OVWATHOCTUKA

YOK 632.08

Juar"HocTuka BUPyCcoB
pozxa Begomovirus

E.H.JIO30BA4?, 10.H. ITPUXOJBKO?,
T.C. )KUBAEBAS3, 10.A. IIHENIEP*

®I'BY «BcepoCCUMCKUE LIEHTP KapaHTUHA PaCTeHUHN
(®T'BY «BHUVKP»), p. 1. BBIKOBO, T. PAaM€eHCKOE,
MockoBcKasg 06J1., Poccus
1 e-mail: evgeniyaf@mail.ru
2 e-mail: prihodko_yuri59@mail.ru
3 e-mail: zhivaeva.vniikr@mail.ru
4 ORCID 0000-0002-7565-1241,
e-mail: yury.shneyder@mail.ru

AHHOTALIUA
Pop Begomovirus — ogyuH 13 HanboJiee KPYITHBIX CPeAr
ponoB (UTOIIaTOTEHHBIX BUPYCOB. [IpeacTaBUTENU
9TOTr0 POZA 3apa’kal0T ABYIOJIbHbIE PACTEHUS U IIe-
penmarTca TabauHOM 6eJIOKPBLIKOM. PaHee 9TOT poj
OBLT M3BECTEH TAaK)Ke KaK moArpymra Il reMuHuBUPY-
COB, WJIY TPYIINIa BUPYyca 30JI0TUCTON Mo3anuKu 60608B.
Bupyc XenToi KypyaBocTy JucTbeB ToMaTta (TYLCV),
BUPYC XKEJTOW Kyp4yaBOCTU JIUCTbeB ToMaTta Capau-
Hus (TYLCSV), BUpyC Kyp4yaBOCTU JIUCTbEB TOMATa
Hreto-Zlenu (TOLCNDV) BXOAST B COCTaB poza Begomo-
Virus v IBJISI0TCS OMACHBIMU MaTOT€HAMU OBOIHBIX
KYJbTYP B OTKPBITOM U 3aIIUIIEHHOM I'PyHTE. Bce 3T
BUPYChI OTCYTCTBYIOT Ha TEPPUTOPUU Poccuiickoit
®enepanuy, a TYLCV BKIOYeH B EXMHBIN ITepeyveHb
KapaHTUHHBIX 00beKTOB EBpasuiicKoro 3KoHOMUYe-
ckoro cotoza (EAJC). [ToTepu ypoxxas ToMara, Iepliia,
LIYKWHU U JPYTUX OBOIIHBIX KYJIbTYP B Pe3yJIbTATe 3a-
pakeHud 3TUMU IIaToreHaMu Moryt gocturarb 100%.
CBOeBpeMeHHOE BhISIBJIEHVE 3apakeHHBIX PACTEHUN
MMeeT Ba)kKHelIee 3HaUEHNE IJI IPegOoTBPaIleHUs
IIPOHVKHOBEHUS BUPYCOB Ha TePPUTOPUI0 PD 1 ux
pacrpocTpaHeHus Ha Hell. O6beKTUBHOE BBISIBIEHNE
0c0060 OTTaCHBIX BUPYCOB poa Begomovirus v ux uieH-
TUGUKAINA 0 YPOBHS POZJA U BH/IAa BO3MOXKHBI JINIITh
Ha OCHOBE UCII0JIb30BAHUSI COBPEMEHHBIX METO/IOB Jia-
60paTOpPHOI IMarHOCTUKU. B X0/ie McciaeloBaHUM aB-
TOpaMU CTaThbU MIPOTECTUPOBAHBI 7 TTap YHUBEPCAJb-
HBIX U 4 TIapbl BULOCHIEU(PUUHBIX IPaliMepoB g
IIPOBENEHUS KJIACCUUYECKOH ITONMMePa3sHoH IIeITHON
peaxkimuu (TTLP) u 1P B peanbHOM BpeMeHu. Ompe-
JleJieHbl IpaliMephl, T03BOJISAIONINE TIPOBOIUTD VHU-
BepcajJbHOE BhIIBJIEHVE KOMILJIEKCa 6ETOMOBUPYCOB
Ha OBOIIHBIX KyJIbTypax. [TpoBefeHa oTpaboTKa MyJib-
TUTLIeKCHOU [TLIP 11 BBIIBIEHUS 1 UAeHTUPUKAIIUN
TYLCV u TYLCSV omHOBpeMeHHO. ABTOpaMu CTaTbU
paspaboTaHbl IpaliMephl, XapaKTePU3yIIuecs BbI-
cokoii crienupuuHocThio K TYLCV u TYLCSV.

Knwuesovle cnoéa. beroMoBUPYChI, BBISIBIEHUE
U uAeHTUDUKAIIYS, TToIuMepa3Has IelHas peaKiusd,
TecT-cucTeMbl, ipaiiMepsl, TYLCV, TYLCSV, TOLCNDV.
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ABSTRACT
The genus Begomovirus is one of the largest among the
genera of phytopathogenic viruses. Representatives of
this genus infect dicotyledonous plants and are trans-
mitted by the silverleaf whitefly. Previously, this genus
was also known as subgroup III of the geminiviruses,
or the Bean golden mosaic virus group. Tomato yel-
low leaf curl virus (TYLCV), Tomato Yellow Leaf Curl
Sardinia Virus (TYLCSV), Tomato leaf curl New Delhi
virus (ToLCNDV) belong to the genus Begomovirus and
are serious pathogens of vegetable crops in open and
protected ground. All these viruses are absent on the
territory of the Russian Federation, and TYLCV is in-
cluded in the Common List of Quarantine Pests of the
Eurasian Economic Union (EAEU). Yield losses of to-
mato, pepper, zucchini and other vegetable crops as
a result of infection with these pathogens can reach
100%. Timely detection of infected plants is essential
to prevent the entry of viruses into the territory of the
Russian Federation and their spread on it. Objective
detection of especially dangerous viruses of the Bego-
movirus genus and their identification to the level of
genus and species is possible only through the use of
modern methods of laboratory diagnostics. During the
research, the authors of the article tested 7 pairs of uni-
versal and 4 pairs of species-specific primers for classi-
cal polymerase chain reaction (PCR) and real-time PCR.
Primers have been identified that allow universal de-
tection of the begomovirus complex on vegetable crops.
Multiplex PCR was tested to detect and identify TYLCV
and TYLCSV simultaneously. The authors of the article
developed primers with high specificity for TYLCV and
TYLCSV.

Key words. Begomoviruses, detection and
identification, polymerase chain reaction, test
systems, primers, TYLCV, TYLCSV, ToLCNDV.
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BBEJEHUE

a MOCJEe[HIOK YeTBePTh BeKa AJd MU-
POBOTO CEeJIbCKOTO XO03sdKCcTBa 0coboe
3HaUYeHWe MPuobpesu BUPYCHI, pac-
IpocTpaHswuecs  6eJIOKPbhUIKaMU
u Tpuncamu. IIpex/ie BCero 3To OTHO-
CUTCS K IIPeJICTaBUTEIIIM Poza Begomo-
Virus, OCHOBHBIM [I€EPEHOCUYUKOM KOTO-
pBIX gBjsgeTcs TabauHas GeIoKpBLIKA
Bemisia tabaci.

Poxn Begomovirus BXOAUT B ceMeHcTBO Geminivi-
ridae. [eMUHUBUPYCHI — 3TO CeEMeNCTBO HEOOIBIINX
(110 BeIMYMHE BUPMOHOB) BUPYCOB PACTEHUM, TEHOMBI
KOTOPBIX COZLEP’KaT OJHY UJHU JIBE OJHOIeIIOUeUHble
konbLeBble JHK pasmepoM 2,5-5,2 Teicauu nap HyK-
JeoTunos (II. H.).

Poxn Begomovirus SBISETCSA CaMbIM KPYIIHBIM B Cce-
MeticTBe Geminiviridae. B HacTosiIee BpeMsi OH BKJTIO-
vaeT 425 Bugos (EPPO, 2022). 133 Buza 3TOro poja
TTOPaXkaroT TOMAT, 10 KpaliHel Mepe 34 BCTpedaroTcs
Ha pa3JIMYHbIX BUAAX U TTOABUIAX KYIbTYPHOIO IIEPIIA,
Ha TBIKBEHHBIX M3BECTHBI 27 BULOB 6ETOMOBUPYCOB,
a Ha 6060BBIX KYJIbTYpax — 31 BU/I.

[TepBOHAYaJIbHO, HA OCHOBAHWU CPAaBHEHUS T10JI-
HOT€HOMHBIX TIOCJIEIOBATEIbHOCTEN, BCE U3BECTHBIE
BUbI 6ETOMOBUPYCOB OBbLIM pasfiesieHbl Ha 6 TPYIII,
B3aMMOCBSI3aHHBIX C UX reorpaduyuecKuM pacipo-
cTpaHeHueM: 1) rpymnmna BauwxHero Boctoka u IleH-
TpaJbHOUM Asuu; 2) rpymnma 3anagHoro CpeguseM-
HOMOPbS; 3) rpynna MHAUNCKOTO CYOKOHTUHEHTA;
4) rpynna CeBepHolt Adpuku u Caxapsl; 5) rpynmna
Bocrounoi#i, I0ro-BocTouHOo! A3uu U ABCTpAJIUU;
6) rpymma 3amnajHoro mojyinapus, Bkiawyasa CIIA,
Mekcuky, LlenTpanbHyo AMepuky, I0xkHy10 AMEpUKy
u Kapubckue oCcTpoBa, 3a UCKJIHUYEHUEM W30JISITOB
TYLCV cpenn3eMHOMOPCKOIO TIPOUCX0XKAEHU s, pac-
MPOCTPAHUBUINXCA B 3TOM perruone (Brown, 2010).

[To3nHee TPyNIION aBTOPOB IPOBENEH aHANIU3
3123 moJIHOpa3MePHLIX ITocaemoBaTebHOCTEM JIHK-A
pas3IMUHBIX 6€TOMOBUPYCOB, IOCTYITHBIX B 6a3ax JaH-
HBIX IT0 COCTOSTHUIO Ha Jekabphb 2012 1. Ha ocHOBaHUU
9TOT0 aHain3a MIpelJiokeHa HOBas Kjaaccuukaims
poxa Begomovirus, Bkatouaroias 38 moarpyrn (Brown
etal., 2015).

TYLCV u TYLCSV BxopdT B [lepeueHb KapaHTUH-
HBIX BPEIHBIX OPTaHU3MOB EBporietickoii u CpemseM-
HOMOPCKOM OpraHu3aliuy 10 KapaHTUHY U 3allUTe
pactenuii (EOK3P), a TYLCV — B EnuHBIN IepedyeHb
KapaHTUHHBIX 00beKT0B EASC. ToLCNDV BXOmUT
B CurHa/NbHBIN TepeueHb EOK3P, moaToMy MoKapaH-
TUHHBIN MaTepuaJl BOCTIPUUMYUUBbBIX PACTEHUN-X035-
€B 11eJ1eco06pa3HO TECTUPOBATh HA HAJIUYME STUX BU-
JIOB BPEeNOHOCHBIX 6eroMOBUPYCOB. OMHUM U3 TyTel
YMeHBIUIeHUSI KOJINUEeCTBAa U TPYA0EMKOCTU TECTOB SIB-
JISIETCS UCII0JIb30BaHYE TEXHOJIOTUY MYJIbTUILJIEKCHOM
[T11P, koTOpas MMo3BOJIIET OLHOBPEMEHHO JUATrHOCTU-
pOBaTh He MeHee IByX 06beKTOB.

MATEPUAJIBI U METO/IbI

ViccnenmoBaHus TPOBENEHBI HAa 6a3e HAYYHOTIO IO pas-
nenennsa ®I'BY « BHUVKP». OcHOBHBIMU 00beKTaMU
UCCJIeIOBAHUY SIBJISIVCH CIIELYIONUINE TPEICTaBUTEN N
pozna Begomovirus, 3apa)kaioliie OBOLUIHbIE KYJIbTYPhI:
BUPYC JKeJITOM KypuaBoCTH iucTheB ToMarta (TYLCV),
BUPYC XKEeJITOM KypuyaBOCTY JUCTbeB ToMaTa Capau-
uug (TYLCSV), BUpyC KypuyaBOCTHU JUCTbEB TOMATa
Heto-Zlenu (TOLCNDV), Bupyc Mo3auKu ahpruKaHCKOM

INTRODUCTION

ver the past 25 years, viruses spread by

whiteflies and thrips have acquired par-

ticular importance for world agriculture.

First of all, this applies to representatives

of the genus Begomovirus, the main vector of
which is the silverleaf whitefly Bemisia tabaci.

The genus Begomovirus belongs to the family Ge-
miniviridae. Geminiviruses are a family of small (viri-
on-sized) plant viruses whose genomes contain one or
two single-stranded circular DNAs 2.5-5.2 kb in size.

The genus Begomovirus is the largest in the family
Geminiviridae. It currently includes 425 species (EPPO,
2022). 133 species of this genus infect tomato, at least
34 occur on various species and subspecies of cultivat-
ed pepper, 27 species of begomoviruses are known on
cucurbits, and 31 species on legumes.

Initially, based on a comparison of genome-wide
sequences, all known begomovirus species were divid-
ed into 6 groups, interconnected with their geographi-
cal distribution: 1) the group of the Middle East and
Central Asia; 2) Western Mediterranean group; 3) In-
dian subcontinent group; 4) group of North Africa and
Sahara; 5) group of East, Southeast Asia and Australia;
6) Western Hemisphere group including USA, Mexico,
Central America, South America and the Caribbean,
excluding TYLCV isolates of Mediterranean origin that
have spread in this region (Brown, 2010).

Later, a group of authors analyzed 3123 full-length
DNA-A sequences of various begomoviruses available
in databases as of December 2012. Based on this ana-
lysis, a new classification of the Begomovirus genus was
proposed, including 38 subgroups (Brown et al., 2015).

TYLCV and TYLCSV are included in the List of
Quarantine Pests of the European and Mediterranean
Plant Protection Organization (EPPO), and TYLCV is in-
cluded in the Common List of Quarantine Pests of the
EAEU. ToLCNDV is on the EPPO Alert List, so regulated
material from susceptible hosts should be tested for
these harmful begomovirus species. One of the ways
to reduce the number and complexity of tests is to use
multiplex PCR technology, which allows you to simul-
taneously diagnose at least two objects.

MATERIALS AND METHODS

The studies were carried out on the basis of the scien-
tific division of FGBU “VNIIKR”. The main objects of re-
search were the following representatives of the genus
Begomovirus that infect vegetable crops: Tomato yellow
leaf curl virus (TYLCV), Tomato Yellow Leaf Curl Sar-
dinia Virus (TYLCSV), Tomato leaf curl New Delhi virus
(ToLCNDV), African cassava mosaic virus (ACMV), Bean
golden mosaic virus (BGMV) and Watermelon chloro-
tic stunt virus (WmCSV). The experiments were carried
out with the following reference begomovirus isolates
from the DSMZ collection (Germany): TYLCV PC-0560,
TYLCV PV-0844, TYLCV PC-0588, TYLCSV PV-0561,
TYLCSV PC-0596, ToLCNDV PC-1109, ToLCNDV PC-
1111, ACMV PC-0873,BGMV PC-0094, BGMV PV-0462,
WmCSV PC-0830, as well as with a positive control for
ELISA to TYLCV by Adgen (Great Britain) and isolate
Kaz-1 (VNIIKR).
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Ta6auia 1
XapaKTepHCTHKA IpaiiMepoB, HCIIBITAHHBIX B HCCJIEI0OBAHUH
Table 1
Characteristics of primers tested in the study
JauHa TemiiepaTypa
OOBEKT, MUILLIEHb npoaykra oT:xura (°C),t°C
HasBaHue B reHoMe (m. H.) Temperature
npaiimepa Object, target IMociegoBaTeJIbHOCTD 5° >3’ Product of annealing ABTOp
Primer name in the genome Sequence 5'-3’ length (bp) (°C),t°C Author
GemCP-V-5'  Begomovirus spp., GGR TTN GAN GCR TGH GTA CAY G 600 58 Lecoq,
(A1GemCP-V) reH 6eyika 060JI0UYKH Desbiez,
GemCP-C-3' g;i-ﬁf coat protein GCC YAT RTA YAG RAA GCC MAG AU
(A1GemCP-V) '
AV-494 Begomovirus spp., GCC YAT RTA YAG ARA GCC MAG  550-575 60 Wyatt,
reH 6ejika 060JI0YKUA Brown,
AC-1048 JTHK-A GGR TTD GAR GCA TGH GTA CAT G 1996
gene of coat protein
DNA-A
TY1-6F Begomovirus spp., GCC CAT GWA YMG RAA RCC 580 58 Saison,
TY1-3F reH GeKa 0B0MOUKE (v« o\ A YOG RAA RCC Gentit,
gene of coat protein 2015
TY-2R DNA-A GGR TTA GAR GCA TGM GTA C
Beg-CP-F Begomovirus spp., GCC CAT GTA YMG RAA RCC 580 58 Saison,
reH 6ejika 060JI0UKM unu 860 Gentit,
Beg580R  nhia 2015
gene of coat protein ~ GGR TTA GAR GCA TGM GTA CA
DNA-A
Begomo-F3  Bipartite Begomovirus, TCGAAGCGACCAGCAGAT 216 60 Naganur
reH 6eJjika 060JI0YKUA et al.,,
Begomo-R3 THK-A CTTACACGGGCCTTCACAG 2019
gene of coat protein
DNA-A
SPG1 Begomovirus spp., CCCCKGTGCGWRAATCCAT 922 60 Lietal.,
redbl AC1 u AC2 2004
SPG2 genes AC1 and AC2 ATCCVAAYWTYCAGGGAGCTAA
TY1(+) Begomovirus spp., GCCCATGTAYCGRAAGCC 580 59 Accotto et
TY2(-) reH 6eJjika 060JI0YKUA GGRTTAGARGCATGMGTAC al., 2000
JTHK-A
gene of coat protein
DNA-A
TYLCSV-P3F TYLCSV, AAAGCCGCGGATGTACAGAA 433 60 HMOBB
TYLCSV-P3R |oH O®KA OBOMOUKA (e ppeceTGACGGACCAC BRITKES
gene of coat protein RMDVB
VNIIKR*
TYLCV-P1F TYLCV, AGGCATGCGTACATGCCATA 282 60 HMOBB
TYLCy-piR  [OH O®KAOBOMONKK (o eoorargaanacaGTCCA BHITAKP
gene of coat protein RMDVB
VNIIKR
TY-209F TYLCSV CTYGCAATWAAATATTTGCAGCTA 366 60 Pellegrin
TY-575R CAACACCRGTATGCTTSACG 2;%15
TY-613F TYLCV GAATTACTCACAGAGTSGGTAAGA 750 60
TY-1363R GAACCACGACATCATTTCCA

* HayuHO-MeTOnUYeCcKUl O0Tiesl BUpycoJjioruu u 6akrepuosoruu ®I'BY « BHUUKP».
* Research and Methodology Department of Virology and Bacteriology, FGBU “VNIIKR”.
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Tao6sauia 2
Ycaosusa nposenenusa IIP

HaGop TepMOLUKINYECKUH PEKUM

5x MasPPMix-2025 95 °C — 5 MuH, 35 IJUKJIOB
(BAO «Iuamat JITh.», (95 °C - 30 cek, t °C oTxura —
Poccus) 30 cek, 72 °C — 1 MUH),

72 °C — 10 muH

ScreenMix-HS 95 °C — 5 MuH, 35 [IUKJIOB
(3A0 «EBporeHn», (95 °C —15 cek, t °C oTxura —
Poccus) 30 cek, 72°C — 30 cek)

2,5x Mas?*MIX-2025 94 °C — 3 MuH, 35 IIMKJIOB
(BAO «Iuamat Jith.», (94 °C — 30 cek, t °C oT)xura —
Poccus) 30 cek, 72 °C — 30 ceK)

Qiagen Multiplex 95 °C — 15 MuH, 35 JUKJIOB
PCR Kit (94 °C — 30 cexk, t °C oToxura —
(Qiagen, CIIIA) 90 cexk, 72 °C — 90 cek),

72 °C - 10 MmuH
Tomato yellow leaf ~ CoriacHo UHCTPYKIIUKT
curl disease-PB (hbUPMBI-TIPOU3BOIUTENST
(000 «HII® CuHTOJI»,
Poccust)

[Tpumeuanue: t °C — TeMIlepaTypa OTXKUra ykasdaHa
B Tabsuiie 1.

kaccaBbl (ACMV), BUPYC 30JI0TUCTON MO3auKu 6060B
(BGMV) 1 BUPYC XJOPOTUYECKON KapJIUKOBOCTH ap-
oy3a (WmCSV). DKCIIepUMEHTHI ITPOBOJIUIIN CO CIIETY-
oMy pepepeHTHBIMU U30JIITaMU 6ETOMOBUPYCOB
u3 xoJuteknuu DSMZ (Tepmanwus): TYLCV PC-0560,
TYLCV PV-0844, TYLCV PC-0588, TYLCSV PV-0561,
TYLCSV PC-0596, ToLCNDV PC-1109, ToLCNDV
PC-1111, ACMV PC-0873, BGMV PC-0094, BGMV
PV-0462, WmCSV PC-0830, a TakXe C ITOJIOKUTEIb-
HBIM KOHTpoJseM mJys MPA k TYLCV ¢dupmer Adgen
(Benukobpurtanus) u nsonsatom Kaz-1 (BHUUKP).

st BhIIEIEHUST HYKJIEMHOBBIX KUCJIOT UCITOJIb-
30Bajs Habop «[Ipoba-HK» (000 «Arpo/lnarHoCTuKa»,
Poccus).

Jiia iposenenud [T P vcrionb3oBaiu ciaenyoliye
Habops! peareHToB: «Qiagen Multiplex PCR Kit» (Qia-
gen, CIITA), «ScreenMix-HS» (3AO «EBporen», Poccus);
«5x MasPPMIX-2025» (3AO «Jluamart Jita.», Poccus),
«2,5x Mas?®MIX-2025» (3A0 «JIuanart JITz.», Poccus),
«Tomato yellow leaf curl disease-PB» (OO0 «HI1® CuH-
TOJI», Poccus).

[NocyeloBaTeIbHOCTY TPAaiMEPOB YKa3aHbI B Ta6-
aunne 1.

TepMOIUKINYECKe PEXXUMbI IPUBEIEHEI B Tab-
JnIe 2.

Ilg mpoBefeHU peakIuy aMIIuDUKaIUY 1c-
noab3oBaiu Tepmouukiep C1000 Touch (Bio-Rad,
CIIA).

JeTexuuio pe3ynbraToB [1LP ocyliecTBIIsAIU C 110~
MOIIbIO BjIeKTpodopesa B 1,5%-M arapo3HoM reje.
BenuuuHYy MPOAYKTOB aMILIU(DUKAIIUY U3MEPSIJIHU, UC-
I10JIb3yd MapKepsl MoJieKyagapHoro Beca JHK GeneRu-
ler™ 100+ 11. . (Thermo Fisher Scientific, CIITA).

PE3VJIBTATBI U OBCYXKJOEHHNE

B xoze paboThI [Jis BhISIBJIEHMS KOMILIEKca 6ETOMOBU-
PYCOB GBLIM TPOTECTUPOBAHBI 7 TIap YHUBEPCATbHBIX
npariMepos (Taba. 1).

[To pe3ynbTaTaM IMPOBEAEHHBIX WUCHBITAHUN
OblJIa yCTAHOBJIEHA pasjuvyHas CHeruGUUIHOCTH

Table 2
Conditions for PCR

Kit Thermal cycling mode

5x MasP’Mix-2025 95 °C — 5 min, 35 cycles
(Dialat Ltd., Russia) (95°C-30sec, t°C

annealing — 30 sec,

72 °C —1 min), 72 °C — 10 min
95 °C — 5 min, 35 cycles
(95°C—-15sec, t°C

annealing — 30 sec,

72°C — 30 sec)

2,5x Mas?“MIX-2025 94 °C — 3 min, 35 cycles
(Dialat Ltd., Russia) (94 °C - 30 sec, t°C

annealing — 30 sec,

72 °C - 30 sec)
Qiagen Multiplex 95 °C — 15 min, 35 cycles
PCR Kit (Qiagen, USA) (94 °C -30sec,t°C
annealing — 90 sec,
72 °C -90 sec), 72 °C — 10 min
According to the
manufacturer’s instructions

ScreenMix-HS
(Evrogen, Russia)

Tomato yellow leaf
curl disease-RT
(Syntol, Russia)

Note: t °C — temperature of annealing is shown in table 1.

Nucleic acids were isolated using the “Proba-NK”
kit (AgroDiagnostica, Russia).

The following reagent kits were used for PCR: “Qia-
gen Multiplex PCR Kit” (Qiagen, USA), “ScreenMix-HS”
(Evrogen, Russia); “5x MasPPMIX-2025” (Dialat Ltd.,
Russia), “2.5x Mas**MIX-2025” (Dialat Ltd., Russia),
“Tomato yellow leaf curl disease-RT” (Syntol, Russia).

Primer sequences are shown in Table 1.

Thermal cycling modes are shown in table 2.

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

PCR results were detected by electrophoresis in
1.5% agarose gel. The magnitude of the amplification
products was measured using DNA molecular weight
markers GeneRuler™ 100+ bp (Thermo Fisher Scien-
tific, USA).

RESULTS AND DISCUSSION

Inthe course of the work, 7 pairs of universal primers were
tested to identify the begomovirus complex (Table. 1).

According to the results of the tests, different
specificity of universal primers was established for
Begomo-F3/Begomo-R3 (Naganur et al., 2019), Gem-
CP-V-5’/GemCP-C-3’ (Lecoq, Desbiez, 2012), TY1-6F/
TY1-3F/TY-2R (Saison, Gentit, 2015), SPG1/SPG2 (Li et
al., 2004) (Fig. 1), Beg-CP-F/Beg-580-R (Saison, Gen-
tit, 2015), AV-494/AC-1048 (Wyatt, Brown, 1996) and
TY1(+)/TY2(-) (Accotto et al., 2000) by their relation
with different representatives of the genus Begomovirus.

It was found that primers Begomo-F3/Begomo-R3
(Naganur et al., 2019) detect only TOLCNDV, ACMV and
some TYLCV isolates and do not react with TYLCSV
isolates, while primers GemCP-V-5'/GemCP-C-3’ react
with TYLCV, ToLCNDV, ACMV and BGMV but do not re-
act with TYLCSV.
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YHUBEPCAJIbHBIX ITpaiiMepoB Begomo-F3/Begomo-R3
(Naganur et al., 2019), GemCP-V-5’/GemCP-C-3’ (Le-
coq, Desbiez, 2012), TY1-6F/TY1-3F/TY-2R (Saison,
Gentit, 2015), SPG1/SPG2 (Li et al., 2004) (puc. 1),
Beg-CP-F/Beg-580-R (Saison, Gentit, 2015), AV-494/
AC-1048 (Wyatt, Brown, 1996) u TY1(+)/TY2(-) (Accot-
to et al., 2000) 110 OTHOLIEHUIO K PA3JIMYHBIM ITPEICTa-
BUTEJSAM pojia Begomovirus.

YcTaHOBJIEHO, YTO NpaliMepsl Begomo-F3/Be-
gomo-R3 (Naganur et al., 2019) BBISBISIOT JUILIb
ToLCNDV, ACMV u HekoTOpble u30a4Thl TYLCV
U He pearupywT c uzonsaramu TYLCSV, a mpaiime-
pel GemCP-V-5’/GemCP-C-3’ pearupywoT c TYLCV,
ToLCNDV, ACMV u BGMV, Ho He pearupywT ¢ TYLCSV.

B IByX 9KCIIEPUMEHTAaX C Pa3INUYHbIMY HabopaMu
pearenToB s [P npaiimepsr Beg-CP-F/Beg-580-R
(Saison, Gentit, 2015) pearupoBaJiv CO BCEMU UCTIBITY-
eMmbIMu u3ongaramMu TYLCV u TYLCSV, a Takoke ¢ 130141~
Tamu BGMV u ACMV, HO He BBISBIISIN
13014Tbl TOLCNDV 1 WmCSV.

IMpatimepbr SPG1/SPG2 (Li et
al., 2004) ns36bupaTeabHO pearupymT
c oTmeabHbIMU uzoagaramMu TYLCV
u TYLCSV, HO 3h(heKTUBHO AUarHo-
cTUpyroT u30a4Tel TOLCNDV.

IIpatimepsr AV-494/AC-1048
(Wyatt, Brown, 1996) sddekTus-
HO BBIABASKT u30Jd49Thl TYLCV

1 TOLCNDV, HO HecTabuJIbHO BbigB- a) Begomo-F3/Begomo-R3
(Naganur et al., 2019)

agioT TYLCSV.

IIpatimepsr TY1(+)/TY2(-) (Ac-
cotto et al.,, 2000) nIMarHOCTUPYIOT
u3osatel TYLCV u TYLCSV, HO He pe-
arupywoT c usongaramu ACMV, BGMV
1 ToLCNDV.

HauMeHee y3KOU crenuaaunsa-
Vel XxapakTepPUsyrTCcs TpPaliMepsl
TY1-6F/TY1-3F/TY-2R (Saison, Gentit,
2015), KOTOpbIE PearupyT CO BCEMU
BBINIEIIEPEYNCIEHHBIMY 6erOMOBH-
pycamu (Tabi. 3).

CrenymouiuM 3TaloM Halleu

c) TY1-6F/TY1-3F/TY-2R
(Saison, Gentit, 2015)

In two experiments with different PCR reagent
kits, primers Beg-CP-F/Beg-580-R (Saison, Gentit,
2015) reacted with all tested TYLCV and TYLCSV iso-
lates, as well as with BGMV and ACMYV isolates, but did
not detect TOLCNDV isolates and WmCSV.

Primers SPG1/SPG2 (Li et al., 2004) selectively
react with individual TYLCV and TYLCSV isolates but
effectively diagnose ToLCNDV isolates.

Primers AV-494/AC-1048 (Wyatt and Brown,
1996) efficiently detect TYLCV and ToLCNDV isolates,
but are unstable at detecting TYLCSV.

Primers TY1(+)/TY2(-) (Accotto et al., 2000) diag-
nose TYLCV and TYLCSV isolates but do not react with
ACMYV, BGMYV, and ToLCNDV isolates.

Primers TY1-6F/TY1-3F/TY-2R (Saison, Gentit,
2015), which react with all of the above begomovirus-
es, are characterized by the least narrow specialization
(Table 3).

9 1011 1213 14 9 10 11 12 13 14

b) GemCP-V-5’/GemCP-C-3’
(Lecoq, Desbhiez, 2012)

9 10 11 12 13 14 T 8 m 9 10011 12 13 14

d) SPG1/SPG2 (Li et al., 2004)

paGOTLI ABJISJIACH 0Tpa60TKa MYJib- Puc. 1. 3nekTpodoperpamma. Pesynbrarbl UCNbITAHUS YHUBEPCANbHbIX npal‘&MepOB
TUTINEKCHBIX TECTOB MJS ONHO- C PE(EPEHTHBIMU N30NIATaMM Pa3SINiHbIX 6EroMOBUPYCOB.

BPEMEHHOTI'O BBIABJIEHUA B OﬂHOﬁ
peaKHHOHHOﬁ CMeCH HEeCKOJIbKUX

BoigeneHue OHK — Ha6opom «Mpob6a-HK» (000 «ArpouarHocTuka», Poccus),
nposepeHue MLP — HabopoM «5x MasP’Mix-2025» (3A0 «Ouanar Jitg.», Poccus).
O6pasubl: 1 — nsonat TYLCSV PV-0561; 2 — uzonat TYLCSV PC-0596;

6eromMoBUPYyCcOB. MccaemoBaHUS,
IIpOBeJleHHbIE C IPUMEHEHUEM Ly-
maekcHou IILIP myig ogHOBpEMEH-
Horo BeigBjeHud TYLCV u TYLCSV,
rokasaju, uTo npariMepsr TY-209F/
TY-575R u TY-613F/TY-1363R BbICO-
kocrenuduuebl K TYLCSV u TYLCV
coorBeTcTBeHHO (Pellegrin et al.,
2008). B sKcmiepuMeHTax ¢ HabopoM
pearenToB «Qiagen Multiplex PCR
Kit» (Qiagen, CIIIA) kaueCTBEHHBbIE
cnenuduruueckue MPOAYKTHI aM-
MAu(GUKAIUY ObIIY TTOJYYEeHBI JJI
060uX I1eJieBbIX BUPYCOB KakK IpPU
UX MOHOMH(EKIIUY, TaK U IIPU CMe-
MaHHOW MHQEKIIUW B Pa3InMUIHBIX
coueTaHusIX. [Ipu IPOBEEHUN 3TO-

3 - u3zonart TYLCV PC-0560; 4 — uzonat TYLCV PV-0844; 5 — nszonar ToLCNDV PC-1109;
6 —un3onat ToLCNDV PC-1111; 7 — usonat ACMV PC-0873;

8 — nsonat BGMV PV-0462; 9 — usonat BGMV PC-0094 (sce — DSMZ);

10 - usonat TYLCV Kaz-1 (BHUMKP); 11-12 — nucTba pacTeHuii ToMarta ¢ CMMNToMaMu
6eroMoBUpYyCcHON MH(eKLMK; 13 — NoNoXKMTeNbHbI KOHTposb K TYLCV (Adgen);

14 - oTpuuaTeNbHbI KOHTPOb (BoAa), M — Mapkep MONeKynspHoro Beca.

Fig. 1. Electrophoregram. Results of testing universal primers with reference isolates
of various begomoviruses. Isolation of DNA — with the “Proba-NK” kit (AgroDiagnostica,
Russia), PCR — with the kit “5x MasP’Mix-2025" (Dialat Ltd., Russia).

Samples: 1 — isolate of TYLCSV PV-0561; 2 — isolate of TYLCSV PC-0596;

3 —isolate of TYLCV PC-0560; 4 — isolate of TYLCV PV-0844;

5 - isolate of TOLCNDV PC-1109; 6 — isolate of TOLCNDV PC-1111;

7 —isolate of ACMV PC-0873; 8 — isolate of BGMV PV-0462;

9 — isolate of BGMV PC-0094 (all - DSMZ); 10 - isolate of TYLCV Kaz-1 (VNIIKR);
11-12 - tomato leaves with symptoms of begomovirus infection;

13 - positive control to TYLCV (Adgen); 14 — negative control (water),

M — molecular weight marker.

r'o TecTa c HabopoM peareHToB «2,5x Mas?“MIX-2025»
(BAO «Inanat JiTH.», Poccust) pe3ysibTaThl He OTIUYA-
JIUCh OT TAKOBBIX IIPM MCIIOJIb30BaHUU Habopa pe-
areHTOB «Qiagen Multiplex PCR Kit» (Qiagen, CIIIA),
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HUTorosasa Ta6.rmua pPe3yjibTaTOoB MCIIBITaHUI YHHUBEPCAJbHBIX HpaﬁMGPOB C U30JIATaMHU

H3yYyaeMbIX 6€TOMOBHUPYCOB
Table 3

Summary table of test results for universal primers with isolates of studied begomoviruses

IIpaiimepsl Primers

GemCP-V-5'

(A1GemCP-V)/
OGBEKT Begomo-F3/ GemCP-C-3' TY1-6F/ SPG1/ Beg-CP-F/ AV-494/ TY1(+)/
Object Begomo-R3 (A1GemCP-V) TY1-3F/TY-2R SPG2 Beg-580-R AC-1048 TY2(-)

TYLCV PC-0560 =
TYLCV PV-0844 =
TYLCV PC-0588

TYLCSV PV-0561
TYLCSV PC-0596
ToLCNDV PC-1109
ToLCNDV PC-1111
ACMV PC-0873
BGMV PC-0094
WmCSV PC-0830

TYLCV, +K (Adgen)

TYLCV Kaz-1

OTpuiaTesbHbIN = =
KOHTPOJIb (Boza)
Negative control (water)

«+» — ITOJIOKUTEJIbHBIN CUTHAJT; «—» — OTpHHaTeJ’IbeIﬁ CUTHAJIL.

“,»

+” — positive signal; “~” — negative signal.

YTO CBUJIETEIIBCTBYET O BBICOKOM BOCIIPOU3-
BOJIMMOCTH BTOr0 TecTa (puc. 2).

IMpatimepsr TYLCV-P1F/TYLCV-P1R
u TYLCSV-P3F/TYLCSV-P3R 6blIu paspa-
6oTaHbl aBTOPaAMU [Jis CIeNUPUUIECKOTO
BBISIBJIEHUS BUPYCA JKeJITOY KypUuaBOCTU JI-
CTBEB TOMAaTa U BUPYCAa XKEJITOU KypYaBOCTU
JUCTbeB ToMaTa CapAauHusg. JKCIIepUMeH-
ThI, IPOBEJIEHHBIE C HUMU paHee, IT0Ka3aJu
BBICOKYI0 3(D(EeKTUBHOCTD ITUX [TPAMEPOB,
HO IT0 TEXHOJIOTUY AyTIIeKCcHOM TP oHM pa-
Hee He UCIIBbIThIBAJIUCD.

[Ipu mmocTaHOBKEe TecTa C IIpaiMepa-
mu TYLCV-P1F/TYLCV-P1R + TYLCSV-P3F/
TYLCSV-P3R (HMOBB BHUVIKP) ycTaHOBJIEHO,
YTO 5TU IIParMepPbI MO3BOJIIIOT 3 (PEKTUBHO
nuarHoctupoBarhb u3oyaAThl TYLCV u TYLCSV
KaK ITPpY UX MOHOMHQEKIINH, TaK U B CMeCH
B Pa3JIMYHBIX COUeTaHUAX. OZHAKO IT0JI0XKY-
TeJIbHBIY curHaJI AJig usongara TYLCV PV-0844
6bLI cytabbiM (puc. 3). [lyis mosyyeHus 6osee
KauyeCTBEHHBIX ITPOLYKTOB aMILIU(MUKAIUN
U TIOBBINIEHUST YYBCTBUTENBHOCTU AAHHBIN
TECT HyXXJlaeTCs B lajbHelel 1opaboTke.

B xoze sKcrepuMeHTa GbLIIO IIPOBEIEHO
UCHbITaHUE Habopa peareHToB nJd ITLIP-PB
K TYLCV u TYLCSV «Tomato yellow leaf curl
disease-PB» (OO0 «HII® CunToJ», Poccus).

B cnenudpukanuu GUPMBI-TIPOU3-
BOJNUTEJS yKa3aHo, YTO HabOp peareHTOB

a) Qiagen Multiplex PCR Kit
(Qiagen, CLUA) (Qiagen, USA)

b) 2,5x Mas?*MIX-2025 (3A0 «Oduanat
Ntp.», Poccua) (Dialat Ltd., Russia)

Puc. 2. dnekTpooperpamma. PesynbtaTbl AyNIEKCHOro Tecta

Ons ogHoBpeMeHHoro BbisiBneHus TYLCV u TYLCSV

¢ nparimepamu TY-209F/TY-575R (k TYLCSV) n TY-613F/TY-1363R (k TYLCV)
(Pellegrin et al., 2008).

0O6pasupl: 1 = TYLCSV PV-0561; 2 - TYLCSV PC-0596; 3 — TYLCV PC-0560;

4 -TYLCV PV-0844; 5 - TYLCSV PV-0561 + TYLCV PC-0560;

6 - TYLCSV PV-0561 + TYLCV PV-0844; 7 - TYLCSV PC-0596 + TYLCV PC-0560;
8 — TYLCSV PC-0596 + TYLCV PV-0844; 9 — oTpuuaTenbHbI KOHTPOnb (Boaa);
M — MapKep MonekynsipHoro Beca.

Fig. 2. Electropherogram. Results of a duplex test for simultaneous detection
of TYLCV and TYLCSV with primers TY-209F/TY-575R (for TYLCSV)

and TY-613F/TY-1363R (for TYLCV) (Pellegrin et al., 2008).

Samples: 1 = TYLCSV PV-0561; 2 - TYLCSV PC-0596; 3 — TYLCV PC-0560;

4 -TYLCV PV-0844; 5 - TYLCSV PV-0561 + TYLCV PC-0560;

6 — TYLCSV PV-0561 + TYLCV PV-0844;

7 — TYLCSV PC-0596 + TYLCV PC-0560;

8 — TYLCSV PC-0596 + TYLCV PV-0844; 9 — negative control (water);

M — molecular weight marker.

«Tomato yellow leaf curl disease-PB» mo3BoJisieT ofi-
HOBPEMEHHO BBISBJISATH B OLHON PEaKIIMOHHOMN cMe-
cu crienuduuHbIll gyt Tomato yellow leaf curl virus

(TYLCV) dparmenT reHa (1o kaHaiy GJyyopecleHIIun

dutocaHuTapusi. KapaHTuH pactenuii = 28
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1 2 3 4 8§ 6 7 8 9 m

Puc. 3. AnekTpodoperpamma. Pesynbratbl ynaeKCcHOro
TecTa Ansg ogHOBpPeMeHHOro BbigeneHua TYLCV u TYLCSV
¢ npaiimepamm TYLCV- P1F/TYLCV-P1R (HMOBB BHUUKP)
1 TYLCSV-P3F/TYLCSV-P3R (HMOBB BHUUKP).
O6pasubl: 1 - TYLCSV PV-0561; 2 - TYLCSV PC-0596;

3 -TYLCV PC-0560; 4 - TYLCV PV-0844;

5-TYLCSV PV-0561 + TYLCV PC-0560;

6 — TYLCSV PV-0561 + TYLCV PV-0844;

7 — TYLCSV PC-0596 + TYLCV PC-0560;

8 — TYLCSV PC-0596 + TYLCV PV-0844;

9 — oTpULATENbHbIN KOHTPOJb (BOAA);

M — mapkep MoneKynsapHoro Beca.

Fig. 3. Electrophoregram. Results of a duplex test

for simultaneous detection of TYLCV and TYLCSV

with primers TYLCV-P1F/TYLCV-P1R (RMDVB VNIIKR)
and TYLCSV-P3F/TYLCSV-P3R (RMDVB VNIIKR).
Samples: 1 - TYLCSV PV-0561; 2 - TYLCSV PC-0596;
3 -TYLCV PC-0560; 4 - TYLCV PV-0844;

5 - TYLCSV PV-0561 + TYLCV PC-0560;

6 — TYLCSV PV-0561 + TYLCV PV-0844;

7 — TYLCSV PC-0596 + TYLCV PC-0560;

8 — TYLCSV PC-0596 + TYLCV PV-0844;

9 - negative control (water); M — molecular weight marker.

FAM/Green) u cienuuuHbIH g Tomato yellow leaf
curl Axarquia virus (TYLCAX), Tomato yellow leaf curl
Malaga virus (TYLCMA), Tomato yellow leaf curl Sar-
dinia virus (TYLCSV) ¢pparmeHnT resa (o kaHamuy (Jyo-
pecuenninu ROX/Orange), a Tak-

The next stage of our work was the development
of multiplex tests for the simultaneous detection of
several begomoviruses in one reaction mixture. Du-
plex PCR studies for the simultaneous detection of
TYLCV and TYLCSV showed that primers TY-209F/
TY-575R and TY-613F/TY-1363R are highly specific
for TYLCSV and TYLCV, respectively (Pellegrin et al.,
2008). In experiments with the “Qiagen Multiplex PCR
Kit” (Qiagen, USA), high-quality specific amplification
products were obtained for both target viruses both in
their monoinfection and in mixed infection in various
combinations. When conducting this test with the “2.5x
Mas?®MIX-2025" reagent kit (Dialat Ltd., Russia), the re-
sults did not differ from those when using the “Qiagen
Multiplex PCR Kit” (Qiagen, USA), which indicates a
high reproducibility of this test (Fig. 2).

Primers TYLCV-P1F/TYLCV-P1R and TYLCSV-P3F/
TYLCSV-P3R were developed by the authors for the
specific detection of tomato yellow leaf curl virus and
tomato yellow leaf curl Sardinia virus. Previous ex-
periments with them have shown the high efficiency
of these primers, but they have not been tested using
duplex PCR technology before.

When performing a test with primers TYLCV-P1F/
TYLCV-P1R + TYLCSV-P3F/TYLCSV-P3R (RMDVB
VNIIKR), it was found that these primers allow for the
effective diagnosis of TYLCV and TYLCSV isolates both
in their monoinfection and in mixtures in various com-
binations. However, the positive signal for the TYLCV
PV-0844 isolate was weak (Fig. 3). To obtain better am-
plification products and increase sensitivity, this test
needs further development.

During the experiment, the reagent kit for RT-PCR
to TYLCV and TYLCSV “Tomato yellow leaf curl dis-
ease-RT” was tested (Syntol, Russia).

The manufacturer’s specification states that the
“Tomato yellow leaf curl disease-RT” reagent kit al-
lows simultaneous detection in one reaction mixture of

- . Amplification

’Ke BHYTPEHHUU MOJIOKUTETbHBIN ok 2
KOHTPOJb (IT0 KaHay QJuyopec- i & =S
neHnuu R6G/HEX). i >

[IpoBeleHHOE WUCIIBITAHUE G //,, R e — :
MIOJTBEPAMIIO, YTO HAb6Op peareH- I /’ i R
ToB «Tomato yellow leaf curl dis- se00 | i s
ease-PB» (000 «HII® CuHTOI», ] Jj';*
Poccus) 03BOJISIET OHOBPEMEH- — /r‘ ;,-‘
HO BBIABJATD B OAHOH peaknu- 5 | [/
OHHOU cMecu u3o0aaATel TYLCV Emn J_I I,:'

1 TYLCSV. OmHaKo Ha BBICOKMX I10-
porosaix 1ukiaax (Cq Beinie 35) Ha-
BJII0AJICS JIOKHOIIOJIOXKUTEIbHbIHN 2000 |
curHaj c usonasaramu ToLCNDV, ]
ACMV u BGMV no kanany FAM

u ¢ usoagaramu TYLCV, ToLCNDV 1
1 BGMV mo kananry ROX (ta6u. 4, 1.
puc. 4). 01 mm—

BbIBO/IbI

Cysles

B cepuu NMpPOBeAEeHHBIX BKCIIEPU-
MEHTOB yCTaHOBJIeHA pas3juyuHas
Ccenu@UUHOCTh YHUBEPCATbHBIX

Puc. 4. Kpusble amnnudmkaumm gns Habopa
peareHToB «Tomato yellow leaf curl disease-PB»
(000 «HM®d CunTton», Poccus).

RFU — MHTEHCUBHOCTb (hlyopecueHLuun.

npatiMmepoB Begomo-F3/Bego-

mo-R3 (Naganuret al., 2019), GemCP-V-5’/ GemCP-C-3’
(Lecoq, Desbiez, 2012), AV-494/AC-1048 (Wyatt,
Brown, 1996) u TY1-6F/TY1-3F/TY-2R (Saison, Gentit,
2015) 110 OTHOLIEHUIO K PA3JIMYHBIM IIPEICTaBUTEIIM

Fig. 4. Amplification curves for

the reagent kit “Tomato yellow leaf curl
disease-RT” (Syntol, Russia).

RFU - fluorescence intensity.
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Pe3ysnbTaThl aMiutuukanuy c HabopoM peareHToB «Tomato yellow
leaf curl disease-PB» ¢ u3ojiaTaMi HEKOTOPBIX GETOMOBHPYCOB

Table 4

Amplification results with the “Tomato yellow leaf curl disease-RT”

reagent kit with some begomoviruses isolates

N2 HM30a9ThbI

IMoporossrii uk (Cq)

Threshold cycle (Cq)

a gene fragment specific for Tomato
yellow leaf curl virus (TYLCV) (via
the FAM/Green fluorescence chan-
nel) and specific for Tomato yellow
leaf curl Axarquia virus (TYLCAX),
Tomato yellow leaf curl Malaga vi-
rus (TYLCMA), Tomato yellow leaf
curl Sardinia virus (TYLCSV) gene
fragment (via the ROX/Orange fluo-

FAM

ROX

HEX

(BHYTpPEHHMIi KOHTPOJIb)

rescence channel), as well as inter-
nal positive control (via the R6G/
HEX fluorescence channel).

The test performed confirmed

that the “Tomato yellow leaf curl

disease-RT” reagent kit (Syntol,

Russia) allows simultaneous detec-
tion of TYLCV and TYLCSV isolates

in one reaction mixture. However, at

high threshold cycles (Cq above 35),

a false positive signal was observed

with ToLCNDV, ACMV, and BGMV iso-
lates via the FAM channel and with

TYLCV, TOLCNDV, and BGMV isolates

via the ROX channel (Table 4, Fig. 4).

CONCLUSION

In a series of experiments, different

specificities of the universal primers
Begomo-F3/Begomo-R3 (Naganur
et al.,, 2019), GemCP-V-5’/ Gem-

n/o Isolates (TYLCV) (TYLCSV) (internal control)
1 TYLCSV PV-0561 N/A 14,11 33,34
2 TYLCSV PC-0596 N/A 12,78 33,57
3  TYLCV PC-0560 14,46 N/A 33,30
4  TYLCVPC-0588 12,93 N/A 33,13
5  TYLCV PV-0844 31,37 39,35 33,48
6  ToLCNDV PC-1109 39,17 37,83 33,38
7  ToLCNDV PC-1111 N/A N/A 23,33
8 ACMV PC-0873 37,58 N/A 33,38
9 BGMV PC-0094 39,36 39,48 33,08
10 BGMYV PV-0462 37,01 N/A 33,34
11 WmCSV PC-0830 N/A N/A 33,13
T gy s aado
13 TIoNOXUTETbHBINA KOHTPOJIb 29,75 28.95 33,37

Positive control

CP-C-3’ (Lecoq, Deshiez, 2012), AV-
494/ AC-1048 (Wyatt, Brown, 1996)

N/A — Bupyc He o6Hapy’KeH.
N/A - virus not detected.

pona Begomovirus. YCTaHOBJIEHO, YTO HauboJiee BbICO-
KOU YHUBEPCAJIIbHOCTBIO XapaKTePUBYIOTCS ITPaliMe Pl
TY1-6F/TY1-3F/TY-2R (Saison, Gentit, 2015), KOTopbIe
pearupynT co BCeMU BhIIIENIePeYrCIeHHbIMU 6ETOMO-
BUPYCaMM U MOTYT OBITH PEKOMEH/IOBAHBI IJIsI IIPOBE-
IeHUs CKPpUHUHTOBBIX TECTOB HA HAJIMUYKE KOMIIJIEKCA
6eTroOMOBUPYCOB C ITOCJIeYIONUM CEKBEeHUPOBAaHUEM
IPOAYKTOB aMINIU(DUKAIINU.

[IpoBelleHbl UCHBITAHUSA NYIJEKCHOTO TECTa
Ha Hajmuuue TYLCV u TYLCSV c nmpatiMmepamu TY-209F/
TY-575R + TY-613F/TY-1363R (Pellegrin et al., 2008)
u TYLCV-P1F/TYLCV-P1R + TYLCSV-P3F/TYLCSV-P3R
(HMOBB BHMMKP). OGe KoMOUHAIIMK IIPaiMepoB
TIOKa3ajJX CBOIO IEPCIIEKTUBHOCTh. PaboTa ¢ 3TUMU
npariMepaMu 6yIeT TPoIoJKeHA.

YcTaHOBJIEHO, YTO Habop peareHToB «Tomato yel-
low leaf curl disease-PB» (OO0 «HII® CuuToJ», Poc-
CUS$T) TI03BOJISIET O HOBPEMEHHO BBISIBJISITh B OLHOH pe-
aKIuoHHOM cMecu n30JiaThl TYLCV 1 TYLCSV. OgHako
Ha BBICOKHX ITOPOroBbIX IKKJIaxX (Cq BhIlIe 35) MOXKET
Hab/I01aThCs JIOKHOIIOJOXXUTEJIbHBIN CUTHAJM C U30-
JIITaMU OPYTUX HelleJieBbIX 6€TOMOBUPYCOB.

Baaeodapnocms. ABTOPBI BHIPAXAKT CBOIO
NPU3HATEJbHOCTh COTPYLHUKAM HAayYHO-METOLU-
YEeCKOTO OTJleJla BUPYCOJIOTUM UM OAKTEPUOJIOTUU
SI'BY «BHVMMKP» 3a 11oMO111b B IIPOBEEHUY UCCIIeL0-
BaHUM.

CIIMCOK JINTEPATYPBI

1. Accotto G., Navas-Castillo J., Noris E., Mori-
ones E., Louro D., 2000. Typing of Tomato yellow leaf

and TY1-6F/TY1-3F/TY-2R (Saison,

Gentit, 2015) in relation to various

members of the Begomovirus genus
was established. It has been stated that primers TY1-6F/
TY1-3F/TY-2R (Saison, Gentit, 2015), which react with all
of the above begomoviruses and can be recommended
for screening tests for the presence of the begomovirus
complex with subsequent sequencing of amplification
products, are characterized by the highest versatility.

A duplex test for the presence of TYLCV and
TYLCSV was tested with primers TY-209F/TY-575R +
TY-613F/TY-1363R (Pellegrin et al., 2008) and
TYLCV-P1F/TYLCV-P1R + TYLCSV-P3F/TYLCSV-P3R
(RMDVB VNIIKR). Both primer combinations showed
their promise. Work with these primers will continue.

It was found that the “Tomato yellow leaf curl dis-
ease-RT” reagent kit (Syntol, Russia) allows simulta-
neous detection of TYLCV and TYLCSV isolates in one
reaction mixture. However, at high threshold cycles
(Cq above 35) a false positive signal may be observed
with isolates of other non-target begomoviruses.
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