
BUIHOM IoJjiocaToi Mos3amkuy nmeHuis (WSSMV),
MO3auYHOMN KapJMKOBOCTY KyKypy3sl (MDMV), mo3a-
WKY caXapHOro TpocTHuKa (SCMV), 1 u30JIITaMHU CJie-
IYVIOUIUX BUPYCOB U3 KoJuteKuu DSMZ (TepMaHU):
Mo3auku kocTpa (BMV), MO3anYHOUM KapPJIUKOBOCTH
KyKypy3sl (MDMV), MO3auK1 caxapHOTO TPOCTHU-
Ka (SCMV), XJIOPOTUYECKOM KPaIm4aTOCTU KyKypPy3bl
(MCMV), Mmo3auku copro (StMV).

Ta6auna 1
OueHKa crielu()UIYHOCTHU TECT-CUCTEMBI
nJia UPA k BSMV ¢pupmel Loewe (TepmaHus)

Table 1

Evaluation of the specificity of the test system
for ELISA to BSMV by Loewe (Germany)

N2 06p. BSMV (Loewe)
Sample O6paszser _—
Ne Sample X Ao Ao/Ak *¥*
1 MDMYV, PC-0802, DSMZ 0,039 1,00 -
2 MDMYV, +K, Loewe, PC-07059 0,050 1,22 —
3 SCMV, PC-0731, DSMZ 0,045 1,10 -
4 SCMV, +K, Loewe, PC-07088 0,036 1,00 —
5 MCMYV, PC-1087, DSMZ 0,043 1,05 -
6 SrMV, PC-0801, DSMZ 0,046 1,12 -
7 BMYV, PV-0194, DSMZ 0,053 1,29 -
8 BMYV, +K, Loewe, PC-07016 0,044 1,07 -
9 BSMYV, +K, Loewe, PC-07004 0,381 9,29 +
10 BYDV, +K, Loewe, PC-07005 0,055 1,34 —
11 BStMV, +K, Loewe, PC-07123 0,051 1,24 —
12 WDV, +K, Loewe, PC-07082 0,049 1,20 -
13 BYMYV, +K, Loewe, PC-07007 0,066 1,61 —
14 WSMYV, +K, Loewe, PC-07048 0,049 1,20 -
15 WSSMYV, +K, Loewe, PC-07171 0,045 1,10 -
16 BaMMYV, +K, Loewe, PC-07006 0,075 1,83 —

OTpUILIATEIbHBINH KOHTPoab 0,041
Negative control

IToJI0KUTEIbHBIN KOHTPOJIb 0,422
Positive control

** 3aKJIIOUEeHNeE O HAJIUUYUU BUPyCa:

«—» — BUPYC OTCYTCTBYeET (A0/AK < 2, 0);

«+—» — HEJIOCTOBEPHOe Hajuuue Bupyca (Ao/Ak = 2,0-3,0);
«+» — MOCTOBEepHOE Hajguure Bupyca (Ao/Ak > 3,0),

rae Ao — cpefiHee 3HaUeHMe SKCTUHKIIMY 06paslia,

AK — cpenHee 3HAUEHNE S9KCTUHKIIMY OTPUIIATEIBHOTO
KOHTPOJIS.

** Conclusion on the virus presence:

“~” —no virus (Ao/Ax < 2, 0);

“+-” —unreliable virus presence (Ao/Ak = 2.0-3.0);
“+” —significant virus presence (Ao/Ax > 3.0),

Ao is the average extinction value of the sample,

Ak —the average value of the extinction of the negative control.

ear decreases, grains become puny and small, sterility
of flowers is observed.

The external symptoms of BSMV resemble those
of helminthosporiosis caused by a fungus called Pyreno-
phora graminea Ito & Kuribayashi (CABI, 2021).

The BSMV symptoms (Fig. 1) can in some cases
be easily confused with those of other viruses that in-
fect wheat and barley plants, such as Barley mild mosa-
ic virus (BaMMYV), Barley yellow mosaic virus (BaYMV)
(Fig. 2), Barley yellow dwarf virus (BYDV), Wheat spindle
streak mosaic virus (WSSMV), Soil-borne wheat mosa-
ic virus (SBWMV), Brome mosaic virus (BMV) (Fig. 3).

As a result, the visual diagnosis of grain diseases
is purely preliminary, and the identification of viruses
is possible only using serological and molecular diag-
nostic methods.

Various serological methods have been used to
detect BSMV worldwide, including double immuno-
diffusion (Carroll et al., 1979), radial immunodiffusion
(Slack, Shepherd, 1975), latex agglutination (Lunds-
gaard, 1976), dot-immunoblotting (Lange, Heide,
1986), immunospecific electron microscopy (Brlansky,
Derrick, 1979) and enzyme-linked immunosorbent as-
say (ELISA) (Huth, 1988).

The current EPPO diagnostic protocol PM3/034 (1)
(OEPP/EPPO, 1991) recommends an ELISA for the de-
tection and identification of BSMV, which is charac-
terized by a fairly high sensitivity and is currently the
most adapted for the simultaneous testing of a large
number of samples (CABI, 2021).

Both dry seeds and seeds germinated in a humid
chamber for one week are suitable for ELISA testing
(CABI, 2021). It has been established that the ELISA
method makes it possible to detect one grain infected
with BSMV in a batch of 1000-2000 uninfected grains
(Huth, 1988).

In the case of weak and latent BSMV isolates oc-
curring in low concentrations in barley seeds, the di-
agnostic procedure recommended by EPPO standard
PM3/034 (1) is not sensitive enough. A modified pro-
cedure is recommended that includes pre-germination
of seeds prior to ELISA testing (Jezewska, Cajza, 2010).

To detect BSMV, ELISA in the DAS-ELISA format is
mainly used (Clark, Adams, 1977). Diagnostic kits for
the BSMV detection by ELISA in the DAS-ELISA format
are produced by several leading manufacturers, such
as Loewe and DSMZ (both from Germany).

MATERIALS AND METHODS

We used a positive control for BSMV 07004 PC (Loewe,
Germany). The specificity of the test system was eva-
luated with positive controls from Loewe (Germany)
of the following viruses: BYDV, BaMMV, BYMV, BMV,
WSMV, WDV, BStMV, WSSMV, MDMV, SCMV, and iso-
lates of the following viruses from the DSMZ collection
(Germany): BMV, MDMV, SCMV, MCMYV, SrMV.

To detect BSMV by ELISA, a Loewe test system
(Germany) was used. Testing was carried out in accor-
dance with the instructions of the manufacturer.

To confirm the results of ELISA, real-time PCR
(RT-PCR) reagent kits for BSMV from AgroDiagnostica
and Syntol (both from Russia) were used.
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Il BeigBieHUs BSMV meTomoMm MDA rcmonb3o-
BaJIu TecT-cucTeMy hupmbl Loewe (Tepmanus). TecTu-
poBaHUe IPOBOJIUJIIU B COOTBETCTBUU C UHCTPYKIIMEH
(bUpPMBI-TTPON3BOAUTENS.

[ ioaTBepXKAeHUA pel3ysibTaToB MDA UcCIionb-
30Baji HabophI peareHTOB A5 ITLIP B peaJbHOM Bpe-
menu (T[TLP-PB) k BSMV ¢upm 000 «Arpo/IlarHOCTH-
ka» 1 000 «HII1® CurTOI» (06€ — Poccus).

PE3VYJIbTATBI U OBCYXJEHUE

CrnenuduUUHOCTh TecCcT-cUucTeMHBI aJjig UPA kK BSMV
dbupmbr Loewe (l'epMaHUs) OLleHUBAJK II0 OTHO-
meHUI0 K 16 n3onaraM 13 BUPYCOB, 3apa’kamiiux
3epHOBBIE KYJbTYPbI. B pe3yiibTaTe MCCIEL0BaHUN
rokasaHa BBICOKAS CIEIUPUUHOCTD UCCIIelyeMOoit
TecT-cucTeMbl. CEepOIOJ0KUTENbHBIN CUTHAJ Ha-
GJIIoIAJICS JINIIb IJI9 M30JIATa 1leJieBoro oobekra. He
OTMEYEHO ITEPEKPECTHON peakIIuy ¢ U30JIITaMU He-
LesieBbIX BUpycoB MDMV, SCMV, MCMV, StMV, BMV,
BYDV, BStMV, BYMV, BaMMV, WDV, WSSMV u WSMV
(Tabi. 1).

C ucronb30oBaHUEM TecCT-cucTeMbl gasa MDA
K BSMV cdupmel Loewe (lepMaHUs) ITPOBEIEH CEPO-
MOHUTOPUHT BSMV B r1oceBax pas3JjIMYHBIX 3€PHOBBIX
KYJIbTYP B HECKOJIbKMX XO3AHCTBaX BOPOHEKCKOU
u Bonrorpazckoit o6iacteir, CTaBpPOIIOJIbCKOTO Kpas,
[TpuMopckoro kpas u Pecriybsiuku JlarecTaH.

Ta6auna 2

RESULTS AND DISCUSSION

The specificity of the ELISA test system for BSMV from
Loewe (Germany) was evaluated with respect to 16 iso-
lates of 13 viruses infecting crops. As a result of the re-
search, the high specificity of the test system under
study was shown. A seropositive signal was observed
only for the target isolate. No cross-reaction with iso-
lates of non-target viruses MDMV, SCMV, MCMV, SrMV,
BMYV, BYDV, BStMV, BYMV, BaMMV, WDV, WSSMV and
WSMV was noted (Table 1).

Using the test system for ELISA for BSMV by Loewe
(Germany), BSMV seromonitoring was carried out in
crops of various grain crops in several farms of Vo-
ronezh Oblast and Volgograd Oblast, Stavropol Krai,
Primorsky Krai and the Republic of Dagestan.

BSMV seropositive samples were detected in
most sites surveyed, but with varying frequency. Sero-
positive samples were most often noted in winter and
spring wheat samples, but were also detected in barley,
oats, corn, and Sudan grass (Tables 2—4).

It should be noted that the values of extinction
in seropositive samples were relatively low, most of-
ten in the range of 0.118-0.245 optical unit (0. u.) and
only in rare cases reached 0.300-0.400 o. u. The pre-
sence of such low extinction values does not exclude
the possibility of a false positive reaction. All seroposi-
tive samples were further tested for BSMV by PCR.

BhisiBJIeHUE BHpyca HITPUXOBATOM Mo3anuKHu suMeHs (BSMV) meTomom UPA
B PACTEeHMIX MIIEHUIIbI K KYKYPY3bl, 0TOGPaHHBIX B OKPECTHOCTSX I. [IaTuropcka

CTaBpOII0JILCKOT'0 Kpas
Table 2

BSMV detection by ELISA in wheat and corn plants selected in the vicinity

of the city of Pyatigorsk, Stavropol Krai

BSMV (Loewe) BSMV (Loewe)
N2 06p. OGpaszser N2 oGp. OGpaszer,
Sample N Sample X Ao Ao/Ak * Sample N2 Sample X Ao Ao/Ak ¥
IMwenuya, 6ezemamuensle 4acmu pacmenus 21 N2 29 0,135 2,41 +=
Wheat, vegetative parts of the plant 29 Ne 72 0113 2.02 _
1 N2l 0,089 1,59 - Kyxypysa, 6ecemamugeHbsle 4acmu pacmenus
2 Ne2 0,180 3,21 + Maize, vegetative parts of the plant
3 N2 3 0,065 1,16 - 23 Ne 36 0,154 2,75 +—
4 Ne 4 0,075 1,34 - 24 Ne 37 0,104 1,86 -
5 Ne5 0,086 1,54 - OTpuLATEIbHBINH KOHTPOJIb 0,056
6 N2 6 0113 2,02 - Negative control
7 Ne 7 0,081 1,45 - IToJI0KUTEIbHBIN KOHTPOJb 0,303
38 Ne 8 0,096 1,71 _ Positive control
9 Ne9 0,089 1,59 - * 3aKJII0UeHME O HAJIUUKUY BUpYyca:
10 Ne18 0075 1.34 _ «—» — BUPYC OTCYTCTBYeET (A0/AK < 2,0);
" ’ ’ «+—» — HeZIOCTOBEpHOE Haymure Bupyca (Ao/Ak = 2,0-3,0);

11 Ne19 0,098 1,75 - «+» — MOCTOBEpPHOE Hanuuue Bupyca (Ao/Ak > 3,0), rae
12 Ne20 0,127 2,27 +— Ao - cpeJiHee 3HaUeHNeE SKCTUHKIINY 06pasIa,

AK — cpeiHee 3HaueHe SKCTUHKIINY OTPUIATEIbHOTO
13 N2 21 0,089 1,59 - KOHTPOJISL.
14 Ne 22 0,082 1,46 - * Conclusion about the virus presence:
15 Ne 23 0,087 1,55 - “~” —no virus (Ao/Ak < 2.0);

o B “+—” —unreliable virus presence (Ao/Ak = 2.0-3.0);

16 N2 24 0,091 1,63 “+” —gignificant virus presence (Ao/Ak > 3.0),
17 Ne 25 0,077 1,38 — Ao is the average extinction value of the sample,
18 Ne 26 0,090 1,61 _ Ak — the average value of the extinction of the negative control.
19 Ne 27 0,099 1,77 -
20 Ne 28 0,085 1,52 -
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Taoauna 3
BbIIBJIEHHE BHUpPYca HMITPUX0BaTOI Mo3auku suMeHsa (BSMV) meTomom DA B pacTeHUAX
3€PHOBBIX KYJIbTYP, OTOOPAHHBIX B YeThIPEX X03AiicTBaX BopoHe:KCKoii 06J1acTH

- BSMV (Loewe) Ne BSMV (Loewe)
06p. O6pa3sery X Ao Ao/Ak * o6p.OGpa3ser X Ao Ao/Ak *
HoBoycMaHCKU# paiioH, BopoHe)xckasi 061acThb 33 Oswmmag nmeHuIla, c. 'pom PC-3,N218 0,096 1,48 -
1 Aumens, copm Mapeapem, N° 66 0,127 2,27 +- 34 OsuMadg miuieHuila, c. 'pom PC-3,N219 0,081 1,25 -
2 SluMeHb, c. Maprapert, N2 67 0,113 2,02 - 35 OsumMadg nmeHwuna, c. 'pom PC-3,N220 0,095 1,46 -
3 OsumMag nueHuIla, c. bazanpr-2, N2 68 0,102 1,82 - 36 OsumMadg nieHwuIa, c. 'pom PC-3,N221 0,078 1,20 -
4 O3umas nwenuya, c. Basarem-2, N°69 0,133 2,38 +- DPTUIbCKUI paiioH, BopoHeXcKas 061acTh
5 Osumas nwenuya, c. bazanem-2, N°70 0,141 2,52 +- 37 SpoBas nieHuna, c. Jappbs, N2 22 0,079 1,22 -
OPTUIBCKUI PalioH, BopoHeXxcKast 061acTh 38 fposag nieHulia, c. lapbsg, N2 23 0,087 1,34 -
6 SpoBag nuieHuna, c. Japps, N2 71 0,112 2,00 - 39 fpoBag miueHwulla, c. lapbda, N2 24 0,101 1,55 -
7 Apoeas nwenuya, c. lapos, N° 72 0,118 2,11 +- 40 Kykypysa, 0,063 0,97 -
8 Apoeas nuwenuya, c. Japos, N° 73 0,143 2,55 +- ru6puz Espamc PTI0-7288, N° 25
9 Kykypysa, 0,171 3,05 + 41 Kykypysa, 0,075 1,15 -
2u6pud Kpacrnodapcxuii, N° 74 rubpup EBpanuc PI10-7288, N2 26
10 Kyxypysa, 0,108 1,93 - 42 Kykypysa, 0,076 1,17 -
ru6puz KpacHomapckuit, N© 75 rubpuy EBpanuc PIT0-7288, N2 27
11 Kykypysa, 0,123 2,20 +- 43 fumens, c. Bakyma, N2 45 0,081 1,25 -
2ubpud Kpacnodapcxuii, N° 76 44 dJumeHb, c. Bakyna, N2 46 0,133 2,05 -
12 Aumenov deyxpadnuiil, 0,131 2,34 +- 45 fumeHsb, c. Bakyma, N2 47 0,078 1,20 -
¢. Tanoscxuii-9, N° 77 46 Slumewns, c. Bakyma, N2 48 0,110 1,69 -
13 SduMeHb ABYXPSALHBIN, 0,102 1,82 - 47 IMmenuua siposas, 0,115 1,77 -
c. Tanosckuii-9, N° 78 c. YepHO3eMHOypaIbcKkas, N° 49
14 SluMeHBb IBYXPSALHBIN, 0,110 1,96 - 48 TlueHuIa SPoOBas, 0,119 1,83 -
c. Tanosekuii-9, N° 79 c. YepHozeMHOypaJbckas, N2 50
15 Adumens deyxpaduulil, 0,165 2,95 +- 49 [lmenuna sposag, 0,131 2,02 -
¢. Tanoscruii-9, N2 80 c. YepHoseMHOypanbckas, N2 51
OTpuIaTeIbHbIil KOHTPOJIb 0,056 50 TlmeHwuIA IPOBas, 0,127 1,95 -
IToJI0KUTEIbHBII KOHTPOJIb 0,303 c. Kanrwxk K-40, N2 52
c. CTapOHMKOJIbCKOE, XOXOJIbCKUI PAOH, 51 TlmeHwuIta spoBasd, 0,104 1,60 -
BopoHexckas 061acTb c. Kanroxk K-40, N2 53
16 Kykypysa, c. Mapumb6a, N2 1 0,075 1,15 - 52 TlweHuna aposag, 0,115 1,77 -
17 Kyxypysa, c. Mapum6a, N2 2 0,083 1,28 - c. Kantok K-40, N° 54
18 Kykypysa, c. Mapum6a, N2 3 0,075 1,15 - 53 Ilmenuna sposas, ¢. Tpuso K-29, N2 55 0,105 1,62 -
19 Kykypysa, c. HoBoToIr, N 4 0,085 1,31 - 54 Huenuya aposas, c. Tpuzo K-29, N°56 0,149 2,29 +-
20 Kykypysa, c. HoBororr, N 5 0,088 1,35 - 55 [MmweHuna gaposag, c. Tpuso K-29,N257 0,081 1,25 -
21 Kyxypysa, c. HoBoTor, N2 6 0,096 1,48 — 56 Ilmenurna sposasd, 0,103 1,58 -
22 Kykypysa, c. HoBoror, N2 7 0,086 1,32 - ¢. Toppunon K-33, N° 58
23 dumens, c. [IpuazoBckuii-9 PC1,N28 0,086 1,32 — 57 TlmeHnna aposas, 0,096 1,48 -
- S c. Toppugon K-33, N2 59
24 {umeHs, C. l'[pna30BCK1/H:1-9 PC1,N29 0,075 1,15 - 58 Ilmemuma aposas, 0,082 1.26 —
25 fumens, c. [IpuaszoBckuu-9 PC1,N210 0,096 1,48 - c. Toppuzon K-33, N° 60
26 llmenuna osuma, 0,115 1,77 - OTpUIATEIbHBIH KOHTPOJb 0,065
c. Axyat dabTaH, N2 11 ”
ITos10:XUTEJbHBIV KOHTPOJIb 0,303
27 TlmeHuIa o3mMasi, 0,088 1,35 -
c. AxJjiat DibTaH, N2 12 * 3akJI0UeHre O HaIM4YuY BUpyca:
28 Mmerma oauMas, 0077 138~ meprios nammte snpyea (Ao/AK - 2.0-3.0)
C. AXnaT JnbTaH, N2 13 «+» — I0CTOBepHOe Haruue Bupyca (Ao/AK > 3,0),
29 TlmeHwuIla o3umad, 0,110 1,69 - rae Ao — cpefiHee 3HaUEHME SKCTUHKITUY 00pasIia,
c. AxjiaT DsbraH, N2 14 AK — cpellHee 3HaUeHUE SKCTUHKIIUY OTPULIATEJIBHOIO
30 dpoBas nmeHuIa, 0,085 1,31 —  |oHTROTE
c. lappg asuta, N2 15
31 fpoBag nueHuna, 0,087 1,34 -
c. lappg asiuta, N2 16
32 fpoBag nuieHuna, 0,094 1,45 -

c. lappg asiuta, N2 17
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Table 3
Detection of BSMV by ELISA in grain crops selected in four farms of Voronezh Oblast

BSMV (Loewe) BSMV (Loewe)

N2 Sample X Ao Ao/Ak * N¢ Sample X Ao Ao/Ak *
Novousmansky district, Voronezh Oblast 33 Winter wheat, var. Grom RS-3, N218  0.096 1.48 -
1 Barley, var. Margaret, N° 66 0.127 2.27 +- 34 Winter wheat, var. Grom RS-3,N219 0.081 1.25 —
2 Barley, var. Margaret, N2 67 0.113 2.02 - 35 Winter wheat, var. Grom RS-3,N220  0.095 1.46 -
3 Winter wheat, var. Basalt-2, N2 68 0.102 1.82 - 36 Winter wheat, var. Grom RS-3,N221  0.078 1.20 -
4  Winter wheat, var. Basalt-2, N? 69 0.133 2.38 +- Ertilsky district, Voronezh Oblast
5 Winter wheat, var. Basalt-2, N° 70 0.141 2.52 +- 37 Spring wheat, var. Darya, N2 22 0.079 1.22 -
Ertilsky district, Voronezh Oblast 38 Spring wheat, var. Darya, N2 23 0.087 1.34 -
6 Spring wheat, var. Darya, N2 71 0.112 2.00 - 39 Spring wheat, var. Darya, N2 24 0.101 1.55 -
7 Spring wheat, var. Darya, N° 72 0.118 2.11 +- 40 Maize, hybrid Evralis RPO-7288, N225 0.063 0.97 —
8 Spring wheat, var. Darya, N° 73 0.143 2.55 +- 41 Maize, hybrid Evralis RPO-7288, N2 26 0.075 1.15 —
9 Maize, hybrid Krasnodarsky, N° 74 0.171 3.05 + 42 Maize, hybrid Evralis RPO-7288, N227 0.076 1.17 -
10 Maize, hybrid Krasnodarsky, N2 75 0.108 1.93 — 43 Barley, var. Vakula, N2 45 0.081 1.25 -
11 Maize, hybrid Krasnodarsky, N° 76 0.123 2.20 +- 44 Barley, var. Vakula, N2 46 0.133 2.05 -
12 Two-row barley, var. Talovsky-9, N°77 0.131 2.34 +- 45 Barley, var. Vakula, N2 47 0.078 1.20 -
13 Two-row barley, var. Talovsky-9, N2 78 0.102 1.82 - 46 Barley, var. Vakula, N2 48 0.110 1.69 -
14 Two-row barley, var. Talovsky-9,N279 0.110 1.96 — 47 Spring wheat, var. 0.115 1.77 -
15 Two-row barley, var. Talovsky-9, N°80 0.165 2.95 +- Chernozemnouralskaya, N° 49

Negative control 0.056 48 Spring wheat, var. 0.119 1.83 -

R — e Che'rnozemnouralskaya, Ne 50
Staronikolskoye, Khokholsky district, Voronezh Oblast 49 gizﬁo‘;v;?:c’n\iiglskaya, Ne 51 0131 2.02 -
16 Maize, var. Marimba, N° 1 0075 1.15 = 50 Spring wheat, var. Kanuyk K-40, N°52 0.127 1.95 —
17 Maize, var. Marimba, N¢ 2 0083 1.28 = 59 Spring wheat, var. Kanuyk K-40, Ne53 0.104 1.60 —
18 Maize, var. Marimba, N° 3 0075 115 = 55 Spring wheat, var. Kanuyk K-40, N° 54 0.115 1.77 —
19 Maize, var. Novotop, N° 4 0.085 1.31 - 53 Spring wheat, var. Trizo K-29, N2 55 0.105 1.62 —
20 Maize, var. Novotop, N¢ 5 0088 1.35 = 54 Spring wheat, var. Trizo K-29, N° 56 0.149 2.29 +-
21 Maize, var. Novotop, N2 6 0.096 1.48 = 55 spring wheat, var. Trizo K-29,Ne57  0.081 1.25 —
22 Maize, var. Novotop, N* 7 0086 1.32 = 56 Springwheat, var. Torridon K-33, N° 58 0.103 1.58 —
23 Barley, var. Priazovsky-9 RS1, N° 8 0086 1.32 - g Spring wheat, var. Torridon K-33, N259 0.096 1.48 -
24 Barley, var. Priazovsky-9 RS1, N° 9 0.075 1.15 - g4 Spring wheat, var. Torridon K-33,N260 0.082 1.26 —
25 Barley, var. Priazovsky-9 RS1, N2 10 0.096 1.48 - Negative control 0.065
26 Winter wheat, var. Akhlat Eltan, N¢11 0.115 1.77 - T e ] 0.303
27 Winter wheat, var. Akhlat Eltan, N¢12 0.088 1.35 —

- * Conclusion about the virus presence:

28 Winter wheat, var. Akhlat Eltan, N°13  0.077 1.18 - «_» _ 5 virus (Ao/Ak < 2.0):
29 Winter wheat, var. Akhlat Eltan, N°14 0.110 1.69 —  "+-”-unreliable virus presence (Ao/Ax = 2.0-3.0);
30 Spring whet,var. Darya lite,N' 150085 131 — oy e irus prsence o/ 30
31 Spring wheat, var. Darya elite, N2 16 0.087 1.34 - Ak - the average value of the extinction of the negative control.
32 Spring wheat, var. Darya elite, N2 17 0.094 1.45 -

O6pasIlbl C CEPOTIOJOKUTENbHON peakiiuen
K BSMV Ob111M BBISIBJIEHBI Ha OOJIBIIMHCTBE 00CIe0-
BAaHHBIX YUYACTKOB, HO C PA3JIMUHON YaCTOTOU BCTPeE-
vyaeMocTu. CepoIioIoKUTeIbHbIE 06Pa31Ibl Yallle BCEro
OBbLIV OTMeYeHbI B 06pasiiax 03uMOU U SPOBOU IIIEeHN-
IIBI, HO TaKXXe 06HAPY>KUBAJIUCh B TYMEHE, OBCE, KYKY-
py3e u cymaHckoii TpaBe (Tabi. 2—4).

Heob6X0a1uMo OTMETUTD, UTO 3HAUEHUS DKCTUHK-
IIUYM Y CEPOIOJ0XKUTEIbHBIX 06Pa3I[OB 6BIIN OTHO-
CUTEJIbHO HEBBICOKMMMU, Yallle BCEro HaXOAUJNCh
B npexenax 0,118-0,245 onTuyeckoy equHUIIHI (0. €.)
U JIUIID B pefKuX citydadax gocturanu 0,300-0,400 o. e.
Hanuuyue cTONb HUBKUX 3HAUYEHUH DSKCTUHKIIUU

According to the results of confirmation of samples
tested by ELISA, which was carried out with commercial
kits for PCR-RT by Syntol and AgroDiagnostica, none of
the seropositive samples was confirmed, while the po-
sitive control of BSMV had a high level of fluorescence.

The results of molecular tests prove the need to
confirm all seropositive samples due to the high rate of
false positives with plant samples.
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Tao6auna 4

BhISIBJIEHUE BHpyca HITPUXOBATOI Mo3anku sumeHsa (BSMV) meTosiom UPA B pacTeHUAX
3ePHOBBIX KyJIBTYP, OTOGPaHHBIX B X03giicTBax BoJsirorpaickoii o6iactu, Pecny6iiiku JlarecTaH

u IIpuMopcKoro kpasa

Ne BSMV (Loewe) Ne BSMYV (Loewe)
o6p. OGpaszer, X Ao Ao/Ak * 0o6p. OGpaser, X Ao Ao/Ak *
TopopullleHCKWH paiioH BoJrorpazckoi o6aacTu 22 0Oeec N° 64 0,190 2,41 +=
1  Hwenuya N°7 0,200 2,53 +-= 23 Huwenuya N° 65 0272 3,44 +
2 TMmenwura N° 8 0,085 1,08 — 24 TmeHwura N2 66 0,141 1,78 —
3 TMTwenuuya N° 9 0,245 3,10 + 25 Tlmenuia N2 67 0,144 1,82 -
4 Cymanckas TpaBa N2 10 0,084 1,06 - Pecny6nuka Jlarectas
5 Cynmanckag TpaBa N2 11 0,139 1,76 - 26 Kyxkypysa, none N° 1 0,165 2,09 +—
6  Cydancxas mpasa N°12 0,228 2,89 +— 27  Kykypysa, noae N°2 0,409 5,18 +
VIIOBIMHCKUY palioH Boarorpaickoi obyactu 28 Kykypysa, noje N°3 0,314 3,97 +
7  Cydanckas mpasa N°23 0,227 2,87 +— 29 Kyxkypyaa, moje N2 1 0,131 1,66 -
8  Cymamckas TpaBa N2 24 0,058 1,00 - [TpUMOpPCKUIT Kpait
9 CynmaHckag TpaBa N2 25 0,113 1,43 - 30 Kyxkypysa N251 0,072 1,00 -
CoBeTcKUM palioH I. Boirorpaza 31 Kyxkypy3a N2 52 0,102 1,29 -
10 Iwenuuya N°42 0227 2,87 +— 32  Kykypysa N°53 0,178 2,25 +—
11 TMmenwura N2 43 0,071 1,00 — 33 Kyxkypysa N2 54 0,055 1.00 —
12 Hwenuuya N°44 0,183 2,32 +— 34 Kyxkypy3a N2 56 0,066 1.00 -
TopopuieHCKU palioH BoJirorpaickoii obsiactu 35 Kykypysa N?67 0,164 2,08 +—
13 Kyxkypysa N245 0,095 1,20 - 36 0Oeec N°64 0,177 2,24 +-
14 Kyxkypysa N2 46 0,089 1,13 - OTpuUnaTeJIbHbII KOHTPoIb 0,079
15 Kyxkypysa N°47 0215 2,72 += IoJi0KUTEIbHBII KOHTPOJIb 0,494
16 Cydanckas mpasa N°48 0,193 2,44 +— * BAKITIOUEHME O HATUIUH BUPYCA:
17 Cynauckadg TpaBa N2 49 0,089 1,13 - «—» — BUPYC OTCYTCTBYeT (Ao/AK < 2,0);
18 Cymaxckasi TpaBa Ne 50 0,085 1,08 _ «+—» — HeIOCTOBepHOe Hajuuue Bupyca (Ao/Ak = 2,0-3,0);
19 Cymamckas Tpasa Ne 51 0101 128 _ «+» — IOCTOBEPHOE Hanm4re Bupyca (Ao/Ax > 3,0),

rze Ao — cpefHee 3HaUEHYe SKCTUHKIINY 06pasIia,
20 Cydancxas mpasa N° 52 0,255 3,23 * AK — cpeJlHee 3HaUeHUE 9KCTUHKIIUY OTPUIATEIbHOTO
CoBeTcKult paiioH I. Bosirorpaga KOHTPOJIS.
21 OBec N263 0,083 1,05 -

CONCLUSION

He HCKJII0UaeT BO3MOXKHOCTB JIOXKHOTIOJIOKUTEIbHOMN
peaxkiiuu. Bce 06pasIiibl ¢ CEPOIOTI0KUTENIBHON peak-
1yel B JaJbHENIeM TECTUPOBAJIY Ha Hamume BSMV
MmeTomoM ITLIP.

[To pe3ynbTaTaM MOATBEPKIEHUS IPOTECTUPO-
BaHHBIX MeTOHoM VDA 06pasIiioB, KOTOPOE ITPOBEIEHO
KoMMepueckuMu Habopamu ajis [TLP-PB ripousBo-
ctBa OO0 «HI1® CunTos» 1 000 «Arpo/luarHocTrka»,
HU OAUH U3 CEePOMOJOXKUTEIbHBIX 00Pa3IloB He OBLIT
TIOATBEPKIEH, TIPU STOM TIOJIOKUTEIbHBIN KOHTPOJIb
BUpYyCa IMTPUXOBATON MO3aUKU TUMEHS UMeJI BBICO-
KUY YPOBEHDb (DIIYOPECIIEHITUN.

Pe3ysnbTaThl MOJIEKYISIPHBIX TECTOB JOKa3bIBa-
0T He0OXOIMMOCTD ITOATBEPKIECHUS BCEX CEPOIIOJIO-
JKUTEJIbHBIX 00Pa3I[0B B CBSI3M C BLICOKMM YPOBHEM
JIOXKHOTIOJIOXKUTEJIbHBIX PE3YJIbTaTOB C PACTUTEIbHbI-
MU o6pasilaMu.

3AKJ/IIOYEHUE

YcTaHOBJIEHA BBICOKAS CIIEIIM(PUUYHOCTD TECT-CUCTEMBI
nis DA k BSMV npoussozcTBa Loewe (lepMaHus),
C UCITI0JIb30BAaHUEM KOHTPOJIEN U U30JISITOB OJIN3KO-
POICTBEHHBIX BUPYCOB. JlaHHAI TeCT-CUCTEMA MOXKET
OBITh PEKOMEH0BaHa JJIs TIPOBEIEeHMS CKPUHUHTO-
BBIX TECTOB Ha HaJIU4YUe 3TOT0 BUPYyca.

[IpoBenieH cepOMOHUTOPUHT BSMV ¢ ucrosib3oBa-
HUEM TecCT-cucTeMsl nJid VMPA k BSMV nipousBozcTBa
Loewe (l'epMaHMs) B II0CEBaX Pa3JINUYHBIX 3€PHOBBIX
KyJIBTYP B HECKOJIBKUX X03SUCTBaX BOPOHEXKCKOU

The high specificity of the test system for ELISA to
BSMV manufactured by Loewe (Germany) was estab-
lished, using controls and isolates of closely relat-
ed viruses. This test system can be recommended for
screening tests for the presence of this virus.

BSMV seromonitoring was carried out using a test
system for ELISA for BSMV manufactured by Loewe
(Germany) in various grain crops in several farms of
Voronezh Oblast and Volgograd Oblast, Stavropol Krai,
Primorsky Krai and the Republic of Dagestan. Some
BSMV seropositive samples have been identified. To
confirm the infection of the samples for the presence of
BSMYV, positive samples were tested by PCR with com-
mercial PCR test systems by Syntol and AgroDiagnos-
tica (both Russia). According to the results of the mole-
cular studies, it was found that only in positive controls,
specific PCR products were amplified. None of the sam-
ples identified during seromonitoring was confirmed
by PCR results.

It can be concluded that the data obtained and
published by scientists from the Russian Federation
and the world and which concern the spread of viruses
and obtained on the basis of serological methods, with-
out confirmation by molecular genetic methods, cannot
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Table 4

Detection of BSMV by ELISA in plants of grain crops selected in the farms of Volgograd Oblast,

the Republic of Dagestan and Primorsky Krai

Sample BSMV (Loewe) Sample BSMV (Loewe)
Ne Sample XAo Ao/Ak * e Sample XAo Ao/Ak *
Gorodishchensky district, Volgograd Oblast 22 Oat N° 64 0.190 2.41 +—
1 Wheat N° 7 0.200 2.53 +- 23 Wheat N° 65 0.272 3.44 +
2 Wheat N2 8 0.085 1.08 - 24 Wheat N2 66 0.141 1.78 -
3 Wheat N° 9 0.245 3.10 + 25 Wheat N2 67 0.144 1.82 -
4 Sudan grass N2 10 0.084 1.06 - Republic of Dagestan
5 Sudan grass N2 11 0.139 1.76 - 26 Maize, field N° 1 0.165 2.09 +—
6 Sudan grass N° 12 0.228 2.89 +— 27 Maize, field N2 2 0.409 5.18 +
Ilovlinsky district , Volgograd Oblast 28 Maize, field N° 3 0314 3.97 +
7 Sudan grass N° 23 0.227 2.87 +- 29 Maize, field N2 1 0.131 1.66 -
8 Sudan grass N2 24 0.058 1.00 - Primorsky Krai
9 Sudan grass N2 25 0.113 1.43 - 30 Maize N2 51 0.072 1.00 -
Sovetsky district, Volgograd 31 Maize N2 52 0.102 1.29 -
10 Wheat N° 42 0.227 2.87 +— 32 Muaize N° 53 0.178 2.25 +=
11 Wheat N2 43 0.071 1.00 - 33 Maize N2 54 0.055 1.00 -
12 Wheat N° 44 0.183 2.32 += 34 Maize N2 56 0.066 1.00 -
Gorodishchensky district, Volgograd Oblast 35 Maize N? 67 0.164 2.08 +—
13 Maize N2 45 0.095 1.20 - 36 Oat N° 64 0.177 2.24 +-
14 Maize N¢ 46 0.089 113 - Negative control 0.079
15 Maize N°47 0215 2.72 +— Positive control 0.494
16 Sudan grass N° 48 0.193 2.44 - * Conclusion about the virus presence:
17 Sudan grass N2 49 0.089 1.13 - “~” —no virus (Ao/Ak < 2.0);
18 Sudan grass N° 50 0085 1.08 — - .umjeliable yirus presence (Ao/Ak = 2.0-3.0);

“+” — gignificant virus presence (Ao/Ak > 3.0),
19 Sudan grass N° 51 0101 1.28 — Ao is the average extinction value of the sample,
20 Sudan grass N° 52 0.255 3.23 + Ak — the average value of the extinction of the negative
Sovietsky district, Volgograd control.
21 Oat N2 63 0.083 1.05 -

u Bonrorpazckoi obsacteii, CTaBporoybckoro, [Tpu-
MOPCKOTO KpaeB u Pecniy6auku JlarecTaH. BeisiBiieH
LIeJIBIH PsiJT 06Pa3IloB C CEPOITOJIOKUTETbHON peaKkIn-
eti k BSMV. 111 mOATBEePXKAeHUS NHPUITUPOBAHUS 00-
pasuoB Ha Hajgu4yue BSMV npoBOAMId TECTUPOBAHUE
TTOJIOKUTEJIbHBIX 00pa3IioB MeTomoM [P ¢c komMep-
yeckumu [TIIP-TecT-cucteMamu pupm «HI1P CurTOI»
u «ArpoJluaraocTtuka» (06e — Poccus). [To pesynbratam
IIPOBEZEHHBIX MOJIEKYJISPHBIX MCCJIeN0BaHUN ycTa-
HOBJIEHO, UTO TOJIBKO B ITOJIOXKUTEIbHBIX KOHTPOJISIX
aMOIudUIINPOBAINCD ciellupUUHbIe TPOAYTHI [TIP.
Hu onuH 13 06pasiioB, BEISBJIEHHbBIX B X0OJI€ CEPOMO-
HUTOPUHTA, He ObLJI TOATBEPXKIeH peaynbraTamu IT1P.

MOXHO cAenaTh MpeABAPUTENbHBIN BBIBO/I,
YTO JJAHHBIE, KOTOPbIE MOJYyYEeHbl U ONYyOJINKOBaHbI
yueHbIMU U3 Poccuiickoii ®efepanuu u Mupa 1 Ko-
TOPBIE KacalTCd PacIpoCTPaHeHUs BUPYCOB U II0-
JIlydeHbl Ha OCHOBAHUU CEPOJIOTUYECKUX METOJOB,
6e3 Mo TBEPKIEHUS MOJIEKYJISIPHO-TeHeTUYEeCKUMU
MeTOJlaMU, He MOTYT CUMTAThCS BAJIUIHBIMU B CBI3U
C BBISIBJIEHWEM OOJIBIIOTO KOJIUYECTBA JIOKHOIIO0JIO-
JKUTEJIbHBIX PeaKIIuii U, COOTBETCTBEHHO, C JIOXKHBIMU
pe3yJibTaTaMy LUATHOCTUKU.

JlaHHBIEe O pacHpOCTpPaHEeHWU BUpPyca IITPU-
XOBaTOM MO3auWKU SUMeHd B peruoHax Poccuiickoi
denepanuu ciefyeT CUNTAaTh OPUEHTUPOBOUYHBIMY,
U TpebyeTcs MpoBeleHYe MUPOKOMACIITa6HOTO Te-
CTUPOBAHUS 06pPa3I[0B MOJIEKYIIPHBIMU MeTOLAMU
IVIaTHOCTUKU.

be considered valid due to the detection of a large num-
ber of false positive reactions and, consequently, with
false diagnostic results.

Data on the distribution of BSMV in the regions of
the Russian Federation should be considered indica-
tive, and large-scale testing of samples using molecular
diagnostic methods is required.
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