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COTJIACHO JINTEPATYPHBIM JJAHHBIM, [T03BOJISIET OTJIHU-
uuThb M. laxa ot M. fructicola, HO He IPYTUE BUIBL.
BakHOl1 ocTaeTcs mpobieMa JiaTeHTHOU MHpeK-
IIMY B IUIOJIaX M [TOCAJIOYHOM MaTepualie. B HacTos-
Y MOMEHT BeIyTCsI pa3paboTKU HOBBIX METO/IOB BbI-
SABJIEHUS U UJeHTU(PUKALIUY TTATOTeHOB, OCHOBAHHbBIE
Ha BeigeneHun JHK rpuba us pacTeHUA-X03sIMHA U I10-
cliemyroneli moctaHoBke [P B peajlbHOM BPpeMEHU.
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AuHoTauusa. Pod Begomovirus exawuaem 6oJiee
190 eudog supycos, S6AAUUXCS BPEJOHOCHLIMU NAMO-
2EHAMU 0B0UWHBLYX U NOJEBbLX Kynomyp. Lllupoko pacnpo-
cmpanenHblii 8 Espone 6e20mM08uUpyc Heamot Kypuasocmu
Jaucmoves momama (Tomato yellow leaf curl virus, TYLCV)
ABNAEMCS KAPAHMUHHbIM 00B5eKmoM dns Poccutickotli de-
depayuu, EASC u EOK3P. Hdenmugbuxayus 6e20mM08uUpycos
do 6u008020 yPOBHS CONPANEHA C ONpedeneHHbLMU Mmpy0-
HOCMAMU, 06YCJIO8JIEHHbIMU BbICOKOTE UOEHMUUHOCbBIO UX
2eHOMa. B cmambe npusoismces pesynvmamaol UCNblMaHUS
19 nap yHUBepcanvHulX U CNeyu@uyuecKux npatimepos s
duaerocmuru 6e20M08UPYCOB: BUPYCA HENMOL KypUasocmu
Jqucmves momama TYLCV, supyca sceimotil Kypuasocmu Jiu-
cmwves momama Capdunus (Tomato yellow leaf curl Sardinia
virus, TYLCSV) u Hvw-/Jenu supyca Kypuasocmi JUCMbes
momama (Tomato leaf curl New Delhi virus, ToLCNDV) me-
modamu kaaccuueckotl ITLP u ITIIP 8 peaibHOM 8PEMEHLL.

KiroueBble cji0Ba. 5e20MOBUPYCHL, BUPYC HENMOT
Kypuagocmu aucmves momama (TYLCV), nonumepasras
YenHas peaxyus, yHusepcaavHvle u cneyugduieckue npaii-
Mepbl, CNEYUPUUHOCTIb, YYBCNEBUMELbHOCTL, 80CTPOU3B0-
dumocmo.

on Begomovirus BXOOUT B ceMeli-
ctBo Geminiviridae. TeMuHUBUPY-
ChI — OJHO 13 HEMHOTUX CEMENCTB
BUPYCOB pacTeHUi, reHoM KOTO-
PBIX COCTOUT W3 ONHOMW WJIU ABYX
MOJIEKYJI KOJIbIleBOM omHolleroueunHon JHK. Bupuo-
HbI TeMUHUBUPYCOB TaK)XXe UMEIOT YHUKAJIbHYI0 MOP-
(hosoruo, Tak KaK COCTOST M3 BYX HETIOJHBIX UKOCA-
5IIPOB pa3MepoM 0KoJio 38 x 22 HM (puc. 1).

Ponm Begomovirus sIBJseTCd CaMbIM KPYITHBIM
B ceMelicTBe Geminiviridae u B HacTosllee BpeMs
BKJIIOUaeT 388 BUOB, PacCIIPOCTPAHEHHBIX [IPEUMY-
1IeCTBEHHO B CTPaHaX ¢ TPOMUUECKUM U cy6Tponrye-
CKUM KJIIMAaTOM. [IpefcTaBUTENIM STOTO POA 3apaskaioT
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Abstract. The genus Begomovirus includes more
than 190 species of viruses, which are harmful pathogens
of vegetable and field crops. Tomato yellow leaf curl virus
(TYLCV), which is widely spread in Europe, is a quarantine
object for the Russian Federation, EAEU and EPPO. Identi-
fving begomoviruses to the species level involves certain dif-
ficulties due to the high identity of their genome. The article
presents the results of testing 19 pairs of universal and spe-
cific primers for the diagnosis of begomoviruses: tomato leaf
curl virus (TYLCV), tomato yellow leaf curl Sardinia virus
(TYLCSV), and tomato leaf curl New Delhi virus (ToLCNDV)
by conventional and real-time PCR methods.

Keywords. Begomoviruses, tomato leaf curl virus
(TYLCV), polymerase chain reaction, universal and specific
primers, specificity, sensitivity, reproducibility.

he genus Begomovirus is part of the Gemi-

niviridae family. Geminiviruses are one of

the few plant virus families whose genome

consists of one or two molecules of a single-

chain circular DNA. Virions of geminiviruses

also have a unique morphology, as they consist of two
incomplete icosahedrons about 38 x 22 nm (Fig. 1).

The genus Begomovirus is the largest in the Gemi-

niviridae family and currently includes 388 species,
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Puc. 1. BupuoHbl TOLCNDV u ux

(Brown et al., 2015) [5]

JIBYIOJIbHBIE PACTEHUS U ITIEPEIAI0TCSI UCKITIOUNTEIBHO
TabauHOl 6eJIOKPBLIKOM Bemisia tabaci. PaHee 3TOT pPo,
OBLI U3BECTEH TAKXe Kak roarpymnna Il reMuHUBUpY-
COB, WJIY TPYIITIa BUPYyCa 30JI0TUCTON MO3auKy 6060B [5].

B peruone EOK3P B HacToglee BpeMs yKe pac-
IIPOCTPaHEHBI CIIeAYIoIIYie 6ETOMOBUPYCHI: BUPYC XKeJI-
TOI KypuaBocTu JucTheB ToMaTta (TYLCV), BUpyC JKeJi-
TOU KypuaBOCTU JIUCTheB ToMaTa Capaunus (TYLCSV),
BUPYC JKEJITON KypuaBOCTHU JUCThEB TOMaTa MaJjara
(TYLCMaV), BUpYC XeJTON KypuaBOCTU JIUCTHEB TO-
maTa Axarquia (TYLCAxV) u Heto-Jlesi BUPYyC Kypua-
BocTu aucTheB ToMara (TOLCNDV) [11].

Puc. 2. Tunn4yHbie CUMNTOMbI,
Bbi3biBaeMble TYLCV Ha pacTeHusax Tomarta
(CABI, 2020) [6]

Fig. 2. Typical symptoms caused by TYLCV on tomato plants
(CABI, 2020) [6]

Fig. 1. TOLCNDV virions and
KPMO3NeKTPOHHasa MuKkpockonuueckass  their cryoelectronic microscopic
peKoHcTpyKkumsa. bap coctaBnsetr 50 HM  reconstruction. The bar is 50 nm
(Brown et al., 2015) [5]

distributed mainly in countries
with tropical and subtropical cli-
mates. Representatives of this
genus infect dicotyledons and
are transmitted only by tobac-
co whitefly Bemisia tabaci. Earli-
er this genus was also known as
subgroup III of geminiviruses, or
group of bean golden mosaic vi-
rus [5].

The following begomovirus-
es are now common in the EPPO
region: tomato leaf curl virus
(TYLCV), tomato yellow leaf curl
Sardinia virus (TYLCSV), toma-
to yellow leaf curl Malaga virus
(TYLCMaV), tomato yellow leaf
curl Axarquia virus (TYLCAxV)
and tomato leaf curl New Delhi
virus (ToLCNDV) [11].

TYLCV is a quarantine object
for the Russian Federation, EAEU
and EPPO. TOLCNDV has been in the EPPO Alert list since
2015. TYLCSV, TYLCAxV and TYLCMaV were previously
considered to be TYLCV strains, therefore, quarantine re-
strictions should also apply to these species [8].

The main host plant of TYLCV, TYLCSV, TYLCAxXV
and TYLCMaV is tomato (Solanum lycopersicum). TYLCV
also infects pepper plants and some other solanaceous,
pumpkin and legume crops much less frequently.
ToLCNDV was first described on a tomato, but nowa-
days it is mostly spread on different pumpkin cultures.
In India and Pakistan, however, TOLCNDV is one of the
most dangerous potato pathogens [6].

Puc. 3. CumnToMmbl, Bbi3biBaeMble TOLCNDV Ha pacTeHusx
LykuHun (www.juntadeandalucia.es)

Fig. 3. Symptoms caused by TOLCNDV on zucchini plants
(www.juntadeandalucia.es)
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TYLCV sgBisgeTcsa KapaHTUHHBIM 00bEKTOM MJIS
Poccutickoit ®epepanuu, EASC 1 EOK3P. ToOLCNDV
c 2015 r. BXOAUT B CUTHaJIbHBIK crnucok EOK3P.
TYLCSV, TYLCAXV u TYLCMaV paHee cUuTaliuCh
mraMmmamu TYLCV, mo3ToMy KapaHTUHHBIE OTPaHU-
YeHUs IOJIXKHBI PACIIPOCTPAHSATHCS 1 Ha 3TU BUHI [8].

OcHOBHBIM pacTeHueM — xo3gauHoM TYLCV,
TYLCSV, TYLCAxV u TYLCMaV gBasieTcd TOMarT
(Solanum lycopersicum). TYLCV 3HaUUTEJIbHO PEXeE
3apa)kaeT TaKXXe pacTeHud Iepla U HEKOTOPbIX APY-
TUX ITAaCJI€HOBBIX, THIKBEHHBIX M 6000BBIX KYJIBTYP.
ToLCNDV 6511 BriepBble OIMCaH Ha TOMaTe, HO B Ha-
CTOSIIlee BpeMs PaclpoCTPaHEH NPEUMYILIIeCTBEHHO
Ha pPa3jInYHbIX TBIKBEHHBIX KyJbTypax. OfHaKo B VH-
oun u [Takucrane TOLCNDV sgBJjisseTcs O4HUM U3 OIlac-
HEUIMX IaToTeHOB KapTodes [6].

Bce pacripocTpaHeHHble B EBporie 6eTOMOBUPYCHI
BBI3BIBAIOT HAa TOMaTe 60Jie3Hb, MOJYUUBIIYI0 Ha3Ba-
HUe «KeJITask KypuaBOCTh JIUCTheB TOMaTa». bojie3Hb
MPOSBJISIETCS B PA3BUTUM MEJKUX, C ITOXKEJTEBIIUMU
KpasgMu, yaieobpas3Ho 3aTHYThIX BHU3 JehOPMUPO-
BAHHBIX JINCThEB. MEXIOY3JIUsI Ha Ioberax ykopauu-
BAIOTCS, BCIEACTBUE UETr0 3apaKeHHbIE PACTEHHUS 3a-
METHO OTCTAal0T B POCTE OT 30POBLIX (puc. 2). [ToTepu
yposkast MOryT mocturatb 100% [6].

ToLCNDV BrI3bIBaeT Ha PACTEHUAX ThIKBEHHBIX
KyJIbTYP MO3auKy, XJIOPO3, CUJIbHOE CKPy4YUBaHUE
Y MOPUIUHUCTOCTD JINCTHEB, YTOJNUEHUE KUJIOK JIU-
CThEB, KAPJIMKOBOCTD pacTeHu (puc. 3).

BeroMoBupyCHl pa3janudarTcsad reHeTu4eCcku, HO
UMEIOT IPAKTUYECKU UIEHTUUYHY0 GUOJIOTUI0, MOP-
¢ osorvo BUPMOHOB U CUMIITOMATOJOTUI Ha pac-
TEHMIX TOMAaTa, a TaK)XXe SBJISITCSI CEePOJIOTUUYECKU
0JIN3KOPOACTBEHHBIMU. CKPUHUHIOBBIE CEPOJIOTHYE-
CKIEe TECThI C UCIIOJIb30BaHNEM ITOJIUKIOHAJIbHBIX aH-
TUTEJ, KaK IIPaBUJIO, TTO3BOJISIOT UAEHTU(MUIIMPOBATH
6eroMOBUMPYCHI JIUIIb 0 YPOBHS PoJa. EMMHCTBEHHBIM
METOO0M, MTO3BOJISIOIIUM MPOBOJUTb 00 BEKTUBHYIO
uneHTudUKaLio 6eroMOBUPYCOB 10 BUIOBOTO YPOB-
H¢I, IBJISETCS ToJuMepasHas erHas peakiusa (TT1LP)
[1,13,16].

[lng BeIIBJIeHUSI 6€TOMOBUPYCOB pa3paboTaHbl
MHOTOUYMCJIeHHble MOAU(PUKAIIMYU TECTOB HA OCHOBE
TP c ucroysib30BaHUEM BUAOCIIEUDUIYHBIX UJIV YHU-
BepCcaJbHbBIX IIPAaliMEPOB, KOTOPHIE ITPOBOISATCS B (pOP-
MaTe Kjtaccuueckoi [TIIP ¢ aieKTpodopeTuyecKoi ge-
TeKIvel pe3ynbTaToB uiu B popmare I1LIP B pexxume
peasibHOTO BpeMeHU U YacTO KOMOUHUPYIOTCS C Me-
TOZaMU OTIeYaTKa TKaHel, MMMYHOOJOTTUHTA U pe-
CTPUKIIMOHHOTO aHaMu3a. [0 HallluX UCCIeIOBaHUN
IuarHocTuka 6eromoBupycoB MeTonoM I1IIP He 6bia
ampob6upoBaHa B Poccuiickoi demepaiinu.

MATEPUAJIBI U METOJIbI
MCCJEJOBAHUI

B ®I'bY «BHMUKP» npoBeneHo ucneiTanue 19 nap
VHUBEPCAJbHBIX U CIIeln(pUUeCKUX IpaliMepoB s
IVAarHOCTUKY BUPYCA XKEJITOU KypuyaBOCTHU JINCTHEB
tomata (TYLCV), BUpyca >KeJITOM KypuaBOCTHU JIUCThEB
tomata Capaunus (TYLCSV) u Heio-/lesu Bupyca Kyp-
yaBocTu JucTtbeB ToMaTa (ToOLCNDV) MeTomaMu Kjiac-
cuyeckoii ITLP u T1LIP B peanbHOoM BpeMeHu (TTLIP-PB).

B paboTe ucmoyib30Baiu CleAyIoNiyie N30SI Th
6eromoBupycoB: TYLCV PV-0844, TYLCV-Isr PV-0560,
TYLCV + ACMV PV-0588, TYLCSV PV-0596, TYLCSV
PV-0561, ToLCNDV PC-1109, ToLCNDV PC-1111,
ACMV PC-0873, BGMV PC-0094 (Bce — U3 KOJJIEKIIUUA

1 2z 3 4 B 6 ¢ & M 910 1112 13

Puc. 4. Peakuus npanmepos TYLCV-Sar/TYLCV-Is
(Pico et al., 1999) [21] ¢ usonaTaMu pasnnYHbIX
6eromoBupycoB (Habop peareHToB Screen Mix-HS,
cneundguyecknin npopgyKT — 667 n. H.)

O6pasubl:

1 TYLCV-Isr PC-0560 (DSMZ) 8 ACMV PC-0873 (DSMZ)

2 TYLCV PV-0844 (DSMZ) 9 ToLCNDV PC-1109 (DSMZ)

3 TYLCV P-10501202 (Adgen) 10 ToLCNDV PC-1111 (DSMZ)

4 TYLCV - g842 (BHUNKP) 11 BGMV PC-0094 (DSMZ)

5 TYLCSV PV-0561 (DSMZ) 12 OTpuuaTenbHbI KOHTPOMb
(Adgen)

6 TYLCSV PC-0596 (DSMZ) 13 OTpuuaTenbHbI KOHTPOMb
(Bopa)

7 ACMV PV-0588 (DSMZ)

Fig. 4. Reaction of TYLCV-Sar/TYLCV-Is primers (Pico et al.,
1999) [21] with isolates of various begomoviruses

(Screen Mix-HS kit, specific product — 667 b. p.)

Samples:

1 TYLCV-Isr PC-0560 (DSMZ) 8 ACMV PC-0873 (DSMZ)

TYLCV PV-0844 (DSMZ) 9 ToLCNDV PC-1109 (DSMZ)

TYLCV P-10501202 (Adgen) 10 ToLCNDV PC-1111 (DSMZ)

TYLCSV PV-0561 (DSMZ) 12 Negative control (Adgen)

TYLCSV PC-0596 (DSMZ) 13 Negative control (water)

2
3
4 TYLCV -g842 (FGBU “VNIIKR”) 11 BGMV PC-0094 (DSMZ)
5
6
7

ACMV PV-0588 (DSMZ)

All begomoviruses common in Europe cause a di-
sease called tomato yellow leaf curl. The disease mani-
fests itself in the development of small, yellowish, cup-
shaped deformed leaves. The internode on shoots is
shortened, so that infected plants noticeably lag be-
hind healthy ones in growth (Fig. 2). Crop losses can
reach 100% [6].

ToLCNDV causes on pumpkin plants mosaic, chlo-
rosis, strong leaf roll and crinkle, thickening of leaf
veins, dwarfism of plants (Fig. 3).

Begomoviruses differ genetically, but have almost
identical biology, virion morphology and symptoma-
tology on tomato plants, and are serologically related.
Screening serological tests with use of polyclonal anti-
bodies, as a rule, only allow to identify begomoviruses
up to a genus level. The only method that can reliably
identify begomoviruses to species level is polymerase
chain reaction (PCR) [1, 13, 16].
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DSMZ, T'epmanusg), TYLCV-g 842, TYLCV Kaz-1
(®TBY «BHUUKP») u TYLCV P-10501202 (Adgen, Be-
JINKOOPUTAHYS).

Crieniu(MYHOCTD UCITBITYEMBIX IIPANiMEPOB Olle-
HUBaJIU ¢ pe()EPEHTHBIMY U30JIATAMU CIEAYIOUIUX BU-
pycoB u3 Kojuekmy DSMZ (TepMaHus), 3apakaroiux
pacTeHud [1acJeHOBLIX KynbTyp: AMV, APLV, APMoV,
INSV, PAMV, PBRSV, PepMV, PLRV, PVM, PVS, PVX, PVY,
PYDV, PYV, TBRV, TMV, ToCV, ToRSV, TRSV u TSWV.

Hnga seigenenua JHK u PHK BupycoB u3s pac-
TUTEJNbHBIX TKAHEHN NIPUMEHSIIN HabOPhl PeareHTOoB
«IIpoba-HK» («<ArpomuarHocTuka», Poccus) u «®UTo-
Cop6-M» («CuHTOJI», POCCHs), KOTOPbIE UCII0JIb30BaIN
COTJIACHO UHCTPYKIIMAM (DUPM-TIPOU3BOLUTEIIEN.

VicripITaHUS TPaMepoOB ITPOBOAMIIN C HAbopaMu
pearenToB nJig TP, ykazanabeiMu B Tabnutie 1. Ha6o-
PBI MCITIOJIb30BAJIM COTJIACHO MHCTPYKIMSAM (DUPM-TIPO-
U3BOIUTETIEN.

Ins oTpabOTKM NUArHOCTUKU GETOMOBUPYCOB
OBLIO UCITBITAHO 15 Tap mpaliMepoB, XapaKTePUCTUKA
KOTOPBIX MTpeJcTaByieHa B Tabaulie 2.

KpoMe Toro, B kKauecTBe MOATBEPXKAAIOIIETO Te-
cTa GbLJI UCIIBITAH HAOOP pPeareHTOB /IJis BhISIBIECHUS
TYLCV MeTtomom TTLIP-PB ¢upmMbl «ATpOoAUarHOCTU-
ka» (Poccus). [TociemoBaTeIbHOCTY HYKJIEOTUIOB,
BXOIAIIVX B JAHHBIM HAGOp MpaiMepoB, U MOCJIen0-
BaTEJbHOCTh 30HAA GUPMON-TIPOU3BOLUTETIEM HeE
pasrianianTcs.

PE3YJIBTATBI UCCJIEJOBAHUM

KpaTkag nHopmManus o pe3yibTaTax SKCIIEPUMEHTOB
1Mo oTpaboTKe AUATHOCTUKY GEeroMOBUPYCOB TP -
cTaBJieHa B Tabaulie 3.

YcTaHOBJIEHO, YTO YHUBEPCAJIbHbIE IpaiMepbl
Gemini-A146/Gemini-A672 [7] pearupyioT ¢ U30J5d-
TaMU pacHpocTpaHeHHbIX B EBpoIie 6eTOMOBUPYCOB
TYLCV, TYLCSV u ToLCNDV u MOTYT GbITh MCITOJIb30-
BaHBI JJ151 IPOBEIEHMS CKPUHUHTOBBIX TECTOB HA Ha-
Jruure 3TUX 6eToMOBUPYCOB. He oTMeueHa peaKiius
IAHHBIX NTpaliMepoB ¢ 6eromoBupycamu ACMV (ad-
PUKAHCKUI BUPYC MO3auKY MaHMOKa) U BGMV (Bupyc
30JI0TUCTON Mo3auku (acosm). OJHAKO BBUAY 00pa-
30BaHUS HecTeIU(PUIECKUX IPOLYKTOB KOHCTATUPO-
BaHa HEOOXOIMMOCTD JaJIbHEHIIeH 0OTPabOTKYU TECTOB
C TUMU IIpaliMepaMu.

[ToxTBEpXAEHA AyIJIEKCHAS peakiius mpaiime-
poB TY1/TY2 [2] u TYLCV-Sar/TYLCV-Is [21] ¢ TYLCV
u TYLCSV, HapgaAy ¢ OTCYTCTBUEM HUX DPeaKIuu
¢ TOLCNDV, ACMV u BGMV (puc. 4). YcTaHOBJIEHA BO3-
MOXXHOCTD UCITOJIb30BaHMUS STUX ITPAMEPOB C Pa3JINU-
HBIMU HabopaMu peareHTOB IJisl Kjiaccudeckoii [P
OTEeUYeCTBEHHBIX (UPM-IIPOU3BOAUTENIEH ITPU AOCTA-
TOYHO BBICOKOM YPOBHE UYBCTBUTEJBHOCTU TECTOB
(pasBenmeHue NHMEKIIMOHHOTO 3KCTPakTa B 1073-1074).
KoucraTupoBaHo, uTo npaimMepsl TY1/TY2 u TYLCV-
Sar/TYLCV-Is MOTyT 6bITh PEKOMEHIOBAHBI JIJIS ITPO-
BelleHNSI CKDUHUHTOBBIX TeCTOB Ha Hajnuuue TYLCV
u TYLCSV ¢ nmocnenyomuM CEKBeHUPOBaHVEM I10J1Y-
YaeMbIX ITPOLYKTOB aMIJIM(PUKAIIUU UJIU UCITOJIb30Ba-
HUEM cIIelU(pUUECKUX IPaliMepPoB.

OTpaboTaH MYJbTUILJIEKCHBINA TECT C IpanmMe-
pamu TY-209F/TY-575R (ctenuduuubl k TYLCV)
u TY-613F/TY-1363R (cneunuduunsl kK TYLCSV) [20]
nJig onHoBpeMeHHOro BoigBaeHusd TYLCV u TYLCSV.
YCTaHOBJIEHO, YTO JJAHHBIN TECT IO3BOJISET AUATHO-
cTupoBaTh Kak MoHOMH(peKIU0 TYLCV u TYLCSV, Tak
¥ CMeIIaHHYI MHOEKITUI0 3TUX BUPYCOB (pPuc. 5).
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Puc. 5. MynbtunnekcHas MNLP Ha Hannume TYLCV n TYLCSV
¢ npanmepamm TY-209F/TY-575R n TY-613F/TY-1363R

(F. Pellegrin et al., 2008) [20] (Habop peareHTOB Qiagen
Multiplex PCR Kit, cneuundmueckne npogyktbl: gna TYLCV —
750 n. H., TYLCSV - 366 n. H.)

O6pasubl:

1 TYLCSV PV-0561 (DSMZ) 6 TYLCSV PV-0561 + TYLCV PV-0844
(DSMZ)

2 TYLCSV PV-0596 (DSMZ) 7 TYLCSV PV-0596 + TYLCV PC-0560
(DSMZ)

3 TYLCV PC-0560 (DSMZ) 8 TYLCSV PV-0596 + TYLCV PV-0844
(DSMZ)

4 TYLCV PV-0844 (DSMZ) 9 OTpuLATENbHbIN KOHTPONb (BoAa)

5 TYLCSV PV-0561 +
TYLCV PC-0560 (DSMZ)

Fig. 5. Multiplex PCR for TYLCV and TYLCSV with TY-209F/
TY-575R and TY-613F/TY-1363R primers (Pellegrin et al.,
2008) [20] (Qiagen Multiplex PCR Kit, specific products:
for TYLCV - 750 b. p., for TYLCSV - 366 b. p.)

Samples:

1 TYLCSV PV-0561 (DSMZ) 6 TYLCSV PV-0561 + TYLCV PV-0844
(DSMZ)

2 TYLCSV PV-0596 (DSMZ) 7 TYLCSV PV-0596 + TYLCV PC-0560
(DSM2)

3 TYLCV PC-0560 (DSMZ) 8 TYLCSV PV-0596 + TYLCV PV-0844
(DSM2)

4 TYLCV PV-0844 (DSMZ) 9 Negative control (water)

5 TYLCSV PV-0561 +
TYLCV PC-0560 (DSMZ)

Numerous modifications of PCR tests have been
developed for the detection of begomoviruses using
species-specific or universal primers, which are con-
ducted in conventional PCR with electrophoretic detec-
tion of results or in real-time PCR (gPCR) format and
often combined with tissue imprinting, immunoblot-
ting and RFLP-analysis. Before our research, the diag-
nosis of begomoviruses by PCR has not been tested in
the Russian Federation.

RESEARCH MATERIALS AND METHODS
FGBU “VNIIKR” tested 19 pairs of universal and
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Tao6auna 1
Ha6opsl1 pearenToB aJis ITLIP, ucrnoJjib3yeMble IJisI 0OTPA0OTKU JUAarHOCTUKH
6eromMoBHpPYyCOB
Ne dupma-
n/n  Ha6op peareHToB aJs ITI[P IIPOU3BOAUTEJID CtpaHa
1 2,5x PeakllMoHHAas CMecCh /iJigd IpoBeneHus [11IP-PB CuHTOJ Poccuga
2 2,5x PeakIlMOHHAas CMeCh JJis TIpoBeeHus [11P-PB CuHTOJI Poccuga
c KkpacureyseM ROX
3  2,5x PeaKIIMOHHAas CMeCh JJid npoBeneHus [1LIP-PB CuHTOI Poccusa
c kpacuresieM SYBR Green-1
4 gPCRmix — HS EBporen Poccusa
5 gPCRmix — HS ROX EBporen Poccus
6 gPCRmix-HS SYBR + High Rox EBporen Poccuga
7  Tersus PCR Kit EBporen Poccus
8 Encyclo PCR Kit EBporen Poccusa
9 5x MasPPMix-2025 Juanat Poccuga
10 5x Mas®E Mix-2025 Juanat Poccug
11 Dream Taq Green PCR Master Mix Thermo Scientific CIIA
12 Dream Taq PCR Master Mix Thermo Scientific CIIIA
13 Qiagen Multiplex PCR Kit Qiagen Hunepmaugbl

Table 1
PCR kits used to test the diagnosis of begomoviruses
No.
Item PCR kit Manufacturer Country
2.5x reaction mixture for RT-PCR Sintol Russia
2 2.5x reaction mixture for RT-PCR with ROX dye Sintol Russia
3 2.5x reaction mixture for RT-PCR with SYBR Green-1 dye  Sintol Russia
4 gPCRmix — HS Evrogen Russia
5 @PCRmix — HS ROX Evrogen Russia
6 gPCRmix-HS SYBR + High Rox Evrogen Russia
7 Tersus PCR Kit Evrogen Russia
8 Encyclo PCR Kit Evrogen Russia
9 5x MasPPMix-2025 Dialat Russia
10 5x Mas“t Mix-2025 Dialat Russia
11 Dream Taq Green PCR Master Mix Thermo Scientific USA
12 Dream Taq PCR Master Mix Thermo Scientific USA
13 Qiagen Multiplex PCR Kit Qiagen Netherlands

[To pesynbTaTaM IIPOBELEHHBIX 3KCIIEPUMEHTOB
KOHCTaTUPOBaHa BhICOKas crellnpruuHOCTh K TYLCV
PEKOMEeHyeMBIX B JIUTEpaType npaiimepoB HD-1/
HD-2[9], V781/C1256 [4], V1769/C2120 [4], Tyv-2664/
Tyv-138 [3] u pasdpaboTaHHBIX HaMU HpaliMepoB
TYLCV-P1F/TYLCV-P1R. Bce 3Ty mapsl IpaliMepoB
pearupoBajiy JUIIb C U30JIITaMU 11eJIeBOr0 00'beKTa —
TYLCV u He pearupoBaJiu C HelleJIeBbIMY 6€rOMOBUPY-
camu — TYLCSV, TOLCNDV, ACMV u BGMV.

specific primers for the diagnosis of tomato yellow leaf
curl virus (TYLCV), yellow tomato leaf curl Sardinia
virus (TYLCSV) and tomato leaf curl New Delhi virus
(ToLCNDV) using conventional and qPCR.
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Tab6auia 2

XapaKTepHCTHKA MPaiiMEPOB, HCII0JIb3yEMbIX B 9KCIIEPUMEHTAX 110 JUATHOCTUKE
6eromoBHpycoB MeTozoMm IIL[P

JdanHa
HasBaHue Tm IIPOAYKTA
npaiimepa IocnenoBaTeIbHOCTH 5° -3’ cC) (m.mu) ABTOp
TY1 GCC CAT GTAYCG RAA GCC 61 580 Accotto et al., 2000; EPPO,
TY2 GGR TTA GAR GCA TGM GTA C 2005 [2][10]
HD1 CGG AAT TCG CCC ACC AAT AAC TGT AGC 59 674 El-gaied et al., 2008 [9]
HD2 CGG GAT CCG CAG TCC GTT GAG GAA ACT TAC
Gemini — A146 TAA TAT TAC CKG WKG VCC SC 53 500 Deng et al., 1994 [7]
Gemini —A672 TGGACY TTR CAW GGB CCT TCA ACA
TYLCV-Sar GCC ATA TAC AAT AAC AAG GC 59 667 Pico et al., 1999 [21]
TYLCV-Is CGC CCG TCT CGAAGGTTC
V781 CTC ACA GAG TGG GTA AGA GG 57 480 Atzmon et al., 1998 [4]
C1256 TTA ATT TGA TAT TGA ATC ATA GAA ATA G
V1769 GCG AAC AGT GGC TCG TAG AGG G 60 350 Atzmon et al., 1998 [4]
C2120 CAG GCA AAA ACA ATG TGG GCC AGG
V1769 GCG AAC AGT GGC TCG TAG AGG G cou 353 Atzmon et al., 1998 [4],
C2120a ACA GGC AAA ACA ATG TGG GCC AGG ’ B Mopudukanuyu BHUMKP
MA-14 TGC ATT TAT TTG AAA ACG E2 353 Navas-Castillo et al., 1999
MA-15 AAA GGA TCC CAC ATA TTG (17]
TYv2664 ATT GAC CAA GAT TTT TAC ACT TAT CCC 62 316 Anfoka et al., 2005 [3]
TYc138 AAG TGG GTC CCA CAT ATT GCA AGAC
PsSic-2267 TGG AAA GTT CCC CAT TCA AGA ACATC 59 891 Atzmon et al., 1998 [4]
PcRvc-397 TGC CTT GGA CAR TGG GG R CAG CAG
ToLCNDV-BF AAT ACA CGC GTA AGG AAA TAT GT 58 891 Ruiz et al., 2015 [22]
ToLCNDV-BR AGT CAT GGG CTA GCA GAT CG
MA1788 CGT GTC GTT TCG ATC TGG TGTC 60 269 Fortes et al., 2016 [12]
MA1789 GTT TGT GGA TCT AAA CTT GGT GAG
MA115 GAA AGT ACC CCATTC AAG AAC 54 559 Monci et al.,, 2002 [15]
MA116 GTA GGG CCCACTACTTTATC
TY-209F CTY GCA ATW AAA TAT TTG CAG CTA 60 750 Pellegrin et al., 2008 [20]
TY-575R CAA CAC CRG TAT GCT TSA CG
TY-613F GAA TTA CTC ACA GAG TSG GTA AGA 60 366 Pellegrin et al., 2008 [20]
TY-1363R GAA CCACGACATCATTTCCA
TYLCV-P1F AGG CAT GCG TAC ATG CCATA 53.8 282 HMOBE BHIVKP
TYLCV-P1R GGC CCT ATG GAA ACA GTC CA
TYLCSV-P2F AGC ATACCGGTGTTG TTC GT 60 341 HMOBE BHIMKP
TYLCSV-P2R CTG CTCCTT CAT CCC TGA CG
TYLCSV-P3F AAG CCG CGG ATG TAC AGA AT 60 90 HMOBE BHUMKP
TYLCSV-P3R GTC ACG CTG CTC ATACGACT
TYLCV-F ACGCTTACGCCTTAT TGGTTTC
TYLCV-R CGAGCCACTGTTCGCAAGT 60 62 Papayiannis et al., 2011

[19]

TYLCV-P FAM-TCT TGG CTATCT TGT GTT GGA CCT

TGA TTG AT-BHQ1

dutocaHutapus. KapaHtuH pactenuii 46
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Table 2

Characteristics of primers used in experiments to diagnose
begomoviruses with the PCR

Product

Tm length
Primer name Sequence 5'-3’ ©C) (b.p.) Author
TY1 GCC CAT GTA YCG RAA GCC Accotto et al.. 2000: EPPO

61 580 ’ ’ ’
TY2 GGR TTA GAR GCA TGM GTA C 2005 [2][10]
HD1 CGG AAT TCG CCC ACC AAT AAC TGT AGC .

59 674 El-gaied et al., 2008 [9]
HD2 CGG GAT CCG CAG TCC GTT GAG GAA ACT TAC
Gemini — A146 TAA TAT TAC CKG WKG VCC SC

— 53 500 Deng et al., 1994 [7]

Gemini—A672 TGGACY TTR CAW GGB CCT TCA ACA
TYLCV-Sar GCC ATA TAC AAT AAC AAG GC

59 667 Pico et al., 1999 [21]
TYLCV-Is CGC CCG TCT CGA AGG TTC
V781 CTC ACA GAG TGG GTA AGA GG

57 480 Atzmon et al., 1998 [4]
C1256 TTA ATT TGA TAT TGA ATC ATA GAAATA G
V1769 GCG AAC AGT GGC TCG TAG AGG G

60 350 Atzmon et al., 1998 [4]
C2120 CAG GCA AAA ACA ATG TGG GCC AGG
C2120a ACA GGC AAA ACA ATG TGG GCC AGG ' modified by FGBU “VNIIKR”
MA-14 TGC ATT TAT TTG AAA ACG .

52 353 Navas-Castillo et al., 1999 [17]
MA-15 AAA GGA TCC CAC ATATTG
TYv2664 ATT GAC CAA GAT TTT TAC ACT TAT CCC

62 316 Anfoka et al., 2005 [3]
TYc138 AAG TGG GTC CCA CAT ATT GCA AGAC
PsSic-2267 TGG AAA GTT CCC CAT TCA AGA ACATC

59 891 Atzmon et al., 1998 [4]
PcRvc-397 TGC CTT GGA CAR TGG GG R CAG CAG
ToLCNDV-BF AAT ACA CGC GTA AGG AAATAT GT )

58 891 Ruiz et al., 2015 [22]
ToLCNDV-BR AGT CAT GGG CTA GCA GAT CG
MA1788 CGT GTC GTT TCG ATC TGG TGTC

60 269 Fortes et al., 2016 [12]
MA1789 GTT TGT GGA TCT AAA CTT GGT GAG
MA115 GAA AGT ACC CCA TTC AAG AAC .

54 552 Monci et al., 2002 [15]
MA116 GTA GGG CCCACTACTTTATC
TY-209F CTY GCA ATW AAA TAT TTG CAG CTA .

60 750 Pellegrin et al., 2008 [20]
TY-575R CAA CAC CRG TAT GCT TSA CG
TY-613F GAA TTA CTC ACA GAG TSG GTA AGA

60 366 Pellegrin et al., 2008 [20]
TY-1363R GAA CCACGA CAT CATTTCCA
TYLCV-P1F AGG CAT GCG TAC ATG CCA TA Research and Methodology

53.8 282 Department for Virology and
TYLCV-P1R GGC CCT ATG GAA ACA GTC CA Bacteriology of FGBU “VNIIKR”
TYLCSV-P2F AGC ATA CCG GTG TTG TTC GT Research and Methodology

60 341 Department for Virology and
TYLCSV-P2R CTGCTC CTT CAT CCC TGA CG Bacteriology of FGBU “VNIIKR”
TYLCSV-P3F AAG CCG CGG ATG TAC AGA AT Research and Methodology

60 920 Department for Virology and
TYLCSV-P3R GTC ACGCTG CTC ATACGACT Bacteriology of FGBU “VNIIKR”
TYLCV-F ACGCTTACGCCTTAT TGGTTTC
TYLCV-R CGAGCCACTGTTCGCAAGT 60 62 Papayiannis et al., 2011 [19]
TYLCV-P FAM-TCT TGG CTA TCT TGT GTT GGA CCT TGA

TTG AT-BHQ1
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Ta6auia 3
Pe3ysbTaThl 9KCIIEPMMEHTOB I10 OTPA00TKe JUAarHOCTUKYN 6€erOMOBHPYCOB
Ne IleneBbie PekxoMeHayeMble HAGOPHI Cneuuduu- YyBCTBU-
n/n IIpaiiMepsl 0GBEKTbl peareHTOB HOCTb (%) TeJIbHOCTD
1 Gemini-A146/Gemini-A672 TYLCYV, MasPPMix-2025 100 He
(Deng et al., 1994) TYLCSV, OIIpeeIsaIn
ToLCNDV
2 TY1/TY2 TYLCYV, MagMIX-2025, Encyclo-plus, PCR Kit, 100 103
(Accotto et al., 2000) TYLCSV Dream Taq Green PCR Master Mix
3 TYLCV-Sar/TYLCV-Is TYLCV, MasPPMix-2025, Screen Mix, Screen 100 104
(Pico et al., 1999) TYLCSV Mix-HS
4  HD-1/HD-2 TYLCV MagMIX-2025, Encyclo-plus PCR Kit 100 104
(El-gaied et al., 2008)
5 V781/C1256 TYLCV MasPP Mix-2025, MagMIX-2025, 100 10+
(Atzmon et al., 1998) Dream Taq PCR Master Mix, Dream
Taq Green PCR Master Mix
6 V1769/C2120 TYLCV MasPP Mix-2025 100 104
(Atzmon et al., 1998)
7 V1769/C2120a (Atzmon TYLCV MasPPMix-2025, Screen Mix-HS 100 104
et al., 1998, B Hale
MonrpUKaIIIY)
8 Tyv-2664/Tyv-138 TYLCV MasP’Mix-2025, Screen Mix-HS, 100 10
(Anfoka et al., 2005) Dream Taq Green PCR Master Mix
9 TYLCV-P1F/TYLCV-P1R TYLCV Dream Taq PCR Master Mix 100 102
(HMOBE BHUUKP)
10 TYLCV-F/TYLCV-R, 30HJ, TYLCV gPCRmix-HS, gPCRmix-HS ROX, 100 10°
TYLCV-P (Papayiannis et al., gPCRmix-HS SYBR-High ROX, 2,5x
2011) PeakiiuoHHasa cMech AJisd IIPOBefe-
Hug [TIP-PB B npucytcTtBuu ROX
11 Ha6op gag I[ILIP-PB k TYLCV TYLCV KomruiekT pearenTos gJis [111P-PB 100 10°
(ArpommaruocTtuka, Poccus) K TYLCV (Arpomuaraoctuka, Poccus)
12 TY-209F/TY-575R TYLCV Qiagen Multiplex PCR Kit 100 He
(Pellegrin et al., 2008) OTIPEIEISLIN
13 TY-613F/TY-1363R TYLCSV Qiagen Multiplex PCR Kit 100 He
(Pellegrin et al., 2008) OTIpeIEeNISLIN
14 MA-14/MA-15 TYLCSV Dream Taq Green PCR Master Mix 60 1077
(Navas-Castillo et al., 1999)
15 PsSic-2267/PCRvc-397 TYLCSV Tersus PCR Kit, Mas"® Mix-2025 90 He
(Gorsane et al., 2005) OIIpeIeIsIn
16 MA115/MAl116 TYLCSV Screen Mix-HS 100 He
(Monci et al., 2002) OTIPEIENISLIN
17 TYLCSV-P2F/TYLCSV-P2R TYLCSV Screen Mix-HS, Qiagen Multiplex PCR 100 He
(HMOBB BHUUKP) Kit OTIpeNeIsIN
18 TYLCSV-P3F/TYLCSV-P3R TYLCSV Screen Mix-HS, Qiagen Multiplex PCR 100 He
(HMOBE BHUIVKP) Kit OITPEIEISLIIN
19 ToLCNDV-BF/ToLCNDV-BR ToLCNDV Screen Mix-HS, MasP’Mix-2025 100 10°
(Ruiz et al., 2015)
20 MA1788/MA1789 ToLCNDV  Screen Mix-HS, MasP’Mix-2025, 100 He
(Fortes et al., 2016) Dream Taq PCR Master Mix OTIPEMIEISLIN

dutocaHutapus. KapaHtuH pactenuii = 48

Table 3
Results of experiments on developing the diagnosis of begomoviruses
No. Target Specificity
Item Primers objects Recommended kits (%) Sensitivity
1 Gemini-A146/Gemini-A672 TYLCV, MasPPMix-2025 100 Not
(Deng et al., 1994) TYLCSV, established
ToLCNDV
2 TY1/TY2 TYLCV, MagMIX-2025, Encyclo-plus, PCR Kit, 100 1073
(Accotto et al., 2000) TYLCSV  Dream Taq Green PCR Master Mix
3 TYLCV-Sar/TYLCV-Is TYLCV, MasPPMix-2025, Screen Mix, Screen 100 10+
(Pico et al., 1999) TYLCSV  Mix-HS
4 HD-1/HD-2 TYLCV MagMIX-2025, Encyclo-plus PCR Kit 100 10+
(El-gaied et al., 2008)
5 V781/C1256 TYLCV MasPP Mix-2025, MagMIX-2025, 100 10+
(Atzmon et al., 1998) Dream Taq PCR Master Mix, Dream
Taq Green PCR Master Mix
6 V1769/C2120 TYLCV MasPP Mix-2025 100 104
(Atzmon et al., 1998)
7 V1769/C2120a (Atzmon et al., TYLCV MasPPMix-2025, Screen Mix-HS 100 10+
1998, modified by us)
8 Tyv-2664/Tyv-138 TYLCV MasPP Mix-2025, Screen Mix-HS, 100 104
(Anfoka et al., 2005) Dream Taq Green PCR Master Mix
9 TYLCV-P1F/TYLCV-P1R TYLCV Dream Taq PCR Master Mix 100 1072
(Research and Methodology
Department for Virology and
Bacteriology of FGBU “VNIIKR”)

10 TYLCV-F/TYLCV-R, probe TYLCV gPCRmix-HS, qPCRmix-HS ROX, 100 10°
TYLCV-P (Papayiannis et al., gPCRmix-HS SYBR-High ROX, 2.5x
2011) reaction mixture for RT-PCR with ROX

11 RT-PCRKit for TYLCV TYLCV RT-PCR Reagent Kits for TYLCV 100 10
(Agrodiagnostika, Russia) (Agrodiagnostika, Russia)

12 TY-209F/TY-575R TYLCV Qiagen Multiplex PCR Kit 100 Not
(Pellegrin et al., 2008) established

13 TY-613F/TY-1363R TYLCSV  Qiagen Multiplex PCR Kit 100 Not
(Pellegrin et al., 2008) established

14 MA-14/MA-15 TYLCSV Dream Taq Green PCR Master Mix 60 1077
(Navas-Castillo et al., 1999)

15 PsSic-2267/PCRvc-397 TYLCSV Tersus PCR Kit, MasPP Mix-2025 90 Not
(Gorsane et al., 2005) established

16 MA115/MA116 TYLCSV Screen Mix-HS 100 Not
(Monci et al., 2002) established

17 TYLCSV-P2F/TYLCSV-P2R TYLCSV Screen Mix-HS, Qiagen Multiplex PCR 100 Not
(Research and Methodology Kit established
Department for Virology and
Bacteriology of FGBU “VNIIKR”)

18 TYLCSV-P3F/TYLCSV-P3R TYLCSV Screen Mix-HS, Qiagen Multiplex PCR 100 Not
(Research and Methodology Kit established
Department for Virology and
Bacteriology of FGBU “VNIIKR”)

19 ToLCNDV-BF/ToLCNDV-BR ToLCNDV Screen Mix-HS, MasPPMix-2025 100 10°
(Ruiz et al., 2015)

20 MA1788/MA1789 ToLCNDV Screen Mix-HS, MasP? Mix-2025, 100 Not
(Fortes et al., 2016) Dream Taq PCR Master Mix established
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The following begomovi-
Homep nyHku | UpeHtudukatop npooupku [Cp, Fam|Cp, Hex| PesynbTtar rus isolates were used: TYLCV
A1 TYLCV_PV-0560 15,6 + PV-0844, TYLCV-Isr PV-0560,
A2 TYLCV_PV-0844 11,7 + TYLCV + ACMV PV-0588, TYLCSV
A3 TYLCV_P-10501202 20,3 + PV-0596, TYLCSV PV-0561,
A4 TYLCV g-842 12,7 + ToLCNDV PC-1109, ToLCNDV
A5 TYLCSV PC-0596 - PC-1111, ACMV PC-0873, BGMV
A6 TYLCSV_PC-0561 _ PC-0094 (all from DSMZ collection,
A7 TYLCV+ACMV_PC-0588 = Germany), TYLCV-g 842, TYLCV
A8 ACMV PC-0873 _ Kaz-1 (FGBU “VNHKR”) and TYLCV
B1 ToLCNDV PC-1109 _ P-10501202 (Adgen, United King-
B2 ToLCNDV_PC-1111 } dom). o
B3 BCMV PC.0094 i T‘he specificity of the te.st-
B4 X_pacr., i ed primers was evaluated with
B5 ke 162 = reference isolates of the follo-
2 wing viruses from the DSMZ col-
B6 K- 5 lection (Germany), which infect

Puc. 6. BoiseneHue TYLCV metopom MLUP
B peasibHOM BPEMEHM C UCNOSIb30BaHNEM

(Papayiannis et al., 2011) [19]

[Tpu ucToNb30BaHUU PA3IUUYHBIX HAGOPOB pea-
reHTOB HanboJjiee BbICOKAas BOCIIPOM3BOJMUMOCTD pe-
3yJIbTaTOB KOHCTATHUPOBaHa JJis IIpaliMepoB HD-1/
HD-2 u V781/C1256. BocIpou3BOAUMOCTD Pe3yabTa-
TOB B TecTax c paiiMepamu V1769/C2120 u Tyv-2664/
Tyv-138 cylecTBeHHO 3aBUCeJIa OT UCII0JIb3yEMBIX Ha-
60poB peareHTOB AJis [TLIP.

B TecTtax c nmpaimepamu V1769/C2120 u 60Jib-
IIXHCTBOM UCITBITYyeMbIX HAGOPOB peareHTOB HABJII0-
Iajoch obpasoBaHUe MHOTOUYUCIEHHBIX HeCIlelu-
(bryeckux npogyKTOB aMIINGUKAIIUU (<IIMEPOB»).
[Tocye psifa 9KCIIEPUMEHTOB HaMU Obljia IPOBeJeHa
MomuduKkaiyg obpaTHoro mmpaiiMepa C2120 (tabu. 2),
KoTOpag mo3Boauia 3hHeKTUBHO, CEJIEKTUBHO U C BbI-
COKOI YyBCTBUTENBHOCTbHI0 JUATHOCTUPOBATH U30JI51-
Tl TYLCV 6e3 o6pa3oBaHus Kakux-inbo Hecrenupu-
YeCKUX IIPOJIYKTOB.

YcTaHOBJIEHO, YTO MCIIOJIb30OBaHUE IpaliMe-
poB HD-1/HD-2, V781/C1256, V1769/C2120, V1769/
C2120a u Tyv-2664/Tyv-138 1 onTUMaJIbHBIX HA6O-
POB peareHTOB MMO3BOJISIET BHISIBIIATH 11€JI€BOY 06b-
eKT TMpPU pa3BeleHUU UHQPEKIIMOHHOTO 3KCTpPaKTa
o 10™*. HecKOJIbKO MeHee BBICOKAS UyBCTBUTEJIb-
HOCTB KOHCTaTUPOBaHa AJjd rpaimepoB TYLCV-P1F/
TYLCV-P1R.

[Tpu oTpaboTke [P B peailbHOM BpEMEHU yCTa-
HOBJIeHO, uTO npaimepsl TYLCV-F/TYLCV-R u 30H[,
TYLCV-P [19] xapakTepu3yTCSI BbICOKOU CIIelu-
¢puuHocTrio kK TYLCV 1 He pearupymoT C U30JA9TaMu
IpPyrux 6eroMOBUPYCOB, BKJIIOUAs 6JIU3KOPOICTBEH-
Hblit TYLCSV (puc. 6). B sKcIlepuMeHTax C HIThI0
pasnIuyHbBIMU HaGopaMu peareHToB mJisg I1LIP-PB
U 5TUMMU IpaiMepaMu KoHcTaTupoBaHa 100%-5 Boc-
TIPOU3BOAUMOCTD Pe3yabTaToB. [IpaiiMmepst TYLCV-F/
TYLCV-R u 308 TYLCV-P 1103BOJISI0T AUATHOCTUPO-
BaTh TYLCV nipu pa3zBefeHUU UHPEKIIMOHHOTO SKC-
TpakTa 10 107,

AnanoruvyHas cCelu(PUUIHOCTb U YyBCTBUTEIb-
HOCTb Pe3yJbTaTOB YCTAHOBJIEHA U IJII KOMMepUe-
ckoro Ha6opa g IMIIP-PB k TYLCV ¢upMbl «ATpo-
nuar"octuka» (Poccus). OLHAKO NPU YBEJIUYEHUU
TEPMOLIUKJINYECKOTO PEeXXMMa CBBhIIIEe 35 [UKJIOB MO-
J)KeT HabJI0aThCs JTOXKHOIIOJNOXUTENbHBIA CUTHAJ
¢ 6amskopomcTBeHHBIM TYLCSV.

Fig. 6. Real-time detection of TYLCV
by qPCR using TYLCV-F/TYLCV-R
npanmepos TYLCV-F/TYLCV-R n 3oHga TYLCV-P  primers and TYLCV-R probe
(Papayiannis et al., 2011) [19]

plants of solanaceous crops: AMYV,
APLV, APMoV, INSV, PAMV, PBRSY,
PepMV, PLRV, PVM, PVS, PVX,
PVY, PYDV, PYV, TBRV, TMV, ToCV,
ToRSV, TRSV and TSWV.

Proba-NK (Agrodiagnostika,
Russia) and FitoSorb-M (Syntol, Russia) kits were used
for purification DNA and RNA of viruses from plant tis-
sues, which were used according to the manufacturer’s
instructions.

The primers were tested with the PCR kits indicat-
ed in Table 1. The kits were used according to the ma-
nufacturer’s instructions.

To develop the diagnosis of begomoviruses,
15 pairs of primers were tested, the characteristics of
which are shown in Table 2.

In addition, a RT-PCR kit for detection of TYLCV
(Agrodiagnostika, Russia) was used as a confirmation
test. The nucleotide sequences included in this set of
primers and probe sequence are not disclosed by the
manufacturer.

RESEARCH RESULTS

A summary of the results of the experiments to develop
the diagnosis of begomoviruses is presented in Table 3.

It has been established that universal primers
Gemini-A146/Gemini-A672 [7] react with isolates of
begomoviruses TYLCV, TYLCSV and ToLCNDV com-
mon in Europe and can be used for screening tests for
these begomoviruses. No response has been noted for
these primers with ACMV (African cassava mosaic vi-
rus) and BGMV (Bean golden mosaic virus) begomovi-
ruses. However, due to the formation of non-specific
products, the need for further testing with these pri-
mers has been stated.

The duplex reaction of primers TY1/TY2 [2] and
TYLCV-Sar/TYLCV-Is [21] with TYLCV and TYLCSV has
been confirmed, along with the absence of their reac-
tion with TOLCNDV, ACMV and BGMV (Fig. 4). Possibility
of use of these primers with various kits of reagents for
conventional PCR of domestic manufacturers is estab-
lished at high enough level of sensitivity of tests (mul-
tiplication of an infectious extract in 107°-107%). It is
noted that primers TY1/TY2 and TYLCV-Sar/TYLCV-Is
can be recommended for screening tests for TYLCV and
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Puc. 7. BoisBneHune TYLCSV MeToL,0M Klaccuueckom
MLLP c ucnonb3oBaHuem npaimepos MA115/MA116
(cneuudmueckunn npopykT 552 n. H.)

(Monci et al., 2002) [15]

O6pasubi:

1 TYLCSV PV-0561 (DSMZ) 7 ToLCNDV PC-1111 (DSMZ)
2 TYLCSV PC-0596 (DSMZ) 8 BGMV PC-0094 (DSMZ)

3 TYLCV-Isr PC-0560 (DSMZ) 9 ACMV PC-0873 (DSMZ)
4
5

TYLCV PV-0844 (DSMZ) 10 TYLCV Kaz-1 (BHUUKP)

TYLCV - g842 (BHUUKP) 11 OTpuuaTENbHbIA KOHTPOb
(Bona)
6 ToLCNDV PC-1109 (DSMZ) 12 JlucTbs 30,0pOBOro pacTeHus
TomMara

Fig. 7. Detection of TYLCSV by conventional PCR using
MA115/MA116 primers (specific product of 552 b. p.).
(Monci et al., 2002) [15]

Samples:

1 TYLCSV PV-0561 (DSMZ) 7 ToLCNDV PC-1111 (DSMZ)

2 TYLCSV PC-0596 (DSMZ) 8 BGMV PC-0094 (DSMZ)

3 TYLCV-Isr PC-0560 (DSMZ) 9 ACMV PC-0873 (DSMZ)

4 TYLCV PV-0844 (DSMZ) 10 TYLCV Kaz-1 (FGBU “VNIIKR”)
5 TYLCV -g842 11 Negative control (water)

(FGBU “VNIIKR”)
6 ToLCNDV PC-1109 (DSMZ) 12 Leaves of a healthy tomato plant

IMpatimepsr MA-14/MA-15 [18], PsSic-2267/
PCRvc-397 [14] u MA115/MA116 [15] 6b111 pa3pabo-
TaHbl 1 crieiudryeckoro BeigBiaeHusa TYLCSV.

OIHAaKO B CEMU MPOBENEHHBIX dKCIIEPUMEHTAX
HaMU He OBIJIO MTOJIyUEeHO IoKa3aTeJabCTBa Crieu(pud-
HOCTH IIpariMepoB MA-14/MA-15 k TYLCSV, Tak Kak
TTOMUMO PeaKIIMU C U30JIITOM IIeJIeBOr0 06beKTa Ha-
6mromaniach Taxke amnaudukaimga JHK HeKOTOPhIX
U30JIITOB TPEX APYyrux 6eroMoBupycoB. Kpome TorO,
BOCITPOM3BOJIUMOCTD PE3YIbTATOB CYyIeCTBEHHO Ba-
phUpPOBaJia B 3aBUCUMOCTHU OT UCIIOJIb3yeMbIX HAOOPOB
peareHTOB.

VicnbiTaHue mpatiMmepoB PsSic-2267/PCRve-397
[14] moaTBepAMIO MX BBICOKYIO CHenUPUUHOCTD
K TYLCSV. Hecrienmurueckoil peakiiuy 3TUX Mpai-
MEPOB C IpyruMu 6erOMOBUPYycaMU He HaGII01aI0Ch.
KoHcTaTupOBaHO, UTO [1Jid IIPOBELIEHUS TECTOB C LaH-
HBIMU ITpaliMepaMy HeoOX0AUMO IIpeaBaPUTEIbHOE
UCTIBbITAaHWE HAabOPOB peareHTOB AJis I11IP ¢ 1eabio
MUHUMaJNU3aluu 06pa3oBaHus HeCIelln(puuecKux
MIPOAYKTOB aMIIUMDUKAIINU.

OnTuMajibHble Pe3yJIbTaThl IPU OTPAbOTKE IU-
arHoctuku TYLCSV B 1y1aHe OTCYTCTBUS KaKUX-JI100
HecrenudUIeCKUX peaKIui GbLIN OJyYeHbl OIS
npaimepoB MA115/MA116 [15] (puc. 7).

Pe3ysbTaThl IpelBAPUTEJIbHBIX 3KCIIEPUMEH-
TOB CBUJETEJBCTBYIOT O BBICOKOU CIIelu(UUYHOCTHU

TYLCSV with subsequent sequencing of amplification
products or the use of specific primers.

The multiplex test with primers TY-209F/TY-575R
(specific to TYLCV) and TY-613F/TY-1363R (specific to
TYLCSV) [20] for simultaneous identification of TYLCV
and TYLCSV was developed. It was found that this test
allows to diagnose both monoinfections of TYLCV and
TYLCSV, and mixed infection of these viruses (Fig. 5).

Following the results of the conducted experi-
ments high specificity to TYLCV of primers HD-1/HD-2
[9], V781/C1256 [4], V1769/C2120 [4], Tyv-2664/Tyv-
138, recommended in the literature [3], and primers
TYLCV-P1F/TYLCV-P1R, developed by us, has been es-
tablished. All these pairs of primers reacted only with
isolates of the target object - TYLCV — and did not react
with non-target begomoviruses — TYLCSV, ToLCNDYV,
ACMV and BGMV.

When using different kits of reagents, the highest
reproducibility of results was established for primers
HD-1/HD-2 and V781/C1256. Reproducibility of results
in tests with primers V1769/C2120 and Tyv-2664/Tyv-
138 significantly depended on used reagent kits for PCR.

In tests with V1769/C2120 primers and most of
the reagent kits under test, the formation of numer-
ous non-specific amplification products (smears) was
observed. After the experiments we modified reverse
primer C2120 (Table 2), which allowed us to diagnose
TYLCV isolates effectively, selectively and with high sen-
sitivity without formation of any non-specific products.

It was found that the use of HD-1/HD-2, V781/
C1256, V1769/C2120, V1769/C2120a and Tyv-2664/
Tyv-138 primers and optimal PCR kits allowed to iden-
tify the target object when diluting an infectious extract
up to 1074 A slightly lower sensitivity has been noted
for TYLCV-P1F/TYLCV-P1R primers.

During qPCR it was found that TYLCV-F/TYLCV-R
primers and TYLCV-R probe [19] are highly specific to
TYLCV and do not react with isolates of other begomo-
viruses, including closely related TYLCSV (Fig. 6). In
experiments with five different RT-PCR kits and these
primers, 100% reproducibility of the results has been
established. TYLCV-F/TYLCV-R primers and TYLCV-R
probe allow to diagnose TYLCV when diluting an infec-
tious extract up to 107°,

Similar specificity and sensitivity of the results is
established for the RT-PCR commercial kit for TYLCV
(Agrodiagnostika, Russia). However, when the thermo-
cyclic mode is increased above 35 cycles, a false posi-
tive signal with closely related TYLCSV may be observed.

The primers MA-14/MA-15 [18], PsSic-2267/
PCRvc-397 [14] and MA115/MA116 [15] were deve-
loped for specific detection of TYLCSV.

However, in seven experiments we have not ob-
tained evidence of MA-14/MA-15 primers specificity to
TYLCSV, because in addition to the reaction with the
target object isolate, we also observed DNA amplifica-
tion of some isolates of three other begomoviruses. In
addition, the reproducibility of the results varied sig-
nificantly depending on the reagent kits used.

The testing of PsSic-2267/PCRvc-397 prim-
ers [14] confirmed their high specificity to TYLCSV.
No nonspecific reaction of these primers with other
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Puc. 8. BbiasneHue ToLCNDV mMeTomom knaccuueckon MLUP

¢ ucnonb3oBaHueM npameposB TOLCNDV-BF/ToLCNDV-BR (Ruiz

et al., 2015) [22] u MA1788/MA1789 (Fortes et al., 2016) [12]
(Habop peareHToB Screen Mix-HS):

a — npanmepbl TOLCNDV-BF/ToLCNDV-BR

(cneumndmuecknii npogykT 891 n. H.);

b — npainmepbl MA1788/MA1789

(cneuundmuecknii npoayKT 269 n. H.)

1 2 .3 4556 E0RCRORNITOSNME 2813

Fig. 8. Identification of TOLCNDV by conventional PCR using
ToLCNDV-BF/ToLCNDV-BR primers (M. Ruiz et al., 2015) [22]
and MA1788/MA1789 (I. Fortes et al., 2016) [12]

(Screen Mix-HS kit):

a— ToLCNDV-BF/ToLCNDV-BR primers

(specific product of 891 b. p.);

b — primers MA1788/MA1789

(specific product of 269 b. p.)

06pasubl: Samples:

1 TYLCV-Isr PC-0560 (DSMZ) 8 ACMV PC-0873 (DSMZ) 1 TYLCV-Isr PC-0560 (DSMZ) 8 ACMV PC-0873 (DSMZ)

2 TYLCV PV-0844 (DSMZ) 9 ToLCNDV PC-1109 (DSMZ) 2 TYLCV PV-0844 (DSMZ) 9 ToLCNDV PC-1109 (DSMZ)
3 TYLCV P-10501202 (Adgen) 10 ToLCNDV PC-1111 (DSMZ) 3 TYLCV P-10501202 (Adgen) 10 ToLCNDV PC-1111 (DSMZ)
4 TYLCV - g842 (BHUUKP) 11 BGMV PC-0094 (DSMZ) 4 TYLCV - g842 (FGBU “VNIIKR”) 11 BGMV PC-0094 (DSMZ)

5 TYLCSV PV-0561 (DSMZ) 12 OTpuuatenbHblii KOHTponb (Adgen) 5 TYLCSV PV-0561 (DSMZ) 12 Negative control (Adgen)
6 TYLCSV PC-0596 (DSMZ) 13 OTpuuaTenbHblii KOHTposb (Bopa) 6 TYLCSV PC-0596 (DSMZ) 13 Negative control (water)
7 TYLCV+ACMV PV-0588 (DSMZ) 7 TYLCV+ACMV PV-0588 (DSMZ)

K TYLCSV paspaboTaHHbIX HaMu npatimepoB TYLCSV-
P2F/TYLCSV-P2R u TYLCSV-P3F/TYLCSV-P3R.
YcTaHOBJIEHA TaK)XXe BO3MOXXHOCTb UCIIOJIb30BaHUSA
npariMepoB TYLCSV-P3F/TYLCSV-P3R u TYLCV-P1F/
TYLCV-P1R nj1ig npoBeieHUS MYJIbTUIIJIEKCHOTO TECTA
Ha Hanuuue TYLCSV u TYLCV.

[IpoBeleHHBIE SKCIIEPUMEHTHI IIOATBEPLUIU
BBICOKYIO crieupuuHOoCTbh K TOLCNDV mpaliMmepoB
ToLCNDV-BF/ToLCNDV-BR [22] u MA1788/MA1789
[12] (puc. 8). 3Ty mpaiiMepbl pearupoBaJIy JIUIIb C U30-
JIITaMU LIeJIEBOTO areHTa Y He IPOSIBJILIU HeCIel -
(uueckux peakiinii c U30J9TaMU JPYTUX HelleJeBbIX
6eroMoBUpPycoOB. KoHCTaTMpOBaHA BOBMOXXHOCTD 3(-
(heKTUMBHOI0 MCIIOIb30BAHNUS STUX ITPAaliMepPoB ¢ Habo-
paMu peareHToB 14 [T P pa3jinyHbIX 0TEYUECTBEHHBIX
1 3apy6exHbIX (GDUPM-ITPOU3BOIUTETEH.

Ilnst BCceX U3ydaeMbIX NTPaliMepPOB HE OTMEUEHO
HecTelu(puUuecKol peaKkiiuy ¢ pa3jinuHbIMU BUPyCa-
MU, 3apakalollMy pPaCTeHU TOMaTa, Ieplia U APyTrux
T1acJIEHOBBIX KyJbTyp: AMV, APLV, APMoV, INSV, PAMY,
PBRSV, PepMV, PLRV, PVM, PVS, PVX, PVY, PYDV, PYV,
TBRYV, TMV, ToCV, ToRSV, TRSV u TSWV.

[IpoBeJleHHBIE UCCIIEJOBAHNUS TIO3BOJISIOT CHEe-
JIaTh CJIeAyloliue peKOMeHI Al uN:

[l IpoBeeHNS CKDUHUHTOBOT'O TeCTa Ha HAJIU-
yme TYLCV u TYLCSV B hopmaTe kjaccuueckow ITLIP
UCII0JIb30BaTh IpaiMepsl TY1/TY2 [2] unu nipaiiMepsl
TYLCV-Sar/TYLCV-Is [21] c moc/ieqy0ImuM CeKBEHNU-
pOBaHMEM MPOAYKTOB aMIIubUKALUYU Ju60 MyJb-
tumiekcHyto [P c npaiimepamu TY-209F/TY-575R
u TY-613F/TY-1363R [20].

[lg9 IpoBeJleHUSI CKDUHUHTOBOI'O TeCTa Ha Ha-
anuue TYLCV npoBoauTh [ILIP B pealibHOM Bpe-
MeHU c npaiMmepamu TYLCV-F/TYLCV-R u 30HIOM

begomoviruses was observed. It was found that for
tests with these primers it is necessary to pre-test the
PCRKits in order to minimize the formation of non-spe-
cific amplification products.

Optimal results of TYLCSV diagnostic testing in
terms of absence of any nonspecific reactions were ob-
tained for primers MA115/MA116 [15] (Fig. 7).

The results of preliminary experiments show high
specificity of TYLCSV primers TYLCSV-P2F/TYLCSV-P2R
and TYLCSV-P3F/TYLCSV-P3R which were developed
by us. The possibility to use primers TYLCSV-P3F/TY-
LCSV-P3Rand TYLCV-P1F/TYLCV-P1R for multiplex test
on presence of TYLCSV and TYLCYV is also established.

The conducted experiments have confirmed high
specificity of primers ToLCNDV-BF/ToLCNDV-BR [22]
and MA1788/MA1789 [12] to ToLCNDV (Fig. 8). These
primers reacted only with isolates of the target agent and
did not show non-specific reactions with isolates of oth-
er non-targeted begomoviruses. The possibility to effec-
tively use these primers with PCR kits of various domes-
tic and foreign manufacturers has been established.

For all the primers tested there was no non-specific
reaction with different viruses infecting tomato, pepper
and other solanaceous plants: AMV, APLV, APMoV, INSV,
PAMYV, PBRSV, PepMV, PLRV, PVM, PVS, PVX, PVY, PYDV,
PYV, TBRV, TMV, ToCV, ToRSV, TRSV and TSWV.

The following recommendations can be made:

To conduct a screening test for TYLCV and
TYLCSV in the format of conventional PCR one should
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TYLCV-P [19] uiu nCIosb30BaTh KOMMEPUYECKUM Ha-
60p peareHToB A [TLIP-PB kK TYLCV hupMbl «ATPO-
Iuar"HocTtuka» (Poccus).

Il mpoBeleHUS MOATBEPKIAI0NIEro TecTa Ha
Hasinuve TYLCV uCrosib30BaTh OAHY U3 CIAeAYIOLIUX
nap npatimepoB: HD-1/HD-2 [9], V781/C1256 [4] unu
V1769/C2120 [4] (B Hamel momudukaun) B opmarte
KJaccuueckoi ITIIP.

Il IpOBeZleHUS TIOMTBEPIKIAIONIEero TecTa Ha
nannuure TYLCSV ucmonb3oBaTh npaimeps MA115/
MA116 [15] unu mpatimepsl TYLCSV-P3F/TYLCSV-P3R
(HMOBB BHUUKP) B hopmare Kiraccuueckoi ITLIP.

Insa seigBieHns ToLCNDV ucmosib30BaTh Ipaii-
Mepbl MA1788/MA1789 [12] 1 TOLCNDV-BF/ToLCNDV-
BR [22], meTekTupymoiiue cooTBeTcTBeHHO JHK-A
1 JHK-B 11e71€BOT0 06 BEKTA.
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use primers TY1/TY2 [2] or primers TYLCV-Sar/TYL-
CV-Is[21] with subsequent sequencing of amplification
products or multiplex PCR with primers TY-209F/TY-
575R and TY-613F/TY-1363R [20].

To conduct screening test for presence of TYLCV
one should carry out RT-PCR with primers TYLCV-F/
TYLCV-R and probe TYLCV-R [19] or use a commercial
RT-PCR kits for TYLCV (Agrodiagnostika, Russia).

Use one of the following pairs of primers to per-
form a confirmation test for TYLCV: HD-1/HD-2 [9],
V781/C1256[4] or V1769/C2120 [4] (modified by us) in
conventional PCR format.

Use the MA115/MA116 primers [15] or the
TYLCSV-P3F/TYLCSV-P3R primers (Research and
Methodology Department for Virology and Bacteriolo-
gy of FGBU “VNIIKR”) in conventional PCR format to
perform the TYLCSV confirmation test.

To identify ToLCNDV, use primers MA1788/
MA1789 [12] and ToLCNDV-BF/ToLCNDV-BR [22] de-
tecting DNA-A and DNA-B target objects respectively.
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AuHOTauuA. B Xxo0de Hay4HO-UCCE008AMENbCKOLL
axcneduyuu 6 Coyuanucmuueckyio Pecnyonuky BoemHam,
npednpuHImoli ¢ yeawvto coopa KONLEKYUOHHO020 U CNPAB0Y-
H020 MAmMepuala no KapaHmuHHuLM U NPoYUM 8PEOHbIM
sudam Hacekomvlx u pacmenull, 6bla1 co6pan mamepuas,
sxatoyarowuli 14 eudos mpuncos. IIpusederv OarHbvle
0 pacnpocmpauenul, Ouosoeuu OOHAPYHEHHLIX U008
MPUncos, ux Kpamxas Mop@osioeudecKas Xapaxmepu-
cmuka. BoisisnieHvt 5 81008 mpuncos, umerowux gumoca-
HumapHoe 3nauerue dns PO, a makxce 6 8udos, paree He
peaucmpuposasuiuxcs 6 gpayHe Bobemuama.

KiroueBsle ciaoBa. Bbemuam, Thysanoptera, mpun-
Cbl, KAPaHMUHHbLE 00BEKMbL, HOBbLE JAHHbLE, PACPOCMPa-
HeHue.

BBEJIEHUE

uwHe — uwje 2019 roga coTpyx-

Huku ®I'BY «BHUMKP» [I.I'. Kacat-

kuH u 10.10. KysnakoBa HaXoouauCh

BHAY4YHO-MCCJIE0BATENbCKOM DKC-

negunuu Ha Teppurtopuu Corma-
naucTudecko Pecrybsmku BbeTHam. Llenb 3Kcie-
IULUY COCTOsIa B c60ope KOJIIEKIIMOHHOTO M CIIpa-
BOYHOTO MaTepuajia M0 KapaHTUHHBIM U IIPOYUM
BPEIHBIM BUIaM HACEKOMBIX M PACTEHUH.

BbeTHaM gBJIIETCS Ba)XHbIM TOPI'OBbBIM IIAPTHE-
pomM Poccuiickoit ®epepatiuu. B 2018 rogy ToBapoo6o-
pot Poccuu ¢ BeeTHaMoM cocTaBuil 6 Mipz gost. CIIA.
JkcnopT Poccuu Bo BreTHaMm B 2018 rofy coctaBull
2,5 mapg gonia. CHIA. UmmopT Poccuu u3 BeeTHaMa
B 2018 rogy coctaBui 3,6 miipg, noJ. CIIA. B cTpykType
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Materials

to the knowledge

of the fauna of thrips
(Thysanoptera)

in Vietnam

as a result of the
expedition of
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Abstract. During a research expedition to the Socialist
Republic of Vietnam, undertaken to collect quarantine and
other insect pests and weeds, material including 14 species
of thrips was collected. Data on the distribution, biology of
collected thrips species and their brief morphological cha-
racteristics are presented. Five species of thrips, which are
of phytosanitary importance for Russia, as well as six species
that have not been previously registered in the fauna of Viet-
nam, were identified.

Keywords. Vietnam, Thysanoptera, thrips, quarantine
objects, new data, distribution.

INTRODUCTION
nJune —July 2019, employees of FGBU “VNIIKR”
D.G. Kasatkin and Yu.Yu. Kulakova were on a re-
search expedition in the Socialist Republic of
== vVietnam. The purpose of the expedition was
to collect reference and collection material on
quarantine and other harmful species of insects and
plants.
Vietnam is an important trade partner of the
Russian Federation. In 2018, Russia’s trade turnover
with Vietnam was USD 6 billion. Russian Federation’s

MioHb N2 2 (2) 2020 55



