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This entry was to provide biological, biotechnological and agricultural insights into the research aimed at the

generating the bioreservoirs of cryopreserved somatic and stem cell lines and cryopreserved or lyophilized

germplasm-based resources of selected livestock species, with the particular scientific emphasis on the pivotal role

of the National Research Institute of Animal Production (NRIAP) in Poland in this aspect. To increase

implementation in agricultural biotechnology, biomedicine, and pharmacological industry, the extensive efforts are

required to be undertaken to improve the overall effectiveness of the investigations focused on the creation of the

bioreservoirs comprised of somatic/stem cell lines and germplasm-carrying bioresources suitable for modern

assisted reproductive technologies (ARTs).

ex situ conservation  cryogenic protection  lyophilization  assisted reproductive technologies

1. The Biological Background for In Situ and Ex Situ
Conservation of Genetic Resources in Farm Animals, with
Emphasis on Selected Polish Livestock Breeds

1.1. Genetic, Agricultural and Zootechnical Foundations of Sustainability in
Preserving the Biodiversity in Livestock Species and Breeds

Intensive animal production and exploitation of resources stemming from anthropogenic agricultural ecosystems

frequently leads to either collapse or disappearance of populations of rare livestock breeds around the world,

including in Poland . Such populations of livestock breeds are particularly vulnerable to:

Highly intensified bottleneck effects resulting from tremendously impaired genetic drift;

Rapid genetic erosion resulting in a significant reduction in intra-population and inter-individual genotypic

variance;

Subsequent drastic quantitative alleviation of population size .

At present, the number of breeds is decreasing worldwide, which is related to the selection for a particular group of

animals with certain traits (e.g., high milk yield, high meat content, species specificity, and adaptability) and the fact

that local breeds with more primitive traits are less common or disappear at the expense of high-yielding, widely
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distributed production breeds. The main causes of declining animal biodiversity are environmental changes

associated with the expansion of cultivated areas, as well as the introduction of human-preferred species into the

environment . For these reasons, it is very important to protect the genetic resources of animals of native

breeds, which are highly adapted to local, often harsh environmental conditions, and at the same time show high

resistance and good health. The biodiversity of livestock breeds is preserved through the implementation of in situ

and ex situ conservation programs .

Intra- and inter-population genotypic divergence is a sine qua non condition livestock herds to be able to adapt to

extensive anthropogenic alterations within agricultural biotopes. Taking the above-mentioned facts into

consideration, the livestock herds displaying the largest rates of genetic diversification seem to exhibit the most

desirable genetic backgrounds susceptible to the largest extent of adaptation to unfavorable conditions of

zootechnical ecosystems. This, in turn, might be reflected in a more accelerated evolutionary progress of livestock

breeds .

Effective population number (N ) has been designated as a key predictor of genetic diversity in native livestock

populations and can be used to estimate the extent of inbreeding . N  is one of the most crucial

parameters of population and evolutionary genetics pinpointed for a perfect population that would be deprived of

heterozygosity at a frequency of occurrence equivalent to the observed population . In other words, genetic

drift is negatively correlated with population quantity (a tiny population number is characterized by very high genetic

drift, and a large one by diminished genetic sampling error, fluctuating allele frequencies or Sewall Wright effect). A

triangle of Sewall Wright effect, mono- or biallelic alteration and gene relocation serve as pivotal components of the

mechanisms underlying intra- and inter-population transmissions of genes . As a consequence, the N

parameters predominantly represent lower quantities of specimens than the animal censuses, which count the

complete population numbers (N ) in livestock species or breeds. The frequencies of occurrence noticed for

fluctuating alleles are inadequate for the measurements of N , but are rather compatible with quantifications

specific to N . Only a condition related to the occurrence of perfect populations, which are comprised of completely

fertile and fecund specimens, allows for the existence of equality between the parameters of N  and N . It is

beyond any doubt that a condition of perfect population is achieved when there are equivalent subgroups of

specimens representing both sexes that do not fail to reach and perpetuate sexual and reproductive maturity.

Moreover, in perfect populations, each specimen displays the same probability of generating progeny, and the

percentage of progeny propagated by all the specimens does not vary to a larger extent than randomly anticipated.

The next sine qua non condition is the incidence of total randomization for pairing among the opposite-sex

individuals, and furthermore an occurrence of dynamic inter-generation homeostasis (i.e., sustainable balance)

between the intra-population numbers of sexually and reproductively active specimens .

The vast majority of divergences in the above-indicated traits will contribute to the reduction of N . It is worth

highlighting the crucial differences between two categories of N  termed as effective population extent of variance

and effective population extent of inbreeding. The first one denotes the high probability of alterations in inter-allelic

parental and progeny-specific variability, which results in the appearance of biodiversification of genetic

background and phenotypic traits observed between herds of livestock breeds. The second one is related to
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genotypic divergence arising from maternal and paternal heterozygosity, which gives rise to intensification of

inbreeding in livestock herds . Furthermore, not without significance is the fact that the N  displays a negative

correlation with the extent of inbreeding. Critically endangered status and the requirement of in situ and ex situ

conservation is assigned to livestock breeds with N  ≤ 50, while endangered status and the simultaneous necessity

of in situ and ex situ conservation is allotted to the livestock breeds exhibiting the parameters of N  ranging from 50

to 200 . In turn, the status of vulnerable livestock breed, which is reflected in a prerequisite of in situ and ex

situ conservation, is adequate for a more wide range of N  oscillating between 200 and 1200 .

In an era of high economic pressure on the profitability of livestock breeding, the protection of native breeds that

cannot meet high breeding requirements is needed to preserve unique genotypes. The uncompetitiveness of older,

less productive breeds necessitates the creation of programs and projects that make it possible to preserve

biodiversity. Conservation of endangered breeds is therefore a very important activity, contributing to the

preservation of unique genotypes in breeding . Another important task related to the preservation of biodiversity

is the collecting and preserving of biological material derived from high-yielding breeds currently being bred in the

country, as well as hybrids produced for specific production purposes. In this regard, measures have been taken to

reduce the decline in biodiversity and genetic resources of animals . These include a number of in situ

protection methods that bring about the preservation of livestock species and breeds in normal production systems.

This type of livestock preservation involves breeders whose animal subpopulations are maintained within protected

ecosystems, including habitats protected under the European Union’s Natura 2000 Network Program .

1.2. Biological and Genetic Assumptions of In Situ Conservation in Livestock
Species and Breeds

In situ conservation is undertaken to establish animal breeding farms and perpetuate them within their production

systems and under the conditions of native ecology. The outcome and final efficacy of these efforts is dependent

on the participation of the farmer, for which support and incentives are necessary. The major obstacle for livestock

in situ conservation is the number of animals selected and maintained in the niches of agricultural ecosystems.

While establishing the percentage for preservation of a livestock breed, the cost of maintenance, availability of

specimens of both sexes (males and females) and rate of inbreeding must be taken into consideration . In

small populations, the effective population size shrinks and the genetic structure of the population is biased by the

extent of inbreeding and random drift. A wide variety of strategies are now available which can reduce inbreeding to

a minimum. Nevertheless, long-term random drift and disadvantageous crosstalk between genotypic background

and environmental components might contribute to the generation of a secondary population, which genotypically

varies from its primary counterpart to a large degree. To avoid adverse impacts of inbreeding and random drift on

intra-population genetic structure, the Food and Agriculture Organization of the United Nations (FAO) recommends

a mating ratio of 5 males and 25 females for protection programs for small populations. A ratio of 50 males and 250

females is preferable for populations characterized by phenotypic traits with low heritability .

1.3. Biotechnological Assumptions of Ex Situ Conservation in Livestock Species
and Breeds

[4][18]
e

e

e

[4][19][20]

e
[4][21]

[2]

[22][23]

[24]

[1][25]

[23]



Reproductive Biotechnology-Mediated Rescue of Threatened Polish Livestock Breeds | Encyclopedia.pub

https://encyclopedia.pub/entry/47611 4/22

Another method for protecting biodiversity, which is complementary to the methods of in situ conservation, includes

activities related to the collection of bioresources in the form of somatic and stem cells or germplasm-carrying

biological materials encompassing male and female gametes (i.e., sperm cells and oocytes, respectively), and

embryos within the framework of biobanks or bioreservoirs. Such approaches to protecting genetic resources are

referred to as ex situ conservation methods . This assumes the cryogenic preservation or freeze-drying

(lyophilization) of somatic and stem cells, spermatozoa, oocytes and embryos propagated by assisted reproductive

technologies (ARTs), including in vivo (e.g., artificial insemination) and in vitro production biotechniques (cloning by

somatic cell nuclear transfer and in vitro fertilization by gamete coincubation or intracytoplasmic sperm

microinjection) . Modern ARTs are essential for perpetuating long-term ex situ preservation of the biological

diversity of near-threatened, endangered, and extinct livestock breeds. While the current programs of ex situ

conservation are mediated by the strategies of cryogenic protection, semen doses collected from a total of 25

unrelated males must be preserved, and embryos originating from 35 different matings are indispensable for the

purpose of embryo cryoconservation .

The use of novel approaches to ARTs is highly warranted, mainly taking into consideration the endangered and

critically endangered mammalian species indexed within the Red List of Threatened Species, the last variant of

which was reported by the World Conservation Union (IUCN) in 2019. In turn, the Polish issue of the Red List was

released for the first time in 1992. As indicated in FAO-based compilations, the rate of threatened breeds oscillated

around 17% in relation to the overall quantity of nearly 8800 species of farm animals .

1.4. A Range of Worldwide to Country-Specific Fundamentals and Challenges of
Protecting the Biological Diversity in Livestock Breeds, with a Particular Emphasis
on Poland

Many countries participating in public and non-public biodiversity conservation companies have undertaken efforts

which targeted the protection of the genetic resources of their indigenous livestock breeds. Wood et al.  reported

that attempts to preserve in situ rare indigenous livestock breeds should be predictive, and so it is necessary to

incorporate changes in environmental conditions into strategies related to the conservation of bioresources. Both

intensification of production and propagation of new lines or breeds of livestock species with high genetic merit or

high productivity can significantly destabilize the global diversity of domesticated animals . Therefore,

countries, including Poland, are developing adequate procedures aimed at the protection of livestock breeds.

Polish native breeds undergo in situ preservation, which is financed and promoted by the government. The

programs focused on in situ protection are especially intended for the restoration and reintroduction of endangered

herds of livestock breeds, which expedites their inter-generation and long-term adaptation to biocenotic alterations

occurring in anthropogenic biotopes and agricultural ecosystems .

Rare Polish indigenous breeds of sheep involve the Old Type of Merino, Blackhead, Polish Heath and Olkuska,

whose genetic resources are subjected to in situ and ex situ protection. Their N  parameters oscillate between 277

and approximately 1107. Therefore, the formerly indicated sheep breeds display the highly diminished extent of

inbreeding and attenuated resilience to ecological perturbations resulting from intensive systems of zootechnical
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production . On the other hand, the N  parameters pinpointed for in situ/ex situ protected Polish Red cattle and

Carpathian goats have reached the levels of 170 and 199, respectively. For these reasons, cattle and goat breeds

exhibit vulnerability to ecosystemic changes and are associated with a relatively high inbreeding rate . In

addition, the N  parameters noted for Polish autochthonic breeds of pigs undergoing in situ and ex situ

preservation range from approximately 80 (the Złotnicka Spotted breed) to a level higher than 144 (the Puławska

breed). Therefore, these pig breeds qualify for the status of endangered livestock. It is noteworthy that such a

status results in their relatively high inbreeding rates .

Cumulatively, the preferred model for the conservation of animal genetic resources in Poland and around the world

is in situ conservation, in which a species is preserved in its natural habitat with limited use of breeding methods,

while maintaining a number of animals that ensures minimal genetic variability and adaptability to changing

environmental conditions. The strategies of ex situ conservation, on the other hand, underlie the use of

biotechnological methods for the acquisition and long-term storage of germplasm-, somatic cell- and stem cell-

based bioreservoirs derived from different species and breeds of farm animals. Efforts focused on the long-term

preservation and storage of such bioreservoirs are undertaken by using the bioprotection methods related to

cryopreservation or freeze-drying (i.e., lyophilization). Recovery of bioresources allows for the deposition followed

by the use of unique genetic material after the death of the donor. The cryogenically or lyophilizogenically protected

bioresources collected from random representatives originating from populations comprising endangered livestock

species and breeds will enable their future restoration .

2. The Implementation of Modern Reproductive
Biotechnology Strategies Based on Somatic Cell Cloning to
Ex Situ Conservation of Genetic Resources in Selected
Polish Livestock Breeds

2.1. Biological Justification for Applicability of Somatic or Stem Cell Banking to
Cloning-Mediated Reproductive Biotechnology of Farm Animals

As part of a biodiversity conservation strategy, creating bioreservoirs of somatic and stem cell lines through

cryogenic preservation can provide a reliable and feasible approach applied to regenerate or restore the biocenotic

sustainability among herds of livestock breeds followed by reintroduction of vanishing breeds of farm animals into

reconstituted niches of zootechnical biotopes . Moreover, the establishment and subsequent

cryoconservation of ex vivo-expanded permanent somatic or stem cell lines, which have been established from

various tissue bioptates, serves as a promising tool independent of freezing or vitrification methods used for

gametes and embryos .

Successfully devised and optimized approaches that enable cryogenic protection of somatic and/or stem cell-

based bioresources are a indispensable prerequisite for the propagation and multiplication of farm animals with the

aid of intra- or interspecies cloning by somatic cell nuclear transfer (SCNT) . The latter represents one of the
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innovative ARTs that is necessary for long-term maintenance of ex situ protection of the biological diversity of near-

threatened, endangered, and even extinct livestock breeds in Poland .

Research directed at the precise identification of the determinants of proliferative capability, genetic stability,

cytokinetic aging, and programmed cell death in nuclear donor cell lines (NDCLs) expanded ex vivo is needed.

Identification of the above factors can lead to ameliorated and expedited epigenomic reprogrammability of somatic

cell nuclei in SCNT-generated embryos . The goal of such procedures is to consolidate the enhanced

inheritability of superior genotypic traits and relieve the extent of intra-population inbreeding, thereby intensifying

the divergence in the genetic background among threatened native livestock breeds. Finally, the progression of

processes that lead to increased inter-specimen genetic diversity can enhance physiological and immunological

resistance to drastic environmental collapse, climatic perturbations and infectious disease spreads .

2.2. The Efforts of the NRIAP Focused on Collecting the Ex Situ Protected Somatic
Cell- and Stem Cell-Based Bioresources for the Purposes of Cloning-Mediated
ARTs in Selected Livestock Species and Breeds

It is significant that effective methods have been developed at the NRIAP for the successful ex vivo expansion and

cryopreservation of excellent quality adult dermal fibroblast cell lines (ADFCLs) of such endangered Polish

livestock breeds as Polish Red cattle, Złotnicka Spotted and Puławska pigs, Carpathian goats, Old Type of Merino,

Romanowska and Polish Heath sheep. As a result, bioresources of cryogenically protected somatic cell lines of the

selected endangered indigenous breeds have been established within the framework of the NRIAP and additionally

enriched with bioresources of adult mesenchymal stem cell lines (MSCLs) originating from the bone marrow (BM)

and adipose tissue (AT) of the Polish Landrace pig. A comparative analysis of these bioreservoirs is shown in

Table 1.

Table 1. The NRIAP bioreservoirs of cryopreserved somatic and stem cells derived from Polish indigenous breeds

of selected livestock species.
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Species Breed Name

The Type and
Provenance
of Somatic

and Stem Cell
Lines

Number
of

Somatic/
Stem
Cell

Lines

Number
of

Female
Donors

Number
of Male
Donors

Quality Parameters

Post-
Freeze/Thaw
Survivability

*

Attachment
to the

Substratum
and

Enzymatically
Assisted

Detachment *

Mitotic
Lifespan and
Resistance to
Morphological
Senescence *

Capacity to
Reach
a Total

Confluency
and Undergo

Cell
Multiplication

*

Cattle Polish Red Mitotically
stable

cell lines of
adult dermal
fibroblasts

45 5 - ++++ ++++ ++++ ++++

Pigs

Puławska 71 10 1

Złotnicka
Spotted

22 6 -
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* Quality marked with “++++” symbol indicates that the percentage of somatic/stem cells exhibiting detailed

parameters was higher than or equal to 95%.

To date, the NRIAP bioreservoirs have provided a source of NDCLs for the successful generation of nuclear-

transferred embryos of such livestock species as cattle and pigs . The blastocyst formation rate (30.1%) noted

for SCNT embryos generated using dermal fibroblast cells (DFCs) derived from Polish Red cattle was similar to or

significantly higher than that reported by other researchers . Similarly, the capabilities of SCNT embryos

that were reconstituted with DFCs originating from the Puławska and Złotnicka Spotted pig breeds to complete

their ex vivo development to the blastocyst stage (34.1% and 27.9%, respectively) were maintained at either

analogous or considerably increased levels as compared to those achieved by other researchers .

2.3. The Factors Determining the Outcome of Cloning-Mediated Reproductive
Biotechnology and Their Usefulness for a Broad Spectrum of Research Disciplines

The effectiveness of SCNT-based cloning in different livestock species is dependent, to a large extent, on the

provenance and quality of somatic or stem cell lines  and the incidence of apoptotic symptoms in

NDCLs and nuclear-transferred embryos . Another factor that determines the SCNT efficiency is the

capability of donor cell nuclei to be epigenetically reprogrammed in the blastomeres of cloned embryos .

Genomic, transcriptomic and proteomic interplays between nuclear and mitochondrial compartments have also

been shown to impact the developmental ability of nuclear-transferred embryos .

Cumulatively, at the current stage of research, the efficiency of SCNT-based cloning in mammals remains

extremely low, oscillating between 0.5% and 5% of offspring produced relative to the overall quantity of oocytes

reconstituted using various types of somatic and stem cells. Taking this fact into account, thoroughly unravelling the

genomic, epigenomic, transcriptomic and proteomic signatures giving rise to the capability of donor cell nuclei to be

faithfully and completely reprogrammed is undoubtedly needed, and would lead to considerable enhancements of

the developmental outcomes for cloned embryos, conceptuses and progeny in different mammalian species .

Such a condition is also required for successful combination of somatic cell cloning and transgenesis to efficiently

generate the gene/genome-edited progeny utilized in such interdisciplinary research areas as agricultural ecology,

livestock species/breed-related biodiversification, animal production, nutria-biotechnology, human dietetics,

Species Breed Name

The Type and
Provenance
of Somatic

and Stem Cell
Lines

Number
of

Somatic/
Stem
Cell

Lines

Number
of

Female
Donors

Number
of Male
Donors

Quality Parameters

Post-
Freeze/Thaw
Survivability

*

Attachment
to the

Substratum
and

Enzymatically
Assisted

Detachment *

Mitotic
Lifespan and
Resistance to
Morphological
Senescence *

Capacity to
Reach
a Total

Confluency
and Undergo

Cell
Multiplication

*

Sheep

Polish Heath 15 3 3

Romanowska 32 3 3

Old Type of
Merino

22 3 3

Goats Carpathian 13 3 3

Pigs
Polish

Landrace

Mitotically
stable

cell lines of
bone marrow-

derived
mesenchymal

stem cells

25 10 -

Mitotically
stable

cell lines of
adipose
tissue-
derived

mesenchymal
stem cells

14 10 -
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biopharmacy, regenerative and reconstructive biomedicine and immunological and medical xenotransplantology 

.

3. The Implementation of Modern Reproductive
Biotechnology Strategies Based on Cryogenic Protection,
Lyophilization and In Vitro Embryo Production in the Ex Situ
Conservation of Genetic Resources in Selected Polish
Livestock Breeds

3.1. Justification for the Ex Situ Conservation of Germplasm-Based Bioresources

Long-term cryopreservation or lyophilization of germplasm-carrying biological materials (spermatozoa, embryos

and oocytes) expedites the use of bioresources recovered from non-existing specimens to restore, sustainably re-

establish and perpetuate the previously disappeared biodiversity in currently existing subpopulations of livestock

species and breeds. The utilization of the formerly lost genetic resources may result in genetic gain for breeds that

are currently undergoing intensive zootechnical and biotechnological improvement .

3.2. Biological and Biotechnological Determinants of Cryogenically Protecting the
Spermatozoa

Cryopreservation of semen is of tremendous importance for the management and conservation of genetic

resources in different species and breeds of farm animals. The methods applied to cryopreserve the germplasm-

carrying biological materials (spermatozoa and embryos) derived from cattle are characterized by the highest

advancement and efficacy. Therefore, they are used extensively in ARTs and ex situ conservation programs

intended for livestock. In recent years, the NRIAP has conducted comprehensive investigations focused on

increasing the effectiveness of cryopreservation of semen originating from other livestock species . To enable

the high quality of cryogenically protected sperm cells collected from males representing a variety of livestock

species, the semen probes pre-selected for cryopreservation undergo a multifaceted biological evaluation. The

significance of research aimed at the identification and thorough assessment of low-temperature ultrastructural and

functional biodegradation of intracellular organelles and compartments and plasmalemma-related cytoskeleton, as

well as detection of proapoptotic and/or pronecrotic symptoms in sperm cells, cannot be overestimated . The

occurrence of the intra-spermatozoon processes triggered by cryogenically induced biodestruction can be

mitigated or relieved by enrichment of cryopreservation media with ectopic scavengers of oxygen-derived free

radicals (ODFRs) .

3.3. Biological and Biotechnological Determinants of Lyophilizogenically
Protecting the Spermatozoa

In recent years, there has been increased interest in a new technique for preserving mammalian semen: freeze-

drying, also known as lyophilization or cryodesiccation. This technique serves as an alternative to cryopreserving
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the semen in liquid nitrogen. The biophysical mechanism underlying this technique is a low-temperature

dehydration process that involves freezing the semen samples and lowering pressure, which together lead to the

elimination of the intracellular ice crystals formed during the freezing process through sublimation .

Previous research has demonstrated that lyophilized (cryodesiccated) spermatozoa can undergo the processes of

biodestruction within plasma membrane and/or genomic DNA that had been separately or collectively damaged

due to the occurrence of oxidative stress and impairments occurring in anti-oxidative events. The latter can be, in

turn, prompted by bioaccumulating reactive oxygen species (ROS) and diminishing the concentration or

attenuating the enzymatic activity of intrinsic water-soluble isoforms for potent scavengers of ODFRs .

Attempts to decrease the incidence of ROS-induced DNA biodegradation during lyophilization of spermatozoa have

targeted the enhancement of anti-oxidative activity of endogenous biocatalytic ODFR scavengers, which can be

accomplished via enrichment of the freeze-drying media with exogenous water-soluble phenolic (polyphenol)

antioxidants such as rosmarinic acid (RosA; an ester of caffeic acid and 3,4-dihydroxyphenyl lactic acid),

ethylenediaminetetraacetic acid (EDTA) or ethyleneglycol-bis(β-aminoethyl)-N,N,N′,N′-tetraacetic acid (EGTA) 

.

It is worth highlighting that aberrations in such sperm quality parameters as viability, motility and even DNA stability

do not exclude the usefulness of the lyophilized and subsequently rehydrated spermatozoa for intracytoplasmic

sperm injection (ICSI)-mediated procedures carried out to in vitro fertilize metaphase II (MII)-stage oocytes in

livestock species . Nevertheless, maintenance of the conditions facilitating the alleviation of DNA

biodegradation or internucleosomal fragmentation during freeze-drying of spermatozoa might largely improve the

applicability of ICSI to in vitro fertilization (IVF), even if the male gametes exhibit a large amount of not only

ultrastructural and biophysical impairments in the sperm intracellular organelles and compartments, but also

hyperpermeabilization or biochemical destabilization of plasmalemma integrity .

Thus far, the application of ICSI-mediated in vitro fertilization (IVF) of meiotically matured oocytes by using

lyophilized sperm cells followed by rehydration of formerly freeze-dried spermatozoa has contributed to the

propagation of viable progeny in a wide variety of mammalian species, including livestock. These species include

hamsters , mice , rats , rabbits  and horses .

In contrast to the above-indicated studies, the attempts to obtain the ICSI-generated offspring by using freeze-

dried/rehydrated spermatozoa failed in cattle , sheep  and pigs . All these approaches gave rise to the

production of the embryos at the blastocyst stage under in vitro culture conditions.

3.4. The State of the Art and a Wide Range of Biotechnological and
Physicochemical Factors Affecting Cryoconservation of Oocytes and Embryos

Females of mammalian species, including farm animals, are born with their gametogenic reservoirs of oocytes

accumulated in ovarian follicles. These reservoirs are sufficient for the whole period of their lifespan related to

reproductive activity during adult ontogenesis. In contrast to male gonads (testes), ovaries do not generate new

[33][34][71][72][73]

[74][75]

[76]

[77][78]

[33][34][74]

[72][75]

[79] [80] [81] [82] [83]

[84] [85] [77]



Reproductive Biotechnology-Mediated Rescue of Threatened Polish Livestock Breeds | Encyclopedia.pub

https://encyclopedia.pub/entry/47611 10/22

gametes throughout the reproductive period of female ontogenetic development. Maintenance of the female

genotypic background is also possible to achieve with the aid of the methods applied to cryogenically preserve

oocytes and embryos. The oocytes can be recovered and cryopreserved at any stage of meiotic maturation,

including oocytes retrieved from primordial, preantral or antral ovarian follicles . Nonetheless, cryogenic

protection of oocytes is tremendously limited due to the extremely low efficiency of this biotechnique. This is a

major hindrance to its practical applicability to such modern ARTs as complex in vitro embryo production (IVP),

including in vitro oocyte maturation (IVM), gamete co-incubation- or ICSI-mediated IVF, or SCNT-based cloning

and in vitro culture (IVC) of IVF- or SCNT-derived embryos in different livestock species .

Two basic strategies are frequently utilized for the cryopreservation of oocytes and embryos in liquid nitrogen. The

first strategy involves the method of slow freezing, in which germplasm-carrying bioresources are sequentially

subjected to treatment with relatively low concentrations of cryoprotectants displaying a high capability to

permeabilize the plasma membranes . Some of the most efficient, most potent and most permeable

cryoprotectants are dimethyl sulfoxide (DMSO), glycerol, ethylene glycol (EG) and propylene glycol, while their

non-permeable counterparts are monosaccharides, e.g., glucose and fructose, and disaccharides, e.g., sucrose 

. The second strategy involves vitrification, in which a combination of different cryoprotectants is frequently

applied to enhance the biophysical parameters of viscosity of the cryopreservation medium, increase the glass

transition temperature and finally decrease the excitotoxicity. It is worth highlighting that there is an erroneous

comparative determination of the biophysical mechanisms underlying slow freezing and vitrification, because a

slow cooling rate and low concentrations of cryoprotectants are not always used in slow cooling, while vitrification

does not always use a high cooling rate or high concentrations of cryoprotectants. In contrast, an efficient

vitrification process can take place via onset of a very low cooling rate and very low concentrations of

cryoprotectants . In terms of biophysical characterization, slow freezing induces crystallization of

extracellular water. This gives rise to the generation of an osmotic gradient that drives the water flux from the

intracellular microenvironment until the intracellular vitrification is terminated. In turn, vitrification can largely affect

both intra- and extracellular microenvironments after intracellular dehydration has been completed. For all the

above-mentioned reasons, the terms “freezing” and “thawing” are related to the processes of slow freezing 

, whereas the terms “cooling” and “warming” are associated with the processes of vitrification. It is also

noteworthy that, considering the vitrification-mediated cryopreservation of oocytes, the warming rate appears to

play a more important role than the cooling rate. Such a finding can be explained by the fact that the viability of

murine oocytes that had been subjected to vitrification under the conditions of a very slow cooling rate and high

warming rate increased to a large extent, as compared to the viability of oocytes undergoing vitrification

characterized by a combination of highly rapid kinetics of cooling and subsequent slow kinetics of warming 

. Nevertheless, such a negative correlation has not been confirmed in the investigations aimed at the

vitrification of oocytes and embryos in selected livestock species (rabbits, pigs and cattle), which exhibit a particular

oversensitivity to cooling rates related to cryopreservation procedures .

3.5. The Applicability of Ex Situ Conservation Methods to Modern ARTs—The
Importance of NRIAP Bioreservoirs of Embryos and Semen for Sustainable
Maintenance of Biodiversity in Selected Livestock Species and Breeds in Poland

[86][87][88]

[89][90]

[91][92][93]

[88]

[90][94]

[95][96][97]

[98][99]

[100]

[86][87]

[100][101]

[92][99][101][102]
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The strategies elaborated in the NRIAP to cryopreserve or lyophilize semen derived from native wide-spread pig

breeds (Polish Landrace and Polish Large White) accelerate, to a large extent, the utilization of semen for other

goals. These goals involve the biotechnological rescue of germplasm-based bioresources, and programs designed

for perpetuating the desirable genotypic and phenotypic diversification and immunological resilience to epidemic

and pandemic events in endangered Polish pig breeds, including Złotnicka Spotted, Puławska and Złotnicka White.

The cryogenically or lyophilizogenically protected semen recovered from rare indigenous Polish pig breeds

(Złotnicka White, Złotnicka Spotted and Puławska) can be utilized for a broad panel of the ARTs based on the IVP

procedures. The latter is comprised of three consecutive steps, as follows: (1) in vitro maturation of metaphase II

(MII)-stage oocytes; (2) IVF or SCNT-mediated oocyte reconstitution; and (3) IVC of IVF- or SCNT-derived

embryos . Analogous to standard artificial insemination, to successfully perform repeatable IVF

experiments, cryogenically protected male gametes can be used either for conventional co-incubation of MII-stage

oocytes with motile spermatozoa or for ICSI-mediated IVF . Alternatively, ICSI-based IVF can be

achieved with the aid of the freeze-dried (lyophilized) and subsequently rehydrated sperm cells for microsurgical

deposition into a cytoplasm of MII-stage oocytes . For ICSI-fertilized oocytes, the artificial activation of their

embryonic developmental program, which has been prompted by extrinsic factors (e.g., electrostimulation,

ionomycin-mediated intraooplasmic iontophoretic transport of extracellular calcium sources) also plays a pivotal

role . Furthermore, epigenomic reprogrammability of oocyte- and spermatozoon-inherited chromosomes

brings about the pre- and postimplantation developmental competences of IVF- or ICSI-derived embryos 

. Finally, transcriptomic and proteomic crosstalk between nuclear and mitochondrial DNA fractions  and

the initialization of necrotic, apoptotic or autophagic processes  are undoubtedly significant for

successfully promoting the ex vivo- and in vivo- developmental capabilities of IVF- and ICSI-generated embryos in

a wide variety of farm animal species and breeds.

Collectively, to protect a variety of biological materials ex situ, including those recovered from Polish indigenous

breeds of the selected livestock species (cattle, pigs and sheep), the long-term efforts efficiently undertaken by

NRIAP have resulted in accumulation of ex situ protected bioreservoirs encompassing a broad spectrum of genetic

resources. The latter include germplasm-based materials (cryopreserved and lyophilized spermatozoa and

cryopreserved embryos), whose quantitative distribution is presented in Table 2.

Table 2. The NRIAP bioreservoirs of germplasm-based biological materials derived from selected native livestock

breeds.

[46][103][104]

[105][106][107][108]

[34][72]

[109][110]

[111][112]

[113] [114][115]

[116][117][118]

Species Breed

The Category of
Germplasm-

Carrying Biological
Materials

The Approach to
Ex SITU

Conservation

Number
of Protected

Samples

Number
of Female

Donors

Number
of Male
Donors

Cattle Polish Red Embryos Cryopreservation 1200 125 -

Pigs Polish
Landrace

Semen Cryopreservation 645 - 6
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