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Abstract
Preservation ex situ 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 situ 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 

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 situ 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.

Results

Seeds of Alyssum calycocarpum under investigation 
preserved their viability after their conservation in liq-
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 14th day 
of the germination beginning both in the control and 
treatment variants. The first leaves appeared on the 20th 
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 4th 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 1. Soil germination dynamics of Alyssum сalycocarpum seeds 
after cryostorage

Day of ger-
mination

Control Frozen for 4 weeks

Quantity of 
germinating 

seeds

Percentage of 
germinating 

seeds

Quantity of 
germinating 

seeds

Percentage of 
germinating 

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

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

Day of ger-
mination 

Control Frozen for 4 weeks

Quantity of 
germinating 

seeds

Percentage of 
germinating 

seeds

Quantity of 
germinating 

seeds

Percentage 
of germinat-

ing seeds

4th 1.3±0.9 2.7±1.8 1.7±1.2 3.3±2.4

11th 1.3±0.9 2.7±1.8 2.7±1.5 5.3±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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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. сalycocarpum 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 
сalycocarpum 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. сalycocarpum 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. сalycocarpum 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.

REFERENCES

1.  Веллингтон П. Методика оценки проростков семян. — 
М.: Колос, 1972. — 174 с.

2.  Грищенкова Е.А., Рязанцев В.В., Гулевский А.К., 
Чаплай Е.В. Создание криобанка семян редких 
и исчезающих видов лекарственных растений // 
Проблемы криобиологии. — 1996. — № 2. — С. 32—34.

3.  Гумецький Р.Я., Паляниця Б.М., Чабан М.Є. Математичні 
методи в біології: теоретичні відомості, програмований 
практикум, комп’ютерні тести. — Львів: ВЦ ЛНУ імені 
Івана Франка, 2004. — 112 с.

4.  Дідух Я.П., Царенко П.М. Флора України: стан і 
заходи збереження // Збереження і невиснажливе 
використання біорізноманіття України: стан і 
перспективи. — К.: Хімджест, 2003. — С. 24—38.

5.  Ена Ан.В. Ботанико-географические комментарии к 
списку эндемиков флоры Крыма // Укр. ботан. журн. — 
2003. — 60, № 3. — С. 255—264.

6.  Ільїнська А.П. Види роду Alyssum L. (секція Alyssum) у 
флорі України // Укр. ботан. журн. — 2005. — 62, № 2. — 
С. 223—234.

7.  Каталог цветочно-декоративных травянистых растений 
ботанических садов СНГ и стран Балтики. — Минск: 
Изд-во Э.С. Гальперина, 1997. — 475 с.

8.  Могиляк М.Г., Скибіцька М.І. Збереження біологіної 
різноманітності рідкісних і декоративних рослин 
природної флори України в умовах культивування 
// Таврійськ. наук. вісник — 2010. — Вип. 71, ч. 2. — 
С. 223—226.

9.  Определитель высших растений Украины / Ред. Ю.Н. 
Прокудин. — Киев: Наук. думка, 1987. — 545 с.

10.  Реймерс Ф.Е. Растение во младенчестве. — Новосибирск: 
Наука, 1987. — 182 с. 

11.  Скворцов А.К., Трулевич Н.В., Алферова З.Р. и др. 
Интродукция растений природной флоры СССР 
(Справочник). — М.: Наука, 1979. — 431 с.

12.  Черевченко Т.М., Мороз П.А. Збереження біологічної 
різноманітності рослин — найважливіше завдання 
ботанічних садів і дендропарків України // Вісн. Київ. 
ун-ту. Сер. Інтродукція та збереження рослинного 
різноманіття. — 1999. — Вип. 63 — С. 6—8.

13.  Юзепчук С. В. Род Язвенник — Anthyllis L. // 
Флора СССР. — М.; Л.: Изд-во АН СССР, 1945. — 
Т. 11. — С. 262—280.

14.  Arapetyan E., Usatenko Yu. Seed cryoconservation as up to 
date tool for diversity preservation of wild Ukrainian flora // 
Біологічний вісник. — 2006. — 10, № 1. — С. 26—27.

15.  Black M. Seed development and germination: past, present — 
and future? // Acta physiologiae plantarum. Special Issue. — 
2004. — P. 7.

16.   Engelmann F. Plant cryopreservation: progress and prospects 
// In Vitro Cell. Dev. Biol. — Plant. — 2004. — 40(5). — 
P. 427—433. 

17.  Gillett H.Y., Walter K. S. 1997 IUCN Red List of Threatened 
Plants. — Gland, Switzerland, Cambrige: The World 
Conservation Union, 1998. — 862 p.

18.  Kew Millennium Seed Bank. http://www.kew.org/science-
conservation/save-seed-prosper/millennium-seed-bank/ 

19.  Yena A.V. Narrow endemism as a top priority in taxonomy 
and conservation (a Crimean example) // XVII International 

Table 3. Survival of seeds after cryopreservation during one month

Object
Percentage of germinating seeds

Control Frozen

Alyssum сalycocarpum 21.4±6.2 18.7±7.9

Anthyllis biebersteiniana 9.8±3.5 11.3±4.1



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

Botanical Congress / Vienna, Austria 17—23 July 2005. — 
P. 158.

20.  Walters C., Wheeler L., Stanwood P. C. Longevity of 
cryogenically stored seeds // Cryobiology. — 2004. — 
48(3). — P. 229—244.

Recommended for publication Sibmitted 01.04.2011
by E.L. Kordyum

Е.Р. Арапетьян
Національний університет імені Івана Франка, м. Львів, 
Україна

ЗБЕРІГАННЯ НАСІННЯ ЕНДЕМІЧНИХ ВИДІВ ФЛОРИ 
КРИМУ ALYSSUM CALYCOCARPUM RUPR. (BRASSICACEAE) 
ТА ANTHYLLIS BIEBERSTEINIANA POPL. (FABACEAE) У 
РІДКОМУ АЗОТІ (–196О С) 

Зберігання ex situ насіння Alyssum calycocarpum Rupr. 
(Brassicaceae) і Anthyllis biebersteiniana Popl. (Fabaceae), 
ендемічних видів флори Криму, досліджували з 
використанням сучасного методу кріотехнології. Насіння не 

втратило життєздатності після перебування його протягом 
місяця у рідкому азоті.

К л ю ч о в і  с л о в а:  Alyssum calycocarpum, Anthyllis 
biebersteiniana, Крим, ендемічні види, насіння, рідкий азот, 
кріозберігання, схожість.

Э.Р. Арапетьян
Национальный университет имени Ивана Франко, г. Львов, 
Украина

СОХРАНЕНИЕ СЕМЯН ЭНДЕМИЧЕСКИХ ВИДОВ 
ФЛОРЫ КРЫМА ALYSSUM CALYCOCARPUM RUPR. 
(BRASSICACEAE) И ANTHYLLIS BIEBERSTEINIANA POPL. 
(FABACEAE) В ЖИДКОМ АЗОТЕ (–196° С) 

Хранение ex situ семян Alyssum calycocarpum Rupr. 
(Brassicaceae) і Anthyllis biebersteiniana Popl. (Fabaceae), 
эндемических видов флоры Крыма, исследовали с 
использованием современной криотехнологии. Семена 
сохранили жизнеспособность после хранения их в течении 
месяця в жидком азоте.

К л ю ч е в ы е  с л о в а:  Alyssum calycocarpum, Anthyllis 
biebersteiniana, Крым, эндемические виды, семена, жидкий 
азот, криосохранение, всхожесть.
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