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AHHOTALIMA
B nocnenHue HeCcKoJIbKO JeT B Poccutickoit ®enepa-
MY HaBJII0IaeTCsa aKTUBHOE PA3BUTHE IIPEIITPUITAN
3alUIIEHHOr0 IPYHTA, CIIEIUATN3UPYIOIIXCS HA BbI-
palBaHUM OBOLIHBIX KYJIBTYD, [JIaBHBIM 06pa3oM TO-
MaTOoB. Ha ycrielmHoe Tpon3BO/ICTBO TOMATOB BIUSET
Pl KIMMaTUYECKUX U 6mosoruyeckux (haKTOpPOB.
PacTeHus TomaTa nopaxatT 6osee 200 paz3IuUHbIX
BpenuTesieil u Bo3bynuTeser 6osie3Hel. BupycHbie
00JIe3HY PACTEHUN SIBJISIOTCS BAXXKHBIM OTPaHUYYBA-
oM GaKTOPOM JJid MHOTUX OTpacjell pacTeHue-
BOJICTBA, B TOM YKCJIE€ OBOIEBOACTBA. Pa3BuTume Mo-
JIEKYISAPHO-TEHETUUECKUX METOMNOB AUATHOCTUKU
IIO3BOJIMJIO BBISIBUTD U OIIMCATh HEM3BECTHBIE 0O HE-
JlaBHETO BPEMEHU HOBBIE BUPYCHBIE (DUTOIMATOTEHBI,
HampuMep IpeAcTaBuTeNe poma Tobamovirus — BUPYC
KOpH‘—IHGBOﬁ MOPHIMHWCTOCTH ITJIOLOB TOMAaTa 1 BUPYC
KparyaTol MO3auKM ToMaTa. B cTaThe MpeicTaBIeH
0630p HayYHOM MHDOPMAIUY O BUPyCe KPAITIaTOL MO-
s3auku ToMaTta (Tomato mottle mosaic virus, TOMMYV),
MeTOZax ero JUAarHOCTUKY, a TaK)XXe OIleHKa IIpuMe-
HUMOCTY TECT-CUCTEMBI JIJISI TPOBENEHUS UMMYHO-
(hepmenTHOrO ananmsa (MPA). [laHHbIM (DUTOTIATOTEH
SIBJIIETCSI HOBBIM, MaJIOM3y4YE€HHBIM, HO OYEHb OITac-
HBIM, BBI3BIBAIOIUM 3HAYUTENbHBIE IIOTEPU YPOXKAS
OBOIIIHBIX KYJIbTYP B CTPaHaX CBOEr0 PaclpoCTpaHe-
HUs. Bopbba ¢ BUPYCHBIMU GOJIE3HAMU TOCTATOYHO
TPYZAHA, T03TOMY KaK MOXXHO 60Jiee paHHEE BhISIBJIE-
HUYe 1 JIUKBUAAIVAd NCTOYHNKOB BUPYCOB ABJIAKTCA
OYEeHb BaXKHOU TTPEITIOCHIIKOM IJISI TIPEIOTBPAIeHUS
UX PACIIPOCTPAaHEHUS HAa HOBBIX TEPPUTOPUSIX. TouHAS
uneHTU(GUKaIysI BUPYCOB 10 YPOBHS BUJla UMEET pe-
Iauiee 3HaUeHUE JIJIs TIPeOTBPalleHUS MHTPOIYK-
LIUU ¥ CHYDKEHWS BPEJIOHOCHOCTY BUPYCHBIX 3a6oJie-
BaHWUI. B HacTOsIIee BpeMs UMEETCS PSIL, CII0XKHOCTEHN
B nuddepeHIInanuy BUPycoB poxa Tobamovirus mpu
IPOBENEHNY AUAaTHOCTUKY, CBI3aHHBIX CO CXOXKECTHIO
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ABSTRACT
In the past few years, the Russian Federation has seen
an active development of protected ground enterpris-
es specializing in the cultivation of vegetable crops,
mainly tomatoes. Successful tomato production is in-
fluenced by a number of climatic and biological fac-
tors. Tomato plants are infected by more than 200 dif-
ferent pests and pathogens. Plant viral diseases are an
important limiting factor for many branches of crop
production, including vegetable growing. The devel-
opment of molecular genetic diagnosis methods has
made it possible to identify and describe new viral phy-
topathogens unknown until recently, for example, rep-
resentatives of the genus Tobamovirus — Tomato brown
rugose fruit virus, ToBRFV, and Tomato mottle mosa-
ic virus, TOMMV. The article presents an overview of
scientific information about ToMMV, methods of its
diagnostics, as well as an assessment of the applica-
bility of the kit for enzyme-linked immunosorbent
assay (ELISA). This phytopathogen is new, little stud-
ied, though very dangerous, causing significant losses
in vegetable crops in the countries of its distribution.
Controlling viral diseases is quite difficult, therefore,
the earliest possible identification and elimination of
virus sources is a very important prerequisite for pre-
venting their spread to new territories. Accurate iden-
tification of viruses down to the species level is criti-
cal to prevent the introduction and reduce the severity
of viral diseases. Currently, there are some difficulties
in the differentiation of the genus Tobamovirus viruses
during diagnosis, associated with the similarity of the
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Mopd0JI0TUY BUPYCHBIX YACTUI] U TPOSIBJIEHUEM I1e-
PEeKpPeCcTHOU peakIuy aHTUTE.

Knroueswvte cnosa. Tomato mottle mosaic virus,
ToMMV, KapaHTUH PacTeHUU, 3alUIEHHBINA TPYHT,
BPEeIHBIN OpraHu3M, UMMyHODepMeHTHBIN aHaIu3.

BBEJEHUE

a3BUTHE OBOIIEBOACTBA B Poccuiickoi
denepalluyl — OOWH U3 IIPUOPUTETOB
TOCY[IaPCTBEHHON TOJUTUKU B CEJIb-
CKOM X034/ CTBe, 0CO6EHHO B YCIIOBUAX
CTPEMUTENLHOTO IIPOIlecca UMIIOPTO-
s3amemenus (KapumoBa, I[lIHelmep,
2020). TIpou3BOACTBO TOMATOB $B-
JITeTCS BAXKHEWINEW TMOAO0TPaCIbIo
B Poccuu, njig pasBUTHUS KOTOPOU IIpaBUTEIBCTBOM
Poccutickoit ®enepaliuy OCyIeCTBISIETCS KOMILIEKC
Mep: HPOrpaMMbl JIbTOTHOIO KPEIWTOBAHUS IIPe[-
IPUATAYN arpoOIPOMBINIIIEHHOTO KOMIIJIEKCA, a TaKXKe
KOMITEHCAIUsI TIOHECEHHBIX MHBECTUIIMOHHBIX 3a-
TPaT Ha CTPOUTENBCTBO HOBBIX TEILINYHBIX KOMILIEK-
COB C COBPEMEHHBIMU TEXHOJIOTUSIMU OBOIIEBOJCTBA.
Biiaromapsi 3TUM MepaM, arPOIIPOMBIIIIEHHBIM IIPE/I-
MIPUSTUSAM YAAJIOCh HAPACTUTh IIPOM3BOJICTBO TOMA-
TOB ¥ IOOUTHCS UX YACTUUHOI'0 UMIIOPTO3aMeNeHUS.
TaxkuM 06pas3oM, BaJIOBOM c60p ToMaTOB (06IIMI 06b-
€M TOMAaTOB, BhIPAIEHHBIX 3a 'OJl, B OTKPBITOM U 3a-
IUIIEHHOM TpyHTe) B 2022 1. B PO yBenuuuics u [o-
ctur 3,15 MJIH TOHH (II0 JaHHBIM businesstat.ru).

Ha npousBOACTBO TOMATOB BJIUSET P 6MOJIO-
TUYEeCKUX M KIUMATUUYECKUX YCIOBUM. PacTeHus TO-
MaTa ropakaioT 6ojiee 200 BpenuTesieii u 60jie3HeN.
B HacTos1ee BpeMs BO36YAUTEIN BUPYCHBIX 3aboJie-
BaHUU — 3TO BAXKHBIN OTPaHUYUBAOIIUY (haKTOp I
MHOTHUX OTpacjiell pacTeHHEBOJICTBA, B TOM UUCJIE
OBOIIEBOJCTBA, BbI3bIBAIOIIMH 3HAUNTEIbHbIE DKOHO-
muueckue notepu (IlIHeimep u ap., 2021). PasBuTtne
MOJIEKYJIIPHO-TEHETUUECKUX METO0B IMarHOCTUKU
TI03BOJISIET BBISIBJIATH HOBbIE, paHee He ONMCAaHHbIe
B HAYYHOU JINTEPaType BUPYCHI, TOPakaIoIe TOMAT.
Tak, HanipuMep, B 2014 1. Ha 1ore V3paunis 6bla oTMe-
YeHa BCITBIIIKA HOBOTO BUPYCHOT0 (hUTOTIATOTeHa, KO-
TOPBIN BIIOCJIEICTBUY TTOJYUMJI Ha3BaHWe BUpyca KO-
PUYHEBOM MOPIIUHUCTOCTH ILJIOHOB ToMaTa (TOBRFV)
(Luria etal., 2017).

B 2013 r. B MekcuKe Ha o6pasiiax pacTeHUH To-
Mara, cobpaHHbix B 2009 T., 6bLJI OTIMCAH APYTOU BU-
pycC, TakKe oTHOcamuics K pony Tobamovirus (Li et al.,
2013). BocieACTBUM 3TOT (PUTOIMATOTEH ITOJTYYUIT
HasBaHMWe BUpyca KpanmyaToi Mo3auku Tomara (To-
mato mottle mosaic virus, TOMMV). Ha TeppuTopuu
EBponbl TOMMV 6bls1 BriepBbie BhISBJIeH B 2015 T.
B Mcnauuu (Ambros et al., 2017). B HacTogm N MO-
MEHT BUPYC Kpar4aTol MO3auKu ToMaTa 0GHaPYXeH
C TTOMOIIbI0 MOJIEKYJISIPHBIX METOMOB NUATHOCTUKU
B cTpaHax A3uu, EBpornbl, CeBepHOU u H0HOU AMe-
puku. Sui et al. (2017) u Li et al. (2020) oTMeuaioT, 4To
ToMMYV, BepOSTHO, paclipocTpaHeH 6ojiee MIUPOKO,
yeM M3BECTHO B HaCTOsIee BpeMs. Heb3s UCKII0-
YyaTh BO3MOYXHOCTbh, UTO BCE IIO3JHUE COOOIIEeHUSI

morphology of viral particles and the manifestation of
a cross-reaction of antibodies.

Key words. Tomato mottle mosaic virus, ToMMYV,
plant quarantine, protected ground, pest, ELISA.

INTRODUCTION

he development of vegetable growing in the

Russian Federation is one of the priorities

of the state policy in agriculture, especially

in the context of the rapid import substitu-

tion process (Karimova, Schneyider, 2020).
Tomato production is the most important sub-sec-
tor in Russia, for the development of which the Go-
vernment of the Russian Federation is implementing
a set of measures: preferential lending programs for
agro-industrial enterprises, as well as compensation
for investment costs incurred for the construction of
new greenhouse complexes with modern vegetable
growing technologies. Thanks to these measures,
agro-industrial enterprises managed to increase the
production of tomatoes and achieve their partial im-
port substitution. Thus, the gross harvest of tomatoes
(the total volume of tomatoes grown per year in open
and protected ground) in Russia increased in 2022
and reached 3.15 million tons (according to busi-
nesstat.ru).

Tomato production is influenced by biological
and climatic conditions. Tomato plants are affected by
more than 200 pests and diseases. Currently, patho-
gens of viral diseases are an important limiting fac-
tor for many branches of crop production, including
vegetable growing, causing significant economic los-
ses (Shneyder et al., 2021). The development of mole-
cular genetic diagnosis methods makes it possible to
identify new, previously not described in the scientific
literature, viruses infecting tomato. For example, in
2014, an outbreak of a new viral phytopathogen was
reported in southern Israel, which was later named
Tomato brown rugose fruit virus (ToBRFV) (Luria et
al., 2017).

In 2013, another virus, also belonging to the ge-
nus Tobamovirus, was described in Mexico on samples
of tomato plants collected in 2009 (Li et al., 2013).
Subsequently, this phytopathogen was named Tomato
mottle mosaic virus (ToMMV). In Europe, TOMMV was
first detected in 2015 in Spain (Ambros et al., 2017).
At present, TOMMYV has been detected using mole-
cular diagnosis methods in the countries of Asia, Eu-
rope, North and South America. Sui et al. (2017) and Li
et al. (2020) note that TOMMV is probably more wide-
spread than currently known. It cannot be ruled out
that all recent reports of the closely related Tomato Mo-
saic Virus (ToMV) are in fact related to TOMMV. In par-
ticular, several isolates from Brazil, China, and Iran,
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0 BBISIBJIEHUU OJIM3KOPOJICTBEHHOTO To6aMOBUPYyca
Mosauku Tomara (ToMV) Ha caMOM Jiejie CBSI3aHbBI
¢ ToMMV. B yacTHOCTH, HECKOJIBKO M30JIITOB 13 bpa-
sunuu, Kutasg u VipaHa, paHee UeHTUPUIIMPOBaHHbIE
kak ToMV, 3aTeM 6b11M OTHeceHbI K TOMMV (Moreira et
al., 2003; Webster et al., 2014; Liet al., 2017). JaHHBII
GaxT moaTBEPKIAET TUIIOTE3Y O 3HAUUTENIBHO 60Jiee
IIUPOKOY pacIpoCTPaHEeHHOCTU BUPYyca KparmdyaTon
mo3sauku tomara (CABI, 2023).

K 0CHOBHBIM pacTeHudam — xo3geBaM ToMMV oTt-
HocsaTcsa ToMmat (Solanum lycopersicum), eper; CTpyd-
KOBbIH (Capsicum annuum) U Tiepel] KaleHCKUH, WIn
KycTapHUKOBBIH (Capsicum frutescens) (Li et al., 2013;
2017). Ha aTuX KyJbTypax BUPYC KpamyaToil MO3auKu
TOMAaTa BCTPevYaeTcs KaK B OTKPBLITOM, TaK U B 3alllu-
IEHHOM I'PYHTE. B OTKPBITOM I'PYHTE BUPYC TAKXKe OBLI
obHapyxeH Ha Tabake (Nicotiana tabacum) u dacoau
06bIKHOBEHHOU (Phaseolus vulgaris). B Kutae ToMMV
BBIIBMJIM Ha GakyaxkaHe (Solanum melongena) (Chai et
al., 2018; Liu et al., 2019), ropoxe (Pisum sativum) (Zhang
etal., 2022), haconu o6bikHoBeHHOM (Li et al., 2020).

B 1a6opaTOpHBIX YCIOBUIX B X0OJI€ DKCIIEPUMEH-
TOB Me€XaHWYECKUM IIyTeM BUPYCOM KpardaToi Mo-
3aMKM TOMAaTa yAaJIOCh 3aPa3UTh HEKOTOPbIE BUbI
pacTteHuil ceMelicTB Amaranthaceae, Asteraceae,
Brassicaceae, Cruciferae, Cucurbitaceae, Legumino-
sae, Solanaceae u Verbenaceae (EPPO, 2022).

Kak u gy gpyrux T06aMOBUPYCOB, CUMITTOMBI,
BBI3bIBa€MbIe BUPYCOM KpardaTol MO3auKu TOMaTa,
MOTYT BapbMPOBATh B 3aBUCUMOCTHU OT TaKUX (HaKTO-
POB, KakK BUJI, 3apakKaeMoT0 PacTeHUs, ero copTt, ¢aza
pocTa, yCJI0BUS OKPY’Ka0IIel Cpeibl, a TaKXe HaJu-
Yye COBMECTHOTO 3aparkKeHUA.

B nuTepaTypHBIX NCTOUYHUKAX UCCJIEN0BATENIU
ONUCHIBAIOT CJIeAyIolre CUMIITOMBI TOMMV:

— 3apa)keHHbIe BUPYCOM paCTEHUS TOMaTa
(Solanum lycopersicum) CTaHOBSITCS HU3KOPOCJbI-
MU, Ha JUCTbhAX HabJIofaeTcss MO3anKa CO CBETJIO-
U TEeMHO-3eJIEHbBIM PUCYHKOM, XJIOPO3 W HEKPO3HI,
KparyaTocTb, MOPUIMHUCTOCTb, CKpyUHUBaHUe, fedop-
Manuda (puc. 1, 2), Ha HUKHEeH IOBEPXHOCTHU JIMCTOBBIX
TUIACTMHOK MOTYT pa3BuBarhcs sHaruu (Tu et al., 2021,
Ambrés et al., 2017, Sui et al., 2018, Maudarbaccus et
al., 2021). ITpu 3apakeHU MOJIOAIX PACTEHUI MOXKHO
HaGJIFOATh MTOJIHYIO ITOTEPIO I[BETKOB U, CJIEIOBATEb-
HO, OTCYTCTBUE II0J0HOIEeH s (Sui et al., 2017);

— Ha IJIoJlaX TOMAaTa B pe3yJibTaTe 3apa’keHus
ToMMYV pa3BUBaIOTCS XJIOPOTUYECKUE ITATHA X HEKPO-
3Bl PA3JINYHON MHTEHCUBHOCTU: 6YpPOBATO-3€eJIeHbIe
TISTHA, Ty3bIpUYaThie 1 HEKPOTUYECKYE KOJIbIla Ha CO-
3PEBIINX IJIOLAX; JKEJIThIE IIOJIOCHI, OTIOSChIBAIOIIIE
CIIeJIbIE TIJIO/IBI; )KeJITOBATO-3eJIeHble TISITHA Ha co3pe-
BaMOIIUX IJIoAax. [110/1bl MOTYT HEPAaBHOMEPHO CO3pe-
BaTh, KDOME TOT'O, MOJIOJIbIE TLIOZABI MOTYT ITOJTHOCTHIO
HEKPOTU3UPOBATHCSA. B HEKOTOPBIX CIIyyasax HAOJII0-
JIajcs Tak)Xe HeKpOo3 IJIOMLOBBIX BETOUEK U Yallleuek
mitonos (Suietal.,, 2017; Zhan et al., 2018; Maudarbac-
cus etal., 2021).

CrnenyeT OTMETUTH, UTO ONMCAHHBIE BbINIE CUM-
TITOMBI He IBJISIIOTCS Clieliu(uUHbIMU 411 TOMMYV, Tak
KaK OUYeHb CXOJHbIE CUMIITOMBI Ha JIUCThIX U ILJI0JaX
ToMaTa BbI3bIBaeT Takke TOBRFV (Kapumosa, IllHeli-
nep, 2020; [lueimep u ap., 2021). TOMMV mpeomoiien
YCTOMYMBOCTD U 3apa’kaeT HEKOTOPbIE COPTA TOMATAa,
yCcTOMUMBBIE K BUPYCY Mo3auku TomaTa (ToMV) (Sui et
al., 2017).

previously identified as ToMV, were then assigned to
ToMMV (Moreira et al., 2003; Webster et al., 2014; Liet
al., 2017). This fact confirms the hypothesis of a much
wider prevalence of TOMMV (CABI, 2023).

The main TOMMV host plants include Solanum ly-
copersicum, Capsicum annuum and Capsicum frutescens (Li
etal., 2013;2017). On these crops, TOMMV occurs both
in open and protected ground. In open ground, the vi-
rus has also been detected on Nicotiana tabacum and
Phaseolus vulgaris. In China, TOMMV was detected on So-
lanum melongena (Chai et al., 2018; Liu et al., 2019), Pi-
sum sativum (Zhang et al., 2022), Phaseolus vulgaris (Li
et al., 2020).

Under laboratory conditions, in the course of ex-
periments, it was possible to mechanically inoculate
some plant species of the families Amaranthaceae, As-
teraceae, Brassicaceae, Cruciferae, Cucurbitaceae, Le-
guminosae, Solanaceae and Verbenaceae with TOMMV
(EPPO, 2022).

As with other tobamoviruses, symptoms caused
by ToMMV may vary depending on factors such as the
plant species being infected, its cultivar, growth phase,
environmental conditions, and the presence of co-in-
fection.

In the literature, researchers describe the follow-
ing TOMMV symptoms:

—virus-infected tomato plants (Solanum lycopersi-
cum) become stunted, a mosaic with a light and dark
green pattern is observed on the leaves, chlorosis and
necrosis, mottling, wrinkling, twisting, deformation
(Fig. 1, 2), on the lower surface of the leaf blades may
develop enations (Tu et al., 2021, Ambros et al., 2017,
Sui et al., 2018, Maudarbaccus et al., 2021). When
young plants are infected, a complete loss of flowers
and, consequently, the absence of fruiting can be ob-
served (Sui et al., 2017);

— chlorotic spots and necrosis of varying intensi-
ty develop on tomato fruits as a result of infection with
ToMMV: brownish-green spots, blistering and necrot-
ic rings on ripe fruits; yellow stripes encircling ripe
fruits; yellowish-green spots on ripening fruits. Fruits
may ripen unevenly, in addition, young fruits may be-
come completely necrotic. In some cases, necrosis
of fruit twigs and fruit calyx has also been observed
(Sui et al., 2017; Zhan et al., 2018; Maudarbaccus et
al., 2021).

It should be noted that the symptoms described
above are not specific for TOMMYV, since ToBRFV also
causes very similar symptoms on tomato leaves and
fruits (Karimova and Shneyder, 2020; Shneyder et al.,
2021). ToMMV has overcome resistance and infects
some varieties resistant to ToMV (Sui et al., 2017).

When infected with TOMMYV, Capsicum annuum and
Capsicum frutescens have shoot top yellowing and necro-
sis, mosaic, chlorosis and wrinkling, mottling, drying
out develop on the leaves (Ambroés et al., 2017; Zhan et
al., 2018; Lietal., 2017, 2020; Tu et al., 2021).

Infected Solanum melongena observed a mosa-
ic of leaves, dark purple spots on the flowers. These
symptoms developed in plants with mixed infection of
ToMMV and TMGMYV (Chai et al., 2018).
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Puc. 1. Jechopmaumusa NUCTbEB pacTeHUi
ToMara, BbizBaHHass TOMMV (choTo aBTOPOB)

Y pacrenuit ctpyuykoBoro (Capsicum annuum)
u KaiieHckoro (Capsicum frutescens) TieplieB MIPU 3apa-
JKEHUY BUPYCOM KpamyaToi MO3aWKKU TOMAaTa MOXXHO
HabJII01aTh IOXKEJITeHYE BEPXYIIEeK MO6EroB U HEKPO3,

Ha JIUCThIX Pa3BUBAIOTCSI MO3auvkKa,
XJIOPO3bI ¥ MOPIIVHUCTOCTD, Kparrda-
TOCTb, ychixaHue (Ambros et al., 2017;
Zhanetal.,2018; Lietal., 2017, 2020;
Tuetal.,, 2021).

Ha 3apa’keHHBIX pacTeHusx 6a-
kynaxkaHa (Solanum melongena) Hab6-
JIIOZAIX MO3auKy JUCTbEB, TEMHO-
¢uosieTOBbIE IATHA Ha IIBETKAX. ITU
CUMIITOMBI Pa3BUBAJINCh Y PACTEHUH
co cMelaHHOU uHpeknueir ToMMV
u TMGMV (Bupyc cnaboii 3e1eHOM
Mosauky tabaka) (Chai et al., 2018).

¥ sapaxxeHHbIX TOMMYV pacre-
Hu# acosu 06bIKHOBEeHHOU (Phaseo-
lus vulgaris) Ha TUCTbSIX Pa3BUBAJIUCH
XJIOPO3 U Iy3bIPYaTOCTh, & IIPU KUC-
KYCCTBEHHOM 3apaXK€eHUU — HEKPO3bI
u kpamyarocTs (Li et al., 2020).

3apakeHue BUPYCOM KparyaTon
MO3auKy ToMaTa pacTeHui ropoxa (Pi-
Sum sativum) IPOSIBJISLIIOCH Ha JIUCThSAX
B BUJIe XJIOPO3a, MO3aukKu, gedopma-
uuu ¥ Hekpo3oB (Zhang et al., 2022).

CorylacHO JIUTEPATYPHBIM JaH-
HbBIM, pacrnpocTrpaHeHHoCcTb TOMMV
Ha CeJIbCKOXO39MCTBEHHBIX KYJIbTY-
pax m B mpenesiaX CTPaH ABJISETCS
JIOCTaTOYHO OTPaHUYEHHOU. MOXHO
HPenNoJ0XKUTh, UYTO HEOOIbIIOE KO-
JindyecTBO nHGpopManuu 06 yuepbe,
BbhI3BaHHOM TOMMYV, MOXeT OBITH
CBSI3aHO C OTCYTCTBMEM Ha HACTOS-

Fig. 1. Leaf deformation of tomato plants
caused by TOMMV (photo by the authors)

Puc. 2. PacTteHne ToMarTa,
MHOKynuposaHHoe TOMMV

(Sophie Perrot — GEVES)
(https://gd.eppo.int/taxon/TOMMVO/photos)

MU MOMEHT JIOCTOBEPHBIX METOMOB NUAaTHOCTUKU
¥ OTHECEHUEM ITOCJIeTHUX BBISBIEHUH K GJIM3KOPOJ -

CTBEHHOMY Bupycy ToMV.

Infected with ToMMYV,
Phaseolus vulgaris developed
chlorosis and blistering on the
leaves, and with artificial infec-
tion — necrosis and mottling (Li
et al., 2020).

When infected with ToOMMYV,
Pisum sativum had chlorosis, mo-
saic, deformation and necrosis
of leaves (Zhang et al., 2022).

According to the litera-
ture, the prevalence of TOMMV
in crops and within countries
is rather limited. It can be as-
sumed that a small amount of
information about the damage
caused by ToMMV may be due
to the lack of reliable diagnosis
methods at the moment and the
assignment of the latest detec-
tions to the closely related ToMV.

An outbreak in China in
2016 in protected and open
field tomatoes caused a severe
reduction in fruit production,
with symptoms developing very

rapidly (Zhan et al., 2018). No details explaining and
evaluating these losses are given in the literary sour-
ces. Li et al. (2020) assume that due to the fact that
there are many pathways, the virus can remain viable

Fig. 2. Tomato plant inoculated

with TOMMV (Sophie Perrot — GEVES)
(https://gd.eppo.int/taxon/ TOMMVO/
photos)
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Bcempimka 3a6oneBanusa B Kutae B 2016 . Ha To-
MaTax B YCJIOBUSX 3aIIULIEHHOTO U OTKPBITOTO IPyH-
Ta BbI3BaJia CEpbe3HOE COKpallleHre IIPOM3BO/ICTBA
TIJIOZIOB, C OYeHb OBICTPHIM PA3BUTHUEM CUMIITOMOB
(Zhan et al., 2018). Hukakux mogpo0HOCTEH, pasb-
SCHSIOIIUX U OIIeHWBAIOIIUX 3T IIOTEPHU, B IUTEPa-
TYPHBIX UCTOYHMKAX He mpuBoguTcs. Li et al. (2020)
T10JIaraloT: B CBSI3Y C TEM, UTO MMeeTCs O0JIbIIoe UKcC-
JIO TIyTe¥ PacIpOCTPaHEHUS, YTO BUPYC MOXKET JIJIU-
TEJIbHO COXPaHATD KM3HECITOCOOHOCTD B JJATEHTHOM
COCTOSITHUM U UTO CYIIeCTBYeT CIIOCOOHOCTD 3apakaTh
pacTeHrs KOHTAKTHO-MeXaHUYEeCKUM IIyTeM, B Oymy-
meM ToMMYV, BEpOSITHO, CTAaHET OLHUM U3 HauboJyiee
BPEIOHOCHBIX BUPYCOB [IJIsI TIPOM3BOACTBA OBOIIHBIX
KyJbTYp ceMelicTBa Solanaceae.

dBnsgsach IpeacTaBuTENeM pomaa Tobamovirus, BU-
pyc KpamyaTol MOo3auKU ToMaTa PaclIpoCTPaHsIeTCs
OT pacTeHUs K PacTeHUIO IPU KOHTAKTe, a TakXXe Me-
XaHUYECKUM IIyTEM Uepes 3apakeHHbIE PYKU, OLEXKAY
U MHCTPYMEHTHI COTPYLHUKOB arpomnpennpusiTus
(B TOM YmCIIe HOXY, IIITaJIepHbIe BEPEBKU, CEJIbCKO-
XO3SIMCTBEHHAS TEXHUKA), JIMCTOTPBIBYITUMU HACEKO-
MBIMHU, C 3aTPSI3HEHHON OPOCUTEIbHOM BOJION U C 3a-
PaXeHHOU ITOYBOM. YCTaHOBIEHO, YTO TOMMV MoxeT
OBICTPO PACIIPOCTPAHITHLCS MEX/LY PACTEHUSIMU B pe-
3yJIbTaTe MIPOBEeHNS PA3JINYHBIX arPOTEXHUUECKUX
Mmeponpuaruii (Chen et al., 2018; Zhan et al. 2018; Li
et al., 2020).

VicTouHukaMu UHQPEKIIUU ITOTO BUPyca MOTYT
SIBJIITbCS 3apa)keHHble PACTEHUS U UX YaCTU, PACTU-
TeJIbHBbIE OCTATKU U CEMEHA. 3[J0POBBIE CESTHI[BI MOTYT
3apakaThCs IPU BbICaJIKe B 3apaKeHHYIO0 IOUBY Uepes
opaHeHUs, BbI3BAHHBIE €CTECTBEHHBIM ITIOBPEX/e-
HUEeM KopHel, 6e3 yuacTus ITePeHOCUYNKOB.

Kax 1 BUpyc KOpUUHEBOU MOPITUHUCTOCTH ILJIO-
noB ToMaTa, TOMMV Tak)Xe MOXKET PacIIpPOCTPAHSAThCS
mmensamu (Karimova et al., 2022; lIHetiaep u op., 2021).

Bupyc kpamuaToii Mo3auKy ToMaTa, Kak 1 JpyTue
TO6AaMOBUPYCHI, 3arPA3HIET 000JIOUKY CEMSH pacTe-
HUM-X035€B U CIIOCOOEH PacIPOCTPAHAThCS C CEMe-
HaMU.

TakuM 06pa3oM, UICTOYHUKAMU PacIpoCcTpaHe-
Hugd TOMMV MOXXHO Ha3BaTh CIeLYIOLIUE:

1. TTocaJloUHBIN U CEMEHHOM MaTepuaJ — pacca-
1a 1 ceMeHa.

2. HacekoMble-TIepeHOCUMKY — IIMEeJIU U JIUCTO-
TPBI3yIIVie HAaCeKOMBIE.,

3. 3apakeHHbIe I1JIObI.

4. MexaHn4yecKad Iepezjayda yepes3 3apakeHHY0
BOZY, UHCTPYMEHTHI, KOHTeNHephl, 060pyL0oBaHNE,
TPAHCIIOPTHBIE CPENCTBA, CBI3aHHBIE C IIETIOUYKOMN
TIPOM3BOJICTBA PACTEHUN-X035I€EB.

5. Jluiia, paboTrailire B MecTax MPOr3BOACTBa
pPacTeHU-X03s5I€EB.

6. TTouBa, MUTATEJbHbIE CPEbI, CYOCTPATHI.

7. TIpLIblla PACTEHU-X035I€B.

8. TlepepabGoTaHHBIE U BHICYIIEHHbIE IOl Pac-
TEeHUU-X035€B.

PacmpocTpaHeHre MeXaHUUECKUM IIyTeM, IMe-
JIIMY Y JIPYTYMU HaCEKOMBIMH, ITBLIBIION, BEPOSITHO,
UMeeT 3HAUYEeHMeE IJI PacIIPOCTPaHEHUSI BUpPyca BHY-
TPU MECT ITPOMU3BOJICTBA, TOTIa KaK MH(MUIIMPOBaHHbIE
paccaza, ceMeHa U IJI0J[bl MOTYT IPUBECTU K IUPOKO-
My pacrnpocrpanenuio ToMMV (EPPO, 2023).

Bupuronsl TOMMV nMerT BUJ, )KECTKUX [1aJI0YeK
nauHou 300-310 uM u guamMeTrpoM 18 HM (Turina et

for a long time in a latent state and can infect plants
by contact-mechanical means, in the future TOMMV is
likely to become one of the most harmful viruses for
the production of Solanaceae family vegetable crops.

Being a genus Tobamovirus representative, TOMMV
spreads from plant to plant through contact, as well
as mechanically through infected hands, clothes and
tools of agricultural employees (including knives, trel-
lis ropes, agricultural machinery), leaf-feeding insects,
with contaminated irrigation water and contaminated
soil. It has been established that TOMMV can quickly
spread between plants as a result of various agrotech-
nical measures (Chen et al., 2018; Zhan et al. 2018; Li
et al., 2020).

Pathways of this virus can be infected plants and
their parts, plant debris and seeds. Healthy seedlings
can become infected when planted in contaminated
soil through wounds caused by natural root damage,
without the participation of vectors.

Like ToBRFV, TOMMV can also be propagated by
bumblebees (Karimova et al., 2022; Shneyder et al.,
2021).

ToMMYV, like other tobamoviruses, contaminates
seed coats of host plants and can spread with seeds.

Thus, the pathways of TOMMYV can be the following:

1. Planting and seed material — seedlings and
seeds.

2. Insect vectors — bumblebees and leaf-feeding
insects.

3. Infected fruits.

4. Mechanical transmission through contaminat-
ed water, tools, containers, equipment, vehicles associ-
ated with the host plant production chain.

5. Persons working at sites where host plants are
produced.

6. Soil, nutrient media, substrates.

7. Pollen of host plants.

8. Processed and dried fruits of host plants.

Spread by mechanical means, bumblebees and
other insects, as well as pollen is likely to be import-
ant for the spread of the virus within production sites,
while infected seedlings, seeds and fruits can lead to
ToMMV widespread (EPPO, 2023).

ToMMYV virions have the form of rigid rods
300-310 nm long and 18 nm in diameter (Turina et al.,
2016; Lietal.,2017; Lietal., 2021) and contain a single
genomic RNA molecule consisting of 6398-6399 nu-
cleotides (Liet al., 2021). ToMMYV isolates identified on
various host plants in various geographically remote
regions of the world are characterized by relatively low
genetic variability (Li et al., 2017).

Genetically, TOMMYV is most closely related to
ToMV. Serological cross-reactions have been observed
between ToMMV and ToMV (Li et al., 2013). Neverthe-
less, TOMMV and ToMV are valid species, since their
genome-wide identity does not exceed 90% (Adams et
al., 2012).

The genetic identity of TOMMV with ToBRFV, TMV,
ReMYV, and BelPMV is ~81%, ~79%, ~78%, and ~76%,
respectively, and for other tobamoviruses does not ex-
ceed 69%.
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al., 2016; Li et al., 2017; Li et al., 2021) u comep>kaT
eIVHCTBEHHYI0 MOJieKyJly reHoMHOU PHK, cocTos1nyto
u3 6398-6399 nykseorunmos (Li et al., 2021). M3oms-
Tbl TOMMYV, BbIgBJIEHHBIE HA PA3JINUHBIX PACTEHUIX-
X03s1eBaxX B Pa3JINUHBIX TeorpauuecKy OTIaJIeHHBIX
pervoHax Mupa, XxapakTepUu3ylTcs OTHOCUTEIbHO
HEeBBICOKOU reHeTHMYeckol BapuabenabHocThiO (Li et
al., 2017).

leneTuuecku ToMMV Hambosee 6JM30K K TO-
6aMoBupycy Mo3auku TomaTa (ToMV). Mexay ToMMV
1 ToMV HabJiroaoTcs ITepeKpPecTHbIE CEPOJIOTHYE-
ckme peaknuu (Li et al., 2013). Tem He MeHee TOMMV
u ToMV g9BASI0TCS BaJUAHBIMU BHUOAMU, TaK KaK UX
TIOJIHOT€HOMHAas UAeHTUYHOCTh He rpeBbimaeT 90%
(Adams et al., 2012).

TeHeTHMUecKasd UIEeHTUYHOCTb TOMMYV ¢ To6amMo-
BUPYyCaMU KOPUYHEBOW MOPIIUHUCTOCTHU ILJIOZOB TO-
mara (ToBRFV), Tabaunoii moszauku (TMV), Mo3auku
pemanuu (ReMV) ¥ Kpam4aTOCTH CJIAJKOTO IMepia
(BelPMV) cocraBisieT ~81%, ~79%, ~78% u ~76%
COOTBETCTBEHHO, a IJII OCTAJIbHBIX TO6aMOBUPYCOB
He TIpeBbIlaeT 69%.

Ha pbIHKe KOMMEPUECKNX TECT-CUCTEM [IJis
UMMYHO(EPMEeHTHOr0 aHaIu3a ToJabKo pupma DSMZ
(Tepmanus) mpenjiaraeT aHTUTENA AJs JTUaTHOCTUKY
ToMMYV, ripuyeM ¢ 60JIBITUMY OT'OBOPKAMU TI0 CITEITU-
pruyHOCTY U3-3a pA1a JIOXKHOCTIEITU(DUUECKUX PE3YIIb-
TATOB C U30JATAMU OJIU3KOPOACTBEHHBIX TOGAMOBU-
pycoB. Taxxe ny6JNKOBAJIINChH JaHHbIE O TOJIYyYeHUU
KUTAUCKMMU YUYEHBIMU BBICOKOCTIEIM(UYHBIX aH-
tuten (Li et al., 2021), ogHaKO Ha MOMEHT IIOATOTOB-
KM CTaThX OHU He OBLIU IIPECTaBIeHbl Ha PhIHKE
TECT-CUCTEM.

YCcTaHOBJIEHO, YTO TeCT-CHUCTeMbl OJgga MDA
u uMMyHOXpomaTrorpacduu k TMV dupmbl Agdia (CIITA)
pearupyiT kKak ¢ TMV, Tak u ¢ TOMMV. AxTuTesna
K ToMV Taxxe NpOSBILI0T [IEPEKPECTHYIO PEAKIIUI0
K ToOMMV (Sui et al., 2017). B cBsI31 C 9TUM, HAaIIpUMeED,
B IMAarHOCTUYECKOM TIPOTOKOJIE MeX/IyHAPOLHOM ce-
MeHoBomueckol demepanuu (International Seed Fe-
deration) mJis BbISBJIEHUSI OCHOBHBIX TOGAMOBUPYCOB
B ceMeHax epua Metoz MDA peKoOMeHyeTC A UCIIOJb-
30BaTh TOJIBKO B KQUECTBE MPEABAaPUTENIBHOTO CKPU-
HUHTOBOTO TECTA C IOCEAYIOIINM ITOATBEPXKAeHUEM
MOJIEKYIIPHBIMU METOLAMU LUATHOCTUKMN.

Bopbba ¢ BUPYCHBIMU 60JIE3HAMU IOCTATOUHO
TPYZLHA, a B cilyuae 3MUUTOTHUN TPeOyITCs YHUUTO-
JKeHre MHPUIIMPOBAHHBIX pacTeHnH, 60pbba C BO3-
MOXXHBIMU TTIEPEHOCUMKAMU, IPENOTBPAIllEHUE Mexa-
HUYECKO Iepelaul, MCII0JIb30BaHNE PACTUTEIbHOTO
MaTepurasa, CBo60ZHOT0 OT BUPYCOB. Kak MOXXHO 60-
Jiee paHHee BBIIBJIEHUE U JIUKBUJALUS UCTOYHUKOB
BUPYCOB, UCTI0JIb30BaHUE 6€3BUPYCHOTO CEMEHHOTO
¥ II0CAJOYHOTO MaTeprajia IBJISI0TCSI OUEeHDb BaXKHOM
TIPETIOCHIIKOM I JIs YCTIENTHOM 60pbObI ¢ TOGAMOBHPY-
camu (Kapumosa u gp., 2020).

TouHag uZeHTUPUKALIUS BUPYCOB [0 YPOBHSI
BUJla UMEET pelllalliee 3HaUeHUe [JId IpefoTBpa-
LeHUs paclpoCTpaHeHUsT BUPYCHBIX 3ab60eBaHUM
¥ CHI)KEHUS X BPEIOHOCHOCTU. B HacTosIIee BpeMs
UMeeTCs P, CI0KHOCTEH IJIsT OCYIIeCTBIeHU Aud-
(epeHIIMAIIY HEKOTOPBIX BUPYCOB — MPEACTaBUTE-
Jeit poga Tobamovirus, Takux kak TMV, ToMV, TOBRFV
1 ToOMMV. CTOUT 3aMeTUTh, UTO B 1IeJaoM TMV, ToMV,
ToBRFV u TOMMV uUMeT OLUHAKOBBIN KPYT 3KOHO-
MUYECKM 3HAUYMMBbIX PACTEHUI-X035€B U BbI3BIBAIOT

On the market of commercial kits for ELISA,
only DSMZ (Germany) offers antibodies for diagnos-
ing ToMMYV, and with great reservations in specifici-
ty due to a number of false-specific results with iso-
lates of closely related tobamoviruses. Also, data were
published on the production of highly specific anti-
bodies by Chinese scientists (Li et al., 2021), but at the
time of writing, they were not available on the ELISA
kit market.

It was found that ELISA kit and Lateral Flow (Im-
munoStrip) test for TMV (Agdia, USA) react with both
TMV and ToMMV. Anti-ToMV antibodies also cross-re-
act with TOMMV (Sui et al., 2017). In this regard, for ex-
ample, in the diagnostic protocol of International Seed
Federation for the detection of the main tobamoviruses
in pepper seeds, the ELISA method is recommended to
be used only as a preliminary screening test with sub-
sequent confirmation by molecular diagnosis methods.

Controlling viral diseases is quite difficult, and
in the case of epiphytoties, the destruction of infected
plants, the control of possible vectors, the prevention
of mechanical transmission, the use of plant material
free of viruses are required. The earliest possible iden-
tification and elimination of virus sources, the use of
virus-free seed and planting material are a very im-
portant prerequisite for the successful control of to-
bamoviruses (Karimova et al., 2020).

Accurate identification of viruses down to the spe-
cies level is critical to prevent the spread of viral dis-
eases and reduce their severity. Currently, there are
some difficulties in differentiating Tobamovirus genus
viruses, such as TMV, ToMV, ToBRFV, and TOMMUV. It is
worth noting that, in general, TMV, ToMV, ToBRFV and
ToMMV have the same range of economically import-
ant hosts and cause the same symptoms. The virus par-
ticles of these viruses have a very similar morphology,
in addition, the antibodies of these four viruses show a
certain cross-reaction, which causes some difficulties
in diagnosis. It should be noted that accurate differ-
entiation of these viruses is necessary due to the fact
that TMV, ToMV are not quarantine organisms, and, ac-
cordingly, quarantine phytosanitary measures cannot
be applied to them, unlike ToBRFV, which is includ-
ed in the Common List of Quarantine Pests of the Eur-
asian Economic Union. Should the pest risk analysis of
ToMMV show that this pest can enter the Russian Fe-
deration and spread on its territory causing great dam-
age to vegetable production, and the potential damage
indicator exceeds the conditional threshold, the virus
may be recommended for inclusion in the list, since it
meets the criteria of a quarantine pest for the Russian
Federation. In this regard, the development and im-
provement of methods for detecting and identifying To-
bamovirus genus viruses is an urgent task.

The most effective technique for the specific dif-
ferentiation of tobamoviruses is the use of molecular
genetic diagnosis methods. However, in the diagnostic
protocol of International Seed Federation for the detec-
tion of TMV, ToMV, ToBRFV, ToMMYV in seeds, it is re-
commended to use the ELISA method as a preliminary
screening test (ISHI-Veg, 2019). In this regard, the task
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OZMHAKOBBIE CUMIITOMBI. BUPYCHBIE YACTULLBI YKA3aH-
HBIX BUJIOB BUPYCOB UMEIOT OUeHb CXOLHYI0 MOpdo-
JIOTUIO0, KPOMeE TOT'0, aHTUTEJIA ITUX YeThIPeX BUPYCOB
MPOSBIISIOT ONPeAENeHHYI0 IEPEKPECTHYIO PEAKIIUIO,
YTO BBI3bIBA€T HEKOTOPbBIE TPYLHOCTU IIPU NIPOBee-
HUY IVMarHoCTUKY. Heo6X0mMO OTMETUTD, YTO TOY-
Hag nuddepeHIInaua JaHHBIX BUPYCOB HE0OX0auMa
BBULY TOr0, uTO TMV, TOMV He 9BJIAIOTCA KapaHTUH-
HBIMM OpPTraHM3MaMU, U, COOTBETCTBEHHO, K HUM
He MOTYT OBITh IMMPUMEHEeHbl KapaHTUHHbIE (QUTO-
caHUTapHBIE MePhI, B oTyinuue oT TOBRFV, KoTophIii
BKJIIOUEH B EQMHBIN MepeuyeHb KapaHTUHHBIX 00b-
eKTOB EBpasuiicKoro 5KOHOMHUeCKoTro cotosa (ETTKO
EASC). Eciiu B pesyJsibTaTe aHaIn3a PUTOCAHUTAPHOTO
puCKa BUpyca KpamvaTol MO3aWKu ToMmaTa OyzneT
TIOKAa3aHo, YTO JAHHBINA BPeIHbIN OPraHu3M MOXKET
IPOHUKHYTH B Poccuiickyio demepalinio U pacripo-
CTPAHUTHCA HA €€ TePPUTOPUU, IPUHOCS GOJIBIION
y1i1ep6 OBOIIEBO/ICTBY, @ TOKA3aTeJIb IOTEHIINAIbHOTO
yiiep6a IPeBbICUT YCJIOBHBIY ITOPOTOBBIN, BUPYC MO-
JKeT ObITh PEKOMEHIOBAH /JIJIsI BKJIIOUEHMS B IEPEYEHb,
MOCKOJIbKY OTBEUYAET KPUTEPUSAM KAaPAHTUHHOTO JJI
P® opranusmMa. B ¢BSI3U C BbIIIeCKa3aHHBIM paspa-
0OTKa 1 COBEPIIEHCTBOBAHME METOIOB BbISIBJIEHUS
U uneHTU(GUKAINY BUPYCOB poaa Tobamovirus sSBJisi-
I0TCS aKTyaJIbHOU 3aauel.

Hawn6osee a(h(heKTUBHBIM IIPHEMOM IJIS CIIeII-
puueckoit nuddepeHTUaAIIY TOGAMOBUPYCOB ABJIS-
€TCsI MCII0JIb30BaHVe MOJIEKYISIPHO-TeHETUUECKUX
MEeTOJIOB JuarHOCTUKU. OJJHAKO clelyeT HAllOMHUTb,
YTO B JUATHOCTUYECKOM IIPOTOKOJE MexIyHapo/l-
HOU ceMeHOBOYEeCKON pemepaluul I BbISIBIEHUS
To6aMoBupycoB TMV, ToMV, ToBRFV, TOMMV B ce-
MeHax PeKOMEeHYyeTCsd UCII0JIb30BaTh MeTo ] MDA
B KQueCTBe IPeIBAPUTEIBHOIO CKDUHUHTOBOTO TECTA
(ISHI-Veg, 2019). B cBsi3u C 3TUM B 3aZja4y JaHHOTO
WCCIeOBaHUS BXOAMJA OlleHKa CIelu(PUIHOCTU
U YYBCTBUTEJBHOCTHU TeCT-cUcTeMbl UDA B 1esIsIX
YCTAHOBJIEHUS BO3MOXXHOCTHU €€ UCII0JIb30BAHUS 115
CKPUHMHTA 06pa3IloB Ha BUPYC KpParyaTol MO3aukKu
TOoMarTa.

MATEPUAJIbBI U METO/IbI

B paboTe TecTupoBasi HA60P peareHTOB JIJIsI UMMYHO-
¢epmenTHoro anaiauza ToMMV RT-1267 (DSMZ, T'ep-
MaHU); IJIs OLleHKY IPUMEHUMOCTY HUCII0JIb30BaIn
clenymollye U30JAThl U ITOJ0XUTEJIbHbBIE KOHTPOJIU
BUPYCOB, ITOPXKAIIIMX TOMAT:

1. Bupyc KpamyaToil Mo3auku Tomata ToMMV
PV-1267 (DSMZ, l'epMaHus).

2. Bupyc TabauHo#t mozamku TMV PV-0107
(DSMZ, TepmaHus).

3. Bupyc mo3auku Tomata ToMV PV-0141 (DSMZ,
T'epMaHUs).

4. Bupyc KOPUYHEBOW MOPIIUHUCTOCTHU ILJIOJIOB
toMmaTa TOBRFV PV-1244 (DSMZ, l'epMaHUs).

5. Bupyc mo3auku nenuHo PepMV PV-1022
(DSMZ, TepmaHus).

6. Bupyc naTHuUcTOro ypaganug romata TSWV
PV-0393 (DSMZ, l'epMaHUus).

7. Bupyc KyCTUCTOM KapJIMKOBOCTH ToMaTa TBSV
PV-0268 (DSMZ, l'epMaHus).

8. Bupyc uH(peKINOHHOro0 Xj10po3a Tomara TICV
PV-1108 (DSMZ, T'epmaHusI).

9. Bupyc xJyiopo3a Tomata ToCV PV-1023 (DSMZ,
T'epMaHUs).

of this study was to evaluate the specificity and sensi-
tivity of the ELISA kit in order to establish the possibil-
ity of its use for screening samples for TOMMV.

MATERIALS AND METHODS

We tested a set of reagents for ELISA to TOMMV RT-
1267 (DSMZ, Germany); the following isolates and pos-
itive controls of tomato viruses were used to assess ap-
plicability:

1. ToMMV PV-1267 (DSMZ, Germany).

. TMV PV-0107 (DSMZ, Germany).

. ToMV PV-0141 (DSMZ, Germany).

. ToBRFV PV-1244 (DSMZ, Germany).
. PepMV PV-1022 (DSMZ, Germany).
. TSWV PV-0393 (DSMZ, Germany).

. TBSV PV-0268 (DSMZ, Germany).

. TICV PV-1108 (DSMZ, Germany).

. ToCV PV-1023 (DSMZ, Germany).

10. TYLCV PV-0844 (DSMZ, Germany).

11. CMV PV-0929 (DSMZ, Germany).

12. TBRV PV-1070 (DSMZ, Germany).

The preparation of virus isolate extracts was car-
ried out in 1.5 ml Eppendorf tubes.

To assess the sensitivity of the ELISA kit, we se-
rially diluted a concentrated TOMMYV isolate TOMMV
PV-1267 (DSMZ, Germany) to a concentration 1075

Analysis was carried out in the DAS-ELISA format
according to the traditional scheme for ELISA in accor-
dance with the protocol of the European and Mediter-
ranean Plant Protection Organization (EPPO) (Cambra,
Shneyder, 2015) and according to the attached instruc-
tions from the manufacturer of the kit.

O 0O ITON01 kWK

RESULTS OF THE RESEARCH

Viruses spread by host plant seeds are the main threat
to discrete introduction into new areas and damage to
crops. The risk arising from the uncontrolled import
or movement of seed material cannot be underesti-
mated. The high pest risk from Tobamovirus genus vi-
ruses is associated with a wide range of host plants,
the possibility of propagation by seeds, efficient
transmission between plants by contact-mechanical
means, as well as the genetic variability of tobamo-
viruses that occurs under the influence of various fac-
tors. All of the above often becomes the reason for the
impossibility of a timely response to emerging threats
from viruses. At the time of outbreaks in one of the re-
gions of the world, it often turns out that the pathogen
has already spread to large areas and to many coun-
tries, and methods for diagnosing it have not been de-
veloped.

Diagnosing ToMMV based on the symptoms ana-
lysis cannot be used either for research purposes, let
alone for laboratory practice, due to similar symptoms
in tobamoviruses among themselves, as well as under
the influence of abiotic factors.

During the analysis of the ELISA kit, the results
presented in the table were obtained.

It was found that the sensitivity of the ana-
lyzed ELISA kit to ToMMV is 1074 when diluting
the TOMMV PV-1267 isolate to a concentration of 1075,
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10. Bupyc XeJNTo! KypuaBOCTH JINCThEB TOMATa
TYLCV PV-0844 (DSMZ, 'epMaHus).

11. Bupyc orypeuHoii mo3auku CMV PV-0929
(DSMZ, TepmaHus).

12. Bupyc uepHOU KoJjibuaToCcTu ToMaTa TBRV
PV-1070 (DSMZ, T'epMaHUs).

[ToArOTOBKY 9KCTPAKTOB U30JIITOB BUPYCOB OCY-
LIECTBISAIU B IIpobupkax Tuna Eppendorf o6bemMoM
1,5 M.

[l OIleHKM 4yBCTBUTEJIBbHOCTU TECT-CUCTEMBI
V®A nipoBOAUIY CEpUNHOE pa3BefleHre KOHIIEHTPU-
POBAHHOTO U30JISITA BUPYCA KPaIrryaToON MO3auKHU TO-
maTta TOMMV PV-1267 (DSMZ, l'epMaHus) 10 KOHIIEH-
Tpanuu 107>

[TpoBoguau aHaaus B (opmare DAS-ELISA
110 TPAJUIIMOHHON cXeMe JIJIsi UMMYHO(QEePMEeHTHOTO
aHaJu3a B COOTBETCTBUY C IIPOTOKOJIOM EBpoTielickoi
u Cpelm3eMHOMOPCKOM OpraHm3aluy Mo KapaHTHU-
Hy u 3amuTe pactenuii (EOK3P) (Cambra, Shneyder,
2015) u corylacHO MpUJaraeMoi WHCTPYKIIUU Hup-
MBI — IIPOU3BOUTENS TECT-CUCTEMBI.

PE3YJIBTATBI UCCJEIOBAHUM

Bupycsl, pacupocTpaHAIeCsS CEMeHaMU pPacTe-
HUMN-X035€B, SIBJISIOTCS IJIABHOW YIPO30H MJIs CKPBI-
TOW MHTPOAYKIMY HA HOBBIE TEPPUTOPUM U TIPUYUM-
HEHUS BPeJa CeJIbCKOXO3UCTBEHHBIM KYJIbTypPaM.
PuCK, BO3HUKAIOUIUY B pe3ybTaTe 6€CKOHTPOJIbHOIO
UMIIOPTa WU IlepeMelleHrsI CEMEeHHOr0 MaTepua-
JIa, CJIOXKHO HeJ0OIIeHUTh. BHICOKMU (hUTOCAHUTAP-
HBIY PUCK OT BUPYCOB poma Tobamovirus CBsI3aH C 1IU-
POKUM KPYTOM pPacTeHUN-X035g€eB, BO3MOXXHOCThIO
pacmpocTpaHeHusa ceMeHaMu, 3G GEeKTUBHOMN epe-
Javyeld MeXIy pacTeHUSIMM KOHTAaKTHO-MexaHude-
CKIM CITI0CO60M, a TaK)Ke reHeTUUEeCKON M3MeHUYUBO-
CcThI0 TO6aMOBUPYCOB, BO3HUKAIOIIEH I10]] BIUSHUEM
pasnauuHbIX (AKTOPOB. Bce BhIMIeCKa3aHHOE YacTO
CTaHOBUTCS MPUUYNHON HEBO3MOXXHOCTHU CBOEBpE-
MEHHOT'0 OTBETA HAa BO3HUKAIOIIKE OT BUPYCOB YI'PO-
3bl. Ha MOMEHT MPOSBJIE€HUS BCITBIIIEK 3a60JIeBaHUS
B OHOM K3 PETMOHOB MUpPa YaCTO OKa3bIBAETCS, UTO
TIaTOTEH Y)Ke PACIIPOCTPAHMIICS Ha OOJIbIITE TEPPUTO-
puY ¥ BO MHOTYE CTPAHbBI,  METObI €T0 NIUAaTHOCTUKYU
He pa3paboTaHBbl.

[IpoBelleHVEe MUATHOCTUKY BUPYyCa KparrdaToun
MO3auKV TOMAaTa Ha OCHOBAHWY aHAJIM3a CUMIITOMOB
He MOXXeT ObITh MCIIOJb30BAHO HU JJS MCCJIe0Ba-
TEJIbCKUX IIeJiel, Hu TeM 6oJiee nJs gabopaTopHOM
MPaKTUKY, B CBI3U CO CXOAHBIMY CUMITTOMaMU y To6a-
MOBUPYCOB MeX Iy cob0ii, a Tak)ke IIPY BO3AEUCTBUU
abuoTnyeckux (pakToOpPOB.

B xoze aHanmsa TecT-cucteMbl IOA GbLIN ITOJTY-
UeHbl Pe3yIbTaThl, IPe/iCTaBieHHbIe B TAOJIUIIE.

BBIJIO yCTAaHOBJIEHO, YTO YYBCTBUTEJNBHOCTD
aHaJM3UPYyEeMOU TECT-CHUCTEMBI K BUPYCY Kparya-
TOM MO3aMKHU ToMaTa cocTaBiyisgeT 1074, mpu pasBe-
neHuu nzosdara ToMMV PV-1267 o KOHIIeHTpauu
107° TecT-cucteMa cpaboTaja OTpUIATeIbHO. TaKUM
o6pasoM, BUPYC MOXeT OBbITh He BBISIBJIEH B cyuae
HU3KOH KOHIIEHTpPAaIlMK B 00paslie MM B HAYaJIbHOMH
cTaguu 3apa’keHus, B TOM YuCJie B ceMeHaxX pacTe-
HUU-X035€EB.

B xome mcciemoBaHusa CIeIU(PUIHOCTH TECT-
CUCTeMbl HaGJIIAJOCh ITOBBIMIEHNE 3HAUYEHUS
SKCTUHKIIMY B JIYHKaX C BUPYCOM KpamyaTOd MO-
3aMK{ TOMaTa, a TakXXe GJIM3KOPOACTBEHHBLIMU

Ta6suia
VicnbpiTaHye UyBCTBUTEJIBHOCTHU M CIELM(PUYHOCTHU
TecT-cuctembl UPA gaa ToMMV

Table

Testing the sensitivity and specificity
of the ELISA kit for TOMMV

ToMMV (DSMZ)
N2 o6pa3ua OGpa3sery

Sample No. Sample

X Ao Ao/Ak **

OreHka crieruuuHOCTH Specificity assessment

1 TMV PV-0107 0,631 7,70 +
2 ToMV PV-0141 1,117 13,62 +
3 ToBRFV PV-1244 0,390 4,76 +
4 ToMMV PV-1267 2,167 26,43 +
5 TYLCV PV-0844 0,057 1,00 -
6 PepMV PV-1022 0,157 1,91 -
7 TSWV PV-0393 0,425 5,18 +
8 TBRV PV-1070 0,219 2,67 +—
9 TBSV PC-0268 0,075 1,00 -
10 ToCV PV-1023 0,403 4,91 +
11 TICV PV-1108 0,104 1,27 -
12 CMV PV-0929 0,087 1,06 -
OlleHKa YyBCTBUTEJIbHOCTHU Sensitivity assessment
13 ToMMV PV-1267 (KOHII.) 2,246 27,39 +
(concentrated )
14 ToMMV PV-1267 (101) 1,859 22,67 +
15 ToMMV PV-1267 (10-%) 1,619 19,74 +
16 ToMMYV PV-1267 (10-%) 0,973 11,87 +
17 ToMMYV PV-1267 (107%) 0,262 3,20 +
18 ToMMYV PV-1267 (107°) 0,119 145 -
19 OTpULATENbHBINA KOHTPOIb 0,082
Negative control
20 IT0JI0KUTEIbHBIN KOHTPOJIb 2,401

Positive control

** 3akoueHre 0 HanMunm Bupyca:

«—» — BUpyc oTcyTcTBYeT (A0/AK < 2,0),

«+=», CUHWI LIBET TEKCTA — HELOCTOBEPHOE Hannyue Bupyca
(Ao/Ak = 2,0-3,0),

«+», KPACHbII LIBET TEKCTA — LOCTOBEPHOE Hannume Bupyca
(Ao/Ak > 3,0), roe

Ao — cpefiHee 3HaueHMe aKCTUHKLMM obpasua,

AK — CpefiHee 3HauYeHMe SKCTUHKLMN OTPULLATESTBHOTO KOHTPOSIS.
3eneHble aueriku — LeneBon 06bekT.

** Conclusion about the presence of the virus:

“~” —novirus (Ao/Ak < 2,0),

“+-", blue text — unreliable presence of a virus (Ao/Ak = 2,0-3,0),
“+”, red text — reliable presence of a virus (Ao/Ak > 3,0), where

Ao — average sample extinction,

Ak — average extinctions of the negative control.

Green cells — target object.
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To6aMoBUpycaMu: TabauyHON MO3anKU, MO3aUKM TO-
MaTa, KOPUYHEBOU MOPIIMHUCTOCTH ILJIOZOB TOMATA.
CTOUT OTMETHUTbD, UTO IIPOU3BOJUTENb TECT-CUCTEMBI
3asgBJISIET HAJUYKE BO3MOKHOM JIOXKHOITOJIOKUTEb-
HOU peakiuu c Bupycamu poga Tobamovirus. OgHaKo,
KpOMe 3TOTO0, ObLIO YCTAaHOBJIEHO, YTO aHTUTENA, UC-
TIOJIb3yEMbIE B TaHHOM TECT-CHUCTEME, Jal0T JIOXKHO-
crenin(UUECKYI0 PeaKIUio C BUPyCaMU U3 IPYTUX
POZIOB — BUPYCOM MSATHUCTOTO YBALAHUSA TOMAaTa
(pom Orthotospovirus) 1 BUPyCcOM XJI0po3a ToMaTa (pop,
Crinivirus), Tak)xe HabJII0aJI0Ch TIOBBINIEHNE YPOBHS
SKCTUHKIIUY B JIYHKaX C BUPYCOM YEPHOI KOJIbYATO-
ctu Tomarta (pox Nepovirus). JaHHBIN (aKT TOBOPUT
0 HEBO3MOJKHOCTY HCITOJIb30BAHUS aHAIU3UPYyEMOU
TECT-CUCTEMbI IJIs IPeSBapUTENIbHOT0 CKPUHUH-
TOBOTO HCCJIENOBAHUS NIPU AUATHOCTHUKE ToGaMo-
BUPYCOB.

BbIBO/IbI

Bupyc kpamnuaToil Mo3auKy ToMaTa, HOBBIM ITpeJiCcTa-
BUTENDb poma Tobamovirus, SBJAsSeTCS ONaCHBIM ITaTO-
TeHOM, KOTOPBIY IIPU COOTBETCTBYIOUIMX BBIBOZAX
aHaJIM3a PUTOCAHUTAPHOT'O PUCKa MOXET ObITh PEKO-
MEH0BaH K BKJIIOUEHUIO B ENVHBIN ITepedeHb KapaH-
TUHHBIX 00beKTOB EAJC.

PacmnipoctpaneHue ToOMMV 110 KOHTUHEHTAaM,
CXOMHAS C BUPYCOM KOPUYHEBOU MOPUIMHUCTOCTHA
MJIOZOB TOMAaTa CMMIITOMATHKa U BPEAOHOCHOCTD,
a Tak)XKe reHeTUYeCKOe CXOLCTBO C BUPYCOM MO3au-
ku TomaTa (ToMV) TpebyT cCBOEBPEMEHHOM OLIEHKU
UMEIIIUXCS TECT-CUCTEM, a TaK)Ke pa3paboTKu HO-
BBIX JOCTOBEPHBIX METO/IOB BBISIBJIEHUS U UNIEHTU-
duramuu.

[Tocyie OIlEHKU pPe3yabTaTOB CIEUPUUHOCTU
U YyBCTBUTEJbHOCTU TECT-CUCTEMBI JJI9 UMMYHO-
¢pepmenTHoro a"Hanusa ToMMV RT-1267 (DSMZ,
T'epMaHus) MOXKHO CHIeJIaTh BBIBOJ, O €€ HU3KOI cIie-
nudUIHOCTU, HO TIPU 3TOM [IOCTATOUHOMN UYBCTBU-
TEJIbHOCTHU, TaK KaK BUPYC OBLI BBISBJIEH IIPU Pas-
BeJleHUU sKcTpakTa u3ongara ToMMV B 10 000 pas.
UyBCTBUTEJIBHOCTD TECT-CUCTEMBI LOJKHA [TI03BOJIUTH
BBISIBJISITH BUPYC B TOM YKCJIE€ B ceMeHaX PaCTeHUH-
X0351€B, TIOCKOJIBKY CEMEHA CJIYXKAT OCHOBHBIM ITyTEM
IPOHVWKHOBEHUS Y PACIIPOCTPAaHEHUS BUPyca KparJa-
TOM MO3aMKY TOMaTa Ha HOBbIE TEPPUTOPUU.

B cBsg3u ¢ HU3KOU crienuduuHOCTbI0 DA BO3-
HUKaeT HeoO6X0AMMOCTh Pa3paboTKU MOJEKYISTIPHBIX
METOJ0B IMAarHOCTUKY BUPYyCa KPAarr4aToil MO3anukKu
TOoMaTa — Kak JJid CKpUHUHra 06pasioB, TaK U AJisd
JaJbHeNIIero moATBePXKAeHUI pPe3yabTaToB 0T6O-
pouHoro TecTta. TecTupoBaHUe 06PaA3I[0B MOJIEKY-
JISPHBIMU METOJAMU TTO3BOJUT MIPOBOJUTH BHISIB-
JieHUe U UAeHTU(DUKAIUI0 BUPyca IIPYU COBMECTHOM
WCIIOJIb30BAHUY C CEPOJIOTMYECKUMY METOLaMU JIN60
OTHEeJIbHO OT HUX.

Bnazodaprocms. ABTOPBI BhIpakarT Gyaromap-
HOCTb pyKoBoicTBY EOK3P 3a o6e3H0e paspelieHue
UCII0JIb30BaTh (poTOMaTepurabl caiita gd.eppo.int.

CIIMCOK JINTEPATYPBI

1. Kapumoga E.B., lIxetigep 10.A. Bupyc Kopuu-
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aJbHas yrposa AJisd IPOU3BOACTBA TOMATOB U Iepiia //
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C.7-16.

the ELISA kit did not detect the presence of the virus.
Thus, the virus may not be detected in case of low con-
centration in the sample or in the initial stage of infec-
tion, including in the seeds of host plants.

During the study of the specificity of the ELISA
kit, an increase in the extinction value was observed
in wells with TOMMYV, as well as closely related tobamo-
viruses: TMV, ToMV, ToBRFV. It is worth noting that the
manufacturer of the kit claims the presence of a pos-
sible false positive reaction with Tobamovirus genus vi-
ruses. However, in addition, it was found that the an-
tibodies used in this ELISA kit give a false-specific
reaction with viruses from other genera — TSWV (genus
Orthotospovirus) and ToCV (genus Crinivirus), there was
also an increase in the level of extinction in the wells
with TBRV (genus Nepovirus). This fact indicates the im-
possibility of using the analyzed kit for a preliminary
screening study in the diagnosis of tobamoviruses.

CONCLUSIONS

ToMMYV, a new representative of the genus Tobamovirus,
is a dangerous pathogen that, subject to the appropri-
ate conclusions of the pest risk analysis, can be recom-
mended for inclusion in the Common List of Quaran-
tine Pests of the EAEU.

The spread of TOMMYV across continents, symp-
toms and harmfulness similar to TOBRFV, as well as ge-
netic similarity with ToMV require timely assessment
of available kits, as well as the development of new re-
liable methods for detection and identification.

After evaluating the results of the specificity and
sensitivity of the ELISA kit to TOMMV RT-1267 (DSMZ,
Germany), we can conclude that it has low specifici-
ty, but sufficient sensitivity, since the virus was detect-
ed when the TOMMYV isolate extract was diluted 10,000
times. The sensitivity of the kit should make it possible
to detect the virus, including in the host plant seeds,
since they serve as the main pathway of TOMMYV to new
territories.

Due to the low specificity of ELISA, there is a
need to develop molecular methods for diagnosing
ToMMYV, both for screening samples and for further
confirmation of the results of a screening test. Test-
ing of samples by molecular methods will allow for the
detection and identification of the virus when used in
conjunction with serological methods or separately
from them.
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