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Abstract 

Spermatogonial stem cells (SSCs) technology is the most popular and effective technique used in wildlife conservation to provide future 
strategies for conserving genetic variation and to rescue threatened species. SSCs, which are the primary sperm producing stem cells, can 

both, self-renew as well as differentiate into mature spermatozoa. The transplantation, cryopreservation, and it’s in- vitro manipulation offer 

the chance to mitigate the effects resulting from habitat destruction, climate change and anthropogenic pressures. This particular chapter 

explore the various uses of SSC technology in the preservation of genetic resources, rehabilitation of species, interspecies germ cell 
transplantation, and developments in SSCs isolation, culture systems, and molecular characterization to improve utilization of these 

approaches. Moreover, philosophical and/or ethical factors and implications and/or possible adverse effects, for instance, the danger in 

genetic modification are outlined. Applying SSCs technology together with other biotechnological potentialities including somatic cell nuclear 

transfer, induced Pluripotent Stem cells could transform the prospects of ex-situ and in-situ conservation. Using SSCs technological 

applications, wildlife conservationists can protect biodiversity and help with sustainable ecosystem management. 
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Introduction 
 

The constant reduction of numbers of animal species because of habitat loss, overexploitation and climate change has led to a need to 

create more effective technologies for conserving the animals (Hagedorn et al., 2018). For these difficulties Spermatogonial stem cells (SSCs) 
technology proved to be a breakthrough tool since it allows preserving genetic stock and performing species reclamations. SSCs are found in 

testes and play a crucial role in the ever replenishment process of sperm cells throughout the organism reproductive stage. Their capacity to 

self-multiply and to transform themselves into spermatozoa put them in a good position in wildlife conservation (Lara et al., 2018). 

Wildlife in the world is under immense pressure as has never been witnessed before. Habitat degradation mainly due to communal grazing, 
conversion of land to agriculture, expansion of human settlement and wetland destruction has led to isolation of breeding sites and reduced 

availability of natural resource. At the same time, excessive killing by hunting and poaching and destructive fishing methods have pushed many 

different species to the edge of extinction (Guo et al., 2020). Even more, climate change fuels these difficulties worsening the conditions of 

ecosystems and making some kinds of habitats almost impossible. Such factors have the combined effect of causing a very fast rate of biome 
degradation, hence high extinction rates, which destabilize the ecosystems and their functions. Therefore, such calls for development of more 

effective strategies in the conservation and successful management of threatened species (Abofoul-Azab et al., 2019). 

Of the diverse set of new biotechnological techniques, SSC technology has received considerable interest due to its possible application in 

conservation biology. SSCs are immature and morphologically non-specific gonocytes anchored in the seminiferous tubules of the testes (Irie 

et al., 2014). They are unlike most tissues in that they are bipotential for stem cell regeneration, thus providing an inexhaustible source of stem 
cells for the organism, and differentiation in order to generate mature spermatozoa. These characteristics make SSCs very important for male 

fertility and extremely useful for reproductive technologies (DeFalco et al., 2015). Current chapter explores the SSC technology in wildlife 

conservation and protection focusing on its potentials of genetic preservation, species restoration and reproductive biotechnology. Additionally, 

the advancements in SSC-based technologies are discussed. Furthermore, there are some ethical concerns and potential risks. Ultimately SSC 
discussed as valuable tool in biodiversity conservation and ecosystem as well as sustainable resource management.  

The application of SSC technology in wildlife conservation can be broadly categorized into three domains.  

Conservation of genetic resources under the techniques of isolation and culture of SSCs from pre-imaginal stages of endangered or threatened 

species (Ciccarelli et al., 2020). This method affords an opportunity to store SSCs in a manner that benefits the genetic variety of these species 
regardless of the fact that the natural population may reduce significantly to perilous levels. This approach augments ordinary gamete banking by 

offering possibility to check male germline cells that may be used to regain fertility and breeding in the future (Zhang et al., 2016). 

In vitro fertilization has the potential to revitalize populations of many species with dwindling numbers. For example, SSC transplantation 
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requires implantation of the donor SSCs directly into the testes of another male where it has the capacity to home in on the seminiferous 

tubules and differentiate to functional spermatozoa (Lord et al., 2022). This technique has been shown in several model organisms which 
includes mice and primates and has capabilities on interspecies. Hoping that SSCs of closely related surrogates could work for artificial 

insemination or in vitro fertilization, conservationists translocate SSCs from endangered species’ testicular tissue into males belonging to the 

same species’ group (Vazquez et al., 2016). 

Specie conservation projects provides direction to genetic rescue of the species. This in fact means to revive the genetic variation in 
diminished small isolated subpopulations by trans-plant y genetic material preserved in SSCs (Hagedorn et al., 2018). Such interventions are 

necessary in order to prevent the consequences of inbreeding depression that worsen reproductive fitness and cause high levels of diseases. 

Through revitalizing the genetic variance, SSC-based approaches are indeed useful for increasing population recovery ability and overall 

adaptive capacity, both of which are important aspects of successful long-term population and species conservation (Jan et al., 2017). 
 

Biology and Function of SSCS 

SSCs are the undifferentiated male germ cells that sit in the base of the seminiferous tubule of the testis. These cells are important for 

male fertility because they provide the foundation for ongoing seminal tubing. SSCs up on initiation can only remain as stem cells through 
mitotic divisions, but at the same time actively produce progenitor cells that enter the pathway of spermatogenesis. This equilibrium, between 

self-renewal and differentiation, is maintained with a high precision so that the spermatogenic capacity is lifelong (Abofoul-Azab et al., 2019). 

The understanding of SSC regulation entails the use of both the intrinsic and extrinsic factors.  

Intrinsic factors are main categories, which involve transcription factors that control self-renewal and differentiation of SSCs including 

PLZF, NANOS2, and FOXO1. These factors either activate or repress the genes which possess importance to retain stem cell identity or to start 
the differentiation program (Jan et al., 2017). 

Extrinsic factors play the same role and are also important, SSC niche offers conduits that determine their destiny. Special groupings 

include Sertoli cells, peritubular myoid cells or any other supporting cell found in the seminiferous tubules (Hermann et al., 2018). Chemical 

factors expressed by the niche encompass GDNF, FGF, and CSF1 among others for the neuronal, growth factor and cytokine families 
respectively. Sertoli cells synthesize GDNF, which is critical for SSC (utilized throughout the textual passage) self-renewal and FGF and CSF1 

are involved in SSC proliferation and survival. Moreover, basal lamina and collagen present nearby Sertoli cells with structural support as well 

as biochemical signals that help them to be anchored and signalized (Costa et al., 2012). 

Thus, constant reciprocal interplay between the intrinsic cell properties and the extrinsic signals guarantees the homeostasis of SSCs and 
the ability of adult males to produce several millions of sperm per day. Aberrations in these mechanisms may result in infertility or other related 

pathologies meaning that advances in SSC biology were necessary for the development of related therapies (Figure 1) (Martinez et al., 2020). 

 

 

Fig. 1: SSC technology for treating 

infertility in endangered species 
(Damyanova et al., 2024) 

 

 

Applications of SSC Technology in Wildlife Conservation 

Genetic Resource Banking 

SSCs based genetic resource banking is a revolutionary concept in conservation biology that can potentially provide unique solutions for 
effective conservation of genetic stocks of endangered species. Despite the fact while SSC cryopreservation is distinct from sperm banking, 
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through which sperms are predesigned for make use of at any later date, but there are possibility of creating sperms in an unlimited fashion 

given proper in vitro or in vivo conditions (Mall et al., 2020). This feature is especially beneficial for the species that have specific problems 
connected with their reproduction, for example, these having the seasonal character in their reproduce duties and in which the sperm supply 

is present only during the certain periods of the year. Furthermore, SSC banking can eliminate problems concerning the cryopreservation of 

mature sperm since in some species their sperm is easily damaged; or in other cases, the effectiveness of the sperm is low (Devi et al., 2014). 

A distinct strength to SSC banking is that it is suitable for prepubertal people. When young males of endangered species die before 
reproducing, the remains with their SSCs collected and preserved, useful for future generations or populations. Likewise, SSCs can be obtained 

at postmortem of individuals depending on the tissue samples collected and preserved shortly after the death. This capability greatly extends 

the original concept of genetic resource banking because it provides a means of genetic material storage even in emergent situations (Andrae 

et al., 2021). 
Moreover, SSC cryopreservation facilitates the creation of biobanks, where only all sorts of genetic materials of various individuals, within 

a particular species, can be stored. Such biobanks proved to be useful for researches and conservation, as they can act as the source of genetic 

material for the following experiments or the breeding stock for the species (Binsila et al., 2018).  Recent improvements in vitrification or other 

methods of mammalian gamete freezing have given increased post-thaw survival and function to SSCs, thus consolidating this technology for 
conservation purposes (Zehmal et al., 2020). 

 

Assisted Reproductive Technologies (ARTs) 

As for SSC technology, although it has not been widely used in ARTs, its incorporation has broadened the enlarged the application and 

effectiveness of ARTs in wildlife conservation. Ectopic transplantation of SSCs into recipient testes is a novel procedure that allows for the 
generation of sperm from donor derived SSCs. This approach allows those with low fertility or skewed sex ratios to pass on their genes, solving 

two major biological problems in endangered species (Oatley et al., 2016). 

Owing to the inability to perform some traditional ARTs such as artificial insemination or in vitro fertilization because sperm is lacking or 

difficult to obtain in good quality, SSC transplantation is most useful for species that require assisted reproduction techniques. Therefore, by 
transplanting SSCs into the testes of a recipient male sperm can be produced naturally without a need for repeated interventions. This technique 

has been successfully used in a number of mammal models and this work sets the stage for using these techniques for improved conservation 

of wildlife (Mall et al., 2020). 

Another advancement in the arena of SSC research is the cross-species SSC transplantation. In this case, SSCs from a donor species are 
transplanted in the testes of a phylogenetically close related species which then serves as surrogate for spermatogenesis (Johnston, 2019). This 

strategy has been advantageous for those poorly represented species which closely related species are common but easily accessible. For 

example, SSCs have been taken from endangered felids and then transplanted into surrogate domestic cats, in which viable sperm was 

developed. Such cross-application also offers heightened probabilities of improving the reproductive performance of threatened species, besides 

easing the invasive ways of collection (Pothana et al., 2016). 
However, ARTs that embraces SSC technology can solve reproductive difficulties in such species with many social structure or behavioral 

restrictions. For instance, in a species where dominant male genitors control all the breeding opportunities then SSC transplantation can 

increase the genetic representation of subordinate genitors and improve genetic subpopulation within founding stock (Yang et al., 2018). 

 
Species Restoration 

SSC technology appliqué in species restoration and what can be deemed as the de-extinction is living evidence of this reality. Through 

utilizing preserved SSCs, lost heritable characters may be brought into breeding populations or even create new species other such advanced 

means of breeding are employed. This approach provides a special chance to solve the problems of genetic erosion and population depletion 
which endanger the variety of life on the earth (Devi et al., 2014). 

Among all the promising uses of SSC technology in species restoration, the use of surrogate species has been of significant importance. In 

the method, the preserved SSCs from an endangered or an extinct species are then implanted in to the testes of a closely related species (Sahare 

et al., 2014). Thereafter, the surrogate also provides sperm that contains genetic characteristics of the donor species to be used in fertilization 
and breeding. This technique has been implemented in several species, for example, felids, SSCs from endangered cats have been put in 

domestic cats surrogate where they gave birth alive and healthy offspring (Lee et al., 2014). 

The application of SSC technology in de-extinction has attracted much attention according to various techniques in reestablishing the 

species that were eradicated by various human interventions (Paul et al., 2017).The successful transplantation of SSCs’ genetic material into 

current populations provides the opportunity to restore lost genes that provided specimens with durability and flexibility they otherwise would 
not possess helping species overall survival against their diminishing environments. For example, there is intentionally breeds some SSCs from 

the former population to the present population of an endangered species, thus following the loss of genetic variation and inbreeding depression 

(Kim et al., 2015). The survival and successful reintroduction of SSC-based species is therefore a function of improvements in cryopreservation, 

transplantation, and in-vitro culture. Present studies focus on fine-tuning of these techniques to enhance the immediate and durable 
functionality of SSCs after transplantation. Moreover, concerns on the ethic of the project and relevance to the overall environmental objectives 

and impact to the ecology of the area must also be given thorough consideration to confirm that the results of the species rehabilitation are in 

with modern conservation vision (Kong et al., 2018). 

 
Genetic Diversity Enhancement 

Genetic management is one of the most fundamental concerns for wildlife conservation and SSC technology is developed to serve that 

purpose. Although, it is good practice to be extra cautious when transplanting animals and plants from one place to another, genetic variability 
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plays an important role in the survival and the wellbeing of endangered populations because species need it in order to counter changes in the 

environment; to fend off diseases; and to improve the general health of the population without which, many species are likely to go extinct. 
SSCs are useful tools for bringing new alleles into a population and reducing such problems of small isolated populations as inbreeding and 

genetic drifts (Patra et al., 2021). 

In many endangered species, loss of genetic variation due to small population size, gene flow and habitat fragmentation, increases the 

accumulation of bad genes. The fundamentals of SSCs can also help solve such obstacles to the extent that SSCs can act as a way of transferring 
genetic material derived from genetically differentiated individual or populations. Through grafting of SSCs into recipient males, sperms 

harboring different gene characteristics can be generated for artificial insemination or natural mating. It may take a positive turn and perhaps 

counter the ill effects of inbreeding and increase the general well-being of endangered species (Suyatno et al., 2018). 

SSC application for genetic improvement is most appropriate for species whose breeding patterns are not so straightforward or do not 
have knowable social systems. In species where dominant males control mating, subordinate males will rarely or never assist in gene pool 

creation. Through the SSC transplantation, the genetic material of these individuals is well represented hence equality in distribution of the 

same amongst the population (Pramod et al., 2023). 

 
Advances in SSC Technology 

• Some changes have though been achieved on the scope of cryopreservation in SSCs such as vitrification and use of cryoprotectant. Such 

techniques guarantee that the genetic material stays viable and will be helpful for further uses in preservation (Kim et al., 2015). 

• The SSCs has also been greatly witnessed by RNA-seq and ChIP-seq Next-generation sequencing technologies to unravel and better 

understand the SSC transcriptome and epigenome that has in turn informed culture and transplantation strategies (Yang et al., 2018). 
• Attempts to reproduce spermatogenesis have yielded positive results in mice through production of testicular elongated cells from SSCs. 

This could eliminate the need for the use of animals and their characteristics would not be reproduced through transplantation between species 

as it has been a huge concern (Suyatno et al., 2018). 

 
Ethical and Ecological Concerns 

Ethical and ecological concerns are important for those of us who are living now they constitute the germination of tough questions that 

should be posed to society and result from understanding the importance of human life and the environment (Shah et al., 2018). SSC technology 

can make a significant difference, yet, their application is questionable both from ethical and ecological aspect. Genetic engineering could also 
bring insertional mutagenesis, or lead to population disruption. Furthermore, the case with the selection of target species for SSC based 

interventions may distort other conservation objectives in the ecosystem. Prominent decision making patterns should be transparent along 

with tough risk analysis to combat these potential issues (Lee et al., 2014). 

 

Future Directions 
1. Relation with Other Biotechnologies 

The use of SSC technology integrated with somatic cell nuclear transfer (SCNT), jointly with gene editing tools such as CRISPR-Cas9, could 

improve significance and range of its application. For example, one may modify genes in SSCs to get rid of detrimental changes that can harm 

the animal before their utilization in conservation (Kong et al., 2018). 
 

2. Towards Wider Cross Species Compatibility 

Studies exploring how to increase the cross species SSC transplantation success may expand the list of suitable surrogates making this 

technology more useful in preserving the critically endangered species (Pramod et al., 2023). 
 

3. Participation and Policy-making 

Mainly due to the distinct potential impacts of the SSC technology in conservation, there is a strong call for public awareness and 

stakeholder engagement in the ethical application of the technology. It will thereby be possible to adopt policies that respond to technological 
progress while at the same time preserving the ecological and cultural environments (Mall et al., 2020). 

 

Conclusion 

SSC technology has great potential to counterpart continuing biodiversity threat like conservation of genetic assets, recovery of endangered 

species and improvement of genetic stock. Being part of the conservation sector, integration of those emerging biotechnologies like gene editing, 
reproducing spermatogensis and cryopreservation together with strict compliance to ethical issues will be the decisive factors for its success in 

wildlife conservation. Utilizing these viewpoints that were developed through the improved SSC-based interventions, we can establish a less 

volatile environment in the existence of world’s wildlife and the ecosystems they call home, in essence the strengthen the stability of our earth’s 

biodiversity. 
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