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Abstract

Preservation ex sifu of the seeds of Alyssum calycocarpum Rupr.
(Brassicaceae) and Anthyllis biebersteiniana Popl. (Fabaceae),
species endemic to the Crimean flora, has been studied using
modern cryotechnique. The seeds survived after having been ex-
posed to ultra low temperature (—196° C) during a month.

Introduction

The importance of the preservation of seeds as germ-
plasm resources of the world flora has been emphasized
already by N.I. Vavilov. Black in his report [15] later
noted that large amounts of experimental data were
generated in the field of seed biology during the recent
years and, as a result, have changed our understanding
of the role of seeds in plant conservation. According to
current scientific data, seeds (in particular, their DNA)
contain all genetic information of the genotype formed
during the process of species evolution. Because of that
seed (sexual) reproduction provides the inheritance of
the whole spectrum of species’ genetic variability as
compared to vegetative (asexual) reproduction. Ac-
cording to international standards, an integral part of
the general principle of plant conservation is preserva-
tion of seeds in ex sifu conditions, i.e. in special seed
depositories [12]. The conservation of plant diversity
primarily implies wild species conservation. The aim of
the Millennium Seed Bank project by 2020 is to save
25 % of species of world’s wild plants with bankable
seeds [18].

In Ukraine, the seeds of wild and introduced plants
are collected and preserved mainly at botanical gardens.
As a rule, seeds preservation and storage occurs under
the room temperature. These conditions causes the
decrease or loss of the germination ability of seeds.
The fundamental investigations, including those by
Navashin [10], emphasized that preservation under
these conditions has a negative impact on quality of
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certain seeds and leads to their germination decrease.
Experiments have shown that the best method of long-
term storage of plant material to ensure genetic stability
within a long period of time is cryopreservation, e.g.
conservation in liquid nitrogen under —196° C. This
method is considered to be an important and up-to-
date tool for plant conservation, especially for the
seed material that forms national natural resources.
Cryopreservation has several important advantages as
compared to other ex sifu conservation techniques [16,
20]. It provides a possibility to protect plant material
against the influence of main adverse abiotic and biotic
factors. The first studies in this field in Ukraine were
conducted by Grishenkova for six Carpathian species
[2]. During the past few years, plant cryopreservation
protocols were developed at the Botanical Garden
of Ivan Franko National University of Lviv [14]. The
research mostly concerned rare and endemic species of
the Ukrainian flora.

Material and Methods

The reported research covers selected rare and narrow-
range taxa of the Crimean native flora. Although the
Crimean Peninsula occupies only 4.2 % of the territory
of Ukraine, it is one of the European hotspots of biodi-
versity. The Crimea is considered to be the richest flo-
ristic region of the country. It has the largest concentra-
tion of endemic species (from ca. 120 to 300, according
to various assessments) [4, 5, 19]. The taxa investigated
in the present study were Alyssum calycocarpum Rupr.
(Brassicaceae) and Anthyllis biebersteiniana Popl. (Fa-
baceae) that were introduced in the University Botani-
cal Garden. The species are perennial plants, and the
data of their prior introduction were absent [7, 11].
Alyssum calycocarpum is believed to be a species
restricted to the Crimean-Novorossiysk region [5]. This
species has the «R» status for the European part of the
former USSR in the [IUCN Red List [17], i.e. it is under
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the threat of extinction. A. calycocarpum predominantly
grows on limestone and dry slopes of southern beaches
[9]. Iljinska [6] refers to Ruprecht who named the
species, found A. calycocarpum in many places of the
Crimea, and described its location in the Mountain
Crimea and the Novorossiysk floristic region of the
Caucasus. A. calycocarpum is an ornamental plant.
Its shoots are simple or branching, up to 35 cm tall,
petals are yellow, and the silicles are oval or globular.
Its flowering usually starts in May—June [9]. Under the
introduction conditions, flowering starts in late May
and full flowering — at the beginning of June. Seeds
ripen in July.

Anthyllis biebersteiniana is a narrowly endemic
species connected with the alpine elements of the flora
of the Crimean mountain yailas (treeless mountain
tops) [13]. According to Cherepanov, the species also
occurs in the Caucasus [cit. by 5]. It grows on rocky
areas of the mountain steppes of the Crimea [13] and
on meadow steppes of yailas [9]. The flowering of
A. biebersteiniana occurs in June—July under botanical
garden conditions, and seeds ripen in August—
September. Under the introduction conditions, the
species produces vital seeds that have no resting period,
as for the previous species. An average indicator of
laboratory germination of the freshly collected seeds of
A. biebersteiniana is 46.7 %, and the germination ability
under the room conditions decreases every month [8],
equaling 12 % after the period of 6 months.

Cryopreservation of plant material was conducted
in the Cryoconservation Scientific and Technical
Centre of Low Temperature Studies at Ivan Franko
National University of Lviv. The collected seeds of
experimental species that had been kept for several
months in laboratory conditions were then transferred
to the plastic Eppendorf tubes (50 seeds in a threefold
repetition for each species) and were dipped directly into
liquid nitrogen for one month of conservation under
the temperature of —196° C. After the experiment, the
seeds were warmed under laboratory conditions. Slow
warming was performed under the room temperature
by leaving seeds in the Eppendorf tubes for 3 days. The
control seeds were kept under laboratory conditions.
The seeds were then sown and grown in soil boxes.
The survival rate was estimated as the percentage of
seeds that germinated after freezing and thawing. The
significance of differences between various treatments
was evaluated by special software [3]. The Wellington
method [1] was used for the detection of seedlings
growth and development.
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Table 1. Soil germination dynamics of Alyssum calycocarpum seeds

after cryostorage
Control Frozen for 4 weeks
Day of ger- | Quantity of | Percentage of | Quantity of | Percentage of
mination | germinating | germinating | germinating | germinating
seeds seeds seeds seeds
8th 4.3+1.3 15.5+4.8 6.7£3.8 13.3£7.7
14th 6.0£1.7 21.4%6.2 9.0+4.6 18.0£9.2
16th 6.0+1.7 21.4+6.2 9.3+3.9 18.7+£7.9
Results

Seeds of Alyssum calycocarpum under investigation
preserved their viability after their conservation in lig-
uid nitrogen for a month. The control seeds (unfrozen
ones) and experimental variants were germinated for
two weeks (Table 1).

The final percentage of seed viability in the control
variant (21.4+6.2) was higher than that for the frozen
seeds (18.7£7.9). As the number of investigated samples
was great (n=150), the unreliability of differences
confirms that the germinating ability of the frozen seeds
did not change as compared to the unfrozen ones. The
opening of cotyledons was registered on the 14" day
of the germination beginning both in the control and
treatment variants. The first leaves appeared on the 20t
day of germination. Storage of seeds in liquid nitrogen
did not affect the growth and development of the
cryopreserved diaspores. The seeds stored at —196°C
had the same appearance and growth patterns as the
unfrozen (control) ones. Seedlings were growing
normally showing the same morphology as the plants
recovered from the unfrozen control seeds. The increase
in size and color intensification of leaves was registered
for both variants.

For Anthyllis biebersteiniana, the same strategy of
seed germination was applied. Both in control and
experimental variants, the seed germination in the
was registered on the 4" day after sowing. However, the
period of seed germination in the control variant was
more prolonged than that of the frozen variant (Table 2).

Table 2. Soil germination dynamics of Anthyllis biebersteiniana
seeds after cryostorage

Control Frozen for 4 weeks
Day of ger- | Quantity of | Percentage of | Quantity of | Percentage
mination | germinating | germinating | germinating | of germinat-
seeds seeds seeds ing seeds
4th 1.3£0.9 2.7+1.8 1.7£1.2 33424
11th 1.31£0.9 2.7+1.8 2.7£1.5 5.31£2.8
14th 3.3+1.3 9.3+1.3 5.7+£2.0 11.3+4.1
18th 4.7+1.8 9.8%3.5 - -
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Table 3. Survival of seeds after cryopreservation during one month

. Percentage of germinating seeds
Object
Control Frozen
Alyssum calycocarpum 21.4+6.2 18.7£7.9
Anthyllis biebersteiniana 9.843.5 11.314.1

The cotyledons appeared earlier in control seedlings
than in the frozen ones. The first leaves appeared three
weeks after sowing, simultaneously in the unfrozen
and frozen variants. However, the seedlings of the
seeds treated by low temperatures were delayed in their
development as compared to the control ones, and were
1—1.5 cm tall while the control ones were 2—3 cm tall.

The seeds of both investigated species,
A. calycocarpum and A. biebersteiniana, preserved
their germinating capacity (Table 3). The germination
of freezing/thawing treated seeds started at the same
time as the germination of non-treated ones. The
seedlings were developing normally and had the same
morphology as those from the unfrozen control group.
All the seedlings produced green leaves. There were
seedlings with well-formed leaves.

The difference between the percentage of seeds
germination in the control and experimental groups
is not statistically reliable. Thus, seed germination in
the experimental variant changes insignificantly as
compared with the control one.

Conclusion

We report the successful cryopreservation of Alyssum
calycocarpum and Anthyllis biebersteiniana seeds. These
results showed that ultra low temperature (—196° C) did
not negatively influence the seed germination and seed-
lings growth of seeds of A. calycocarpum and A. bieber-
Steiniana.

As shown in this study, conservation of plant material
using liquid nitrogen is consistent with the requirements
of durable preservation of plant genetic information
without negative changes of their gene structure and
biological characteristics. The method is environment-
friendly and cost-effective. The main practical problem
in cryopreserving plant material is the selection of
freezing and thawing conditions for each plant species.
Our analysis of the experimental data suggests that
seeds of introduced species A. calycocarpum and
A. biebersteiniana are suitable for conservation in
liquid nitrogen by means of direct immersion. The
investigated seeds preserve their viability without the
use of cryoprotective substances. The cryopreservation
protocols were developed for the seeds of these two taxa.
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E.P. Apanemosn
HanionanpHuii yHiBepcuteT imeHi IBaHa ®panka, M. JIbBiB,
YkpaiHa

3BEPITAHHS HACIHHS EHIEMIYHUX BUIIB ®JIOPU
KPUMY ALYSSUM CALYCOCARPUM RUPR. (BRASSICACEAE)
TA ANTHYLLIS BIEBERSTEINIANA POPL. (FABACEAE) Y
PIZIKOMY A30TI (—196°C)

30epiranHsa ex situ HaciuHsi Alyssum calycocarpum Rupr.
(Brassicaceae) i Anthyllis biebersteiniana Popl. (Fabaceae),
eHaeMiuHux BuaiB  ¢daopu  Kpumy, nocnimkysBaiu 3
BUKOPHUCTAaHHSIM Cy4aCHOTO METOIY KpioTexHoJiorii. HaciHHs He

BTPATWJIO XUTTE3MATHOCTI MiC/Isl MepeOyBaHHs MOTr0 MPOTATOM
MiCsILIST Y PiIKOMY a30Ti.

Kawuwoei caoea Alyssum calycocarpum, Anthyllis
biebersteiniana, Kpum, endemiuni éuou, Hacinus, piokui asom,
Kpio3bepieanns, cxoxucicme.

D.P. Apanemosin
HaunoHanbHbii yHuBepcuTeT uMenn MBana ®dpatko, T. JIbBOB,
VYkpanHa

COXPAHEHUE CEMAH OHIAEMMWYECKHUX BUWJIOB
®JIOPbI KPBIMA ALYSSUM CALYCOCARPUM RUPR.
(BRASSICACEAE) N ANTHYLLIS BIEBERSTEINIANA POPL.
(FABACEAE) B KUJKOM A3OTE (—196°C)

XpaHenune ex situ cemsiH Alyssum  calycocarpum  Rupr.
(Brassicaceae) i Anthyllis biebersteiniana Popl. (Fabaceae),
sHIeMuueckux BuaoB Guopsl  KpbiMa, wucciaemoBanu ¢
KCITOJIb30BAaHUEM COBpEeMEHHON KpuotexHosorun. CemeHa
COXpaHWJIM XU3HECTIOCOOHOCTD ITOC/Ie XPAHEHUS UX B TCUECHUU
MecsILsl B XKUAKOM a30Te.

Kawueegwie caoea: Alyssum calycocarpum, Anthyllis
biebersteiniana, Kpbim, sH0emuueckue uovl, cemena, Heuokuii
asom, KpUoCcoxpameHue, 6CxXoxHcecms.

—— OI'OJIOIIEHHA

MIEXHAPOJHA HAYKOBO-ITPAKTUYHA KOH®EPEHLIA MOJIOANX HAYKOBLIIB
«[TPOBJIEMMU TA IEPCIIEKTUBU JOCIIJKEHDb POCJIMHHOI'O CBITY»

Binoynetbest 13—16 TpaBHs 2014 poky B HikiTchbKoMy 0oTaHiuHOMY cany — HallioHaJlbHOMY HayKOBOMY LIEHTPi

HAAH Yxpainu (M. flnta, AP Kpum)

TemaTnyHi HANPSIMKK KOH(epeHii:
— arpoeKoJIorisl, arpOKJIiMaToJIOTis;
— GioTexHos10Tris Ta 0i0XiMisl POCIUH;
— OoraHika, (biTOLICHOJIOTiS Ta 3aIloBiIHA CIIpaBa;
— IEHAPOJIOTISI Ta TApKO3HABCTBO;

— IHTPOAYKILIis Ta CeNeKIisl TOCMOAaPChKOLIIHHUX POCINH;

— (piziosoris Ta penpoayKTUBHA 0i0JIOTisI pOCINH

KonTakTha indopmanis
EnexrponHa agpeca: smu.nbs@gmail.com
ITowmroBa agpeca: KopHinbeBy [ypito BikropoBuuy

Hikitcbkuii 6oTaniuyHumii can — HarioHanbHMii HaykoBMii ieHTp, cMT. Hikirta, m. Slita, AP Kpuwm, Ykpaina, 98648
Tenedonu: +38067-292-86-95; +38095-309-71-30 (Iypiit KopHiibeB)

+38097-634-31-62 (HaTaiiss MupOIIHUYEHKO)
+38066-957-78-25 (Onexkcanapa KBiTHUIIbKA)

Indopmaniio npo kKondepenuio po3mimeno Ha caiiti HBC-HHII (po3nin «Haykosa cniBnpansi», miapo3ain «AHOHC

KoH(epeHILiii Ta ceMiHapiB»): www.nbgnsc.com.

750

ISSN 0372-4123. Ukr. Bot. J., 2013, 70(6)



