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Abstract. This review presents the current progress in and approaches to in vitro conservation of reproductive
cells of animals, including birds, such as cryopreservation and freeze-drying, as well as epigenetic conditions for
restoring viable spermatozoa and female gametes after conservation. Cryopreservation is an effective way to pre-
serve reproductive cells of various species of animals and birds. In vitro gene pool conservation is aimed primarily
to the restoration of extinct breeds and populations and to the support of genetic diversity in populations prone
to genetic drift. It is the combination of ex situ in vivo and ex situ in vitro methods that can form the basic principles
of the strategy of animal genetic diversity preservation. Also, use of cryopreserved semen allows faster breeding
in industrial poultry farming. Despite numerous advances in semen cryobiology, new methods that can more ef-
ficiently restore semen fertility after cryopreservation are being sought. The mechanisms underlying the effect of
cryopreservation on the semen parameters of cocks are insufficiently understood. The review reflects the results
of recent research in the field of cryopreservation of female and male germ cells, embryonic cells, the search for
new ways in the field of genetic diversity in vitro (the development of new cryoprotective media and new conser-
vation technologies: freeze-drying). Molecular aspects of cryopreservation and the mechanisms of cryopreserva-
tion influence on the epigenetic state of cells are highlighted. Data on the results of studies in the field of male
reproductive cell lyophilization are presented. The freeze-drying of reproductive cells, as a technology for cheaper
access to the genetic material of wild and domestic animals, compared to cryopreservation, attracts the attention
of scientists in Japan, Israel, Egypt, Spain, and France. There is growing interest in the use of lyophilized semen
in genetic engineering technologies. Methods of freeze-drying are developed taking into account the species of
birds. Organizational and legal ways of solving the problems of in vitro conservation of genetic resources of farm
animals, including birds, are proposed.
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CoBpeMeHHOe COCTOsIHIIE ITPO06IeMbl COXpaHEHUS
reHeTUYEeCKIX PecypCoB CeJIbCKOX03SIICTBEHHBIX IITILL in Vitro

FO.A. Cuaroxosa, O./. Cranumesckas &, H.B. AemeHTbeBa

Bcepoccnincknii HayyHo-uccneoBaTeNbCKU MHCTUTYT FEHETUKIN U pa3BeAeHNA CeNTbCKOXO3ANCTBEHHbIX XKUBOTHbIX —
dunman GepepanbHOro HayUYHOro LIEHTPA XMBOTHOBOACTBA — BUMXK nm. akapemuka J1.K. SpHcta, MywkuH, CaHkT-MeTepbypr, Poccun
& e-mail: olgastana@list.ru

AHHoTayua. HactoAawmin 063op npeacTaBnAeT COBPeMeHHble JOCTUKEHVA 1 MOAXOAbI MO COXPaHEHMIO penpo-
LYKTVBHbIX KJIETOK XMBOTHBIX in Vitro, Takne Kak KproKoHcepBaLuma 1 nmodpunmsaums, a Takxke snureHeTnyeckme
npeanocbIfIKA ANA MOSYYEHUA XKU3HECMOCOOHbIX CNepMaTo30MA0B 1 XKEHCKMX FraMeT Mocie peKkoHcepBaLun.
KprokoHcepBauna — 3GpEKTUBHBIN NYyTb COXPaHEHNA PEMNPOAYKTUBHBIX KNETOK PasfvyHbIX BUAOB CEMbCKOXO-
3ANCTBEHHDBIX XXMBOTHbIX, BKJIIOYas NTuL. MeTog coxpaHeHnA reHopoHAa in vitro Yepes nofaepkaHne B KpUoreH-
HbIX YCIOBUAX KJIETOK UV TKaHel B OCHOBHOM HanpasJ/ieH Ha BOCCTAHOBJIEHVE MCYE3HYBLUUX MOPOA/NOMyNALMNiA,
Ha nojaepaHve reHeTYeckoro pasHoobpasma B MONynAUMAX, MOABEPKEHHbIX reHeTuyeckomy apendy. Mimex-
HO CcoYeTaHVe MeTOLOB ex Situ in vivo u ex situ in vitro MoxeT chopMnpoBaTb OCHOBY 3HEKTUBHOWM CTpaTernn co-
XpaHeHWA reHeTNYeCKoro pasHoobpasmsa XKMBOTHbIX. Kpome TOoro, ncrnonb3oBaHre KPUKOHCEPBMPOBAHHOTO Ce-
MEHU NyYLUINX NPeAcTaBUTeNel MMHUMA AN NOPOAbI NO3BOMIAET YCKOPUTL NMPOrpecc cenekuym B MPOMbILLIIEHHOM
NTUUeBOACTBE. HECMOTPA Ha MHOIOUMC/IEHHbIE AOCTUXKEHUA B 06/1aCTU KPUOBUONOTrMIN NMOMOBbIX KNETOK, NPo-
[omKaeTcs NOVCK MeTofioB, obecneurBaiolmx 6onee 3¢pdeKTUBHOE BOCCTAHOBIEHNE K3HECTOCOOHOCTU Criep-
MMEB Mocie KPUOKOHCepBaLmmn. MexaHN3Mbl, iexalyme B OCHOBE BIMAHUA NpoLeaypbl KPMOKOHCepBaLUN Ha
napameTpbl CEMEHU CeNbCKOXO3ANCTBEHHbIX MTWL, MOHOCTbIO He U3yyeHbl. B 0630pe oTpaskeHbl pe3ynbTaTbl CO-
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CoBpeMeHHOe COCTOsIHVE NPOBIEMbI COXPaHEHUSA
reHeTUYEeCKUX PECYPCOB CENbCKOXO3ANCTBEHHBIX MTUL in Vitro

BPEMEHHbIX NCC/IeAoBaHWI B 061acTy NpobnemaTrki KpYOKOHCePBaLMM KEHCKUX 1 MY>KCKMX MOSTOBbIX KNETOK,
3MOpPMOHANbHbIX KNETOK, MOMCKa HOBbIX MyTel peLleHna B 061acTy CoOXpaHeHna reHeTMyeckoro pasHoobpasus
in vitro (pa3paboTKa HOBbIX KPMOMPOTEKTOPHbIX CPE M HOBbIX TEXHONOT I coxpaHeHus). OcBeLLeHbl MOseKynap-
HO-TeHeTMYeCKNe acneKTbl KPMOKOHCEPBALMN N MEXaHU3Mbl BIVAHUA KPMOKOHCEPBALMM Ha 3NMUreHeTuyeckoe
COCTOsIHUME KNeToK. [peacTaBneHbl AaHHble MO pesynbTaTtam UCCIefoBaHUi B 061acT TMOGUIIBHON CYLIKN pe-
NPOAYKTUBHbBIX KNETOK CaMLoB. IHTepec K TexHonoruy nmodunmsaumnm ceMeHmn Kak BO3MOXHOCTU 6onee felue-
BOro cnocoba coxpaHeHUA 1 TPAHCMOPTUPOBKYM FeHETUYECKOro mMaTepurana AMKUX U AOMALIHUX KUBOTHbIX, MO
CpaBHEHNIO C KPMOKOHCepBaLnen, B M1upe CTPeMUTENIbHO pacTeT; nccnefoBaHna Bedytca B AnoHun, Vspanne,
Erunte, cnannm, ®paHuun. PacTeT 1 UHTepecC K NCMob30BaHMI0 NMOGUNN3MPOBAHHOTO CEMEHN B TEXHOSOM-
AX FeHHON MHXeHepun. MeToabl NMOPUIbHON CYLWKK pa3pabaTbiBaloTCA C yUETOM BMAOBON NPUHAANEXHOCTY.
B 0630pe npeanoxeHbl TakKe OpraHM3aLNOHHO-MPaBOBbIE NYTU PELUEHUA MPODBIEMbl COXPaHEHNA FrEHETUYECKUX
pecypCcoB CenlbCKOXO3ANCTBEHHbIX XUBOTHbIX, BK/toYasA NTuL, in vitro.

KnioueBble cnoBa: cems; CNepmMaTo30Uf; MapKepHble 6enku; KprokoHcepBaunsa; nmodunmusaums; NTuueBoACTBo;
COXpaHeHue reHeTUYeCKrX PeCYpPCoB; KProbaHK; KpMOPE3NCTEHTHOCTb.

Introduction

The conservation of genetic resources of farm animals is a
global challenge, and it attracts efforts of the world com-
munity. The Food and Agriculture Organization (FAO) of
the United Nations and its specialized units coordinate these
efforts (FAO, 2015).

Conservation programs for genetic resources include the
following tasks: economyc (livestock husbandry support,
response to changes in the environment, market needs, regula-
tory requirements, and the availability of imports and exports);
social and cultural issues; conservation of biodiversity; and
the maintenance of resources for academic or educational
purposes, genetics, genomics, and adaptation to climate and
other environmental changes.

The method of ex situ in vitro gene pool preservation
through cryogenic maintenance (cryobank) of cells or tissues
that can be used for breed/population restoration is recognized
anecessary supplement to the in vivo method (FAO, 2015). It is
the combination of ex situ in vivo and ex situ in vitro methods
that can form grounds for an effective strategy for preserving
animal genetic diversity.

Methods developed to freeze reproductive cells of male
farm birds can be successfully applied to wild species to pre-
serve their genetic diversity: red jungle chicken (Rakhaa et
al., 2016), capercaillie (Kowalczyk et al., 2012), and pheasant
(Saint Jaime et al., 2003). Due to the significant decrease in
genetic diversity in pure lines of industrial crosses (Muir et
al., 2008), the use of cryopreserved semen of the best repre-
sentatives of a line or breed in artificial insemination under
conditions of poultry industry expands the range of variation
and accelerates breeding.

Semen preservation

At present, cryopreservation of reproductive cells of males is
the most important, practically the only method of preserving
the gene pool of farm birds in vitro. Various protocols have
been developed for the conservation of poultry semen, and the
effectiveness of their use depends on many factors (Tselyutin,
Tour, 2013; Thélie et al., 2019). The problem of reduced func-
tional ability of the semen after a freeze-thaw cycle has not
yet been resolved; the level of the fertilizing ability of thawed
semen is not satisfactory. According to different authors,
depending on the freezing methods, individual and breed
characteristics of chickens, egg fertilization varies from 2 to

85 % (Blesbois et al., 2007; Long et al., 2010; Seigneurin,
Blesbois, 2010; Ciftci, Aygiin, 2018). The average level of
fertilization with cryopreserved semen is low, usually less
than 30 % (Fulton, 2006); however, some recent publications
show 65 % average fertility of frozen-thawed semen (Silyu-
kova et al., 2019). The reduced viability of embryos derived
from cryopreserved semen caused by DNA fragmentation
(Watson, 2000; Liptéi, Hidas, 2006; Morris et al., 2012) also
compromises the economic feasibility of its use for practical
breeding purposes. Therefore, works aimed at the improve-
ment of the composition of diluents for cryopreservation, the
selection of cryoprotectant and freezing methods (in straws or
pellets), the freezing protocols (low/fast), and so on are still
under way (Thieu Ngoc Lan Phuong et al., 2014; Svoradova
etal., 2017).

Most studies on cryopreservation of avian semen are con-
ducted with mixed ejaculates from several males, although it
is known that the genetic contributions of males differ due to
the effect of selective fertilization (Sakharova, Popov, 2001),
and males have different quality indicators of sperm after
cryopreservation (Pleshanov et al., 2018, 2019). Therefore,
there are concerns that the use of cryopreserved sperm may
lead to an increase in inbreeding when using mixed sperm.
In order to avoid this problem, when preserving rare and en-
dangered breeds of chickens, it is necessary that the cryobank
store individual ejaculates.

In Russia, studies in this direction are being conducted at
the L.K. Ernst Federal Science Center for Animal Husbandry
and its branch, the Russian Research Institute of Farm Animal
Genetics and Breeding (Iolchiev et al., 2018; Mavrodina et al.,
2018a, b; Pleshanov, Stanishevskaya, 2018; Stanishevskaya,
Pleshanov, 2018a—c).

Technologies. Many scientific publications describe differ-
ent protocols for cryopreservation of semen of domesticated
and wild bird species. Technologies differ in the type of
cryoprotectant, the method of packaging (straw, pellets, etc.),
the speed of freezing and thawing (fast/slow) and temperature
regimes. The effectiveness of the protocols can be assessed
by analyzing the semen functional state in the laboratory
(determination of sperm concentration, motility, morphology,
and live/dead ratio) and assessing the fertilizing capacity of
sperm in artificial insemination in vivo (Varadi et al., 2013;
Thieu Ngoc Lan Phuong et al., 2014). It was found that high
rates of avian semen freezing—thawing were preferable in
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terms of improving its survival in contrast to the protocol for
mammalian semen (Shahverdi et al., 2015; Madeddu et al.,
2016). There is significant individual, intrabreed, and intra-
specific variation in bird semen cryostability, which demands
that different cryopreservation strategies for different species
and breeds be developed (Blesbois et al., 2007).

Methods of semen quality assessment. Semen cryo-
preservation is very important for ex sifu management of
avian genetic diversity, but the use of this method is limited
due to the high variability of success rates. To calculate the
number of sperm doses in the formation of the cryobank, it is
necessary to predict the fertilizing capacity of cryopreserved
semen. Unfortunately, in determining the effectiveness of their
development, many researchers are limited only to the assess-
ment of sperm motility. This test is not informative enough in
terms of predicting the fertilizing capacity of semen.

A more effective prognosis for the fertilizing capacity of
the semen is provided by assessment of morphological dis-
orders including fluorescent staining of living and dead cells,
flow cytometry, and evaluation of spermatozoon motility
parameters using computer-assisted sperm analysis (CASA).
The CASA system permits one to estimate the percentage of
viable and morphologically normal cells (PVN), mass mobi-
lity (MMOT) and various parameters of movement, including
the percentage of motile sperm (PMOT) and biophysical tests
(resistance to osmotic stress (OSM), membrane permeability
(FLUID)) (Blesbois et al., 2008; Svoradova et al., 2018).
However, the set of these tests does not fully reflect the func-
tionality of semen.

The functional capacity of thawed semen can be reliably
determined in vitro by analyzing the interaction of the sperm
with the inner layer of the perivitelline layer of the egg yolk
(Robertson et al., 1997; Long et al., 2010). In evaluation of
the functional state of spermatozoa in vitro in the laboratory,
it is advisable to use the perivitelline membrane of egg yolk.
The assessment is based on the number of hydrolysis points
(spermatozoon penetrations) per unit area of the inner perivi-
telline layer (Robertson et al., 1997). This method, compared
to traditional quality assessment, is more informative for
predicting the fertilizing capacity of semen.

Preservation of female gametes. By now, no method has
been developed to preserve germ cells of female birds. The
presence of large amounts of yolk in the eggs of birds hampers
the use of existing cryopreservation methods (Fulton, 2006).
This is a serious issue in the preservation of a breed/population,
as it cannot be fully preserved without the genetic contribu-
tion of individuals of both sexes: there is a loss of maternal
hereditary material, including the mitochondrial genome.
Currently existing methods of preservation of reproductive
cells of birds (semen) allow restoration of endangered breeds/
populations only by grading.

A relatively new technology is the transplantation of
cryopreserved gonad cells from neonatal chickens to adult
recipients for reproduction of donor offspring. This method
of transplantation can contribute to the conservation of en-
dangered bird species and maintain their genetic variability
(Benesova, Trefil, 2016). Cryopreservation of ovarian tissue is
actually the only effective way to preserve in vitro female germ
plasma in birds. A method of vitrification of donor ovarian
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tissues in straw is proposed. Ovarian tissue fragments from
1-week old females are transferred to a metal rod, then vitrified
in liquid nitrogen using special media. By this method, the
ovarian tissue of birds can be stored and transported. Success-
ful transplant survival was demonstrated by Liu et al. (2012).
In addition, ovarian transplantation can be used for research in
genetics and developmental biology (Song, Silversides, 2007;
Liptoi et al., 2013). Since this technique involves significant
surgery and requires the use of immunosuppressants, today it
appears to be costly and technologically challenging in routine
implementation.

Preservation of embryonic cells. Chicken primary germ
cells (PGCs) can be isolated and cultured in vitro. PGCs act
as a valuable source material for cellular genetic engineering,
germ plasm production, and genetic conservation of species
and populations (Kino et al., 1997). Indeed, bird PGCs can
be reproduced in culture and conserved without irreversible
alteration of their biological properties (van der Lavoir et
al., 2006; Nandi et al., 2016; Tonus et al., 2016). Two main
methods are commonly used for cryopreservation of PGCs
in birds: slow freezing (SLF) and ultrafast freezing (Vitrif)
(Tonus et al., 2017). These cells can be used to repair gonadal
tissues with germ cells of the donor line. This method is not
currently applicable for the preservation of entire embryos
(Fulton, 2006). Both methods require further research, but
we can now definitely state that in the future this approach
to in vitro preservation of cells will provide grounds for the
development of a practical gene bank and systematic genomic
bank for birds.

Genetics of cryostability of reproductive cells

It has been established that semen cryostability is a genetically
determined trait (Pleshanov et al., 2019), but the mechanisms
of'the effect of cryopreservation on the epigenetic state of cells
have not yet been fully investigated. Semen freezing—thawing
can injure genes, including SNORD116/PWSAS and UBE3A,
associated with fertility (Valcarce et al., 2013).

The study of changes in boar semen after cryopreservation
revealed differences in 41 proteins (Chen et al., 2014). Pro-
teins SOD1, TPI1, ODF2, and AKAP3 have been proposed
as markers affecting semen resistance to freezing. In Gallus
gallus domesticus, ontology genes were found for SODI,
TPI1, and ODF2. Consider these genes in more detail. The
protein encoded by the SOD1 gene (Superoxide dismutase 1)
binds copper and zinc ions and promotes the breakdown of
superoxide radicals into molecular oxygen and hydrogen
peroxide (Bogle et al., 2017; Wu, 2019). Another isozyme of
this protein is found in mitochondria, and its functions have
not yet been studied. The enzyme TPI1 (Triosephosphate
isomerase 1), which consists of two identical proteins, cata-
lyzes the isomerization of glyceraldehyde 3-phosphate (G3P)
and dihydroxyacetone phosphate (DHAP) in glycolysis and
gluconeogenesis (Chen et al., 2014).

It has been found that HSP90 (Heat shock protein 90)
proteins are associated with sperm motility, and their pool
decreases significantly after freezing—thawing (Huang et al.,
2009).

Significant protein changes in human sperm before and after
cryopreservation were detected by Wang et al. (2014): mito-
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chondrial matrix proteins ACO2 (Aconitase 2) and OXCT1
(3-oxoacid CoA-transferase 1); filamentous protein TEKT1
(Tektin 1), which is necessary for the formation of ciliary and
flagellar microtubules; glycolytic enzyme ENO1 (Enolase 1),
the intermediate filament protein vimentin; and the amino acid
tyrosine. These molecules are associated with sperm motility,
viability, and acrosome integrity (Wang et al., 2014).

As a result of semen freeze—thawing, the amounts of anti-
oxidant proteins such as SOD1, PRDX6 (Peroxiredoxin 6),
TXNDC?2 (Thioredoxin containing domain 2), GSTM3 (Glu-
tathione-S-transferase mu 3), membrane proteins CYB5R2
(Cytochrome b5 reductase 2), pellucid zone proteins ZPBP1
and ZPBP2 (Zona pellucida binding protein), acrosomal pro-
teins ACRBP (Acrosin binding protein), and SPACA3 (Sperm
acrosome associated 3) were found to decrease. Simultane-
ously, the amounts of other proteins whose accumulation is
observed in cells under stress — ANX1, ANX3, and ANX4 (An-
nexin A); clusterin (CLU Clusterin); importin-1b (KPNB1);
Karyopherin subunit beta 1, HISTIH4A (Histone cluster 1 H4
family member a); TUBA1A (Tubulin alpha 1a); and SPAG17
(Sperm associated antigen 17) increased (Bogle et al., 2017).

A study of the effect of cryopreservation on Gallus gallus
domesticus spermatozoa has shown an increase in the amounts
of 36 proteins and a decrease in 19 proteins after thawing.
These proteins are linked to spermatozoa metabolism (Cheng
et al., 2015). Proteins such as ACRBP, FN1 (Fibronectin 1),
HSP90AAT1 (Heat shock protein 90), and VDAC2 (Volt-
age dependent anion channel 2) are biomarkers that predict
tolerance of cryopreservation in boar semen (Vilagran et al.,
2015, 2016).

During fertilization, spermatozoa deliver the paternal
mRNA to the egg and thus play an important role in the early
development of the embryo. During freezing, transcripts and
mRNA—protein interactions in spermatozoa may be lost, which
may affect embryo development (Valcarce etal., 2013). Corre-
lations between sperm mRNA and early embryo development
in humans and some animals were identified in (Hezavehei et
al., 2018). Studies by Valcarce et al. (2013) showed a decrease
in the expression of the PRM1, PRM2, PEG1/MEST, and
ADDI1 genes associated with human sperm fertility after cryo-
preservation. Some studies confirmed changes in transcripts
of some proteins and micro-RNA. Attempts are being made
to explain some epigenetic modifications that may occur in
spermatozoa during freezing (Hezavehei et al., 2018).

Cryopreservation of semen is a very important method of
assisted reproduction, but the freezing—thawing procedure
is harmful, because it leads to a decrease in the motility and
viability of spermatozoa, premature capacitation, and, as a
consequence, poorer effectiveness of artificial fertilization.
Therefore, the addition of some proteins normalizes the pro-
cess of condensation and accelerates fertilization in vitro. For
example, use of TrxA-FNIIx4-His6 is a promising biotech-
nological approach for cryopreservation of ram semen and
maintenance of spermatozoon viability (Ledesma et al., 2019).

In addition to preserving genetic material by creating a
sperm bank, it is possible to create a cryobank of embryos. In
cattle, the effect of resveratrol on embryos after cryopreser-
vation was evaluated. Its effects on mitochondrial function
preservation, DNA integrity, SIRT1 (Sirtuin 1) expression
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and embryo development ability have been studied. Embryo
survival was significantly improved when embryos were in-
cubated in a medium containing 0.5 uM of resveratrol after
thawing. Besides, SIRT1 expression and cell-free mtDNA
content in the medium were higher in the case of embryos
treated with resveratrol. It should be noted that slow freezing
affects mitochondrial integrity and function in blastocysts
(Hayashi et al., 2019). It is important to improve in vitro
maturation (IVM) conditions for immature oocytes after
cryopreservation, especially if a limited number of oocytes
are collected from specific donors. Culture systems with fresh
oocytes significantly accelerate the meiotic development of
vitrified oocytes and significantly increase the rate of blasto-
cyst formation after parthenogenetic activation and transfer
of somatic cell nuclei (Jia et al., 2019).

The understanding of the molecular mechanisms that de-
termine epigenetic processes occurring in reproductive cells
during freezing—thawing will improve the effectiveness of the
technologies used to preserve species, breeds, and populations
of rare and endangered animals and birds.

Lyophilization

The preservation of semen by freeze-drying is an innovative
method. The advantages of lyophilized semen are that it can
be (1) stored at 4 °C for a long time and (2) stored and trans-
ported at room temperature without the use of liquid nitrogen
or dry ice as cooling agents.

It is expected that sperm lyophilization, rather than cryo-
preservation, can become a new simple method of preserving
genetic resources and be used, among other things, to produce
transgenic animals (Kaneko, 2012). The state of research in
the field of freeze-drying of wild and domestic animal semen
indicates an increasing interest in this method of preserving
genetic resources. Methods of lyophilization in relation to
microorganisms and plant cells have been developed and
successfully applied. Interest in the lyophilization of repro-
ductive cells, as a possibility of a cheaper way to preserve
and transport (including space) genetic material of wild and
domestic animals, compared with cryopreservation, is growing
rapidly in the world; research is underway in Japan, Israel,
Egypt, Spain, and France. Methods of lyophilic drying are
developed with regard to species features. Promising results
have been achieved in mice, rats, hamsters, cattle, sheep,
rabbits, chimpanzees, giraffes, jaguars, etc., but it is too
early to talk about the problem as solved, since the functional
characteristics of sperm are not fully preserved (Hopshi et al.,
1994; Foote, 2002; Liu et al., 2004; Kawase et al., 2005; Li et
al., 2009; Gil et al., 2014; Kaneko et al., 2014; Shahba et al.,
2016; Wakayama et al., 2017; Arav et al., 2018). The main
issues are associated with damage of the motility apparatus of
spermatozoa, membranes, and DNA. As for birds, including
poultry, research on the freeze-drying of their semen has not
been carried out, at least not published.

Problems of cryopreservation

Cryopreservation triggers damage processes not only at the
mechanical level of membrane damage, but also chemical and
physical processes of denaturation of proteins and lipids of
membrane bilayers. These processes result in sublethal freez-
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ing and the launch of cryocapacitation, generation of reactive
oxygen species, and aberrations in sperm proteins, lipids, and
sugars (Pini et al., 2018).

It is well known that the tolerance of cold shock and cryo-
stability in spermatozoa of different livestock species, includ-
ing farm birds, varies greatly. Cryopreserved semen of any
animal species has reduced fertility compared to fresh sperm.
The causes of fertility loss include the susceptibility to cold
shock, cooling rate, diluent composition, and osmotic stress.
There are also factors that affect the functional state of frozen/
thawed spermatozoa: membrane stability, oxidative damage,
membrane receptor integrity, and nucleus structure (Watson,
2000; Iolchiev et al., 2018). In the course of cryopreservation
and thawing, sperm can experience both irreversible damage,
expressed as the absence of motility and various morpho-
logical disorders, and reversible, associated mainly with a
temporary injury of the structure and membrane permeability
disturbance.

It is believed that the high content of intracellular protein
together with osmotic “shrinkage” of the sperm membrane
associated with the formation of extracellular ice leads to
intracellular vitrification of sperm during cooling. At high
cooling rates, sperm damage is the result of osmotic imba-
lance occurring during thawing, rather than intracellular ice
formation during freezing. Osmotic imbalance occurs at high
cooling rates due to limited diffusion of ice crystallization in
the extracellular fluid; that is, the amount of ice formed during
cooling is less than expected from the phase equilibrium dia-
gram (Motris et al., 2012).

A significant interbreeding variability in the cryostability
of cock semen, estimated by the activity of thawed semen, is
known: the coefficient of variation (C,) can be up to 23-25 %
(Pleshanov et al., 2018; Stanishevskaya, Pleshanov, 2018a).
A greater individual variability in cock spermatozoon activ-
ity in the freeze/thaw cycle has been shown in (Pleshanov et
al., 2017; Pleshanov, Stanishevskaya, 2018; Stanishevskaya,
Pleshanov, 2018a, b). The coefficient of variation (C,) of
spermatozoon activity was 6.1 % in native sperm and 19.5 %
in frozen/thawed, which points to a broad norm of sperm
response to low temperatures.

The generally accepted parameters of ejaculate selection
for cryopreservation are volume, concentration, and spermato-
zoon motility. These criteria do not provide a complete predic-
tion of the degree of reproductive cell: cryotolerance, which is
largely due to the state of the membranes, as the membranes
are first to be damaged in the freezing—thawing process.

One of the ways to assess the degree of cryopreservation of
spermatozoon membranes is staining with Sperm VitalStain
dye (Nidacon International AB, Sweden), which allows assess-
ment of the degree of cryopreservation by changing the color
of damaged cells (Pleshnov, Stanishevskaya, 2018). Lipid
fractions of membranes, such as glycolipids, phospholipids,
sterols, cholesterol, the cholesterol/phospholipids ratio, etc.,
affect the state of cell membranes; their permeability, mi-
croviscosity, and fluidity; molecular mobility of lipids in the
membrane; the process of capacitation, the interaction of egg
and spermatozoon membranes; and the result of fertilization
(Blesbois et al., 2005; Ahmed et al., 2014; Eubaid et al., 2015;
Partyka et al., 2016; Pleshanov et al., 2017).
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Recent studies of sperm cryostability have established the
effect of the amino acid profiles of seminal plasma in different
breeds of chickens on DNA fragmentation (Santiago-Moreno
et al., 2019). The composition of intracellular spermatozoon
protein has been found to be associated with indicators of
osmotic imbalance after thawing (Morris et al., 2012). The
results of these studies open up new aspects of sperm cryo-
biology, which is a prerequisite for the development of new
technologies for semen preservation, including vitrification
and lyophilization.

Problems of early embryonic mortality. It is well known
that the use of frozen/thawed semen reduces not only the
percentage of their fertility but also the viability of embryos.
The mortality rate of embryos in the early stages of develop-
ment can reach 8—17 % (Stanishevskaya, Pleshanov, 2018c).
This research area is insufficiently studied, as it is technically
difficult to investigate the causes of arrested development,
since signs of early embryonic death are not determined.
DNA damage is probably a major cause of early embryonic
mortality caused by functional damage to sperm nuclear
structures (Watson, 2000; Lipt6i, Hidas, 2006). In addition,
the influence of toxic endo/exocellular cryoprotectants used
in sperm freezing and their concentrations, which may also
cause embryo death at an early stage of development, should
not be ruled out (Mosca et al., 2019).

Thus, the genetic diversity of the preserved material is re-
duced at different stages of postsingamy due to the elimination
of individuals with reduced cryoresistance of reproductive
cells.

Cryoprotectants. A necessary condition for successful
cryopreservation of reproductive cells is the use of cryopro-
tectants. Cryoprotectants acting inside cells penetrate into
cells and prevent the formation of intracellular ice, but at
high concentrations they exert a damaging effect. Exocellular
cryoprotectants act outside the sperm in the extracellular space
and protect cells by dehydrating the intracellular space and
limiting the action of osmotic shock during thawing.

Glycerol, one of the best known cryoprotectants, is the most
effective and less toxic to cock sperm, but unfortunately has a
contraceptive effect after insemination of hens and requires re-
moval before insemination. The most widely used penetrating
cryoprotectants are dimethylsulfoxide, dimethylacetamide,
dimethylformamide and ethyleneglycol. Semen samples can
be thawed without further processing, and high fertility levels
are obtained with these substances depending on the cooling
rate and the type of semen packaging (Santiago-Moreno et al.,
2011). Nonpenetrating cryoprotectants, also known as osmo-
protectants, are low-molecular-weight hydrophilic nontoxic
molecules that stabilize internal solutes under osmotic stress
in cells. These cryoprotectants are often used in combination
with penetrators (Benesona, Trefil, 2016; Mosca et al., 2016;
Svoradova et al., 2017).

Recent approaches to the development of cryoprotectants
of fundamentally different actions are based on antifreeze
glycoproteins (AFGP) and antifreeze proteins (AFP), found
in the blood and tissues of poikilothermic organisms living in
freezing environments (insects and marine fish). The obtained
substances inhibit the growth of ice crystals in a noncolliga-
tive manner. The use of AFP opens up a promising direction
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for cryopreservation of living tissues and cells. The efficacy
of some fish AFP or fish AFGP against hypothermic damage
has been reported while preserving swine and cattle oocytes,
whole rat liver, and model membranes. To preserve sperm,
attempts have been made to develop cryopreservation methods
with the addition of fish AFP in different species with differ-
ent efficiencies. AFP and AFGP of marine fish have recently
been found to improve buffalo sperm cryopreservation results
(Qadeer et al., 2016).

There are studies on the use of recombinant AFP-based
Dendroides canadensis (DAFP) larvae for cryopreservation.
Addition of DAFP to the diluent protects buffalo (Bubalus
bubalis) semen during freezing—thawing and increases the
fertility of cryopreserved semen (Qadeer et al., 2016).

Cryobanks and their contribution

to the conservation of genetic resources

Collections of genetic banks are of paramount importance in
preventing the extinction of breeds due to extreme genetic
conditions, such as small breed/population size and high
incidence of genetic defects as a result of intensive breeding
and genetic drift. Stored material from animals that do not
carry undesired or lethal mutations can be used to reduce the
frequency of defects to an acceptable level.

Biobanks are a ready-to-use source of genetically diverse
and specialized DNA. Conserved materials are used in study-
ing genetic diversity, genomic associations, gene functions,
and other issues. Importantly, over time, genetic banks can
provide samples from different generations, which contributes
to the accuracy of genomic selection. These advantages will be
easier to implement if the information is catalogued taking into
account the phenotype and genotype and the stored samples
have genomic certificates (Wildt, 2000; Comizzoli, 2015).

The problem of in vitro preservation of genetic diversity,
including farm birds, is being solved in many countries of the
world. One of the advantages of preserving genetic diversity
in vitro in cryobanks is the economic component (Woelders,
2006; Santiago-Moreno et al., 2011; Silversides et al., 2013;
FAO, 2015).

Recently, a new approach to interaction between organiza-
tions preserving the gene pool ex situ in vivo and ex situ in vitro
has been developed. The goal of the genetic bank is not only
to obtain and preserve reserve biological material but also to
closely cooperate with collections in live breeding to expand
genetic diversity while preserving ex situ in vivo.

Genetic banks for the conservation of farm birds can take
into account the experience of the European Union, the
European Federation of Animal Science (EAAP), and FAO,
which have established European and international consulta-
tive forums to discuss and take practical measures for the
conservation of genetic resources worldwide. However, the
implementation of this idea is a complex process, which
requires interdisciplinary cooperation and clear definition of
goals (Mara et al., 2013).

The legislation of the Russian Federation provides for a
regulatory framework (Strategy) for the conservation of rare
and endangered species of animals, plants and fungi (Order
No. 212-r of the Government of the Russian Federation of
17.02.2014), including preservation in vitro. As for the prob-
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lem of preserving the genetic diversity of farm animals and
birds, the Federal law No. 123-FZ “On livestock breeding” of
03.08.1995 does not provide for such regulation. It is necessary
to develop and adopt a law and by-laws that would determine
the legal status of genetic cryobanks in the overall system of
genetic resource conservation.
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