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HccnenoBany BIusHAE METOa OBICTPOTro 3aMOpaXKUBAHMS C HCHONIb30BaHUEM BUTPHHIIPYIoIerocs pactsopa PVS2 Ha meprcTemsr
kapTodens u BuHOrpana. IIpuBeeHsl pe3ynbTaThl COXPAHHOCTH MEPHUCTEM Ha 5-¢ CYTKH KyIbTHBHPOBAHHS MOCIE

KPHUOKOHCEPBUPOBAHUA.

Knrouessle cnoga: MepucteMa, IeTHApaTaLis, KpHOKOHCEPBUPOBAHNE, BUTPUPHUITMPYIOMINIiCS pPacTBOP, OBICTPOE 3aMOpaXXUBaHUE,

IJIa3MOJIN3.

JocnimKyBany BIUTHB METOAY IIBHUAKOTO 3aMOPOKYBaHHS 3 BUKOPHCTAHHIM pO34HHY [uig Bitpudikanii PVS2 Ha Mepuctemu
KapToIUli Ta BUHOrpany. HaBeaeHo pe3ysnbTraTu LijocTi MepucTeM Ha 5-Ty 100y KyJbTHBYBaHHs MICIs KPiOKOHCEPBYBaHHS.
Knrouoei cnosa: mepucrema, Ierinparaiis, KpioKOHCEPBYBaHHS, PO3YHH JUIS BITpUQiKalii, IIBUAKE 3aMOPOKYBaHHS, TUIa3MOJIi3.

The effect of the rapid freezing method using PVS2 vitrifying solution on potato and grape meristems was under study. There were
presented the results of meristem integrity to the 5" day of culturing after cryopreservation.
Key-words: meristem, dehydration, cryopreservation, vitrifying solution, rapid freezing, plasmolysis.

g XpaHeHMs] TeHETUYECKON IJIa3Mbl PaCTEHUH,
Pa3sMHOXKAIOLINXCS BEreTaTUBHBIM IIyTeM, Hanbomee
4acTO MCIOJIB3YIOT MEPUCTEMBI, U3 KOTOPBIX MpHU
YCHEIHOM KPHOKOHCEPBUPOBAHUHU MOYHO MOJIYYHUTh
00pa3mbl, cBOOOJHBIE OT BUPYCOB, UIACHTHYHbBIC
maTepuHCcKOoMYy pacTeHuo [1]. CymecTByOT 1BE
OCHOBHBI€ TPYIIIBI METOZOB KPUOKOHCEPBUPOBAHHS:
KJIACCUYECKHE, OCHOBAHHBIE Ha MEJIEHHOM OXJIaX-
JIEHUH 10 ONPEIeNIEHHON CyOHYIEeBOH TeMIepaTyphl
C JaJbHEHIINM MIOTIPYXEHHEM B XUJIKHU a30T; U
METO/Ibl, OCHOBaHHbIE HA BUTpHuKamu [2]. OcoOblii
HMHTEpPEC B HAIIUX UCCIECIOBAHMAX MPEICTABISIOT
METOABI OBICTPOTO 3aMOpPaXKUBAHUSI.

[To mannpM [11], mpu MeIEeHHOM 3aMOpaXXUBAHUU
HEeoOXOIUM JTUTENBHBIN 3Tl KyIbTUBUPOBAHHS IIOCIIE
OTOTpEBa, TAK KaK BO3MOYKEH POCT IPOPOCTKOB YEPE3
CTagMI0 KaJIycooOpa3oBaHUsA, a IpHU OBICTPHIX
peXuMax 3aMOpaXUBAaHUS BCE COXPaHHBIE MEpPHC-
TeMbI 00pa3yroT noderu. B pabore ucnonszoBanu
MeToJ OBICTPOro 3aMOpaKMBaHWS Ha OCHOBE
BUTPpUDUITHPYIOMKXCS pacTBOPOB. BriepBrie BRICOKHE
KOHI[EHTpAlUd BUTPUDHIMPYIONIUXCS PACTBOPOB
npumenun Fahy 11st kpuokoHcepBupoBaHHUS SMOPHO-
HOB XMBOTHBIX [3]. KpronpoTeKkTopbl B BBICOKHX
KOHLEHTPAUAX CYIIECTBEHHO NETHAPATUPYIOT
LUTO30JIb 0€3 MOBPEXKACHUH, TaK YTO OH IIEPEXONT B
BUTPU(ULIMPOBAHHOE COCTOSIHUE MIPU TTOMELICHUH B
XKUAKUKA a30T. Hanbonee yacTo A KPHOKOH-
CEPBHUPOBAHMS MEPHUCTEM MCIOIB3YIOT MATOTOKCHY-
HBIU BUTpUpUIHpYoIHiics pactBop PVS2 (plant vitri-

To store genetic plasma of plants, whose propa-
gation is vegetative, the meristems, able the producing
of virus-free samples identical to mother plant, are used
more frequently [1]. There are main cryopreservation
methods: classic ones, based on slow cooling down to
certain subzero temperature with following immersion
into liquid nitrogen and those based on vitrification [2].
The methods of rapid freezing are of special interest.

According to the papers [11] under slow freezing
the long stage of culturing after thawing is essential,
because the growth of out-growings via the stage of
callus-formation is feasible, and under rapid freezing
regimens all survived meristems form the sprouts. In
our research we used the method of rapid freezing
basing of vitrifying solutions. For the first time high
concentrations of vitrifying solutions were applied by
Fahy to cryopreserve animal embryos [3]. Cryo-
protectants under high concentrations significantly
dehydrate cytosol without damages so that it getting
vitrified when placing into liquid nitrogen.

Glycerol-based vitrifying solution of low toxicity is
frequently used to cryopreserve meristems: PVS2
(plant vitrification solution), 30% glycerol+15%
ethylene glycol+15% DMSO +0.4% sucrose in liquid
nutrient that does not penetrate into cytosol during
dehydration [11].

To strengthen the resistance to a strong dehydration
the plants are treated. Cut apices of growing germs,
hardened under lowered temperatures in vitro, are
pre-cultured in the medium with high concentration of
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fication solution), IMerOIITHI TITUIIEPHHOBYIO OCHOBY:
30% mmunepuna + 15% stanenrmmkons + 15% JIMCO
+ 0,4M caxapo3sl B JKHJKOM NMHUTATENbHOH Cpele,
KOTOPBHI HE MPOHHUKAET B LHUTO30Jb B TEUCHHE
npouecca aeruaparanuu [11].

g ycuneHust yCTOWIMBOCTH K CHIIBHOM leruapa-
TallMM pacTeHUs NMoABepraioT oopadoTke. Briceuen-
HbI€ almeKChl 3aKaJeHHBIX MM He3aKaJeHHBIX
IIOHW>KEHHBIMM TEMIIEpATypPaMH i1 Vitro pacTylIux
IIPOPOCTKOB MPEIBAPUTEIHHO KYJIFTUBUPYIOT Ha CpEsie
C BBICOKOM KOHIIEHTparue caxapossl [7, 10]. Hacro
[IOCJIE TIPEABAPUTEIHHOTO KyJIFTHBUPOBAHNS AlIEKCHI
00pabaTeIBalOT HACHIAIOIMUM pacTBopoM: 2M
utiepuHa + 0,4M caxapo3si [6, 9].

[Ipumensnu AByx3TamHyro aeruaparanuio [9] c
Pa3IUYHBIMM METOJaMHU MPEIBAaPUTENFHOIO KYJIbTHU-
BUPOBAHUSI.

Martepnanbl 1 meToAbI

B paGore ucmons3oBanu MeprcTeMbl KapTodess
(Solanum tuberosum) v Bunorpana (Vitis vinifera L).
ATMKaIbHBIE TOYKH OpaJii OT MATEPUHCKUX PaCTEHUN
1 KyJIbTUBUpOBaNH Ha cpene Mypacure u Ckyra[1] B
ycaoBusx ¢utoTpoHa mpu temmneparype 23+2°C,
dotonepuoze 16 4 1eHb/8 4 HOUb U MHTEHCHUBHOCTH
ocBeleHnsa 1-2 TeIC. JIOKC.

[IpopocTku kaptodenss Ha 4-ii Hepene KylbTH-
BUPOBaHMA MOABEpPraiu ACHCTBUIO MOHUKEHHBIX
temnepatyp 8+2°C Houbto u 23+2°C gHEeM u
¢oronepuony 16 4 HOub/§ 4 JeHb B TeueHue 18 cyT.
BboxoBele MepucTEMBI ¢ 2-3 JTHCTOBBIMU IPUMOP-
IUSIMH BBICEKaNM JJIsl SKCIIepUMEHTa. BriceueHHbIe
arneKchl IPeIBapUTENbHO KYIBTUBUPOBAIN 3 CYT B
0,IM u 1 cyt B 0,7M pactBopax caxapo3ssl. Ilocie
3TOTO MEPHCTEMBI MOABEPTaju ABYXITATHOMY
JNEeTUIPATUPOBAHUIO: alleKChl momMemianu B 50%-i
PVS2 npu 10°C na 30 mus, 3atem B PVS2 mpu 10°C
Ha 60 MuH.

[IpopocTky BUHOTpaga HE MOABEPTaIN BO3JEH-
CTBHUIO NMOHMKEHHBIX TeMIepaTyp. BriceueHHble
anekcsl noMemmany B 0,3M pactBop caxapo3sl Ha 20 4,
3aTeM Hachlaau pactsopoM 2M mmnepusa + 0,4M
caxapo3bl 30 muH nipu 25°C. Tloce 3Toro MeprucTeMsl
neruapatuponanu 30 mus B 50%-m PVS2 u 60 Mun B
PVS2 npu 3°C.

JderunparupoBaHHbIE MEPUCTEMBI 00EUX KYJIBETYP
Ha KyCouKax (UIBTPOBajIbHONU OyMaru, CMOYCHHOU
PVS2, nomerany B INIOCKKUE aJTIOMHHUEBBIC SUEHKU
st ICK (d=5 mM 1 h=1 MMm), city’KUBIIIHE KOHTEHHE-
pamu, ¥ 3aTeM 3aMOPaKUBANIN MTPSIMBIM TIOTPYyKEHHEM
B JKUJIKMH a30T. 11 oTOrpeBa KOHTEHEPHI TOMEITAIN
B BoasiHyto OaHnio mpu 37°C. OTMBIBaHHE OT KPHO-
MPOTEKTOpa MPOBOJAUIM CTYyNEHYATO: CHadajia B
50%-m PVS2 20 mun npu 10°C mst kaptodens u 3°C
IUIs BUHOTpaza, 3ateM 60 MUH B pacTBOpE caxapo3bl
IU1s KapToelis U B PaCTBOPE Caxapo3bl C NIULIEPHHOM
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sucrose [10, 7]. After pre-culturing the apices are
often treated with saturating solution: 2M glycerol+0.4
sucrose [9, 6].

In our research two-stage dehydration was used
[9] with various pre-culturing methods.

Materials and methods

In research potato (Solanum tuberosum) and
grape (Vitis vinifera) meristems were used. Apical
buds derived from mother plants were cultured in the
medium of Murashige and Scoog [1] under phytotron
conditions at 234+2°C, photoperiod of 16 hrs (day)/ 8
hrs (night) and illumination intensity of 1-2 thousand
luxes.

Potato germs to the 4™ week of culturing were
exposed to lowered temperatures 8+°2°C in the night
and 23+2°C during the day and photoperiod of 16 hrs
night/8 hrs day for 18 days. Side meristems with 2-3
leaf primordia were cut for the experiment. Cut apices
were pre-cultured for 3 days in 0.1M and for 24hrs in
0.7M sucrose solutions. Afterwards the meristems
were subjected to two-stage dehydration: apices were
placed into 50% PVS at 10°C for 30 min and then in
PVS2 at 10°C for 60 min.

Grape germs were not exposed to lowered
temperatures. Cut apices were placed into 0.3M
sucrose solution for 20hrs, then they were saturated
with the solution of 2M glycerol+ 0.4M sucrose for 30
min at 25°C. Afterwards the meristems were
dehydrated for 30 min in 50% PVS2 and for 60 min at
3°C.

Dehydrated meristems of both cultures on the
pieces of PVS2 wetted filter paper were placed into
flat aluminium wells for DSC (d =5 mm and h = 1
mm), which served as the containers. Afterwards their
freezing was accomplished by direct plunging into liquid
nitrogen. To thaw the material the containers were
put on water bath at 37°C. Cryoprotectant washing-
out was performed stepwise: first in 50% PVS2 20
min at 10°C for potato and 3°C for grape, then 60 min
in sucrose solution for potato and in the solution of
sucrose with glycerol for grape at room temperature.
Meristem survival was found on the integrity of apical
dome and primordial leaves under microscope. Cut non-
dehydrated meristems and those after dehydration with
PVS2 served as the control.

Results and discussion

Integrity of potato meristem to the 5" day after
freezing was 100% for the control (non-frozen) and
non-treated apices. Dehydrated meristems, but not
frozen, showed 90% survival and cryopreserved ones
demonstrated 80%, that was supported with other
results [6]. Hardened potato meristems were not
subjected to treatment with saturating solution. There
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IJIsl BUHOTpaZa MpU KOMHATHOW TeMmIepaType.
CoxpaHHOCTh MEPUCTEM OIPENEIAIN M0 LEIOCT-
HOCTH aNMKaJbHOTO KyIOjJa M MPUMOPAUAIBbHBIX
JIUCTBEB MoJ MHKpockonoM. KoHTponeM ciyxuin
BBICCUEHHBIE HEAECTUAPATUPOBAHHBIE MEPUCTEMBI U
MEpHCTEMBI Tocie aeruaparanud PVS2.

Pe3yAbTaTbl M 00CyXXAeHHe

CoxpaHHOCTh MEPHCTEM KapTOQelis Ha 5-€ CyTKH
mocie 3aMopaxkuBaHusg cocrtapisana 100% mms
KOHTPOJIBHBIX (HE3aMOPOKEHHBIX ) 1 HEOOPaOOTaHHBIX
anekcoB. MepucTemsl, MPOIIEIINE 3TalNl JAeTHAPa-
TallMi, HO HE3aMOPOXKEHHBIE, moka3anu 90%-1o
COXPaHHOCTh, a KpHOKOHCEpBUpOBaHHBIE — 80%-10,
YTO BIOJHE COTJIacyeTcs ¢ pe3yiabraramu [6].
3akaneHHbIE MEPHCTEMBI KapTodes He TOABEpTain
00paboTKe HACHIIIAOINM pacTBOpoM. CylIeCTBYIOT
Ppa3HbIe MHEHHUS O BIUSHUU MTOHMKEHHBIX TEMIIEPATYP
Ha MepucTeMbI KapToderst 1 HeoOXOAUMON P ATOM
npenBapurTenbHoll 00padboTke. OXHU aBTOPHI [5]
CUHUTAIOT, YTO KapTo(denb OTHOCHUTCS K PACTCHHSIM,
KOTOpbI€ HE MEPEeHOCIT AEHCTBUS MOHM)KEHHBIX
TEMIIepaTyp, Ipyrue, 4To 3aKaIuBaHUE, COBMEIIICHHOE
¢ 00paboTKO# HACHIIIAIOIIMM PACTBOPOM, yITydIIaeT
KU3HECIIOCOOHOCTh KPHOKOHCEPBUPOBAHHOTO MaTe-
puana [6]. M3BecTHO, YTO Ha dTare 3aKaJUBaHUS B
PaCTeHHAX CHHTE3UPYIOTCS YIIIEBOIBI, aOCIM30Bast
KHCIIOTa, aMUHOKHUCIIOTBI, KOTOPBIE BBIMOIHAIOT POJIb
9HJOT€HHBIX KpuonpotekTopoBs [8]. [loaToMy MBI
pemwnnn He oOpabaThIBaTh 3aKajleHHBIE aleKChl
kapTodens HackImaromumM pacropom. [Ipu npensa-
PUTEIBLHOM BBIPAIIUBAHUHU all€KCOB, BHICEUYCHHBIX U3
3aKaJICHHBIX MATEPUHCKUX PACTCHUH, Ha TUTATELHON
cpelie ¢ BBICOKOM KOHLEHTpaluel caxapo3bl POUC-
XOJAUT YMEPEHHBIA MJIa3MOJIU3 KIETOK, KOTOPbII
CIIOCOOCTBYET YIIYYIIEHUIO yCTOHYUBOCTH MEPUCTEM
K JIeruipaTtaiiyl BUTPHQUIUPYIOIIUMCS PACTBOPOM
[5] 1 KOHIIEHTPUPOBAHUS HAKOTUIEHHBIX TPH 3aKaJIH-
BaHWM DHIOTEHHBIX BEMIECTB [4].

CoxpaHHOCTh MEPUCTEM BUHOTPAJIAa HA 5-€ CyTKH
KyJIbTHBHPOBAHHS TOCIe KPUOKOHCEPBUPOBAHUS
cocraisuia 75%. KonTponbHble (He3aMOPOKEHHBIE)
arnekcel, oopadoranasie PVS2, mokazanu 80%-10
COXPaHHOCTbh. Y BBICEYCHHBIX, KOHTPOJIBHBIX MEPHC-
TEM COXpaHHOCThb cocTaBisia 100%, naHHble HE
MIPOTHBOPEYIAT pe3yibraram [9].

PacTenus BuHOrpajia He MOoABEPrajIuch JACHCTBUIO
HHU3KHX IMOJOXUTENBHBIX TeMIIEpaTyp, MO3TOMY
OCHOBHBIM dTaroM KpHUO3aIUThI CIyXuiia 00padboTka
HAaCBHIIIAIONUM PAcTBOPOM, KOTOpas MPHUBOJAWIIA K
[IPOHUKHOBEHUIO B KJIETKY KPUOMPOTEKTOPA (IWIHIIe-
pHHA) COBMECTHO C YMEPEHHBIM IJIa3MOJIU30M,
BBI3BaHHEIM Caxapo30Hu.

ButpudukanmnoHHOe COCTOSIHHE IPHU 3aMopa-
JKUBAaHUM Kak KapTtodeis, TaKk U BHHOTPaAa JOCTH-
raercs KOHLUEHTPUPOBAHUEM KPUOMPOTEKTOPHBIX
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are various opinions about the effect of lowered
temperatures on potato meristems and essential in this
case pre-treatment. Some authors believe that potato
is referred to the plants, not surviving the effect of
lowered temperatures, others consider that hardening
combined with treatment by saturating solution
improves the viability of cryopreserved material [6]. It
is known that at the stage of hardening in plants there
are synthesised carbohydrates, abscise acid, amino
acids, which act as endogenic cryoprotectants [8].
Therefore we decided do not treat hardened potato
apices with saturating solution. During preliminary
growing of apices, cut out of hardened mother plants,
on a nutrient medium with high sucrose concentration
there is moderate cell plasmolysis, which contributes
to the improvement of meristem resistance to
dehydration by vitrifying solution [5] and concentrating of
accumulated during hardening endogenic substances [4].

Integrity of grape meristems to the 5" day of
culturing after cryopreservation made 75%. Control
(unfrozen) PV S2-treated apices showed 80% survival.
In cut control meristems the integrity made 100%, the
data are not in contradiction with other results [9].

Grape plants were not subjected to the effect of
low positive temperatures, therefore their treatment
with saturating solution served as the main stage of
cryoprotection. This treatment results in cryoprotectant
(glycerol) penetration into a cell jointly with moderate
sucrose-caused plasmolysis.

Vitrification state during freezing of both potato and
grape is achieved by the concentrating of cryo-
protective substances in apical cells as the result of
dehydration when placing meristems into vitrifying
solution [5].

Conclusions

1. Use of the mentioned regimens to prepare potato
and grape meristems to freezing enables to obtain high
integrity indices after cryopreservation.

2. For further optimisation of cryopreservation
conditions it is necessary to examine the viability indices
of meristems.
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