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Studying the Effect of Potato Cold Hardening on Integrity of Meristems,
Cryopreserved by Slow Freezing

HccnenoBany BIMSHIE XOIOI0OBOTO 3aKAJIMBAHKS HA COXPAHHOCTh MEPHUCTEM KapTodesist IpH ABYXITATHOM KPHOKOHCEPBUPOBAHHH.
Hcnonp3oBanm kpuonporekropsl qumetmwicyabpokcua (IMCO) u 1,2-nponanguon (1,2-I1/]). YcraHOBIEHO, YTO 3aMOpaKHBaHUE
3aKaJEHHBIX anekcoB KapTodens mox 3amuToit JIMCO moBBIIaeT X COXPAaHHOCTH IO CPABHEHHUIO C AHAJIOTHYHBIM ITOKa3aTeleM y
He3akanéHHBIX MepucteM. [Ipu ucnons3oBannu 1,2-I1]] 3akanka anexcoB kaprodens HenenecooOpasHa. Habmronenue B Teuenue 30
CYTOK 32 pa3BUTHEM KPHOKOHCEPBHPOBAHHBIX MEPHCTEM MOKa3aJIo, 9T0 00paboTKa KPHOIIPOTEKTOPaMU 1 3aMOPAXHBAHNE 3aMEUIIOT
POCT ameKcoB 10 CPABHEHHUIO ¢ KOHTpoIeM. MeHee TokcHIHbIM oka3aics 1,2-IT1/1. O6paborka JIMCO MoxeT BEI3BaTh KaJLUTyCOTCHE3.

Kniouegvie cnosa: mepucrema (amekc), XoIox0Basi 3aKalka, KPHONPOTEKTOPHI, KPHOKOHCEPBUPOBAHUE, 3aMOpPAXHUBAHHUE,
COXPaHHOCTb.

JocnimKyBany BIUTUB X0JIOZOBOTO 3arapToByBaHHI Ha 30epeXeHiCTh MepHCTeM KapTOILTi IPH IBOCTAITHOMY KPIOKOHCEPBYBAaHHi.
BukopucroByBanu kpionporekropu aumetuiacyabpokcua (IMCO) ta 1,2-nponanmion (1,2-I1]1). YcTaHoBIeHO, 110 3aMOPOKYBaHHS
3arapToBaHUX amekciB kaproruli min 3axuctoM JMCO mixBuinye iX 30epexeHICTh MOPIBHSIHO 3 aHAJOTIYHUM HOKa3HUKOM Yy
He3arapToBanux mepucreM. [Ipu 3actocysanni 1,2-T1]] 3araproByBaHHs anekciB KapToIuli HeoriibHe. CHOCTePeKESHH IPOTITOM
30 116 32 PO3BUTKOM KPiOKOHCEPBOBAaHMX MEPHCTEM I0Ka3ayo, Mo 06pobKka KpionpoTeKTOpaMH i 3aMOPOXKYBaHHS YIOBIJIbHIOIOTh
PO3BHUTOK areKciB MOPIBHIHO 3 KOHTpoJeM. Meni TokcuuHuM BusiBuBcs 1,2-IT1J]. O6pooka JIMCO Moxe BUKIHKATH KallyCOTCHES.

Kniwouogi cnosa: mepucrema (amekc), X0JI0[0BE 3arapTOBYBAaHHS, KPIONPOTEKTOPH, KPiOKOHCEPBYBAHHS, 3aMOPOXYBaHHS,
30€pEKCHICTb.

Cold hardening effect on potato meristem integrity at two-step cryopreservation has been studied. Such cryoprotectants as dimethyl
sulfoxide (DMSO) and 1,2-propanediol (1,2-PD) have been used. Freezing of hardened potato apexes under DMSO protection was
established to increase their integrity in comparison with the same index in non-hardened meristems. Potato apex hardening is
inexpedient when using 1,2-PD. Observation for cryopreserved meristem development within 30 days has demonstrated that treatment
with cryoprotectants and freezing inhibit an apex growth in comparison with the control. 1,2-PD occurred to be less toxic. DMSO

treatment can cause callus-genesis.

Key-words: meristem (apex), cold hardening, cryoprotectants, cryopreservation, freezing, integrity.

Jns ynydimeHus: pe3ynbTaToB KPHOKOHCEPBU-
POBaHUA PACTEHNH NCTIOIB3YIOT Pa3IMYHBIE CITOCOOBI
WX TIPeIBApUTENHFHON MOATOTOBKH K 3aMOPAYKUBAHHUIO,
B YaCTHOCTH XOJIOJJOBOE 3aKaJiMBaHUE, KOTOpOe
MIPUMEHSIETCS IPU KPHOKOHCEPBUPOBAHNH U30JIHPO-
BaHHBIX MEPUCTEM, KAJITyCa, IPEBECHBIX MMOOETOB[2].
LenecoobpazHo NpOBOIUTH 3aKaNMBAaHHE PACTCHUH,
00N1aAal0UINX BRIPAKEHHOHN XOJI00YCTOHYUBOCTBIO.
s yaydiieHus pe3yabTaToB KpUOKOHCEPBUPOBAHUS
MEpUCTEMAJIBHBIX TKaHEH XOJO0J0BOE BO3JEHCTBHE
NPUMEHSIOT K MAaTEPUHCKUM PACTCHUSM, KYJIbTHU-
BHPYEMEIM i Vitro, 13 KOTOPBIX B JabHEUIIEM OyayT
BBIJENATHCS MEPUCTEMBI IJIS 3aMOpPaKMBaHUS.
HekotopbiM pacTeHUsIM, HapUMeEpP Y€PEHKaM BHUHO-
rpaga u mo0OeraM IUTOJOBBIX, JJISI XOJIOJOBOW ajar-
TallM¥ HYXHBI TOJBKO MOHWXEHHBIE TEMIIEPaTyphl
[17], CONMBIIMHCTBY e pacTeHui TPeOyIOTCS H3Me-
HEHUsI yCJIOBHH (hoTorepuoaa. Yame BCero s HUX
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In order to improve the results of plants cryo-
preservation one uses different ways for their
preliminary preparation to freezing, in particular cold
hardening, applied for cryopreservation of isolated
meristems, callus, tree shoots to increase their
resistance to ultralow temperatures [2]. It is expedient
to hard those plants, which have a manifested cold
resistance. For enhancing the results of meristemal
tissue cryopreservation the cold effect is applied to
cultured in vitro maternal plants, among which the
meristems will be isolated for further freezing. Some
plants, for example grape cuttings and fruit shoots
require only lowered temperatures for cold adaptation
[17], but the majority of plants needs changes in
photoperiod conditions. Most often a short light day
is set for them: 8 hrs’ day/16 hrs’s night. In vitro
hardening of meristem culture of apple tree (Rubus),
Amelanchier alnifolia, Vaccinium increased their
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yCTaHABJIMBAIOT KOPOTKHI CBETOBOM JICHB: 8 4 IEHB/
16 1 HOUb. 3aKaMBaHUE N Vitro MEPUCTEM SIOJTOHU
(Rubus), Amelanchier alnifolia, Vaccinium noBbImano
UX XKU3HECNMOCOOHOCTH MOCIE 3aMOpaKMBaHUA,
OJTHAKO XO0JIOAOBasi 00paboTKa MEPUCTEM ropoxa H
3eMJISTHUKHY [Tepe]] 3aMOpakBaHUEM HE MOBBIIIAa UX
COXPaHHOCTH mociie pazMopaxkusanus [11, 12].

CymiecTBYIOT pa3Hble MHEHHS O BO3MOKHOCTH
XOJIOJIOBOH 3aKallku pacTteHuil kaprodens. OmxHu
aBTOPHI CUYHUTAIOT, YTO KapTodesib OTHOCUTCS K
pacTeHHusM, KOTOpHIE HE MEPEHOCAT AEeHCTBHSA
MTOHIKEHHBIX MOJIOKHUTEIHHBIX TEMIIEPATYD, a 3HAYNUT
HE MMEIOT TeHEeTHYeCKH 00YyCIOBICHHOW BO3MOXK-
HOCTH K XOJIOJ0OBOMY 3aKaJUBaHUIO [ 7], ApyTHE — 9TO
3aKaJMBaHUE MAaTEPUHCKUX pAacTEHUH KapTodens,
COBMEILIEHHOE C HACHIIIEHUEM MEpPHUCTEM KpPHUO-
MPOTEKTOPOM Iepes 3aMOpa)XMBaHUEM METOJO0M
BUTPpU(UKALUN HE U3MEHSET >KU3HECIOCOOHOCTH
KpHUOKOHCEPBHPOBAaHHOTO MaTtepuana [15]. OgHako
JEHCTBUE XOJOJOBOIO 3aKaJMBAHHUA HA MEPUCTEMBI
KapTodesi TPy UCIIONB30BaHUH MEJIEHHBIX PEXKUMOB
3aMOpaKMBaHUs HE N3YyYEHO.

MeTox KpHOKOHCEPBHUPOBAHHS MEPUCTEM KapTo-
(denss MenIeHHBIM 3aMOpaXMBAHUEM IOJYUHUI
pasButue B 80-x rogax [8, 10, 16]. K xoniy 90-x romos
OBLIO MOKa3aHO, YTO KPHOKOHCEPBHPOBAHHUE MEPH-
CTEM C HMCIOJb30BaHHUEM MEMJIEHHBIX CKOPOCTEH
3aMOpaKUBaHUsI IPUBOIUT K MOBPEKACHUIO OOJIbIICH
YacTH alMKaJIbHOTO KOHYCa, UTO BBI3BIBAET PAa3BUTHE
kaymyca [14, 15], mostomy Oonee mMHUPOKO Hayamd
MPUMEHSTHCS METOA “BUTPU(PUKALUK ", IPH KOTOPOM
BCE WJIN OOJIBIIMHCTBO aleKCOB MOCJIE OTOrPeBa Jar0T
pa3BUTHE MPOPOCTKOB O€3 CTaluu KamlycooOpaso-
BaHua. CornacHo [1] BEepOSATHOCTH BOSHUKHOBEHUS
KaJuTyca Iocyie MeJUIEHHOTO 3aMOPaKMBAaHUS OTHOCH-
TEJIbHO HEBEJHWKa, CIEeNIOBaTeIbHO, COXpAaHEHHUE
TEHETUYECKOW CTAaOMIBHOCTH O0pa3IoOB OCTACTCS
BBICOKHM.

B MmeTomax KpHMOKOHCEPBHPOBAHHS C HCIONIb-
30BaHUEM MEIJICHHBIX CKOPOCTEH 3aMOpaKMBaHUS
Haubojee 4acTo MPUMEHAETCS KPUONPOTEKTOP
JAMCO, B 5-10%-M pacTBOpe KOTOPOTO BBIIECICHHBIE
U 3aMOPaXHMBAHHUsI MEPUCTEMBI BBIIECPKUBAIOT B
tedyeHne 60 MHH, 3aMOPaXUBAIOT CO CKOPOCTHIO
0,3+0,5°C/mun no temmnepatypbl —30+—40°C ¢
MOCJIEYIONINM MOTPYXKeHHEM OOBEKTOB B JKHUIKHUN
azoT. OTorpeBaroT MaTepHuas B BOASHON OaHe mpu
temmeparype 40°C [8, 10, 16].

[Ipu nconp30BaHUH OJJHOTO U TOTO e IMPOTOKOJIA
KPHUOKOHCEPBHPOBAHUS JKM3HECTIOCOOHOCTH Pa3HBIX
copToB KapTodes MoxeT BapbupoBath ot 0 10 100%
[16].

Hens paboTel — ompenesieHHE BO3MOXHOCTH
HCIOJb30BaHUs XOJOAOBOM 3aKajJKu pPacTCHUM
kapTodenss Oid yBEIMYEHHS yCTOHWYMBOCTH HX
MEpPUCTEM K 3aMOPaKUBAHUIO, & TAKIKE HCCIICIOBAHUE
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viability after freezing, however cold treatment for pea
and strawberry meristems before freezing did not
augment their integrity after freeze-thawing [11, 12].

There are various opinions about possibility of cold
hardening for potato plants. Some authors believe that
potato is related to those plants, not enduring the effect
of lowered positive temperatures and not having
genetically stipulated possibility to cold hardening [7],
the others think that hardening of potato maternal
plants, combining with meristem saturation with
cryoprotectant before freezing by means of vitrifica-
tion method does not change the viability of
cryopreserved material. However the effect of cold
hardening on potato meristems at slow freezing
regimens is not studied.

Method for potato meristem cryopreservation using
slow freezing had been developed within the 80s [8,
10, 16]. To the end of the 90s meristem cryopreserva-
tion using slow freezing rates was demonstrated as
resulting in damaging the majority of apical cone, that
caused the callus development [14, 15]. Therefore the
“vitrification” method was getting widely spread,
when all or the majority of apexes after thawing get
rise for sprouts without callus-formation stage. As the
paper described [ 1] the probability of callus formation
after slow freezing was relatively low, consequently
the preservation of samples’ genetic stability remains
high.

In cryopreservation methods with using slow
freezing rates the most frequently applied is DMSO
cryoprotectant, in 5-10% solution of which the
meristems, isolated for freezing are exposed within
60 min then frozen with 0.3+0.5°C/min down to
—30+-40°C with following objects immersion into
liquid nitrogen. Material is thawed on water bath at
40°C [8, 10, 16].

When using the same cryopreservation protocol the
viability of different potato varieties can differ from 0
to 100% [16].

The work was aimed to determine the possibilities
of using cold hardening for potato plants to increase
the resistance of their meristems to freezing, as well
as to study cryoprotective activity of 1,2-PD
cryoprotectant, manifested no toxicity in studied
concentration [5].

Materials and methods

Material for investigation was obtained by artificial
in vitro growing of “Kosyn” potato variety shoots
under similar conditions, described in the paper [6].
One part of plants were subjected to hardening by
moderately low temperatures. For this purpose 2 weeks
prior to experiment the plants were in vitro exposed
within 16 hrs per day without light at 5+8°C. Plants
were returned to the standard culturing condition for
8 hrs [6].
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KPHO3aIIUTHOW aKTUBHOCTU KPHOMPOTEKTOpa
1,2-nponmanguona (1,2-11/]), He mposSBUBIIETO
TOKCHIHOCTH B UCCIIETyeMOU KOHIIEHTpaIuu [5].

Martepunanbl 1 meToAbl

Marepuan ans UCCIEAOBaHHA MOyYald HCKYC-
CTBEHHBIM BBIPAIIUBAHUEM in Vitro TIOOETOB KapTo-
(emst copra KockIHb aHATIOTUYHO YCIIOBUSAM, OTIHCAH-
HBIM B [6]. OniHYy 4acTh pacTeHUH OABEPTaIM 3aKaJIKe
YMEPEHHO HU3KUMU Temneparypamu. s storo 3a 2
HENENU 0 SKCIEPUMEHTA PACTEHUS in Vitro BBIIEP-
kuBaym 16 1 6e3 ocBemnieHus npu temmeparype 5+8°C.
Ha 8 4 pacTenus Bo3Bpamanu B OOBIYHBIE YCIOBHSA
KyJIBTUBUPOBaHUA [6].

JApyryro 4acTp pacTe€HUH — HE3aKAJECHHBIX —
BBIpalmuBaiu npu l16-gyacoBoMm Qoromnepuone u
temneparype 22+2°C (KOHTpOJIbHAs IPyNIa).

3areM u3 He3aKaJIEHHBIX U 3aKaJIEHHBIX pACTEHUI
BBIWICHSUIM alleKChl U TOTOBHJIN K KPHOKOHCEPBHU-
posanuto. [Toaroroska Kk KpHOKOHCEPBUPOBAHUIO MTPH
MEAJIEHHOM 3aMOPa)KMBaHUHM MEHee TPYHOEMKa IO
CPaBHEHHUIO C MOATOTOBKOW K OBICTPOMY 3amopa-
KUBaHNI0. OHA COCTOUT B CIIEIYIOIIEM: alleKChI TOCIIe
BBIIETICHUS TTOMEIIAIOT B Yamky [leTpu Ha *KHUIKYyIO
NUTaTeNlbHYyI0 cpeny 0e3 ¢GUuTOropmMoHOB, conep-
xamyto conu no Murashige and Skoog [9] u
BuTamMunbl B, — 0,1 mr/i1, B, — 0,5 mr/n, PP — 0,5 mr/m,
pH cpener 5,7.

Ha sT0if cpene KylbTUBUPOBaIN MEPUCTEMBI B
TeUYeHHE 2-X CYTOK B CTAaHAAPTHBIX YCIOBHSIX:
temriepatypa 24-26°C, ocseménnocts 2000+3000
ke, ¢poromnepuon 16 4 neHn/8 4 HOYL. 3areM
MEpUCTEMBI MOABEPTANH SKBUIUOpALUU C KPHUO-
MPOTEKTOpaMH: 3aKaJIEHHBIE U He3aKaIEHHBIE MEpH-
cTtemsl BeiAepxkuBanu B 1M pactBopax IMCO u
1,2-I11 B Teuenne 60 mun mipu Temneparype 22°C.
PacTBOpBl KpHOIPOTEKTOPOB TOTOBUIIM Ha MHTa-
TenbHOU cpene Murashige and Skoog (MS) [9].

[Tocne aToro anekcs! Ha MOJIOCKaX (HUIBTPOBAIIB-
HOM OyMaru, CMOYEHHBIX PACTBOPOM KPHUOIIPOTEKTO-
POB, MOMEIIATN B MOJIUITHICHOBBIE aMITyJbl EMKO-
CTBIO | CM® ¢ BCTaBICHHBIMH B THO aJIFOMUHHEBBIMU
CTEpPKHSIMH, CITOCOOCTBYIOIIMMY CaMOTIPOU3BOIBHOM
MHUIAAITIN KPUCTAIDIM3AINHN KUIKOCTH B aMITyJax [4].

Mepucremsbl 3aMopakuBany Ha 1-m 3tane (ot 0 1o
—10+-15°C) co ckopocteto 0,3°C/MUH, HHHIHALIUS
KpucTauuianuu npoucxoamia npu —7°C. CkopocTb
OXJIAKJICHUS MEpHUCTeM Ha 2-M dTane (ot —15 mo —
40°C) cocraBuna 0,5°C/muH. 3aTeM KOHTEWHEpPHI C
MEpPUCTEMaMH MOTPYKAIH B XKHUIKAN a30T.

Uepe3s 3-e cyTOK MEpHCTEMBI JEKOHCEPBUPOBAIN
MOTpy’KeHHeM Ha | MHH B BOISHYIO OaHIO C TemIie-
parypoii 37°C.

ATIEeKCBI OTMBIBAJIM OT KPHOIIPOTEKTOPOB CIIEAYIO-
muM oOpa3oM: B TeueHue 60 MUH HUX ABaXKIbI
MEPEHOCHIIN Ha YUCTYI0 MHUTATENbHYIO0 cpexy MS.
[Tocne oTMBIBaHUS MEPHUCTEMBI IIOMEIIAIHN Ha CPERY
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Another part of plants (non-hardened) was grown
at 16 hrs’ photoperiod and temperature of 224+2°C
(control group).

Then apexes were separated from non-hardened
and hardened plants and prepared to cryopreservation.
Preparing to cryopreservation at slow freezing is less
labor-intensive in comparison with that to rapid
freezing. It comprises the following steps: apexes after
isolation are placed into Petri dishes on liquid nutrient
medium without phytohormones, containing salts by
Murashige and Skoog [9] and vitamins B1: 0.1 mg/1,
B6: 0.5 mg/l, PP: 0.5 mg/l, pH medium is 5.7.

With this medium meristems were cultured within
2 days under the standard conditions: 24-26°C,
2000+3000 lux illumination, 16 hrs’ day/8 hrs’ night
photoperiod. Afterwards the meristems were subjected
to equilibration with cryoprotectants: hardened and
unhardened meristems were exposed in 1 M DMSO
and 1,2-PD solutions within 60 min at 22°C.
Cryoprotective solutions were prepared on Murashige
and Skoog (MS) nutritive medium [9].

Afterwards apexes on filter paper strips, moistened
with cryoprotective solution were placed into lem?
polyethylene ampoules with aluminium cores adjusted
into bottom, contributing to spontaneous initiation of
liquid crystallization into ampoules [4].

Meristems were frozen at the 1% stage (from 0°C
to —10+—15°C) with 0.3°C/min rate, crystallization
initiation was at —7°C. Meristem cooling rate at the
2" stage (from —15 down to —40°C) made 0.5°C/min.
Then containers with meristems were immersed into
liquid nitrogen.

In 3 days meristems were frozen-thawed by
immersing for 1 min into 37°C water bath.

Procedure of apex washing-out from a cryo-
protectant was as follows: within 60 min they were
twice transferred on a pure MS nutritive medium. After
washing-out meristems were placed into MS culturing
medium with adding the following phytohormones
(mg/1): indoleacetic acid — 0.5, kinetin — 0.5,
gibberellin — 0.2.

Within 24 hrs after freeze-thawing apexes were
cultured in the dark and then under standard
conditions.

Integrity of cryopreserved apexes of “Kosyn”
potato variety was assessed to the 5™ day of culturing.
Meristems of green color and with positive dynamics
were considered as preserved ones.

Results were statistically processed using Student’s
methods at significance level p=0.95.

Results and discussion

Hardening does not affect the integrity of control
meristems (without treatment) as well as the
cryoprotectant-treated, but not frozen-thawed ones
(Table). During freeze-thawing unhardened apexes the
1,2-PD-treated meristems demonstrated higher
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KyJIBTHBUpOBaHUs MS ¢ nobaBneHneM puToropMoHOB
(Mr/1m): THAONIITYKCYCHOM KHCTOTHI — 0,5, KHHETHHA —
0,5, ru66epemnmuna — 0,2.

B teuenue 24 4 mocie pa3MoOpakUBaHUS aeKChl
KYJIBTUBUPOBAJIN B TEMHOTE, & 3aTEM — B CTAHJAPTHBIX
YCIIOBHUSIX.

CoXpaHHOCTh KPUOKOHCEPBUPOBAHHBIX alleKCOB
kaprodens copra KocelHb olleHMBaNnu Ha 5-i eHb
KynbTuBUpOBaHus. COXpaHHBIMH CUUTAIH MEPHC-
TE€MbI, UMEIOIIMNE 3€JIEHBIM 1[BET U MOJIOKUTEIbHYIO
TUHAMUKY POCTa.

Craructudeckas o0paboTka pe3ynbTaToB IIPOBE-
neHa 1o Metoxy CThIOZIeHTa MPH YPOBHE 3HAYUMOCTH
p=0,95.

Pe3yAbTathl M 00CyXXA€HHe

3aka’jKa He BIUSIET Ha COXpPaHHOCTh Kak HeoOpabo-
TaHHBIX, TAK ¥ 00pabOTaHHBIX KPHOIPOTEKTOPAMH, HO
HE 3aMOpakuBaeMbIX MepucteM (tabmuua). [lpu
3aMOpaXMBAHUM HE3aKaJEHHBIX alleKCOB JyUIIYIO
COXpPaHHOCTH ITOKAa3aJl MEPHCTEMbI, 00paboTaHHbBIE
1,2-I111 (70% u3HECTIOCOOHBIX), IO CPABHEHUIO C
obpadoranasiMu JIMCO (50%). 3akaiika criocoOCTBO-
BaJia TOBBIIIEHUIO COXPAHHOCTHU TOCJE 3aMOPaKH-
BaHUA arnekcoB, obpaboranueix IMCO (72% s
3aKan€HHBIX MepucteM, 50% A He3aKalnEHHBIX), U
HECKOJIBKO CHIDKaNa (B mpenenax OomMOKH) coXpaH-
HOCTb MEPHUCTEM, KOHCEPBUPYEMBIX 0 3aIuTOoH 1,2-
I1J1 (60 u 70% cooTBeTCTBEHHO). B CBsI3M ¢ TeM, 4TO
COXPaHHOCTb 3aKaJIEHHBIX U HE3aKaIEHHBIX MEPHCTEM
nocjie 3aMopaxuBaHusA-orTauBaHus c¢ 1,2-I1]] B
npezaenax omnOKY U3MEPEHHsI He OTIINYAETCsl, TO IPH
ero NpUMEHEHUH 3aKajKa amneKkcoB KapTodens
HelenecoodpasHa.

3a pa3BUTHEM HEKOTOPHIX COXPAHUBIIUXCS MEPHC-
TEM HaOJIOau B TEUCHHE MOCIeaytonux 30 cyToK.
Crnenyer oTMETHTH, 4TO 00pabOTKa KPHOMPOTEK-
TOpaMU U MOCIEAYIOUIEe KPHO-
KOHCEPBUPOBAHHUE BBI3BIBAIOT
3aMeJIeHIE Pa3BUTHUS alleKCOB 10
CpaBHEHUIO ¢ KoHTponeM. Hanpu-
Mep, KOHTPOJbHbIE (HE MOJBEp-

integrity (70% viability) in comparison with DMSO-
treated ones (50%). Hardening contributed to integrity
increase after freezing the DMSO-treated apexes (72%
for hardened meristems, 50% for unhardened ones)
and slightly reduced (within error limit) the integrity
of meristems, cryopreserved under 1,2-PD protection
(60 and 70%, correspondingly). Due to the fact, that
the integrity of hardened and unhardened meristems
after freeze-thawing with 1,2-PD within measurement
limits does not differ, the potato apex hardening at its
application is not expedient.

Development of some preserved meristems was
observed within following 30 days. Of note is that
cryoprotectant treatment and even in a greater extent
following freezing cause the inhibition of apex
development in comparison with the control. For
example, the control (cryoprotectant-free and non-
frozen-thawed) apexes in a month of culturing grew
up. Each of them had 2 leaves and some rootlets. For
this time the 1,2-PD treated (non-frozen-thawed)
meristems also increased, but less than cryopro-
tectant-free apexes. Some of them had by one rootlet
and by 1-2 internodes. DMSO treatment inhibited even
more the meristem growth and development: they grew
up but less if to compare with 1,2-PD treatment. In
some DMSO-treated meristems a callus was developed
instead of roots.

Dependency of phenotypic indices of apexes on
toxic effect of cryoprotectants is the same in hardened
and non-hardened meristems within the mentioned
observation term.

Frozen-thawed potato meristems delayed in
development from their control variants. 1,2-PD- and
DMSO-treated meristems increased in size, their
primordia began to transform into leaf sprouts. No
rootlets were observed. However in some DMSO-
treated meristems a callus began to develop.

CoxpaHHOCTh KPHOKOHCEPBUPOBAHHBIX MepHUCTeM KapTodens copta KocsiHb
MOCJIe MEUIEHHOTO 3aMOpakKHBaHUs (MEPUCTEMBI, BEDKHBILNE ITOCTE
pa3sMoOpaXHBaHUA Ha 5-i AeHb KyJIbTUBHPOBAHHS)

Preservation of cryopreserved meristems of Kosyn potato after slow freezing
(meristems, survived after freeze-thawing to the 5th day of culturing)

rapurrecss o0paboTke KpHOMpO-
TEKTOpaMH U 3aMOPaKUBAHHUIO)

3axKaruBaHUe
Hardening

Bes zakaruBaHUSA
No hardening

areKChl Yepe3 MECAI KyJIbTHBHU-
pOBaHUA MOAPOCTHU. Y KaKJIOTO U3
HUX TMOSBUJIOCH MO 2 JIMCTHUKA U

KpuonpoTekrop
Cryoprotectant

3aMOpa>kKuBaHUs

freeze-thawing

Bes
3aMOPa’KMBAHUS
No
freeze-thawing

Bes
3aMopa’kuBaHue
Freeze-thawing

3aMopa’kuBaHUe

No Freeze-thawing

HECKOJILKO KOPEUIKOB. 3a 3TO
BpeMs obpabotanusie 1,2-11]] u
HE MOABEPraBIINECS 3aMOPaKH-

Bes o6paboTku
No treatment

100 100

95+6 50=+4* 95+5 F2ET*

BaHUIO MEPUCTEMBI TAKKE YBEJIH- AMCO
DMSO

YUJIUCh B Pa3Mepax, HO MEHBIIE

4yeM He oOpabarbiBaeMble KpPHO- 12717
1,2-PD

MIPOTEKTOPaMHU areKChl. Y HEKOTO-

91=+3 70=+£9* 88=+4 60=+6*

PBIX M3 HAX MOSIBIJIOCH IO OTHOMY
KOpEemKy #u 1mo 1,2 Mexmoy3nus.
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* — pasnu4re JOCTOBEPHO MO CPaBHEHHIO ¢ KOHTpoJieM (p<0,05).
* — statistically significant changes comparing to control data (p<0.05).

PROBLEMS
OF CRYOBIOLOGY
Vol. 16, 2006, N21



Oo6padotka JIMCO emié Oonpilie yraerajga pocT U
pa3BUTHE MEPHUCTEM: POCT HaOIIOmaics, OJHAKO B
MEHBIIIeH CTEeIeHH, yeM rocie oopadorku 1,2-11J1. Y
gacTu MepHucTteM, obpadoranneix JJMCO, BmecTo
KOpHEH pa3BHBaJCs KaJllyc.

3aBUCUMOCTb (DEHOTUNHYECKUX IOKa3areyeit
aleKkcoB OT TOKCHYECKOTO AEHCTBHS KPUOIPO-
TEKTOPOB aHAJIOTMYHA y 3aKaJEHHBIX U He3aKaJIEHHBIX
MEpHUCTEM Ha MPOTSIKECHHU YKa3aHHOT'O CpPOKa
HaOJIOIeHNS.

KpuokoHcepBUpOBaHHBIE MEPHCTEMBI KapTodes
OTCTaBaJIM B PA3BUTHH OT KOHTPOJHHBIX BAPUAHTOB.
O6paborannsie 1,2-11J] u JMCO mepucTeMs
YBEJIIMYHIIKCH B pa3Mepax, IPUMOP/INHN Y HUX HavyajIu
MpeBpaIlaTbCsl B 3a4aTKH JIMCTOUKOB. KopemikoB He
Habmronanock. OMHAKO y 4acTH MepUcTeM, 00pado-
tanHbiX JJMCO, Hayan pa3BUBaThHCS KaJlIycC.

BbiBOAbI

KpunoxoHcepBupoBaHue He3aKkaIEHHBIX U 3aKalEH-
HBIX MepHucTeM KapTodens copra Kocerab, 00padoTan-
HbIX Kak JIMCO, Tak u 1,2-I1]1, cHIXaeT KoJIn4ecTBO
BBDKHBIIUX allEKCOB 10 CPABHEHHIO C KOHTPOJIBHBIMU
MepHCTEMaMH.

3amMopaXHBaHHE-OTTaNBAHNE 3aKaJEHHBIX amleK-
coB kaprodens mox 3amurod [JIMCO npuBoauT K
YBEJIWYEHNIO UX COXPAaHHOCTH IO CPaBHEHHIO C
aHaJIOTUYHBIM TOKa3aTeJieM y He3aKaJEHHBIX.

Ecnu B xauecTBe KpHOIPOTEKTOpPa MPUMEHSETCS
1,2-I111, To 3akanka amekcoB KapTodess Helelne-
coo0Opa3Ha.

Habnronenue B Teuenue 30 cyTok 3a pa3sBHUTHEM
MEpHUCTEM, KPHOKOHCEPBUPOBAHHBIX IO 3aIlUTOM
1,2-1TA u AMCO, mnoxka3zano, 4To obpaboTka
KpUOTIPOTEKTOPAaMHU M TOCIEAyIolIee 3aMOpakiBa-
HHE-OTTanBaHWE MPHUBOJAT K 3aMEIJIEHHUIO POCTa
aTieKCOB 10 CPAaBHEHHUIO C MEPUCTEMaMH, He TIOABEp-
raBIIMMUCS BO3JEHCTBUIO KPUOIPOTEKTOPOB U
3aMOpaKMBAaHUIO-OTTanBaHUIO. MeHee TOKCHYHBIM B
3TOM oTHowmeHuun okazaiucs 1,2-I1J]. O6paboTka
JAMCO moxeT BbI3BaTh 00pa3oBaHHE Kajllyca.
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Conclusions

Freezing-thawing of non-hardened and hardened
meristems of “Kosyn” potato variety, treated with both
DMSO and 1,2-PD reduces the amount of survived
apexes in comparison with the control meristems.

Freezing-thawing of hardened potato apexes under
DMSO protection results in an increase of their
integrity in comparison with the same indices in
unhardened ones.

If one applies 1,2-PD as cryoprotectant, the potato
apex hardening is not expedient.

Observation within 30 days for the development
of cryopreserved meristems demonstrated that
cryoprotectant treatment and even in a greater extent
following freezing caused a delay of apex growth in
comparison with the control. In this respect 1,2-PD
occurred to be less toxic. DMSP treatment can cause
callus formation.
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