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IIpencraBneHs cpaBHUTETBHBIE JaHHBIC KPHOKOHCEPBUPOBAHHS MEPHCTEM KapTO(elis IT0 pa3HBIM IPOTOKOJIAM 3aMOPaKUBaHHS.
HccnenoBana BO3MOXHOCTh BapbHPOBAHHS YCIOBUSMH MOATOTOBKH AIIEKCOB (BEPXYIIEYHBIX TOYEK POCTa) K KPHOKOHCEPBHPOBAHUIO
C UCTIONB30BaHUEM MeTozaa BuTpudukarun. [Ipeanoxen BUTpUPHIUPYIOMHUICS pacTBOp MOAU(UIMPOBAaHHOTO coctaBa PVSN.
YcraHoBIEHA BO3MOXHOCTB HCKITIOUSHHMST HEKOTOPBIX 9TANOB IPEIBAPUTEIBHON ITOJTOTOBKI MEPUCTEM K 3aMOPAXKUBAHUIO O€3 ITOTepH

COXpPAaHHOCTHU KPUOKOHCEPBUPOBAHHOI'O MaTepuraja.

Kniouegwie cnosa: xaprodens, MepucTeMa, KpHOKOHCEPBHPOBAHUE, BUTPH (UKL, BUTPUPUITPYIOIIHUICS pacTBOP.

IpencraBiaeHO MOPIBHSIBHI PE3ysbTaTH KPiOKOHCEPBYBAHHS MEPHCTEM KapTOILUI 3a PI3HMMH HMPOTOKOJIAMH 3aMOPOXKYBAaHHS.
JocnimkeHa MOXIIMBICTh BapiFOBaHHS YMOBaMH ITiITOTOBKH aIleKCiB 10 KPiOKOHCEPBYBaHHS 3 BAKOPUCTAHHSIM METONY BiTpHdikarii.
3anponoHoBaHo po3unH MoaudikoBaHoro ckinaxy PVSN, sxuit BiTpuQikyeThcsi. YCTaHOBICHA MOXIUBICTh BUKIIOYCHHS JESIKHX
€TaIliB NOMEPEAHBOT MiATOTOBKH MEPUCTEM JI0 3aMOPOXKYBaHHS 03 BTPaTH LIJIOCTI KPIOKOHCEPBOBAHOTO MaTepiay.

Knrouosi cnosa: xaptomuisi, MmepucTeMa, KpiIOKOHCEPBYBaHHS, BiTpU(DiKallis, po3uuH [T BiTprdikaii.

Comparative data of potato meristem cryopreservation according to different freezing protocols are shown. The possibility to
vary conditions for apexes (shoot-tips) preparing to cryopreservation using vitrification method was investigated. There was pro-
posed a vitrification PVSN solution with modified composition. A possibility to exclude some steps of preliminary meristem
preparing to freezing with no loss in integrity of cryopreserved material was established.

Key-words: Solanum tuberosum, meristem, cryopreservation, vitrification, vitrification solution.

B nocnennee BpeMs Ipu JUIMTEIEHOM XPaHEHUH
BErE€TATUBHO PA3MHOXAIOIIUXCSI U TPONHYECKUX
BUJIOB PACTCHUH IMPOKO IPUMEHSETCS] KPHOKOHCEPBHU-
poBaHue Ha OCHOBE MeTo1a BuTpudukaumu [15]. s
pa3paboTKH MeToa KPHOKOHCEPBUPOBAHUS PACTCHUH,
Pa3MHOKAFOIIHMXCS KITyOHAMH, MOICTTEHBIM 0OBEKTOM
siBIsieTcst Kaprodens Solanum tuberosum. CymiecTByeT
MHOT'0 METOJIOB 3aMOPaXMBAaHUS MEpHCTEM KapTode-
JI51, OJTHAKO HAHOOJIee YacTo UCIONB3YIOTCS KalleIbHbIH
MeTOJl (MEPUCTEMBI IIOCIIE BBICEUEHHS MIOMEIIAIOT B
karensku 10%-ro IMCO Ha OTKpBITYIO IUTACTUHY U
3aMOPaKUBAIOT MPSMBIM HOTPYKCHHEM B KHIKHMA
azor [8, 13]) u 2-3TanHbIil (KOHTEHHEPHI C MEPHUCTE-
maMH, HachlmeHHBIMH 10%-Mm [IMCO, oximaxnaioT
co ckopocthio 0,3-0,5°C/mun no —40°C u 3arem
MOTPY>KAaIOT B KUAKHUA a30T) [19]. Meron Butpudu-
Kallu# JUIsl KpHOKOHCEPBUPOBAHUSI MEPHCTEM KapTo-
(ens uCcmoNB3yeTCs PEeaKo, YTO CBSI3aHO CO CIIOXK-
HOCTBIO TIOJTOTOBKH MaTepHuaia K 3aMOpaXHBaHHIO.

[Ipu KpHOKOHCEPBHUPOBAHUN OHMOJOTHUECKUX
00BEKTOB METOJOM BUTPHUGPUKAIUU UCIOJIB3YIOT
CMECH PAa3JIMUYHBIX KpUONPOTEKTOpoB. B fnonun
rpynmnoi Sakai pa3paboTtaHa cepusi pacTBOpoB PVS
(plant vitrification solution): pactBop PVS1 — mnsa
3aMOpaXKMBaHUs KJIETOYHON CYCICH3MH U MEpHCTe-
MaJIbHBIX TKaHeW Asparagus [20], pactBop PVS2
W3HAYaJIbHO OBLI MPEAJIoKeH ISl KPUOKOHCEPBU-

Cryopreservation, based on vitrification method has
been recently applied for a long-term storage of clonal
and tropic plant species [15]. Solanum tuberosum
potato is a model object to develop cryopreservation
method for tuber-bearing plant. There are many
methods for potato meristem freezing, but the most
often applied is a droplet one (meristems after cutting
are placed in 10% DMSO drops on an open plate and
frozen by a direct immersion into liquid nitrogen [8,
13]) and 2-step one (containers with 10% DMSO-
saturated meristems are cooled with 0.3-0.5°C/min rate
down to —40°C and then immersed into liquid nitrogen
[19]). Vitrification method for potato meristem
cryopreservation is not frequently used due to a difficult
material preparing to freezing.

When cryopreserving biological objects using
vitrification method one uses mixtures of different
cryoprotectants. In Japan the Sakai’s group has
developed PVS (plant vitrification solution): PVS1
solution to be applied for freezing cell suspension and
Asparagus meristemal tissues [20]; PVS2 was initially
proposed to cryopreserve citrus cell culture [16], but
now it is successfully applied for apexes of more than
200 plant species, including potato [7]; PVS3 solution
is for Wasabi, Asparagus, Allium meristem cryo-
preservation [9], and PVS4 for Wasabi meristems
[12]. In USA the group of researchers headed by
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POBaHMSI KYJIBTYPHI KIIETOK IUTPYCOBBIX [16], omHaKO
ceifuac ycIenrHo NpuMeHseTcs 11 KpHOKOHCEPBHPO-
BaHUs arekcoB Oornee 200 BUIOB paCTeHUN, BKITFOUAS
kaptodens [7]; pactBop PVS3 — nns xpuoxon-
cepBupoBanus MmepucteM Wasabi, Asparagus, Allium
[9], a PVS4 — mepuctem Wasabi [12]. B CIIA
Tpynnou HcciaeaoBaTesied moJ pyKOBOACTBOM
Steponkus paszpabotaH pacTBOp, BKIHOYAKIIAI
HECBOWCTBEHHBI PACTEHHUSAM KOMIIOHEHT — ObIYHU
anp0yMHH, KOTOPBII UCIONB3YeTCs U1 KPHOKOHCEP-
BUPOBaHMsI KJIIETOYHOM cycneH3uu Brassica, poTo-
rtactoB puca [11], rBo3nuku [10], 6arara, mepucrem
kaptodens [S]. Ipynmna Towill mis 3amopakuBaHus
MepHuCTeM MSATH M 0aTaTta MPUMEHSET PacTBOp,
cofiepKaluil BBICOKOMOJIEKYISIPHBINA KPUOTIPOTEKTOP
[150-8000 [18].

MHorue ucciaenoBaTeny NOIy4YaroT BBICOKUH
MPOLEHT XU3HECIIOCOOHOCTH MPHU HCIOJIb30BAHUH
pactBopa PVS2 mo meTonuke, kotopas crala
KJ1accuueckoid. MeTosr OCHOBaH Ha IIpeABapUTEILHOM
KyJbTHBHPOBAHNUY BBIICTICHHBIX JIJISl 3aMOPAKUBAHUS
MEpHCTEM Ha MUTATENbHBIX CPeaX C MOBBIMICHHON
KOHIIEHTpAIe caxapo3bl, 00pabOTKe KPHUOMPOTEK-
TOpaMHu U JeTHApaTaluil MEPUCTEM BBICOKHMU
KOHIIEHTPAIUSIMHI BUTPUPHUIUPYIOMIUXCS PACTBOPOB
[IpU TIOHIDKEHHBIX TeMIIepaTypax C MOCIEAYIOINUM
OTMBIBaHHEM Ioclie oTTauBanus [17].

[IpenBaputenbHOE KYyIETUBUPOBAaHHE BEICEUEHHBIX
ameKCcoB Ha MHUTATENIbHBIX cpefax, 00OTameHHbIX
caxaposoii (0,3-0,7 M), sSBisieTCS MEPBBIM 3TAIOM
noarotoBku. CyIiecTByeT MpenIoNoKEeHUe, 4To Ha
3TOM 3Talleé MPOUCXOAUT HAKONJIEHHUE CaXapos,
KOTOpBIE YBEIMYMBAIOT CTa0MIIM3aLUI0 MEMOpaH B
YCIIOBUSIX CUIIBHOM JeTuapaTai [4].

[Tomemenne anekcoB HEMOCPEACTBEHHO B PVS
4acTO MPUBOAUT K MOBPEXKIEHHUIO KIETOK M3-3a
BBICOKOM OCMOTHYHOCTH pacTBopa. UToOs! n3bexarsb
3TOT0, IIPOBOJIAT ATAIl IPEABAPUTEIHHOTO HACHIIIICHUS
MEpHCTEM KPHOMPOTEKTOPOM: alleKCHI BBIIEPKUBAIOT
[IpM KOMHaTHOW TeMrieparype B TeueHue 20 MUH B
pacTBope, KOTOPBII COCTOMT U3 2 M minnepuHa H
0,4-0,6 M caxapossl [7]. Ha aTom aTare HabmonaeTcs
CUJIbHBIN TIa3MOJIU3 KIJIETOK, KOTOPBIA CONMpPOBOX-
JIaeTCs He3HAYUTENLHBIM MPOHUKHOBEHUEM TIIHIEPHHA
B 1iuT0301b [ 12]. [Ipennonaraercs, 4TO HOJOKUTEIb-
HBIH 2 dexT AeiicTBHUs HACHIIAIONIETO PacTBOpa
00yCJIOBJIEH KOHIICHTPUPOBAHUEM B KJIETKE KPHOIIPO-
TEKTOPHBIX BEIIECTB, HAKOTJIECHHBIX B TEUEHHE
MIpeIBapUTEIHHOTO KyJIFTUBUPOBAHUS C CaXapo30il U
3aIIUTHOTO ACHWCTBUA MEPBUYHOTO MJIIa3MOJIH3A.
Hanwuwne Hacelmaromero pacTBopa B OKOJIOMPO-
TOIUIACTHOM IMPOCTPAHCTBE IJIA3MOJIU3UPOBAHHON
KJIETKH MOXET TaK)Ke YMEHBIIATh MEXaHUYECKUU
CTpecc, BbI3BAaHHBIN CUIbHOM neruapartauuei [12].

ITo crangaptuoit metoauke [10, 12] neruapa-
TaIUIO TMPOBOJAT B JiBa 3Tana. CHadama MeprUCTEMBI
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Steponkus has developed the solution, including a non-
inherent to plant component: bovine albumin, which is
used to cryopreserve Brassica cell suspension,
protoplasts of rice [ 11], pink [10], sweet potato, potato
meristems [5]. Towill’s group applies the solution,
containing high molecular PEO-8000 cryoprotectant
for mint and sweet potato meristem freezing [18].

Many researchers obtain high viability percentage
when using PVS2 solution according to the technique,
which became the standard one. The method is based
on a preliminary culturing of isolated for freezing
meristems in nutritive media with an increased sucrose
concentration, the treatment with cryoprotectants and
meristem dehydration with high concentrations of
vitrification solutions at decreased temperatures with
following washing-out after thawing [17].

Preliminary culturing of cut apexes in sucrose-
enriched (0.3-0.7 M) nutritive media is the first stage
of preparation. This step assumes the occurrence of
accumulation of sugars, increasing membrane
stabilisation under strong dehydration conditions [4].

Placing of apexes directly into PVS often results in
their damages, caused by a high osmotic rate of
solution. To avoid this a step of preliminary meristem
saturation with cryoprotectant is carried-out: apexes
are exposed at room temperature for 20 min in the
solution, comprising 2 M glycerol and 0.4-0.6 M
sucrose [7]. At this step a significant cell plasmolysis,
accompanied by a slight glycerol penetration into
cytosol is observed [12]. Even though the effect
mechanism of treatment is unclear, a positive influence
of saturating solution is considered to be a result of
concentration in cell of cryoprotective substances,
accumulated during preliminary cultivation with sucrose
and a protective effect of primary hemolysis. Presence
of saturating solution in adjacent to protoplast space
of plasmolyzed cells can also reduce a mechanical
stress, caused by a strong dehydration [12].

According to the standard methods [10, 12] a
dehydration is carried-out in two steps: meristems are
initially exposed into a half concentration of vitrification
solution and then in 100% one. Two-step treatment
was shown as enabling to increase the percentage of
apex viability after cryopreservation [21].

Step of washing-out of cryoprotectant and sample’s
rehydration are the most often carried-out in a reverse
order to the stage of preparing for cryopreservation.

Meristem cryopreservation using the method,
proposed by Steponkus group as well as PVS2-based
cryopreservation, assume the step of preliminary
cultivation, but in cultivation medium one does not add
sucrose but sorbitol. This method also comprises
saturation step, but 1.5M ethylene glycol is used instead
of glycerol and sucrose mixture. Conditions for sample
exposure in cryoprotectant solution are various for
different cultures [10, 11] (Table 1).
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BBIZICPKUBAIOT B BUTPUDUIUPYIOMIEMCS pacTBOpe
50%-i#1 xonmenTpanuu, a 3areM B 100%-i1. bruio
MoKa3zaHo, YTo 2-3TamHasi o0paboTKa Mo3BOJsAET
YBEJIUYHUTHh MPOLEHT >KU3HECMOCOOHOCTH aIleKCOB
1ocJje KpuOKoHcepBUpoBaHus [21].

OTan OTMBIBaHUA OT KPUOIPOTEKTOpA U peTUApa-
TalUI0 00pa3loB MPOBOJAT B MOpAIKE, 0OpaTHOM
3TaIy MOArOTOBKU K KPHOKOHCEPBHPOBAHUIO.

KpuoxoncepBrupoBaHue MepUCTEM METOJIOM,
MIpEeIOKEHHBIM IpyTIoi Steponkus, Kak © KpHOKOH-
cepBupoBaHne Ha ocHoBe PVS2, mpenmonaraer
HaJIMYHe dTara MpeaBapuTeIbHOTO KYJIbTHBUPOBAHHMS,
OJTHAKO B CpeAy KyJIbTHBHUPOBAHUS NOOABIAIOT HE
caxapo3sy, a copOUTOJI. DTan HACHIIEHUS TaKXKe
NPUCYTCTBYET B 3TOM METOJE€, HO BMECTO CMECH
IIMIEpUHA U caxapo3bl ucnomassyercs 1,5 M atunen-
[JIMKOJb. YCIOBHS BBIAEPXKUBAHHUSA 00pa3loB B
pacTBOpe KpHOMPOTEKTOpPa Pa3IMUHbI ISl Pa3HbIX
kyneTyp [10, 11] (Tadm. 1).

PaccMoTpenHbIe METOJBI KPHOKOHCEPBUPOBAHUS
AMEIOT PNl HEOCTAaTKOB: B coctaBe PVS2 mpucyr-
ctByeT IMCO, KOTOpBIi, KaKk W3BECTHO, o0Jiajaet
MyTareHHbsIM JeiictBueM [6]. Kpome Toro, mpemso-
JKEHHBbIE BUTPUPHUIHMPYIOMIHECS PAaCTBOPHI MPEIIIO-
JaraloT MCTOJB30BaHUE CIOXHOW MPOUETYPHI
MTOJITOTOBKH OOBEKTOB K KPHOKOHCEPBHUPOBAHUIO.

Bce pacTBophI TOTOBSITCSI Ha MUTATENBLHON Cpefe
(6e3 caxapo3bl), KOTOpast UCIIONB3YETCs A KyJIbTH-
BHPOBAaHMS UCXOJHOTO Marepuaina [14].

lenp Hamux ucciaeqoBaHUN — MOAMGPUKALUS
pactBopa PVS: uckmrouenne u3 ero cocrasa JMCO
0e3 moTepy BEICOKOM KpHO3aUTHOH 3¢ pekTuBHOCTH
Cpelbl U ONpeleieHne BO3MOXKHOCTH YIPOLICHUS
IIPOTOKOJIA KPUOKOHCEPBUPOBAHUS ITPH UCTIONB30BaHIN
MoaudumpoBanHoro pactopa PVS.

Matepnanbl 1 meToAbI

B pabote ncmonp3zoBanu kaprodeib copra
Koceiae. Marepuan s ucciieloBaHUs MOTy4dain
BBEJICHUEM B KYJIBTYpPY BEPXYILIEK 3THOJINPOBAHHBIX
MIPOPOCTKOB KiyOHel kaprodess [ 1] 1 BelpaBanuem
in vitro pacT€HUIl Ha UCKyCCTBEHHOW MHUTATEIbHON
cpexe, BKtoyatomei conu mo Murashige and Skoog
[14], Buramunbl B , B, HukoTHHOBYI0 KHCIOTY — 110 |
mr/n. 3naduenue pH muTarenbHON Cpensl TOBOIMIN
no 5,7-5,8. 3aTteM cpedy CTEPUIHM30BAIU aBTO-
KIIAaBUPOBAHUEM, TIOCIIE TOTO JOOABISUIA CTUMYIIS-
TOpBI pocTa: 110 0,5 MI/I KHHETHHA M UHIOJIVTYKCYCHOM
KUCIOTHl. OUTOrOPMOHBI (QUIBTPOBAIU HYepe3
CTepHIIbHBIE GUIBTPBI ¢ AHaMeTpoM Top 0,22 MKM.

VYcnoBus BeIpalIMBaHUS MOOETOB: TeMIlepaTypa
24-26°C, ocBemEHHOCTh 2-3 ThIC. JK, (hoTOmepuo
16 4 nenb / 8 u HOub [9, 19]. Uepe3 7-8 Henenn
BbIpacTanu noderu ¢ 5-8 mexaoy3nusimu. Pazmuo-
JKalnu PacTeHHs MUKPOUEPEHKOBAHUEM IEPBHUYHBIX
no0eroB KapTrodens U 3aTeM MOCIEAYIOINM BhIpa-
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Tadsmna 1. CocTaB pa3nuHbIX BUTPHPUIAPYIOIINXCS
PacTBOPOB, HCHONB3YIOLIUXCS 1J1s1 KPUOKOHCEPBUPOBAHHUS
pacTUTENILHOTO MaTepuasa
Table 1. Composition of different vitrification solutions
used for plant material cryopreservation

PacTBop CocraB
Solution Composition
22% rauniepuna + 13% 1,2-TTA + 13% OI' +
PVS1 6% AMCO + 0,4 M caxapo3sl
20% glycerol +13% 1,2-PD +13% EG + 6%
DMSO + 0.4 M sucrose
30% raunepuna + 15% 3I' + 15% AMCO +
PVS2 0,4 M caxaposbl
30% glycerol+ 15% EG + 15% DMSO+
0.4 M sucrose
PVS3 50% raurepuHa + 50% caxapo3bl
50% glycerol + 50% sucrose
PVS4 35% rautnepuna + 20% OI' + 0,6 M caxapo3bl

35% glycerol +20% EG+ 0.6 M sucrose

50% raunepuna + 15% copburosa +
6% Obrybero aaboymuna + 0,4 M caxapo3bt
35% glycerol + 109% DMSO +
10% PEG-8000+ 0.4 M sucrose

PacrBop Steponkus
Steponkus solution

35% raunepuna + 10% AMCO +
10% T12T-8000 + 0,4 M caxapo3bl
35% glycerol + 10%DMSO +
10% PEG-8000+ 0.4 M sucrose

PactBop Towill
Towill solution

All solutions are prepared in cultural medium
(without sucrose), that is used for initial material
cultivation [11, 12, 14].

The investigation was aimed to the PVS solution
modification: excluding DMSO from its composition
with no loss in a high cryoprotective medium efficiency
and determination of a possibility to simplify the
cryopreservation protocol when using modified PVS
solution.

Materials and methods

“Kosyn” potato was used in the work. Material for
investigation was obtained by introducing into culture
the apexes of potato tuber etiolated sprouts [1] and by
in vitro cultivating plants with artificial nutritive
medium, comprising salts according to Murashige and
Skoog [14], vitamins B,, B, nicotine acid by 1 mg/1.
Nutritive media were brought up to 5.7-5.8 pH. Then
the medium was sterilised by autoclaving and the
following growth stimulators were added: 0.5 mg/l
kinetin, 0.5 mg/l indoleacetic acid (IAA). Plant
hormones were passed through sterile filters with 0.22
Mm diameter.

Conditions for sprout cultivation were as follows:
24-26°C, 2-3 thous. lux light intensity, 16 hrs day/8hrs
night photoperiod [9, 19]. In 7-8 weeks sprouts with 5-
8 internodes grew. Plants were propagated by
micrografting primary potato sprouts and then
cultivated under the same conditions up to the sprout
obtaining with 5-8 internodes from each microshoot.
The procedure of micropropagation was repeated.
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[ABAHUEM B AaHAIOTUIHBIX YCIOBHUSAX JIO TTOTYICHUS
MIPOPOCTKOB € 5-8 MEXIOY3IUSIMU M3 KaXKJIOTO
MHUKpouepeHnka. [Ipouenypy MUKpOpa3MHOXKEHUS
MTOBTOPSUTH JI0 ITOJTy9IEeHUS] HEOOXOAUMOTO KOJTUYeCTBA
Marepuana.

Marepuanom 115t KpHOKOHCEPBUPOBAHMUSI CITYKUIIN
Ma3yIIHbIE U BePXyIICYHbIE MEPUCTEMbI KapTOQes,
BBIZICJIIEMBIE M3 in Vitro BBIPAIEHHBIX PaCTEHUHU.
Amexcel pazmepom 0,2-0,5 MM BBEUICHSIN B
CTEPHUIILHBIX YCIIOBUSAX 0] OMHOKYJISIPOM, TTIOMETITAITH
B yamku [1eTpu ¢ muTaTeabHOU Cpeoi U J00aBIsuIH
0,2 mr/n ru66epennunosoi kucnotel (I'K,). 3arem
MEpPUCTEeMBI KyJIbTHBUPOBAJIN B CTAaHIAPTHBIX
YCIIOBHSIX B TEUCHHUE CYTOK.

Hamu 0bL10 MccneIoBaHO HECKOJIBKO BapHaHTOB
MTOJTOTOBKY alleKCOB K 3aMOpakuBaHUIO (Tabi. 2).
[IpoBeneHo KPUOKOHCEPBUPOBAHUE MO KITACCUYECKOMY
Merony BuTpudukanuu ¢ PVS2 1 npoxoxaeHreM Beex
STaNoB NOJATOTOBKU K 3aMOPaKUBAHUIO; UCCIIEI0OBAaHA
BO3MOYXHOCTh UCIOJIb30BaHUS MOAU(PUIIMPOBAHHOTO
Hamu coctaBa PVS (PVSN: 1 M caxapossr + 2 M
mrnepusa + 2,5 M OI) co Bcemu 3TanamMu ipeiBapH-
TETHHOM MOATOTOBKH K KPHOKOHCEPBUPOBAHUIO HITH
HCKJIFOUCHUEM HEKOTOPBIX W3 HHUX, HalpUMEp dTama
MPeIBAPUTEIHHOTO KyJIbTHBUPOBAHUS C Caxapo30i u/
niy drana "HaceimeHus 50%-m pactsopom PVSN.

[Tocne moATrOTOBKKM MEPUCTEMBI MOMEIAIU B
KOHTEHHEpHl sl 3aMopaxuBanusi. Konteitnepamu
CIY>KWIIA aJTIOMUHHUEBBIC SUEUKU MUIMHAPUYECKOU
(hopMBbI (BBICOTOH OKOJIO 2 MM, JHAMETPOM <=5 MM),
COCTOSAIIUE U3 ABYX MOJOBUHOK, KOTOPBIE 3aBaJIbLO-
BBIBAJIM MO OUaMeTpy. B kaxablii KoHTeliHep
ITOMEIIaJH 110 3-4 aneKca Ha Kpy»KKe U3 (PHIETPOBab-
HOI OyMaru, CMOYE€HHOM PacTBOPOM KPHOIIPOTEKTOPa
Ha MUTaTeJbHOU cpene. Bce aTambl MOATOTOBKU K
KPUOKOHCEPBUPOBAHUIO MEPHUCTEM IMPOBOIAMINCEH B
CTEPIIIBHBIX YCIIOBHUSX.

Alar and apical potato meristems, isolated from in
vitro cultivated plants were material for cryopreser-
vation. Apexes of 0.2-0.5 mm size were separated in
sterile conditions under binocular, then placed in Petri
dishes with nutritive medium and added 0.2 mg/l of
hybberellin acid (HA,). Afterwards meristems were
cultivated under standard conditions for a day.

We investigated some variants of apex preparation
to freeze (Table 2). Cryopreservation according to the
standard vitrification method with PVS2 use and by
realising all preparation steps to freezing was carried-
out; a possibility to use the modified by us PVS
composition (PVSN: 1M sucrose+2M glycerol+2.5 M
ethylene glycol) with all steps of preliminary preparation
to cryopreservation or excluding some of them, for
example the step of preliminary cultivation with sucrose
and/or saturation step with 50% PVS solution, was
investigated.

After preparation the meristems were placed into
containers for freezing. Aluminium cylinder shape-like
wells (of about 2 mm height, =5 mm diameter),
consisting of two halves, expanded by diameter, served
as containers. In each container there were placed by
3-4 apexes on a filter paper circle, moistened with a
cryoprotective solution in nutritive medium. All steps
of meristem preparation to cryopreservation were
carried-out under sterile conditions.

Freezing was performed by immersing containers
with meristems directly into liquid nitrogen. At the same
time cooling rate reached 6200+500°C/min. After
exposure into nitrogen for 1-24 hrs meristems were
thawed by a rapid container removal out of a liquid
nitrogen into 40°C (25°C) water bath and exposed there
for 1 min. Thawing rate was 14000+£1600°C/min.

After thawing meristems were washed-out of
cryoprotectants as follows: apexes after removal out
of container were placed into a half PVSN solution,

Tab6auua 2. BapraHThl IpOTOKOIOB KPHOKOHCEPBUPOBAHUS MEPUCTEM
Table 2. Variants of cryopreservation protocols for meristems

BapuaHTBl IPOTOKOAOB
KPUOKOHCEPBUPOBAHUSA
Variants of cryopreservation
protocols

INpepBapuTeAbHOE KYABTUBUPOBAHUE
(1-#1 oram)
Preliminary cultivation (1 step)

IpepBapuTeABHOE HACHIIIEHTE
(2-%1 aTam)
Preliminary saturation (2" step)

Aeruaparanus (3-i orar)
Dehydration (3™ step)

I 0,1M caxapossl— 3 cyr,3aTeM 0,7 M
caxaposbl— 1 cyT

0.1M sucrose — 3 days then 0.7 M
sucrose — 1 day

(KracCHUYeCKUM MeTOA)
(standard method)

2 M raunepuna + 04 M
caxaposbl— 20 mun, T=20°C
2M glycerol +0.4 M sucrose — 20
min, T=20°C

50%-1t PVS2— 30 mun, T=20°C,
100%-11 PVS2— 30 mun, T=8°C
50% PVS2—30 min, T=20°C,100%
PVS2—30 min, T=8°C

I 0,5 M caxapossl — 1 cyT
0.5 M sucrose — 1 day

50%-11 PVSN — 60 mun, T=20°"C
50% PVSN—60 min, T=20°C

100%-it PVSN — 70 mun, T=8°C
100% PVSN —70 min, T=8°C

i 0,5 M caxapossl — 1 cyT
0.5 M sucrose — 1 day

OrcyrcrByer
Absent

100%-i1 PVSN — 70 mun, T=20°C
100% PVSN — 70 min, T=20°C

100%-11 PVSN — 70 mun, T=8°C

OrcyTcTByer 50%-it PVSN — 70 mun, T=20°C = !
v Absent 50% PVSN — 70 min,T=20°"C 100% PYSI 70 min.
v OrcyrcTByeT OrcyrcTByeT 100%-#1 PVSN — 35 mun, T=20"C
Absent Absent 100% PVSN — 35 min, T=20°C
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3aMopakBaHHE OCYIIECTBISIN MOTPYKEHHEM
KOHTEITHEPOB C MEpPUCTEMaMHU HETOCPEACTBEHHO B
KUAKHHN a30T. IIpu 3TOM CKOpOCTh OXJIaXIeHUS
nocturana 6200+£500°C/mun. Ilocne BeIIEpX KH B
a30Te B TeueHue 1-24 4, MepuCTEMbl OTOrPEBAIH
OBICTPBIM IIEpEMEILLICHHEM KOHTEHHEPOB U3 KUAKOTO
azora B BOAsHYIO OaHio ¢ temmeparypoi 40°C u
BBIIEpKUBaAIU B Hell B TeueHue 1 muH. CxopocTh
ororpera 14000+1600°C/muH.

[Tocne otorpeBa MepuUCTEMBI OTMBIBAIH OT
KPHOIPOTEKTOPOB CIEAYIONMM 00pa3oM: ameKChl
MIOCJIE U3BATHA U3 KOHTEWHEPa MMOMEIaIN B ITOJIOBHH-
HEI# pactBop PVSN, 3aTem B 0,5 M pacTtBop caxapo3bl
(B ombiTax ¢ MogudunupoBanHeiM PVSN) win B
oJIoBUHHBIN pacTtBop PVS2, 3arem B 0,7 M pactBop
caxapo3sl (B onbiTax ¢ PVS2). 1 nHakoHen mepuc-
TEMBbl BO3BpalllajJd Ha UCXOAHYIO Cpedy IJsl UX
KYJBTUBHPOBAHUSL.

B Teuenue cyTok mocie pa3MoOpaXxuBaHUS
MEpUCTEMbl HAXOAUJIUCH B TEMHOTE, TaK KakK IO
JaHHBIM [3] UX KyJbTHBHPOBAHHUE IOCIE 3aMOpa-
KUBAHUS MPHU CUIBHOM OCBEIIEHHWH yCHJIMUBAET
MIPOLIECCHI IEPEKNCHOTO OKUCIIEHUS. 3aTeM MEpPUCTE-
MBI TIOMEIIaNU B (PUTOTPOH B CTAHJAPTHBIE YCIOBHUS
KyJBTUBHPOBAHUS pacTeHui kaprodemns. CoxpaHHOCTH
KPUOKOHCEPBUPOBAHHOIO MaTepHasia OLICHUBAIIY HA S5-I
JICHb KYJIETUBUPOBAHUSI.

CoXpaHHOCTh alE€KCOB MOCJE KPUOKOHCEPBU-
POBaHHMS OLIEHUBAIN BU3YaJILHO 10 MX BHELITHEMY BUTY.
MepucteMbl, KOTOPbIE HE U3MEHUIIH 3€1EHON OKPacKU
cpa3y mociie pa3MOpaXHBaHUs U B Te4eHUE 5
MTOCJICAYIONINX CYTOK KYJIETUBUPOBAHUS UX i1 Vitro Ha
MUTATENILHON CpeJie, CUUTANH COXPaHHBIMH. 3a 3TO
BpeMSl KHUBBIE MEPUCTEMBI, KaK MPABUIIO, HECKOJIBKO
YBEIMYNBAINCHh B pazmepax. OgHAKO KOHTPOJIbHBIE
(He moaBepraBIINeCs 3aMOPaKMBAHUIO) MEPUCTEMBI
3a BpeMsi HaONIOIEHHS] Pa3BUBAJIUCH JydIle U II0
pa3Mepam MpeBbIIIANY ONBITHRIE IPUMEPHO B 1,5 pasa.

Craructudeckas o0paboTka pe3ynbTaToOB IIPOBE-
neHa o mMetony CThrOIeHTA.

Pe3yAbTaTbl M 00CyXXAeHHe

Kak cnemyer u3 Tabn. 3, mpu MCIOJIB30BAaHUH B
MOATOTOBKE K KPHOKOHCEPBUPOBAHHIO KJIACCHYECKOTO
BuTpuunupyromerocs pactsopa PVS2, pesynbrarsl
coxpaHHOCTH MepucteM kaprodens copra KocwiHb
OKa3aJIMCh OTHOCHUTENIbHO HHU3KMMHU HE TOJBKO IS
KPHOKOHCEPBUPOBAHHBIX arekcoB (20%), Ho U ans
KOHTPOJBHBIX (MPOMIEAINX TOJIBKO 00paboTKy
KpHO3aIUTHOHN cpemoii) obpasmos (50%). B pabote
[2] nmpu HCTONB30BAaHUU JTAaHHOTO BUTPUPUIIH-
pyromerocs pacTBopa ObLIM MOJy4YeHBI Oojee
BBICOKHE IMOKA3aTeIN COXPAHHOCTH KPUOKOHCEPBU-
poBanHoOro Marepuana. OnHako oberu Kaproderns,
U3 KOTOPBIX BBIACISUIMCH MEPUCTEMBI JUJISl SKCIIe-
pUMEHTa, PEABAPUTENILHO OBUIN MOABEPTHY THI XOJI0-
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then into 0.5M sucrose solution (in experiments with
modified PVSN) or in 0.7M sucrose one (in
experiments with PVS2). And finally meristems were
got back into initial medium for their cultivation.

Meristems were placed into a dark for a day after
freeze-thawing, because according to the data [3] their
cultivation after freezing at an intense light strengthe-
ned the lipid peroxidation processes. Meristems were
then placed into a phytotron under the standard
conditions for potato plant culturing. Integrity of
cryopreserved material was estimated to the 5% day
of culturing.

Apex integrity after cryopreservation was visually
evaluated by their external appearance. Meristems
with no change in green colour right after freeze-
thawing and for next 5 days of their in vitro culturing
in nutritive medium were considered as the integral
ones. Generally, for this time period the living meristems
slightly increased in sizes. However the control (not
subjected to freezing) meristems developed better
during observation and exceeded the experimental ones
in size approximately in 1.5 times.

Results were statistically processed using Student’s
method.

Results and discussion

As summarised in the Table 3, when using standard
vitrification PVS2 solution in preparing to cryopreser-
vation the results of integrity in “Kosyn” potato
meristems occurred to be relatively low not only for
cryopreserved apexes (20%), but for the control (being
treated only with cryoprotective medium) samples too
(50%). In the work [2] higher indices of cryopreserved
material integrity were obtained when using this
vitrification solution. However the potato sprouts, from
where the meristems were isolated by us for
experiment, were preliminarily subjected to cold
hardening, that apparently made them more resistant
to the effect of both PBS2 solution and freezing [2].

As also detailed in the Table 3, the modified
vitrification PVSN solution at all variants of meristem
treatment protected the object more efficiently in
comparison with the standard PVS2.

When meristems underwent all 3 steps of
preparation to freezing (Table 2) (variant II) the
integrity of control and cryopreserved apexes did not
statistically and significantly differ within the limits of
measurement error.

The highest percentage of damages is observed
when excluding the 2" step of preparation to freezing
(Table 2, variant III). In this variant there was obtained
a relatively low integrity of control apexes. This is
apparently related to the fact, that in the considered
variant the dehydration with cryoprotective medium
PVSN was carried-out not at a decreased (8°C), but
at room temperature (20°C).

PROBLEMS
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JIOBOM 3aKajke, 4To, IMO-
BUAUMOMY, CACIall0 UX
0oJee yCTOMYUBBIMH KaK
K JMEeHCTBUIO pacTBOpa

Taonnua 3. CoxpaHHOCTh KPHOKOHCEPBUPOBAHHBIX MEPUCTEM KapTO(es
MOCJIe pa3MOPaXKUBAHKS HA 5-if IeHb KYJIbTUBHPOBAHHUS

Table 3. Integrity of cryopreserved potato meristems
after freeze-thawing to the 5 day of culturing

PVS2, tak u x 3aMmopa-
JKUBaHUIO [2].
W3 Tabm. 3 Takxke cie-

TTpOTOKOABI KDHOKOHCEPBUPOBAHUS (COIAACHO TabA. 2)
Cryopreservation protocols (according Table 2)

Burpudunupyomuics
pacrBop
Vitrifi cation solution

IyeT, 4TO MOIH(PUIIUPO-
BaHHBIA BUTPUDHUIIAPYTO-

I 1II v \

umiicst pactBop PVSN mpu

contr
BCEX BapmaHTax obpa-

exp contr exp contr exp contr exp contr exp

60Tku MepucTeM Oosee

3pGEeKTUBHO 3alIUIIAT PVS2

00BEKT TI0 CPaBHEHHIO C
Kiraccuyeckum PVS2.
Korma mepucteMsr ObI-

PVSN

90=+6 | 79+8 | 75+8 | 576" | 95+3 | 787" | 95+5 | 82%6"

JI1 IOJBEPKEHBI TPOXOXK-
JEHHIO BCEX 3-X JTaloB
MIOATOTOBKH K 3aMOPaXH-
BaHuto (Bapuasr I, Ta0m.
2), COXpaHHOCTb KOHT-
POJBHBIX U KPUOKOHCEPBHU-
POBaHHBIX allEKCOB JOCTO-
BEPHO HE OTIIMYAIACh B ITPEIeiiaX OMMOKH H3MEPEHUSI.
B octanpHBIX BapuaHTax MPOIEHT )KU3HECTIOCOOHBIX
MEpHCTEM B KOHTPOJIE TPEBHIIIAJ 3TOT [TOKa3aTellb B
OTIBITE.

HaunGomnpimmii mporteHT HOBPEK IeHUH HabIromaics
[IPH UCKJIIOUEHUH 2-T0 dTana MOArOTOBKH K 3aMopa-
xuBaHuto (Bapuanrt III, Tabu. 2). B stom Bapuante
[oJIlydeHa OTHOCHUTEIIBHO HHU3Kasg COXPAaHHOCTH
KOHTPOJIbHBIX anekcos. [Io-BuanMoMy, 3TO CBS3aHO ¢
TEM, YTO B pPaccMaTpUBAEMOM BapHaHTE JIErujapa-
Tanus KpuozamuTHoi cpenoit PVSN ocymiecTBisuiach
He Ipu NoHMWXeHHOH Temuepatype (8°C), a npu
komHarHo# (20°C).

Bwmecre ¢ Tem B mociemaeM Bapuante (V, Tadm. 2)
MIPH UCIOJIb30BAaHUU OJHOSTAIHON JAETHApPATAIINH U
WCKITIOYEHHUH BCEX JTAroOB MPEABAPUTEIHHOM MOAT0-
TOBKHM K 3aMOPaXMBAHUIO PE3yJIbTAaT COXPAaHHOCTHU
rociie 3aMopakuBaHus cocTasisin 82% (tabin. 3). B
JaHHOM CiIydae, XOTS BbIAECP)KHBaHUE MEPHCTEM B
CMeCH KPHONPOTEKTOPOB MPOU3BOJIUIOCHE U NPH
KOMHAaTHOW TeMIIepaType, OAHAKO BPEeMS BBIICPIKKH
IIpH 3TOM OBUIO BJIBOE MEHbIIE, yeM B Bapuanrte I11
(Tabm. 2), T. e. 35 MuH.

Takum 00pa3om, B pe3ynbrare MpOBEIESHHOTO
HCCIIEIOBAHUS 110 YCOBEPIICHCTBOBAHUIO METOJa
CBEpXOBICTPOTO 3aMOpaXMUBAHUSA MEPHUCTEM KapTo-
bens (Ha npumepe kaprodens copra KocoiHb)
YCTaHOBJIEHO, YTO ITPH OTCYTCTBHH MTPEABAPUTEINHHOTO
3aKaJMBAaHUS PACTEHHH, C KOTOPBIX BBIWICHSIOTCS
areKchl ISl dKCIIepUMEeHTa, HUCIOJIb30BaHUE MPHU
MOATOTOBKE K KPHOKOHCEPBUPOBAHUIO MOAU(DH-
LUPOBaHHOTO BUTpHpuImpyromerocs pactopa PVSN
MMeEeT MPEUMYILIECTBO Nepes KinaccuueckuM PVS2.

but not frozen ones;
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IpumeyaHusi: contr — KOHTPOJIb: MEPUCTEMBI, TOIBEPIIIMECS TEM K€ JTalaM IOArOTOBKH K
3aMOpPaXUBAHUIO U TOI JKe MPOLIEype OTMBIBAHUS OT KPHOIIPOTEKTOPOB, YTO U COOTBETCTBYIOIIIUE
OTIBITHBIE (€XP), HO HE 3aMOPaKHBAEMBbIE;

* — pasnuyre JOCTOBEPHO MO CPABHEHHUIO ¢ KOHTposieM mpu p<0,05.

Notes: contr — are the control meristems, subjected to the same steps of preparation to freezing
and the same procedure of washing-out of cryoprotectant as the corresponding experimental (exp)

* — difference is statistically significant in comparison with the control at p<0.05

However in variant V (Table 2) when using one-
step dehydration and excluding all steps of preliminary
preparation to freezing the integrity result after freezing
made 82%. In this case if though meristems were
exposed in mixture of cryoprotectants and at room
temperature, the exposure time was thereby twice
lower than in the III variant, i.e. 35 min.

Thus, as a result of investigation on improving
method for potato meristem ultrarapid freezing (with
“Kosyn” potato as an example) it was established that
without preliminary hardening of plants, from which
one separated apexes for the experiment, the usage
of modified vitrification PVSN solution in preparation
for cryopreservation had the advantage of the standard
PVS2. Cryopreservation procedure could be possibly
simplified by exclusion of some steps of preparing to
freezing. At the same time any loss of integrity in
cryopreserved material in comparison with the same
index in meristems, subjected to all recommended steps
of preliminary treatment is not practically observed.
In addition, the reduction of equilibration time with
cryoprotectant at a final step of preparing to freezing
can be used not at a decreased temperature, but under
room temperature conditions.

The considered in this work methods for potato
meristem cryopreservation, based on the possibility to
exclude some steps of preparation to freezing when using
PVSN can not be suggested as universal one because
the investigations were done only in one potato breed.

Conclusions
1. Usage of modified vitrification PVSN solution
as a cryoprotective medium for cryopreserving
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Jng ynpoieHus mpouenypsl KpHOKOHCEPBUPOBAHUS
JIOITy CTUMO MCKITIOUYNTH HEKOTOPBIE 3TAIThI TOJTOTOBKU
K 3aMopaxuBaHHI0. [Ipu 3TOM NmpakTUUECKU HE
HaOnronaercsl MOTEpH COXPAHHOCTH KPUOKOHCEP-
BHPOBAHHOI'O MaTepHasa o CPaBHEHUIO C aHAJIOTHY-
HBIM II0Ka3aTeJIeM Y MEPUCTEM, MOABEPTHYTHIM BCEM
PEKOMEHyEeMbIM 3TalaM IpeaBapUTEIbHON MOAro-
ToBKH. Kpome Toro, cokpariienue BpeMeH! SKBUIHO-
panuM ¢ KpHOMPOTEKTOPOM Ha MOCJIEIHEM JTare
MOATOTOBKH K 3aMOpPaXMBaHHUIO MOXET OBITh
WCIIOJIb30BaHO HE IIPY MOHIKEHHOH TEMITepaType, a B
YCIIOBUSAX KOMHATHOW TEMIIEPATYPHI.

PaccmoTpeHHble B faHHOW paboTe METObI
KPHOKOHCEPBUPOBAHUS MEpUCTEM KapTodems,
OCHOBAaHHBIE Ha BO3MOXXHOCTH HCKIIOUEHUS psaa
3TanoB MOATOTOBKU K 3aMOPaXUBAHUIO IPU HCIIONb-
3oBaHud PV SN, Henb3s cunTaTh YHUBEPCAIBHBIMH,
TaK KaK MCCIIEAOBaHHUs ObUIM MPOBEACHBI TOJBKO Ha
OJIHOM COpTE KapTodels.

BbiBOADI

1. Hcmomp3oBaHne MOTUPHUIIMPOBAHHOTO BUTPH-
durupyromerocs pactBopa PVSN kak kpro3anmTHON
Cpensl Ui KPHOKOHCEPBUPOBAHUS MEPHUCTEM
kaprodens copra KocblHb UMeeT HMpeuMyIiecTBa
repes KJIacCHIecKuM pacTBopoM PVS2,

2. Ilpu ucnons3oBanuu PVSN s moaroroBku
MEpHUCTEM K 3aMOPaXHBAHHIO JOMYCKACTCS HCKITFO-
YEeHUE Psijia STAIOB NPEIBAPUTEILHON TTOJTOTOBKY Oe3
yiiep0a JuIsi COXPaHHOCTU KPHUOKOHCEPBUPOBAaHHBIX
aTIeKCOB.

3. JIns KpruOKOHCEPBUPOBAHHS MEPHUCTEM HCCIIe-
JIOBAaHHOTO COpPTa KapTodems MOXET ObITh PEKO-
MEHIOBAaH MAaKCHMaJbHO YIPOIICHHBIH METO
MOATOTOBKH K 3amMopakupaHuio (V BapwaHrt),
COCTOSIIINN HE U3 TPEX, a OJTHOTO dTara MOATOTOBKH:
skBuymOpanuu B PVSN ¢ cokpameHHBIM BABOE
BPEMEHEM IIpU KOMHATHOW TeMIleparype.
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“Kosyn” potato meristems has the advantages of the
standard PVS2 one.

2. When using PVSN for meristem preparing to
freezing there is admitted to exclude some steps of
preliminary preparation without damaging the
cryopreserved apex integrity.

3. Maximally simplified method for preparation to
freezing (variant V), consisting of one preparation step:
equilibration with PVSN at twice reduced time at room
temperature can be recommended to cryopreserve
meristems of the investigated potato breed.
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