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MEXOYHAPOOHOE COTPYOHUYECTBO

yos1 Quercus robur L.
U3 I. 'epHUKU.
CBs3b IOKOJIEHUM

YankuH A.A.', Anekcaggposa E.A.%, Xamaesa B.B.’

* ®I'BY «BcepoccuiicKuii eHTP KapaHTUHA
pacteuuii» (PI'BY «BHUVKP»), irT BHIKOBO, M. 0.
PameHcKuii, MockoBcKkas 00J1., Poccus, 140150

* Acconuanus «Cesep — ety BoliHbI CCCP»,
Ctpana backoB, Vicnanus

B suBape 2022 1. B ajipec ®eiepajibHOM CITY>KOBI
[0 BETEPUHAPHOMY U (DUTOCAHUTAPHOMY HaZ30pYy
(Poccenbx03HaA30pP) OT MCHAHCKOM CTOPOHBI
MIOCTYNMJIO OOpallleHre 0 HaMepPeHWU BBE3TU U3
HCIAHCKOTO I. [epHUKY Ha TEPPUTOPUI0 POCCUICKOM
depmepanuu caxkeHIiibl ny6a Quercus robur L. Kak
SKVBBIE CUMBOJIbI ITAMSTH, IPUYPOUYUB UX OCATKY K
80-neturo [To6enbl B Besmkoit OTeuecTBEeHHOM BOMHE
1941-1945 rT. YyaCTHUKaAMM POCCUHCKO-HUCIIAHCKOM
acconuanuu «CeBep — metu BoiHBI CCCP» 6bLIO
MPUHSATO pPelleHWe O MPOBEAEHUM IMaMATHBIX
MEPOMNPUATUN B MECTaX, UCTOPUYECKU 3HAUMMBIX
nas Poccuu u Vcnanuu: B CaHkT-IleTepbypre (Ha
[TrcKapeBCKOM MEMOPHAJILHOM KJIam0uIle, B JIeTHEM
cany ([lIkonpHasd aytes) u lJapckoM g
Ceyle B maMsATh 00 McHOaHILaX-
OJOKagHMKAX U 3al[MTHUKAX
JlenHmHrpazga); B Pecny6iauke
Kapenuu (Ha MeMopuaJie «AJemra,
OKOJIO OGEJIMCKOB, Tlle YBEKOBEYe-
Hbl MCIIAHCKME JOOPOBOJBIIHI,
norubiiue B 1941 r.); B MockBe (Ha
TTOKJIOHHO¥ TOpPe, OKOJIO MTaMSITHU-
Ka-4aCOBHM, YCTAHOBJIEHHOTO
B MaMATh 006 McCHaHIax-mz06po-
BOJIBI[AX — yYaCTHUKAX BeJnKOU
OTedyecTBEHHOU BOMHBI).

IToHuMasa Ba>XHOCTDb JaHHOU
MMCCUU, COTPYOHUKU Poccesbxos-
Hazgzopa u ®I'BY «Bcepoccuiickuii
IEeHTP KapaHTUHA PacTeHUU»
(®TBY «BHUVKP») 6bLIM Hampas-
JIEHBI B FOCYIApPCTBEHHBIN IMUTOM-
HuK Basalan (Ctpana BackoB) mjs f
npoBeneHUs GUTOCAHUTAPHOM |
uHCcneknuu (cM. puc. 1). Yxe B
eBpase 2022 1. cCIeIMAJTUCTHI
rpoBeu (HUTOCAHUTAPHOE obcile-

AOBaHME MMTOMHUKA W B COOTBET- Pyc. 1. DutocaHnTapHoe obcnepoBaHue

ctBun cI'OCT 12430-2019 «MeToabl nutomHuka Basalan
¥ HOpPMBI 0T60pa 06pasoB IT0IKa-

PAaHTUHHOM NMPOLYKIIMY IIPU KapaHTUHHOM (uUTOCA-
HUTAPHOM JIOCMOTPE U JIabOPATOPHBIX MCCIEN0BAHM -
SIX» 0TOGpasy 06pPa3libl CAXKEHIIEB, KOTOPbIE OBLIN
IoCTaBJIeHbl B VCObITAaTENbHBIN Jab0paTOPHBIN
eHTp PI'BY «BHUMKP» njis ucciiesoBaHUs.

INTERNATIONAL COOPERATION

Quercus robur L. From
Guernica. Connection
between generations.

Chalkin A.A.", Aleksandrova E.A.”, Khamaeva B.B.?

? All-Russian Plant Quarantine Center (FGBU
“VNIIKR”), Bykovo, Ramenskoye, Moscow Oblast,
Russia, 140150

* Association “North — Children of the War of the
USSR”, Basque Country, Spain

In January 2022, the Federal Service for
Veterinary and Phytosanitary Surveillance
(Rosselkhoznadzor) received an inquiry from the
Spanish side about the intention to import oak
seedlings Quercus robur L. from the Spanish city of
Guernica to the territory of the Russian Federation as
living symbols of memory, timed to coincide with the
80th anniversary of the Victory in the Great Patriotic
War of 1941-1945. Members of the Russian-Spanish
association "North - Children of the War of the USSR"
decided tohold memorial eventsin places of historical
significance for Russia and Spain: in St. Petersburg (at
the Piskarevskoye Memorial Cemetery, in the
Summer Garden (Shkolnaya Alley) and Tsarskoye Selo

Fig. 1. Phytosanitary inspection of the
Basalan nursery

®dutocaHuTapus. KapaHTuH pacTeHui 2
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BbLIu TIpOBeIEeHbl DSHTOMOJIOTUYECKUE, TeJb-
MUHTOJIOTUYECKUE ¥ MUKOJIOTUYECKE SKCIIEPTU3EI.
[TocJjie TIOJIYyYEeHUST PE3YJAbTATOB J1ab0PaATOPHBIX
uccjiemoBaHui (KapaHTUHHbIE 00BEKThI, UMEIoIye
3HaueHue A9 Poccuiickoit demepanuu, He ObLIN
BBISBJIEHBI) HA OCHOBAHUY BBIJAHHBIX 3aKJIIOUEHUN
PoccelbX03HaA30p MPUHSJ pPEIIEeHre O BBIITyCKe
TOKaPaHTUHHOM TPOAYKIIUH.

CarKeHIIbI MYOKOB IIOJNYUYMJIN paspelieHue st
BBO3a Ha Teppurtopuio Poccuiickoit denmepanuu u
ObLIM JOCTaBJeHbl B BoTaHumdeckuii caj IleTpa
Besimkoro (CaHkT-IleTepbypr), Iie HaXOOWJIWUCH B
KapaHTUHHOU opamxepee. Kak bl caXkeHel] UMeeT
oUIIMANBLHBIN cepTu(UKAT, B KOTOPOM Mpencena-
TeJib [eHepaJibHOU accambyien Bruckaiiu yoCTOBEPSI-
eT, uTo ny0 SBJSETCH Y3aKOHEHHBIM MPSIMbIM
IIOTOMKOM JepeBa u3 I. 'epHUKHU. LlepeMoHUsA
rnepemavyM ca)keHIeB Ayba IJjis BbICAAKU B MEMOPU-
albHBIX MecTax Poccutickoit defepaliuy mpormuia y
VICTOPMYECKOTO 3[IaHUA ITapjaMeHTa buckaiiu Casa
de Juntas (cMm. puc. 2).

in memory of the Spanish siege survivors and
defenders of Leningrad); in the Republic of Karelia (at
the "Alyosha" memorial, near the obelisks
immortalizing the Spanish volunteers who died in
1941); in Moscow (on Poklonnaya Hill, near the
chapel-monument erected in memory of the Spanish
volunteers who participated in the Great Patriotic
War).

Recognizing the importance of this mission,
specialists of Rosselkhoznadzor and the All-Russian
Plant Quarantine Center (VNIIKR) were dispatched to
the Basalan State Nursery (Basque Country) to
conduct a phytosanitary inspection (see Fig. 1). In
February 2022, specialists conducted a phytosanitary
inspection of the nursery and, in accordance with
GOST 12430-2019 "Methods and Standards for
Sampling Quarantine Products during Quarantine
Phytosanitary Inspection and Laboratory Research,"
collected seedling samples, which were delivered to
the VNIIKR Testing Laboratory Center for testing.

Entomological, helmin-tholo-
gical, and mycological examina-
| tions were conducted. After
receiving the laboratory test results
| (no quarantine objects of signifi-
Wl cance to the Russian Federation
| were identified), based on the
issued conclusions, Rosselkhoz-
nadzor decided to release the
regulated articles.

Oak seedlings were granted
| permission to enter the Russian
Federation and were delivered to
the Peter the Great Botanical

Puc. 2. LlepeMoHMs nepenaun caxeHues  Fig. 2. Ceremony of handing over Quercus ~ Garden (St. Petersburg), where they

Quercus robur y 3HameHuTOro gy6a
r. fepHuku (papgom c Casa de Juntas
Generales) Generales)
INog, sTum nmepeBoM B 'epHuKe HaumHasa ¢ XIV
BeKa coOMpainch MmocjaaHHuKy CTpaHbl BackoB mJisa
IPUHATHUSA CBOJA 3aKOHOB U Ilepenauyu IIPecTOoJIOB
KOPOJIIMU. ITOT AyO CHUMBOJU3UPYET NEMOKPATHUIO,
CTOMKOCTD 1 COTIPOTHUBJIEHYE UCITAHCKOT'O Hapoa.

HcTopuueckaa crpaBka. B 1937 2. 6 Cosemckuii
Co103 u3 Hcnanuu 6bL710 36aKyUPOBAHO 0KO0 3 Mbic. demeli
3-15 nem. Hx podumenu cparanics npomue OuKxmaniypol
DpanKo, a cOOMEUECMEEHHUKU NJAEHOM K NJEHY CMOLIU
¢ cosemcKkumMu condamamu npomus gawucmcekoti lepma-
Huu. O0nako 8 1941 e. 6 CCCP 80liHa ux Hacmuezia 6HOBbL.
B nenunepadckom JJome ucnauckoti monodexu 22 UM
1941 e. ucnanckumu wHoOwamMlU U de8yuiKamil ObLiU
HANUCAHDL NEPBble 3aS8AEHUS C NPOCLOOLE OMNPABUMb UX HA
gpornm. Hcnanyol 6vliu nepevlmMu U CamblmMu MHO2OUUCTCH-
HbMU UHOCmpaHyamu 8 padax Kpacnoti apmuu. B nepsvie
Mecaybl 80UiHbL 8 Kapenuu cpaxcanacsy 3-3 @pyH3eHCKas
dususus HapodHo20 ONOAUEHUS, 8 padax KOMOpou 6bL10
oxono 70 1HbIX ucnanyes. Botiybt amoii dususuu He daniu
3AMKHYymMb 60s1buloe 010Ka0H0E KONbUO U NO2UGHYMD
Jenunepady. Oxono 100 ucnauckux 0e64OHOK U MAJILUUULEK
14-20 iem nomoeanu @poumy 6 60KkadHoM 2opode, OHU
MY 3aXCU2amebHble 60MObL, KONAJIL 0KONbL, paboma-
au 8 eocnumansy, 6viau doropamu. Cpedu 140 moHH
00HOPCKOLL 610KA0HOTi KPOBU ECTb U UCNAHCKAS KPOBD.

robur seedlings at the famous oak tree
of Guernica (near the Casa de Juntas

were kept in a quarantine green-
house. Each seedling has an official
certificate, in which the President of
the General Assembly of Vizcaya
certifies that the oak is a legitimate direct descendant
of the tree from Guernica. The ceremony of handing
over the oak saplings for planting at memorial sites in
the Russian Federation took place at the historic Casa
de Juntas, the parliament building of Vizcaya (see
Fig.2).).

Since the 14th century, envoys from the Basque
Country have gathered under this tree in Guernica to
adopt a code of laws and transfer thrones from king to
king. This oak symbolizes democracy, resilience, and
theresistance of the Spanish people.

Historical background. In 1937, approximately
3,000 children aged 3 to 15 were evacuated from Spain to the
Soviet Union. Their parents fought against Franco's
dictatorship, and their compatriots stood shoulder to
shoulder with Soviet soldiers against Nazi Germany.
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B maMsaTh 0 My)XeCTBe U TepOu3Me MCIaHCKUX
I06GPOBOJIBIIER U ObLIO IIPUHATO PellleHre IOCAIUTh
Ha POCCUMCKOM 3eMJie CaXKEHIIbI y60B 13 T. [epHUKUT
KaK CMBOJI CTOMKOCTH, JeMOKPATUU I HEYKPOTUMO-
r'o JyXa COIPOTHBJIEHUS. B IocasKax ca’keHIeB 1yba
u3 . 'epHuky B Mae 2025 I. mpuHUMAaja y4acTue
meneraius w3 ViclmaHWM, B COCTaBe KOTOPOU ObLIN
VWCIIaHCKYE JIeTH BOMHBI, UX IIOTOMKMU, MCTOPUKU-
PEKOHCTPYKTOPHI (CM. puc. 3,4, 5).

Puc. 3. LepeMoHusi nocapku caxkeHua pyba Fig. 3. Oak tree planting ceremony in the

B Pecny6bnuke Kapenuu (g. CaHpe6a,
MeMopuan «AneLia)

Puc. 4. CaxxeHew, ny6a B JleTHeM capy,
CaHkT-leTepbypr

Republic of Karelia (Syandeba village,
Alyosha memorial)

However, in 1941, war caught up with them again in the
USSR. On June 22, 1941, at the Leningrad House of Spanish
Youth, Spanish young men and women wrote the first
applications requesting to be sent to the front. Spaniards
were the first and most numerous foreigners in the ranks of
the Red Army. In the first months of the war, the 3rd Frunze
Division of the People's Militia fought in Karelia, with
approximately 70 young Spaniards among its ranks. The
soldiers of this division prevented the closing of the Great
m Siege of Leningrad and the destruction of

| Leningrad. Around 100 Spanish boys
and girls aged 14 to 20 helped the front in
the besieged city, putting out incendiary
bombs, digging trenches, working in
hospitals, and donating blood. Among
the 140 tons of blood donated during the
siege, there was some Spanish blood.

In memory of the courage and
heroism of the Spanish volunteers, it
was decided to plant oak seedlings
from Guernica on Russian soil as a
symbol of fortitude, democracy, and
the indomitable spirit of resistance.
| A delegation from Spain, including
Spanish children of the war, their
descendants, and historical reen-
actors, participated in the planting
of the oak seedlings from Guernica
" inMay 2025 (see Figs. 3,4, 5).
| At the initiative of the Russian-
Spanish Association and on behalf of
Spanish children of war—Victoria
Iglesias Martinez and Azucena
Fernandez Fernandez, Sergio
Saluefia, Manuel Arce, Angel
Gutiérrez, and others—commem-
orative plaques were installed near
)7 the oak trees. These inscriptions

| read in Russian, Spanish, and
Basque: "In the name of life! In the
name of world peace! Remember
us!" and "From the Spanish children
of war, with gratitude to the Soviet
people. We fought fascism together".

Spaniards fought on the
Leningrad Front, in Moscow Oblast,
in the forests of Bryansk and
Smolensk, and in Stalingrad. Six
Spaniards served in the Red Army as
farasBerlin.

Fig. 4. An oak seedling in the Summer
Garden, St. Petersburg

®dutocaHuTapus. KapaHTuH pacTeHui 4
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[lo UHUIIMATUBE POCCUUCKO-UCIIAHCKOH
accolManuy U OT UMEHU UCTIaHCKUX JIeTEHN BOMHBI —
Bukropuu Urnecuac Maptunec 1 AcyceHa depHaH-
nec ®epHangec, Cepxuo CanysHbsi, Manyaisa Apce,
Auxena T'yTbeppeca U OPYTUX — PSAOOM C IyOKamMu
OBbILIM YCTAHOBJIEHBI MaMSITHbIE TAGJUYKU C HaJ-
MHCBHI0 HAa PYCCKOM, UCITAHCKOM U GaCKCKOM SI3bIKaX:
«Bo um4 )xusHu! Bo uma Mupa Bo BceM mupe! [ToMHU-
Te o Hac!» 1 «OT MCTIaHCKUX JIeTell BOMHBI C 6J1arogap-
HOCTBIO COBETCKOMY Hapozy. Mbl BMecTe 60POJINCh C
damnuzMom».

NcnaHnel cpakajauch Ha JIeHUHTpagCKOM
¢poHTE, B MOCKOBCKO¥ 06J1aCTH, B JiecaX BpSHIIUHBI,
CmoneHmuHEL, B CTanuHrpaze. lllectepo ucraHiles B
pamax KpacHoii apMmuy go1iu 1o bepamHa.

Puc. 5. MNocapgka caxkeHua
ny6a Ha lMoknoHHoM rope,
MockBa

Fig. 5. Planting an oak tree
on Poklonnaya Hill, Moscow

OpraHusatop akuuu EjeHa AJeKCaHPOBAQ,
npe3upeHT accoumanuu «CeBep — IEeTU BOUHBI
CCCP», yBepeHa, UTO MINpOKas reorpadus MogBuUra
WCIIAaHCKOTO Hapoza B Besukoit OTeuyeCTBEHHOU
BOMHE JOJDKHA ObITh yBEKOBeUeHa, U B OymylieM
MJIaHUPYETCS BbICAAUTh NYOKM M3 VMcmaHUU B
CranuHrpage, KpeiMmy, BpgaHcke, Ha KaBkase.
Acconuanus «CeBep» GyZeT IIPOJOJKATh MacIITab-
HBIU UCTOPUUECKUM TPOEKT, MEPOITPUATHUS KOTOPOTO
TIOCJTY KaT COXPaHEeHMI0 Halllel 00IIel ICTOPUUECKOMR
naMAaTH.

Puc. 6. Y4aCTHUKM aKLUKn

Fig. 6. Participants

The organizer of the event, Elena Aleksandrova,
president of the "North — Children of the USSR War"
association, is confident that the vast geography of the
Spanish people's heroism in the Great Patriotic War
should be immortalized, and plans are underway to
plant oak trees from Spain in Stalingrad, Crimea,
Bryansk, and the Caucasus. The "North" association
will continue this large-scale historical project, the
events of which will serve to preserve our shared
historical memory.
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AHHOTAIIUA

B maHHOU cTaThe pacCMaTPMBAIOTCS ITIEPCIIEK-
TUBBI UCIOJb30BAaHUSA pacTeHUH KapTodess B
KyJbTyp€ in Vitro OJi TIOAJEeP)KaHUS U WU3YyUeHUS
BUPYCOB, a TaK)e MPEACTaBJIeH KPAaTKUN 0630p
nHbDOpMaIUU O PEeKOMEHIyeMOM IIPOTOKOJIe
BBIPAIIVBAHUSA ¥ MUKPOKJIOHAJIBHOTO Pa3MHOXKEHU S
BUPYCHBIX paCTeHUM KapTodess B KyJIbTYpPE in Vitro.
CosaHue KOJJIEeKIIUY MaTOTeHHBIX U KaPaHTUHHBIX
BUPYCOB PaCTEeHUU in vitro Heo6XOLUMO [IJisI paspa-
GOTKU HCCIIeOBATEIbCKOM 6a3bI BUPYCOB PACTEHU.
MHorue BUPYCHI IIJIOXO COXPAHSIIOTCS B MePTBOM
pacTUTENbHOM MaTepHralie B TeUeHUe AJIUTEJTbHOTO
BPEMEHU, MO3TOMY HaJUUYUe KOJIJIEKIIUU >KUBBIX
M30JIMPOBAHHBIX PACTEHUM IMTO3BOJIUT COXPAHSATH
MaTepHraJl ¥ IPOBOUTH UCCIEN0BAHMS Ha IIPOTSIKE-
HUM BCETO rojia, HabGJogaTh AUHAMUKY Pa3sBUTHUS
cuMITOMOB. HabnioeHUe 3a CUMITOMaMUu B
CTEPWJIbHBIX Y W30JUPOBAHHBIX YCJIOBUSAX in Vitro
IIO3BOJIUT OO'BEKTUBHO U O0Jiee TOUHO OXapaKTepU-
30BaTh CUMMIITOMBI, BbI3blBa€Mble PA3JIUYHBIMU
nrraMMaMu ¥ BUZAaMU BUPYCOB. HeKOTOphIe pacTe-
HU, B TOM YHCJIE U B KYJIbTYPE ifl Vitro, MOTYT CITy>KUTh
WHIUKATOPAMU U UCIIONIb30BAThCS A JIs IO TBEPIXK/Ie-
HU4 Hanmuus nHekuu. B gagHo# paboTe mpumMe-
HEHBI METOAbl MUKDPOKJIOHAJIBHOTO Pa3MHOXEHUS
pacrenuii, meton ITLIP, COBMeNeHHbIN ¢ 0O6paTHOMN
TPaHCKpPUIILUEHN, A BBISIBJIEHUS BUDPYCOB B
pacTUTENBHOM MaTepualie, a TAKKe METOAbI CTEPU-
Jm3anuu, HeobxoguMble it PaboThI C acenTudec-
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ABSTRACT

This article examines the prospects for using
potato plants in vitro for maintaining and studying
viruses, and provides a brief overview of the recom-
mended protocol for growing and micropropagating
potatovirus plants in vitro. The creation of a collection
of pathogenic and quarantine plant viruses in vitro is
essential for developing a plant virus research base.
Many viruses do not maintain well in dead plant
material for long periods, so a collection of live
isolated plants will allow for the preservation of
material and year-round research, as well as the
monitoring of symptom development dynamics.
Observing symptoms under sterile and isolated in
vitro conditions will allow for an objective and more
accurate characterization of the symptoms caused by
various virus strains and species. Certain plants,
including those cultured in vitro, can serve as indica-
tors and be used to confirm infection. This study
utilized plant micropropagation methods, PCR
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KUM pacTUTEeJIbHBIM MaTepuajaoM. PesynabTaTsbl
IIPOBELEHHOTO UCCIeL0BaHUSA foka3anu 3OHeKTHUB-
HOCTh XpPaHEHWs BUPYCOB PACTEHUU B KYJbTYype in
vitro. TlomyuyeHHbIe AaHHble MeTomoM OT-TILIP-PB
OKa3aJid COXpPaHEeHVE BUPYCOB B XOL€e MUKPOKJIO-
HaJIbHOTO Pa3MHOKeHUS 3apa’KeHHbIX BUpPyCaMU
pacTeHU# B KyJbTYpe in Vitro BHE 3aBUCUMOCTU OT
rmaccaa. To ecTh JaHHBIN METOJ, TTO3BOJISIET XPAHUTD
’KMBOYW BUPYCHBIM MaTepuajl Ha MPOTSHKEHUU JJIV-
TEJIbHOTI'0 [IePHOia BDEMEHU.

Knroueswte cnoea. Solanum tuberosum L, BUPyChI
pacTeHul, MUKPOKJIOHAJNIbHOE pa3MHOXXeHUe, ITLIP,
OT-IILIP-PB.

BBEJEHUE

aptodens (Solanum tuberosum L.)
OTHOCHUTCS K YHCJIy HauboJjiee 3HAYU-
MBIX ITPOZOBOJIbCTBEHHBIX U CEJIBCKO-
X03IUCTBEHHBIX KYJBTYD, 3aHUMAS
YeTBEPTOE MECTO B MUPE I10 00hEMaAM
ITPOU3BOJICTBA, YCTyNas JUIIb PUCY,
nieHuIle u kykypyse. (Devaux et al.,
2021;Jiang, Du, Zhang, 2022).

Cpenu 6Gospiioro yucia 6osie3Hell kapTodess
BUPYCHBIE SIBJSIOTCS CEePbe3HOU TiobajbHOU
npobyieMol B KapTodeaeBOACTBe, CHIKASA YPOXKAL-
HOCTb KapTo(deas 6oaee yueM Ha 50%. Bupycsl
kaprodess X (PVX), Y (PVY), S (PVS) u M (PVM), a
TaK)Xe BUPYC CKPYUYMBAHUS JIUCTbEB KapTodess
(PLRV) 9BIAI0TCS OCHOBHBIMUY ITIaTOT€HaMU, CHUXKA-
IONMMU KAa4eCTBO U YPOXKAWHOCTh CEJIbCKOXO03SIH-
cTBeHHBIX KynbTyp (IpuropsH, TkaueHko, 2019;
MacyiieHHUKOBA, [TbixTUHA, TabaH0X0B, 2024; YCKOB
u np., 2024; Chung, Yoon, Palukaitis, 2013;
Yanagisawa, Matsushita, 2021).

CoBpeMeHHbIE METOAbI 60PHOBI C BUPYCHBIMU
UHDEKIMIMU KapTOdes OCIOXKHSIIOTCSI TEM, YTO
GOJIBIITMHCTBO BUPYCOB HE MOXKET JIOJITO COXPAHSTHCS
B MEPTBOM PacTUTEJIbHOM MaTepuaje. B 3Toi cBsI3u
aKTyaJIbHOCTb IprobpeTaeT pa3paboTka U BHeIpe-
HUEe METOJOB JIOJITOBPEMEHHOIO XpPaHEHUS U
WCCJIELOBAHUS BUPYCOB B KOJIJEKIIUSAX JKUBBIX
M30JIMPOBAHHBIX pacTeHui (BaTbirnHa, Bacuibesa,
2002; babukoBa, 'opmenuenko, 2007). [[puMeHeHNE
KyJIBTYPaJIbHBIX CUCTEM In Vitro OTKPHIBA€T HOBBIE
BO3MOXXHOCTU [JISI KPYTJIOTOAUYHOTO IO IePKAHUS
MaTepuajia, MOHUTOPUHTA Pa3BUTUS CUMIITOMOB U
TOTYJNSIMOHHOMN JUHAMUKY BUPYCOB.

Ocoboe 3HaueHMHEe MMEIT HaOJNIIEeHUSI 3a
MIPOSIBJIEHMEM CUMITTOMATHUKY BUPYCHBIX MH(MEKIIUHI
B CTAHIAPTU3UPOBAHHBIX CTEPUIbHBIX YCIOBUSLX in
vitro. VICTIOJIb30BaHME PACTEHUN-UHAUKATOPOB, B
TOM YMCJIe B COYETAaHUU C¢ MOP(OJIOTUYECKUMU
Npu3HaKaMU U MOJEKYISIPHO-TEHETUUYECKUMU
MeTOomaMHM, M03BOJISeT 00bEKTUBHO OIIEHUBATh
MIPOSIBJIEHVE TIOPAXEHUSI, YTO PACIIUPSIET BO3MOX-
HOCTH UAeHTU(DUKAIIUYM U XapaKTEPUCTUKY Pa3Iny-
HBIX IITAMMOB ¥ BUJIOB BUPYCOB.

LlesIbI0 HACTOSIIETO WCCJIEHOBAHUS SBJISIETCS
n3ydyeHue 0COGEHHOCTEeN KyJbTUBUPOBAHUSA
pacteHuii kaptodens, HOUIUPOBAHHBIX Pa3IUY-
HBIMU BUPYyCaMU, B CUCTEME in Vitro. B paMkax paboTsl
pelajuch 3ajJjavyyd yCTAHOBJEHUS 3apa’keHUs
BUPyCaMU acCeIlTUYECKOTO MaTepuajia MeETOJAO0M
00paTHOM TPAHCKPUIMIIUU B COUYETAHUM C MYJIBTU-
IIJIEKCHOM MOJMMepasHOU IIeNMHON peakIiuen u

combined with reverse transcription to detect viruses
in plant material, and sterilization methods neces-
sary for working with aseptic plant material. The
results of the study demonstrated the effectiveness of
preserving plant viruses in vitro. The data obtained
using the real-time RT-PCR method demonstrated the
persistence of viruses during microclonal propaga-
tion of virus-infected plants in vitro, regardless of the
passage. This method allows for the storage of live
viral material over an extended period of time.

Key words. Solanum tuberosum L, plant viruses,
microclonal propagation, PCR, real-time RT-PCR.

INTRODUCTION

otato (Solanum tuberosum L.) is one of the

most important food and agricultural

crops, ranking fourth in the world in terms

of production volume, second only to rice,

wheat and corn (Devaux et al., 2021; Jiang,
Du, Zhang, 2022).

Among the large number of potato diseases, viral
diseases are a serious global problem in potato
production, reducing potato yields by more than 50%.
Potato viruses X (PVX), Y (PVY), S (PVS) and M (PVM),
as well as potato leafroll virus (PLRV) are the main
pathogens that reduce the quality and yield of
agricultural crops (Grigoryan, Tkachenko, 2019;
Maslennikova, Pykhtina, Tabanyukhov, 2024; Uskov
et al., 2024; Chung, Yoon, Palukaitis, 2013;
Yanagisawa, Matsushita, 2021).

Current methods for controlling potato viral
infections are complicated by the fact that most
viruses cannot persist for long in dead plant material.
Therefore, the development and implementation of
methods for long-term storage and study of viruses in
collections of living isolated plants is becoming
increasingly important (Batygina, Vasilyeva, 2002;
Babikova, Gorpenchenko, 2007). The use of in vitro
culture systems opens up new opportunities for year-
round material maintenance, monitoring of symptom
development, and virus population dynamics.

Monitoring the manifestation of viral infection
symptoms under standardized, sterile in vitro
conditions is particularly important. The use of
indicator plants, including in combination with
morphological characteristics and molecular genetic
methods, allows for an objective assessment of the
manifestations of infection, expanding the
possibilities for identifying and characterizing
variousvirus strains and species.

The aim of this study was to investigate the in vitro
cultivation of potato plants infected with various
viruses. This work addressed the problem of
detecting viral infection of aseptic material using
reverse transcription, multiplex polymerase chain
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Ta6J1. 1. [IepeueHb pacTeHUH KapToded, 3apaKeHHbIX BUPycaMHU B KyJIbTYPe in vitro
Table 1. List of potato plants infected with viruses in vitro

OGpa3ser; pacTeHuii KapTodensa
Potato sample

Hanuuue BuUpyca
Virus present

Osa

O PLRV
24

24 PVM
3aragka PVY
Zagadka

KpacaBuuk

Krasavchik PVX
JI'ncaHa PVS
Lisana

rTu6pPUAN3aIIMOHHO-(QJIYOPECIIEHTHON AeTeKIIuen
B pexxuMe peanbHOTo BpeMmeHu (OT-TIL[P-PB).

MATEPUAJIBI UMETO/bI

O6GBbeKTaMU UCCIIeIOBAHUI ABJISJINCH PACTEHUS
KapTtodeass pasJIMYHBIX COPTOB, 3apa’keHHbIE
BUpyCaMU B KyJIbType invitro(cM. Tabi. 1).

OIHUM M3 KJIHUYEBBIX (PAaKTOPOB YCIIEUIHOTO
KYJIbTUBYPOBaHUA 3apPa’>X€HHbIX BHPYyCaMM pacTe-
HUY KapTodeis in Vitro IBJISIETCS CTPOTUN KOHTPOJIb
CTEPUJIBHOCTU B OTHOIIEHUU IPYTUX ITAaTOTEHOB.
TuraTesbHasg CTepuIM3anusg HeobxXomuma IJs
IpeNOTBPAlleHUS KOHTAMUHAIIUU W Pa3BUTUSI
TIOCTOPOHHMX IMaTOTEHHBIX MMKDPOOPTaHU3MOB Ha
HWCKYCCTBEHHBIX ITMTAaTEJIbHbIX CpeJaX, MpeagHa3Ha-
YEeHHBIX [Jis BbhIpAIIMBaHUA UHPUILUPOBAHHBIX
pacTeHuii. Bce paboThI ¢ 3apa’keHHBIMU BUPYyCaMU
pPacTeHMSIMHU in Vitro IPOBOAUJIU B JIAMUHAPHBIX
6oKcax, 06ecneuyrnBaIOIINX CTEPUJIbHBIE YCJIIOBUS.
[Tepen HayaJioM KCIIEPUMEHTOB U B XOZe PaboThl
Mo BEPrajid CTEPUJU3AIUU HE TOJbKO pabouee
MIPOCTPAHCTBO OOKca, HO ¥ MHCTPYMEHTHI, Jlabopa-
TOPHYI TIOCYAY, MUTATEJbHbIE CPEAbl U MPOUYME
pacxoJHble MaTepuajabl B COOTBETCTBUU C METOIU-
yeckuMu pekoMeHpanuamu (KamamuaukoBa, 1998).

CTepuyin3aliuio CTEKJISHHON IIOCYAbl U MeTal-
JIMYECKUX MHCTPYMEHTOB OCYLIECTBJIAJIN B CyX0OXKa-
poBoMm mkady npu Temieparype +175 °C B TeueHue
JIByX 4acoB Jin0OO aBTOKJIaBUPOBAaHUEM. ABTOKJIABU-
POBaHUIO ITOJIBEPTAJIY ITPOOUPKHU, KOJIGBI C AUCTUILIIU-
POBaHHOI BOJIOM U TUTATEJIbHBIMHY CPElaMU, KOTOPbIE
obpabaTteiBaiu 1pu TeMIeparype 121 °C u gaBjieHuu
1,2 atM B TeueHue 20 MmuHyT (Kamamraukosa, 1998).

3apa’keHHbIe BUpPyCaMU pacTeHUs KapTodess
KyJbTUBUPOBAJIY Ha YHUBEPCAJIbHON 6€3rOpMOHAIb-
HOU TUTaTeNbHOU cpeme Mypacure — Ckyra (MC)
(Murashige, Skoog, 1962), ncmoab3yss MeToJ, MUKPO-
KJIOHAJIbHOTO pa3MHOXeHusd. [y moAaepx aHus
CTEePUJIbHBIX YCJIIOBUM BHYTPEHHUE IOBEPXHOCTU
JaMuHap-60kca npotupanau 5%-M pacTBOPOM
Ie3nHGUIMPYIIEero cpeacTa «/lesautabe», comep-
JKallero HaTPUEBYH COJIb IUXJIOPU30IIMAaHYPOBOU
KHCJIOTHI, a TakXe 00Jiyyanau GaKTEePUIIUIHBIMU
yAbTPa(UOJIETOBBIMM JlaMOaMu B TeueHue 10-12
vacoB. [locyie YP-06yuyeHUST BKJIOYAJIU CBET U
obecreunBanu BeHTWIALMI0 (KajmamHukoBa, 1998).

[Tepen HauasoM paboT pyku mpotupaiu 70%-m
9TAHOJIOM. BHyTpUM JaMuHap-60Kca B CTEPUJIbHbBIE
CTEKJITHHBbIE TIPOOVPKYM PAa3JIMBAJIM PACTOILJIEHHYIO
arapu30BaHHYI0 MUTATEJIbHYI0 cpeny MC (Temmepa-
Typacpenbl (60 + 5) °C) o 30 MJI B KaXkay10. [Ipo6upKu
C pacTeHMsSMU, NPUTOAHBIMU [IJisI YePEHKOBaHMUSI,
obpabaTeiBaii 96%-M COUPTOM, IIOCJIE Yero rome-

reaction, and real-time fluorescence hybridization
detection (real-time RT-PCR).

MATERIALSAND METHODS

The objects of the study were potato plants of
different varieties infected with viruses in vitro
culture (Table1).

One of the key factors for the successful in vitro
cultivation of virus-infected potato plants is strict
sterility control with respect to other pathogens.
Thorough sterilization is necessary to prevent
contamination and the development of foreign
pathogens in artificial nutrient media intended for
growing infected plants. All work with virus-infected
plants in vitro was carried out in laminar flow hoods
ensuring sterile conditions. Before and during
experiments, not only the hood workspace but also
the instruments, laboratory glassware, nutrient
media, and other consumables were sterilized in
accordance with methodological recommendations
(Kalashnikova, 1998).).

Glassware and metal instruments were sterilized
in a dry-heat oven at 175°C for 2 hours or by
autoclaving. Test tubes and flasks containing distilled
water and nutrient media were autoclaved at 121°C
and 1.2 atm for 20 minutes (Kalashnikova, 1998).

Virus-infected potato plants were grown on a
universal, hormone-free Murashige-Skoog (MS)
medium (Murashige and Skoog, 1962) using
micropropagation. To maintain sterile conditions, the
interior surfaces of the laminar flow cabinet were
wiped with a 5% solution of Desitabs disinfectant
containing sodium dichloroisocyanurate and
irradiated with bactericidal ultraviolet lamps for
10-12 hours. After UV irradiation, the lights were
turned on and ventilation was provided
(Kalashnikova, 1998).

Before starting work, hands were wiped with
70% ethanol. Inside a laminar flow hood, melted MS
agar nutrient medium (temperature 60 + 5 °C) was
poured into sterile glass test tubes, 30 ml each. The
tubes containing plants suitable for cuttings were
treated with 96% alcohol and then placed in the
laminar flow hood. Using sterile tweezers, the plants
were carefully removed from the tubes and placed on
the prepared surface for cuttings. Using a sterile
scalpel, the plant was divided so that each part
contained a stem segment with a leaf and an axillary
bud. The resulting cuttings were transplanted into
test tubes containing MS nutrient medium,
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IIAJIY B JJaMUHAPHBIN 60KC. CTEePUJIBHBIM ITUHIIETOM
pacTeHUsI aKKypaTHO M3BJIEKAJIM U3 MTPOGUPOK U
pasMemaiy i YePeHKOBAHYMS Ha TIOATOTOBIIEHHYIO
TMIOBEPXHOCTD. VICIOJb3ys CTEPUJIbHBIN CKAaJIbIIEb,
IeJIVJIV PacTeHue TakK, YTOObI Ka)kIas YacTh COmep-
’KaJIa OTPE30K CTEGIIS C IMCTOM U TTa3yIIHOM ITOYKOM.
O6pas3oBaBIIMECS YEPEHKM IePECaXUBajiu B
MMPOBUPKY C TUTATENBHOU cpesoit MC, morpyxas ux
Ha rary6uHy Mexoy3ius (ECKeHIupoBa u ap., 2013).
VIHTepBaJ MEeXIy IT0CIeI0BaTeIbHbIMY YePEHKOBA-
HUSIMU COCTaBJIAI 20-25 nHEH.

Il MCKJTIOUEHUs TEPEKPECTHOTO 3apaskeHUst
KCIOJIb30BaJU WHAWBUAYaJIbHbIE KOMIJEKTHI
WHCTPYMEHTOB JJIsT KayKIoro o6pasiia pacTeHus. Bee
MHCTPYMEHTHI B IIpolecce paboThl PeryysipHO
ne3nHPUIIMPOBaNM, IPOKAaJIuBasg B IIJIaMEeHU
crnupToBku (Babukosa, l'oprieHYeHKo, 2007).

TTocyie YepeHKOBaHUS IIPOOMPKY pasMelair Ha
(uTocTennakax B CBETOBOM KaMepe C OCBelleHHOC-
Th10 3000 JTIO0KC, TEMITepaTypoii (22 +2) °C 1 CBETOBBIM
pexuMoM 16 4JacoB B cyTku. KopHeobpasoBaHuUe y
YepeHKOB OTMevajid yXXe Ha TPeTUuu AeHb. g
MaCCOBOTO Pa3MHOXEHUS pacTeHUU KapTtodes
MUKPOKJIOHAJbHOE Pa3MHOXKEHVE OCYIIECTBJISIIU C
uHTepBasoM 20-25 nHell. Be3BUPYyCHbBIE PACTEHUS C
MATHIO—TIECTHI0 y3JIaMU MePUOIUYECKYU TTEPECAKU-
BaJI B CBEXKI€E ITMTaTEeJbHbIE CPelbl, YTO 00ecIieun-
BaJI0 HEIMPEPBIBHOE ITOJIyUeHME HOBBIX MPOOUPOY-
HbIX pacTennii (EckeHguposa u ip., 2013).

JLJis moJiyyeHu s pacTUTEJIbHBIX 9KCTPakToB 0,4 T
MaTepurajia TOMOTeHM3VPOBAJIU B 6 MJI 3KCTParupyo-
mero Gydepa, cocrosmero u3 docdaTHO-COIEBOTO
6ydepa c mereprerarom (PBST) c mobaBieHueM 2%-ro
nonuBuHUITUPpoaunoHa (PVP) u 0,2%-ro 6bIYbero
CBIBOPOTOYHOro anbbymuHa (BSA). HykienHOBBIE
KUCJIOTBI BBIZIEJISLIY C UCITOJIb30BaHMEM KOMMepUeC-
KoTo Habopa KOMIaHUU «ATPOAUATHOCTHAKA.

Ilajee BbleJIeHHbIEe HYKJIEUHOBBIE KUCJIOTHI
KCIIOJIb30BAJIU JIJIS BBISIBJIEHUS BUPYCOB KapTodes
C IIOMOINbI0 KOMMEPUECKUX HAGOPOB peareHTOB
KoMIaHuu «CUHTOJI», TIpeAHa3HAYEeHHBIX [IJI
nuddeperHnuanbHol guarHoctuku PHK uccnenye-
MBIX BUPYCOB METOIOM O6paTHOW TPAHCKPUIIIIUU C
MMoJIUMepPa3HOoN IeNTHOU peaklMel B peaibHOM
Bpemenu (OT-IILIP-PB).

OT-IILIP-PB BeimosiHsanu Ha mpubope CFX96
Touch (Bio-Rad, CIIIA). leTekiiuio (hayopecleHIInu
ITPOBOAUJIN Ha CTaAUY DJIOHTAIIUY C UCIIOJIb30BaHU-
eMm kaHaJioB FAM, ROX u HEX. [lng aHajiu3a KOHeY-
HBIX PE3YyJbTAaTOB INPUMEHSIJIU NPOTPAaMMHOE
ob6ecnieuenue LightCycler® 96, Bepcusa SW1.1.

PE3VJIBTATBI U OBCYKJAEHUE

BrIpalniuBaHue pacTeHui kapTodens, nuHpuiu-
POBaHHBIX BUPYyCaMU U CBOGOJHBIX OT APYTUX
IMAaTOTeHHBIX MUKPOOPTAaHU3MOB, OCYUIECTBIISAIN Ha
VHUBEPCAJIbHON 6€3TrOPMOHAJbHOU MUTATEIbHOU
cpene Mypacure — Ckyra (MC) B KyJIBTYypE in Vitro
IIOCPEJICTBOM PETYISIPHOTO MUKPOUYEPEHKOBAHUS C
uHTepBasoM 20-25 gHel (cMm. Tabma. 2). [Tocie
MUKPOYEPEHKOBAHUS 3apakeHHbIE BUPYCaMU pacTe-
HUS TIePECAXUBAJIXM B MPOOUPKU CO CBEXEU IUTA-
TenbHOU cpemoit MC (cm. puc. 1, a). K 14-My mHIO
Imocje YepeHKOBAaHMS POCT PACTEHUH [OCTUTAJ
10-15cmM (cMm. puc. 1, b).

CliemyeT OTMETUTD, UTO B TEUEHUE 60JIee TTOTYTO-
Jla pacCTeHUSs TPeX Maccakeil He MMeJiu MOP(POJIOTH-

immersing them to the depth of an internode
(Eskendirova et al., 2013). The interval between
successive cuttings was 20-25 days.

To prevent cross-contamination, individual sets
of instruments were used for each plant specimen. All
instruments were regularly disinfected during the
work process by heating them in a spirit lamp
(Babikova, Gorpenchenko, 2007).).

After propagation by cuttings, the test tubes were
placed on phytoracksin alight chamber with 3000 lux
illumination, a temperature of 22°C (+2°C), and a light
regime of 16 hours per day. Rooting of the cuttings was
observed as early as the third day. For mass
propagation of potato plants, micropropagation was
carried out at intervals of 20-25 days. Virus-free
plants with 5—-6 nodes were periodically transplanted
into fresh nutrient media, which ensured the
continuous production of new test tube plants
(Eskendirovaetal.,2013).

To obtain plant extracts, 0.4 g of material was
homogenized in 6 ml of extraction buffer consisting of
phosphate-buffered saline with Tween (PBST)
supplemented with 2% polyvinylpyrrolidone (PVP)
and 0.2% bovine serum albumin (BSA). Nucleic acids
were isolated using an Agrodiagnostika commercial
kit.

The isolated nucleic acids were then used to
detect potato viruses using Synthol commercial
reagent kits designed for differential diagnostics of
RNA of the viruses under study using the method of
reverse transcription with polymerase chain reaction
inrealtime (real-time RT-PCR).

Real-time RT-PCR was performed on a CFX96
Touch instrument (Bio-Rad, USA). Fluorescence
detection was performed during the elongation phase
using the FAM, ROX, and HEX channels. LightCycler®
96 software, version SW1.1, was used for final results
analysis.

RESULTS AND DISCUSSION

Potato plants infected with viruses and free of
other pathogens were grown in vitro on a universal
hormone-free Murashige-Skoog (MS) nutrient
medium by regular microcutting at intervals of 20—-25
days (Table 2). After microcutting, virus-infected
plants were transplanted into test tubes with fresh MS
nutrient medium (Fig. 1a). By the 14th day after
cutting, plant growth reached 10-15 cm (Fig. 1b).).

It should be noted that for more than six months,
plants from the three passages showed no
morphological differences between passages.
However, varietal differentiation was noted in the
number of nodes per plant, which explains the
differencesin cuttings between the variants.

The plants obtained as a result of in vitro
propagation were analyzed for the presence of the
studied viruses—PVX, PVY, PLRV, PVM, and PVS.
Leaves and microtubers (if available) of plants of each
variety and passage were selected for analysis (Table 3).).

In the study, 25 samples were analyzed using
real-time RT-PCR, including 5 contamination
controls (negative controls) and 5 positive controls
from commercial diagnostic kits. Amplification of the
controls was detected in all samples, indicating the
absence of an inhibitory effect and confirming the
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Ta6ur. 2. [Taccaxy MPOOUPOUYHBIX PACTEHUH KapTO(hes, 3apaKeHHbIX Pa3HbIMU BUPYCaMU
Table 2. Passages of test-tube potato plants infected with different viruses

Yuicsio IPoGMPOYHBIX PacTEeHU KapTo(deJis B XoAe naccaskeii, mIT.
Bupycsl Number of test-tube potato plants during passages, pcs. Bcero
Viruses 1-i1 maccax 2-it maccax 3-it maccax Total
1 passage 2 passage 3 passage
PVX 6 15 24 45
PVY 14 20 27 61
PLRV 10 21 36 67
PVM 10 23 35 68
PVS 6 17 25 48

Ta6u. 3. CIIMCOK McCieLyeMbIX 06pasiioB pacTeHn KapTodens in vitro, 3apakeHHbIX BUPYCaMU,

ucnojgbdyeMmbix a4 [T1IP-aHanusa

Table 3. List of in vitro potato plant samples infected with viruses used for PCR analysis

N¢ o6pa3ua CopTt kapTodesnsa Bupyc MaTtepuayu N¢ maccaka
Sample N¢ Potato variety Virus Material Passage N2
Osa JIMCThS
i Osa BERY leaves 3
Osa KJIyOHU
2 Osa L tubers 1
Osa JIUCThSL
& Osa HERY leaves i
24 JINCThA
4 24 PVM leaves 3
24 KJIyGHU
> 24 LAt tubers B
24 JIUCThS
6 24 PVM leaves 1
3aragka JINCThA
g Zagadka LAY leaves &
3araaka KJIyOHU
8 Zagadka PVY tubers 1
3aragka JINCThA
& Zagadka PVY leaves o
KpacaBuuk JIACThSA
10 Krasavchik PVX leaves 3
KpacaBuuk KJIyGHU
1 Krasavchik PVX tubers 3
12 Kpacasqqx PVX JIUCThS 1
Krasavchik leaves
13 Jllflcana PVS JIMCThS 3
Lisana leaves
14 JIlflcaHa PVS KJIyOHU 1
Lisana tubers
15 J'll:lcana PVS JIUCThSL 1
Lisana leaves

YEeCKUX Pasinumi MeXxnay Itaccakamu. [Ipu 3TOM
oTMeudeHa copToBas AuddepeHInansi 10 YUCTy
y3JI0OB Ha pacTeHUU, YeM OGYCJIOBJIEHO pa3jhyue
YepeHKOBaHHbBIX PACTEHUN MEXTy BApUAHTaAMU.

[TostyueHHBIE B PE3YJIbTATE PA3MHOXEHYS i1l Vitr0
pacTeHus TIOABEPraJi aHAJIU3Y Ha MIPUCYTCTBUE B
HUX U3y4vyaeMbIxX BUpycoB—PVX, PVY, PLRV, PVM u PVS.
Jlnst aHamM3a OTOMPAJIU JIUCThSI M MUKPOKJIYOHU (TIpU
HAJIMYMM) PACTEHUM Ka)kKIOTO COpTa M Iaccaxka (CM.
TabJI. 3).

BuccnegoBanuu MmetomoMm OT-TTLP-PB ripoanaiu-
3MpPOBaHO 25 00pasIloB, BKJIOYAs IIATh KOHTPOJIEH
KOHTaMWHAIUY (OTPULIATEIbHBIM KOHTPOJb) U TISITh
TMOJIOXKUTENbHBIX KOHTPOJEN M3 KOMMEPUYECKUX
IMarHOCTUYECKUX HAOOPOB. AMIUTU(UKAIIVS KOHTPO-
Jjel 6bLIa 3auKcHMpoOBaHA BO Bcex obpasiiax, 4uTo
CBUIETEbCTBYET 06 OTCYTCTBUY WHTUOUPYIOIIETO
BO3IEUCTBUSA U TOJATBEPKIAET KOPPEKTHOCTH TIOJTY-
YEHHBIX JTAHHBIX. [I0JIOKUTEIbHbIE KOHTPOJIU IPOJIE-
MOHCTPUPOBAJIY OKUJJaeMble TOPOroBble HUKJILI (C,).

PesynbraTer OT-IILIP-PB, nipencraBiieHHBIE B
TabJ1. 4, MOATBEPXKIAIOT IPUCYTCTBUE UCCIEAYEMbIX
BHUPYCOB BO BCEX AaHAJIW3UPYEMBIX PACTEHUSIX, YTO

accuracy of the obtained data. Positive controls
demonstrated the expected threshold cycles (Cq).

The results of real-time RT-PCR presented in
Table 4 confirm the presence of the studied viruses in
all analyzed plants, which indicates the success of
microclonal propagation and the preservation of viral
material throughout the cutting procedure.

CONCLUSION

The study demonstrated the high effectiveness
of in vitro culture as a tool for maintaining and
studying potato plant viruses. Regular microcutting
of plants infected with PVX, PVY, PLRV, PVM, and PVS
viruses allows for the maintenance of both the
viability of the plants themselves and the viability and
stability of the viral material over along period.

duTtocaHuTapus. KapaHTuH pactennin 10
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a
Puc. 1.a—4yepeHKu pacTeHunin Fig. 1. a. Cuttings of potato
KapTogens, 3apaXKeHHble plants infected with the PVX
BUpycom PVX, copta virus, variety "Krasavchik"
KpacaBuuk cpasy nocne immediately after propagation;
yepeHKoBaHus; b —uepeHkn b. Cuttings of potato plants
pacTeHun kapTochens, infected with the PVX virus,
3apa)keHHble BupycoM PVX, variety "Krasavchik" 14 days
copta KpacaBuuk cnycta 14 after propagation

OHel nocrne YepeHKoBaHUS

CBUZIETEJIbCTBYET 00 YCIIEITHOCTU MUKPOKJIOHAIbHO-
0 Pa3MHOXXEeHUS U COXPaHEHV Y BUPYCHOI'O MaTepu-
aJia Ha IIPOTSHKEHUY [IPOLleIyPhl UePeHKOBaHYU .

3AKJ/IIOYEHUE

B pesynbpTaTe NpPOBENEHHOIO MCCIELOBAaHUA
JIokasaHa BbICOKasd 3(p(heKTUBHOCTD KYJAbTYPHI in Vitro
KaK MHCTPYMEHTAa IJisl TOAJepXXaHUs U U3yUeHUs
BUPYCOB pacTeHU# KapTodessa. PeryisipHoe MUKPO-
YepeHKOBaHWEe PAaCTEeHUM, 3apakKeHHBIX BUPyCaMU
PVX, PVY, PLRV, PVM u PVS, n0o3BoJigeT COXpaHATb KaK
caMu pacTeHU B )KM3HECIIOCOOHOM COCTOSTHUM, TaK U
JKM3HECITOCOOHOCTh M CTaGUJIBHOCTh BUPYCHOTO
MaTepuasia Ha IPOTSHKeHUU JJINTEJIbHOT'0 BpEMEHU.

MoJieKyISIpHO-TEHETUYECKUI aHAINU3 METOLOM
OT-TILP-PB moATBEepAWJI YCTOMYNBOE MTPUCYTCTBUE
HCClefyeMbIX BUDYCOB B DAaCTUTEJIBHOM MaTepuaje
Ha pa3HbIX dTallaXx MUKPOUYEPEHKOBAHUS, UTO CBUJE-
TEJIbCTBYET 0 HaIE>KHOCTY BhIOPAHHON METOIUKH.

[TosmyueHHbIE TaHHBIE TTO3BOJISIOT 3aKJIIUUTD,
YTO MUKPOKJIOHAJIbHOE Pa3MHOXEHUE in Vitro obecrie-
YMBaeT COXPAaHHOCTb BUPYCOB U PACTEHU, B KOTOPHIX
OHM DPa3MHOXKAITCS, UTO JaeT BO3MOXXHOCTh CO37a-
HUS CTAaHIAPTU3UPOBAHHOM KOJUIEKIIUYM PACTEHUH C
BUPYCHOM MOHOUHQEKIVEN IJId UX JJOJITOBPEMEHHO-
T'0XpaHeHUs U JaJIbHENIIET0 UCCIENOBAHUS.

[TonyueHHBble Pe3yJbTAThl MOTYT CIYXUTh
OCHOBOU [IJig pa3paboTKMW HOBBIX IMPOTOKOJOB
XpaHEHUS BUPYCHBIX KOJUJIEKIIUN M BHEAPEHUS
COBPEMEHHBIX NUATHOCTUYECKUX TEXHOJIOTUU B
1a60PaTOPHYIO IPAKTUKY.

VccnemoBaHus BBIMOJHEHBI B paMKax rocyna-
PCTBEHHOTrO 3a/iaHus «Pa3zpaboTka METOAOB BBEIEHUS
U IO AEPKAHUS BUPYCOB B KYJIBTYpE in Vitro» (peruc-
TpalnoHHbIi HoMep HVOKTP 125040304814-8).
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Molecular genetic analysis using the real-time
RT-PCR method confirmed the stable presence of the
studied viruses in plant material at different stages of
micro-cutting, which indicates the reliability of the
chosen method.

The obtained data allow us to conclude that in
vitro microclonal propagation ensures the
preservation of viruses and the plants in which they
reproduce, which makes it possible to create a
standardized collection of plants with viral
monoinfection for their long-term storage and
furtherresearch.

The obtained results can serve as a basis for the
development of new protocols for storing viral
collections and the introduction of modern diagnostic
technologiesintolaboratory practice.

The research was carried out within the
framework of the state assignment “Development of
methods for introducing and maintaining viruses in
vitro culture” (registration number NIOKTR
125040304814-8)).
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TaoJ1. 4. PeaynbraTsl OT-TILP-PB 06pa3iioB pacTeHunil kapTodend in vitro, 3apa’keHHbIX BUPycaMU,

I10 IBYM KaHajiaM (DJIyopeceHIun

Table 4. Results of real-time RT-PCR of potato plant samples in vitro infected with viruses,

using two fluorescence channels

N¢ oGpa3ua CopT KapTodens Bupyc N2 maccaska 3HaueHue C,
Sample N2 Potato variety Virus Passage N2 C,
Osa
1 Osa PLRV 3 22,27
Osa
2 Osa PLRV 1 18,39
Osa
3 i PLRV 1 18,32
I10/I0:KMTEJIbHBIH KOHTPOJIb
Positive control PLRV - 35,17
OTpHULATEJbHBIN KOHTPOJIb
Negative control PLRV - 0,00
4 24 PVM 3 19,02
5 24 PVM 1 21,16
6 24 PVM 1 22,48
I10J103KMTEJIbHBIH KOHTPOJIb
Positive control PVM - 34,87
OTpUIATEIBHBINA KOHTPOJIb
Negative control PVM - 0,00
3aragka
! Zagadka PVY 1 21,54
3aragka
8 Zagadka PVY 1 24,73
3aragka
9
Zagadka PVY 3 20,08
T10JI0KNTEJIbHBII KOHTPOJIb
Positive control PVY - 28,84
OTpHULATEeJIbHBII KOHTPOJIb
Negative control PVY - 0,00
KpacaBuuk
10 Krasavchik PVX 3 21,85
KpacaBuuk
1 Krasavchik PVX 3 22,89
KpacaBuuk
12 Krasavchik PVX 1 20,14
I10J10:KMTEJIbHBIN KOHTPOJIb
Positive control PVX - 26,77
OTpHULATEeJIbHBII KOHTPOJIb }
Negative control PVX 0,00
13 Jllflcana PVS - 15,85
Lisana
14 ﬂqcaﬂa PVS 1 17,82
Lisana
15 JIlflcaHa PVS 1 14,72
Lisana
T10JI0KNTEJIBHBIN KOHTPOJIb
Positive control PVS - 28,51
OTpHULATEeJIbHBIN KOHTPOJIb
Negative control PVS - 0,00
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AHHOTAIIUA

IMmenuiia (Triticum aestivum L.) ABJISIETCS OIHOM
u3 Haubojiee BaKHBIX OJIS YeJOBeKa 3ePHOBBIX
KyJnbTyp. B Poccuy OCHOBHBIE 3€ PDHOIIPOU3BOISIIAE
peruoHsl — 3T0 3amagHas Cubupb, KpacHomapcKui
Kpa¥l u [ToBOJI)Kbe. 3HAYUTEJIbHOMY CHUKEHUIO
ypoXkasi MIIEHUIIbI CIIOCOGCTBYIOT 3a00JieBaHUS,
BBbI3bIBaeMble I'PUOHBIMU IIATOTE€HAMM, TAKUMU KakK
cTebiieBas p)kaBuMHA (Bo36yAuTeNb Puccinia graminis
f. sp. tritici) u >xenTas MATHUCTOCTH (BO3OYOUTENH
Pyrenophora tritici-repentis). B paboTe mpoBemeHa
OlleHKa IOBEHWJIbHOM YCTOMYMBOCTHM B JiabopaTop-
HBIX YCJIOBUSIX 92 IPOBBIX COPTOB MSTKOU MIIEHUIHI,
BO3/IEJILIBAEMbBIX Ha TEPPUTOPUU [T0OBOJKbS, K IBYM
nonynauuam P. graminis f. sp. tritici (denss6uHCKON
ronynsuy rpuba 2024 roga m YyBaIlICKOU MTOTTYJIS-
nuu 2025 roma) m OBYM IIOMyJasALiusM Pyrenophora
tritici-repentis (TaMBGOBCKOUW MOMYJSAIUU ITaTOTeHA
2024 roma u TeH3eHCKOoM momyasanuu 2025 roja), a
TakXXe UAeHTU(DUKALUSI T€HOB YCTOUYUBOCTU K
cTebyieBoi prkaBumHe (Sr24, Sr25, Sr26, Sr28, Sr3l,
Sr36, Sr38, Srb57, Sr1AIR) u IOMUHAHTHOM ajljiesin
reHa BOCIIPUMMYMBOCTHU K KEJITOM HATHUCTOCTU
Tsnl c IOMOIIbI0 MOJIEKYJISIPHBIX MapKepoB. [Tokasa-
HO, UTO K YeJIOWHCKOU IMOMyJsSIuu CTebJIeBOU
p’KaBUYMHBI GbLIM YCTOWYUBHI 26 cOpTOB (28,2%), K
4yBaNICKOU momynanuy rpuba — 50 copToB (54,3%). K
obemM monynsanusaM Bo30ymuTesia cTebiieBOU
pxaBUYMHBI O0b1JT ycTOoMYuB 21 copT (22,8%). K
TaMOOBCKOY IMOMYAALUU XKEJTOU MATHUCTOCTU
yMepeHHO yCTOMYUBHI 15,2% 1 ycToM4uBhl 2,2%
COPTOB, K ITEH3EHCKON MOMYNAUY rpruba yMEPEHHO
ycToiuuBel 34,7% u ycrouuuBbl 47,8% copToB. K
06erM MOMyJNAIUAM BO3OYAUTENS XKEJITOU MATHUC-
TOCTU yMepeHHO ycTtouuuBbl 11 copToB (11,9%),
yCTOWYUBEI IBA copTa — JKajma 253 u Ckupzga, uTo
cocTtaBmyio 2,1% OT o6IIero KoJu4yecTBa COPTOB.
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ABSTRACT

Wheat (Triticum aestivum L.) is one of the most
important grain crops for humans. In Russia, the
main grain-producing regions are Western Siberia,
Krasnodar Krai, and the Volga region. Diseases
caused by fungal pathogens, such as stem rust
(caused by Puccinia graminis f. sp. tritici) and tan spot
(caused by Pyrenophora tritici-repentis), significantly
reduce wheat yields. This study assessed the seedling
resistance of 92 spring bread wheat cultivars grown in
the Volga region to two populations of P. graminis f. sp.
tritici (Chelyabinsk population of the fungus of 2024
and Chuvashia population of 2025) and two popula-
tions of Pyrenophora tritici-repentis (Tambov popula-
tion of 2024 and Penza population of 2025) under
laboratory conditions. Also, the identification of
genes for resistance to stem rust (Sr24, Sr25, Sr26,
Sr28, Sr31, Sr36, Sr38, Sr57, Sr1A1R) and the dominant
allele of the gene for susceptibility to tan spot - Tsnl
were carried out using molecular markers. It was
shown that 26 cultivars (28.2%) were resistant to the
Chelyabinsk population of stem rust, and 50 cultivars
(54.3%) to the Chuvashia population of the fungus. A
total of 21 cultivars (22.8%) were resistant to both
populations of the stem rust. 15.2% of cultivars were
moderately resistant to the Tambov population of tan
spot, while 2.2% of cultivars were resistant. 34.7% of
cultivars were moderately resistant to the Penza
population of the fungus, while 47.8% of cultivars
were resistant. Eleven cultivars (11.9%) were moder-
ately resistant to both populations of the tan spot,
while 2 cultivars, Ekada 253 and Skirda, were
resistant, which accounted for 2.1% of the total
number of cultivars. The following genes were
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B copTax ugeHTU(GUIIMPOBAaHbI TeHbl: ST31, Sr24, Sr25,
Sr28, Sr38, Sr57, Sr1AIR, Tsnl. BblgeJieHbl TIepCIeK-
TUBHBIE COPTAa C IPYIIIIOBOM YCTOMYMBOCTHIO: 100 JieT
TACCP (Sr31, Tsnl), Kauwok (Sr24+Sr1A1R, tsnl), dxaga
253(Sr31, tsnl) udkapma 258 (Sr31, tsnl).

KaroueBble cJ0Ba: SIpOBble COPTa MIATKOH
MIIIEHUIIB], IOBEHUIbHAS YCTONYNBOCTD, CTEbIeBas
P>KaBUYMHA, )KeJITasd IATHUCTOCTD, Sr-TeHbl, Tsnl.

BBEJEHUE

OBOJI)Kbe — OAUH M3 OCHOBHBIX
3€PHONPOU3BOLAINIUX PETUOHOB
Halllell cTpaHbl. B mocyielHME rofbl B
pervoHe yxynmaeTcsa (GUTOIIATOJIO-
rmyeckas CUTyalusi, CBA3aHHAasg C
BO30YIUTENIIMU CTEOIEBOY PrKaBUU-
Hbl (Puccinia graminis f. sp. tritici) u
JKeJITOU TmsaTHuctoctu (Pyrenophora
tritici-repentis). CtebieBass pKaBUMHA OTHOCUTCS K
0co60 omacHbIM 3a60JjieBaHUSIM IINIEHUIIbI, [IOTEPU
ypo’kas Ha BOCIIPUUMYUBBIX COPTaX MPU SHUDPUTO-
TUHHOM Pa3BUTHUU ITATOTE€HA MOTYT JOCTUTaTh 80% 1
6osee (Ashagre, 2022). OcHOoBHas mpobJyieMa prKaB-
YWMHHBIX 3a00JIeBAaHNI COCTOUT B TOM, UTO YPEINHUO-
CIIOpbI Tpuba MePeHOCITCS BO3LYIIHBIMU MaccaMu
Ha orpoMHble paccrosHus (Leonard and Szabo,
2005). HemapoM OOuH M3 W3BECTHEUIINX B MUpPE
ceneknuoHepoB Hopman BopJsoyr ckasay cBOIO
3HaMEHUTYI0 (ppasy: «¥Y pKaBUMHBI HET rPaHUIl». B
HacTosIIee BPeMs, C OLHOW CTOPOHBI, TI0 CTPaHaM
Adpuxku u BiamxkHero BocToka pacrpocTpaHsIeTcs
paca Ug99 (TTKSK), BUPyJIeHTHAs K COPTaM C TEHOM
Sr31, 1 BeposIiTeH ee 3aHOC Ha TePPUTOPUI0 [I0BOJIKbBS
yepe3 Kacmuiickoe Mope, ¢ IPYyrodl CTOPOHBI — B
EBpomne u Poccuum eCcTb CBOU arpeccruBHBIE pachl
rpuba, aBUPYJIEHTHBIE K S731, HO MOpa’kaolue copTa
6e3 sToro rena (Patpour et al., 2022). B TToBOJKbe
yBEeJINUEHNE BPEJLOHOCHOCTU BO30OyAUTENS CTEOE-
BOM prKaBUMHBI Habamomaercs ¢ 2016 roma, xorma
3MUMUTOTUIHOE Pa3BUTHE IMATOTeHa 3aTPOHYJIO
Pecniyonmky TaTtapctaH m CapaTOBCKYIO 00JIacThb
(BacuyoBaump.,2017; Baranovaetal.,2023).

YTo KacaeTcsd XeJTOH HMATHUCTOCTH, TO B
cpenHeM 3a6ojieBaHUe BbI3bIBaeT moTepu 5-10%
yporkasi, HO Ha BOCTIPUMMUUBBIX COPTaX B SITUDPUTO-
TUHHBIE TOJBI OHW MOTYT AOCTUTaTh 65% u Gojee
(Rees et al., 1982). Tak, Ha TeppuTopuu CapaTOBCKOM
obsactu (Huxuee [ToBoipkbe) ¢ 2000 roma oTMevaeT-
CsI MacCOBOE PacCIIPpOCTPaHEHUE 1 CUJIbHOE SMTU(UTO-
TUWHOE Pa3BUTHUE XEJTOU NATHUCTOCTY (MapKeJioBa
u ap., 2012). B 2018 r. B CapaToBCKOI ob6jacTu
mopa)keHre PaCcTeHUI MIIeHUIIbl IaTOreHOM ObLIO
30-40%, a B 2019 1. pa3BuTue 60JIe3HU JOCTUTAJIO
yxxe 80% Ha BoCcHpUUMUYMBBHIX copTax (KoHbKOBA,
JIamesa, 2020).

TakuM 00pas3oM, OIleHKa COPTOB, PEKOMEHO-
BAaHHBIX K BO3J€eJbIBaHNI0 Ha Teppuropuu I[IoBoJ-
JKbsI, Ha YCTOMYMBOCTb K cTe6JIEeBON p)KaBUMHE U
JKEJITOW MATHUCTOCTU SIBJSIETCS aKTyaJbHBIM
HaIlpaBJIeHHEeM UCCIeIOBaHU M.

VnenTuduKaus TeHOB YCTOMYMBOCTU PacTe-
HUY C MOMOIIbI0 MOJIEKYJISIPHBIX MapKepoOB, PEKO-
MEHIOBAHHBIX IJiI MapKep-OpUEeHTUPOBAHHOU
CeJIeKIIUH, — yIOOHBIM MHCTPYMEHT B pyKaxX MCCJeI0-

identified in the cultivars: Sr31, Sr24, Sr25, Sr28, Sr38,
Sr57,Sr1A1R,and Tsnl. Promising cultivars with group
resistance were identified: 100 years of TASSR (Sr31,
Tsnl), Kanyuk (Sr24+Sr1A1R, tsnl), Ekada 253 (Sr31,
tsnl)and Ekada 258 (Sr31, tsnl).

Keywords: spring bread wheat cultivars,
seedling resistance, stem rust, tan spot, Sr genes,
Tsnl.

INTRODUCTION

he Volga region is one of the main grain-

producing regions of Russia. In recent

years, the phytopathological situation

associated with stem rust (Puccinia

graminis f. sp. tritici) and tan spot
(Pyrenophora tritici-repentis) has worsened in the
region. Stem rust is a particularly dangerous disease
of wheat; yield losses on susceptible cultivars during
epiphytotic development of the pathogen can reach
80% or more (Ashagre, 2022). The main problem with
rust diseases is that the fungal urediniospores are
carried by air masses over vast distances (Leonard
and Szabo, 2005). One of the world's most renowned
plant breeders, Norman Borlaug, famously said, "Rust
knows no boundaries." Currently, on the one hand, the
Ug99 (TTKSK) race, virulent to cultivars with the Sr31
gene, is spreading across Africa and the Middle East,
and it is likely to be introduced into the Volga region
via the Caspian Sea. On the other hand, Europe and
Russia have their own aggressive fungus races,
avirulent to Sr31, but affecting cultivars without this
gene (Patpour et al., 2022). In the Volga region, an
increase in the harmfulness of the stem rust pathogen
has been observed since 2016, when the epiphytotic
development of the pathogen affected the Republic of
Tatarstan and Saratov Oblast (Vasilova et al., 2017;
Baranovaetal.,2023).

As for tan spot, the disease causes yield losses of
5-10% on average, but in susceptible cultivars in
epiphytotic years, they can reach 65% or more (Rees
et al.,, 1982). Thus, in Saratov Oblast (Lower Volga
region), a widespread spread and strong epiphytotic
development of tan spot has been observed since
2000 (Markelova et al., 2012). In 2018, in Saratov
Oblast, damage to wheat plants by the pathogen
reached 30-40%, and in 2019, the development of the
disease reached 80% on susceptible cultivars
(Konkova, Lyashcheva, 2020).

Thus, the evaluation of cultivars recommended
for cultivation in the Volga region for resistance to
stemrustand tan spotisarelevantareaofresearch.
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BaTeJIs, [I03BOJISIONUI U ONIPeeSIUTh, KAKUMU reHaMU
IeTePMUHUPOBAHA YCTOMYUBOCTDL K ITaTOT€HAM B
coprax. Vcrnosb30BaHUE MOJEKYJISIPHBIX MapKEPOB
Hapsay ¢ QUTOIIAaTOJOTUYECKON OIIEHKOM yCTOWYHU-
BOCTM JaeT BO3MOKHOCTb BBIZIEJIUTDH MEPCIIEKTUB-
Hble JOHOPHI YCTOUUYUBOCTHU, KOTOPHIE MOTYT
IPEeLCTaBJISATh NHTEPEC IS CENIEKIIVIU.

B cBg3mM ¢ 3TUM Iiesibl0 paboThl GbLIA OllEHKA
IOBEHUJIbHOW YCTOMUYMBOCTU 92 COPTOB APOBOU
MSTKOU ITIIEHUIBI, BO3/,EJIBIBAEMBIX HA TEPPUTOPUU
[TOBOJIXXbsI, K CT€OJIEBOM pPIXKABUMHE UM XKEJITOH
ONATHUCTOCTU M UAEeHTU(DUKAIUI B HUX FE€HOB
YCTOMYUBOCTHU K CTEBJIEBOU PKaBUMHE — Sr-T€HOB U
BOCIIPUMMYUBOCTHU K KEJITOU NATHUCTOCTU — Tsnl.

MATEPUWAJIBI U METO/IbI

B pab6ore aHanmmsupoBaiu 92 copTa SIpPOBOU
MSITKOU MIIEHUIIbI, BO3IEIbIBAEMbIE HA TEPPUTOPUN
[ToBOJIXKbS. [IJIs1 OLIEHKY FOBEHUJIbHOM YCTOMYUBOCTHU
B J1a60PATOPHBIX YCIOBUSIX UCITOJIB30BAJIN YeJIIOMH-
CKYI0 IOy cTe6IeBOM prkaBunHbBI 2024 roga u
YyBaIICKYIO MOITYJISIINI0 CTe6JIeBOM pykaBUMHBI 2025
roza; TaMOOBCKYIO TTOMYJISIIMIO KEeJITOU IIATHHUCTOC-
T 2024 roma ¥ TIeH3E€HCKYIO TMOIYJSIUI0 JKeJITOMU
naTHucToCcTH 2025 roma. PasMHOXXeHME TIOMYIAIIui
cTebJieBOY P)KaBUMHBI U aHAJNNU3 YCTOMYUBOCTU
pacTeHull B CTamiuX MPOPOCTKOB MPOBOAUIU IIO
cTaHJApPTHOM JlabopaTopHON MeTomuke (Jin et al.,,
2007). Insa 3apa’keHUS MPOPOCTKOB ITIIEHUILbI
BO36yzMTENIEM CTEBJIEBOY PXKABUYUHEI UCTIOIb30BAIU
CycHeH3uI ypemuHuoctiop Puccinia graminis f. sp.
tritici (KOHIIEHTPAIUS CyCIIEH3UU — 1 MT yPeMHNOC-
nop rpuba Ha 1 Mu Bombl ¢ «TBuH 80»). Peakiiuio
IPOPOCTKOB HA WHOKYJSIIIUIO CYyCIIEH3UEeH CIIop
BO36ynUTENs cTe6JIEBOM PXKABUMHBI ITPOBOAUIN Ha
12-e CyTKU IO CTAaHZAPTHOM 4YeThIpeXGalIbHOHI
mkaje E.C. Stakman and M.N. Levine (1962).

Jl1s1 OLIeHKY YCTOWYHMBOCTY COPTOB MINEHUIIBI K
BO30YAUTENI0 JKEJITOU MSITHUCTOCTU OTCEYEHHBIE
aucTbs 10-IHEBHBIX IIPOPOCTKOB IIOMeEIaliu B
KIOBETy Ha (pMIBTPOBAJbHYI OyMary, CMOYEeHHYIO
6ensuMumasosoMm (40 Mr/in), ¥ UHOKYJIUPOBAIU
cyclieH3uel KOHUANY rpuba B KoHIeHTpanuu 5000
KOH/MJI. YCTOMYMBOCTD OIIEHWBAJIM Ha IISATHIA JE€Hb
TocJie 3apakeHus 110 IIATUOAJIIbHOM 1mKajie (Rees et
al.,1987; MuxaiyioBa u 1p., 2012), B KOTOPO# KOMOU-
Hauy GaJIOB TOpPa)KeHUs B BUJE HEKPO3/XJI0PO3
WHTEPIIPETUPOBANU cienynumuM obpazom: R (0/0,
0/1, 1/0, 1/1,) — ycrotiuuBble, MR (1/2, 2/2, 2/1) —
YMepeHHO YCTONYMBEIE, S (3/3, 3 /4,4/3,4/4,2/3,3/2) -
BocmpuuMuuBbie, HS (4/3,4/4,4/5,5/4, 5/5) — BLICOKO
BOCIIPUUMYMBHIE.

IHK pacTeHUI NIMEHUIbBl BBIAEJIIUN U3
OATUAHEBHBIX TPpopocTKkoB CTAB-MeTomoMm (Murray,
Thompson, 1980). Ona ugeHTU(PUKAIIUN TE€HOB
YCTOMYUBOCTU U BOCIIPUMMYUBOCTU MCIIOJIb30BaIU
cnenuduyuHble npaimepsl: Sr24#12— Sr24 (Mago et
al.,2005), Gb—Sr25/Lr19 (Prinsetal.,2001), Sr264#43 —
Sr26 (Mago et al.,2005); wPt-7004-PCR — Sr28 (Rouse et.
al. 2012), scm9 -Sr31/Lr26 u Sr1A1R) (Weng et al.,
2007); Xwmed77, Xstm773-2 — Sr36 (Tsilo et al.,2008);
Xemwg682- Sr38 (Helguera et al., 2003); csLV34 —
Sr57/Lr34 (Lagudah et al., 2006); Xfcp623 - Tsnl (Faris
et al., 2010). AMIIUKAIINIO IPOBOAUIIN C UCIIOJIb-
3oBanueM cMmecu [P (BuoMactep HS-Taq ITLIP (2x)
BuosabmMukc). IneKkTpodopes MPOAYKTOB aMILIUdU-

Identification of plant resistance genes using
molecular markers recommended for marker-
assisted breeding is a convenient tool for researchers,
allowing them to determine which genes determine
pathogenresistance in cultivars. The use of molecular
markers, along with phytopathological assessment of
resistance, makes it possible to identify promising
resistance donors that may be of interest for breeding.

In thisregard, the aim of the work was to evaluate
the seedling resistance of 92 cultivars of spring soft
wheat cultivated in the Volga region to stem rust and
tan spot and to identify genes for resistance to stem
rust — Sr genes and susceptibility to tan spot — Tsnl.

MATERIALS AND METHODS

The study analyzed 92 cultivars of spring soft
wheat grown in the Volga region. To assess seedling
resistance in laboratory conditions, the Chelyabinsk
stem rust population of 2024 and the Chuvashia stem
rust population of 2025; the Tambov tan spot popula-
tion of 2024; and the Penza tan spot population of
2025 were used. The propagation of stem rust
populations and the analysis of plant resistance at the
seedling stage were carried out according to standard
laboratory methods (Jin et al., 2007). To infect wheat
seedlings with the stem rust pathogen, a suspension
of urediniospores of Puccinia graminis f. sp. tritici was
used (the suspension concentration was 1 mg of
fungal urediniospores per 1 ml of water with Tween
80). The reaction of seedlings to inoculation with a
suspension of spores of the stem rust pathogen was
carried out on the 12th day according to the standard
4-pointscale of E.C. Stakman and M.N. Levine (1962).

To assess the resistance of wheat cultivars to the
tan spot pathogen, excised leaves of 10-day-old
seedlings were placed in a cuvette on filter paper
soaked in benzimidazole (40 mg/l) and inoculated
with a suspension of fungal conidia at a concentration
of 5000 con/ml. Resistance was assessed on the 5th
day after infection using a 5-point scale (Rees et al.,
1987; Mikhailova et al., 2012), in which combinations
of damage scores in the form of necrosis/chlorosis
were interpreted as follows: R (0/0, 0/1, 1/0, 1/1) —
resistant, MR (1/2, 2/2, 2/1) — moderately resistant, S
(3/3,3/4,4/3,4/4,2/3, 3/2) — susceptible, HS (4/3, 4/4,
4/5,5/4,5/5)—highly susceptible.

Wheat plant DNA was isolated from 5-day-old
seedlings using the CTAB method (Murray and
Thompson, 1980). Specific primers were used to
identify resistance and susceptibility genes.:
Sr24#12— Sr24 (Mago et al., 2005), Gb — Sr25/Lr19
(Prins et al., 2001), Sr26#43 — Sr26 (Mago et al.,2005);
wPt-7004-PCR - Sr28 (Rouse et. al. 2012), scm9 —
Sr31/Lr26 wn Sr1A1R) (Weng et al., 2007); Xwmc477,
Xstm773-2 — Sr36 (Tsilo et al.,2008); Xcmwg682- Sr38
(Helgueraetal., 2003); csLV34 —Sr57/Lr34 (Lagudah et
al., 2006); Xfcp623 - Tsn1 (Faris et al., 2010). Amplifica-
tion was performed using a PCR mixture (BioMaster
HS-Taq PCR (2x) Biolabmix). Electrophoresis of the
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Kalluy NPOBOLUJIU B 2% arapos3HbIX readax u 8%
NOJUAKPUIaMUAHBIX reaqax. [Jjig BuUsyalusaluu
aJieKTpodoperpaMM KCHOJb30BAJU Telb-IOKY-
MeHTHUpPYyoILyio cucteMy GelDoc Go Bio-Rad (CIIIA).

PE3VJIBTATBI 1 OBCYXKJIEHUE

DuMoOnamono2UecKas 0YeHKa Ha ycmouuugocms

Ha mepBoM 3Tame pa6oTel 6blIa IpPOBeleHA
OlleHKAa I0BEHUJBbHOM YyCTOWUYUBOCTU 92 COPTOB
SIPOBOY MATKOMU ITIIEHUIILI K CTE6JIEBOM PiKaBUMHE U
JKeJITOUW TMATHUCTOCTU HA CTAaJUU MPOPOCTKOB B
JIaGopaTOPHBIX YCIOBUSIX (CM. puc. 1, puc. 2).

KoJin4uecTBO yCTOHUMBBIX K CTe6JI€BOI
pkaBunuHe copToB (%)

Number of cultivars resistant to stem rust (%)

B YensGuHckas nomyianus
60 54.3 cTe61eBoii pKaBUMHBI,
’ 2024 .

50 Chelyabinsk population
of stem rust 2024

40 Yypauickasi MOMyJIsius

cTe6J1eBOi P:KaBUMHBI,
30 28,2 2025T.

29 Chuvashia population of
»8 stem rust 2025

l 06e monynanun
cTe61eBO P:KaBUMHBI

Both populations of stem
rust

sIpoBbIe COPTa MATKOM MIIEHNIbI
Spring cultivars of soft wheat

Puc. 1. YcToN4MBOCTb Fig. 1. Resistance of spring
APOBbIX COPTOB MArKOMN soft wheat cultivars to stem
nweHuLbl K ctebnesomn rust

p>XaBunHe

B pesysbTaTe K 4eJNA6MHCKON IMOMYJSIIUU
maTroreHa 6bUIM yCTOWYUBHI 26 cOpTOB (28,2%), a K
vyBaImickoi nomynanuu — 50 coptoB (54,3%). Kobenm
TOITyASI UM CTE0JIEBON PIKABUMHBI ObLI YCTOMYUB
21 copT (22,8%). YCTOWUYMBOCTh COPTOB SIPOBOM
MSTKOU TIIEeHUIIbl K Pyrenophora tritici-repentis
pejcTaBjieHa Ha puc. 2.

K TaMG0BCKO¥ OMYJAIUY JKEJITOYU IIITHUCTOC-
TU YMEPEHHO yCTOUYUBHI 15,2%, yCTOUYIUBHI — 2,2%
COPTOB, K IEH3€HCKOU TOIyNAInU Ipuba yMePEeHHO
ycToniuuBel 34,7%, ycTrouumBbl — 47,8% copToB. K
00eUM TIOMYJISIIUSIM KEJITON MATHUCTOCTU YMEPEH-
HO ycTorumBel 11 copToB (11,9%), YCTOMYUBEI JiBa
copTa — Jkaga 253 u Ckupga, 4To coctaBuyo 2,1% oT
0011ero KOJIMUYECTBA COPTOB.

Copta100seT TACCP, KaHmok, dkaga 253 1 9kaza
258 6bLIN yCTOMYMBBI KO BCEM YETHIPEM MOITYISIIIUIM
MMAaTOTEHOB, TO €CTh 06JIalay IPYIIIIOBOI YCTONYH-
BOCTBIO K CTE6JIEBOM P)KaBUMHE U JKEJITON MSITHUC-
TOCTH.

Hoenmugurayus eeno8 ycmotiuueocmu

B pesynbTraTe MOJIEKYJISIPHOTO CKPUHUHTA 92
SIPOBBIX COPTOB ITIIEHUIILI B HUX UAeHTUGUIIUPOBA-
HBbI T€Hbl YCTOMYMBOCTU K CTEOJEBOM pKaBUMHE:
Sr31, Sr24, Sr25, Sr28, Sr38, Sr57, Sr1AIR, a Takxe
INOMUHAHTHBIN T€H BOCIPUUMYUBOCTU K XKEJITOU
IATHUCTOCTU Tsnl. [eHbl Sr26 v Sr36 B IpOaHaIUu3u-
poBaHHOM MaTepuaJje 00HAPYKEHBI He ObLIIH.

amplification products was performed in 2% agarose
gels and 8% polyacrylamide gels. The GelDoc Go Bio-
Rad gel documentation system (USA) was used to
visualize the electropherograms).

RESULTS AND DISCUSSION

Phytopathological assessment for resistance.

At the first stage of the work, an assessment was
made of the seedling resistance of 92 cultivars of
spring soft wheat to stem rust and tan spot at the
seedling stage under laboratory conditions (see Fig.1,
Fig.2).

KoJINUeCTBO YCTOMYUBBIX K 3KEJITOM
HATHUCTOCTHU COPTOB (%)

Number of cultivars resistant to tan spot (%)

60 B VYmepeHHO ycTOWUYUBbIE K
TaMOOBCKOM MOMYJIALN
2024 r.
Moderately resistant to
Tambov population 2024
50 47,8

I Ycroituusbie K
TaMOOBCKOM MOIYJISALUNA
2024 r.

Resistant to Tambov
40 population 2024

34,7 Il VYmepenHo ycToituuBbIe K
neHaencxoifl nomyyiauunu
2025 1.
30 Moderately resistant to
Penza population of 2025

B Ycroituussie k
MEeH3eHCKOM MOMyJIAIUY

20 2025 .
Resistant to Penza
15,2 population 2025
11,9 | ] YMepeHHO yCTONYUBbIE K
10 06eUM MOy UIM

2KEeJITOM NATHUCTOCTH

Moderately resistant to
2,2 2,1 both tan spot populations
0 | | Il YcroiiuuBsie k 06eum
MONnyJaAnuAM )KeJ'[TOﬁ
INATHUCTOCTH

Resistant to both tan spot
populations

sIpoBbIe COPTA MArKOM MIIEHULIBI
Spring cultivars ofsoft wheat

Puc. 2. YcTON4MBOCTb Fig. 2. Resistance of spring
SIPOBbIX COPTOB MArKOW cultivars of soft wheat to tan
MNLWEHMLbI K XXeNTol spot

NATHUCTOCTU

As aresult, 26 cultivars (28.2%) were resistant to
the Chelyabinsk population of the pathogen, and 50
cultivars (54.3%) were resistant to the Chuvashia
population. Twenty-one cultivars (22.8%) were
resistant to both stem rust populations. Resistance of
spring soft wheat cultivars to Pyrenophora tritici-
repentisis shown in Fig. 2.

15.2% of cultivars are moderately resistant to the
Tambov population of tan spot, and 2.2% are resis-
tant. 34.7% of cultivars are moderately resistant to the
Penza population of the fungus, and 47.8% are
resistant. Eleven cultivars (11.9%) are moderately
resistant to both tan spot populations, and two
cultivars — Ekada 253 and Skirda — are resistant,
which accounts for 2.1% of the total number of
cultivars.

The cultivars 100 years of TASSR, Kanyuk, Ekada
253 and Ekada 258 were resistant to all four pathogen
populations, i.e. they had group resistance to stem
rustand tanspot.
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Puc. 3. UpeHTudgmkaumsa reHos Sr31 un Sr1AIR ¢
MCMNoJIb30BaHMEM MOJIEKYISIPHOrO Mapkepa scm9: M —
Mapkep MonekynapHoro Beca JHK Step50 plus (Buona6-
MUKC); CTPesIKaMm yKa3aHbl AUArHOCTUUYECKUIA (hparMeHT
207 n.o., BbigBnsawwmi Sr31 (N2 8 — Apxart, N2 9 — bankbiu,
Ne 16 - EpwoBckas 36, N2 22 — Keaptet J1 375), u 228 n.o.,
bigBnarowmn SrIA1R (N2 21 — KaHIoK)

'eH YCTOMYMBOCTHU K CTeBJIEBOM prkaBunHe Sr31
(JToxkanmu3oBaH B prkaHOM TpaHcyokanuu 1RS.1BL)
aBJseTcs 9(QHEKTUBHBIM K POCCUMCKUM, B TOM YHCJIE
Y K TOBOJDKCKWM IOMYJSIUSIM CTe6JIeBOl prKaB-
4YuHBI, HO He 3d@PeKTuBHBIM K pace Ug99 u ee
6roTunaM. Mapkep scm9 pasjndaeT TPaHCIOKAIIUKU
1RS.1BL u 1RS.1AL — guarHocTuyeckuil pparmMeHT
207 m.o. ykaspiBaeT Ha Hanuuue 1BL.1RS-TpaHc-
Jokaiuu, a 228 1m.0. — Ha TpaHcaokanuw 1AL.1IRS
(Weng et al., 2007). [To pesynbraTam [IL[P-aHamuza
ren Sr31 61 ugeHTUUIIPOBaH B 15 coprax: 100
aet TACCP, Apxar, basnksli, EpmoBckasa 36, KBapteT
JI 375, Kypbep, IIpoxopoBka, UucTomoabcKasd, IKaga
253, 9kapga 258, 9kaga 265, IOro-BocTounag 2, IOro-
Bocrtounas 4, KBapretr, Kunep. Bce oHU 6Gbliin
BBICOKOYCTOMYUBBI K 00€UM TTOITYIAIUSIM CTeBJIeBOM
pkaBUMHBL B copTe KaHIOK OBLT UAeHTU(OUIITMPOBAH
reH Sr1AI1R, TOKaJAM30BAaHHBIA B TPaHCJIOKAIUU
1RS.1AL (cM. puc. 3). 3To 3(hHeKTUBHBIN TE€H IPOTUB
cTebJeBOY pPXKAaBUMHBI, cOPT KaHIOK GBI BHICO-
KOYCTONYUB K 06eUM IOy UIM rpuba.

Kpowme Toro, B copTax KaHiok 1 9kajma 265 ObLI
uaeHTU(GUIINPOBaH ret Sr24. JJaHHbIN T'eH CIIETIJIEH C
535G (HEeKTUBHBIM TEHOM YCTOMYUBOCTU K GYpoOi
pxaBumMHe Lr24,4TO [ejlaeT ero IepCcrieKTUBHBIM JJI5
CeJIEKIIMU. DTO PENKUN TEH Jis OTEUYECTBEHHBIX
COPTOB MIIEHUIIBI, XOTI OH pPacIpoCTpaHeH B
3apy6GeXHbIX cCOpTaxX. B aHAIM3MpyeMoM MaTepuajie
c ucnoab3oBaHueM Mapkepa Ventriup-LN2 y
yeTbIpex COpToB — dPjaopeHCc, dKaga 66, dcTep U
Kamukco — 6bLT UAEHTUDUIIUPOBAH TeH Sr38. ITo
Hed(D(HEKTUBHBIN T'€H, OJHAKO OH MOXKET ITOBBICUTH
YCTOMYMBOCTD K ITATOTE€HY B COUETAHUM C APYTUMU
reHamm ycroiruuBoctu (Raufetal., 2022).

V3 reHoB, 93D (HEKTUBHBIX IIPOTUB PAaChl BO30YAM-
TeJis cTebIeBoH p)kaBuMHbI Ug99, B aHAIU3UPYEMOM
MaTepuasie GbUIN UAEHTU(DUIIUPOBAHBI TeHbI Sr25,
Sr28 w Sr57. Ing ugeHTu(GUKaAIIY reHa BO3PaCcTHOMN
ycroumBocTu Sr57 (Lr34) 6bLI UCTIOJIb30BaH MOJIEKY-
JIIPHBIN Mapkep csLV34. Pe3ynbTaTbl CKPUHUHTA
[I0Ka3aJiy Hajguuue reHa Sr57 B ceMUu aHalusupye-
MbIX copTax: JKurynesckas, Kazanckas I06uielinas,
YucTtonosabckas, EkaTepuHa, XadaT, Ikaga 253, dkaza
282. s naeHTUGUKALIUY TeHa Sr25 UCII0JIb30BaIu
STS-mapkep Gb. Bo Bcex 30HaX pacIpoCTpPaHEHUS
pacel Ug99 reH Sr25 addekTrBeH, HO OH KOHTPOJIU-
pPyeT BBICOKMU YPOBEHb YCTOMUYMBOCTH K CTeBJIEBOM
p’KaBUMHE TOJIBKO Ha OIIPeJleJIEeHHOM FeHETUYECKOM
(one, 0cO6EHHO B MPUCYTCTBUU BO3PACTHOIO reHa
Sr2. B Poccuu reH Sr25 notepsy 3(pHeKTUBHOCTD Ha
Tepputopuu IloBosokbs (BapaHoBa u mp., 2021), HO

Fig. 3. Identification of the genes Sr31 and Sr1A1R using the
molecular marker scm9: M — DNA molecular weight marker
Step50 plus (Biolabmix); arrows indicate the diagnostic
fragment of 207 bp, detecting Sr31 (No. 8 — Arkhat, No. 9
Balkysh, No. 16 Ershovskaya 36, No. 22 Quartet L 375 and
228 bp, detecting Sr1A1R - No. 21 Kanyuk)

Identification of resistance genes

As a result of molecular screening of 92 spring
wheat cultivars, genes for resistance to stem rust were
identified in them: Sr31, Sr24, Sr25, Sr28, Sr38, Sr57,
Sr1AIR,aswell asthe dominant gene for susceptibility
to tan spot Tsni. The Sr26 and Sr36 genes were not
detected in the analyzed material.

The stem rust resistance gene Sr31 (located in
the rye translocation 1RS.1BL) is effective against
Russian, including Volga region, stem rust popula-
tions, but is ineffective against the Ug99 race and its
biotypes. The scm9 marker differentiates between
the 1RS.1BL and 1RS.1AL translocations: a 207-bp
diagnostic fragment indicates the presence of the
1BL.1RS translocation, while a 228-bp fragment
indicates the 1AL.1RS translocation (Weng et al.,
2007). Based on the PCR analysis results, the Sr31
gene was identified in 15 cultivars: 100 years of
TASSR, Arkhat, Balkysh, Ershovskaya 36, Kvartet L
375, Kurier, Prokhorovka, Chistopolskaya, Ekada 253,
Ekada 258, Ekada 265, Yugo-Vostochnaya 2, Yugo-
Vostochnaya 4, Kvartet, and Kiner. All of them were
highly resistant to both stem rust populations. The
Sr1AIR gene, localized in the 1RS.1AL translocation
(see Fig. 3), was identified in the Kanyuk cultivar. This
is an effective gene against stem rust; the Kanyuk
cultivarwas highly resistant to both populations of the
fungus.

Besides, the Sr24 gene was identified in the same
Kanyuk and the Ekada 265 cultivars. This gene is
linked to the effective leaf rust resistance gene Lr24,
making it promising for breeding. This gene is rare
among Russian wheat cultivars, although it is
common in foreign cultivars. In the analyzed mate-
rial, using the VENTRIUP-LN2 marker, the Sr38 gene
was identified in four cultivars: Florence, Ekada 66,
Ester, and Calixo. This gene is ineffective; however, it
can increase resistance to the pathogen when
combined with other resistance genes (Rauf et al.,
2022).

Ofthe genes effective against the Ug99 race of the
stem rust pathogen, the Sr25, Sr28, and Sr57 genes
were identified in the analyzed material. The
molecular marker csLV34 was used to identify the
age-related resistance gene Sr57 (Lr34). Screening
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ocraerca 3GHeKTUBHBIM B 3amnagHoi Cubupu u
KpacuomapckoM kpae. 'eH Sr25 uileHTU(UIIPOBaH B
18 coprax (19,5%). Takxe B IIpOaHAJIU3UPOBAHHOM
MaTepualie ¢ UCII0Jb30BaHMEM Mapkepa wPt-7004-
PCR ugeHTuduupoBaH reH Sr28, shhHeKTUBHBIN
npotuB pacekl Ug99 u ee 6moTumos. I'eH Sr28 ObLn
obHapy)XeH B ABYX coprax — Cakapa u UmMCTOMOJIb-
ckas (2,1%). KomuuecTBO COPTOB C UAECHTUGDUIUA-
POBaHHBIMU ST-TeHaMU IIPe/CTaBJIEHO Ha PUC. 4.

25

20

15
10
5
0 - = -

u.Sr3] mSr25 mSr24 mSr38 mSr57 mSr28 mSrlIAIR m Tsnl

Puc. 4. KonnuectBo Fig. 4. Number of spring
SPOBbIX COPTOB MLIEHULbI wheat cultivars with

c upeHTuguumpoBaHHbiMu  identified resistance
reHamu yctonumsoctu (%)  genes (%)

Puc. 5. UpeHTU(MKaLMa 0OMUHAHTHOM anyienm reHa
BOCMpuMMumnBoCTM Tsnl ¢ ucnonb3oBaHUeM
MonekynsipHoro Mapkepa Xfcp623: M — Mmapkep
MonekynsipHoro Beca AHK Step50 plus (Buonabmukc);
CTpesikoi ykasaH auarHoctuueckuin pparmeHT 380 n.o.
N2 1-6 — apoBble copTa nweHuubl, N 1 - 100 net TACCP,
N¢ 4 — Anb Bapuc, Gl - copt Glenlea (No3uTUBHbIN
KOHTpoJib), K — Boga (HeraTuBHbIN KOHTPOJIb)

Fig. 5. Identification of the dominant Tsn1 allele of the
susceptibility gene using the Xfcp623 molecular marker:
M is the Step50 plus DNA molecular weight marker
(Biolabmix); the arrow indicates the 380 bp diagnostic
fragment. No. 1-6 are spring wheat cultivars, No. 1 is
100 years of the TASSR, No. 4 is Al Waris, Gl is the Glenlea
cultivar (positive control), K is water (negative control)

Kak BumHO Ha puc. 4, HauboJbillee KOJIUYECTBO
COPTOB C UAEHTUDUIIVPOBAHHBIMU T€eHAMU YCTOW YU~
BOCTH K CTEOJIEBOY P)KABUMHE — HOCUTEJIN T€HOB S125
(19,5%) u Sr31 (16,3%), UTO CIaeL0BAJIO OXKUIATh, TaK
KaK 9TU TeHbl, 0COGeHHO Sr25, pacrpoCcTpaHeHbl B
SIPOBBIX POCCUMCKUX COPTAaX IIIIEHUIIbI.

BbIZIeJIEHBI COPTA C COUYETaHUEM F'€HOB YCTONYU M-
BOCTHM K CTebJIeBOY prkaBumMHE: ApxaT (Sr31+Sr2b),
KBapteT JI 375 (Sr31+Sr25); KaHiok (Sr24+Sr1AI1R),
YucTtomnoiabckas (Sr31+ Sr28+ Sr57), dxama 253 (Sr31+
Sr57), 9kama 265 (Sr31+Sr24).

resultsrevealed the presence of the Sr57gene in seven
analyzed cultivars: Zhigulevskaya, Kazanskaya
Yubileynaya, Chistopolskaya, Ekaterina, Hayat,
Ekada 253, and Ekada 282. The STS marker Gb was
used to identify the Sr25 gene. The Sr25 gene is
effective in all zones of distribution of the Ug99 race,
but it controls a high level of resistance to stem rust
only in a specific genetic background, especially in
the presence of the age-related gene Sr2.In Russia, the
Sr25 gene has lost its effectiveness in the Volga region
(Baranova et al., 2021), but remains effective in
Western Siberia and Krasnodar Krai. The Sr25 gene
was identified in 18 cultivars (19.5%). The Sr28 gene,
effective against the Ug99 race and its biotypes, was
alsoidentified in the analyzed material using the wPt-
7004-PCR marker. The Sr28 gene was detected in two
cultivars—Sakara and Chistopolskaya (2.1%). The
number of cultivars with identified Sr genes is shown
inFig. 4.

As can be seen from Fig. 4, the largest number of
cultivars with identified genes for resistance to stem
rust are carriers of the Sr25 (19.5%) and Sr31 (16.3%)
genes, which was expected, since these genes,
especially Sr25, are common in Russian spring wheat
cultivars.

Cultivars with a combination of genes for
resistance to stem rust have been identified: Arhat
(Sr31+Sr25), Quartet L 375 (Sr31+Sr25); Kanyuk
(Sr24+Sr1A1R), Chistopolskaya (Sr31+ Sr28+ Srb7),
Ekada253(Sr31+Sr57), Ekada 265 (Sr31+.Sr24).

Also, in the cultivars 100 years of TASSR and Al
Varis, a dominant Tsn1 allele for susceptibility to tan
spotwas identified (see Fig. 5).

The absence of a diagnostic fragment of the
dominant TsnI allele indicated the presence of a null
recessive tsnl allele controlling resistance. However,
no correlation was found between the detection of the
dominant Tsn1 allele in cultivars and susceptibility to
tan spot, which is consistent with our previous
findings on landraces and modern common wheat
cultivars (Mironenkoetal.,2023,2024).

CONCLUSION

Thus, laboratory evaluation showed that 21
cultivars (22.8%) were resistant to stem rust, 11
cultivars (11.9%) were moderately resistant to tan
spot, and 2 cultivars (2.1%) were resistant. Identifica-
tion of stem rust resistance genes using molecular
markers revealed the presence of Sr genes in spring
cultivars of common wheat: Sr31, Sr24, Sr25, Sr28,
Sr38, Sr57 and Sr1A1R. Combinations of genes for
resistance to stem rust have been identified in
cultivars: Arhat (Sr31+Sr25), Quartet L 375
(Sr31+Sr25); Kanyuk (Sr24+Sr1AIR), Chistopolskaya
(Sr31+ Sr28+ Sr57), Ekada 253 (Sr31+ Sr57) and Ekada
265 (Sr31+5r24).

Promising cultivars with group resistance to
stem rust and tan spot have been identified: 100 years
of the TASSR (Sr31, Tsn1), Kanyuk (Sr24+Sr1AIR, tsni),
Ekada253(Sr31, tsn1) and Ekada 258 (Sr31, tsnl).
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Taxxe B coptax 100 jer TACCP u Anp Bapuc
6bp1a MAeHTUDUIUPOBAHA JOMUHAHTHAS aJjIesb
reHa BOCIIPUMMYUBOCTY K KeJITON ATHUCTOCTU Tsnl
(cM. puc. 5).

OTCyTCTBME JUAarHOCTUYECKOTO (hparMeHTa
IOOMUHAHTHOM ajjenu Tsnl 03HAYaJi0 HaJu4uue
HYJIEBOW PEIeCCUBHON aJlyienu tsnl, KOHTPOJUPYIO-
el ycToMuYuBOCTh. OHAKO KOPPEJSIIUU MEXIy
IeTeKnuel NOMUHAHTHOU anjenu Tsnl B copTax u
BOCIIPUMMYMBOCTBIO K JKEJITOM MATHUCTOCTU HE
61710 OGHAPYIXKEHO, YTO COTJIACyeTCsS C BBIBOZAMH,
cIeaHHBIMY HaMU paHee Ha MaTepuaje CTapoaB-
HUX U COBPEMEHHBIX COPTOB MSATKOM MUIEHUIBI
(MupoHeHKo u ip., 2023,2024).

3AKJIIOYEHUE

TakuM o6pas3oM, OleHKa B JiaGopaTOPHBIX
YCJIOBHUSIX TIOKA3aJia, YTO K CTe6JIeBOM pyKaBUMHE ObLI
ycroriuuB 21 copT (22,8%), K JKEJITOU ITATHUCTOCTU
yMepeHHO ycToiuuBbl 11 copToB (11,9%), yCTOHYMBbI
— nBa (2,1%). genTuduKaiys reHoB yCTOMUNBOCTHA
K cTebJIeBOM prKaBUMHE C UCITOJIb30BAHMEM MOJIEKY-
JISPHBIX MapKepPOB BhIABUJIA HaJHWUMe B IAPOBBIX
copTax MSTKOU ITIIEHUIIbI ST-TeHOB: Sr31, Sr24, Sr25,
Sr28, Sr38, Sr57 n Sr1AIR. BoisgBJI€HBI COUETaHUSI
TEeHOB YCTOWYMBOCTH K CTEOJEBON prKAaBUMHE B
coprax: Apxart (Sr31+Sr25), KBaprtet Jl 375
(Sr31+S8r25); Kauiok (Sr24+Sr1AIR), YucToIoJbCcKas
(Sr31+Sr28+Sr57), 9xama 253 (Sr31+Sr57)udkana 265
(Sr31+5r24).

BhIZiesIeHbI IEPCIIEKTUBHBIE COPTA C TPYIIIIOBOH
YCTOMUYMBOCTBI0 K CTEOJIEBON PIXKABUMHE U JKEJITOU
natauctocty: 100 jet TACCP (Sr31, Tsnl), KaHmok
(Sr24+Sr1A1R, tsnl), 9xkama 253 (Sr31, tsnl) m dxama 258
(Sr31, tsnl).
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AHHOTALIUA

Bupouy py6IleBaTOCTU MJOLOB I06JOHU
(Apscaviroid cicatricimali, Apple scar skin viroid,
ASSVd) aBisieTcs OgHUM 13 0C000 OITACHBIX (DHUTOIIA-
TOTE€HOB, TIOPAXKAIIUX CEMEUKOBBIE 1 KOCTOUKOBBIE
OJOJOBBbIe KyJIbTypPbl. BupouagHasd MHPEKIUI
IpeACcTaBJIsIeT ITOTEHIIUAIBHYIO OTIaCHOCTD, KOTOPast
MOJKET HaHECTH SKOHOMUYECKUH yIep6 Mpou3BoJI-
CTBY IJIOZOBBIX KyJIbTYp. HanboJiee pacopocTpaHeH-
HBIM cItiocobom mepenauu ASSVd saBisieTcsT KOHTaK-
THasg Iepenmava (MexaHWUYecKu 4depes pabouwme
MHCTPYMEHTHI), a TaK)Ke uepes NMPUBUBKY (OT
3apa’keHHOT0 pacTeHMUs K 3J0pPOBOMY). B cTaTbe
mpuBeLeHa KpaTkasg o630pHas mHboOpMausd 10
BUPOU]Y, a TAaK)Ke TTIOKa3aHbI JaHHbIE 10 alIpobaiuu
OJIMTOHYKJIEOTUAOB JIJid AuarHoctuku ASSVd
MeTomoM I1LIP B pexxume peanbHOro Bpemenu (ITLIP-
PB) ¢ uCIIoJIb30BaHVEM OTE€YECTBEHHBIX PEAKTUBOB.

[IpoBEPKY PabOThI OJUTOHYKJIEOTUIOB OCYIIe-
CTBJISIJIN C TIOMOIIbI0 OTEUYECTBEHHBIX HAOGOPOB
pearernToB kommaHuu 00O «HII® CunTtoa» u 3A0
«EBporen». [Ing IpoBeJeHNS SKCIIEPUMEHTOB I10
OIleHKe CTIeIM(PUIYHOCTY IPAXMEPOB MCIIOJIb30BaIN
pasauyYHble U30JIAThI GJIM3KOPOACTBEHHBIX BUPOU-
IIOB U3 ceMelcTB Avsunviroidae u Pospiviroidae. B
IaHHOU paboTe MPOBEAEH aHAJNM3 OJIUTOHYKJIEOTH-
IIOB C WCIIOJb30BaHUEM OHJIaliH-cepBuca NCBI
Primer-BLAST. B ucciegoBaHUM IIPOBEIEHO MHO-
’KeCTBEeHHO€Ee BbIpaBHMBAaHUE HYKJIEOTUOHBIX
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ABSTRACT

Apple scar skin viroid, ASSVd (Apscaviroid
cicatricimali) is a particularly dangerous
phytopathogen affecting pome and stone fruit crops.
Viroid infection poses a potential threat that can
cause economic damage to fruit production. The most
common pathways of ASSVd are contact (mechani-
cally through tools) and grafting (from an infected
plant to a healthy one). This article provides a brief
overview of the viroid and presents data on the
validation of oligonucleotides for ASSVd diagnostics
with real-time PCR using Russian reagents.

Oligonucleotide performance was tested using
Russian Syntol and Evrogen reagent kit. Various
isolates of closely related viroids from the
Avsunviroidae and Pospiviroidae families were used
to conduct experiments assessing primer specificity.
In this study, oligonucleotide analysis was performed
using the NCBI Primer-BLAST online service.
Multiple nucleotide sequence alignments of apple
fruit scarring viroid isolates were performed using
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IOCJIeI0BaTEeIbHOCTE!N U30JIITOB BUpOUIa pybIieBa-
TOCTH ILJIOJOB SI0JIOHM C IIOMOIIBIO CIIEIIMAJIbHBIX
nporpaMmM MAFFT u AliView. BuonHpopMaTHuieCcKu
MMPOAHAIN3UPOBAHBI BULOCIIENU(DUUHBIE OJIUTOHYK-
JIEOTHUIbI HA BO3MOXKHOCTDb 06pa30BaHMUI BTOPUYHBIX
CTPYKTYp — LINWJEK U AUMEPOB, KOTOPbIe MOTYT
TIOBJIUAITH HA AUATHOCTUKY (PUTOIIaTOTeHA. YCTAaHOB-
JIeHo, uTo rmpaiMepsbl CASSVd/hASSVd u ASS-F/ASS-R
Ccroco6HbBI 06Pa30BHIBATH 0O0JIBIIOE KOJUUYECTBO
BTOPUYHBIX CTPYKTYP, KOTOPbIe MOTYT MPUBECTU K
JIOXKHOTIOJIOXKUTEJIBHOMY pe3yibTaTy. C IOMOIIbI0
mparMepoB ASSVd-F91/ASSVd-R291, ASS-F/ASS-R u
30H7a ASS-P BO3MOXXHO UeHTU(DUIIMPOBATh BUPOU],
pyb1IeBaTOCTH IJI0A0B 16710HU MeToioM [TLIP-PB.

Knrouesovle cnoea. Apscaviroid cicatricimali,
ASSVd, ceMeuKOBbBI€ KYJIbTYPbl, KOCTOUKOBBIE
KYJIbTYPbl, KAPAaHTUH PACTEHUH.

BBEJEHUE

penu pasindHBIX (UTOIIATOTEHOB
TLIOJIOBBIX KYJBTYP 0C0O00€e IOJIoXKe-
HYe 3aHUMAalOT BUPOUbI. BUpOUmbI —
9T0 MH(PEKIIMOHHbIE MaTOTEHHI,
COCTOAIYE U3 OLHOILEIIOUEeUHOU
KoJb1leBOIl PHK, KOTOPBIE BBI3BIBAIOT
pasnuuyHbIe 0OJIEBHU PACTEHUH,
HaHOCSI OTPOMHBIN YKOHOMUYECKUN
yiurep6. TTOCKOJbKY BTU IMATOTEHBI HE KOAUPYIOT
6GEeJIKM, OHU HCIIOJIb3YIOT OEJIKM PaCTEeHUS-XO3sIMHA
JLJIST BBITIOJIHEHUST BCEX CBOMX OCHOBHBIX (DYHKITUM,
BKJIIOUAS pPemJUKaIllNi0, TPAHCHOPTUPOBKY U
rmaToreHes. Bupoubl mepemarTcs BeTe€TaTUBHBIM
Pa3MHOXeHUEM/IPUBUBKON ¥ MeXaHUYECKOU
VHOKYJISIIMEelN, HallpuMep, Yepes UCIIOJb30BaHME
3arpsi3HeHHbIX JIE3BUI BO BpeMs 06pe3KH U IIPUBUB-
ku (Diener, 2001; Walia et al., 2014; [IpuxombKo U Ap.,
2021;Tianetal.,2022).

I ceMeuKOBBIX TIJIOZIOBBIX KYJBTYyp ocoboe
3HaueHMNe MMEeeT BUPOUJ PyOIeBAaTOCTU IIJIOLOB
s6mouu (Apscaviroid cicatricimali, Apple scar skin
viroid, ASSVd), KOTOPBIi ABJISIETCS TUTIOBBIM BUIOM
poxma Apscaviroid cemeiicTBa Pospiviroidae (EPPO
Global Database, 2025). Bupou i BbI3bIBae€T 60JI€3HU
pybreBaTocTu 1I0A0B (scar skin) ss6710HM, TISTHUC-
TocTu TLIOHOB s6soHM (dapple apple), sMmuaTocTu
iomoB rpyuiu (pear fruit dimple), pxkaBoi KOXKUIIBI
IIOMOB Tpymu (pear rusty skin), MOPIIMHUCTOCTHU
rionoB rpymu (pear fruit crinkle) (Walia et al., 2012;
Hadidietal.,2017; Tianetal.,2022).

[TepBble coobileHus O 60Je3HU PYyOIIEeBATOCTHA
IJIOLOB g6Ji0HM mogBuyuch B 1930-x rr. B Kurae.
VH(peKIIM IIprBeia K Cephe3HbIM IIOTEPSIM YPOrKasi B
KuTae B 1950-X I'T., 0cO6eHHO B patioHe JISOgyHCKOTO
ITOJIYOCTPORBA, T/ie 6bLIYM ITOPAXKEHbI THICAUU JI€PEBb-
€B, a TJIOMbI SI6JIOHY TTEePecTay ITPOJLaBaThCs MU3-3a
HETOBApPHOTO BHENIHET0 BuIa. Bojie3Hb IToBIMIa Ha
BhIpAIBaHKE OCHOBHOTO COpTa s16JoHK B KuTae —
Red Fuji. B HekoTOpbIX NpoBUHIIUAX [llaHbCH,
Isubcu u X262 60s1ee 50% mepeBbeB ObLIY ITOPaXKe-
HbI 2TO¥ GosesHbio (Liu et al., 1957; Hadidi et al.,
2017). B 1953 r. B Kutae 60Jie3Hb ObLJa OIIMCaHa U
rmoJiyumJia HazBaHue Manshu-sabika-byo (6osie3ub
mobypeHus MJION0B MaHBWKYPCKOU S6JIOHU), WU
Sabika (6ose3Hb MAaHBUKYPCKOU SAGIOHU), MO

specialized MAFFT and AliView software. Species-
specific oligonucleotides were bioinformatically
analyzed for the formation of secondary struc-
tures—hairpins and dimers—that may affect the
diagnosis of the phytopathogen. It was found that the
cASSVd/hASSVd and ASS-F/ASS-R primers are
capable of forming a large number of secondary
structures, which can lead to false-positive results.
Using the primers ASSVd-F91/ASSVd-R291, ASS-
F/ASS-R and the probe ASS-P, it is possible to identify
the apple fruit scarring viroid using the real-time PCR
method.

Key words. Apscaviroid cicatricimali, ASSVd, pome
crops, stone fruit crops, plant quarantine.

INTRODUCTION

mong the various phytopathogens of fruit

crops, viroids occupy a special position.

Viroids are infectious pathogens consist-

ing of single-stranded circular RNA that

cause various plant diseases, causing
enormous economic losses. Since these pathogens do
not encode proteins, they utilize host plant proteins to
perform all their essential functions, including
replication, transport, and pathogenesis. Viroids are
transmitted by vegetative propagation/grafting and
mechanical inoculation, for example, through the use
of contaminated blades during pruning and grafting
(Diener, 2001; Walia et al., 2014; Prikhodko et al.,
2021;Tianetal.,2022).

Apple scar skin viroid is of particularimportance
for pome fruit crops (Apscaviroid cicatricimali, Apple
scar skin viroid, ASSVd), which is the type species of
the genus Apscaviroid of the family Pospiviroidae
(EPPO Global Database, 2025). The viroid causes
apple scar skin, dapple apple, pear fruit dimple, pear
rusty skin, pear fruit crinkle (Walia et al., 2012; Hadidi
etal.,2017; Tianetal.,2022).

The first reports of ASSVd appeared in China in
the 1930s. The infection caused severe crop losses in
China in the 1950s, particularly in the Liaodong
Peninsula region, where thousands of trees were
affected, and the apple fruit became unmarketable
due to its unmarketable appearance. The disease
impacted the cultivation of China's main apple
variety, Red Fuji. In some provinces of Shanxi,
Shaanxi, and Hebei, more than 50% of trees were
affected by this disease (Liu et al., 1957; Hadidi et al.,
2017).In1953, the disease wasdescribed in Chinaand
named "Manshu-sabika-byo" (Manchurian apple
browning disease) or "Sabika" (Manchurian apple
disease), based on the results of experiments on
viroid transmission through grafting (Ohtsuka, 1935;
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pe3ysbTaTaM 3KCIIEPUMEHTOB I10 IIepeJiavye BUPOUIa
yepes npuBuBKy (Ohtsuka, 1935; Ohtsuka, 1938;
Walia et al., 2014). Takxxe B 1950-X I'T. B 26JI0HEBOM
camy (mrtat Hero-Ismmmup, CIIA) Gblia oTMedeHa
00JIe3Hb IIATHHUCTOCTU ILJIOLOB SIGJIOHM, II03Ke OHAa
Haboganack B Benukooputanuu, Kutae u SInoHuu
(Leeetal.,2001; Hadidietal.,2017).

3areM, B 1953 I., IIOABUIUCH COOOLIEHUA O
60JIe3HY IIJIOOBLIX B IpedekType Harauo (dnoxHus),
a B 1970-x rT. 93Ta 60JIe3Hb HAOGJIOATIACH U B JPYTUX
OCHOBHBIX paliOHaX BbIpAI[UBAHUS I6JI0Hb B SITTOHUU
(Hadidi et al., 2017). CuMnTOMBI 60JIE3HU MIPOSBIISI-
JWCh JUIIb Ha IIJIOLAX; Ha JUCThAX W CTBOJIAX
IepeBbeB CUMITOMOB 3apaXeHUs He OBIIO
(Takahashi, 1987). B 1960-1962 rr. B Kutae ormeua-
JIOCh, 4TO 0K0JIO 90% [epeBbEB I'PYII ObLIN TTOPAXKE-
HbI60Je3HbI0 (Liuetal., 1962).

V3HavyaJbHO CUUTAJJOCH, UYTO BO3OYAUTENEM
60Jie3HEN SBJISIETCS BUPYC U3-3a €r0 CIIOCOGHOCTU
TiepeaBaThCs Yepes TpaHcIiaHTauT (Koganezawa,
1985). U Tosmbko B 1980-x rr. Gblja BBIABUHYTA
TUIIOTE3a O BUPOUIHOM STUOJIOTUY TAHHBIX 60J1e3-
Heli (Waliaetal.,2012).

[TpenmoJiaraeTcs, YTO IEPBUYHBIN apeas ASSVd
HaxonuTcsa B CeBepo-BocrouHoin Asuu (Kurtaii u
dnouus), rae o HanboJiee MIXPOKO PACIPOCTPAHEH.
A ero orpaHMYeHHOE pacIIpOCTpaHEeHNe B CTpPaHax
EBpomnbl 1 AMEpUKU SABJISETCSA Pe3yJIbTaTOM I1€PBO-
HavyaJIbHOM WHTPOAYKIIMK KOMMEPUYECKUX COPTOB
TJIO[IOBBIX KYJIBTYP U3 BBIIIEYTIOMSIHYThIX a3UaTCKUX
crpaHn (Kyriakopoulou, Hadidi, 1997). I'pyiuia MuHza-
JIeBUIHAS Ha IIPOTSHKEHNY MHOTUX BEeKOB IIPOr3pac-
TaeT B ropax I'peiiuu, U paHee ee ceMeHa IIUPOKO
KCIIOJIb30BANIUCh OJIST MOJYUYEHUST CEMEHHBIX
TIOJIBOEB C IIeJIbI0 TTOCIeAY0IEe MPUBUBKY KYJIbTYP-
HBIX COPTOB TPyIIN U auBbl. [IpucyTcTBue ASSVd B
pacTeHUSIX rPyIIN B ropax, BAAJIY OT JIIOOOTO BMeIla-
TeJIbCTBA YeJIOBEKA, [I03BOJIIeT IIPEAIOJI0XKUTh, YTO
BUPOUJ IBJISIETCS POLHBIM AJs I'penuu. B cBssu C
5TUM He KCKJIYeHa BO3MOXXHOCTb, UTO ['perius,
pacmosoxkerHHass B Cpequ3eMHOMOPCKOM PEervoHe,
SIBJITETCSI BTOPBIM I[€EHTPOM MPOUCXOXIEHUS
Bupouga. OueBUIHO, NMHPUIINPOBAHNE PaCTeHUM
IIPOMCXOMAMIIO C TIOMOIIbI0 3apaXKeHHOT0 MaTepraja
yepes npuBuBKy (Kyriakopoulou, Hadidi, 1997;
Kyriakopoulou et al., 2001). ITo3gHee maHHBIH
BUPOUJ ObIJI BbIIBJEH Ha KYyJbTUBUPYEMBIX U
IUKOPACTYIIMX PAaCTEHUAX YepellHu B ['peniuu
(Kaponietal.,2013).

l'eHOM BUpOUA PybIeBaTOCTU ILJIOAOB SI0JOHMN
OBLJI CEKBEHMPOBAH B 1987 I. 1 IIPEICTABJISIET COOOM
OJHOLerIOUYeuHyt0 KoJiblieByl0o PHK, cocToguiyro u3
330 mykseotunoB (Hashimoto, Koganezawa, 1987).

OCHOBHBIM PaCTEHUEM-XO3SIMHOM [JIJI BUPOUIA
aBjigercd g0J0Hg obbikHOBeHHaa (Malus domestica
(Suckow) Borkh). [ToMuMo s16710HM, BUPOU MHOUIIH-
pyeT u mpyrue pacTeHus us cemercrBa Rosaceae:
s6mous gukas (M. sylvestris (L.) Mill.), rpyiia 06bIKHO-
BeHHas (Pyrus communis L.), Tpyllla MUHIAJIEBULHAS
(P. amygdaliformis Vill.), 6emas KuTaickas rpyiia
(P. bretschneideri Rehder), rpymia rpyuejanucTHas
(P. pyrifolia (Burm.f.) Nak.), rpyma yccypuiickas
(P. ussuriensis Maxim.), nepcuk (Prunus persica (L.)
Batsch), abpukoc (P. armeniaca L.), uepentus (P. avium
L.), rumaJgiarickas sunids (P, cerasoides D.Don) (Walia et
al., 2012; Walia et al., 2014; Kaponi et al., 2024; CABI,
2025).

Ohtsuka, 1938; Walia et al., 2014). Also, in the 1950s,
apple fruit spot disease was noted in an apple orchard
(New Hampshire, USA), and later it was observed in
the UK, China, and Japan (Leeetal.,2001; Hadidietal.,
2017).

Then, in 1953, reports of the disease appeared in
Nagano Prefecture, Japan, and in the 1970s, the
disease was observed in other major apple-growing
areas of Japan (Hadidi et al., 2017). Symptoms of the
disease appeared only on the fruits; there were no
symptoms of infection on the leaves or trunks of the
trees (Takahashi, 1987). In China, between 1960 and
1962, it was noted that about 90% of pear trees were
affected by the disease (Liuetal.,1962).

Initially, it was believed that the causative agent
of the diseases was a virus, due to its ability to be
transmitted through a transplant (Koganezawa,
1985). It was only in the 1980s that the hypothesis of a
viroid etiology of these diseases was put forward
(Waliaetal.,2012).

The primary distribution of ASSVd is believed to
be in Northeast Asia (China and Japan), where it is
most widespread. Its limited distribution in Europe
and America is the result of the initial introduction of
commercial fruit varieties from the aforementioned
Asian countries (Kyriakopoulou and Hadidi, 1997).
The almond-shaped pear has been grown in the
mountains of Greece for centuries, and its seeds were
previously widely used to produce seed rootstocks for
subsequent grafting of cultivated pear and quince
varieties. The presence of ASSVd in pear plants in the
mountains, far from any human intervention,
suggests that the viroid is native to Greece. Therefore,
the possibility cannot be ruled out that Greece,
located in the Mediterranean region, is a second
center of origin for the viroid. Apparently, the plants
were infected by grafting contaminated material
(Kyriakopoulou and Hadidi, 1997; Kyriakopoulou et
al., 2001). Later, this viroid was detected on cultivated
and wild cherry plantsin Greece (Kaponietal.,2013).

The genome of ASSVd was sequenced in 1987
and is a single-stranded circular RNA consisting of
330nucleotides (Hashimoto, Koganezawa, 1987).

The main host plant for ASSVd is the common
apple tree (Malus domestica (Suckow) Borkh). Apart
from apple trees, the viroid also infects other plants
from the Rosaceae family: M. sylvestris (L.) Mill., Pyrus
communis L., P. amygdaliformis Vill., P. bretschneideri
Rehder, P, pyrifolia (Burm.f.) Nak., P. ussuriensis Maxim.,
Prunus persica (L.) Batsch, P. armeniaca L., P. avium L., P.
cerasoides D.Don) (Waliaetal.,2012; Waliaetal.,2014;
Kaponietal.,2024; CABI, 2025).

ASSVd has been detected in various apple
tissues: leaves, stems, peel, fruit pulp, rootstocks, and
roots. However, symptoms of viroid infection appear
onlyon the fruit, not on the leaves and stems. Stunting
of plant growth is the primary symptom of most viroid
diseases (Hashimoto, Koganezawa, 1987; Hurtt,
Podleckis, 1995; Desvignes et al., 1999; Kim et al.,
2010; Waliaetal.,2014; Lietal.,2023).
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Puc. 1. CumnToMbl: A — KOpUYHeBas
pybueBaTocTb Ha nnopax A6y10Hu;

ASSVd 6b11 06HapyXeH B Pa3JIMUYHBIX TKaHIX
a96J0HU: B JUCThIX, CTEBIIX, KOXYype, MIKOTU
IIJIOIOB, TOABOSIX U KOPHAX. OJHAKO CUMIITOMBI
3apakeHus BUPOUJOM MPOSIBISIOTCS TOJbKO Ha
TJIOMIaX, HO He MPOSIBJISIIOTCS Ha JINCThSIX U CTEBIIIX.
3aJep)kKa pocTa pacTeHUU SIBJISETCS OCHOBHBIM
CUMIITOMOM OGOJIBIIMHCTBA BUPOULHLIX GoJie3HEeN
(Hashimoto, Koganezawa, 1987; Hurtt, PodlecKis,
1995; Desvignes et al., 1999; Kim et al., 2010; Walia et
al.,2014;Lietal.,2023).

Hanpuwmep, Bo ®paniuu (1995-1998 rr.) 66111
ITPOBEEHBI OITBITHI 10 UCKYCCTBEHHOMY 3apa’keHUI0
ASSVd 42 koMMepUYeCcKUX COPTOB sA6J0HU. [To
pesyabTaTaM YyBCTBUTEIbHOCTH K BUPOUY BhIZee-
HO HECKOJIbKO T'PYII OCHOBHBIX COPTOB SIGJIOHU:
TosepaHTHbIe (Baujade, Belrene, Golden Delicious,
Granny Smith, Jonagold, Pink Lady, Reine des
Reinettes, Reinette Grise du Canada, Smoothee),
cna6oBocnpuumMuuBbie (Akane, Ambassy,
Delbarestivale, Fuji u mytauTs! Fuji, Gala u MyTaHTBI
Gala, Redwinter, Spurkoop), BOCIpUUMUYUBbIE
(Delbard Jubilé, Elstar u myTtauTs!l Elstar, Festival,
Querina, Sunris), 6oyiee BocripuuMuuBbie (Ace,
Charden, Early Red One, Red Chief, Red Delicious,
Starkrimson), BeicokoBocmpuuMuuBbie (Belchard,
Braeburn, Hillwell u myranTsr Hillwell, Indo). Ha
TOJIEPAHTHBIX COPTaX JIMIIb HA OTAENbHBIX ILJIOHAX
pa3BUBaNNMCh HEOTUETJMBBIE ISITHA WJIU ciiaboe
U3MeHEeHVEe OKpacKu. Ha cia6oBOCTIPUMMYUBBIX U
BOCIIPUMMYUBBIX COPTaX y YacCTU ILJIOZOB pa3BUBA-
JIach MSATHUCTOCTDb CJIA00M WU YMEPEHHOU WHTEH-
cuBHOCTH. Ha 6oJiee BOCIIPUUMUKBLIX COPTAX [TOUTHU
BCE TIJIO/IbI U3MEHSIJIN OKPACKY WJIX UMEJU TISITHA, a Y
CeMEeHHO! YallleuKy pa3BUBaJINUCh P>KaBbIe OITPOBGKO-
BEBINME MATHA. Ha BBICOKOBOCIPUUMUMBBIX COPTAX
Pa3BUBAJIUCh UHTEHCUBHBIE CUMIITOMBI PyOIl€eBaTOC-
TH, PACTPECKUBAHUSA U HEKPOTU3AIUU ILJIOMLOB,
KOTOpble yTpauyuBalu TOBaAapHbIe KauecTBa
(Desvignesetal.,1999).

ASSVd B ecTeCTBEHHBIX YCJOBHUSX ITOpakaeT
UCKJIIOUUTEJIbHO JIPEBECHbIE PACTEHUS, B IIEPBYIO
ouepelb CeMEUYKOBbIe M KOCTOUKOBLIE IIJIOLOBBIE
IepeBbda. OMHAKO BUPOUJ MMEET MUPOKUU KPYT
SKCIIEPUMEHTaJbHbIX PACTEHUI-X035€eB: Orypelr
(Cucumis sativus L.), Tomat (Solanum lycopersicum L.),
Gaknaxan (S. melongena L.), ropox (Pisum sativum
Lam.), dacosb (Phaseolus vulgaris L.), Tabak (Nicotiana
benthamiana Domin, N. tabacum L., N. glutinosa L.),
kuHoa (Chenopodium quinoa Willd.), maps (C.
amaranticolor D. Don). BO3MOXXHOCTb 3apaKeHUT DTUX
pacTeHU# B IIPUPOIHBIX YCJIOBUSAX HE M3ydajiach
(Waliaetal.,2014; Waliaetal.,2015;Lodh, 2017).

Fig. 1. Symptoms: A) Brown scarring on
apple fruit; B) Pale spots on apple fruit
B - 6negHble NATHA Ha KOXULLe NJ1040B skin; C) Pear fruit crinkle (Di Serio et al.,
A610HK; C — aMUaTOCTb Ha Naogax 2018)
rpywwu (Di Serio et al., 2018)

For example, in France (1995-1998),
experiments were conducted on
artificial infection of 42 commercial
apple varieties with ASSVd. Based on
the results of susceptibility to the
viroid, several groups of main apple
varieties were distinguished: tolerant
(Baujade, Belrene, Golden Delicious,
Granny Smith, Jonagold, Pink Lady,
Reine des Reinettes, Reinette Grise du
Canada, Smoothee), slightly suscepti-
ble (Akane, Ambassy, Delbarestivale,
Fuji and Fuji mutants, Gala and Gala
mutants, Redwinter, Spurkoop),
susceptible (Delbard Jubilé, Elstar
and Elstar mutants, Festival, Querina, Sunris), more
susceptible (Ace, Charden, Early Red One, Red Chief,
Red Delicious, Starkrimson), highly susceptible
(Belchard, Braeburn, Hillwell and Hillwell mutants,
Indo). On tolerant varieties, only a few fruits devel-
oped indistinct spots or mild discoloration. On
slightly susceptible and susceptible varieties, some
fruits developed mild to moderate spotting. On more
susceptible varieties, almost all fruits showed
discoloration or spots, and rusty, corky spots devel-
oped on the calyx. On highly susceptible varieties,
severe scarring, cracking, and necrosis of the fruits
developed, rendering them unmarketable (Desvignes
etal., 1999).

ASSVd naturally infects exclusively woody
plants, primarily pome and stone fruit trees. However,
the viroid has a wide range of experimental host
plants: Cucumis sativus L., Solanum lycopersicum L.,
S. melongena L., Pisum sativum Lam., Phaseolus
vulgaris L., Nicotiana benthamiana Domin, N.
tabacum L., N. glutinosa L., Chenopodium quinoa
Willd., C. amaranticolor D.Don. The possibility of
infection of these plants in natural conditions has not
been studied (Walia et al., 2014; Walia et al., 2015;
Lodh,2017).

When infected with ASSVd, pale spots form on
the skin of apple fruit (see Fig. 1-B). The surface of the

Puc. 2. CumMnTOMBI
3apakeHusa ASSVd Ha

Fig. 2. Symptoms of ASSVd
infection on an unripe apple
He3penom sbnoke u3 parioHa from the Olympia region of
Onumnus Ha MenonoHHece, the Peloponnese, Greece
lpeums (Kaponiet al., 2024) (Kaponi et al., 2024)
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IIpu 3apaxeHuu
BUpOUAOM pybiieBa-
TOCTH TLIOJIOB SI0JIOHU
obpasyioTcsa 6iemHbIe
MITHA HAa KOXMUIlE
IJI0L0B A6yioHU (CM.
puc. 1, B). IToBep-
XHOCTb IISITEH MOJXET
TTOKPBIBATbCSI KPacHO-
Oypoy MY KOpUUHE-
BOU ONPOOKOBEBIIEH
TKaHbI, KOTOpas B
BU/IE TI0JIOC WJIU I1EJTBIX
CEeKTOPOB pacIipocTpa-
HSeTCS TI0 TLIoAy (CM.
puc. 1, A, puc. 3).
[IsaTHaA yacTo pacTpec-

KUBaITCS (CM. puc. 2). Puc. 3. KopuuHeBas pybuLeBaTocTb Ha niogax Fig. 3. Brown scar skin on apple fruit (Sipahioglu

3apakeHHble oAbl  f6noHu (Sipahioglu et al., 2009)

YacToO OCTamwTCH
MEJIKUMU 1 )KECTKM MU, IIJIOXO0 BhI3PEBIINMU U UMEIOT
HENPUSATHBIN BKyc. CUMIITOMBI 3apa’keHUs Ha
IJI0JaX TPYUIM MPOSIBISIOTCS B BUIE SIMYATOCTHU
(MOPIIUHUCTOCTH) KOXKUILBI (cM. puc. 1, C). CumriTo-
MBI Ha TI0IaX S6JI0HN 06BIYHO HE COITPOBOXKIAIOTCS
HaluvyueM KaKuX-Jub60 CMMIITOMOB Ha JIUCThSIX.
Bupous MOXeT MMETh HJIUTEJbHBIN JIATeHTHBIH
TIEePUOJ, B CBOUX pacTeHusIx-xo3seBax (Shamloul et
al., 2004; Sipahioglu et al., 2009; Hadidi et al., 2017; Di
Serioetal.,2018;Kaponietal.,2024).

Apple scar skin viroid cHM>XaeT TOBapHbBIN BUT,
ILUIONIOB si0Ji0HU (YMEHbBIIEHWE pasMepa, o6pasoBa-
HUe pPyb6II0B, HEPAaBHOMEPHOE OKpalNIMBaHUE
KOXKYPBI), UTO HETaTUBHO CKa3bIBaeTCsI Ha IIPOU3BO-
ncrBe hpykToB (Diener, 1971; Li et al., 2023). 3apaxe-
HUEe BHUPOUIOM MOXKET IIPUBECTU K 3HAUUTEIbHBIM
SKOHOMUYECKUM ITOTEPSIM Y CHMIKEHUIO yPOXKATHOCTH.

B HacTosmiee BpemMsa ASSVd pacripocTpaHeH B
crpanax Asum (Uupus, MpaH, Kurtaii, Pecrny6ianka
Kopes, dnonus), EBponsl (Besnukobpuranus,
I'penug, Janug, Utanug, [loaswa, Typuuda, dpaH-
nus), CeBepuoii Amepuku (Kamagma, CIIIA), I0xHOMI
Amepuku (ApreuTtuna) (CABI/EPPO, 2025).

Bupou 9BJIsSeTCS OOHUM 13 HarboJjiee OITacHbIX
BO30ymuTeNel 60JIe3HEN IIJIOIOBLIX KYJIbTYP B KuTae
U SITTIOHUHU, XOTSI B OOJIBINIMHCTBE CTPaH — IPOU3BOI Y-
TeJell 96JI0K (pUTOMATOreH BCTPEYAETCS OTHOCH-
TeJqbHO penko (Hashimoto, Koganezawa, 1987,
Desvignes et al., 1999). B 0OCHOBHBIX permoHax
Ipous3BoAcTBa 96Ji0Hb B KuTae mHMEKIMOHHA
HarpysKa BUpouIoM Kojebiiercs ot 4,8 1o 48,6% (Liet
al., 2023). CuMIITOMBI 3apakKeHU BUPOUAOM HaAGJII0-
manuchk B Pecry6imike Kopest HA HECKOJIBKUX COPTax
s6soHu (Kim et al.,, 2006). B IOxHo# Kopee ASSVd
IIXPOKO pacIipocTpaHeH Ha copTax sS0J0HM Sansa,
Fuji, Chukwang, Miki-Life, Hongro u Songbongeum xHa
I0Te CTPaHbl, BbI3bIBAS HA HUX IIITHUCTOCTh ILJIOIOB
(Kwon et al., 2002). B GOJIBIIMHCTBE PaliOHOB BhIpa-
muUBaHUSA 90JI0Hb B mrTaTe XuMavaa-Ilpage
(Mupus) ypoBeHb 3apaxkeHus ASSVd coctasun 27,6%
B 2012 T., UTO SABJISIETCS CAMbIM BBICOKUM ITOKa3aTe-
JIeM Cpefy WCCIeNyeMbIX BUPOUIHBIX M BUPYCHBIX
[IaTOreHOB CEMEUKOBBIX KYJIbTYP, pPaclIpoCTpaHeH-
HBIX B 9TUX pakoHax (Kumar et al., 2012). Bupoups,
BBISIBJISIJIM HAa pacTeHUAX sg6yioHU copTta Golden
Delicious u rpymu copra Dargazi B mIpOBUHIIUU
XopacaH-PesaBu (Upan) (Yazarlouetal., 2012). Takxe

et al., 2009)

spots may become covered with a reddish-brown or
brown corky tissue, which spreads across the fruit in
stripes or entire sectors (see Fig. 1-A, Fig. 3). The spots
often crack (see Fig. 2). Infected fruits often remain
small and tough, do not ripen well, and have an
unpleasant taste. Symptoms of infection on pear fruit
appear as pitting (wrinkling) of the skin (see Fig. 1-C).
Symptoms on apple fruit are usually not accompa-
nied by any symptoms on the leaves. The viroid can
have a long latent period in its host plants (Shamloul
etal., 2004; Sipahioglu et al., 2009; Hadidi et al., 2017;
DiSerioetal.,2018; Kaponietal.,2024).

ASSVd reduces the marketability of apple fruits
(size reduction, scarring, uneven peel coloring),
which negatively impacts fruit production (Diener,
1971; Li et al., 2023). Viroid infection can lead to
significanteconomiclosses and reducedyields.

Currently, ASSVd is widespread in Asian
countries (India, Iran, China, Republic of Korea,
Japan), Europe (Great Britain, Greece, Denmark, Italy,
Poland, Turkey, France), North America (Canada,
USA), South America (Argentina) (CABI/EPPO, 2025).

Viroid is one of the most important pathogens of
fruit crops in China and Japan, although in most
apple-producing countries the phytopathogen is
relatively rare (Hashimoto and Koganezawa, 1987;
Desvignes et al., 1999). In the main apple-producing
regions of China, the viroid infection load ranges from
4.8 to 48.6% (Li et al., 2023). Symptoms of viroid
infection have been observed in the Republic of Korea
on several apple varieties (Kim et al., 2006). In South
Korea, ASSVd is widespread on Sansa, Fuji,
Chukwang, Miki-Life, Hongro, and Songbhongeum
apple varieties in the south of the country, causing
fruit spotting (Kwon et al., 2002). In most apple-
growing areas of Himachal Pradesh, India, the ASSVd
infection rate was 27.6% in 2012, which is the highest
among the studied viroid and viral pathogens of pome
crops commoninthese areas (Kumaretal.,2012). The
viroid was detected on Golden Delicious apple and
Dargazi pear plantsin Razavi Khorasan Province, Iran
(Yazarlouetal.,2012). ASSVd is alsowidespread in the
Eastern Anatolia Region, Turkey (Sipahioglu et al.,
2009).
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ASSVd mrpoko pacrpocTpaHeH B pernoHe BocrTou-
"oy AnaTosimu (Typuus) (Sipahioglu et al., 2009).

CBezeHMs 0 GUTOCAHUTAPHOM CTaTyCce BUPOUIA
TIPeCTaBIEHbI B TAOJIUIIE.

OCHOBHBIM IIyTEM pacripocTpaHenus ASSVd
SBJIseTCS NH(PUIIMPOBAHHBIN ITO0CAZOYHbBIN MaTepu-
aJT BOCIPUMMUYMBBIX PACTEHUII-X035€B, TAK KaK 9TOT
ITaTOTeH JIETKO TIePEHOCUTCS Ha 3J0POBbI€ PACTEHUSI
TIpY TIPUBUBKE Ha HUX 3apPa’KEHHBIX UYEPEHKOB WU
TIOYEK, a Tak)ke pabounii MHCTPYMEHT — 3arps3HeH-
HBIN COKOM pacTeHus cexkatop (Heo et al., 2019; Li et
al., 2023). OTMeuUeHO, UTO B HU3KOH CTEIIEHU BO3MOXK-
Ha Ilepefaya BUPOUA Uepe3 ceMeHa 3apa’keHHBIX
nepesbeB (Hurtt, Podleckis, 1995; Kim et al., 2006;
Walia et al., 2015). BpL10 yCTaHOBJIEHO, UTO ITepeayva
BUPOUJA MOXET OCYIIECTBISATHCI HACEKOMBIM-
NEePEHOCUYNKOM — TEIJUYHOU OEJOKPBIJIKOU
(Trialeurodes vaporariorum Westwood) u TabauHOI
6estokpbLIKOM (Bemisia tabaci Genn.) (Walia et al., 2015;
Lodh,2017; Tianetal., 2022).

Ha pasmHoxeHue ASSVd cymecTBeHHOe
BJIMSIHME OKa3bIBaeT TeMIlepaTypa. Hampumep, npu
VHOKYJSIIUYA SKCIIEePUMEHTAJNbHBIX PACTEHUM-
X034d€eB CHMMIITOMBI 3apaXeHUsd IIOABJAJIUCH IIPpU
TeMrepatype ot 20 1o 30 °C (Waliaetal. 2014).

Information on the phytosanitary status of the viroid
ispresentedinthetable.

The main pathway of ASSVd spread is infected
planting material from susceptible host plants, as this
pathogen is easily transferred to healthy plants by
grafting infected cuttings or buds onto them, as well
as by working tools - pruning shears contaminated
with plant sap (Heo et al., 2019; Li et al., 2023). It has
been noted that, to a low degree, transmission of the
viroid is possible through the seeds of infected trees
(Hurtt and Podleckis, 1995; Kim et al., 2006; Walia et
al., 2015). It has been established that transmission of
the viroid can be carried out by an insect vector —
Trialeurodes vaporariorum Westwood and Bemisia tabaci
Genn (Waliaetal.,2015;Lodh,2017; Tianetal.,2022).

Temperature has a significant impact on ASSVd
reproduction. For example, when inoculating
experimental host plants, infection symptoms
appeared at temperatures between 20°C and 30°C
(Waliaetal.2014).

Ta6J1. 1. PuTOCAHUTAPHBII CTATYC BUPOUA PYGIIEBATOCTH ILJIOAOB AGJIOHHU

(EPPO Global Database, 2025)

Table. Phytosanitary status of ASSVd (EPPO Global Database, 2025)

CtpaHa Cratyc I'ox BritoueHud B Ilepeuenb KBO

Country Status Year of inclusion in Quarantine Pest List

Kanaga KapaHTHHHBII BPeJHbIN OpraHnusM A

Canada Quarantine pest 01

H3panib KapaHTHHHBII BpeJHbII OpraHnu3m 2009

Israel Quarantine pest 00

HNopnanuga Cnucok Al

Jordan List Al 2013

IIBeiinapusa PeryiupyeMblii HeKapaHTUHHBIH BPeIHBIH OPraHU3M

Switzerland Regulated non-quarantine pest 2019

BenukoGpuTaHua  PeryiupyeMblil HeKapaHTUHHBIN BPeJHBIA OPraHU3M S

United Kingdom Regulated non-quarantine pest

EC PeryaupyeMblii HeKapaHTUHHBIN BpeJHBIH opraHusM (npusioskenue IV) 2019

EU Regulated non-quarantine pest (Appendix IV) 1
MATEPUAJIBI U METO/bI MATERIALS AND METHODS

B mcciemoBaHUSX WCIIOJb30BAJIU CJIeAYIOIINe
pedepeHCcHbIe U30JIAThl BUPOUIOB M3 KOJIIEKIIUU
DSMZ (TepMaHus): JIJaTEeHTHONW MO3auWKU IIepCHUKa
(PLMVd PC-1134), py61ieBaTOCTH TJIOAOB sI6JIOHU
(ASSVd PC-1136), my3sIpyaToro paka KOpPbI TPYIIN
(PBCVd PC-1135), sk3okopTuca mutpycoBbix (CEVdA
PV-0942; CEVd PV-1163), KapJIMKOBOCTU BEPXYIIEK
TomaTta (TASVd PV-1151, TASVd PV-0971), nateH-
THBIM Bupoun komymMHeu (CLVd PV-1068), Mmenko-
mnomHoctu nepiia (PCFVd PC-1181, PCFVd PV-1067),
KapJukKoBocTu xpusaHteM (CSVd PC-0735), xjopo-
TUYHOU KapJimkoBocTu Tomata (ToCDVd PV-1148,
ToCDVd PC-0916), BepeTEHOBUHOCTHU KJIYyOGHEN
kaptodens (PSTVd PV-0860); a Takke HU30JSIThI
BUPOUAa BEPETEHOBUIHOCTHU KJIyOHEN KapTodess
(PSTVd VIZR-07, ®T'BY «BHUUKP») u Bupouma
JKeJITON KpamyaTtocTu BuHorpaga (GYSVd Syn-10,
000 «CuHTOJI»). BCe BhINIETIEPEUNCIIEHHBIE U30JISIThI
WCIOJIb30BAJUCDh AJA OIEHKU CHelUu(GUUHOCTU
aHaJIU3UPYEMbIX IPAUMEPOB.

The following reference isolates of viroids from
the DSMZ collection (Germany) were used in the
studies: Peach latent mosaic viroid (PLMVd PC-1134),
Apple Scar Skin Viroid (ASSVd PC-1136), Pear blister
canker disease (PBCVd PC-1135), Citrus exocortis
viroid (CEVd PV-0942; CEVd PV-1163), Tomato apical
stunt viroid (TASVd PV-1151, TASVd PV-0971),
Columnea latent viroid (CLVd PV-1068), Pepper chat
fruit viroid (PCFVd PC-1181, PCFVd PV-1067),
Chrysanthemum Stunt Viroid (CSVd PC-0735),
Tomato Chlorotic Dwarf Viroid (ToCDVd PV-1148,
ToCDVd PC-0916), Potato spindle tuber viroid (PSTVd
PV-0860); as well as isolates of potato spindle tuber
viroid (PSTVd VIZR-07, FGBU "VNIIKR") and
Grapevineyellow speckle viroid (GYSVd Syn-10,
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All potential self-annealing sites

$' GCCTTICGTICGRCGACGRCAG
3' GACAGCAGCARGCTIGCTICCG

S GCCTTCGICGACGACGACAG
3' GACAGCRGCARGCTGCTICCG

9 GCCTTICGTCGACGRCGACAG

3' GACAGCAGCAGCTIGCTITCCG

$' GCCTTCGICGACGRCGRCAG
3! GRCAGCAGCAGCTG

CTTCCG

Synthol). All of the above
isolates were used to evaluate the
specificity of the analyzed
primers.

RNA extraction from the
isolates was performed using the
Sorb-GMO-B reagent kit (Syntol,
Russia). The following
oligonucleotides were used for
identification of ASSVd by real-
time PCR: cASSVd/hASSVd (Di
Serio et al., 2002), ASSVd-
F91/ASSVd-R291 (Bae, 2015; Bak
et al., 2017), ASSVd-F/ASSVvd-
R/ASSVd-P (Malandraki et al.,

Puc. 4. BapuaHT BTOPUYHbIX CTPYKTYpP ANA
npanmepoB cASSVd/hASSVd, untepdceiic
Oligonucleotide Properties Calculator (poTo

aBTOPOB) authors)

Beigenenue PHK uccinemyemMbiXx U30J9TOB
OCYIIECTBJSAJNU C MOMOINbI0 Habopa peareHTOB
«Cop6-TMO-B» (OO0 «HII® CuuTod», Poccus). Jjs
ugeHTUDUKAIMKU BUPOUZA Py6GIEeBaATOCTU ILJIOLOB
s610HM MeTomoM [ILIP-PB HMCHONB30BaIN CJIENYIO-
e onuronykiaeoTunbl: cASSVd/hASSVd (Di Serio et
al., 2002), ASSVd-F91/ASSVd-R291 (Bae, 2015; Bak et
al., 2017), ASSVd-F/ASSVd-R/ASSVd-P (Malandraki et
al., 2015). [ljis1 TpoBepPKY pabOThI OJIMTOHYKJIEOTHUIOB
KCIIOJIb30BaJII OTEUECTBEHHbIEe HAOOPhI pPeareHTOB
kommianuu OO0 «HIT® CuHTOM»: 2,5X peaKIuOHHAas
cMech ang nposeneHud [IIIP-PB B npucyrcTBuun
kpacuTeynsg EVA Green, Habop peareHTOB [OJa4
npoBenmeHusa I[P, coBMeNleHHONW C peakKuen
ob6patHo# TpaHckpunuuu ([TIP-OT), a Takxe HaboOP
OneTube RT-PCR SYBR (3A0O «EBporeH») 0 UHCTPYK-
UM, IIpuUjIaraeMbIM K HabopaM. JlaHHBIN hopMaT
[P aBnsieTrca MHGOPMATUBHBIM — JAEeTEKIIU
TNPOLYKTOB OCYIIECTBJISETCS HEIOCPEeACTBEHHO B
X0Jle TIpollecca aMILIMUKAILIUKU, a HE IOCJie Hee.
JOMONMHUTENIbHO JaHHBIN (opMaT MMO3BOJIET
OTIpeeNsiTh HAJIUUUE/OTCYTCTBUE BTOPUUHBIX
CTPYKTYp U crenupUUIHOCTh IMpaliMepoB. s
peakiuy o6paTHOM TPAHCKPUIIIIUY MCIIOJb30BaIU
Habop peareHToB «OT-1» (000 «HII® CUHTOJ»).
ITocTtaHoBKy IILIP-PB ocymiecTBasau Ha Immpubope
CFX96 Bio-Rad Laboratories, Inc. (CIIIA).

OJUTOHYKJIEOTUAbl CUHTE3UPOBAHBI OTeUe-
cTBeHHOI KoMmtaHuel AO «['eHTeppa» 1 IpeoCcTaB-
JeHbl B JUOGDUIU3UPOBAHHOM BuIe. PaGouasa
KOHIIEHTPAallUsi OJIUTOHYKJIEOTHUA0B — 10 IIMOJIb/MKJI.

[IpesBapuUTEJbHO BCE TECTUPYEMBIE OJIUTOHYK-
JIEOTU bl ObLTTY 6MOMH(MOPMATUIECKU TPOBEPEHBI HA
BO3MOJKHOCTb 00pPa30BaHUS BTOPUYHBIX CTPYKTYP
(mmnuiek, IUMEPOB), TeMIIEPATypPy IJIaBIeHUS U
crienu(prUYHOCTh MOCAaJKM. BBIJIM HCII0Jb30BaHbI
oHJaniH-cepBuchl Multiple Primer Analyzer (Thermo
Fisher Scientific Inc., 2025) u Oligonucleotide
Properties Calculator (Oligo Calculator, 2025). s
MHOYXECTBEHHOTO BBbIPAaBHUBAHUSA HYKJIEOTUIHBIX
ImocJieloBaTeJIbHOCTEN BUpOUAa pPybIleBaToOCTHU
IIJIOMOB s0J0HY ObljIa MCIIOJb30BaHa IIporpaMma
MAFFT Bepcus 7.526 ¢ IOCJIeIyIONIEeH BU3yaau3aliy-
el B mporpamme AliView Bepcusa 1.27. AHanus
OJIUTOHYKJIEOTHUIOB ITPOBOAUIIY C TIOMOIILbIO OHJIAH-
cepBuca National Center for Biotechnology Informa-
tion Primer-BLAST (NCBI Primer-BLAST, 2025).

Fig. 4. Secondary structure variant for
cASSVd/hASSVd primers, Oligonucleotide
Properties Calculator (photo by the

2015). To test the performance of
the oligonucleotides, we used
Russiam reagent kits by Syntol:
2.5x Reaction Mixture for Real-
Time PCR in the Presence of EVA
Green Dye, a Reagent Kit for PCR Combined with the
Reverse Transcription Reaction (RT-PCR), and the
OneTube RT-PCR SYBR Kit (Evrogen) according to the
instructions included with the kits. This PCR format is
informative — product detection occurs directly
during the amplification process, rather than after it.
Additionally, this format allows for determining the
presence/absence of secondary structures and
primer specificity. The OT-1 reagent kit (NPF Syntol)
was used for the reverse transcription reaction. RT-
PCRwas performed on a CFX96 Bio-Rad Laboratories,
Inc. (USA).

The oligonucleotides were synthesized by the
Russian company GenTerra and provided in
lyophilized form. The working concentration of the
oligonucleotidesis 10 pmol/ul.

All tested oligonucleotides were preliminarily
bioinformatically checked for the possibility of
forming secondary structures (hairpins, dimers),
melting temperature, and binding specificity. The
online services Multiple Primer Analyzer (Thermo
Fisher Scientific Inc., 2025) and Oligonucleotide
Properties Calculator (Oligo Calculator, 2025) were
used. For multiple alignment of the nucleotide
sequences of the apple fruit scarring viroid, MAFFT
version 7.526 was used, followed by visualization in
AliView version 1.27. Oligonucleotide analysis was
performed using the online service National Center
for Biotechnology Information Primer-BLAST (NCBI
Primer-BLAST, 2025).

RESEARCH RESULTS

Bioinformatics analysis revealed that the
cASSVd/hASSVd oligonucleotides can form GC-rich
secondary structures (see Fig. 4). The predicted
melting temperature for this primer pair was 70°C.
Primer validation revealed that the hASSVd
oligonucleotide is located in a region where some
isolates of the target viroid exhibit polymorphisms
that could interfere with primer annealing and lead to
false-negative results (see Fig. 5).
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EU031461.1:1-330 Apple scar skin viroid variant ASSVd_AM7, complete genc

FJ974069. 1:1-330 Apple scar skin viroid clone Eurydice-1, complete genome

GQ249349. 1:1-330 Apple scar skin viroid isolate Arnissa-570, complete geno

FJ974064.1:1-330 Apple scar skin viroid cdone Lynkestis-3, complete genome
330 A te

EU031459. 1:1-330 Apple scar skin viroid variant ASSVd_AMS, complete genc
FJ974066. 1:1-327 Apple scar skin viroid clone Ydroussa-1, complete genome
FJ974063.1:1-330 Apple scar skin viroid done Lynkestis-2, complete genome
EU031462. 1:1-330 Apple scar skin viroid variant ASSVd_AM8, complete genc
EU031458. 1:1-330 Apple scar skin viroid variant ASSVd_AM4, complete genc
EU031463. 1:1-328 Apple scar skin viroid variant ASSVd_AMS, complete genc
MH105023. 1: 1-329 Apscaviroid cicatricimali isolate SPNSN-fuji-4-9, complete
MH 105024, 1: 1-329 Apscaviroid cicatricimali isolate SPNSN-fuji-4-13, complete
PP236995. 1: 1-329 Apscaviroid cicatricimali isolate ASSVd TL5-2, complete ge
PP236986. 1: 1-329 Apscaviroid cicatricimali isolate ASSVd TL2-4, complete ge
FN376409. 1:1-328 Apple scar skin viroid isolate 680, clone 2

FJ974072.1:1-329 Apple scar skin viroid clone Eurydice-4, complete genome
FJ974070. 1:1-329 Apple scar skin viroid clone Eurydice-2, complete genome
FN669529. 1:1-330 Apple scar skin viroid complete genome, isolate Wild Cher

ED 740008 1:1_22N Annla erar olin viraid Famnlata nanama icalata Hatbati -~

ccggtga
ccggtga
ccggtga

Agaaa Aqgct ccagcactaage
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A" I I iAANANANAANANMNRGMGADRN

AnANANANAANANAANANGARAN

Aaaggagectgccagecactaage
Aaaaggagctgccagcactaage
Aaagg.\gctgc.\gcactaagc

g g.aciggcgc
gigiACig g.Cigic
g .gaciggecgc
g gacggege
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gagaaaggagctgccagcactaage
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c

c

Aaaggagectgcc

c

c

c
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c

c

c

c

c

c

c

JEFEAICITRIACE T
ggacggecge
JETLAICETRIACE T
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JRgAICEFRIACI T
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gaflaaaggagctgccagcactaage
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ga@aaaggagectrtgc
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Puc. 5. (DpaFMEHT MHOXXeCTBEHHOI0 BblpaBHNUBaHUA

nocnepoBatenbHocTel ASSVd 1 o6nacTb nocagku npanmepa

hASSVd (choTo aBTOPOB)

Fig. 5. Fragment of multiple alignment of ASSVd sequences and
the landing region of the hASSVd primer (photo by the authors)

EU031460.1:1-330
MN482247.1:1-330 A

aviroid dcatriadmali isolate SHQ

EU031461. 1:1-330 Apple scar skin viroid variant ASSVd_AM7, complete g
F1974069. 1:1-330 Apple scar skin viroid clone Eurydice-1, complete geno
GQ249349. 1:1-330 Apple scar skin viroid isolate Arnissa-570, complete g
F1974064. 1:1-330 Apple scar skin viroid clone Lynkestis-3, complete gent
Apple scar skin viroid variant ASSVd_AM6, complete g

gAC ARV G Qe ™ A Y cC €t a A aAa g
&, complete g~ -  B=s) . R . . . o). o bl .

gacg-aagg-~- "~~~ ccggtgagaaagyg
gacg-aagg-~-~- """~ ccggtgalaaagyg
gacg-aagg-~-~~ "~ ccggtga@aaagyg
gacg-aagg-~- """~ ccggtga@laaaggyg

FJ974094.1:1-330 Apple scar skin viroid isolate Korinthosl, complete aen gacg-aagg--~-—---- ccggtgagaaagg
EU031459. 1:1-330 Apple scar skin viroid variant ASSVd_AMS, complete g gacg-aagg------ ccggtgagaaagg
FJ974066.1:1-327 Apple scar skin viroid clone YdfOUSS&‘l, complete genc gacg-aagg--~- -~~~ ccggtg ;ia aaggyg
FJ974063. 1:1-330 Apple scar skin viroid clone Lynkestis-2, complete gent gacg-aagg------ ccggtgalaaagg
EU031462.1:1-330 Apple scar skin viroid variant ASSVd_AMS, completeg gacg-aagg-~----- ccggtgagaaaggyg
EU031458. 1:1-330 Apple scar skin viroid variant ASSVd_AM4, complete g gacg-aagg------ ccggtgagaaagyg
EU031463.1:1-328 Apple scar skin viroid variant ASSVd_AMQ, completeg giaicEgl= MO GigE= = = === ccggtgagaaagyg
MH105023. 1: 1-329 Apscaviroid cicatricimali isolate SPNSN-fuji-4-9, comph gacg-aagg------ ccggtgagaaagyg
MH105024.1:1-329 Apscaviroid cicatricimali isolate SPNSN'M-4‘13, comg gacg-aagg- - -~~~ ccggtgagaaaggyg
PP236995. 1:1-329 Apscaviroid cicatricimali isolate ASSVd TL5-2, complete gacg-aagg------ ccggtgagaaagyg
PP236986. 1: 1-329 Apscaviroid cicatricimali isolate ASSVd TL2-4, complete geaicrgi— MR gigs= = = === ccggtgagaaagyg
FN376409. 1:1-328 Apple scar skin viroid isolate 680, clone 2 gacg-aag-------- cggtgaaaagg
F1974072.1:1-329 Apple scar skin viroid clone Eurydice-4, complete geno gacg-aagg-~-~-~----- cggtga@aaagg
FJ974070. 1:1-329 Apple scar skin viroid clone Eurydice-2, complete geno gacg-aagg------- cggtgallaaagg
FNARAQ529. 1: 1-330 Annle srar skin virnid comnlete aennme . isnlate Wild ¢ M3 -3 30/====—- L R A N NN

Puc. 6. CDparMeHT MHOX>XeCTBEHHOIro BbipaBHMBAHUA

nocnepoBartenbHocTel ASSVd 1 o6nacTb nocagku npanmepa

ASSVd-F91 (choTo aBTOpPOB)

PE3YJIbTATHI UCCJIEJOBAHUM

PesynbpTaThl 6M0MHGOPMATUUECKOTO aHaJIM3a
oKas3ajau, YTO OJIUTOHYKJIeOoTuabl cASSVd/hASSVd
MoryT obpasoBeiBaTh GC-6oraTbie BTOPUUYHBIE
CTPYKTYpBI (cM. puc. 4). PacueTHas TeMIlepaTypa
TLTaBJIEHUS AJI JaHHOU Maphl IpaiMepoB COCTABU-
Jga 70 °C. [IpoBepka mpaliMepoB IoKasajia, 4TO
onuronykjeotus; hASSVd pacrmoJsioxxeH B obJiacTy,
rie y HEKOTOPbIX U30JIITOB I[eJIEBOTO BUPOUIA
TPUCYTCTBYIOT HNOJAUMOP(GU3MbBI, KOTOPble MOTYT
TIOBJIMSTH Ha OT)KUT JAHHOTO IIpaiMepa U MPUBECTHU
KJIO)KHOOTPHUIIATEIIbHOMY PE3YJIbTaTy (CM. pUC. 5).

Ananu3 mapbl npaiimepoB ASSVA-F91/ASSVd-
R291 moxkasaj, 4TO OHa He 00pa3yeT BTOPUYHBIX
CTPYKTYyp. TeMIiepatypa 1iaBjieHud — 67 °C. Hecmo-
TPS Ha OTCYTCTBUE IINUJEK U AUMEPOB, HaHHBIE
mpaMephl PacHoaralTcs B 06JIaCTIX C MOJIUMOP-
usmamu (cM. puc. 6, puc. 7). Takoe pacriojoXeHre
OJIUTOHYKJIEOTHU/LOB 3HAUYNUTEJbHO COKpaliaeT
KOJIUYEeCTBO MOTEHIUAJbHO JEeTEeKTUDPYEMBIX
M30JIATOB/IITAMMOB BUPOU/La Py6IIEBaTOCTH TIJIOIOB
SIGJIOHU.

[TocnemHel aHAJIM3UPYEMOU Iapoy mpaiMepoB
I UAeHTU(GUKAIIUY 1IeJIEeBOTO BUupouaa Ob1mm ASS-
F/ASS-R c 3oum0M ASS-P pysa moctaHoBku ITIIP-PB.
JlauHasg KOMOUHAIUI He co3aeT MIMmiIek, Ho ASS-R

Fig. 6. Fragment of multiple alignment of ASSVd sequences and
the landing region of the ASSVd-F91 primer (photo by the
authors)

Analysis of the ASSVd-F91/ASSVd-R291 primer
pair showed that it does not form secondary struc-
tures. Melting temperature is 67°C. Despite the
absence of hairpins and dimers, these primers are
located in regions with polymorphisms (see Fig. 6,
Fig. 7). This arrangement of the oligonucleotides
significantly reduces the number of potentially
detectable ASSVdisolates/strains.

The final primer pair analyzed for target viroid
identification was ASS-F/ASS-R with the ASS-P probe
forreal-time PCR. This combination does not produce
hairpins, but ASS-R can form a dimer (see Fig. 8). It
should also be noted that the probe is only 13 nucleo-
tides long, and due to the presence of a fluorophore
and quencher, the 5'- and 3'-terminal nucleotides
may not be involved in annealing, which significantly
reduces the specificity and sensitivity of this probe.
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MH427538. 1:1-331 Apscaviroid cicatricimali isolate RC-3, complete seque
HQ326096. 1: 1-331 Apple scar skin viroid isolate AY 10ch12, complete ger
HQ326093. 1:1-331 Apple scar skin viroid isolate AY 10g3, complete genor
X71599.1:1-331 Dapple Apple Viroid complete nucleotide sequence

MH105027. 1:1-332 Apscaviroid cicatricimali isolate SPHJY-wanglin-1-5, cc
PP236985. 1: 1-332 Apscaviroid cicatricimali isolate ASSVd TL2-3, complete
MH105031. 1:1-332 Apscaviroid cicatricimali isolate BDSYY-xinnonghong-1
MH105033. 1:1-332 Apscaviroid cicatricimali isolate BDSYY-xinnonghuang-
MH105032. 1:1-332 Apscaviroid cicatricimali isolate BDSYY-xinnonghong-1
MH105029. 1: 1-333 Apscaviroid cicatricimali isolate SPHJY-wanglin-2-2, cc
MH105030. 1: 1-328 Apscaviroid cicatricimali isolate SPHIY-wanglin-3, com
MH105021. 1: 1-328 Apscaviroid cicatricimali isolate SPNSN-fuji-1-7, compl
MG891838.1:1-329 Apscavnroud acatrlcmall isolate SPNSN-fuji-1-1, comph

FJ974100. 1: 1-330 Apple scar skin viroid isolate Almopia, complete genom
KP765435. 1: 1-330 Apple scar skin viroid isolate Yeongwol, complete genc
EU031480. 1:1-330 Apple scar skin viroid variant ASSVd_PE4, complete g¢
F1974102.1:1-330 Aople scar skin viroid isolate Olvmoia. complete aenom

gccgctgecgtcaaagaaaaagagecgtgagag
gccicegcg caaagaaaaagagecgtgagag
gccgctgcg@caaagaaaaagagecgtgagag
gccgectgecg@caaagaaaaagagecgtgagag
geccgectgecg@caaagaaaaagagecgtgagag
geccgectgecg@caaagaaaaagagecgtgagag
geccgectgecg@caaagaaaaagagecgtgagag
gccgctgcg@caaagaaaaagagecgtgagag
gccgctgcg@caaagaaaaagagecgtgagag
gccgectgecg@caaagaaaaagagecgtgagag
gccgctgcg@caaagaaaaagagecgtgagag
gccgectgecg@caaagaaaaagagecgtgagag
gccgectgecgllcaaagaaaaagagecgtgagag
geccgectgecgtcaaagaaaaagagegtgagag
W e aaaanaaa . A
gccgectgecgtcaaagaaaaagagecgtgagag
gccgectgecgtcaaagaaaaagagecgtgagag
gccgectgecgtcaaagaaaaagagecgtgagag
gCccactagcagtcaaacgaaaaacaaccataacaac

Puc. 7. ®parMeHT MHOXXeCTBEHHOr0 BbipaBHMBaHMS
nocneposatenbHocTe ASSVd n obnactb nocapku npanmepa
ASSVd-R291 (choTo aBTOPOB)

MOXKeT 00pa30BbIBATHL AuMeD (cM. puc. 8). JJomoaHU-
TEJIbHO XOUETCS OTMETUTh, YTO Pa3Mep 30Ha BCETO
13 HYKJIEOTUI OB, BBULY HAJINUYUA Y Hero Guryopodo-
pawuracuress, 5'- u 3'-KOHIIEBbIE HYKJIEOTHULbI MOTYT
He y4acTBOBaTh IIPU OTXKUTE, YTO 3HAYUTEJIHHO
CHUXKAET CIEeIU(UUYHOCTb M YYBCTBUTEJIbHOCTH
TakKoTo 30HJa. TeMIleparypa IJIaBJIeHUS COCTaBMIIA
67, 66 1 65 °C cooTBeTcTBeHHO. O6JIACTh IIOCAAKU
npaiimMmepoB ASS-F/ASS-R u 30H1a ASS-P HaxXoAUTCS B
Hanboyiee KOHCEPBATUBHBIX PETHOHAX C HEGOJIBIIUM
KOJIMYECTBOM MOJUMOP(PU3IMOB (CM. puc. 9), 4To
YBEJINUYMBAET KOJIUYECTBO JETEKTUPYEMBIX M30JIS-
TOB/1ITAMMOB ASSVd.

Fig. 7. Fragment of multiple alignment sequences of ASSVd and
the landing region of the primer ASSVd-R291 (photo by the
authors)

Self-Dimers:

ASS-R
-TTtaccgggaaacacctattyg
e e rn
<-tgtgttatccacaaagggccatti-5

1 dimer for:
Tgt->

Cross Primer Dimers:

Puc. 8. BapuaHT BTOpPUYHbIX CTPYKTYP 4SS npanmepa
ASS-R, uHtepderic Multiple Primer Analyzer (hoto aBTOpOB)
Fig. 8. Secondary structure variant for the ASS-R primer,
Multiple Primer Analyzer interface (photo by the authors)

HQ326UY6.1:1-331 Apple Scar sKin viroid isolate
HQ326093.1:1-331 Apple scar skin viroid isolate

ggccctgteccgecgetgegetgecacetacte -
ggccctgtccgeccgetgegetgecacetacta -

cgegeccgetagtcgageggactecgggtggagecccetgttetetcacgetetet
cgcgccgctagtcgageggactccgggtggagocccctgttotetcacgetottt

X71599.1:1-331 Dapple Apple Viroid complete n
MH105027.1:1-332 Apscaviroid cicatricimali isol:.
d cicatricimali isola
d cicatricimali isol:
332 Apscaviroid cicatricimali isold
332 Apscaviroid cicatricimali isol:
:1-333 Apscaviroid cicatricimali isol:
MH105030.1:1-328 Apscaviroid cicatricimali isolt
MH105021.1:1-328 Apscaviroid cicatricimali isol
MG891838.1:1-329 Apscaviroid cicatricimali isolt
MH105025.1:1-326 Apscaviroid cicatricimali isol:
EU031466.1:1-330 Apple scar skin viroid variant
F)974100.1:1-330 Apple scar skin viroid isolate ,
KP765435.1:1-330 Apple scar skin viroid isolate
EU031480.1:1-330 Apple scar skin viroid variant
FJ974102.1:1-330 Apple scar skin viroid isolate

ggeccctgteccgecgetgegetgecacctacte-tegegaecgetagtegageggactecgggrggagececetgrtetetcacgetetoet
ggeccctgtcclllccgetgegetgecacctactcttegegeegetagtcgageggactcecgggtggagecccctgttcotetcacgetetott
ggeccctgteccgecgetgegetgecacctactettegegecgetagtegageggactcececgggrggagecccctgrtetetcacgetetoet
ggccctgtccgecgetgegetgecacctactettegegecgetagtcgageggactcecgggtggagecccctgttetotcacgetetoet
ggccctgtcegecgetgelletgecacctactcettegegecgetagtegageggactecgggrggage tlq Eitlc tlc tlc & -
ggccctgtccgocgetgogetgecacctactcttegegecgetagtegageggactcecgggtgllagecccetgttetetcacgetettt!
ggccctgtccgecgetgogetgecacctactcettegegecgceMagtcgageggactccgggrggageccccEgttctctcacgetette!
ggccctgtccgeecgetgegetgecacclactcttegegecgetagtcgageggacteccgggtgllagecccctgttetotcacgetettet!t
ggeccctgrcegeegetgegetgecacctactettegegeegetagtegageggactecgggtgllagececetgttetetcacgetetoet
ggccctgtccgeocgetgegetgecacctactcttegegeegetagtcgageggactccgggtgllagecccctgttetcotcacgetetott
ggccctgtcegeegetgegetgecacctactettegegecgetagtegageggacellegggflg-agecccctgrretetcacgeterees
ggccctgtccgeegetgegetgecacctactctllcfleg-cgectagtegageggactecgggtggagececctgttetctcacgetettet
ggeccctgteccgecgetgegetgecacctacte-tegegecgetagtcegageggactecgggrggagecccctgrtetctcacgeteteet
ggccctgtccgeocgeotgegetgecacctactettegegecgetagtegageggactecgggtgilagecccctgttetetecacgetetttel
ggccctgtccgeegetgegetgecacctacte-tegegeegetagtegageggactecgggtggagecccctgttetetcacgetetoet
daccctgtccaccactgcgctaccacctactco-teogogccgctagqtcqageggactecaggtgqagecccctarttetctcacqetetetd

Puc. 9. BapvaHT BTOPUYHbIX CTPYKTYpP OS5 npanmepa
ASS-R, untepdperic Multiple Primer Analyzer (poTo aBTOpOB)

[To TosTy4YeHHBIM JaHHBIM OMOMH(pOPMaTHUUeC-
KOTO0 aHaJIX3a MOXKHO CIeJaTh BbIBOJ, UTO OOJIBIINH-
CTBO ITPAMMEPOB IJIT UIAeHTHU(MUKALUYU BUPOUIA
PyOIIEBATOCTH ILJIOAOB SI6JIOHU MOTYT 00Pa30BbIBATh
60JIbIIOE KOJUYECTBO BTOPUYHBIX CTPYKTYP, a
pacriojio)keHue 06JIacTU IIOCAAKK Ha II0JIUMOPPU3-
MaxX CHUXKAET KOJUYECTBO JETEKTUPYEMBIX M30Js-
ToB/mTaMMOB ASSVd. [ 60jiee TOUHOTO OmIpeee-
HUS BJIUSHUS BTOPUYHBIX CTPYKTYP Ha crenuduy-
HOCTb U YYBCTBUTEJBHOCTb JUATHOCTUKY IIPOBEIe-
HO TecTupoBaHue MeTonoM [1I1IP-PB ¢ ucnonb3oBa-
HUEM WHTEPKaJMUPYIOIEero KpacuTesysd. JaHHBIA
aHaJIN3 IIPOBOIMIICS IJIs 60JIee ITOJHOTO TOHUMAaHUS
ocobeHHOCTe! PaboOThl OJUTOHYKJIEOTUAOB M IS
TOYHOUN NHTEPIIPETAIINY ITOJIyY€HHBIX PE3YIbTATOB.

IToctanoBKy I1LIP-PB mpoBoAmIu Ha obpasiax
Kak 11ejieBoro usoysaTa ASSVd, Tak 1 Ha 6JIM3KOPOJI-
CTBEHHBIX BUpoujax. O1eHKy paboThl OJIUTOHYKJIEO-
TUJOB TIPOBOAUJU MO CIENYIIIUM KPUTEPUIAM:
OTCyTCTBUE cUTHAJA (hTyOpeCIeHIINN B OTPUIIATEI b-
HOM KOHTPOJIE, BIIpo6ax ¢ PHK 6J1M3KOPOICTBEHHBIX

Fig. 9. Fragment of multiple alignment of ASSVd sequences and
the landing region of the ASS-F primer (photo by the authors)

The melting temperatures were 67, 66, and 65°C,
respectively. The binding sites of the ASS-F/ASS-R
primers and the ASS-P probe are located in the most
conserved regions with a small number of
polymorphisms (see Fig. 9), which increases the
number of ASSVd isolates/strains detected.

Based on the bioinformatics analysis data, it can
be concluded that most primers for identifying ASSVd
can form alarge number of secondary structures, and
that targeting the planting region on polymorphisms
reduces the number of detected ASSVd iso-
lates/strains. To more accurately determine the
influence of secondary structures on diagnostic
specificity and sensitivity, real-time PCR testing using
anintercalating dye was conducted. This analysis was
conducted to better understand the performance of
the oligonucleotides and to accurately interpret the
results.
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BUJIOB, BBIXOJ KMHETUUYECKON KPUBOU
0 38-T0 1I¥KJa. AHAJIN3 IIPOBOLUIIU C

Amplification

WCIIOJIb30BAHUEM PETPECCUOHHOTO
MeToza. 2500

Ha puc. 10 roka3aHBbl pe3yJIbTaTbl
TECTUPOBAHUA IIapPhl IpaliMepoB
cASSVd/hASSVd ¢ roToBoil peaKIIHOH-
HOI CMECHI0 B ITPUCYTCTBUY KPACUTEJIST
EVA Green (OO0 «HII® CuUHTOJ»), 1000
KOTOpbIE TIOKA3bIBAIOT BBIXOJ, KPUBOU
payopecieHIIUU KaK y I[€JI€BOTO
uzossaTa ASSVd PC-1136, Tak My APYTUX

2000 -

5 1500 ]

RF!

500 ~

nsoasaros (PLMVd PC-1134, CEVd PV-
1163, TASVd PV-0971, CLVd PV-1068,
PCFVd PC-1181,CSVd PC-0735, ToCDVd

Cycles

PC-0916, PSTVd VIZR-07) u y oTpuriia-

TEJIbHOTO KOHTpoJid. Takue maHHBbIe Puc. 10. Pe3ynbraThl aHanmsa

Fig. 10. Results of the analysis of

YKasbIBAIOT HA TO, YTO TECTUPyeMble nNpaimepos cASSVd/hASSVd c Habopom cASSVd/hASSVd primers with the kit

npaliMepbl 06pas3ylT BTOPUYHBIEe «2,5X PeaKUMOHHas cMech Ans

CTPYKTYPHI ¥ He MOTYT HCIIONb30BaThcs POBeAeHus MMLP-PB B npucyTcTamnm
kpacutensa EVA Green» (000 «HN®

CuHTON»), nHTepeinc CFX96 Bio-Rad by the authors)
(choTo aBTOpOB)

IIpU NPOBELEHUU AUAarHOCTUKU, Tak
KaK eCTb BBICOKMU PUCK IIOJIy4eHUS
JIO’KHOIIOJIOXKUTEJIbHOTO pe3yJibTaTa.

«2.5x Reaction mixture for RT-PCR in the
presence of EVA Green dye» (NPF
Syntol), CFX96 Bio-Rad interface (photo

YBenuueHue TeMIIepaTypbl OTXHKUra
MOJKET IIOMOYb N36aBUTHCS OT 06p330-

Amplification

BaHUS BTOPUYHBIX CTPYKTYD, HO IIpHU 4000 -

2TOM MOl"yT 6bITI:1 CUJIbHBIE HOTepI/I B
‘—IyBCTBI/ITeJ'IbHOCTI/I CUCTEMBI.
TecTUpoOBaHUEe NMpaliMepoOB
ASSVd-F91/ASSVd-R291 mokasaljo
HaJu4yue CUTHaJia (GJIYOpecIeHIUuu Yy
IIejieBoro Buga Ha 31,6 IIUKJIE U IOYUTH
[MOJIHO€ OTCYTCTBHUE JIOKHOIIOJIOXK M-
TeJIbHOTO pesynbraTa (cM. puc. 11). U3
BCEX TECTUPYEMBIX GIM3KOPOCTBEH-

RFU

£1711) ) R

DO00 L i3« e umas swuiin

400+ wvsivinaiies

HBIX BUPOULOB TOJBKO Yy 06pa3u0B 0t

PSTVd VIZR-07 u TASVd PV-0971 6bL1 9
3aMeuUeH MOoAbeM KUHETUUYECKOH

Cycles

KpuBOI Ha 40-M nukJie. Tako# pesysib-

TaT MOJXKET OBITH CBSI3AH C IPUCYTCTBU- Puc. 11. Pesynbrathl aHanmsa

Fig. 11. Results of the analysis of primers

eM eIMHUYHBIX KOIIMY IIaToreHa B npaiimepos ASSVd-F91/ASSVd-R291c  ASSVd-F91/ASSVd-R291 with the kit
HelleJIeBbIX 00pasiiaX WU C HecIlelu- HabopoMm «2,5x peakumoHHas cMecb gna  “2.5x Reaction mixture for RT-PCR in the

(huuHOM paboTol ITpaliMepoB.

Oung onTuMuszanmuu paboTel
npaiimepoB ASSVd-F91/ASSVd-R291
OBLIM MCIOJIb30BaHbI JApyrvue Habopbl
nis npoBeaeHus [P, B ToM umcie Habopsl ajs [P
C COBMEIIeHHOU peaKIuil 06paTHOM TPAHCKPUITIIUH.
Pe3ysbTaTbl TECTUPOBAHUS HAaHHBIX MPalMepoB C
HabopoMm peareHToB OneTube RT-PCR SYBR (3A0
«EBpOreH») IIpeicTaBJIeHbl Ha puc. 12.

[TonmyyeHHBIE PE3yJbTAThl IIOKA3bIBAIOT HaJU-
4yre curHaja (QaAyopeclleHIIMU IIOUYTU BO BCEX
TEeCTUPYyEMBIX 06pasiax. Takoil pe3ysbTaT MOXKET
6BITH CBSI3aH C HEKOPPEKTHOM paboTol Habopa uim
HEOIITUMAaJIbHBIMU yCJOBUAMU NpoBeneHuda I[P
IJIS NaHHOM mapbhl MPaiMepoB B TECTUPYEMOM
Habope.

TectupoBanme npaniMmepoB ASS-F/ASS-R u
30H/1a ASS-P MPOBOAUIY C UCITOJIb30BaHUEM Habopa
peareHTOB I TpoBefeHus [P, coBMeIleHHOUN C
peakiuen o6paTHoi TpaHckpumiiuu (TITLIP-OT) (000
«HII® CuHTOJI»). [Tody4yeHHbIE Pe3yJbTAaThl Mpem-
CTaBJIeHbl Ha puc. 13.

[TonydyeHHBIE pe3yJbTaThl TECTUPOBAHUSA
OJIMTOHYKJIeOTHUA0B ASS-F/ASS-R/ASS-P moka3sbiBa-
0T HaJIUUWe CUrHajia (QJIyopecleHIIUU TOJIBKO Y

nposeneHus MUP-PB B npucytcTBUmn
kpacutensa EVA Green» (000 «HMN®
CuHTON»), nuTepdenc CFX96 Bio-Rad by the authors)
(choTo aBTOpOB)

presence of EVA Green dye” (NPF
Syntol), CFX96 Bio-Rad interface (photo

Real-time PCR was performed on samples of
both the target ASSVd isolate and closely related
viroids. Oligonucleotide performance was assessed
using the following criteria: absence of a fluorescence
signal in the negative control, in samples containing
RNA from closely related species, and kinetic curve
recovery up tocycle 38. Analysis was performed using
aregression method.

Fig. 10 shows the results of testing the
cASSVd/hASSVd primer pair with the prepared
reaction mixture in the presence of EVA Green dye
(NPF Syntol), which show the yield of the fluorescence
curve for both the target isolate ASSVd PC-1136 and
otherisolates (PLMVd PC-1134, CEVd PV-1163, TASVd
PV-0971, CLVd PV-1068, PCFVd PC-1181, CSvd PC-
0735, ToCDVd PC-0916, PSTVd VIZR-07) and the
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Puc. 12. Pe3ynbTaTtbl aHanumsa
nparimepoB ASSVd-F91/ASSVd-R291

c Habopom OneTube RT-PCR SYBR (3A0
«EBporeH»), untepdelic CFX96 Bio-Rad
(choTo aBTOPOB)

Fig. 12. Results of the analysis of ASSVd-
F91/ASSVd-R291 primers with the
OneTube RT-PCR SYBR kit (Evrogen),
CFX96 Bio-Rad interface (photo by the
authors)

Amplification

RFU

Puc. 13. Pe3ynbTaTtbl aHanusa
onuroHykneotupos ASS-F/ASS-R/ASS-P
c HabopoM peareHTOB AN NpoBeAeHUs
MLP, coBMeLLeHHO C peakumen
obpaTHou TpaHckpunuum (MLP-O0T)
(000 «HM® CuHTONY), UHTEPhEnC

Fig. 13. Results of the analysis of
oligonucleotides ASS-F/ASS-R/ASS-P
with a reagent kit for PCR combined with
the reaction of reverse transcription
(PCR-RT) (NPF Syntol), interface CFX96
Bio-Rad (photo by the authors)

negative control. These data indicate
that the tested primers form secondary
structures and cannot be used in
diagnostics, since there is a high risk of
obtaining a false positive result.
Increasing the annealing temperature
can help get rid of the formation of
secondary structures, but this can lead
to significant losses in the sensitivity of
the system.

Testing of the ASSVd-F91/ASSVd-
R291 primersrevealed the presence of a
fluorescence signal for the target
species at cycle 31.6 and an almost
complete absence of false-positive
results (see Fig. 11). Of all the closely
related viroids tested, only PSTVd VIZR-
07 and TASVd PV-0971 samples showed
an increase in the kinetic curve at cycle
40. This result may be due to the
presence of single copies of the patho-
gen in non-target samples or to non-
specific primer performance..

To optimize the performance of the
ASSVd-F91/ASSVd-R291 primers, other
PCR kits were used, including PCR kits
with combined reverse transcription
reactions. The results of testing these
primers with the OneTube RT-PCR
SYBR reagentKkit (Evrogen) are shown in
Fig.12.

The obtained results show the
presence of a fluorescence signal in
almost all tested samples. This result
may be due to incorrect operation of the
kit or suboptimal PCR conditions for the
given primer pairin the testKkit.

Testing of the ASS-F/ASS-R pri-
mers and the ASS-P probe was per-
formed using a reagent kit for PCR
combined with the reverse transcrip-
tion reaction (RT-PCR) (NPF Syntol).

CFX96 Bio-Rad (choTo aBTOpPOB)

mesieBoro obpasita ASSVd PC-1136. ITpenMyInecTBOM
HCIIOIb30BAHUS LAHHOIO Habopa SIBJISIETCS COBMeE-
IeHVe peakuuu o6paTHOMN TpaHckpuniuu c I1LP-
PB, 4TO yBeJMuMBaeT YyBCTBUTEJBHOCTh LUArHOC-
TUKU. JlaHHbIe MTpaiiMephl TOKAa3bIBAIOT BHICOKYIO
crieru(pUUYHOCTD, TOITOMY OHU OY/IyT NCII0JIb30BAHEI
B MOCJELYIOUIUX OIBITAX JIJISI OIIPEEeIEHNsI OCHOB-
HbIX aHAJIUTUYECKHUX XapPaKTEePUCTHUK.

3AKJIOYEHUE

COoTpymHUKAMU HAy4YHOTO TOJpa3leleHusa
®I'BY «BHMUKP» B HacTosllee BpeMsa MPOBOAITCS
KCCIIeIOBAHUS I10 M3YUYEHUI OMOJNIOTUUYECKUX
ocobeHHOCTeH Bupouja py6IeBATOCTU IMJIOLOB
A6JI0HU, CIIOCOO0B €ro IMAarHOCTUKYU C JaJIbHEHIIe
pa3paboTKOW HOPMATUBHOTO AOKYMEHTAa IJis
[IpUMeHeHNs BJIabopaTOPHON ITPaKTUKE.

[IpoBemeHHbIE MCCIAENOBAHUS IIOKA3aJH, UTO
npanimepsl cASSVd/hASSVd crioco6HBI 06pa3oBbI-
BaTh BTOPUYHBIE CTPYKTYPbI, TEM CaMbIM CO3/aBasd
PUCK TTOJIyYEeHUS JIOXKHOTIOJO0XKUTEIBHOTO PE3YJIbTa-
Ta. VMicxoms U3 MOJIyUYeHHBIX pes3ylabTaTOB, JaHHAd

Theresults are presented in Fig. 13.
The obtained results from testing
the ASS-F/ASS-R/ASS-P oligo-
nucleotides show the presence of a fluorescence
signal only for the target sample, ASSVd PC-1136. The
advantage of using this kit is the combination of the
reverse transcription reaction with real-time PCR,
which increases diagnostic sensitivity. These primers
demonstrate high specificity and will therefore be
used in subsequent experiments to determine the
mainanalytical characteristics.

CONCLUSION

Researchers of FGBU "VNIIKR" are currently
conducting study into the biological characteristics of
ASSVd, methods for its diagnosis, and the subsequent
development of a regulatory document for use in
laboratory practice.

Conducted studies have shown that the
cASSVd/hASSVd primers can form secondary
structures, thereby creating a risk of false-positive
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nmapa npaiMepoB He OyIeT MCIIOJIb30BATHCS B
JaJIbHEUIVX HCCIefoBaHUSX. [IpyU TECTUPOBAHUU
npaiimepoB ASSVdA-F91/ASSVd-R291 oTMedeHO, UTO
OHU BBISBJISIOT I€JIEBOM BUPOUJ. B maibHEUIINX
UCCJIeIOBAHUAX OyIeT ITPOBOAUTHCS UX alIpObaIus C
IpyruMu HaGopamu peareHToB 1Jis [P u momoaHuT-
TEJIbHOM OITTUMU3aI el peakiiuu. OJIUTOHYKJIEOTH -
Ibpl ASS-F/ASS-R/ASS-P pas TILP-PB Takxke OymyT
MIPOTECTUPOBAHBI APYrMMU HabopaMu peareHTOB
OTEeUYeCTBEHHOTO ITPOU3BOACTBA. JIJIsI UCTIOb3yeMbIX
npaiMepoB B JajbHelIeM OyayT oNpenmeeHbl
OCHOBHBIE aHAJIUTUYECKUE XapPaKTEPUCTUKU.

Dunancuposanue. ViccieLoBaHU BbIIIOJIHEHBI B
paMKax rocymapcTBeHHOro 3amanus (per. N2 ETUCY
HMOKTP125031103530-8).

Baazodaprocme. ABTOPBI BRIPaXKAOT Garogap-
HOCTH OTZHEeJy NUArHOCTUKU IMaTOTE€HOB PAaCTEHUMU
000 «CuHTOJI» 3a IPefOoCTaBJIEHNE U30JIAITa BUPOU-
Ia oJis UcCIeJOBaHUH.
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results. Based on these results, this primer pair will
not be used in further studies. Testing of the ASSVd-
F91/ASSVd-R291 primers revealed that they detect
the target viroid. Further studies will involve testing
them with other PCR reagent kits and further optimi-
zation of the reaction. The ASS-F/ASS-R/ASS-R
oligonucleotides for real-time PCR will also be tested
with other Russian reagent kits. The main analytical
characteristics of the primers used will be further
determined.
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AHHOTAIINA

CTaThs IIOCBAIIEHA AUATHOCTUKE MHBA3UBHOI'O
IIJIST eBPOIIeicKol yacTu Poccuu Busa — TOOGUHCKOTO
koxeena (Attagenus gobicola J. Frivaldszky, 1892).
TaK’ke B CTaTbe IIPUBOIATCS JaHHBIE O PACIIPOCTpa-
HEHWU 5TOTO0 BUJA W OCBEIAETCSI HCTOPUS €T0
nHBas3uu B EBpomny. [loguepkuBaercsd, 4TO PUCK
manbHeHIell NHBa3uM robnuiCcKoOro KoXxeema MMeeT
BBICOKUH YPOBEHD HEOTIPEAEJIEHHOCTY U Ha HACTOS -
WP MOMEHT KpaliHe TPYJLHO MPOTHO3UPOBATH,
OyIleT JIY JaHHbBIN BUJ, IIPOSBIISTH Ce05T KaK OTTacHbIN
CKJIQJICKOW BPENUTENb WU K€ ero BKJajH OymeT
HecylUleCTBEeHHBIM. Heo6X0oouM malbHeU MU
MOHMTOPHUHI JaHHOW MHBA3WU, OJiI Yero U ObLI
COCTaBJIEH YHPOIIEHHBIN NUATHOCTUYECKUN KJFOY.
OCHOBOM IJid MIPOBEJEHHOW PabGOThI MOCTYXUJa
KOJLIIEKIIUS ceMelcTBa KokeenoB (Dermestidae)
SHTOMOJIOTUYecKoro hoHIa Bcepoccuiickoro
IleHTpa KapaHTWHA PacTeHMi, BKJIKUYaWIas
GoraThie M JOCTOBEPHO ompelejieHHbie COOPEHI
OIHOTO W3 BeAYIIUX CIEIUAJVCTOB I10 KOXKeeaaM —
E. A. CokoJioBa. B paboTe npuBeZieH afalTHPOBaH-
HBIY WJITIOCTPUPOBAHHBIN KJIIOY, MO3BOJSIOMINYT
nuddepeHIIMPoBaTh TOOUNCKOTO KOXKeena OT UHBIX
BU/JIOB KOXKEEIOB, CBSI3aHHBIX C TPOAYKTaMU 3aITaCOB.
[TomceMeiicTBO Attageninae U3 BpeIUTEJIEN 3a1acoB
BKJIIOYAET TOJBKO pojx Attagenus Latreille, 1802.
OcCHOBHbIE TIPU3HAKY, ITI03BOJIAIONIME TUATHOCTHUPO-
BaTb TOOMMCKOTO KOXKeena, ciemyloime: 6ecriops-
IOYHO pasbpocaHHbIe IMUITMKM Ha 3aJHEHN MoBep-
XHOCTM TIepeNHUX TOoJIeHeW; NJIUHHAasA IepemHss
rojieHb (IJWHA TIPEBBIIIAET IUPUHY B 4—-5 pas);
OIHOIIBETHBIE HAIKPBILIbs 6e3 IIATeH U IIepeBs3eli, a
TaKXXe CTPOEeHMWEe BEPIIMHHOTO YJIeHWKA YCUKOB
camiia, KOTOPbIH OJWHHEE ABYX HNPEABIAYIIUX,
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ABSTRACT

This article is devoted to the diagnostics of
Attagenus gobicola J. Frivaldszky, 1892, a species
invasive to the European part of Russia. The article
also presents data on the distribution of this species
and elucidates the history of its invasion in Europe. It
is emphasized that the risk of further invasion of A.
gobicola is highly uncertain, and it is currently
extremely difficult to predict whether this species will
prove to be a dangerous storage pest or whether its
impact will be insignificant. Further monitoring of
this invasion is necessary, for which purpose a
simplified diagnostic key has been compiled. This
work is based on the collection of the Dermestidae
family in the entomological collection of the All-
Russian Plant Quarantine Center, which includes
extensive and reliably identified collections by one of
theleading specialists in carpet beetles, E. A. Sokolov.
The article provides an adapted illustrated key,
allowing for the differentiation of A. gobicola from
other species of carpet beetles associated with stored
products. The subfamily Attageninae of storage pests
includes only the genus Attagenus Latreille, 1802. The
key characteristics for diagnosing A. gobicola are:
randomly located spines on the posterior surface of
the fore tibiae; a long fore tibia (Ilength 4-5 times
longer than width); uniformly colored elytra without
spots or bands, as well as the structure of the apical
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BMeCTe B3AThIX, B 6—7 pa3. K4 IMpouIlOCTPUPO-
BaH opuruHalbHbIMU (oTorpaduamu. ChopmMupo-
BaHHBIM KJOY TT03BOJIUT 3HAUUTEIBHO OBJIETYUTH
uaeHTU(PUKAIIUI roOUUCKOTO KoXkeella U OymeT
TMOoJIe3€H CHEeIMaJucTaM B 00JIaCTU 3aIUTHI U
KapaHTUHA pacTeHU.

Knruesvte cnoea. Coleoptera, Dermestidae,
JKEeCTKOKDPbhBIJIbIE, XXYKV, MHBAa3WU, BPEOAUTEINU
3aI1acoB, IMarHOCTHKA.

BBEJEHUE

obuiickum xKoxeen, (Attagenus gobicola
J. Frivaldszky, 1892) — ckJyaAcKou
BPEAUTENb, ITOBPEXKIAIOIINI KUBO-
THYIO ¥ PACTUTEJIbHYIO TPOAYKIINIO, B
TOM YHCJe 3ePHONPOAYKIIHIO.
EcTecTBEHHBIM apeajioM HaHHOTO
BU/JIa, IO MHEHUIO PsJia NCCJIeloBaTe-
Jlell, CUMTAIOTCSA TaKue asuaTcKue
peruousl, kak TaHb-Illanb, [TaMmupo-Anai, 3abaii-
Kajbe, MouroJyina, CeBepHbIN U 3anagHbii Kurtaii, a
TaK)Xe BocTouHasa yacTh Kasaxcrana (OKauHTues,
1976; Li et al., 2018). B koHIle XX BeKa BIIEpPBBIE
3a()MKCUPOBAH IIE€pEXBAT rOOMICKOr0 KOXeela B
EBpome: Bup OblI oTMedeH B IllBeruu (Akerlund,
1995). B 2002 . A. gobicola 6bL1 HaliZIeH B €BPOIIEIi-
ckou yactu Poccum (Herpo6oma, Herpo6os, 2002),
rlle BIIOCIEACTBUY OTMevdaJicd U rmo3xe (KoBajeHKo,
2019), B 2017 1. OH 6bLI 3aperucTpUpPOBaH B besopyc-
cuu (Ostrovsky, 2020).

B EBpome BHUJ 3aHMMAaeT HUINY OOUTATENS
oramnuBaeMbix noMemenuii (Akerlund, 1995;
Herpo6oBa, Herpo6os, 2002; KoBanmeHnko, 2019;
Ostrovsky, 2020), ofHaKO BPEJOHOCHOCTD IIPOSBJISLII
TOKa TOJIBKO B a3WMaTCKUX rocymapcTBax (Mopiko-
B4, CokoJioB, 1999). O61mas olleHKa prcKa JajabHen-
ero pa3BUTHSA WUHBA3UU B €BPOMENCKON YacTu
Poccuu xapaKTepU3yeTCs BBICOKUM YPOBHEM
HeOoIIpeeJIeHHOCTU: IIPeICKa3aTh, UBMEHUTCS JIU €€
XapakKTep Ha HeraTHUBHBIN (TO €CTh CIIOCOOHBIN
TMPUBECTU K CYN[ECTBEHHOMY 3KOHOMUYECKOMY
yurepOy) MM OCTAaHETCS MPAKTUYECKU HEeHTpalib-
HBIM, Ha HACTOSILEM STalle 3aTPYLHUTENbHO
(KoBamneuko, KoBaneuko, 2024). Heo6xoguM Oajib-
HeWIMWH MOHUTOPUHT MHBa3uu A. gobicola Ha
yKa3zaHHOM TepPUTOPUU, OJA UYero TpebyeTcs
BO3MOYXHOCTb €T0 TOUHOM uAeHTUUKaiuu. Ha
HaCcTosIIIlee BpeMS CYIIECTBYIOT PabOThl, IT03BOJISTIO-
mrue MAeHTUPUIMPOBATh BUABI ceMelCcTBA
Dermestidae OKauTues, 1976; Mopakoud, COKOJIOB,
1999), omHAKO 3a4acTyl OHU TPEOYIT BBICOKOU
kBaJnpUKALINY clieliuaircTa. HaMu ObLI cocTaBIeH
amanTUPOBAHHBIA MJNIOCTPUPOBAHHBIN KU,
TI03BOJISIOIIN CYIIECTBEHHO YIIPOCTUTD nud depeH-
MUAINI0 TOOUMCKOTO KOXKeema OT APYyruX CHHAaH-
TPOITHBIX TIPEJICTaBUTeNel ceMelicTBa Dermestidae,
CBSI3aHHBIX C 3allacaMM PaCTUTEIbHOI'O IIPOMCXOXK-
nenus. K 0ocHOBHBIM MOP(OJIOTUYECKUM IIPU3HAKAM
9TOTO CEMENCTBA OTHOCSITCS CJEAYIoIIre: IaTUYJIe-
HUKOBbBIE JIAIIKM, OKPYTJble MepPeAHNEe Ta3sUKH,
paszesieHHble OTPOCTKOM rpynu (cMm. puc. 1, a),
nmomnepevyHbie 3aJJHUE Ta3UKU C GeJPEeHHBIMHU
TOKPBIMIKaMU (cM. puc. 1, b), HaAKPbLIbS C IIOBHOMU
6oposmoii (cM. puc. 1, ¢) u oBajabHas hopMa Teia (CM.
puc.2,d) (KppoxkaHoBCKUiL, 1965).

antennal segment of the male, which is 6-7 times
longer than the previous two segments combined.
The key is illustrated with original photographs. The
resulting key will significantly facilitate the identifica-
tion of A. gobicola and will be useful to plant protection
and quarantine specialists.

Key words. Coleoptera, Dermestidae, Coleoptera,
beetles, infestations, storage pests, diagnosis.

INTRODUCTION

ttagenus gobicola J. Frivaldszky, 1892 is a
storage pest damaging animal and plant
products, including grain products.
According to some researchers, the
natural range of this species is considered
to be Asian regions such as the Tien Shan, Pamir-Alai,
Transbaikalia, Mongolia, Northern and Western
China, as well as the eastern part of Kazakhstan
(Zhantiev, 1976; Li et al., 2018). At the end of the 20™
century, A. gobicola was first recorded in Europe: the
species was detected in Sweden (Akerlund, 1995). In
2002, A. gobicola was reported in the European part of
Russia (Negrobova, Negrobov, 2002), where it was
subsequently detected later (Kovalenko, 2019), in
2017 itwasregistered in Belarus (Ostrovsky, 2020).

In Europe, the species occurs in heated premises
(Akerlund, 1995; Negrobova, Negrobov, 2002;
Kovalenko, 2019; Ostrovsky, 2020), but has so far
shown harmfulness only in Asian countries
(Mordkovich, Sokolov, 1999). The general assessment
of the further invasion risk in the European part of
Russia is characterized by a high level of uncertainty:
it is difficult to predict whether its nature will change
to negative (i.e. capable of leading to significant
economic damage) or will remain practically neutral
at this stage (Kovalenko, Kovalenko, 2024). Further
monitoring of the A. gobicola invasion in the specified
territory is necessary, which requires the possibility
of its accurate identification. Currently, there are
studies that allow the identification of species of the
Dermestidae family (Zhantiev, 1976; Mordkovich,
Sokolov, 1999), but they often require highly qualified
specialists. We have compiled an adapted illustrated
key that significantly simplifies the differentiation of
A. gobicola from other synanthropic representatives of
the family Dermestidae associated with plant-based
stores. The main morphological characters of this
family include the following: five-segmented tarsi,
rounded fore coxae separated by a prosternal process
(see Fig. 1, a), transverse hind coxae with femoral
plates (see Fig. 1, b), elytra with a sutural groove (see
Fig. 1, ¢), and an oval body shape (see Fig. 2, d)
(Kryzhanovsky, 1965).
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L™ TTonepeuHble

OtpocTox
rpyau, \
paz/ieNouui

Ta3uKu

TIOKPBINIKaMK

MATEPUAJIBI U METO/bI

MarepuajaMu JIJisI IPOBEJIEHUS UCCIIeI0BaHUN
IOCIy KWia KoJuleKug koxeeoB @I'BY « BHUMKP»,
BKJIIOYAIOIIAS B TOM YKCJe CO0PBI OJHOTO M3 Bemy-
WX CIIEUAJUCTOB II0 JaHHOM IpyImne XyKoB E. A.
CokosioBa. MopdoJsioruueckre IIPU3HAKU KECTKO-
KpbUIBbIX hoTorpadrupoBaIu OCJIONHO IIPY ITOMOILITU
1 poBoIi 3epKaTbHOU hoTokamMepsbl Canon EOS 6D
(dmoumuga, Canon) ¢ o6bexkTBoM Canon MP-E 65 mm
f/2.8 1-5X (SImonwus, Canon), yCTAaHOBJIEHHBIM Ha
CTallMOHAPHOM KOTMpoBaJbHOM cTojie Kaiser Copy
Stand RS 2 XA (Tepmanus, Kaiser). Pe3ynbTUpyoOIue
n306pakeHUs [TOJyYeHBI C IOMOLIbI0 Zerene Stacker
(v. 1.04 Build T2024-11-18-1210). IIpu cocTaBieHUU
KJIfoua GbLIM MCIOJb30BAHBI CJIEAYIOIINE PabOThI:
JKanuTtues (1976), MopakoBuy, CokosioB (1999) u Hava
(2015).

KJII0Y JJ14 JU P PEPEHIIMALINN
TOBUICKOT0 KOXKEEJIA (ATTAGENUS GOBICOLA)
OT APYI'X BJIOB DERMESTIDAE,
CBA3AHHBIX C XPAHSIIENCA ITPOAYKIIUENA
PACTUTEJIbBHOT O ITPONCXOKJEHNUA

1. Kirou pasa auddepennuanumy noacemeii-
cTBa Attageninae oT mpouux mojceMeiicTB
Dermestidae

1.J106 6€e3 mpoCTOro riaska (CM. PUC. 2, ).............
..................................................................... Dermestinae

—JI06 Cc MPOCTHIM I'1a3KOM (CM. pUC. 2, b)...........e. 2

2. Tes10 TOJIOE (CM. PHUC. 3, @).cuverrerrerreerreeerieseessanreens
......................... npouue moacemeiicrea Dermestidae

— TeJio IOKPBHITO BOJIOCKAMU U UeIIyHKaMu

(CM. PHC. 3, D) ettt ettt 3
3. [lepemHerpynb C BOPOTHUYKOM (CM. puc. 4, a)
.................................................................... Megatominae

— IlepengHerpynab 6e3 BOPOTHHUYKA (CM. puc. 4, b)
........................................... Attageninae, poz Attagenus
(B HacToOsIIee BpeMs Cpeny BpeAuTesell 3alacoB B
roziceMelicTBe Attageninae He M3BECTHO HU OJJHOTO

Puc. 1. Moptonoruueckue NpusHaKu XXyKoB cemelicTea Koxeeppbl
(Dermestidae): a — nepegHue Tasuku, pasgefieHHble BbIPOCTOM
nepepHerpynu; b — 3agHue nonepeuHble Tasnku c 6egpeHHbIMU
NOKPbILLKaMWU; C — WOBHAA 60po3aa Ha HaAKPbUbsX (OTMeUeHa
cTpenkamu), d — oBanbHasa opma Tena; a, ¢, d — Attagenus
gobicola, b — Attagenus unicolor simulans Solsky, 1876 (choTo:

M. T. KoBaneHko)

Fig. 1. Morphological characters of the Dermestidae family
beetles: a — anterior coxae separated by a prosternal process; b -
posterior transverse coxae with femoral plates; ¢ — sutural groove
on the elytra (indicated by arrows), d — oval body shape; a, c, d —
Attagenus gobicola, b — Attagenus unicolor simulans Solsky, 1876
(photos: M. G. Kovalenko)

MATERIALSAND METHODS

The materials for the research were the beetle
collection of FGBU "VNIIKR", including collections of
one of the leading specialists in this group of beetles,
E. A. Sokolov. Morphological characters of the beetles
were photographed layer by layer using a Canon EOS
6D digital SLR camera (Japan, Canon) with a Canon
MP-E 65 mmf/2.81-5Xlens (Japan, Canon), mounted
on a Kaiser Copy Stand RS 2 XA stationary copy table
(Germany, Kaiser). The resulting images were
obtained using Zerene Stacker (v. 1.04 Build T2024-
11-18-1210). The following works were used in
compiling the key: Zhantiev (1976), Mordkovich,
Sokolov(1999) and Hava (2015).

A KEY TO DIFFERENTIATION OF ATTAGENUS
GOBICOLA FROM OTHER DERMESTIDAE SPECIES
ASSOCIATED WITH STORED PLANT PRODUCTS

1. Key to differentiating the subfamily
Attageninae from other subfamilies of Dermestidae
1.Fronswithoutocellus (see Fig.2,a).....cccecuevuenen.
..................................................................... Dermestinae
— Frons with ocellus (see Fig. 2,b)......ccccceeuvrueenene 2
2. Body without setae (see Fig. 3, @)....cccceeevervennnns
................................... other subfamilies Dermestidae
— Body covered with simple and scale-like setae
(SEEFIZ. 3, D) ettt 3
3.Prothoraxwith a collar (see Fig.). 4, a).......cc.......
................................................................... Megatominae
— Prothorax without a collar (see Fig. 4, b)............
....................................... Attageninae, genus Attagenus
(Currently, no genus other than Attagenus is known
among the storage pestsin the subfamily Attageninae,
soothergeneraare notincluded in the key).

duTtocaHuTapus. KapaHTuH pactenuin 40



WOEHTUOUKALMA  IDENTIFICATION

Puc. 2. a - nob 6e3 npocTtoro rnaskay Dermestes maculatus
DeGeer, 1774; b — c npocTbIM rN1a3koM (OTMeUYeH CTpesikoin)
y Attagenus smirnovi Zhantiev, 1973 (cpoto: M. T.
KoBasneHko)

poZa, KpoMme Aftagenus, IO3TOMY LPyTrue PoJ,bl
B KJIIOY He BKJIIOUEHbI).

2. Kawu gaa pgudpdepeHpuanumn
roGHuiiCKOro KoxkeeJa OT MHBIX BUZ0B poaa
Attagenus

1. Ha 3amHel TTOBEPXHOCTU IEPEeIHUX
rojieHel cHapy>Xu MMeeTCs TOHKUU OCTPBIH
KaHTUK C HallpaBJIeHHBIMU HaPY’XKy HIUIINKA-
Mu (cM. puc. 5, a)...A. lobatus Rosenhauer, 1856

— Ha 3amHell MOBEPXHOCTHU IIePegHUX
roJIEHEH HET OCTPOT0 KAHTUKA, X HAPYKHBI
Kpaii 6ojiee-MeHee 3aKPYTJIeH, MUK B HEM
PAacIioJIoXKeHbI 6eCIOPSIIOYHO WU CTPYHIOu- a

POBaHBI B HECKOJIBKO PSALOB (CM. puc. 5, b)...... 2 Puc. 3. a - ronoe teno Orphilus
2. lnuHa nepefHux rojierel (6es mrop) niger (Rossi, 1790); b - teno,

IpeBBINIaeT UX MUPUHY (BMecTe ¢ muramu) MOKpbiToe Bonockamu Attagenus

HE GOJIEE TEM B 3 PABA.erererereeeereeeeeeeseeeseeseenes gobicola (dpoTo: M. I. KosaneHko)

........................... npouuie BUAbI poga Attagenus
— JlMHa mepeaHux rojeHen (6es mmop)
MIPEBBINIAET UX MIUPUHY (BMECTE C IMUITUKA-
mu) 6ojiee ueM B 3 pasa (0GBIYHO B 4—5 pa3s)
(CM. PHC. 5, 1)t 3
3. HaaKpblibsl ¢ KOHTPACTHBIM PUCYH-
KOM B BUJIe MISITEH U IIepeBs3el (M. puc. 6, a).
Ecau 6e3 puCyHKa, TO JXYK YEPHBIH..............
........................... npouuie BUAbI pona Attagenus
— HagKpbLIbs OLHOIIBETHBIE, 6€3 MAaTeH
UJIV TIepPeBsI3el, NHOTLa C MaJio3aMeTHOU g

Fig. 2. a - frons without ocellus, Dermestes maculatus
DeGeer, 1774; b — with ocellus (indicated by arrow),
Attagenus smirnovi Zhantiev, 1973 (photos: M. G.
Kovalenko)

b

Fig. 3. a — body without setae,
Orphilus niger (Rossi, 1790); b —
body with setae, Attagenus gobicola
(photos: M. G. Kovalenko)

Kocol mepeBa3bi0. )Kyk KOPUUYHEBBHIH,
nepefHeCIIUHKA TeMHee, YeM HAJKPbLIbA
(CM. PHC. 6,1) et 4

4. BepUIMHHBIN YJIEHUK YCUKOB CaMIia

Puc. 4. a — nepepgHerpyab c
BOPOTHUYKOM Yy Megatoma conspersa
Solsky, 1876 (nokasaH ctpenkoit); b —
6e3 BopoTHUUKa y Attagenus gobicola
(choTo: M. . KoBaneHko)

Fig. 4. a — prothorax with a collar,
Megatoma conspersa Solsky, 1876
(indicated by arrow); b — without a
collar, Attagenus gobicola (photos:
M. G. Kovalenko)

IJIVHHEee IBYX MPeIbIIyIINX, BMECTE B3AThIX,
He 60jiee UeM B 4 paza (CM. PUC. 7, @) .cveeeeereereereereennens
............................................ HHbIEe BUJIbI poaa Attagenus

— BepImuHHBIN YWIEHUK YCUKOB caMIla AJUHHee
IBYX MIPeAbIAYyIINX, BMECTE B3ITBIX, B 6—7 pas (cM.
puc. 7, D) A. gohicola (ro6uiickuii Koxkee)

3AKJIOYEHUE

[ToAroTOBJIEH HMJLIIOCTPUPOBAHHBIN KU IJIS
nuddepennuany robuiickoro Koxeena (A. gobicola)
OT MHBIX BU0B KOXKEEIOB, CBSI3aHHBIX C 3allacaMu.
Ki1ro4 1mo3BosigeT CyIecTBEHHO YIIPOCTUTD UOEHTU-
(buka Mo HaHHOTO MHBA3WMBHOTO BUIA U GyIeT
[oJIe3€H IJIA CIIeMAJKUCTOB B O6JIACTU 3allUTHI U
KapaHTHHA PaCTeHUH.

2. A key to differentiating Attagenus gobicola
from other species of the genus Attagenus

1. On the posterior surface of the fore tibiae there
isathin sharp edge with outward-pointing spines (see
Fig.5,8) coveevreeererresrenreenns A. lobatus Rosenhauer, 1856

— On the posterior surface of the fore tibiae there
is no sharp edge; their outer margin is more or less
rounded, with spines arranged irregularly or grouped
into several rows (see Fig. 5, D).c.cccevevenenenninvienennenne. 2
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o
- o

b

Fig. 5. a — Attagenus lobatus f
tibiae with a row of spines

(indicated by arrows); b — wit
irregular spines (indicated by

a

Puc. 5. a —nepepHaga roneHb

y Attagenus lobatus c papom
LWIMMMKOB (NoKasaHbl CTpenkamm);
b - c 6ecnopspoYHbIMY WMNNKAMU
(nokasaHbl cTpenkammu)

y A. gobicola (hoTo: M. . KoBaneHko) M. G. Kovalenko)

b

Fig. 6. a — elytra with spots,
Attagenus pictus Ballion, 187

Puc. 6. a — HagKpbinbs € NATHaAMKU y
Attagenus pictus Ballion, 1871,
b — opHoTOHHbIE Y A. gobicola

(choTo: M. T. KoBaneHko) M. G. Kovalenko)

x ”

7
¥

b

Fig. 7. a — terminal antennal

a

Puc. 7. a — BepLUNHHbIN YNTeHUK
ycuka (MokasaH cTpenikamu)

y A. smirnovi; b — A. gobicola (coTo:
M. I. KoBaneHko)

BJIATOJAPHOCTD

ABTOpPBI BBIPA’KAIOT 6JIaroJapHOCTDb cTaplie-
My Hay4YHOMY cOTpPyAHuUKy HMO 3HTOMOJIOrMHU
®I'BY «BHUUKP» 10. A. JIOBIIOBOIi 32 KOHCYJIbTA-
IIMM I10 TeXHUKe (hoTorpacdupoBaHus.

Pabora BrImOJIHeHa B pamMkax HUOKTP
124030100152-9.

M. G. Kovalenko)

CIIMCOKJINTEPATYPBI

1. XauTtueB P.JI. XXyku-koxeenbl (CeMeNCTBO
Dermestidae) hayubr CCCP.M.: 3g-BoMI'Y,1976,182c.

2. KoBanmenko 4.H. 2019. Koxeensl — Der-
mestidae [9nekTpoHHBIN pecypc] / CIpaBOYHUK 11O
YyI)KEPOIHBIM JKECTKOKPBIJIBIM €BPOMENCKON YacTu
Poccuu. C. 274-316. URL: https://www.zin.ru/
animalia/coleoptera/rus/invguide.htm_(maTa
obpamienus: 19.09.2025).

3. Koasienko . H., KoBasnenko M. I. O BeposT-
HBIX IIePCIIeKTUBaX Pa3sBUTUS MHBA3UU TOOUICKOTO
koxxeena (Attagenus gobicola Frivaldszky, 1892)
(Coleoptera, Dermestidae) B eBpOMIEMCKON YaCTU

arrows) in A. gobicola (photos:

b - no spots, A. gobicola (photos:

2. The length of the fore tibiae (excluding
spurs) exceeds their width (including spines)
bynomorethan 3 times
....................... other Attagenus species

—Thelength of the front tibiae (excluding
spurs) exceeds their width (including spines)
by more than 3 times (usually 4-5 times) (see

3. Elytra with a contrasting pattern of
spots and bands (see Fig. 6, a). If the elytra are
without pattern, then the beetle is black
other Attagenus species

— Elytra are uniform in color, without
spotsorbands, sometimes with afaintoblique
band. The beetle is brown, the pronotum is
darker than the elytra (see Fig. 6, b)

4. The terminal antennal segment of the
male is no more than 4 times longer than the
two preceding segments combined (see
other Attagenus species

— The terminal antennal segment of the
male is 6-7 times longer than the two preced-
ing segments combined (see Fig. 7, b)
................................................ A. gohicola

ore

h

CONCLUSION

An illustrated key has been prepared to
differentiate A. gobicola from other species of
carpet beetles associated with storage crops.
The key significantly simplifies the iden-
tification of this invasive species and will be
useful for plant protection and quarantine
specialists.

1;
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AHHOTALIUA

Erwinia rhapontici (Millard 1924) Burkholder
1948 — sTO (huTOmaTOreHHass 6aKTepus, BbI3bIBAIO-
mas PO30BBIM GAaKTEPHO3 3epPHA y 3€PHOBBIX U
3epHOGO6OBBIX KYJIBTYD, & TaK)KEe PAa3JIMUYHbIE BUIbI
THUJIEN U APyryde CUMIITOMBI Y IIMPOKOTO MePedHs
IIEHHBIX CEeJbCKOXO3SIMCTBEHHBIX PACTEHUU, M IJIS
IIOJIHOT'O IIOHMMAHUA IIaTOIT€HHOTIO IIOTEeHIIraJa
9TON GaKTepuu HeOoOGXOAMMO JeTaJlbHO U3YUYUTH
MaKCHMaJIbHO BO3MOXKHOE UMCJIO ITaMMOB. Lleibio
IDaHHOUW pabOoThl SABJISIETCS CO3MaHNE KOMILJIEKCHOM!
XapaKTepUCTUKY 6aKkTepraibHOTo mramMma VNIIKR-
B-0035 E. rhapontici, BbIIeJeHHOTO U3 AUYMEHS
06BIKHOBEHHOTO o3uMoro (Hordeum vulgare L.),
nmpoucxoxjgeHue — Pecrnybiuka KpbiMm. B pa6ore
MIpecTaBJIeHbl ero MOp(QoJoruYecKre CBOMCTBA,
KOTOPBIE OBLIY U3YyUYEHBI C TIOMOIbI0 MUKDPOCKOITUY
KJIETOK, a Takxe hoTorpaduy KOJOHUM 6aKTeprab-
HBIX KyJIBTYP Ha NUTATENbHOU cpele R2A. KineTku
OAaHHOTO IITaMMa IaJJOYKOBUAHON (DOPMBbI, UX
pasmep 0,8-1,5 MKM B AJuHy, 0,2-0,4 MKM B IIUPUHY.
baktepuanbHble kKojJoHuU ITamMma VNIIKR-B-0035
Ha cpeme R2A — GejoBaToro IBETA, CIAM3UCTLIE,
OIHOPOAHBbIE, UMEIOT KPYIJIYI0 BBITYKJIYIO (hopmy,
TJIaIKYI0 U 6JIECTSIIYI0 IIOBEPXHOCTD, HEITPO3PaYUHBbI,
a BpIpaboTKa BOJOPACTBOPUMBIX MUTMEHTOB
OTCYTCTBYET. BuoxuMuueckre 0COGEHHOCTU GbLIU
U3y4YeHBl HAaGOpPOM AJS MAEeHTUDUKAL UMY
Enterobacteriaceae m GU3NOJIOTUYECKUX CXOILHBIX
6aktepuii API 20E (Biomerieux, ®paniius). Bakre-
pu# 3TOTO IITaMMa CIIOCOGHBI COpaKUBaTh MHOTUE
BHUbI CaXapoOB, BOCCTaHABJIMBAKT HUTPUTHI, HE
MIPOAYIUPYIOT aprUHUHAUTUIPOJIA3y, JU3UHIEeKaP-
6okcuiasy, OpHUTUHAEeKap6okcuiaasy, ypeasy,

IDENTIFICATION
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ABSTRACT

Erwinia rhapontici (Millard 1924) Burkholder
1948 isaphytopathogenic bacterium that causes pink
grain of cereals and legumes, as well as various types
of rot and other symptoms in a wide range of valuable
agricultural plants, and to fully understand the
pathogenic potential of this bacterium, it is necessary
to study in detail as many strains as possible. The aim
of this work is to create a comprehensive character-
ization of the bacterial strain VNIIKR-B-0035 E.
rhapontici, isolated from common winter barley
(Hordeum vulgare L.), origin — Republic of Crimea. The
paper presents its morphology studied using cell
microscopy, as well as photographs of bacterial
colonies cultured on R2A nutrient medium. The cells
of this strain are rod-shaped, measuring 0.8-1.5 um
long and 0.2-0.4 pm wide. Bacterial colonies of strain
VNIIKR-B-0035 on R2A medium are whitish, slimy,
and uniform. They have a round, convex shape, a
smooth, shiny surface, and are opaque. They do not
produce water-soluble pigments. Biochemical
characteristics were studied using the API 20E kit for
theidentification of Enterobacteriaceae and physiologi-
cally similar bacteria (Biomerieux, France). Bacteria
of this strain are capable of fermenting many types of
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WHJIOJ, alleTOWH, ’kejaTuHaly u H,S, a Takke He
CIIOCOOHBI YTUIIM3UPOBATD IIUTPAThI. MOJIEKYJISIPHO-
reHeTUYeCcKas XapaKTepPUCTUKA IIPOBeJleHa C WC-
mojib3oBaHueM yeTwipeXx [11]P-TecTOB Ha pa3jinuHbIEe
TeHBI, CTIeUPUUHBIX IJIs JaHHOU (UTONaTOreHHOMU
6akrepuu. llItamm VNIIKR-B-0035 nuaeHTUDUIIUPO-
BaH ¢ ucnojb3oBanueM [11[P-TecToB c IpaiiMepamMu
TSUO01/TSUO2, ERH-1A/ERH-1B u isoRF/isoRR, a
TaK)Xe ITyTeM CEeKBEHMPOBAHUS ydacTKa reHa rpoD.
JTO TIepBasi MOJEKYJISIPHO-TeHEeTUYeCcKass UJEeHTU-
tuxkanusa E. rhapontici B Poccuu. 3Ta pabora nogTBep-
JIWJIa, YTO STUMEHB 00BIKHOBEeHHBIH (Hordeum vulgare L.)
MOJKET CJIY>KUTb UCTOUYHUKOM U30AUY E. rhapontici.

Knrouesvte cnosa. Konnexiiys, 6akTepuu,
6aKkTepHro3 3€PHOBBIX, UAeHTU(DUKAIINI, r'poD,
Ppo30BbIi 6aKkTepro3, I1LIP, 3aiuTa pacTeHUH,
KapaHTUH pacTeHUH.

BBEJEHUE

uTtomaToreHHas 6akrepus Erwinia
rhapontici (Millard 1924) Burkholder
1948 BBI3BIBAET PO30OBBIN GAKTEPHO3
3epHa y 3epHOBbIX (Dutrecq et al.,
1990; Roberts, 1974) n 3epHO6060BBIX
kKynbTyp (Huang et al., 2007;
Schroeder et al., 2002), a Takxe
pasiuYHbIE BUAbI THUJIU Y OBOIIHBIX
(Kahala et al., 2012; Wang et al., 2022), TJI0OBBIX
kynbTyp (Kotan et al., 2006; Wang et al., 2017),
sekapcTBeHHBbIX (Tharreau et al.,, 1992) u mpyrux
X03SIUCTBEHHO-IIeHHBIX pacTeHny (Ramirez-Rojas et
al., 2016). OCHOBOM IJIg OCYIIECTBJIEHUSI KOHTPOJISA
3a60JIeBaHUI PACTEHMU, BEI3BIBAEMBIX (DUTOTIATOTE-
HaMu, SIBJASIOTCS yriaybJieHHble 3HAHUSA 06 uUX
GUOJIOTUYECKUX U MOJIEKYJISIPHO-TEHETUUYECKUX
ocobenHocTaX (Hukutuuckuil, Hukutnuckas, 2025).
[ToslyyeHre TakKuX 3HAHWUN TpebyeT HaIUUYUSA Kak
MOYKHO OOJIBIIIET0 YKCJIA IITAMMOB C YCTAHOBJIEHHBI-
MU KyJbTypajbHO-MOP(}OJIOTUUECKUMU, OUOXUMU-
YECKUMMU Y MOJIEKYJISIPHO-TEHETUYECKUMU XapaKTe-
puctukamu. Illtamm VNIIKR-B-0035 E. rhapontici,
OB BbIZIesieH B 2021 I. M3 paCTEHUS TUMEHI 00bIKHO-
BeHHOT0 o3uMoro (Hordeum vulgare L.) copTa Bocxo,
(cymepannTa) B paMKax HayYHO-MCCIIeN0BaTEbCKOM
pa6oTrer ®I'BY «BHUVKP» u nmpenBapuTeNbHO
uaeHTU(PUIINPOBAaH CEeKBEHMPOBaHMUEM (parMeHTa
reda 16S pPHK c ucmojb3oBaHMEM IIpaliMepoB
8UA/519B, 0 yeM chenaHO KpaTKoe YIIOMUHAHUE B
nybavkamuyu MyBuHTH C Kojuteramu (Muvingi et al.,
2023). ITonyuyeHHas MOCJIEA0BaTEIbHOCTh y4acTKa
16S pPHK npu Nucleotide BLAST aHanuse
(https://blast.ncbhi.nlm.nih.gov/Blast.cgi) mokazasa
MaKcuMaJbHOe cxoncTBo (98,77% npu 100%
IMOKPBITUM) ¢ obpasuamu E. rhapontici. JlemoHUpOBa-
HUEe ITaMMa B HCCJIELOBATEJIbCKYIO KOJJIEKIIWIO
HAy4YHO-METOAUYECKOTO OTZAesia 6aKTEepPUOJJOTUU
SI'BY «BHUVIKP» ocyliuecTBJIEHO II0 pe3yjJbTaTaM
ueHTU(PUKAIIUYU TOJIBKO 110 (pparmMeHTy 16S pPHK,
YTO He M03BOJISET C JOCTAaTOUHOM CTEIIeHbIO JJOCTO-
BEPHOCTHU MOATBEPAUTH BUOBYIO IPUHAJIEKHOCTD
mramMmma K E. rhapontici.

sugars, reduce nitrites, do not produce arginine
dihydrolase, lysine decarboxylase, ornithine decar-
boxylase, urease, indole, acetoin, gelatinase and H2S,
and are also unable to utilize citrates. Molecular
genetic characterization was conducted using four
PCR tests for various genes specific to this
phytopathogenic bacterium. Strain VNIIKR-B-0035
was identified using PCR tests with primers
TSUO01/TSUO2, ERH-1A/ERH-1B, and isoRF/isoRR, as
well as by sequencing a portion of the rpoD gene. This
is the first molecular genetic identification of E.
rhapontici in Russia. This study confirmed that
common barley (Hordeum vulgare L.) can serve as a
source of E. rhaponticiisolation.

Key words. Collection, bacteria, cereal
bacteriosis, identification, rpoD, pink grain of cereals,
PCR, plant protection, plant quarantine.

INTRODUCTION

he phytopathogenic bacterium Erwinia

rhapontici Millard 1924) Burkholder 1948

causes pink grain of cereals (Dutrecq et al.,

1990; Roberts, 1974) and legumes (Huang

etal., 2007; Schroeder et al., 2002), as well
as various types of rot in vegetables (Kahala et al.,
2012; Wangetal.,2022), fruit crops (Kotan et al., 2006;
Wang et al., 2017), medicinal (Tharreau et al., 1992)
and other economically valuable plants (Ramirez-
Rojas et al., 2016). The basis for monitoring plant
diseases caused by phytopathogens is in-depth
knowledge of their biological and molecular genetic
characteristics (Nikitinsky, Nikitinskaya, 2025).
Obtaining such knowledge requires the availability of
as many strains as possible with established cultural,
morphological, biochemical, and molecular genetic
characteristics. The E. rhapontici strain VNIIKR-B-
0035 was isolated in 2021 from the Voskhod
(superelite) variety of common winter barley
(Hordeum vulgare L.) as part of research at the FGBU
“VNIIKR”. It was preliminarily identified by sequenc-
ing a fragment of the 16S rRNA gene using primers
8UA/519B, as briefly mentioned in the publication by
Muvingi (Muvingietal.,2023). The resulting 16S rRNA
sequence, when analyzed by Nucleotide BLAST
(https://blast.nchi.nlm.nih.gov/Blast.cgi), showed the
highest similarity (98.77% at 100% coverage) to E.
rhapontici samples. The deposition of the strain in the
research collection of the Research and Methodology
Department of Bacteriology of FGBU "VNIIKR" was
carried out based on the identification results only by
the 16S rRNA fragment, which does not allow us to
confirm with a sufficient degree of certainty the
species affiliation of the strain to E. rhapontici.
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Llenb vccaenoBaHUs 3aKJI0Uaiach B UIeHTUDU-
karnuu mramMma VNIIKR-B-0035 ¢ ncriojab3oBaHUEM
KOMILJIEKCA MOJIEKYJISIPHO-TEHETUUECKUX TECTOB U B
YTOUHEHUU €T0 KyJIbTyPaabHO-MOP(HOJIOTUYECKUX U
GUOXUMUYECKUX CBOHCTB.

MATEPUAJIBI U METO/bI

MaTepuajoM HCCIeloBaHUS SIBJLJCS LMITaMM
VNIIKR-B-0035 E. rhapontici. lllTaMM XpaHUTCS B
WCCJIEIOBATEJIbCKON KOJIJIEKIIUM HAyYHO-METO-
IUYeCcKOoro otnena 6akrepuosoruu ®I'BY «BHUVIKP»
B MOPO3WJIbLHOUM KaMepe Ipu Temieparype -80 °C B
IByx (popmax: B Buze cycreH3uu B 15%-M pacTBope
TInllepyHa ¥ B BUJE HMCXOLHOM GaKTepUabHOU
KYJIbTYPBI Ha CTEHKE KPUOTIPOOUPKH.

YucTtyw KyabTypy mrTamma VNIIKR-B-0035
E. rhapontici ¥CIIOJIb30BaJIX JIJIs XapaKTePUCTUKU
KOJIOHUI U KJIETOK 6aKTePUH, a TAaKXKe JJIsI IIPOBeie-
HUS MOJIEKYISIPHO-TEHETUYECKON XapaKTEPUCTUKU
C UCIIONb30BaHUEM BUIOcCTellMpuuHbiX [T1P-
TecToB. JInga moceBa mramMmma VNIIKR-B-0035
E. rhapontici MCIIOJIb30BAJIM arapu30BaHHYI MHUTA-
TeJIbHYIO cpexy ob6ilero HazHaueHusa R2A (Reasoner,
Geldreich, 1985). KyabTuBUpOBaHUE IITaMMa
npoBogunu npu Ttemiepartype 27 °C. Mopdomaoru-
yecKre MpU3HaKy KOJOHUM OMMCHIBAJIN B COOTBET-
CTBUY C O0IMIETTPUHATEIMY MeTogaMy (ITpakKTHUKyM IO
Mukpobuosioruu, 2005). doToduKcaInio KOJOHUHN
npoBoauau Ha poToamnmapaTe (Canon EOS 6D Mark 1,
SImoHMs), a TAaKXKE C MCIIOJIb30BaHUEM KaMephrl (Canon
EOS RP, dnoH1s) B COUETaHUU CO CTEPEOMUKPOCKO-
oM (Zeiss stereoDiscovery V20, l'epmanus). doTo-
¢uKcaio KIeTOK 0aKTePUY ITIPOBOIMIIN HA TOJIOTO-
morpaduueckom Mukpockore HT-X1 (Tomocube,
Pecniy6simka Kopest).

MoJieKynSIpHO-TeHEeTUUYEeCKYI0 uAeHTudUuKa-
VIO IIPOBOAMIIU, UCIIONb3y4a ITLIP-TecTrl, Iiepeyuc-
JIeHHbIe BTabJ. 1.

The aim of the study was to identify the VNIIKR-
B-0035 strain using a set of molecular genetic tests
and to clarify its cultural, morphological and bio-
chemical properties.

MATERIALSAND METHODS

The study material was the E. rhapontici strain
VNIIKR-B-0035. The strain is stored in the research
collection of the Research and Methodology Depart-
ment of Bacteriology of FGBU "VNIIKR" in a freezer at -
80°C in two forms: as a suspension in a 15% glycerol
solution and as the original bacterial culture on the
wall of the cryotube.

A pure culture of the E. rhapontici strain VNIIKR-
B-0035 was used to characterize bacterial colonies
and cells, as well as to conduct molecular genetic
characterization using species-specific PCR tests.
General-purpose agar nutrient medium R2A (Rea-
soner and Geldreich, 1985) was used to inoculate the
E. rhapontici strain VNIIKR-B-0035. Cultivation of the
strain was carried out at a temperature of 27 °C. The
morphological characters of the colonies were
described in accordance with generally accepted
methods (Practical Guide to Microbiology, 2005).
Photographic recording of the colonies was per-
formed using a camera (Canon EOS 6D Mark II,
Japan), as well as a camera (Canon EOS RP, Japan) in
combination with a stereomicroscope (Zeiss
stereoDiscovery V20, Germany). Photographic
imaging of bacterial cells was performed using a HT-
X1 holotomographic microscope (Tomocube,
Republic of Korea).).

Molecular genetic identification was performed
using the PCRtestslistedin Table 1.

To confirm the absence of inhibition of the
amplification reaction, additional PCR testing with an
internal positive control (IPC) was performed
according to the method described by Mazurin et al.

Ta6.. 1. MOJIEKyJIHpHO-I‘EHeTI/I‘-IeCKHe TEeCTbI, NCIIOJIb30BaHHBIC OJIA I/I,Z[,EHTI/I(l)HKaH,I/II/I mTaMmMma

VNIIKR-B-0035 Erwinia rhapontici

Table 1. Molecular genetic tests used to identify the strain VNIIKR-B-0035 Erwinia rhapontici

JauHa
TecT Ipaiimep TocyiegoBaTeIbHOCTD 5 -3° MuineHb IIP-npoAyKTa HcTouyHMK
Test Primer Sequence 5°-3° Aim Length of PCR Source
product
TSUO1/TSU TSUO1 CCCTGAAGCCATCACTTATT Tsuji
02 TSUO02 AACACACAGCTTCAGGATG rpoD 466 etal., 2020
isoRF/isoR  isORF CCTGCAGTGCCGGGCCAGAT NX-5 1600 Thapa et
R isoRR AGTGTGACTGTTGTTTTCAG al., 2012
recA_8/rec TecA_8 TTGGGCGTGGATATCGAC Gehring,
A_8c recA_8c CACTTTAACGCGGGTCTCA recA o Geider, 2012
ERH- ERH-1A AGTGGCGGTCCTGGTAAAAG Naas et
1A/ERH-1B  ERH-1B AAGCATCTCCCAGCCAAGTC ampC 736 al., 2004

*rpoD — pparMeHT B-cy0beqUHUIILI 6aKTEePUATIb-
Hott PHK-monmumepassl; NX-5 - (pparMeHT reHa
caxaposousomepasbl; recA — dparmeHT resa JHK-
pekomM6uHazbel A; ampC — parMeHT reHa B-
JakTaMasbl kjacca C.

*rpoD - a fragment of the B-subunit of bacterial
RNA polymerase; NX-5 - a fragment of the sucrose
isomerase gene; recA - a fragment of the DNA
recombinase A gene; ampC - a fragment of the class C
B-lactamase gene.
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Ilns TogTBEePXKIEeHUS OTCYTCTBUS MHTMOHUPOBa-
HUS peakuy aMIIUGUKaA Y IPOBOLWIIY JOIOJIHU-
TenbHOe [Il]P-TecTupoBaHUE C BHYTPEHHUM II10JIO-
JKUTEJIbHBIM KOHTposieM (BIIK) corjiacHO MeTOAMKE,
OTIMCAaHHON Ma3ypUHBIM C coaBTopamMu (MasypuH u
IIp., 2012). [TosyuenHbIe [1LIP-TIPOAYKTHI BU3YAJIN3U-
poBaJiu IyTeM ajneKkTpodopesa B 1,5%-M arapo3HOM
reJie B CTaHIapTHOM Tpuc-6opaTtHoM (TBE) 6ydepe c
OKPAaCKOU KpacuTejJeM OPOMUCTBIM 3TUAUEM U
LJOKYMEHTHUPOBAJYU NPU NOMOULU CUCTEMBI
ChemiDoc™ XRS+, BIO-RAD, CIIIA.

B 11e19X MOBBINIEHUS AOCTOBEPHOCTU MOJIEKY-
JISPHO-T€HETUYECKOU UAEHTU(DUKAIIUU U TOATBEDP-
KAEHUS BUILOBOU MMPUHAIJIEXKHOCTU WCCIENyEMOTO
mramMMa 6blIa olpefeseHa IMIOCJIEL0BATENIbHOCTD
¢parmenToB rena rpoD (Tsuji et al., 2020) ¢ TOMOIIBIO
ceKBeHUPOBaHU 110 CasHrepy (BeskuH u ap., 2021).
[Tony4yeHHbIE HYKJIEOTUIHBIE I1OCJIEN0BATEIbHOCTU
HCIIOJNIb30BaIN JJis IIOKCKAa TOMOJIOTUYHBIX 06pas-
1oB mpu momouiu mporpamMmel BLAST (https://blast.
nchi.nlm.nih.gov/Blast.cgi) u BbIpaBHUBAJIM aJiro-
putmom CLASTAL W B takeTe mporpamm BioEdit 7.2.

[Tpy U3yuyeHUU GMOXUMUYIECKUX 0COGEHHOCTEN
WCHOJb30Badu HabGOp AJSI UAEHTUDUKAIUU
Enterobacteriaceae 1 NPYyTUX HENMPUXOTIUBBIX
rpaMoTpuUIlaTeJbHBIX Majouek API 20E (Biomerieux,
®paHIUSA) B COOTBETCTBUU C MHCTPYKIUAMU
IIPOU3BOAUTEJISI C ONHUM UCKIIIOUEHUEM: UHKYOUPO-
BaHUe TIJAHIIETOB C MUKPOJYHKaAMU IIOCJe UX
WHOKYJIAIUY 6aKTepUaIbHOM CycIieH3rel IIPOBOAY-
aunpu 27 °C B TeueHue 24 yacoB, a He IIpu 36 °C £ 2 °C,
TIOCKOJIBKY JAHHBIHM IITAMM HE MOXXET OBbITh KYJIbTU-
BUPOBAaH npu temrieparype Boiiie 30 °C. TectupoBa-
HYE IPOBOJIVJIN B IITUKPATHOM IIOBTOPHOCTU.

PE3VJIBTATBI 1 OBCYKJIEHUE

Mopdghionoeuueckue ceoticmea

B pesynbTaTe aHanus3a 2D-uzobpakeHui,
CO3[IaHHBIX Ha roJIoTOMOrpaduuyecKoM MUKPOCKOIIe
HT-X1 (Tomocube, Pecriy6rka Kopest), ycTaHOBJIEHO,
yTo KjeTku mTamma VNIIKR-B-0035 E. rhapontici
umeloT Gpopmy majiouek pasmepom 0,2—-0,4 MKM B
mupuny u0,8—1,5 MKM B IyinHY (CM. puc. 1).

Mopdosorus koyouui mramma VNIIKR-B-0035
E. rhapontici mpencTaBiieHa Ha puc. 2 (Canon EOS 6D
Mark II, drmouus) u Ha puc. 3. (CTePEOMUKPOCKOIT
Zeiss stereoDiscovery V20, TepmaHus, ¢ KaMepou
Canon EOS RP, dronus).

Mopdonornyueckre Ipu3HaKy KOJIOHUI IITaMMa
VNIIKR-B-0035, onncaHHble B COOTBETCTBUU C
ob6menpu3HaHHbIMU MeTogukaMu ([TpakTUKyM I10
MuKpob6uosoruu, 2005), IpefcTaBiaeHbl B Ta6J. 2.

B pesynbTraTe nposenenud IN1P-TecTupoBaHusa
IOHK mramma VNIIKR-B-0035 c mpaiimMepaMu
TSUO01/TSUO2, ERH-1A/ERH-1B, isoRF/isoRR u
anekTpodopesa [MIIP-IpoAyKTOB B arapo3HOM Trejie
BU3yaJIM3UPOBaHbI (hPAarMeHTHI OKUAEMOMN IJIMHBI
466 11.0., 736 11.0., 1600 11.0. COOTBETCTBEHHO (CM. PUC.
4A, 4B, 4B). Ha puc. 4Ty ITHK mrramma VNIIKR-B-0035
[MIOP-iponykTel oTcyTrcTBOBanau. Hanmuuue IIIIP-
MIPOAYKTa OXKUAAeMOU JJIMHBI 419 11.0. (CM. puc. 4I) y
TOJIOXXUTEJNBHOTO KOHTPOJS aMIIUPUKAIIUYU, a
TaK)Xe OTCyTCTBUE MHruompoBaHusa I11IP, mmoaTBep-
)KIeHHoe TosiydeHueM [IP-mipogykTa OJauHou 714
m.0. y BIIK (cM. puc. 5), CBUIETENBCTBYET O KOPPEK-
THOM ITpoxoxgeHuu [TLIP.

(Mazurin et al., 2012). The resulting PCR products
were visualized by electrophoresis in a 1.5% agarose
gelin a standard Tris-borate (TBE) buffer stained with
ethidium bromide dye and documented using the
ChemiDoc™ XRS+, BIO-RAD, USA.

To increase the reliability of molecular genetic
identification and confirm the species affiliation of
the studied strain, the rpoD gene fragments (Tsuji et
al., 2020) were sequenced using Saenger sequencing
(Belkin et al., 2021). The resulting nucleotide
sequences were used to search for homologous
samples using the BLAST software (https://blast.
nchi.nlm.nih.gov/Blast.cgi) and aligned using the
CLASTAL W algorithm in the BioEdit 7.2 software
package.

For the study of biochemical characteristics, the
API 20E kit for the identification of Enterobacteriaceae
and other unfastidious gram-negative rods
(Biomerieux, France) was used in accordance with the
manufacturer's instructions, with one exception:
incubation of microwell plates after their inoculation
with a bacterial suspension was carried out at 27 °C
for 24 hours, and not at 36 °C + 2 °C, since this strain
cannot be cultivated at temperatures above 30 °C.
Testing was carried outin 5 replicates.

RESULTS AND DISCUSSION

Morphology

Asaresultofthe analysis of 2D images created on
the HT-X1 holotomographic microscope (Tomocube,
Republic of Korea), it was established that the cells of
the VNIIKR-B-0035 E. rhapontici strain are rod-
shaped, 0.2-0.4 um in width and 0.8-1.5 um long (see
Fig.1).

Puc. 1. 2D-u3obpaxxeHune
6aKTepuanbHbIX KIETOK
wTtamma VNIIKR-B-0035
Erwinia rhapontici,
cpenaHHoe Ha

Fig. 1. 2D image of bacterial
cells of the VNIIKR-B-0035
Erwinia rhapontici strain
taken on an HT-X1
holotomographic microscope

ronotomMorpaguyeckom (Tomocube, Republic of
Mukpockone HT-X1 Korea)

(Tomocube, Pecny6nuka

Kopes)
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Puc. 2. KonoHnuu wtamma VNIIKR-B-0035 Fig. 2. Colonies of the VNIIKR-B-0035
Erwinia rhapontici strain after four days of presentedinFig. 4.
incubation at 27 °C on R2A medium

Erwinia rhapontici cnycta ueTBepo cyTok
MHKY6upoBaHus npu 27 °C Ha cpene R2A

Puc. 3. Kononun wramma Erwinia rhapontici VNIIKR-B-0035
CnycTs YeTBEPO CYTOK MHKYBMpOBaHUS Npu TeMnepaType
27 °C Ha cpepe R2A

Fig. 3. Colonies of the VNIIKR-B-0035 Erwinia rhapontici
strain after four days of incubation at 27 °C on R2A medium

[ToJIy4eHHBIN Pe3yJIbTaT MOXKET YKas3bIBaTh Ha
HEJOCTATOUYHYH KOMIIJIEMEHTapPHOCTh FeHeTUYec-
KOU MUINeHU IpaiMepoB recA_8/recA_8c y mramMma
VNIIKR-B-0035.

IIpu BeipaBHuUBaHUYU B Nucleotide BLAST NCBI
(https://blast.nchi.nlm.nih.gov/Blast.cgi) mocnemoBa-
TEJIbHOCTH, TIOJIYyYEHHOM B XOJ€ CEKBEHUPOBAHUS
yJyacTka reHa rpoD, oHa uMejla MaKCUMaJibHOE
CXOJICTBO Cc reHOM pedepeHTHOro mrramma E. rhapontici
BY21311 (mosmHOreHoMHAas I[OCJELOBATEIbHOCTD
GCA _020683125.1) ¢ ugeHTUYHOCTbIO 97,84%
(moxkpbiTuie 100%). [ToNydyeHHbIEe PE3YIbTATHI
MOJIEKYJSIPHO-TEHETUYECKOU uAeHTuuKauuu
O TBEPKIAIOT BUJOBYIO TPUHAJIEKHOCTD IITAMMa
VNIIKR-B-0035 k Buny E. rhapontici.

Buoxumuueckue ceolicmea

Pe3ysnbTaThl 6MOXMMUYECKOTO TECTUPOBAHUS
Ha6opoM API 20E ociie 24 4acoB MHKYOMPOBaHUS

The morphology of the
colonies of the VNIIKR-B-0035 E.
rhapontici strain is shown in Fig. 2
(Canon EOS 6D Mark II, Japan)
and in Fig. 3 (Zeiss stereo-
Discovery V20 stereo micro-
scope, Germany, with a Canon
EOSRP camera, Japan).

The morphological charac-
teristics of the colonies of strain
VNIIKR-B-0035, described in
accordance with generally
accepted methods (Microbiology
Workshop, 2005), are presented
inTable2.

Molecular genetic identifica-
tion

The results of molecular
genetic identification are

As a result of PCR testing of
DNA of strain VNIIKR-B-0035
with primers TSUO01/TSUO02,
ERH-1A/ERH-1B, isoRF/isoRR
and electrophoresis of PCR
products in agarose gel, frag-
ments of the expected lengths of
466 bp, 736 bp, 1600 bp, respec-
tively, were visualized (see Fig.
4A, 4B, 4C). In Fig. 4D, PCR
products were absent from DNA
of strain VNIIKR-B-0035. The
presence of a PCR product of the
expected length of 419 bp (see
Fig. 4D) in the positive amplifica-
tion control, as well as the
absence of PCR inhibition,
confirmed by obtaining a PCR
product of 714 bp in length for
IPC (see Fig. 5), indicates that the
PCRwas performed correctly.

The obtained result may
indicate insufficient comple-
mentarity of the genetic target of
recA_8/recA_8c primers in the VNIIKR-B-0035
strain.

When aligned in NCBI Nucleotide BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) with the
sequence obtained during sequencing of the rpoD
generegion, it had the highest similarity to the gene of
the reference strain E. rhapontici BY21311 (whole
genome sequence GCA_020683125.1) with an
identity of 97.84% (100% coverage). The obtained
results of molecular genetic identification confirm
the species affiliation of strain VNIIKR-B-0035 to the
species E. rhapontici.

Biochemical properties

The results of biochemical testing with the API
20E kit after 24 hours of incubation of microwell
platesat27°Care showninFig. 6.
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Ta6J1. 2. Mopdosorunueckue mpu3Haku Kojiouuii mramma VNIIKR-B-0035 Erwinia rhapontici
CITIyCTSI TPOE—UYeTBEePO CYTOK MHKYOUpoBaHuUs Ha cpeqe R2A

Table 2. Morphological characteristics of colonies of the VNIIKR-B-0035 Erwinia rhapontici
strain after three to four days of incubation on R2A medium

IIpusHak CsoiicTBa VNIIKR-B-0035 CBoiicTBa TUNOBOro mramma DSM 4484%
Aspects VNIIKR-B-0035 properties Properties of the type strain DSM 4484*
Pdopma Kpyraas Kpyraas
Shape Round Round
Pasmep o 10 MM o 10 MM
Size Up to 10 mm Up to 10 mm
IToBepXHOCTHb Tnagxasa Inagxasa
Surface Smooth Smooth
IIpoduan BBINMyKJIBIi BBINMyKJIBIi
Profile Convex Convex
Bieck Baecramasa Baecramasa
Brilliance Shiny Shiny
IIpo3pavyHOCTh Henpo3pauHas Henpo3pauHas
Transparency Opaque Opaque
IiBeT BeJsioBaThIin BeJsioBaThIi
Color Whitish Whitish
IInrMeHTanMA CPEAbI OTcyTCcTBYET OTCyTCTBYET/PO30BBbIil
Medium Pigmentation Absent Absent/Pink
Kpaii Tmagkuii Tnagkuii
Edge Smooth Smooth
CTpyKTypa OpHopoaHasa OpHoOpoaHasa
Structure Homogeneous Homogeneous
KoHcucTeHIUs Causucrast Causucrasi
Consistency Mucous Mucous
*no onucarur uda

*according to the species description

Monexynapno-senemuyeckas udenmuguxayus
PesynbTaThl MOJEKYASPHO-TEHETUUYECKOH
uaeHTUGUKAIUY TIPEICTaBIEHbI Ha PUC. 4.

Moleculargeneticidentification
The results of molecular genetic identification
are presentedinFig. 4.

A B Puc. 4. dnekTpotoperpamma
pesynbTatos TecTos MNUP ¢ AHK
wTtamma VNIIKR-B-0035 Erwinia
rhapontici (nopoxxku 1-3), roe A — TecT

1500 m.o. TSUO1/TSUO02, b — TecT ERH-1A/ ERH-

1000 m.o. 1500mo. 1B B - tecT isoRF/isoRR, [ - TecT

600 n.o. 1000mo.  recA 8/recA_S8c, 4-5—

300 m.o. 600 m.o. OTpULATENbHbIA KOHTPO/b
aMnandmkKaumum, 6 — NoNOXKUTENbHbIN
o M KOHTpoOnb aMnnaudukaumm, M — mapkep
100m0.  pauu OHK 100+ bp, «EBporeH»
(Poccus)
B r Fig. 4. Electropherogram of the PCR

tests results with DNA of the VNIIKR-
B-0035 Erwinia rhapontici strain
(tracks 1-3), where A is the

1500 mo. TSUO1/TSUO2 test, B is the ERH-

:;33 :: 1000mo. 1A/ERH-1B test, C is the isoRF/isoRR
600mo. test, GistherecA_8/recA_8c test, 4-5
SR are negative amplification controls, 6
':gz oy 300mo. .1 positive amplification controls, M is
m.o.

100n.0. 2 DNA length marker of 100+ bp,
Evrogen (Russia)
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1500 n.o.
1000 n.o.

600 n.o.

300 n.o.

Puc. 5. Fig. 5. Electropherogram of
AnekTpodhoperpamma the Mus 714 R/F test
pesynbtatoB Tecta Mus 714  results, where tracks 1-3
R/F, roe popoxku 1-3 - are DNA of the VNIIKR-B-
OHK wTtamma VNIIKR-B- 0035 Erwinia rhapontici
0035 Erwinia rhapontici, strain, 4-5 are negative
4-5 - oTpuLaTenbHbIf amplification control, M is a
KoHTponb amnnugmkaumm, DNA length marker of 100+
M — mapkep anvH OHK bp, “Eurogen”

100+ bp, «<EBpOreH»

IJIQHIIETOB C MUKPOJIyHKaMU IIpU TeMIlepatype 27 °C
pencTaBJieHbl Ha PUC. 6.

YcraHoBieHO, uTO 6akTepuu mramma VNIIKR-B-
0035 E. rhapontici BpipabaTbiBaloT (GepPMEHTHI 13-
rajakro3uzasy U TpuntodaHzeaMuHasy, MOTYT
cbpaxuBaTh TJIIOKO3Yy, MAHHUT, MHO3UT, COPOUT,
paMHO3y, caxaposy, MeJIuo1o3y, aMUTLaJIuH, apabuo-
HO3Y, BOCCTAHABJNBAIOT HUTPATHI 0 HUTPUTOB. OHU
He MPOAYLUVPYIT aprUHUHIUTUIPOJIA3Y, JU3UH]e-
Kapbokcuiaasy, OpHUTUHAeKapbokcuiaasy, ypeasy,
UHJOJ, alleTOUH, XejaTuHazy u H,S, a Takxe He
CIIOCOOHBI YyTUJIUBUPOBATHh LUTPAThl. TUIIOBOU
mramMM E. rhapontici DSM 4484 He BbIpabaThiBaeT
(hepmeHTHI f3-TasakTO3UmA3y, TPUNTODaHIEaMUHA-
3y, He COpPa’kMBaeT COPOUT, MPOAYLIUPYET AllETOUH U
yrunusupyet nutparsl (Schober et al., 2025). Takum
o6pasom, mramMm VNIIKR-B-0035 E. rhapontici
obJyiaflaeT YHUKAJbHBIMU OMOXMMUYECKUMHU Xapak-
TEPUCTUKAMU TI0 CPAaBHEHUIO C TUIIOBBIM IITAMMOM
9TOT0 BUZA.

B pesynbTaTe NMPOBENEHHOU XapaKTEPUCTUKU
cocCTaBJeHAa KapTOYKa mTaMMa, coleprkauias
KJII0UEeBYI0 MH(MOPMAIIUI0 O ero IPOUCXOXKIEHUU U
OCHOBHBIX CBOMcTBax (cM. TabJr. 3).

3AKJ/IIOYEHUE

B xoze pa6oThI 6bIM OTIPEEJIEHBI KYJIbTYPAJIb-
HO-MoOp@dosoruuecKkre 0CO6eHHOCTU UCCIeAyeMOro
mTamMMa. C IIOMOIIBI0 roJOoTOMOTrpauuecKoro
Mukpockorna HT-X1 (Tomocube, Pecriybsiika Kopest)
MBI YCTAaHOBUJIU, UTO KjeTKu mraMma VNIIKR-B-
0035 uMeloT MajJoYKOBUAHYI0 (OpPMy, UX pasMep
0,8-1,5 MmxM B gaivHy u 0,2-0,4 MKM B wupuny. [Ipu
KyJbTUBUPOBAHUM OaKTepUU Ha arapru30OBaHHON
cpene R2A BbIpacTarwT CIU3UCTbIE, OLHOPOLHEIE,
KPYTJIOH BBIITYKJIOH (DOPMBI, C IJIaZKOH U BJiecTsIen
IOBEPXHOCTBHIO0 KOJIOHUU, OHU HENPO3PadyHbl U He
BBIPa6aTHIBAIOT BOJLOPACTBOPUMBIX TUTMEHTOB.

C moMoOIIb KMCHOJIb30BaHUSA Habopa Jgis
unentTuduranuu Enterobacteriaceae m OIPyTuUx
HENPUXOTJIUBBIX I'PAMOTPULIATEIbHBIX Tajiouek API
20E (Biomerieux, ®paHI1s) YCTAHOBJIEHO, YTO
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Fig. 6. Results of
biochemical testing of the
VNIIKR-B-0035 Erwinia
rhapontici strain using the
rhapontici Habopom ans API 20E kit for identification
naeHTumkaumm of Enterobacteriaceae and
Enterobacteriaceae v ppyrux other gram-negative
rpamMoTpuuaTesbHbIX bacteria (Biomerieux,
6akTepuii API 20E France)

(Biomerieux, ®paHuus)

Ithasbeen established that the VNIIKR-B-0035 E.
rhapontici strain produces the enzymes f3-
galactosidase and tryptophan deaminase and can
ferment glucose, mannitol, inositol, sorbitol,
rhamnose, sucrose, melibiose, amygdalin, and
arabionose, and reduce nitrates to nitrites. They do
not produce arginine dihydrolase, lysine decarboxyl-
ase, ornithine decarboxylase, urease, indole, acetoin,
gelatinase, or H,S, and are unable to utilize citrates.
The type strain of E. rhapontici DSM 4484T does not
produce the enzymes f5-galactosidase and
tryptophan deaminase, does not ferment sorbitol,
produces acetoin, and utilizes citrates (Schober et al.,
2025). Thus, the VNIIKR-B-0035 E. rhapontici strain
has unique biochemical characteristics compared to
the type strain of this species.

As a result of the conducted characterization, a
strain profile was compiled containing key informa-
tionaboutits origin and main properties (see Table 3).

CONCLUSION

As a result of the study, the cultural and morpho-
logical characteristics of the studied strain were
determined. Using an HT-X1 holotomographic
microscope (Tomocube, Republic of Korea), we found
that the cells of the VNIIKR-B-0035 strain are rod-
shaped, measuring 0.8-1.5 pm in length and 0.2—-0.4
um in width. When cultivated on R2A agar medium,
the bacteria produce slimy, uniform, round, convex
colonies with a smooth and shiny surface. They are
opaque and do not produce water-soluble pigments.

Using the API 20E (Biomerieux, France) kit for
identification of Enterobacteriaceae and other
unpretentious gram-negative rods, it was established
that the bacteria of the VNIIKR-B-0035 E. rhapontici
strain have noticeable differences from the type
strain DSM 4484" in the profile of the synthesized
enzymes.
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Ta6J1. 3. Kaprouka mrramma VNIIKR-B-0035 Erwinia rhapontici
Table 3. Profile of the VNIIKR-B-0035 Erwinia rhapontici strain

HasBaHMe KOJUIEKIIUH, B KOTOPOIi
JEeMOHMPOBaH WITAMM

Name of the collection in which

the strain is deposited

HayuyHas KOJLIEKIU GaKTepuil HAyYHO-MEeTOLUUECKOT0
oTAesia 6aKTepPHUoJIoruu

Scientific collection of bacteria of the Research and
Methodology Department of Bacteriology

Afpec KOJUIeKIun
Collection address

MO, M. 0. PameHCckuii, irtT BbikoBo, yi1. IlorpanuuHasd, 32, 140150
Moscow Oblast, Ramenskoye, Bykovo, 32 Pogranichnaya, 140150

JlaTa BBeJIeHUS B KOJLJICKIIHIO
Date of introduction into the collection

01.06.2021

Homep mramMmma
Strain number

VNIIKR-B-0035

HayuHoe Ha3BaHHe OpraHu3Ma
Scientific name of the organism

Erwinia rhapontici (Millard 1924) Burkholder 1948

Teorpaduueckoe MPOUCXOXKIeHUE
Geographical origin

Poccus, Peciiy6uka Kpeim, Bestoropckuii paiios
Russia, Republic of Crimea, Belogorsky District

TUIOBOIi IITAMM
Type strain

Jda HeT
D No

Yes

HCTOYHUK U30JISILUH
Source of isolation

SluMeHb 00BIKHOBEHHBII 03UMBIi, copT Bocxoz, (cynepasura), Hordeum vulgare L.
Common winter barley, Voskhod variety (super elite), Hordeum vulgare L.

d. U. 0. 1uua, npousBeauero
BbIJIeJIEHHE IITaMMa

Full name of the person who
isolated the strain

CaoBapesa 0. 10.
Slovareva O. Yu.

Tox n3oaauuu
Year of isolation

2021

IIpoBeseHHBbIE METObI
uaeHTUuuKanun

CekBeHUpPOBaHUe yuacTKoB 16S pPHK (npaiimepst 8UA/519B) 1 yuacTOK reHa
rpoD (npaiimepsi TSU01/TSUOQ2), IIIIP-TecTUpPOBaHUeE C IpaiiMepamMu
TSUO01/TSUO02 (Tsuji et al., 2020), ERH-1A/ERH-1B (Naas et al., 2004)

u isoRF/isoRR (Thapa et al., 2012)

Identification methods used

Sequencing of 16S TRNA regions (primers 8UA/519B) and the rpoD gene region

(primers TSUO1/TSU02), PCR testing with primers TSU01/TSUO02 (Tsuji et al., 2020),
ERH-1A/ERH-1B (Naas et al., 2004) and isoRF/isoRR (Thapa et al., 2012)

6akTepuu mramma VNIIKR-B-0035 E. rhapontici
MMEIOT 3aMeTHbIe OTJIMYMSA OT TUIIOBOrO IITaMMa
DSM 4484 110 npod U0 CUHTE3UPYeMbIX (pepMeH-
TOB.

ITpu IIIIP-tectupoBanuu JHK VNIIKR-B-0035
E. rhapontici c npatimepamu recA_8/recA_8c (Gehring,
Geider, 2012) IILP-TpOAYKTHI OTCYTCTBOBAJU, UTO
CBUZETENBCTBYET O HEIOCTATOUHON KOMILJIEMEHTAP-
HOCTHU T€HETHUYECKON MUIIEHU NpariMepoB
recA_8/recA_8c y mramma VNIIKR-B-0035. B
pesysibTaTe MPOBeIeHS APYTUX BUAOCTIEII (DU UHBIX
[1LIP-TeCcTOB MCCJEMyEMOTO IITAMMa C IpaiMepamMu
TSUO01/TSUO2 (Tsuji et al., 2020), ERH-1A/ERH-1B
(Naas et al., 2004) u isoRF/isoRR (Thapa et al., 2012)
TTOJTy4Y€HbI TPOIYKTHI 0XKMIAEMOM AJWHBI 466 1I.0.,
736 11.0., 1600 11.0. COOTBeTCTBEeHHO. CEKBEHMPOBA-
HUe yJyacTKa reHa rpoD Tak)ke yKa3bIBaeT Ha IIPUHAT -
agexHocTb mramMma VNIIKR-B-0035 k Bupy
E. rhapontici.

9To mepBasg MOJEKYyJSIpHO-TeHeTHUUeckKasa
unenTudukamnusa E. rhapontici B Poccuu, IpoBeneH-
Has C HCIIOJb30BAHUEM BUIOCIIEU(DUUHBIX ITpami-
MepoB TSUO1/TSUO2, ERH-1A/ERH-1B u
isoRF/isoRR, a Tak)xe IyTeM CEeKBEHUPOBAHUSA
ydacTka rpoD. ITogydeHHbIe Pe3yJIbTaThl IIOLTBEP-
KOAT TpuHagaexHocTh mraMma VNIIKR-B-0035 k
Buny E. rhapontici. Paree, HaCKOJIbKO HaM M3BECTHO,
OTCYTCTBOBAJIXA JIOCTOBEPHBIE CBEJEHUSI O TOM, UTO
dUYMeHb MOXET ObITh UCTOUYHUKOM M3O0JAIIUU
E. rhapontici. YioMuHaHue 00 W30JAIINYN OAKTEPUU
pona Erwinia n3 saMeHs ABypsiHoro (Hordeum vulgare
L. var. distichon) pasMelieHo Ha caiite HaydHo-

PCR testing of E. rhapontici VNIIKR-B-0035 DNA
with recA_8/recA_8c primers (Gehring, Geider, 2012)
did notyield any PCR products, indicating insufficient
complementarity of the recA_8/recA_8c primer
genetic target in strain VNIIKR-B-0035. Other
species-specific PCR tests of the strain under study
with TSUO1/TSUO2 (Tsuji et al., 2020), ERH-1A/ERH-
1B (Naas et al., 2004), and isoRF/isoRR (Thapa et al.,
2012) primers yielded products of the expected
lengths of 466 bp, 736 bp, and 1600 bp, respectively.
Sequencing of the rpoD gene region also indicates that
strain VNIIKR-B-0035 belongs to the species E.
rhapontici.

This is the first molecular genetic identification
of E. rhaponticiin Russia, conducted using the species-
specific primers TSU01/TSUO02, ERH-1A/ERH-1B, and
isoRF/isoRR, as well as by sequencing the rpoD region.
The results confirm that strain VNIIKR-B-0035
belongs to the species E. rhapontici. As far as we know,
previously there was no reliable information that
barley could be a source of E. rhapontici isolation. A
mention of the isolation of a bacterium of the genus
Erwinia from the barley (Hordeum vulgare L. var.
distichon) was posted on the website of the Research
Center for Genetic Resources of the National Organi-
zation for Agricultural and Food Research, where,
based on a study of the 650 bp gyrB gene sequence, the
bacterium was identified as E. rhapontici (NARO
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KCCIIeLOBATENbCKOTO IIEHTPA FTeHEeTUUYECKUX
pecypcoB HalnmoHabHOM OpraHuU3alluy CebCKOX0-
39MCTBEHHBIX U IIPOJOBOJbCTBEHHBIX MCCIELOBa-
HUH, e Ha OCHOBAHUU MCCJIEL0BaHUS II0CJIeL0Ba-
TEJIbHOCTY reHa gyrB mauHoi 650 1m.0. 6aKTEpPUIo
uneaTuduuposanu kak E. rhapontici (NARO
Genebank project). YuuTbiBasi, YTO BbIpaBHUBaHUE
3TOM nociyemosaTresibHocTy B Nucleotide BLAST NCBI
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) He mo3BoI-
€T YCTaHOBUTH MaKCHMMAaJIbHOE CXOJICTBO MMEHHO C
E. rhapontici, TTOCKOJIbKY UCIIOJIb30BaHHAs IT0CIe0Ba-
TEJIbHOCTDb IeHa gyrB KoHcepBaTUBHA C IPYTUM
BumoM E. persicina, coobmenre B NARO Genebank
project HeJIb3sI CUMTATH JOCTOBEPHBIM JI0 IOy UYEHUST
IOTIOJIHUTEIbHBIX CBeIeHu. TakuM o6pasoM, Hallle
WCCIIeIOBAHNE SIBJISIETCS IEPBBIM ITOATBEPKIEHUEM
TOTO, UTO E. rhapontici MOXXeT ObITh BbIJeJieHa U3
sSuMeHs 06bIKHOBeHHOTO (Hordeumvulgare L.).

Pabora BeITIOJIHEHA B paMKaX rOCyLapCTBEHHO-
ro 3aJaHus, PErUCTPalUOHHBIA HOMep ETMCY
HVOKTP 124022800050-6.
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AHHOTAIINA

[ToBEPXHOCTHAS CTEPUIIN3AIIMS CEMSIH IO COJI-
"eunuka (Helianthus annuus L.) 9BJISeTCS CIIOXHOM
3ajavell m3-3a 0Co6eHHOCTEN MX MOP(POJIOTUM.
[llepoxoBaTasd M MOPUCTas MOBEPXHOCTb CEeMIH
CTIOCOGCTBYET aZire3uy MUKPOOPTAaHU3MOB, UTO
3HAUYMTEJIbHO 3aTPYAHSIET mpoliecc obes3zapa’kuBa-
Hug. B maHHO# pa6oTe mpoBemeHa KOMILIEKCHAs
orfeHKa 3G (HEeKTUBHOCTU PA3MUUYHBIX XUMUUECKUX
areHTOB, IIPUMEHSAEMbIX [IJi IIOBEPXHOCTHOH
crepunusamnuu: sranosa (C2H«0), ITepekucu BOmopo-
na (H202), mepmanranaTa kajaus (KMnQOa), TUITOXJIO-
puta Hatpus (NaClO), autpaTta cepebpa (AgNOs), a
Tak)Xe UX KOMOMHAIIMPA. PesyibTaThl ITOKA3aJu, YTO
GOJIBIIMHCTBO MCIIBITAHHBIX BEIL[ECTB, BKJOYAd
staHoJa (70-96%), nepekuch Bomopoznza (1-3%),
nepmanrasat kauud (0,5-1%) 1 TUIIOXJIOPUT HATPUS
(1-15%), He obecrneynBaIOT ITOJHOM CTEPUIbHOCTU
CeMsiH, He3aBUCUMO OT KOHIIEHTpAIud ¥ BPEMEHU
SKCIIO3UIIUU.
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ABSTRACT

Surface sterilization of sunflower seeds
(Helianthus annuus L.) is challenging due to their
morphological characteristics. The rough and porous
surface of the seeds promotes microbial adhesion,
significantly complicating the disinfection process.
This study comprehensively evaluates the effective-
ness of various chemical agents used for surface
sterilization: ethanol (C2HeO), hydrogen peroxide
(H202), potassium permanganate (KMnOa), sodium
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Hau6osbiryio 3(G(eKTUBHOCTh B YyCTPAaHEHUU
TTOBEPXHOCTHOW KOHTAMUHAIIUU MPOAEMOHCTPUPO-
BaJI HUTpPAT cepebpa. [Ipu KoHIleHTpaInusax 1-5% u
BpeMeHU 06paboTku 7-15 MUHYT OaHHBIN areHT
TTOJTHOCTBIO TIOJIaBJISI POCT MUKPOOPTAaHU3MOB, He
BBI3BIBAS IIPU 3TOM 3HAYUTEJbHOTO CHUXXEHUS
JKM3HECTIOCOOHOCTU ceMsH. OHAKO B HEKOTOPHIX
BapumaHTaX ONbITAa HAabGJNIOZAJIOCh YaCTUYHOE
TTOBpEXJeHre KOPHEBOU CUCTEMBI IIPOPOCTKOB, YTO
yKa3bIBaeT Ha HEOOXOAMMOCTH TOUHOTO mombopa
mapaMeTPOB CTEPUIIUBAIINH.

VicciiemoBaHue TOATBEPXKIAET, YTO IJIST CEMSAH
MO COJTHEUYHUKA TpebyeTCcs MHAUBUAYAJIbHBIN
MOAXOMl IPU pa3paboTKe NMPOTOKOJOB CTEPUIU3A-
WY, YYUTHIBAOIIUYN 6amaHc Mexay 3¢ deKTuBHOC-
ThI0 06€33apaKUBaHUS U cCOXpaHeHreM (U3U0JIOTH-
YeCKUX XapaKTEePUCTUK ceMsH. [loJyueHHbIe
IaHHbIE TPEACTABJSIOT MPAKTUYECKYIO IIEHHOCTD
I GUTOTIATOIOTUUECKUX, MUKPOOMOJIOTUUYECKUX U
OUOTEXHOJOTUUYECKUX MCCIeNOBaHUM, rlle HeoOX0-
ILVUM CTEPUJBbHBIA PACTUTENbHBIN MaTepuall.
PesynbTaThl pab0THI MOT'YT OBITH UCITOJIb30BAHBI JIJIS
ONITUMUBAIMU METOJIOB IIPENIIOCEBHON 00pPaboTKU
ceMsH B J1aGOpPaTOPHBIX M IIPOU3BONCTBEHHBIX
YCJIOBUSX, @ TAKXKe TIPU pa3paboTKe HOBBIX CITOCOG0B
obe33apaXMBaHUS CEMAH C BBICOKOM MUKPOOHOM
06CceMeHEHHOCTBIO.

Knmwuesvte cnoea. TlpenmnoceBHass o6paboTKa,
XuMudyeckue Me3nuHGEKTaHThl, SHIOMATOTEeHHI,
IOBEPXHOCTHAS CTEePUIN3alINs, CeMeHa II0ICOJIHEeY-
HUKa, MUKPOOHas KoHTaMuHalus, Helianthus annuus.

BBEJEHUE

OBEPXHOCTHAS CTEPUIU3AIUAS CEMSIH
SIBJISIETCS KJIIOUEBBIM 3TAarioM (hUTO-
MaTOJIOTUYECKUX Y MHKPOOUOJIOTHU-
YeCKUX HCCJIeIOBaHWM, HallpaBIeH-
HBIX HA M3yUYeHUEe SHIOTEHHBIX
TTATOTE€HOB U KapaHTUHHBIX 00BEK-
toB (Munkvold, 2009). ITocKOJbKY
OHa 103BoJisieT JuddepeHIIuPoBaTh

DH/JIOMATOTEeHbl OT MOBEPXHOCTHOM GaKTepHUaJibHO-

rprubHOM MUKPOOMOTHI, YTO 0COGEHHO 3HAUNMO IIPU

aHaJim3e JJATEeHTHO 3apa’kKeHHBIX ceMsH. OmHaKo
3(pPEeKTUBHOCTD CTEPUIUIAIUU BO MHOTOM OTIpejie-

JIsieTCsI MOP(MOJIOTUYECKUMU OCOOEHHOCTSIMU CEMSIH,

TaKUMM KaK TEKCTypa TOBEPXHOCTH, HAJTUYUEM TIOP

u kyTukyns! (Ding et al., 2013). B uacTHOCTH, ceMeHa

nonconHeunuka (Helianthus annuus L.) obiazarmoT

IIIePOX0BATOM U MOPUCTOH MOBEPXHOCTHIO, UTO

Crmoco6CTBYET aATe3uu MUKPOOPTAaHU3MOB U

3aTPYAHSET UX IIOJIHOE yAaJieHue MIPU KCII0Jb30Ba-

HUU OOUENPUHSATHIX IIPOTOKOJOB, HAIIPUMED

KpaTKOBpeMeHHOI 06paboTku aTaHosoM (Inpitak et

al.,2021).

OcHOBHas 3ajava Ipu pa3paboTKe MeTozma
TTOBEPXHOCTHOM CTEepUJIM3AIlUU 3aKJII0YAETCa B
TToA00pe JOCTYITHBIX ¥ BOCITTPOU3BOLUMBIX METOIOB,
KOTOpble obecrieumBaJu Obl ITOJIHOE yCTPaHEHUEe
TTOBEPXHOCTHOY KOHTaMMHAIUU 6e3 MOBPEXIEHUS
BHYTPEHHUX TKaHel ceMsSH U 6e3 3HAUYMTEJIbHOI'O
CHIDKEHU UX ku3HecriocobHocTu (Sikin et al., 2013).
BbICOKas BCXOXKECTh TOCJEe 06PabOTKU CIY)XUT He
TOJIBKO WHAMKATOPOM COXPAHHOCTU DHAOTEHHOU

hypochlorite (NaClO), silver nitrate (AgNOs), and their
combinations. The results showed that most of the
tested substances, including ethanol (70-96%),
hydrogen peroxide (1-3%), potassium permanganate
(0.5-1%), and sodium hypochlorite (1-15%), do not
ensure complete seed sterility, regardless of concen-
tration and exposure time. Silver nitrate demon-
strated the greatest effectiveness in eliminating
surface contamination. At concentrations of 1-5%
and a treatment time of 7-15 minutes, this agent
completely inhibited microbial growth without
significantly reducing seed viability. However, in
some experimental variants, partial damage to the
seedling root system was observed, indicating the
need for precise sterilization parameters.

This study confirms that sunflower seeds require
an individualized approach when developing
sterilization protocols, balancing disinfection
effectiveness with the preservation of the physiological
characteristics of the seeds. The obtained data are of
practical value for phytopathological, microbiologi-
cal, and biotechnological research requiring sterile
plant material. The results of this study can be used to
optimize pre-sowing seed treatment methods in
laboratory and industrial settings, as well as to
develop new methods for disinfecting seeds with high
microbialloads.

Key words: pre-sowing treatment, chemical
disinfectants, endopathogens, surface sterilization,
sunflower seeds, microbial contamination, Helianthus
annuus.

INTRODUCTION

urface sterilization of seeds is a key step in

phytopathological and microbiological

studies aimed at studying endogenous

pathogens and quarantine objects

(Munkvold, 2009). It allows for the
differentiation of endopathogens from surface
bacterial and fungal microbiota, which is especially
important when analyzing latently infected seeds.
However, the sterilization effectiveness is largely
determined by the morphological features of the
seeds, such as surface texture, the presence of pores,
and the cuticle (Ding et al., 2013). In particular,
sunflower seeds (Helianthus annuus 1.) have a rough
and porous surface, which promotes microbial
adhesion and complicates their complete removal
using generally accepted protocols, such as short-
term ethanol treatment (Inpitaketal.,2021).).

The primary task in developing a surface
sterilization method is to identify accessible and
reproducible methods that would ensure complete
removal of surface contamination without damaging
the internal tissues of the seeds or significantly
reducing their viability (Sikin et al., 2013). High
germination after treatment not only serves as an
indicator of the persistence of endogenous infection
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UHGEKIIUY, HO 1 0CO6EHHO BasKHa JIJI5 [TOCELYOIMX
SKCIIEPVMEHTOB, BKJIKYAKIIUX MpOopaljBaHue
CeMSIH B KOHTPOJUPyeMbIX ycioBusax (OGM24-05
ISTA,2024).

HecMmoTpsa Ha CyllecTBYIOIIVE HCCIeN0BaHUI,
TIOCBSAIIeHHbIE TPOTPABIVBAHNIO0 CEMSH ITOJICOJTHEY-
Huka (Bormanosa u 1p., 2021; Inpitak et al., 2021), mo
CHUX TIOp He pa3paboTaHO YHUBEPCAJIbHOI'O METO[IA,
rapaHTupyoiero 100% cTepuabHOCTb TOBEPXHOCTU
6e3 CcyllecTBEHHOI'0 YyrHETEHUs IIpopacTaHusd. B
CBSI3U C 9TUM aKTyaJIbHBIM OCTAETCS ITOUCK OIITUMU-
3UPOBAHHBIX ITPOTOKOJIOB e3nH(EKIMU, 06ecIIeun-
BaroImx 6ananc Mexy adeKkTUBHOCTBIO 06e33apa-
)KUBAaHUS Y COXPAHHOCTHIO XM3HECIIOCOGHOCTU
CeMsH.

XUuMUUeCcKUe METO/bI CTEPUIN3ALIVN TIPELCTAB-
JAI0T co6oli HauboJiee MOCTYIHBIN BapUaHT JJIs
GOJIBIIHCTBA JJa60PATOPU, TTIOCKOJIbKY HE TPEOYIOT
CHEeNUAJM3UPOBAHHOTO 000PYLOBaAHYS.

CorsacHO 0630PHBIM UCCIEIOBAHUSAM B 06JIaCTU
ob6eszapakuBaHusa ceMaH (Ding et al., 2013; Sikin et
al., 2013), OZHUM U3 3TAJOHHBIX IIOJXO00B ABJIIETCSI
o6paboTka ceMsH 2% PAaCTBOPOM THUIIOXJIOPUTA
KaJipliugd B TedeHue 10-15 MWUH, UTO IPUBOLUT K
CHIDKEHHWI0 MUKPO6HOU Harpy3ku Ha 3,08 log KOE/r
npu coxpaneHuu 90% BcxokecTr. OTHAKO JaHHBIN
MeToJ He obecreyuBaeT IOJHOU 3JIMMUHAIIUU
MUKDPOOPTaHM3MOB, YTO OTPAHUYUBAET €T0 IIpUMe-
HEHUE B HCCJEIOBaHUSAX, TPEOYIOIMNX abCOMIOTHOM
CTEPUIbHOCTU.

draHosa (C2HeO) MIMPOKO MPUMEHSETCS OJis
moBepxHOCTHOU Ae3uHbpeknum (Kysueiosa, 2025).
Hamnpumep, skcros3unus B 80% sTaHoie B TeueHue 10
MVH 3HAUUTEJPHO CHU3WJIA KOHTAMUHAIIUIO CEMSH
nwonepHbl (Medicago sativa L.), HO He obeclieuunia
MMOJTHOM cTepuiibHOCTHU (Beuchat, 1997). AHAJIOTMYHO
obpaboTka ceMsaH puca 70% 3TaHOJIOM B TeueHue 10
MWH IPUBeJIa K YaCTUUHOMY ITOJIaBJIEHUI0 MUKPOOWO-
ThI, OMHAKO TaKXXe CHM3mJa BcxoxecThb (Piernas,
1997). B meToguueckux pekoMeHmanusax BHUUVKP
(mampumep, MP 136-2017, MP 96—-2017) npeaJjaraet-
cg kpaTkoBpeMeHHas (1,5-5 mMuH) o6paborka 70%
STAaHOJIOM JJis Ae3UH(MEKIINY CEMSIH KYKYPY3bl U COH,
YTO IMOJHOCTHI0 06e33apakuBaeT IOBEPXHOCTb U
ITPaKTUYECKU HE CHUYKAET BCXOKECTh CEMSIH.

ITepekuch Bomopoma (H202) Takke SABJISIETCS
pacrpocTpaHeHHBIM CPENCTBOM Ae3uHpeKuu. Tak,
3% pacTtBop B TeueHue 30 MUH 06ECTIEUMII TTOJTHYIO
Ie3nH(EKIINI0 CeMSIH KallyCThl OTOPOAHON (Brassica
oleracea L.) (Sanna, 2022), Torra Kak MeHee KOHIIeH-
TpUpPOBaHHbIE pacTBOPbI (1%, 10 MUH) Ha ceMeHax
puca (Oryzasatival.) (Piernas, 1997) u 6oJiee 1auTeb-
Haga skcmo3unua (3%, 7 4) Ha ceMeHax AUYMEHd
(Hordeum vulgare L.) (Munkager, 2020) mpuBeJIu JIUIIb
K 3HAYUTEJHbHOMY CHUXXEHUIO, HO He MOJIHOU
JIMKBUAAIIY KOHTAMUHAIIUU. AHAJIOTUYHO 06paboT-
Ka 8% H:0: B TeueHmne 10 MUH yMeHbIINIa MUKPOO-
HYI0 HaTpPy3Ky Ha ceMeHax JiiiepHbl (Medicago sativa)
(Holliday, 2001). B To ke BpeMs B JpPyroM HCCJIe-
IoBaHUU 6% pacTBOp B TeueHUe 10 MUH He ITOKa3a
3HaunmMoro adekra Ha ceMeHax TrolepHbI (Beuchat,
1997). Tak)Xe CTOUT OTMETUTDH, YTO MEPEKUCDH
BOJIOpPOJIa CIIOCOOHA CTUMYJMPOBATH ITPOpPAcTaHMe
(Holliday, 2001), uTo mejiaeT ee MEPCIEKTUBHBIM
KOMIIOHEHTOM KOMOWHMPOBAHHBIX ITPOTOKOJIOB,
0cO06EHHO B COUETAHUU C are€HTaM!, 0Ka3bIBAIOIIUMU
yrHeTalollee e CTBYe Ha BCXOXKECTD.

but is also particularly important for subsequent
experiments involving seed germination under
controlled conditions (OGM24-05ISTA, 2024).

Despite existing research on sunflower seed
treatment (Bogdanova et al., 2021; Inpitak et al.,
2021), auniversal method guaranteeing 100% surface
sterility without significantly inhibiting germination
has yet to be developed. Therefore, the search for
optimized disinfection protocols that balance
disinfection effectiveness and seed viability remains
relevant.

Chemical sterilization methods are the most
affordable option for most laboratories as they do not
require specialized equipment.

According to review studies in the field of seed
disinfection (Dinget al.,2013; Sikin et al.,2013), one of
the reference approaches is seed treatment with a 2%
calcium hypochlorite solution for 10-15 minutes,
which leads to a reduction in microbial load by 3.08
log CFU/g while maintaining 90% germination.
However, this method does not ensure complete
elimination of microorganisms, which limitsitsusein
studiesrequiring absolute sterility.

Ethanol (C2HeO) is widely used for surface
disinfection (Kuznetsova, 2025). For example,
exposure to 80% ethanol for 10 minutes significantly
reduced contamination of alfalfa (Medicago sativa L.)
seeds, but did not ensure complete sterility (Beuchat,
1997). Similarly, treatment of rice seeds with 70%
ethanol for 10 minutes resulted in partial suppression
of microbiota, but also reduced germination (Piernas,
1997). The VNIIKR methodological recommendations
(e.g., MR 136-2017, MR 96-2017) suggest short-term
(1.5-5 minutes) treatment with 70% ethanol for
disinfection of corn and soybean seeds, which
completely disinfects the surface and has virtually no
effectonseed germination.

Hydrogen peroxide (H:02) is also a common
disinfectant. For example, a 3% solution for 30
minutes ensured complete disinfection of cabbage
(Brassica oleracea L.) seeds (Sanna, 2022), whereas less
concentrated solutions (1%, 10 min) on rice (Oryza
sativa L.) seeds (Piernas, 1997) and longer exposure
(3%, 7 h) on barley (Hordeum vulgare L.) seeds
(Munkager, 2020) resulted only in a significant
reduction, but not complete elimination, of contami-
nation. Similarly, treatment with 8% H:0: for 10
minutes reduced the microbial load on alfalfa
(Medicago sativa) seeds (Holliday, 2001). Meanwhile, in
another study, a 6% solution applied for 10 minutes
showed no significant effect on alfalfa seeds (Beuchat,
1997). It is also worth noting that hydrogen peroxide
can stimulate germination (Holliday, 2001), making it
a promising component of combination protocols,
especially when combined with agents that inhibit
germination.

Calcium hypochlorite (Ca(Cl0),) and sodium
hypochlorite (NaClO) also serve as sterilizing agents,
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Tunoxjoputhl Kaabiiusa (Ca(ClO)2) u HaTpus
(NaClO) Toke Ciry)KaT CTEPUJIU3YIONMMU BEIlleCTBa-
MU, HO TaK)Xe He TapaHTUPYIOT OJHOTO o6Ge33apa-
KuBaHud. Hanpumep, 1,8-3% rumnoxJOpUTHI
KaJbLUd Y HaTpusa B TedeHUe 10 MUH COKpaTUJIU
IOy U0 posia Salmonella. Ha ceMeHaX JIIOIEPHBI B
1000 pas (Beuchat, 1997). A 3% pacTBOp rUIIOXJIOPU-
Ta HATPUS YMEHBIIWJ ITOBEPXHOCTHOE 3apa’keHue
ceMsaH sguMeHs (Munkager, 2020). 9Tu BelecTBa
MOTYT OKa3bIBATh HE3HAUUTENbHOE CHUXEHUE
BCXOJKECTHU ITPU BBICOKMX KOHITEHTPAIASX.

Hurpart cepebpa (AgNO,) B KOHIEHTPAIUU
0,5-10% 11oka3aJi BbICOKY0 3(D(heKTUBHOCTD IIPOTUB
rpubHOM M GaKTepUaJbHONW MUKPOGUOTHI, obecrie-
YUB CTEPUJBHOCTb CEMAH AUMEHSI OKOJO 98%
(maumHag ¢ KOHIleHTpauu 3% U BbIIIE), OAHAKO IIPU
BBICOKMX KOHIIEHTpPAIlMsAX HEraTMBHO BJIUSAJI Ha
BcxoxecTb (Munkager, 2020).

KoM6uHUpPOBaHHBIE METO/bI, BKJIIOYAKIUE
OCJeloBaTeIbHYI0 06PaboTKy pa3HbIMU areHTaMH,
IEeMOHCTPUPYIOT 60Jiee BBICOKYI0 5(h(PEKTUBHOCTD.
Hampumep, couetTanue 5% MOJIOUHOMN KUCJIOTHI (I
yKCyCcHOIT) 10 MUH U 2% TUIIOXJIOPUTA Kaiablus 15
MHUH 3HAQUUTEJIbHO CHU3MJIO KOHTaMUWHAIIUI0 CEMAH
siotiepHsl (Lang et al., 2000), a koMOUHAIIMS HUTPAaTa
cepeodpa (0,5-10%) ¢ 3% mepeKuChbio BOAOPOIA MU
3% TUIIOXJIOPUTOM HATPHUsS IMO3BOJMJIA LOCTUUD
BBICOKOI CTENeH! CTEPUJbHOCTU CEMSH SUMEHS
(Munkager, 2020).

llenbi0 MJAaHHOIO MCCJELOBaHUS SABJISIETCH
orieHKa 3G GEKTUBHOCTU XMUMUYECKUX CPEACTB U UX
KOMOMHAIINY AJI IIOBEPXHOCTHOUW CTEPUIM3AI[UU
CEeMSH TIO[ICOTHEUHMKA C TIOCIEeAYIONUM OTIpesiese-
HHEeM OIITUMAaJIbHOTO IIPOTOKOJIA, 00eCIIeYBAIOIIETO
MaKCUMAaJIbHYI0 Je3UH(EKIINI 6e3 3HaUUTENIhHOTO
CHUIKEHUS KM3HECIIOCOOHOCTY CEMSIH.

MATEPUAJIBI UMETO/1bI

VccnemoBaHue mpoBemeHo B 2025 r. Ha 6ase
dI'BY «BHUUKP» ¢ ncr10oJIb30BaHNEM CEMSIH IIOACOJ-
HeuyHUKa copra BHUIMMK-8883 (ypoxair 2024 r.,
KpacHomapckuii Kpati).

CeMeHa TOJLCOJHEUYHMNKA MOBEPXHOCTHO
CTEPUJIN30BaJM PA3JINUHBIMU XUMUUYECKUMU
areHTamu: ataHosioM (C2HeO), Tepekurchio BOJOpoIa
(H202), nepmanranatoM kKayuusg (KMnOa), TUIIOXJIOPH-
toM HaTpusa (NaClO), autpaTom cepebpa (AgNO,) 1 ux
KOMOWHAIIUAMMU.

Jlas KaXkJloro BapraHTa OIlbITa oTOMpanu 30
ceMsH. VX TIPOMBIBAJIV IIPOTOYHOMN BOJOM B TEUEHE
15 MuH u cTepuausoBasu B 40 MJI o6e33apakBalo-
mero pacTBOpa COTJIACHO BapWaHTY OmbITa (CM.
HUXXe). 3aTeM ITPOMBIBAJU TPU Pasa CTEPUIbHOU
OVUCTUJJIUPOBAHHON BOMOM, MOACYIIMBAJNU Ha
(unbTpoBaNbHON GyMare ¥ pacKjaaAbIBaJIv B YAIIKKU
ITetpu ¢ 2% cpemoii KI'A mo 10 ceMsH B KaXKIYIO
YalIky.

BapuaHTHI, BKJKYAKIUE B ceOI HUTPAT
cepebpa, UMeJIV JOTOJHUTEIbHBIN DTAIl TPOMBIBKH.
TTocye cTepuan3aliy paCTBOPOM U ITePeS] TpexXpaso-
BOM IIPOMBIBKOI CTEPUJIBHON BOJION UX ITPOMBIBAJIU
oxuH pa3 1% NaCl.

BapuaHTHI OITBITA:

Konmpoane:

CemeHa He 06pabaThHIBAJINCh CTEPUIUIYIOIUMU
pacTBopaMu, a TOJBKO MPOMBIBAJIUCh COTJIACHO
VHCTPYKIIVY BBIIIE.

but they do not guarantee complete disinfection. For
example, 1.8-3% calcium and sodium hypochlorite
reduced the Salmonella genus population on alfalfa
seeds by 1,000 times within 10 minutes (Beuchat,
1997). A 3% sodium hypochlorite solution reduced
surface contamination of barley seeds (Munkager,
2020). These substances may slightly reduce germi-
nationathigh concentrations.

Silver nitrate (AgNO,) at a concentration of
0.5-10% showed high efficacy against fungal and
bacterial microbiota, ensuring barley seed sterility of
about 98% (starting from a concentration of 3% and
above), but at high concentrations it negatively
affected germination (Munkager, 2020).

Combination methods involving sequential
treatment with different agents demonstrate higher
efficiency. For example, a combination of 5% lactic
acid (or acetic acid) for 10 min and 2% calcium
hypochlorite for 15 min significantly reduced
contamination of alfalfa seeds (Lang et al., 2000), and
a combination of silver nitrate (0.5-10%) with 3%
hydrogen peroxide or 3% sodium hypochlorite
achieved a high degree of sterility in barley seeds
(Munkager, 2020).

The aim of this study is to evaluate the effective-
ness of chemicals and their combinations for surface
sterilization of sunflower seeds and then determine
the optimal protocol that provides maximum
disinfection without significantly reducing seed
viability.

MATERIALSAND METHODS

The study was conducted in 2025 at FGBU
“VNIIKR" using sunflower seeds of the VNIIMK 8883
variety (harvest 2024, Krasnodar Krai).

Sunflower seeds were surface sterilized with
various chemical agents: ethanol (C2HeO), hydrogen
peroxide (H:0:), potassium permanganate (KMnO.),
sodium hypochlorite (NaClO), silver nitrate (AgNO3)
and their combinations.

For each experimental variant, 30 seeds were
selected. They were rinsed under running water for
15 minutes and sterilized in 40 ml of a disinfectant
solution according to the experimental variant (see
below). They were then rinsed three times with sterile
distilled water, dried on filter paper, and placed in
Petridisheswith 2% PDA medium, 10 seeds per dish.

Variants containing silver nitrate had an
additional rinsing step. After sterilization with the
solution and before rinsing three times with sterile
water, they were rinsed once with 1% NaCl.

Experiment options:

Control:

The seeds were not treated with sterilizing
solutions, but were only washed according to the
instructionsabove.

Sterilization with ethanol (CzHs0):

70% ethanol solution was used for 2, 10, 15 min,
96%-2,10,15 min.
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Cmepunusayus smanonom (C:Hs0):

Ucnionb3oBanu 70% pacTBOp 9TaHOJIA B TEUEHUE
2,10,15MuH,96% —2,10,15 MUH.

Cmepunusauus nepexucsio 600opoda (Hz0z):

Wcrnionb3oBanu 1% pacTBOp MEPEeKUCU BOAOPOAA B
TeueHuel,5,10muH,3%-1,5,10MuH, aTakxkel,2,3u4 u.

Cmepuausayus nepmanzanamomkanus (KMn0.):

UcnonbszoBanu 0,5% pacTBop mepMaHTaHaTa
KajausgaBTeueHue5,10,15,20MuH, 1% —-5,10,15,20 MUH.

Cmepunusayus eunoxaopumomnampus (NaCl0):

Ncnoab3oBanu 1% pacTBOp IUIOXJOPUTA
HaTpug B TeueHue 1, 5, 10, 15 muH, 5% - 1, 5, 10, 15
MuH, 10% — 10,15 muH, 15% — 10, 15 MmuH, a Takxe 3%
BTeueHne 30 MuH, 112 4.

Cmepunusayus Humpamom cepeopa (AgNO,):

Vcrionb3oBanu 1% pacTBop HUTpaTa cepedbpa B
TeueHue 5, 10, 15 muH, 5% - 5, 10, 15 muH, 2% -7, 10
MuH, 3% —7,10 MUH.

KomGunuposannas cmepunu3ayus HUmMpamom
cepebpa (AgNO,) u eunoxnopumom nampus (NaClO):

Vicriosb3oBanu 2% pacTBOp HUTpPaTa cepebpa B
TeueHure 5 u'7 MUH, a 3ateM 10% pacTBOp TUIIOXJIOPU-
Ta HaTpu4 B TedeHue 5 1 10 MuH. Takxe IPUMEHAIN
1% pacTBOp HUTpaTa cepebpa B TeueHHE 5 MUH,
a 3areM 19% ruUIOXJIOPDUT HATPUSA B TedueHUe 5 u
10 muH. U1 0,5% pacTBop HUTpaTa cepebpa B TeUeHUE
5 MuH, 3aTteM 19% TrUNOOXJIOPUT HATPUA B TE€UEHUE
5110 MuUH.

KomGunuposanHas cmepunusayus HUMpamom
cepedpa (AgNO,) u nepexucoro 6000opoda (H:02):

Vcnonb3oBasiu 1% pacTBOp HUTParTa cepebpa B
TeueHUe 5 MUH, a 3aTeM 20% IepeKuch BOLOPOIA B
Teyenue 5 u 10 muH. U 0,5% pacTBOp HUTpaTa
cepebpa B TeueHnue 5 mMuH, 3aTeM 20% IepPeKUCh
BOOpoza B TeueHMe 5 1 10 MuH. HacTOJIBKO BbICOKAd
KOHIIeHTpaL g IIeEPEKUCU BOLOPOLa MCIIOJIb30BaHa,
TIOCKOJIbKYy HU3KMe ee KOHIIeHTpalluud He CMOTJIU
06e33apa3uTh TOBEPXHOCTD CEMSTH.

MeTonuKa ydyeTa dHePruu OpopacTaHUg u
BCXOXKecTU ceMdaH ocHoBaHa Ha I'OCT 12038-84 c
MoAudUKAUIMU: cCeMeHa IOMellaJu B YallKU
[Tetpu Ha cpexny KI'A 2%, MHKy6GUPOBAJIM B TEPMOCTA-
Te rpu TemiiepaType 25 °C. Ha 3-i JeHb O peiessan
9HEPrui0 IPOpacTaHus, Ha 7-U JIeHb — BCXOXKECTh
ceMsqH, Ha 14-11 IeHb CMOTPENIW Ha KOJMYECTBO
3apa’keHHBIX CEMSH U Pa3BUTHE IIPOPOCTKOB. B
KaXJJ0M BapuaHTe OmbIiTa 6b1J0 Mo 30 ceMsH,
pasiioKeHHbIX Ha TpU vyaliky [leTpumo 10 mT.

BcxoxxecTh cCeMsAH — 3TO UX CIIOCOOHOCTDH
IpopacTaTh B 3aJlaHHbIE CPOKYU IIPU OIIPeJleJIEHHBIX
ycJIoBUSAX. JJaHHBIM MMOKa3aTeJlb PAaCCUUTHIBAETCS
KaK IIPOLIEHTHOE COOTHOIIEHN e KOJINYeCcTBa IIPopocC-
XX CEMSTH K 0611[eMY YMCJTY BBICETHHBIX.

JHeprug npopacTaHud CEMSAH — 3TO [I0Ka3aTeJlb,
OTPakalIUP UX CIIOCOOHOCTH K APYXXHOMY U
6picTpOMy mpopactaHuio. OH ompenessgeTcs Kak
MPOIIEHT CEMSH, MPOPOCUINX 3a 60oJjiee KOPOTKUM
TIPOMEXYTOK BPEMEHU 10 CPAaBHEHUIO C IIEPUOJIOM,
YCTaHOBJIEHHBIM JIJ1g OLIEHKY BCXOXECTU.

DHEePrui npopacTaHus, BCXOXKECTb U IIPOLEHT
KOHTAaMUHUPOBAHHBIX CEMSAH PAacCCUUTHIBAJIU B
TPOILIEHTaX Ha OCHOBE TPeX ITOBTOPHOCTEMN MAJis
Ka)KJIOTO BapuaHTa ONbITa. [IJi OLlEHKU JOCTOBEP-
HOCTHU Pa3jNuyuM BBIUUCISIIU 95% HOBEPUTENbHbBIE
uHTepBabl (V) cpefHero sHaUYeHUs, UCIIOJIb3ys t-
pacnpegnesieHue. PacueTsl IPOBOLUJU B cpefle
Microsoft Excel.

Sterilization with hydrogen peroxide (H:0:):

A 1% hydrogen peroxide solution was used for 1,
5,10 minutes, 3% -1, 5,10 minutes,and also 1, 2, 3and
4hours.

Sterilization with potassium permanganate
(KMnO.):

A 0.5% solution of potassium permanganate was
usedfor5,10,15,20 minutes, 1%- 5,10, 15, 20 minutes.

Sterilization with sodium hypochlorite (NaCl0):

A 1% solution of sodium hypochlorite was used for
1,5,10,15min, 5% -1, 5,10, 15 min, 10% - 10, 15 min,
15%-10,15min,and 3% for 30 min, 1 and 2 hours.

Sterilization with silver nitrate (AgNO,):

A 1% solution of silver nitrate was used for 5, 10,
15min,5%-5,10,15min,2%-7,10min, 3%- 7,10 min

Combined sterilization with silver nitrate (AgNO,)
and sodium hypochlorite (NaCl0):

A 2% silver nitrate solution was used for 5 and 7
minutes, followed by a 10% sodium hypochlorite
solution for 5 and 10 minutes. A 1% silver nitrate
solution was also used for 5 minutes, followed by 19%
sodium hypochlorite for 5 and 10 minutes. A 0.5%
silver nitrate solution was also used for 5 minutes,
followed by 19% sodium hypochlorite for 5 and 10
minutes.

Combined sterilization with silver nitrate (AgNO,)
and hydrogen peroxide (Hz0:):

A 1% silver nitrate solution was applied for 5
minutes, followed by 20% hydrogen peroxide for 5
and 10 minutes. A 0.5% silver nitrate solution was
applied for 5 minutes, followed by 20% hydrogen
peroxide for 5 and 10 minutes. This high concentra-
tion of hydrogen peroxide was used because lower
concentrations were unable to disinfect the seed
surface.

The method for measuring seed germinative
energy and viability is based on GOST 12038-84 with
modifications: seeds were placed in Petri dishes on a
2% PDA medium and incubated in a thermostat at
25°C. Germinative energy was determined on day 3,
seed germination on day 7, and the number of
infected seeds and seedling development were
assessed on day 14. Each experimental setup
included 30 seeds, distributed among 3 Petri dishes
with 10 seedseach.

Seed germination is the ability of seeds to
germinate within a specified timeframe under given
conditions. This indicator is calculated as the
percentage of germinated seeds relative to the total
number sown.

Seed germinative energy is an indicator of a
seed's ability to germinate rapidly and uniformly. It is
defined as the percentage of seeds that germinate
within a shorter period of time than the period
established for evaluating germination.

Germinative energy, germination rate, and
percentage of contaminated seeds were calculated as
percentages based on three replicates for each
experimental treatment. To assess the significance of
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JloBEPUTEJNIbHBIA MHTEPBAJ — 3TO NUATIa30H
3HAYEHUH, B KOTOPBIN C OIpeIeIeHHON BepOsITHOC-
Thi0o (YPOBHEM [AOBepUs) MOTajgaeT UCTUHHOE
3HaUYEeHMeE TapaMeTpa reHepaJbHOM COBOKYITHOCTH.

[TompaBka Ha t-pacrpezeyeHre UCIO0JIb30BaHa,
IMOCKOJIbKY YHCJIO TIOBTOPHOCTEI B OIBITE OBLIO
HeGONIBIINM.

VpenTudukamnusa rpuboB, BhIJEJEHHBIX C
TIOBEPXHOCTU CEMSH, TIPOBeJleHa METOIOM MUKPO-
CKOTIMPOBAHUS.

PE3VJIBTATBI U OBCYKIAEHUE

Pe3ysibTaThl MCCJIENOBAHYS ITOKA3AJIH, UTO 6OJIb-
IIMHCTBO CTEPUIUIYIOIIUX BENIECTB HE CIIOCOOHBI
MOJHOCThIO 00e33apa3uTh ITOBEPXHOCTb CEMSIH
HEe3aBUCUMO OT KOHIIEHTPAIIMY ¥ BDEMEHU DKCITO3H-
1uu. C TIOBEPXHOCTHU CEMSIH BbIJIEJIEHBI TPUGBI POJIOB
Mucor, Penicillium u Aspergillus (MUKPOCKOITMYECKAs
ugentTudukaiyg). bakrepruanbHasad KOHTaMUHAIINA
He oGHapy’KeHa.

Imanon

[Ipu obpaboTke 70% sTaHoJOM Ha 14-e CyTKU
JOJIs KOHTAMUHUPOBAaHHBIX ceMdaH cocTaBuia 100%
(IV: 100-100%) npu pasjiMYHOMN OJIUTEIbHOCTU
skcmo3uimu. BexoxecTh gocturaja 100% npu
sKcro3uliuy 2 MuH (IU: 98-101%), 93% nipu 10 MuH
(IV: 88—98%), cumkasich 10 77% npu 15 mun (IU:
68-81%). dHeprusa mpopacTaHuUs OCTaBajiach
BBICOKOM, 1711 2 MUH — 87% (IU: 83-91%), ny1s 10 MUH
37% (JI: 32—42%), 32 UCKJIIOUEHUEM SKCIIO3UIINY 15
MuH— 3% (JIU: -2-9%).

[IpuMeHeHUE 96% 3TaHOJa COMPOBOXIAJIOCH
KoHTaMuHaIuen 77-100% ceMsaH K 14-My IHIO; IIPU
2- 1 10-MmuHyTHO# skcmoaunuu — 100% (JU:
100-100%), ipu 15-MuHyTHOM — 77% (OU: 64-74%).
BcxosxecTb BapbupoBagia: 100% (IU: 95-103%) mis 2
MUH sKcnosunuu, 83% (JU:76—-89%) mnisa 3 MUH,
cHMKasICh 10 43% (OU: 37-50%) ripu sKcmo3uuy 15
MHWH. JHepTrusd IIpopacTaHUd COXpaHAJach Ha
BBICOKOM YPOBHE TOJIBKO ITPU 06paboTKe 2 MUH — 87%
(IN:80-94%).

[Ipu koHuleHTpauuu 96 u 70% u BpeMeHeM
sKcmo3unuu 10 MUH M AOJiblie HaOJNIIAITCA
YYaCTKM KOPEIIKa C YChIXaHWEM, UTO TOBOPUT O €T0
TIOBPEXIEHUY CIIUPTOM.

9TaHOJI He TIOXOAUT AJIS CTEPUIIN3AUY CEMSTH
MO COJTHEUYHMKA, TTOCKOJIbKY B MCIOJIb3yEMbIX
BapuaHTax He 06eCIIeYMBaET JOCTATOUHO BBICOKMI
YPOBEHD CTEPUIIN3AIINY, a IIPU TTOBBIIIEHUY BpeEMe-
HY DKCHO3UIUKU BCXOXKECTbh CEMAH MPOIOJIKUT
YMEHbIIaThCS.

Hepexuco 80dopoda

IIpu skcmos3unugax or 1 go 10 MuUH sHepruga
ITPOpPAaCcTaHMs U BCXOXKECTh OCTABAJIUCh BHICOKUMU.
Onmuako Habawmmasach 100% (AM:100-100%)
KOHTaMHWHAIIWI CEMTH.

[Ipu yBenu4ueHY BpeMeHu 06paboTku 10 1-4 4
KOJIMYECTBO MHPUIMPOBAHHBIX CEMSIH MO-
npexHeMy octaBayioch 100% ([AU: 100-100%).
BcxoxxecTh IpH 3Kcmosuuuu 1 94 — 97% (JAU:
94-102%),2 1 —100% (IM:98-101%), 3 u—100% (OU:
100-100%), 4 u — 97% (OU: 95-100%). dHeprug
npopacrtauusa: 1 4 — 93% (OU: 91-96%), 2 1 — 100%
(IN: 97-102%), 3 1 —100% (JI1: 98-101%), 4 1 — 90%
(IN:86—94%).

I[lepekuch Bomopoma Hed(pPpeKTUBHA OJII
CTEPUIN3AIINY CEMSH II0JCOJHeUHrKa. OqHAaKO OHa

differences, 95% confidence intervals (CI) of the mean
values were calculated using the t-distribution.
Calculationswere performed in Microsoft Excel.

A confidence interval is a range of values within
which, with a given probability (confidence level), the
truevalue of a population parameter falls.

A t-distribution correction was used because the
number of replicatesin the experiment was small.

Identification of fungi isolated from the seed
surface was performed using microscopy.

RESULTS AND DISCUSSION

The study results showed that most sterilizing
agents are unable to completely disinfect the seed
surface, regardless of concentration and exposure
time. Fungi of the genera Mucor, Penicillium, and
Aspergillus were isolated from the seed surface
(microscopic identification). Bacterial contamination
wasnot detected.

Ethanol

When treated with 70% ethanol, on the 14th day,
the proportion of contaminated seeds was 100% (CI:
100-100%) at different exposure times. Germination
reached 100% with an exposure of 2 minutes (CI: 98-
101%), 93% at 10 minutes (CI: 88-98%), decreasing to
77% at 15 minutes (CI: 68-81%). Germination energy
remained high, for 2 minutes - 87% (CI: 83-91%), for
10 minutes 37% (CI: 32-42%), with the exception of 15
minutes of exposure - 3% (CI: -2-9%).

Application of 96% ethanol resulted in contami-
nation of 77-100% of seeds by day 14; 100% (CI: 100-
100%) with 2 and 10-minute exposures, and 77% (CI:
64-74%) with 15-minute exposure. Germination
varied: 100% (CI: 95-103%) for 2 minutes of exposure,
83% (CI: 76-89%) for 3 minutes, decreasing to 43% (CI:
37-50%) with 15 minutes of exposure. Germination
energy remained at a high level only with 2-minute
treatment-87% (CI: 80-94%).

At a concentration of 96% and 70% and an
exposure time of 10 minutes or longer, areas of the
spine with drying are observed, which indicates
damage by alcohol.

Ethanol is not suitable for sterilizing sunflower
seeds, since in the variants used it does not provide a
sufficiently high level of sterilization, and with an
increase in exposure time, seed germination will
continue to decrease.

Hydrogenperoxide

With exposures from 1 to 10 minutes, germina-
tion energy and viability remained high. However,
100% (CI: 100-100%) seed contamination was
observed.

When the treatment time was increased to 1-4
hours, the number of infected seeds still remained
100% (CI: 100-100%). Germination at 1 hour exposure
was 97% (CI: 94-102%), 2 hours - 100% (CI: 98-101%),
3 hours - 100% (CI: 100-100%), 4 hours - 97% (CI: 95-
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obstamaet 3(pHEKTOM, CTUMYIUPYIOIIUM BCXOXKECTD,
IM03TOMY OYZEeT MCII0Ib30BaHa B KOMOMHMPOBAHHBIX
BapraHTaXxX CTepUJIN3alluu.

Iepmaneanamranus

CeMeHa BCEX BapUaHTOB OTIbITA OBLIN MOJIHOC-
ThI0 KOHTAMUHVPOBAHBI yo>ke Ha 3-e cyTKU. HauMeHb-
1Iasi BCX0XKECTh M 9HEPTHU IIPOpacTaHus ObLIN IIPU
BpeMeHU skcro3unuu 20 MmuH, npu 0,5% KOHIleHTpa-
ouu — 63% (OU: 60-70%) 1 63% (I: 60—69%), rpu
1% KoHIleHTpaIuu — 67% (IN: 62-69%) u 67% (JIU:
60—70%) COOTBETCTBEHHO.

[TepMaHTaHAT KaJivs He TTOAXOAUT AJISI CTEPUJIN-
3allUU CEMSH ITOACOJTHEUHUKA.

T'unoxnopumHampus

Bo Bcex 9KCHO3UIMAX MPU KOHIIEHTpanuu 1 u
5% KOHTaMUHaL U CeMdH Ha 14-e CyTKU COCTaBUJIaA
100% (OW: 100-100%). Ipu KoHileHTparuu 10% —
97% xouTtamuHanusg (I gias 10 mus: 93-103%, AU
nng 10 muH: 91-102%), npu KoHIIeHTpanuu 15% —
100% xoHTaMuHANUg 119 10 MuH skcaosunun (JU:
100-100%), mag 15 munyT — 93% (AM: 92-100%).
OIHAKO ceMeHa 3apacTajii He TaK OBICTPO, Kak B
npenpIayux BapuaHTax. K TOMy ke BCX0XXeCTh
(93%; IN: 90-97%) u sHeprus npopactanus (90%;
II: 86—94%) ocTaBaJKUCh BBICOKUMU Iake IIpu 15%
KOHIIeHTpAalluu B TeueHue 15 MuH.

BapuauT c 6ojiee AJIUTEIbHOMN SKCIO3UIIEH 3%
(oT 30 MUH 110 2 4U) TaKKe oKasajics Hea(h(hEeKTUBHBIM.
Ha 14-e cyTku 3apakeHHble ceMeHa coctaBuiu 100%
(OIW: 100-100%) mJis BceX BapMaHTOB. BCXOXeCTDb U
9Heprud IIpopacTaHud IO-IPeXHEMY OCTaJUCh
BBICOKUMU.

TumoxjopuT HAaTpugd He 3pPeKTUuBeH A
CTEePUIU3AIINY CEMSH, OJJHAKO CITOCOOEH YaCTUYHO
TIOJABJISATh KOHTaMUHAIIMIO Ha 3—7-1 [leHb, IIPU 9TOM
IpaKTUYeCKU He CHUXKAET BCXOXKeCThb. [105TOMy OH
OyZeT MCIIOJIb30BAaH B KOMOWHUPOBAHHBIX BapUaH-
TaxX CTepuJIn3aliuu.

Humpam cepedpa

Bo MHOruMX BapuaHTax HHUTpAT cepebpa cMor
TIOJIHOCTBIO YCTPAHUTD ITIOBEPXHOCTHYI0 NH(PEKITUIO.
Hanpumep, 1% 15 muH; 2% 7, 10 muH; 3% 7, 10 MuH;
5% 10,15 MuH (cM. Tabu1. 1 1 2). Hartydias BCX0XXeCThb
—93% (OU: 93-100%) u sHeprus ImpopacTanusd 76%
(OIU: 69-84%) — 13 BAPUAHTOB OITbITA, ITIO3BOJIMBIITNX
TIOJIHOCThI0O 06e33apa3uTh MOBEPXHOCTD, HabJIOHA-
JIUCh B BapuaHTe 1% KOHIIEHTPAIIUU C 9KCII03UIIel
15 mMuH. [Ipy NOBBIMIEHUN KOHLeHTpauuu 2-5%
BCXOXXECTb 1 DHEPTrus MPOopacTaHUSA 3HAUUTEIbHO
cHUXaauch. OLHAKO BO BCeX MepPeuUuCcIeHHBIX
BapuaHTaX KOPHU YaCTUYHO TEMHEJUW U YyChIXaJu
BCJIEJICTBUE BO3JENCTBUS CTEPUINIYIONIEr0 BeIlec-
TBa. [TosTOMY JajbHEeHIe BapUaHThI ONbITA OYIoyT
KOMOHMHUPOBAHHBIMHY, YTOOBI yMEHBIIUTD BPELOHOC-
HOe BO3JelicTBUME HUTpaTa cepebpa, COXpaHUB
TTOJIHOE 06e33apakKMBaHye CEMSIH.

B Tabus. 112 ykasaHbl JOBEPUTEIbHbBIE MHTEPBA-
JIBI Jis 3HaUeHUU SHepruum mpopactanus (3-u
KOHTPOJIbHBIN IEHD), BCX0XKeCTHU (7-1 IeHb), TPOIIEH-
Ta KoHTaMuHanuu (14-i [eHb) IJis KayKI0r0 BapruaH-
Ta OIIbITA.

Humpam cepe6pa u2unoxaopumHampus

Jlydmuii pes3yJabTaT ITOKa3ajlud BapUAHTHI C
HUTpATOM cepebpa 1% 5 MUH U TUIIOXJIOPUTOM
HaTpusa 19% 10 MuH. OJHAKO OHU He O0eCHeyuunIu
MOJIHYI0 CTEPWJIbHOCTb CEMSH: MPOLEHT 3apakeH-
HBIX ceMAH Ha 14-e cyTku cocrtaBuy 27% ([U:

100%). Germination energy: 1 hour - 93% (CI: 91-
96%), 2 hours - 100% (CI: 97-102%), 3 hours - 100%
(CI:98-101%), 4 hours - 90% (CI: 86-94%).

Hydrogen peroxide is not effective for sterilizing
sunflower seeds. However, it does stimulate germina-
tion, so it can be used in combination sterilization
methods.

Potassium permanganate

Seeds of all experimental variants were com-
pletely contaminated already on the 3rd day. The
lowest germination and germination energy were at
anexposure time of 20 min, ata 0.5% concentration of
63% (CI: 60-70%) and 63% (CI: 60-69%), at a 1%
concentration of 67% (CI: 62-69%) and 67% (CI: 60-
70%), respectively.

Potassium permanganate is not suitable for
sterilizing sunflower seeds.

Sodium hypochlorite

In all exposures at concentrations of 1 and 5%,
seed contamination on the 14" day was 100% (CI: 100-
100%). At a concentration of 10% - 97% contamina-
tion (CI for 10 min: 93-103%, CI for 10 min: 91-102%),
ataconcentration of 15%-100% contamination for 10
minutes of exposure (CI: 100-100%), for 15 minutes -
93% (CI: 92-100%). However, the seeds did not
overgrow as quickly as in the previous options. In
addition, germination - 93% (CI: 90-97%) and
germination energy - 90% (CI: 86-94%) remained
highevenata15% concentration for 15 minutes.

A longer exposure of 3% from 30 minutes to 2
hours also proved ineffective. On the 14" day, the rate
of infected seeds was 100% (CI: 100-100%) for all
treatments. Germination and germinative energy
remained high.

Sodium hypochlorite is not effective for seed
sterilization, but it can partially suppress contamina-
tion within 3-7 days without significantly reducing
germination. Therefore, it will be used in combination
sterilization methods.

Silver nitrate

In many variants, silver nitrate was able to
completely eliminate surface infection. For example,
1% for 15 minutes, 2% for 7, 10 minutes, 3% for 7, 10
minutes, 5% for 10, 15 minutes (see Tables 1 and 2).
The best germination rate of 93% (CI: 93-100%) and
germinative energy of 76% (CI: 69-84%), of the
experimental variants that allowed complete
disinfection of the surface, were observed in the 1%
concentration variant with an exposure time of 15
minutes. With an increase in concentration of 2-5%,
germination and germinative energy significantly
decreased. However, in all of the listed variants, the
roots partially darkened and dried out due to the
effect of the sterilizing substance. Therefore, further
experimental variants will be combined to reduce the
harmful effects of silver nitrate while maintaining
complete disinfection of the seeds.

Tables 1 and 2 show the confidence intervals (CI)
for the values of germinative energy (3" control day),
germination (7" day), and percentage of contamina-
tion (14" day) for each experimental variant.

Silver nitrate and sodium hypochlorite:

The best results were shown by the variants with
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Tao6J1. 1. Pe3ysbTaThl OIIBITOB I10 IIOBEPXHOCTHOMY 06e33apakuBaHUI0 CEMSIH TTOACOTHEUYHMKA

pactBopom AgNO3 c KoHIIeHTparuel 1 u 5%

Table 1. Results of experiments on surface disinfection of sunflower seeds with a solution

of AgNO3 with a concentration of 1 and 5%

Bpemsa 3Kkcno3unuu, MUH Exposure time, min
AgNO, 5 | 10 | 15
KouTpossbHbie guu Control days
KoHIi.
I.B., % o
Concentration IMoka3arenu, % 3n 70 14n 3 7n, 14, 3a 7n 14n
of active Indicators, % 3d 7d 14d 3d 7d 14d 3d 7d 14d
ingredient
(AD), %
KoJi-Bo 100 AM: 100 oM: 0 u:
3apakKeHHbIX CEMSIH 100-100 100-100 0-0
. 3 100 3 100 0 (1)
Number of infected 100CrL: 100 CI: OCL:
seeds 100-100 100-100 0-0
1
KoJi-BO 88 1M 94 1N 82 11 94 1N 76 IU: 93 1U:
MPOPOCHINX CEMAH 85-92 88-102 95 76-89 86-101 o 69-84 89-99 03
Number of germinated 88 CI: 94 CIt 82 CI: 94 CIt 76 CI: 93 CL:
seeds 85-92 88-102 76-89 86-101 69-84 89-99
KoJi-Bo 100 oM: 0 Iu:
3apakeHHbIX CEMSIH 100-100 0-0
Number of infected 2 S0 100CrL: 0 0 0 0 0 0CIL
seeds 100-100 0-0
5
Kox-BO 46 OU: 50 AU: (11178 27 I: 191179 10 ou:
MPOPOCHINX CEMSH 36-54 44-57 51 0-0 21-34 30 0-0 5-15 17
Number of infected 46 CI: 50 CIL: 0CL: 27 CIL: 0CI: 10CI:
seeds 36-54 44-57 0-0 21-34 0-0 5-15
KoJi-Bo 3apaKeHHBIX 100 Au: 100 ou: 100
ceMsH 100-100 100-100 Ju:
OTpHuATeNb- | Nymbper of infected o0 Ce0 100 CI: 1y go0 100 CI: 1y go0 100
HBIH seeds 100-100 100-100 CL:
KOHTPOJIb
Negative KoJsi-Bo mpopocmux 90 IU: 93 IU: 87 oIU: 93 IU: 87 oIU: 90 IU:
control ceMAH 87-91 86-99 93 89-91 91-99 93 83-98 81-102 03
Number of germinated | 90CIL 93 CI: 87CL: 93 CI: 87CL: 90 CI:
seeds 87-91 86-99 89-91 91-99 83-98 81-102

23-33%). BcxoykecTh BO BCEX BapHaHTaX OCTaBajach
Boilie 90%, HauMeHbIlIasgd SHEPrus IpopacTaHUus
67% (IU: 64-71%) 3aukcupoBaHa IJisI BapuaHTa
AgNO, 1% 5 muH + NaOCl 19% 10 MmuH, Hau6oIbIIas —
100% (OU: 98-101%) miist AGNO, 0,5% 5 muH + NaOCl
19% 5 MmuH. TakuM 06pa3oM, IIPU CHUKEHU U KOHIEH-
TpaIuy UIU BpEMEHY SKCII03UIMY HUTPaTa cepebpa
HU)Xe MUHUMAaJIbHO 3G ()EeKTUBHBIX CXEM, YCTAHOB-
JIEHHBIX B NPEJbIAYIIEN YacTU IKCIEPUMEHTA,
JIOTIOJTHUTEIbHAs 00pa60oTKa BBICOKUMHU KOHIIEHTPA-
IUSIMU TUIOXJIOPUTA HATPUS He CIpPaBJIsAiiach Co
CTepUIU3aIUeN OCTATOYHOTO 3apaskeHus. [Ipu 3TOM
JlaXke TIPU KOHIEHTpanuy HUTpara cepebpa 0,5% B
TeueHue 7 MUH KODHU UMEeJIU YIYACTKU C YChIXaHUS -
MU, BU3yaJIbHO CXOXKMe I10 pa3MepaM C IopaKeHUs-
MU KOPHEU B OTIbITaX ¢ 60JIbIlIel KOHIIEHTPAIIE.

Humpam cepe6pa u nepexuco 6000poda

Hu ofvH M3 BapUaHTOB He 06ECIIeYnJI TTOJTHOMN
CTEPUIU3AIUU CEMSH, TIPU TOM, TaK XK€ KaK U B
JIPYTUX OTIBITaX, HAOGII0aI0Ch yChIXaHEe KOPHS.

TakuM ob6paszoM, pacTBOp HuTpara cepebpa
MOYXET 006eCIeYyrTh IOJHYI0 MTOBEPXHOCTHYIO
CTepUJIN3aluio CeMsaH IoJACcoJiHeUHuKa. OgHaKO
Jake MUHUMAaJbHasd HCIIOJb3yeMas KOHIIeHTpaIusg
(0,5%) u MUHUMAaJIbHOE BPEMS SKCIIO3UIINU (5 MUH)
BeJIeT K YChIXaHUI0 KOPHS. ITOT 3(D(HEKT He IToMenIa-
€T BBIZIEJIEHUI0 DHJOIATOTEHOB CEMEHU Ha IUTAa-
TEeJbHOU cpefie, OLHAKO CJIeflyeT YUUTBIBATb 3Ty
0COGEHHOCTbD, IJIAHUPYS OMbITHI, BKJIIUAIINE B
cebs mociyemyiollee MpopaliuBaHue PacTeHUH.
Vicxonisl U3 MPOBEeNEHHOM CEPUU OTIBITOB, IIOBPEX/IEe-

for 5 minutes and 19% sodium
hypochlorite for minutes. However, they did not
ensure complete seed sterility; the percentage of
infected seeds on the 14" day was 27% (CI: 23-33%)).
Germination in all variants remained above 90%, the
lowest germinative energy of 67% (CL: 64-71%) was
recorded for the variant AgNO3 1% for 5 minutes +
NaOCl19% for 10 minutes, the highest —100% (CI: 98-
101%) for AgNO3 0.5% for 5 minutes + NaOCl 19% for
5 minutes. Thus, when the concentration or exposure
time of silver nitrate was reduced below the minimum
effective schemes established in the previous part of
the experiment, additional treatment with high
concentrations of sodium hypochlorite was unable to
sterilize residual infestation. Moreover, even with a
silver nitrate concentration of 0.5% for 7 minutes, the
roots had areas with drying out, visually similar in
size to the root lesions in experiments with a higher
concentration.

Silver nitrate and hydrogen peroxide

Neither treatment provided complete seed
sterilization, and, as in other experiments, root
desiccation was observed.

Thus, a silver nitrate solution can provide
complete surface sterilization of sunflower seeds.
However, even the minimum concentration used
(0.5%) and minimum exposure time (5 minutes) led to
root desiccation. This effect will not interfere with the

1% silver nitrate
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Ta6. 2. Pe3y.J'IbTaTbI OIIBITOB IIO IIOBEPXHOCTHOMY O6e33&pa)KI/IBaHI/IIO CEMAH ITIOACOJTHEYHHN KA

pactBopoM AgNO3 c koHIleHTpalren 2 1 3%

Table 2. Results of experiments on surface disinfection of sunflower seeds with a solution

of AgNO3 with a concentration of 2 and 3%

Bpems 3xcno3unuu, MUH Exposure time, min
AgNoO, 5 | 10
KouTtposbHsie guu Control days
KoHIi.
A.B., %
Concentration IToxasaTenun, % 3 7n, 14p, 3 7 14p,
of active Indicators, % 3d 7d 14d 3d 7d 14d
ingredient
(A1), %
KoJi-Bo 3apakeHHBIX 0 Iu: 0 au:
ceMsH ) 0 o 0—0. 0 0 o—oA
Number of infected oCL: 0CL:
seeds 0-0 0-0
2
KoJi-Bo npopocmux 30 Ay 63 1U: 0 Iu: 3 u:
CeMAaH 26-34 56-69 77 -3-1 0-8 27
Number of germinated 30CL 63 CI: ocr: 3CL:
seeds 26-34 56-69 -3-1 0-8
KoJi-Bo 3apakeHHBIX 0 Iu: 0 aM:
ceMsH ) n 0 0—0. @ @ 0—0.
Number of infected 0CL: 0CL:
seeds 0-0 0-0
3
KoJs-Bo nmpopocmux 17 oy 40 oU: 0au: 7 O
ceMsH 12-22 35-46 53 -3-1 1-14 13
Number of germinated 17 CIL: 40 CI: 0CI: 7CL
seeds 12-22 35-46 -3-1 1-14
KoJi-BO 100 JIU: 100 AU:
3apaKeHHBIX CEMSIH 100-100 100-100
OTpuLATeNb- | Nymber of infected 100 100 100 CI: 2o0 200 100 CI:
HBIH seeds 100-100 100-100
KOHTPOJIb
Negative KoJi-BO 93 IU: 97 oU: 90 IU: 93 IU:
control IIPOPOCIIHNX CEMAH 86-99 91-104 97 81-97 85-102 97
Number of germinated 93 CI: 97 CI: 90 CI: 93 CI:
seeds 86-99 91-104 81-97 85-102

HUEe KOPHS HEe3HAUYWTEJNbhHO MellaeT Pa3sBUTHUIO
ITPOPOCTKA B IIEPBbIE IBE HEEJIU.

3AKJIOYEHUE

VicciemoBaHue MPOLEMOHCTPHUPOBAJIO, UTO
METObl TOBEPXHOCTHON CTEPUIU3ANUU CEMAH
MOJCOJIHEYHUKA C MCIIOJIb30BaHMEM 3TaHOJa,
epeKruCcU BOZOPOJia, MepMaHTraHaTa Kajusg W TUIIO-
XJIOPUTA HATPUS He 00eCIIeYnBaiOT ITOJTHOTO YCTPaHe-
HUS IIOBEPXHOCTHOM KOHTaMMUHAIIWMM, HE3aBUCUMO
OT KOHIIEHTPAall¥ 11 BpeMeHHU sKemo3uliuu. HanboJsiee
5(h(HeKTUBHBIM areHTOM OKas3aJiCs HUTPAT cepebpa,
KOTOPBIN ITPU KOHIEHTPAUAX 1-5% U 9KCTIO3UIUU
7—15 MUH 06€CIIeYNJI TTOJHY CTEPUIbHOCTD CEMSIH.
O HaKO ero IpUMeHeHME COIIPOBOXKAAIOCh YaCTUY-
HBIM IIOBPEXIeHEeM KOPHEBOM CCTEMbI, YTO MOXKET
OrpaHMYUBATDL MCIIOJb30BaHNE B HCCIEJOBAHUIX,
TPe6YIIIUX IOCIEAYIOIIEro IIPOoPanBaHUA.

[TonydyeHHbIe pe3yJbTaThl YKAa3bIBAKT Ha
CJIOXXKHOCTh TT0J00pa YHUBEPCAJTbHOTO METOIAa
CTEPUIN3AIINY JIJII CEMSIH C TIOPUCTOMN U 1IIePOXOBa-
TOII TIOBEPXHOCTDIO, TAKMX KaK ceMeHa II0/ICOJHeY-
HUKAa. [[JIs ucciiefoBaHMM, TPeOyIOIMUX abCoMIOTHOM
ITOBEPXHOCTHOM CTEPUIIBHOCTY CeMSH 6e3 rocieny-
IOIIEro ITpopaluBaHusd, ONITUMAJIbHBIM PelleHUueM
SIBJISIETCS IPUMEHeHMe HUTpaTa cepebpa. B ciyuae
HEOOXOAUMOCTU COXPAaHEHUST BBICOKOW >KM3HECIIO-
COOHOCTU CEMAH IPEIINOUYTUTEJIbHBI CXeMBbI C
MUHUMaJbHO 3(P(PEKTUBHBIMU KOHIIEHTPAIMIMU U
BpeMeHeM SKCHo3uliuu. IIpenyioKeHHbIe CXEeMBI,

release of seed endopathogens on the nutrient
medium, but it should be taken into account when
planning experiments that include subsequent plant
germination. Based on the series of experiments
conducted, root damage slightly interferes with
seedling development during the first two weeks.

CONCLUSION

The study demonstrated that surface steriliza-
tion methods for sunflower seeds using ethanol,
hydrogen peroxide, potassium permanganate, and
sodium hypochlorite do not completely eliminate
surface contamination, regardless of concentration
and exposure time. Silver nitrate proved to be the
most effective agent, ensuring complete seed sterility
at concentrations of 1-5% and exposure times of 7-15
minutes. However, its use was accompanied by partial
damage to the root system, which may limit its use in
studiesrequiring subsequent germination.

The obtained results indicate the difficulty of
selecting a universal sterilization method for seeds
with a porous and rough surface, such as sunflower
seeds. For studies requiring absolute surface sterility
of seeds without subsequent germination, the use of
silver nitrate is the optimal solution. When maintain-
ing high seed viability, regimens with minimum
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HEeCMOTpPA Ha YaCTHUYHOE€ yCbIXaHHE KOPHMA, TaKXe
MOTYT OBITD HMCITOJIb30BaHBI JAJId OIIBITOB C ITPOPAaMIM-
BaHVUEM CeéMAdH KaK MUMHUMYM B TE€UEHUE JBYX
Henesib. OHAKO CTOUT y4uuTbIBaTh TO, YTO OHM HE
OIITUMAaJIbHBI OJI ooJiee JJINTEJIbHBIX OKCIIEPUMEHTOB.
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10. Cnncok nuTepatypsl (T. €. CMUCOK BCel UCMOSIb30BAHHOW TMTEPaTypPbl, CCbITKM
Ha KOTOPYH Jal0TCs B CAMOM TEKCTEe CTaTbM): MpaBuia COCTaBIeHUS HanpaBstoTCs aB -
TOPY MO 3anpocy.

11. MHdopmauus 06 aBTopax: NPUBOAUTCS MNOMHAS MHGOPMaLMS O KaXK40M U3 aB-
TopoB (MecTo paboThbl, ropoa, ctpaHa, ORCID ID, agpec aNeKTPOHHOW NMoYThl).

12. inntocTpatuBHble MaTepuanbl (hotorpadun, pUucyHKK) LOMYyCKATCS XOPOLLENn
KOHTPACTHOCTK, C paspelueHnemM He Hmxe 300 Touek Ha grorim (300 dpi), opurmnHabi
NpUKNaabiBaOTCS K CTaTbe OTAesbHbIMM hainamu B chopmare .tiff unu .jpeg (unntoctpa-
LMK, HEe COOTBETCTBYOLLME TpeboBaHUaM, ByayT UCKNOUYEHbI U3 CTaTel, MOCKOSIbKY A0 -
CTOMHOEe UX BOCNpounsBeaeHne Tunorpad)Ckum crnocobom HeBO3MOXHO). Heobxoanmo
yKasaTb aBTOpPCTBO Kaxzon hotorpadum (@. U. O. hoTorpada nnm ceoiniky).

13. B pepakumto HeobxooMMo NpefocTaBUTb ABE PeLleH3MM Ha CTaTbio («BHeL -
HIOHO» U «BHYTPEHHIO»).

* B TaKoMm e nopsioKe U CTPYKTYpe npedocTas/ISeTcs aHI0S3bIYHbII nepeBod CTaTbu.

PaboTta fomkHa 6biTb NpepocTaBneHa B pegaktope WORD, dopmat DOC, wpnudt
Times New Roman, pasmep wpndta — 12, MEXCTPOUHbI MHTEPBa — OAUHAPHbIN, pas-
Mep nosier — Mo 2 cM, OTCTyN B Hayasne ab3aua — 1 cM, hopMaTMpoBaHmMe Mo WUpUHe.
PucyHku, Tabnuubl, CXeMbl, FpauKm 1 Np. BOMXHbI 6biTb 0693aT€IbHO MPOHYMEPOBaHbI,
MMEeTb UCTOYHUKW 1 MOMELLATLCS Ha NMeYaTHOM nosie CTpaHuLbl. HasBaHne Tabnuubl —
Hap Tabnuuen; HasBaHMe pUcyHKa/rpadurka — nom, pucyHkom/rpacmkom.

BOJNEE NOAPOEHbIE YC/I0BUA NYB/IMKALUK CTATEW Bbl MOXKETE
Y3HATb B HALLEU PEOAKLLUNA:

Appec: 140150, Poccusi, MockoBckas obnactb, M. 0. PaMeHckoe,
nrt boikoBo, yn. MorpaHuyHasg, g. 32

KoHTakTHOe nuuo: 3MHoBbeBa CBeTnaHa leoprnesHa

TenedoH: +7 499 707-22-27, e-mail: zinoveva-s@mail.ru



deepajIbHOE rOCyAapCTBEHHOE
OIOZKEeTHOE YUpe:KJeHue
«BcepocCUCKUH IEHTP KapaHTHUHA
pacTrenuii» (PIrbY «BHUUKP»)

. ‘I
b : —
!‘ l:
— HayuyHoe u MeToguueckoe obecnevyeHne — YcTaHOBNeHWE KapaHTUHHOMO
JdesTenbHocTu Poccenbxo3Hap3opa, (h¥TOCAaHMTAPHOrO COCTOSAHUSA
€ro TEPPUTOPUAJIBHBIX YIIPABJIEHUN nopKapaHTUHHbIX MaTepuanoB
¥ NoABefO0MCTBEHHbIX eMy n Tepputopumn Poccuiickon depepauuu
yupexkaeHui B chepe KapaHTUHa nyTeM NpoBeAeHUs NabopaTopHbIX
¥ 3aLMUThl PACTEHUN 3KCMNEPTH3 Y MOHUTOPUHIOB

BHUUKP

W\

— HayuHoe coTpygHuyecTBo
C HaLMOHaNbHbIMU
M MEeXAYHapoAHbIMU
opraHusauusamu B obnactu
KapaHTMHA pacTeHui

« Bepylee yupexxpeHue B Poccuiickor depepaLnmm no CUHTE3Y U MPUMEHEHUIO
(hepOMOHOB AN1s BbISIBNIEHUSI KAPAHTUHHbIX U HEKapPaHTUHHbIX BpepuTesien
1 60pb6bl C HUIMHK

» ®IrbY «BHUUKP» — napTHEp MeXxayHapoL4HOM NPorpamMMbl Mo KOopauHaLmm
Hay4HbIX uccnepoBaHui B obnactu kapaHTuHa pacteHuii EUPHRESCO II
(EUropean PHytosanitary RESearch COordination)

* B dIrbY «<BHUUKP» co3paH n gencrTeyeT TeXHUYECKUIA KOMUTET
no ctaHpgapTusauumn TK 42 «KapaHTUH U 3al4mUTa pacTeHUin»

« Begyluee Hay4yHO-MeToaMUYECKOe yUupexaeHue B cocTaBe KoopanHaLMoHHOro
coBeTa Mo KapaHTUHY PacTeHUN rocygapcTsB — yYacTHUKOB CHI

» 12 chmnumanos Ha TeppuTtopumn Poccuiickon ®epepaumm

« [010BHOE Hay4YHO-MEeTOoOMUECKOE YUpeXaeHue no peanusauuu MNnaHa
nepBooYepenHbIX MEPONPUATUIA, HANPABAEHHbIX HA FAPMOHU3ALLUIO
KapaHTUHHbIX (hUTOCaHUTAPHbIX Mep rocyfapcTB — UneHoB TaMOXXeHHOro coto3a

140150, Poccus,

MocKoBCKasi 06J1aCThb,

M. 0. PaMmeHcCKoe, IT'T BBIKOBO,
yi. I[lorpannyuHadq, a. 32

Te./paxkc:

8 (499) 707-22-27

e-mail: vniikr@fsvps.gov.ru
http:/ www.vniikrru




