Eurasian Journal of Applied Biotechnology. Ne.1, 2024

Review

UDC: 502.75; 502.74

BIOBANKS AS A WAY TO CONSERVE BIODIVERSITY IN THE CONTEXT OF THE CONTINUING
DECLINE IN THE SPECIES DIVERSITY OF WILD FLORA AND FAUNA

Dairov A.K."”, Mukanov K.K."”, Khapilina O.N.">, Manabayeva Sh.A."”, Kakimzhanova A.A."”, Khassenova A.E.
Kubentayev S.A.”, Zholdybayeva E.V.\2, Khassenov B.B."”, Shevtsov A.B."”, Tarlykov P.V."2), Mukantayev K.N.(",
Ramankulov Ye.M.

National Center for Biotechnology, 010000, Kazakhstan, Astana,
Kurgalzhynskoye road 13/5
Corresponding author: dairov@biocenter.kz, tel.: +7 (7172) 70-75-33, +7 (777) 483-61-40

ABSTRACT

To date, human actions have significantly changed 75% of the Earth’s surface. This has resulted in an unprecedented
increase in the rate of biodiversity loss in human history. According to the International Union for Conservation of Nature and
Natural Resources, over the past 500 years, as a result of direct or indirect influence of the anthropogenic factor, 774 animal
species and 123 plant species have become extinct. To prevent further loss of biodiversity, in the context of the ongoing «crisis
of biodiversity», all over the world, including Kazakhstan, there is a need for reliable conservation of the available genetic
resources of plants and animals, primarily rare and endangered species. In this regard, specialized biobanks of organized
collections of living biomaterials are successfully used worldwide for the conservation and restoration of populations of
rare and endangered species of flora and fauna. The article presents information about some of the largest biobanks and their
importance in solving this global problem. The experience of scientific centers of Kazakhstan in the field of biobanking of
biomaterials of wild flora and fauna, including rare and endangered species, is given, and the results of the National Center for

Biotechnology in this area are summarized.
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INTRODUCTION

Biodiversity, despite its greatness, is at the same time a
very fragile structure. Since the appearance of the first living
creature on Earth, at least 3.7 billion years ago [1], the bio-
diversity of living organisms has not ceased to change due to
natural evolutionary processes. However, man, as an insepa-
rable part of all life on Earth, has a significant impact on bio-
diversity. Over the past 50 years, the world’s population has
doubled, the global economy has quadrupled, and world trade
has increased tenfold [2]. These circumstances have led to a
concomitant increase in human demand for natural resources,
the consumption of which has a serious impact on the envi-
ronment, which is reflected in climate change and biodiver-
sity decline [3,4].

To date, human actions have significantly changed 75%
of the Earth’s surface. This has resulted in an unprecedented
increase in the rate of biodiversity loss in human history [2].
The scientific and popular media are already warning us that
we are facing a «biodiversity crisis» [5] and heading towards
the sixth great extinction [6,7].

The conservation of biodiversity of wild flora and fauna is
one of the most important tasks facing humanity, especially in
recent years, due to the increasing anthropogenic pressure on
the environment. The most fragile component of biodiversity,
and the most sensitive integrated indicator of its unfavorable
changes, is rare and endangered species of flora and fauna [8].
Thanks to these species, we can judge the quality of the envi-
ronment. The disappearance and extinction of any species has
serious consequences for the natural balance of ecosystems.
At the same time, each individual species, in addition to its
role in the ecosystem, is also a source of valuable genes and
resources that are already being used or may be in demand in
the future, as potential sources of medicines, food, etc.

According to the International Union for Conservation
of Nature and Natural Resources (IUCN), over the past 500
years, as a result of direct or indirect influence of the anthro-
pogenic factor, 774 animal species and 123 plant species have
become extinct [9]. According to some scientists, over the past
250 years, about 571 plant species have died out, and, likely,
this figure is significantly underestimated [10]. In the last 50
years alone, from 30 to 50% of all mangrove forests have
died or been destroyed [11]. In general, plant biomass has de-
creased by approximately 50% compared to the period before
the appearance of humans [12], while about 40% of all plant
species growing on Earth are threatened with extinction [13].
The disappearance of plant diversity has serious consequences
for the well-being of humanity and our planet [14]. Two out
of five plant species are estimated to be threatened with ex-
tinction [15]. The main threats to plants in situ as assessed by
the IUCN for the Red List of Threatened Species are as fol-
lows: agriculture and aquaculture (32.8%), use of biological
resources (21.1%), change in natural systems (10.8%), resi-
dential and commercial development (10.5%), invasive spe-
cies, genes and diseases (6.5%), pollution (5.4%) and climate
change (4.1%) [16]. For example, in Chile, about 46% of flora
species are in a critical state or under the threat of extinction
[17]. And in Mexico, one of the world’s richest countries in
terms of flora, there are 249 species of endangered trees alone
[18]. Today, more than 142,577 species of plants and animals
are included in the IUCN Red List, of which more than 40,000
are endangered [9].

Animal populations are rapidly declining. Climate change
and global food demand could lead to the loss of up to 23%
of all natural animal habitats by the end of this century [19].
According to forecasts, if the current rate of biodiversity de-
cline continues, up to 600 species of mammals may disappear
from the face of the Earth by 2100. According to some sci-
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entists, signs of global extinction of biodiversity are already
observed in Australia and the Caribbean [20]. The Food and
Agriculture Organization (FAO) estimates that almost a third
of the world’s fish stocks are overfished, and a third of fresh-
water fish species assessed are considered endangered [21].
Many species of vertebrates from the classes of amphibians
and reptiles are threatened with extinction as a result of hab-
itat loss and increased anthropogenic impact on the environ-
ment. More specifically, 32% of amphibian species and 20%
of reptile species are endangered [22]. During the current bio-
diversity extinction crisis, it is estimated that 200 amphib-
ian species have already become extinct [23], and about 950
species need some form of captivity to prevent their extinc-
tion [24-26]. According to some estimates, one in five rep-
tile species is endangered, but for some groups, such as tur-
tles and crocodiles, the threat of extinction can be as high as
50% [27,28]. Insect populations are rapidly declining due to
the loss of natural habitats, the intensification of agriculture
with the widespread use of pesticides, global warming, and
displacement by invasive alien species [29]. Recent studies
show a significant decline in the entomofauna, both in terms
of abundance and extinction of species in temperate and trop-
ical regions and even in the Arctic [30-35].

Based on the foregoing, it is not difficult to conclude that
the problem of preserving the biodiversity of flora and fauna
remains extremely relevant, the solution of which depends on
the well-being of life on Earth.

Today, the creation, development and use of the opportuni-
ties of wildlife biobanks is one of the most effective measures
along with other conservation measures, such as: creation of
specially protected natural territories (SPNT); improvement
of legislation to ensure the protection of the environment and
biodiversity; combating invasive alien species that pose a
threat to the biodiversity of ecosystems and other measures.

For more than 30 years, the scientific community around
the world has been successfully using the possibilities of wild-
life biobanks to preserve and restore populations of rare and
endangered species of flora and fauna. Examples of success-
ful use of the possibilities of plant biobanks can be: the expe-
rience of Finnish scientists in the conservation and reintroduc-
tion into natural conditions of the plant population once saved
from destruction — Rubus humulifolius [36]; reintroduction in
China of endangered trees of the species Bretschneidera sin-
ensis [37]; successful implementation of the «Saving threat-
ened forests of Hispaniola» project in the Dominican Republic
to save endangered forests in Hispaniola, as a result of which
seeds of at least 100 tree species were saved and 25 tree spe-
cies propagated for reforestation [37,38]; the experience of the
Millennium Seed Bank Partnership (MSBP) in implementing
a pilot project under the revolutionary Great Green Wall Ini-
tiative, which resulted in the planting of more than 1 million
seedlings of 55 woody and herbaceous species of wild plants
in dry regions of the Sahel in Africa [37,39].

Through the genetic resources of biobanks (cryobanks)
of wild animals, populations of rare and endangered animal
species are successfully preserved and restored, in particu-
lar: the population of Elephas maximus is recovering [40];
healthy offspring were obtained from an endangered subspe-
cies of equids — the Persian onager (Equus hemionus onager)
[41]; the well-known giant panda (4iluropoda melanoleuca),
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in China mainly reproduces using artificial insemination, us-
ing sperm samples obtained from cryobanks [42]; the black-
footed ferret, once considered an endangered species in North
America, has also been restored through a combination of nat-
ural mating and artificial insemination, including semen fro-
zen and stored for two decades [43,44]; a litter of cheetah cubs
was obtained at the North American Zoo using samples of fro-
zen sperm from a wild-caught male cheetah in Africa [45].

Summarizing the above information, we can come to the
obvious conclusion that the problem of reducing the biodiver-
sity of flora and fauna will remain an extremely urgent prob-
lem in the near future. This will be facilitated not only by the
growth of the human population and its ever-growing need for
natural resources, but also by the problem of global warming.
Therefore, the collection and conservation of biomaterials of
wild flora and fauna, primarily rare and endangered species,
is of extremely high importance throughout the world. In this
regard, the role of biobanks and their capabilities can hardly
be overestimated. This can be proved by examples of the ex-
cellent results achieved by scientists in the conservation and
restoration of populations of some rare and endangered spe-
cies of plants and animals.

Relevance. The previous examples support the argument
that wildlife biobanks are one of the effective tools in the field
of conservation and restoration of plant and animal popula-
tions, including rare and endangered species. Therefore, the
creation of new and development of existing biobanks, includ-
ing in Kazakhstan, remains an urgent task today. At the same
time, we consider it necessary to note that biobanks are not
a substitute for existing environmental protection measures.
Biobanks are one of the progressive scientific tools through
which humanity is given the opportunity to solve a global en-
vironmental problem - to stop and reverse the process of deg-
radation of the biodiversity of flora and fauna on Earth.

Materials and methods. The literature review of scien-
tific papers was carried out using the resources of the follow-
ing search engines: Web of Science, Scopus, PubMed, Wiley
Online Library, Google Academy, eLibrary.ru. The search for
the necessary literature was carried out by keywords. To solve
the purpose and objectives of the article, we used literature
data containing questions related to biobanks and biobanking
of biomaterials of plants and animals, including rare and en-
dangered species.

Purpose. To analyze the available literature data on the
world biobanks of flora and fauna, including those of Ka-
zakhstan, and to summarize the results of the work of the Na-
tional Center for Biotechnology in the field of biobanking of
biomaterials of local flora and fauna, including rare and en-
dangered species.

Objectives. The following objectives were set to achieve
the purpose of the work:
— to generalize the concept of the term «biobanky;

— give examples of some of the largest biobanks of wild
flora and fauna, including those in the Commonwealth of In-
dependent States (CIS);

— give examples of some scientific centers of Kazakhstan
that carry out work, including in the field of biobanking of
biomaterials of wild flora and fauna;

— to summarize the results of the work of the National
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Center for Biotechnology in the field of biobanking of bioma-
terials of wild flora and fauna of Kazakhstan, including rare
and endangered species.

Main part

The concept of the term «biobank» and the role of bio-
banks in society

The term «biobank» (biological bank) has many defini-
tions [46-48]. However, both in domestic and foreign legisla-
tion [49-51] there is still no single interpretation of it.

According to the legislation of the Republic of Kazakh-
stan, the term biobank is «a specialized repository of biolog-
ical materials for scientific and biomedical purposes (includ-
ing samples of cells, tissues, deoxyribonucleic, ribonucleic
acids of the genetic material of humans and (or) animals and
(or) plants, and other biological and genetically modified sub-
stances and organisms)» [52].

By the international standard ISO 20387:2018 Biotechnol-
ogy — Biobanking — General requirements for biobanking, the
term «biobank» means «a legal entity or part of a legal entity
that performs biobankingy. In turn, the term «biobankingy»

means the «process of acquisition and storing, together with
some or all of the activities related to collection, preparation,
preservation, testing, analyzing and distributing defined bio-
logical material as well as related information and data» [53].

In this paper, the term «biobank» means a specialized or-
ganization or subdivision in an organization engaged in the
collection, storage, study, and provision for the scientific use
of biological materials of plants and (or) animals and related
data, including germplasm banks (seed banks, genebanks),
cryobanks, in vitro cell line banks, DNA banks (Figure 1).

Today, there are quite a lot of biobanks in the world. Most
of them are located at large medical and scientific centers
[54,55]. For example, in Italy, most biobanks and biological
resource centers are located in structures or institutions that
are part of the National Health Service or associated with it
[56].

Mostly, biobanks have a medical focus, specializing in the
collection, storage, and provision of human biological mate-
rial (blood, plasma, DNA, RNA, tissue materials, etc.) for sci-
entific and clinical use. This is reflected in the number of sci-

Figure 1 — Types of biobanks

Table 1 — Number of publications in some major databases of peer-reviewed scientific literature and the Google Academy

search engine containing the term «biobank»

Number of publications
Of these. in Of these, in the direction of
Datab Period ) i i
atabase ero Total the direction of | % of total «EnVIrop mental Studies», % of total
- including «Plants» and
«Medicine» .
«Animals»
Web of Sei- 1996- 1 55,380 20,136 79.3 463 1.8
ence 2023
Scopus 1985- 57,785 45,695 79.1 1995 3.5
2023
PubMed 1945- 33,823 27,220 80.5 2848 8.4
2023
Wiley Online 1995- 11,131 8510 76.5 117 1.1
Library 2023
Google Acad- 259,000 169,000 65.3 81,300 314
emy
Note: Information is current as of January 2023
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entific publications in medicine in which the term «biobank»
occurs (Table 1).

As mentioned earlier, most biobanks in the world are fo-
cused on medicine. This can be noticed by examining the
electronic directories of biobanks available on the Internet.
In particular, the website of the Biobank Resource Center
https://biobanking.org contains a list of 328 biobanks that are
focused on the collection, storage and study of human bio-
samples. In this directory you can find information about the
world’s biobanks such as: Alberta Cancer Research Biobank
(Canada), Australian Breast Cancer Tissue Bank (Australia),
Liverpool Research Eye Bank (United Kingdom), National
Liver Disease Biobank (India) and others [57]. The Global
Biobank Directory, Tissue Banks and Biorepositories https://
specimencentral.com contains information on 327 biobanks
in the field of medicine, of which 171 biobanks are located in
the United States [58].

At the same time, in addition to biobanks of human bio-
materials, there are also wildlife biobanks in the world spe-

cializing in the collection, storage and distribution of plant
and animal biomaterials. These genetic resources are essen-
tial for the study and maintenance of biodiversity. For exam-
ple, the previously mentioned Global Biobank Directory, Tis-
sue Banks and Biorepositories https://specimencentral.com
also has a list of 22 biobanks specializing in the collection
and storage of plant and (or) animal biomaterials, for exam-
ple: Israel Plant Gene Bank (Israel), Marbank — National Ma-
rine Biobank (Norway) and others [58]. Figure 2 shows the
distribution of biobanks of flora and (or) fauna in accordance
with this directory.

Examples of some large foreign biobanks of flora

An effective way to conserve biodiversity species is to
conserve species in ex-situ conditions, which means the con-
servation of components of biological diversity outside their
natural habitats [59]. Through this strategy, it becomes pos-
sible to protect the components of biodiversity (populations,
species, and genes) outside the environment in which they
naturally grow. Plant ex situ conservation includes collections
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Figure 2 — Biobanks of plants and (or) animals by country according to the Internet resource Global Directory of Biobanks, Tissue Banks
and Biorepositories
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Figure 3 — Seed collection holdings of the largest ten wild plant seed banks by the number of taxa stored based on PlantSearch
data. Threatened taxa includes species categorized as threatened (including global, regional and national assessments) from data in
ThreatSearch (Adapted from Breman et al. 2021)
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in botanical gardens and arboretums, in vitro cultivation, cryo-
preservation of seeds, embryos, or other tissues in liquid nitro-
gen, and storage of genetic material (for example, seeds, cut-
tings, bulbs, tubers, pollen) in germplasm banks [16,60,61].

Today, there are more than 3000 botanical gardens in the
world located in 185 countries of the world, in which more
than 105,000 species of wild plants are preserved as seeds
and (or) living collections [37]. They contain collections of at
least 30% of all known plant species on Earth, including 41%
of endangered species [62,63]. These ex situ collections are
conserved in various ways, but today the main method of ex
situ conservation of plant genetic resources is the creation of
a seed bank [64]. About 350 botanical gardens have their seed
banks, and they contain the genetic resources of 57,000 wild
plant species [62,63]. Although the function and name of the
seed bank (genebank, germplasm bank, biobank) may vary,
the general concept remains the same to use of controlled en-
vironments (drying and cooling) to preserve a wide variety of
plant germplasm for immediate and future use [37].

In addition to over 350 wild plant seed banks established
by botanical gardens, more than 1,750 genebanks are contain-
ing up to 7.4 million samples of plant genetic resources in the
form of seeds, in vitro, DNA, and cryopreserved collections
that are used for food production and agricultural manage-
ment [37]. Plant accessions maintained in agricultural gene-
banks are of real or potential value as food crops and are im-
portant resources for developing more resilient (e.g., pest and
disease or drought tolerant) and productive varieties that are
critically needed to feed a growing world population [64-66].

To date, the largest seed banks of wild plants by several
taxa include The Millennium Seed Bank (MSB) of the Royal
Botanic Gardens, Kew, in the UK, Germplasm Bank of Wild
Species (GBOWS) in China, Seeds of Success (SOS) program
in the USA, Australian PlantBank at Mount Annan Botanic
Garden in Australia, National Museum «d’Histoire Naturelle»
— Seed Bank in France, Universidad Politécnica de Madrid —
Seed Bank in Spain, Desert Botanical Garden — Seed Bank in
the USA, Jardin Botanico de Cordoba — Seed Bank in Spain,
California Botanic Garden — Seed Bank in the USA and Mul-
tiplant International Medical Conservation — Seed Bank in
Kenya (Figure 3) [37].

The Germplasm Bank of Wild Species (GBOWS) lo-
cated at the Kunming Institute of Botany (KIB) of the Chi-
nese Academy of Sciences (hereinafter referred to as the Ger-
mplasm Bank) currently holds samples of more than 11,000
species of wild plants [37]. The Germplasm Bank consists of
three repositories — a seed bank, an in vitro plant germplasm
bank, and a plant DNA bank. At the same time, the subsidiar-
ies of the Germplasm Bank are the microbial germplasm bank
and the animal germplasm bank, which are located at Yunnan
University and the Kunming Institute of Zoology CAS, re-
spectively [67].

The Australian PlantBank of the Mount Annan Botanic
Garden in Australia holds a collection of more than 12,000
seed samples from nearly 5,300 wild plant species, 437 of
which are endangered [37,64].

The Desert Botanical Garden — Seed Bank in the US, lo-
cated at the Ahearn Desert Conservation Laboratory, contains
over 4000 seed specimens, some of the rarest plants in the

world. The botanical garden’s collection is primarily focused
on the conservation of desert plants, especially those of the
cactus and agave families. The Botanical Garden also works
in partnership with the Smithsonian Institution and the North
American Orchid Conservation Center (NAOCC) to conserve
the seeds of numerous orchid species in the US Southwest,
some of which are extremely rare [68,69].

The Seeds of Success (SOS) Program (the SOS Program)
is a national seed collection program led by the Bureau of
Land Management in the United States. The SOS Program
is the most comprehensive repository of native seeds in the
United States, supporting the restoration, management, and
research of native plants. The SOS Program was established
in 2000, and since then the seeds of more than 24,400 native
plant populations representing about 5,600 taxa have been
collected under this program in 43 US states. These collec-
tions include species important to wildlife, pollinators, and
indigenous peoples, with over 10,000 collections donated for
restoration and research use. The SOS Program enables sci-
entists to understand the changes taking place in natural popu-
lations and represents the most important repository of native
plant genetic resources for conservation and future use [70].

The most prominent examples of seed banks are the Mil-
lennium Seed Bank Partnership in the UK, which conserves
wild plant seeds, and the Svalbard Global Seed Vault in Nor-
way, which serves as a backup repository for crop seed col-
lections from around the world [64].

Millennium Seed Bank of Royal Botanic Gardens Kew
(hereinafter — MSB Seed Bank) was founded in 2000 as a re-
sult of more than three decades of research into seed biol-
ogy and conservation. Today, the MSB Seed Bank collection
includes more than 97,000 individual seed collections with
997,000 plant accessions representing more than 40,000 spe-
cies belonging to more than 6,100 genera and 350 families. In
total, the MSB Seed Bank holds the genetic material of more
than 10% of all known plant species on Earth.

The mission of the MSB Seed Bank is to conserve plant
biodiversity and ensure its sustainable use through a global
partnership. To this end, the Millennium Seed Bank Partner-
ship (MSBP), made up of seed banks affiliated with botani-
cal gardens, agricultural, forestry, and research institutions,
and government organizations around the world are working
together to conserve native flora. To date, 97 countries and
more than 250 organizations around the world are participat-
ing in the project.

The advantage of the MSB Seed Bank in the long-term
conservation of wild plant diversity is the ability to store seed
samples in a relatively small space (about 40,000 species are
preserved in a 300 sqm area), at a relatively low cost com-
pared to other ex situ conservation options (for example, in
vitro collections, field genebanks, etc.). At the same time, the
premises in the MSB Seed Bank are designed for 500 years,
and the seed samples stored there must remain viable for de-
cades to centuries. The presence of well-documented collec-
tions provides great opportunities to use this valuable resource
now and use it in the future [37].

In the issue of plant diversity conservation, it is extremely
important to pay attention to the provision of backup storage
facilities for storing duplicate samples in case of emergen-
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cies, man-made or global disasters (earthquakes, fires, floods,
etc.), as a result of which valuable samples of biomaterials,
patiently accumulated and carefully preserved for years, can
suddenly disappear from the face of the Earth. A good exam-
ple is the Svalbard Global Seed Vault (SGSV) (hereinafter —
Vault), which is a backup Vault for over 1 million crop sam-
ples from around the world.

The Vault is located on the island of Svalbard (Norway)
in the middle of the Arctic Ocean. It was built by Norway
in 2008 to prevent the destruction of seed samples of the
main crops, as a result of possible global catastrophes, such
as an asteroid strike, nuclear war, or global warming. There-
fore, some call it the «Doomsday Vault» [71,72]. The Vault
serves as a backup store for over 1700 crop genebanks located
around the world. If any genebank is deprived of its seed col-
lections in the event of a natural disaster or human factor, then
it has the right to request from the Vault for a return transfer of

Table 2 — Examples of wild animal species biobanks worldwide

duplicates of its seeds, through which it can safely restore its
collections and continue breeding work [73,74]. The Vault is
built in such a way that it can store up to 4.5 million seed sam-
ples in three separate rooms (caverns) dug into the mountain
and located at the end of a 100-meter tunnel. If we take into
account the fact that each plant sample transferred for storage
contains an average of 500 seeds, then up to 2.5 billion seeds
can be stored in the Vault at the same time [75].

Since the opening of the Vault, the number of seed sam-
ples deposited in it has exceeded 1.1 million [76]. Most of
the samples, about two-thirds, are deposited by major inter-
national agricultural research centers, four of which have de-
posited more than 100,000 samples each, in particular: Inter-
national Maize and Wheat Improvement Center (CIMMYT)
in Mexico, International Rice Research Institute (IRRI) in
the Philippines, International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT) in India and The International

imal Cell Bank

Institution/ Country Started Sample number and type References/Access
Consortium
Smithsonian Insti- USA 1970 >1,000,000 DNA samples, | Smithsonian Institution. Available at:
tution cell lines and germplasm https://www.si.edu/ (Access in January
samples from >18,000 2023) (Comizzoli & Wildt, 2017)
species
Frozen Zoo ® San USA 1976 Over 10,000 living cell Frozen Zoo ® San Diego Zoo Wildlife
Diego Zoo Global cultures, oocytes, sperm, Alliance. Available at: https://science.
Wildlife Conser- and embryos representing | sandiegozoo.org/
vancy nearly 1,000 taxa
(Access in January 2023)
Kunming Wild An- China 1986 1455 cell lines from 298 Kunming Wild Animal Cell Bank. Avail-

animal species (4 insects, | able at: http://english.kiz.cas.cn/ gre/
24 fishes, 17 amphibians
and reptiles, 25 birds, 228
mammals). About 1200
pieces of tissues from over
200 animal species, 45 sets
animal chromosome-spe-
cific probes

skl Facility/

(Access in January 2023)

banks South Africa | based in South

The Frozen Ark International 1996 48,000 samples from The Frozen Ark Consortium. Available
Consortium consortium >5500 species at: https://www.frozenark. org/im-
based in United pact-and-outcomes (Access in January
Kingdom 2023)
American Museum USA 2001 >28,000 tissue and DNA American Museum of Natural History.
of Natural History samples
Auvailable at: https://www.amnh.org/.
(Access in January 2023) (Comizzoli &
Wildt, 2017)
Conservation Korea 2002 13,475 tissue and DNA Conservation Genome Resource Bank
Genome Resource samples from 407 species | for Korean Wildlife. Available at: http://
Bank for Korean www.cgrb.org/. (Access in January
Wildlife 2023)
(Comizzoli & Wildt, 2017)
Biodiversity Bio- Consortium 2003 >80,000 germplasm Biodiversity Biobanks South Africa.

samples, cell lines, DNA
Africa samples from 500 species | cess in January 2023)

Auvailable at: https://bbsa.org.za/. (Ac-

(Comizzoli & Wildt, 2017)
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Center for Agriculture Research in the Dry Areas (ICARDA).

At the same time, the largest depositors of the Vault among
national biobanks are such countries as the USA, Germany,
Canada, Australia, the Netherlands, South Korea, and Switzer-
land. The Vault contains samples of about 5000 plant species.
Crops such as rice and wheat are represented by over 150,000
seed samples each. In addition, 15 major kinds of cereal, veg-
etables, and fodder crops are represented by more than 10,000
seed samples [75].

The Vault is located in a place favorable for the long-term
storage of seeds for several reasons:

— Located in the area of permafrost, where the average
temperature ranges from -3°C to -4°C. Through this, the seed
material is protected from damage, even if the refrigeration
equipment that maintains a low temperature on the premises
-18°C fails;

— Seed storage facilities are located inside the mountain,
at a depth of 150 meters above the surface, while well above
sea level, which protects the seeds from flooding even in the
worst-case scenario of sea level rise;

— The storage area is geologically stable, and the level of
humidity in it is extremely low, which favorably affects the
safety of seed material;

— Located in the world’s northernmost settlement of
Longyearbyen (Norway), with a permanent population of
more than a thousand people, and where the world’s north-
ernmost airport with regular flights — Svalbard Airport is lo-
cated. Through the presence of the airport, it becomes possi-
ble to deliver seeds to the Vault from any corner of the world.

Seed samples are stored in custom-made three-layer foil
bags, which are sealed in boxes stored on the shelves of the
Vault. As mentioned earlier, the reliable preservation of seeds
in the Vault is ensured by the operation of special refrigera-
tion units that maintain a constant temperature of -18°C in the
seed storage rooms. Due to the combination of low tempera-
ture and limited oxygen access, low metabolic activity is en-
sured and seed viability is maintained for a long period [76].

The storage of seed collections of crops, including their
wild relatives, and taxa of wild plants genetically related to
crops, is an important component of ensuring global food se-
curity. Such seed banks protect the genetic resources of crops
from degradation and extinction and provide breeders with
the necessary material [77].

Along with biobanks that preserve and distribute plant
genetic resources, there are also specialized biobanks in the
world for storing biomaterials of animal origin. In biobanks of
wild animals, along with germ cells, tissues, cell lines, blood
products, and DNA are also stored, which are of great impor-
tance for the study and maintenance of biodiversity [78]. Ex-
amples of wild animal species biobanks worldwide are pre-
sented in Table 2.

Collections of biomaterials carefully preserved in such
biobanks find a wide variety of applications in science
[79,80], medicine [81-83], breeding [84,85], and biodiver-
sity conservation, by creating and maintaining viable cell cul-
tures of various animal species, including rare and endangered
species [22,26,86-92].

The Frozen Zoo cryobank at the Beckman Center for Con-

servation Research in the United States is the world’s largest
animal tissue cryobank. It was established in 1975, making it
the oldest wild animal specimen cryobank in the world [93].
The cryobank collection includes more than 10,000 live sam-
ples of cell cultures, eggs, sperm, and embryos, representing
about 1000 different taxa [86,94,95]. Germplasm stored in a
cryobank is capable of producing offspring when used for in
vitro maturation and fertilization of eggs, as well as during ar-
tificial insemination and embryo transfer. This irreplaceable
collection of living cell lines, germ cells, and animal embryos
is an invaluable resource for faunal biodiversity conserva-
tion, reproduction, evolutionary biology, and wildlife medi-
cine. One of the partners of the Frozen Zoo cryobank is the
Altyn-Emel State National Natural Park in Kazakhstan, which
cooperates with the biobank in the field of reintroduction of
Przewalski’s horses [96,97].

CryoArks is a UK-based animal biobanking consor-
tium for research and conservation. It is funded by the UK’s
Biotechnology and Biological Sciences Research Council
(BBSRC), and coordinated by Cardiff University in partner-
ship with the National History Museum of London, the Na-
tional Museums of Scotland, the Royal Zoological Society of
Scotland, The Frozen Ark, the University of Nottingham and
the University of Edinburgh. This consortium aims to create
the first unified British animal biobank, uniting several insti-
tutions and linking their collections through a common data-
base [98,99].

The bio-cryobank of the Leibniz Institute for Zoo and
Wildlife Research (Leibniz-IZW) in Germany specializes in
the storage of live specimens of endangered and other spe-
cies of wild animals. The Department of Reproduction Biol-
ogy holds samples of sperm, testicular tissue, eggs, ovarian
tissue, and embryos from 105 different animal species, in-
cluding samples from 20 felids species. In addition to these
samples, the Department of Reproduction Management main-
tains semen samples from 45 species of wild animals and fi-
broblast cell lines cultured from 118 animal species. At the
same time, 14 of these 118 animal species are on the verge of
extinction, and three species have already become extinct in
the wild. The value of Leibniz-IZW sperm banks has been re-
peatedly demonstrated by the use of elephant and rhinoceros
sperm samples in artificial insemination (Al) and in vitro fer-
tilization (IVF) programs [94,100,101]. Leibniz-IZW works
closely with international organizations such as the Frozen
Ark Consortium to improve specimen conservation and stor-
age methods. Leibniz-1ZW is also a member of the Associa-
tion of German Cryobanks (Gemeinschaft Deutscher Kryo-
banken, GDK), whose goal is to globally unite all existing
bio-cryobanks into a single network. This is the only way to
ensure that valuable wild animal genetic and genomic sam-
ples are stored in a coordinated manner and to high standards
[102].

The Israel-German Ark of Life (IGAL) is a joint project
of the Zoological Center Tel Aviv-Ramat Gan Safari in Is-
rael, which holds the largest collection of wild animals in the
Middle East, and the Department of Reproduction Manage-
ment of the Leibniz Institute for Zoo and Wildlife Research
(Leibniz-1ZW) in Germany. The project was created in 2017
and is aimed at preserving tissues and cell cultures of ani-
mals and birds collected in the clinic of the zoological center.
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The Isracli-German Ark of Life is a frozen zoo where animal
DNA samples are stored in special test tubes in liquid nitro-
gen tanks at a constant temperature of -196°C. Tissue samples
are collected when animals are admitted for treatment at the
Wildlife Clinic at the Zoological Center Tel Aviv-Ramat Gan,
which annually treats about 4,000 animals and birds. Each an-
imal DNA sample obtained is duplicated and sent to the Leib-
niz-1ZW for safekeeping. According to the scientists of the
center, DNA samples can be stored for up to 3000 years [103].

The Biorepository of the National Museum of Natural His-
tory (NMNH) in the United States began its work in 2011 and
is considered the largest biorepository of natural history based
in the museum. Big storage capacity exceeds 4.2 million stan-
dard 2 ml cryotubes with potential expansion to 5 million
cryotubes. The biostorage contains samples of birds, amphib-
ians, fish, mammals, reptiles, insects, and plants. NMNH re-
searchers have been collecting material for projects in biodi-
versity, phylogenetics, population genetics, toxicology, and
environmental monitoring since the early 1970s [104].

The Ambrose Monell Cryo-Collection (AMCC) in the
United States is the centralized cryogenic repository for ani-
mal tissue and DNA samples from the American Museum of
Natural History (AMNH). The collection was created in 2001
and includes tens of thousands of tissue and DNA samples
from animals, including endangered ones [105].

The Biobank of Nature’s SAFE (Saving Animals from Ex-
tinction) charity in the UK is one of the first specialized bio-
banks of animal tissue in Europe. The activity of the biobank
is aimed at the long-term storage of living cells of those an-
imal species that are most threatened with extinction. Pres-
ervation of the collection of animal tissue samples (somatic
cells and gametes) in the biobank is carried out using modern
technologies of cryogenic freezing of samples at a tempera-
ture of -196°C. The biobank collection is used by scientists in
the programs of reproduction and restoration of populations
of rare and endangered species of animals [106,107].

The Ocean Genome Legacy Center (OGLC) Genebank
at Northeastern University in the United States is engaged in
marine research and the conservation of biological samples
(DNA, tissues) of marine organisms. The genebank collection
includes 29,323 DNA samples belonging to 1126 marine fam-
ilies of organisms [108,109]. Reliable preservation of valuable
biological samples in the genebank is ensured by cryopres-
ervation. At the same time, during the operation of the gene-
bank, scientists of the center discovered 3814 new species of
marine organisms [109].

The countries of the Commonwealth of Independent States
(CIS) also have plant and (or) animal biobanks, but, as in the
rest of the world, most of them conserve genetic resources of
valuable crops and (or) animal breeds. Perhaps the most fa-
mous biobank, not only on the scale of the CIS countries but
throughout the world, is the Collection of Genetic Resources
of the All-Russian Institute of Plant Genetic Resources named
after N.I. Vavilov (VIR Plant Genetic Resources Gene Bank)
(hereinafter — VIR PGR Collection).

The VIR PGR Collection is a systematized and docu-
mented collection (genebank) of living specimens and her-
barium references of the world diversity of cultivated plants
and their wild relatives. The VIR PGR Collection on the ge-
netic diversity of wheat is one of the five leading in the world,
along with Mexico, the USA, Italy, and Australia; in terms of
the number of barley samples is the fourth (after Great Britain,
Canada, and the USA); oats, cotton, peanuts - the third; sun-
flower is the second; buckwheat, flax is the first in the world.
The hemp collection is the only one in the world. For exam-
ple, the wheat collection has more than 54,000 samples. It
maintains the genetic resources of the genus Triticum L., in-
cluding wild species, varieties, forms, and cultivated varieties
from over 70 countries. The collection of oats, rye, and bar-
ley includes more than 36,000 seed samples, constantly main-
tained in a viable state: barley — 20,000 (24 species) [110],
oats — 13,000 (21 species), rye — 3000 (4 species) [111]. The
VIR PGR Collection contains separate collections of genetic
resources: grain legumes, cereals, fodder, oilseeds, spinning,
vegetables, melons, and fruit crops, as well as potato crops
[112,113].

Similar biobanks of genetic resources (genebanks) of cul-
tivated plants on a national scale exist or work is underway
to create them in many CIS countries, in particular in: Azer-
baijan [114,115], Armenia [116], Ukraine [117,118], Belarus
[119,120], Kyrgyzstan [121], Moldova [122], Tajikistan [123],
Uzbekistan [124], Turkmenistan [125], and Kazakhstan [126-
130].

At the same time, with wildlife biobanks in the CIS coun-
tries, as well as throughout the world, the situation is differ-
ent. Wildlife biobanks of a national scale are available in Rus-
sia and Belarus. Separate collections of biomaterials of wild
plants and (or) animals are available in research institutions
in Kazakhstan, Kyrgyzstan, and other countries.

In Russia, Moscow State University named after M.V. Lo-
monosov (MSU) since 2015, the «Noah’s Ark» project has
been implemented, which is dedicated to the study of biodi-

Table 3 — State of the seed bank of wild flora of the Institute of Biotechnology of the National Academy of Sciences of the

Kyrgyz Republic
Total number | Number of Number of Number of | Number of | Number of species
of species widespread subendemics endemics species in- included in the list
cluded in the | of rare and endan-
Red Book gered
Grows in 3870 1767 1669 356 78 375
Kyrgyzstan
Stored in a seed 1090 616 523 96 41 133
bank
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versity and is the largest Russian project in the field of life
sciences. During the implementation of the project, several
hundred new species of living beings were discovered, and a
comprehensive genetic and biochemical certification of new
and already stored specimens in the collections of MSU was
carried out. As part of the project, work is underway to com-
bine the maximum possible number of biological collections
in a single information space, which is designed as an in-
formation system — the National Depository Bank of Live
Systems «Noah’s Ark» (https://depo.msu.ru/) [131]. As of
2022, the database of the depositary bank contains 1,255,740
plant samples (herbarium samples, DNA samples) [132] and
198,630 animal samples [133].

Based on the A.V. Zhirmunsky National Scientific Center
of Marine Biology Far Eastern Branch, the Russian Acad-
emy of Sciences operates a unique Center for Collective Use
(CCU) — the only one in Russia — the Resource Collection
«Marine Biobank» (hereinafter - CCU RK «Marine Bio-
bank»), which provides storage of biomaterial of marine or-
ganisms for subsequent biochemical, molecular biological and
genetic research. CCU RK «Marine Biobank» was established
in 2017 to ensure scientific research using existing collections
and equipment by international protocols for the collection,
cataloging, maintenance, and storage of biological samples
of marine origin. At present, the biobank has concentrated its
activities on biobanking and the cultivation of marine micro-
organisms [134,135].

In Belarus, based on the Institute of Genetics and Cytol-
ogy of the National Academy of Sciences of Belarus, the Re-
publican DNA Bank of Humans, Animals, Plants, and Micro-
organisms (hereinafter — Republican DNA Bank) operates.
One of the priority activities of the Republican DNA Bank
is the inventory and conservation of genetic resources of rare
and endangered plant and animal species of the Republic of
Belarus [119,136]. In 2016, the Republican DNA Bank re-
ceived the status of a national treasure [137].

Since 2008, based on the Laboratory of Molecular Biology
of the State Research and Production Association «Scientific
and Practical Center of the National Academy of Sciences of
Belarus for Bioresources» (SRPA «SPC NAS of Belarus for
Bioresources»), work has been carried out to form a genetic
bank (genebank) of wild fauna. The purpose of creating a gen-
ebank of wild fauna was the accumulation of original sam-
ples obtained both from the territory of Belarus and from the
territory of other countries to perform diverse genetic stud-
ies. There are about 6000 samples of birds, mammals, fish,
and aquatic invertebrates in the genebank of the SRPA «SPC
NAS of Belarus for Bioresources» [138].

In Kyrgyzstan, based on the Laboratory of Plant Biotech-
nology of the Institute of Biotechnology of the National Acad-
emy of Sciences of the Kyrgyz Republic, there is the first and
only wild flora seed bank in the country (Table 3).

The main purpose of creating this seed bank is to preserve
and study endemic and rare plant species in Kyrgyzstan. At
the same time, seed samples of 1039 species of wild flora of

Kyrgyzstan are stored in the Millennium Seed Bank, Kew
Gardens, UK [139,140].

Biobanks of flora and fauna in Kazakhstan

Kazakhstan has a rich biodiversity of flora and fauna,

numbering according to the latest data 5754 species of
higher vascular plants [141,142] and 890 species of verte-
brates, about 100,000 species of invertebrates, including at
least 50,000 species of insects [142], today does not have a
National Wildlife Biobank. This is despite the fact that the
issue of the need for its creation has been repeatedly raised
at the government level [143,144] and the country’s scien-
tific community [145,146]. At the same time, a high level of
endemism is observed in the country, up to 14% of all flora
species are endemic species, that is, they are not found any-
where else in the world in a wild state [142]. For example, a
relic endemic species is the Niedzwedzkia semiretschenskia
B. Fedtsch., whose age is almost 30 million years [141]. At
the same time, rare and endangered species are 387 species
of plants [142,147] and 128 species and subspecies of verte-
brates, including 18 species and subspecies of fish and fish-
like ones; 3 types of amphibians; 10 species of reptiles; 57
species of birds and 40 species and subspecies of mammals
[148].

Despite the absence of the National Biobank of Wildlife in
Kazakhstan, the work on biobanking of biomaterials of wild
plants and animals, including rare and endangered species, is
carried out by several research organizations in the country,
in particular: the National Center for Biotechnology, Institute
of Botany and Phytointroduction, Institute of Plant Biology
and Biotechnology, Institute of Zoology, botanical gardens of
the country and other organizations (Figure 4).

In the Laboratory of Seed Research and Plant Protection
of the Institute of Botany and Phytointroduction (IBP), since
2013, the Bank of Seeds of Natural Flora of Kazakhstan (here-
inafter, Seed Bank) has been functioning. To date, the Seed
Bank has 4,438 accessions belonging to 970 plant species.
The Seed Bank uses two types of seed storage for storage:
long-term, in refrigerated chambers at a temperature of -18°C,
and short-term, at a temperature from 0 to +4°C [148]. The
data of each sample is entered into a special database. Every
year the collection of the Seed Bank is replenished by 200-
250 samples. In the collection, seed samples of rare and en-
dangered plant species are of particular value. There are more
than 60 species in the collection. The IBP Seed Bank has re-
ceived international recognition, as a result of which it suc-
cessfully cooperates with similar seed banks in China, Korea,
and European countries [149].

The IBP includes the botanical gardens of Kazakhstan, in
particular the Main Botanical Garden, the Zhezkazgan Bo-
tanical Garden, the Ili Botanical Garden, and the Astana Bo-
tanical Garden, where a rich gene pool of Kazakhstan and
world flora is preserved ex situ. In the Main Botanical Gar-
den (GBS), along with the preservation and replenishment of
ex situ collection funds of living plants, work is also under-
way to replenish the collections of the herbarium (AA) and
the IBP Seed Bank [149]. The IBF herbarium fund includes
more than 258,000 specimens of vascular plants [150]. There
is an exchange of seed samples, also known as delectus ex-
change, with many botanical gardens in the world. In 2021,
GBS received 316 seed samples from 13 countries through
the delectus exchange [151].

The Astana Botanical Garden (ABS) is currently working
on the creation of a seed genebank [152]. According to the
Herbarium Index (Index Herbariorum), the ABS herbarium
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Figure 4 — Scientific organizations of Kazakhstan with collections of biomaterials of wild plants and animals

fund contains 18,500 accessions, including 8,060 accessions
of seed plants and 2,500 accessions of algae [153].

One of the oldest botanical gardens in Kazakhstan is the
Altai Botanical Garden which has collections of living plants,
consisting of 3250 names of taxa of species and intraspecific
levels, and an herbarium fund, including more than 70,000
herbarium sheets. Employees of the botanical garden pay
great attention to the study of rare and endangered plants of
East Kazakhstan and carry out work on their introduction. At
the same time, the only collection of orchids from the genus
Cypripedium in Kazakhstan is located in the Altai Botanical
Garden [154].

The Laboratory of germplasm cryopreservation of the In-
stitute of Plant Biology and Biotechnology (IPBB) created the
first plant cryobank in Kazakhstan. The germplasm (seeds,
apical meristems) of economically important, rare, and en-
dangered plant species in a cryobank is stored in liquid nitro-
gen at two temperature regimes at -20°C and at an ultra-low
temperature of -196°C [155-157]. Work continues on the cul-
tivation of rare and endangered plant species in in vitro col-
lections at a temperature of 24°C and an average tempera-
ture of +4°C (cold storage) [155,157,158]. For the first time
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in Kazakhstan, a collection of in vitro promising varieties and
wild-growing forms of walnut has been created. A primary
DNA bank has also been created, consisting of 121 samples.
Biotechnological regulations for micropropagation have been
developed and regulations for cryopreservation of germplasm
of walnut and hazelnut varieties and wild forms have been op-
timized [158].

In the Laboratory of Molecular Genetics of the IPBB, a
DNA bank of about 500 endemic, rare and endangered species
of the wild flora of Kazakhstan has been created. The study of
the genetic diversity of species of the wild flora of Kazakhstan
is being carried out using DNA markers [160]. Genetic pass-
ports of plant species are being documented based on the use
of DNA barcoding markers, ITS, and matK [161]. An infor-
mation system (database Biodiversity of flora in Kazakhstan)
has been created (https://kazflora.kz/), according to the ge-
netic and botanical description of endemic, rare, endangered,
and economically useful species of the flora of Kazakhstan.
This information system was created for cataloging informa-
tion, conservation, and rational use of plant genetic resources
in Kazakhstan [159,162].

In addition to the above, IPBB, together with the Kazakh
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Research Institute of Plant Protection and Quarantine named
after Zhazken Zhyembayeyv, is working on the production and
sale of elite planting material of Turanga and hybrids of Pop-
ulus of Kazakhstan selection. The work is carried out based
on the use of biotechnological methods of clonal microprop-
agation and agrotechnical methods of cultivation with an in-
tegrated system of protection against pests and diseases [163].

The Institute of Zoology, the only scientific zoological or-
ganization in Kazakhstan that coordinates and conducts fun-
damental and applied research on the study of the country’s
fauna, has collected a large collection of materials that are
important for an in-depth study of the taxonomy and zoogeo-
graphic distribution of animals in Kazakhstan. The collection
of mammals of the Institute of Zoology has more than 20,000
carcasses, skins, and skulls, and the collection of birds has
more than 20,000 skins [164].

Based on the Biotechnology and Eco-Monitoring Re-
search Park of Karaganda University named after academi-
cian E.A. Buketov, work is being carried out on the micro-
clonal reproduction of rare, endangered, food, and medicinal
plants. Methods for cryopreservation of plant and animal ma-
terial are being developed [165-167].

Experience of the National Center for Biotechnology
in the field of biobanking of biomaterials of wild flora and
fauna of Kazakhstan, including rare and endangered spe-
cies

National Center for Biotechnology (hereinafter —- NCB) is
the leading scientific institution of biological and biotechno-

logical profile in Kazakhstan. The NCB was established by
the Decree of the Government of the Republic of Kazakhstan
dated August 02, 2005 No. 802 «On some measures for the
development of biotechnology in the Republic of Kazakh-
stan» [168,169]. The Center has a reputation as a leader in
conducting fundamental and applied scientific research in the
field of biotechnology related to solving urgent problems of
healthcare, agriculture, and ecology of the Republic of Ka-
zakhstan.

One of the priorities of the NCB is to conduct scientific
research in the field of biodiversity conservation in Kazakh-
stan using advanced methods in biotechnology. To this end,
since 2014, the NCB has been actively conducting research
aimed at preserving and restoring populations of rare and en-
dangered plant species in the country. Below are some signif-
icant results in the field of biodiversity conservation obtained
in the period 2014-2020:

— An in vitro collection of cells and tissues of rare and en-
dangered plant species of Kazakhstan has been created: Ber-
beris iliensis, Berberis karkaralensis, Malus niedzwetzkyana
[170], Malus sieversii, endemic onion species (A/lium sp.)
[171], medicinal plant Rhodiola rosea [172] and Cistanche
deserticola [173]. The deposited collection consists of 150
samples of Berberis iliensis, 200 samples of Berberis kark-
aralensis, 450 samples of Malus niedzwetzkyana, 300 sam-
ples of Malus sieversii, 247 cultures of Allium altaicum (13
populations), 26 cultures of Allium ledebourianum (2 popu-
lations), 44 cultures of Allium microdictyon, 31 cultures of
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Rhodiola rosea (2 populations) [174].

— In vitro technologies for micropropagation of rare and
endangered plant species of Kazakhstan have been developed:
Berberis iliensis, Berberis karkaralensis, Malus niedzwetzk-
yana [175], Malus sieversii, and a valuable medicinal plant —
Rhodiola rosea [176].

— A genetic characterization of endemic onion species (4/-
lium sp.) represented by populations growing in the territory
of Kazakhstan Altai was carried out [177,178].

Since 2021, with the financial support of the Ministry of
Education and Science of the Republic of Kazakhstan, the
NCB has been implementing the targeted scientific and tech-
nical program OR11465422 «Biobanking for rare and endan-
gered species of flora and fauna for the conservation of biodi-
versity in Kazakhstan» (hereinafter — Program) [179].

As a result of the implementation of the Program, for the
first time in Kazakhstan, work was carried out to create a spe-
cialized biobank of DNA samples, germplasm (seeds, cultures
of isolated meristems, cells, tissues) of rare and endangered
plant species, including endemic medicinal plants, DNA sam-
ples and biomaterials of rare and endangered species of the
fauna of Kazakhstan. Within the framework of the Program,
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the genetic characteristics of rare and endangered species of
plants and animals were studied, their identification was car-
ried out based on the use of modern molecular-genetic tech-
nologies and mass spectrometry methods (Figure 5).

During the implementation of the Program, the following
significant results were obtained:

— Identified natural populations of rare and endangered
species of wild flora of Kazakhstan, including valuable me-
dicinal plants, such as: Tulipa greigii, Tulipa kaufmanniana,
Tulipa turkestanica, Tulipa alberti, Tulipa dubia, Tulipa tarda,
Fraxinus sogdiana, Artemisia glabella, Alnus glutinosa, Iris
lactea, Allium karataviense, Juniperus sabina, Rosa majalis
[180], Sibiraea altaensis, Rhodiola quadrifolia, Erythronium
sibiricum, Paeonia hybrida, Paeonia anomala, Betula kirghi-
sorum, Pulsatilla patens, Adonis villosa, Stipa pennata, Juno
coerulea, Juno orchioides, Euonymus koopmannii.

— A germplasm bank of rare and endangered flora spe-
cies of Kazakhstan, including endemic and valuable medic-
inal plants, has been created. Seeds were collected from 60
rare and endemic plant species growing in different regions
of Kazakhstan (Figure 6).

In the NCB germplasm bank, seeds are stored for long-
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Figure 6 — Seed samples in the germplasm bank of the National Center for Biotechnology:

a) Agrimonia asiatica Juz.; b) Rosa fedtschenkoana Regel; ¢) Allium altaicum Pall.;

d) Crataegus tianschanica Pojark.; ) Corydalis semenovii Regel; f) Tulipa alberti Regel

14

Eurasian Journal of Applied Biotechnology. Ne.1, 2024

Figure 7 — Germplasm bank of rare and endangered flora species of Kazakhstan: a) seed samples placed in a sealed foil bag with a
desiccant inside; b) containers with seed samples in a refrigeration unit

term storage at a temperature of -20°C in accordance with the
standards of plant seed gene banks (Figure 7).

Also, the technology of cryopreservation of seeds at low
and ultra-low temperatures has been developed at the NCB:
-20°C, -70°C, -196°C. The conditions of cryopreservation, de-
frosting, sterilization, stratification, and germination for each
type of seeds are selected. There is also an active collection
of seeds (medium-term storage) under storage conditions of
5-10°C for research at the moment.

— Species identification of rare and endangered flora spe-
cies of Kazakhstan was carried out based on chloroplast DNA
sequencing and the use of informative DNA markers, includ-
ing Malus sieversii, Malus niedzwetzkyana, Tulipa alberti, Tu-
lipa greigii, Tulipa kaufmanniana, Tulipa patens, Tulipa du-
bia, Allium karataviense, Allium karelinii, Allium nutans, and
other species [181]. At the same time, the complete sequence
of the chloroplast DNA genome of Malus niedzwetzkyana was
obtained. Nucleotide sequences are being deposited in the da-
tabase of the National Center for Biotechnological Informa-
tion (NCBI). DNA samples and original biological samples
(plant fragments) were placed for long-term storage by cryo-
preservation (storage temperature -80°C).

— The technologies for introducing into the culture in vi-
tro and micropropagation of explants of 18 rare and endan-
gered species of the flora of Kazakhstan have been optimized:
Alnus glutinosa, Iris lactea, Tulipa schrenkii, Tulipa greigii,
Juniperus seravschanica, Allium ivasczenkoae, Rhaponticum
carthamoides [182,183], Malus niedzwetzkyana [184], Pae-
onia anomala and other species. These technologies consist
of the stages of preliminary sterilization of explants, obtain-
ing sterile seedlings, and induction of adventitious shoot for-
mation for subsequent microcloning.

— Technologies for medium-term storage in culture in vi-
tro of rare and endangered species of the flora of Kazakh-
stan, including endemic medicinal plants, have been devel-
oped. The conditions for medium-term storage and direct
cultivation of 16 cultures were optimized to create an in vi-
tro culture bank: Fraxinus sogdiana, Juniperus seravschan-
ica, Euonymus koopmannii, Sorbus persica, Crataegus ambi-

gua, Rhaponticum carthamoides, Malus niedzwetzkyana [185]
and other species.

— Cryoprotective agents have been selected, modes of
freezing and thawing of explants of 15 rare and endangered
species of flora of Kazakhstan, including endemic medici-
nal plants, have been worked out. In particular, a technol-
ogy for cryopreservation of cells of a suspension culture of a
medicinal plant, Cistanche deserticola, has been developed.
Cryopreservation technologies based on droplet vitrification,
vitrification and encapsulation in sodium alginate have been
developed for Juniperus seravschanica, Euonymus koopman-
nii, Crataegus ambigua and other species.

— A cryocollection of 220 explants (without thawing in lig-
uid nitrogen) of rare and endangered flora species of Kazakh-
stan, including endemic medicinal plants, has been created:
suspension culture cells of Cistanche deserticola, apexes of
Juniperus seravchanica, Euonymus koopmannii, Crataegus
ambigua, Fraxinus sogdiana, Malus niedzwetzkyana, Vibur-
num opulus, Rosa fedtschenkoana, Alnus glutinosa, Rhapon-
ticum carthamoides, microbulbs of Lilium martagon, Allium
nutans, Allium obliquum, Allium ivasczenkoae.

— A biobank of DNA and original biological samples of
rare and endangered species of the fauna of Kazakhstan has
been created. In total, more than 70 samples of biomateri-
als (blood, pieces of meat, fragments of bones, horns, skins,
feathers, needles) of wild animals were collected, in particu-
lar: Saiga tatarica, Equus przewalskii caballus, Cervus ela-
phus sibiricus, Cervus nippon, Ovis ammon, Haliaeetus al-
bicilla, Aquila nipalensis, Anthropoides virgo, Pelecanus
crispus and other species. From the collected biomaterial, sci-
entists of the NCB isolated DNA, which was stored for long-
term storage by cryopreservation (storage temperature -80°C).
Original biological samples (blood leukocytes, pieces of meat
from carcasses) from which DNA was isolated are also stored
for long-term storage.

— Species identification of rare and endangered species of
fauna of Kazakhstan based on mitochondrial DNA (mtDNA)
sequencing was carried out. DNA sequencing (NGS — Next
Generation Sequencing and Sanger sequencing) was carried
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out and the nucleotide sequences of mtDNA of the following
animal species were studied: Falco cherrug, Aquila chrysae-
tos, Aquila nipalensis, Bubo bubo [186], Capreolus pygargus
and Hystrix indica. The mtDNA nucleotide sequences have
been deposited in the GenBank database.

The protein profile of collagen obtained from the bone re-
mains of rare and endangered species of fauna was studied us-
ing mass spectrometry methods: Saiga tatarica, Cervus ela-
phus, Capreolus pygargus, Ursus arctos isabellinus, Hystrix
indica and other animals.

— PCR test systems have been developed for species iden-
tification of rare and endangered fauna species of Kazakhstan
by the Cytb gene: Capreolus pygargus, Cervus elaphus, Saiga
tatarica and Ovis ammon [187,188].

— An electronic database of a biobank with open access for
viewing has been created, containing passport data of DNA
samples and biomaterials of rare and endangered species of
flora and fauna. The database is available at https://kzgen-
bank.com [189].

As a result of the implementation of the Program, a bio-
bank of DNA and germplasm samples (seeds, cultures of iso-
lated meristems, cells and tissues) of rare and endangered
plant species, including endemic medicinal plants, was cre-
ated at the NCB. A biobank of DNA samples and biomateri-
als from rare and endangered species of the fauna of Kazakh-
stan has been created. The genetic characteristics of rare and
endangered species of plants and animals have been studied
and their identification based on the use of modern molecu-
lar-genetic technologies and mass spectrometry methods has
been carried out.

CONCLUSION

For several decades, scientists around the world have been
successfully using the possibilities of wildlife biobanks to
conserve and restore populations of rare and endangered spe-
cies of flora and fauna. A number of excellent results on the
restoration of populations of some species of plants and ani-
mals that are on the verge of extinction are a clear confirma-
tion of this. Today it is already obvious that the well-being of
mankind directly depends on the state of the environment, in-
cluding the biodiversity of flora and fauna. Therefore, the cre-
ation and development of wildlife biobanks around the world
seems to be quite justified, including in Kazakhstan.

A wide range of works carried out by Kazakh scientists in
the field of biobanking of biomaterials of wild flora and fauna
inspire confidence that endangered species of plants and ani-
mals inhabiting the territory of the country will be preserved
and successfully restored.
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MPOJTOJI’KAIOIIETOCSI COKPAIIEHUSA BUJOBOI'O PASHOOBPA3USA JTUKOM ®JIOPHI U ®AYHBI
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ABCTPAKT

Ha cerogusiniauii eHb, ISHCTBUS YEI0BEKa 3HAUUTEILHO U3MEHIUTH 75% MOBEPXHOCTH 3eMIIH, U NIPUBEIH K Oecrperie-
JICHTHOMY B MCTOPWH YeJIOBEUECTBA YBEINYECHHIO TEMIIOB yTparhl OnopazHooOpasust. [1o nanHpIM MexayHapoaHOro coto3a
OXpaHbI IPUPOJIBI U IPUPOAHBIX pecypcoB 3a nocieauue 500 et B pe3ynprare NpsIMOTro WM KOCBEHHOTO BIUSHUS aHTPOIIO-
reHHoro Qakropa BeiMepsio 774 Buaa )KUBOTHBIX U 123 Buja pacTeHuil. B nemnsx He nomyleHus AajabHEHed yrparsl 01o-
pa3Hoo0pasus, B yCIOBHSIX IPOAOIDKAIOIIETOCS «KpH3Kca OnopasHooOpas3ms», BO BceM Mupe, U B KazaxcraHe B ToM ducie,
BO3HHKAET HEOOXOMMOCTh Ha/IC)KHOTO COXPaHEHHsI MMEIOINXCS TCHETHYECKUX PECYpPCOB PACTEHUI U JKUBOTHBIX, B IEPBYIO
odepeib PEAKHUX M MCUE3atoNNX BUI0B. B 9TOM OTHOIIEHHN, Ha cebst oOpalaeT BHUMaHUE YCIEIHBI MUPOBOIT OITBIT UCTIONb-
30BaHUsI CIICIMAITN3UPOBAHHBIX OMOOAHKOB JIMKOM MPUPOABLI — OPraHU30BaHHBIX KOJUIEKINH KHUBBIX OMOMATEPHAIIOB — JUIS CO-
XpaHEHHs ¥ BOCCTAHOBJICHUS TOIYJISLUHA PEJKAX U NCUE3aroINX BUAOB (iopsl 1 (ayHbl. B cTaThe npencTaBieHbl CBEICHHS
0 HEKOTOPBIX KPYITHEHWIINX Ono0aHKaxX M UX 3HAYMMOCTh B PELICHHUH JaHHOH ro0anbHOi mpobiemsl. [IpuBoguTCs ONBIT Ka-
3aXCTaHCKUX HAy4YHBIX IIEHTPOB, U 00001IatoTcst pe3yasrarsl HanponaapHOTo eHTpa OMOTEXHOIOTHH, B 00/1acTH OMOOaHKH-
poBaHMsI OMOMaTepHaIoB TUKOH (IIOPHI U (ayHbl, B TOM YHCIIE PEIKUX U HCUE3AIOMINX BUIOB.

KitroueBrle ciioBa: 6bropa3zHooOpasue, COKpamieHne OnopazHoo0pasus, coxpaHeHue onopaznoodpasusi, dropa, dayHa, ono-
6aHK, 60OaHKHPOBAHHE.

BUOBAHKTEP, JKABAWBI ®JIOPA MEH ®AYHA TYPJIEPAIH OP TYPJIALJIITTHIH Y3IIKCI3
TOMEHJEYI JKAFTAUBIHIA BHODPTYPILIIKTI CAKTAY TOCLII PETIHJE
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TYHWIH

Byrinri TaHaa anaMHbIH ic-opeKeTi skep OeTiHiH 75%-bIH aliTapibIKTal ©3repTTi XKOHE alaM3aT TAPUXbIHIA OYPBIH-COH/IBI
OoyMaFraH OMOaTyaHTYPIIUTIKTIH )KOFaTybIHA OKeJIIi. XaIbIKapaJlblK TAOUFATThI XKOHE TAOUFH KOPJIApbl KOpFay OfarbIHBIH JIc-
pexrepi GolibiHIIa coHFbI S00 XKbUTJa aHTPONOTeHIIK (haKTOP/BIH TiKeJIeld HeMece )KaHaMma dcepl HOTHIXKECIH e JKaHyapiap-
IBIH 774 Typi sxoHE eciMIikTepaiH 123 Typi koHbLIbIN KeTKeH. JKaaFachll )KaTKaH «OHOaTyaHTYPIIUTIK JaFaapbIChDy kKaFaai-
bIH/Ia, OMOATYaHTYPIIUTIKTIH O/1aH 9pi )KOFallybIHa OJ OepMey MaKcaTbIH/a, OYKil aniemie *xaHe oHbIH iminge Kazakcrana,
OCIMJIIKTEp MEH aHyapiap/blH, €H aJIJBIMEH CHPEK Ke3[IeCETiH jKOHE JKOMBUIBIN 0apa )KaTKaH TYpJep/iH T'eHETUKAIIBIK pe-
CYpPCTapbIH CEHIMJIl CaKTay KaKeTTUIr TysiHaai p1. Ockl TypFbiaa ¢uiopa MeH (ayHaHBIH CUPEK KE3AECEeTiH XKaHE KYPBII KTy
KayTli TOHT€H TYPJICPiHIH MOMYJISIMSIIAPBIH CAKTaY YKOHE KANIbIHA KEJTIPy YILUiH )KaHyapiap AyHUECIHIH MaMaH aH/IbIPbUTFaH
O6ro0aHKTEepiH — Tipi OHOMaTepUaIIapIbIH YHBIMIACTHIPBUIIFAH KOJUICKIMSIAPBIH Al 1anaHyablH Ta0BICTHI QJICMIIIK TOKIPH-
Oecin atam eTyre 6osanel. Makananga keibip ipi O0MOOaHKTEp Typasbl MAIIMETTEP JKOHE OJapAbIH OChI kahaHIbIK MOCeIeH]
HICIIyAeri MaHbI3bl KenTipiiared. KazakcTaHAbIK FHUIBIME OPTANIBIKTApAbIH TOKIPHOEC] KeNTIpuIin, ¥JITTHIK OMOTEXHOIOTHS
OpTaJbIFBIHBIH kalaiibl uiopa MeH ¢ayHa OMomaTepuanapbiH, OHBIH IIIiH/IE CUPEK KE3[ECETIH KOHE JKOMBUIBIIN KeTy KayTi
TOHTEH TYpJepi OMoOaHKiIey caachHAAFbl HOTHKENEpPl KUHAKTAIa bl

Tyitianai ce3nep: OHMoaryaHTYpIILTIK, OMOATyaHTYPIIUTIKTIH a3arobl, OMOaTyaHTYPIIUTIKTI cakray, dopa, ¢hayHa, OnobaHK,
Omo0OaHKiey.
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