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MEXOYHAPOOHOE COTPYOHUYECTBO

Iyonl Quercus robur L.
N3 r. 'epHUKN.
CBs3b IOKOJIEHUM

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

* ®I'BY «BcepoccuiicKuii LeHTP KapaHTUHA
pacteuuii» (PI'BY «BHUVKP»), irT BHIKOBO, M. 0.
PameHcKuii, MocKoBcKas 00.1., Poccus, 140150

* Acconuanus «Cesep — geTu BoliHbl CCCP»,
CtpaHa backoB, VicnaHnus

B sirBape 2022 T. B agpec deepaIbHON CIyKOBI
[0 BETEPUHAPHOMY U (hUTOCAHUTAPHOMY HaM30pYy
(Poccenbx03HaA30pP) OT MCHAHCKOM CTOPOHBI
MMOCTYyNMJIO OOpallleHre O HaMepPeHW! BBE3TU U3
HUCMAaHCKOTOo I. [epHUKY Ha TePPUTOPHUI0 Poccuiickoi
depepanuu caxkeHIiibl ny6a Quercus robur L. Kak
SKVMBbIE€ CUMBOJIbI TAMSITHU, IPUYPOYUB UX IOCATKY K
80-netuto [To6enpl B Bennkoii OTeuecTBEHHOM BOMHE
1941-1945 rr. YyaCTHUKaAMM POCCUMCKO-HUCIIaHCKOMI
acconuanuu «CeBep — metu BouHBI CCCP» ObLIO
MPUHSATO pelleHWe O MPOBEeAEeHUUN IMaMIATHBIX
MEPOIIPUATHUHN B MeCTaX, UCTOPUUECKU 3HAUUMbBIX
nas Poccuu m Vcnauuu: B CaHkT-IleTepbypre (Ha
[TruckapeBCKOM MEMOPUATIbHOM KJ‘Ia,ILﬁI/IH.Le, BJleTHEM
cany (IIkospHas ajuies) v LlapckoM s
Cejie B mmaMAThb 00 HcIIaHIlaX-
GJIOKaLHUKAX U 3allUTHUKAX
Jlenuurpapmga); B Pecniy6auke ;
Kapenuu (Ha MeMopuaje «AJenar,
OKOJIO 0G€JIMCKOB, IZle yBEKOBede-
Hbl MCHAaHCKMWE MTOOPOBOJBILEI,
norubummue B 1941 r.); B Mockse (Ha
TTOKJIOHHOM TOpe, OKOJIO MaMSITHU-
Ka-4aCOBHU, YCTAHOBJEHHOTO
B maMATh 06 mcIaHmax-gob6po-
BOJIbIIAX — yYacTHUKax Benwnkoi ©
OTeuecTBEHHO BOMHBI).

[ToHUMas BaXHOCTb JAaHHOU
MUCCUM, COTPYIHUKYU Poccenbxos-
Hajgsopa u ®I'BY «Bcepoccuiickuii
NeHTP KapaHTWHA pPacTeHUM»
(®TBY «BHUVKP») 6bLIM Hampas-
JIEHBI B TOCY/JapCTBEHHBIM IIUTOM-
HuK Basalan (Ctpana BackoB) mjs it
npoBeleHUsI PUTOCAHUTAPHON
uHcneknuu (cMm. puc. 1). Yxe B
¢deBpasie 2022 1. CIEUAJUCTEI
NpoBenu (puTocaHUTapHOe obciie- !

AOBaHNE MMTOMHUKA M B COOTBET- Pyc. 1. DutocaHutTapHoe obcnepoBaHue
ctBun cI'OCT 12430-2019 «MeTonbl nutoMHuka Basalan

¥ HOPMBI 0TOOpa 06pasIioB MMOmKa-

PaHTUHHOM NPOAYKIIUY IIPY KaPaHTUHHOM (uTOoCa-
HHUTAapHOM JIOCMOTPeE 1 JTa60PaTOPHBIX UCCIENOBAHU-
ax» 0TOGpasM 06pasiibl CaXKEHIEB, KOTOPbIEe OBLIN
JocTaBjieHbl B VCIbITaTeJIbHBIN Jab0opaTOPHBIN
neHTp ®I'BY «BHUUWKP» njisi ucciaenoBaHus.

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 memorialeventsin 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



MEXOYHAPOOHOE COTPYOHUYECTBO INTERNATIONAL COOPERATION

BbLIM TIPOBEIEeHbl DSHTOMOJIOTUYECKUE, TEJb-
MUWHTOJIOTUYECKUE U MUKOJIOTUYECKUE DKCIIEPTU3HI.
[TocJjie TIONIyYeHUST Pe3yJbTaTOB JTab0PaTOPHBIX
MCciefoBaHUM (KapaHTUHHbBIE OOGBEKTHI, MMEIOIINe
3HaueHue A9 Poccuiickoit demepanuu, He ObLIN
BBISBJIEHBI) HA OCHOBAHUU BbIJAHHBIX 3aKIIOUEHUHA
PoccenlbX03HaA30p MPUHSJ pPEIIEeHNe O BBIITyCKe
TMOJKapPaHTUHHOM TPOLYKIIVN.

CarkeHIIbI MTYOKOB IIOJNYYUJINU paspelieHue st
BBO3a Ha TeppuTopuio Poccuiickoit demepanuu u
ObLIM JOCTaBJeHbl B BoTaHumdeckuii caj IleTpa
Besinkoro (CaHkT-IleTepbypr), rie HaXOOWJIWUCH B
KapaHTUHHOMN opamkepee. KaXkIbIil ca’keHell uMeeT
opuIIUaANbHBIN cepTU(UKAT, B KOTOPOM Mpencena-
Tesib [eHepasIbHOI accaMbieu Buckaiiu y1ocToBeps-
eT, uTo Any0 SIBJSETCS Y3aKOHEHHBIM IMPSIMbIM
IOTOMKOM JepeBa u3 I. 'epHUKU. llepeMoHUsA
nepegavyy ca)keHIeB Ayba Ajis BbICAIKU B MEMOPU-
aJbHBIX MecTax Poccuiickoii ®emepaliuy mpouLia y
WICTOPUYECKOTO 3[aHus ImapjaMeHnTa buckaiiu Casa
deJuntas(cMm. puc. 2).

Puc. 2. LilepeMOHUs nepefayumn CaxxeHLeB Fig. 2. Ceremony of handing over Quercus

Quercus robury 3HameHuToro ny6a
r. lfepHuku (pagom c Casa de Juntas
Generales) Generales)
IMog, sTuM nmepeBoM B I'epHuKe HaumHasa ¢ XIV
BeKa cobumpasuch rociaaHnHuKy CTpaHbl BackoB mjisa
IIPUHATUSA CBOZA 3aKOHOB U Ilepenayu IIPecTOoJIOB
KOPOJIIMU. ITOT Ny6 CUMBOJU3UPYET AEMOKPATUIO,
CTOMKOCTD 1 COTIPOTUBJIEHNE MCITAHCKOT'0 Hapoa.

HcTopuueckasa crpaBka. B 1937 2. 6 Cosemckuii
Co103 u3 Hcnanuu 6bL710 36aKyUP0OBAHO 0KO0 3 Mbic. demeli
3-15 nem. Hx podumenu cpaxanico npomue ouKxmaniypol
DpanKo, a cOOMEUECMEEHHUKU NJACHOM K NJAEHY CMOLIU
¢ cosemckumu condamamu npomus gawucmekoti lepma-
Huu. O0Hako 8 1941 e. 6 CCCP 80liHa ux Hacmueaia 6HOBb.
B nenunepadckom JJome ucnauckoti monodexu 22 uroHs
1941 e. ucnanckumu rwHouwamu u desyurkamu Ovliu
HANUCAHbL NEPEble 3aS6JEHUS ¢ NPOCLOOLE OMNPABUMDb UX HA
pornm. Hcnanybl 6vLiu nepevlMu U CamMblMU MHOLOUUCECH-
HbLMU UHOCMpaHyamu 8 padax KpacHoli apmuu. B nepsvie
Mmecaybl 80UiHbL 8 Kapenuu cpaxcanacsy 3- @pyH3eHCKas
dususus HapodHo20 ononueHus, 8 padax Komopou 6vL10
oKxono 70 1HbLx ucnanyes. Botiybt amoii dususuu He daiu
3aMKHymb 602buloe OJ10Ka0H0E KOAbUO U NO2UGHYMD
Jlenunepady. Oxono 100 ucnanckux 0e640HOK U MAJLUUUIEK
14-20 iem nomoeaniu gponmy 6 610KadHOM 20pode, OHU
MY 3aXCU2aMeNbHbie 60MObL, KONAJIU 0KONbL, paboma-
au 8 eocnumansx, 6viiu donopamu. Cpedu 140 moHH
00HOPCKOTL 6710KA0HOT KPOBU ECTNb U UCNAHCKAS KPOBD.

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

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-
| 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
Garden (St. Petersburg), where they
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. /n 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
shoulderwith Soviet soldiers against Nazi Germany.
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B maMsAThb 0 MY>XECTBE U T€POU3ME MCIAaHCKUX
I0GPOBOJIBIIER U OBLIO IIPUHATO PellleHKe IOCaIUTh
Ha POCCUMCKON 3eMJIe CaXKEHIIbI Iy60B U3 I. [epHUKYU
KaK CUMBOJI CTOMKOCTHU, IEMOKPATUY Y HEYKPOTUMO-
r'0 JyXa COIPOTUBJIEHUs. B mocaKax ca’keHIIeB 1yHa
u3 I. 'epHuku B Mae 2025 r. npuHUMaJa ydacTue
Ienerainys u3 VcmaHuW, B COCTaBe KOTOPOU 6bLIU
VICIIaHCKYE JeTH BOMHBI, UX IIOTOMKMU, MCTOPUKU-
PEKOHCTPYKTOPHI (CM. puc. 3,4, 5).

Puc. 3. LlepeMoHusi nocapku caxkeHua nyba Fig. 3. Oak tree planting ceremony in the
Republic of Karelia (Syandeba village,
Alyosha memorial)

B Pecny6nuke Kapenuu (g. CaHpe6a,
MeMopuan «Anewa)

Puc. 4. CaxxeHel, ny6a B JleTHeM capy,
CaHkT-MeTepbypr

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
Siege of Leningrad and the destruction of
Leningrad. Around 100 Spanish boys
andgirls 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
Salueiia, Manuel Arce, Angel
Gutiérrez, and others—commem-
orative plaques were installed near
~ the oak trees. These inscriptions
M| read in Russian, Spanish, and
B 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
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[lo UHUIIUATUBE POCCUUCKO-UCIIAHCKOU
accoruamnuy ¥ OT UMEeHU UCTIaHCKUX JeTell BOUHBI —
Bukropuu Urnecuac MapTuHec 1 AcyceHa depHaH-
nec ®epHangec, Cepxuo CanysHbsi, MaHyasd Apce,
Anxena I'yTbeppeca U OPYTUX — PSAIOM C IyOKaMu
ObLIM YCTAHOBJIEHBI MaMSTHBIE TAGMUYKUA C Ha-
MHCHI0 HA PYCCKOM, UCITAHCKOM U GaCKCKOM SI3bIKaX:
«Bo um4a xusuu! Bo umga mupa Bo BceM mupe! [ToMHU-
Te o Hac!» 1 «OT MCIIaHCKUX JIeTell BOMHBI C 6J1aromap-
HOCTBHIO COBETCKOMY Hapozy. Mbl BMecTe 60POJINCh C
damnuzMom».

NcnaHnel cpakajauch Ha JIeHUHTrpagCKOM
¢ poHTE, B MOCKOBCKOM 00JIaCTH, B JiecaX BpSHIIIUHEI,
CmosteHIIVHEL, B CTanuHrpazge. lllecTepo ucriaHies B
panmax KpacHoii apmuu gouuiu 1o bepivHa.

Puc. 5. MNocapka caxkeHua
ny6a Ha MoKnoHHoM rope,
MockBa

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

Opranusatop akuuu EjeHa AJleKCcaHJPOBAQ,
Mpe3uieHT accouuanuu «CeBep — AeTU BOUHBI
CCCP», yBepeHa, UTO LINPOKasa reorpadus MogBUTa
WCIIAHCKOTO Hapoza B Besukoit OTeuyeCcTBEHHOU
BOMHE JOJDKHA ObITh yBEKOBeYeHa, U B OymylieMm
MJIaHUPYETCS BbICAAUTh NYOKM M3 VcmaHUU B
CranuHrpage, KpeiMmy, BpgaHcke, Ha KaBkase.
Acconuanusi «CeBep» GyZeT IIPOJOJKATh MacuITab-
HBIA UCTOPUYECKUN TPOEKT, MEPOIIPUATHSI KOTOPOTO
TIOCJTY KaT COXPaHEHMIO HallleH 00IIe ICTOPHUIECKOMU
aMATH.

Puc. 6. Y4aCTHUKM aKumn

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.

Hos6pb N2 4 (25) 2025 5



BMOTEXHOJIOT NN

DOI 10.69536/FKR.2025.77.12.001
YOK 632.911.2; 58.084.1; 578.85/.86

PacTeHus kaprodeaa
B KYJIBTYpe in vitro Kak

MOJe€EJIb OJIA IMTOAJCPAKAHUA

1 U3yUeHUS BUPYCOB

*A6pamoBa A. C.!, Yckos A. 1%, Kuprommusa A. C.%,
CosioBbeB A. A.%, KonikoBa T. A.°, KajjamrHuKoB A. A.°,
Tapu6an1I. C.’

134567 HTBY «BcepoCCUNCKUM IIeHTP KapaHTUHA
pacteunii» (PI'BY «BHUUKP»), IirT BBIKOBO, M. 0.
PamMenckuii, Mockosckas 06.1., Poccus, 140150
*®T'BHY «denepabHbII UCCIEN0BATEIbCKUN
HeHTp KapTodens umenu A.I. Jlopxa» (PITBHY
«®DULI kapTodensa uMmeHu Jlopxa»), . . Kpackoso,
I. JIro6epiibl, MocKoOBcKast 00J1., Poccus, 140051
'ORCID: 0009-0003-8641-5396;

e-mail: abramova.as@phystech.edu
*ORCID: 0000-0003-1596-8359;

e-mail: korenevo2000@mail.ru
*ORCID: 0009-0000-7338-0153;

e-mail: kr.nastya.mail@gmail.com
*ORCID: 0000-0003-4480-8776;

e-mail: asoloviev70@yandex.ru
°ORCID: 0009-0008-7629-5497;

e-mail: kopkova_tatyana@vniikr.ru
*ORCID: 0009-0007-8827-4792;

e-mail: andreysm.uch@mail.ru
"ORCID: 0000-0001-8226-3792;

e-mail: tsovinar1980@mail.ru

AHHOTAIIUA

B maHHOUM CTaThe pacCMaTPUBAKTCS IEPCIeK-
TUBBI UCIOJb30BAaHUS pacTeHUH KapTodesns B
KyJbTyp€ in Vitro OJis TIOAJEeP)KaHUS U WU3YyUeHUS
BHUPYCOB, a TaKXe IpPeACTaBJeH KPaTKUN 0630p
nHDOpPMaIUU O PEKOMEHIyeMOM IIPOTOKOJIe
BBIPAIIVBAHUSA M MUKPOKJIOHAJIBHOTO Pa3MHOXKEHU S
BUPYCHBIX pacTeHul KapToessa B KyJIbType in Vitro.
CosaHuMe KOJJIEKIIUY MaTOTeHHBIX M KAPAaHTUHHBIX
BUPYCOB PaCTEHU in Vitro He06XoouMo IJisg paspa-
6OTKU HCCIIe[OBATENIbCKOM 6a3bI BUPYCOB PACTEHU.
MHorue BUPYCHI IIJIOXO COXPAHSIOTCS B MePTBOM
PacTUTEIbHOM MaTepHralie B TeUeHUe AJIUTEJTbHOTO
BPEMEHU, MO3TOMY HaJU4YVe KOJJIEKIIUU >KUBBIX
W30JINPOBAHHBIX PACTEHUM MO3BOJIUT COXPAHATH
MaTepuaJl ¥ IIPOBOAUTDH MCCIIEAOBAaHMA Ha IIPOTAXKE-
HUU BCero rojia, HabJI0ZaTh AVHAMUKY Da3BUTUSI
cuMnToMoB. HabnlomeHrWe 3a CUMITOMaMu B
CTEPWJIbHBIX U W30JUPOBAHHBIX YCJIOBUSX N Vitro
TI03BOJIUT OGBEKTUBHO U G0Jiee TOUHO OXapaKTepu-
30BaTh CUMIITOMBI, BbI3bIBa€MbI€ Pa3JIUYHBIMU
mraMMaMMu ¥ BUJaMU BUPYCOB. HeKOTOpbIe pacTe-
HUS, B TOM YV CJIe U B KYJIBTYPE ifl Vitro, MOTYT CIIYXKUTH
UHJIUKATOPaMU U MCIIOJIb30BAThCS JJIS IO TBEPIKIe-
HUA Hanmuusg nHdekuu. B ganHoi pabore nmpume-
HEHBbI METOAbl MUKPOKJIOHAJIBHOI'O Pa3MHOXEHUS
pacrtenuii, meton ITLIP, cOBMeleHHbIN ¢ 0OpaTHOMN
TpaHCKpHHL{HefI, JAJisd BBISABJI€EHUSA BUPYCOB B
pacTUTENbHOM MaTepualie, a TAaKXKe MEeTOLbl CTEPU-
Jmu3anuy, HeobxoguMble it pabOThI C acelnTudec-
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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 paCTUTEJIbHBIM MaTepuaJjioM. Pe3ysibTaThl
MIPOBEJIEHHOTO UCCIefOBaHUs JoKa3aau 3(HeKTUB-
HOCTb XpaHEHUS BUPYCOB PACTEHUI B KYJbTYpE in
vitro. TlomyuyeHHbIe AaHHble MeTomoM OT-IILIP-PB
I0Ka3aJii COXpaHEHNEe BUPYCOB B XOJle MUKPOKJIIO-
HaJIbHOTO Pa3sMHOXXEHUH 3apaXeHHBIX BUpPycaMU
pacTeHU# B KyJIbTYpe in Vitro BHE 3aBUCUMOCTU OT
rmaccaska. To eCTh JaHHBIN METO/I, ITIO3BOJISIET XPAHUTD
JKUBOM BUPYCHBIM MaTepuall Ha MPOTSIKEHUU IJIU-
TeJIbHOTO [IEPUOJIa BpEMEHU.

Knroueswte cnoea. Solanum tuberosum L, BUpPyChI
pacTeHui, MUKPOKJIOHAJbHOE pasMHOXeHwue, ITLIP,
OT-TILIP-PB.

BBEJEHUE

aptodens (Solanum tuberosum L.)
OTHOCUTCS K YMCJIy Hambojiee 3HAYU-
MBIX TIPOZOBOJIbCTBEHHBIX U CEJIbCKO-
X03IUCTBEHHBIX KYJbTYD, 3aHUMAS
YeTBEPTOe MECTO B MUPE I10 0OBEMAM
IIPOU3BOJICTBA, YCTyMas JUIIb PUCY,
nieHuIle u Kykypyse. (Devaux et al.,
2021;Jiang, Du, Zhang, 2022).

Cpenu 6omnbuIoro umciia 6oJiesHeil KapTodess
BUDYCHBIE ABJIAIOTCSI CePbe3HOU riaobanbHOU
npobsieMo B KapTo(eeBOACTBE, CHUXKAS YPOXKaM-
HOCTb KapTodesns 6oxee yueM Ha 50%. Bupycsl
kaprodensa X (PVX), Y (PVY), S (PVS) u M (PVM), a
Tak)Xe BUPYC CKPYUYMBAHUS JIUCTbEB KapTodess
(PLRV) 9BJISIOTCSI OCHOBHBIMU MIaTOT€HAMM, CHIKA-
IOIUMU KauyeCTBO W YPOXKAMHOCTH CEJIbCKOXO3SIi-
CTBEHHBIX KyJabTyp (I'puropsH, TkaueHko, 2019;
MacieHHUKOBA, [IpixTHA, TabaH0X0B, 2024; YcKOB
u np., 2024; Chung, Yoon, Palukaitis, 2013;
Yanagisawa, Matsushita, 2021).

CoBpeMeHHbIE METOIbl 60PbOBI C BUPYCHBIMU
UHPeKNUuaIMHu KapTodesisl OCJIOXHIITCSA TeM, UTO
GOJIBIITMHCTBO BUPYCOB HE MOXKET JIOJITO COXPaHSIThCS
B MEPTBOM PacTUTEIIbHOM MaTepuaje. B 3Toi cBsI3u
aKTyaJbHOCTH IIPUOOpeTaeT pa3paboTKa M BHeZpe-
HYE MEeTOJOB JIOJITOBPEMEHHOTO XPaHEHUSA U
UCCHEeNOBAaHUSA BUPYCOB B KOJJIEKUMAX XUBBIX
M30JIMPOBAHHBIX pacTeHuit (BaTeirnHa, Bacuibesa,
2002; Ba6ukosa, l'oprieHueHKo, 2007). [IpuMeHeHUe
KyJIbTYPaJIbHBIX CUCTEM In Vitro OTKPbIBaeT HOBBIE
BO3MOXXHOCTU JIJIsI KPYTJIOTOAUYHOTO IO IePXKAHUS
MaTepuajia, MOHUTOPUHTA Pa3BUTUS CUMIITOMOB U
TIOTYJISIITMOHHOM JVHAMUKY BUDPYCOB.

Ocoboe 3HaueHUEe MMEKWT HAOJIIEeHUSI 3a
MIPOSIBJIEHMEM CUMIITOMATUKU BUPYCHBIX UHMEKIIMMI
B CTaHJAPTU3VUPOBAHHBIX CTEPUJILHBIX YCJIOBULX in
vitro. VICIIOJIb30BaHME PaCTeHUU-UHAUKATOPOB, B
TOM 4YHcJie B COUeTaHUU C MOP(OJOTUYEeCKUMU
NpU3HAKaMU U MOJEKYJISIPHO-TEHETUUYECKUMU
MEeTOJlaMU, TTO3BOJISIET 00bEKTUBHO OIEHUBATh
MIPOSIBJIEHYE TIOPAXKEHUS, YTO PaCIIMpPIeT BO3MOX-
HOCTUY UAeHTUMUKALUY U XapaKTePUCTUKY Pa3iny-
HBIX IITAMMOB U BUJIOB BUPYCOB.

Llenbi0 HACTOSIIETO HCCIEAOBAHUS SBJISETCS
u3ydyeHUe 0COGEHHOCTENW KYyJbTUBUPOBAHUSI
pacteHuil kaprodens, THOUIIUPOBAHHBIX Pa3Jiny-
HBIMM BUPyCaMU, B CUCTEME in vitro. B paMkax paboTsl
peumasuch 3aJauyyd yCTAHOBJEHUS 3apaXeHUs
BUpPyCaMM aCelTUYECKOTO MaTepuajia MeETOLO0M
00paTHON TPAHCKPUIIIMKM B COUETAHUU C MYJIBTHU-
MJIEKCHOM MOJMMepasHOU IeNHOU peakliuel 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 thereal-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 potatoyields 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 forlong-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. [TepeueHb pacTeHUH KapTodesdd, 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

Osa PLRV
24

24 PVM
3aragka PVY
Zagadka

KpacaBuuk

Krasavchik PVX
.JIpcana PVS
Lisana

rTu6pPUAN3aIIMOHHO-(QIYOPECIIEHTHON AeTeKIIuen
B pexxuMe peanbHOoro BpeMmeHu (OT-TIL[P-PB).

MATEPHUAJIbI U METO/IbI

O6GBbeKTaMU UCCIIeIOBAHUIM ABJISJINCH PACTEHUS
KapTtodeass pasJIMYHBIX COPTOB, 3apa’keHHbIE
BUpPyCaMU B KyJIbType invitro(cMm. Tabi. 1).

OIHUM M3 KJIHUYEBBIX (PAKTOPOB YCIIEUIHOTO
KYJIbTUBYMPOBaHUA 3apPa’>X€HHbIX BHPyCaMM pacTe-
HUY KapTodeIs in Vitro ABJISIETCS CTPOTUN KOHTPOJIb
CTEPUJIBHOCTU B OTHOIIEHUU [IPYTUX ITaTOTEHOB.
TuraTesbHasg CTepuau3anusg Heobxomuma IJs
peNoTBPAallleHUsI KOHTaMUHAIIUU U Pa3BUTUSI
TIOCTOPOHHMX IMAaTOTEHHBIX MUKDPOOPTaHU3MOB Ha
HMCKYCCTBEHHBIX IITMTAaTEJIbHbIX CpeJaX, IMpeagHa3Ha-
YEeHHBIX [Jis BbIpAIMIUBaHUSA UHQUIIUPOBAHHBIX
pacTeHuii. Bce paboThl ¢ 3apa’keHHBIMU BUPYyCaMU
PAacTEeHUSIMHU in Vitro IPOBOAWJIUA B JIAMUHAPHBIX
6oKcax, 06ecrneuyrBaIOIINX CTEPUJIbHBIE YCJIOBUSI.
[lepen HayajoM SKCIIEPUMEHTOB U B XOJle PabOThI
Mo BEPraii CTEPUJIU3AIUU HE TOJbKO pabouee
MIPOCTPAHCTBO GOKca, HO ¥ MHCTPYMEHTHI, Jlabopa-
TOPHYI0 TOCYZY, MUTATEJbHBIE CPEAbl W MpoYMe
pacxoJHble MaTepPUajbl B COOTBETCTBUU C METOIU-
yeckUMU pekoMeHpaiusamu (KamamHukosa, 1998).

CTepunu3aliuio CTEKJITHHOM IMTOCYIbI U MeTaJl-
JUYEeCKUX MHCTPYMEHTOB OCYIUIECTBJISLIU B CyX0XKa-
poBoM mikady npu Temieparype +175 °C B TeueHue
JIBYX YacOB JINO6O aBTOKJIaBUPOBAaHUEM. ABTOKJIABU-
POBaHMIO [TOJBEPTAJIV ITPOOUPKU, KOJIOBI C JUCTUILIIN-
POBaHHOM BOJOM U TUTATEJIbHBIMU CPElaMU, KOTOPbIEe
o6pabaTeIBasiu Ipu TeMIiepaTtype 121 °C u JaBieHuun
1,2 atm B Tedyenme 20 muHyT (KasamrHukoBa, 1998).

3apakeHHbIe BUpPycaMU pacTeHus KapTodessa
KyJIbTUBUPOBAJIY Ha YHUBEPCAJIbHOU 6€3TOPMOHAIb-
HOM IMUTATEeNbHOU cpeme Mypacure — Ckyra (MC)
(Murashige, Skoog, 1962), UCIOJIb3ysT METOM, MUKPO-
KJIOHAJbHOTO Pa3MHOXeHUd. [Js IMoamepKaHus
CTEPUJIBHBIX YCJIOBUM BHYTPEHHUE TTOBEPXHOCTU
JaMuHap-6okca npotupagu 5%-M pacTBOPOM
Ie3nH(pUIIMPYIIIero cpeacTa «Jle3utabe», comep-
JKaIero HAaTPUEBYH COJIb JUXJIOPU30IMAHYPOBOM
KHMCJIOTHI, @ TaKXe 0b6Jydasu GaKTePUIIUIHbBIMU
yaAbTpPaduoJeTOBRIMU JJaMnaMu B TeueHue 10-12
yacoB. [locyie Y®-06yuyeHUST BKJIOYAJIU CBET U
obecrneunBaiu BeHTUIA Mo (KajamHaukosa, 1998).

[Tepen HavasioM paboT pyku npotupanu 70%-m
9TaHOJIOM. BHYTpU jaMuHap-60Kca B CTEPUJIbHBIE
CTEKJISHHbIE MPOOMPKU Pa3JIMBAJIM PACTOIJIEHHYIO
arapus30BaHHYIO MUTATEJIbHYI0 cpeny MC (TemIiepa-
Typa cpenbl (60 + 5) °C) mo 30 M1 B KaXK1y0. [Ipo6upKu
C pacTeHWSAMU, NMPUTOAHBIMU [JI YePEHKOBAHUS,
o6pabaTeiBain 96%-M COMPTOM, MOCJIE Yero rmome-

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,

®dutocaHuTapus. KapaHTuH pacTeHui 8
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IIAJIY B JJaAMUHAPHBIN 60KC. CTePUJIBHBIM ITUHIIETOM
pacTeHUsT aKKypPaTHO M3BJIEKAJM U3 MIPOGUPOK U
pasMenansy i YePeHKOBAHYS Ha TIOATOTOBJIEHHYIO
TTOBEPXHOCTD. VICIIOJIb3ysI CTEPUJIbHBIN CKAaJbIIEb,
IeJINJIV pacTeHue Tak, YTOoObl KaXKIas YacThb COmep-
’KaJIa OTPE30K CTE6IIS C JIMCTOM U TTa3yIIHOM ITOYKOM.
O6pasoBaBIIMECS YEPEHKM IEPECAXUBAJU B
MIPOGUPKY C TUTATENBHOU cpesoit MC, morpyxas ux
Ha rIy6uHy Mexoy3ius (ECKeHIupoBa u ap., 2013).
VIHTEepBaJ MEeXY IT0CIeI0BATeIbHBIMY YePEHKOBA-
HUSIMU COCTaBJAN 20—-25 nHEeH.

Il MCKJTIOUEHUs TIEPEKPECTHOTO 3apaskeHus
KCIOJIb30BaJU WHAUBUAYAJIbHbIE KOMIJEKTHI
WHCTPYMEHTOB JIJIST KaXKIoro o6pasiia pacTeHus. Bee
MHCTPYMEHTHI B IIpoliecce paboThl PeryJsipHO
ne3nHPUIIMPOBAaNM, IPOKAJMBasgd B IIJIaMEHU
crnupToBku (Babukosa, l'oprieH4eHKo, 2007).

[TocJie UepeHKOBaHUS MPOOGUPKY pa3Menaan Ha
(uTocTennaxkax B CBETOBOY KaMepe C OCBEIEHHOC-
Th10 3000 JTI0KC, TEMIIepaTypoii (22 +2) °C 1 CBETOBBIM
pexxuMoM 16 yacoB B cyTku. KopHeobpasoBaHUe y
YepeHKOB OTMeYaJu yXXe Ha TPeTUu™ AeHb. g
MacCOBOTO PasMHOXEHUs PacTeHU# KapTodess
MUKPOKJIOHAJIbHOE PAa3MHOXKEHME OCYIIECTBIISIN C
uHTepBajoM 20-25 nHell. Be3BUPYCHBIE PACTEHUS C
OATHIO—IIECTHI0 y3JaMU TIEPUOIUYECKU TTePEeCaKm-
BaJIM B CBEXKME ITMTATEJIbHbIE CPelbl, UYTO 00eCIIeyun-
BaJI0 HENPEPBIBHOE ITOJyYeHNE HOBBIX MPOOHPOU-
HbIX pacTenui (EckeHIUpoBa u ip., 2013).

J1J1d TIOJIyYeHUS PAaCTUTEJIbHBIX 9KCTPaKTOB 0,4 T
MaTepuaia TOMOTeHU3WPOBAJIU B 6 MJI BKCTParupyio-
mero 6ydepa, cocrosmero us gocharHo-coseBoro
oydepa c nereprenrom (PBST) c mobaBiieHueM 2%-10
nonuBuHMITIHPpPOauIoHa (PVP) 1 0,2%-r0 GbIYbEro
CBIBOPOTOYHOTO ajbbymMuHa (BSA). HyKJIenHOBbIE
KUCJIOTHI BBIJIEJISIIN C UCIIOJIb30BaHEM KOMMepUec-
KOT0 Habopa KOMITAaHUU «ATPOIUATHOCTUKA».

Jlajee BbIZ€JIEHHbIE HYKJEUHOBbBIE KHUCJIOTBI
WCTIOJIb30BAJIU IJISI BBISIBJIEHUS BUPYCOB KapTodess
C IIOMOIIbI0 KOMMEPUECKUX HaGOPOB peareHTOB
KoMImaHuu «CUHTOJ», NMpeJHa3HAYEeHHbIX IJI
nuddepernuanbHoll guarHoctuku PHK uccnenye-
MBIX BUPYCOB METOJIOM 06PaTHOI TPAHCKPUIIIIUU C
HoJMMepasHoOU IeNHOM peaKluell B peaJbHOM
Bpemenu (OT-TILIP-PB).

OT-TILIP-PB Beimosuanu Ha nmpubope CFX96
Touch (Bio-Rad, CIIIA). leTeKiuio (hayopeclieHIIun
MIPOBOJMJIY Ha CTAJUU SJIOHTAIIUY C UCIIOJIb30BaHU-
eM kaHaJioB FAM, ROX u HEX. [lig aHanu3a KOHeY-
HBIX PE3yJbTAaTOB MPUMEHSIJU MPOTPaMMHOE
obecnieuenue LightCycler®96, Bepcus SW1.1.

PE3VJIBTATBI 1 OBCYKJIEHUE

BrIpamyBaHue pacTeHn kapTodesns, UHPUII-
POBaHHBIX BUPYCAMU U CBOOGOJHBIX OT APYTUX
TMaTOTeHHBIX MUKPOOPTAaHU3MOB, OCYIIECTBISIIN Ha
YHUBEPCAJIbHOU 0€3roOpMOHAJIbHON ITUTATEJIbHOMN
cpene Mypacure — Ckyra (MC) B KyJbType in Vitro
TIOCPEJICTBOM DETYJISIPHOTO MUKPOUYEPEHKOBAHUS C
uHTepBasoM 20-25 gHeir (cm. Ttaba. 2). [Tocie
MUKPOYEPEHKOBAHUS 3apakeHHbIe BUPYCaMM pacTe-
HUS TIepecakrBajii B MPOOGUPKU CO CBEXEeU IuTa-
TeJibHOU cpemoit MC (cMm. puc. 1, a). K 14-My mHIO
Imocjie YePEeHKOBAaHUS POCT PACTEHMU IOCTUTAJ
10-15cm(cm. puc. 1, b).

CJielyeT OTMETUTD, UTO B TeUeHUeE 60JIee MoJIyro-
Jla pacTeHUS TPeX Maccakeil He uMeJi MOP(OJIOTH -

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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Ta6u. 2. [Taccaxy TPOOUPOUYHBIX PACTEHNH KapTO(hes, 3apaKeHHbIX Pa3HbIMU BUPYCaMU
Table 2. Passages of test-tube potato plants infected with different viruses

YucJio IPoGHPOYHBIX pacTeHUi KapTodeJia B XoAe maccaseii, mrT.
Bupycsl Number of test-tube potato plants during passages, pcs. Bcero
Viruses 1-if maccax 2-ii maccax 3-ii 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

Ta6J1. 3. CIIMCOK MccieLyeMbIX 06pas3oB pacTeHni KapTodess in vitro, 3apakeHHbIX BUPyCaMU,

ucnojb3yembix a4 I11IP-aHanusa

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

N¢ oGpa3sua CopTt kapTodessa Bupyc MaTtepuan N¢ maccaska
Sample N¢ Potato variety Virus Material Passage N2
Osa JINCThS
i Osa BERY leaves 3
Osa KJIyGHU
2 Osa PLRV tubers 1
Osa JIUCThSL
3 Osa HERY leaves i
24 JIUCThA
4 24 PVM leaves 3
24 KJIyGHU
2 24 LAl tubers i
24 JINCTbS
6 24 PVM leaves 1
3arazka JINCThA
g Zagadka LAY leaves &
3arajgka KJIyGHU
8 Zagadka PVY tubers 1
3aragka JINCThA
& Zagadka PVY leaves &
KpacaBuuk JIACThA
10 Krasavchik PVX leaves 3
KpacaBuuk KJIyGHU
1 Krasavchik PVX tubers &
12 Kpacastnf.nc PVX JIMCThS 1
Krasavchik leaves
13 Jllflcaﬂa PVS JINCTbS 3
Lisana leaves
14 Hlf[caﬂa PVS KJIyGHU 1
Lisana tubers
15 J'Ilflca:{a PVS JIUCThS 1
Lisana leaves

YeCKMX Pas3jIndMil MeXIy IaccakaMu. [Ipu 3TOM
oTMeudeHa copToBas AuddepeHIuannsa 10 YUCTY
y3JIOB Ha pacTeHUU, YeM OOYCJIOBJIEHO pa3jiuvue
YepeHKOBaHHbBIX PACTEHUN MEXTy BapUaHTaMU.

[TonyuyeHHBIE B pe3yabTaTe PAa3MHOXKEHUS in Vitro
pacTeHUd IOJBepraju aHajau3y Ha IPUCYTCTBUE B
HUX U3y4vyaeMbIX BUpycoB—PVX, PVY, PLRV, PVM u PVS.
Jlis aHamu3a OT6UPAIU JINCThS U MUKPOKJIYOHU (TTpU
HAJIMYMM) PACTEHUM Ka)KIOTO COpTa UM Iaccaka (CM.
TabJI. 3).

BuccnegoBanuu metomom OT-TILP-PB nipoanaiu-
3MpOBaHO 25 00pasIloB, BKJIOUASA IISITh KOHTPOJIEH
KOHTaMUHAIUK (OTPUIIATEIbHBIN KOHTPOJIb) U MSATH
TOJOXUTENbHBIX KOHTPOJEN M3 KOMMEPUYECKUX
IMarHOCTUYECKUX HaBOPOB. AMILUTH(UKAIINS KOHTPO-
Jen ObLIa 3auKcHpoBaHA BO BcexX oOpasiiax, 4YTo
CBUIETEJBCTBYET 06 OTCYTCTBUU WHTUOUDPYIOIILETO
BO3JIEHCTBYS U TOATBEPKIAET KOPPEKTHOCTh ITOJIY-
YeHHBIX JaHHBIX. [T0I0KUTEIbHBIE KOHTPOJIU MIPOJe-
MOHCTPHPOBAJIY OXKHJaeMble TOPOroBble IUKIIEI (C,).

PesysnbraTer OT-IILIP-PB, npezncraBiieHHbIE B
TabJ1. 4, MOATBEPXKIAIOT IPUCYTCTBUE UCCIIEAYEMbIX
BHUPYCOB BO BCEX aHAJNM3UPYeMBbIX PACTEHUIX, UTO

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 overalong period.

®dutocaHuTapus. KapaHTtuH pactenuit 10
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a - b
Puc. 1.a—4yepeHKU pacTeHnin 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
pacTeHui kapTochens, infected with the PVX virus,
3apa)keHHble BupycoM PVX, variety "Krasavchik" 14 days
copta KpacaBuuk cnycta 14 after propagation

OHel nocne YepeHKoBaHUS

CBUZETEJIbCTBYET 00 YCIIEITHOCTY MUKPOKJIOHAIbHO-
0 Pa3MHOYKEeHUS U COXPaHEeHVY BUPYCHOI'O MaTepu-

aJIa HATIPOTAXEHUU IIPOLeAyPbl YePEHKOBAaHUA.

3AKJ/IIOYEHUE

B pesynbTaTe NpPOBeLEHHOTO UCCIEeNOBaHUS
JlokasaHa BbICOKasd 3(p(heKTUBHOCTD KyJAbTYPHI in Vitro
KaK MHCTPYMEHTA OJis MOAMEepXKaHUI U U3yUeHUs
BUPYCOB pacTeHUu# KapTodes. PeryisipHoe MUKpPO-
YepeHKOBaHUWE DPAaCTeHWM, 3apakeHHBIX BUpPycaMu
PVX, PVY, PLRV, PVM u PVS, 103BoJigeT COXpPaHATb KaK
caMu PacTeHUs B )KM3HECTIOCOGHOM COCTOSIHUY, TaK U
J)KM3HECIIOCOGHOCTh U CTAOUIBHOCTH BUPYCHOTO
MaTepuaJia Ha IPOTSKEHUU JJINTEJIbHOI'O BDEeMEHU.

MoJieKynSIpHO-TEHETUUYECKUN aHAINU3 METOLOM
OT-IILIP-PB moATBepAUJI YCTOWYMBOE IPUCYTCTBUE
HUcclelyeMbIX BUDYCOB B DAaCTUTEJIBHOM MaTepuaje
Ha pasHBIX dTarax MUKPOUYEPEHKOBaHNd, YTO CBUJE-
TEJIbCTBYET 0 HaJIeXKHOCTU BEIGPAaHHOM METOA VK.

[TomyueHHBIE JaHHBIE NTO3BOJIAIOT 3aKJIIUUTH,
YTO MUKPOKJIOHAJIbHOE Pa3MHOXKEHMUE in Vitro obecrie-
YMBaeT COXPAHHOCTh BUPYCOB U PACTEHU, B KOTOPBIX
OHM Da3MHOXXAITCS, YTO JaeT BO3MOXXHOCTb CO37a-
HUS CTaHJAPTU3UPOBAHHOU KOJUIEKIIMU PACTEHUM C
BUPYCHOM MOHOUHQEKIIVEN AJI UX JOJITOBPEMEHHO-
TOXpaHeHUs U JaJIbHEeNIIero VCCaeOBaHU.

[TonyuyeHHBble PEe3yJbTAThl MOTYT CJIYXUTH
OCHOBOU JIJig pa3paboTKM HOBBIX IIPOTOKOJOB
XpaHeHUs BUPYCHBIX KOJIIEKIIUN U BHELPEHUS
COBPEMEHHBIX JUATHOCTUYECKUX TEXHOJOTUU B
J1abopPaTOPHYIO IPAKTUKY.

VicciemoBaHUS BBITIOJIHEHBI B paMKax rocyza-
PCTBEHHOTO 3a7jaHns «Pa3paboTka METOZOB BBEIEHU S
U IOJIIEPYKaHUS BUPYCOB B KYJIbTYPE in Vitro» (peruc-
TpanmoHHbIN HoMep HUOKTP 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
collectionsand 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)).

REFERENCES

1. Babikova A.V., Gorpenchenko T.Yu., Zhuravlev
Yu.N. Plant as an object of biotechnology [Rasteniye
kak obyekt biotekhnologii] // Komarov readings. 2007.
LV.P.184-211.(InRuss.)

2.Batygina T.B., Vasilyeva V.E. Plant propagation.
[Razmnozhenie rasteniy] SPh.: Publishing house St.
Petersburg. Univ., 2002, 232 pp. (In Russ.)

3. Grigoryan M.A., Tkachenko O.V. Obtaining
healthy potatoes and diagnostics of viral diseases in
the Engels district of Saratov Oblast [Polucheniye
ozdorovlennogo kartofelya i diagnostika virusnykh
zabolevaniy v usloviyakh Engelsskogo rayona
Saratovskoy oblasti] / Agrarian science. 2019; 3: 60-
63. https://doi.org/10.32634/0869-8155-2019-326-3-
60-63 (InRuss.)

4. Eskandirova S. Z. et al. Isolation, purification
and immunochemical characterization of potato
virus preparations [Vydeleniye, ochistka i
immunokhimicheskaya kharakteristika virusnykh
preparatov kartofelya] // Biotechnology. Theory and
Practice. 2013; 4: 63-67. https://doi.org/
10.11134/btp.4.2013.10 (In Russ.)

5. Kalashnikova B.A. Clonal micropropagation of
plants [Klonalnoye mikrorazmnozheniye rasteniy] //
Agricultural biotechnology: Ed. by V.S. Shevelukha.
Moscow: Higher school, 1998.36—-66 p. (In Russ.)

6. Maslennikova V. S., Pykhtina M. B.,
Tabanyukhov K. A. Prevalence and species
composition of potato viruses in Novosibirsk Oblast
[Rasprostranennost i vidovoy sostav virusov
kartofelya v Novosibirskoy oblasti] / Vavilov Journal
of Genetics and Breeding. 2024; 28 (5):554-562.
https://doi.org/10.18699/vjgb-24-61 (In Russ.)

7. Uskov A. I. et al. Serological and
phytopathological characteristics of potato Y-virus
isolates distributed in various regions of the Russian
Federation [Serologicheskaya i fitopatologicheskaya
kharakteristika izolyatov Y-virusa kartofelya,
rasprostranennykh na territorii razlichnykh regionov
Rossiyskoy Federatsii] // Scientific works on
agronomy. 2024; 4 (15):26-34. (In Russ.)

Hos6pb N2 4 (25) 2025 11



BUOTEXHOJIOTUN

BIOTECHNOLOGIES

TaoJ1. 4. PeaynbraTel OT-TIL[P-PB 06pa3iioB pacTeHui kapTodesd in vitro, 3apa’keHHbIX BUPycaMy,
110 ABYM KaHajaM (QJIyopecleHII
Table 4. Results of real-time RT-PCR of potato plant samples in vitro infected with viruses,
using two fluorescence channels

Ne¢ oGpasua CopT KapTodemns Bupyc N2 maccaska 3HaueHue C,
Sample N2 Potato variety Virus Passage N¢ C,
Osa
1 Osa PLRV 3 22,27
Osa
2 Osa PLRV 1 18,39
Osa
3 Osa PLRV 1 18,32
I10J10°KUTEJIbHBIA 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
I10JI03KMTEJIbHBIH KOHTPOJIb
Positive control PVM - 34,87
OTpUIIATEIbHBII KOHTPOJIb
Negative control PVM - 0,00
3aragka
7 Zagadka PVY 1 21,54
3aragka
8 Zagadka PVY 1 24,73
3aragka
9
Zagadka PVY 3 20,08
I10J10°KUTEJIbHBIA KOHTPOJIb
Positive control PVY - 28,84
OTpHULATEJIbHBII KOHTPOJIb
Negative control PVY - 0,00
KpacaBuuk
10 Krasavchik PVX 3 21,85
KpacaBuuk
11 Krasavchik PVX 3 22,89
KpacaBuuk
12 Krasavchik PVX 1 20,14
I10J103KMTEJIbHBINH KOHTPOJIb
Positive control PVX - 26,77
OTpHULATEJIbHBII KOHTPOJIb _
Negative control PVX 0,00
13 JIlflcaHa PVS - 15,85
Lisana
14 JIIflcaHa PVS 1 17,82
Lisana
15 Jllflcaﬂa PVS 1 14,72
Lisana
I10J10°KUTEJIbHBIA KOHTPOJIb
Positive control PVS - 28,51
OTpHULATEJIbHBIN KOHTPOJIb
Negative control PVS - 0,00
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AHHOTALIUA

[Mmenwnna (Triticum aestivum L.) IBJISIETCS OTHOMK
u3 Haubojiee BaKHBIX OJIS YeJOBeKa 3ePHOBBIX
KyJbTyp. B Poccuy OCHOBHBIE 3€DHOIIPOU3BOISIIE
peruoHsbl — 3T0 3anagHas Cubupb, KpacHomapcKui
Kpa¥ u I[ToBOJI)Kbe. 3HAUUTEJIbHOMY CHUXKEHUIO
ypoXKasi MIIEHUIIbI CITIOCOGCTBYIOT 3a00JieBaHUS,
BBbI3bIBaeMble T'PUOHBIMU IIaTOTE€HAMM, TAKUMU KakK
cTebieBas p>kaBunHa (Bo36yauTensb Puccinia graminis
f. sp. tritici) u >xenTasg MATHUCTOCTH (BO3OYOUTEJH
Pyrenophora tritici-repentis). B paboTe mpoBezeHa
OIlEHKa IOBEHUJIbHON YCTOMYWBOCTHU B JilabopaTop-
HBIX YCJIOBUSIX 92 IPOBBIX COPTOB MSITKOU MIIEHUIbI,
BO3/IEJIIBAEMBIX Ha TEPPUTOPHUU [T0BOJKbS, K IBYM
nonynsauuam P. graminis f. sp. tritici (duenasbuHCKOU
nonynsuy rpuba 2024 roga m YyBaIlICKOU ITOTTYJISI-
nuu 2025 roma) m ABYM IIOMyJsALusAM Pyrenophora
tritici-repentis (TaMGOBCKO¥M TOIYJISAIIMM IMaTOreHa
2024 roma u TeH3eHCKOoM nomyasanuu 2025 roza), a
TakXXe UAeHTU(DUKALUSI T€HOB YCTOUYUBOCTHU K
cTebyieBoi prkaBumHe (Sr24, Sr25, Sr26, Sr28, Sr3l,
Sr36, Sr38, Srb57, Sr1AIR) 1 IOMUHAHTHOM ajljielin
reHa BOCIHPUMMUYMBOCTU K JXKEJITOU IATHUCTOCTU
Tsnl c IOMOILIBI0 MOJIEKYJISIPHBIX MapKepoB. [Tokasa-
HO, UTO K YeJIOMHCKOU MOMNyJasIiuu cTebJIeBOu
PKaBUYMHBI GBLIM YCTOWYMBEI 26 cOpPTOB (28,2%), K
qyBalICcKOU nmomynsanuy rpubda — 50 copToB (54,3%). K
obemM monmynauusaM Bo30ynuTesisa cTebiieBOU
pxaBUMHBI 6bIT ycTOoWuuB 21 copT (22,8%). K
TaMBOBCKOM TIOMYJSALUU XKEJTON MITHUCTOCTU
yMepeHHO ycTOoNuuBbl 15,2% U ycTONUuBH 2,2%
COPTOB, K ITEH3EHCKOH MOMYJISIUY rpruba yMepeHHO
ycroiuuBsl 34,7% u ycroniuuBbl 47,8% copToB. K
06erM MOTyNAIUAM BO3OYIUTENS XKEJITON MATHUC-
TOCTU YMepeHHO ycToiuuBbl 11 copToB (11,9%),
YCTOMYUBEI IBA copTa — JKaza 253 u Ckupzga, 4To
coctaBmJio 2,1% OT 06IIero KoJmu4YecTBa 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 ugeHTUGUIINPOBaHbI TeHbl: ST31, Sr24, Sr25,
Sr28, Sr38, Sr57, Sr1AIR, Tsnl. BblgeJieHbl TIepCIeK-
THUBHBIE COPTA C TPYIIIIOBOM YCTOMYMBOCTHIO: 100 jieT
TACCP (Sr31, Tsnl), Kauwok (Sr24+Sr1A1R, tsnl), dxaza
253(Sr31, tsnl) ndxama 258 (Sr31, tsnl).

KJiloueBble CJIOBA: SIPOBBIE COPTA MSATKOU
IIIIeHnIbl, IOBEHWJIbHASI ycTOfI‘-IHBOCTb, CTe6.TIeBa§[
PYKaBUMHA, )KeJITasd IATHUCTOCTD, Sr-reHsbl, Tsnl.

BBEJEHUE

OBOJI)KbEe — OJJMH U3 OCHOBHBIX
3€ePHONPOU3BOLAAIINX PETUOHOB
Hallleil cTpaHbl. B mocyieHIE rofbl B
pervoHe yxynmaeTrcd (QUTOIIATOJIO-
ruyeckKas CUTyalus, CBA3aHHAS C
BO30yIUTEIIMU CTEGJIEBOY PrKABUU-
Hbl (Puccinia graminis f. sp. tritici) u
JKeJITON msaTHuctoctu (Pyrenophora
tritici-repentis). CtebieBas pKaBUMHA OTHOCUTCS K
0c060 OmacHBIM 3a060JIEBAHUSAM IIHIEHUIIBI, TIOTEPU
ypoXKas Ha BOCIIPUMMUYMBBIX COPTaX IIPU 3NUDUTO-
TUWHOM Pa3BUTHUU ITATOTE€HA MOTYT JoCcTUraThb 80% u
6osee (Ashagre, 2022). OcHOoBHas mpobJyieMa piKaB-
YMHHBIX 3a00JIEBAHUI COCTOUT B TOM, UTO YPEIUHUO-
CIIOpPBI Tpuba MePeHOCATCS BO3AYIIHBIMU MaccaMu
Ha orpoMHble paccrosHus (Leonard and Szabo,
2005). HemapoM OoguH M3 W3BECTHEUIINX B MUpPE
ceneknuoHepoB HopmaH Bopjioyr ckasajli CBOIO
3HAMEHUTYI0 (ppasy: «¥Y pKaBUMHBI HET rPaHUIl». B
HacTodIlee BpeMs, C OLHOW CTOPOHBI, II0 CTPaHaAM
Adpuku u BamxHero BocToka pacrpocTpaHsSIeTcs
paca Ug99 (TTKSK), BUpyJIeHTHAasA K COPTaM C TEHOM
Sr31, n BepOSITEH ee 3aHOC Ha TEPPUTOPUI0 [T0OBOTIKbS
yepe3 Kacmuiickoe Mope, ¢ IPYTrodl CTOPOHBI — B
EBponie u Poccuu ecTb CBOU arpecCUBHBIE Pachbl
rpuba, aBUpyJIEeHTHBIE K S:31, HO TTIOPa’karoliye copTa
6e3 sToro rena (Patpour et al., 2022). B TToBoJKbe
yBeJIMYEeHNE BPEJLOHOCHOCTU BO3OyAUTENS CTebJie-
BOM prKaBUMHBI Habsomaercs ¢ 2016 roma, xorma
SMUDUTOTUNHOE Pa3BUTHE IMAaTOTeHa 3aTPOHYJIO
Pecny6suky TatapctaH m CapaTOBCKyI0 06JiacTh
(BacunoBawu mp.,2017; Baranovaetal.,2023).

UTo KacaeTcsd JXeJTOM MATHUCTOCTHU, TO B
cpenHeM 3abojieBaHMEe BbI3bIBaeT moTepu 5-10%
yposkas, HO Ha BOCIIPUMMUUBBIX COPTaX B 3NUDPUTO-
TUUHBIE TOJBI OHU MOTYT AOCTUTATh 65% u 6Gojee
(Rees et al., 1982). Tak, Ha TeppuTopuu CapaTOBCKOMI
obsiactu (HuxHee [ToBoikbe) ¢ 2000 roma oTMevaeT-
€SI MacCOBOE PacIIpPOCTPaHEHNE U CUJIbHOE MU QUTO-
TUHHOE Pa3BUTHUE KEJITON MATHUCTOCTH (MapKegoBa
U op., 2012). B 2018 r. B CapaToOBCKO¥ 06JacTu
TIOpa’keHue PACTEeHUH IIIEHUIIbI aTOTe€HOM OBLIO
30-40%, a B 2019 1. pa3BuTHe 60JE€3HU AOCTUTAJIO
yxe 80% Ha BOoCHpUUMUYMBBIX coprax (KoOHbKOBA,
Jlamesa, 2020).

TakuM 06pa3oM, OIleHKa COPTOB, PEKOMEHIO-
BaHHBIX K BO3JIeJIbIBAHUI0O Ha TeppuTopuu I1oBoJI-
JKbsI, HA YCTOMYMBOCTb K CTEGJIEBOU pP)KaBUMHE U
J)KeJITOU MATHUCTOCTH SABJISETCS aKTyaJbHBIM
HampaBJIEHVEM UCCJIeJOBaHUH.

Vpentudukaiyus reHOB YCTOMYMBOCTU pacCTe-
HUM C IOMOIIBI0 MOJIEKYJISIPDHBIX MapKepPOB, PEKO-
MEeHJLOBAaHHBIX JJII MapKep-OPUEeHTUPOBAHHOU
CeJIeKIIVY, — YIOOHBIM NHCTPYMEHT B PyKaX UCCJIE0-

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, TO3BOJISIONIUI OTIPEIETUTD, KAKUMU reHaMu
IeTePMUHMPOBAHA YCTOWYUBOCTDH K IMATOTEHAM B
coprax. Vcrnosb30BaHUE MOJEKYJISIPHBIX MapKEPOB
Hapsaay ¢ GUTOIIAaTOJOTUYECKON OIIEHKOM yCTONYU-
BOCTM JaeT BO3MOJKHOCTb BBIZIEJIUTH MEPCIIEKTUB-
Hble JOHOPHI YCTOUUYMUBOCTHU, KOTOPHIE MOTYT
TIPEJICTABJISATh MHTEPEC IJIS CEJIEKITU .

B cBg3m ¢ 3TUM Iieyibl0 paboThl GbLIA OLlEHKA
IOBEHUJIbHOW YCTOUUYMBOCTU 92 COPTOB SAPOBOU
MSTKOU ITIIEHUIbI, BO3/EJIBIBAEMBIX HA TEPPUTOPUU
[TOBOJXXbs, K CTeOJIEBOM pPIXABUMHE U XKEJITOU
OATHUCTOCTU M UAEHTU(DUKANUI B HUX TE€HOB
YCTOMYMBOCTHU K CTe6JIEBOI pKaBUYMHE — Sr-T€HOB U
BOCIIPUMMYUBOCTHU K KEJITOM NATHUCTOCTU — Tsnl.

MATEPUWAJIBI U METO/IbI

B pabote anasmsupoBasu 92 copTa APOBOU
MSTKOU MIIEHUITbI, BO3E/IbIBAEMbIE HA TEPPUTOPUN
[ToBOJKbSA. [[JIsT OLIEHKY FOBEHUJIbHOIM YCTOMYUBOCTHU
B JIa60PATOPHBIX YCIOBUSIX UCIIOJIb30BAJIN YeJIIOMH-
CKYIO0 ITOMYJIAIINIO CTE0IeBOM pykaBUMHBI 2024 roa u
YyBaIICKYIO MOITYJISIINI0 CTe6JIeBOM pykaBUMHBI 2025
rofia; TaMOOBCKYIO MOIYJISAIAIO JKEJITOM MATHUCTOC-
T 2024 roma ¥ IEeH3eHCKYI0 MOIYJISIIUI0 JKeJITOU
naTHucToCcTH 2025 roma. PasMHOXXeHME TTOMYISIIUT
cTe6JieBOY P)KAaBUMHBI U aHAJNNU3 YCTOUYMBOCTU
pacTeHul B CTaIuX MPOPOCTKOB MPOBOAUIU IIO
CTaHJAPTHOU JlabopaTopHOo¥M MeTommke (Jin et al.,
2007). Insa 3apa’keHUS MPOPOCTKOB TIIIEHUILbI
BO30yzuTeNEM CTebJIeBOM PXKABUYUHEI UCTIOIb30BAIU
cycrneHs3ui ypemuHuoctiop Puccinia graminis f. sp.
tritici (KOHIIEHTPAIUS CYCIIEH3UM — 1 MT yPeIMHUOC-
nop rpuba Ha 1 Mu Bomel ¢ «TBuH 80»). Peakiiuio
IPOPOCTKOB HA WHOKYJSIIIUI CYCIIEH3UEeH CIIOp
BO30yAUTENSA CTEBJIEBON PXKABUMHBI ITPOBOJUIN HA
12-e CyTKHU IO CTAaHJAPTHON YeThipexbajibHOMN
mkaje E.C. Stakman and M.N. Levine (1962).

JlJ1s1 OLIeHKY YCTOWYMBOCTY COPTOB IMIIEHUIIBI K
BO30YIUTEJIO JKEJITOU MITHUCTOCTU OTCEUYEHHBIE
aucTbsa 10-IHEBHBIX IIPOPOCTKOB IIOMeEILANu B
KIOBeTy Ha (DUJIbTPOBAJbHYI OyMary, CMOYEHHYIO
6eHsuMumazosaomM (40 Mr/in), ¥ UHOKYJIUPOBAIU
cyclieH3uel KOHUAWY rpuba B KoHIeHTparuu 5000
KOH/MJI. YCTOMUYMBOCTD OIIEHWBAJIM Ha IIATHIA JEeHb
TIocJie 3apakeHus 110 IIATUOaJIbHOM mKaJie (Rees et
al.,1987; MuxatyioBa u 1p., 2012), B KOTOPO# KOMOU-
Hauy 0aJLIOB IOPaXXeHUSI B BUIE HEKPO3/XJI0PO3
UHTePIIpeTUPOBaNU cienyiooumuM obpasom: R (0/0,
0/1, 1/0, 1/1,) — ycroiiuuBbie, MR (1/2, 2/2, 2/1) —
yMepeHHO yCcToUuuBkle, S (3/3, 3 /4,4/3,4/4,2/3,3/2) -
BocnpuuMuuBsbie, HS (4/3,4/4,4/5,5/4, 5/5) — BBICOKO
BOCTIIPUMMYMBHIE.

IHK pacTeHUI IMIIEHUIbI BHIAENAIU U3
OATUIHEBHBIX ITPOpocTKOB CTAB-MeTomom (Murray,
Thompson, 1980). [lig ugeHTUGUKAIIUYU TEHOB
YCTOMYMBOCTUA M BOCHPUUMYMBOCTU HCIIOJIb30BaIU
crienuduruHble npalimMepsl: Sr24#12— Sr24 (Mago et
al.,2005), Gb—-Sr25/Lr19 (Prinsetal.,2001), Sr26#43 —
Sr26 (Mago et al.,2005); wPt-7004-PCR — Sr28 (Rouse et.
al. 2012), scm9 —-Sr31/Lr26 n Sr1A1R) (Weng et al.,
2007); Xwmced77, 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). AMIIN(DUKAITNIO IPOBOLUIIN C UCIIOJb-
3oBanmeM cMecu [P (BuoMactep HS-Taq ITLIP (2x)
BuosmabMuKce). JimekTpodopes IPOAYyKTOB aMILIU(DH-

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 n Sr1A1R) (Weng et al., 2007); Xwmc477,
Xstm773-2 — Sr36 (Tsilo et al.,2008); Xcmwg682- Sr38
(Helgueraetal.,2003); csLV34 —Sr57/Lr34 (Lagudah et
al., 2006); Xftp623 - 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 rejadax u 8%
IIOJIMAKPUIIIaAaMUOHBIX T'eJIdX. I[J'IH BU3yaJjin3anuu
aJiekTpodoperpaMM HCHOJb30BAJU Telb-IOKY-
MeHTHUpPYyoyio cucteMy GelDoc Go Bio-Rad (CIIIA).

PE3VJIBTATBI 1 OBCYXKJIEHHNE

DuUMOnamon02U4ecKas OYeHKa Ha ycmouiugocns

Ha mepBoM sTame paboThl 6bljIa MpoOBeAeHA
OolleHKa I0BEHUJIbHOM yCTOUUYUBOCTU 92 COPTOB
SIPOBOM MATKOMU ITIIEHUIILI K CTE6JIEBOY PiKAaBUMHE U
JKeJITOUW TATHUCTOCTU HA CTAafUU TIPOPOCTKOB B
JIaGopaTOPHBIX YCIOBUAX (CM. puc. 1, puc. 2).

KoJinuecTBO YyCTOHUMBBIX K CTE6JIeBO#
pkaBuHHE cOPTOB (%)

Number of cultivars resistant to stem rust (%)

B Yens6unckas nomynauus
60 54.3 cTe6J1eBOii PKaBUMHBI,
’ 2024 r.

50 Chelyabinsk population
of stem rust 2024

40 YypBauickasi HOMyJIsius

cTe6J1eBOi PrKaBUMHbI,
30 28,2 2025T.

Chuvashia population of
22,8 stem rust 2025

B 06e nonynauun
cTe6IeBOii PKABUMHBI

Both populations of stem
rust

sIpoBbIe COPpTa MATKOM MIIEHNI[bI
Spring cultivars of soft wheat

Puc. 1. YcToiunsocTb Fig. 1. Resistance of spring
SIPOBbIX COPTOB MATKOW soft wheat cultivars to stem
nweHuubl K ctebneson rust

pXXaBunHe

B pesysibTaTe K 4eJNA6MHCKOU IMOMYJSIIUU
maTroreHa 6bUIM YCTOWYUBHI 26 cOpTOB (28,2%), a K
vyBaIickoi nomynanuu — 50 coptoB (54,3%). Kobenm
OIS IUAM CTE0JIEBOM PIKABUMHBI ObLI YCTOMYUB
21 copT (22,8%). YCTOWUYMBOCTh COPTOB SIPOBOM
MSATKOUW TIIeHUIIbl K Pyrenophora tritici-repentis
IpefcTaBjieHa Ha PUC. 2.

K TaM6GOBCKOM MOMYJISIIIAY JKEJITON MSTHUCTOC-
TU YMEPEHHO yCTOUYUBHI 15,2%, yCTOUYIUBHI — 2,2%
COPTOB, K ITIEH3E€HCKOM MOIMYIIIUuY Ipruba yMEePEHHO
ycToniuuBsl 34,7%, ycTroiumuBbl — 47,8% copToB. K
00eUM TIOMYJISIIUSIM JKEJITON MATHUCTOCTU YMEPEH-
HO ycTouuuBbl 11 copToB (11,9%), ycTONUMBEI IBa
copTa — Jkaga 253 u Ckupga, 4To cocTaBuyo 2,1% oT
00IIEeTo KOJIMYECTBA COPTOB.

Copta100aeT TACCP, Kanmok, dkaga 253 1 9kaza
258 6bLIN YCTOMYMBBI KO BCEM UETBIPEM MOITYISIIIUAM
[aTOTEHOB, TO €CTb 06JIaJaIy TPYIIIIOBOYN YCTONYUM-
BOCTBIO K CTE0JIEBOM PIKaBUMHE U XKEJITOU MSITHUC-
TOCTH.

Hoenmuguxayus eeH08 ycmouiuueocmu

B pesynbTraTe MOJIEKYJISIPHOTO CKPUHUHTA 92
APOBBIX COPTOB ITIMIEHUIIBI B HUX I/I,Z[eHTI/I(l)I/ILH/IpOBa-
HBbI T€Hbl YCTOMYUBOCTU K CTEOJEBOU pKaBUMHE:
Sr31, Sr24, Sr25, Sr28, Sr38, Sr57, Sr1AIR, a TakXe
ITOMUHAHTHBIN T€H BOCIPUMMYMUBOCTU K JKEJITOU
NATHUCTOCTU Tsnl. [eHbl Sr26 v Sr36 B IpOaHaIUu3u-
POBaHHOM MaTepuaje OGHAPYKEHBI He ObLIH.

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).

KoJin4yecTBO YCTOHUMBBIX K 3KeJITOM
MATHUCTOCTHU cOPTOB (%)

Number of cultivars resistant to tan spot (%)

60 [ VYmepeHHO ycTOWUUBbIE K
TaMGOBCKOM MOMYJISLUN
2024 r.
Moderately resistant to
Tambov population 2024
50 47,8

Il Ycroituusble K
TaMGOBCKOM MOMyJISIUN
2024 r.

Resistant to Tambov
40 population 2024

34,7 Il VYmepeHHoO ycToituuBbIE K
TNeH3eHCKOM MOMyJIAIun
2025 .

30 Moderately resistant to
Penza population of 2025

M Ycroituussie k
NeH3eHCKOM MOMyIAuI
20 2025 .

Resistant to Penza
15,2 population 2025
11,9 [ | ‘YMepeHHO yCTONYnBbIE K
10 06euM MOMyJISAUAM
JKeJITOM MATHUCTOCTHU

Moderately resistant to
2,2 2,1 both tan spot populations
0 | | Il Ycroituussie k 06enm
TONYJIALMAM HKeJITOH
MATHUCTOCTH

Resistant to both tan spot
populations

sIpoBbIe COPTA MATKOIi IMIIEHUILbI
Spring cultivars ofsoft wheat

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

NATHUCTOCTH

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
rustandtanspot.

Hos6pb N2 4 (25) 2025 17
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1 F

Puc. 3. UpeHTudmkaumns reHos Sr31 n Sr1A1R c
MCMNosib30BaHMEM MOMEKYNIIPHOIO Mapkepa scm9: M —
Mapkep MonekynspHoro Beca JHK Step50 plus (Buona6-
MUKC); CTPesIkaMm yKa3aHbl [UArHOCTUUYECKUIA (hparMeHT
207 n.o., Boisenswowmit Sr31 (N2 8 — Apxar, N2 9 — bankbiu,
Ne 16 - EpwoBckas 36, N2 22 — Keaptet J1 375), u 228 n.o.,
BbigBnsowmin SrIAIR (N2 21 — KaHiok)

I'eH yCTOWYMBOCTHU K CTE0JIEBOI pKaBUMHE ST31
(lokanmu3oBaH B PrKaHOM TpaHciaokamuu 1RS.1BL)
aBysgeTcs 3QHEeKTUBHBIM K POCCUMCKUM, B TOM YHCJIE
U K TOBOJDKCKMM IOMyJNSIUSIM CTe6JIeBOM prKaB-
4YMHBI, HO He 3 PeKTUBHBIM K pace Ug99 u ee
ouoTuriaM. Mapkep scm9 pasjanuyvaeT TPaHCIOKAIIUYU
1RS.1BL u 1RS.1AL — guarHocTU4yeckuil (pparMeHT
207 m.o. ykaspiBaeT Ha Hanuuwue 1BL.1RS-TpaHc-
Jokaiuu, a 228 1m.0. — Ha TpaHcaokanuiw 1AL.1IRS
(Weng et al., 2007). ITo pesynbsraTam [I1]P-aHamuza
ren Sr31 61 ugeHTUUIIMPOBAH B 15 coprax: 100
neT TACCP, Apxar, basnksli, EpimoBckas 36, KBapreT
JI 375, Kypbep, [IpoxopoBka, YuCTOOJIbCKAA, dKazLa
253, dkaga 258, dkaga 265, IOro-Bocrounag 2, IOro-
Boctounaa 4, KBapteTr, Kuuep. Bce oHu ObLIU
BBICOKOYCTOMYUBBI K 00€UM TTOITYISAIMSIM CTEBJIEBOM
pxaBUMHBL B copTe KaHIOK OBbLT UAeHTU(OUITMPOBAH
reH Sr1AIR, TOKaJIM30BaHHBIA B TPaHCJIOKAIIUU
1RS.1AL (cM. puc. 3). 3To 3(hheKTUBHBIN reH TPOTUB
cTebJyieBOM p)XaBUYMHBI, cCOPT KaHIOK GBI BBICO-
KOYCTOMYMB K 06€UM ITOITYJIAIIUSIM rpuba.

Kpowme Toro, B coptax KaHiok 1 9kama 265 ObLI
UaeHTU(DUIINPOBaH reH Sr24. JJaHHbIN T'eH CIIETIJIEH C
595G HEeKTUBHBIM T€HOM YCTOMYUBOCTU K OYpoOH
p>xaBuuHe Lr24,4TO ejaeT ero IepCcleKTUBHBIM J1JI
CeJIeKIMU. DTO PENKUY TeH IJid OTEeYECTBEHHBIX
COPTOB MIIEHUIIBI, XOTSA OH PacIpOCTpPaHeH B
3apy6GeXHbBIX COPTaX. B aHaIM3upyeMoM MaTepuajie
Cc mcmnoJb30BaHuUeM Mapkepa Ventriup-LN2 y
YyeThIpeX COPTOB — dPJopeHc, Jkaza 66, 3cTep U
Kanukco — 6bLT MAeHTUGUIIUPOBAH TeH Sr38. ITO
Hed((hEKTUBHBIN T'€H, OJHAKO OH MOXXET ITOBBICUTH
YCTOMYMBOCTD K ITATOT€HY B COUETAHUU C APYTUMU
renamu ycroriuuBoctu (Raufetal., 2022).

V3 reHoB, 3(p(heKTUBHBIX IPOTUB PAChI BO30OYIH-
TeJist cTebIeBol pxkaBurHbl Ug99, B aHATU3UPYEMOM
MaTepuajie GbLIM WUIeHTU(DUIIVPOBAHBI reHBI S125,
Sr28 u Sr57. g ugeHTu(MUKaAIMY reHa BO3pacTHON
ycToiunBocTu Sr57 (Lr34) 6bLI NCITOIB30BAaH MOJIEKY-
JSAPHBIM Mapkep csLV34. Pe3ynbTaThl CKPUHUHTA
[I0Ka3aJiu HaJinuue reHa Sr57 B ceMU aHaJu3upye-
MbIX copTax: JKuryneBckas, Kazanckas I06uieiiHas,
YucTtonosbckas, Exatepuna, Xadart, Ikaza 253, 9kaga
282. Ing uaeHTU(GUKAIINY reHa Sr25 UCIIoIb30BaIl
STS-mapkep Gb. Bo Bcex 30HaX pacIpoCTpaHEeHUS
pacel Ug99 ren Sr25 sddekTruBeH, HO OH KOHTPOJIU-
PYEeT BBICOKMY YPOBEHDb YCTOMUYMBOCTY K CTEBJIEBOM
pKaBUYMHE TOJIBKO Ha OIIpeJleJIeHHOM TeHETUYEeCKOM
(hoHe, 0cOGEHHO B MPUCYTCTBUU BO3PACTHOTO reHa
Sr2. B Poccuu reH Sr25 nnotepsan 3HeKTUBHOCTh Ha
Tepputopuu [ToBokbsa (BapanoBa u ap., 2021), HO

i

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,
Sr1A1R,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
Sr1A1R 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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ocraercd 3GHeKTUBHBIM B 3amagHoi Cubupu u
Kpacuomapckom kpae. I'eH Sr25 uieHTU(PUIIPOBaH B
18 coprax (19,5%). Takxe B IIpOaHAJIU3UPOBAHHOM
MaTepualie ¢ UCII0Jb30BaHUEM Mapkepa wPt-7004-
PCR upzentudunupoBan reH Sr28, shheKTUBHBIN
npoTtuB packl Ug99 u ee 6uoTuioB. I'en Sr28 ObLi
obHapy)XeH B ABYX coprax — Cakapa u UmMCTOMIOJIb-
ckas (2,1%). KomuuecTBO COPTOB C UAECHTUDUIIU-
POBaHHBIMU ST-TeHaMU IIPe/ICTaBJIeHO Ha PUC. 4.

0 185

163
78
43
&l . 2l iy rl
[ N o

wWAAST w S mAe2d mErdE 58T m Sr28 w5 LA IR m Tand

a

Puc. 4. KonnuectBo Fig. 4. Number of spring
SIPOBbIX COPTOB MLIEHULLbI wheat cultivars with

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

M1 2 345 6 GK

"

ik

Puc. 5. UpeHTU(hMKaLmMa 0OMUHAHTHOM anfienm reHa
BOCNPUUMUMUBOCTU Tsnl € UCMONb30BAHUEM
MoneKynspHoro mapkepa Xfcp623: M — mapkep
mMonekynapHoro Beca HK Step50 plus (Buonabmukc);
CTpesikoi ykasaH auarHoctuueckuin pparmeHT 380 n.o.
N2 1-6 — apoBble copTa nweHuubl, N 1 - 100 net TACCP,
Ne 4 — Anb Bapuc, Gl - copt Glenlea (No3uTUBHbI
KOHTpOSb), K — Boaa (HeratuBHbIV KOHTPOJb)

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 BugHO Ha puc. 4, HauboJiblllee KOJMUYECTBO
COPTOB C UAeHTUDUIIUPOBAHHBIMU reHaMU YCTON YN~
BOCTH K CTE0JIEBOM PrKaBUKMHE — HOCUTEJIU TeHOB S125
(19,5%) u Sr31 (16,3%), UTO CaeL0BaJIO OXKUIATh, TaK
KakK 3TU TeHbI, 0COOEHHO Sr25, pacmpocTpaHeHbI B
SIPOBBIX POCCUUCKUX COPTAaX ITIIEHUIIBI.

Bbl/IeJIeHbI COPTa C COUeTaHVeM T€HOB yCTONUN-
BOCTU K cTebJyieBOM prkaBumHe: ApxaT (Sr31+Sr25),
Keapret JI 375 (Sr31+Sr25); Kauiok (Sr24+Sr1AIR),
Yucrornosbekas (Sr31+ Sr28+ Sr57), dxkana 253 (Sr31+
Sr57), 9xana 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+ Sr57),
Ekada 253 (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 Tsnl 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 SriAIR. 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+S5r24).

Promising cultivars with group resistance to
stem rust and tan spot have been identified: 100 years
of the TASSR (Sr31, Tsnl), Kanyuk (Sr24+Sr1A1R, tsni),
Ekada 253 (Sr31, tsn1) and Ekada 258 (Sr31, tsnl).
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Taxxxe B coptax 100 jetr TACCP u Anp Bapuc
OblTa UAeHTU(GUIIMPOBaHA JOMUHAHTHAS ajljielib
reHa BOCIIPUUMYUBOCTH K JKEJITOU MATHUCTOCTU Tsn1
(cM. puc. 5).

OTCyTCTBME JUAarHOCTUYECKOTo hparMeHTa
INOMWHAHTHOM ajenu Tsnl 03HAJaJio Hajuuue
HYJIEBOW PEIECCUBHOM aJliesu tsnl, KOHTPOJIUPYIO-
mel ycToMumBOCTh. OfHAKO KOPPENSAIUU MEeXIY
JeTeKlmel NOMUHAHTHOU ayenu Tsnl B copTax u
BOCIIPUMMYMUBOCTBHIO K JKEJITOM MATHUCTOCTU HE
6bLI0 OGHAPYIXKEHO, YTO COTJIACYeTCS C BBIBOZAMU,
cIlelaHHBIMY HaMU paHee Ha MaTepuaje CTapo/aB-
HUX U COBPEMEHHBIX COPTOB MSATKOM MUIEHUIIBI
(MupoHeHKo u 1p., 2023,2024).

3AKJIIOYEHUE

TakuM o6GpasoM, OlleHKa B JabopaTOPHBIX
YCJIOBUAX TTIOKa3aJja, 4YTo K cTe6JIeBOM p)KkaBUYMHE ObLIT
ycTotiuuB 21 coptT (22,8%), K )KEJITOH MATHUCTOCTH
yMepeHHO ycToiunBbl 11 copToB (11,9%), yCTOMYUBbI
— nBa (2,1%). geHTuduKaIyusa reHoB YCTOMYNBOCTHA
K cTebJIeBOM PrKaBUMHE C UCITOJIb30BAHUEM MOJIEKY-
JIAPHBIX MapKepOB BbIABUJIA HaJWUMe B SIPOBBIX
copTax MSTKOMU ITIIEHUIIbI ST-TeHOB: Sr31, Sr24, Sr25,
Sr28, Sr38, Sr57 n Sr1AI1R. BeIsIBJIeHBI COUETaHUS
TeHOB YCTOMYMBOCTU K CTeGJIEBOU pP)KaBUMHE B
coprax: Apxart (Sr31+Sr25), KBaprtet J 375
(Sr31+Sr25); Kauwok (Sr24+Sr1AIR), YucTomoJyibcKas
(Sr31+Sr28+Sr57),3kana 253 (Sr31+Sr57)udkana 265
(Sr31+Sr24).

BbIziesieHbI TePCIIEKTUBHBIE COPTA C TPYIIIIOBOM
YCTONUMBOCTBIO K CTEOJIEBON PyKAaBUMHE UM JKEJITOH
narauctoctu: 100 jet TACCP (Sr31, Tsnl), KaHok
(Sr24+Sr1AI1R, tsnl), dxama 253 (Sr31, tsnl) u dkama 258
(Sr31, tsnl).
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AHHOTALIUA

Bupoupg py6IleBaTOCTU MJOLOB SI0JOHU
(Apscaviroid cicatricimali, Apple scar skin viroid,
ASSVd) aBysieTcsa OgHUM 13 0C000 OITaCHbBIX (DHUTOIIA-
TOTE€HOB, TIOPAXKAIINX CEMEUKOBBIE 1 KOCTOUKOBBIE
MIJIO0LOBBIE KYyJIbTYPhl. BupoumgHasa nH(pEKIIUI
peCTaBJIsIeT IOTEHIIMAJBbHYIO OIIaCHOCTh, KOTOPast
MOJKET HaHECTH YKOHOMUYECKUH yIepb Mpou3BoJI-
CTBY IJIOZOBBIX KyJbTYyp. HanboJiee pacmpocTpaHeH-
HBIM cItocobom mepenauu ASSVd sBjseTcs KOHTaK-
THas Imepenmava (MexaHWUYeCKU 4vepes pabouwme
MHCTPYMEHTHI), a TaK)Ke uepes MPUBUBKY (OT
3apa’keHHOT0 pacTeHMs K 3J0pPOBOMY). B cTaTbe
npuBeleHa KpaTkas o630pHas mHMOPMALUA II0
BUPOUY, a TAK)Ke TTIOKa3aHbI JaHHbIE 10 anipobauu
OJIUTOHYKJEOTUIOB AJSA AuarHocTuku ASSVd
meTomoM ITLIP B pexxumMe peanbHOro Bpemenu (TILP-
PB) Cc MCIT0OJIb30BAaHUEM OTEUYECTBEHHBIX PEAKTHUBOB.

[IpoBepKy pabOThl OJUTOHYKJIEOTUIOB OCYIIEe-
CTBJISJIY C IIOMOLIbI OTEYECTBEHHBIX HAaGOPOB
pearenToB kommaHuu 00O «HII® CunuToa» u 3A0
«EBporen». [IJg IIpoBeleHNS SKCIIEPUMEHTOB I10
OIleHKe CIeI(UIHOCTY IPANMEPOB UCIIOIb30BaIN
pasuyYHble U30JIAThl GJIM3KOPOACTBEHHBIX BUPOU-
OB U3 ceMelcTB Avsunviroidae u Pospiviroidae. B
IaHHOU paboTe MPOBEIEH aHAJIU3 OJIUTOHYKJIEOTH-
OB C HCIIOJb30BaHUEM OHJalH-cepBuca NCBI
Primer-BLAST. B ucciemoBaHUU IIPOBEAEHO MHO-
’KECTBEHHOE BbIPpaBHUBAaHUE HYKJEOTUAHBIX
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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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IoCJIeI0BaTeIbHOCTEN U30JIATOB BUpOUa pyoIleBa-
TOCTH ILJIOJOB S0JIOHM C IIOMOIIBIO CIIEIIMAJIbHBIX
nporpamMmM MAFFT u AliView. BuonH(popMaTHuiecKu
MMPOaHAJIN3UPOBAHbI BULOCIIENU(DUYHBIE OJIUTOHYK-
JIEOTHUIbI HA BOBMOXXHOCTb 06pa30BaHMsI BTOPUYHBIX
CTPYKTYp — HINWJIEK U AUMEPOB, KOTOPbIe MOTYT
MTOBJIUSATDH HAa JUATHOCTUKY (DUTOMATOreHa. YCTaHOB-
JIeHOo, uTo rmpaiMepsbl CASSVd/hASSVd u ASS-F/ASS-R
CITOCOOHBI 06Pa30BBIBATH HOJIBIIOE KOJUUYECTBO
BTOPUYHBIX CTPYKTYP, KOTOPble MOTYT MPUBECTU K
JIOXKHOTIOJIOXKUTEJNIBHOMY pe3yibTaTy. C IOMOIIbIo
npaiiMepoB ASSVd-F91/ASSVd-R291, ASS-F/ASS-R u
30HIa ASS-P BO3MOXXHO UIeHTU(OUIINPOBATh BUPOU],
pyb11eBaTOCTHU JIOO0B 16710HU MeToioM [TLIP-PB.

Knrouesole cnosa. Apscaviroid cicatricimali,
ASSVd, ceMeuKOBbIe KYJIbTYPbl, KOCTOUKOBBIE
KYyJIbTYPbl, KAPAaHTWH pPaCTeHUN.

BBEJEHUE

penu pasJuYHbIX GUTONATOTEHOB
TJIOJIOBBIX KYJbTYP 0CO00€ IOJIoXKe-
HUe 3aHUMAaIOT BUPOUILI. BUPOUIbI —
5T0 MH(PEKIMOHHbIe MAaTOTeHHI,
COCTOAINME U3 OJHOIEIIOUeUHOH
KoJb1leBOll PHK, KOTOPBIE BBI3BIBAIOT
pasnuuHbie 6GOJIE3HU PaCTEHUH,
HaHOCSI OTPOMHBIN YKOHOMUYECKUN
yuiep6. [TOCKOJbKY BTU IMATOTEHBI HE KOAUPYIOT
6eJIKY, OHUW MCIIONb3YIOT OEJKM pPacTeHUI-X03sIUHa
JLJIST BBITIOJIHEHUST BCEX CBOMX OCHOBHBIX (DYHKITUM,
BKJIIOUAS pPemJUKaIllNI0, TPAHCHOPTUPOBKY U
ImaToreHes. Bupoubl mepemarTcs BETE€TATUBHBIM
Pa3MHOXeHUEM/IIPUBUBKON U MeXaHUYECKOU
VHOKYJISIIMEelN, HallpuMep, Yepes HCII0Jb30BaHME
3arps3HEeHHbIX JIE3BUM BO BpeMs 00pe3KU 1 IPUBUB-
ku (Diener, 2001; Walia et al., 2014; [IpuxoAbKo U Ap.,
2021; Tianetal.,2022).

Il ceMeuKOBBIX ILJIOJOBBIX KYJIbTYyp 0coboe
3HAUeHNEe MMEeeT BUPOUJ py6leBaTOCTHU IJIOLOB
s6mouu (Apscaviroid cicatricimali, Apple scar skin
viroid, ASSVd), KOTOPBIi BJISIETCS TUTIOBBIM BUIOM
poxma Apscaviroid cemeiicTBa Pospiviroidae (EPPO
Global Database, 2025). Bupou, BbI3bIBaeT 60JIe3HU
py61ieBaToCTH IJIOMOB (scar skin) si6JI0HU, TISTHHC-
ToCTH ILIOAOB s160uHu (dapple apple), sMuaTocTu
momoB rpymu (pear fruit dimple), p>xaBoi KOXKUIIBI
miofoB rpymu (pear rusty skin), MOpIIMHUCTOCTHU
nnozoB rpyuiu (pear fruit crinkle) (Walia et al., 2012;
Hadidietal.,2017; Tianetal.,2022).

[TepBble coobuieHMsT 0 6oJjie3HU PyO6IlEBATOCTHU
ILJI0NOB sA6J0HU moaBuiuch B 1930-x rr. B Kurae.
VH(eKIIMS IIPUBeJia K CEPhe3HbIM IIOTEPSIM YPOXKas B
Kurae B 1950-x I'T., 0cO6eHHO B patioHe JIT0AyHCKOTO
TIOJIyOCTPOBA, TZie ObLIY ITOPa’KeHbI ThICIUYU TEPEBb-
€B, a IUIOAbI A6JIOHU TTEPeCcTau IIPOLaBaThCs M3-3a
HETOBapPHOI'0 BHEIIHEro BUIa. Bojie3Hb MOBIMIIA HA
BhIpalllBaHKe OCHOBHOTO COpTa s0Ji0HK B KuTae —
Red Fuji. B HeKOoTOpPbIX MPOBUHIIMAX IllaHbCH,
[Isabcu 1 X265 6051ee 50% mepeBbeB ObLIV TOPaXKe-
HBI 5Tol GojesHbio (Liu et al., 1957; Hadidi et al.,,
2017). B 1953 r. B KuTae 6ojie3Hb ObLia OIIMCaHa U
mojiydyusia HazBaHue Manshu-sabika-byo (601e3Hb
mo6ypeHus TIJIOIOB MaHbUXKYPCKOU SOJIOHM), UIU
Sabika (6osie3Hb MaHBYIKYPCKOU AOJIOHM), TTO

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 particular importance
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 diseasewasdescribed 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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pesynbTaTaM SKCIIEPUMEHTOB T10 Iepeiade BUPOUaa
yepes npuBuBKy (Ohtsuka, 1935; Ohtsuka, 1938;
Walia et al., 2014). Takxxe B 1950-X I'T. B 26JI0HEBOM
cany (mrtat Heio-Ismmmup, CIIA) Gblia oTMedeHa
00JIe3Hb IIATHHUCTOCTU ILJIOLOB SIGJIOHM, II03Ke OHa
Habiroganach B Beaukoopuranuy, Kutae u SImoHuu
(Leeetal.,2001; Hadidietal.,2017).

3areM, B 1953 r., IOABUIUCH COOOLIEHUA O
00J1e3HY TIJIOOBLIX B IpedekType Harauo (AnoHus),
a B 1970-x rT. 3Ta 60JIe3Hb HAOGJIOAATIACh U B JPYTUX
OCHOBHBIX paliOHaX BbIpaI[MBaHUS A6JI0Hb B SITTOHUU
(Hadidi et al., 2017). CuMniToOMbI 60JI€3HU TIPOSIBJIS-
JIUCH JIMIIb Ha ILJIOLAX; Ha JIUCThAX M CTBOJIAX
IepeBbeB CHUMITOMOB 3apaXeHUsa He OBIIO
(Takahashi, 1987). B 1960-1962 rr. B Kutae ormeua-
JIOCh, 4TO 0K0JIO 90% JIepeBbeB I'PYII ObLIN ITOPaXKe-
HbI60se3HbI0 (Liuetal., 1962).

V3HayaJbHO CUUTAJOCH, YTO BO3OYymUTEIEM
6oJie3HEN SIBJISIETCS BUPYC M3-3a €r0 CIIOCOGHOCTHU
TiepeaBaThbCsd Yepes TpaHCITaHTaHT (Koganezawa,
1985). 1 Tosbko B 1980-x rr. 6blJa BBIABUHYTA
TUIIOTE3a O BUPOUIHOM STUOJIOTUM TAaHHBIX 60Jie3-
Heti (Waliaetal.,2012).

[TpenmosaraeTcs, YTO IIEPBUYHBIHM apeas ASSVd
HaxonuTcs B CeBepo-BocTouHoi Asum (Kurtaii u
slmouwus), rae oH HaruGojee MIUPOKO PAaCIIPOCTPAHEH.
A ero orpaHMYeHHOE paclIpOoCTpPaHEeHUWE B CTpaHax
EBponbl 1 AMEpUKU SABJISETCA pPe3ysbTaTOM II€PBO-
HavyaJIbHOM WHTPOAYKIMU KOMMEPUYECKUX COPTOB
TLJIOJIOBBIX KYJIBTYP U3 BBIIIEYTIOMSIHYTHIX a3UaTCKUX
crpas (Kyriakopoulou, Hadidi, 1997). I'pyma MuHa-
JIeBUIHAS Ha IIPOTSHKEHUM MHOTUX BEKOB IIPou3pac-
TaeT B ropax ['peruu, u paHee ee ceMeHa IIHMPOKO
KCIIOJb30BAJNIUCh IJIST MOJYUYEHUST CEMEHHBIX
TIOJTBOER C I1€JIbI0 ITOCJIeIYIOIEl MPUBUBKY KYJIbTYP-
HBIX COPTOB I'PyIIM U aiiBbl. [IpucyrcTBue ASSVd B
pacTeHUSIX TPYIIU B TOPaX, BAAJIY OT JIF060TO BMeIa-
TeJIbCTBA YeJIOBEKA, TI03BOJISIET IIPEAMOJI0KUTh, YTO
BUPOUJ, ABJISIETCSA POLHBIM 1Jisg ['penuu. B cBg3u ¢
3TUM HE MCKJIHYeHa BO3MOXXHOCTb, UTO I'pernus,
pacnosoxxeHHass B Cpequ3eMHOMOPCKOM PETUOHE,
SIBJISETCS BTOPBIM IEHTPOM IIPOUCXOXIEHUSI
Bupouga. OueBULHO, MHPUIIMPOBAHNE PACTEHUM
TIPOUCXOIUIIO C TIOMOIIbI0 3apaXKeHHOT0 MaTepuaa
yepes npuBuBkKy (Kyriakopoulou, Hadidi, 1997;
Kyriakopoulou et al., 2001). [To3nHee maHHBIU
BUPOUJ GbIJ BBISIBJIEH Ha KYJbTUBUPYEMBIX U
OUKOPACTYIIUX PAaCTEHUSIX YepellHu B [penun
(Kaponietal.,2013).

T'eHOM BUpOMIA PyOII€BATOCTH ILIOAOB SI6JIOHUI
OBbLJI CEKBEHUPOBAH B 1987 T. 1 IIpeCTaBIIsSIET COO0H
O HOLIEIIOYeuHy0 KoJyblieByr0o PHK, cocroguiyoo u3
330 mykseoTumoB (Hashimoto, Koganezawa, 1987).

OCHOBHBIM PaCTEHUEM-X03IMHOM JIJIs BUPOUIa
aBiigeTcda A0J0Hg oOblikHOBeHHasd (Malus domestica
(Suckow) Borkh). [ToMyuMo0 16/10HY, BUPOUT, MHDUIIY-
pPyeT U Apyrue pacTeHus U3 ceMercTBa Rosaceae:
s6a0us gukas (M. sylvestris (L.) Mill.), rpyira o6bIKHO-
BeHHas (Pyrus communis L.), Tpylia MUHIAJIeBULHAS
(P. amygdaliformis Vill.), 6emas KuTalickas rpyia
(P. bretschneideri Rehder), rpyma rpymeaucTHas
(P. pyrifolia (Burm.f.) Nak.), rpyma yccypuiickas
(P. ussuriensis Maxim.), mepcuk (Prunus persica (L.)
Batsch), abpukoc (P armeniaca L.), yepentus (P. avium
L.), rumaiarickas suind (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
only on 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. CuMmnTOMBI: A — KOPUYHEBAS
pybueBaTocTb Ha nnopax A6y10HuU;

a6noHu; C — aMuaToCTb Ha nioaax 2018)
rpyww (Di Serio et al., 2018)

ASSVd 6b11 06HapyXeH B Pa3JIUYHBIX TKaHIX
s0JIOHU: B JIUCThAX, CTEOJIAX, KOXYype, MAKOTU
MIJIOIOB, TOABOSIX U KOPHAX. OOHAKO CUMIITOMBI
3apakeHus BUPOUJOM MPOSIBISIOTCS TOJbKO Ha
TJIOMIaX, HO He MPOSIBJISIOTCS Ha JIUCThIX U CTEBIIIX.
3aJep)kKa pocTa pacTeHUWU SIBJISETCS OCHOBHBIM
CUMIITOMOM OOJIBIIMHCTBA BUPOULHBLIX GOJie3HEN
(Hashimoto, Koganezawa, 1987; Hurtt, PodlecKkis,
1995; Desvignes et al., 1999; Kim et al., 2010; Walia et
al.,2014;Lietal.,2023).

Hampumep, Bo ®paniuu (1995-1998 rr.) 6b11m
ITPOBEAEHBI OITBITHI 10 KUCKYCCTBEHHOMY 3apPa’keHUI0
ASSVd 42 KoMMepuecKMUX COpPTOB Ab6JoHU. [1o
pesyabTaTaM YyBCTBUTENbHOCTHY K BUPOULY BhIZeie-
HO HECKOJIbKO T'PYIMIN OCHOBHBIX COPTOB SIGJIOHU:
TonepaHTHbIe (Baujade, Belrene, Golden Delicious,
Granny Smith, Jonagold, Pink Lady, Reine des
Reinettes, Reinette Grise du Canada, Smoothee),
cnaboBocunpuumMmuuBbie (Akane, Ambassy,
Delbarestivale, Fuji u mytauTs! Fuji, Gala u MyTaHTbI
Gala, Redwinter, Spurkoop), BoCIpUUMUYUBbIE
(Delbard Jubilé, Elstar u myTtanTsl Elstar, Festival,
Querina, Sunris), 6oaee BocupuuMuuBbie (Ace,
Charden, Early Red One, Red Chief, Red Delicious,
Starkrimson), BeicokoBocmpuumMuuBbie (Belchard,
Braeburn, Hillwell u myranTer Hillwell, Indo). Ha
TOJIEPAHTHBIX COPTaX JIUIIb HA OTAEJIbHBIX ILJI0AAX
pPa3BUBAJIMCh HEOTUETJIMBBIE IATHA UJIU cjaboe
u3MeHeHNne OKpacku. Ha c1aGoBOCIPUUMYMBBIX U
BOCIIPUMMYHUBBIX COPTax y YacTH ILJIOLOB pa3BUBa-
JIach MIATHUCTOCTD CJIA00UM WU YMEPEHHOU MHTEH-
cuBHOCTHU. Ha 6ojiee BOCIIPUMMYUBBIX COPTAX [IOUTHU
BCe TLJIOMbI U3MEHSLIN OKPACKY WJIM UMEJIH MISITHA, a y
CeMEeHHOI YallleuKy Pa3BUBaJIUCh P>KaBbIe OITPOOKO-
BeBIIVe MITHA. Ha BhICOKOBOCIIPUUMYUBBIX COPTaX
pasBUBaIVCh UHTEHCUBHBIE CUMIITOMBI Py6IleBaTOC-
TH, PaCTPEeCKUBAHUSA U HEKPOTHU3AIMU IIJOL0B,
KOTOpbie yTpauMBaJu TOBAapHbIE KauyecTBa
(Desvignesetal.,1999).

ASSVd B eCTeCTBEHHBIX YCJIOBUAX IOPAXKaeT
WCKJIIOUUTEJIBHO IPEBECHbIE PACTEHUS, B IEPBYIO
ouepeb CEMEUKOBbIe M KOCTOUKOBBIE ILJIOLOBBIE
IepeBbsa. OMHAKO BUPOUM MMEET MUPOKUM KPYT
SKCIIEPUMEHTaJbHbIX PACTEHUI-X03s1€B: OTypel]
(Cucumis sativus L.), Tomat (Solanum lycopersicum L.),
GakyaxkaH (S. melongena L.), ropox (Pisum sativum
Lam.), daconb (Phaseolus vulgaris L.), Tabak (Nicotiana
benthamiana Domin, N. tabacum L., N. glutinosa L.),
kuHoa (Chenopodium quinoa Willd.), maps (C.
amaranticolor D. Don). BO3MOXXHOCTb 3apaKeHU 9TUX
pacTeHuM B MPUPOAHBIX YCIOBUSIX HE M3ydajach
(Waliaetal.,2014; Waliaetal.,2015;Lodh, 2017).

Fig. 1. Symptoms: A) Brown scarring on
apple fruit; B) Pale spots on apple fruit ’
B — 6neaHble NATHa Ha KOXULLe NonoB skin; C) Pear fruit crinkle (Di Serio et al., ble (Akane, Ambassy, Delbarestivale,

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-

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. CuMnTOMBI
3apakeHusa ASSVd Ha
He3penom sibnoke u3 parioHa from the Olympia region of
Onumnus Ha MenonoHHece,  the Peloponnese, Greece
Ipeuus (Kaponi et al., 2024) (Kaponi et al., 2024)

Fig. 2. Symptoms of ASSVd
infection on an unripe apple
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[Ipu 3apakeHuu
BUpOUAOM pybiieBa-
TOCTHU ILIOMLOB SI0JIOHU
obpasyioTcsa 6iaemHbIe
MSITHA Ha KOXWUILE
nJa0L0B a6yioHU (CM.
puc. 1, B). IToBep-
XHOCTh IIITEH MOJXKET
IIOKPBIBATHCSI KPACHO-
Oypoy MY KOpUUHE-
BOUI OmpPOOKOBERBIIEH
TKaHbI, KOTOpas B
BU/IE ITOJIOC MJIY IEJIbIX
CEeKTOPOB pacIpocTpa-
HSETCS TI0 TIoAy (CM.
puc. 1, A, puc. 3).
[IaTHaA yacTo pacTpec-
KHUBalTCS (CM. puc. 2).
3apa)keHHbIe MJOJbI
YacTO OCTAKTCH
MEJIKUMU U )KECTKMMHU, IIJIOX0 BhI3PEBIINMU U UMEIOT
HENPUSATHBIN BKyc. CUMIITOMBI 3apakeHUs Ha
MJIoJaX TPYIIU TPOSIBJISIOTCS B BUME IMUYaTOCTU
(MOPIIMHUCTOCTH) KOXKUILBI (CM. puc. 1, C). CumriTo-
MBI Ha IJIOAAX S0JI0HY 0OBIYHO HE COIIPOBOXKIAIOTCSI
Halu4yreM KaKUX-JIu0O0 CUMIITOMOB Ha JINCThSX.
Bupoua MOXXeT UMETh HJUTEJbHBIN JIATeHTHBIN
Tepuo, B CBOMX pacTeHuax-xosseBax (Shamloul et
al., 2004; Sipahioglu et al., 2009; Hadidi et al., 2017; Di
Serioetal.,2018;Kaponietal.,2024).

Apple scar skin viroid cHuxaeT ToOBapHBIN BUJ,
JI0/I0B s1610HU (YMeHbIIeHWe pasMepa, o6pas3oBa-
HUe pPyOIlOB, HEPAaBHOMEPHOE OKpalliuBaHUe
KOJKYPBI), UTO HETaTUBHO CKa3bIBAETCS Ha IIPOU3BO-
ncre hpykToB (Diener, 1971; Li et al., 2023). 3apaxke-
HUE BUPOUIOM MOXXET IIPUBECTU K 3HAUYUTEJIbHBIM
SKOHOMUYECKUM ITOTEPSIM ¥ CHVIKEHUIO YPOXKATHOCTH.

B HacTosmee Bpems ASSVd pacrpocTpaHeH B
crpaHax Asum (Mupwus, Vipas, Kutaii, Pecry6imka
Kopes, Sdnonus), EBponsl (Benukobpuranus,
Ipenuqa, Oauudg, Utanud, [loabma, Typuusa, dpaH-
nus), CeBepHoit AMepuku (Kamama, CIIA), FOXHOMI
Amepuku (Apreutuna) (CABI/EPPO, 2025).

Bupou 9BiaseTcs OOHUM 13 HarboJjiee OIacHbIX
BO30ymuTesel 60Jie3Hel TLIOIOBBIX KYIbTYP B Kutae
¥ SITIOHUH, XOTSI B OOJIBIIMHCTBE CTPaH — IIPOU3BOIU-
TeJel A6JI0K (pUTOIIATOreH BCTPEYAETCS OTHOCU-
TeabHO penko (Hashimoto, Koganezawa, 1987;
Desvignes et al., 1999). B oCHOBHBIX peruoHax
npousBoAcTBa A6J0Hh B KuTae nmHMeKIMOHHAS
HarpysKa BUPOuIOM KoJjiebseTcsaoT 4,8 1o 48,6% (Liet
al., 2023). CUMIITOMBI 3apa’keHus BUPOUIOM HaOJIIO-
Ianuch B Pecrtybsiike Kopest Ha HECKOJIBKUX COPTax
a6mouu (Kim et al., 2006). B I0xxHo#1 Kopee ASSVd
HMIXPOKO pacIpocTpaHeH Ha copTax s06JIOHKM Sansa,
Fuji, Chukwang, Miki-Life, Hongrou Songbongeum Ha
IOTe CTPaHbI, BbI3bIBAsI HA HUX MIITHUCTOCTD ILJIO0B
(Kwon et al., 2002). B GoJIBIIIMHCTBE PaliOHOB BhIpa-
muBaHUs S6JOHb B mTaTe XuMauvaja-Ilpagern
(Mupgus) ypoBeHb 3apaskeHus ASSVd cocraBui 27,6%
B 2012 1., 4TO ABJSETCSI CaMbIM BBICOKKM IIOKa3aTe-
JIeEM Cpely WCCIeNyeMbIX BUPOUMHBIX U BUPYCHBIX
MIaTOTeHOB CEMEUYKOBBIX KYJIbTYpP, PaclpoCTpaHeH-
HBIX B 3THX pabonax (Kumar et al., 2012). Bupoug,
BBIIBJISIIM Ha pacTeHusax s6yjoHum coprta Golden
Delicious u rpymu copra Dargazi B IpOBUHIIUU
Xopacau-PesaBu (Mpan) (Yazarlouetal.,2012). Takxxe

a6noHu (Sipahioglu et al., 2009)

Fig. 3. Brown scar skin on apple fruit (Sipahioglu
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 Songbongeum
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 common in these areas (Kumaretal.,2012). The
viroid was detected on Golden Delicious apple and
Dargazi pear plants in Razavi Khorasan Province, Iran
(Yazarlouetal.,2012). ASSVd is also widespread in the
Eastern Anatolia Region, Turkey (Sipahioglu et al.,
2009).
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ASSVd mupoko pacipocTpaHeH B peruoHe BocTou-
"oy AnaTosimu (Typuus) (Sipahioglu et al., 2009).

CBezeHus 0 pUTOCAHUTAPHOM CTaTyce BUPOUIA
TIPeACTaBJIEHBI B TAGIUIIE.

OCHOBHBIM IIyTeM pacripocTpaHenus ASSVd
SaBJgeTCS NHQUIVMPOBAHHBIN IT0CAZOYHbBIN MaTepu-
aJT BOCIPUUMYMBBIX PACTEHUM-X035€B, TAK KaK 9TOT
TIaTOTEH JIETKO IIePEeHOCUTCS Ha 30POBbIe PACTEHUSI
Ipu IIPUBUBKE Ha HUX 3apak€HHBIX UEPEHKOB MU
ToYeK, a Takke Pabouymii MHCTPYMEHT — 3arpPsA3HEH-
HBII COKOM pacTeHus cekatop (Heo et al., 2019; Li et
al., 2023). OTMeUYeHO, UTO B HU3KOH CTEIIEHN BO3MOXK-
Ha Iepefadya BUPOUIA Uepe3 ceMeHa 3apa’keHHbIX
nepesbeB (Hurtt, Podleckis, 1995; Kim et al., 2006;
Walia et al., 2015). Bp110 yCTaHOBJIEHO, UTO ITepeayva
BUPOMUAA MOJXET OCYIIECTBISATHCSI HAaCEKOMBIM-
MEePEHOCUYNKOM — TEIJUYHOU OEeJIOKPBIJIKOU
(Trialeurodes vaporariorum Westwood) u TabauHOI
0eJIOKPBILIKOI (Bemisiatabaci Genn.) (Walia et al., 2015;
Lodh,2017; Tianetal.,2022).

Ha pasmHoxeHue ASSVd cymecTBeHHOe
BIWSHNE OKA3bIBAET TeMIlepaTypa. Hampumep, mipu
UHOKYJISIIIMYA 3KCIEPUMEHTANbHbBIX PACTEHUM-
X034d€eB CHMMIITOMBI 3apa>XeHUsd IIOABJIAJINCH IIPU
temrmieparype ot 20 70 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. PuTOCAHUTAPHBIN CTAaTyC BUPOUA PyOGIIEeBATOCTH ILJIO/IOB AGJIOHU

(EPPO Global Database, 2025)

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

CtpaHa CraTtyc I'ox BritoueHud B [lepeuenb KBO
Country Status Year of inclusion in Quarantine Pest List
Kanaga KapaHTHHHBII BpeJHbII OpraHnusM A
Canada Quarantine pest 1
H3paunib KapaHTHHHBII BpeJHbIi OpraHnusM -
Israel Quarantine pest 00
HNopnanuga Croucok Al
Jordan List Al 2013
IIBeiinapusa PeryiupyeMblii HeKapaHTUHHBII BPeHBIH OPraHU3M
Switzerland Regulated non-quarantine pest 2019
BenukoGpuTtaHua  PeryaupyeMblil HeKapaHTUHHBIN BPeHBIA OPraHU3M S
United Kingdom Regulated non-quarantine pest
EC PeryaupyeMblii HeKapaHTUHHBIN BpeJHBIH opraHusM (npusiosxkeHue IV) 2019
EU Regulated non-quarantine pest (Appendix IV)
MATEPUAJIBI U METO/bI MATERIALS AND METHODS

B ucciefoBaHUSIX WCIOJNb30BaJU CIEAYIOUe
pedepeHcHbIe M30JIThl BUPOUIOB U3 KOJIEKI[UU
DSMZ (TepMaHus): JJaTEeHTHOW MO3auWKU IIepPCUKa
(PLMVd PC-1134), py61ieBaTOCTH IJIOMOB sSI0JOHU
(ASSVd PC-1136), my3sIpyaToro paka KOpPbI TPYIIN
(PBCVd PC-1135), sk3okopTuca murpycoBbix (CEVdA
PV-0942; CEVd PV-1163), KapJIMKOBOCTU BEPXYIIEK
TomaTta (TASVd PV-1151, TASVd PV-0971), nateH-
THBIM Bupoun komymHeu (CLVd PV-1068), menko-
mnomHocTu nepiia (PCFVd PC-1181, PCFVd PV-1067),
KapJukoBocTu xpusaHteM (CSVd PC-0735), xjopo-
TUYHON KapaukoBocTu ToMmara (ToCDVd PV-1148,
ToCDVd PC-0916), BepeTEeHOBUJHOCTHU KIYOGHEH
kaptodens (PSTVd PV-0860); a TakyKe H30JSIThI
BUPOUA BEPETEHOBUIHOCTH KJIIyOHElN KapTodess
(PSTVd VIZR-07, ®TBY «BHUUWKP») u Bupouma
JKeNTON Kpamyartoctu BuHorpaga (GYSVd Syn-10,
000 «CuHTOJI»). BCe BhIIIEIIepeurCIeHHbIE N30JISThI
KCIIOJIb30BANIUCh AJiI OIEHKU CIelu(pUIHOCTHU
aHaJIM3UPYyEMbIX TPaliMepoB.

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

5' GCCTTCGICGACGACGACAG
3' GRCAGCAGCAGCTGCTICCG
5" GCCITCGICGACGACGACAG
3' GACAGCAGCAGCTGCITCCG

5' GCCTTCGICGACGACGRCAG

3' GACAGCAGCRGCTGCITICCG

5' GCCTTCGTICGACGACGACAG
3" GRCAGCAGCAG

CIGCTICCG

3I

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/ASSvd-
R/ASSVd-P (Malandraki et al.,

Puc. 4. BapyaHT BTOPUYHbIX CTPYKTYpP ANA
npanmMepoB cASSVd/hASSVd, untepdceiic
Oligonucleotide Properties Calculator (cpoTo

aBTOPOB) authors)

Brigenenue PHK uccienyemMbiXx U30JISTOB
OCYIIECTBJISIJIN C MIOMOINbI0 Habopa peareHTOB
«Cop6-TMO-B» (OO0 «HII® CuuToN», Poccus). Jjs
ugeHTUDUKAIIMU BUPOUZAa Py6GIeBaTOCTU ILJIOLOB
s60HU MeTomoM I[ILIP-PB HMCIONB30BaIN CIIENYIO-
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). [ljis TpoBepPKY pabOThI OJIUTOHYKJIEOTUIOB
KCIIOJIb30BaJII OTEeUeCTBEHHbIe HAaOOPhI pPeareHTOB
kommianuu OO0 «HIT® CuHTOM»: 2,5X peaKIuOHHAas
cMmech gias npoBegeHuda I[I1JP-PB B mpucyrcTBuu
kpacuTteyngs EVA Green, Habop peareHTOB [OJ4
npoBeneHus I[P, coBMelleHHONW C peaknuen
obpaTHoit Tpanckpuniuu ([ILIP-OT), a Takxe HA60P
OneTube RT-PCR SYBR (3AO «EBporeH») M0 UHCTPYK-
LIUSIM, IIpUjIaraeMbIM K HabopaM. JlaHHbIH hopMaT
[P aBnsieTca MHPOPMATUBHBIM — JAEeTEKIIUI
MPOLYKTOB OCYIIECTBJSETCS HEIOCPEACTBEHHO B
xoze Iporecca amMnauuKaiuu, a He I0cje Hee.
JOTIONMHUTENbHO NJaHHBIN (popMaT MO3BOJAET
OTpenensiTh HAJINUNE/OTCYTCTBUE BTOPUUHBIX
CTPYKTYP U cHellu(UUYHOCTh TTpavMepoB. s
peakuy o6paTHOM TPAHCKPUIIIIUY MCIIOJb30BaIu
Habop peareHToB «OT-1» (OO0 «HII® CuHTOJI»).
[ToctanoBky IILIP-PB ocymecTBasAIN Ha mpubope
CFX96 Bio-Rad Laboratories, Inc. (CIIIA).

OJIUTOHYKJIEOTUAbl CUHTE3UPOBAHbI OTeUe-
cTBeHHOM KoMmmauuel AO «'eaTeppa» U IIpemoCcTaB-
JIeHBI B JUO(PUIN3UPOBAHHOM BuIe. Pabouasa
KOHIIEHTPAIUs OJIUTOHYKJIEOTUAOB — 10 IIMOJIb/MKJI.

[IpenBapuUTENIbHO BCE TECTUPYEMbIE OJIUTOHYK-
JIeoTUAbI 611U 6MOMH(pOPMATUUECKY TPOBEPEHBI HA
BO3MOXHOCTb 06pa30BaHMWs BTOPUYHBIX CTPYKTYD
(unwmiiex, ZUMEPOB), TEMIIEPATYPy IJIaBJIEeHUS U
cnenu@UUYHOCTh ITOCaiKU. BbIJIM MCHOJAb30BaHbI
oHJaltH-cepBuCHl Multiple Primer Analyzer (Thermo
Fisher Scientific Inc., 2025) u Oligonucleotide
Properties Calculator (Oligo Calculator, 2025). s
MHO>XECTBEHHOTO BBIPABHUBAHUSA HYKJIEOTUIHBIX
mocJieloBaTeJIbHOCTEN BUpoOUAA pPybIleBaTOCTU
MJIOJOB g06JI0HY ObIjIa MCIIOJIb30BaHa IIporpaMmMa
MAFFT Bepcus 7.526 ¢ mOCIeny0IIel BU3yaansaliy-
et B nporpaMmme AliView Bepcus 1.27. AHanus
OJINTOHYKJIEOTU/IOB ITPOBOAUJIU C TIOMOIIIbIO OHJIAMH-
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/pl.

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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ELI03146 1. 1:1-330 Apple scar skin viroid variant ASSvd_AM7, complete genc

FI974069, 1:1-330 Apple scar skin vircad done Eurydioe-1, complete genome

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

FIA74064, 1:1-330 Apple scar skin vircad done Lynkestis-3, complete genome
: uc.u-dmmdwmtmvd AMBE, complete
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Puc. 5. ®parMeHT MHOXXeCTBEHHOI0 BbIpaBHMBaHUS
nocnepoBatenbHocTel ASSVd 1 obnacTb 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)

EU031451, 1: 1-330 Apple scar shin viroid variant ASSVd_AMY, complete g
FJ974069. 1:1-330 Apple scar skin viroid clone Eurydice-1, complete geno
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Foieg - g g - - ceggrgagasagy
gacg-aagg=-=-=-=-=- cegygrgagasaagg
gacg-aagg==="=* coggrTrgagaaadgeg
FACg- ATy T TTTT ceggTgagaaagy
ey T AT s cCcggtgagaaagyg
gy - ARy === cceggTtgagaaaggyg
e el o e et ceggrgagaaagy
gacg-aag=-=-=-====-= cggrgaBlaaagyg
gaAcgT ALy - TTT T cggrvgalaaagy
gacg-aagg-~- -7 777 Cg’gt!l 4 adaagag
N a3Fnt- 32aandns = ==== e a3 a3 ane

Puc. 6. DparMeHT MHOXXeCTBEHHOIO BbipaBHMBaHUS Fig.
nocnepoBatenbHocTel ASSVd 1 o6nacTb nocagku npanmepa

ASSVd-F91 (choTo aBTOpOB)

PE3YJIbTATBI UCCJIEJOBAHUM

PesynbTaThl 6MOMHGOPMATUUECKOTO aHaJIM3a
MOKa3aJiy, YTO OJUTOHYKJIeoTumbl cASSVd/hASSVd
MoryT o6paszoBbiBaTh GC-60oraThie BTOPUYHBIE
CTPYKTYpBI (cM. puc. 4). PacueTHas TeMIiepaTypa
TJIaBJIeHUS IJIS JaHHOU maphl IPaiiMepoB COCTaBU-
ja 70 °C. T[IpoBepka mpaliMepoB IoKasajia, 4TO
onuronykjeotus, hASSVd pacroyioxxkeH B 06JacTy,
rie y HEKOTOPBIX U30JIITOB I[eJIEBOTO BUPOUA
IPUCYTCTBYIOT HOJAUMOP(GU3MBI, KOTOPble MOTYT
TIOBJIMSATH Ha OTXKUT JAHHOTO TIpaiMepa U IPUBECTU
KJIO)KHOOTPUIIATEIbHOMY Pe3ylbTaTy (CM. puc. 5).

Ananu3 mapbl npaiimepoB ASSVA-F91/ASSVd-
R291 moxasaj, 4TO OHA He 06pasyeT BTOPUUHBIX
CTPYKTYyp. TeMIiepaTypa iasjieHusa — 67 °C. Hecmo-
TP Ha OTCYTCTBUE WINUJEK U AUMEPOB, HaHHBIE
mpanMepsl PACIOaralnTcsa B 06JIaCTIX C IOJIUMOP-
¢dusmamu (cM. puc. 6, puc. 7). Takoe pacrojoxeHne
OJIUTOHYKJIEOTHUAOB 3HAUUTEJNBHO COKpalLaeT
KOJINYECTBO IMOTEHINAJbHO JETEKTUPYEMBbIX
M30JIITOB/IITAMMOB BUPOU/a Py6IIeBaTOCTY IIJIOIOB
SI6JIOHMN.

[TocnemHel aHAJIM3UPYEMOU Iapoy MpaMepoB
I nAeHTU(UKALIUY 1IeJIEBOT0 BUpouaa Obiy ASS-
F/ASS-R c 3ougmomMm ASS-P nmiysa nmoctanosku ITLIP-PB.
JanHas KoMOUHAIIMS He CO3aeT MNuiIeK, Ho ASS-R

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
reducesthe specificity and sensitivity of this probe.

®duTtocaHuTapus. KapaHTtuH pactenuit 30
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MH427538. 1: 1-331 Apscaviroid acatridmali isolate RC-3, complete seque
HQ326096. 1: 1-331 Apple scar skin virold isolate AY 10ch12, complate ger
HQ326093, 1: 1-331 Apple scar skin viroid isolate AY 10g3, complete gener
X71599.1:1-331 Dapple Apple Viroid complete nudeotide sequence
MH105027. 1: 1-332 Apscaviroid ceatricimali isolate SPHIY-wanglin-1-5, cc
PP236985. 1: 1-332 Apscaviroid cicatricmal isolate ASSVd TL2-3, complets
MH105031. 1: 1-332 Apscaviroid ccatricimali isolate BDSYY-xinnonghong-1
MH 105033, 1: 1-332 Apscaviroid cicatricimali isolate BDSYY -xinnonghuang-
MH 105032, 1: 1-332 Apscaviroid deatridmali isolate BDSYY-xinnonghong-1
MH 105029, 1: 1-333 Apscaviroid deatricimali isolate SPHIY -wanglin-2-2, cc
MH 105030, 1: 1-328 Apscaviroid deatridmal isolate SPHIY-wanglin-3, com
MH 105021, 1: 1-328 Apscaviroid dcatridmali isolate SPNSM-fuji-1-7, comph
MGE91838.1:1-329 .ﬁps::awmd dcatricmali isolate SPNSM-fui-1-1, r_un'du
MH105025, 1: 1-325 Aps 0id l:icatncn'rlai isolate SPNSH ﬁu -3-4
ELI031466.1:1-330
FI974100. 13 1- mﬁpﬂcmsla\wmd isola
KP765435, 1:1-330 Apple scar skin viroid isolate *r‘eongwna. complate genc
EUD31480. 1: 1-330 Apple scar skin viroid variant ASSVd_PE4, complete ge
F1974102. 1: 1-330 Apole scar skin viroid izolate Olvmoéa. complete osnomr

gococgrtgrogtrcaaagaaadadaagagrogrgagag
gceierg:g Cadagaaaraagagegrgagang
geegetgeg@casagaaszasagagegrgagayg
geccgeoctgeog@c aaagaaaddagagegrgagag
gecgertgegic adagaaadagagegrgagag
geecgetgegic aaagassaagagegrgagag
gcocgretgocg@c adagaadaddagagecgrgagang
gecgergegic adaagaasrsagagegrgagag
geegetgeglcasagaassragagegrgagag
gcocgeoctgeocg@caadaagaadaadadagageocgtgagag
geecgeergegce aaagaaasagagegrgagag
geegetgeglcasagaasrasagagegrgagag
gecocgrectgeocgc Aadagaaadagagocgrgagag
g e 4 A& A& A A A aAagegrgagag
o P P PTU . ; - ;- 51515
gococgeoetgrogtocaadadgaaddagageocgrgagag
gecgeEgegeEcadagaarsdagageygergagag
geegetgegrcadagaasaagagegrgagag
T cCcoctocotCcaadaadaadadadaavcacocovoaTanm

Puc. 7. ®parMeHT MHOXXeCTBEHHOrO BbipaBHMBaHMS

nocneposaresnibHocTelt ASSVd 1 o6nacTb nocagku nparMepa

ASSVd-R291 (choTo aBTOpOB)

MOXKeT 06pa30BbIBATHL AuMeDp (cM. puc. 8). JoIoJaHU-
TEJIbHO X0UETCsI OTMETUTh, YTO pasMep 30HIa BCETO
13 HyKJIEOTUI OB, BBUAY HAJIUUYUA Y Hero Guryopodo-
pauracuTesns, 5'- u 3'-KOHIIEBbIE HYKJIEOTUAbI MOTYT
He y4acTBOBaTh IIPU OTXKUTE, YTO 3HAYUTEJIHHO
CHMI)KAeT CHelUuDUUYHOCTb U YYBCTBUTEIBHOCTD
TaKoTO 30HIa. TeMIlepaTypa ILIaBJIeHUS COCTaBUIIA
67, 66 1 65 °C cooTBeTcTBEHHO. OGJIACTh IIOCAAKU
npaiimepoB ASS-F/ASS-R u 30H1a ASS-P HaxXoAUTCS B
HamboJiee KOHCEPBATUBHBIX PETMOHAX C HEOOJBIITUM
KOJIMYECTBOM MOJUMOP(PU3MOB (CM. puc. 9), 4To
yBeINUMBaeT KOJUUYECTBO JETEKTUPYEMbIX W30JIs-
TOB/1ITAaMMOB ASSVd.

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

Self-Dimera:

LEE-R

S-TITACCOUURARCACCSTATIOTIYT -
11 I 11l

<-TQUQTTATCCAcAaagggoCattT-5

1 dimer for:

Croas Primer Dimers:

Puc. 8. BapuaHT BTOpUYHbIX CTPYKTYP O/ npariMepa
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)

Hidsalib Loi-J4E ADRHE RCAT BN VFdK GOHLe
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MH10503 bagcsczgeasgrayacqrqecgasacscancazcegsqeegallagrcqaqegaacEorqRIcqEanacsraEqEEatatokaNaEaTtET)
HH105030,1:1- 328 Apscerergid cicetricimal isok hpyrcecspgrcogrepetgegrepecacclececoccgrgrcpetapscgagcppaciccgpaeglapecccctgiscocrcacpetcr g
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Puc. 9. BapyaHT BTOPUYHbIX CTPYKTYpP OS5 npanmepa
ASS-R, untepdperic Multiple Primer Analyzer (poTo aBTOpOB)

[To moJlyYyeHHBIM JaHHBIM OMOMH(pOPMaTHUYeC-
KOTO aHaJIX3a MOXXHO CIeJaTh BbIBOJ, UTO OOJIbIIMH-
CTBO ITPANMEPOB [IJIT UAEHTU(PUKAIIUU BUPOUIA
pyOIIEBATOCTH ILJIOAOB SI6JIOHU MOTYT 00Pa30BbIBATh
60JIbIIOE KOJUYECTBO BTOPUYHBIX CTPYKTYP, a
pacriojio)keHre 06JIacTU IIOCAAKK Ha II0JIUMOPPU3-
MaX CHMKAeT KOJUYECTBO JETEKTUPYEeMbBbIX W30Jis-
ToB/mrTaMMoB ASSVd. [Ty 60Jiee TOUHOTO OIIpeiee-
HUS BIWSHUS BTOPUYHBIX CTPYKTYP Ha cnenudud-
HOCTb U YYBCTBUTEJBHOCTb JUATHOCTUKU IIPOBeJe-
HO TecTupoBaHue MeTonoM [11IP-PB ¢ ucnonb3oBa-
HUEM MHTEPKaJMUPYIIEero KpacuTesysd. JaHHBIA
aHaJIN3 IIPOBOIMIICS IJIs 60JIee ITOJHOTO TOHUMAaHUS
0COOEHHOCTEN PaboThl OJUTOHYKJIEOTUIOB U MJIS
TOYHOM MHTEPIIPETAIIVY ITOJIyY€HHBIX PE3YIbTATOB.

[MocTanoBky [1L[P-PB mpoBoguiau Ha obpasiiax
Kak 11ejieBoro uzoysaTa ASSVd, Tak 1 Ha 6JIM3KOPOJI-
CTBEHHBIX BUpougax. O1eHKy PaboThl OJIUTOHYKJIEO-
TULOB MPOBOAUIN IO CIEAVIOIMIUM KPUTEPUIM:
OTCYTCTBYE CUTHAaJIa (PJIyOopeClieHIIY B OTPHUIlATENb-
HOM KOHTpOJIE, BTIpo6ax ¢ PHK 6J11M3KOPOICTBEHHBIX

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, KUHETUUYECKON KPUBOM
10 38-T0 1I¥MKJIa. AHAJIX3 IIPOBOLUIIU C
WCIIOJIb30BAHUEM PETPECCUOHHOTO
MeToza. ga00 1

Ha puc. 10 rokasaHbl pe3yJIbTaTbl
TECTUPOBAHUA IIapPhl IpaliMepoB
cASSVd/hASSVd ¢ roToBOi peaKIIHOH- :
HOI CMECBI0 B ITPUCYTCTBUY KPacUTeNsT | &
EVA Green (OO0 «HII® CuHTOJI»), joon 1
KOTOPBIE MOKAa3bIBAIOT BBIXOJ, KPUBOU
payopecieHIIUN KaK y I€JI€BOTO
uzossiTa ASSVd PC-1136, Tak My APYTUX

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

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

TEJIbHOTO KOHTpoJid. Takue maHHbIe Puc. 10. PeynbraThl aHanusa

Fig. 10. Results of the analysis of

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

npadiMepbl 06pasylT BTOPUYHBIE «2,5X PEAKUMOHHAs cMech Ans

CTPYKTYDBI A He MOTYT UCIIOJIb30BaThest NPOBeAeHns MNLP-PB B npucytcTemm
kpacutensa EVA Green» (000 «HMN®

CuHTON»), nHTepchenic CFX96 Bio-Rad

IIpy IIPOBEAEHUU AUArHOCTUKM, TaK
KaK eCTh BBICOKHH PUCK IIOJIyUYeHUsA

(hoTo aBTOPOB)
JIOXKHOIIOJIOXKUTEJIbHOTO pe3yJibTaTa.

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

YBenuueHue TeMIIepaTypbl OTXHKUTIa
MOJKET IIOMOYb N36aBUTHCS OT 06pa30-

BaHUSI BTOPUYHBIX CTPYKTYpP, HO IIPU 000
9TOM MOI'yT 6bITb CUJIbHBIE HOTepI/I B
YYBCTBUTEIbHOCTU CUCTEMBI.
TecTUpoBaHKEe NMpPaliMepPOB
ASSVd-F91/ASSVd-R291 moka3salo
HaJIMuye curHaja (IyOpecleHIINU Yy ﬂ 2000 -
IIeJieBoro Buga Ha 31,6 IIUKJIE U IOYUYTU
[OJIHO€ OTCYTCTBUE JIOKHOIIOJIOXK M-
TeJIbHOI0 peaynbraTa (cM. puc. 11). U3
BCEX TECTUPYEMBIX GIM3KOPOCTBEH-

Arrplification

HBIX BUPOUZOB TOJHKO y 06pPasIijoB Q
PSTVd VIZR-07 u TASVd PV-0971 6b1a L]
3aMeudeH MMogbeM KMHETUUYECKOH

i
P

KpuBOi Ha 40-M 11uKIIe. Takol pesyiib-

TaT MOXET OBbITh CBSA3aH C IPUCYTCTBU- Puc. 11. PeaynbraTbl aHanusa

Fig. 11. Results of the analysis of primers

eM eIVHUYHBIX KOIIMM maToreHa B npanmepos ASSVd-F91/ASSVd-R291c  ASSVd-F91/ASSVd-R291 with the kit
HeIleJIEBBIX 06pasIax UiIK ¢ Hecreru- HabopoM «2,5x peakunoHHas cmecb Ans “2.5x Reaction mixture for RT-PCR in the

¢duuHOM paboTol ITpaiMepoB.

JInsg onTuMu3anuu paboThl
npatimepoB ASSVd-F91/ASSVd-R291
OBLIY MCIIOJIb30BaHbI JPyrue HaGOPbI
nis npoBeaenusd [P, B ToM urcie Habopsl ajs [P
C COBMEIIeHHOM peaKIuil 06paTHOM TPAHCKPUITIIUH.
PesynbTaThl TECTUPOBAHUS NAHHBIX ITPAaliMEpPOB C
HabopoMm peareHToB OneTube RT-PCR SYBR (3A0
«EBpOreH») IIpeicTaBJIeHbl Ha puc. 12.

[TosiyueHHbIEe Pe3yJbTaThl MOKA3bIBAIOT HAJIU-
yye curHaja QAyopeclleHIIMU IIOUYTU BO BCEX
TEeCTUPYEMBIX 06pasrax. Takoil pe3ysbTaT MOXKET
OBITH CBSI3aH C HEKOPPEKTHOU paboTol Habopa uiu
HEOIITUMAaJIbHBIMU yCJIOBUAMU NpoBeneHuda I[P
IJig MaHHOUW Iaphl MpaiMepoB B TECTUPYEMOM
Habope.

TectupoBaHue rnpanimMmepoB ASS-F/ASS-R u
30H1a ASS-P ITPOBOAUIY C UCIIOJIb30BaHUEM Habopa
peareuToB mjs mpoBenenHus [P, cOBMEIEHHON C
peakiuen o6paTHoi TpaHckpumiiuu (ITLIP-OT) (000
«HITI® CuHTOJ»). [Tody4yeHHbIE PE3YyJbTAaThl Mpem-
cTaBJIeHbl Ha puc. 13.

I[TosyyeHHBIE pPe3yJabTaThl TECTUPOBAaHUSI
oNnuronykjgeoTunoB ASS-F/ASS-R/ASS-P moka3bIBa-
0T HaJiuuue cCUrHajia QJIyopecleHIUU TOJIBKO Y

(choTo aBTOPOB)

nposepeHuns MNLLP-PB B npucyTcTBUK
kpacutensa EVA Green» (000 «HMN®
CuHTON»), nHTepcheiic CFX96 Bio-Rad

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

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

®dutocaHuTapusa. KapaHTuH pactenuin = 32
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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

Ampiificasian
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fluorescence signal for the target
species at cycle 31.6 and an almost
complete absence of false-positive

Puc. 12. Pe3ynbTaTtbl aHanu3a
npavimepoB ASSVd-F91/ASSVd-R291

results (see Fig. 11). Of all the closely

Fig. 12. Results of the analysis of ASSVd- related viroids tested, only PSTVd VIZR-
F91/ASSVd-R291 primers with the

c Habopom OneTube RT-PCR SYBR (3A0  OneTube RT-PCR SYBR kit (Evrogen),
«EBporeH»), untepceiic CFX96 Bio-Rad CFX96 Bio-Rad interface (photo by the

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
SYBRreagentKkit (Evrogen) are shown in
Fig.12.

The obtained results show the

presence of a fluorescence signal in

(choTo aBTOPOB) authors)
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5:;. almost all tested samples. This result
may be due to incorrect operation of the
kit or suboptimal PCR conditions for the

Puc. 13. Pe3ynbTaTtbl aHanusa

MLLP, coBMeLLeHHOM C peakumen
obpaTHou TpaHckpunuuwm (MLP-OT)
(000 «HM® CuHTONY»), UHTEPChENC
CFX96 Bio-Rad (choTo aBTOpPOB)

1esieBoro obpasita ASSVd PC-1136. ITpeuMyIecTBOM
KCIIOJIb30BaHUS JAHHOTO Habopa SIBJISETCSI COBMe-
IeHue peakiuu o6paTHOM TpaHcKpunuuu c ITI[P-
PB, 4TO yBeIMUYMBAaET UYBCTBUTEIHHOCTh JUATHOC-
TUKU. JlaHHbIe TTpaliMepbl MOKA3bIBAIOT BBICOKYIO
crenuUIHOCTD, TOATOMY OHU OYAYT MCIIOIb30BaHbI
B TIOCJIEAYIOUMX OTBITaX [IJIsT OTIPEJeIEeHUs OCHOB-
HbIX aHAJIUTUYECKHUX XapPaKTEePUCTHUK.

3AKJIDYEHUE

CoTpyaHUKaMM HAyYHOTO IO pPa3esieHus
®I'BY «BHMUKP» B HacTosllee BpeMsa MPOBOAITCS
KCCIIeIOBAHUS I10 M3YUYEHUI OMOJIOTUUYECKUX
ocobeHHOCTeH Bupouja py6IeBATOCTU IMJIOLOB
A6JI0HH, CIIOCOO0B €r0 IMAarHOCTUKYU C JaJIbHEHIIe
paspaboTKOi HOPMATUBHOTO JOKyMeHTa MAJA
[IpUMeHeHNs BJIabopaTOPHOH ITPaKTUKE.

[TIpoBeneHHbIE MCCIELOBAHUS ITOKA3AJM, UTO
npanimepsl cASSVd/hASSVd crioco6HBI 06pa3oBbI-
BaTh BTOPUYHBIE CTPYKTYPbI, TEM CaMbIM CO3[aBasd
PUCK MOy YEHYS JIOXKHOITOJI0KUTETHHOTO PE3YIbTa-
Ta. VMicxons u3 MOJIyUYeHHBIX pe3ylbTaTOB, JaHHAA

Fig. 13. Results of the analysis of
onuroHykneotupos ASS-F/ASS-R/ASS-P oligonucleotides ASS-F/ASS-R/ASS-P

Cc HabopoMm peareHToB ans nposegeHns  with a reagent kit for PCR combined with
the reaction of reverse transcription
(PCR-RT) (NPF Syntol), interface CFx96 ~ combined with the reverse transcrip-

Bio-Rad (photo by the authors)

given primer pairin the testKit.

Testing of the ASS-F/ASS-R pri-
mers and the ASS-P probe was per-
formed using a reagent kit for PCR

tion reaction (RT-PCR) (NPF Syntol).
Theresultsare presentedin 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 OyZeT MCIIOJIb30BATHCI B
JaIbHEeNIINX WCccliefoBaHuAX. [IpU TeCTUPOBaHUU
npaiimepoB ASSVdA-F91/ASSVd-R291 oTMeudeHO, UTO
OHU BBISBJISIOT L€JIEBOM BUPOUJ. B maibHEUMINX
UCCIIeIOBAHUAX OyIeT ITPOBOAUTHCS UX alIpO0aIus C
IpyruMu Habopamu peareHToB 1Jis [TLIP u momomHuT-
TEJIbHOM OIITUMU3aI el peakiiuu. OJIUTOHYKJIEOTH -
Ibel ASS-F/ASS-R/ASS-P pais TILP-PB Takke OymyT
MIPOTECTUPOBAHBI IPYrUMU HabopaMu peareHTOB
OTEeUYeCTBEHHOTO IIPOU3BOACTBA. JIJIsI NUCTIOIb3yeMbIX
npaiMepoB B JajbHelIeM OyAyT ompeneseHbl
OCHOBHBIE aHAJINTUYECKUE XapaKTEPUCTUKU.

Dunancuposanue. ViccieLoBaHNUA BbIIIOJIHEHBI B
paMKax rocyfapcTBeHHOro 3amanus (per. N2 ETUCY
HMOKTP125031103530-8).

Baaeodaprocme. ABTODHI BRIPAXKAOT Garogap-
HOCTB OTZEeJy NUArHOCTUKU IMaTOTEHOB PAaCTEeHUU
000 «CuHTOJI» 3a IpefOoCTaBJIeHVE U30JIATA BUPOU-
Ia [oJis UCCJIeJOBaHUH.
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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 JUATHOCTUKE MHBAa3UBHOI'O
ILJIsl eBpomelickoll yacTu Poccuu Buga — rOOMICKOTO
koxeena (Attagenus gobicola J. Frivaldszky, 1892).
TaKk’ke B CTaTbe IIPUBOJISATCS JaHHBIE O PACIIPOCTPa-
HEHWU 3TOTO0 BUJA U OCBEIAeTCSd HUCTOPUS €To
nHBas3uu B EBpomy. [loguepkuBaercsd, 4TO PUCK
manbHeHIell MHBa3UM robMIICKOro KoKeega MMeeT
BBICOKUH YPOBEHD HEOTIPEIEJIEHHOCTY 1 Ha HACTOS -
WP MOMEHT KpalHe TPYLHO MPOTHO3UPOBATH,
OyIleT JIY JaHHbBIN BUJ, IIPOSIBIISATH Ce05 KaK OTTacHbIHN
CKJIAJICKOW BPENUTENh UM Ke ero BKJajn 6ymeT
HecylUleCTBEeHHBIM. Heo6X0oauM maibHEeU I UM
MOHMTOPUHT JaHHONW MHBA3WU, OJiI Yero U ObLI
COCTaBJIEH YHIPOIIEHHBIN JUATrHOCTUYECKUN KJITFOY.
OCHOBOM [Jisg TIPOBEJEHHOU PabGOThI MOCTYXUJa
KoJIIeKIug ceMelcTBa KoxeenmoB (Dermestidae)
9HTOMOJIOTUYeCcKOoTOo hoHIa Bcepoccuiickoro
IMeHTpa KapaHTWHA pPacTeHMl, BKJIKYAIas
GoraThle U NOCTOBEPHO OompelejieHHbie COOPBI
OIHOTO W3 BEAYUUX CIEIUAJNCTOB I10 KOXKeeLaM —
E. A. CokosioBa. B paboTe mpuBezeH agalTHPOBaH-
HBIA WJIJIOCTPUPOBAHHBINA KJIIOY, ITO3BOJSIONIUHN
nuddepeHInPoBaTh TOGUNCKOT0 KOXKeeaa OT MHBIX
BU/IOB KOXKEEIOB, CBSI3aHHBIX C ITPO[yKTaMU 3aI1acoB.
[TomceMeiicTBO Attageninae u3 BpeUTeJEHN 3a1acOB
BKJIFOYAET TOJIbKO poj Attagenus Latreille, 1802.
OCHOBHbBIE ITPU3HAKY, [T03BOJIAIONINE JUATHOCTUPO-
BaTh TOOMICKOTO KOXKeema, ciemyionime: 6ecriops-
IOYHO pasbpocaHHble NMIUMUKW Ha 3aJHEHN IOBEp-
XHOCTH TIE€PeIHUX TOJIEHeW; NJIUHHAs TepemaHss
roJieHb (IJMHA TIPEBBINIAET IMUPUHY B 4—5 pas);
OIHOIIBETHbBIE HAIKPBILIbs 0€3 IIATEeH 1 IIePeBI3el, a
TaK)Xe CTpPOeHMe BEPUIMHHOTO YJIeHWKa YCUKOB
caMmila, KOTOPBIN OJUHHEE ABYX NPEABIAYIIUX,
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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 (length 4-5 times
longer than width); uniformly colored elytra without
spots or bands, as well as the structure of the apical

dutocaHuTapus. KapaHTuH pactenuit 38



WOEHTUOUKALMA  IDENTIFICATION

BMeCTe B3SATHIX, B 6—7 pas. K4 mponLIICTPUPO-
BaH opuruHalbHBIMU (oTorpaduamu. ChopMupo-
BaHHBIN KJIIOY [I03BOJIUT 3HAYUTENHHO OOJIETYUTH
uneHTUGUKaANUO ToOUICKOTO KoXXeella U OymeT
IMOJIe3€eH CHelUaJiucTaM B 06JacTU 3alllUThl U
KapaHTUHA PaCTEHUN.

Knroueswie cnoea. Coleoptera, Dermestidae,
JKECTKOKPBIJIble, )KYKW, UHBAa3UU, BPELUTENH
3ar1acoB, IMarHOCTHKA.

BBEJEHUE

obuiickum Koxeen, (Attagenus gobicola
J. Frivaldszky, 1892) — ckjancKoi
BpPEeAUTENb, MOBPEXKIAIINN KUBO-
THYIO ¥ PACTUTEJIbHYIO TPOAYKIINIO, B
TOM YHCJe 3ePHONPOAYKIIHIO.
EcTecTBEHHBIM apeajioM HaHHOTO
BU/JIa, 10 MHEHUIO PsiJia MCCJIeJ0OBaTe-
Jeli, CUNTAIOTCSA TaKue asuaTcKue
peruonsl, kak TaHb-Illanb, [TaMmupo-Anai, 3abaii-
Kajbe, Mouroius, CeBepHbIN 1 3anmagHbii Kurtaii, a
TaK)Xe BocTouHasa yacTh KasaxcranHa (OKaHTues,
1976; Li et al., 2018). B koHIle XX BeKa BIIEpPBBIE
3a()MKCUPOBAH IePeXBAaT rOOUICKOr0 KOXeela B
EBpomne: Bup OblI oTMedeH B IllBeluu (Akerlund,
1995). B 2002 r. A. gobicola 6bL1 HaliZleH B €BPOIIE-
ckout yactu Poccum (Herpo6osa, Herpo6os, 2002),
rIle BIIOCJIEACTBUY OTMevaJicd U o3xe (KoBajJeHKo,
2019), B 2017 T. OH GbLI 3aperucTpUpOBaH B bejopyc-
cuu (Ostrovsky, 2020).

B EBpome BuJ 3aHMMAaeT HULIY O6UTATENS
oramuuBaeMbix noMemenuii (Akerlund, 1995;
Herpo6oBa, Herpo6os, 2002; KopaJyieHko, 2019;
Ostrovsky, 2020), oHaKO BPeLOHOCHOCTb ITPOSIBJISLIT
ToKa TOJIbKO B asmaTCKuUX rocymapcrsax (Mopako-
Bu4, CokoJjioB, 1999). O6mias olieHKa prucKa JaJibHeH-
1ero pa3BUTHUSI MHBAa3UU B €BPOIENCKON 4dacTu
Poccuu XxapaKTepU3yeTCsd BbBICOKMM YPOBHEM
HeOoIpeeJIeHHOCTH: IIPEeCKa3aTh, UBMEHUTCS JIX €€
XapaKTep Ha HeraTHUBHBIN (TO €CTh CIIOCOOHBIN
TIPUBECTU K CYH[ECTBEHHOMY SKOHOMUUYECKOMY
yirep6y) MY OCTaHETCS MPAKTUYECKU HEHTpasib-
HBIM, Ha HACTOSILEM BTalle 3aTPYAHUTENbHO
(KoBasenko, KoBanmenko, 2024). Heo6xonuM majb-
HeWIMul MOHUTOPUHT MHBa3uu A. gobicola Ha
yKa3aHHOW TepPUTOPUHU, IJisd UYero TpebyeTcs
BO3MOYXHOCTb €ro TOUHOU miaeHTudukaiuu. Ha
HaCTOSIIee BPEMS CYLIECTBYIOT pPaboThl, TTO3BOJISIO-
mue UAEHTUDUIIUPOBATh BULBI CeEMeNCTBA
Dermestidae OKauTues, 1976; MopakoBud, COKOJIOB,
1999), ogHAKO 3a4acTyi0 OHU TPEOYIOT BBICOKOU
KBaJau(pUKaNK ceraitrucTa. HaMmu 0bLI COCTaBJIEH
amanTHPOBAHHBIN MJJIOCTPUPOBAHHBIN KJHOU,
TI03BOJISIONIVH CYIIECTBEHHO YIPOCTUTD Auddepen-
UaIui TOGUICKOTO KOXeela OT IPYTUX CHUHAaH-
TPOIIHBIX IIPeJCTaBUTeNel ceMelicTBa Dermestidae,
CBSI3aHHBIX C 3aIlacaMM PACTUTEJNHHOIO IIPOUCXOXK-
mennsg. K ocHOBHBIM MOP(OJIOTHUYECKHM IIPU3HaAKAM
5TOTO CEMEMCTBA OTHOCSATCS CJEeAYIOIIre: MIThuUIe-
HUKOBbBIE JIATIKU, OKPYTJIbIEe MEPEILHUE Ta3UKH,
paszesieHHble OTPOCTKOM rpyau (cm. puc. 1, a),
MomepeyvYHble 3aJHUE Ta3UKU C OEJPEHHBIMU
MMOKPBIIKaMu (CM. puc. 1, b), HAAKPBLIbS C MIOBHOM
6oposmoii (cM. puc. 1, ¢) u oBaybHasA popMa Tesa (CM.
puc.2,d) (KpprxaHOBCKUI, 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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3a/lHUe
Ta3UKU
c 6elpeHHBIMU
TIOKPBIIIKaMU

OTpoCTOK
rpyau, \
pazeNsouui

Ta3uKU

MATEPHUAJIBI UMETO/bI

MaTepuajaMu IJisI IIPOBEIeHUS UCCIeI0BaHNN
[IOCJIy KUJla KoJuleK1ua KoxeenoB ®I'BY «BHUUKP»,
BKJIIOYAIOIAS B TOM YKCJie CO0PHI OJHOTO M3 Bemy-
IUX CIIEIIUAJIMCTOB M0 JaHHOU IPymIie )KyKoB E. A.
CokoJioBa. MopdojoruyecKkrue MpPU3HAKU KECTKO-
KpbUIbIX hoTorpadrupoBaIy OCJIONHO IIPY ITOMOLITU
1 pPoBoii 3epKaIbHOM hoTokamMepsl Canon EOS 6D
(dmorusda, Canon) ¢ o6bexkTuBoM Canon MP-E 65 mm
f/2.8 1-5X (SImonwus, Canon), yCTAaHOBJIEHHBIM Ha
CTallMOHAPHOM KONUpPOBajbHOM cToJie Kaiser Copy
Stand RS 2 XA (Tepmanus, Kaiser). Pe3ynbTUpyOIIIe
1306paKeHus ITOJTyYeHbI C IOMOIIIbI0 Zerene Stacker
(v. 1.04 Build T2024-11-18-1210). IIpu cocTaBlIeHUHU
KJIfoua GBIV MCIOJb30BAaHBI CJIEAYIOIINE PabOThI:
JKauTtues (1976), MopakoBuy, CokosioB (1999) u Hava
(2015).

KJIIOY JJI AP PEPEHIIMALINIU
TOBUMCKOT O KOKEEJIA (ATTAGENUS GOBICOLA)
OT APYI'X B1JIOB DERMESTIDAE,
CBA3AHHBIX C XPAHSAIIENCA ITPOAYKIIUENA
PACTUTEJIbBHOT'O ITPONCXOKJEHUA

1. Kimrou ana auddepeHumanum mnoacemeii-
cTBa Attageninae oT mpouux mojJceMeiicTB
Dermestidae

1.J106 6€e3 mpoCTOro ry1aska (CM. PUC. 2, )......c.......
..................................................................... Dermestinae

—JIo6 c mpoCThIM IJ1a3KoM (cM. puc. 2, b).............. 2

2. TeJ10 TOJIOE (CM. PHUC. 3, @).cvvererrerreareeeeraenseseensenns
......................... npouue moacemeiicrea Dermestidae

— Teyio TIOKPBHITO BOJIOCKAMU U UeIyHKaMu

(CM. PHC. 3, D) ettt 3
3. [lepenHerpyab c BOPOTHUYKOM (CM. puc. 4, a)
.................................................................... Megatominae

— IlepegHerpynb 6e3 BOpOTHUUKA (CM. puc. 4, b)
........................................... Attageninae, poz Attagenus
(B HacTosIIEe BpeMs Cpenu BPeAuTeNell 3amacoB B
mojiceMeiicTBe Attageninae He M3BECTHO HU OJHOTO

ITonepevyHble

Puc. 1. Moptonoruueckue NpusHaKu XXyKoB ceMeicTBa Koxxeegbl
(Dermestidae): a — nepegHue Tasuku, pasgefieHHble BbIPOCTOM
nepepHerpynu; b — 3agHue nonepeuHble Tasnku c 6egpeHHbIMU
NOKPbILLIKaMWU; € — WWOBHAA 60po3aa Ha HAQKPbUIbsX (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).....ccceceevuenen.
..................................................................... Dermestinae
— Frons with ocellus (see Fig. 2,b)..ccccccecveereruennen. 2
2. Body without setae (see Fig. 3, @)...ccccevverrrennnnen.
................................... other subfamilies Dermestidae
— Body covered with simple and scale-like setae
(SEEFIZ. 3, D) ittt 3
3.Prothoraxwith a collar (see Fig.). 4, a)......ccccu.e...
................................................................... Megatominae
— Prothorax without a collar (see Fig. 4, b)............
....................................... Attageninae, genus Attagenus
(Currently, no genus other than Attagenus is known
amongthe storage pestsin the subfamily Attageninae,
soothergeneraare notincluded in the key).
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Puc. 2. a - nob6 6e3 npocTtoro rnaskay Dermestes maculatus
DeGeer, 1774; b — c npocTbIM rNla3koM (OTMeUYeH CTpesikon)
y Attagenus smirnovi Zhantiev, 1973 (choto: M. T.
KoBaneHko)

poZa, KpoMe Aftagenus, IO3TOMY LPyTrye Pobl
B KJII0Y HE BKJIIOUEHBI).

2. Kanwu gaa pudpdepennuanuun
ro6uiickoro Ko:keeaa oT MHbBIX BHJIOB Poja
Attagenus

1. Ha 3amHel ITOBEPXHOCTU IePegHUX
TOJIEHEUW CHAPY)XU MMEETCS TOHKUIU OCTPBIH
KaHTUK C HAITlpaBJIEHHBIMM HaAPY’XKy IITUIIHAKA-
Mu (cM. puc. 5, a)...A. lobatus Rosenhauer, 1856

— Ha 3amHell MOBEPXHOCTU IMEPEIHUX
roJIeHeH HET OCTPOTr0 KAHTUKA, X HAPYKHBIH
Kpai 6osiee-MeHee 3aKPYTIIeH, IMUITUKY B HEM
PACIIOIOXKEeHbI 6ECTIOPSIIOYHO WU CTPYIIU- a

........................... npouuie BUAbI poga Attagenus

— JlnvHa nepegHux rojeHen (6es mmop)
MIPEBBIIAET UX IMUPUHY (BMECTE C IIUMTHKA-
Mu) 6oJiee ueM B 3 pasa (06bIYHO B 4—5 pas)
(CM. PHC. 5, 1)ttt 3

3. HagKpbLIbs ¢ KOHTPACTHBIM PUCYH-
KOM B BUJIe MISITEH U IIepeBs3eli (CM. puc. 6, a).
Eciu 6e3 pUCYHKA, TO JKYK YEPHBIH..............
........................... npouuie BuabI poga Attagenus

— HaZKpbLIbs OOHOIIBETHBIE, 63 MAITeH
WY TepeBs3eli, NHOTLA C MaJio3aMeTHOM

b

POBaHBI B HECKOJIBKO PAJIOB (CM. puC. 5, b)......2 Puc. 3. a - ronoe Teno Orphilus
2. [lnuHa nepefHux rojierei (6es mrmop) niger (Rossi, 1790); b - teno,

MpEBBIIAET UX MIMPUHY (BMeCTe ¢ munamu) MOKpbiToe Bonockamu Attagenus

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

Fig. 2. a - frons without ocellus, Dermestes maculatus
DeGeer, 1774; b — with ocellus (indicated by arrow),

Attagenus smirnovi Zhantiev, 1973 (photos: M. G.
Kovalenko)

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

b

Kocol mepeBsA3b. )Kyk KOPpUUHEBBHIH,
nepeJjHeCcHMHKA TeMHee, YeM HaJKPblibd
(CM. PHIC. 6, 1)t enes 4

4. BepUINHHBIN UYJIeHUK YCHUKOB caMIla

Puc. 4. a — nepepHerpyab
BOPOTHUYKOM Yy Megatoma conspersa
Solsky, 1876 (nokasaH cTpenkoi); 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)

IJIVHHEE JBYX ITPEIbIAYIIUX, BMECTE B3SATHIX,
He 6oJiee 4eM B 4 Pasa (CM. PHUC. 7, @).ccvveereeeeereereeveennes
............................................ HHbIEe BUIbI poaa Attagenus

— BepmImMHHBIN YWIEHUK YCUKOB caMlia JIJIMHHEE
IBYX ITPEAbIAYIINX, BMECTE B3ITBIX, B 6—7 pas (cM.
puC. 7, D) .A. gohicola (ro6uiickuii Kokeen)

3AKJIIOYEHUE

[ToArOoTOBJIEH WJLIIOCTPUPOBAHHBIN KIIOY IJIS
nuddepeHranum robuiickoro koxeeaa (A. gobicola)
OT MHBIX BUJIOB KOXKEEI0B, CBSI3aHHBIX C 3allacaMu.
KJIt04 MMO3BOJISIET CYIIECTBEHHO YIIPOCTUTD UAEHTHU-
buKanmuio JaHHOTO MHBA3WUBHOTO BUIA U OyIeT
MOJIe3€H g CIEelMajCTOB B OOJIACTU 3allUThl U
KapaHTWHA PACTEHUH.

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

1.0n the posterior surface of the fore tibiae there
isathin sharp edge with outward-pointing spines (see
Fig.5,8) ceoevverreeeereeniennenene 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).cccccecierineneeriecienieeeene. 2
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=

Pl

a b

Puc. 5. a —nepepHaqa roneHb

y Attagenus lobatus c papom
WwunuKoB (NokasaHbl CTPenKamu);
b — ¢ 6ecnopaAoUYHbIMY WMNNKAMK
(nokasaHbl cTpesikamm)

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

a b
Puc. 6. a — HagKpbIsbsa C NATHaAMU y
Attagenus pictus Ballion, 1871,

b — opHoTOHHbIE Y A. gobicola

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

~ -

/
o

a b

Puc. 7. a — BEepLUMHHbIN YNTEeHUK
ycuka (MokasaH cTpenikamm)

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

BJIATOOJAPHOCTDb

ABTOpPBI BBIPAXKAIOT 6JIAaroJapHOCTDb CTapiie-
My Hay4YHOMY cOTpPyAHUKY HMO 3HTOMOJIOrUU
®TI'BY «BHUUKP» 10. A. JIOBIIOBOIi 32 KOHCYJIbTA-
111U 110 TexHukKe (hororpacdupoBaHus.

Pabora BrImOJIHeHa B pamMkax HUOKTP
124030100152-9.

M. G. Kovalenko)

CIIUCOKJINTEPATYPbBI

1. XauTtueB P.JI. XXyku-koxeenbl (CeMeNCTBO
Dermestidae) payusi CCCP.M.: VI3n-BoMI'Y,1976,182.c.

2. KoBanenko 4.H. 2019. Koxeensl — Der-
mestidae [9nekTpoHHBIN pecypc] / CIpaBOYHUK 11O
Yy >KEePOAHBIM JKECTKOKPBIIBIM €BPOMIENCKOM YacTu
Poccuu. C. 274-316. URL: https://www.zin.ru/
animalia/coleoptera/rus/invguide.htm_(maTa
ob6partenus: 19.09.2025).

3. Kosasienko . H., Koasenko M. I. O BepoAT-
HBIX IePCIIeKTUBaX Pa3sBUTUS MHBA3UU TOOUICKOTO
koxxeena (Attagenus gobicola Frivaldszky, 1892)
(Coleoptera, Dermestidae) B eBpOIIEHCKON YaCTHU

2l 4

Fig. 5. a — Attagenus lobatus fore
tibiae with a row of spines
(indicated by arrows); b — with
irregular spines (indicated by
arrows) in A. gobicola (photos:

Fig. 6. a — elytra with spots,
Attagenus pictus Ballion, 1871;
b - no spots, A. gobicola (photos:

Fig. 7. a — terminal antennal
segment (indicated by arrows),
A. smirnovi; b — A. gobicola (photos:

2. The length of the fore tibiae (excluding
spurs) exceeds their width (including spines)
bynomore than 3 times........cccvceeerceereenienenenne
....................... 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 a faint oblique
band. The beetle is brown, the pronotum is
darker than the elytra (see Fig. 6, b).............. 4

4. The terminal antennal segment of the
male is no more than 4 times longer than the
two preceding segments combined (see
Fig. 7, @)eceveeeeeeieeiens 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

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.
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AHHOTALIUA

Erwinia rhapontici (Millard 1924) Burkholder
1948 — aT0 (huTOmaTOreHHass 6aKTepus, BhI3bIBAIO-
mas PO30BBIM GaKTEPHO3 3epPHA y 3€PHOBBIX U
3ePHOO060BBIX KYJLTYP, & TaKXKe Pa3JIUYHbIE BUIbI
THUJIEN U APyTryde CUMIITOMBI Y IIUPOKOTO MePedHs
LIEHHBIX CEeJIbCKOX035MCTBEHHBIX PACTEHUU, M IJII
MOJHOTO TMOHMMAaHMS MAaTOTeHHOTO MOTeHIIHuala
9TON GaKTepuu HeOoOGXOAMMO JeTaJlbHO U3YUYUTH
MaKCHMaJIbHO BO3MOXKHOE UHCJIO ITaMMOB. Llesbio
IaHHOUW pabOoThl SABJISIETCS CO3MaHNE KOMILJIEKCHOM!
XapaKTepuCTUKY 6aKkTepraibHOro mramMmma VNIIKR-
B-0035 E. rhapontici, BbIJeJeHHOTO U3 SAUYMEHS
06BIKHOBEHHOTO o3uMoro (Hordeum vulgare L.),
npoucxoxjaeHue — Pecnybiuka Kpeim. B pa6ore
MIpecTaBJeHbl ero Mop(goJIorTuYecKre CBOMCTBA,
KOTOpPbBIE ObLIN U3YUYEHBI C IIOMOIIbI0 MUKPOCKOITNY
KJIETOK, a TaKXXe hoTorpaduy KOJIOHMH 6aKTepralib-
HBIX KyJIbTYp Ha NuTaTeJbHOU cpelie R2A. KieTku
NaHHOTO IITaMMa HaJOYKOBUAHONU (pOopMbI, UX
pasmep 0,8-1,5 MkM B fiuHy, 0,2—0,4 MKM B IIUPUHY.
bakTtepuasbHble KojoHuHU mramMma VNIIKR-B-0035
Ha cpege R2A — 6eyloBaToOro IBeTa, CIU3UCTHIE,
OIHOPOAHBIE, UMEIT KPYIJIYI0 BBIOYKJIYIO (hopMmy,
TJIaAKYI0 ¥ 6JIECTSIIYI0 TOBEPXHOCTh, HETIPO3PadHbI,
a BbIpaboTKa BOJLOPACTBOPUMBIX MUTMEHTOB
OTCYTCTBYeT. Buoxumuueckre 0COGEHHOCTU GbLIU
u3y4deHB HaGOpPOM AJYI MAEeHTUDUKAILUU
Enterobacteriaceae m (GU3NOJOTUUYECKUX CXOJHBIX
6aktepuii API 20E (Biomerieux, ®panius). BakTe-
pUU STOTO IITaMMa CIIOCOGHBI COPaKUBATh MHOTUE
BUIbI CaXapoOB, BOCCTAHABJIMWBAT HUTPUTHI, HE
OPOAYIUPYIOT apPrUHUHAUTUIPOJIA3Y, JU3UHIeKaP-
6okcuyiasy, OpHUTUHAeKap6okcumgasy, ypeasy,

IDENTIFICATION
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ABSTRACT

Erwinia rhapontici (Millard 1924) Burkholder
1948is a phytopathogenic 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 ym 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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WHIO0JI, alleTOMH, XejlaTuHa3zy u H,S, a Taxkxke He
CIIOCOOHBI YyTUIIM3UPOBATH LIUTPAThI. MOJIEKYJISIPHO-
reHeTH4YecKas XapaKTepUCTUKA MpOBeJeHa C HC-
oJib3oBaHueM ueTbipeX [11IP-TeCcTOB Ha pa3jiuyHbIe
reHbl, CTIeIUMUYHBIX AJII JaHHOU pUuTOormaToreHHOU
6akTepuu. lllITamM VNIIKR-B-0035 naeHTUDUIIPO-
BaH C MCII0Jb30BaHKUEM [II[P-TecToB ¢ IIpaliMepaMu
TSUO01/TSU02, ERH-1A/ERH-1B u isoRF/isoRR, a
Tak)ke IIyTeM CEeKBEHUPOBAHMS ydacTKa reHa rpoD.
9TO mnepBasg MOJIEKYISIPHO-TeHeTUYeCcKas UNEHTU-
uxanus E. rhapontici B Poccuu. 3ta paboTa moATBEP-
IWJIa, YTO SUMEHB 00BIKHOBEHHBIN (Hordeum vulgare L.)
MOJKET CIIY’KUTb UCTOUYHUKOM U30AUY E. rhapontici.

Knrouesvie cnosa. Konnekiiys, 6akTepuu,
6aKkTepMo3 3€PHOBBIX, UAeHTU(UKAIINSI, r'poD,
Ppo30BbIl 6aKkTepro3, I1LIP, 3amiuTa pacTeHnH,
KapaHTUH pacTeHUMH.

BBEJEHUE

UToIaToreHHas 6GakTepus Erwinia
rhapontici (Millard 1924) Burkholder
1948 BbI3BIBAET PO30BHIN GAKTEPUO3
3epHa y 3epHOBBIX (Dutrecq et al.,
1990; Roberts, 1974) n 3epHO606OBBIX
kynbTyp (Huang et al., 2007;
Schroeder et al., 2002), a Takxe
pasiuYHbIE BUABI THUJIU Yy OBOIHBIX
(Kahala et al., 2012; Wang et al., 2022), MJI0OBBIX
kynbTyp (Kotan et al., 2006; Wang et al., 2017),
sekapcTBeHHBbIX (Tharreau et al.,, 1992) u mpyrux
X03SIUCTBEHHO-IIEHHBIX pacTeHny (Ramirez-Rojas et
al., 2016). OCHOBO# [JIsI OCYILIECTBJIEHUS KOHTPOJISI
3a60JIeBaHUI PACTEHMU, BEI3BIBAEMBIX (DUTOTIATOTE-
HaMu, IBJASIOTCS yraybJieHHble 3HAHUSA 006 UX
OUMOJIOTUYECKUX U MOJEKYJISIPHO-TEHETUUYECKUX
ocobenHocTax (Hukutuuckuil, Hukutuuckas, 2025).
[ToslyyeHre TaKWX 3HAHWUHN TpPebyeT HaIUYUSA Kak
MO>KHO OOJIBIIIETO YKCJIa INTAMMOB C YCTaHOBJIEHHBI-
MU KyJbTypPaJbHO-MOP()OJIOTUUECKUMU, OGUOXUMU-
YECKUMHU U MOJIEKYJISIPHO-TEHETUYECKUMU XapaKTe-
puctukamu. Illtamm VNIIKR-B-0035 E. rhapontici,
OBLI BbIZesieH B 2021 I. ¥3 pacTEHUS TUMEHS 00bIKHO-
BeHHOT0 03uMoro (Hordeum vulgare L.) copta Bocxop,
(cymepanmnTa) B paMKax HayYHO-MCCIEN0BaTEbCKOM
pa6orer ®I'BY «BHUUKP» u npenBapuUTeNbHO
uIeHTU(PUIINPOBAH CEKBEeHHPOBaHUEM (parMeHTa
reda 16S pPHK c ucmoab3oBaHMEM HpaliMepoB
8UA/519B, 0 ueM cIeflaHO KpaTKoe yIIOMUHaHUE B
nybamkamuyu MyBUHTHY ¢ Kojteramu (Muvingi et al.,
2023). [TonyyeHHas MOCJIEeN0BATEIbHOCTb yUYacTKa
16S pPHK npu Nucleotide BLAST aHanuse
(https://blast.nchi.nlm.nih.gov/Blast.cgi) mokasaa
MakKcuMaJibHOe cxomcTBo (98,77% npu 100%
TOKPBITUMU) ¢ o6pasmamu E. rhapontici. JleTIOHUpPOBa-
HUe IMTaMMa B HCCJEIOBATENbCKYIO KOJIJIEKIIUIO
Hay4YHO-METOAUUYECKOTO OTHesa 6aKTEPUOJIIOTUU
®I'BY «BHMVKP» ocylecTBI€HO IO pe3ysJbTaTaM
uneHTUUKAIIMYU TOJBKO 10 pparmMenTty 16S pPHK,
YTO He MO3BOJISIET C JOCTATOUHON CTEIIeHbI0 JOCTO-
BEPHOCTH IIOJATBEPAUTD BUIOBYIO IPUHAIJIEKHOCTD
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/TSU02, 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

et al., 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). Theresulting 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 vccaen0BaHUs 3aKJl0Ualach B uITeHTUDU-
karuu mramMma VNIIKR-B-0035 ¢ ncIioJab30BaHUEM
KOMILJIEKCA MOJIEKYJISIPHO-TEHETUUECKUX TECTOB U B
YTOUHEHUU €T0 KyJIbTYPaJabHO-MOP(POJIOTUYECKUX U
GUOXVMUYECKUX CBOHCTB.

MATEPHUAJIBI U METO/1bI

MaTepurajoM HCCIeIOoBaHUS IBJILJCS LIITaMM
VNIIKR-B-0035 E. rhapontici. lllTaMM XpaHUTCS B
WCCJIeIOBATEJIbCKOM KOJIJEKIIUM HAayYHO-METO-
IUYEeCKOro otnena 6akrepuosoruu ®I'BY «BHUVIKP»
B MOPO3UJIbLHOUM KaMepe Ipu Temiepatype -80 °C B
IByx (popmax: B BuZe cycreH3uu B 15%-M pacTBope
TINleprHa U B BUIE HNCXOLHOM GaKTepUabHOU
KyJIbTYPBI Ha CTEHKE KPUOTIPOOUPKH.

Yuctyw KyabTypy mrTamma VNIIKR-B-0035
E. rhapontici ¥CIIOJIb30BaJIV I XapaKTePUCTUKU
KOJIOHUI U KJIETOK OaKTepHH, a TaKXKe [IJis IIpoBee-
HUS MOJIEKYISIPHO-TEHETUYECKON XapaKTEePUCTUKU
C UCIIONIb30BaHUEM BuIocHelimpuuHbix [T11P-
TecToB. JIlng moceBa mramMmma VNIIKR-B-0035
E. rhapontici MCIIOJIb30BAaJIM arapu30BaHHYI MUTA-
TeJIbHYIO cpexy ob61lero HazHavyeHus R2A (Reasoner,
Geldreich, 1985). KyabTuBUpOBaHUE IITaMMa
npoBogunu npu temmepatype 27 °C. Mopdomaoru-
YyecKre MPU3HaKW KOJOHUY OITMCHIBAJIU B COOTBET-
CTBUY C 00IIENPUHATEIMY MeTogaMy (ITpakTUKyM 110
Mukpobuosoruu, 2005). doTopUKCaIIU0 KOJOHUMI
mpoBoguau Ha poToamnmapaTe (Canon EOS 6D Mark 1,
SITTOHMS), a TAKXKeE C MCII0JIb30BaHueM kaMepbl (Canon
EOS RP, SImOHMS) B COYETAHUY CO CTEPEOMUKPOCKO-
oM (Zeiss stereoDiscovery V20, l'epmanus). doTo-
ukcaluio KJIeTOK 6aKTeEPUY ITPOBOIMIIN HA TOJIOTO-
MorpaduueckoM MuKpockorne HT-X1 (Tomocube,
Pecmiy6sinka Kopest).

MosekyaapHO-TeHEeTUUeCKyI0 uAeHTupUKa-
VIO IIPOBOAMIIYU, UCIIONb3ya 1L P-TecTrl, Iiepeuuc-
JeHHbIe BTa0. 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'eHeTPI‘-IeCKHe TECThbI, NCIIOJIb30BaHHbIC IJIAA I/I,Z[,eHTPI(l)I/IKaH,I/II/I mTamMmMma

VNIIKR-B-0035 Erwinia rhapontici

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

JdauHa
TecT Mpaiimep MociegoBaTeIbHOCTD 5 -3 MumeHb IIP-npoaykTa HcTouyHMK
Test Primer Sequence 5" -3° Aim Length of PCR Source
product
TSUO1/TSU TSUO1 CCCTGAAGCCATCACTTATT Tsuji
02 TSUO2 AACACACAGCTTCAGGATG rpoD 466 etal,, 2020
iSORF/isoR  iSORF CCTGCAGTGCCGGGCCAGAT - 1600 Thapa et
R iSoRR AGTGTGACTGTTGTTTTCAG al.,, 2012
recA_8/rec TecA_8 TTGGGCGTGGATATCGAC Gehring,
A_8c recA_8c CACTTTAACGCGGGTCTCA recA 419 Geider, 2012
ERH- ERH-1A AGTGGCGGTCCTGGTAAAAG Naas et
1A/ERH-1B  ERH-1B AAGCATCTCCCAGCCAAGTC ampC 736 al., 2004

*rpoD — pparMeHT B-cyObeqMHUIILI 6aKTEPUATIb-
"ot PHK-monmumepassl; NX-5 - (pparMeHT reHa
caxapo3ousomepasnl; recA — dparmeHT resa JHK-
pexkomMb6uHasel A; ampC — dparMeHT 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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Il IoaTBEePXKIEeHUS OTCYTCTBUS MHIMGHUPOBa-
HUSA peakuy aMIIUuOUKaA Y IPOBOLWIIY JOIOJIHU-
TeabHOe [Il]P-TecTupoBaHUE C BHYTPEHHUM I10JIO-
JKUTEJIbHBIM KOHTposieM (BIIK) corjlacHO MeTOAVKe,
OTIMCAaHHOI Ma3ypuHBIM C coaBTopamMu (MasypuH u
Ip., 2012). [TomyueHHbie [T P-ITPOAYKTHI BU3YATIU3U-
poBanu myTeM ajekTpodopesa B 1,5%-M arapo3HOM
reJjie B cTaHZapTHOM Tpuc-6opaTtHoM (TBE) 6ydepe c
OKpPAaCKO¥ KpacureysieM OGPOMUCTBIM 3THUAUEM U
LJOKYMEHTHUPOBAJYU NPU NOMOLLU CUCTEMEI
ChemiDoc™ XRS+, BIO-RAD, CIIIA.

B 1e1X MOBBINIEHUS JOCTOBEPHOCTU MOJIEKY-
JIIPHO-TeHETUYECKOU UAEHTU(DUKAIUU U TOATBEDP-
KAEHUS BUILOBOU MTPUHAIJIEKHOCTU HCCIELYEMOTO
mramMMa 6blIa oIlpefeseHa IIOCJIEL0BATENIbHOCTD
(parmenToB rena rpoD (Tsuji et al., 2020) c mOMOII[bIO
ceKkBeHUPOBaHU 110 CasHrepy (BeskuH u mp., 2021).
[TosiyueHHBbIe HYKJIEOTUAHBIE II0CJIEI0BAaTEIbHOCTU
WCIIOJIb30BAJIN IJIsI TIOMCKA TOMOJIOTMYHBIX 0Opas-
11oB npu momouiu mporpamMmel BLAST (https://blast.
nchi.nlm.nih.gov/Blast.cgi) m BbIpaBHUBAJIM ajiro-
putmom CLASTAL W B takeTe mporpamm BioEdit 7.2.

[Tpy u3yuyeHUU GMOXUMUIECKUX OCOGEHHOCTEN
WCHOJb30BaJdu HaboOp AJS UAEeHTUDUKAIUU
Enterobacteriaceae v NPYTUX HENMPUXOTIUBBIX
rpaMOTpUIlaTeIbHBIX Majodek API 20E (Biomerieux,
®paHIUSI) B COOTBETCTBUU C MHCTPYKIUAMU
TTPOUBBOAUTEJS C OLHUM UCKIIOUEHUEM: MHKYGHUPO-
BaHUe TIJAHIIETOB C MUKPOJIYHKAMU IIOCJe UX
WHOKYJISIIIUY 6aKTEPUATbHOM CyCIIEH3UEN ITPOBOU-
aunpu 27 °C B TeueHue 24 yacoB, a He 1pu 36 °C £ 2 °C,
ITOCKOJIBKY JJAHHBIH IITAMM HE MOXXET OBITh KYJIbTU-
BUPOBAaH pu Temueparype Beoliie 30 °C. TectupoBa-
HY€e IPOBOJIUJIU B IITUKPATHOY [TIOBTOPHOCTM.

PE3VJIBTATBI 1 OBCYKJIEHUE

Mopdhionoeuueckue ceoticmea

B pesyabrTaTe aHanusda 2D-uzobpaxeHuiu,
CO3[LaHHBIX Ha roJIoToMOrpaduiyeckoM MUKPOCKOIe
HT-X1 (Tomocube, Pecriy6arka Kopest), ycTaHOBJIEHO,
yTo KjeTku mramMma VNIIKR-B-0035 E. rhapontici
uMeloT ¢popmy majiouek pasmepom 0,2—-0,4 MKM B
mupuny 1 0,8-1,5 MKM B AJinHy (CM. puUc. 1).

Mopdosorus koymouui mramma VNIIKR-B-0035
E. rhapontici npenctasiieHa Ha puc. 2 (Canon EOS 6D
Mark II, dmnonwust) 1 Ha puc. 3. (CTEPEOMUKPOCKOII
Zeiss stereoDiscovery V20, I'epmaHus, ¢ KaMepou
Canon EOS RP, dmioHus).

Mopdonornyeckre MPU3HAKYA KOJIOHUH IITaMMa
VNIIKR-B-0035, onucaHHble B COOTBETCTBUU C
obuenpu3HaHHbBIMU MeToAuKaMu ([IPpaKTUKyM ITI0
MUKpo6uoJioruu, 2005), mpeAcTaBJIeHbI B TA0JI. 2.

B pesynbsTaTe nnpoBegenuda I11P-TectupoBaHusa
IOHK mrtamMma VNIIKR-B-0035 c mpaiMepamMu
TSUO1/TSUO02, ERH-1A/ERH-1B, isoRF/isoRR u
asekTpodopesa [MIIP-IpoAyKTOB B arapo3HOM reje
BU3yaJIN3UPOBAHBI (hpPAarMeHThI OXKUIAAEMOU AJIUHBI
466 11.0., 736 11.0., 1600 11.0. COOTBETCTBEHHO (CM. PHUC.
4A, 4B, 4B). Ha puc. 4Ty IHK mtamma VNIIKR-B-0035
[TOP-tiponykThl oTcyTcTBOBaau. Hamuuume IILIP-
IIPOAYKTA OXKUAAaeMOou AJimHbI 419 11.0. (CM. puc. 4I) y
MOJOXUTEJIbHOTO KOHTPOJSA aMIJIUPUKAIIUU, a
Tak)Xe OTCYyTCTBUE MHrmoupoBaHwus IILIP, moaTBep-
)KIeHHoe TosrydeHueM IMIP-mipogykTa mjuHo#n 714
1.0. y BIIK (cM. puc. 5), CBUIETEeIbCTBYET O KOPPEK-
THOM ITpoxOoXaeHuu [T11P.

(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.
ncbi.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

Asaresult ofthe 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 ym in width and 0.8-1.5 ym long (see
Fig.1).

Puc. 1. 2D-u3obpaxxeHune
6aKTepuanbHbIX KIETOK
wTtamma VNIIKR-B-0035
Erwinia rhapontici,
cpoenaHHoe 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. KonoHuu 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
MHKY6upoBaHua npu 27 °C Ha cpepe R2A

Puc. 3. KonoHuu wramma Erwinia rhapontici VNIIKR-B-0035
CnycTs YeTBEPO CYTOK MHKYBUPOBaHUSA 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

[TosiyueHHBIN pPe3yabTaT MOXKET yKas3bIBaTbh Ha
HeI0CTAaTOYHYI0 KOMILJIEMEHTapHOCTh reHeTuuec-
KO MUIEHU IpaiMepoB recA_8/recA_8c y mraMma
VNIIKR-B-0035.

IIpu BeipaBHuUBaHUYU B Nucleotide BLAST NCBI
(https://blast.nchi.nlm.nih.gov/Blast.cgi) mociemosa-
TEJIbHOCTH, TIOJIYyYEHHOM B XOJ€ CEKBEHUPOBAHUS
yJyacTka reHa rpoD, oHa uMejla MaKCUMaJibHOE
CXOJICTBO Cc reHOM pedepeHTHOro mrramma E. rhapontici
BY21311 (mosHOreHOMHAas MOCJELOBaTEJIbHOCTh
GCA _020683125.1) ¢ ugeHTUYHOCTbIO 97,84%
(moxpeiTue 100%). [TonyyeHHBIEe PEe3yJIbTATHI
MOJIEKYJISIPHO-TEHETUYECKON UAeHTUDUKAIUYU
TOATBEPXKAAIOT BUIOBYIO TPUHAAJIEKHOCTD IITAMMa
VNIIKR-B-0035 k Buny E. rhapontici.

Buoxumuueckue ceoticmea

PesynbTaThl 6MOXUMUYECKOTO TECTUPOBAHUS
HabopoM API20E mmocyie 24 4acoB MHKYOUPOBAHUS

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
in Table 2.

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.nchi.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. Mopdosornueckue npu3Haku Kojtouuii mramma VNIIKR-B-0035 Erwinia rhapontici
CIIyCTsI TPOe—UeTBepPo CyTOK MHKYOupoBaHus Ha cpeje 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 THNOBOro mramma DSM 4484%
Aspects VNIIKR-B-0035 properties Properties of the type strain DSM 4484*
dopma Kpyraasa Kpyraasa
Shape Round Round
Pa3mep Jo 10 mm Jo 10 mm
Size Up to 10 mm Up to 10 mm
IToBepxXHOCTH Imapxasa Imapxasa
Surface Smooth Smooth
IIpoduin BBIMYKJIBIi BBIMYKJIBIi
Profile Convex Convex
Bieck BaecTsaiasa BaecTaiasa
Brilliance Shiny Shiny
IIpo3pavyHOCTh Hemnpo3pauHas Hemnpo3pauHas
Transparency Opaque Opaque
IiBeT BesioBaThIi BejioBaThIit
Color Whitish Whitish
ITurMmeHTALMA CPEbI OTcyTcTBYyeT OTCyTCTBYeT/PO30BBIii
Medium Pigmentation Absent Absent/Pink
Kpaii Cnagkuit Tnagkuit
Edge Smooth Smooth
CTpyKTypa OxzHoOpoaHasa OpHoOpoaHasa
Structure Homogeneous Homogeneous
KoHcucTeHus Causucrasi Causucrasi
Consistency Mucous Mucous
*no onucanur suda

*according to the species description

Monexynapno-eenemuyeckas udenmuguxayus
Pes3ynbTaThl MOJEKYISPHO-TEHETUUYECKON
uaeHTUUKAIIUY IPeICTaBIeHbl Ha PHUC. 4.

Molecular geneticidentification
The results of molecular genetic identification
are presented in Fig. 4.

B Puc. 4. dnekTpocdoperpamma
pesynbTartos Tectos MNUP ¢ AHK
wTtamma VNIIKR-B-0035 Erwinia
rhapontici (nopoxxku 1-3), roe A — TecT

1500 n.0. TSUO1/TSU02, b — TecT ERH-1A/ ERH-
1000 m.0. I5Mme. 1B B - tecT isoRF/isoRR, I - TecT
— 600 n.0. 10Mme.  recA_8/recA_8c, 4-5 -
00 m.o. 600 m.o. oTpuuaTesbHbIN KOHTPO/b
amMnanduKaumum, 6 — NONIOKUTENbHbIN
100 m.o, 300 m.o,

KOHTpOJb aMnnudukaumm, M — mapkep
100 m.0. anuH OHK 100+ bp, «<EBporeH»
(Poccus)

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 me. TSUO1/TSUO2 test, B is the ERH-

:;;';':: 1M0mo.  1A/ERH-1B test, C is the isoRF/isoRR
D s0mo. test, GistherecA_8/recA_8c test, 4-5
600 m.0. are negative amplification controls, 6
:ﬁ LS Moo 50 positive amplification controls, M is
.o

10 ma.  a DNA length marker of 100+ bp,
Evrogen (Russia)
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Puc. 5.
AnekTpocoperpamMmma
pesynbTatoB Tecta Mus 714
R/F, roe popoxkun 1-3 —
OHK wtamma VNIIKR-B-
0035 Erwinia rhapontici,
4-5 — oTpuLaTeNbHbI
KOHTPOsb aMnnaudukaumm,
M — mapkep anunH JHK

1500 m.o.
1000 n.o.

600 m.o.

300 m.o.

Fig. 5. Electropherogram of
the Mus 714 R/F test
results, where tracks 1-3
are DNA of the VNIIKR-B-
0035 Erwinia rhapontici
strain, 4-5 are negative
amplification control, M is a
DNA length marker of 100+
bp, “Eurogen”

10 thER LR IS 1617 IR 1R 3D

1rYas4THN
Topenpneey veeepenrnnl

IR T ETR TN WO T

TN ™ (pesmaceusnin pacsep AFD)

T 15 8 ek ML KOS TR

B | L L] 1L L o —

-
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Puc. 6. PesynbraTbl
6uoxumuyeckoro
TecTUPOBaHMs WTaMMa
VNIIKR-B-0035 Erwinia
rhapontici Habopom ons
naeHTumnKaumm
Enterobacteriaceae n ppyrux
rpamoTpuuaTesibHbIX
6akTepuii API 20E

| | vrumr-Boo3s
Eruma shapenne

Fig. 6. Results of
biochemical testing of the
VNIIKR-B-0035 Erwinia
rhapontici strain using the
API 20E kit for identification
of Enterobacteriaceae and
other gram-negative
bacteria (Biomerieux,
France)

100+ bp, «<EBporeH»

IJIQHIIETOB C MUKPOJIYHKaMU IIpU TeMIleparype 27 °C
npencTaBJIeHbl Ha PUC. 6.

YcraHoBsieHO, uTO 6akTepuu mramma VNIIKR-B-
0035 E. rhapontici BbipabaTbeiBaloT (GepPMEHTHI 13-
rajlakTo3upgasy u tpunrodaHIeaMuHAa3y, MOTYT
c6paxuBaTh TJIIOKO3Yy, MAHHUT, MHO3UT, COPOUT,
paMHO3y, caxaposy, MeJIuo103y, aMUTLaJIuH, apabuo-
HO3Y, BOCCTAHABJINBAIOT HUTPATHI 0 HUTPUTOB. OHU
He MPOAYLVPYIOT aprUHUHIUTUIPOJA3y, JU3UH]e-
Kapbokcuiasy, OpHUTHHAEeKapbokcuiIasy, ypeasy,
WHIOJ, alleTOUH, ejaTuHazy u H,S, a Takxe He
CITOCOGHBI YTUJIM3UPOBATh MUTPAThl. TUIIOBOMH
mramMM E. rhapontici DSM 4484 He BbIpabaThiBaeT
(hepmeHTHI f3-TasmakTO3UmAa3y, TPUNTODaHIEaMUHA-
3y, He cOpa’kuBaeT COPOUT, MPOAYLIUPYET AlleTOUH U
yTunusupyetT iutpathl (Schober et al., 2025). Takum
o6paszom, mramMm VNIIKR-B-0035 E. rhapontici
obJyiaflaeT YHUKAJbHBIMU OMOXMMUYECKUMY Xapak-
TEPUCTUKAMU I10 CPABHEHUIO C TUIIOBBIM IITAMMOM
9TOT0 BUJA.

B pesynbTaTe NPOBENEHHOU XapaKTEPUCTUKU
coCTaBJIeHa KapTOYKa mTaMMa, cojeprkamas
KJII0UEeBYI0 MHMOOPMAIIMI0 O €ro IIPOUCXOXKIEHUN U
OCHOBHBIX cBOMcTBax (cM. TabJI. 3).

3AKJ/IOYEHUWE

B xo/1e pa6oThI 6bLIM OTIPEEJIEHBI KYJIBTYPaJIh-
HO-Mop(dosoTuUecKre 0CO6EeHHOCTU UCCIIEAYEMOT0
mrTaMMma. C ITOMOIILBIO TOJOTOMOTPaUUECKOTO
mukpockorna HT-X1 (Tomocube, Pecriybsimka Kopest)
Mbl YCTAaHOBUJIU, UYTO KjeTKU wmraMma VNIIKR-B-
0035 uMelT MaJOYKOBUAHYI0 (OPMy, UX pas3Mep
0,8-1,5 mxMm B gyiuHy 4 0,2—-0,4 MKM B uMpuny. [1pu
KyJbTUBUPOBAHUM OaKTEepPUU HA arapu30BaHHOU
cpene R2A BeIpacTawT CIU3UCTBIE, OLHOPOJLHEIE,
KPYIJIOH BBIMYKJION (DOPMBEL, C TJIaZKOM U GecTsanieit
IIOBEPXHOCTHIO KOJIOHUU, OHU HENPO3PadyHbl U He
BBIPa6aThIBAIOT BOJOPACTBOPUMBIX TUTMEHTOB.

C moMou b KWCIIOJB30BaHMUSA Habopa nJud
unentTudukanuu Enterobacteriaceae M OPyTUX
HEIIPUXOTJIMBBIX IPaMOTPUILATENbHBIX MTajiouek API
20E (Biomerieux, ®paHIusa) yCTAHOBJEHO, YTO

(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-
tion aboutits 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 ym 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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Ta6a. 3. KapTouka mramma VNIIKR-B-0035 Erwinia rhapontici
Table 3. Profile of the VNIIKR-B-0035 Erwinia rhapontici strain

Ha3sBaHMe KOJUIEKIIUH, B KOTOPOii
JEeMOHMPOBaH HITAMM

Name of the collection in which

the strain is deposited

HayuHas KoJUIeKIUs 6aKTepUil HAyYHO-MeTOUYEeCKOro
oTAesia 6aKTepPUoJIOruu

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

Afpec KOJUIEeKIUU
Collection address

MO, M. 0. PameHcKuii, irT BbIKOBO, yi1. [IorpaHuyHas, 32, 140150
Moscow Oblast, Ramenskoye, Bykovo, 32 Pogranichnaya, 140150

JlaTa BBeJIeHUS B KOJLJICKI[HIO
Date of introduction into the collection

01.06.2021

Homep mraMmma
Strain number

VNIIKR-B-0035

HayuyHoe Ha3BaHUe OpraHusMa
Scientific name of the organism

Erwinia rhapontici (Millard 1924) Burkholder 1948

Teorpacduueckoe MPOUCXOXKIeHUE
Geographical origin

Poccus, Pecniy6iiuka Kpsim, Besioropckuii paiioH
Russia, Republic of Crimea, Belogorsky District

TUIoBoii LITAMM
Type strain

Jda HeTt
] N

Yes

N CTOUYHMK U30JII0UU

sluMeHb 00BIKHOBEHHBII 03UMBIi, cOpT Bocxoz, (cynepasura), Hordeum vulgare L.

Source of isolation

Common winter barley, Voskhod variety (super elite), Hordeum vulgare L.

P, 1. 0. auna, mpousBeaiiero
BbIZIeJIEHUE HITaMMa

Full name of the person who
isolated the strain

Slovareva O. Yu.

CaoBapesa O. 0.

Tog usonauuun

Year of isolation Al

CeKkBeHUpPOBaHUe yuyacTKoB 16S pPHK (npaiimepsi 8UA/519B) 1 yUacTOK reHa
rpoD (upaiimepst TSU01/TSUO02), IILIP-TecTUpoOBaHuUe C IIpaiiMepamMu

IIpoBeieHHbIE METObI
uaeHTUbuKauu
Identification methods used

TSUO01/TSUO02 (Tsuji et al., 2020), ERH-1A/ERH-1B (Naas et al., 2004)
u isoRF/isoRR (Thapa et al., 2012)
Sequencing of 16S rRNA 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)

oakTepuu mramma VNIIKR-B-0035 E. rhapontici
MMEIOT 3aMeTHbI€ OTJIMYMSA OT TUIIOBOrO IITaMMa
DSM 4484" 110 npod U0 CUHTE3UPyeMbIX (pepMeH-
TOB.

[Ipu ITOP-tectupoBanuu JHK VNIIKR-B-0035
E. rhapontici c mpatimepamu recA_8/recA_8c (Gehring,
Geider, 2012) IILP-IPOAYKTHI OTCYTCTBOBAJHU, UTO
CBUETENBCTBYET O HEJOCTATOUYHON KOMILJIEMEHTAP-
HOCTU T€HETHUYECKON MUIIEHU NpariMepoB
recA_8/recA_8c y mramma VNIIKR-B-0035. B
pesysibTaTe MPOBeNeHMS APYTUX BUAOCTIEII (DU UHBIX
[1LIP-TeCcTOB MCCJEMyEMOTO IITAaMMa C IpaMepamMu
TSUO01/TSUO2 (Tsuji et al., 2020), ERH-1A/ERH-1B
(Naas et al., 2004) u isoRF/isoRR (Thapa et al., 2012)
MMOJIy4Y€HbI MPOLYKTHI OXKMIAeMOM AJUHBI 466 1I.0.,
736 11.0., 1600 11.0. COOTBeTCTBEeHHO. CeKBEHUPOBA-
HUe yJyacTKa reHa rpoD Tak)ke yKa3bIBaeT Ha IPUHA], -
gdexHocThb mramMma VNIIKR-B-0035 k Bupy
E. rhapontici.

dTo mepBasg MOJEKYJNSIpHO-TeHeTHuUeckasa
nnentudukanus E. rhapontici B Poccun, IIpOBEJIEH-
Hasl C UCMIOJb30BAaHWEM BUAOCIENM(PUUHBIX ITpaii-
MepoB TSUO1/TSUO02, ERH-1A/ERH-1B u
isoRF/isoRR, a Tak)Xe IyTeM CeKBEHUPOBAHUSI
yuacTka rpoD. ITonydeHHBIe Pe3yJIbTaThl MOATBEP-
KOAT IpuHagaexHocTh mraMmma VNIIKR-B-0035 k
Buny E. rhapontici. PaHee, HaCKOJIbKO HaM HU3BECTHO,
OTCYTCTBOBAJIX [IOCTOBEPHbBIE CBEIEHUS O TOM, UTO
dYMeHb MOXET OGbITh MCTOUYHUKOM M30JAIIUU
E. rhapontici. YioMuHaHue 00 M30JAIIMU OaKTepuu
pozna Erwinia n3 saMeHs gBypsaHoro (Hordeum vulgare
L. var. distichon) pasMelleHO Ha caiTe HayuHo-

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/TSUO2, 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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WCCIIeOBATENbCKOTO I[€EHTPA TeHEeTUUECKUX
pecypcoB HalnmoHabHON OpraHu3alluy CeTbCKOX0-
39MCTBEHHBIX U IIPOJOBOJbBCTBEHHBIX MCCIEI0BA-
HUH, e Ha OCHOBAHUU MCCJIeN0BaHUs II0CIeL0Ba-
TEJIbHOCTY TreHa gyrB mauHoi 650 1m.0. 6aKTEpPUIo
ugeHtTuduuposaau Kak E. rhapontici (NARO
Genebank project). YuuTbiBasi, YTO BhIpaBHUBaHUE
3TOM nnociyenosaTresibHocTy B Nucleotide BLAST NCBI
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) He mo3Bos-
€T YCTaHOBUTh MaKCHMMAaJIbHOE CXOJICTBO MMEHHO C
E. rhapontici, TTOCKOJIbKY UCIIOJIb30BaHHAs ITOCJIe0Ba-
TEJbHOCTDb Te€Ha gyrB KOHCEepPBATUBHA C APYTUM
BumoM E. persicina, coobmenre B NARO Genebank
project HeJIb3sI CYUMTATH JOCTOBEPHBIM JIO IOy UEHUS
JIOTIOJNTHUTEJIbHBIX CBeleHul. TakuM 06pa3om, Hallle
KCCIIeIOBAHUE SIBJISIETCS MIEPBBIM ITOATBEPKIEHUEM
TOTO, 4TO E. rhapontici MOXeT OBbITh BbIZejeHa U3
suMeHs 06bIKHOBeHHOTO (Hordeum vulgareL.).

Pabora BBITIOJIHEHA B PaMKaX roCyLapCTBEHHO-
ro 3aJaHus, PErUCTPalMOHHBIY HOMep ETUCY
HMOKTP 124022800050-6.

CIIMCOKJIUTEPATYPBI

1. beakun [.J1., Boumapenko I.H., dpemko A.B.,
YBapoBa [I.A. MeTon CEKBEHUPOBAHUS B BUIOBOM
UAeHTUDUKAIUY KaPAHTUHHBIX BPEIHBIX OPraHU3-
MoB // KapaHTuH pacTeHuti. Hayka u mpakTuka. 2019.
T.28.N92.C.31-34.

2.MazypuH E.C,, Kontuna M.B., lllepokosiaBa H.A.
KOHTpPOJIb TOCTOBEPHOCTU PE3YJIbTATOB (DUTOCAHU-
TapHOU SKCIIEPTU3bI MPU HCIOJIb30BAHUM MOJIEKY-
JISPHBIX METOJOB AUWArHOCTUKU // BecTHuk PYIIH.
Cepus: ATPOHOMUSA U )KUBOTHOBOACTBO. 2012. N2 3. C.
31-37.

3. Hukutunckuii [.A., HukutuHckas E.B.
MoJiekyasapHO-TeHEeTUYeCKe MEeTObI, IIPUMeHsIe-
Mble IJS HEeTeKIUU KapPaHTUHHBIX O0bEKTOB.
VHHOBaL MY, BbI30BHI U [TEPCIEKTUBbI. PUTOCAHUTA-
pus. KapauTtun pactenui. 2025;(3):85-107.
https://doi.org/10.69536/FKR.2025.67.86.006.

4. Dutrecq A., Debras P., Stevaux J., Klaessens D.
Estimation of bacterial flora on scalded wheat heads //
Parasitica.1990.T.2-3.No.46.P.69-84.

5. Gehring 1., Geider K. Identification of Erwinia
speciesisolated from apples and pears by differential
PCR. // Journal of Microbiological Methods. 2012. Vol.
89.No. 1.P.57-62.doi: 10.1016/j.mimet.2012.01.018.

6. Genebank project, NARO. Details of microor-
ganism genetic resources. Details of MAFF 150529.
URL: ttps://www.gene.affrc.go.jp/databases-
micro_search_detail_en.php?maff=150529.

7.Huang H. C., Erickson R. S., Hsieh T. F. Lack of
host specificity of strains of Erwinia rhapontici, causal
agent of pink seed of pulse and cereal crops // Botani-
cal Studies.2007.Vol.48.No.2.P.181-186.

8. Kahala M., Blasco L., Joutsjoki V. Molecular
characterization of spoilage bacteria as a means to
observe the microbiological quality of carrot //
Journal of Food Protection. 2012. Vol. 75.No. 3. P. 523—
532.d0i:10.4315/0362-028X.JFP-11-185.

9. Kotan R., Sahin F., Ala A. Identification and
pathogenicity of bacteria isolated from pome fruit
trees in the Eastern Anatolia region of Turkey //
Journal of Plant Diseases and Protection. 2006. Vol.
113.No.1.P.8-13.

10. Muvingi M., Slovareva O.Y., Yaremko A.B.,

Genebank project). Given that alignment of this
sequence in NCBI Nucleotide BLAST (https://
blast.nchi.nlm.nih.gov/Blast.cgi) does not allow us to
establish maximum similarity specifically to E.
rhapontici, as the gyrB gene sequence used is con-
served with another species, E. persicina, the report in
the NARO Genebank project cannot be considered
reliable until additional information is obtained.
Thus, our study is the first confirmation that E.
rhapontici can be isolated from common barley
(HordeumvulgareL.).

The work was carried out within the framework
of a state assignment, registration number EGISU
R&D124022800050-6.

REFERENCES

1. Belkin D.L., Bondarenko G.N., Yaremko A.B.,
Uvarova D.A. Sequencing method in species identifi-
cation of quarantine pests [Metod sekvenirovaniya v
vidovoy identifikatsii karantinnykh vrednykh
organizmov] // Plant Health. Research and Practice.
2019;28(2):31-34.

2. Mazurin E.S., Kopina M.B., Sherokolava N.A.
Control of the reliability of the results of phytosanitary
examination using molecular diagnostic methods
[Kontrol dostovernosti rezultatov fitosanitarnoy
ekspertizy pri ispolzovanii molekulyarnykh metodov
diagnostiki] // Bulletin of RUDN. Series: Agronomy and
Animal Husbandry.2012; 3:31-37. (In Russ.)

3. Nikitinsky D.A., Nikitinskaya E.V. Molecular
genetic methods used for detection of quarantine
objects. Innovations, challenges and prospects. Plant
Health and Quarantine. 2025; (3): 85-107.
https://doi.org/10.69536/FKR.2025.67.86.006.

4. Dutrecq A., Debras P, Stevaux J., Klaessens D.
Estimation of bacterial flora on scalded wheat heads //
Parasitica.1990.T.2-3.No.46.P.69-84.

5. Gehring 1., Geider K. Identification of Erwinia
species isolated from apples and pears by differential
PCR. // Journal of Microbiological Methods. 2012. Vol.
89.No0.1.P.57-62.d0i:10.1016/j.mimet.2012.01.018.

6. Genebank project, NARO. Details of microor-
ganism genetic resources. Details of MAFF 150529.
URL: https://www.gene.affrc.go.jp/databases-
micro_search_detail_en.php?maff=150529.

7.Huang H. C., Erickson R. S., Hsieh T. F. Lack of
host specificity of strains of Erwinia rhapontici, causal
agent of pink seed of pulse and cereal crops // Botani-
cal Studies.2007.Vo0l.48.No.2.P.181-186.

8. Kahala M., Blasco L., Joutsjoki V. Molecular
characterization of spoilage bacteria as a means to
observe the microbiological quality of carrot //
Journal of Food Protection. 2012. Vol. 75. No. 3. P. 523-
532.d0i:10.4315/0362-028X.JFP-11-185.

9. Kotan R., Sahin F., Ala A. Identification and
pathogenicity of bacteria isolated from pome fruit
trees in the Eastern Anatolia region of Turkey //
Journal of Plant Diseases and Protection. 2006. Vol.
113.No.1.P.8-13.

®dutocaHuTapusa. KapaHTuH pactenuit 52



NWOEHTUOUKALIMA  IDENTIFICATION

Zargar M., Lyashko, M., Pakina E., Vvedenskiy V.
Variations of the Bacterial Community in Wheat
(Triticum aestivum), Oats (Avena sativa L.), Barley
(Hordeum vulgare L.) and Triticale (Triticosecale) from
Three Regions of the Republic of Crimea // Preprints.
2023.d0i:10.20944/preprints202307.1559.v1.

11. Naas T., Aubert D., Vimont S., Nordmann P.
Identification of a chromosome-borne class C beta-
lactamase from Erwinia rhapontici // Journal of
Antimicrobial Chemotherapy. 2004. Vol. 54. No. 5. P.
932-935.d0oi: 10.1093/jac/dkh446.

12. Ramirez-Rojas S., Osuna-Canizalez F.J.,
Garcia-Pérez F., Canul-Ku J., Palacios-Talavera A.,
Hernandez-Romano J., Ornelas-Ocampo K., Landa-
Salgado P. Molecular identification of bacteria
associated to ornamental plants obtained in vitro //
Revista Mexicana de Fitopatologia. 2016. Vol. 34. No.
2.P.173-183.d0i:10.18781/R.MEX.FIT.1511-3.

13. Reasoner D.J., Geldreich E.E., 1985. A new
medium for the enumeration and subculture of
bacteria from potable water. Applied and Environ-
mental Microbiology. 1985. Vol. 49. No. 1. P. 1-7. doi:
10.1128/aem.49.1.1-7.1985.

14.SchoberI., Koblitz J., Carbasse J.S., Ebeling C.,
Schmidt M.L., Podstawka A., Gupta R., Ilangovan V.,
Chamanara J.,, Overmann J., Reimer L.C., BacDive in
2025: the core database for prokaryotic strain data,
Nucleic Acids Research, 2025. Vol. 53. Issue D1. P.
D748-D756.doi: 10.1093/nar/gkae959.

15. Thapa S. P. Cho S. Y., Hur J. H., Lim C. K.
Phenotypic and genetic characterization of Erwinia
rhapontici isolated from diseased Asian pear fruit
trees // Phytoparasitica. 2012. Vol. 40. No. 5. P. 507-
514.d0i:10.1007/s12600-012-0251-3.

16. Tharreau D., Gaignard J. L., Luisetti J., Gibbon
C. B. Presence d'une microflore bacterienne
abondante et variee a la surface de trois plantes
aromatiques et medicinales. Herba Gallica., 1992. No.
2.79-89.

17. Tsuji M., Kadota I., Takikawa Y. Genetic and
phenotypic characterization of bacterial strains
isolated in Japan that resemble Erwinia rhapontici and
E. persicinus [/ Journal of General Plant Pathoogy. 2020.
Vol. 86. No. 1. P. 24-33. doi: 10.1007/s10327-019-
00873-7.

NHP®OPMAIIVSI OB ABTOPAX

CanoBapeBa Oabra IOpbeBHA, CTapmui
Hay4YHBIA COTPYAHUK — HAYaJbHUK HAYyYHO-
MEeTOLMYEeCKOTo oTmesa O6akTepuojoruu O®I'BY
«BHUUKP», nrT BIKOBO, M. 0. PaMeHCcKuii, MOCKOB-
ckast 06J1., Poccus; moieHT 6a30B0oi KadeIpsl
uTocaHUMTAPHOU GUOJOTUMN U 6GE30MACHOCTU
9KOCUCTEM MHCTUTyTa dKoJsioruu, PYJH, r. Mocksa,
Poccus;
ORCID 0000-0001-6022-5955,
e-mail: slovareva.olga@gmail.com

ABpieeB VBaH CepreeBuy, MJIaIlINY HAyYHBIN
COTPYOHUK Hay4YHO-METOLUYECKOTO OTZesia 6aKTe-
puosioruu, ®I'BY «BHUUMKP», nirt BeiKOBO, M. O.
PameHckuii, MockoBckass 06J., Poccus; CTyneHT
WHCTUTYTa sKojoruu, PY/IH, r. MockBa, Poccug;
ORCID 0009-0006-9266-7073,
e-mail: avdeevfey@mail.ru

10. Muvingi M., Slovareva O.Y., Yaremko A.B.,
Zargar M., Lyashko, M., Pakina E., Vvedenskiy V.
Variations of the Bacterial Community in Wheat
(Triticum aestivum), Oats (Avena sativa L.), Barley
(Hordeum vulgare 1..) and Triticale (Triticosecale) from
Three Regions of the Republic of Crimea // Preprints.
2023.d0i:10.20944/preprints202307.1559.v1.

11. Naas T., Aubert D., Vimont S., Nordmann P.
Identification of a chromosome-borne class C beta-
lactamase from Erwinia rhapontici // Journal of
Antimicrobial Chemotherapy. 2004. Vol. 54. No. 5. P.
932-935.d0oi: 10.1093/jac/dkh446.

12. Ramirez-Rojas S., Osuna-Canizalez F.J,,
Garcia-Pérez F., Canul-Ku J., Palacios-Talavera A.,
Hernandez-Romano J., Ornelas-Ocampo K., Landa-
Salgado P. Molecular identification of bacteria
associated to ornamental plants obtained in vitro //
Revista Mexicana de Fitopatologia. 2016. Vol. 34. No.
2.P.173-183.d0i:10.18781/R.MEX.FIT.1511-3.

13. Reasoner D.J., Geldreich E.E., 1985. A new
medium for the enumeration and subculture of
bacteria from potable water. Applied and Environ-
mental Microbiology. 1985. Vol. 49. No. 1. P. 1-7. doi:
10.1128/aem.49.1.1-7.1985.

14.SchoberI., Koblitz J., Carbasse J.S., Ebeling C.,
Schmidt M.L., Podstawka A., Gupta R., Ilangovan V.,
Chamanara J.,, Overmann J., Reimer L.C., BacDive in
2025: the core database for prokaryotic strain data,
Nucleic Acids Research, 2025. Vol. 53. Issue D1. P.
D748-D756.doi: 10.1093/nar/gkae959.

15. Thapa S. P. Cho S. Y., Hur J. H., Lim C. K.
Phenotypic and genetic characterization of Erwinia
rhapontici isolated from diseased Asian pear fruit
trees // Phytoparasitica. 2012. Vol. 40. No. 5. P. 507-
514.d0i:10.1007/s12600-012-0251-3.

16. TharreauD., Gaignard J. L., LuisettiJ., Gibbon
C. B. Presence d'une microflore bacterienne
abondante et variee a la surface de trois plantes
aromatiques et medicinales. Herba Gallica., 1992. No.
2.79-89.

17. Tsuji M., Kadota I., Takikawa Y. Genetic and
phenotypic characterization of bacterial strains
isolated in Japan that resemble Erwinia rhapontici and
E. persicinus [/ Journal of General Plant Pathoogy. 2020.
Vol. 86.No. 1. P.24-33.d0i: 10.1007/s10327-019-00873-7.

INFORMATION ABOUT THEAUTHORS

Olga Slovareva, Senior Researcher — Head of
Research and Methodology Department of Bacteriol-
ogy, FGBU “VNIIKR”, Bykovo, Ramenskoye, Moscow
Oblast, Russia; Associate Professor of the Basic
Department of Phytosanitary Biology and Ecosystem
Safety, Institute of Ecology, RUDN University, Moscow,
Russia;
ORCID 0000-0001-6022-5955,
e-mail: slovareva.olga@gmail.com

Ivan Avdeev, Junior Researcher, Research and
Methodology Department of Bacteriology, FGBU
“VNIIKR”, Bykovo, Ramenskoye, Moscow Oblast,
Russia; student at the Institute of Ecology, RUDN
University, Moscow, Russia;
ORCID 0009-0006-9266-7073,
e-mail: avdeevfey@mail.ru

Hosbpb N2 4 (25) 2025 53



NWOEHTUOUKALMA IDENTIFICATION

fpemko AHacTacusa BormaHoBHA, MIaIIINKi
Hay4YHBIN COTPYNHUK I[€HTPaA KOJJIEKTUBHOTO
moJib30BaHUusA «MoJieKkyJgapHasa reHetuka», ®Ir'by
«BHUUWKP», nrt BeIKOBO, M. 0. PaMeHCKUI, MOCKOB-
ckasg 06J1., Poccus;
ORCID 0000-0003-3295-8080,
e-mail: an_ya94@mail.ru

IManueHko KceHua BaaguMupoBHA, MJIaIIINN
Hay4YHBIM COTPYAHUK HAYyYHO-METOAMUUECKOTO
otaena 6aktepuosoruum ®rBY «BHUUKP», nort
BBIKOBO, M. 0. PaMeHcKuUi, MockoBcKkas 006.1., Poccus;
ORCID 0009-0007-1308-8645,
e-mail: ksushik96 @mail.ru

CTEPUNN3ALNA

DOI 10.69536/FKR.2025.29.63.006
YAK 631.53.011.4

IloBepxHOCTHAaA
CTEePUJIN3AIIUA CEMIH
MOJCOJTHEUHUKA B
JIa00PaTOPHBIX YCIOBUAX

* CMupHOBa A.B.", Ky3sHerioBa A.A.7,
Cypuna T.A.%, Koctun H.K.*

1234 PIBY «BcepoCCUMCKUN LeHTP KapaHTHUHA
pactenuii» (PI'BY «BHUVKP»), irT BBIKOBO, M. O.
Pamenckuii, MockoBcKkasg 061., Poccus, 140150
'ORCID: 0009-0001-4827-1980,

e-mail: anna.smirnova2328@yandex.ru
* ORCID: 0000-0001-8443-2641,

e-mail: kyyznec@bk.ru
* ORCID: 0000-0002-0463-5762,

e-mail: t.a.surina@yandex.ru
* ORCID: 0009-0003-8066-0753,

e-mail: kostinwork1@gmail.com

AHHOTAIIUA

[ToBEPXHOCTHAS CTEPUJINIBAIIUS CEMSH TIO/ICOJI-
"Heunuka (Helianthus annuus L.) 9BJISeTCSa CIIOXHOM
3amavell m3-3a 0Co6eHHOCTEN UX MOP(POJIOTUH.
[llepoxoBaTasd M MOPHUCTas MOBEPXHOCTb CEeMIH
CIIOCOOCTBYET afresuu MUKPOOPTAaHM3MOB, UTO
3HAUYMTEJIbHO 3aTPYAHSIET mpoliecc obes3zapa’krBa-
Hus. B maHHON paboTe mpoBeleHa KOMILIEKCHAS
oreHKa 3G (GEKTUBHOCTY PA3JIUUYHBIX XUMUYECKUX
areHTOB, NIPUMEHSIEMbIX IJS MOBEPXHOCTHOU
cTepuiausaium: sTaHosna (C2Hes0), mepekucu BOgopo-
na (Hz202), mepmanranaTa kajaus (KMnQOa), TUITOXJIO-
puta Hatpus (NaClO), autpaTa cepebpa (AgNOs), a
TaK)Xe UX KOMOMHAIUM. Pe3ysbTaThl ITOKa3aJu, YTO
GOJIBIIMHCTBO MCIBITAHHBIX BEIIECTB, BKJIOYAI
staHoJa (70-96%), nepekuch Bomopoma (1-3%),
nepMaHraHat Kayius (0,5—1%) ¥ TUIIOXJIOPUT HATPUSI
(1-15%), He obecneynBAIOT IOJHOM CTEPUIbHOCTU
CeMsiH, He3aBUCHUMO OT KOHIIEHTpPaIuyd ¥ BPEMEHU
SKCIIO3UIIMH.
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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
(H20:), potassium permanganate (KMnOa), sodium
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Haubosbinyo 5¢G(GeKTUBHOCTb B YCTPaHEHUU
[IOBEPXHOCTHON KOHTAMUHAIIUU MPOLEMOHCTPUPO-
BaJI HUTpPAT cepebpa. [Ipu KoHIleHTpaIusax 1-5% u
BpeMeHU 06paboTku 7-15 MUHYT OaHHBIN areHT
TTOJTHOCTBIO TIOJIaBJISJI POCT MUKPOOPTAaHU3MOB, He
BbI3bIBAd IIPU ITOM 3HAUUTEJNbHOTO CHIKEHUS
JKM3HECIOCOOHOCTH ceMaH. OfHAKO B HEKOTOPHIX
BapuaHTaX ONbITa HaOGJIOLAOCh YacCTUYHOE
TMOBpeXIeHre KOPHEBOM CHCTEMBI IIPOPOCTKOB, YTO
yKa3blBaeT Ha HEOOXOAUMOCTh TOUHOTO mombopa
mapaMeTPOB CTEPUIIUBAIIUH.

ViccnemoBaHue IMOATBEPIKIAET, UTO IJII CEMIH
TMOoMCONMHEeUHNKA TpebyeTcss MHAUBUAYATbHBIN
IIOAXOM Hpu pas3paboTKe IIPOTOKOJIOB CTEePUIM3a-
Y, YYUTHIBAKIIUN 6ajaHc Mexay s3hheKTUBHOC-
ThI0 06€33apaKMBAHUS U COXpaHeHeM (QU3UO0JIOTH-
YEeCKUX XapaKTepUCTUK ceMAH. [lojlyuyeHHEbIe
IaHHbIE TIPENCTABJSIOT MPAKTUYECKYI0 IIEHHOCTH
L7151 PUTOIIATOIOTUUECKUX, MUKPOOMOIOTUUECKUX 1
OUOTEXHOJOTUUYECKUX MCCIEeNOBaHUM, Ile HeoOXo-
IVM CTEPUJbHBIA PACTUTEJbHBI MaTepual.
PesysnbTaThl pab0oThI MOT'YT OBITh UCITOJIb30BaHbI IS
OTNITUMU3AIUY METOMOB IPENIOCEBHON 06paboTKU
ceMdgH B J1ab0OpaTOPHBIX U NMPOU3BOACTBEHHBIX
YCJIOBUSX, a TAKI)Ke TIPU pa3paboTKe HOBBIX CII0COO0B
obe33apaXMBaHUs CEMAH C BBICOKOM MUKPOOHOI
06CeMeHEHHOCThIO.

Knmwueswie cnosa. TlpenmnoceBHass o6paboTKa,
XUMUUYECKHe Ne3ruH(EeKTaHThl, DHIO0MIaTOTeHbl,
[IOBEPXHOCTHAS CTePUIN3AIlNs, CeMeHa II0ICOHeY-
HUKa, MUKpOOHas KoHTaMuHaiusa, Helianthus annuus.

BBEJEHUE

OBEPXHOCTHAS CTEPUIIU3AIIUAS CEMSIH
SIBJISIETCSI KJIIOUEBBIM 3TArioM (QUTO-
MaTOJIOTUYECKUX ¥ MUKPOGUOJIOTH-
YeCKUX HCCIIeIOBaHMM, HallpaBIeH-
HBIX HA M3yUYEeHUE DHIOTEHHBIX
MMAaTOT€HOB U KapPaHTUHHBIX 00BEK-
toB (Munkvold, 2009). [TocKOJbKY
oHa no3BojgeT AuddepeHIIPOBATh

9H/JIOMATOTeHbl OT MOBEPXHOCTHOM GaKTepUaJIbHO-

rpubHON MUKPOOMOTHI, YTO 0COOGEHHO 3HAUNMO IIPU
aHaJiim3e JATEeHTHO 3apa’keHHBIX ceMsH. OZHaKO
3(pPEeKTUBHOCTD CTEPUIUIALUU BO MHOTOM OIIpeje-

JIsieTCs MOP(OJIOTUYECKUMU OCOOEHHOCTSIMU CEMSIH,

TaKUMU KaK TEKCTypa MOBEPXHOCTH, HAJTUYUEM IO

u KyTukymnsl (Ding et al., 2013). B yacTHOCTH, ceMeHa

nonconHeuHuka (Helianthus annuus L.) obiazarmoT

MEePOX0BaTON U MOPUCTOU ITOBEPXHOCTHIO, UTO

CImoco6CTBYeT aAre3uu MUKPOOPTaHU3MOB U

3aTPYIHSET UX IIOJIHOE yLaJieHue IIPY HCII0JIb30Ba-

HUU OOUENPUHSATHIX IMIPOTOKOJOB, HATIPUMED

KpaTKOBPEMEHHOM 06paboTku sTaHoioM (Inpitak et

al.,2021).

OcHoBHAas 3ajavya Hpu paspaboTke MeToma
TTOBEPXHOCTHOM CTEPUIM3AIIUU 3aKJII0YAETCI B
ToA60pe JOCTYITHBIX ¥ BOCITPOU3BOAUMBIX METO/IOB,
KOTOpbIe 00ecIieuyrBaju ObI MTOJHOE YyCTpaHEeHUe
ITOBEPXHOCTHOY KOHTaMMUHAIIUU 6e3 MOBPEXIeHUS
BHYTPEHHUX TKaHel ceMsH U 6e3 3HAUUTEJbHOTO
CHIDKeHUA UX )KusHecrnocobHoctu (Sikin et al., 2013).
BbICOKas BCXOXKECTh MOCJTE 06PabOTKY CIY)KUT He
TOJIBKO MHAWKATOPOM COXPAHHOCTU IHAOTEHHOU

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
microbial loads.

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

INTRODUCTION

urface sterilization of seeds is akey 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 L.) 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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nHOEKIMY, HO ¥ 0CO6eHHO BasKHa JIJIs [IOCJIeAYIONUX
SKCIIEPMMEHTOB, BKIKYANIIUX HNpopaljiBaHue
CeMSIH B KOHTPOJIMPyeMbIX ycioBusx (OGM24-05
ISTA, 2024).

HecMOTps Ha CYIIECTBYIOIIME HCCIEMOBaHUSI,
MIOCBSIIeHHbIE IIPOTPABINBAHNIO CEMSH II0ICOJIHEY-
Huka (BormanoBa u 1p., 2021; Inpitak et al., 2021), mo
cUX TIOp He pa3paboTaHO YHUBEPCAJIbHOTO METOZA,
rapaHTupyoiero 100% cTepuibHOCTb TOBEPXHOCTU
0e3 CyIeCTBEHHOTO yrHETEeHUs IpopacTaHus. B
CBA3U C 3TUM aKTyaJIbHBIM OCTA€TCA ITOMCK OIITUMMU-
3V POBAHHBIX IIPOTOKOJIOB Je3uH(eKIInH, 06ecrieun-
BalOIIUX 6asaHc Mexay 3G dHeKTUBHOCTHI0 06e33apa-
JKMBAHUSI U COXPAHHOCThIO XKM3HECIIOCOGHOCTU
CEeMSH.

XUMUYECKUE METO/IbI CTEPUIN3AIINU IIPECTAaB-
JAI0T co6oii HauboJiee NOCTYIIHBIN BapUaHT JJIs
60JBIINHCTBA JTab0paTOPU, ITIOCKOJIbKY HEe TPEOYIOT
CTIeIMaIn3uPOBAHHOI0 060PYIOBaHMA.

CoriacHo 0630PHbBIM UCCIEI0BAHNSAM B 00JIaCTH
obeszapakuBaHusa ceMaH (Ding et al., 2013; Sikin et
al., 2013), ogHUM 13 3TAJTOHHBIX [IOIX0L0B ABJIAETCS
ob6paboTka ceMsH 2% PACTBOPOM TUIIOXJIOPUTA
Kaabusgd B TedeHue 10-15 MUH, 4YTO MPUBOAUT K
CHIDKEHUI0 MUKPOO6HOM Harpysku Ha 3,08 log KOE/r
npu coxpaHeHuu 90% BcxoxkecTH. OTHAKO JaHHBIN
MeToJ He obecIieuMBaeT IIOJHON SJIMMUHAIIUU
MHWKPOOPTraHM3MOB, YTO OTPAHUYUBAET €T0 IIpUMe-
HEHUE B HCCJENOBAaHUAX, TPEOYIOIMX abCOTIOTHOM
CTEPUJIbHOCTH.

draHoa (C:HeO) MIMPOKO IMPUMEHSIETCS OJs
nmoBepxHocTHOU nAe3uHbekuun (KysHerona, 2025).
Hanpumep, skcriosunud B 80% sTaHosie B TeueHue 10
MUH 3HAUUTEJIbHO CHU3MJIA KOHTAMUHAIIUIO CEeMSH
awotepHbl (Medicago sativa 1.), HO He obecrevuuJia
MMOJIHOI cTepuabHOCTH (Beuchat, 1997). AHAJIOTUYHO
o6paboTka ceMsH pruca 70% 3TaHoJIOM B TeueHue 10
MWH ITPUBEJIa K YaCTUYHOMY ITO/IaBJIEHUI0 MUKPOBUO-
ThI, OLHAKO TaKKe CHHU3uja BcxokecThb (Piernas,
1997). B MeTomuueckux pekomeHpainusgsx BHUUKP
(manrpumep, MP 136-2017, MP 96—-2017) npezJjiaraet-
cs KpaTkoBpeMeHHas (1,5-5 mMuH) o6paborka 70%
STAHOJIOM JJ151 Ie3NHGMEKITUY CEMSIH KYKYPY3bI U COH,
YTO ITOJHOCTHIO 06e33apakuBaeT IMOBEPXHOCTb U
IIPaKTUYECKU He CHIKAET BCXOXKECTh CEMSIH.

Ilepekuch Bomopoma (H202) Takxe SBISETCS
pacnpocTpaHeHHbIM CPeICTBOM Je3nH(eKIuu. Tak,
3% pacTBOp B TeueHue 30 MUH 06eCIIeYmI TTOJIHYIO
Ie3nHMEKITNI0 CeMsIH KaIlyCThl OTOPOIHOM (Brassica
oleracea L.) (Sanna, 2022), Torga Kak MeHee KOHIIeH-
TpUpOBaHHbIE pacTBOPHI (1%, 10 MUH) Ha ceMeHax
puca (Oryzasatival.) (Piernas, 1997) u 60jiee LJIUTENb-
Haga skcrmo3unua (3%, 7 4) Ha ceMeHax AUYMeHd
(Hordeum vulgare L.) (Munkager, 2020) IpyBeJIY JIUIIb
K 3HAYUTEJbHOMY CHUIKEHWIO, HO HEe IOJIHOH
JIMKBUAAIIAY KOHTaMUHAIIUY. AHAJOTUYHO 00paboT-
Ka 8% H:0: B TeueHue 10 MUH yMeHbIINJIa MUKPOO-
HYI0 HAarpy3Ky Ha ceMeHax JIIoIepHbI (Medicago sativa)
(Holliday, 2001). B TO ’xe BpeMsi B IpPyroM HCCJIe-
IoBaHUU 6% pacTBOpP B TeueHMe 10 MUH He TTOKa3ajl
3HaunMMoro s(dexra Ha ceMeHax JoLepHbI (Beuchat,
1997). Tak)Xe CTOUT OTMETUTbH, YTO MEPEKUCH
BOJIOPOJia CIIOCO6HA CTUMYJIMPOBATDH IIpOpacTaHMe
(Holliday, 2001), uTo mejlaeT ee MEePCIEKTUBHBIM
KOMIIOHEHTOM KOMOWHMPOBAHHBIX MPOTOKOJIOB,
0COGEHHO B COUEeTaHUY C aTeHTaMU, OKa3bIBAIOIIMMU
yrHeTarolee AeiCTBYE Ha BCXOXKECTh.

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 limits its usein
studies requiring absolute sterility.

Ethanol (C2H¢O) is widely used for surface
disinfection (Kuznetsova, 2025). For example,
exposure to 80% ethanol for 10 minutes significantly
reduced contamination of alfalfa (Medicago sativa 1.)
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
effect on seed germination.

Hydrogen peroxide (H202) 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% H20= 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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T'unoxygoputhl Kaabuug (Ca(ClO)2) u HaTpusg
(NaClO) Toke CiIy»KaT CTEPUIU3YIONMMU BEIleCTBa-
MU, HO TaK)Xe He rapaHTHPYIOT IIOJIHOT0 obe33apa-
KuBaHud. Hanpumep, 1,8-3% rumoxJOpUTHI
KaJblugd Y HaTpus B TedeHUe 10 MUH COKpaTUIU
IOy U0 posia Salmonella. Ha ceMeHaXx JIIOIEePHBI B
1000 pa3s (Beuchat, 1997). A 3% pacTBOP r'UITOXJIOPHU-
Ta HATPUS YMEHBIIWJ ITOBEPXHOCTHOE 3apa’keHue
ceMsaH guMeHs (Munkager, 2020). OTu BellecTBa
MOTYT OKa3bIBaTh HE3HAUMTEJbHOE CHUXXEHUE
BCXO0YKECTHU ITPY BLICOKUX KOHIIEHTPAIUSIX.

Hurpart cepebpa (AgNO,) B KOHIeHTpPAIUuU
0,5-10% 1okasaJi BbICOKYI0 3(h(heKTUBHOCTD IIPOTUB
rpubHoii 1 6aKTepuanbHO MUKPOOMOTHI, obecre-
YUB CTEPUJBHOCTb CEMAH AUMEHSI OKOJO 98%
(HaunHag ¢ KOHIeHTpauuy 3% U BhIIIE), OAHAKO IIPYU
BBICOKMX KOHIIEHTpPAUMAX HETaTWBHO BJMSJ Ha
BcxoxecTb (Munkager, 2020).

KoMOMHUpOBAaHHBIE METOMbI, BKIIOUAIINE
TIoCJeloBaTeIbHYI0 06paboTKy Pa3HbIMU areHTaMu,
IEeMOHCTPUPYIOT 60Jiee BBICOKYI 3((HEKTUBHOCTD.
Hampumep, couetanuve 5% MOJIOUHOMN KUCJIOTHI (I
yKkcycHo) 10 MuH U 2% TUIIOXJOPUTA KaJabilusg 15
MUH 3HAUUTEJbHO CHU3MJIO KOHTAMUHAIIUI0 CEMSH
smrotiepHbI (Lang et al., 2000), a KOMGUHAIIVS HUTPATa
cepebpa (0,5-10%) ¢ 3% mepeKuchbio BOIOPOIA MU
3% TUITOXJIOPUTOM HATPUs MO3BOJUJA LOCTUYD
BBICOKO¥ CTEIIEHU CTEPUJIbHOCTH CEMSAH SUMEHS
(Munkager, 2020).

llenbio MJAaHHOIO MCCJIEeLOBaHUS SABJISIETCH
oreHKa 9 (GHEKTUBHOCTA XMUMUYECKUX CPEICTB U UX
KOMOMHAIINY OJIS IIOBEPXHOCTHOM CTEePUIN3aIUU
CeMSH TOJICOJIHEYHMKA C ITOCJENYIOUUM OTIpesesie-
HUEM OTITUMAJIbLHOT'O ITPOTOKOJIA, 00ECIIeUNBAIONIET0
MaKCUMAaJIbHYI0 e3uHMEeKIINI0 6e3 3HAaUYNTEIbHOTO
CHIKEHUS )KM3HECIIOCOOHOCTH CEMSIH.

MATEPUAJIBI U METO/bI

VccnemoBaHue mpoBeneHo B 2025 r. Ha 6ase
PI'BY «BHUMKP» ¢ nCrI0Jb30BaHNEM CEMSIH IIOACOJ-
HeuHUKa copra BHMUUMMK-8883 (ypoxait 2024 .,
KpacHomapckuii kpaii).

CeMeHa MOJCOJHEUYHUNKA MOBEPXHOCTHO
CTEPUJU30BAJIU Pa3JUUYHBIMU XUMHNUYECKUMU
areratamu: sTaHosioM (C:H¢O), mepeKrchbio Bogopoaa
(H202), mepmauranaToM kaius (KMnOa), TUITOXJIOPU-
ToM HaTpusa (NaClO), uutpaToM cepebpa (AgNO,) u ux
KOMOMHAIIUSIMU.

Il KaXkIOoTro BapuaHTa OIbITa oTOMpau 30
ceMsH. VX TpoMbIBaJIX IPOTOUYHOM BOMIOM B TeUeHMUEe
15 MuH U cTepuaus3oBay B 40 M1 06e33apakuBaio-
Iero pacTBOpa COTJIACHO BapMAaHTy OmbITa (CM.
HIUKE). 3aTEM ITPOMBIBAJIM TPU pasa CTEPUJIbHOM
OVUCTUJJIUPOBAHHOU BOAOU, MOJCYyIIMBAJIU Ha
(bunbTpOBaNILHOY GyMare M pacKJIaAbIBaJIA B YALIKU
[Tetpu ¢ 2% cpemoit KI'A mo 10 ceMsAH B KaXXAYIO
Yaimky.

BapuaHThl, BKJII0OUalIue B ceba HUTpPAT
cepebpa, UMeJIy JOTIOJMHUTENbHBIN DTAIl IPOMBIBKH.
[TocJie cTepUIN3aIIMU PACTBOPOM U ITepe]] TpeXpaso-
BOU ITPOMBIBKOU CTEPUJIbHOM BOJOU UX ITPOMBIBAJIU
onuH pa3 1% NacCl.

BapuaHTBI OTIBITA:

Konmpone:

CeMeHa He 06pabaThIBaJINCh CTEPUIUYIOUIUMHI
pacTtBopaMu, a TOJIBKO IIPOMBIBAJIUCh COTJIACHO
WHCTPYKIIVU BbIIIIE.

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-
nation athigh 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.

MATERIALS AND 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 (C:Hs«O), hydrogen
peroxide (H202), 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, theywere rinsed once with 1% NaCl.

Experiment options:

Control:

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

Sterilization with ethanol (C:Hs0):

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

Hcnonb3oBanu 70% pacTBOP 3TaHOJIA B TEUEHUE
2,10,15MuH,96% —-2,10,15 MUH.

Cmepunu3ayus nepexucoro 6000poda (H:0:):

Ucrnionb3oBanu 1% pacTBOp MEPEKUCU BOAOPOAA B
TeueHuel,5,10muH,3%-1,5,10MuH, aTakxkel,2,3u4 .

Cmepuausayus nepmanzanamomkanus (KMn0.):

Ncnonw3oBanu 0,5% pacTBOp mepMaHraHara
KajausgaBTeueHue5,10,15,20MuH, 1% —-5,10,15,20 MUH.

Cmepunusayus eunoxaopumomnampus (NaCl0):

Ncnoab3oBanu 1% pacTBOp IUIOXJOPUTA
HaTpu4d 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.

Cmepunusauus Humpamom cepeopa (AgNO,):

Vcmonb3oBanu 1% pacTBop HUTpaTa cepebpa B
TeueHwue 5, 10, 15 muH, 5% -5, 10, 15 muH, 2% -7, 10
MuH, 3% —7,10 MuH.

Komb6unuposannas cmepunu3ayus HUMpamom
cepebpa (AgNO,) u eunoxnopumomnampus (NaCloO):

Vicmionb3oBanu 2% pacTBOp HUTpaTa cepedbpa B
TeueHue 5 u 7 MUH, a 3ateM 10% pacTBOp TUIIOXJIOPU-
Ta HaTpuAa B TedeHue 5 1 10 MuH. Takoxe IPUMEHAIN
1% pacTBOp HHTpaTa cepebpa B TeueHHE 5 MUH,
a 3ateM 19% TUIIOXJIOPDUT HATPUS B TedeHUHe 5 U
10 muH. U1 0,5% pacTBOp HUTpaTa cepebpa B TeEUeHUE
5 MuH, 3aTteM 19% TUNOXJIOPUT HATPUSA B TeUueHUE
5110 MuUH.

KomGunupoeannas cmepuiu3ayus HUmMpamom
cepebpa (AgNO,) uneperxucoro 6000poda (Hz0:):

Vicnonb3oBasiu 1% pacTBOp HUTpaTa cepedpa B
TeueHMUe 5 MUH, a 3aTeM 20% IepeKkuch BOJOPOLa B
TeyeHue 5 u 10 muH. 1 0,5% pacTBOp HUTpara
cepebpa B TeueHue 5 MUH, 3aTeM 20% IIEPEKUCH
BOoJopoga B TeueHre 5 1 10 MuH. HacTOJIBKO BbICOKAs
KOHIIeHTpalyd [IePeKrCcU BOLOPOoLa UCIIOJIb30BaHA,
TIOCKOJIbKY HU3KMEe ee KOHIeHTpPalluu He CMOTJIU
06e33apa3uTh MIOBEPXHOCTH CEMSH.

MeTonuka yuyeTa HePruu NpopacTaHugd u
BCXOXKeCTU ceMdaH ocHoBaHa Ha I'OCT 12038-84 c
MoAMUKALUAMY: CeMeHa IOMellaJu B YallKU
[TeTpu Ha cpeny KI'A 2%, THKyO6MPOBaJIM B TEPMOCTA-
Te mpu Temiiepatype 25 °C. Ha 3-# fieHb onIpefesissain
SHEPTUI0 IIPOpacTaHus, Ha 7-U JIeHb — BCXOXXECTh
ceMsH, Ha 14-% HeHb CMOTPEJU Ha KOJUYECTBO
3apa’keHHBbIX CEMSH U pa3BUTHE IIPOPOCTKOB. B
KakZloM BapuaHTe omnbiTa 6b1ji0 Mo 30 ceMsH,
pasJio’keHHBIX Ha TpU yamky [TeTpu 1o 10 mIT.

BcxoXeCcTh CeMSH — 3TO HUX CIIOCOOHOCTH
IIpopacTaTh B 3aJaHHbIE CPOKYU IIPU OIIPeleJIEHHBIX
ycyioBUsAX. JJaHHBIM MMOKa3aTeJlb PAaCCUUTBHIBAETCS
KaK IPOILIeHTHOE COOTHOIIEHE KOJIMUECTBA ITPOPOC-
IITUX CEMSTH K 0B1IIEeMY UM CJTy BBICETHHBIX.

JHeprud IpopacTaHus CeEMSAH — 9TO [10Ka3aTellb,
OTPa’KaWUUA MX CIIOCOOGHOCTH K APYXXKHOMY U
6picTpOMYy TpopacTaHuio. OH oIpeesseTcs Kak
MPOIIEHT CEMsH, MPOPOCIINX 3a 6oJjiee KOPOTKUU
IPOMEXYTOK BPEMEHU I10 CPABHEHUIO C IIEPUOMOM,
YCTaHOBJIEHHBIM J1J14 OLL€HKY BCXOXKECTU.

JHEePruI IIpopacTaHusd, BCXOXECTh U IPOLEHT
KOHTAMUHUPOBAHHBIX CEMSIH PAaCCUMTBHIBAJU B
MIPOIIeHTaX HAa OCHOBE TPeX MOBTOPHOCTEM [IJiA
Ka)XJIOTO BapuaHTa OMbITa. [l OIleHKU JOCTOBEP-
HOCTHU Pas3IMuuil BeIYUCHAIN 95% [OBEPUTEIbHBIE
uHTEepPBabI (1) cpelHero 3HaYEeHUSs, UCITOJb3YH t-
pacnpeznesieHue. PacueTsl IIPOBOLUJU B cpele
Microsoft Excel.

Sterilization with hydrogen peroxide (Hz0:):

A 1% hydrogen peroxide solution was used for 1,
5,10 minutes, 3% -1, 5,10 minutes,and also1, 2, 3and
4hours.

Sterilization with potassium permanganate
(KMn0.):

A 0.5% solution of potassium permanganate was
usedforb5,10,15,20 minutes, 1%-5,10,15, 20 minutes.

Sterilization with sodium hypochlorite (NaCl0O):

A 1% solution of sodium hypochlorite was used for
1,5,10,15 min, 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 (Hz0z):

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 seeds each.

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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IloBepUTENbHBIM MHTEPBAJ — 5TO AUAMa30H
3HAYEHMH, B KOTOPBIN C OIpPEIeeHHON BEepOITHOC-
Thi0 (YPOBHEM [OBEPUSA) IOIaJaeT UCTUHHOE
3HAUYEeHVeE [TapaMeTpa reHepaJbHOM COBOKYITHOCTH.

[TomrpaBKa Ha t-pacrpejieJleHre UCII0JIb30BaHa,
ITOCKOJIbKY YHCJIO TIOBTOPHOCTEI B OIIBITE OBLIO
He6OJIbIITM.

VpenTudukanusa rpuboB, BbIJEJEHHBIX C
TIOBEPXHOCTU CEMSH, TIPOBEJleHa METOZOM MUKPO-
CKOTIMPOBAHMUSI.

PE3VJIBTATBI U OBCYKJAEHUE

Pe3ysibTaThl MCCIENOBAHMS ITOKA3AJIH, UTO 6OJIB-
IIMHCTBO CTEPUJIUIYIOIIUX BENECTB HE CIIOCOOHBI
MOJHOCThI0 00e33apa3suTh ITOBEPXHOCTb CEMSIH
HEe3aBUCUMO OT KOHIIEHTPAIIMM U BDEMEHU DKCIT03U-
1uu. C TIOBEPXHOCTHU CEMSH BbIJIEJIEHBI TPUGBI POJIOB
Mucor, Penicillium v Aspergillus (MUKpPOCKOTIMUECKast
ugeHTu(uKanua). bakrepuanbHasad KOHTaMHHAIIUA
He oOHapy’KeHa.

Imanon

ITpu obpaboTke 70% sTaHONOM Ha 14-e CyTKU
JI0JI KOHTaMUHUPOBAHHBIX ceMaH cocTtaBuiia 100%
(IN: 100-100%) mpu pasjUUYHOMN AJIUTEJIbHOCTHU
skcmo3uiuu. BexoxecTh gocturaja 100% npu
skcrosuiiuy 2 MuH (JU: 98-101%), 93% nipu 10 MuH
(OU: 88—98%), cumxkasich 0o 77% npu 15 muu (JU:
68-81%). dHeprug nNpopacTaHUsI OCTaBajiach
BBICOKOM, 111 2 MUH — 87% (IU: 83-91%), mj1s1 10 MUH
37% (JIV: 32—42%), 32 UCKJIIOUEHNEM DKCIIO3UIINHY 15
MuH - 3% (JU:-2-9%).

[IpuMeHeHUE 96% 3TaHOJIa COMPOBOXIAJIOCH
KoHTaMuHaIuen 77-100% ceMsaH K 14-My IHIO; TIPU
2- 1 10-MuHyTHOU sKcmosuinuu — 100% (IU:
100-100%), ipu 15-MuHyTHOM — 77% (OU: 64-74%).
BexokecTb BapbupoBaia: 100% (IU: 95-103%) nJisa 2
MUH 3Kcnosunuu, 83% (JIUN:76-89%) nnaa 3 MUH,
cHMKasICh 10 43% (IU: 37-50%) ITpu SKCITO3UITNU 15
MHWH. JHEPTUA IMpPOpacTaHUs COXpaHAJIach Ha
BBICOKOM YPOBHE TOJIBKO ITPU 060paboTKe 2 MUH — 87%
(IN:80-94%).

Ipu xoHUeHTpanuu 96 u 70% U BpeMeHeEM
sKcmo3uiuy 10 MUH ¥ JoJablle HabOJNIOAAITCI
YYaCTKU KOPEIIKA C YChIXaHUEM, UTO TOBOPHUT O €TO
TIOBPEXIEeHUY CIUPTOM.

STaHOJI He TIOAXOAUT AJIS CTEPUIN3aLIUY CEMSIH
TMOJCOJHEUYHMKA, ITOCKOJbKY B MCIIOJIb3yEeMbIX
BapHaHTax He o6ecreyrBaeT JOCTATOYHO BBICOKMU
YPOBEHD CTEPUIIN3AIINY, & TIPY IOBBIIIEHUN BpeEMe-
HY DKCIO3UIIUU BCXOXKECTb CEMSIH MPOIOJIKUT
YMEHBIIATbCH.

Ilepexuco 60dopoda

[Ipu skcnosunuax oT 1 go 10 MUH 3Heprud
IpopacTaHusa U BCXOXKECTb OCTABaJIICh BBICOKMIMHU.
OpHako Habamwmamgach 100% (AM:100-100%)
KOHTaMMWHAIINI CEMSH.

[Ipu yBeauveHUY BpeMeHu 06paboTku 10 1-4 4
KOJMYEeCTBO MHPUIIMPOBAHHBIX CEMSIH IIO-
npexHeMy octaBasoch 100% (AM: 100-100%).
BcxoxxecTh Ipu sKcmosuuuum 1 4 — 97% (IU:
94-102%),249—100% (JIN: 98-101%), 3u—100% (JIU:
100-100%), 4 u — 97% (OU: 95-100%). dHeprus
npopactanusa: 1 4 — 93% (IU: 91-96%), 2 1 — 100%
(IN: 97-102%), 3 u—100% (IU: 98-101%), 4 u—90%
(IN:86-94%).

[Tepekuch Bogopoma HeapdheKTUBHA LI
CTEePMJIN3AIINY CEMSH ITOICOTHEeUHNKA. OgHAaKO OHA

differences, 95% confidence intervals (CI) of the mean
values were calculated using the t-distribution.
Calculations were 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
numberofreplicatesin 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
was not 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
continueto 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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ob6samaet 3(pHeKTOM, CTUMYIUPYIOIIUM BCXOXKECTb,
M03TOMY OyZeT MCII0Ib30BaHa B KOMOMHMPOBAHHBIX
BapuaHTaX CTEPUIM3AIIUN.

Iepmaneanamranus

CeMeHa BCEX BapUaHTOB OIIbITa OBLIN MTOJHOC-
ThI0 KOHTAMUHVPOBAHBI yoKe Ha 3-e cyTKU. HauMeHb-
II1ast BCXOXKECTb X DHEPTrus MPopacTaHus ObLIN IIPU
BpeMeHU skcno3unuu 20 MuH, ripu 0,5% KoHIIeHTpa-
nuu — 63% (IU: 60-70%) u 63% (OU: 60-69%), ipu
1% KoHIleHTpauu — 67% (IU: 62-69%) u 67% (JIU:
60—70%) COOTBETCTBEHHO.

TTepMaHTaHAaT KaJIM He ITOIXOIUT IJIsI CTEPUIIU-
3aIM CEMSH ITOACOJTHEUHMKA.

Tunoxnopumunampus

Bo Bcex 9KCIo3uIuAX NpU KOHLeHTpauuu 1 u
5% KOHTaMUHaLUI CeMdH Ha 14-e CyTKU COCTaBUJIa
100% (OW: 100-100%). ITpu KoHileHTparuu 10% —
97% xoutamuHanusg (I gjas 10 mun: 93-103%, AU
ansg 10 mus: 91-102%), npu KoHIleHTpanuu 15% —
100% xoHTaMuHAaNMg 419 10 MuH skcaosunuu (JIU:
100-100%), mas 15 muuyT — 93% (AM: 92-100%).
OIHaKO ceMeHa 3apacTajii He TaK OBICTPO, Kak B
npenpIayIux BapuaHTaxXx. K ToMy e BCX0XXeCTh
(93%; IU: 90-97%) u sHeprus npopactanusa (90%;
II: 86—94%) ocTaBaJKUCh BBICOKUMMU JIake IIpu 15%
KOHIIeHTpAalLu¥ B TeueHue 15 MUH.

BapuauT c 60Jee AJIUTEIbHOM SKCII03UIlel 3%
(oT 30 MUH 110 2 U) TaKKe oKasajics Hea(h(hHEKTUBHBIM.
Ha 14-e cyTku 3apakeHHble ceMeHa coctaBuiu 100%
(IM: 100-100%) mJis BceX BapMaHTOB. BCXOXECThb U
9Heprud IpopacTaHUS IO-IIpeXHeMy OCTaJIUuCh
BBICOKUMMU.

FMnoxJiopuT HATpugd He 3PPeKTUuBEeH A
CTEPUIIN3AIIUY CEMSH, OJJHAKO CITIOCOGEH YaCTUUYHO
TIOMABJISATh KOHTAMUHAIMIO Ha 3—7-1 [IeHb, TIPU 9TOM
IpaKTUYeCcKU He CHIUXKAeT BCXOXeCThb. [103TOMYy OH
OyZeT MCIIOJIb30BAaH B KOMOWHUPOBAHHBIX BapUaH-
TaxX CTepUJIN3alluu.

Humpam cepedpa

Bo MHOTMX BapuaHTaxX HUTpPaAT cepedpa cMor
TIOJIHOCTBI0 YCTPAHUTD ITIOBEPXHOCTHYI0 NH(PEKITUIO.
Hamnpumep, 1% 15 muH; 2% 7, 10 muH; 3% 7, 10 MuH;
5% 10, 15 MuH (cM. Ta6a. 1 u 2). Hamsrydimnas BCX0XXECTh
—93% (OU: 93-100%) u sHeprusd mmpopacTanus 76%
(OIU: 69-84%) — 13 BAPUAHTOB OITbITA, [TO3BOJIUBIINX
TIOJTHOCTBI0 00€e33apasuTh ITOBEPXHOCTh, HabI0IA-
JIMCh B BapruaHTe 1% KOHIIEHTPAIlUU C 9KCII03UIlel
15 MuH. [Ipu DOBBINIEHUU KOHLeHTpauuu 2-5%
BCXOXXECTb ¥ DHEPTHus MpPopacTaHUd 3HAYUTEIbHO
cHUXaauch. OMHAKO BO BCeX MepPEeUYUCTEeHHBIX
BapuaHTaX KOPHU YaCTUYHO TEMHEJIUW U yChIXaJU
BCJIEJICTBUE BO3AENCTBUS CTEPUIUIYIOUIETO Bellec-
TBa. [1IoaTOMY JajbHEUIIE BaPUAHThI OMBITA OYAYT
KOMOWHUPOBAHHBIMUY, YTOOBI yMEHBIIIUTD BPEIOHOC-
HOe BO3JelcTBME HUTpaTa cepebpa, COXpaHUB
TIOoJIHOE 06€e33apakMBaHIE CEMSIH.

B Tabu. 1 1 2 ykasaHbI JOBEPUTEIbHbBIE MHTEPBA-
JIBI 1Jig 3HAYeHUU sHepruu npopacrtaHus (3-u
KOHTPOJIbHBIN IEHD), BCXOXKeCTH (7-1 JeHb), IPOIIEH-
Ta KoHTaMuHanuu (14-ii 1eHb) IJIg KaXKI0T0 BapuaH-
Ta OIIbITA.

Humpam cepe6pa u 2unoxaiopumHampus

Jlydymu# pesysabTaT IIOKa3aJu BapUAHTHI C
HUTpaToM cepebpa 1% 5 MUH U TUIIOXJIOPUTOM
HaTpus 19% 10 MuH. OgHAKO OHU He OOecIevuuIn
TIOJIHYI0 CTEPUJIBHOCTh CEMSH: IPOIIEHT 3apakeH-
HBIX ceMdH Ha 14-e cyTku cocrtaBui 27% (JIU:

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
an exposure 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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Tao6u1. 1. Pe3yibTaThl OMBITOB 10 IOBEPXHOCTHOMY 00€33apakMBaHMNI0 CEMSH MO COJTHEUHMKA

pactBopom AgNO3 ¢ KoHIIeHTpanuei 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%

Bpems 3Kcno3nuun, MUH Exposure time, min
AgNO, 5 | 10 | 15
KouTpossHbie guu Control days
KoHII.
I.B., % o
Concentration Iloka3aTenu, % 3n 70 14n 3a 7n, 14p, 3n 7n 14n
of active Indicators, % 3d 7d 14d 3d 7d 14d 3d 7d 14d
ingredient
(AD, %
KoJji-Bo 100 AM: 100 OM: 0 Iu:
3apakeHHbIX CEMSIH 100-100 100-100 0-0
. 3 100 3 100 (1) 1]
Number of infected 100 CL: 100 CI: ocCr:
seeds 100-100 100-100 -0
1
Koj-BoO 88 Iu: 94 NN: 82 nu: 94 N: 76 JU: 93 oU:
MPOPOCHINX CEMSIH 85-92 88-102 95 76-89 86-101 o1 69-84 89-99 03
Number of germinated | 88CL 94 CL: 82 CL: 94 CL: 76 CI: 93 CL:
seeds 85-92 88-102 76-89 86-101 69-84 89-99
KoJj-Bo 100 OM: 0 u:
3apakeHHbIX CEMSIH 100-100 0-0
Number of infected 3 =0 100 CL: C 0 0 0 0 0CL:
seeds 100-100 0-0
5
KoJ-Bo 46 IN: 50 IM: 0 oM 27 I: 191179 10 oM:
MPOPOCHINX CEMSIH 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: 0CL 10CL:
seeds 36-54 44-57 0-0 21-34 0-0 5-15
KoJi-Bo 3apakKeHHBIX 100 Au: 100 Au: 100
ceMsH 100-100 100-100 au:
OTpuuaTensb- | Nymbper of infected goy Le0 100 CI: g0y f00 100 CI: Loy go0 100
HBIH seeds 100-100 100-100 cL:
KOHTPOJIb
Negative KoJji-Bo npopocmux 90 IU: 93 IU: 87 IU: 93 IU: 87 IU: 90 IU:
control ceMsH 87-91 86-99 93 89-91 91-99 03 83-98 81-102 93
Number of germinated | 90CIL 93CL: 87CL: 93 CI: 87CL: 90 CI:
seeds 87-91 86-99 89-91 91-99 83-98 81-102

23-33%). BcxoskecThb BO BCEX BapHaHTaX OCTaBajach
Boilie 90%, HauMeHblIasgd SHEPrus NpopacTaHUusa
67% (OU: 64-71%) 3aukcupoBaHa IJisg BapuaHTa
AgNO, 1% 5 muH + NaOCl 19% 10 MuH, HauboIbIIas —
100% (OU: 98-101%) maist AGNO, 0,5% 5 muH + NaOCl
19% 5 MmuH. TakuM 06pa3oM, TIPU CHUKEHU Y KOHIEH-
TpaIuy UJIU BpEMEHY SKCIIO3UIMY HUTPaTa cepebpa
HUXXe MUHUMaJbHO 3((HEKTUBHBIX CXeM, YyCTaHOB-
JIEHHBIX B NpeJbIAyIIeN YacTU 3KCIEPUMEHTA,
JIOTIOJTHUTEIbHAs 00pa6oTKa BBICOKUMHU KOHIIEHTPA-
IUSIMU TUNOXJIOPUTA HATPUS HEe CIpPaBJsAiach Co
CTepUInU3aIed OCTaTOYHOTO 3apaskeHus. [Ipu 3TOM
Iake TIpM KOHIIEHTpAaIluy HuTpaTa cepebpa 0,5% B
TeueHUe 7 MUH KOPHU UMeJU YyYaCTKU C YChIXaHUS-
MU, BU3yaJIbHO CXO’KMe I10 Pa3MepaM C IOpPa*KeHusI-
MY KOPHEU B OTIbITaX ¢ 60JIbIlIel KOHIIEHTPAIIEH.

Humpam cepe6pa unepexucs 60dopoda

Hu ofvH M3 BapUaHTOB He 06ECIIeYnJI TTOJTHOMN
CTEPUJIN3AIIMU CEMSH, IIPU 3TOM, TaK )Ke KaK U B
JIPYTUX OTIBITaX, HAOII0aI0Ch yChIXaHEe KOPHS.

TakuM obpaszoM, pacTBOpP HuTpara cepebpa
MOXEeT 06eCIeYuTh IOJHYI0 MOBEPXHOCTHYIO
CTepUJIN3aluio CeMdH TOoJACOoJIHeUHuKa. OfLHAaKO
Jake MUHUMAaJIbHasd HCIIOJb3yeMas KOHIIeHTPaIusi
(0,5%) 1 MUHUMAaJIbHOE BPEMS DKCIIO3UIINU (5 MUH)
BEJET K YChIXaHUI0 KOPHS. 3TOT 3 (EKT He IToMelIa-
eT BBIJEJIEHUI0 DHJOIIAaTOTeHOB CEMEHU Ha IuTa-
TeJbHOU cpefie, OMHAKO cJieflyeT YUUTBHIBATb 3Ty
0COGEHHOCTbD, MJAHUPYS OMBITHI, BKJIIOUYAKIINE B
cebsa mocJienyollee MpopaluBaHue PacTeHUU.
Vicxois U3 IPOBELEHHOU CEPUU OTIBITOB, ITOBPEXIE-

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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Tao6J1. 2. Pe3yIbTaThl OMBITOB 10 IOBEPXHOCTHOMY 00€33apakMBaHMNI0 CEMSIH MO COJTHEUHNKA

pactBopoM AgNO3 c koHIleHTpalueh 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%

BpeMms 3xcno3unuu, MUH Exposure time, min
AgNO, 5 10
KonTpoabubie guu Control days
KoHi,.
I.B., %
Concentration Moxazarenn, % 3n 7n, 14z 3n 7n 14p
of active Indicators, % 3d 7d 14d 3d 7d 14d
ingredient
(AD), %
KoJi-Bo 3apakeHHBIX 0 Iu: 0 u:
ceMsH i 0 o 0—0. 0 0 0—0.
Number of infected 0CIL: 0CL
seeds 0-0 0-0
2
KoJi-Bo npopocmux 30 IK: 63 IN: (Lp11%8 31
CeMAH 26-34 56-69 77 -3-1 0-8 27
Number of germinated 30CI: 63 CI: 0CL 3CL:
seeds 26-34 56-69 -3-1 0-8
KoJi-Bo 3apakeHHBIX (191178 0 ou:
ceMsH ; 0 c 0—0. @ N 0—0.
Number of infected OCL 0CIL:
seeds 0-0 0-0
3
KoJi-Bo npopocmux 17 Ax: 40 IU: 0 IM: 7 OM:
ceMsaH 12-22 35-46 53 -3-1 1-14 13
Number of germinated 17 CL: 40CL oCL 7CL
seeds 12-22 35-46 -3-1 1-14
KoJji-Bo 100 IU: 100 aU:
3apaKeHHBIX CEMSIH 100-100 100-100
OTpuuATeNsb- | Nymbper of infected fos 1D 100 CI: Ho0 dED 100 CI:
HbIH seeds 100-100 100-100
KOHTPOJIb
Negative Kox-Bo 93 IN: 97 AU: 90 IN: 93 IN:
control MPOPOCHIKX CEMSIH 86-99 91-104 o7 81-97 85-102 97
Number of germinated 93 CL: 97 CL: 90 CI: 93 CL:
seeds 86-99 91-104 81-97 85-102

HYEe KOPHS HEe3HAYUTEJbHO MellaeT Pa3BUTHUIO
IIPOPOCTKA B IIEPBbIE J]BE HEZEIU.

3AKJIIOYEHUE

HNccnemoBaHue NMPOLEeMOHCTPHUPOBAJO, UTO
METOJbl TOBEPXHOCTHOM CTEPUIU3ANUU CEMIAH
MONCOJIHEUYHNKA C MCIIOJIb30BAaHMEM 3TaHOIA,
IepPeKUCU BOAOPOJia, IepMaHraHaTa Kajusg U TUIIO-
XJIOPUTA HATPHUS He 00eCIIeYnBaiOT ITOJTHOT'O YCTPaHe-
HUS TIOBEPXHOCTHOM KOHTaMUHAIMM, HE3aBHCHMO
OT KOHIIEHTpPAaIl¥ ¥ BpeMeHU sKcro3uliuu. Hanbosiee
5 HeKTUBHBIM areHTOM OKasaJicsd HUTPAT cepebpa,
KOTOPBIN NTPU KOHIEHTPAUAX 1-5% U 9KCTIO3UIAU
7-15 MUH 006€CTIEYNII TTOJHYI0 CTEPUIBbHOCTh CEMSIH.
O HaKO ero IpUMeHeHNE COIIPOBOXK/AAI0Ch YaCTUY-
HBIM IIOBPEXAeHEeM KOPHEBOM CHCTEMbI, YTO MOXKET
OrpaHUYUBaATh MCIIOJIb30BaHUE B HCCJIEJOBAHUMX,
TPEOYIOIINX ITOCEAYIONETO ITPOPalBAHNS.

[TonyuyeHHBbIe Pe3yJabTaThl YKAa3bIBAKT Ha
CJOXXHOCTh T0J060pa YHUBEPCAJNbHOTO METOIA
CTEpPUJIU3AIUY JIJIST CEMSH C TIOPUCTOM U 1IepPOX0oBa-
TOII IOBEPXHOCTDIO, TAKMX KaK ceMeHa IT0JICOJHeY-
HUKa. [IJIs ucciiefoBaHUM, TPeOYIOMNX abCOMIOTHOM
TTOBEPXHOCTHOM CTEPUIbHOCTU CEMSIH 6€e3 IToCemy-
OLIEero IpopaijuBaHus, ONTUMAJIbHBIM pelleHreM
SIBJIIETCSI IPUMEHEeHNe HUTpaTa cepebpa. B ciyuae
HEOOXOUMOCTH COXPAaHEHUS BBICOKOM >KM3HECIIO-
COOHOCTHM CEMSAH MPEeANOUYTUTEIbHBI CXEMbBI C
MUHUMaJbHO 3(pPEeKTUBHBIMU KOHIIEHTPAIIMSIMU U
BpeMeHeM 3KcHno3unuu. [IpeniokeHHbIe CXEMBI,

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 YaCTUYHOE€ yCbiXaHNWE KOPHA, TaKXe
MOTyT OBITH MCIIOJIb30BaHbI JJId OIIBITOB C ITPOPAaMIM-
BaHHNEM CE€MsJIH KaK MUHUMYM B T€UE€HNE OBYX
Henesb. OIHAKO CTOUT y4uuThbiBaTh TO, YTO OHMH HE
OIITUMAJIbHBI OJIA ooJiee JJINTEJIbHBIX 9KCIIEPMEHTOB.
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npennoXnTb BaM BO3MOXHOCTb
nybavkaumm Balnx cTaten Ha cTpa-
HULAX XypHana. Hawa uenb — npu-
BfieYeHne BHMMaHUA K Hambonee
aKTyasibHbIM NpobnemMam KapaHTu-
Ha pacTeHUn CneLnanmncToB Cenb -
CKOro XO35MCTBa 1 BCEX 3aUHTEpE -
COBaHHbIX B 3TOM JIIOAEN.

B >xypHane paccMaTpmBaroTCs
OCHOBHbIE HanpaB/ieHMs PasBUTUS
HayKu 1 nepefoBoro onbita B obna-
CTW KapaHTMHA 1 3aLUMTbl PAaCTEHUN,
nybnukyeTcs BaxkHas MHopmaLms
0 HOBbIX MeTofax W cpencTBax,
NpMMeHsSeMbIX Kak B Poccuu, Tak
n 3a pybexom, a Takxe o0 hUTO-
CaHUTApPHOM COCTOSIHUWN TEPPUTO -
pun Poccuiickon depepaunn.

Mbl OHOCUMM L0 LIMPOKOrO
Kpyra uyntatenem obbEKTUBHYHO
Hay4YHO-MPOCBETUTENIbCKYHO 1 aHa-
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10. Cnncok nuTepatypsl (T. . CNUCOK BCEl MCMOSIb30BAHHOM TUTEPATYPbl, CChIIKM
Ha KOTOPYH Jal0TCs B CAMOM TEKCTe CTaTbW): MpaBuia COCTaBIeHUS HanpaBstoTCs aB -
TOPY MO 3anpocy.

11. NHdopmauus o6 aBTopax: NPUBOAUTCS MNOMHASA MH(OPMaLMS O KaXK40M U3 aB-
TopoB (MecTo paboThbl, ropoa, ctpaHa, ORCID ID, agpec aNeKTPOHHOM NoYTbl).

12. inntocTpatuBHble MaTepuanbl (hoTtorpadum, pucyHKK) OMYyCKATCS XOPOoLLein
KOHTPACTHOCTK, C paspelueHnemM He Hmxe 300 Touek Ha groirm (300 dpi), opurmnHanbi
NpUKNaabIBaOTCS K CTaTbe OTAeNbHbIMMY tharinamu B chopmare .tiff unm .jpeg (nnntoctpa-
LMK, HEe COOTBETCTBYOLLME TpeboBaHUaM, ByayT UCKIOUYEHbI U3 CTaTel, MOCKOMbKY [0 -
CTOMHOE MX BOCNpousBegeHne Tunorpad)CkMm crnocobom HeBO3MOXHO). Heobxoanmo
yKasaTb aBTOPCTBO Kaxon hotorpadum (. U. O. hoTorpada mnnm ccoiniky).

13. B penakumo HeobxooMMo NpefocTaBuTb ABE PeLleH3MM Ha CTaTbio («BHeL -
HIOH0» U «BHYTPEHHIO0»).

* B TakoMm e nopsioke U CTPYKTYpe npedocTaBSeTcs AHI105S3bIYHbII nepeBoo CTaTbuU.

PaboTta fonxHa 6biTb NpepocTaBneHa B pegaktope WORD, dopmat DOC, wpudt
Times New Roman, pasmep wpudta — 12, MEXCTPOUHbI MHTEPBa — OAUHAPHbIN, pas-
Mep nosiert — no 2 cM, OTCTYN B Hayasne ab3aua — 1 cM, hopMaTMpoBaHme Mo WupuHe.
PucyHku, Tabnuubl, cxeMbl, rpadvki n np. LOMXHbI 6bITb 0683aTENBHO NPOHYMEPOBaHbI,
MMEeTb MCTOYHWUKM 1 MOMELLLATbCS Ha MeYyaTHOM MnoJie CTpaHuLbl. HasBaHve Tabnuubl —
Hap Tabnuuen; HasBaHWe pucyHka/rpacvka — nog pUcyHKoM/rpackom.

BOJIEE NOAPOEHbIE YCJIOBUSA NYBJINKAL UK CTATEW Bbl MOXKETE
Y3HATb B HALUEN PEOAKLUUN:

Appec: 140150, Poccus, MockoBckas 06nacTtb, M. 0. PaMeHcKoe,
nrT bbikoBo, yn. MorpaHunyHasg, a. 32

KoHTakTHOe nuuo: 3MHoBbeBa CBeTnaHa leoprnesHa

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



deepasIbHOE rOCyAapCTBEHHOE
OIOZKEeTHOE YUpe:KJeHue
«BcepocCUNCKUH IEHTP KapaHTUHA
pacTrenuii» (PIrBY «BHUUKP»)

— HayuHoe 1 MeToguyeckoe obecneueHune

peaTtenbHocTu Poccenbxo3Hapsopa,
ero TeppUTOpUabHbIX YNpaB/ieHUi
M NOABEeOOMCTBEHHbIX eMy
yupexneHui B cchepe KapaHTUHA

M 3aLUTbl pacTeHUM

— YcTtaHoBneHune KapaHTUHHOIO

thmTOoCaHMTAPHOrO COCTOSAHUSA
NnoAKapaHTUMHHbIX MaTepuasioB

u Tepputopumn Poccuiickon depepauum
nyTem npoBepeHusa nabopaTopHbIxX
3KCMEepPTU3 U MOHUTOPUHIOB

AW

— HayuyHoe coTpyaHM4ecTBO

C HaUMOHasNbHbIMU
M MeXXayHapopHbIMU
opraHusaumsamu B obnactu
KapaHTMHA pacTeHuMn

« Bepyluee yupexaeHue B Poccuiickoin depepaunm no CUHTE3Y U NPUMEHEHUIO
(hepOMOHOB [/151 BbISIBJIEHUS KAPAHTUHHBIX M HEKaPaHTUHHbIX BpeauTesnen

1 60pb6bl C HUMHK

» ®IBY «BHUNKP» — napTHEp MexayHapoAHOW NporpaMMbl N0 KOOPAUHALUU
Hay4HbIX MccnepoBaHui B obnactu kapaHTuHa pacteHui EUPHRESCO II
(EUropean PHytosanitary RESearch COordination)

* B ®rbY «BHUUKP» co3paH u pencreyet TeXHUUECKUIA KOMUTET
no ctaHpapTusauumn TK 42 «KapaHTUH U 3alLUTa pacTeHuin»

« Begyluee Hay4yHO-MeToaMUYECKOE yUupexaeHue B coctaBe KoopanHaunoHHOro
coBeTa Mo KapaHTUHY PacTeHUN rocypapcTB — yYacTHUKOB CHI

12 hunmanos Ha TeppuTopun Poccuiickon Pepepaumm

« [0/10BHOE Hay4YHO-MeTOoAMUECKOe yupexaeHne no peanmsauum MnaHa
nepBooYepeHbIX MEPONPUATUMN, HANPaABIEHHbIX HA FAPMOHU3ALMIO
KapaHTUHHbIX (hUTOCaHUTAPHbIX Mep rocyfapcTB — YNeHOB TaMOXXeHHOro coto3a

140150, Poccus,

MocKkoBcKas 00J1aCTh,

M. 0. PameHcCKoe, IIr'T BBIKOBO,
yi1. [lorpaHuyuHadq, a. 32

Teu./dakc:

8 (499) 707-22-27

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