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Hypothermic and Low-Temperature Storage
of Garlic (Allium sativum L.) for In Vitro Collections

Pecbepat: B YkpaiHi po3pobntotoTb cnocobu CTBOPEHHS! KOMEeKLii reHETUYHUX pecypciB pocnuH. Y poboTi AocnigxyBanu BNnve
pi3HUX yMOB 36epiraHHsi Ha MOKa3HWKU XUTTE3AATHOCTI KONeKUinHuX 3paskiB vyacHuky (Allium sativum L.). KynbTypy npopocTkis
copty «[owecy» genoHyBanu in vitro 3a Temnepatypu 4°C y TEMHOTI Ha xuBunbHOMY cepegoBuLli Murashige-Skoog (MS) i3 pisHuM
MiHepanbHum cknagom (1/2 MS i MS) Ta 3a TemnepaTypu 22°C Ha cepepoBuLi MS i3 pi3HOIO KOHUeEHTpauieto caxaposu (4,5; 6; 9 i
12%) ynponoBx poky. MaTepianom ans Hu3bkoTemnepatypHoro 36epiraHHs 6ynu mepuctemu coptiB «[wowec» (o3umuin) Ta «Ma-
HYNNIBCbKMNY (pui1). Anekcu gerigpaTyBany po3yYnHOM, LWo BiTpudikyeTbes (1 M caxaposum + 2 M rniuepuHy + 2,5 M eTuneHrnikonto),
npotsrom 120 xB, po3MilyBanu y kpionpobipku Ta 3aHyptoBanu y pigkuii asot. 3pasku 36epiranu 3a Temnepatypu —196°C ynpogosx
roavHn Ta 5 pokiB. MakcumanbHy 36epexeHicTb NPOpOCTKiB NPOTSAroM poky 3abe3nedvyBano AenoHyBaHHsS 3a Temnepatypu 4°C Ha
cepeposuLi 1/2 MS (94,4%) Ta 22°C Ha cepepoBuLyi 3 AoAaaBaHHAM 12% caxaposu (85%). 36epiraHHs MepucTeM YacHUKy 3a Tem-
nepatypu —196°C He BNNMBano Ha iX XUTTE3QATHICTb Ta LWBWAKICTb PO3BUTKY. XKUTTE3QATHICTb AEKOHCEPBOBaHMX MepucTteM 4ac-
HUKy copTiB «[woowec» Ta «MaHyiniBcbkuii» cknagana 6nusbko 60%.

KnioyoBi cnoBa: nenoHyBaHHSs, HU3bkoTeMrepaTypHe 36epiraHHs, YacHWK, MEPUCTEMU, POCIIMHU-PErEeHEPaHTK, BiTpudikauis,
rinotepmiyHe 36epiraHHs.

Pecbepat: B YkpauHe paspabaTbiBaloT cnocobbl CO3aHus KONNEKUMUA reHeTUYeCcKnx pecypcoB pacTteHuil. B pabote uccneno-
Banu BRUsIHWE pasHblX YCIOBUI XpaHEHWs1 Ha Noka3aTenu XXM3HEeCnoCOOHOCTU KOMMeKUMOoHHbIX obpa3uoB YecHoka (Allium sati-
vum L.). KynbTypy npopocTkoB copTa «[owec» AenoHupoBanu in vitro npu Temnepatype 4°C B TEMHOTE Ha nuTaTenbHOM cpefe
Murashige-Skoog (MS) ¢ pa3HbiM MuHepanbHbiM cocTaBoMm (1/2 MS n MS) u npu Temnepatype 22°C Ha cpege MS c¢ pasHon
KOHLeHTpaumen caxaposbl (4,5; 6; 9 n 12%) B TedyeHune roga. MaTepvanom ans HU3KOTEMNEpPaTypHOro XpaHeHUs Obinu MepucTeMbl
coptoB «[towecy» (03umbln) n «MaHynnoBckuny (sipoBon). Anekcbl gerngpatuposanu Butpuduumpytowmmesa pactsopom (1 M ca-
xapo3bl + 2 M muuepuHa + 2,5 M aTuneHmukons) B TedeHne 120 MuH, pa3mellanyu B KpUonpooupky 1 Norpykanv B XUOKUA a3oT.
O6pas3subl xpaHunu npu temnepartype —196°C B TedyeHune Yaca u 5 net. MakcvmMarnbHyt0 COXpaHHOCTb MPOPOCTKOB B TeYeHWe roga
obecneynBano fenoHuposaHue npu Temnepatype 4°C Ha cpepe 1/2 MS (94,4%) n 22°C Ha cpepe ¢ fgobasnexHnem 12% caxapoasbl
(85%). XpaHeHve mepucTeM YecHoka npu Temnepatype —196°C He BNMSANO Ha XWM3HECMOCOBHOCTb M CKOPOCTb pasBuTus. XKnsHe-
CMOCOBHOCTb [IEKOHCEPBUPOBAHHbBIX MEpPUCTEM YecHoka copToB «[wowec» u «MaHyinnoBckuiny coctasnsna okono 60%.

KnioyeBble cnoBa: [enoHVpoBaHWe, HU3KOTeMNepaTypHOe XpaHeHue, YEeCHOK, MEPUCTEMbl, pacTeHUs-pereHepaHTbl, BUTPU-
dvKaumus, rMnoTepMmyeckoe XpaHeHus.

Abstract: New methods to establish various types of plant genetic collection are developed in Ukraine in order to preserve
the existing species and varieties. This research deals with the effects of short-term hypothermic (4°C) and long-term low
temperature (-196°C) storage on viability of the collection samples of garlic (Allium sativum L.). In the first case the culture of garlic
sprout of Duchess variety was stored in vitro at the temperature of 4°C in the Murashige-Skoog (MS) medium with different mineral
composition (1/2 MS and MS) in the dark for 3, 6, 9 and 12 months as well as in MS medium with various concentrations of sucrose
(4.5, 6,9 and 12%) at 22°C. The material for long-term low temperature storage of the garlic samples in liquid nitrogen were the me-
ristems of different development type, Duchess (winter) and Manuilivskyy (spring) varieties. The apices were dehydrated in plant
vitrification solution (1 M sucrose + 2 M glycerol + 2.5 M ethylene glycol) for 120 min, placed into cryovials and immersed into liquid
nitrogen. The samples were stored at the temperature of —196°C for 5 years. The storage at 4°C in 1/2 MS medium provided the
maximum preservation of the regenerated plants during a year (94.4%). During culturing at 22°C the highest viability (85%) was
observed in the medium, containig 12% sucrose. Long-term storage of garlic meristem at —196°C did not affect the viability and
growth rate if compared to the apices, thawed an hour after plunging into liquid nitrogen. The viability of vitrified-warmed garlic
meristems of Duchess and Manuilivskyy varieties was about 60%.

Key words: storage, low-temperature storage, garlic, meristems, regenerated plants, vitrification, hypothermic storage.
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OnHi€ero 3 HAROIIBII PO3MOBCIOPKEHNX IUOYIIEBUX
KYJBTYp € YacHUK (A/lium sativum L.), skuii Ma€ BUCOKI
0ioJI0Ti4HI, CMaKOBi Ta JiKyBaJbHi BIaCTUBOCTI. AK-
TyaJbHa 3aJa4a Cy4acHOI arpOTeXHIKH — MOJOJaHHS
po06IeM MiATPUMAHHS ITOTHOBUX KOJEKITIA POCITHH,
SIKI PO3MHOKYIOTBCSI BET€TATHBHAM CIIOCOOOM, Y TOMY
YUCIII ¥ 9aCHUKY. 3 Ii€f0 METOI0 aKTUBHO PO3PO0-
JISIOTHCS 010TEXHOJIOTI9HI METO/IN KYJIbTHBYBaHHS Ta
KpIOKOHCEPBYBaHHS POCIMHHOTO TEHETHYHOTO Mare-
piamy [9]. Konexuii mpoGipKOBHX POCIHH MaroTh
CYTTEBI IIepeBaru HaJi OJIbOBUMH, OCKIJIbKY BOHH HE
3aJIeKaTh BiJl KIIIMaTHYHUX 1 TIOTOIHUX YMOB, HE ypa-
KYIOTbCSl (DiTONATOrCHAMH Ta LIKIJHUKAMH, MAlOTh
BHCOKHH KOe(]ili€eHT PO3MHOXKEHHS, TOTPEOYIOTh
MiHIMaJTBHUX TUTOII [T PO3MIIIeHHS (AeKiIbKa KBaJI-
paTHUX METPiB NOPIBHIHHO 3 FeKTapamu B nodi). o
TOT0 5K JIJIS MACOBOT'O PO3MHOKEHHS 3pa3KiB MOXKIHBO
BHKOPUCTOBYBATH Oyb-sKNi excruanTar [13].

KyneTuBYyBaHHS pOCIIMH Y CTEPHIILHIX YMOBaX J10-
CUTh HAJIIWHO 130JTF0€ 3pa3KW BiJ MATOTCHIB, BKIIO-
YAFO4YH KapaHTHHHI. Y TOTHOBUX KOJISKITISIX POCITHHHOTO
TeHEeTHYHOTO MaTepially YacTO CHOCTEPIra€ThCs BH-
POJUKECHHSI 3pa3KiB 4yepe3 HAKOMHMUYEHHS BipYCHHX,
MIKOTHYHHUX Ta OakTepialbHUX iHGEKUild. 3aBAsKH
KOMIIAaKTHOCTI Ta 130JIbOBAHOCTI 3pa3KiB in Vitro MOX-
JIMBO ITPOBOIUTH IHTPOMYKLIIO Ta OOMiH KOJIEKIIHHOTO
Marepiaily, OCKUIbKH 11e 33J0BOJbHSE KapaHTUHHUM
BuMoram [3].

VY CcTpyKTypi KOJEKIH in vitro BUAINAIOTH ABA
OCHOBHHUX HampsiMu po6otu. llepmmii 6a3yerbcs Ha
30epiranHi MaTepiamy 0e3 MOpyIIeHb MPOIIECiB POCTY
(cyOKymbTHBYBaHHS), APYTHUH — Ha 30epiraHHi B yMOBax
MTOBIJIBHOT'O POCTY a00 MPH TIOBHIH HOTro 3ymuHIIi (Kpio-
koHcepByBaHHsI) [ 1]. Po3po0ieHHs crioco0iB miaTpu-
MaHHsI KOJIEKLIHHUX 3pa3KiB YacHUKY SIK B yMOBax
MOBUTFHOTO POCTY, TaK 1 30epiraHHs y piIkoMy a3oTi
HEeoOXiTHE 1151 030POBIICHHSI, PO3MHOKEHHS Ta Ty OITio-
BaHHSI HAHOLIBII HIHHKUX 3pa3KiB IMOJHOBUX KOJICKIIIH, a
TAKOJK JJIs1 38JI0BOJICHHS 3aIIUTIB 00 MI>KHAPOIHOTO
00MIHY TCHETHYHUM POCITHHHIM MaTepiaaoM.

3rigHo 3 « MeToOmnIYHUMHU PEKOMEHIAITISIMA 3 BUB-
YeHHS Ta MAPUMAHHS Yy KHBOMY BUIJISII CBITOBOT
KoJrektii 1oy Ta wacHuky» (Descriptor for A/llium
spp, IPGRI, 2001) 3pa3ku cepiieBUHHUX KOJICKIIiH (core-
collections), y TKHX MaKCHMaJIbHO TIPECTABIICHO TeHE-
TUYHE PI3HOMAHITTS BH[iB, IOBUHHI 30epiratucs y
MOJBOBHX YMOBAX, YMOBaX MMOBLTLHOTO POCTY Ta HUA3b-
KOTEMIIePaTyPHOT KOJISKIIii. Y BEJIMKHX CBITOBUX I'€HE-
TUYHUX OaHKax JJIsl pPO3MHOKEHHS KyJbTYp 13 Berera-
TUBHUM THUIIOM PO3MHOKEHHSI BUKOPUCTOBYIOTH ycCi
BHIIE3a3HaYCHI cucTeMH 30epiranus pociuH. KoxHa
cucTeMa Mae€ CBOI IIEpeBaru Ta HeJl0JiKHU, IIPHU LIbOMY
BOHU B33€MHO JIOTIOBHIOIOTb OJIHA OZIHY, @ IXHE CIILIbHE
BUKOPUCTAHHS 3a0e31edye HaaiifHe TOBrOCTPOKOBE
30epiraHHs FTeHETUIHOTO PI3HOMAHITTS POCTHH [3].
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One of the most widespread cultivated bulbous
plants is garlic (Allium sativum L.), which is valued due
to high biological, taste and medicinal qualities. A chal-
lenge of modern farming is to overcome the problems
of maintaining the field collections of plants reprodu-
cing by vegetation, in particular, garlic. For this purpose,
the biotechnological methods of cultivation and cryopre-
servation of plant genetic material are actively developed
[10]. The collections of in vitro plants are strongly ad-
vantageous over the field ones as they do not depend
on climate and weather conditions, not affected by
pests and pathogens, have a high rate of reproduction,
require a minimal space to settle (several square meters
vs. a hectare if compared to the field ones). Moreover,
the mass reproduction of the specimens could be perfor-
med using any explant [13].

Cultivation of plants under sterile conditions is safe
in terms of preventing the contamination with pathogens,
including the quarantine ones. The field collections of
plant genetic material often suffer from the degenera-
tion of samples due to accumulated of viral, micotic and
bacterial infections. Compact isolated in vitro samples
could be easily introduced and exchanged, since they
meet all the quarantine requirements [2].

The in vitro collections are supported using one of
two approaches. The first one is based on storage of
the samples without cessation of growth (subculturing),
the second one involves the storage under conditions
of slowed growth or its complete termination (cryopre-
servation) [ 1]. Developing the ways to maintain a col-
lection of the garlic samples both under conditions of
slow growth and storage in liquid nitrogen is necessary
for recovery, reproduction and backup of the most
valuable collections of the field samples and to provide
the possibility of international exchange of plant genetic
material.

According to the Methodological guidelines for the
study and maintaining alive a world collection of onion
and garlic (Descriptor for Allium spp, IPGRI, 2001)
the samples of core-collections, which mostly cover the
genetic diversity of species need to be kept simulta-
neously in the fields, under conditions of slow growth
and low-temperature collection. The world’s biggest
genetic repositories support the cultures with a vegeta-
tive propagation using all the mentioned above storage
options. Each approach has its positive and negative
features, nevertheless these are mutually overlapped,
and their combination provides a reliable long-term
storage of plant genetic diversity [2].

Storage under normal growth conditions does not
differ from the traditional breeding methods of the
plants with a certain genotype using in vitro collections.
In particular, its practical implementation requires a
regular transferring of in vitro plants to nutritive culture
medium, supporting the stable culture conditions (tem-
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30epiraHHs B yMOBaxX HOpMaJIbHOT'O POCTY HE BiJl-
PI3HSETHCS BiA TpaIULiHOTO crioco0y PO3ZMHOKEHHS
POCIMH NEBHOT'O T€HOTHILY B KYJIBTYPi i vitro. Tomy miist
MIPaKTUYHOI HOTO peastizallii HeoOXiTHe peryispHe Te-
peHECEHHS TPOOIPKOBUX POCIIMH Ha CBIXKE KUBUIIbHE
cepeoBUIlEe, 3a0e3eueHHs CTa0lTbHIX YMOB KYJIBTH-
ByBaHHS (TeMIIepaTypa, OCBITIACHICTb, SKICHUH CKIIaT
TOXKUBHUX cepenoBun) [7]. [lepeBara HamaeThCs TAKUM
criocobaM pereHepartii, Mpy IKMX BUKITIOUAETHCS (hop-
MyBaHHS KaJTyCHUX TKaHWH, 110 3a0e31edye HaiOLTbITy
TCHETHYHY cTabiIbHICTh MiKpOIIaroHis [4].

EdexTnBHNMEU ciocOOamMu iHAYKLiT TOBLTBHOTO POC-
Ty € 3MiHa CKJIy PeryJsITOpiB POCTY y CepeIOBUIII
a00 1oaBaHHS OCMOTHYHO aKTUBHUX PEYOBHH (MaHi-
TOJ1, COPOITOIT) 3 METOIO CTBOPEHHS! BOZTHOTO CTPECY, SIKUH
raapMye pict KyabTyp [8]. 3acTocyBaHHS BKa3aHUX
MIPUHOMIB BHpIIITy€ TIpoOIeMy 30epekeHHs KIIOHOBOTO
Marepiajy B KyJAbTypi in vitro Ge3 BIUIMBY Ha HOTO
JKUTTE3IATHICTD.

B VYkpaini po3po0moroTees criocoOn CTBOPEHHS
PI3HOTO THITY KOJIEKII TEHETUIHHIX PECYPCIB POCITUH
[9]. ¥V «axtuBHUX» Oankax (in vitro active gene,
IVAG) 3pa3ku 94acTo BUKOPHCTOBYIOTH ISl CEIeKIIil-
HUX POOIT, OTKE MOTPEOYITh CEPEeAHhOCTPOKOBOTO
30epiraHHs B yMOBax IOBUJIBHOTO POCTY. Y HU3bKOTEM-
niepatypHux OaHkax (in vitro base gene, [IVBG) excrinan-
TH 0370POBJICHUX POCIIHMH 30€piraloTh 3a TeMIepary-
pu pinkoro azoty [6, 10].

JJist 3MCHIIICHHST MaTepialbHAX BUTpPAT Ha BUPO-
ITyBaHHS, 3aM00iraHHs BTpaTi 3pa3KiB BiJl XBOPOO Ta
CIIPOIIECHHS IXHBOTO 0OMiHY HeoOXigHI po3pobOxa
Croco6iB TpUBAJIOTO 30epiranHs KOJEKIIii 3a yIbpTpa-
HU3BKHUX TEMIIEpaTyp Ta JENMOHYBaHHS B yMOBax
in vitro [3, 6].

V niTeparypi onrcano 3arajibHi MiAX0AU 10 CTBO-
penns [IVAG 6ankiB [6]. 3a3HaueHO, 110 JUIs OUTHIIIOCTI
KyJIBTYp TeMIIeparypa rirnoTepMidHoro 30epiraHHs cKia-
nae 4°C, nsa Tporiunnx BuaiB — 8°C [1]. Hapasi ve icHye
myOsTiKamnii 11o/10 BIUTMBY TiMOTEpMIYHOTO 30epiraHHs
Ha JKHTTE3AATHICTh POCIIHH-PETEHEPAHTIB YaCHUKY,
30KpeMa 010 CTPOKIB Takoro 30epiranus. Herigomo
TaKOK, Y1 MOXKJIMBO ITOIOBXKUTH TEPMIHU AETIOHYBAH-
HS 3pa3KiB 3a BiTHOCHO BHCOKHUX TeMirepatyp (22°C)
UTIXOM 301TBIICHHS KOHIICHTpAIIIl caxapo3u y cepe-
JIOBUII KyJTBTUBYBaHHA. Taki MTOCITIKEHHS MOXYTh
JOTIOBHUTH apCceHall iICHYIOUMX TEXHOJOTIH Jero-
HYBaHHS POCIMHHOTO FeHETUYHOT0 Marepiaiy. Panime
MH PO3POOHIIN METOJ KPiIOKOHCEPBYBaHHS MEPUCTEM
YacHUKY [2], ajie He MPOBOIMIIN aHANI3 TPAKTUYHOTO
BHUKOPHCTaHHSI IIbOI'O METOAY AJIsi CTBOPEHHS HU3BKO-
TeMIIepaTypHOro OaHKy, SIKH{ BKIIIOYaB OM JOCIHIJ-
JKEHHS BIUTMBY 30€piraHHs Ha KUTTE3MATHICTh POCITHH
Ta X PO3BUTOK ITicIIs BifirpiBaHHs. Taki JOCITiIH MO-
YKy Th ITOKA3aTH MOKITMBICTH BUKOPHUCTAHHS pO3po0iTe-
Horo MeTonay B mpaktuili ['VGB 6ankis.
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perature, lighting, growth media composition) [8]. Pre-
ference is given to those regeneration ways, which do
not result in the formation of callus tissues, providing
in such a way the highest genetic stability of micro-
sprouts [4].

Effective way of growth slowering is altering the
composition of growth regulators in culture media or
supplementing it with the osmotically active substances
(e. g. mannitol, sorbitol) to provoke a “water stress’, which
inhibits the growth of crops [9]. The use of these appro-
aches allow to preserve the clone samples material in
vitro without affecting its viability.

Ukrainian scholars consider the development of diffe-
rent types of the plant genetic repositories [10]. The
samples stored in the "active’ banks (in vitro active gene
bank, IVAG) are often used for breeding, i. e. they
require a mid-term storage under slow growth condi-
tions. At low temperature banks (in vitro base gene
bank, IVBG) the explants of the recovered plants are
kept at the temperature of liquid nitrogen [6, 11].

To reduce the expenses for growing, preventing
the loss of the samples due to diseases and to simplify
their exchange there is a need in developing the
methods for a long-term storage of the collections at
ultralow temperatures and in vitro deposits [2, 6].

There are general approaches to establishing the
IVAG banks [6], which indicate a hypothermic storage
temperature of 4°C for most crops, and §°C for tropical
species [1]. Currently there are no reports on the impact
of hypothermic storage on viability of the regenerated
plants of garlic, in particular the terms of such a sto-
rage. It is also unknown whether it is possible to extend
the samples’ storage at relatively high temperatures
(22°C) by increasing the sucrose concentration in the
culture medium. These studies can complement the
existing choice of storage technologies for plant genetic
material. We previously developed a method to cryo-
preserve garlic meristems [12] but did not analyze in
practice establishing the low temperature bank, which
would include a study of the effect of storage on viability
of plants and their development after warming. These
experiments can demonstrate the possibility of using
the proposed method in the IVGB banks.

The research aim was to determine the optimal con-
ditions for short-term storage of the collection samples
of regenerated garlic plants during in vitro culturing
and to assess the impact of long-term storage of garlic
meristems at the temperatures of liquid nitrogen.

Materials and methods

The object to study the optimal conditions for a short-
term storage of garlic collection samples were regene-
rated plants of Duchess variety, provided by the Natio-
nal Center for Plant Genetic Resources of Ukraine.
Regenerated garlic meristem tissues were obtained
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Merta poOOTH — BU3HAYEHHS ONTUMAJIBHUX YMOB
KOPOTKOCTPOKOBOTO 30epiranHs KOJIEKLIHHNX 3pa3KiB
POCIMH-PEreHEPAHTIB YaCHUKY B KYJIBTYDI in Vitro Ta
BILIMBY IOBI'OCTPOKOBOTO 30€piraHHs MEPHCTEM Jac-
HHKY 3a TEMIIEPATyp PIIKOTO a30Ty.

Marepianu Ta MeTOaU

OO0’ €KTOM TSI TOCITIKEHHST ONITUMAIEHUX YMOB
KOPOTKOCTPOKOBOTO 30epiraHHs KOJEKLIHHUX 3pa3-
KiB 9aCHUKY OYyJIM POCIHMHHA-PETEHEPAHTH COPTY «JI10-
mecy, siki Oynu HanaHi HarioHa pHUM [EHTPOM re-
HETHYHHUX PECypciB pOociIuH YKpaiHu. Perenepantu
YaCHUKY OTPUMYBAIHM 3 MEPUCTEMATUYHHUX TKAHUH
MOJIOAHX CyIBiTh. CTepuiizallito MaTepiaay IpoBO-
oy y naminapaomy 6okci «bABHI-01 Jlamunap-Ch»
(Pocist) y Takiii HOC/IiJOBHOCTI: CYLBITTS 3aHYPIOBAJIH
y po3uuH 70% eTunoBoro cupty Ha 5—10 ¢, gam 00-
POOIISITH IIIISIXOM 3aHYPEHHA y 2,6%-1 pO3YHH Timo-
XJOpHUTY HaTpiro Ha 20 XB Ta MPOMHUBAIH 5 pa3iB
CTEPHIILHOIO IUCTHIIHLOBAHOIO BO 010 [4]. CTepuibHUi
Marepiaj KyJbTHBYBAJIHM y CKJISTHUX IEHIIMIIHOBHX
(hmaxonax 06’emom 10 M («Anxim», Ykpaina) Ha )Ku-
BUIbHOMY cepenoBuini Murashige-Skoog (MS) [12]
13 momaBaHHsIM 4,5% caxaposu 3a CTaHAAPTHUX YMOB
(Temmepatypa 22...26°C i3 16-ronuaHuM (oTOnepio-
JIOM Ta IHTCHCHUBHICTIO OCBITJICHHS 5 KJIK) MPOTSATOM
3—4 micsauis. [loOpe yKopiHeH1 pOCINHYI NEePEHOCUITH
Ha CBIXKE KUBHJIbHE CEPEAOBUILE 3 Pi3HUM MiHEpaJIb-
HUM CKJIaIoM: TOBHUM (MS) Ta mosioBuHHUM (1/2MS)
1 memonyBanu 3a Temneparypu 4°C y TeMHOTI abo Ha
cepenoBuIi MS i3 pi3HOIO KOHIIEHTPAIIIEIO caxapo3u
(6,91 12 macoBux %) 3a remneparypu 22°C. Y KOHT-
pPOILHOMY BapiaHTi POCITUHH JCTIOHYBAJId Ha Cepe-
nosuii MS 3a cranaaptaux ymos [4]. Y po6oti Buko-
puctoByBau 1o 100 pocnuH Ha KO>KEH BapiaHT 10C-
nigy. CriocTepeKeHHs 3a ACTTOHOBAaHUMH POCIMHAMH
MIPOBOJIMIIN BIIPOAOBXK 3, 6, 9 Ta 12 micauis. Excrie-
PHMEHT IMOBTOPIOBAJIH MMPOTATOM 3 POKiB. Y 3a3HaueHi
TEPMIHM JOCHIJDKCHHS Bi3yaJbHO BHU3HAYAIU KiJb-
KICTPh 3apa’KEHUX MTATOT€HHOIO MiKPO(hIOPOIO POCIIHH.
[Ticns 3akiHgeHHS TepMiHy aenonyBaHH (12 MicsIIiB)
BH3HAYAJHN KUTBKICTh POCITHH, K1 BiTHOBITIOBAJIA CBiit
picT micisI TIepeHECEHHST Ha CBIXKE JKUBIIIBHE Cepe-
noBuile MS Ta 3a CTaHAapPTHUX YMOB KyJIbTHUBYBAHHSI.
[TimpaxoByBaH KiTbKIiCTh JTUCTKIB Ta KOPIHIIIB, BU3HA-
YaJu IXHIO JOBXKHHY, KOJip. AHaJIi3 3pa3KiB IPOBOIHIH
BIIIOBIAHO 110 Aeckpuritopa Allium spp. Cepen 3pas-
KiB, JICTIOHOBaHMX 3a Temiepatypu 22°C, BUIBISIIHA
CKJIOBHIHI (TiMeprigpaToBaHi) pOCIMHHU 3 HETUIIOBUMH
OyJI0BOIO TIPOJIUXIB Ta (POPMOIO JINCTKIB, HASIBHICTIO
PiaMHM y MDKKIIITHHHOMY IPOCTOPI TKAHKH Ta BiACYT-
HICTIO peTeHEeAITiHOTO TTOTeHITIaTY. Taki poCIMH BBa-
KaJIUCSI HeXKUTTE3aTHUMU, OCKUIBKH IIPU Iiepecal-
KEHHI Ha CBI)KE JKUBWJIbHE CEPENOBUIIE BOHHU HE
BiTHOBJTIOBAJIN CBiil PO3BUTOK [5].
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from young inflorescences. The samples were sterili-
zed in laminar cabinet BAVnp Laminar-01-C (Russia)
as follows: the inflorescences were plunged into 70%
ethanol solution for 5-10 seconds, then plunged into
2.6% solution of sodium hypochlorite for 20 min and
5 times washed with sterile distilled water [4]. Steri-
le samples were cultured under standard conditions
(22 ...26°C temperature, 16-hr photoperiod and 5 KLK
light intensity) for 3—4 months in 10 ml glass vials (Alhim,
Ukraine) filled with Murashige-Skoog (MS) medium
[7] supplemented with 4.5% sucrose. Well rooted plants
were transferred to fresh nutritive medium with a va-
rious mineral composition, complete (MS) and half-
depleted (1/2 MS) and stored at 4°C in the dark or MS
medium with different concentrations of sucrose (6, 9,
and 12 wt %) at 22°C. The control plants were cultured
in MS medium under standard conditions [4]. The re-
search was performed in 100 plants. The control points
for assessing course of plants’ storage were 3, 6, 9 and
12 months.The experiment has been repeated thrice
each year. The number of plants infected with patho-
genic microflora was visually assessed in mentioned
control points. After the storage (12 months) we exami-
ned number of plants, which restored their growth after
transfer to fresh MS nutritive medium in standard cul-
ture conditions. The number of leaves and roots was
counted, their length and color were examined. The
samples were analyzed in accordance with the Des-
criptor of Allium spp. Among the samples stored at
22°C, we controlled the presence of vitreous (hyper-
hydrated) plants with unusual structure of stomates
and shape of leaves; the plants were characterized by
decomposed chlorophyll granules, presence of fluid in
intercellular space and absent tissue regeneration capa-
city. These plants were not considered as viable, because
following transfer into fresh nutritive medium they
did not restore their development [5].

The samples for long-term low-temperature storage
of garlic samples under liquid nitrogen conditions were
the meristems of two type varieties: Duchess (winter
plant) and Manuilivskyy (spring plant), varieties, which
were isolated from the bottom of cloves. The meristems
were cryopreserved according to our method [12]. The
apices of 2-3 mm were dehydrated in vitrifying solution
(1 M sucrose + 2 M glycerol + 2.5 M ethylene glycol)
for 120 min, placed into 1.8 mI® cryovials (Corning, Me-
xico) and plunged into liquid nitrogen. The samples
were stored at—196°C for one hour or 5 years. Cryovials
with meristems were warmed in a water bath WB-4
(Micromed, Ukraine). Garlic meristems were recultu-
red in MS medium under standard conditions [4].
Viability was determined by the number of apices,
which formed leaves and roots to day 90 of cultivation,
and expressed as a percentage of total studied meri-
stems. The number of formed leaves and roots of the
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Marepianaom AJisi JOBFOTPUBAJIOTO HU3bKOTEMIIE-
paTypHOro 30epiranHsi 3pa3KiB YaCHHKY B yMOBax
piakoro a3ory Oyiau MEpPHCTEMH Pi3HHX 32 THUIIOM
pO3BUTKY cOpTiB: «/lromecy (o3ummii) Ta «MaHyii-
JBCHKHID (SIpHii), K1 BUALISIN 3 JOHLA 3yOKiB. Me-
pUCTEMH KPIOKOHCEPBYBAIU 32 PO3POOJICHOI0 HAMH
METOAMKOIO [2]. Aniekcu po3Mipom 2—3 MM jeriapa-
TyBaJIM PO3YUHOM, KU BiTpudikyerbes (1 M caxa-
po3u + 2 M mminepuny + 2,5 M eTHUJIEHIITIKOIIO),
npoTsarom 120 XB, po3MilIyBanu y KpiompoOipKu
00’emom 1,8 mir® («Corningy, Mekcuka) Ta 3aHypro-
BaJIM Y PIAKHI a30T. 3pa3Ku 30epiraiu 3a TeMneparypu
—196°C BnpoaoBx roauHu Ta 5 pokis. KpionpoGipku
3 MEpHCTEMaMHU PO3MOPOXYBaIHM y BOASHIN OaHi
«BB-4» («Mikpomeny, Ykpaina). Mepuctemu 4acCHUKY
PEKYJIBTHBYBAJIM Ha )KMBUJILHOMY cepeoBHII MS 3a
cTaHaapTHUX yMoB [4]. XKutTe3marHicTh BU3HAYAIH
3a KUTbKICTIO ameKCiB, sIKi yTBOPWIIH JIUCTKH Ta KOPEHi
Ha 90-Ty 100y KyIETHBYBaHHS, Ta BUPAYKAIIN y BiJICOT-
KOBOMY CITIBBIZJHOITICHHI JTO 3araJTbHOT KUTEKOCTI TOCTI -
HUX MepucTeM. [lizpaxoByBany KiTbKiCTh YTBOPEHUX
JIUCTKIB Ta KOPEHIB Y PETEHEPOBAHNX POCIHH. Y KOXK-
HOMY BapiaHTi I0CTIi/1iB BAKOPUCTOBYBaJk 30 areKcis.

Craructuuny oOpoOKy OTpHMaHHUX pe3yibTaTiB
MIPOBOAMIIM 3a JonoMoroto nporpamu «Excel» («Mic-
rosofty, CILIA). s ycTaHOBIEHHS CTATHCTUYHOT 3HA-
YyIIOCTi BAKOPUCTOBYBAJIM apaMeTPUYHHUN KpUTEpii
Mamnsna-VYitai. BigMiHHOCTI BBa)kajaud CTaTUCTUYHO
3HaYyIMHe ipu p < 0,05.

Pe3yabTatu Ta 00roBOpeHHA

OnmHUM i3 cydacHHUX MIAXOMIIB IO 30epeKeHHS
reHo()OH/TY € JeTIOHYBaHHS POCIHH i1 Vitro B yMOBax
HU3BKHX MMO3UTUBHUX TeMneparyp. Lleii croci6 1o3Bo-
JIsI€ NPU3YITUHUTH POCTOBI IPOLIECH, YIOBIIEHUTH BH-
CUXaHHSI JKUBUJIBHOTO CEPEIOBHIIA Ta 3HU3UTH Bipo-
TiIHICTh PO3BUTKY NaToreHHoi Mikpoduiopu [13]. Oc-
KUTBKY TEPMiHiB IEOHYBaHHS MPOOIPKOBUX POCIHH
YaCHHKY 31 30€pe)KEHHSM JJOCTATHBOT JIS CeICKITiH-
HOTO MPOIIECY KUTBKOCTI KHUTTE3NATHIX 3pa3KiB HE BU3HA-
YeHO, TO Ha MEePIIOMY eTari poOOTH MU MPOBETH 1€
JTOCITIDKEHHS.

Ha puc.1 mpencrasneni pe3ynbTaTy BILIUBY Tillo-
TepMidHOTO 30epiraHHs Ta MiHEpaJbHOTO CKJIATy
JKUBHJILHOTO CEpPEIOBUINA HA JKUTTE3JATHICTH MPO-
OIpKOBUX POCIIMH YaCHUKY MPOTATOM Pi3HUX TE€PMi-
HiB JemoHyBaHHs. [loka3aHo, 10 KyJIbTHBYBaHHS 32
temnepatypu 4°C y TEMHOTI IPOTATOM 3 MiCSIIiB He
BIUTMBAJIO HA KUIBKICTh KUTTE3NATHUX pociuH. llicms
6-MiCSTUHOT BUTPUMKH 3a MOHMKEHOI TeMIlepaTrypu
KUTTE3JATHICTh 3pa3KiB yacHUKY ckianana 100%,
TOJIi SIK Y KOHTPOJIIbHOMY BapiaHTi —45,5%. KinbkicTs
JKUTTE3MATHAX PETeHEPAHTIB Y KOHTPOJII 3HATHO 3MEH-
LIMJIacsl BHACHAIAOK IXHBOTO YPa)K€HHsI IaTOI€HHOIO
MikpodIoporo.
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regenerated plants was counted. Each variant of the
experiments involved 30 apices.

The results were statistically analyzed using Excel
(Microsoft, USA). For establishing statistical signifi-
cance we used non-parametric Mann-Whitney criterion.
The difference was considered statistically significant
atp <0.05.

Results and discussion

One of the modern approaches to preserve the gene
pool is the in vitro storage of plant at low positive tempe-
ratures. This method allows to slow the growth, decrease
the drying of the culture medium and reduce the proba-
bility of pathogenic contamination [13]. Since there are
no reports about the possible terms of in vitro storage
of garlic plants allowing to preserve considerable amount
viable samples sufficient for breeding, the first stage
of our work was to clear this issue.

After 9 months of storage at 4°C the number of
viable samples in 1/2 MS medium reached 96.4%, and
inthe MS medium with a complete mineral composition
the index was 89.3%. The pathogenic contamination
affected 3.6 and 10.7% of plants stored in the media
1/2 MS and MS, respectively. After storage at 22°C
31.0% of the samples have remained viable (Fig. 1).

The results of storage for in vitro garlic plants for
12 months showed that the temperature of 22°C was
not optimal for storage of the collection samples, since
only 2.5% of them were viable. Viability of the regene-
rated plants stored at 4°C for the media 1/2 MS and
MS made 94.4 and 88.4%, respectively. Thus, the IVAG
bank of garlic collection could be created using the culti-
vation of plants in nutritive media 1/2 MS and MS at
4°C for 12 months without transfer to fresh nutritive
medium. In addition, using this storage temperature
during the whole observation period allowed to reduce
the number of formed leaves to 2—3 that was conside-
rably lower comparing to the control (9—10 pieces).
This is important because fewer leaves allow the thrifty
use of culture medium.

The collection samples could be also stored in vitro
using the medium, supplemented with various substan-
ces, including sucrose. A successful method to maintain
the collection will certainly consider the conditions of
maximum slowing-down the morphogenesis processes
without any impairments in normal parameters of culture.

In our research the regenerated plants were stored
under standard temperature conditions (22°C) in the
MS medium, containing 6, 9, 12% sucrose. The decele-
ration of growth processes and quite a high rate of viabi-
lity of the regenerated plants was observed even without
transfer to fresh nutritive medium (Table 1). Examining
the preservation rate of plant material every 3 months
showed that a high concentration of sucrose in storage
medium allowed to preserve successfully the viability
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[Ticns 9 micsuiB 36epiranHst 100 -
3a yMoB 4°C KiJIbKICTb KHTT€3/1aT-
HUX 3pa3KiB Ha cepenosuii 1/2 MS
nopiBHIoBasa 96,4%, a Ha cepezio-
BuIi MS i3 MOBHIM MiHEpah-
HUM cki1anoM — 89,3%. [Hdikoa-
HuMH BusiBrstocst 3,6 1 10,7% poc-
JIVH, JISTIOHOBAHIX HA CEPEIOBHITIAX
1/2 MS ta MS Bimmosinao. [Ticis
JICTIOHYBAHHS 3a TEeMIEPaTypu
22°C KUTTE€3TaTHUMH 3aJIHIIA-

(o)) (0]
o o
1 1

N
o
1

uttespaTHictb, %
Viability, %

N
o
1

o

nocst 31,0% 3paskis (puc. 1).

Pesynbraru nenonyBaHHs po-
O1pKOBUX POCIUH YaCHHUKY IIPO-
TAroM 12 MicsIIiB MOKAa3aiIu, 1110
Temneparypa 22°C He € ONTUMATb-
HOYO JIy1s1 30epiraHHst KOJICKITIHHIX
3pa3KiB, OCKIIbKH Jimte 2,5% i3
HUX OYJIH KUTTE3TATHUMH. 30¢-
PEXEHICTh POCIUH-PETeHEPAHTIB,
nenonoBanux 3a 4°C Ha cepeo-
Bumax 1/2 MS ta MS, cranoBuia
94,4 1 88,4% BigmosigHo. OTxe,
st ctBopeHHs [VAG 6aHKy Kosek1lii YaCHUKY MO)KHA
PEKOMEH Ty BaTH KYJIETHBYBAHHSI POCITUH Ha KUBHIJIBHIX
cepenosuiiax 1/2 MS ta MS nipu 4°C yniponiosx 12 mi-
csliB 0e3 epeHeceH sl Ha CBI)KE )KUBUIIbHE Cepeio-
Bumie. Kpim Toro, 3a i€i Temneparypu AemoHyBaHHS
MPOTSIrOM yChOTO TEPMiHY CHOCTEpEKEeHHS Gopmy-
Bajocs 2—3 JUCTKH Ha BiAMIHY BiJi KOHTPOJIBHOTO
Bapianty (9—10 mrTyk). MeHma KibKiCTb JUCTKIB
CHpUSIE 3a01IaAJTMBOMY BUKOPUCTAHHIO )KUBUIBHOTO
cepeIoBHIIIA.

JlenoHyBaHHSA KOJEKIIHHUX 3pa3KiB y KyJIbTypi
in Vitro TaKOXXK MOXE IIPOBOJUTHCS HA KUBUIBHOMY
CepeIOBUII 3 JIOJJABAHHSM Pi3HHX PEUOBUH, Y TOMY
guCITi caxaposu. i1t po3poOKu criocoOy miATpUMAHHS
KOJICKIIii HEOOX1THO BU3HAYUTH YMOBH MAaKCHMAaJIHLHOTO
YIOBLUIFHEHHS IPOIIECiB MOp(horeHesy 3i 30epeKeHHIM
HOPMaJIbHUX MTapaMeTPiB PO3BUTKY KYJIBTYPH.

VY Hamiii poOOTi AE€MOHYBaHHS POCIHH-pETeHe-
PaHTIB MPOBOAMIIM 32 CTAHAAPTHUX TEMIICPATYPHHUX
yMOB (22°C) Ha cepeoButili MS i3 BMiCTOM caxapo3u
6, 9, 12%. Cnocrepirain ynoBiJIbHEHHS POCTOBHX
MPOIIECIB Ta TOCUTh BUCOKUHN MOKA3HHUK KUTTE3/IAT-
HOCTI pereHepanTiB 0e3 MmepeHeceHHs Ha CBIKE KH-
BUIIbHE cepenosuie (Tabdm. 1). BuznaueHnus moxas-
HUKa 30€pekeHOCTI POCIMHHOTO MaTepiaxy KOXHI
3 MicHIIi TOKa3aJIo, IO BUCOKA KOHIIEHTPAITis cCaxapo3H
y CepeJIOBHIIII IS JISTIOHYBaHHSI TO3UTHBHO BILTUBAJIA
Ha MiATPUMAaHHS )KUTTE3ATHOCTI POOIPKOBHUX POC-
auH. Tak, MaKCUMaJIbHUH BiJJICOTOK >KUTTE3AATHUX
poOIPKOBHX KIIOHIB Yepe3 12 MicsILIiB criocTepeKeHHs
OyB y cepenonuiili 3 12% caxapo3u, MiHIMaJIBHHN — y
KOHTPOJILHOMY BapiaHTi (puc. 2).

p <0.05.
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TepmiH gocnigKeHHs, Micsub
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Puc. 1. TokasHMKN XMUTTE3AATHOCTI NPOGIPKOBUX POCIUH YACHUKY Yy Pi3Hi
TepMiHu aenoHyBaHHa: O — cepegosuie MS, 22°C (koHTporsib); Bl — cepepo-
Buwie 1/2 MS (4°C); @ - cepenosuie MS (4°C), p < 0,05.

Fig. 1. Viabilities of the in vitro garlic plants at various storage terms: O —
MS medium, 22°C (control); l— 1/2 MS medium (4°C); E — MS medium (4°C),

of the in vitro plants. In particular, the maximum per-
centage of viable in vitro clones in 12 months of obser-
vation was found in the medium with 12% sucrose,
the minimum one was observed in the control (Fig. 2).
The study of the effect of sucrose concentration in
nutritive medium on the number of leaves and root
development after 12 months of storage showed that
the largest number of leaves were formed at if sucrose
concentration in the culture medium was 6%, while its
further increase resulted in a decreased number of
leaves (Table 1). This is likely due to the fact that an
increased sucrose content affects the microsprouts of
garlic acting as a growth inhibitor. The development
of plant roots in all the variants was the same. The
maximum number of vitreous plants was observed
after culturing in 4.5% sucrose solution. For other
options an inverse relationship between sucrose content
and percentage of vitreous in vitro plants was typical.
The absence of these plants in the medium with 12%
sucrose concentration indicates its suitability for a long-
term storage of garlic collection samples in vitro.
Since the sharp decline in viability of studied garlic
samples was observed after 6 months of storage under
standard culture conditions (Fig. 2), to determine the
effect of storage on further development of the regene-
rated plants we transferred the in vitro garlic plants
into fresh nutritive medium MS with standard sucrose
content (4.5%). Analysis of the regenerated plants
after 15 days of culturing showed that the plants which
restored their growth faster than others, were those
stored at 22°C in MS medium with sucrose concent-
ration of 12% (Table 2). The plants had 3—4 dark green
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JlocniKkeHHs! BIUTUBY KOHLICHT- 100 -
pauii caxapo3u y KUBUIBHOMY
CEpPEeIOBUIII HA KITbKICTh JIUCTKIB 80 -
1 pO3BUTOK KOPEHEBOT CUCTEMH ITiC- R
7151 12 MicAIIiB ACTIOHYBaHHS MOKa- é = 60
3aJ10, M0 HAWOINBIIA KiTBKICTH EZ
JUCTKIB (opMyBaacs mMpu KOH- %% 40 -
IIEHTpAITi] caxapo3u Y CePEOBHIIII :'l:) >
KynbTUBYBaHHS 6%, a mpu ii mo- i 20
JATBIIIOMY 301TBIIIEHH] KITBKICTh
JIMCTKIB 3MeHIyBajacs (Tadin. 1). 0

Mo3kn1BO 1€ OB’ SI3aHO 3 TUM, 1110
ITiIBUILICHHS BMICTY CaXapo3H JIi€
Ha MIKpOIIaroH! YaCHUKY SIK 1HT1-
Oitop pocTty. PO3BHUTOK KOpeHEBOT
CHCTEMH POCIIMH y BCIX BapiaHTax
OyB OAHAKOBUM. MakcUMaJlbHY
KUTBKICTB TIITePTiApaTOBaHUX POC-
JIIH 3a()iKCOBAHO ITICIISI KYITBTHBY -
BaHH: y po3unHi 3 4,5% caxaposu.
Jtst iHImMX BapiadTiB Oyiia Xxapak-
TepHa oOepHEeHA 3aJICKHICTh MK
BMICTOM Caxapo3H Y CEPEIOBHIII Ta BiICOTKOM TiIpa-
TOBaHUX MPOOIPKOBUX POCIHH. BiICyTHICTh TakMx
pociuH B yMOBax 3 12%-10 KOHIEHTpALIIEI0 caxapo3n
y KMBHJILHOMY CEPEIOBHILI CBITYNTH PO HOT0 NpH-
JaTHICTD U1 TPUBAJIOTO JCTIOHYBAaHHS KOJICKIIMHUX
3pa3KiB YaCHUKY in Vitro.

OcCKinbKH pi3Ke 3HWKEHHS TOKA3HUKA KUTTE31aT-
HOCTI JTOCTITHHX 3pa3KiB YaCHHUKY CIIOCTEPITAIOCS TiCIIS
6 MiCsI11iB BUTPUMKH 32 CTAHJAPTHUX YMOB KYJIGTHBY-
BaHHS (puc. 2), TO 3 METOIO BU3HAYECHHSI BIUIUBY JIETIO-
HyBaHHS Ha MOJAIBIINNA PO3BUTOK POCIWH-pEreHe-
PaHTIB MPOOIPKOBI POCIMHU YACHUKY
repecaKyBalid Ha CBi’Ke KUBHUJIbHE Ce-
penoButmie MS 3i cTaHZapTHAM BMiCTOM
caxaposu (4,5%). AHali3 pereHepaHTiB
yepes 15 116 KynbTUBYBaHHS MTOKA3aB, 110
IIBUJIIIIE BiJTHOBIIOBAJIM CBill picT poc-
JIMHH, SIKI JCTIOHYBAJIX 33 TeMIIepaTypu

3 6 9 12

TepMmiH gocnigKeHHs, Micsub
Observation term, months

Puc. 2. Bnnue KoHUeHTpaUii caxaposn y cepedoBULLi KyrnbTUBYBaHHSA Ha
XUTTE3OATHICTb POCNUH-PEreHEepaHTIB Y Pi3Hi TEepMiHUM OEeNOHYBaHHSA:
O - 3 micaui, M- 6 micauis, 00— 9 micauis, & — 12 micauis.

Fig. 2. Effect of sucrose concentration in culturing medium on viability of
regenerated plants during storage: 0 — 3 months, Il — 6 months, O —
9 months, &4 —12 months.

leaves with a length of about 90 mm. In this medium
no vitreous plants were found.

Regenerated garlic plants which were trasferred
after storage at 4°C to fresh nutritive MS medium for
further propagation in culture, after 15 days of cultiva-
tion were light green, had 2-3 leaves of 50-60 mm
length. No vitreous plants in this research option were
found.

Thus, the storage of'in vitro regenerated garlic plants
to establish the IVAG-collections is possible at 4°C in
nutritive complete media (MS) and half mineral compo-

Tabnuusa 1. Bnnue koHUeHTpaLii caxapoau y cepenosuLli MS
Ha NapameTpu pPOCTy AEMOHOBAHMX YNpoaoBXK 12 MicsuiB pocnmH-

pereHepaHTiB YacHUKY

Table 1. Effect of sucrose concentration in MS medium on growth
parameters of stored during 12 months regenerated garlic plants

22°C Ha cepenoBunii MS i3 KOHIICHT-

Kinbkictb

partiero caxaposu 12% (tabu. 2). Pociuau
MaJld TeMHO-3€JICHUH KoIlip, 3—4 NHUCTKU
3 NOBXHUHOK Onm3pko 90 mM. Y paHo-
My BapiaHTi TineprigpaToBaHUX POCIHUH
BUSIBJIICHO HE OYJI10.

PerenepanT 4acHuKYy, ki Oynu BH-
CaJDKCHI IICIs NEeTIOHYBAaHHS 33 TeMIIe-
patypu 4°C 15 TOJATTBIIIOTO PO3MHOKEH-
HS B KyJIBTYpi Ha CBI’Ke JKHUBHIIbHE CEpesio-
Bumie MS, yepes 15 1i0 KynbTUBYBaHHS
MaJd CBITJIO-3€JICHUH KOIip, 2—3 JTUCTKU
JoBxkuHOI0 50-60 MM. ['ineprigparoBaHux
POCIIMH y TaHOMY BapiaHTi JOCHiHKEHHS
HE BHUSIBIICHO.

KoHueHTpauia

Number

Po3BuTOK KOpEHIB,

caxaposu, % 6anu
Sucrose rineprigpaToBaHnx . Development of
concentration, % pocnuH, % L”"'CTK'B'_”-’T' roots, points
Vitreous plants, % eaves, pieces
4,5 (KOHTpOnb)
4.5 (control) 7,7 £ 1,6 9,8 +1,5 5
6,0 50+ 1,5 10,6 = 2,0 5
9,0 3,3 £ 1,2* 8,7 £ 1,1 5
12,0 0* 6,8 £ 1,4*% 5
MpumiTka: * — CTaTUCTMYHO 3HauYyLla BiAMIHHICTb NMOPIBHSAHO 3 KOHTPONeEM,

p < 0,05.
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Note: * — statistically significant difference if compared to the control, p < 0.05.
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TaxkuM YMHOM, JETO-

Tabnuua 2. Po3BUTOK POCMNH-PEreHepaHTiB YaCHWKY Nicnst 6-MiCAYHOro AEMNOHYBaHHS Y

KynbTypi in vitro Ha eTani pekynsTuByBaHHS npoTsrom 15 aio

HyBaHHsI IPOOIPKOBUX POC- _ o
JIMH-PETEHEPAHTIB YaCHH- Table 2. Development of regenerated garllc; plants after 6 months of in vitro storage
after the re-culturing for 15 days
Ky aJis1 ctBopeHHs [VAG-
KOJIEKIIT MOXIIMBE 3a - MucTkm
° Temnepatypa Ié(;?(gez';ﬂa%/lﬂ Leaves lneprinppaToBa-
temmeparypu 4°C Ha K1- [enoHyBaHHA,°C Sugrosé ° Hi pocnvhmn, % | Konip nuctkis
: Storage f KinbKicTb, WT. NoexuHa, Vitreous Leaves color
BWJIBHHUX CEPEAOBHUIIAX 13 temperature, °C concer;/zratlon, Number, i plants, %
rioBHIM (MS) Ta TI0JTOBHH- pieces Length, mm
HUM MiHEpaJbHUM CKJa- Caimo
aoMm (1/2 MS), a takox 22 foguonmory | 112031 | 234 30 61 seneHuii
o : Light green
ripu 22°C Ha KUBHIBHOMY
cepeztosuiiti MS i3 nona- 4 4,5 28+034 | 57,4+ 6,1 0 Caitno senenuit
0 ! T T Light green
BaHHsM 12% caxaposu.
Taxuii miaxia J03BOISIE HE Ceitno-

. . 22 6,0 1,3 £ 0,44 32,1 £ 4.1 60 3eneHuin
TUIBKH OJ€PKATHU BUCOKI Light green
MOKa3HUKHU KUTTE3IAT-

. . . TemHo-3eneHui
HOCTI JOCIIITHUX 3pPa3KiB, 22 9.0 25031 | 51,7 1,2 35 Dark green
aJie ¥ IIBUIKO BITHOBUTHU

. . TemHo-3eneHuit
POCTOBI TIPOIIECH ITiJT 4ac 22 12,0 35+044 | 904%2,3 0 Dark green
PEKYJIBTUBY BaHHSI.

OCKITBKY 115 CTBOPEH-

HSI TOBHOIIIHHOI KOJIEKI[IT

TeHETUYHUX PECYPCiB POCIUH HEOOXiTHE HE TITbKH
KOPOTKOCTPOKOBE 30epiraHHsi KOJECKIIHHOIO Mare-
piasly B yMOBax TinmoTepmii Ta CroBIILHEHOTO POCTY
Ha XMBHJIBHOMY CEpPEJOBUILI 3 AOAABAHHSIM OCMO-
THUYHO aKTUBHUX PEYOBHH, ajie if JOBroCTPOKOBE (B yMO-
Bax HaTHU3bKUX TEMIEPATyp), TO HACTYITHUM CIIOCO-
O0M CTBOpEHHS KOJIEKIIN YaCHUKY 7 Vitro € KpiIOKOH-
CEpBYBaHHS Y PiAKOMY a30Ti.

Binomo, 1o ripu 306epiranHi 3paskiB y piikoMy a3oTi
3YIMUHSFOTHCS ITOTLT KITITHH 1 BC1 METa0OJIIUHI TIPOIIECH.
Le mo3BosIst€ 30€piraTi pOCIMHHIIA MaTepian y He3MiH-
HOMY BHIVISIII HEOOMEXEHUH Yac, Ipu IbOMY 3pa3Ku
He 3aiiMaloTh 0araTo MicIsl, He 3MiHIOIOTBCS TeHETHYHO
Ta HE ypaxKyroTbes iTonaroreHamu. J{is pociu, sxi
MAalOTh BET€TaTUBHE PO3MHOKEHHSI, HAKPAIINM CIIO-
co0oM 30epexeHHs TeHOPOHY € KpiIOKOHCEPBYBaHHS
MEPHCTEM, KIIITUHH SIKUX 3aBKI1 OJTHOP1HI 3 IO/~
HICTIO, HEBEJIMKI 32 PO3MipOM i Maii’ke HEBaKyOIII30BaHi.
e 103BOJIsIE OTPUMYBATH JIOCHTH BUCOKUN TOKA3HUK
YKUTTE3IATHOCTI TICTIS TTHOOKOTO 3aMOPOXKyBaHHS. Jle-
KOHCEPBOBaHI MEPHCTEMH 0JIpa3y PO3BHBAIOTHCS Y POC-
JIMHU-PETEHEePAHTH, SIKi BiIITOBIAI0TH BUX1THOMY T€HO-
tumy [11].

VY 1abn. 3 HaBeAEHO MOKA3HUKH JKUTTE3AATHOCTI
Ta MOP(QOMETPHYHI TAPAMETPU MEPUCTEM ITiCIIsI KOPOT-
KOCTPOKOBOTO (TOMHA) Ta JIOBTOCTPOKOBOTO (5 POKiB)
30epiranng. [lokazano, mo Ha 90-Ty 100y KyJabTH-
ByBaHHs MOpP(GOMETPHYHI MOKAa3HUKH JEKOHCEPBO-
BaHUX MEPHCTEM YaCHHKY O3UMOTO Ta SPOro COPTiB
TTICJISE KOPOTKO- Ta JIOBTOCTPOKOBOTO 30€piraHHs y pif-
KOMY a30Ti HE BIIPI3HSIUCS MK CO00T0.

3a OTpMMaHUMU JaHUMH BCTaHOBJIEHO, IO 30epi-
TaHHSI MEPUCTEM TPOTATOM 5 POKIB 3a TEMIIEpaTypH
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sition (1/2 MS), as well as at 22°C in the MS medium
supplemented with 12% sucrose. This approach allows
not only to obtain the high viability of samples, but also
to restore quickly the growth during re-culturing.

The creation of highvalue collection of plant ge-
netic resources requires not only a short-term storage
of the samples under hypothermic conditions and slo-
wed-down growth in the medium supplemented with
osmotically active substances, but a long-term one as
well, i. e. under conditions of ultra low temperatures.
That is why our next trials were done to establish the
in vitro garlic collections using cryopreservation in liquid
nitrogen.

It has been known that the storage of the samples
in liquid nitrogen terminates the cell division and all
metabolic processes. This enables to preserve intact
plant material for indefinitely long time. Moreover such
samples do not occupy much space, are not genetically
changed or affected by phytopathogens. For the plants
with vegetative propagation the best way to preserve
the gene pool is cryopreservation of meristems, the
cells of those always have uniform ploidy, are small
and almost non-vacuolated. This allows getting a fairly
high rate of viability after a deep freezing. The rewar-
med meristems immediately develop into the regenera-
ted plants, which possess the original genotype [3].

Table 3 shows the viability and morphometric
parameters of meristems after short (an hour) and long-
term (5 years) storage. It has been shown that to day
90 of cultivation the morphometric parameters of vitri-
fied-warmed meristems of garlic winter and spring
varieties after a short- and long-term storage in liquid
nitrogen were the same.
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—196°C He BIIMBaNO Ha MO-
Ka3HUK KUTTE3IATHOCTI, LIIBUI-
KICTh POCTY Ta PO3BHUTOK I10-
PIBHSIHO 3 areKcamH, sIKi po3-
MOPOXKYBAIH 4Yepe3 TOJHHY
TTICIIS 3aHYPEHHS Y PIIKHNA a30T.

AHaNI3yI0uN pe3ynbTaTu
JETIOHYBAaHHS PETeHEePaHTIB
YACHUKY B PI3HUX YMOBax
(BUKOpPUCTAaHHS OCMOTHYHO
AKTUBHHUX CIIOJYK 32 CTaH-
JApTHUX TeMIepatyp i 30epi-
raHHs 3a yMOB rinotepmii),
MOYKHa 3pOOUTH BUCHOBOK, 1110
JOoCIipKeH1 crocobu 3abes-
MeYyTh HEOOXigHI yMOBHU
JUIsI CEPETHBOCTPOKOBOTO 30¢-
piraHHs KOJEKIiHHUX 3pa3KiB.
Kpaiiuii noka3HUK )KUTTE31aT-
HOCTI OyJI0 OTpUMAaHO TIiCIs
JETIOHYBAaHHS PETeHEePaHTIB
yrpooBx 12 MicsiB Ha cepe-
nosuii 1/2 MS (94,4%), ane
MICJIsl PEeKYJIBTHBYBaHHS BOHU
MOCTYTIAJINCS 32 CHIIOIO POCTY
pociuHaM, SIKi OyJu AETOHO-
BaHi Ha cepeoBuUIL MS i3 Bmic-
TOM caxaposu 12%. [TokazHuk
KHUTTE3AATHOCTI IIUX POCIHH
cknanaB 84,9%. Y Hammx goc-
JIHKEHHSX CEPEIHbOCTPOKOBE
30epiraHHs pereHEepaHTiB 3a
teM-niepatypu 4°C BinOyBa-
JI0CS1 y TEMHOTI. 3a TaKHX yMOB
3pa3Ky HAPHKIHLI ACTTOHYBaH-
HS1 MaJTi OJ11]10-3€JIeHUH KOJIip
Ta HEBEJMKY JIOBXUHY JIUCT-
KiB, TOOTO moTpeOyBanu aes-
KOr0 4acy AJisi BiIHOBJICHHS
pereHepaTUBHUX BIIACTHBOC-
TeH 1 HAKOITHICHHS XJI0POQLITY.
Onnak s ctBopenns [IVAG
0aHKy MOJKHA 3aCTOCOBYBATH
00mIBa CTIOCOOH JCTIOHYBAHHS,
OCKIJIbKH BOHH 320€3TeUyIOTh

Tabnuua 3. Bnnve 36epiraHHs y pigkomy a3oTi Ha pO3BUTOK AEKOHCEPBOBAHUX
MEPUCTEM YacHWKy, ouiHeHn Yyepe3 90 fib KynbTMBYBaHHS

Table 3. Effect of storage in liquid nitrogen on development of vitrified-warmed
garlic meristems assessed after 90 days of culturing

EkcnepumeHTanbHa

rpyna
Experimental groups

KinbkicTb
NUCTKIB, WT
Number of
leaves,
pieces

LosxnHa
KOpeHA, MM
Root length, mm

LosxnHa
naroHy, Mm
Sprout length

HuttespaTHicTs, %
Viability, %

Osumuii copt «[llowec»
Duchess winter variety

HesamopoxeHi
MepUCTEMMU
Non-frozen

meristems

94,1 + 6,6 135,3 + 15,4 66,6 + 10,56 3,7 +0,3

[lekoHcepBoOBaHi
MepucTemu nicna
roauHu 36epiraHHA y
piokomy asoTi
Vitrified-warmed
meristems after one
hour storage in liquid
nitrogen

64,3 + 4,8 80,7 + 12,3 45,0 £ 4,4 36 +04

[ekoHcepBoBaHi
MepucTemu nicna
5-piyHoro 36epiraHHA
y piakomy asori
Vitrified-warmed
meristems after
5 years of storage in
liquid nitrogen

59,3 + 4,3* 75,3 = 6,1* 42,2 + 2,8* 36 £05*

Apuit copT «MaHyniBcbKMin»
Manuilivskyy spring variety

HesamopoxeHi
MepucTeMun

94,1 + 6,6 129,0 £ 10,9 25,0 = 4,9 4,6 + 0,5

[ekoHcepBoBaHi
MepucTemu nicna
roanHu 36epiraHHa y
piakomy asoTi
Vitrified-warmed
meristems after one
hour storage in liquid
nitrogen

56,3 = 11,2 49,2 + 5,3 21,2 £+ 4,3 3,0 0,6

[lekoHcepBoBaHi
MepucTemMu nicna
5-piyHoro 36epiraHHA
Yy pigKomy a3oTi
Vitrified-warmed
meristems after
5 years of storage in
liquid nitrogen

471 £ 2,7* 23,1 + 2,1* 3,6 £ 0,3*%

MpumiTka: * — BiACYTHICTb 3HAYYLLOI Pi3HULI BiZHOCHO MepucTeMaM, siki JEKOHCepBYBanu
nicnsa roauHn 36epiranHs y pigkomy asori, p < 0,05.

Note: * — no statistically significant difference vs. the meristems vitrified-warmed after one
hour of storage in liquid nitrogen, p < 0.05.

30epeKeHICTh JOCTATHROI KUTBKOCTI 3pa3kiB. [jist cTBo-
penns [VBG 6anky MoXHa 3aCTOCOBYBATH HU3BTEM-
reparypHe 30epiraHHs KOJIEKI[IHHNX 3pa3KiB YaCHUKY,
KPiOKOHCEPBOBAHMUX 32 PO3POOIICHOI0 HAMH IPOTPaMOI0,
B YMOBAX piikoro a3oty. [Toka3aHo, 1110 MeTox BiTprdikariii
TIPH 3aCTOCYBaHHI PO3pOOJICHOTO HAMH KPi03aXHCHOTO
PO3YHHY JIO3BOJISIE OTPHMATH BUCOKI TOKA3HUKH )KUTTE-
3ATHOCTI Ta MOP(POMETPUYHI TapaMeTpHU PO3BUTKY
JIEKOHCEPBOBAHUX POCIIHH, SIKi 30epiranucs y HU3bKo-
TEMIIepaTypHOMY OaHKY BIPOJOBXK 5 POKIB.

The findings demonstrated that the storage of me-
ristems for 5 years at—196°C did not affect the viability,
the rate of growth and development if compared to
the apices, which were thawed one hour later an im-
mersion into liquid nitrogen.

Analysis of the outcome of the storage of the rege-
nerated garlic under various conditions (use of osmo-
tically active compounds at standard temperature and
hypothermic storage) allowed to conclude that both
investigated methods provided the essential conditions
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BucnoBknu

OOrpyHTOBaHO MOXKJIMBICTH BKIIIOUEHHSI IPOLIECY
JICTIOHYBaHHS B KYJIBTYPI i1l Vitro pOCIMH-pETeHEPaHTIB
YaCHUKY Y CUCTEMY CEpPeIHbOCTPOKOBOIO 30epiraHHs
TeHEeTHYHHUX KOJEKI[IH JacHWKY. BcTaHOBIEHO, IO
MaKCHUMaJIbHy 30€peKeHICTh JKUTTE3JATHUX KIIOHIB
poOIPKOBUX POCIHH 3a0€31euye KyIbTHBYBaHHS IPH
temriepatypi 4°C Ha cepenosuti 1/2 MS (94,4%) Ta
22°C Ha cepenoButi MS i3 nogaBannsm 12% caxa-
po3u (85%). 3acTocoBaHi ClIOCOOH TO3BOJISIOTH YIIO-
BIJIbHIOBATH POCTOBI ITPOLIECH Y IETIOHOBAaHOMY Marte-
piaui Ta 30epiraTi pocaIuHU MPOTIroM 12 Micsuis 6e3
nepecamkeHb. JloBrocTpokoBe 30epiraHas MEpUCTeM
YacHHUKY 3a TeMmrnepaTypu —196°C He BIUIMBaIO Ha
MOKA3HUK XHUTTE3IATHOCTI, IBUAKICTH POCTY 1 PO3BU-
TOK ITOPIBHSIHO 3 aTlleKCaMH, SIKi pO3MOPOKYBAaJIM Yepe3
TOIMHY TICIISI 3aHYPEHHS y PiJIKHIA a30T.
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for the mid-term storage of the collection samples. The
best viability has been obtained after the storage of
the regenerated plants for 12 months in the medium
1/2 MS (94.4%). However after re-culturing these
samples had lower development rate if compared with
those, stored in the MS medium, supplemented with
12% sucrose. The latter had the viability after storge
only 84.9%. In our studies the mid-term storage of the
regenerated plants at 4°C was performed in darkness.
Under these conditions, the samples had pale green
short leaves to the end of storage, therefore they needed
some time to restore regenerative properties and to
accumulate chlorophyll. Nevertheless, the IVAG ban-
king could utilize both types of storage, as they provide
the preservation of a sufficient number of the samples.
The developed by us cryopreservation technique could
be successfully used for low-temperature storage of
the collection garlic samples and in such a way to create
the IVBG bank. It has been demonstrated that vitrifi-
cation with the developed by us cryoprotective solution
provided high viability and sufficient morphometric
parameters of the development of the vitrified-war-
med plants, stored at low-temperature bank for 5 years.

Conclusions

Collectively, we have validated the inclusion of
storage of in vitro regenerated garlic plants into the
system of mid-term genetic collections of garlic. It has
been established that the maximum preservation of
viable in vitro plant clones provided the culturing at
4°C in 1/2 MS medium (94.4%) and at 22°C in MS
medium supplemented with 12% sucrose (85%). The
applied methods enabled the deceleration of growth
processes in the stored samples and maintaining the
plants for 12 months without re-planting. Long-term
storage of garlic meristems at —196°C did not affect
the viability, the rate of growth and development compa-
red to the apices, which were warmed one hour later
the immersion into liquid nitrogen.
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