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AHHOTALIA
To6amMoBUpPYyChI MO3auku ToMaTa (ToMV), TabauyHOU MO-
3auky (TMV), KOpUYHEBON MOPIIMHUCTOCTH IJIOHOB TO-
mata (ToBRFV), citaboit kpamuaTtoctu nepiia (PMMoV),
cJiaboii 3eJeHol Mo3auku Tabaka (TMGMV) aBis0TCS
OIIaCHBIMU IIaTOT€HAMMU I1aCJIEHOBBIX OBOIIHBIX KYJb-
TYP B OTKPBITOM U 3alUIIEHHOM I'PyHTe. [ToTepu ypo-
’kasg ToMaTa U Ieplia B pe3yJbTaTe 3apakeHUs 3TUMU
raroreHamu MoryT gocturaTtb 100%. PaHHee BbigBIIe-
HYe€ 3apaKeHHBIX TapPTUH CEMSH 1 09aroB 3TUX BUPY-
COB UMeET BaXkHelIee 3HaUeHNe JJIS [TPeIOTBPalleHUsT
X OBICTPOTO PacIpocTpaHeHus. B Xo/ie rcciiefoBaHni
BBIIIOJIHEHA OLIEHKA CHElM(UUYHOCTU CEMU TECT-CUC-
TeM i UMMyHO(epMeHTHOro aHanausa (MPA) k TMV,
ToMV, TMGMV u PMMoV Bepymux (pupM-Iponu3BOLY-
Tesnei. [IpoBemeHa 0TpaboTKa ITOJIUMEPa3HON IIeITHON
peaknuu (TTLP) ¢ 21 mapoil yHUBEPCATbHBIX U BUIO-
crennUUHBIX ITpaliMepoB. OnpenesieHbl IpaliMepsl,
MMO3BOJISIOIE TIPOBOAUTD YHUBEPCAJIBHOE BhISIBJIEHUE
KOMILIekca To6aMOBMPYCOB Ha MaCJI€HOBBIX OBOIIHBIX
KyJbTypax. [IpoBesieHa 0TPaboTKa ABYX METOIUK MYJIb-
TuriekcHou TP 1 BRIABICHUSA U UOeHTUDUKAITUN
HECKOJIbKUX BUPYCOB OLHOBpPeMeHHO. OcyllecTBIeH
CKPUHUHT ITPaMepPOB B OTHOUIEHUY WX CIETU(UIHO-
ctu K TMV, ToMV, TMGMV u PMMoV. Pazpa6oTaHbl co6-
CTBEHHbIe TpaliMephl, XapaKTepU3yIolrecs BbICOKON
cren@uyHOCThI0 K TMV u ToMV.

Knrowueevte cnosa. To6aMOBUPYCHI, BBIIBIEHUE
u uneHTudUKaug, UMMyHODEePMEeHTHBIN aHaIus,
rmojuMepasHas IellHasg peakiusl, TeCT-CUCTEMBI,
parMepsl.

BBEJEHUE

on Tobamovirus B HaCTOSIIEe BpeMs
obbenuHsieT 39 BupycoB (Adams et
al., 2012). B cOOTBETCTBUU C T'eHETU-
YeCcKOW CTPYKTYpPOU, KPyroM pacTe-
HUN-X039€B U (PUIOreHEeTUUYeCKUM
POZACTBOM, 3TW BUPYCHI TIO[PA3LeEs-
I0TCd Ha 8 MOATPYIII, 3apakarwlux
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ABSTRACT
Tomato mosaic virus (ToMV), Tobacco mosaic virus
(TMV), Tomato brown rugose fruit virus (ToBRFV),
Pepper mild mottle virus (PMMoV), Tobacco mild green
mosaic virus (TMGMV) are serious pests of Solanaceae
in open and protected ground. Yield losses of tomato
and pepper as a result of infection with these patho-
gens can reach 100%. Early detection of infected seed
lots and outbreaks of these viruses is essential to pre-
vent their rapid spread. In the course of the research,
the specificity of seven test systems for enzyme immu-
noassay (ELISA) to TMV, ToMV, TMGMV and PMMoV
of leading manufacturers was evaluated. The poly-
merase chain reaction (PCR) was tested with 21 pairs
of universal and species-specific primers. Primers have
been identified that allow universal detection of the to-
bamovirus complex on Solanaceae crops. Two meth-
ods of multiplex PCR were tested to detect and iden-
tify several viruses simultaneously. The primers were
screened for their specificity for TMV, ToMV, TMGMV
and PMMoV. Proprietary primers with high specificity
for TMV and ToMV were developed.

Key words. Tobamoviruses, detection and identi-
fication, enzyme immunoassay, polymerase chain re-
action, test systems, primers.

INTRODUCTION

t present, Tobamovirus genus involves 39 vi-
ruses (Adams et al., 2012). According to the
genetic structure, range of host plants and
phylogenetic relationship, these viruses are
divided into 8 subgroups that infect plants
of the families Solanaceae, Brassicaceae, Cactaceae,
Apocynaceae, Cucurbitaceae, Malvaceae, Legumino-
sae and Passifloraceae, respectively (Li et al., 2017).
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pacrteHus ceMelcTB Solanaceae, Brassicaceae,
Cactaceae, Apocynaceae, Cucurbitaceae, Malvaceae,
Leguminosae u Passifloraceae coorBercTBeHHO (Li et
al., 2017).

CorjacHO JUTEPATYPHBIM JAaHHBIM, PACTEHUST
nepia 3apaxatoT Bell pepper mottle virus (BPeMV),
Obuda pepper virus (ObPV), Paprika mild mottle virus
(PaMMV), Pepper mild mottle virus (PMMoV), Ribgrass
mosaic virus (RMV), Tobacco mild green mosaic virus
(TMGMYV), Tomato brown rugose fruit virus (ToBRFV),
Tobacco mosaic virus (TMV) u Tomato mosaic virus
(ToMV) (Smith, Dombrovsky, 2019; Hancinsky et al.,
2020).

PacTenusa tTomara 3apaxarwT TMGMV, ToBRFV,
TMV, ToMV u Tomato mottle mosaic virus (ToMMV),
13 KOTOPBIX HauboJiee BaXXKHOE SKOHOMUYECKOE 3Ha-
yeHue nMmerT TMV, ToMV, ToOBRFV u ToMMV.

PacTrenus 6akja)kaHa 3apaxaioT TMGMV, TMV,
ToMV 1 ToMMV (Smith, Dombrovsky, 2019; Han¢insky
et al., 2020).

ToBRFV gBisgeTcd KapaHTUHHBIM 00BeKTOM
IJis cTpaH EBpPasuicKOTO SKOHOMMYECKOTO COI03a
u EBporietickoi 1 Cpen3eMHOMOPCKOYM OpraHu3anuu
10 KapaHTUHY 1 3amuTe pactenuit (EOK3P), a TOMMV
BKJIIOUeH B CUTHAJIbHBIN ITepedeHb EOK3P.

Bce To6aMOBUPYCHI UMEIOT CXOJHbBIE OUOJIOTH-
yeckue cBoiicTBa. IPPEeKTUBHO PACIPOCTPAHIIOTCS
¢ UH(GUIIMPOBAHHLBIMY CEMeHaMM, BOIOH, IIOUBEHHbI-
MU cybCcTpaTaMu, MUTATEIbHBIMYU PACTBOPAMU M T. II.
Biaromapst yHUKaJIbHON CTPYKTYPE BUPMOHOB ToO6aMo-
BUPYCHI B TEUEHUE MHOT'UX JIET COXPAHSIOT MH(PEKIU-
OHHOCTb BHE PACTEHUI-X035EB, B TOM YMCJIe Ha Kap-
TOHE, CTEKJIE, TJIACTUKE, METAJJIaX, MOAJOHAX IJIs
OBOIIleH, YIIAKOBOYHOM MaTepualie, THCTPYMEHTAaX,
TPAHCIOPTHBIX CPEACTBAX, CEIbCKOX03ICTBEHHOM
obopymoBaHUM, OfeXxae pabouux u T. ;. (Broadbent,
Fletcher, 1963; Reingold et al., 2016; Smith, Dom-
brovsky, 2019). TMV coxpaHseT XU3HEeCIIOCOOHOCTD
B TabauHoM geiMe (Lucas, 1975). ToMV BBISIBIIAIHU
B JenHukax I'pennanguu (Castello et al., 1999), 06-
nakax u tymase (Castello et al., 1995), MopcKoii Bojie
(Kegleretal., 1994) u T. 1.

3apaxeHre TO6aMOBUPYCAMU ITPOUCXOIUT KOH-
TaKTHBIM CIOCOOOM, KOTJla BO3HMKAIOT Mallelline
MeXaHMYeCKye MOBPEXIEeHUsS KOPHEN U KYTUKYJIbI
JINCTbEB, HeM36eXKHO ITOABJIAIOIINECS 10 BIUIHIEM
Pa3IUYHBIX 6MOTUYECKUX ¥ a6OTUUYECKUX (DaKTOPOB,
HO 0COOEHHO YacTO B XO/Ie TIPOBEIEHUS CEJTbCKOX03SI -
CTBEHHBIX PaboT.

To6amoBupychl Mo3auku tomarta (ToMV) u Ta-
6auHoil Mo3auku (TMV) MUPOKO pacIpoCTPaHeHbl
B Poccuiickoii demepanuu (Yaur, 2013). B cBa3u
C e)XXerofHbIM 3HAYUTEJIbHBIM 06bEMOM MMITOPTA Ce-
MSH ¥ TJIOAOB 6akja)kaHa, ToMaTa U Ieplia U3 3apy-
OEXXHBIX CTPaH BHICOKA BEPOSITHOCTD IIPOHUKHOBEHUS
B PO u apyrux To6aMOBUPYCOB, 3apaykaroIiyX Maciie-
HOBBIE KYJIbTYPBI.

JmarHocTuka T06aMOBUPYCOB IO BULA COITPSIIKE-
Ha CO 3BHAUUTEJIbHBIMU CJIOXKHOCTSIMHU, 00YCIIOBJIEHHBI-
MU BBICOKOM aHaJIOTHeH X 6MOJIOTUUYECKUX, CEPOJIO-
TMYeCKUX U reHeTHuUYecKux cBoiicTB. ToMV, TMGMYV,
PMMoV 1 HECKOJIBKO IPYTUX TOOAaMOBUPYCOB ITIEPBO-
HavaJbHO OBLIM OIIMCAHI JIMIIb B KAYECTBE IIITAMMOB
TMV u 6bLIY BBIIEJIE€HbI B BAJIMIHbBIE BUIbI TOJBKO I10-
cJie IeTaIbHOTO U3YYEeHUST UX TEHOMOB.

XapaKTepHO! 0COGEHHOCTDHIO AMUAEMUOJOTUN
TO6GaMOBUPYCOB SIBJISETCS BO3MOXXHOCTH HAJNMYUS

According to the literature, pepper plants are in-
fected by Bell pepper mottle virus (BPeMV), Obuda pep-
per virus (ObPV), Paprika mild mottle virus (PaMMV),
Pepper mild mottle virus (PMMoV), Ribgrass mosaic vi-
rus (RMV), Tobacco mild green mosaic virus (TMGMV),
Tomato brown rugose fruit virus (ToBRFV), Tobacco
mosaic virus (TMV) and Tomato mosaic virus (ToMV)
(Smith, Dombrovsky, 2019; Hanéinsky et al., 2020).

Tomatoes are infected with TMGMV, ToBRFYV,
TMV, ToMV and Tomato mottle mosaic virus (ToMMV),
of which the most important economic value have TMV,
ToMV, ToBRFV and ToOMMV.

Eggplants are infected with TMGMV, TMV, ToMV
and ToMMV (Smith, Dombrovsky, 2019; Hanéinsky et
al., 2020).

ToBRFV is a quarantine object for the countries of
the Eurasian Economic Union and the European and
Mediterranean Plant Protection Organization (EPPO),
and ToMMV is included in the EPPO Alert List.

All tobamoviruses have similar biological pro-
perties. They efficiently spread with infected seeds, wa-
ter, soil substrates, nutrient solutions, etc. Due to the
unique structure of the virions, tobamoviruses remain
infective outside of host plants for many years, includ-
ing on cardboard, glass, plastic, metals, vegetable trays,
packaging material, tools, vehicles, agricultural equip-
ment, workers’ clothing, etc. (Broadbent, Fletcher,
1963; Reingold et al., 2016; Smith, Dombrovsky, 2019).
TMV remains viable in tobacco smoke (Lucas, 1975).
ToMV were detected in the glaciers of Greenland (Cas-
tello et al., 1999), clouds and fog (Castello et al., 1995),
sea water (Kegler et al., 1994), etc.

Infection with tobamoviruses occurs by contact,
when the slightest mechanical damage to the roots and
cuticle of the leaves occurs, which inevitably appears
under the influence of various biotic and abiotic fac-
tors, but especially often during agricultural work.

Tobamo mosaic viruses (ToMV) and tobacco mo-
saic viruses (TMV) are widespread in the Russian Fe-
deration (Chang, 2013). Due to the significant annual
import of seeds and fruits of eggplant, tomato and pep-
per from other countries, there is a high probability of
introduction into the Russian Federation of other to-
bamoviruses infecting Solanaceae.

Diagnosis of tobamoviruses to species level is as-
sociated with significant difficulties due to the high
similarity of their biological, serological, and genet-
ic properties. ToMV, TMGMV, PMMoV and several oth-
er tobamoviruses were originally described only as
strains of TMV and were isolated into valid species only
after a detailed study of their genomes.

A characteristic feature of the epidemiology of to-
bamoviruses is the possibility of both their mixed in-
fection and the ability to infect plants together with
viruses of other taxonomic groups. Therefore, the ge-
nerally accepted approach in the diagnosis of viruses
in vegetable crops is the use of universal primers at the
first stage, which allows the detection of all viruses of
the genus, followed by the use of species-specific prim-
ers at the second stage for their identification. In addi-
tion, an important element in the diagnosis of tobamo-
viruses is the differentiation of closely related TMV,
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KakK X CMeIlaHHOW MH(EKIINY, TaK U CIIOCOOHOCTU
3apa)kaTh PAaCTEHUS COBMECTHO C BUPyCaMU JPYTUX
TaKCOHOMMUECKUX TPYIII. I103TOMY 00IIenpUHSATHIM
II0JIXO/I0M B JUATHOCTUKE BUPYCOB HA OBOIIHBIX KYJIb-
Typax SIBJSETCS UCIIOJb30BaHKWE HA MEPBOM 3Talle
YHUBEPCAJIbHbBIX ITPaliMepPOoB, ITO3BOJISIOIIVX OCYIIECT-
BJISITD BBISIBJIEHNE BCEX BUPYCOB POJA C IOCIENYIOMINM
IpUMEeHEHWEM Ha BTOPOM 3Talle BUAOCHEu(DUIHBIX
npaiMepoB IJig ux uaeHTudukanuu. Kpome Toro,
Ba)XHBIM 3JIEMEHTOM AUAaTHOCTUKYU TOGAMOBUPYCOB
aByseTcsa nuddepeHInanusa 6Ju3KOPOICTBEHHBIX
TMV, ToMV, TMGMV u ToBRFV, B ¢cBSI31 C 9TUM BCe 60-
Jlee IKUPOKO IpuMeHaeTcd MyibTuriiekcHad TP, rmo-
3BOJISIONIAS B OLHOM TECTE OCYIIECTBIISTD BbISIBJIEHUE
IByX U 60j1ee 06bEeKTOB. [IJ19 KOPPEKTHON uneHTUdU-
Kaluy To6aMOBUPYCOB JI0 BULAa HEOOXOAMMA HeTallb-
Has OlleHKa ClellM(UUHOCTU UCIIOJIb3yEMBIX JUATHO-
CTUYECKUX aHTHChIBOPOTOK U IIPaliMepoB.

MATEPUAJIBI U METO/1bI

ViccnenmoBaHUs TPOBEEHBI Ha 6a3e HayYHOTO Mo pas-
nenenus ®IrbY «BHUVKP» B 2020-2021 rr. OCHOBHBI-
MU 06bEKTaMU UCCIIeLOBAHUN ABJISIUCH BUPYCHI Pojia
Tobamovirus, 3apa)karolliyie OBOIIHbIE KYJIbTYPbI: MO-
3auku Tomara (ToMV), Tabaunoit mozauku (TMV), ko-
PUYHEBOI MOPUIMHUCTOCTH ILIOHOB TomMaTa (ToOBRFV),
ciaboi (Mau MATKOM) KpamuaTocTu mnepiia (PMMoV),
cyaboii kpamdyaTocTu nanpuky (PaMMV), kpamyaTo-
ctu 6esoro nepiia (BPeMV), ciaboii 3eJ1eHO MO3anuKy
tabaka (TMGMV), 3eJieHOIT KpaIrr4aTol MO3auKU OTyp-
11a (CGMMV) u 3eJ1eHOM KparmJyaToi MO3auKy IIyKUHU
(ZGMMYV). SKCTIEPUMEHTHI TTPOBOUIIY CO CIEAYIOIINMU
pedepeHTHBIMY U30IATaMU TOGAMOBUPYCOB 13 KOJI-
nexnuu DSMZ (Tepmanus): TMV PV-0107, PV-0055,
PV-1199u PV-1195, ToMV PV-1180, PV-0141, PV-0143
u PV-0846, CGMMV PC-0375, TMGMV PV-0124,
PV-0110 u PV-1112, PMMoV PV-0093 u PV-0166,
ToBRFV PV-1244, PaMMV PV-0606 u BPeMV PC-0170,
a Tak)Ke C ITOJIOKUTEJbHBIMU KOHTPOJIIAMU IJis1 VDA
Kk TMV, ToMV, TMGMV, PMMoV u ZGMMYV ¢upm Adgen
(Benukobpurtanus) 1 Loewe (lepMaHus).

JJ1sT cepoJIOrMUecKoro MeToHa IMarHOCTHUKY ObLIa
IIpOBeieHa OIleHKa CHelln(UYHOCTH JUarHOCTHUYe-
ckux Ha6opoB it UPA k TMV, ToMV, TMGMV, PMMoV,
ToBRFV u CGMMYV Benymux GupM-IIPON3BOAUTEIEH.
OneHKy cienu(UIHOCTY ITPOBOAMIIA CO BCEMU UMEI0-
ITUMUCS U30JIITaMU TO6aMOBHPYCOB. TECTHI ITPOBOIN-
JIV COTJIACHO TIPUJIaraeMbIM K HabopaM UHCTPYKITUSIM
(bupM-npousBoOgUTEIIEH.

I BeIZeIeHUS HYKJIEMHOBBIX KUCJIOT UCIIOJb-
30Basu Ha6op «ITpoba-HK» (000 «Arpo/luarHoCTUKa»,
Poccus).

Il mpoBeieHUS peaKuy 06paTHOM TPAHCKPUII-
IIUU OJIsT CUHTEe3a mepBoi 1enu kJHK ucciaemyeMbrx
BUPYCOB HCIIOJIb30BAJIU CIEAYIONe KOMILIEKTHI pea-
Te€HTOB, COTJIACHO ITPUJIaraeMbIM UHCTPYKIIUSIM:

1) «<cMMLV RT Kit» (3AO «EBporen», Poccus);

2) «KoMIJIeKT peareHToB IJist 06paTHOUW TpaHC-
Kpunium» («Arpo/luarHoctuka», Poccust).

Jnganposegenuda [P ucriosb3oBaiu cienyone
Habops! peareHToB: «Multiplex PCR Kit» (Qiagen, CIIIA);
«Screen Mix-HS» («kEBporen», Poccus); «5x MasPP Taq-
Mix-2025» (3A0 «Iuanat JITH.», Poccust) u mpaliMepsl,
yKazaHHbIe B Tabnuiie 1.

TepMOIUKINYECKNE PEXUMBI UCITOJIb30BaIU
B COOTBETCTBUU C UHCTPYKUIUIMU GUPM — IPOU3BO-
nuTesell HabopOoB.

ToMV, TMGMYV, and ToBRFV; therefore, multiplex PCR
is increasingly being used, which makes it possible to
detect two or more objects in one test. For the correct
identification of tobamoviruses to the species level, a
detailed assessment of the specificity of the diagnostic
antisera and primers used is required.

MATERIALS AND METHODS

The studies were carried out on the basis of the re-
search department of VNIIKR in 2020-2021. The main
objects of research were viruses of the genus Tobamo-
virus infecting vegetable crops: Tomato mosaic virus
(ToMV), Tobacco mosaic virus (TMV), Tomato brown
rugose fruit virus (ToBRFV), Pepper mild mottle virus
(PMMoV), Paprika mild mottle virus (PaMMV), Bell pep-
per mottle virus (BPeMV), Tobacco mild green mosa-
ic virus (TMGMYV), Cucumber green mottle mosaic vi-
rus (CGMMYV), and Zucchini green mottle mosaic virus
(ZGMMV). The experiments were carried out with the
following reference tobamovirus isolates from the DSMZ
collection (Germany): TMV PV-0107, PV-0055, PV-1199
and PV-1195, ToMV PV-1180, PV-0141, PV-0143
and PV-0846, CGMMV PC-0375, TMGMV PV-0124,
PV-0110 and PV-1112, PMMoV PV-0093 and
PV-0166, ToBRFV PV-1244, PaMMV PV-0606 and
BPeMV PC-0170, as well as with positive controls for
ELISA to TMV, ToMV, TMGMV, PMMoV and ZGMMYV by
Adgen (Great Britain) and Loewe (Germany).

For the serological diagnostic method, the spe-
cificity of diagnostic kits for ELISA for TMV, ToMV,
TMGMYV, PMMoV, ToBRFV and CGMMYV of leading ma-
nufacturers was evaluated. Specificity assessment was
performed with all available tobamovirus isolates. The
tests were carried out according to the manufacturer’s
instructions supplied with the kits.

For the isolation of nucleic acids, the Proba-NK kit
(AgroDiagnostica, Russia) was used.

To carry out the reverse transcription reaction for
the synthesis of the first strand cDNA of the studied vi-
ruses, the following reagent kits were used, according
to the attached instructions:

1) MMLV RT Kit (Evrogen, Russia);

2) Reagent kit for reverse transcription (AgroDi-
agnostica, Russia).

For PCR, the following reagent kits were used:
Multiplex PCR Kit (Qiagen, CIIIA); Screen Mix-HS (Ev-
rogen, Russia); 5x MasP® TaqMix-2025 (Dialat Ltd., Rus-
sia) and primers listed in Table 1.

Thermal cycling modes were used in accordance
with the instructions of the manufacturers of the Kkits.

The primers ToMV-2PF/ToMV-1PR developed by
the authors are complementary to the ToMV coat pro-
tein gene region and amplify the 433 bp product. The
analysis carried out using the Primer-BLAST program
showed that these primers are complementary to the
genome regions of 90 ToMV isolates deposited in the
GenBank NCBI database, which makes it possible to
identify a larger number of isolates of Russian origin.

To carry out the amplification reaction, a C1000
Touch thermal cycler (Bio-Rad, USA) was used.

PCR results were detected by electrophoresis in
1.5% agarose gel. The magnitude of the amplification
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Ta6auna 1

XapakTepHuCTHKa IIPaiiMepoB, UCIIBITAHHBIX JIJIA MpoBeaeHusd ITIIP
Ha HAJINUUe BUPYCOB OBOIIHBIX KYJIbTY]P

Table 1

Characteristics of the primers tested for PCR for the presence of vegetable viruses

Ha3sBaHue mpaiimepa

IlocyegoBaTeILHOCTD 5° >3’

JovHa npoaykra (1m. H) ABTOp

Primer Sequence 5’3’ Product length (bp) Author
TobamoF GCWAAGGTKGTWYTBGTRGAYGG

880 Li et.al., 2014
TobamoR GTAATTGCTATTGDGTWCCWGC
TobRT upl GAR TAY SCIGCIYTI CAR AC

568 Dovas et al., 2004
TobRT do2 BGC YTC RAARTT CCA
Tob-Uni2 F GTYGTTGATGAGTTCRTGGA

804 Alishiri et al., 2013
Tob-Unil R ATTTAAGTGGASGGAAAAVCACT
TOBAMO-S1 GGGAATCAGTTTCAAACRCA

560 Menzel et al., 2019
TOBAMO-AS1 GGGGGGATTCGAACCYCT
Tobamo-CP(F) GWCGCSGATCBGATTCGT WTTAAATATG

750 Sharma et al., 2014
Tobamo-CP(R) TGGGCCSCTACCSGSGG
Tob F-5476 GAAGAAGTTGTTGATGAGTTCAT

808 Levitzky et al., 2019
Tob R-6287 GATTTAAGTGGAGGGAAAAACAC
ToMV-F CATCTGTATGGGCTGAC

421 Chen et al., 2011
ToMV-R GAGGTCCARACCAAMCCAG
ToMV-F1 CTC CAT CGT TCACACTCG TTACT

508 Gumus, Paylan, 2013
ToMV-R1 GATCTGTCAAAG TCT GAGAAACTTC
ToMV-F3 CGAGAGGGGCAACAAACAT

318 Kumar et al., 2011
ToMV-R3 ACCTGTCTCCATCTCTTTGG
ToMV FM GTTTCATTGTGCTGTTGAGTAC

362 Yan et al., 2021
ToMV RM AGAAGTACCCATATTGCTTCTTG
ToMV-2PF TCTGTATGGGCTGACCCTGT 433 B paMKax JaHHOi paGoThI
ToMV-1PR AAGATGCAGGTGCAGAGGTC As part of this work
TMV-F3 CGACATCAGCCGATGCAGC

880 Kumar et al., 2011
TMV-R3 ACCGTTTTCGAACCGAGACT
TMV-F2 ATTAGACCCGCTAGTCACAGCAC

84 Yang et al., 2012
TMV-R2 GTGGGGTTCGCCTGATTTT
TMV-MP-F ATGGCTCTAGTTGTTAAAGG

807 Zhu et al., 2020
TMV-MP-R TTAAAACGAATCCGATTCGG
TMV 8PF-1 GTTCTTGTCATCAGCGTGG . B paMKax JaHHOU PaGoThI
TMV 3PR ACCTCAAGTTGCAGGACCAG As part of this work
TMV FM TGTGCAACACTCCGCRAAT

999 Yan et al., 2021
TMV RM CGGTTCGAGATCGAAAC
ToBRFV FM CTTCCAAACGTGTACGCAC

604 Yan et al., 2021
ToBRFV RM GTCGAGAGATATGTCGAATAGA
TMV-spec CGGTCAGTGCCGAACAAGAA 690
ToMV-spec CGGAAGGCCTAAACCAAAAAG 694 Letschert et al., 2002
TMGMV-spec AARTAAATAAYAGTGGTAAGAAGGG 720
Tob-Unil R ATTTAAGTGGASGGAAAAVCACT
TMGMV CPTMF-F TCGAGTACGTTTTAATCAAT 525 Kim et al., 2006
TMGMV CPTMG-R ATTTTAGGAAATCTCACAAC
PMMV-FP1-rev GAGTGGTTTGACCTTAACGTTTG 65 Haramoto et al., 2013

PMMV-RP1

TTG TCG GTT GCA ATG CAA GT

dutocaHutapusi. KapaHTuH pactenuii =~ 42
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Ta6auia 2

OmnpegaesieHue crieu(PUIHOCTU TeCT-cucTeM AJid UPA k TMV,
ToMV, TMGMV, PMMoV pa3HbIX GUPM-IIPOU3BOAUTEIEH

Table 2

products was measured using
GeneRuler™ 100+ bp DNA mo-
lecular weight markers. and Fast
Ruler™ (both from Thermo Fisher
Scientific, USA).

Determination of the specificity of test systems for ELISA to TMV,

ToMV, TMGMV, PMMoV from different manufacturers

TecT-cucremsl ajaa NDA
Test systems for ELISA

RESULTS OF THE RESEARCH

While studying the serological di-
agnostic method, a high specificity

™V ToMV

of the test system for ELISA for TMV

TMGMV PMMoV  from Loewe (Germany) was estab-

To6GaMOBMpPYCHI

Tobamoviruses Loewe DSMZ DSMZ Adgen Agdia

lished. This test system reacted with
all test isolates of the target object

Loewe Loewe

TMV + + +/— + +/— +/= - (TMV) with high extinction values.
ToMV Ny . . . Ny No cross-reaction of this test sys-
° tem with all isolates of closely re-
TMGMV - - +/— + +/— + +/— lated tobamoviruses was observed
(Table 2).
ToBRFV - - - + + - - According to the results of the
PMMoV B _ B + /- + N tests, it was found that most of the
test systems for ELISA for tobamo-
PaMMV - - - - - - - viruses are non-specific, which is
why it is advisable to use them only
BPeMV - +/- - + + + +/- ..
for preliminary tests for the pres-
CGMMV - - - +)— - - +/— ence of these pathogens, followed
by analysis of seropositive samples
ZGMMV - - - - - - +/-

by PCR with species-specific prim-

«+» — [10CTOBEPHbI CEPONONOXUTENbHbIV CUrHATT;
«+/=» — cnabblit HE[,O0CTOBEPHBIV NONOXUTENBHBIN CUrHAN;
«—=» — OTCYTCTBME CEPONONOXMUTENBHOIO CUrHana.

“

“_n

— no seropositive signal.

PazpaboTaHHble aBTOpaMu mpatiMeps TOMV-2PF/
ToMV-1PR koMILJIeMeHTapHbI yUaCTKY reHa 6ejika 060-
Jiouky TOMV 1 aMmiupuIupyoT NPOAYKT BEJTUYUHOM
433 1. H. AHa/IM3, TPOBEIEHHBIH C TTOMOIIBIO ITPOTPaM-
MbI Primer-BLAST, rmokasaJi, UYTO 3TH IIpaiiMephbl KOM-
[IJIeMeHTapHbl yyacTkaM resoma 90 usonaros ToMV,
JIeTIOHUPOBAHHBIX B 6a3y maHHbIX GenBank NCBI, uTo
TI03BOJISIET BBIABJSATH O60JIbIIee KOJTUUYECTBO U30JISITOB
POCCHICKOrO ITPOUCXOXKIEHIUA.

I TpOBeieHUS PeaKuu aMIJIn(UKaIum 1uc-
nmoab3oBanu Tepmoiukiep C1000 Touch (Bio-Rad,
CIIIA).

Hetexknuw pesyabraToB [IIIP ocyuecTBadIu
C MoOMOIb0 3aekTpodopesa B 1,5%-M arapo3HoM
reje. BeInunHy NPOAYKTOB aMIIU(PUKALIUY U3Me-
psau, UCII0JIb3yd MapKepbl MOJIeKyIsgpHoro Beca JHK
GeneRuler™ 100+ 1. H. 1 Fast Ruler™ (o6a — Thermo
Fisher Scientific, CIIIA).

PE3YJIBTATBI UCCJIEJOBAHUM

B mpoiiecce m3y4eHUs CEPOJIOTUYECKOT0 METO/IA IV-
arHOCTUKU ObIJIa YCTAHOBJIEHA BbICOKAs CIlelupuy-
HOCTb TecT-cucTeMbl 1jss MDA k TMV pupmbl Loewe
(TepmaHU). ITa TECT-CUCTEMA pearupoBajia Co BCeMU
HCITBITYEMBIMU M30JIATAMHU 1leJieBOro 06bekTa (TMV)
C BBICOKMMMU 3HAUEHUSIMU SKCTUHKIINU. [lepeKkpecT-
HOM peaKIuy STOM TEeCT-CUCTEMBI CO BCEMU M30JIITa-
MU 6JIM3KOPOICTBEHHBIX TO6aMOBUPYCOB He HabJro1a-
Joch (Tabi. 2).

[To pe3ynbTaTaM MPOBEAEHHBIX WCIBITAHUN
OBIJIO YCTAHOBJIEHO, UTO GOJIBITUHCTBO TECT-CUCTEM
nys MDA k TobamMoBupycaM HecnelluuyuHbl, BBU-
Iy 4eT0 UX I11eJIeco00Pas3Ho UCII0JIb30BaTh JIUIIb JIJIs

+” —reliable seropositive signal; “+/-" — weak unreliable positive signal;

ers. An exception is the TMV ELISA
test system from Loewe (Germany),
which can be used both for screen-
ing tests and for TMV identification.

Towork out the diagnosis of to-
bamoviruses to the genus level, the
universal primers Tobamo-CP(F)/
Tobamo-CP(R) (Sharma et al., 2014), Tob-Uni2 F/
Tob-Unil R (Alishiri et al., 2013), TobamoF/TobamoR
(Li et al., 2014), TobRT upl/TobRT do2 (Dovas et al.,
2004), TOBAMO-S1/TOBAMO-AS1 (Menzel et al.,
2019), Tob F-5476/Tob R-6287 (Levitzky et al., 2019)
and primers included in the “Tobamovirus Group PCR
Primer Mix” diagnostic kit (Agdia, USA) were tested.

Based on the results of the experiments, it was
found that to detect the complex of tobamoviruses on So-
lanaceae crops, it is advisable to use the universal prim-
ers TobRT up1/TobRT do2 (Dovas et al., 2004), which are
characterized by the widest spectrum of action.

Universal primers Tob-Uni2 F/Tob-Unil R (Ali-
shiri et al., 2013), TobamoF/TobamoR (Li et al., 2014),
and TOBAMO-S1/TOBAMO-AS1 (Menzel et al., 2019), as
well as diagnostic kit “Tobamovirus Group PCR Prim-
er Mix” allow to effectively diagnose TMV, ToMV and
TMGMV. Primers Tob F-5476/Tob R-6287 (Levitzky et
al., 2019) require additional experiments.

For the primers TobRT up1/TobRT do2 (Dovas et
al., 2004), the optimal test procedure was determined
with RNA isolation using the Proba-NK kit (AgroDiag-
nostica), cDNA synthesis with the MMLV RT Kit (Evro-
gen) and PCR with the 5x MasDD TaqMix-2025 kit (Di-
alat Ltd.) (Fig. 1).

Studies were performed using duplex PCR for the
simultaneous detection of TMV and ToMV using a com-
bination of primers TMV-F3/TMV-R3 and ToMV-F3/
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penBapUTENbHBIX TECTOB Ha HAJIUYKE DTUX IIaTOTe-
HOB C TIOCJIEAYIOIIYM aHAJIN30M CEPOTIOI0KUTEbHBIX
o6pas1ioB MeTonoM 1P ¢ BumocIiei(huUHbIMHU ITpai-
MepaMu. VICKIII0OUeHNEM SIBJISIETCs TeCT-CHUCcTeMa s
V@A x TMV dupmel Loewe (TepMaHust), KOTOpas Mo-
JKeT OBITh UCIIOJIb30BaHa KaK JIJIs IPOBENIEHUS CKPU-
HUHTOBBIX TECTOB, TaK U i ueHTUukauu TMV.

s Toro 4To66I 0OTPaboTaTh AUATHOCTUKY TOGA-
MOBHPYCOB 0 POZa, 6bLJIO TPOBeZeHO UCIThITAHWE YHU-
BepcasIbHBIX ITpaMepoB Tobamo-CP(F)/Tobamo-CP(R)
(Sharma et al., 2014), Tob-Uni2 F/Tob-Unil R (Alishi-
ri et al., 2013), TobamoF/TobamoR (Li et al., 2014),
TobRT upl/TobRT do2 (Dovas et al., 2004), TOBAMO-S1/
TOBAMO-AS1 (Menzel et al., 2019), Tob F-5476/
Tob R-6287 (Levitzky et al., 2019) u mpaiiMepoB, BXO -
X B [YarHOCTUYECKUi Habop «Tobamovirus Group
PCR Primer Mix» (Agdia, CIIIA).

[To pe3yabTaTaM MIPOBEJEHHBIX 9KCIIEPUMEHTORB
YCTaHOBJIEHO, UTO JIJISI BBISIBJIEHUS KOMILIEKca Toba-
MOBHUPYCOB Ha ITacJI€HOBBIX OBOUTHBIX KYJIbTypax Iieje-
co06pa3Ho MCII0Ib30BaTh YHUBEPCAJIbHbIE TTpaiMePhl
TobRT upl/TobRT do2 (Dovas et al., 2004), xapakTepu-
3yIoIrecs HanboJiee MUPOKUM CIIEKTPOM JIeHCTBYS.

YHUBepcasbHbIe ITpaiiMepsl Tob-Uni2 F/Tob-Unil R
(Alishiri et al., 2013), TobamoF/TobamoR (Liet al., 2014)
n TOBAMO-S1/TOBAMO-AS1 (Menzel et al., 2019),
a Tak)Xe AuMarHOCTUUYeCcKMM Habop «Tobamovirus
Group PCR Primer Mix» m03BOJSIOT 3QPHEKTUBHO IH-
arHoctupoBarb TMV, ToMV u TMGMV. [l TpaiiMepoB
Tob F-5476/Tob R-6287 (Levitzky et al., 2019) Heo6xo-
IVIMO IIPOBeeHYE NOIOJHUTEIbHbIX DKCIIEPUMEHTOB.

IOns nmpaiMmepoB TobRT upl/TobRT do2 (Dovas
et al.,, 2004) omnpemeneHa ONTUMaJbHas METOIMKA
MPOBENEHUS TECTOB ¢ BhimesneHueM PHK Habopom
«[Ipoba-HK» («Arpo/luarHocTuKa»), CMHTe30M KJIHK
HabopoMm «MMLV RT Kit» (<kEBpOTeH») U TIPOBENEHUS
ITIIP c Habopom «5x MasDD TagMix-2025» («[Ima-
qat JItn.») (puc. 1).

[TpoBeieHbI UCCIeNOBAHUS C TIPUMEHEHNEM [Iy-
riekcHoi I[P mjs ogqHOBPEMEHHOIO BLISIBIEHUS
TMV u ToMV ¢ ucroib30BaHreM KOMOWHAIIWY ITpak-
MepoB TMV-F3/TMV-R3 u ToMV-F3/ToMV-R3 (Kumar
et al,, 2011) (puc. 2). [Tocjie UCTIBITAHUSA HECKOJIbKUX
HabopPOB peareHTOB AJ1s [P BBISIBJIEH OIITUMAJIbHBIN
BapuaHT C UCII0JIb30BaHVEeM Habopa peareHToB «Multi-
plex PCR Kit» (Qiagen) muist mpoBemeHus ITLP. laHHBIN
TeCT ObLJI YCITENTHO alpPobMPOBAH /IJIs BhIIBIEeHUSI TMV
u ToMV Ha TOMaTe B HECKOJIbKKUX OBOIIEBOAYECKUX XO-
3gicTBax PO.

[IpoBeZeHbI UCITBITAHUS MYJbTUIIIIEKCHOTO Te-
CTa IJid OLHOBPEMEHHOTIO BhIABIeHUuA TMV, ToMV
u ToBRFV. YcTaHoBJieHa BbICOKas BUAOCHeIUPUY-
HOCTb MCIIOJIb3YeMBIX B 3TOM TeECTe NpalMepoB
TMV FM/TMV RM, ToMV FM/ToMV RM u ToBRFV FM/
ToBRFV RM (Yan et al., 2021), KOTOpble pearupoBau
JIVIIB C U30JIATAMU IleJIeBbIX 06beKTOB. OnpeeseH
OITTUMAaJIbHBIM BapHUaHT IPOBEIEHNS 3TOI'0 TECTA C UC-
rmoJib30BaHMeM Habopa «Multiplex PCR Kit» (Qiagen)
s mpoBenenus 1P u Habopa AJsg 06paTHOM TpaHe-
Kpuniuu GupMsl «ArpoluarHocTuKa».

B ¢popmarte kimaccuueckoit OT-TILIP' 6b17I0 IpOBeE-
JIeHO UCTbITAHWE TPeX map IpaiiMepoB, pa3paboTaH-
HBIX JJIS BBISBJIEHUS TO6aMOBUPYyCa MO3aUKM TOMATa:
ToMV-F3/ToMV-R3 (Kumar et al., 2011), ToMV-spec/

1OT-MNLP — nonumepasHas LenHas peakuus ¢ obpaTHom
TpaHCKpUMLmen.

9 10011 12 12 14

15 16 17 18 19 20 21 ™

Puc. 1. Peakuusa npaimepos ToBRT upl/ToBRT do2
(Dovas et al., 2004) c nsonsaTamu pasnnuyHbIX TO6aMOBUPYCOB.
O6pasupl: 1 - TMV PV-0107; 2 - TMV PV-0055;

3 -TMV PV-1199; 4 - TMV PV-1195; 5 — ToMV PC-0135;

6 — ToMV PV-1180; 7 — ToMV PV-0141; 8 — ToMV PV-0143;
9 - ToMV PV-0846; 10 - CGMMV PC-0375;

11 -TMGMV PV-0124; 12 - TMGMV PV-0110;

13 -TMGMV PV-1112; 14 - PMMoV PV-0093;

15 - PMMoV PV-0166; 16 — PaMMV PV-0606;

17 — BPeMV PC-0170 (Bce — DSMZ);

18 - ZGMMV PC07167 (Loewe);

19 - CGMMV 07022 PC (Loewe);

20 - PMMoV 07096 PC (Loewe);

21 - TMGMV 07176 PC (Loewe);

22 - TMV 1065-11 (Adgen); 23 — ToMV 1070-11 (Adgen);
24 - TMV (MIY); 25 — ToBRFV PV-1244 (DSMZ);

26-28 - K (Boga); M — MapKepbl MOJIEKYNIAPHOW Macchbl.

Fig. 1. Reaction of primers ToBRT up1/ToBRT do2

(Dovas et al., 2004) with isolates of various tobamoviruses.
Samples: 1 - TMV PV-0107; 2 - TMV PV-0055;

3 -TMV PV-1199; 4 - TMV PV-1195; 5 - ToMV PC-0135;

6 — ToMV PV-1180; 7 — ToMV PV-0141; 8 — ToMV PV-0143;
9 — ToMV PV-0846; 10 - CGMMV PC-0375;

11 -TMGMV PV-0124; 12 - TMGMV PV-0110;

13 -TMGMV PV-1112; 14 - PMMoV PV-0093;

15 - PMMoV PV-0166; 16 — PaMMV PV-0606;

17 - BPeMV PC-0170 (all - DSMZ);

18 - ZGMMV PC07167 (Loewe);

19 - CGMMV 07022 PC (Loewe);

20 - PMMoV 07096 PC (Loewe);

21 - TMGMV 07176 PC (Loewe); 22 — TMV 1065-11 (Adgen);
23 - ToMV 1070-11 (Adgen); 24 - TMV (MSU);

25 - ToBRFV PV-1244 (DSMZ); 26-28 - K (water);

M — molecular weight markers.

ToMV-R3 (Kumar et al., 2011) (Fig. 2). After testing se-
veral PCR reagent Kkits, the best option was identified
using the Multiplex PCR Kit (Qiagen) for PCR. This test
has been successfully tested to detect TMV and ToMV
on tomato in several vegetable farms in the Russian Fe-
deration.

A multiplex test was tested for the simultane-
ous detection of TMV, ToMV and ToBRFV. The primers
TMV FM/TMV RM, ToMV FM/ToMV RM, and ToBRFV FM/
ToBRFV RM (Yan et al., 2021) used in this test were

dutocaHutapus. KapaHtuH pactenuin 44
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Tob-Unil R (Letschert et al., 2002) u ToMV-2PF/
ToMV-1PR (HMOBE BHUUNKP?).

ITo pe3yabTaTaM IIPOBEIEHHBIX YKCIIEPUMEHTOB
YCTaHOBJIEHA HEOCTATOUYHO BBICOKAS BUAOCIIEIU(DUY-
HOCTB mmpaiMepoB ToMV-F3/ToMV-R3 (Kumar et al.,
2011), 4TO OTrpaHUYNBAET BO3MOKHOCTDb X MCIIOJIb-
30BaHud IJI IPOBEIeHUS IOATBEPXKIAIOIINX TECTOB
Ha Hajmuue ToMV.

Ons npaiimepoB ToMV-spec/Tob-Unil R (Let-
schert et al., 2002) 1 pa3spaboTaHHBIX HAMU ITpaii-
MepoB ToMV-2PF/ToMV-1PR ycTaHOBJIeHA BbICOKAs
crennuGuYHOCTb K TOMV (puc. 3), YTO MO3BOJISIET pe-
KOMEH0BAThb 3TU MpalMepPhl IJis IPOBEeAeHUS IO~
TBEPXKAAIOIIUX TECTOB Ha Hajimyue ToMV.

s pa3paboTKU ITOATBEPKAAIOINETO TECTA HA Ha-
Juunre TobaMoBupyca Mo3auku Tabaka (TMV) mpose-
JIeHO UCIThITAHUE IIECTH ITap IpaliMepoB, KOMIIJIEMEH-
TapHBIX PA3JIMUHBIM yUacTKaM reHoMa 3TOT0 BUpyca:
TMV-F2/TMV-R2 (Yang et al., 2012), TMV-spec/Tob-
Unil R (Letschert et al., 2002), TMV-F3/TMV-R3
(Kumar et al., 2011), TMV 8PF-1/TMV 3PR (HMOBB
BHUUKP), TMV-MP-F/TMV-MP-R (Zhu et al., 2020)
u TMV FM/TMV RM (Yan et al., 2021) (puc. 3). Ycra-
HOBJIEHO, UTO HauboJjiee BHICOKOU CIeIM(UUHOCTHIO
K 11esieBoMYy 06bekTy (TMV) XapakTepusyrTcs Ipan-
Mepbl TMV-F2/TMV-R2 (Yang et al., 2012), TMV 8PF-1/
TMV 3PR (HMOBE BHUUKP) (puc. 3), TMV-MP-F/
TMV-MP-R (Zhu et al., 2020) u TMV FM/TMV RM (Yan
et al., 2021), KOTOpbIe HE pearupPOBaJIN CO BCEMU U30-
JIITaMU HelleJIeBbIX TO6aMOBUPYCOB.

I nuarsoctuku TMGMV npoBeZleHO UCIIbITa-
Hue mpaiMepoB TMGMV CPTMF-F/TMGMV CPTMG-R
(Kim et al., 2006) 1 TMGMV-spec/Tob-Unil R (Letschert
et al., 2002). YcTaHOBJIEHA BO3MOXXHOCTD 3(D(HEKTUB-
HOTO UCMO0Jb30BaHUSA npaiiMepoB TMGMV CPTMF-F/
TMGMV CPTMG-R (Kim et al., 2006) 1j1g BbICOKOCIIE-
uUYIHOTO BhIgBIeHUI TMGMV.

KoHcTaTMpoBaHa BbICOKAsd CHEIU(PUIHOCTD
Kk PMMoV npaiiMmepoB PMMV-FP1-rev/ PMMV-RP1 (Ha-
ramoto et al., 2013). YcTaHOBJIeHa BO3MOXKHOCTD 3(-
(beKTMBHOTO UCITOJIb30BAHNS STUX ITPaiMepoB B hop-
MaTax 2-3TanHoi kjiaccuyeckoi OT-TILIP 1 2-sTarrHon
Eva Green OT-ITLIP-PB3.

BbIBO/IbI

[To pesynbTaTaM MPOBENEHHBIX UCIIBITAHUN CEMU
TecT-cucteM nJigs MPA k TMV, ToMV, ToBRFV, TMGMV
1 PMMoV HeCcKOJbKUX (PUPM-TIPOU3BOAUTENIEN yCTa-
HOBJIEHAa HEJIOCTAaTOYHO BbICOKAs CHEU(PUUYHOCTD
OOJIBIIMHCTBA M3 HUX K IIeJIeBbIM 00beKTaM. VCKIII0-
YyeHUEM SgBJSeTCd TecT-cucrtema njag MOPA k TMV
upmer Loewe (FepMaHus), KOTOpas MOXET ObITh
KCII0JIb30BaHa KaK AJIsI MTPOBEJEHUSI CKPUHUHTOBbBIX
TECTOB, TakK U IJs ugeHTudukaiuu TMV. OcTajabHbIe
TECT-CHUCTEMBI IIeJIecCO00Pa3H0 HCII0JIb30BAaTh JUIIb
IJIS TPeBapUTEIbHBIX CKDUHMHTOBBIX TECTOB Ha Ha-
Juyre To6aMOBUPYCOB C MOCHEAYIONUM aHaAJIN30M
CEepPOMOJIOKUTEIbHBIX 06pa31oB MeTomnoM I1LIP ¢ Bu-
IocTieln(pUIHBIMY ITpaiMepaMu.

YCTaHOBJIEHO, UTO [JIS1 BBISBJIEHM I KOMILJIEKCA TO-
6aMOBUPYCOB Ha OBOIIHBIX KYJIbTYPaX 1eJecoo6pa3Ho
HCIT0JIb30BaTh YHUBEPCAIbHbBIE ITpaiiMepsl TODRT upl/
TobRT do2 (Dovas et al., 2004), xapaKTepU3yIOII1ecs

2 HMOBBE BHUUKP — Hay4HO-MeToaMYeCcKuii oTaen
Bupycosnorumn n 6aktepuonorun Orey «BHUNKP».
3 PB — B peasilbHOM BPEMEHMN.

6 M7 8 9 10 11 12

Puc. 2. 3nektpocoperpamma. BoisseneHmne ToMV

1 TMV MeTopoM 2-3TanHon MynbTunnekcHon OT-MUP

C Ucrnonb3oBaHMeM KOMBMHaUUK NpaiMepoB
TMV-F3/TMV-R3 n ToMV-F3/ToMV-R3 (Kumar et al., 2011).
O6pasupl: 1 — TMV PV-0107; 2 - TMV PV-0055;

3 -TMV PV-1199; 4 — ToMV PC-0135; 5 - ToMV PV-1180;
6 -TMGMV PV-0124; 7 - TMV PV-0107 + ToMV PC-0135;
8 - TMV PV-0107 + ToMV PV-1180;

9 - TMV PV-0055 + ToMV PC-0135;

10 - TMV PV-0055 + ToMV PV-1180;

11 - TMV PV-1199 + ToMV PC-0135;

12 - TMV PV-1199 + ToMV PV-1180; 13 - K (Boga);

M — MapKepbl MONEKYNSPHOro Macchbl.

Fig. 2. Electropherogram. Detection of ToMV and TMV by
2-step multiplex RT-PCR using a combination of primers
TMV-F3/TMV-R3 and ToMV-F3/ToMV-R3 (Kumar et al.,
2011). Samples: 1 - TMV PV-0107; 2 - TMV PV-0055;

3 -TMV PV-1199; 4 - ToMV PC-0135; 5 — ToMV PV-1180;
6 - TMGMV PV-0124; 7 - TMV PV-0107 + ToMV PC-0135;
8 — TMV PV-0107 + ToMV PV-1180;

9 - TMV PV-0055 + ToMV PC-0135;

10 - TMV PV-0055 + ToMV PV-1180;

11 - TMV PV-1199 + ToMV PC-0135;

12 - TMV PV-1199 + ToMV PV-1180; 13 - K (water);

M — molecular weight markers.

found to be highly species-specific and reacted only
with isolates of the target objects. The optimal variant
of this test was determined using the Multiplex PCR
Kit (Qiagen) for PCR and the reverse transcription kit
(AgroDiagnostica).

Three pairs of primers designed to detect tobamo
mosaic virus were tested in the classical RT-PCR for-
mat: ToMV-F3/ToMV-R3 (Kumar et al., 2011), ToMV-
spec/Tob-Unil R (Letschert et al., 2002) and ToMV-
2PF/ToMV-1PR (VBRMD VNIIKR)*.

According to the results of the experiments, the
insufficiently high species specificity of the primers
ToMV-F3/ToMV-R3 (Kumar et al., 2011) was estab-
lished, which limits the possibility of their use for con-
firmatory tests for the presence of ToOMV.

The primers ToMV-spec/Tob-Unil R (Letschert et
al., 2002) and the primers ToMV-2PF/ToMV-1PR deve-
loped by us showed a high specificity for ToMV (Fig. 3),
which makes it possible to recommend these primers
for carrying out confirmatory tests for availability of
ToMV.

*VBRMD VNIIKR - Virology and Bacteriology Research and
Methodology Department, FGBU “VNIIKR”.
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14 e 5 6 7 M &8 9 1011 12

9 10 11 12 13

a) npanmepbl ToMVspec/Tob-Unil R
a) primers ToMVspec/Tob-Unil R

b) npaiimepbl TOMV-2PF/ToMV-1PR
b) primers ToMV-2PF/ToMV-1PR

TM 8 9 10 11 12 13 14

011121314

15 16 17 18 19 20 21 M 22 23

c¢) nparimepbl TMV-MP-F/TMV-MP-R
c) primers TMV-MP-F/TMV-MP-R

d) nparimepbl TMV FM/TMV RM
d) primers TMV FM/TMV RM

Puc. 3. AnekTpochoperpamma. MLP c npaiimMepamu:

(a) ToMVspec/Tob-Unil R (Letschert et al., 2002),

(b) TOMV-2PF/ToMV-1PR (HMOBB BHUWKP),

(c) TMV-MP-F/TMV-MP-R (Zhu at al., 2020) u (d) TMV FM/TMV RM (Yan et al., 2021)
C U3onaTaMum pasnmnuHbix TO6aMOBUPYCOB.

O6pasupbl: 1 - TMV PV-0107; 2 - TMV PV-0055;

3 - TMV PV-1199; 4 - TMV PV-1195; 5 - ToMV PC-0135; 6 — ToMV PV-1180;

7 - ToMV PV-0141; 8 — ToMV PV-0143; 9 — ToMV PV-0846; 10 - CGMMV PC-0375;
11 - TMGMV PV-0124; 12 - TMGMV PV-0110; 13 - TMGMV PV-1112;

14 - PMMoV PV-0093; 15 - PMMoV PV-0166; 16 — PaMMV PV-0606;

17 - BPeMV PC-0170 (Bce — DSMZ); 18 - ZGMMV PC07167 (Loewe);

19 - CGMMV 07022 PC (Loewe); 20 — PMMoV 07096 PC (Loewe);

21 - TMGMV 07176 PC (Loewe); 22 — TMV 1065-11 (Adgen);

23 - ToMV 1070-11 (Adgen); 24 — TMV (MI'Y); 25 - ToBRFV PV-1244 (DSMZ);
26-28 - K (Boga); M — MmapKepbl MONIeKyNSIPHOrO Beca.

Fig. 3. Electrophoregram. PCR with primers:

(a) ToMVspec/Tob-Unil R (Letschert et al., 2002),

(b) ToMV-2PF/ToMV-1PR (VBRMD VNIIKR),

(c) TMV-MP-F/TMV-MP-R (Zhu at al., 2020)

and (d) TMV FM/TMV RM (Yan et al., 2021) with isolates of various tobamoviruses.
Samples: 1 — TMV PV-0107; 2 - TMV PV-0055; 3 — TMV PV-1199; 4 - TMV PV-1195;
5 -ToMV PC-0135; 6 — ToMV PV-1180; 7 — ToMV PV-0141; 8 — ToMV PV-0143;

9 — ToMV PV-0846; 10 - CGMMV PC-0375; 11 - TMGMV PV-0124;

12 - TMGMV PV-0110; 13 - TMGMV PV-1112; 14 - PMMoV PV-0093;

15 — PMMoV PV-0166; 16 — PaMMV PV-0606; 17 — BPeMV PC-0170 (all - DSMZ);
18 — ZGMMV PC07167 (Loewe); 19 - CGMMV 07022 PC (Loewe);

20 - PMMoV 07096 PC (Loewe); 21 — TMGMV 07176 PC (Loewe);

22 -TMV 1065-11 (Adgen); 23 — ToMV 1070-11 (Adgen); 24 - TMV (MSU);

25 - ToBRFV PV-1244 (DSMZ); 26-28 - K (water); M — molecular weight markers.

To develop a confirmatory test
for the presence of tobacco mosaic vi-
rus (TMV), six pairs of primers com-
plementary to different regions of
the genome of this virus were tested:
TMV-F2/TMV-R2 (Yang et al., 2012),
TMV-spec/Tob-Unil R (Letschert et al.,
2002), TMV-F3/TMV-R3 (Kumar et al.,
2011), TMV 8PF-1/TMV 3PR (VBRMD
VNIIKR), TMV-MP-F/TMV-MP-R (Zhu
etal., 2020) and TMV FM/TMV RM (Yan
et al., 2021) (Fig. 3). It has been estab-
lished that primers are characterized
by the highest specificity to the tar-
get object (TMV) are TMV-F2/TMV-R2
(Yang et al., 2012), TMV 8PF-1/TMV
3PR (VBRMD VNIIKR) (Fig. 3), TMV-
MP-F/TMV-MP-R (Zhu et al., 2020) and
TMV FM/TMV RM (Yan et al., 2021),
that did not react with all non-target
tobamovirus isolates.

To diagnose TMGMYV, the primers
TMGMV CPTMF-F/TMGMV CPTMG-R
(Kim et al., 2006) and TMGMV-spec/
Tob-Unil R (Letschert et al., 2002)
were tested. The possibility of effec-
tive use of primers TMGMV CPTMF-F/
TMGMV CPTMG-R (Kim et al., 2006)
for highly specific detection of TMGMV
has been established.

The primers PMMV-FP1-rev/
PMMV-RP1 were found to be high-
ly specific for PMMoV (Haramoto et
al., 2013). The possibility of effective
use of these primers in the formats of
2-stage classical reverse-transcrip-
tion PCR and 2-stage Eva Green re-
verse-transcription RT-PCR was es-
tablished.

CONCLUSION

Based on the results of testing seven
test systems for ELISA for TMV, ToMYV,
ToBRFV, TMGMV and PMMoV from
several manufacturers, insufficient-
ly high specificity of most of them to
target objects was established. An ex-
ception is the TMV ELISA test system
from Loewe (Germany), which can be
used both for screening tests and for
TMV identification. The rest of the test
systems should be used only for pre-
liminary screening tests for the pres-
ence of tobamoviruses with subse-
quent analysis of seropositive samples
by PCR with species-specific primers.

It has been established that
to detect the tobamovirus complex
on vegetable crops, it is advisable
to use the universal primers TobRT
upl/TobRT do2 (Dovas et al., 2004),
which are characterized by the widest
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HauboJiee MUPOKUM CIIEKTPOM JeUCTBUS. [IJIs BbISIB-
nenusa TMV, ToMV u TMGMV Ha macjieHOBbIX OBOILILHbBIX
KyJIbTypax Ilejieco06pa3Ho MCIIOJIb30BaTh YHUBEP-
caJibHbIe TTpariMepbl Tob-Uni2 F/Tob-Unil R (Alishi-
ri et al., 2013), TobamoF/TobamoR (Li et al., 2014)
1 TOBAMO-S1/TOBAMO-AS1 (Menzel et al., 2019),
a Tak)Xe gmarHocTudeckuit Habop «Tobamovirus
Group PCR Primer Mix».

ITpoBeneHa oTpaboTKa AYIJIEKCHOTO TecTa AJis
OJHOBpeMeHHOTr0 BrIgBjaeHUd TMV u ToMV, a Takxe
MYJIBTUIIJIEKCHOTO TECTa JJs OJHOBPEMEHHOTO BBI-
asjenuda TMV, ToBRFV u ToMV. IIpoBezieHHEBIE 3KCIIE-
PUMEHTHI C UCIIOJIb30BaHNEM MYJIbTUILIEKCHOU TTI[P
CBUETEJIbCTBYIOT 0 HECOMHEHHOU IePCIIEKTUBHOCTY
MYJIBTUILIEKCHOTO TecTa 1o MeToguKe Yan et al. (2021)
U 11eJ1eCO00Pa3HOCTH ITPOBENEeHUS JOTIOJHUTEIbHbBIX
HcCIeIOBaHUMN.

I 06beKTUBHOU AuarHocTuku TMV, ToMV
u TMGMV n1ipoBefeHO UCHIBITaHNe IECTU, IIATUA U I BYX
rmap BUAOCTEIN(PUUHBIX ITPAaiMEPOB COOTBETCTBEH-
Ho. OTIpesesieHbl BICOKOCTIEIIM(PUUHbBIE TIPaliMepHI,
pearupymoue JUIIb C U30JITaMU 11eJeBbIX 06beK-
TOB. K X 4MCJly OTHOCATCA ImpanimMmepsl TMV 8PF-1/
TMV 3PR u ToMV-2PF/ToMV-1PR, pa3paboTaHHbie
B ®I'BY «BHUUKP».

BnrazodaprHocms. ABTOPHI BBIPaXXarmT CBOIO
MIPU3HATEeJbHOCTh COTPYLHUKAM HAyYHO-METOLU-
YeCcKOT0 OTJeJia BUPYCOJIOTUM U GaKTEPUOJIOTUU
®I'BY «BHUKWKP» 3a TOMOIIb B ITPOBEIEHUU NCCIIEN0-
BaHUU.
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spectrum of action. To detect TMV, ToMV and TMGMV
on Solanaceae, it is advisable to use universal prim-
ers Tob-Uni2 F/Tob-Unil R (Alishiri et al., 2013), To-
bamoF/TobamoR (Li et al., 2014) and TOBAMO-S1/
TOBAMO-AS1 (Menzel et al., 2019), as well as the diag-
nostic kit “Tobamovirus Group PCR Primer Mix”.

A duplex test for the simultaneous detection of
TMV and ToMV, as well as a multiplex test for the simul-
taneous detection of TMV, ToBRFV and ToMV, were de-
veloped. The experiments performed using multiplex
PCR indicate the undoubted promise of the multiplex
test according to the method of Yan et al. (2021) and the
feasibility of additional research.

For an objective diagnosis of TMV, ToMV, and
TMGMYV, six, five, and two pairs of species-speci-
fic primers, respectively, were tested. Highly specific
primers that react only with target object isolates have
been determined. These include primers TMV 8PF-1/
TMV 3PR and ToMV-2PF/ToMV-1PR, developed at
VNIIKR.
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