OVWATHOCTUKA

DOI 10.69536/FKR.2025.68.86.001
YOK 632.3.01/.08

I'eHeTHMUeCKUue
0COO0EHHOCTHU U30JIITOB
BHpyCa KOPUUYHEBOU
MOPIIMHNCTOCTH ILJIOJIOB
ToMaTa (ToBRFV),
pacnpocTpaHeHHBIX

B Poccuiickoii deaeparuu
1 COIpeieJIbHBIX CTPaHax

* JIO30BAS E.H.%, )KUBAEBA T.C.2,
[TPUXOJIbKO 10.H.3, IHEW/IEP 10.A.4,
BAIIKMPOBA I.I'°, KAPUIMOBA E.B.®

12,3456 PI'BY «BcepoCcCUICKMY EHTP KapaHTHUHA
pactenuii» (PIBY «BHUUKP»), p. 1. BBIKOBO,
r. 0. PameHckuii, MockoBckasa 006.1., Poccusa, 140150
1 e-mail: evgeniyaf@mail.ru
2 e-mail: zhivaeva.vniikr@mail.ru
3 e-mail: prihodko_yuri59@mail.ru
4 ORCID ID: 0000-0002-7565-1241,
e-mail: yury.shneyder@mail.ru
5 ORCID ID: 0000-0001-9014-4179,
e-mail: bashkirovaid@mail.ru
¢ ORCID ID: 0000-0001-6474-8913,
e-mail: elenavkar@mail.ru

AHHOTALIUA
Bupyc KOpUUYHEBOU MOPIIUHUCTOCTHU IIJIOL0B TOMa-
ta (Tomato brown rugose fruit virus, unu Tobamo-
virus fructirugosum, TOBRFV) aBisieTcs KapaHTUHHBIM
o6bvexToM EASC, EOK3P u 1eyioro psja cTpaH Mupa.
Bupyc 3apa)kaeT ToMaT, IIepell U HeCKOJIbKO BUIOB
COPHBIX pacTeHu. [loTepu ypoxas IJIOJIOB TOMAaTa
B pe3yJsibTaTe 3apaxeHud ToBRFV MoryTt mocturars
70%. V3-3a pa3BUTUSI WHTEHCUBHON HEKPOTHU3AIIUN
¥ medopMaIuy 0Bl 3apa’keHHBIX PACTEHUU CTa-
HOBSITCS HEIIPUTOLHBIMHY JIJISI ITPOIAKM.

Bupyc KOpUYHEBOU MOPIUIUHUCTOCTHU IIJIOLOB
TOMaTa XapaKTepusyeTcs MHOroo6pasueM IyTel
pacrpocTpaHeHUsI M CIOCO6eH AJIUTENIbHOE BpeMs
COXPAaHSIThCS B PACTUTENbHBIX OCTaTKaX, IIOUBE, BOJIE,
pacTBopax AJs TUIPOIIOHUKY 1 Ha Pa3INYHbIX NHEPT-
HBIX TIOBEPXHOCTAX. Ba)kKHOE 3HaUEHUE B PacIipocTpa-
HEHUU BUpPyca KOPUUHEBOU MOPIIUHUCTOCTH ILJIOJIOB
TOMAaTa MMeeT ceMeHHasa NHQeKIuI.

B cooTBeTCTBUY C HAIIMOHAJbHBIM JLOKJIAZL0M
B Poccutickoii ®enepaliuy BUPyC KOPUUHEBOU MOP-
IMHYCTOCTY IJIOIOB TOMAaTa BIIePBbIE OBbLI BhIABIIEH
B 2023 ., uTO 06yCJIOBMJIO HEOOXOIMMOCTD YCTAHOBJIE-
HUS 5 KapaHTUHHBIX (UTOCAHUTAPHBIX 30H B 4 Cy0b-
exTax Poccuiickoit ®emepanuu. B 2024 r. Habmioga-
JIOCh laJibHelIIee pacliupeHye ero apeaia.

BakHelel mpemoChLIKON s ITpegoTBpale-
HUS pacIpoCTpaHeHus (PUTOMATOTEHHBIX BUPYCOB
SIBJISIETCS YCTAHOBJIEHNE UCTOUYHUKOB UX NHQPEKIINH,
YTO MOXET OBITh JOCTUTHYTO CPaBHEHUEM I10CJEeI0-
BaTEJIbHOCTY HYKJIEOTUIOB Y BBISIBJIEHHBIX U30JISITOB
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ABSTRACT
Tomato brown rugose fruit virus or Tobamovirus fruc-
tirugosum (ToBRFV) is a quarantine pest of the EAEU,
EPPO and some other countries. The virus affects to-
matoes, peppers and several weed species. Yield losses
of tomato fruits as a result of infection with ToOBRFV
can reach 70%. Due to the development of intensive
necrosis and deformation, the fruits of infected plants
become unmarketable.

ToBRFYV is characterized by a variety of pathways
and is capable of remaining for a long time in plant res-
idues, soil, water, hydroponic solutions and on various
inert surfaces. Seed infection is of great importance in
the spread of TOBRFV.

According to the national report, TOBRFV was first
detected in the Russian Federation in 2023, which ac-
counted for 5 quarantine phytosanitary areas in 4 con-
stituent entities of the Russian Federation. In 2024,
a further expansion of its area was observed.

The most important prerequisite for preventing
the spread of phytopathogenic viruses is the identifi-
cation of their infection sources, which can be achieved
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¥ M30JISITOB JAHHOTO TIaTOreHa PasJIMYHOro reorpa-
(hrueckoro MPOUCXOXKAEHUS.

B HacTosIel cTaThe MPUBENEHBI PE3yIbTaTh
U3y4YeHUs reHeTUUYeCKUX 0COOeHHOCTEN M30JIITOB
BUPYyCa KOPUUYHEBOW MOPUIMHUCTOCTH ILJIOJIOB TOMa-
Ta, BBIIBJIEHHBIX B CTaBPOTIOJIbCKOM Kpae, Boarorpa-
CKOI 1 MOCKOBCKOM o6J1acTsax, Pecrrybimuke Kasaxcran
u Pecniybsivike Y36eKucTaH.

Knrouesvle cnoea. MojekynspHas AUarHOCTUKA,
ToJiMMepasHas leTTHAs PeakKIys, TpaiiMep, CeKBeHU-
poBaHMe, PUIOTEHETUUECKU aHAJIU3.

BBEJIEHUE

UPyC KOPUUYHEBON MOPIIUHUCTOCTHA
omoB TomaTa (Tomato brown rugose
fruit virus, unu Tobamovirus fructirugo-
sum, ToOBRFV) — mpeicTaBUTENb POa
Tobamovirus cemeticTBa Virgaviridae.
B cBSI31 CO CBO€M BBICOKOM OITacHO-
CTBIO ¥ OBICTPBIM PACIPOCTPAHEHUEM
ToBRFV perynupyeTcs B KauecTBe Ka-
PaHTUHHOTO 00beKTa BO MHOTUX CTPaHaX 1 OpTaHU-
3anuax, B ToM uucie B EASC u EOK3P (JIo3oBas u 1p.,
2022).

OKOHOMUYECKU 3HAUMMbBIMU PACTEHUSIMU — X0351-
eBamu ToBRFV gBinstoTcs Tomat (Solanum lycopersicun)
u neperi (Capsicum annuum). BpemonocHocTb TOBRFV
yCyrybJsgeTcsl ero CIIocO6HOCThIO 3apaXkaTh pacTe-
HUS TOMaTOB (CM. puc. 1) ¢ reHaMU YCTONUMBOCTY Tm
¥ pacTeHMs Ieplia C aJIJIeJIIMU YCTOMYUBOCTH L, obe-
CIIEUYMBAIOIIUMU YCTOMYUBOCTD K JPYTUM TO6aMOBU-
pycam (Salem et al., 2023). Bupyc crioco6eH 3apaxaTb
TaK)Xe HeCKOJIbKO ITOBCEMECTHO PACIPOCTPAHEHHBIX
COPHBIX PACTEHUH, TAKUX KaK aMapaHT 3alTPOKUHY-
ThIM (Amaranthus retroflexus), BbIoOHOK 11oJieBo (Convol-
vulus arvensis), kmenuiia poxkosast (Oxalis corniculata),
Mapb rnocreuHas (Chenopodium murale), MEJIKOJIEIIECT-
HUK KaHajackuit (Erigeron canadensis), OLyBaHUYUK Jie-
KapcTBeHHbIN (Taraxacum officinale), macjaeH YePHBIN
(Solanum nigrum), mopTyJaK oropoxublil (Portulaca ole-
racea), v pan apyrux (EPPO, 2025).

BriepBbie TOBRFV 6bL BBISIBJIEH Ha TOMAaTe B Mop-
maunu B 2015 1. (Salem et al., 2016). OgHAKO [0 3TOTO,
B 2014 r., Ha 1ore VM3pawnasg HaOI0IaIach BCITBIIIKA
HOBOTr0 3a60JIeBaHUSA, TOPAXKAIOIIETO YCTON UM BhIE CO-
pra Tomata (KapumoBa u np., 2020a). [To3gHee O6bLIO
YCTaHOBJIEHO, YTO NMIPUYMHOY 3a60JI€BaHUS CTAJ U3-
paunbckuy n30a9T ToOBRFV ¢ BBICOKOU CTEIEHBIO
UOEeHTUYHOCTH T€HOMHOM MOCJeL0BaTeJIbHOCTHU
c nopmaHckuM usonaTom (Luria et al., 2017). B2018 1.
ToBRFV 6611 BbISIBJIEH B ['epMmannu, Tanuu, Mekcu-
Ke u CIIA, a B 2019 1. — B Beniuko6putauuu, I'perun,
Erunre, Kutae, Hunepnangax u Typrum (Salem et al.,
2023). B macrogmiee BpeMsa ToBRFV pacmpocTpaHeH
B 48 cTpaHax Ha BCEX KOHTHMHEHTAaX, 3a UCKIIOUEHN-
eM ArTapktunbl (EPPO, 2025). MHOTHE U3 9TUX CTPaH
SABJISIOTCS DKCIIOPTEpPaMU CeMSAH U IIJIOJ0B TOMaTa
u nepua B Poccutickyio ®enepaiuio. B Poccuiickoi
®enepanuy ToBRFV BrepBbie ObLIT BhIIBIEH B 2023 T.
(HauoHaJbHbIN gokaam, 2024), a B 2024 r. Haboma-
JIOCh JaJibHeMHIIee paciiupenne ero apeana (Hamuo-
HaJIbHBIY mokJjamn, 2025).

by comparing the nucleotide sequence of the identified
isolates and isolates of a given pathogen of different
geographic origins.

This article presents the results of a study of the
genetic characteristics of the ToBRFV isolates identi-
fied in Stavropol Krai, Volgograd Oblast and Moscow
Oblast, the Republic of Kazakhstan and the Republic
of Uzbekistan.

Key words. Molecular diagnosis, polymerase
chain reaction, primer, sequencing, phylogenetic
analysis.

INTRODUCTION

omato brown rugose fruit virus or Tobamovi-
rus fructirugosum (ToBRFV) is a representa-
tive of the genus Tobamovirus of the Virga-
viridae family. Due to its danger and rapid
spread, ToBRFV is regulated as a quaran-
tine pest in many countries and organizations, includ-
ing the EAEU and EPPO (Lozovaya et al., 2022).
Economically significant host plants of TOBRFV
are tomato (Solanum lycopersicum) and pepper (Capsi-
cum annuum). The harmfulness of ToBRFV is further
enhanced by its ability to infect tomato plants (see
Fig. 1) with Tm resistance genes and pepper plants
with L resistance alleles that provide resistance to
other tobamoviruses (Salem et al., 2023). The virus can
also infect several common weeds, such as Amaranthus
retroflexus, Convolvulus arvensis, Oxalis corniculata, Cheno-
podium murale, Erigeron canadensis, Taraxacum officinale,
Solanum nigrum, Portulaca oleracea, etc. (EPPO, 2025).
ToBRFV was first detected on tomato in Jordan
in 2015 (Salem et al., 2016). However, before that, in
2014, an outbreak of a new disease affecting resistant
tomato varieties was observed in southern Israel (Kari-
mova et al., 2020a). The disease was later identified as
being caused by an Israeli TOBRFV isolate with a high
degree of genomic sequence identity to the Jordanian
isolate (Luria et al., 2017). In 2018, ToBRFV was de-
tected in Germany, Italy, Mexico, and the United States,
andin 2019 in the United Kingdom, Greece, Egypt, Chi-
na, the Netherlands, and Turkey (Salem et al., 2023).
ToBRFV is currently distributed in 48 countries on all
continents except Antarctica (EPPO, 2025). Many of
these countries are exporters of tomato and pepper
seeds and fruits to the Russian Federation. In the Rus-
sian Federation, ToOBRFV was first detected in 2023
(National Report, 2024), and further expansion of its
range was observed in 2024 (National Report, 2025).
Naturally, such a rapid propagation of ToOBRFV
was due to its ability to spread efficiently with seeds.
Seeds isolated from infected tomato fruits can be
100% infected with the virus (Salem et al., 2022). Ver-
tical transmission of the virus from infected seeds
to seedlings is relatively low and varies from 0.08 to
2.8% (Davino et al., 2020; Salem et al., 2022). However,
even a few infected seedlings become sources for the
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Besyci0BHO, CTOJIb GBICTPOE pPacIIpoCTpaHeH e
ToBRFV 651710 06yCJIOBJIEHO €r0 CIIOCOGHOCThIO 3(-
(eKTUBHO pacIpOCTPaHAThCI C ceMeHaMu. CeMeHa,
BBIZIeJIEHHbBIE U3 3aPaKEHHBIX IJIOZ0B TOMATa, MOTYT
OBITh 3apakeHbl BUpycoM Ha 100% (Salem et al., 2022).
BeprukanbHas repefjava BUpyca OT 3apaXeHHbIX Ce-
MSH K CEeSTHIIAM SBJISIETCS OTHOCUTEIbHO HEBBICOKOM
u Bapbupyet ot 0,08 mo 2,8% (Davino et al., 2020;
Salem et al., 2022). OgHako Ja’ke HEMHOIOUUCJIEH-
Hble 3apa3uBIINeECS PACTEHUS PACCalbl CTAHOBSITCS
UCTOYHUKAMMU JIJIS1 TIOCJIEIYIONIEeT0 PACTIPOCTPaHEeHUS
BuUpyca. [Ipy BBITIOJIHEHU Y PA3JIMYHBIX CEJIbCKOX035TH -
CTBEHHBIX Pab0T BUPYC MOXKET ITepelaBaThbCs MeXaHU-
YEeCKUM IIyTeM Yepes PYKU, OIeX Y, 06yBb U MHCTPY-
MEHTHI pabouurx, C IMOJUBHON BOAON X pacTBOpaMU
IJIsI TUAPOTIOHWKY, a TaK)Xe ITPYU IPAMOM KOHTAaKTe
3apa’keHHbIX 1 He3apaKeHHbIX pacTeHun (KapuMosa
u ap., 2020b, Illuetimep u np., 2021). YcTaHOBJIEHO, UYTO
TIpY HAJUYMU BCETO JABYX PacTeHUU ToMaTa, UHPU-
nupoBaHHBIX TOBRFV, Ha Ternuny miowmansio 0,5 ra
Habaomangoch 3apaxkenue 1,45; 80 u 100% pacreHui
uepes 1, 4 1 8 MecsIIIEB COOTBETCTBEHHO (Panno et al.,
2020).

BupuoHbl TO6aMOBUPYCOB YpPe3BbIYAMHO CTa-
OUJIbHBI ¥ MOTYT BBKMBATh BHE X0351MHA HA MHEPTHBIX
(HampuMep, KAPTOH, TTO/IOHbI, CTEKJIO, GETOH, MHCTPY-
MEHTBI, OJIeXKIa, TPAHCIIOPTHLIE CPeACcTBa) U 610JIO-
TMYECKUX TTIOBEPXHOCTSX (HalpuMep, YeJ0BeUYecKue
PYKH, OCTaTKM PacTEHUMN, HACEKOMbIE-OITbLIUTEIN),
a TaK)Ke B IIMTaTeJIbHBIX PACTBOPAX, BOJE 1 [IOUBE B Te-
YeHUe MECSIIEB, He Tepsis CBOEl BUPYJIEHTHOCTH (Smit
et al., 2019). B vacTHOCTH, ITI0Ka3aHo, uTo TOBRFV Mo-
JKeT BBDKMBATh Ha KOXKe U ITepUyaTKax He MeHee 2 4acoB,

Puc. 1. CumnTOoMBI

Fig. 1. TOBRFV symptoms
ToBRFV Ha nnopgax Tomata  on tomato fruits from
n3 Pecny6nukn KasaxctaH the Republic of Kazakhstan

(¢hoTo aBTOPOB) (photo by the authors)

subsequent spread of the virus. During various agri-
cultural activities, the virus can be transmitted me-
chanically through the hands, clothes, shoes and tools
of workers, with irrigation water and hydroponic solu-
tions, as well as through direct contact of infected and
uninfected plants (Karimova et al., 2020b, Schneider et
al., 2021). It has been found that with only two ToBRFV
infected tomato plants in a 0.5 ha greenhouse, infec-
tion was observed in 1.45, 80 and 100% of plants after
1, 4 and 8 months, respectively (Panno et al., 2020).

Tobamovirus virions are extremely stable and
can survive outside the host on inert (e.g. cardboard,
pallets, glass, concrete, tools, clothing, vehicles) and
biological surfaces (e.g. human hands, plant debris,
pollinating insects), as well as in nutrient solutions,
water and soil for months without losing their vir-
ulence (Smit et al., 2019). In particular, it has been
shown that TOBRFV can survive on skin and gloves for
at least 2 hours, in dried tomato plant juice on green-
house surfaces (glass, aluminum, steel, hard plastic,
polyethylene film) for at least 4 weeks and on concrete
for more than a week (EPPO, 2025).

It has also been established that ToOBRFV can be
effectively spread by bumblebees and other pollinating
insects (Levitzky et al., 2019).

Like other tobamoviruses, TOBRFV virions are rig-
id rod-shaped particles measuring 300 x 18 nm.

The ToBRFV genome consists of a single mol-
ecule of single-stranded plus-sense RNA approxi-
mately 6376-6394 nucleotides long, which contains
four open reading frames (ORFs). The two 5'-terminal
ORFs are translated directly from the genomic RNA.
ORF1 encodes a 126-kDa protein (p126) that contains
methyltransferase and helicase domains. Passage of
a stop codon (UAG) (amber) between ORF1 and ORF2
results in the expression of a 183-kDa protein (p183)
that contains an RNA-dependent RNA polymerase do-
main at its C-terminus. Both proteins are essential for
viral replication. ORF3 and ORF4 are translated from
5'-capped subgenomic RNAs 1 and 2, which encode
a 30-kDa transport protein (MP) and a 17.5-kDa coat
protein (CP), respectively. Genetically, TOBRFV is most
closely related to tomato mosaic virus (ToMV) and to-
bacco mosaic virus (TMV), with which it shares 81—
82% nucleotide sequence identity (Salem et al., 2016).

MATERIALS AND METHODS

The objects of the study were ToBRFV isolates:

- detected in tomato plants collected in Stavropol
Krai, Volgograd Oblast and Moscow Oblast in official-
ly established quarantine phytosanitary areas for this
pathogen (fsvps.gov.ru, 2025);

- detected in tomato plants in the Republic of Ka-
zakhstan;

- identified in the Testing laboratory center of
FGBU “VNIIKR” in regulated tomato fruits from the
Republic of Uzbekistan.

RNA extraction for reverse transcription polymerase
chain reaction (RT-PCR) was performed using commer-
cial RNA extraction kit Proba-NK (AgroDiagnostika,
Russia) according to the manufacturer’s instructions.

dutocaHuTapusi. KapaHTUH pacTeHuii 4



OWATHOCTUKA  DIAGNOSIS

a B BRICYIIIEHHOM COKe PAaCcTeHUH TOMAaTa Ha IIOBEPXHO-
CTSIX TEILINII (CTEKJIO, AJIFOMUHU, CTaJIb, TBEP/IbIH ILIa-
CTUK, IOJUSTUIIEHOBA IJIEHKA) — He MeHee 4 HeJlelb
u Ha 6eToHe — 6oJiee Hepmesu (EPPO, 2025).

YcTaHOBJIeHO Takke, YTO TOBRFV mMoxeT apdek-
THBHO PaCIIPOCTPAHATHCS IIMENSIMY U LPYTUMU Hace-
KoMbIMU-onbLIuTENIMY (Levitzky et al., 2019).

Kak u y gpyrux To6amM0oBUPYyCOB, BUPUOHBI To-
BRFV npencTaBisioT CO00M )KECTKYE TAJIOUKOBUIHBIE
yacTullbl BeauunHoi 300 x 18 HM.

I'erom ToBRFV cocTOUT U3 eUHCTBEHHOU MO-
JIEKYJIBI OJTHOIIEITIOYEeYHON IIJII0C-CMBICJIOBON PHK
IJUHOM 0KOJIO 6376—-6394 HYKJIEOTUIOB, KOTOpas
COIEP)KUT UEThIPE OTKPBIThIE PAMKM CUMTHIBAHUS
(OPC). IBe 5'-koHIleBbIie OPC TpaHCIUPYHOTCS He-
nocpencTBeHHO ¢ TeHOMHONM PHK. OPC1 komupyet
6esiok Maccoit 126 k/la (p126), KOTOPBIM COEPKUT
IOoMeHbI MeTUITPaHchepasbl U XeJInuKasbl. [Ipoxoxie-
HUe cTor-kKogoHa sHTapsa (UAG) mexay OPC1 u OPC2
IPUBOAUT K dKcrnpeccuu beska mMaccoiu 183 k/la
(p183), xoTopBIH comepkuT moMeH PHK-3aBucuMou
PHK-mmonmmMepa3ssl Ha cBoeM C-koHIle. O6a 6esika He-
06XonuMBbI IJisl penyukanuu supyca. OPC3 u OPC4
TPAHCIUPYIOTCS C 5>-K3MUPOBAHHBIX Cy6GreHOMHBIX
PHK 1 u 2, KOTOpbIe KOAUPYIOT TPAHCIIOPTHBIN Ge-
Jok Maccoit 30 x/Ja (MP) u 6eJI0K 060JIOUKM MaCCOM
17,5 x/Ja (CP) cooTBeTcTBeHHO. 'eHeTnyecku ToOBRFV
HamboJiee 630K K TOGAaMOBUPyCaM MO3auKY TOMAaTa
(ToMV) u Tabaunoii Mmo3auku (TMV), ¢ KOTOPBIMU BMEe-
eT UIeHTUYHOCTD [10CIe0BATEIbHOCTU HYKJIEOTULAM
Ha ypoBHe 81-82% (Salem et al., 2016).

MATEPUAJIBI U METO/1bI

O6beKTaMU MCCIIeLOBAaHUMN SBJIAIUCH M30JIATHI
ToBRFV:

— BBISIBJIEHHBIE B PACTEHUSAX TOMAaTa, 0OTOOpaHHbIE
B CTaBpOMmOJIbCKOM Kpae, Bonrorpamckoir u MOCKOB-
cKol 06J1acTaX B 0(hUIIMaIbHO YCTAHOBJIEHHBIX KapaH-
TUHHBIX (UTOCAHUTAPHBIX 30HAX JJISI 9TOTO [TaTOreHa
(fsvps.gov.ru, 2025);

— BBISIBJIEHHBIE B PACTEHUSX TOMara B Pecrtybiiu-
ke KazaxcTaH;

— BoIsIBJIeHHBIE B VJIL] ®I'BY « BHVMKP» B mogKa-
PAHTUHHOU MTPOIYKIIVHU ILJIOLOB TOMaTa 13 PecmybJin-
KU Y30eKHUCTaH.

IkcTpakuuio PHK piisg npoBegeHus rmoaumepas-
HOU 1IeNHOU peaKiuyu ¢ 06paTHOM TpaHCKPUIIuen
(OT-TILIP) mpoBOAMJIM KOMMEpPUYECKM HabopoM pe-
arenTos IIpo6a-HK (Arpoguarsoctuka, Poccus) co-
TJIACHO MHCTPYKIMY (DUPMBI-TIPOU3BOIUTES.

CunTtes kJHK ocymecTBisaiy Ha6opoM peareH-
TOB JJis1 o6paTHOU TpaHckpuriiuu MMLV RT kit (Es-
poreH, Poccusi) COTJIACHO UHCTPYKIIUYU (PUPMBI-TIPO-
M3BOJIUTEJIS.

O6pa3sIbl pacTeHU U MJIOAOB ToMaTa u3 CTas-
pomoabcKoro Kpas, Bosirorpazickoit obiactu, Pecmy-
6nmku KazaxcraH u Pecry6iuky Y36eKUCTaH TECTH-
poBanu metomom OT-TILIP ¢ mpatimepamu ToBRFV-F/
ToBRFV-R (Alkowni et al., 2019) u HaGopoM peareH-
TOB 5X MasPPMix-2025 ([uanat, Poccusa). Kaxxpmas
peaxkiius 06beMOM 25 MKJI cozepkaia 5 MKJI MacTep
mukca pg TP, 5 mxa kIHK, mo 1 MKJ Ka)XXJ0ro
npariMepa 1 13 MKJI CTePUJIbHOM JeMOHU3UPOBAHHOM
BOZIbI. TeMMepaTypHO-BPEMEHHOMN PEXXUM COCTABUII:
95 °C — 5 muH, 40 nukiaos (95 °C — 30 cexk, 58 °C —
30 cek, 72 °C - 60 cek).

cDNA synthesis was carried out using a kit of re-
agents for reverse transcription MMLV RT kit (Eurogen,
Russia) according to the manufacturer’s instructions.

Tomato plants and fruits samples from Stavropol
Krai, Volgograd Oblast, the Republic of Kazakhstan and
the Republic of Uzbekistan were tested by RT-PCR with
ToBRFV-F/ToBRFV-R primers (Alkowni et al., 2019)
and a 5x MasDDMix-2025 reagent kit (Dialat, Russia).
Each 25 ul reaction contained 5 ul of PCR master mix,
5 ul of cDNA, 1 ul of each primer and 13 ul of sterile
deionized water. The temperature-time regime was:
95 °C - 5 min, 40 cycles (95 °C — 30 sec, 58 °C — 30 sec,
72 °C - 60 sec).

Tomato plants and fruits samples from the Repub-
lic of Kazakhstan and the Republic of Uzbekistan were
also tested by RT-PCR with primers ToBRT up1/To-
BRT do2 (Dovas et al., 2004) and a 5x MasDDMix-2025
reagent kit (Dialat, Russia). Each 25 ul reaction con-
tained 5 ul of PCR master mix, 3 ul of cDNA, 1 ul of
each primer and 16 pl of sterile deionized water. The
temperature-time regime was: 95 °C — 1 min, 40 cycles
(95°C -15sec, 49 °C — 20 sec, 72 °C — 60 sec).

The obtained amplicons were sequenced using a
modified Sanger method on an AB-3500 genetic ana-
lyzer (Applied Biosystems, USA). The following software
was used to analyze the obtained nucleotide sequenc-
es: BioEdit 7.0.5.3 (Hall, 1999), BLASTN 2.12.0+ (nc-
biinsights.ncbi.nlm.nih.gov) and Needleman-Wunsch
Global Align Nucleotide Sequences (blast.ncbi.nlm.
nih.gov). Phylogenetic analysis was performed using
the MEGA11 software (Tamura et al., 2021).

For phylogenetic analysis, along with the identi-
fied isolates, the following ToBRFV isolates deposited
in the NCBI Genbank were included: TBRFV-Ant-Tom
(MT107885, Turkey), 39941596_A (MN882048, the
Netherlands), Tom2M-Jo (MZ438228, Jordan), To-
BRFV-SD (MT018320, China) and TBRFV-IL (KX619418,
Israel). The ToMV isolate PV-0846 DSMZ (MW197140,
Iran) was included as a phylogenetic outgroup.

Tomato plant samples from Moscow Oblast were
tested by RT-PCR with ToOBRFV F-5476/ToBRFV R-6287
primers (Levitzky et al., 2019) and the One Tube RT-
PCR TagMan reagent kit (Eurogen, Russia). Each 25 ul
reaction contained 5 ul of PCR master mix, 3.5 ul of
extracted RNA, 0.5 ul of each primer, 0.5 ul of MMLV
reverse transcriptase, and 15 ul of sterile deionized
water. The temperature and time regime were: 50 °C
for 15 min, 95 °C for 1 min, 40 cycles (95 °C for 15 sec,
53 °C for 20 sec, 72 °C for 20 sec).

RESULTS AND DISCUSSION

ToBRFV-F/ToBRFV-R primers (Alkowni et al., 2019)
recommended for the specific TOBRFV detection in the
EPPO diagnostic protocol (EPPO, 2022) and the guide-
lines of FGBU “VNIIKR” (No. 01-2020 MR VNIIKR), al-
low amplification of a 560 bp section of the TOBRFV
replicase gene. Using these primers allows effective
diagnosis of the target object in tomato plant samples
(Shneyder et al., 2022). As an example, Fig. 2 shows
the results of one of the tests for detecting ToBRFV in
tomato plant samples from Stavropol Krai.

Mapt N2 1 (22) 2025 5
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O6pas1pl pacTeHUH U IJIOJOB ToMaTa u3 Pe-
cny6nuku KazaxcraH u Pecriybsiuky Y36eKUCTaH Te-
cTupoBasiu Takxe merogoM OT-TILIP ¢ mpaiiMepaMu
ToBRT upl/ToBRT do2 (Dovas et al., 2004) u Ha6o-
poM peareHToB 5x MasP’Mix-2025 (JluajaT, Poccus).
Kaxxmas peakius 00beMoOM 25 MKJI CofleprKkaia 5 MKJI
macTep mukca gug [THP, 3 mxa kIHK, 1o 1 MKJ Kax-
JIoro mpaiMepa u 16 MKJ CTEPUJIbHOU JeMOHU3UPO-
BaHHOU BOABI. TeMIlepaTypHO-BPEMEHHOU PEXUM
coctaBui: 95 °C — 1 muH, 40 1ukaos (95 °C — 15 cek,
49 °C —20 cek, 72 °C — 60 cek).

[TosyyeHHbIE aMIIJIMKOHBI CEKBEHUPOBAJIM T10 MO-
nudunypoBanHOMy MeTony CeHrepa Ha reHeTUIeCcKoM
anasusatope AB-3500 (Applied Biosystems, CIIIA). Iyt
aHaJIM3a MOJyYeHHbIX HYKJIEOTUIHBIX [I0CIEN0BATEIb-
HOCTEH HCII0JIb30BaJIM IIPOrpaMMHOe obecrieueHme
BioEdit 7.0.5.3 (Hall, 1999), BLASTN 2.12.0+ (nchiin-
sights.ncbi.nlm.nih.gov) u Needleman-Wunsch Global
Align Nucleotide Sequences (blast.ncbi.nlm.nih.gov).
dusioreHeTUYECKUH aHAIU3 MTPOBOAUIU C TTOMOIIHIO
nporpamMmmbl MEGA11 (Tamura et al., 2021).

Ilnsg GuaoreHeTUUECKOTO aHaIu3a HAPSIY C BbI-
SIBJIEHHBIMU M30JIITaMU ObLJIY BKIIIOUEHBI CIIEIyIOIITe
u30JiaThl TOBRFV, nenmonupoBaHHbie B reHH6anKe NCBI:
TBRFV-Ant-Tom (MT107885, Typuus), 39941596_A
(MN882048, Hunmepnaumsl), Tom2M-Jo (MZ438228.
Woppanus), ToBRFV-SD (MT018320, Kutaii) u TBRFV-
IL (KX619418, V3zpaunb). VizoagaT To6aMoOBUpPYyca MO-
3anku tomata ToMV PV-0846 DSMZ (MW197140,
VpaH) 6bLI BKJIIOUEH B KauecTBe (PUIOTEeHETUUECKOH
Ay TTPYIIIIHL.

O6pa3sIibl pacTeHUl ToMaTa U3 MOCKOBCKOM 06-
Jlactu TecTupoBanu MmetogoM OT-TILIP ¢ mpaiiMepaMu
ToBRFV F-5476/ToBRFV R-6287 (LevitzKky et al., 2019)
u HabopoM pearerToB One Tube RT-PCR TagMan (EB-
poreH, Poccus). Kaxxgasa peakiiyus 06beMoOM 25 MKJI
cofleprkajia 5 MkJ Mactep Mukca a4 [T1IP, 3,5 MKJI s9Kc-
TparupoBanHoit PHK, mo 0,5 MKJI KaXXZoTo IpalimMepa,
0,5 MKJ1 peBepTasbl MMLV 1 15 MKJI CTEPUIBHOM JENO0-
HU3WPOBAHHOU BOZbI. TeMIepaTypHO-BPEMEHHOH pe-
skuM coctaBmii: 50 °C — 15 muH, 95 °C — 1 MmuH, 40 1IUK-
J10B (95 °C — 15 cek, 53 °C — 20 cek, 72 °C — 20 ceK).

PE3VJIBTATBI U OBCYXKJIEHHNE

IIpatimepsl ToOBRFV-F/ToBRFV-R (Alkowni et al.,
2019), pekoMeHIyeMble IJs CITeln(UIEeCKOTO BhISIB-
nennda ToBRFV B guarHoctuyeckom npotokose EOK3P
(EPPO, 2022) 1 MeTogu4ecKux pekoMeHmausax ®rey
«BHUUKP» (N2 01-2020 MP BHUMKP), 1103BOJISIIOT aM-
nauUIMPOBaTh yUYacTOK reHa penjinkasbl TOBRFV
IauHoM 560 11.0. MCIToNb30BaHNE JaHHBIX TPaliMEPOB
1mo3BoJisieT 3(pheKTUBHO NMarHOCTUPOBATD IEJIEBOM
006BEKT B o6pasiiax pacteHuit Tomata (Shneyder et
al., 2022). B kauecTBe ITpuMepa Ha pUC. 2 IIPeICTaB-
JIEHBI PEe3YJIbTAThl OJJHOT'O M3 TECTOB I10 BBISBJIEHUIO
ToBRFV B 06pa3siiax pacTeHuii Tomata u3 CTaBpOIOJIb-
CKOr0 Kpas.

B xoIle cekBeHMPOBaHUS NIPOAYKTOB aMIIIU(DU-
kaiuu npaiiMmepoB ToBRFV-F/ToBRFV-R 6b11u 10JTy-
yeHbl I1ocJiegoBaTebHOCTY A4 10 n3o0aatoB TOBRFV
13 CTaBPOIIOJBCKOrO Kpas, TpexX U30J49ToB 13 BoJro-
rpajcKoil obyiacTu, ABYX M30JATOB U3 MOCKOBCKOMU
obsacty, 10 u 5 n30aaTOB M3 Pecrybnuku KazaxcTan
u Pecrty6yiky Y36€KMCTaH COOTBETCTBEHHO.

AHaJu3 TOJyUYeHHBIX TOCJIe0BAaTeJIbHOCTEH
B nmporpamme Nucleotide Blast mokasaJi, YTO Bce OHU

I 8. m 91011 1213 14 15 16 17
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Fig. 2. Detectiom of
ToBRFV in tomato plant
samples from Stavropol

Puc. 2. BbiaBneHue Bupyca
KOPUYHEBOW MOPLLUHUCTOCTHU
nnopos Tomata (ToBRFV)

B o6pasuax pacteHuit Tomara us Krai by RT-PCR with
CTaBpoOnosbCKOro Kpasi MeTogom primers ToBRFV-F/
OT-MUP c npaiimepamu ToBRFV-F/  ToBRFV-R (Alkowni
ToBRFV-R (Alkowni et al., 2019). et al., 2019). Bands
BaHabl 1-33 — 06pasubl pacTeHui 1-33 - tomato plant
ToMara, 63HA, 34 — oTpuuatenbHbliii  samples, band 34 -
KOHTPOJbHbIV 06pasel, negative control sample

During sequencing of the amplification products
of the ToBRFV-F/ToBRFV-R primers, sequences were
obtained for 10 ToBRFV isolates from Stavropol Krai,
three isolates from Volgograd Oblast, two isolates from
Moscow Oblast, 10 and 5 isolates from the Republic of
Kazakhstan and the Republic of Uzbekistan, respec-
tively.

Analysis of the obtained sequences in the Nucle-
otide Blast showed that they all belong to TOBRFV spe-
cies and correspond to the region of the 126 kDa rep-
licase gene of the ORF-1 ToBRFV of numerous isolates
of this virus deposited in the NCBI Genbank.

The identity of nucleotide sequences in the iden-
tified isolates from Stavropol Krai (StToBR isolates)
compared to the reference ToBRFV isolates ranged
from 98.57 to 100%, in isolates from Volgograd Oblast
(VolToBR isolates) — from 98.03 to 98.92%, in isolates
from Moscow Oblast — from 99.64 to 99.82%.

Among the isolates from Stavropol Krai, the high-
est identity with the reference ToBRFV isolates (99.82—
100%) was demonstrated by isolate StToBR-21-312,
while the lowest identity (98.57-98.93%) was demon-
strated by isolate StToBR-5-320 (see Tables 1-2), indi-
cating the presence of at least two primary sources of
infection. At the same time, in contrast to all other an-
alyzed Russian isolates, isolate StToBR-5-320 demon-
strated the highest identity with isolate TOBRFV-SD
(OR792460.1) identified in China.

All other isolates from Stavropol Krai, Volgograd
Oblast and Moscow Oblast were characterized by high
identity with a group of 62—-65 reference isolates dis-
tributed in Germany, Greece, Israel, Jordan, Iran, Chi-
na, Morocco, Mexico, the Netherlands, the USA, Pal-
estine and Turkey, of which about 50% were isolates

dutocaHuTapus. KapaHTuH pacteHui 6
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Ta6J1. 1. UZeHTUYHOCTD II0CJIEA0BaTEJIbHOCTEM
HYKJIEOTHUJIOB yUacCTKa reHa periukassl 126 k/la
n30J19T0B TOBRFV 3 CTaBpOImIoJbCKOr0 Kpasd,
BoJirorpaackoii 1 MoCKOBCKOI 06J1aCTei ¥ H30JIITOB

OTHOCATCA K BuAy Tomato brown rugose fruit virus
(ToBRFV) 1 COOTBETCTBYIOT YUaCTKY T'e€Ha PeIInKa3bl
126 xJla OPC-1 ToBRFV MHOro4Ync/IeHHBIX U30JISITOB
9TOTO BUPYCA, IeTIOHNPOBAaHHBIX B reHOaHke NCBI.

W IeHTUYHOCTD TI0C/IeloBaTEIbHOCTEN HYKJIEO-
THUJIOB Y BBISIBJIEHHBIX U30JIITOB U3 CTaBPOIIOJIbCKOIO
Kpas (u3oysaThl StTOBR) B cpaBHEHUU ¢ pedepeHT-
HbIMU n3oagrtamMu ToBRFV BappupoBajia ot 98,57
o 100%, y nsondaToB u3 Bojarorpajckoi o6iactu
(uzoasTel VolToBR) — ot 98,03 10 98,92%, y M30JIITOB
13 MOCKOBCKOM o6acTu — oT 99,64 10 99,82%.

Cpenu 130151TOB 13 CTaBPOMIOJbCKOT0 Kpas Hau-
60Jiee BBICOKOUM HUAEHTUYHOCTDHIO C PehepeHTHBIMU
usonsatTamu ToBRFV (99,82-100%) XxapaKTepHU30BaJICs
n30a4aT StToBR-21-312, a HauMeHee BBICOKOU UeH-
TUYHOCTBIO (98,57-98,93%) — usonat StToBR-5-320
(cM. Taba. 1-2), 4YTO CBUIETEIbCTBYET O HAJIMYUY KaK
MUHUMYM [IByX IEPBUYHBIX UCTOUHUKOB UH(PEKIINU.
[Tp¥ 3TOM B OTJIMYME OT BCEX JPYTUX aHAJIU3UPYEMBIX
poccuiicKuX MU30JITOB IJis u3ojisgta StToBR-5-320
ycTaHoBJeHa HauboJjiee BBICOKAS MIEHTUYHOCTH
¢ nsonatToM ToBRFV-SD (OR792460.1), BLIABIEHHOM
B Kurae.

Bce ocTanbHble U30a49ThI U3 CTaBPOIIOJIbCKOTO
Kpas, Boirorpaackoi 1 MOCKOBCKO#M o6JiacTel xapak-
TEePU30BaJUCh BICOKOU UAEHTUYHOCTBIO C TPYIIION
u3 62—-65 pedepeHTHBIX U30JIITOB, PACIIPOCTPaHEH-
HbIX B [epmanuy, ['penuu, U3pauie, Mopganuu, pa-
He, KuTae, Mapokko, Mekcuke, Hugepnanngax, CIIA,
[Tanecture u Typuuu, cpenu KOTOPBIX 0KoJI0 50%
COCTaBJISIOT U30JISATHI, PACIIPOCTPaHEHHBIE B M3pau-
Je, opmanuu u Typiuu. HekoTopble 13 3TUX pede-
PEHTHBIX U30JIITOB U UX UAEHTUYHOCTD 10 aHAJIU3U-
pyeMoMy yuyacTKy reHoma c usosugramu TOBRFV u3 P®
TIpefCcTaBJieHbI B Ta6JI. 2.

W3onarer TOBRFV u3 Boarorpaackoi objactu
XapaKTepPH30BaJINCh MeHee BICOKON UIeHTUYHOCTHIO
¢ pedepeHTHBIMY U30JIATAMY STOT'0 BUPYyCa (He BhIIIE
98,93%), ueM u30JAThl 13 CTaBPOMIOJbCKOTO Kpas
1 MOCKOBCKOI1 o6ytacT# (CM. TabJi. 1), YTO yKa3bIBaeT
Ha PasjInuHOEe MPOUCXOXKIEeHE TePBUYHBIX UCTOUHU-
KOB UH(DEKITUN.

[Ipu momapHOM CpaBHEHMMU ITOCJIEIOBATEIbHO-
CTell HyKJIeOTUIOB, IPOBEIEHHOM C UCTI0JIb30BaHUEM
Needleman-Wunsch Global Align Nucleotide Sequenc-
es, 6BIJI0 YCTAHOBJIEHO, YTO UAEHTUYHOCTD U30JISITOB
ToBRFV-EK-49 u ToBRFV-EK-54 13 MOCKOBCKOH
06J1aCTH IO JaHHOMY Y4YaCTKy TeHOMa COCTaBJISET
100%. UneHTUYHOCTh STUX U30JIATOB B CPABHEHUU
c u3oygraMu u3 CTaBpPOIOJbCKOTO Kpas BapbupoOBa-
Jga oT 98,94 o 100%, Torma Kak ¢ u3ojsiTaMu 13 BoJi-
rorpajickod 06JyiacTy cocTaBuya Bcero 97,99-98,73%.
VIeHTUYHOCTD IOCJIef0BaTeIbHOCTEM HYKIIEOTUA0B
y U30JIITOB 13 Bosirorpa/icko¥ 06/1acTé B CDaBHEHUU
c nsosisiTaMu 13 CTaBPOMOJbCKOT0 Kpasi BapbUpoBaja
oT 97,32 1o 98,92%, Torga Kak BHYTPU IPYNIIbI U30-
JIaTOB 13 CTaBPOIIOJBCKOTO Kpas (3a MCKIIOUEHNEM
nsoasaTa StToBR-5-320) cocraBuia 99,09-99,82%.
Kak y>xe ormeuasiocs, uzonsat StToBR-5-320 xapak-
TEepPU3yeTCs CYIeCTBEHHOU AWBEPreHTHOCThI0. ET0
UJEHTUYHOCTh B CDABHEHUU C IPYTUMU U30JATAMU
ToBRFV u3 CTaBpOMIOJILCKOrO Kpas CoOCTaBuUja Bce-
ro 97,51-98,75%, a ¢ usoagraMu u3 Boarorpamckoi
obmactu — 97,33-97,69%. B cBOIO ouepellb, BCe TPU
aHanu3upyeMbix usonsaita TOBRFV u3 Bojirorpazickoi
06J1aCcT OKa3aJuCh FeHETUYECKN Pa3HOPOIHBIMU.

ToBRFV, 1enoHUpOoBaHHbIX B reH6aHke NCBI
Table 1. Identity of nucleotide sequences of

the 126 kDa replicase gene region of ToBRFV isolates

from Stavropol Krai, Volgograd Oblast

and Moscow Oblast and ToBRFV isolates deposited

in the NCBI Genbank

KoJ1-BO 130J19TOB

WaeHTUUHOCTh u3 reH6anka NCBI ¢ janHoOM

(%) HIEeHTUYHOCThIO
H3oaar* Identity Number of isolates from NCBI
Isolate* (%) Genbank with given identity
StToBR-3-320 29,82 62
Ne1 99,64 38
StToBR-3-320 29.11 62
Ne2 98,93 38

98,93 1
StToBR-5-320 98,75 62

98,57 37
StToBR-11-312 29,82 62
Ne1 99,64 38
StToBR-11-312 29,28 62
Ne 2 99,11 38

100 62
StToBR-21-312

99,82 38
StToBR-24-312 99,46 62
Ne1 99,28 38
StToBR-24-312 99,82 62
Ne2 99,64 38
StToBR-26-312 29,64 62
Ne1 99,46 38
StToBR-26-312 99,29 62
Ne 2 99,11 38
VolToBR-42 98,40 65
Ne1 98,22 35
VolToBR-43 98,92 62
Ne1 98,74 38
VolToBR-43 2821 o2
Ne2 98,03 38

99,82 68
ToBRFV-EK-49

99,64 30

99,82 67
ToBRFV-EK-54

99,64 31

* N3onatbl StToBR, VolToBR 1 ToBRFV-EK BbiiBEeHbI
cooTBeTCTBeHHO B CTaBpONosibCKOM Kpae, Bonrorpanckom
1 MoCKOBCKOI 0b6nacTax

* Isolates StToBR, VolToBR and ToBRFV-EK were detected

in Stavropol Krai, Volgograd Oblast and Moscow Oblast, respectively
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VX uIEHTUYHOCTb B CDABHEHUHU JIPYT C IPYTOM COCTa-
Bua Bcero 97,33-97,69% (cM. TabI1. 3).

TaxuM 06pa3oM OBIJIO ITOKA3aHO, YTO M30JISIThI
ToBRFYV, BoisiBiieHHBIE B CTaBPOIIOJIBCKOM Kpae u Mo-
CKOBCKO1 06J1aCTH, XapaKTePU3yIOTCSI BEICOKUM reHe-
THUUECKUM CXOLCTBOM, HO CyIIECTBEHHO OTINYAIOTCS
OT M30JIITOB 3TOTr0 BUpYyca u3 Boarorpaackoit ob6Ja-
CTHU, YTO MOXKET TOBOPUTH O PA3HOM IIPOUCXOXKIEHUU
HUCTOYHUKA BUPYyCA.

CeKBeHUPOBaHYE MTPOAYKTOB aMIIU(pUKALIUY,
TIOJIy4eHHBIX B TecTax MeTomoM OT-TILIP njg o6pas-
1IOB PacTeHUH U IJIOJOB ToMaTa U3 Pecrybiuku Ka-
3axcTaH U Pecry6auku Y36eKMCTaH, ITOATBEPAUIIO,
UTO BCe OHU OTHOCATCS K BuZly Tomato brown rugose
fruit virus (ToBRFV). [IpoaykTsl aMIIndUKaIUA
npaiimMmepoB TobRT-upl/TobRT-do2 cooTBeTCTBOBA-
JIY y4acTKy reHa peruiukassl 183 k/la OPC-2 ToBRFV,
a mpoAyKThl aMmiuukanuy npaimepoB ToOBRFV-F/
ToBRFV-R — yuyacTKy resna perniukassel 126 k/la OPC-1
ToBRFV MHOrouunc/ieHHbIX U30JIITOB 3TOrO BUPYyCa,
IeITOHUPOBAHHBIX B reH6anke NCBI (cM. Tabut. 4-5).

AHaJIV3 TTOJTyYeHHBIX TTOCJIe0BATEIbHOCTEH 110~
KasaJi, 4To Bce u3oygaThl TOBRFV, BeIgBII€HHBIE B pac-
TeHUSAX ToMaTa u3 Pecrry6ivku KazaxcraH, IBISIOTCS

distributed in Israel, Jordan and Turkey. Some of these
reference isolates and their identity in the analyzed
region of the genome with ToBRFV isolates from the
Russian Federation are presented in Table 2.

ToBRFV isolates from Volgograd Oblast were char-
acterized by a lower identity with the reference virus
isolates (no higher than 98.93%) than isolates from
Stavropol Krai and Moscow Oblast (see Table 1), which
indicates a different origin of the primary sources of
infection.

Pairwise comparison of nucleotide sequenc-
es using Needleman-Wunsch Global Align Nucleo-
tide Sequences showed that the identity of the To-
BRFV-EK-49 and ToBRFV-EK-54 isolates from Moscow
Oblast for this genomic region was 100%. The identity
of these isolates compared to isolates from Stavropol
Krai ranged from 98.94 to 100%, while with isolates
from Volgograd Oblast it was only 97.99-98.73%.
The identity of nucleotide sequences in isolates from
Volgograd Oblast compared to isolates from Stav-
ropol Krai ranged from 97.32 to 98.92%, while within
the group of isolates from Stavropol Krai (except for
isolate StToBR-5-320) it was 99.09-99.82%. As al-
ready noted, isolate StToBR-5-320 is characterized

Ta6.1. 2. CpaBHeHUE n30J9T0B ToOBRFV BoJsirorpaackoii o6;1actv 1 CTaBpPOMoJIbCKOT0 Kpast
¢ pedepeHTHBIMU N30JIATAMH 3TOTr'0 BUpPYca I10 [10CJIeL0BaTeJIbHOCTH HyKJI€OTUI0B

B reHe pernJinkassl 126 k/la

Table 2. Comparison of ToBRFYV isolates from Volgograd Oblast and Stavropol Krai with
reference isolates of this virus by the nucleotide sequence in the 126 kDa replicase gene

PedepenTHbie u30aaTel TOBRFV ¢ Han60J1ee BbICOKOI UIEHTUYHOCTHIO

nmocjIieJ0BaTeJIbHOCTHU HYKJIEOTHU/I0B:
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ToBRFVRussian  Z B ER 3 @3 25 2& E& FE 2f Bg F&
isolates * B B L= H e [ = N =R g = X <N AS
StToBR-3-320 N2 1 99,82 99,82 99,82 99,82 99,82 99,82 99,82 99,82 99,82 99,82 99,82
StToBR-3-320 N2 2 99,11 99,11 9911 9911 99,11 99,11 99,11 99,11 99,11 99,11 99,11

’

StToBR-5-320%* 98,75 98,75 98,75 98,75 98,75

98,75 98,75 98,75 98,75 98,75 98,75

StToBR-11-312N21 99,82 99,82 99,82 99,82 99,82

99,82 99,82 99,82 99,82 99,82 99,82

StToBR-11-312N22 99,28 99,28 99,28 99,28 99,28

99,28 99,28 99,28 99,28 99,28 99,28

StToBR-21-312 100 100 100 100 100

100 100 100 100 100 100

StToBR-24-312N21 99,46 99,46 99,46 99,46 99,46

99,46 99,46 99,46 99,46 99,46 99,46

StToBR-24-312N22 99,82 99,82 99,82 99,82 99,82

99,82 99,82 99,82 99,82 99,82 99,82

StToBR-26-312N21 99,64 99,64 99,64 99,64 99,64

99,64 99,64 99,64 99,64 99,64 99,64

StToBR-26-312N22 99,29 99,29 99,29 99,29 99,29

99,29 99,29 99,29 99,29 99,29 99,29

98,40 98,40 98,40 98,40 98,40 98,40

98,92 98,92 9892 98,92 98,92 98,92

98,21 98,21 98,21 98,21 98,21 98,21

VolToBR-42 98,40 98,40 98,40 98,40 98,40
VolToBR-43 N2 1 98,92 98,92 9892 98,92 98,92
VolToBR-43 N¢ 2 98,21 98,21 98,21 98,21 98,21
ToBRF-EK-54 99,82 99,82 99,82 99,82 99,82

99,82 99,82 99,82 99,82 9982 99,82

* MpoaykT amnnndmkaumm MNLP ¢ npaimepamm TobRT-upl/TobRT-do2;
** MpopyKT amnnaudmkaumm MLP ¢ npaimepamn ToBRFV-F/ToBRFV-R

* PCR amplification product with primers TobRT-up1/TobRT-do2;
** PCR amplification product with primers ToBRFV-F/ToBRFV-R

dutocaHuTapusi. KapaHTUH pacTeHuii 8
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Ta6J1. 3. UIeHTUYHOCTD II0CJIeJOBATEJIBHOCTH HYKJIEOTUIOB (%) yuyacTKa reHa perimKka3sl
126 k]/la y poccuiickux n30JaToB ToOBRFV u3 CTaBpoOII0JIbCKOT0 Kpasd,

BoJjirorpaickoii 1 MoCKOBCKOIf o6JiacTeit

Table 3. Nucleotide sequence identity (%) of the 126 kDa replicase gene region
in Russian ToBRFV isolates from Stavropol Krai, Volgograd Oblast and Moscow Oblast
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VolToBR-43 N2 2 97,48 97,69 97,63 97,32 97,33 98,04 97,50 98,22 97,68 98,04 97,86 97,34
VolToBR-43 N2 1 97,48 97,33 98,55 98,02 97,48 98,74 98,20 98,92 98,38 98,74 98,56 98,04
VolToBR-42 N2 1 97,69 97,33 98,36 97,51 97,69 98,22 97,69 98,40 97,86 98,22 98,04 97,87
StToBR-3-320N21 97,63 98,53 98,36 99,27 98,54 99,13 99,09 99,82 99,27 99,63 99,45 99,09
StToBR-5-320 97,33 97,48 97,69 98,54 97,68 98,39 97,51 98,39 98,04 98,75 98,21 97,69
StToBR-11-312N21 98,04 98,74 98,22 99,63 99,28 98,39 99,11 99,64 99,64 99,64 99,46 99,47
StToBR-21-312 98,22 98,92 98,40 99,82 99,11 98,39 99,64 99,28 99,46 99,82 99,64 99,11
StToBR-24-312N21 97,68 98,38 97,86 99,27 98,04 98,04 99,64 98,76 99,46 99,64 99,11 99,11
StToBR-26-312N21 97,86 98,56 98,04 99,45 98,75 98,21 99,46 98,93 99,64 99,11 99,46 98,76
ToBRFV-EK-49, 97,99 98,73 98,36 100 99,27 98,94 99,63 99,09 99,82 99,27 99,63 99,45 99,09

ToBFV-EK-54

reHeTHUYecKy 6JIM3KOPOICTBEHHBIMU., VIIEHTUYHOCTD
TI0CJIeN0BaTEIbHOCTU HYKJIEOTHU/IOB B FeHe IoJIMMepa-
3bI 126 kJla n3ouagara Kaz-21 u usonatoB Kaz-20, Kaz-
22,Kaz-26,Kaz-27,Kaz-30 u Kaz-31 coctaBuiia 100%,
a usoJisata Kaz-21 B cpaBHeHuu ¢ usoysaramu Kaz-23,
Kaz-24 u Kaz-25 - 99,81%, To eCcTh OoT/in4ajiaCh BCETO
110 OLHOMY HYKJIEOTULY.

[TocnemoBaTeNIbHOCTD HYKJIEOTU/IOB FreHa Perin-
Kka3bl 126 k/la OPC-1 y BeIABIIEHHBIX 130J19TOB Kaz-20,
Kaz-21, Kaz-22, Kaz-26, Kaz-27 u Kaz-30 zHa 100% co-
OTBETCTBOBAJIa TAKOBOU ¥ 57-58 nzonsaToB TOBRFV
u3 reubanka NCBI. Jlng uszoagaros Kaz-23, Kaz-24,
Kaz-25 u Kaz-31 uleHTU4YHOCTb LAHHOTO y4YyacTKa
B CPaBHEHUU C 3TUMMU Ke pepepeHTHBIMU U30JITaMU
ToBRFV cocraBuia 99,64-99,82% (cMm. Tabu. 4). Bojiee
50% pedepeHTHBIX U30JIATOB 3TOU IPYIIIHI ObLJIO BbI-
SgBJIEHO B HuepiaHmax.

[To mocyenoBaTeNbHOCTU HYKJIEOTUIOB B TEHE
peruiuka3sbl 183 k/la nsonarel Kaz-20, Kaz-22, Kaz-23,
Kaz-24, Kaz-25 u Kaz-26 u3s Pecrybiuku KazaxcTaH xa-
pakTepusyTcs Hanbojee BICOKOM UIEHTUYHOCTDIO
(99,29-99,82%) ¢ usonaToMm 39986411 (OM515247)
u3 Hupepnaupos. C rpynmno# u3 101 gpyroro pede-
peHTHOro n3ojugara ToBRFV 110 3TOMy yuyacTKy reHoMa
UOEeHTUYHOCTh U30JIITOB U3 Pecniybsuku KasaxcTaH
cocraBuya 99,11-99,64% (cMm. Tabma. 4). ta rpyn-
Ia BKJIKOUaeT 55 APyrux u3oJdaToB u3 HumepiaHgoB
u pedeperTHbIN n30aaT Uzb_4.1 (OR501605) us Y3-
6ekmcTaHa. UIeHTUIHOCTD ITOCIEJOBATEIbHOCTEN HY-
KJIEOTUOB Y LIECTU BbIIBJIIEHHBIX U30J1ATOB TOBRFV
u3 Y30eKucTaHa B CpPaBHEHUU C pedepeHTHbBIMU
U30J19TaMU 3TOro BUpyca cocrasuia 99,27-99.82%
nJisg reHa perinkassl 183 k/la OPC-2 1 99,82-100% —
IIJIs TeHa peruinkasel 126 k/la OPC-1 (cm. Tabi. 5). [Ias
nsongara Uzb-6 Habimionanack 100%-g9 UIeHTUYHOCTD
ydacTKa reHa peruinkassl 126 k/la ¢ usossgarom Conv-
01 (OP150933) us Utanuu. VIeHTUYHOCTDb BhIBJIEH-
HBIX HaM¥ 130J9T0oB Uzb-1 u Uzb-3 1mo yyacTKy reHa

by significant divergence. Its identity in comparison
with other ToBRFV isolates from Stavropol Krai was
only 97.51-98.75%, and with isolates from Volgograd
Oblast — 97.33-97.69%. In turn, all three analyzed
ToBRFV isolates from Volgograd Oblast turned out to
be genetically heterogeneous. Their identity in com-
parison with each other was only 97.33-97.69% (see
Table 3).

Thus, it was shown that TOBRFV isolates identified
in Stavropol Krai and Moscow Oblast are characterized
by high genetic similarity, but differ significantly from
this virus isolates from the Volgograd Oblast, which
may indicate a different origin of the virus source.

Sequencing of the amplification products ob-
tained in RT-PCR tests for tomato plant and fruit sam-
ples from the Republic of Kazakhstan and the Republic
of Uzbekistan confirmed that they all belong to the To-
BRFV. The amplification products of the TobRT-up1/
TobRT-do2 primers corresponded to the 183 kDa rep-
licase gene region of the TOBRFV ORF-2, and the ampli-
fication products of the TOBRFV-F/ToBRFV-R primers
corresponded to the 126 kDa replicase gene region of
the ToBRFV ORF-1 of numerous isolates of this virus
deposited in the NCBI Genbank (see Tables 4-5).

Analysis of the obtained sequences showed that
all ToBRFV isolates detected in tomato plants from the
Republic of Kazakhstan are genetically closely relat-
ed. The identity of the nucleotide sequence in the 126
kDa polymerase gene of the isolate Kaz-21 and isolates
Kaz-20, Kaz-22, Kaz-26, Kaz-27, Kaz-30 and Kaz-31
was 100%, and that of the isolate Kaz-21 compared to
isolates Kaz-23, Kaz-24 and Kaz-25 was 99.81%, i.e. it
differed in only one nucleotide.
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OWATHOCTUKA  DIAGNOSIS

Ta6J1. 4. UIEHTUYHOCTD II0CJIeJ0BATEJIbHOCTEI HYKJIEOTH/I0B
n30J11T0B ToBRFV 13 Pecny6suku Ka3axcTaH U U30JISITOB
ToBRFV, genoHUPoBaHHbIX B reH6aHke NCBI

Table 4. Identity of ToBRFV isolates nucleotide sequences
from the Republic of Kazakhstan and ToBRFV isolates
deposited in the NCBI Genbank

NpeHnTuuyHOoCTh KOJI-BO U30JI1TOB

(%) NCBI*%*
N3o0a4aT YdyacTOk reHOMA Identity Number of
Isolate Genome region (%) isolates NCBI***
l'en perutrkassr 183 k/la OPC-2* 99,46 1
Replicase gene 183 kDa ORF-2* 99,28 101
Kaz-20
I'en perutmkasst 126 k/la OPC-1%* 100 57
Replicase gene 126 kDa ORF-1** 99 g2 42
Kaz-21 Ten pemnkaser 126 klla OPC-1** 100 57
Replicase gene 126 kDa ORF-1** 99 g2 42
I'eH periukasbt 183 k/la OPC-2* 99,29 1
Replicase gene 183 kDa ORF-2* 99,11 101
Kaz-22
Ten pemukasel 126 klla OPC-1** 100 57
Replicase gene 126 kDa ORF-1** 99 89 42
Ten perumikaser 183 kJla OPC-2% 99,46 1
Replicase gene 183 kDa ORF-2* 99,28 101
Kaz-23
TeH perumikassl 126 klla OPC-1++ 99,82 57
Replicase gene 126 kDa ORF-1** 99 g4 42
l'en perutrkassl 183 k/[a OPC-2* 99,64 1
Replicase gene 183 kDa ORF-2* 99,45 101
Kaz-24
TeH perumikassr 126 kJla OPC-1%+ 99,82 57
Replicase gene 126 kDa ORF-1** 99 64 42
Ten perumikaser 183 kJla OPC-2% 99,64 1
Replicase gene 183 kDa ORF-2* 99,46 101
Kaz-25
TeH perumikassl 126 kJla OPC-1++ 99,82 57
Replicase gene 126 kDa ORF-1** 99 g4 42
l'en perutrkassl 183 k/la OPC-2* 99,82 1
Replicase gene 183 kDa ORF-2* 99,64 101
Kaz-26
TeH perumkassl 126 kJla OPC-1*+ 100 57
Replicase gene 126 kDa ORF-1** 99 g9 42
Kaz-27 Ten pemnkaser 126 klla OPC-1** 100 58
Replicase gene 126 kDa ORF-1** 99 g2 41
Kaz-30 TeH pemnkassr 126 kJla OPC-1** 100 58
Replicase gene 126 kDa ORF-1** 99 82 a1
Kaz-31 I'eH periukasbt 126 k/la OPC-1** 99,82 57
Replicase gene 126 kDa ORF-1** 99 64 42

* MpogykT amnnndukaumm NUP ¢ npanmepamm TobRT-upl/TobRT-do2;
** MpoayKT amnnudukaumm NUP c npanmepamm ToBRFV-F/ToBRFV-R;
*** KonnyecTtso n3onaTtos B reHbaHke NCBI ¢ JaHHOW UOEHTUYHOCTbIO

* PCR amplification product with primers TobRT-up1/TobRT-do2;
** PCR amplification product with primers ToBRFV-F/ToBRFV-R;
*** Number of isolates in the NCBI Genbank with a given identity

The nucleotide sequence of the
126 kDa ORF-1 replicase gene in the
identified isolates Kaz-20, Kaz-21,
Kaz-22, Kaz-26, Kaz-27 and Kaz-30 was
100% consistent with that of 57-58 To-
BRFV isolates from the NCBI Genbank.
Forisolates Kaz-23, Kaz-24, Kaz-25 and
Kaz-31, the identity of this region com-
pared to the same reference ToBRFV
isolates was 99.64-99.82% (see Table
4). More than 50% of the reference iso-
lates of this group were identified in the
Netherlands.

Based on the nucleotide sequence
in the 183 kDa replicase gene, isolates
Kaz-20, Kaz-22, Kaz-23, Kaz-24, Kaz-
25, and Kaz-26 from the Republic of
Kazakhstan are characterized by the
highest identity (99.29-99.82%) with
isolate 39986411 (OM515247) from
the Netherlands. With a group of 101
other reference ToBRFV isolates, the
identity of the isolates from the Re-
public of Kazakhstan for this region
of the genome was 99.11-99.64% (see
Table 4). This group includes 55 other
isolates from the Netherlands and the
reference isolate Uzb_4.1 (OR501605)
from Uzbekistan. The identity of nu-
cleotide sequences in six identified
ToBRFV isolates from Uzbekistan
compared to the reference isolates of
this virus was 99.27-99.82% for the
183 kDa replicase gene ORF-2 and
99.82-100% for the 126 kDa replicase
gene ORF-1 (see Table 5). For the Uzb-
6 isolate, 100% identity of the 126 kDa
replicase gene region was observed
with the Conv-01 (OP150933) isolate
from Italy. The identity of the Uzb-1
and Uzb-3 isolates identified by us
for the 183 kDa replicase gene region
compared to the same region of the ge-
nome of the reference isolate Uzb_4.1
(OR501605) was high and amounted to
99.29 and 99.82%, respectively.

After pairwise comparisons of
the 126 kDa replicase gene region, the
identity of isolates Uzb-1, Uzbh-2, Uzb-3
and Uzb-4 was 100%, and the identity
of isolate Uzb-6 compared to these iso-
lates was 99.82%.

According to the conducted phy-
logenetic analysis, it was established
that isolates StToBR-26-312-1, StTo-
BR-26-312-2, StToBR-21-312 (Stav-
ropol Krai), Kaz-26 and Kaz-31 (Re-

pennukasbl 183 k/la B CpaBHEHUY C aHAJIOTUUYHBIM public of Kazakhstan) form a separate cluster together
ydacTKoM reHoma pedepeHTHoro usonsara Uzb_4.1 with isolates TBRFV-IL (Israel) and Tom2M-Jo (Jordan).
(OR501605) oxasasach BbICOKOM M COCTaBUJIA COOT- Isolates Kaz-22, Kaz-23, Kaz-24 and Kaz-30 (Republic
BETCTBEHHO 99,29 1 99,82%. of Kazakhstan) and Uzb-1 (Republic of Uzbekistan)

[TocJie moTapHBIX CPaBHEHUN yuyacTKa TeHa pe-
mInKasbl 126 k/la UIeHTUYHOCTh U30J49T0B Uzb-1,
Uzb-2, Uzb-3 u Uzb-4 coctaBuia 100%, a ugeHTU4Y-
HoCTb usosata Uzb-6 B cpaBHEHUY C 3TUMU U30JsITa-
MU - 99,82%.

dutocaHutapusi. KapaHtux pactenunin 10



OWATHOCTUKA  DIAGNOSIS

Ta6J1. 5. UIeHTUYHOCTD II0CJIeJ0BATEJIbHOCTEI HYKJIEOTHU/I0B
130J19ToB ToBRFV 13 Pecny6/iKku Y36eKUCTaH U U30JISITOB

ToBRFV, 1enoHUPOBaHHbIX B reH6aHke NCBI

Table 5. Identity of ToBRFV isolates nucleotide sequences
from the Republic of Uzbekistan and ToBRFV isolates

deposited in the NCBI Genbank

NpenTuuyHocTh Ko0JI-BO U30JI19TOB

formed the second cluster together with
isolates TBRFV-Ant-Tom (Turkey) and
ToBRFV-SD (China). Isolates Kaz-21,
Kaz-25 and Kaz-27 (Republic of Kazakh-
stan) were grouped together with isolate
39941596_A (Netherlands). Isolates
from Moscow Oblast (ToOBRFV-EK-49
and ToBRFV-EK-54) and four isolates

(%) NCBI*%* ; . )
N30aaT Y4yacTOK reHoMa Identity Number of isolates grc')rmBS l;a\;r%%og I;ra;(STtTé) IERl:i ‘“;21% 11’
Isolate Genome region (%) NCBI*%% tToBR-3- -2, StToBR-11- B
and StToBR-26-312-2) form a separate
T'en pennkassl 183 k/la OPC‘%“ 99,29 102 phylogenetic subgroup. Isolates from
Uzb-1 Replicase gene 183 kDa ORF-2* Volgograd Oblast (VolToBR-42, VolTo-
TeH pernukassl 126 klla OPC-1*+ 100 57 BR-43-1 and VolToBR-43-2) together
Replicase gene 126 kDa ORF-1** 99 82 42 with isolate StToBR-5-320 also form a
Tew perutikassi 183 klla OPC-2* separate cluster (see Fig. 3).
; ~ 99,27 102 . fth lifi .
Replicase gene 183 kDa ORF-2* Sequencing of the amplification
Uzb-2 products of the TOBRFV F-5476/To-
l'en penukasel 126 k/la OPC-1 100 99 BREV R-6287 . Levitzk
Replicase gene 126 kDa ORF-1** A primers (Levitzky et
- 183 xlla OPC.2" al., 2019) also allowed us to obtain
€H PEeIlJINKa3bI KAa 2" f 11_1 th 1 t.d f
Replicase gene 183 kDa ORF-2* 99,82 102 ull-leng nug eotide sequences o
Uzb-3 the coat protein gene (486 nucleo-
TeH peruinkassl 126 kfla OPC-1** 100 58 tides) for two other ToBRFV isolates
Replicase gene 126 kDa ORF-1** 99,82 4 (ToBRFV-LO-43 and ToBRFV-LO-44)
b TeH periukassr 126 kJla OPC-1** 100 58 identified in Moscow Oblast. The ob-
Uzb-4 Replicase gene 126 kDa ORF-1** 99 82 42 tained sequences corresponded to a
100 1 similar region of the genome of the
Uzh-6 eH Pemmikassi 126 klla OPC-1** om0 = general group of 117 ToBRFV iso-
Z0°0  peplicase gene 126 kDa ORF-1#* 2~ lates deposited in the NCBI Genbank,
99,64 41

among which isolates common in

* MpoaykT amnnndmkaumm MLP ¢ npamepamn TobRT-upl/TobRT-do2;
** MpopyKT amnnandmkaumm MLP ¢ npaimepamn ToBRFV-F/ToBRFV-R;
*** KonnuecTtBo n3onaTtos B reHbaHke NCBI ¢ JaHHOW UOEHTUYHOCTbIO

* PCR amplification product with primers TobRT-up1/TobRT-do2;

** PCR amplification product with primers ToBRFV-F/ToBRFV-R;

*** Number of isolates in the NCBI Genbank with a given identity

CorJjiacHO IPOBeIeHHOMY (PUJIOTeHEeTUUeCKOMY
aHaJIN3y yCTaHOBJIEHO, UTO U3014Thl StToOBR-26-312-1,
StToBR-26-312-2, StToBR-21-312 (CTaBpPOIIOJIbCKUA
Kpai), Kaz-26 u Kaz-31 (Pecrybsimka KazaxcraH) 06-
PaByIOT OTIENbHBIN KJIACTEP COBMECTHO C M30JIATAMU
TBRFV-IL (M3paunb) u Tom2M-Jo (MopmaHus). M30-
qnatel Kaz-22, Kaz-23, Kaz-24 u Kaz-30 (Pecrybiuka
Kazaxcran) u Uzb-1 (Pecrybsiuka Y36ekucraH) dhop-
MUPOBAJIM BTOPOM KJIACTEP COBMECTHO C M30JIITaMU
TBRFV-Ant-Tom (Typuust) u ToBRFV-SD (Kutaii).
VzonsaTer Kaz-21, Kaz-25 u Kaz-27 (Pecriybaimka Ka-
3aXCTaH) TPYNIUPOBAJINCh COBMECTHO C M30JISITOM
39941596_A (HupmepaaHnbl). M30a9Thl 13 MOCKOB-
ckont obysactu (ToBRFV-EK-49 u ToBRFV-EK-54)
U 4deTbipe u30jsATa u3 CTAaBPOIOJbCKOTO Kpas
(StToBR-3-320-1, StToBR-3-320-2, StToBR-11-312-1
u StToBR-26-312-2) 06pasyoT OTAeIbHY0 (huioreHe-
THUYECKYI0 OATPyHITy. Vi30maThl U3 Boarorpamckoi
o6aactu (VolToBR-42, VolToBR-43-1 u VolToBR-43-2)
COBMECTHO ¢ u30a9ToM StToBR-5-320 Takxe hopmMu-
PYIOT OTZIebHBIN KitacTep (CM. puc. 3).

CexBeHUpPOBaHUE MPOLYKTOB aMIIUu(PUKALLUU
npaiimepoB ToOBRFV F-5476/ToBRFV R-6287 (Levitzky
etal., 2019) IT03BOIMJIIO TAKIKE ITOJTYYUTh ITOJTHOPa3Mep-
HbIe TI0CJIe[IOBAaTEJIbHOCTY HYKJIEOTUIOB reHa 6ejka
060JI0UKY IJIMHOM 486 HYKJIEOTUIOB IJIS IBYX APYTUX
n30J51T0B TOBRFV (ToBRFV-L0O-43 1 ToOBRFV-L0O-44),
BBISIBJIEHHBIX B MoCKOBCcKOU ob6jacTu. [TosyueH-
Hble IIOCJEe0BAaTEeJbHOCTU COOTBETCTBOBAJU

the Netherlands predominated. The
identity of the nucleotide sequenc-
es of the coat protein gene of the
ToBRFV-LO-43 and ToBRFV-LO-44
isolates compared to the reference
isolates of this virus was 98.36 and
99.38%, respectively. The identity be-
tween isolates TOBRFV-L0O-43 and ToBRFV-1L0-44
was only 97.33%.

CONSLUSION

The conducted studies allow us to conclude that the
ToBRFV isolates that have spread in the Russian Fede-
ration are quite genetically heterogeneous, which in-
dicates repeated cases of this virus being introduced
in the Russian Federation from various sources. Two
groups of ToBRFYV isolates were detected in Moscow
Oblast, one of which is genetically closely related to
the isolates of this virus that are common in Stavropol
Krai. In turn, most ToBRFV isolates from Volgograd
Oblast differ significantly in the nucleotide sequence
in the 126 kDa replicase gene from isolates from Stav-
ropol Krai and Moscow Oblast. It was established that
the ToBRFV isolates common in the Republic of Ka-
zakhstan have a high genetic similarity to the isolates
of this virus that were identified in the Netherlands
and form a phylogenetic cluster with three isolates
from Stavropol Krai. For the Uzh-6 isolate from the
Republic of Uzbekistan, 100% identity of the 126 kDa
replicase gene region was established with the Conv-01
(OP150933) isolate from Italy.
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aHAJIOTMYHOMY yYaCcTKy reHoMa obuient
rpymmnsl u3 117 uzonaros ToBRFV, ge-
TMOHMPOBAHHBIX B reH6anke NCBI, cpe-
U KOTOPBIX IIpeobiagany U30JAThI,
pacnpocTpaHeHHble B HumepaaHmax.
VI IeHTUYHOCTD II0CIeL0BaTeIbHOCTEN
HYKJIEOTHUIOB reHa 6eJika 060JI0UKY U30-
agaToB ToBRFV-LO-43 u ToBRFV-LO-44
B CpaBHeHUU C pedepeHTHbhIMU U30-
JTaMU 3TOTO BUPyCa COCTaBuUJia
cooTBeTCcTBeHHO 98,36 u 99,38%.
U eHTUYHOCTDh MeXy n3oasitaMu To-
BRFV-LO-43 u ToBRFV-L0O-44 cocTtaBu-
Ja Bcero 97,33%.

3AKJ/IIOYEHUE

[IpoBe/leHHBIE KCCJIe0BaHUS T103BO-
JISIIOT CZIeJIaTh BBIBOZ, O IOCTATOYHO BbI-
COKOU TeHEeTUYEeCKON Pa3sHOPOJHOCTH
nsonaTos ToBRFV, nmonyuuBmux pac-
npocrpaHenue B Poccuiickon demepa-
1IUY, YTO CBUJIETEJBCTBYET O HEOJHO-
KPaTHBIX CJly4adX NPOHUKHOBEHUST
3TOTO BUpYyCa B HAIly CTPaHy M3 pas-

StToBR-26-312 1
Kaz-31
StToBR-11-312 2
TBRFV-IL
Tom2M-Jo
Kaz-26
StToBR-21-312
Kaz-22

9%

9%

§9%

Kaz-21
Kaz-27
39941596 A

Kaz-25

ToBRFV-EK-49
ToBRFV-EK-54
StToBR-3-320 1

StToBR-26-312 2
StToBR-3-320 2
StToBR-11-3121

9%
99%
8%
99%
Kaz-30
199%
Uzb-1
ikl -3 Kaz-23
% ToBRFV-SD
o7% Kaz-24
TBRFV-Ant-Tom
99%
99%
5%
%
99%

JIMYHBIX MCTOYHUKOB. B MOCKOBCKOM
006J1aCTY BBISBJIEHBI JIBE TPYIINbI U30-

VolToBR-43 1
859 StToBR-5-320

na1oB ToBRFV, omHa 13 KOTOPBIX reHe-
TUYECKU 6JIM3KOPOICTBEHHA U30JIATaM

\ﬁI: VolToBR-42
VoIToBR-43 2

$9% —— StToBR-24-312 1

3TOT0 BUPYCA, PACIPOCTPAHEHHBIM
B CTaBpOMIOJIbCKOM Kpae. B cBoO1o oue-

L stToBR-24-312 2
ToMV PV-0846 DSMZ

penb, 60JBIIMHCTBO U30J9TOB TOBRFV

u3 Bosrrorpazckoii ofnacTy cymecrBen-  P1C- 3. dunoreHeTnyecKmii
aHanus usonatos ToBRFV,

pacnpocTpaHeHHbIx B Poccuiickoi
®depepaumn, Pecnybnvke KasaxcraH, of Kazakhstan, the Republic of

" Pecny6nuke Y36ekucTaH, u psga
CKOT0 Kpasg ¥ MOCKOBCKOI 00JiacTH. pedepeHTHbIX n30nsiTos TOBRFV

HO OTJINYAIOTCS 10 IOCIEeA0BaTEIbHO-
CTU HYKJIEOTUJOB B F'€HE PEMJIMUKA3BI
126 x/la oT 130JiATOB U3 CTaBPOIIOJb-

Fig. 3. Phylogenetic analysis of
ToBRFV isolates distributed in the
Russian Federation, the Republic

Uzbekistan, and some reference
ToBRFV isolates by the nucleotide

YcraHoBisieHo, uTO U30JaTbl TOBRFV, no nocneposatenbHocTu Hykneotnaos  sequence of the 126 kDa replicase

pacnpocTpaHeHHbIe B Pecriy6iuke Ka-  yuacTtka reHa pennukassl 126 k[a

3aXCTaH, UMEIOT BBICOKOE FfeHETUUECKOe
CXOJICTBO C U30JISTaMU 3TOT'0 BUPYCA, BbIIBIEHHBIMU
B Hugmepnaupgax, u GopMUpPyIOT PUIOTeHEeTUUECKUN
KJIacTep ¢ TpeMs u3oyasaTaMu u3 CTaBPOIOJIbCKOTO
Kpas. s nsonsra Uzb-6 n3 Pecry6iauku Y36eKUCTaH
ycTaHoBsieHa 100%-5 UOeHTUYHOCTD y4acTKa reHa
perutrkassl 126 k/la ¢ usoasartom Conv-01 (OP150933)
u3 Mranuu.
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