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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,
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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.
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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).

CIIUCOKJIUTEPATYPBI

1. Ba6ukoBa A.B., l'oprieruenko T.I0., )KypaBieB
[0.H. PacTeHue Kak 00beKT 6uOTEeXHOJOTUU [/
Komaposckue utenusa.2007.LV.C.184-211.

2. barpiruna T.B., BacunbeBa B.E. PasmMHOXeHUe
pactenuii. CI16.: 3g-Bo C.-IleTepb. yH-Ta, 2002, 232 C.

3. I'puropsaH M.A., Tkauenko O.B. [TosyueHue
03ZI0POBJIEHHOTO KapTodesyis U AUarHOCTUKA BUpPYC-
HBIX 3a60JIEBAaHUI B YCIOBUAX JHTEIbCCKOTO PalioHa

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)).
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KpacaBuuk
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KpacaBuuk
12 Krasavchik PVX 1 20,14
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OTpHULATEJIbHBII KOHTPOJIb _
Negative control PVX 0,00
13 JIlflcaHa PVS - 15,85
Lisana
14 JIIflcaHa PVS 1 17,82
Lisana
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Negative control PVS - 0,00
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