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KpuokoHcepBauusa obecneunBaeT JONTOCPOYHOE XpaHeHe reHoGOHAA CENeKLMOHHBIX COPTOB KapTodens B KprnobaHKax
Npuv CBEPXHU3KUX TemnepaTypax. B HacTosLiee Bpems Ans KPMOKOHCepBaLUM COpToB KapTodensa Hanbonee WNPoKo nc-
Nosib3yeTcs MeTOA APONET-BUTPUPMKALIMMN, KOTOPbIA MOCTOAHHO COBEPLUEHCTBYETCA C LieNbio MOBbILLEHWS pereHepaLm-
OHHOW CMOCOGHOCTM COXPAHAEMOro pacTUTeNbHOIO MaTepurana. B BeayLimx MMpoBbix reH6aHKax KapTodensa ncnosnb3ay-
I0TCA pa3nnyHble MogudUKaLmMy 3Toro MeToaa. B faHHom paboTe npeAcTaBeHbl pe3ynbTaTbl U3yYeHUs BAVAHWSA YCIOBUN
KyNbTVBUPOBaHYA NOCE 3aMOPAXXMBAHUA—OTTaMBaHVsA aneKkcoB No6eros v NasyLHbIX MOYeEK in vitro pacTeHWiA Ha UX Cno-
COBHOCTb K MOCTKPVOreHHOMY BOCCTaHOBJIEHNIO. 1Nl KpMOKOHCepBaLMm Obli MCMONb30BaH MeToZ APOMNeT-BUTPrMKa-
umm, moanduLmpoBaHHbiii B BUP. DakTop «anutenbHas TeMHOBas MHKY6ALMA SKCMIaHTOB» He OKa3blBan CyLeCTBEHHOTO
BJIVAIHVIA HA YacTOTY MOCTKPUOTEHHOW pereHepaLnm 13yyYeHHbIX COPTOB, 3a NCKIoueHrem ogHoro copta (Kpenbiw), ans
KOTOPOro 0TMeUeHO AoCToBepHoe (p < 0.05) yBenuueHmne YacToTbl pereHepaunmn B BapuaHTe KynbTMBUPOBaHWA anekcoB
MUKPOMO6EroB B TeMHOTE MO CPABHEHWIO C BAPUAHTOM KyJIbTUBMPOBaHUA Npuv poToneprioge 16/8 u (cBet/TemHoTa). DakTu-
UeCKH y BCEX COPTOB YacToTa NOCTKPUOreHHON pereHepaLmy anekcoB MUKPOno6eros Gbina Bbille, Yem Y NasyLHbIX MoYek,
O[lHaKO AOCTOBEPHOE MpeBbiLeHye (p < 0.05) AaHHOTO NoKasaTens /1A anekcoB No6eroB OTMEUYEHO TOJbKO B ABYX Cllyya-
AX: ANA copTa Yaaua — KyNbTYBMPOBaHME 3KCMIAHTOB Npu dpotonepuoge 16/8 u v ansa copta Kpenbill — KynbTUBMPOBaHMe
B YC/IOBUAX TEMHOBOW MHKY6aLuu. Pe3ynbTaTbl AByX($paKTOPHOIo ANCNEPCMOHHOIO aHanm3a yKasblBaloT Ha OTCYTCTBME 3Ha-
ummoro 3pdeKTa COBMECTHOTO AeNCTBUA ABYX GaKTOPOB (TeMHOBasA MHKY6aLMsA 1 TUM 3KCMNaHTa) Ha CNOCOGHOCTb COPTOB
K MOCTKPUOTrEeHHOMY BOCCTaHOBJ/IeHUIO. C yUETOM MOJTyUYEHHbIX Pe3yNbTaToB fAaJibHelLLyo KPUOKOHCEPBALMIO PacLUMPEH-
HOW BbIGOPKY 13 [AEBATY CENEKLMOHHbBIX COPTOB MPOBOAMIN C UCMOMNb30BaHNEM TOJIbKO OAHOTO TWMa SKCM/IAHTOB — anek-
COB MUKPOMO6EroB, KOTopble NMOC/E 3aMOPaXMBaHUA—OTTaMBaHVA KybTYBMpPOBanu npu ¢otonepuope 16/8 u. Yactota
NOCTKPVOreHHON pereHepaumm 3TUX COpToB BapbupoBana ot 30 fo 60 %. YCTaHOBIEHO JOCTOBEPHOE BAMAHME reHoTUMNa
Ha pereHepaLoOHHY COCOBHOCTb COPTOB MOC/IE 3aMOPAXKNBAHUA—OTTamBaHWA. CNOCOOHOCTb COPTOB K MOCTKPUOrEHHO-
My BOCCTaHOB/IEHMIO He CBA3aHa CO 3HaueHuAMY MopdOoreHeTUUeCKIX NoKasaTeneli in vitro pacTeHuid, KOTOpble UCMOSb3y-
I0TCA B OPUrIHaNIbHOM CEMEHOBOACTBE KapTodens. Bo3pacT mepunkioHa (2—-4 rofa) He oKasblBasl CyLLeCTBEHHOTO BIUAHMA
HY Ha NoKa3aTenn MopdoreHesa, H1 Ha YacTOTy MOCTKPUOTEHHOW pereHepaLu COpToB.

KnioueBble crioBa: KapTodenb; Solanum tuberosum; pnTenbHOE XPaHeHVe; KPUOKOHCePBaLUA; YCIOBUA in vitro KynsTuBY-
poBaHus; MopdoreHes in vitro pacTeHui.
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Cryopreservation provides long-term storage of the gene pool of potato varieties in cryobanks at extremely low tempera-
tures. Currently, droplet vitrification is the most widely used method for cryopreservation of potato varieties, which is con-
stantly improving to increase the regeneration rates of the stored plant material. Different modifications of this method
are used in the world’s leading potato genebanks. This paper presents the results of studying the effect of cultivation
conditions after plunging into liquid nitrogen and thawing of shoots tips and axillary buds of in vitro plants on their post-
cryogenic recovery. The droplet-vitrification method modified at VIR was used for cryopreservation. The factor “prolonged
dark incubation of explants” did not have a significant effect on the frequency of post-cryogenic regeneration of the stud-
ied varieties except for one variety (Krepysh), for which a significant increase in the regeneration rate was observed for the
shoot tips cultivated in the darkness compared to the cultivation under the photoperiod 16/8 hours (light/darkness). The
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frequency of post-cryogenic regeneration of shoot tips was higher than that of the axillary buds for all varieties; however,
these differences were significant (p < 0.05) only in two cases: for the variety Udacha (a photoperiod of 16/8 hours) and for
the variety Krepysh (the dark incubation). The results of two-factor analysis of variance indicate that there is no effect of
interaction of factor 1 (prolonged dark incubation) and factor 2 (explant type) on the ability of varieties to post-cryogenic
recovery. Taking into account the obtained results, the further cryopreservation of an extended subset of 9 varieties was
carried out using shoot tips, which, after freezing-thawing, were cultivated under the photoperiod of 16/8 hours. The fre-
quency of post-cryogenic regeneration of these varieties varied from 30 to 60 %. A significant effect of genotype on post-
cryogenic recovery has been established. The ability of varieties to regenerate shoots after freezing and thawing was not
related to the values of morphogenic indices of in vitro plants. The age of the meriklons (2-4 years) did not significantly
affect either the morphogenic indices or the frequency of post-cryogenic regeneration.

Key words: potato; Solanum tuberosum; long-term preservation; cryoconservation; in vitro cultivation conditions; in vitro
morphogenesis.
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BBepeHune

BaskHelinieil BereTaTUBHO pa3MHOKaeMOH [TPOAOBOJILCTBEH-
HOW KYJIBTYpOH SIBISIETCS BO3/ICIBIBAEMEBIi KapTodens Sola-
num tuberosum. [ eHOQOH]] CENEKIIMOHHBIX COPTOB KapTohest
COXpPaHSIETCsI B MOJIEBBIX KOJUICKIIHSIX, & TAKXKE B J1yOIETHBIX —
in vitro ¥ KpUOKOJUIEKIMSIX. | apaHTHPOBAaHHOE COXpaHEHHE
oOecrieunBaeTCs U HAJIMYUM B TeHOAHKE BCEX TPEX THIIOB
xomneknuii (I'aBpuienko u ap., 2007; ®ununenxo, 2007;
FAO, 2014; Niino, Valle Arizaga, 2015). Jonrocpounoe
XpaHeHue TeHO(OHA CENICKIIMOHHBIX COPTOB KapTodels B
KOHTPOJIMPYEMBIX YCJIOBHSAX HPOBOIST IPU CBEPXHUIKHUX
TeMIIepaTypax B KpHOOaHKaXx.

Jnst xpuokoHcepBauy KapTogessi HCHONb3YIOT pa3ind-
HbIE METOJIbl: BUTPUPHUKAILUH, JPOILIET-3aMOPAYKUBAHHMS,
cryoplate, npomer-Butpudukannu (Kaczmarczyk et al.,
2011; Niino, Valle Arizaga, 2015; Yxarosa, ["aBpuieHko,
2018). B Hacrosimee Bpemsi HaubosIee 4acTo MPUMEHSIETCS
METOJI IPOIUIET-BUTpH(HUKALINH, paspaboTanHblil Panis et al.
(2005) nmus kxprokoHcepBanuu 00pa3ioB O0aHaHa. JlaHHBIN
MeToJ1 ObUT MHOTOKPATHO MOAM(HIIMPOBAH B Pa3HbIX J1abopa-
TOPHSAX U UCTIONB3YETCS B KPYTTHEHIITMX MUPOBBIX TeHOAHKAX
JUIsl CO3/IaHMsI KpHOKoJuteKui kaprodest (Kim et al., 20006;
Panta et al., 2015; Vollmer et al., 2016, 2017; YxaroBa u
np., 2017; Jenderek, Reed, 2017; I'aBpuienxo u ap., 2019).
[TonpobHOE cpaBHEHHE pa3MTUUHBIX MOAM(UKAIMK MeToaa
JIPOIUIET-BUTPH(UKAIIMH IPOBEJICHO B HAIlISH Jpyroi padbore
(TaBpunenko u np., 2019).

Hawubonee kpymaas o uucnennoctd (1533 oOpasna) kpuo-
KOJUICKIMSI HAXOJUTCsl B MeXAyHapOJAHOM LIEHTpPE KapTo-
tdens (CIP) B [Tepy (Vollmer et al., 2017). Ilepsas B Poccun
KPUOKOJUICKIIUS CEJNEKIIMOHHBIX MU a0OPHUIeHHBIX COPTOB
kaprodens, HacunThiBatommas 230 o6pa3IoB, coXxpaHseTcs B
kpuobanke BUP. Dta kommekis co3gaercs ¢ HCrmoab30BaHu-
em MoamduiposanHoro B 2011 r. metoza porureT-BUTpUQH-
kaimu (lynaesa u np., 2011; Shvachko, Gavrilenko, 2011).

Merton nporuteT-BUTpUpUKALN, MOIU(DUIIMPOBAHHBINA B
CIP, BKJIFOYAET ATAIl JUTUTSIBHOTO (B TCYCHUE OTHOM HEICITH )
KyJBTUBUPOBAHUS B TEMHOTE AIIEKCOB i1 Vifro PACTCHUH 110CIIE
uX 3aMOopakuBaHus—oTTanBaHus. B rendanke NAC, NAAS,
Kopen i1t KpHOKOHCEPBALMK HUCTIONB3YIOTCS U Ma3yIIHbIC
MOYKH MUKpopacTeHuil. B momuduunposannom B BUP meto-
JIe 3TaIll JJUTEIbHOI TEMHOBOM HHKYOAIMH HE TPUMEHSETCS,
KYJIFTUBHPOBAHHE IKCIIAHTOB C MOMEHTA Pa3MOpPAKUBAHHS—
OTTaMBaHUsI JI0 MOJYYCHHUS TOJHOCTHIO C(HOPMUPOBAHHBIX

pereHepaHToB MPOXOauT npu ¢ortomepuone 16/8 u (cer/
temuora) ([lynaesa u np., 2011; I'aBpunenko u np., 2019).
OTMeTHM, 4TO PadOT M0 M3YUSHUIO BIMSHHUS TEMHOBOH MH-
KyOary Ha HHAYKIXIO U 3(p()EeKTHBHOCTH TTOCTKPHOTEHHON
perenepanyu kaprodesns B TOCTYIHON HaM JINTEpaType HeT.

Lenp HacTosieit paboThI 3aKIIIOYANIACh B U3YYEHHH BIIHSI-
HUS JUTHTETFHON TeMHOBOW MHKyOaruu Ha 3(PpQeKTHBHOCTD
MOCTKPHOTEHHOMN pereHepariii pa3IniHbIX THIIOB SKCIUIAHTOB
(amekcoB M Ma3yLIHbIX MOYEK in vitro pacteHuil). C ydeToMm
HIOJIy4EHHBIX PE3YJIbTaTOB B JAJIbHEHIIIEM IPOBOIIIHCH IKC-
MEPUMEHTHI 110 KPHOKOHCEPBALMH PACIINPEHHON BBIOOPKH
CEIIEKLMOHHBIX COPTOB KapTo(es.

Matepwuanbl n metogbl

B kadecTBe MaTepuasa ObUTH HCIIOIBb30BaHbI i71 Vitro pacTeHUsI
13 ceneKIMOHHBIX POCCHICKAX COPTOB KapTO(hess, HOTydeH-
HbIX 13 banka 3mopoBsix copros kaprogeins (b3CK) Beepoc-
cuiickoro HUU kaprodensHoro xossiicra um. A.I. Jlopxa:
AntonnHa, Bacunexk, ['ymmusep, Unennckuit, UpOuTckuid,
Kpemnsrim, Ky3zneuanka, JIro6aBa, Hakpa, Ynaua, TyneeBckuid,
Opureina, FOrana. Micxonusie in vitro pacTeHus! BBIPALUBAIN
TpH-YETHIpE HEJETH Ha IIUTaTeIbHOH cpene MS 6e3 ropMOHOB
JUISL TIOJyYCHHSI BEIPOBHEHHBIX 1O (PM3HOJIOTMYECKOMY CO-
CTOSIHUIO MUKPOPACTEHUM.

JLis m3ydeHus BIUSHUS JUTNTEIHHON TEMHOBOW MHKYOAIHH
Ha MOCTKPUOTEHHOE BOCCTAHOBJICHNE HKCIUIAHTOB OTOOpai
yerbipe copra kaprodens (Mabunckuii, Kpensim, Hakpa,
‘VYnadga), KOHTPACTHBIX TT0 CITOCOOHOCTH K TIOCTKPHOTEHHOMY
BoccTaHoBieHnto (Yxarosa u ap., 2017). Y muxpopacrennit
9TUX YETHIPEX COPTOB BBIWICHSUIN KaK alleKChl MUKPOIIOOETOB,
TaK ¥ Ma3yIIHbIE MOYKH (U3 BEPXHUX JIBYX MEKI0Y3IIHH).

KprokoncepBammio coptoB KapTodesst MPOBOIMIN B OT-
nene onorexHoiornn BUP ¢ ncrnons3zoBanuem moauduim-
POBaHHOTO METO/a APOIUIeT-BUTpUuKannu ([ynaesa u ip.,
2011), neranpHOE OmMMcaHNEe KOTOPOTO IPHUBEAEHO B paboTe
(FaBpuienko u n1p., 2019). M3onupoBaHHbIE SKCIUIAHTHI O~
MEIIaIH B )KUIKYI0 cpeny MS, 3aTeM epeHOCHITH B )KUIKYTO
cpeny LS (MS ¢ 0.4M caxapo3oit 1 2M muneponom) Ha
20 MHUH, TIOCIIE YeTO SKCIUIAHTHI MOMeIaiu B pacTBop PVS2 ¢
kpuomnporekropamu (MS ¢ mob6asnenuem 3.26 M rmurepona,
2.42 M stunenrukoss, 1.9 M JIMCO u 0.4 M caxapo3ssl) 1
ocTapisuii Ha 30 MUH Ha JIbAY. DKCIUIAHTHI, IOTPYKEHHbIE B
Karuti pactBopa PV S2, mepeHocii B 3an10MHEHHBIE KUIKAM
A30TOM KPHOITPOOMPKH, KOTOPBIC OMEIIAIHN Ha OJMH Yac B
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cocyn Jlproapa ¢ xuaxuM azotrom. OTranBaHHe Marepuaja
TIPOBOIMIIM TIPH KOMHATHOU TeMITepaType B )KUAKOH cpene RS
(MS ¢ nobasienuem 1.2 M caxapo3sl) B TeueHue 15 muH. 3a-
TEM IKCIUIaHTHI epeHocuin B yatku [letpu co cpenoit MSTo
(MS ¢ nob6asnermnem 0.5 mr/m 3eatnn pudosmuna, 0.5 mr/n
NVK, 0.2 mr/n T'K, 20 r/n caxapo3ssl, 7 1/1 arap-arapa) u
KyJIBTUBUpOBaIK Npu Qotonepuone 16/8 u (cBer/TeMHOTA)
(I"'aBpunenko u mp., 2019).

B BapmaHTax omnpITa C TEMHOBOI MHKYOAIMEH SKCTIIIaHTHI
IMOCJIE€ 3aMOpaXMBAHUA—OTTaUBaHUA TMICPCHOCUIIM B YallIKH
ITerpu co cpemoit MSTo, KOTOpBIE TUIOTHO 3aBOpAYHBAIIN
AIIOMHHNEBOH (OJIBIoi M OCTABISUTH HA TEX JKE CBETOyCTa-
HOBKax Ha 7 nueil. Uepes onHy Henelnto (ojIbry CHUMAIU |
MPOJIOIDKAIN KyJIBTUBUPOBAHNE HKCIJIAHTOB TP (OTOIIE-
puone 16/8 1 (cBeT/TeMHOTA).

B koH1Ie BOCEMOH HEJENIU KyJbTUBUPOBAHMSI I10CIIE 3aMO-
PaXUBaHUSI—OTTAUBAHMS YIUTHIBAIN PETEHEPALIMOHHYIO CTIO-
COOHOCTB 9KCIUIAHTOB B KayK/IOM BAPHUAHTE OTIBITA (HCIIO HKC-
IUIAaHTOB, C(HOPMHUPOBABINUX TOOETH). JJaHHBIC ITpeaCTaBIIIN
B [IPOLIEHTAX K 00IIEMY YHCITy KPHOKOHCEPBUPOBAHHBIX 3KC-
TUIAHTOB. DKCIEPUMEHTHI BBITTOJIHSIIN B TPEX MOBTOPHOCTSIX.

Ilocne TMOJIYYCHUA PE3YIbTAaTOB U3YUCHUS BJIIUSAHUA TEM-
HOBOW MHKYOAIlMM M THIIA SKCIUIAHTOB Ha MOCTKPHOT€HHOE
BOCCTaHOBJICHNE ObIIa MPOBEACHA €IIe OJHA CepHsl KCIIe-
PUMEHTOB IO KPUOKOHCEpBALUU JACBATU JONOJIHUTCIIBHBIX
coprtoB (AHTOHMHA, JIt06aBa, Tyneesckuit, Dputemna, FOrana,
Wpburcknii, Bacunek, I'ynmmmsep, Kyzneuanka). B atoit cepun
HKCIIEPUMEHTOB B KQ)KI0H TOBTOPHOCTH OITBITA M30JHPOBAIIH
1o 20 SKCTIaHTOB Ha COPT Il KOHTPOJSI TOCTKPHUOTEHHON
pereHepanyu M JOMOJIHUTENBHO eme 30 9KCIUIaHTOB C IMo-
CIELYIOLIeH UX 3aKJIaJKOU Ha JUIMTEIbHOE KPUOXPAHEHHE B
o6mokprokomriekc BIP.

JlaHHbBIE TOCTKPHOTEHHOTO BOCCTAHOBJICHUS JICBSITH COP-
TOB CPaBHUBAJIM C YETHIPHMsI [OKa3aTeJsIMH MopQoreHesa
pacteHuit B KynsType in vitro (OBac u ap., 2018): 1) mpomo:-
JKUTEIIBHOCTBIO MIEPHO/IAa OT YePEHKOBAHMS 10 (POPMUPOBAHNS
MHUKPOPACTEHUAMHU ABYX-TPeX MEXIO0Y3Nuil; 2) MPOaoIIKH-
TEJILHOCTBIO MEPHO/Ia OT YEPEeHKOBAHUS 10 (popMHUpOBaHNUS
MHKPOPACTEHUSIMU YETHIPEX-IIECTH MEXI0Y3IHiA; 3) Tpo01-
JKUTEJILHOCTBIO MIEpHOJIa aKTHBHOTO POCTa MUKPOPACTEHHUH;
4) MPOOIKUTENFHOCTBIO BCETO BETETAIIMOHHOTO TIEPHOAA
MHUKPOPACTEHUH — OT YePEHKOBaHMUS 10 (OPMHUPOBAHUS HMHU
MHUKpOKITyOHEH. Kpome Toro, yunThIBaam «Bo3pact MEPHKIIO-
Ha» — OOIIYI0 MPOJOJKUTEIBHOCTh NPEObIBAHUS TaHHOTO
KIIOHA B KYJIBTYPE 1 Vitro.

O0paboTKy MMOTYYCHHBIX PE3YJIBTaTOB U OIICHKY I0CTOBEP-
HOCTH Pa3ininii MeXIy BapHaHTAMH OIBITOB MPOBOIMIIH C
MIOMOIIIBIO METOJIOB BApUAIIMOHHOM CTaTUCTHKH ({~KpUTEpUit
CrbrofieHTa, KOAQ(UIHMEHT KOPPEIISIIIN), a TAK)KE KOMITbIO-
tepuoit mporpammbel STATISTICA 6.0 (Mmoxynu onHO- U
JBYX(paKTOPHOTO aHAIIN3a).

Pesynbratbl

H3yuyenne BAMSIHUS YCI0BHIT KYTbTHBUPOBAHMS Pa3aIny-
HBIX THIIOB YKCIVIAHTOB HA YACTOTY MX MOCTKPUOTeHHOI
pereHepanmu. Yxe Ha TpeThel Heselle MOoclie 3aMOpayKHBa-
HUS—OTTauBaHMs HAOJFOAAJIM TIOSIBJICHHE TIEPBBIX pereHepaH-
TOB U Ha aleKcaXx MUKPOIOOEroB, 1 Ha Ma3ylIHbIX [IOYKaX B
JByX BapHaHTaxX OIbITAa — KyJIGTHBUPOBAHUE HKCIUIAHTOB B
TEeMHOTE ¥ IpH poTonepuoze 16/8 1 (cM. pucyHok). K xoHimy
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lMocTKproreHHas pereHepaLs copTos KapTodens
B Pa3HbIX YCNOBUAX KyJIbTUBMPOBAHUSA

BOCBMOM HCICIIN KYJIbTUBUPOBAHUA, KOrga MpoOBOAMJIICA YUET
YaCTOTHI HOCTKPHOTEHHOTO BOCCTAHOBJICHHS, THUCIIO PEreHe-
PHPYIOIINX 3KCIUIAHTOB, KaK MPABHJIO, BO3PACTAJIO.

B Tabn. 1 npencrasieHbl pe3ysbTaThl H3yYESHUs! BIUSHUS
YCIIOBUH KYJIIBTUBHPOBAHHMS TIOCIIE 3aMOPAXUBAHUSA—OTTaH-
BaHMS alleKCOB MUKPOIIOOETOB M IMAa3yIIHBIX MOYEK in Vitro
pacTeHuit Ha UX CrOCOOHOCTh K OCTKPUOTEHHOMY BOCCTa-
HOBJIEHHIO. JmnTenbHass TEMHOBAsi MHKYOAIMsl KCIUIAHTOB
HE OKa3blBajla CYIIECTBCHHOTO BIIMSHHS Ha YacTOTY MOCT-
KPHOTEHHOW pereHepaluy n3y4eHHbIX COPTOB, 32 UCKIIIOYe-
HHeM copTta Kpemnsbl, 111 KOTOPOTo OTMEUEHO JOCTOBEPHOE
YBEJIMUCHNE YaCTOThI PETEHEPALMH B BAPHAHTE KyJIHTHBH-
pOBaHMs AIIEKCOB MUKPOIIOOEroB B TEMHOTE MO CPAaBHEHHUIO
C BapHaHTOM KyIBTHBHPOBAaHHA NpH (oromepuone 16/8 4
(cBet/TemuoTa) (£, = 2.8, p < 0.05) (cM. Tabm. 1). B cpennem
M0 CyMMAapHbIM OaHHBbIM, MOJTYYCHHBIM U1 BCEX YETBIPEX
COPTOB, CYIIECTBEHHOTO BIHMAHUS TEMHOBON MHKyOanuu Ha
MOCTKPUOTEHHOE BOCCTAHOBIICHNE KaK alleKCOB MUKpomooe-
OB, TaK M Na3yLIHBIX [IOYEK BhIABIEHO He ObuIO (£, = 0.85,
p>0.05). Pesyasrarsl onHO()AKTOPHOTO aHATH3A TOTBEPIHU-
JIM OTCYTCTBHUE JIOCTOBEPHOTO BIMSAHUS (DAKTOpa «TEMHOBAst
MHKyOaIus» Ha YpOBEHb NMOCTKPHOTEHHOH pereHepanuu
n3y4deHHbIX copToB (p = 0.154).

Bnmsinue THna sKcIulanTa Ha ypoBEHb pETreHEepaIyy I1ociie
OTTauBaHUA YCTBIPEX COPTOB 6])1.]'[0 CTaTUCTHYCCKH 3HAYUMbIM
(p=0.002). YacToTa MOCTKPHOTEHHOH pereHepanny arnekcoB
MHKpo1100eroB Obla gocToBepHO Bhime (p < 0.05), uem y
Ma3yIIHBIX MOYEK, y copTa Yaada (KyJIbTHBUPOBAHUE IPU
thoromreprone 16/8 1) n'y copra Kpensim (KynTsTHBHpOBaHHE
B YCJIOBHSIX TEMHOBOW MHKyOammu) (cM. Tadm. 1). Pesynbrars
JIBYX(paKTOPHOTO AMCIEPCHOHHOTO aHAJIM3a YKa3bIBAIOT Ha
OTCYTCTBHE 3HAYMMOTO 3(PPeKTa COBMECTHOTO JCHCTBUS
JBYX (hakTOpoB Ha CIIOCOOHOCTH COPTOB K MOCTKPHOTCHHO-
MY BOCCTaHOBJEHUIO. OTMEUEHO CTaTUCTUUECKH 3HAYMMOE
BimsHUe reHotuna (p = 0.039) Ha yacTOTy MOCTKPHUOTEHHON
pereHepanuu.

C y4eToM MOJTYYEeHHBIX Pe3yJabTaTOB JalbHEHIITYI0 KPHO-
KOHCEPBAIMIO PACIINPEHHON BBIOOPKM M3 JIEBATH CEJEK-
IIMOHHBIX COPTOB MPOBOAMIM C HUCIOJBE30BAaHUEM alleKCOB
MHKPOIOOET0B, KOTOPBIE [T0CJIE 3aMOPaKNBAHHSI —OTTaHBaHUSI
KyJIBTUBUPOBAIH MpH (hoTomeprone 16/8 1 (cBeT/TeMHOTA).

H3yuyenne noxasaresieii Mopdorenesa in vitro u cocoo-
HOCTH K MOCTKPHOT€HHOMY BOCCTAHOBJIEHHIO Yy CeJleK-
HHMOHHBIX COPTOB KapTodessi. B Tabn. 2 mpencraBieHsl
JIaHHBIC 110 PETEHEPAIIMOHHON CTTOCOOHOCTH alleKCOB MUKPO-
MOOEroB JEBSTH COPTOB KapTO(eJIst TOCIIe 3aMOPAKMBAHHS—
orrauBaHusl. [10 ypoOBHIO NOCTKPUOT€HHOM pEreHepaluu U3y-
YEHHBIC COPTA MOXKHO Pa3/Ie/IUTh Ha JIBE TPYMIIBI: 00pas3Ibl C
pereHepannoHHoi criocodHocThio MeHee 40 % (copra Jlroba-
Ba, TyneeBckuii, Opurenia), i copTa, pereHepallioHHas CII0-
COOHOCTB KOTOpBIX ObLIa BhIE 40 % (AHTOHMHA, pONTCKHH,
Bacunek, I'ynnusep, Ky3neuanka). [TomyueHHbIe pe3ynbTaThl
YKa3bIBalOT Ha cymecTBeHHOe (p < 0.05) BIUsSHEE TeHOTHIIA
Ha 110Ka3aTesb MOCTKPUOTCHHON pereHepariy, 9To OTMeda-
eTcs U B OOJBIIMHCTBE paboT 110 KPUOKOHCEPBALUH PA3HBIX
BHIOB pacTeHH, BKITtodas kaproderns (Bamberg et al., 2016;
Volk et al., 2016; YxaroBa u np., 2017; Vollmer et al., 2017).

B Harueii pabote Obliia n3ydeHa CBsi3b MLy Pa3IMYHbIMU
MOp(OTreHeTHIECKUMH ITPU3HAKAMH — CIIOCOOHOCTHIO COPTOB
K MIOCTKPUOTEHHOMY BOCCTAQHOBJICHHIO U MTOKa3aTeIsIMU (a3
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DopmupoBaHMe NOCTKPUOTEHHbIX PereHepaHToB y copTa Kpenbilw B npouecce KynbTUBMPOBaHMA anekcoB MUKPOMoberos Ha
nutatenbHol cpepe MSTo, oTtonepuop 16/8 U (cBeT/TeMHOTa).

a — 3KCMJIaHT Ha I'IepBOl7| Heflene nocne oTTamBaHus; 6 — noABneHne pereHepaHTa Ha TpeTbeI?l Hefene; 8 — pa3BUTMe pereHepaHTa Ha
BOCbMOW Hefene KynbTUBMPOBaHUA.

Ta6nuua 1. YactoTa NoCTKproreHHow pereHepaumn (%) B pasHbIX yCIOBUAX KyNbTVBMPOBaHUA BYX TUMOB SKCMIAHTOB
(anekcbl MMKpOMO6eros 1 NasyLuHble MOYKM) COPTOB KapTodens

Copt BapwaHTbl onbiTa

MprmeyaHune. 3HaueHUs, OTMeUEHHbIe pPasHbIMK GYKBaMW, AOCTOBEPHO oTnyatotcs (p < 0.05).

Ta6nuua 2. YacToTa NOCTKPUOreHHON pereHepaLmmn cCopToB KapTodena 1 nokasatenu $pas pocta 1 pasButua
in vitro pacTeHUI B NpoLiecce X MUKPOPasMHOXeHNA

Copt YacToTa nocr- MopdoreHeTnueckme nokasatenu (Neproa AOCTUXKEHUA MUKPOPACTEHNAMM Bospact
KpVIOTreHHoM pa3nnuHbIx $as pocTa 1 pasBUTKS, HEN) VNCXOQHOTO
e e

(Ma3a MHTEHCUBHOTO PoCTa MUKpopacTeHnn 3 4

MepUKNOHa,
ner

MpumeyaHune. MopdporeHeTryeckne nokasatenu: 1 — NPOAOIKUTENbHOCTb Nepuofa OT YepeHKOBaHUA A0 GOPMUPOBAHNA MUKPOPACTEHNAMM ABYX-TPEX MEX-
LI0Y3NUiA; 2 — NPOAO/MKNTENIBHOCTb NMeproaa OT YepeHKoBaHVA 40 GOPMUPOBAHNA MUKPOPACTEHUAMUN YETbIPEX-LLeCTV MEeXA0Y3NNIA; 3 — MPOAOCIKUTENIbHOCTb
nepuofa akTVBHOro POCTa MKPOPACTEHWNIA; 4 — MPOAOMKUTENBHOCTb BCErO BEreTaLOHHOro Nepuoga MMKPOPacTeHNI — OT YepeHKOBaHMA A0 GOPMUPOBaHMA
MW MUKPOKYGHEN.
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pocTa v pa3BUTHS in Vitro pacTEHUN B MPOLIECCE UX MUKPO-
pasMHOXKeHHS (cM. Tabm. 2). /lanHbIe MOp(hOTeHeTHIECKHE
MOKA3aTeJIN MPUMEHSIOTCS TIPH BBIPAIIMBaHUN MUKpOpacTe-
HUI C [EIbI0 JaIbHCHIICTO TOTYyUYCHUS] MUHHU-KIYOHEH U B
HACTOSIIEe BPEMsI HAUWHAIOT MCIIOJIb30BAaThCSl B KOMMeEpUe-
CKHX KOMITAaHHSIX, TIPOM3BO/SIIIMX MUKPOPACTEHHS KapTO(eIst
B Oomnpimx oobemax (OBac u ap., 2018).

Tpu copra u3 gesaru (I'ymmmsep, FOrana, AaToHNHA) Xa-
PaKTepU30BAINCh YyCKOPEHHBIM MPOTEKaHNEM (a3 HHTEHCHB-
HOTO pPOCTa MHUKpOpacTeHuil (mokaszarenu 1 u 2), mosTomy
MEPHOJL JOCTHKEHHS MUKPOPACTEHUSAMH 3THX COPTOB CTaH-
JTAPTHBIX pa3MepoB (4—6 MeX10y3JIHMii) He IPEBBIIIAN OHOTO
KalleHaapHoro mecsua (cM. Tabmn. 2). DTH Tpu copTa BblIe-
JSUTUCH TaKKe HanOoJiee KOPOTKOH MPOAOIIKUTEIBHOCTHIO
Mepro/ia akTUBHOTO POCTA in Vitro pacTeHHH (TToKa3areisb 3).
[To3nHuit cpok HacTymiaeHHus (a3bl HHTEHCUBHOTO POCTa
MHUKPOpacTeHUH oTMedeH st coptoB Upourckuii 1 Opu-
tesuta. Hanbompmas mpoaoKUTeTbHOCTE BCETO BETeTalH-
OHHOTIO IIEPUOJA B KYJIbTYpE in Vitro OTMEUYEHA Uil MUKPO-
pactenmit copra Kysnewganka (cm. Tabm. 2). Hammuaune cratu-
CTHUYECKU 3HAYMMOH MOJIOKUTENBHON KOPPESILIUUA OTMeUe-
HO Juisi MopdoreHeTnueckux nokasareneit 1 u 2 (r = 0.90),
1u3(=0.96),2u3 (»=0.88),3u4 (r=0.93). B 10 %e
BpeMsl CTaTUCTUUYECKH JOCTOBEPHOI KOPPENSLNH MEXIY
CIOCOOHOCTBIO M3YyUYEHHBIX JAEBATH COPTOB K YCKOPECHHOMY
Mop¢oTreHe3y B YCIOBHAX i1 Vitro U 9aCTOTON UX ITOCTKPHO-
TEeHHOW pereHepanuu He BBIABIECHO. Bo3pacT MepukiaoHa
HE OKa3bIBaJl CYHICCTBECHHOT'O BJIMUAHHA HU Ha IMOKa3aTCIn
Mopdorenesa, H1 Ha YaCTOTY IIOCTKPHOTCHHON PereHepanuy
COpTOB (CM. Tabm. 2).

3aknioyeHune

Pesynbrarsl H3y4eHus NOCTKPUOT€HHOTO pEreHEPallMOHHOTO
MOTEHIMaIa COPTOB KapTodessi B pa3HbIX YCIOBUIX KYJlb-
THBHPOBAHMS YKA3bIBAIOT HA OTCYTCTBHE CYLIECTBEHHOIO
BIIASTHUS JUTUTENILHON TEMHOBOM MHKYOAIMN SKCIUIAaHTOB U
3HAUUTENbHBIN AP deKT THIa FKcIUIaHTa: (PAKTUIECKH Y BCEX
COPTOB YaCTOTa MIOCTKPUOT€HHOH pEreHepaluy aleKCoB MHUK-
porno6eroB Obla BBIIIE, UM Y MA3YIIHBIX TTOYEK. YCTaHOB-
JICHO JOCTOBEPHOE BIUSHIE TeHOTUIIA HA PEereHePaI[HOHHYIO
CIOCOOHOCTH COPTOB IOCTE 3aMOPaKMBAHHMSI—OTTAaUBAHUS.
CriocoGHOCTH COPTOB K MOCTKPHOTEHHOMY BOCCTaHOBJIEHHIO
HE CBsI3aHa CO 3HaUCHUSIMU MOP(OTeHETHUECKUX TTOKa3aTeNe
in Vvitro paCTeHHI; BO3pACT MEPUKIIOHA TAK)KE HE OKa3bIBaJ
CYIIECTBEHHOTO BIIMSHHS HHM Ha ITOKa3aTreian MopdoreHe-
3a, HU Ha 49acTOTy MOCTKPHOT€HHOW pereHepaiy COpPTOB.
B mpakrtuueckoM mnaHe U JalbHEWINEro MOMOIHEHUs
KPHOKOJUICKIIMH COPTOB KapTO(elsi MOXKHO PEKOMEHI0BAThH
MonuduipoBanHblii B BUP Metox nporuiet-Burpudukanmu.
IIpu ero npuMeHEHHH CIIEAYET UCTIONIB30BATh ANTEKCHI MUKPO-
00EeroB, pereHepanusi KOTOPIX MPOBOIUTCS TIPH CTAHAAPT-
HBIX JJIs1 9TOro Metoa ycnosusix (I'aBpunenko u ap., 2019).
Jannbnii metoxn 3¢ dekTuBeH A1 KPHOKOHCEPBAIMHA COPTOB
Pa3IMYHOTO MPONUCXOKACHUS, KOHTPACTHBIX 110 MOpQOTeHe-
TUYECKOMY ITOTEHLIMALY B KYJIBTYpE in Vitro.

Cnucok nutepatypbl / References

T'aBpunenko T.A., dynaeBa C.E., TpyckunoB 2.B., Autonosa O.1O.,
Ienmuuen I'N., Jlynsmuesa 10.B., Porosas B.B., llIBauko H.A.
Crparerust JOJITOCPOYHOTO COXpaHEHHs TeHO(pOHIa BEreTaTHBHO

2019
233

lMocTKproreHHas pereHepaLs copTos KapTodens
B Pa3HbIX YCNOBUAX KyJIbTUBMPOBAHUSA

Pa3MHOXKAEMBIX CEJILCKOXO3SIHCTBEHHBIX PACTCHUH B KOHTPOJHPY-
eMBIX YCIIOBHSX Cpeibl. Tpyasl 1O MPUKI. OOTaHHMKE, TCHETHKE M
ceneknun. CI10., 2007;164:273-283.

[Gavrilenko T.A., Dunaeva S.E., Truskinov E.V., Antonova O.Yu.,
Pendinen G.I., Lupysheva Yu.V., Rogovaya V.V., Shvachko N.A.
A strategy of long-term conversation of vegetatively propagated
crops under controlled conditions. Trudy po Prikladnoy Botanike,
Genetike i1 Selektsii = Proceedings on Applied Botany, Genetics, and
Breeding. St. Petersburg, 2007;164:273-283. (in Russian)]

T'aBpunenko T.A., llIBauko H.A., Boakosa H.H., Yxarosa 10.B. Moau-
(ULIMPOBAHHBINA METOJ JAPOIUIET-BUTPU(DUKALNN ISl KPHOKOHCEP-
BaIMH aTleKCOB i Vitro pacTeHuid Kaprodens. BaBuioBckuil )ypHa
reretuku u cenexmun. 2019;23. DOI 10.18699/VJ19.505.
[Gavrilenko T.A., Shvachko N.A., Volkova N.N., Ukhatova Yu.V.
A modified droplet vitrification method for cryopreservation of
shoot tips from the potato in vitro plants. Vavilovskii Zhurnal Gene-
tiki 1 Selektsii = Vavilov Journal of Genetics and Breeding. 2019;23.
DOI 10.18699/VJ19.505. (in Russian)]

Jynaesa C.E., Ilenaunen 1., Antonosa O.10., IlIsauko H.A., Bon-
xoBa H.H., 'aBpunenxo T.A. CoxpaHeHHe BereTaTHBHO pa3MHOXKae-
MBIX KYJBTYp B in vitro u kpuokoyuekuusx. CI16.: BUP, 2011.
[Dunaeva S.E., Pendinen G.I., Antonova O.Yu., Shvachko N.A.,
Volkova N.N., Gavrilenko T.A. Preservation of Vegetatively Propa-
gated Crops in vitro and in Cryocollections. St. Petersburg: VIR
Publ., 2011. (in Russian)]

Omac E.B., AnncumoB b.B., CumakoB E.A., XKeopa C.B., 'auto-

Ba H.A. OcobenHocTi Mopdorenesa in vitro n OlieHKa peHOTUITHYe-
CKOM MICHTHYHOCTH COPTOBBIX NpU3HAKOB KapTodesst. Kapropens u
osom. 2018;7:33-36. DOI 10.25630/PAV.2018.7.18246.
[Oves E.V., Anisimov B.V., Simakov E.A., Zhevora C.V., Gai-
tova N.A. Peculiarities of morphogenesis in vitro and evaluation of
potato cultivars for compliance. Kartofel i Ovoshchi = Potato and
Vegetables. 2018;7:33-36. DOI 10.25630/PAV.2018.7.18246. (in
Russian)]

Vxarosa 10.B., I'aBpunenko T.A. MeToas! KpHOKOHCEPBAIIMH BETETa-

THBHO Pa3MHOXKAeMbIX KYJIBTYPHBIX pacTeHMil. buorexnomorus u
cenexnust pacrennit. 2018;1(1):52-63. DOI 10.30901/2658-6266-
2018-1-52-63.
[Ukhatova Yu.V., Gavrilenko T.A. Cryoconservation methods for
vegetatively propagated crops (review). Biotekhnologiya i Selek-
tsiya Rasteniy = Plant Biotechnology and Breeding. 2018;1(1):52-
63. DOI 10.30901/2658-6266-2018-1-52-63 (in Russian)]

Vxarosa }0.B., Osac E.B., Bonkosa H.H., ['aBpunenko T.A. Kpuoxon-

cepBalys CeJIeKIMOHHBIX copToB Kaprodens B BUPe. Tpynsr mo
puKII. OoTanuke, reneruke u cenexkuun. CI10., 2017;178(3):13-20.
DOI 10.30901/2227-8834-2017-3-13-20.
[Ukhatova Yu.V., Oves E.V., Volkova N.N., Gavrilenko T.A. Cryo-
conservation of potato breeding cultivars at VIR. Trudy po Priklad-
noy Botanike, Genetike i Selektsii = Proceedings on Applied Bota-
ny, Genetics and Breeding. St. Petersburg, 2017;178(3):13-20. DOI
10.30901/2227-8834-2017-3-13-20 (in Russian)]

Owmnnenko [M. Pa3Butue cuctembl HHU3KOTEMIEpaTypHOrO Xpa-

HEeHUsI U KpHOKOHcepBauuu reHodonna pacrenuit B BUP nmenn
H.J. BaBuosa. Tpy/s! 10 NpHKIL. OOTaHUKE, TEHETUKE U CEJIEKIIUH.
2007;164:263-272.
[Filipenko G.I. Development of the system of low-temperature stor-
age and cryopreservation of plant genetic resources at VIR. Trudy po
Prikladnoy Botanike, Genetike i Selektsii = Proceedings on Applied
Botany, Genetics and Breeding. St. Petersburg, 2007;164:263-272.
(in Russian)]

Bamberg J.B., Martin M.W., Abad J., Jenderek M.M., Tanner J., Don-
nelly D.J., Nassar M.K., Veilleux R.E., Novy R.G. In vitro tech-
nology at the US Potato Genebank. In Vitro Cell. Dev. Biol. Plant.
2016;52:213-225. DOI 10.1007/s11627-016-9753-x.

FAO. Genebank Standards for Plant Genetic Resources for Food and
Agriculture. Rev. ed. Rome. 2014;182.

Jenderek M.M., Reed B.M. Cryopreserved storage of clonal germplasm
in the USDA National Plant Germplasm System. In Vitro Cell.

FEHETUKA PACTEHUI / PLANT GENETICS 285



E.S. Bespalova, Yu.V. Ukhatova, N.N. Volkova
E.V. Oves, N.A. Gaitova, T.A. Gavrilenko

Dev. Biol. Plant. 2017;53(4):299-308. DOI 10.1007/s11627-017-
9828-3.

Kaczmarczyk A., Rokka V.M., Keller E.R.J. Potato shoot tip cryo-
preservation. A review. Potato Res. 2011;54:45-79. DOI 10.1007/
s11540-010-9169-7.

Kim H.H., Yoon J.W., Park Y.E., Cho E.G., Sohn J.K., Kim T.S., En-
gelmann F. Cryopreservation of potato cultivated varieties and wild
species: critical factors in droplet vitrification. CryoLetters. 2006;
27(4):223-234.

Niino T., Valle Arizaga M. Cryopreservation for preservation of po-
tato genetic resources. Breed. Sci. 2015;65(1):41-52. DOI 10.1270/
jsbbs.65.41.

Panis B., Piette B., Swennen R. Droplet vitrification of apical meri-
stems: a cryopreservation protocol applicable to all Musaceae. Plant
Sci. 2005;168:45-55. DOI 10.1016/j.plantsci.2004.07.022.

Panta A., Panis B., Ynouye C., Swennen R., Roca W., Tay D., Ellis D.
Improved cryopreservation method for the long-term conservation
of the world potato germplasm collection. Plant Cell Tissue Organ
Cult. 2015;120:117-125. DOI 10.1007/s11240-014-0585-2.

ORCID ID
T.A. Gavrilenko orcid.org/0000-0002-2605-6569

Post-cryogenic regeneration of potato varieties
under different cultivation conditions

Shvachko N., Gavrilenko T. Cryopreservation of potato landraces us-
ing droplet-vitrification method. In: Grapin A., Keller J., Lynch P.,
Panis B., Revilla A., Engelmann F. (Eds.). Cryopreservation of Crop
Species in Europe: Proc. of COST Action 871 Final meeting. An-
gers, France, 2011;135-137.

Volk G.M., Henk A.D., Jenderek M.M., Richards C.M. Probabilistic
viability calculations for cryopreserving vegetatively propagated
collections in genebanks. Genet. Resour. Crop Evol. 2016;64(7):
1613-1622. DOI 10.1007/s10722-016-0460-6.

Vollmer R., Villagaray R., Cardenas J., Castro M., Chavez O., An-
glin N.L., Ellis D. A large-scale viability assessment of the potato
cryobank at the International Potato Center (CIP). In Vitro Cell.
Dev. Biol. Plant. 2017;53(4):309-317. DOI 10.1007/s11627-017-
9846-1.

Vollmer R., Villagaray R., Egusquiza V., Espirilla J., Garcia M., Tor-
res A., Rojas E., Panta A., Barkley N.A., Ellis D. The potato cryo-
bank at the International Potato Center (CIP): a model for long term
conservation of clonal plant genetic resources collections of the fu-
ture. CryoLetters. 2016;37(5):318-329.

BnarogapHocTu. ABTOPbI BbipaxkatoT 61arogapHocTb K.T.H. J1.K0. HOBMKOBOW 3a MOMOLLb B CTaTUCTMYECKO 06paboTKe AaHHbIX. PaboTa BbinonHeHa npu
noafepxke nognporpammbl KIMHW «PaserTre cenekumm n cemeHoBoacTBa kaptodena B Poccuiickorn Oepepaumn» OegepanbHON HayYHO-TEXHUYECKO
NPOrpamMmbl PasBUTUA CENTIbCKOTO X03AncTBa Ha 2017-2025 roapbl (N2 0481-2018-0023). In vitro kKonnekuuto Kaptodens, BxoasLyyto B coctas LIKIM YHY
«Konnekuyms BMP», 06pa3Lbl KOTOPOI1 6bin NCMOMIb30BaHbI A1 KPUOKOHCEPBaLUK, NOAAEPKUBaANY B pamMmKax Nporpammbl 0662-2019-0004.
KoH$nuKT nHtepecoB. ABTOPbI 3asBAAIOT 06 OTCYTCTBUM KOHONIMKTA MHTEPECOoB.
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