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Abstract This study reviews the latest progress in research on the genetic basis of porcine disease resistance based on GWAS. This
study first introduces the importance and challenges of porcine disease resistance to the breeding industry, as well as the history and
current status of research on porcine disease resistance; Then elaborates on the role and advantages of GWAS technology in research
on the genetic basis of disease resistance, including its characteristics of high-throughput, high-resolution and comprehensive
detection of genetic variation; Furthermore, it focuses on the important results achieved by GWAS-based research in discovering
genetic variations related to porcine disease resistance, and the impact of these variations on disease resistance. Potential influencing
mechanisms of sex. This study also explores the limitations of GWAS in porcine disease resistance research, and looks at the
direction and potential contributions of future research, with a view to providing more effective strategies and means for pig health
management and the sustainable development of the breeding industry.
Keywords Porcine disease resistance; GWAS; Genetic basis; Genetic variation; Breeding industry

The importance of porcine disease resistance is self-evident, as it directly affects the stable development of the
breeding industry. Pigs are one of the most important domestic animals for humans. They not only provide
humans with abundant meat food, but are also an important model for experimental animals and biomedical
research (Reiner, 2009). However, disease problems in pigs have always been an important problem plaguing the
breeding industry. Diseases not only lead to reduced breeding efficiency, but also adversely affect animal welfare
and the environment, and even pose a potential threat to human health. Over the past few decades, the livestock
industry has been grappling with the challenge of disease by controlling the spread of disease through improved
farming management, vaccinations and drug treatments. However, with the continuous expansion of breeding
scale and increasing environmental pressure, disease problems are still very prominent. Therefore, studying
porcine disease resistance has become one of the important issues facing the current breeding industry (Yang,
2004).

Past research has yielded some important discoveries about disease resistance in pigs, but its genetic basis is
relatively poorly understood. In recent years, the rapid development of genomics technology has provided new
opportunities for research on porcine disease resistance. Among them, research strategies based on genome -wide
association study (GWAS) have attracted particular attention. As a high-throughput genetic analysis method,
GWAS can simultaneously detect thousands of single nucleotide polymorphisms (SNPs) across the entire genome,
thereby revealing the association between genotype and phenotype.

In the study of swine disease resistance, GWAS can be used to discover genetic variations related to disease
resistance, thereby helping people to deeply understand the genetic basis of disease resistance (Niu et al., 2023).
Compared with traditional genetic analysis methods, GWAS has higher resolution and wider coverage, and can
discover genetic variants that have a small but statistically significant impact on disease resistance. GWAS can
also provide more in-depth bioinformatics analysis, helping researchers understand the impact of these genetic
variations on gene function and their mechanisms of action in disease resistance.

This study aims to review and summarize the latest progress in GWAS-based research on the genetic basis of
disease resistance in pigs, explore the application advantages and limitations of GWAS in revealing the genetic
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basis of disease resistance, and look forward to the direction and potential contributions of future research. By
in-depth understanding of the genetic basis of disease resistance, this study can provide more effective strategies
and means for pig health management and sustainable development of the breeding industry.

1 Genetic Basis of Pig Diseases
1.1 Diseases affecting pig health
Pigs are one of the most important agricultural livestock in the world and are widely raised for meat production.
However, their health status is threatened by various diseases, which seriously affect the growth and development,
production efficiency and stable development of the breeding industry of pigs. Among these diseases, swine fever,
foot-and-mouth disease, porcine reproductive and respiratory syndrome virus (PRRSV), swine influenza, etc. are
the most serious and common (Carr et al., 2018).

Swine fever is a highly contagious disease caused by swine fever virus and is mainly spread through contact
infection or respiratory tract. After swine fever virus infection, the infection rate within the pig herd is extremely
high, and the mortality rate is high, causing serious economic losses to the pig industry. Foot-and-mouth disease is
also a highly contagious disease caused by the foot-and-mouth disease virus. It is characterized by causing
foot-and-mouth disease lesions in pigs, including oral and hoof ulcers, which seriously affects the pigs' ability to
eat and move, and even leads to large-scale deaths of pig herds. Porcine reproductive and respiratory syndrome
virus (PRRSV) is a viral disease that seriously affects pig production performance and disease resistance (Figure
1). The virus mainly infects the immune system and respiratory system of pigs, causing frequent abortions,
reduced sow productivity, pneumonia and other symptoms within the pig herd, seriously affecting the sustainable
development of the pig industry. Swine flu is an acute respiratory infectious disease caused by influenza A virus
infection. Its symptoms include high fever, difficulty breathing, cough, etc. Swine influenza not only affects the
growth and development of pigs, but may also cause large-scale infections within pig herds, causing serious
economic losses to the pig industry.

Figure 1 Influencing factors and consequences of PRRSV co-infection (Zhao et al., 2021)

The health of pigs is threatened by various diseases such as swine fever, foot-and-mouth disease, PRRSV, and
swine flu. These diseases not only cause large-scale deaths and economic losses within the pig herd, but also
seriously affect the stable development of the pig industry. Therefore, studying the genetic basis of disease
resistance in pigs is crucial to improving pig health and the development of the breeding industry.

1.2 Overview of the genetic basis of disease resistance in pigs
Disease resistance in pigs is a complex genetic trait affected by multiple genes. These genes can affect the pig's
immune system function, pathogen recognition and clearance capabilities, etc., thus determining the pig's
infection and resistance levels to different diseases. Under the influence of genetic factors, disease resistance
shows obvious differences between different strains and individuals, which reflects the importance of genetic
background on disease resistance.
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Studies have shown that immune-related genes are one of the important regulators of porcine disease resistance.
For example, major histocompatibility complex (MHC) class genes play a key role in the immune response, and
the proteins they encode are involved in the process of antigen presentation and recognition, thus affecting the
pig's resistance to pathogens (Radwan et al., 2020). Pathogen receptor gene families, such as Toll-like receptor
(TLR) family genes, also play an important role in disease resistance. The receptors encoded by these genes can
recognize the specific molecular structure of pathogens and initiate corresponding immune responses, thus playing
an important role in regulating porcine disease resistance. In addition to immune-related genes, some other genes
have also been found to be closely related to disease resistance in pigs. For example, variations in some genes that
regulate apoptosis (programmed cell death) and genes that regulate inflammatory responses may affect pigs'
ability to clear pathogens, thereby affecting their disease resistance. The study also found that genes related to
antioxidant capacity, cell signaling, etc. are also related to porcine disease resistance.

The genetic basis of porcine disease resistance is a complex system of multi-gene regulation. Interactions and
polymorphisms between different genes lead to the existence of rich disease resistance phenotypes in pig herds.
In-depth study of the genetic basis of pigs and the discovery of key genes and genetic variations related to disease
resistance are of great significance for the selection of pig breeds with strong disease resistance and excellent
production performance.

1.3 The mechanism of influence of genetic variation on disease resistance
SNPs present in the genome that determine an individual's level of infection and resistance to a specific disease.
Studies have shown that porcine disease resistance is related to genetic variations in multiple genes involved in
the regulation of the immune system, pathogen recognition and clearance, etc. By analyzing genetic variation in
pigs, key genes and SNPs related to disease resistance can be discovered, providing important information for the
selection of disease-resistant pig breeds.

Studies have shown that immune-related genes (such as MHC genes), pathogen receptor genes (such as TLR
family genes), and cytokine and chemokine genes play an important role in disease resistance in pigs. Different
alleles or SNPs of these genes will affect the pig's ability to recognize and eliminate pathogens, thereby affecting
its disease resistance. The study also found that some genes related to apoptosis, inflammatory response, etc. are
also closely related to porcine disease resistance.

Porcine disease resistance is regulated by complex genetic factors, among which genetic variation plays a key role
in the formation of individual disease resistance. In-depth study of the genetic basis of pigs is of great significance
for breeding pig breeds with high disease resistance and improving breeding efficiency.

2 Application of GWAS in Porcine Disease Resistance Research
2.1 Basic principles and methods of GWAS
GWAS (Genome-wide association analysis) is a powerful method designed to unravel the correlation between
genetic variation and complex traits. The basic principle is to discover genetic variations related to target traits by
comparing genotypic differences between individuals with specific traits and normal control individuals in
large-scale samples (Cano-Gamez and Trynka, 2020). The GWAS method includes multiple key steps, including
sample recruitment, genotype determination, and data analysis.

Sample recruitment for GWAS is the first step in research, and a sufficient number and diversity of samples need
to be collected to ensure the reliability and representativeness of the results. These samples typically include
individuals with the target trait and normal control individuals to allow for comparative analysis. Genotype
determination is one of the key steps in GWAS (Buniello et al., 2019). Researchers used modern high-throughput
sequencing technology to conduct genome-wide analysis of the DNA in the samples to determine the SNP
distribution of each individual across the entire genome (Figure 2). These SNPs serve as markers of genetic
variation for subsequent association analysis. Data analysis is one of the core steps of GWAS. At this stage,
researchers conduct association analysis between the collected SNP data and the target traits to determine which
SNPs are significantly associated with the target traits. Usually, statistical methods such as linear regression or
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logistic regression are used to evaluate the degree of association between SNPs and traits and correct for other
potential influencing factors, such as race, gender, etc. By performing association analysis of SNPs across the
entire genome, researchers can identify genetic variants associated with target traits, thereby revealing their
underlying mechanisms in the occurrence and expression of the trait. These findings not only help to understand
the genetic basis of complex traits, but also provide important guidance for disease prevention, diagnosis and
treatment.

Figure 2 The GWAS results at genome significant level for FI of different parities using GBS data in pigs (Wu et al., 2019)
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As a high-throughput genetic analysis method, GWAS has important application prospects in revealing the
correlation between genetic variation and complex traits. Through the step-by-step steps of sample recruitment,
genotyping, and data analysis, GWAS provides researchers with a powerful tool to study the genetic basis of
complex traits.

2.2 Application cases of GWAS in research on the genetic basis of disease resistance in pigs
In recent years, GWAS has been widely used in research on the genetic basis of porcine disease resistance,
providing new perspectives and methods for disease prevention and control and breeding and selection. Take
swine fever as an example. This is an acute infectious disease caused by swine fever virus, which poses a serious
threat to pig production. Through GWAS technology, researchers conducted genotype analysis on large-scale pig
herds and discovered some genetic variations related to swine fever resistance (Kumar et al., 2023). These variants
may be located in immune-related genes, such as those encoding specific immune cell surface receptors or
immune regulatory factors. Through these correlation studies, researchers can initially determine which genes are
associated with resistance in pigs. In addition to swine fever, GWAS has also played an important role in the study
of other important diseases such as Streptococcus suis arthritis. Streptococcal arthritis of suis is a disease caused
by Streptococcus bacteria that often causes arthritis and other serious health problems in pigs. Through GWAS
technology, researchers discovered some genes and SNPs related to pig resistance to streptococcal infection
(Figure 3). These genes may be closely related to the pig's immune system function or other related biological
processes, thereby affecting the pig's infection and resistance to streptococci. GWAS also plays an important role
in the study of diseases such as porcine circovirus (McKnite et al., 2014). Porcine circovirus is a virus that causes
infectious diarrhea in pigs, seriously affecting the growth and production performance of pigs. Through GWAS
analysis, the researchers discovered some genes and SNPs associated with pig resistance to viral infection. These
findings provide important theoretical basis for further revealing disease resistance mechanisms and breeding
selection.

Figure 3 Enlarged Manhattan plots of interest SNPs and related DEGs (Ma et al., 2018)

The application cases of GWAS in the study of the genetic basis of porcine disease resistance are rich and diverse,
providing researchers with important clues to deeply understand the genetic basis of porcine disease resistance.
These research results provide new ideas and strategies for future disease prevention and control and breeding and
selection.

2.3 Limitations and challenges of GWAS in identifying genetic genes for disease resistance in pigs
Although GWAS has achieved certain results in the study of porcine disease resistance genetic genes, there are
still some limitations and challenges. First, since GWAS is a correlational study, the associations found do not
represent causal relationships and require further functional studies to verify. Secondly, due to the relatively low
genetic diversity of pig populations, GWAS has certain limitations in identifying genes related to disease
resistance and may miss some important variations. The pathogenesis of pig diseases is complex and affected by
environmental factors, which also increases the difficulty of GWAS research.
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As a high-throughput genetic research method, GWAS has played an important role in the identification of
porcine disease resistance genetic genes, but its limitations and challenges also require in depth research and
solutions to better understand porcine disease resistance. genetic basis and provide more effective strategies and
methods for disease prevention and control and breeding and selection.

3 Identification and Functional Study of Porcine Disease Resistance Genetic Genes
3.1 Prominent disease resistance-related genes and SNPs
Studies have shown that porcine disease resistance is related to the complex interactions of multiple genes, among
which some genes and single nucleotide polymorphisms (SNPs) are particularly prominent (Geraci et al., 2019).
For example, studies on swine fever resistance have found that some specific alleles in the SLA class I and class II
gene families are closely related to disease resistance. Regarding resistance to Streptococcus suis infection, studies
have found that some SNPs in the Toll-like receptor (TLR) gene family are closely related to disease resistance.

The study also found that genes IGF2, PIGF, SLA, CD163, etc. are also considered to be key factors in resistance
to heat and respiratory diseases in pigs. The identification of these genes and SNPs provides important clues for
further research on the molecular mechanisms of disease resistance.

3.2 Gene functions and their mechanisms in disease resistance
For prominent disease resistance-related genes and SNPs, researchers are in-depth exploration of their exact
mechanisms of action in disease resistance. Through bioinformatics, molecular biology and other technical means,
scientists have gradually revealed the functions of these genes in immune regulation, pathogen recognition,
inflammatory response and other aspects.

For example, for the SLA gene, studies have found that the molecule it encodes plays an important role in
pathogen recognition and antigen presentation. The TLR gene family is involved in the immune signaling process
after pathogen recognition. These functional studies will help people gain a deeper understanding of the molecular
mechanisms of porcine disease resistance and provide a theoretical basis for breeding disease-resistant pigs.

3.3 Application of gene editing and other technologies in the study of disease resistance gene functions
With the development of gene editing technologies, such as the widespread application of tools such as
CRISPR/Cas9, researchers have begun to explore the application of these technologies in the functional study of
disease resistance genes. By targeting specific gene edits or modifications, scientists can simulate the effects of
different genotypes and gain a clearer understanding of the gene's role in disease resistance.

The application of gene editing technology can not only verify candidate genes previously discovered in GWAS
and other studies, but also enable in-depth exploration of the specific functions of these genes in disease resistance.
Gene editing also provides new methods and ideas for disease resistance breeding, such as improving pig
resistance to specific pathogens through precise gene editing.

The identification and functional study of disease resistance-related genes provide important scientific support for
researchers to deeply understand the immune mechanism of pigs, improve the disease resistance of pigs, and
breed disease-resistant pigs. In the future, with the continuous development of technology and in-depth research,
people are expected to make better use of gene editing and other technologies to solve challenges in the field of
porcine disease resistance and make greater contributions to the sustainable development of the breeding industry.

4 Application Prospects of GWAS Research in Improving Porcine Disease Resistance
4.1 The importance and achievements of GWAS in research on the genetic basis of disease resistance in pigs
GWAS (Genome-wide association analysis), as a high-throughput genome analysis method, has shown great
potential in the study of disease resistance in pigs. Through GWAS, researchers are able to comprehensively
assess genetic variation in large-scale pig populations and identify genotypes and single nucleotide
polymorphisms (SNPs) associated with specific disease resistance. This approach has led to a number of
important achievements, most notably a deeper understanding of the genetic basis of disease resistance in pigs.
Through GWAS, scientists have identified multiple genes related to porcine disease resistance, providing a strong
theoretical basis for further disease control and genetic improvement (Korte and Farlow, 2013).
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4.2 The practical application prospects of GWAS research in improving porcine disease resistance
The practical application prospect of GWAS lies in the use of identified disease resistance genes for the selection
and improvement of pig populations. Through genetic marker-assisted selection (MAS) based on GWAS, the pig
breeding industry can more accurately select breeds with good disease resistance. GWAS also provides important
targets for gene editing and transgenic technologies, allowing researchers to directly adjust the genetic background
of pigs and enhance their disease resistance through genome editing and other means. These practical application
prospects will greatly promote the improvement of porcine disease resistance, increase breeding efficiency, and
reduce losses.

4.3 Possible future contributions of porcine disease resistance research
Although GWAS has achieved impressive results, porcine disease resistance research still faces a series of
challenges and unknowns. In the future, researchers need to delve deeper into the functional mechanisms of
disease resistance-related genes in order to better utilize these genes for selection and improvement. At the same
time, with the continuous development of technology, a new generation of genomics methods and tools will
continue to emerge, providing more possibilities for research on porcine disease resistance. Therefore, the possible
contribution of future research on porcine disease resistance is to deeply explore gene functions, continuously
innovate technological methods, and apply research results to actual breeding production, injecting new vitality
into the healthy development of the pig industry.

Through GWAS studies, researchers can better understand the genetic basis of porcine disease resistance, predict
and improve disease-resistant pig breeds, and provide technical support and theoretical guidance for the
sustainable development of the breeding industry.

5 Conclusion
The core focus of the research is to reveal the genetic basis of disease resistance in pigs through GWAS
technology. The application of GWAS in this field provides researchers with the opportunity to deeply understand
porcine disease resistance, thereby providing more effective disease management strategies for the breeding
industry (Bai et al., 2021). Through the analysis of large-scale genotypic and phenotypic data, this study can
identify candidate genes and SNPs related to disease resistance, and further study their functions and mechanisms
of action.

The value and significance of GWAS in studying porcine disease resistance cannot be ignored. GWAS can help
researchers understand the genetic basis of porcine disease resistance and reveal genetic differences between
different breeds or individuals, thereby providing a basis for selective breeding (Uemoto et al., 2021). GWAS can
discover new disease-resistant candidate genes and provide new targets and strategies for improving disease
resistance. GWAS can also help people understand the complexity and diversity of disease resistance and provide
guidance for further research.

In future research, people need to further improve GWAS technology and combine it with other bioinformatics
and functional genomics methods to deeply explore the genetic basis of disease resistance (Li and Ritchie, 2021).
At the same time, researchers also need to strengthen functional research on disease resistance-related genes,
reveal their specific mechanisms of action in disease prevention and control, and provide more effective means for
disease prevention and treatment.

The application of GWAS in porcine disease resistance research provides important tools and methods for people
to deeply understand the genetic basis of disease resistance. Through GWAS technology, researchers can discover
new disease-resistant genes and SNPs and reveal their mechanisms of action in disease resistance, thus making
greater contributions to pig health management and the sustainable development of the breeding industry. In
future studies, researchers will continue to deeply explore the potential of GWAS in disease resistance research,
and strengthen gene function research to provide more scientific and accurate solutions for disease prevention and
control.
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