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Abstract

New biotechnology techniques can solve old problems. This thesis looks at combining
modern and traditional methods in indigenous pig breeding. Native pig breeds face
reproduction challenges. This thesis explores modern biotechnological interventions to
help these breeds. The case studies show that biotechnology can help save indigenous pig
breeds. However, there are also ethical, economic, and regulatory issues. This thesis shows
how biotechnology can help indigenous pig breeds survive by improving their reproductive

performance.

Absztrakt

Az 1 biotechnologiai technikdk régi problémakat oldhatnak meg. Ez a szakdolgozat a
modern ¢és  hagyomanyos mddszerek kombinéaciojat  vizsgdlja az  Gshonos
sertéstenyésztésben. Az Oshonos sertésfajtadk szaporodasi kihivasokkal kiizdenek. Ez a
szakdolgozat olyan modern biotechnologiai beavatkozasokat vizsgal, amelyek segithetnek
ezeknek a fajtdknak. Az esettanulmanyok azt mutatjadk, hogy a biotechnoldgia segithet
megmenteni az Gshonos sertésfajtdkat. Ugyanakkor etikai, gazdasagi és szabalyozési
kérdések is felmeriilnek. A dolgozat bemutatja, hogy a biotechnologia hogyan segitheti az

6shonos sertésfajtak talélését a szaporodasi teljesitménytik javitasaval.
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1. Introduction

Pig farming is a pretty ancient practice that's been around for a long time in many
agricultural societies. It's developed along with human civilization. From the first pigs
being tamed to the creation of different breeds that suit different places and cultures, the
history of pig farming shows how the relationship between humans and animals has
changed over time. As society has changed from an agricultural to an industrial to a
technological society, the way we farm pigs has also changed a lot. These days,
biotechnology is leading the way in this field and has the potential to bring new insights to

traditional practices.

1-1. Background and Rationale

It's not just that pigs are a food source for many civilizations. They're also deeply
connected to the history, rituals and social and economic fabric of humanity. Native pig
breeds like the Mangalica in Hungary or the black Jeju in South Korea play a role on the
dinner table and beyond. They're symbols of cultural heritage, signs of rituals, anchors for
economic stability and important nodes in a complex network of biodiversity. But they're
at risk of dying out because of modernization and problems with reproduction, and it's
unclear what the future holds for them. Biotechnology can help us tackle these challenges
and give these native breeds the boost they need to survive and keep making a valuable

contribution to human society.

1-2. Thesis Objectives

This thesis is all about understanding how indigenous pig breeds can benefit from modern
biotechnology at the link between old practices and new methods. I've set myself some

clear objectives for this thesis.



I'll be taking a closer look at the reproductive issues affecting indigenous pig breeds. I'll be

studying their genes affects and how their environment affects them.

We'll look at the different biotechnological tools and methods that can be used to solve

reproductive problems and see what's good and bad about each one.

We'll also look at how these biotechnological methods are used in practice on native pig
breeds on real farms. This will help us to understand what works and what potential

challenges exist.

1-3. Scope and Significance of the Study

This research looks at pigs from all over the world, but it focuses on breeds that have been
around in specific regions for a long time and are often called 'indigenous'. It's not just
biodiversity that's at stake here. It's also important to conserve and improve indigenous
pigs because it helps to preserve culture, boost economic stability and ensure sustainable
food security. Biotechnology can help with lots of different things, but this study is going
to focus on ways of managing reproduction. By looking at this issue from a historical,
current and future perspective, the aim is to provide a comprehensive guide that will ensure

a future of harmonious coexistence between tradition and technology.

The great thing about this research is that it can help us come up with future plans for
managing native pig breeds in a sustainable way. This research can help us have a bigger
conversation about saving native pig genes, making pig farming more sustainable, and
using biotechnology in a responsible way. Looking at how new methods can be used with
native pig breeds helps us understand the different ways biotechnology can be used in
breeding management. By showing how modern science and traditional farming methods
can be combined, we hope to help conserve genetic diversity, improve the productivity of

pig breeds and develop sustainable livestock production.



2. Review of Literature

Biotechnology could help solve reproductive problems in native pig breeds. This section
looks at the history, traditional methods, and new biotechnological advances that affect

reproduction management.

2.1 Historical Perspective of Native Pig Breeds

Native pig breeds have been an important part of agricultural systems around the world for
a long time, and they're closely linked to cultural heritage. Pigs were first domesticated in
Eurasia about 9,000 to 10,000 years ago and then spread to many other regions[1]. Each
region has its own cultural traditions and agricultural practices around pigs. Modern pig
breeds first came about in the 1800s, but native pigs have been important for a long time,

developing unique traits that suit each region[1].

Native pigs have played an important role in local traditions, ceremonies and economies.
Each native pig breed has adapted to its local environment and developed some pretty
unique traits, like early reproductive maturity and the ability to survive in challenging
environments[2]. These traits have been improved by mixing and matching different pig

populations, and some breeds, particularly in Europe, have been influenced by Chinese

pigs[1].

Industrialization, urbanization and changes in farming methods have made it tough for
native pig breeds to maintain. They don't produce as much meat as Western breeds, which
puts them at a disadvantage[3]. To solve these problems, we need to think of different
ways to protect native pigs and make the most of their value. Against this kind of
background, the successful restoration of endangered breeds like the Hungarian Mangalica,

which was made possible by the collaboration of scientists, policy makers and pig farmers,



is a great example of why it's important to conserve native pigs[4]. It's not just about
maintaining genetic diversity when it comes to preserving native pig breeds. It's also about

protecting national pride and economic potential.

That's why using assisted reproductive technologies to protect genetic assets is becoming
an important strategy[5]. If we all work together to protect this heritage, we can create

future economic opportunities while also honoring the wisdom of the past.

2.2 Importance of Preserving Native Pig Genetic Resources

Protecting indigenous pig breeds is essential for numerous reasons. Primarily, these breeds
have unique genes that have been developed over time to suit local conditions[4]. Their
genes help them survive in bad weather, fight off diseases, and adapt to diverse diets[5].
By saving these genes, we preserve a lot of genetic variety, which is important for future

breeding and creating new breeds[6].

Moreover, indigenous pig breeds often yield higher-quality meat than commercial
breeds[4]. They are known for their taste, softness, and fat distribution, all popular with
chefs[4]. Maintaining these breeds keeps food delicacies connected to regional cuisines

and gastronomic traditions[4].

Beyond their genetic and gastronomic worth, the conservation of indigenous pig breeds is
essential because they help to maintain biodiversity. These breeds represent a region's
natural heritage and help maintain local ecosystems[5]. They add to the variety of livestock
and help the ecosystem be a more diverse environment[5]. Notably, due to their adeptness
in local ecosystems, they can live in their local ecosystems without needing much from

outside[7].

Their preservation keeps old ways of raising pigs and herding animals alive[8]. Their

preservation acts as a beacon, retaining age-old wisdom pertaining to pig cultivation and
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pastoral routines[8]. Furthermore, indigenous breeds can help rural areas grow and fight

poverty. They also provide income for smallholder farmers[5].

The number of native pig breeds is falling. This is a warning that they need to be saved.
Western commercial breeds and large-scale pig farming have replaced indigenous
breeds[9]. This is clear in China, where breeds, especially those from the Taihu Lake area,
face drastic declines[9]. The Chinese authorities are doing a good job, like setting up

preservation farms and earmarking funds for breeding[9].

Effective conservation of indigenous pig breeds requires focusing on genetic diversity and
population dynamics[8]. Studying genetic diversity can help us save indigenous pig
breeds[5]. To save native breeds from extinction, conservation projects should focus on

improving their genetic diversity and increasing their resilience[10].

In essence, Conserving indigenous pig breeds is important for many reasons, including
genetic retention, food security, cultural heritage, and eco-friendly farming. They are
valuable for the future because of their genetics, meat quality, and cultural importance. We

must focus on conserving their genetics and ensuring these breeds are sustainably managed.

2.3 Distinctive Characteristics of Pig Breeds Across Regions

The characteristics of indigenous pig breeds are varied by the natural environment and
human selection in each region, which has important implications for pig conservation and
breeding projects. Throughout the world, indigenous pig breeds have evolved in response
to the unique environmental conditions and historical breeding practices of each region,
resulting in differences in traits such as appearance, genetic make-up and productivity.
Understanding these differences is essential for genetic conservation and the development

of new breeds.



Native pig breeds have genetic characteristics that are unique to each region. Genetic
studies have shown that each breed has been selected for specific traits, resulting in a mix
of diversity in coat colour, muscle development, growth patterns, behavioral traits and
more[11]. For example, indigenous pigs in the Yangtze River Delta region of China have
genetic markers related to digestion, disease management and amino acid metabolism as a
result of their adaptation to the local environment[12]. In contrast, indigenous pig breeds in
Europe have evolved to adapt to different regional environmental conditions and show
differences in traits such as height, growth rate, leanness and fertility[13]. These genetic

traits create a great diversity among pig breeds.

The evolutionary history of indigenous pig breeds has also played a role in genetic
differences: pigs originally originated in south-east Asia and spread across Eurasia, where
genetic differences arose about a million years ago when wild boars in Europe and Asia
separated into different groups[12]. This genetic separation contributed to the genetic
diversity between Asian and European pig breeds, and humans have selectively bred pigs

for meat productivity, habitat adaptability and more over the past thousand years[12].

The environment also plays an important role in shaping the characteristics of pig breeds in
each region: modern commercial breeds have been selected primarily to maximize
productivity, while indigenous breeds have adapted to a wide range of environments,
resulting in high genetic and physical diversity[14]. Native European pig breeds are
influenced by different climatic, nutritional and agricultural conditions, resulting in

differences in growth rates, nutrient utilization and disease resistance[14].

Regional native pig breeds also have important economic and cultural implications. Some
regional breeds are known for their unique flavor, taste and nutritional value, which is
closely associated with the gourmet food industry[15]. In addition, regional indigenous
breeds can play an important role in the development of new breeds or the improvement of
certain traits. For example, variation in the melanocortin-4 receptor (MC4R) gene, which
affects pig growth, influences the growth rate and meat quality of the breed[16],

demonstrating how pigs have adapted and evolved in different local environments[17-19].
9



In summary, indigenous pig breeds from different regions exhibit a wide range of traits
that have been shaped by genetic, environmental and human selective breeding.
Understanding and studying these traits is crucial for the conservation of pig breeds, as
well as for the generation of new genetic ideas and breeding plans. It allows us to better
understand the genetic history of each breed and how it can be used, and can be an

important resource for future agriculture[6, 14, 20].

2.4. Reproductive Management in Traditional Pig Farming

Breeding management in traditional pig farming has been passed down from one
generation to the next for many years, based on local knowledge and cultural heritage[21,
22]. These traditional breeding strategies play an important role in preserving the genetic

diversity of local pig breeds and maintaining the purity of ancient breeds.

Natural mating, one of the main breeding methods, allows boars and sows to mate
according to their instincts, which helps to maintain genetic diversity[22]. In addition,
keeping pigs in groups can broaden the gene pool through interactions between
individuals[22]. Selective breeding also allows farmers to maintain and develop pig breeds
adapted to local conditions by breeding animals with the traits they want[21, 22]. This
approach builds on the experience and knowledge of local farmers, allowing them to select

traits best suited to their local farming environment.

However, traditional breeding methods have several limitations. Low fertility rates or long
intergenerational breeding intervals can slow genetic progress and increase the risk of
inbreeding[22]. These problems can be difficult to solve using traditional breeding
methods alone, so there is a need to improve breeding efficiency and maintain genetic

diversity.

Advances in reproductive biotechnologies in modern agriculture can help to address these

issues. The introduction of artificial insemination, improved nutrition and better health care
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methods can reduce infertility and genetic problems, and the harmonious use of traditional
methods and modern technology can help preserve the genetic diversity and unique
characteristics of indigenous pigs[22]. New reproductive biotechnology, better diets, and

better health management can help with infertility and genetic issues.

In conclusion, traditional breeding methods have made important contributions to the
maintenance of genetic diversity in indigenous pig breeds, but the introduction of modern
reproductive technologies complements them, allowing for better breeding efficiency and
breed conservation. The right mix of both methods can allow for sustainable breeding
management and genetic progress while maintaining the unique characteristics of

indigenous pigs[22].

2.5. Reproductive Challenges in Native Pig Breeds

Breeding management of indigenous pig breeds is challenging due to the need to preserve
genetic diversity and differences in reproductive performance. Traditionally, native pig
breeds have survived in each region by maintaining their unique genetic characteristics, but
crossbreeding with foreign breeds or modernized breeding methods have a significant

impact on the outcome.

One of the main problems with native pig breeds is their low fertility when compared to
foreign breeds; in particular, modern foreign breeds have been studied to outperform native
breeds in litter size and fertility[7]. These differences in fertility have a direct impact on
agricultural productivity and are often attributed to genetic traits and breed-specific
differences[23]. However, we do not fully understand the reproductive traits of native pig

breeds, and it is challenging to find ways to manage them efficiently[24].

This information gap obstructs the formulation of efficacious reproductive management

techniques tailored for these breeds. There is an evident need for more exhaustive studies

11



on the reproductive anatomy, mating habits, and elements dictating reproductive outcomes

in native pig breeds[24].

Another important issue in protecting native pig breeds is that their unique genetic traits
can be diluted by hybridization with exotic breeds, which can reduce the genetic diversity
of native breeds and threaten their extinction[25]. For example, the introduction of foreign
breeds can lead to the spread of their genes into native breeds, resulting in the loss of the
unique adaptations and genetic traits of native pigs[25]. Therefore, breeding management
should be directed toward increasing productivity while preserving the unique genetic

diversity of native pig breeds.

Assisted reproductive technologies such as in vitro fertilization and embryo transfer can be
important tools to address these issues. These techniques offer the potential to improve
reproductive performance while preserving the genetic potential of native pigs[24]. and are
considered an advantageous method for conserving native breeds, especially because they
can preserve genetic traits without using native females[24]. In addition, genomic studies
can help us understand the reproductive genetics of native breeds and design better

breeding methods[25, 26].

In conclusion, the breeding management of indigenous pig breeds is complicated by
differences in fertility with foreign breeds, lack of research, and conservation of genetic
diversity. To address this, more research is needed, along with the introduction of assisted
reproductive technologies, a deeper understanding of breeding traits, and breeding
strategies that preserve the genetic diversity of native pigs. These efforts are essential to

ensure the survival of native breeds.

2.6. Introduction to Biotechnology in Native Pig Breed Reproduction

Modern biotechnology can modernize how we breed pigs, especially those that are native

to certain areas, the Indigenous pig breeds[21, 22]. These technologies can increase the
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accuracy of breeding, improve genetic diversity and contribute to a more sustainable
management of indigenous pig breeds. The use of biotechnology is particularly effective in

improving productivity while maintaining the unique characteristics of indigenous breeds.

Biotechnological methods such as artificial insemination, embryo transfer, and genotype
selection allow for more efficient and precise control of the breeding process[22]. This
allows for the creation of customized breeding plans tailored to the characteristics of
indigenous pig breeds and the design of breeding strategies suitable for different
environmental needs. In particular, these techniques play an important role in overcoming
geographical constraints. Cryopreservation of sperm and embryos allows for long-term
storage and utilization of genetic material regardless of place and time, helping to maintain

the stability of native pig breeds[21].

Biotechnology also allows for rapid genetic improvement. Through the process of artificial
insemination and genetic selection, individuals with superior traits can be quickly selected
and utilized for breeding, which can contribute to improving the fertility and reproductive
efficiency of native pigs[21]. This can have a positive impact on addressing the problem of

poor fertility in native breeds and creating healthier populations.

Therefore, the introduction of biotechnology can be a very important tool in the
reproductive management of native pig breeds. These technologies can contribute to
increasing the accuracy of breeding, while maintaining genetic diversity and improving the

productivity of native breeds.

2.7. Biotechnological Innovations in Pig Reproduction

New biotechnology is changing how pigs are bred. This section looks at new techniques

and technologies that are changing how pigs are bred.
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2.7.1 Artificial Insemination (Al)

Artificial insemination (AI) has become a very important technology in pig breeding,
especially for maximizing productivity and increasing reproductive efficiency[27, 28]. Al
involves artificially injecting sperm into the reproductive tract of female pigs[29], and it
has increased the productivity of pig farming worldwide. In Western Europe, over 90% of
sows have been bred via Al in the last 20 years, demonstrating the efficacy of the

technology[27].

The success of artificial insemination in pig breeding depends, among other things, on the
quality of the semen. Factors such as sperm movement, oxygen radicals, and free thiols
affect sperm quality, and it is very important to control them[27, 30]. In the realm of swine
breeding, pig breeders typically use semen preserved for 1-5 days at 15-20°C for
intrauterine insemination[27]. In addition, innovative methods can affect Al efficacy. For
example, exposing semen to red light have been introduced, contributing to increased
farrowing rates and overall reproductive success[31]. However, these improvements can be

lost if post-artificial insemination management is not done properly[31].

A closer examination of Al's advantages :

Al plays a large role in the genetic improvement of pig breeds. Through artificial
insemination, breeders can inject elite genes into pig individuals to improve growth
patterns and disease resistance[32-36]. This genetic enhancement allows for faster
dissemination of breeds with superior genetic traits, which leads to improvements in
productivity metrics such as fertility and longevity[28]. The application of Al, especially in
native pig breeds, has been shown to increase litter size and live births, demonstrating the

effectiveness of the technology[28, 35].

Al also contributes to reducing the risk of disease transmission that can occur with
traditional breeding methods. While natural breeding can carry risks associated with the

transmission of sexually transmitted diseases, Al can effectively prevent these risks[31]. At
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the same time, the selective breeding process also helps to protect genetic diversity by
introducing new genetics. This is an important means of maintaining and improving the

gene pool of pig breeds that live in a particular region[2, 3, 34].

Economic efficiency is also one of the great benefits of Al. For small-scale pig farmers, Al
reduces costs by eliminating the need to keep breeding boars, and it also reduces the
potential for disease transmission[28]. The economic benefits are significant because the
cost of semen, Al catheters, transportation, etc. required for Al is lower than natural
breeding[37]. It has been observed that net profit per farrowing is higher with Al than with
traditional breeding, especially for farmers who struggle with traditional breeding

methods[28].

However, there are still some obstacles to Al adoption.

While Al technology has been seamlessly integrated in some regions, adoption has been
slow in others due to lack of awareness or lack of infrastructure[38]. Furthermore, Al is a
complex process that requires semen management, timely introduction, and technical
proficiency, so if these factors are not in place, it may not yield the expected benefits [31].
There is also the possibility that selective breeding through Al may actually reduce genetic
diversity, especially if the number of pigs with superior genes is limited. Furthermore,
there are technical barriers, as Al requires a range of technical proficiencies, from semen

management to insemination techniques, to be successfully practiced[28, 39, 40].

In addition, the semen procurement, equipment, and technical expertise required for Al can
be a barrier to widespread adoption in poorer countries. These cost and accessibility issues

are major barriers to widespread adoption of Al technology.

In conclusion, Al has great potential in pig breeding, especially in indigenous pig breeds.
Al can play an important role in genetic improvement, increased productivity, and disease

prevention, and it can also provide economic benefits for small-scale pig farmers. However,
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proper awareness, technical expertise, and strategic implementation are essential to realize

the full potential of this technology.

2.7.2 Embryo Transfer Techniques and its Applications

Embryo transfer is a useful method for improving the reproductive success of native pig

breeds. It can also help to protect their genetic resources. There have been many studies on

how embryo transfer can help these native pigs and on its potential applications.

It is essential to consider a number of steps and factors for embryo transfer methods for the

reproductive management of native pig breeds. The following guidelines may be

considered a foundational reference :

1.

Donor and Recipient Animal Selection: Choose for healthy donors and recipients
from the target indigenous pig breed, considering elements like age, past

reproductive experiences, and genetic merit.

Estrus Synchronization: This means matching the donor and recipient estrus cycles
to optimize the embryo transfer timeline. This can be done with hormonal

interventions or organic practices like boar interaction or pheromone exposure[41].

Donor Superovulation: Implement hormonal therapies for donors to encourage
multiple follicle growth and maturation so that embryo availability for transfer will

be increased[41].

Embryo Collection: It is possible to obtain embryos via either surgical or non-
surgical means. Surgical methods include laparotomy or laparoscopy, while
transvaginal ultrasound-guided follicular aspiration represents a non-surgical

approach[41].

16



10.

Embryo Assessment: Evaluate the collected embryos for quality. Grade them on

attributes like cell count, form, and growth stage, picking the top-grade embryos for

transfer[24].

Recipient Preparation: The first step is to prepare the recipient pigs. It would be
advisable to prepare sufficient pigs before transferring embryos. It is also important
to ensure that the reproductive stage of the recipient pig is synchronized with that
of the donor. The degree of synchronization of the donor pig's embryo and the
recipient pig's estrous cycle has a significant impact on pregnancy and birth
outcomes[42]. Therefore, to improve the efficiency of embryo transfer, proper
ovulatory status must be analyzed[42], which can be achieved through hormonal

treatment or the application of natural techniques[41].

Embryo Implantation: The selected embryos should then be introduced into the
reproductive system of the recipients, who have been previously prepared and
harmonized. The method used, whether surgical or not, is dependent upon the

available technique and the skillset of the practitioner[41].

Pregnancy Tracking: It is recommended that recipients be monitored for indications
of pregnancy. We use methods such as ultrasound scans or hormone tests on a
regular basis. It is important to confirm and keep a record of successful

pregnancies[41].

Post-Transfer Care: Give pregnant recipients the care covering adequate diet,
shelter, and veterinary attention. they need it to have a healthy pregnancy and

outcome[41].

Post-Procedure Review: It is important to monitor the progeny that are born as a
result of the embryo transfer in order to assess their growth, health and reproductive
abilities. The efficacy of the procedure should be evaluated in terms of its ability to

meet the desired breeding and genetic improvement objectives[41].
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It is important to recognize that the exact method of embryo transfer may vary depending
on a number of factors, and that there is no one single method that can be applied in all
cases. It is possible that a number of factors may influence the choice of method, including
the breed of pig in question, the availability of resources and the expertise of the

practitioners involved.

Embryo transfer helps to manage the reproduction of native pig breeds. There are many
advantages to using embryo transfer technology for the breeding management of native
swine breeds. Firstly, embryo transfer facilitates the introduction of new genetic material
into the herd while reducing disease risk and reducing transport costs[43]. In addition,
managing the reproduction of native pigs in this way avoids potential health and welfare

problems associated with the transport of live pigs[43].

Another advantage of embryo transfer that can be cited as an example is that it helps
conserve and protect the genetic resources of native pigs. It may be helpful to consider the
potential benefits of maintaining and conserving the distinctive genetic traits and
adaptations that are characteristic of indigenous pig breeds. It may be the case that these
traits could potentially serve as a valuable resource for future breeding strategies and

research[24, 44, 45].

However, Embryo transfer techniques can be challenging to use in the breeding of

indigenous pig breeds.

Embryos often die before or after they are implanted[46]. It may be the case that the
mother's immune system does not accept them[46]. To address this challenge, deeper

insights into the immune responses between embryos and recipient animals are essential.

Another issue is that how many follicles there are and how big they are when the
superovulation process begins[41]. The quality and number of embryos could be affected
by these follicles, which might differ across individuals and breeds[41], and affect the

efficiency and success rate of embryo transfer.
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Historically, problems with surgical techniques for gathering and transferring embryos
with storing embryos problem, which occurred during embryo cryopreservation, made it
difficult to do embryo transfer in pigs[46]. However, New methods for non-invasive
embryo transfer and better ways to freeze embryos show that this can be used more in the

swine industry[46].

Embryo transfer technology has become a valuable tool in the breeding management of
indigenous pig breeds. It facilitates the introduction of new genetic material, conservation
of genetic resources, and gene editing capabilities and allows efficient breeding even in
closed colonies. Although there are many advantages to this technique, problems such as
high embryo mortality and dependence on follicle conditions still remain; however,
advances in non-surgical embryo transfer techniques have addressed some of the previous
constraints associated with surgery and cryopreservation. Overall, efforts to preserve and
enhance the genetic diversity of pigs are being strengthened by utilizing these technologies

in the breeding of Indigenous pig breeds.

2.7.3 Molecular Approaches in Enhancing Reproductive Traits

Molecular biotechnology has helped us understand pig genetics and identify genes linked
to reproduction. A key area is studying pig genetics. Different types of genes must be

conserved to maintain population health and improve reproductive performance.

In particular, mitochondrial DNA analysis has been utilized to assess the genetic diversity
of pig breeds; this has led to the identification of useful genetic markers, and a study by
Budakva et al[47] revealed the importance of specific haplotypes in maternal breeding and
hybrid pig strains. These studies provide a foundation that can play an important role in the

improvement and breeding process of pig breeds.

In addition, another approach to molecular biotechnology in pig breeding is genomic

selection. This is an innovative technique to evaluate the breeding value of animals through
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DNA analysis, which is effective in identifying good genes and selecting animals with
desired traits[48]. Zak et al.[49], emphasized that genomic selection has the potential to

transform pig breeding.

Molecular biotechnology has also contributed to the identification of several genes and
markers associated with reproductive traits in pigs. Tang et al.[50] found that several key
genes, such as ESR, FSHB, RBP4, PRLR, MTNR1A, OPN, BMP family, and GDF9, can
have a significant impact on the reproductive performance of pigs. These genes have the

potential to be utilized to improve pig fertility during the breeding process.

In addition, molecular biotechnology is also contributing to understanding the genetic basis
of complex traits in pigs. Traits such as litter size and gestation length are influenced by
multiple genes and environmental interactions. Through genome-wide association studies
(GWAS)[51]. For instance, Hidalgo et al.[51] found that certain SNPs are associated with
gestation length; these findings provide important information for improving reproductive

performance.

Finally, molecular biotechnology has also contributed to unravelling the impact of
physiological and environmental factors in pig breeds on reproductive efficiency. Daryin et
al.[52] found that rearing period and nutrition have a significant impact on the reproductive
performance of industrial breeding sows, which can be used as a basis for improving

breeding management practices and achieving better results.

In conclusion, molecular biotechnology is providing new approaches to pig breeding
management, understanding genetic diversity and enabling gene identification. These

advances will play an important role in making pig breeding more efficient and sustainable.

2.8. Latest Trends in Biotechnological Applications

Biotechnology has recently shown significant potential in the management of livestock
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reproduction, particularly in the management of indigenous pig breeds. Various
biotechnological approaches play an important role in improving breeding efficiency and

maintaining genetic diversity, which in turn leads to improved agricultural productivity.

Firstly, reproductive biotechnology to improve the reproductive efficiency of indigenous
pig breeds is becoming increasingly important. Techniques such as artificial insemination,
estrus synchronization, in vitro embryo generation and transfer, etc. are widely used in pig
breeding management and ensure higher breeding success rates compared to traditional
methods. These techniques are particularly effective in indigenous breeds with low fertility.
For example, the Agu pig breed from Okinawa, Japan, is typically characterized by a litter
size of four to five piglets at a time[24]. Improving the fertility of indigenous breeds such

as these is essential for their conservation and sustainable use.

In addition, the development of genetic analysis technologies has been an important
advance in pig breeding management. Modern genetic analysis tools, such as microsatellite
markers and SNP chips, are used to assess genetic diversity within pig breeds and to
formulate crossbreeding strategies based on this. These technologies provide important

data for maintaining genetic diversity and maximizing breeding performance[53-56].

In addition, recent studies in China are investigating ways to improve productivity through
crossbreeding of indigenous pigs with Western breeds. By crossbreeding Chenghua pigs
with Berkshire pigs, hybrids showed better growth indices and body composition than
purebred Chenghua pigs[36], suggesting that crossbreeding can contribute to improved
productivity. Research is also underway to investigate coat color genes in hybrids to

improve productivity and conformation traits in native pigs.

In addition, modern biotechnology, such as in vitro embryo generation, is very useful for
the conservation of indigenous pig breeds. In Japan, the technique of in vitro embryo
generation and piglet birth has been successfully applied to the Agu breed[24].
Technologies such as these are attracting attention as a new way to conserve and enhance
the fertility of indigenous pigs.
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However, many challenges remain before biotechnology can be widely applied in
agriculture. For example, there is a knowledge gap about reproductive biotechnology
among traditional farmers. Studies in Zambia and Laos have shown that many farmers are
unfamiliar with technologies such as artificial insemination and estrus synchronization, and
that awareness varies by gender, education and financial status[35, 38]. There is a need for
education and outreach to address these knowledge gaps and make the latest biotechnology

more widely available.

In conclusion, advances in biotechnology play an important role in current trends in pig
breeding management, with a range of technologies being developed, particularly for the
conservation and improvement of indigenous breeds. Breeding strategies, genetic analysis,
in vitro embryo generation, etc. are becoming key to the bright future of pig breeding,

which will enable sustainable agricultural development.

2.9. Potential Socioeconomic Impacts of Biotechnological Interventions

Advances in biotechnology can bring about important changes in the breeding strategies of
native pig breeds, which can have significant socioeconomic impacts not only on
smallholder farmers but also on communities at large. Improving breeding performance
and productivity through these technologies can increase economic benefits for

smallholder farmers and contribute to the conservation of genetic diversity.

Currently, indigenous pig breeds have a low number of piglets per sow due to limited
reproductive performance, which is one of the causes of low productivity and economic
hardship for farmers[35]. In addition, inefficient husbandry practices increase piglet
mortality, which hinders the successful breeding of these breeds[35]. However,
biotechnology can be used to improve sow fertility and increase piglet survival, which can

significantly improve farmers' productivity and profits.
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Although artificial selection has played an important role in the process of pig
domestication[57], the genetic characteristics of indigenous pig breeds have not yet been
fully elucidated, especially in China[33]. Biotechnology can help to explore these genetic

bases and, in turn, design effective breeding strategies aimed at improving productivity[57].

Crossbreeding techniques have gained attention as a strategy to simultaneously improve
fertility and productivity of native pig breeds[58]. For example, crossbreeding with foreign
breeds can improve the reproductive performance of indigenous breeds, which can
contribute to higher productivity indicators and economic efficiency[58]. Biotechnological
tools allow the breeding process to be more systematic and precise, which allows farmers

to produce better quality pigs[10].

The impact of biotechnology on farmers is not limited to economic benefits; it also plays
an important role in preserving the genetic assets of indigenous pig breeds and protecting
the cultural heritage of communities by maintaining the unique characteristics of these
breeds[59]. Indigenous pig breeds that have evolved for specific habitats have unique
characteristics that are well suited to their environment, and harnessing these
characteristics can contribute to building a sustainable livestock industry[59].
Biotechnology can facilitate the conservation and sustainable utilizations of these breeds to

strengthen the resilience and food security of local agriculture.

In conclusion, biotechnology can significantly improve the fertility and productivity of
indigenous pig breeds, and these changes can improve the economic status of smallholder
farmers, contribute to the conservation of genetic resources, and promote sustainable
agriculture. However, to maximize the effectiveness of these technologies, a tailored
approach that takes into account the characteristics of local communities is needed, and the

active participation of farmers is essential.
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2.10. Concerns Regarding Biotechnological Interventions in Native Pig Breeds

The introduction of biotechnology into native pig breeds raises a number of concerns. One
of the biggest concerns is that these technologies could erode the unique genetic
characteristics of native pigs. Native pig breeds have long been adapted to specific
environments and have developed unique genetic traits, which are of great ecological and
economic value[6]. However, the introduction of biotechnology to boost productivity and
growth through hybridization with commercial breeds risks damaging these unique traits.
For example, the hybrid breeds Sujiang and Sushan were developed for commercial
purposes, but this has resulted in the dilution of the genetic uniqueness of native pigs[60].

This widening of genetic differences risks the loss of important genetic variation.

There is also concern about the potential impact of biotechnology on local ecosystems.
Native pig breeds play an important role in local ecosystems, particularly in their foraging
patterns and interactions with other species[6]. However, modifying their genetic makeup
through biotechnology could disrupt these ecological relationships, which could lead to

unforeseen ecological changes.

In addition to this, the potential for genetic contamination is also worrying. Native pig
breeds possess important genetic traits, such as adaptability to specific environments or
resilience to disease[6], but the introduction of biotechnologies that support hybridization
with commercial pigs can dilute or even eliminate these traits[60]. This could lead to the
loss of the unique genetic assets of native pigs and threaten the sustainability of the breed

in the long term.

It can also negatively impact the cultural and economic value of native pig breeds. In many
regions, native pig breeds are closely associated with local cultures and play an important
economic role[6]. However, modifying their genetic makeup with biotechnology risks the
loss of cultural norms and traditions associated with these breeds. Furthermore, conversion
to commercial breeds could threaten traditional pig farming practices and undermine the
stability of local economies.
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To address these concerns, the application of biotechnology to native pig breeds requires a
careful and comprehensive approach. Conservation efforts should focus on protecting
genetic diversity while maintaining the unique characteristics of native breeds. To this end,
it is important to establish genetic repositories, promote sustainable breeding practices, and
enforce strict regulations to prevent genetic mixing[61]. In addition, policies should be put
in place to include local people and relevant stakeholders in the decision-making process to

protect their cultural and economic interests[6].

2.11. Prospective Pathways and Suggestions

The integration of biotechnology into the breeding management of indigenous pig breeds
needs to be approached systematically, taking into account genetic diversity, traditional

farming practices, and the transformative potential of biotechnology.

Firstly, the genetic characteristics of native pigs provide the basis for the application of
reproductive biotechnology. For example, China's native pig breeds have a unique genetic
background and are of high conservation value, which serves as a research model that can
be applied to breeds in other regions[62]. Genomic studies, especially in Zhejiang province,
have contributed to a deep understanding of the breeds' genetic characteristics, which can
be used to design breeding and conservation strategies[56]. These genomic analyses
provide essential data for the conservation and breeding of native breeds and will be of

great benefit to future reproductive biotechnology research[63].

Reproductive biotechnology can play an important role in increasing the reproductive
efficiency of native pigs. Techniques such as artificial insemination, embryo preservation,
and in vitro fertilization can be used to increase breeding success while maintaining
genetic diversity. For example, the Agu breed in Okinawa has been preserved using in
vitro fertilization, and this technique is considered an important tool that can be applied to
other native pig breeds[24]. Adopting these techniques can help prevent genetic dilution
and address crises such as population decline.
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The role of traditional farmers is also an important factor. Studies have shown that
traditional farmers place a high value on traits such as disease resilience and adaptability to
specific environments in native pigs[38]. However, awareness of biotechnology is still low,
and to address this, education and supporting programs are needed to inform farmers of the
benefits of the technology and make it easier for them to adopt new breeding
techniques.[38]. By doing so, the sustainability of native pig breeds can be strengthened

with the co-operation of farmers.

Finally, analyzing genetic markers and phenotypic traits to reveal unique genetic
characteristics is another use of biotechnology. For example, certain genes found in native
Chinese breeds are associated with reproductive traits, coat color, body shape, etc., and this
genetic information can be used to develop more precise breeding plans[33]. Recognizing
these genetic hallmarks aligned with phenotypic features can spotlight genes adapting to
unique settings[14]. These genetic analyses can also be linked to traits with high

commercial value, which can generate economic benefits[64].

In conclusion, the integration of biotechnology in the breeding management of native pig
breeds can play an important role in maintaining the genetic diversity of the breed,
improving breeding success, and ensuring sustainability through collaboration with farmers.
Utilizing reproductive biotechnology and genomics-based insights can increase the
productivity and adaptability of native pigs while preserving their unique traits, thereby

promoting the sustainable development of native breeds.

3. Conclusion

Indigenous pig breeds play an important role in agricultural and cultural traditions
worldwide. These breeds have unique genetic characteristics that allow them to adapt to
diverse environmental conditions and produce high-quality meat that is crucial to local

economies and cultural identities.
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However, indigenous pig breeds face serious breeding challenges that threaten their
sustainability and efficiency. Compared to foreign commercial breeds, native pigs tend to
be less fertile, have smaller litters and grow more slowly. In addition, modern farming
practices, characterized by the prevalence of commercial breeds, can pose a threat to these
native breeds, as farmers often favor more profitable commercial options, which can lead

to the loss of the unique characteristics of native pigs.

Traditional breeding methods have advantages and disadvantages. On the one hand, they
can help to maintain genetic purity. On the other hand, they can lead to problems such as
genetic dilution and the risk of inbreeding. In this context, biotechnology offers innovative
solutions to overcome the reproductive challenges and improve the fertility of native pig
breeds. The main biotechnological approaches include artificial insemination, embryo

transfer and genomic technologies.

Artificial insemination allows for the introduction of better genes into native breeds
without the risk of disease transmission or transportation costs. Embryo transfer allows for
the conservation and use of genetic resources without relying on native female animals,
and genomics allows for a better understanding of the genetic makeup of native breeds,

which can lead to stronger and more resilient populations.

These biotechnologies can significantly improve breeding management of native pig
breeds. By improving the performance of these breeds, we can build safer and more
reliable farms and food systems, and reduce operating costs and risks associated with
conventional breeding methods. This can ultimately increase the profitability of products

from native pigs while preserving genetic diversity and cultural heritage.

However, the use of biotechnology also raises important questions. It can inadvertently
obscure genetic uniqueness, interfere with cultural practices, and spark ethical debates
about the costs of new technologies. Mixing native and foreign varieties can blur the

unique genetic profile of native varieties, undermining their value and adaptability. Genetic
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modifications can also disrupt existing ecosystems, with unpredictable ecological

consequences.

It is also important to take into account the knowledge and livelihoods of local farmers to
ensure that important aspects of their cultural practices and livelihoods are not overlooked.
Failure to do so could inadvertently lead to the undermining of their traditions, social

conflict or regulatory intervention.

The protection and development of native pig breeds requires a comprehensive strategy
that reconciles tradition and innovation. To do this, we need to find ways to preserve
genetic material while developing new breeding techniques. Biotechnology offers great

opportunities, but we must also keep sight of the risks involved.

Cooperation with farmers is crucial. We need to help farmers understand the advantages
and disadvantages of these technologies so that they can choose the best solution for their
situation. It is also important to support projects for the conservation of native genetic
resources of pigs, such as the establishment of gene banks. All breeding initiatives must be
in line with the cultural values associated with these breeds, and collaboration with local

communities is essential to the success of these efforts.

Research into the genomes of native pigs will provide insights into their genetic
characteristics and enable the development of more efficient breeding techniques. The
remarkable adaptability of native pigs to their environment has led to a diversity of genetic
traits that illustrate the potential benefits of advanced breeding techniques. Modern
methods such as germplasm conservation and embryo technology can be used to improve

the reproductive performance of native pigs.

Achieving these goals will require close collaboration between researchers, communities,
policymakers, and industry stakeholders. It is important to allocate resources efficiently

and ensure that biotechnological solutions are scientifically sound and culturally sensitive.

28



Establishing oversight boards can help ensure that biotechnology upholds animal welfare
standards and respects the rights and values of indigenous communities. It is important to
adapt biotechnological solutions to the specific needs of each region, taking into account

ecological and cultural differences.

Involving farmers and other stakeholders to get feedback will help you refine your strategy
and improve outcomes over time. Conducting thorough risk assessments before embarking
on major projects is essential to managing unforeseen challenges, and developing
economic models can shed light on the long-term viability and profitability of

biotechnological solutions.

Finally, it is important to raise public awareness of the importance of preserving native
pigs. Educational campaigns can help to effectively spread this message. As the field of
biotechnology develops rapidly, regular training and workshops are necessary to ensure
that all parties are informed and can adapt to changing circumstances. By striving to
integrate traditional and modern approaches, we can create a sustainable future for native
pig breeds that benefits both local communities and the agricultural environment as a

whole.
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Appendix 3. Schwibisch-Héillisches. The native pig breed in Germany.
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Appendix 6. Jeju black. The native pig breed in South Korea

Appendix 7. Moo Lat. The native pig breed in Laos
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