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AHHOTALIMA
Bupyc Hekposa 1mo6eros xpuszanTeMbl Chrysanthemum
stem necrosis virus (CSNV), pacnpocTpaHeHHbIH B I0Xx-
"o Kopee, Bpasunuwu, ipaHe u ITOHUY, ITPY CUIIBHOM
3apa’keHUM BbI3bIBA€T OTMUPAHNE PACTEHUN-X035€B,
OCHOBHBIMH M3 KOTOPBIX SBJISIOTCS XpU3aHTEMA KPYII-
HolBeTKOBas u ToMat. K ahpeKTUBHBIM IIepEHOCYU-
KaM BUpyca OTHOCITCS KaJnu(OpHUNCKUN M TOMaTHBIN
Tpurcel. CylecTByeT peasbHas OTIaCHOCTh UHTPOAYK-
WM U IUPOKON aKKJIUMaTU3aIlUU JaHHOIO BUpyca
Kak B TEIJINIAX, TAaK U B OTKPBITOM T'PYHTE B HOXKHBIX
peruoHax Poccuiickoit demepanuy, 4YTO BbI3bIBAET
He0o6X0IMOCTh €r0 JIOCTOBEPHOM JUAaTrHOCTUKHY J1abo-
PaTOPHBIMU METOJJaMU. JKCIIEPUMEHTAJIbHO Ha 6a3e
BHUMKP mokazaHO, YTO METOJ, ITOJIMMEPA3HOU HEeT-
Hou peakiuu (TILP) B pexkxrMe peajibHOTO BpeEMEHU
okasaJicsl 60Jiee YyBCTBUTEJIbHBIM METO/IOM I10 CPaB-
HEHUIO C KJIaccudyecKo [TLIP. B mpoaHaIn3upoBaHHbBIX
MeTozoM ITIIP o6pasiiax pacTeHUM XpU3aHTEMBI U3 He-
CKOJIBKUX OpaHXePelHbIX X03511CTB BUPYC HEKPO3a I10-
6eroB XpU3aHTEMBI He GBI OGHADYKEH.

Knrouesvie cnosa. PacTeHne-xo3sauH, pox, Tospovi-
rus, CSNV, 610JIOTUYECKHE U CTPYKTYPHbIE 0CO6EHHO-
ctu, [TLIP.

BBEJEHUE

rnocjiefHue IeCATUIETHS BO MHO-
rMX CTpaHaX MUpa IPOMBIIJIEHHOe
IIBETOBOJICTBO sIBJsieTcss Haubosee
IMHAMMYHO pasBUBAIOIIENCcsa oTpac-
JIbI0 pacTeHueBOxcCTBa. Cpeau IiBe-
TOYHBIX KYJAbTYp XpHU3aHTEMa 3aHU-
MaeT 2-e MecTO B Mupe II0 00beMaM
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ABSTRACT
Chrysanthemum stem necrosis virus (CSNV), common
in South Korea, Brazil, Iran and Japan, with a strong
infection causes the death of host plants, the main of
which are Dendranthema x grandiflorum and tomato. Ef-
fective vectors of the virus are western flower thrips
and tomato thrips. There is a real risk of introduction
and massive adaptation of this virus both in green-
houses and open ground in the southern regions of the
Russian Federation, which accounts for the necessity
of its reliable diagnosis by laboratory methods. FGBU
“VNIIKR” has experimentally proved that the method of
polymerase chain reaction in real time (RT-PCR) turned
out to be a more sensitive method compared to classi-
cal PCR. Chrysanthemum stem necrosis virus was not
detected in chrysanthemum plant samples from seve-
ral greenhouse farms analyzed by PCR.

Key words. Host plant, genus Tospovirus, CSNV,
biological and structural features, PCR.

INTRODUCTION

ver the last decades, industrial floriculture
has been the most dynamically develop-
ing branch of plant growing in many coun-
tries. Among flower crops, chrysanthemum
ranks second in the world in terms of flow-
er trade (12%) after rose (30%), being a popular and
commercially profitable crop both for growing in open

dutocaHuTapus. KapaHTuH pactenuii = 16
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ToproBiu 1BetaMu (12%) mmociie po3sl (30%), IBIIACDH
TTOTTYASIPHON M KOMMEPUYECKM BBITOJLHOU KYJIbTYPOU
KaK JJIg BbIPAIMBAHYS B OTKPBITOM I'PYHTE, TaK U JIJIST
BBITOHKHY B Terutniax (KomkuH u ap., 2012). XpusaH-
TEMY, KaK 1 G0JIbIIMHCTBO 1IBETOYHO-I€KOPATUBHBIX
KYJIbTYP, PAa3MHOKAIOT BETE€TAaTUBHBIM CIIOCOGOM, UTO
MOXXET IPUBOAUTH K CIIyUasiM MacCOBOT'O TUPAXKUPO-
BaHMS U MIMPOKOTO PACIIPOCTPAHEHUSI KJIOHOB, 3apa-
SKEHHBIX Pa3JIUYHBIMU CUCTEMHBIMU BO3GYAUTEIIMU
6oJie3HEN, B TOM YMCJIE U ONTACHBIMYU BUPYCAMU.

OnHUM U3 TaKWX ITaTOTEHOB SBJSIETCS BUPYC HE-
Kpo3a 1moberoB xpusanTteMbl Chrysanthemum stem
necrosis virus (CSNV), KOTOPBI# IIpY CUJIIBHOM IT0pa-
JKEHMM CII0CO6EeH BBI3BIBATH OTMMUPAHUE PaCTeHUM
BOCIIPUMUMYMBBIX COPTOB, UYTO MPUBOAUT K 3HAUU-
TEJIbHBIM SKOHOMUYECKUM TIOTEPSIM. ITOT BUPYC OBLI
BIIEPBbIE OIMCaH B cepenuHe 90-X I'T. XX BeKa B LITaTe
Can-Tlaymny, Bpasuiius, Tlie MUPOKO PACIIPOCTPAHUIICT
Ha Xpu3aHTeMe KpymHoIBeTKoBoU (de Oliveira et al.,
2012). 3aTeM 0 BBISIBJIEHVU 3TOTO BUPYyCa B PACTEHUSIX
XPU3aHTEMBI C CUMIITOMaMU HeKpo3a 1mo6eroB 66110
coobmieHo u3 Humepnaumos (Takeshita et al., 2011).
Bupyc BxoauT B ENVHBIN IepeueHb KapaHTUHHBIX 00b-
ekToB EBpa3uiicKoro 5KOHOMUYECKOT'0 COI03a U SIBJIS-
eTCq OTCYTCTBYOWIMM Ha TeppuTopuu EA3C. luarxuo-
CTHKa OTCYTCTBYHOUIUX BUJOB JIOJKHA GbITH XOPOIIO
oTpaboTaHHOM, ¥ HE0OX0IMO MCII0JIb30BaTh BHICOKO-
YyBCTBUTEJIbHBIE U cTrieiuhruIHbIe MeTObI (MOpO30Ba
u ap., 2017).

B Poccutickyi ®enmepaiiuio u3 ctpaH HxHOU
AMepUKU €XeTroJHO UMIIOPTUPYIOTCS COTHU ThICSIY
pacTeHMl XpU3aHTEMBI, BBU/IY UETO CYIIECTBYET pe-
aJIbHAas OMMACHOCTb WHTPOAYKITUY U IMIUPOKOU aKKJIU-
MaTu3alyy BUPyca HeKPo3a I106eroB Xpru3aHTeMbI KakK
B TEIINIIAX, TaK U B OTKPBITOM I'PYHTE B I00KHBIX DETH-
OHax Halllel CTPaHBbI.

OCHOBHBIM pacTeHueM — X03dauHoM CSNV aBd-
eTCsl Xpu3aHTeMa KpymHoiBeTKoBas (Dendranthema
x grandiflorum) (Bezerra et al., 1999; Takeshita et al.,
2011).

CSNV BBI3BIBAET Y PACTEHUN XPU3aHTEMbI HEKPO-
3bI TI06ET0B, XJIOPOTUYECKUE U/UJIN HEKPOTUYECKUE
MISITHA Y KOJIbIIA HA JIUCTHSIX, YBALAHUE JIUCTHER U I10-
6eroB, HEKPO3bI HA IIBETOHOXKKAX U IIBeTOJIOXKax. He-
KPO3bI Ha 1T06erax MOTYT UMETbh BUJI IITPUXOB, TI0OJIOC
WY TISTeH. HeKPOo3bl Ha JIUCTHAX MOTYT OBITH OKPY-
JKeHBI yUYaCTKaMM XJIOPOTU3WPOBaHHOU TkaHu (EPPO,
2005).

B Bpasunuu u dnonuu CSNV pacnpocTpaHeH
Takxe Ha Tomate (Lycopersicon esculentum) (de Olivei-
ra et al., 2012; Logemann et al., 1987). iMetoTcs co-
00IIeHWs O BHISIBJIEHUU 3TOTO BUPyca Ha repbepe
(Gerbera sp.) B Cnosenuu (King et al., 2012), actpe
kuTtaickout (Callistephus chinensis) u 3ycTOMe KPYIIHO-
IIBETKOBOU, WU Tu3uaHTyce Paccena (Eustoma grandi-
florum), B inounu (Logemann et al., 1987). B Bpasunuu
CSNV 6b11 TaKk)Ke BBISIBJIEH B CMENIaHHON NHQPEKIIUN
¢ Ipyrumu TocroBupycamu — Tomato spotted wilt virus
(TSWYV), Zucchini lethal chlorosis virus (ZLCV) u/unu
Groundnut ringspot virus (GRSV) Ha pacTeHUSIX 3yCTO-
™Mbl Eustoma grandiflorum, kannuctedyca Callistephus sp.
U KPEeCTOBHMKA KPOBaBOTO Senecio cruentus (Alexandre
et al., 1999).

[Ipu UCKYCCTBEHHOM 3apakeHUU LAHHBIN BUPYC
nHUIIUpyeT Takxe 6akmaxan Solanum melongena,
nepel Capsicum annuum, dusanuc Physalis occiden-
talis, orype1 Cucumis sativus, ToIKBY Cucurbita pepo,

ground and greenhouses (Koshkin et al., 2012). Chry-
santhemum, like most flower and ornamental crops,
is propagated vegetatively, which can lead to cases
of mass replication and widespread distribution of
clones infected with various systemic pathogens, in-
cluding dangerous viruses.

One of such pathogens is Chrysanthemum stem
necrosis virus (CSNV), which, with severe damage,
can cause the death of plants of susceptible varieties,
which leads to significant economic losses. This virus
was first described in the mid-1990s in the state of Sao
Paulo, Brazil, where it spread widely on the large-flow-
ered chrysanthemum (de Oliveira et al., 2012). Then,
the detection of this virus in chrysanthemum plants
with symptoms of stem necrosis was reported from
the Netherlands (Takeshita et al., 2011). The virus is
included in the Common List of Quarantine Objects of
the Eurasian Economic Union (EAEU) and is absent in
the EAEU. Diagnostics of absent species should be well
developed, and highly sensitive and specific methods
should be used (Morozova et al., 2017).

Hundreds of thousands of chrysanthemum plants
are annually imported into the Russian Federation
from the countries of South America, which is why
there is a real danger of the introduction and massive
adaptation of the chrysanthemum stem necrosis virus
both in greenhouses and in the open field in the south-
ern regions of Russia.

The main host plant of CSNV is Dendranthema x
grandiflorum (Bezerra et al., 1999; Takeshita et al.,
2011).

CSNV causes necrosis of stems in chrysanthe-
mum plants, chlorotic and/or necrotic spots and rings
on leaves, wilting of leaves and shoots, necrosis on
pedicels and receptacles. Stem necrosis may appear
as streaks, stripes or spots. Leaf necrosis may be sur-
rounded by areas of chlorotic tissue (EPPO, 2005).

In Brazil and Japan, CSNV is also spread on to-
mato (Lycopersicon esculentum) (de Oliveira et al., 2012;
Logemann et al., 1987). There are reports of the detec-
tion of this virus on gerbera (Gerbera sp.) in Slovenia
(King et al., 2012), China aster (Callistephus chinensis)
and lisianthus (Eustoma grandiflorum), in Japan (Loge-
mann et al., 1987). In Brazil, CSNV was also detected
in a mixed infection with other tospoviruses — Tomato
spotted wilt virus (TSWV), Zucchini lethal chlorosis vi-
rus (ZLCV) and/or Groundnut ringspot virus (GRSV) on
Eustoma grandiflorum, Callistephus sp. and Senecio cruen-
tus (Alexandre et al., 1999).

When artificially infected, this virus also affects
eggplant Solanum melongena, pepper Capsicum annu-
um, physalis Physalis occidentalis, cucumber Cucumis
sativus, pumpkin Cucurbita pepo, lettuce Lactuca sati-
va, spinach Spinacia oleracea, beans Phaseolus vulga-
ris, cowpeas Vigna unguiculata, peas Pisum sativum,
thorn apple Datura stramonium, different tobacco spe-
cies — Nicotiana benthamiana, N. occidentalis, N. rustica,
N. tabacum, apple-of-Peru Nicandra physalodes, com-
mon zinnia Zinnia elegans and others (Bezerra et al.,
1999; Logemann et al., 1987; Takeshita et al., 2011).
All these plants can be considered as potential host
plants of CSNV.
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cajart Lactuca sativa, WIIuHAT Spinacia oleracea, ¢hacoyb
Phaseolus vulgaris, Burny Vigna unguiculata, Topox Pisum
sativum, nypMaH Datura stramonium, pa3Hble BUIbI Ta-
6aka — Nicotiana benthamiana, N. occidentalis, N. rustica,
N. tabacum, uukaunpy Nicandra physalodes, TMHHUIO Zin-
nia elegans v HekoTOpbIe Apyrue (Bezerra et al., 1999;
Logemann et al., 1987; Takeshita et al., 2011). Bce aTu
pacTeHUsT MOXXHO pacCMaTPUBATh B KAUeCTBe ITOTEH-
uaJibHbIX X0359eB CSNV.

B HacToguiee Bpem4d, 110 ganHbIM EOK3P, Bupyc
pacmipoctpaHeH B l0xuHo# Kopee, Bpasunuu, Upane
u dnonuu (EPPO, 2021; Wu et al., 2014). BcTpeuaycs
OH U B HEKOTOPBIX eBpomnelickux crpaHax (Humep-
JNaHpax, Benuko6puranuu, CioBeHuu, Benbrum), rae
pacTeHus XPU3aHTEMBI IJIS 3aKJIaJKU MaTOUHBIX Ha-
CaXKJIeHUY O6bLIIY BBe3eHbI U3 Bpasuinu, HO IIOCKOJIbKY
oyary BUpyca BO BCEX 3TUX CTPAHAX ObLIY JUKBUIUPO-
BaHbI, ceiiuac CSNV cumTaeTcd OTCyTCTBYOIIUM B EB-
porme (Eiras et al., 2001; Wu et al., 2014).

CSNV Ha 0OCHOBaHUU CTPOEHUS TeHOMa OTHOCHUT-
cs K pony Orthotospovirus, TUTIOBBIM IIPeJICTaBUTEIEM
KOTOPOTO SBJISIETCS BUPYC MATHUCTOTO yBANAHUS
tomara TSWV (Jafarpour et al., 2010). CSNV BXOIUT
B aMepPUKAHCKYI0 BETBb OPTOTOCIIOBUPYCOB, KOTOPhIE
OTJIMYAIOTCS OT a3MaTCKUX 110 HAJIMYNIO TPUALbl aMU-
HokucyaoT (RGD) B reHe, KOJUPYIOUIEM TJIUKOTIPOTEUH
Gc (Mumford et al., 1996).

Bupuonbs CSNV mpefcTaBasioT co60ii OKPYIJIbie
WU TIeOMOP@HBIE YaCTUIbI JUaMeTpoM 75-120 HM,
Ha TTIOBEPXHOCTY KOTOPHIX UMEIOTCS BBICTYITBI JJIMHOU
5-10 umM (de Oliveira et al., 2012).

B BupmroHax comepxurcsa 58—-79% Genka, 20-30%
JUNUZLO0B, 2—7% yrieBonoB u 1-2% PHK. Bupyc pas-
MHOJKAeTcs B IUTOIIa3Me KieToK. Co3peBaHUe BU-
PUOHOB ITPOUCXOIUT ITOYKOBAHMEM B MMy3bIPbKAX all-
napaTa F'oJbIXY U ITUCTEPHAX SHIOMIa3MaTHUYeCKOTO
petukynyma (Bucher et al., 2003).

MoseKkynbl reHoOMHOY PHK sHKamcuaupoBaHbl
HYKJIEOTIPOTEenHOM, 00pa3ysi pubOHYKJIEOIIPOTEeU-
HOBBIA KOMIIJIEKC, ITOKPBITHIN JINTIONPOTENHOBOU
06010UKO¥. TeHOM COCTOUT M3 TPeX Pa3InUYHBbIX
10 pa3zMepaM MOJIEKYJ OJLHOCIUPAJbHON KOJbIle-
Boit PHK, o6o3HavyaeMbIX Kak L, M u S, KOTOpbIE CO-
ctodT u3 8960, 4828 u 2949 HyKJIEOTHULOB COOTBET-
crBeHHO. PHK-L komupyet 6esok L (PHK-3aBUCUMYIO

Puc. 1. 3aMopoxxeHHble 06pasLbl
JINCTbEB XPU3aHTEMbI

Fig. 1. Frozen leaf samples
of large-flowered chrysanthemum

At present, according to EPPO, the virus is com-
mon in South Korea, Brazil, Iran and Japan (EPPO,
2021; Wu et al., 2014). It was also reported in some Eu-
ropean countries (the Netherlands, Great Britain, Slo-
venia, Belgium), where chrysanthemum plants for lay-
ing uterine plantings were imported from Brazil, but
since the outbreaks of the virus in all these countries
have been eliminated, CSNV is now considered absent
in Europe (Eiras et al., 2001; Wu et al., 2014).

Based on the genome structure, CSNV belongs to
the genus Orthotospovirus, a typical representative of
which is TSWV (Jafarpour et al., 2010). CSNV belongs to
the American branch of orthotospoviruses, which differ
from the Asian ones in the presence of the amino acid
triad (RGD) in the gene encoding the glycoprotein Gc
(Mumford et al., 1996).

CSNV virions are round or pleomorphic particles
with a diameter of 75-120 nm, on the surface of which
there are protrusions 5-10 nm long (de Oliveira et al.,
2012).

Virions contain 58-79% protein, 20-30% lipids,
2—-7% carbohydrates, and 1-2% RNA. The virus mul-
tiplies in the cytoplasm of cells. Maturation of virions
occurs by budding in the vesicles of the Golgi appara-
tus and cisterns of the endoplasmic reticulum (Bucher
et al., 2003).

Genomic RNA molecules are encapsulated by
anucleoprotein, forming a ribonucleoprotein complex
covered with a lipoprotein envelope. The genome con-
sists of three single-stranded circular RNA molecules
of different sizes, designated L, M, and S, which con-
sist of 8960, 4828, and 2949 nucleotides, respectively.
RNA-L encodes protein L. (RNA-dependent RNA poly-
merase), which is associated with viral transcription
and replication (Bucher et al., 2003). RNA-M contains
a glycoprotein precursor encoding 2 glycoproteins (Gn
and Gc), which are responsible for a specific relation-
ship with cellular receptors in the organism of vectors
and intercellular transport of the virus in the host plant
(Verhoeven et al., 1996). RNA-S encodes protein N (nu-
cleoprotein, or nucleocapsid), which is responsible
for the formation of the structure of virions and regu-
lation of transcription, as well as the non-structural
protein NSS, which is an RNA suppressor (Boben et al.,
2007). In terms of nucleotide sequence identity on
RNA-S and RNA-M, CSNV is phy-
logenetically closest to the fol-
lowing tospoviruses: TSWV, Im-
patiens necrotic spot tospovirus
(INSV), Groundnut ringspot virus
(GRSV), Tomato chlorotic spot vi-
rus (TCSV), Zucchini lethal chlo-
rosis virus (ZLCV), Alstroeme-
ria necrotic streak virus (ANSV)
and Melon severe mosaic virus
(MSMV) (de Jongle et al., 2013).

CSNV is not transmitted
with seeds (Eiras et al., 2001).
In nature, this virus is spread by
insects of the family Thripidae
(Thysanoptera) — western flower
thrips Frankliniella occidentalis

KPYMNHOLBETKOBOW AN BbISIBNEHUS
CSNV u ppyrux Tocnosupycos
(choTo aBTOPOB)

for the detection of CSNV
and other tospoviruses

(photo by the authors) dutocaHutapus. KapaHtuH pactenunii = 18
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PHK-mmontmMepasy), B3auMOCBSI3aHHBIN C TDAHCKPUII-
IMel u pernukamuei Bupycos (Bucher et al., 2003).
Ha PHK-M pacrmioJioxeH TIIMKOTIPOTENHOBBIN TPEKyP-
cop, koaupywimui 2 raukonporenHa (Gn u Ge), Ko-
TOPbIE OTBEYAIOT 3a CHeluPUUIECKYI0 B3aNMOCBI3b
C KJIETOUHBIMU PEIEIITOPaMu B OpraHU3Me IepeHocC-
YMKOB ¥ MEXKJIETOUHBIN TPAHCIIOPT BUPYyCa B pacTe-
Huu-xosguue (Verhoeven et al., 1996). PHK-S xomu-
pyert 6esok N (HYKJIEOTIPOTEUH, WX HYKJIEOKATICHU]T),
OTBETCTBEHHBIN 32 (hopMUPOBAHUE CTPYKTYPHI BUPU-
OHOB U PETyAIINI0 TPAHCKPUIIIINY, @ TAK)KE HECTPYK-
TypHBIH 6esiok NSS, aBusgrouuiica cympeccopoM PHK
(Boben et al., 2007). ITo UAeHTUYHOCTH IIOCJIELOBA-
TeJIbHOCTU HyKJeoTugoB Ha PHK-S u PHK-M CSNV
(unoreHernuyecku HauboJiee 6IM30K K CIIeNYIONIUM
TocnoBupycaMm: TSWV, Impatiens necrotic spot tos-
povirus (INSV), Groundnut ringspot virus (GRSV),
Tomato chlorotic spot virus (TCSV), Zucchini lethal
chlorosis virus (ZLCV), Alstroemeria necrotic streak
virus (ANSV) u Melon severe mosaic virus (MSMV)
(de Jongle et al., 2013).

CSNV me nrepemaercsa cemenamu (Eiras et al., 2001).
B riprpo/ie 3TOT BUPYC PACIIPOCTPAHIETCS HACEKOMBI-
mu ceMetictBa Thripidae (Thysanoptera) — 3amagHbIM
IIBETOYHBIM (KaiuopHUNCKNM) TpuricoM Frankliniella
occidentalis (Pergande) u TOMaTHBIM TpUIICOM F. schultzei
Trybom. IToBceMeCTHO pacpoCTpaHeHHbIN TabauHbIN
Tpurtc Thrips tabaci Lindeman, a Takxxe Tpuric [lajgbma
Thrips palmi Karny He SBJISIOTCS TEPEHOCUYNKAMU 3TOTO
Bupyca (Bezerra et al., 1999; Eiras et al., 2001). Bupyc
IIPHUOOPETAIOT 1-9 ¥ 2-51 IMUNMHOYHbIE CTaIVU TPUIICOB
B ITpPOIlecce MUTAHMS Ha 3apaXKeHHBIX PACTEHUIX BCE-
ro B TeueHue 15-30 MuH. nuTaHugd. OpTOTOCIIOBUPYCHI
PasMHOXAIOTCS B OPTaHM3Me HaCeKOMBIX-IIEPEHOCU -
KOB U COXPAHSAIOTCS Ha MPOTSKEHUU BCEH UX KUBHU,
aKTUBHO PacIpoOCTpPaHAsCh Yepe3 UMaro TPUIICOB,
HO He MepefaioTcs yepes sulia.

Il coXpaHeHUs Y Pa3sMHOXEHUS W30JIITOB
CSNV pekoMeHAyeTCs UCIIOJIb30BaTh pacTeHus Nico-
tiana benthamiana u Datura stramonium (Boben et al.,
2007; Mumford et al., 1996; Okuda et al., 2001).

MATEPUWAJIBI U METO/1bI

IOocroBepHasa guarHoctuka CSNV HeBo3MoOXKHa 6e3
HCII0JIb30BaHNS COBPEMEHHBIX BEICOKOUYBCTBUTEIb-
HBIX METOZOB JIabOPAaTOPHOU BKCIIEPTU3HI. B Kaue-
CTBe OTOOPOYHBIX MCIIOJIb3YIOT TECTHI HA PACTEHUSIX-
WHAVKAaTOPaX, MeTol UMMYyHO(DEePMEeHTHOT0 aHa/In3a
u ITLIP-TecT.

B 3azaum [aHHOIO MCCJIe0BaHUS BXOIUJIA allpo-
6anusa nByx Mmonudukanuit TP u AByx map npau-
MepoB, HabopPOB peareHTOB nJa [1I[P pasiauyYyHBIX
upM-tipousBomUTENEH, TUOPUIUIUPOBAHHBIX KOH-
TPOJIbHBIX 00Pa31[0B pacTeHUN-HAKOMIUTeJEH, coliep-
JKAIIUX U30JI9Thl OPTOTOCIIOBUPYCOB, C I1€JIbI0 BBISIBIIE-
HUS HauboJsiee aflaliTUPOBAHHBIX M YYBCTBUTEIbHBIX
MeTOLUK.

[Tockonbky CSNV u fpyrue opTOTOCIIOBUPYCHI
COXPaHAKT NHPEKIIUOHHOCTD Ha IPOTSIKEHUU HE Me-
Hee OJHOTO roja npu 3amMopakuBanuu npu —80 °C
(Boben et al., 2007), Mbl UCIIOJIb30BAJIN KOJIIEKI[U-
OHHBIN MaTepuas Gupmbl DSMZ (TepMaHus), Ipe-
CTaBJIAIOUIMY cO60M oG UAN3UPOBAHHBIE JIUCTHS
pacTeHUN-HAKOTIUTEJEH, CoJlep)Kallyie N30Tl 3TUX
BUpYycoB (puc. 1).

Ona Beimenenuss PHK CSNV wucnojsb3oBaau
KOMMepYecKuil Habop peareHTOB AJIS SKCTPAKIIUU

(Pergande) and tomato thrips £ schultzei Trybom. Wide-
ly spread common cotton thrips Thrips tabaci Lindeman
and palm thrips Thrips palmi Karny are not vectors of
this virus (Bezerra et al., 1999; Eiras et al., 2001). The
virus is acquired by the 1% and 2" larval stages of thrips
in the process of feeding on infected plants for a total of
15-30 minutes nutrition. Orthotospoviruses multiply
in the organism of insect vectors and persist through-
out their life, actively spreading through the imago of
thrips, but not transmitted through eggs.

For the preservation and propagation of CSNV
isolates, it is recommended to use plants Nicotiana ben-
thamiana and Datura stramonium (Boben et al., 2007;
Mumford et al., 1996; Okuda et al., 2001).
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Puc. 2. AnekTpocoperpamMma npoayKToB amnandukaumm
npu BbiiBIEHUWN BMpYyCa HEKPO3a No6eroB XxpusaHTeMbl
(CSNV) meTomom knaccuueckoli MLLP ¢ ncnonbsosaHueM
npanmepoB CSNVUP1/CSNVLO1 (Boben et al., 2007).

BapwuaHTbl: 1 — INSV PV-0280;

2 - TSWV PV-0393; 3 - INSV PV-0281;

4 - INSV PV-0485; 5 - TSWV PV-0182;

6 — TSWV PV-0204; 7 - TSWV 07501;

8 - TSWV; 9 — WSMoV* PV-0283;

10 - IYSV2 PV-0528; 11 — CSNV PV-0529;

12 - CSNV PV-0529 1/10; 13 — CSNV PV-0529 1/100;

14 - CSNV PV-0529 1/1000; 15 - CSNV PV-0529 1/10000;
16 — NONOXXUTENbHbIN KOHTPOJIb aMnAngrKaLum

(CSNV PV-0529).

Fig. 2. Electrophoretogram of amplification products
in the detection of CSNV by classical PCR using primers
CSNVUP1/CSNVLO1 (Boben et al., 2007).

Variants: 1 — INSV PV-0280; 2 - TSWV PV-0393;

3 —INSV PV-0281; 4 — INSV PV-0485;

5 -TSWV PV-0182; 6 — TSWV PV-0204;

7 - TSWV 07501; 8 - TSWV; 9 - WSMoV? PV-0283;

10 - IYSV2 PV-0528; 11 — CSNV PV-0529;

12 - CSNV PV-0529 1/10; 13 - CSNV PV-0529 1/100;

14 — CSNV PV-0529 1/1000; 15 - CSNV PV-0529 1/10000;
16 - positive amplification control (CSNV PV-0529).

1 WSMoV — Watermelon silver mottle virus.
21YSV - Iris yellow spot virus.
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Puc. 3. I'pahmkmn HakonneHnsa NpoayKToB
aMnancmrKauum Nnpy BbiSBIEHNN BUpYyca

MLLP B peanibHOM BpeMeHU C UCMONIb30BaHNEM
nparimepoB CSNV-F/CSNV-R n 3oHaa
CSNV-MGB (Boben et al., 2007).
BapuaHnTbi: 1 — INSV PV-0280;

2 -TSWV PV-0393; 3 — INSV PV-0281,

4 — INSV PV-0485; 5 - TSWV PV-0182;

6 — TSWV PV-0204; 7 - TSWV 07501;

8 - TSWV; 9 - WSMoV PV-0283;

10 - IYSV PV-0528; 11 — CSNV PV-0529;
12 - CSNV PV-0529 1/10;

13 - CSNV PV-0529 1/100;

14 - CSNV PV-0529 1/1000;

15 - CSNV PV-0529 1/10000;

16 — NONMOXUTENbHbIN KOHTPOJIb
amnnucpmkaumm (CSNV PV-0529).

HYKJIEMHOBBIX KUCJIOT, U3TOTOBJIEHHBIN OT€UECTBEH-
HbIM ITpousBoguTesieM OO0 «Arpo/lmarHoctuka». Pe-
aKIUI0 06PAaTHOU TPAHCKPUIIIIUY ITPOBOJWIIN C YHU-
BepcalbHbIM npakiMepoM Random dN, n o6paTHO#
TpaHcKpumnTasoit MMLV.

Jng BeigBaenusa CSNV metomom [P B peasib-
HOM BpeMeHU MCIT0Jib30Baiu mpaiimepsr CSNV-F
(5’-TGAATTTGAGGAAGAACAGAACCA-3’), CSNV-R
(5’-CTGATCCAGGTTGTCATTGCA-3) u 30u1 CSNV-MGB
(FAM-TTGCATTCAACTTCC-BHQ1) (Boben et al., 2007),
a nag kjaccuueckoit TP — npatimepsr CSNVUP1
(5’-AGCTGGTGAAGTTGAATTTGAG-3") u CSNVLO1
(5-CATTCAAGCTAAGCCCGTATGC-3’) (Boben et al.,
2007), aMIupUIMpyoIe YIYacTKU TeHa HYKJIEO0-
Karcuga seauuuHon 70 m. 0. 1 357 M. 0. COOTBETCT-
BEHHO.

PE3VJIBTATBI U OBCYXKJIEHHNE

Pab6oTa mpoBommiachk B JabopaTOpuUU BUPYCOJIO-
ruy VcIbpITaTeJNbHOTO JJabopaTOpHOro IeHTpa
SI'BY «BHUUKP».

B skcniepumeHTax, IpoBeeHHbIX MeTogamu [T1IP
B peaJIbHOM BpeMeHU U Kjiaccuuecko ITI[P, ycTaHOB-
JIeHa BBICOKAs CIIeU(PUUHOCTD UCITBITYEMBIX ITpaiMe-
POB, TaK KaK OHY pearupoBaJiv JIUIIb C U30JI9TOM LieJie-
BOTO 0O'beKTa 1 He pearupoBaJIy C U30JIATaMU JPYTUX
OPTOTOCTIIOBUPYCOB (puc. 2, 3).

Fig. 3. Charts of the accumulation of
amplification products in the detection
Hekpo3a noberos xpusaHTeMbl (CSNV) metogom  of CSNV by RT-PCR using primers
CSNV-F/CSNV-R and probe CSNV-MGB
(Boben et al., 2007).

Variants: 1 — INSV PV-0280;

2 -TSWV PV-0393; 3 - INSV PV-0281;
4 — INSV PV-0485; 5 - TSWV PV-0182;
6 - TSWV PV-0204; 7 - TSWV 07501,
8 - TSWV; 9 - WSMoV PV-0283;

10 - IYSV PV-0528;

11 - CSNV PV-0529;

12 - CSNV PV-0529 1/10;

13 - CSNV PV-0529 1/100;

14 - CSNV PV-0529 1/1000;

15 - CSNV PV-0529 1/10000;

16 — positive amplification control
(CSNV PV-0529).

Since CSNV and other or-
thotospoviruses remain infec-
tious for at least one year when
frozen at —80 °C (Boben et al.,
2007), we used collection materi-
al from DSMZ (Germany), which
is lyophilized leaves of storage
plants containing isolates of
these viruses (Fig. 1).

To isolate CSNV RNA, we
used a commercial set of re-
agents for the extraction of nu-
cleic acids, manufactured by the
Russian manufacturer AgroDiag-
nostica. The reverse transcrip-
tion reaction was performed with
a universal primer Random dN,
and reverse transcriptase MMLV.

To detect CSNV by RT-PCR,
the primers were used CSNV-F
(5’-TGAATTTGAGGAAGAACAGAACCA-3’), CSNV-R
(5’-CTGATCCAGGTTGTCATTGCA-3) and probe
CSNV-MGB (FAM-TTGCATTCAACTTCC-BHQ1) (Bo-
ben et al., 2007), and for classical PCR — the primers
CSNVUP1 (5’-AGCTGGTGAAGTTGAATTTGAG-3’)
and CSNVLO1 (5’-CATTCAAGCTAAGCCCGTATGC-3’)
(Boben etal., 2007), amplifying regions of the nucleo-
capsid gene of 70 bp and 357 bp respectively.

RESULTS AND DISCUSSION

The work was carried out in the Virology Laboratory
of the Testing Laboratory Center of FGBU “VNIIKR”.

In experiments carried out by RT-PCR and
classical PCR, a high specificity of the tested prim-
ers was established, since they reacted only with
the target isolate and did not react with isolates of
other orthotospoviruses (Fig. 2, 3).

In subsequent experiments with positive con-
trol samples of orthotospoviruses, it was found
that RT-PCR is a more sensitive method compared
to classical PCR. Thus, the RT-PCR method made
it possible to detect CSNV at a cDNA dilution up to
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B nocnenyouux sKCIIepruMeHTaXx C [IOJIOXKUTEb-
HBIMU KOHTPOJIbHBIMU 06pa3IlaMy OPTOTOCIIOBUPYCOB
yCcTaHOBJIeHO, uTO [11IP B peajibHOM BpeMeHU ABJISET-
cs 60Jiee YYBCTBUTEIbHBIM METOJIOM I10 CPABHEHUIO
¢ kyraccuueckoit ITIP. Tak, meTon IT1[P B peajJbHOM
BPeMEeHU I103BOJISI BbISIBIASTh CSNV npu pa3BefeHUN
kJHK mo 1/10000 BKJIIOUYUTENHHO, TOTAA KaK KJIacCu-
yeckas [P — numrb py pasBefeHuy He 6osee 1/100
(cM. TabnuiLy).

3AKJIIOUEHUWE U BbIBO/1bI

[Ipu cpaBHeHUU MeTOLOB [P B pexxume peajbHOro
BpeMeHHU U KyilaccmuecKou ITI[P 6bIJI0 yCTaHOBJIEHO,
YTO YyBCTBUTEJIBHOCTH 1-I0 MeTOoza Iropasio BhILIE.

Ta6auia

OmnpenesieHue cneu(pUIHOCTHA

M 4YyBCTBUTEJIbHOCTHU MeTOon0B IIIIP

B peaJIbHOM BPe€MEeHH! U KJIaCCUUYeCKO
IIIIP B BBIABJIEHUM BUpPyCa HEKpPO3a
no6eroB xpusauntembl (CSNV)

IIIIP B peajibHOM Kiaccuuec-

BpeMeHu kag ITIP

Ne IIoporo- Pe3synb- Pesyib-

n/n BapuaHTbI BBIi IIMKJI TaT TaT

1 INSV PV-0280 - - -
(DSMZ, TepmaHus)

2  TSWV PV-0393 - - -
(DSMZ, TepmaHus)

3 INSV PV-0281 - - -
(DSMZ, TepmaHus)

4 INSV PV-0485 - - -
(DSMZ, Tepmanus)

5 TSWV PV-0182 - - -
(DSMZ, TepmaHusi)

6 TSWV PV-0204 - - -
(DSMZ, TepmaHus)

7  TSWV 07501 — — —
(LOEWE, T'epMmaHus)

8 TSWV - - -
(Adgen, loTnaugMs)

9 WSMoV PV-0283 - - -
(DSMZ, TepmaHusI)

10 IYSV PV-0528 - - -
(DSMZ, Tepmanwms)

11 CSNV PV-0529 19,10 + +

12 CSNV PV-0529 24,26 + +
1/10

13 CSNV PV-0529 28,13 + +
1/100

14 CSNV PV-0529 32,51 + —
1/1000

15 CSNV PV-0529 36,69 + =
1/10000

16 TlomoxutenbHbl 21,02 + +
KOHTPOJIb
aMniaupuKaun

1/10000 inclusive, while classical PCR — only at a dilu-
tion of no more than 1/100 (see Table).

CONCLUSION

When comparing PT-PCR and classical PCR, it was
found that the sensitivity of the 1%t method is much
higher. There was no non-specific reaction of prim-
ers CSNV-F, CSNV-R and the CSNV-MGB probe (Bo-
ben et al., 2007) and primers CSNVUP1 and CSNVLO1
(Boben et al., 2007) with isolates of non-target tospovi-
ruses TSWV, INSV, IYSV, and WSMoV, which indicates
their high specificity for CSNV.

Based on the results of the studies, a method
was developed for the detection and identification of

Table

Determination of the specificity
and sensitivity of RT-PCR methods
and classical PCR

in the detection of CSNV

Classical
RT-PCR PCR

Threshold
N¢ Variants cycle Result Result

1 INSV PV-0280 - - -
(DSMZ, Germany)

2 TSWV PV-0393 - - -
(DSMZ, Germany)

3 INSV PV-0281 - - -
(DSMZ, Germany)

4 INSV PV-0485 - - -
(DSMZ, Germany)

5 TSWV PV-0182 - - -
(DSMZ, Germany)

6 TSWYV PV-0204 - - -
(DSMZ, Germany)

7 TSWV 07501 - - -
(LOEWE, Germany)

8 TSWV — - —
(Adgen, Scotland)

9 WSMoV PV-0283 = = =
(DSMZ, Germany)

10 IYSV PV-0528 - - -
(DSMZ, Germany)

11 CSNV PV-0529 19.10 + +

12 CSNV PV-05291/10 24.26 + +

13 CSNV PV-0529 1/100 28.13 4 +

14 CSNV PV-05291/1000 32.51

15 CSNV PV-05291/10000 36.69 + -

16 Positive amplification  21.02 + +
control
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He oTMeueHO HecnenudUUeCcKON peakIuy IIpamnMe-
poB CSNV-F, CSNV-R u 30u1a CSNV-MGB (Boben et al.,
2007) u npatimepoB CSNVUP1 u CSNVLO1 (Boben
et al., 2007) c n3onsgTaMu HeleJIeBbIX TOCIIOBUPYCOB
TSWYV, INSV, IYSV u WSMoV, UTO CBUIETEJIILCTBYET
06 1x BbICOKOU crienuyHocT K CSNV.

[To pesysnbTaTaM IIPOBEJEHHBIX MCCIELOBAHUMN
6bLy1a pazpaboTaHa METONMKA BHIABJIEHUS U UIEH-
TuUKALUY BUpPyca HeKpo3a Mob6eroB XprU3aHTEMBI,
npenycMaTpuBawilasg NpoBeeHNe CKPUHUHTOBOTO
Tecta MeTozioM ITIIP B peasibHOM BPEMEHU C ITpaiiMe-
pamu CSNV-F, CSNV-R u 3oH10M CSNV-MGB u nog-
TBEPIXKIAIONIEr0 TeCTa METOLOM Kjaccuueckon ITLIP
c mpaiimepamu CSNVUP1 u CSNVLO1.
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