
 Corresponding author: Shaymaa Naser Ridha 

Copyright © 2023 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

Investigating the genetic basis of disease resistance in animal populations 

Shaymaa Naser Ridha * 

Animal Science, Al-Mustafa Intermediate School for Boys, Al-Karkh Education Directorate, Ministry of Education, Baghdad, 
Iraq. 

World Journal of Advanced Research and Reviews, 2023, 18(01), 073–079 

Publication history: Received on 06 February 2023; revised on 31 March 2023; accepted on 03 April 2023 

Article DOI: https://doi.org/10.30574/wjarr.2023.18.1.0443 

Abstract 

Disease resistance is a critical trait that plays a crucial role in the survival and fitness of animal populations. 
Understanding the genetic basis of disease resistance is essential for managing and mitigating the impacts of disease 
outbreaks in both wild and captive animal populations. In this study, a review of existing literature was conducted to 
investigate the genetic basis of disease resistance in animal populations. The review focused on the major 
histocompatibility complex (MHC) and other genes involved in the immune response. The review found that the genetic 
basis of the immune response is determined by the animal's genetic makeup, with many different genes and pathways 
involved. The specific genes involved can vary between species and populations. However, common genes and pathways 
across different animal species indicate the existence of common mechanisms underlying disease resistance. The study 
identified several genes and pathways associated with disease resistance, including those involved in the production of 
immune cells, cytokines, and antimicrobial peptides. Additionally, the review highlighted the role of the MHC in shaping 
the immune response and disease resistance in animal populations. Furthermore, the review identified several gaps in 
our understanding of the genetic basis of disease resistance in animal populations. There is a need for more research 
on the genetic basis of disease resistance in many wild animal species, as well as more research on the interactions 
between genetic and environmental factors in shaping disease resistance.  
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1. Introduction

The ability of animals to resist infection and disease is a critical component of their fitness and survival. This ability is 
largely determined by the genetic makeup of the individual, which can have significant implications for the dynamics 
and evolution of animal populations (1). Therefore, understanding the genetic basis of disease resistance in animal 
populations is an essential area of research that can inform disease management and conservation efforts. 

In recent years, there has been a growing body of research aimed at identifying the genetic factors associated with 
disease resistance in animals. This research has been driven by the need to develop effective strategies to mitigate the 
impact of diseases on wildlife populations and on domesticated animals. The genetic factors that contribute to disease 
resistance in animals can be broadly classified into two categories: those that are related to the immune system and 
those that are related to other physiological processes, such as metabolism or stress response (2). 

The immune system is the primary defense mechanism of animals against infections and diseases. It is a complex 
network of cells, tissues, and organs that work together to identify and eliminate pathogens. The genetic basis of the 
immune system has been extensively studied, and several genes have been identified that are associated with increased 
disease resistance in animals (3). For example, the major histocompatibility complex (MHC) genes are a group of genes 
that play a crucial role in the immune system by encoding proteins that are involved in recognizing and presenting 
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antigens to immune cells. Variation in MHC genes has been shown to be associated with differences in disease 
susceptibility in many animal species (4). 

In addition to the immune system, other physiological processes can also influence disease resistance in animals. For 
example, metabolic processes play an important role in regulating the availability of energy and nutrients that are 
necessary for the immune system to function properly (5). Genetic variation in genes related to metabolism can 
therefore have indirect effects on disease resistance by affecting the availability of resources necessary for the immune 
system to function effectively. 

The present study aims to review the existing literature on the genetic basis of disease resistance in animal populations. 
Specifically, the study will examine the genetic factors associated with disease resistance in animals and identify gaps 
in the understanding of this complex phenomenon. The review will focus on previous research that has investigated the 
genetic basis of disease resistance in various animal species, including both wild and domesticated animals. 

To achieve these objectives, a comprehensive literature search will be conducted using electronic databases such as 
PubMed, Web of Science, and Scopus. The inclusion criteria for studies will be based on their relevance to the topic, 
study design, and publication date. The exclusion criteria will be based on the quality of the study and its methodology. 
The results of the review will be presented and discussed, highlighting the genetic factors that have been associated 
with disease resistance in animals. 

Overall, the present study aims to contribute to the understanding of the genetic basis of disease resistance in animal 
populations. The findings of this study will have important implications for the development of disease management 
and conservation strategies, as well as for future research in this area. By identifying the genetic factors associated with 
disease resistance in animals, we can gain a better understanding of the complex interactions between animals and their 
environment, and ultimately help to ensure the long-term survival of animal populations. 

2. Importance of Disease Resistance in Animal Populations 

Disease resistance is a crucial factor in the survival and reproductive success of individuals within animal populations. 
The ability of an animal to resist infections and diseases is influenced by a complex interplay between genetic factors, 
environmental conditions, and the animal's immune system. For example, variation in an animal's genetic makeup can 
affect the functioning of the immune system, influencing its ability to recognize and respond to pathogens. 
Environmental factors such as stress, diet, and exposure to pathogens can also have a significant impact on an animal's 
disease resistance (6). 

The importance of disease resistance extends beyond the survival and reproductive success of individual animals, and 
can have significant impacts on the dynamics of animal populations. Disease outbreaks can have particularly devastating 
effects on social animals such as primates, where the loss of a single individual can disrupt the social structure of the 
group, leading to reduced reproductive success and increased mortality (7). In wild populations, disease outbreaks can 
also have significant ecological impacts, affecting population size, population structure, and the dynamics of species 
interactions. For example, disease outbreaks can alter the interactions between predators and prey, and can also affect 
the composition and functioning of ecosystems (8). 

The study of disease resistance in animal populations has important theoretical and practical implications. On a 
theoretical level, understanding the genetic basis of disease resistance can provide insights into the evolutionary history 
and genetic architecture of this complex trait. It can also help researchers to better understand the selective pressures 
that have shaped the evolution of disease resistance in different animal populations. On a practical level, knowledge of 
the genetic factors that contribute to disease resistance can inform the development of strategies for managing and 
mitigating the impacts of disease outbreaks in wild and captive populations. 

For example, identifying the genetic factors that contribute to disease resistance in captive populations can help to 
develop selective breeding programs that promote disease resistance in future generations (9). Similarly, 
understanding the genetic basis of disease resistance in wild populations can help to identify populations that are at 
greater risk of disease outbreaks, enabling more targeted conservation efforts. This information can also be used to 
develop strategies for preventing the spread of diseases between wild and captive populations, which is particularly 
important for the conservation of endangered species (10). 

In summary, disease resistance is an essential component of animal populations, with significant impacts on the survival 
and reproductive success of individual animals, as well as on the dynamics of animal populations and ecosystems. 
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Understanding the genetic basis of disease resistance is critical for both theoretical and practical reasons, and can 
provide important insights into the evolutionary history and genetic architecture of this complex trait. 

3. Genetic Basis of Disease Resistance in Animals 

The genetic basis of disease resistance in animals is a complex and multifaceted process, involving numerous genes and 
pathways that are responsible for initiating and regulating the immune response (11). Disease resistance can be broadly 
categorized into two types: innate and acquired immunity. Innate immunity is the first line of defense against pathogens 
and is based on nonspecific mechanisms, including physical barriers such as skin and mucous membranes, as well as 
cellular and humoral responses that are present from birth (12). Acquired immunity, on the other hand, involves the 
recognition and specific targeting of pathogens by immune cells, and is typically developed over time through exposure 
to pathogens (13). 

The genetic basis of innate immunity is largely determined by the animal's genetic makeup, with genes involved in the 
production of immune cells, cytokines, and antimicrobial peptides playing key roles in the immune response (14). The 
production of immune cells and cytokines is regulated by a network of genes that control the differentiation and 
maturation of immune cells, as well as the activation of cytokine signaling pathways. These genes are highly conserved 
across animal species, with many of the same genes involved in the immune response of both invertebrates and 
vertebrates (16). 

Antimicrobial peptides, such as defensins and cathelicidins, are small peptides that play a critical role in the innate 
immune response by directly killing or inhibiting the growth of pathogens (17). The genes involved in the production 
of antimicrobial peptides are also highly conserved across animal species and are regulated by a complex network of 
genes that control their expression (17). 

Acquired immunity, on the other hand, is more variable and is shaped by environmental factors such as exposure to 
different pathogens and the animal's history of infections. Acquired immunity involves the recognition and specific 
targeting of pathogens by immune cells, and is characterized by the production of antibodies and the activation of T-
cells. The major histocompatibility complex (MHC) genes are a group of genes that play a crucial role in acquired 
immunity by encoding proteins that are involved in presenting antigens to immune cells. The MHC genes are highly 
polymorphic, with a large number of alleles that vary between individuals and populations (18). This diversity in the 
MHC genes is thought to be maintained by selection pressures from pathogens, which favor individuals with a diverse 
array of MHC alleles that can recognize a wide range of pathogens (19). 

Other genes involved in acquired immunity include those involved in the production of cytokines and T-cell receptors. 
Cytokines are signaling molecules that play a key role in coordinating the immune response by activating and directing 
immune cells to the site of infection. T-cell receptors are responsible for recognizing and targeting infected cells by 
directly killing them or producing cytokines that activate other immune cells (20). 

In summary, the genetic basis of disease resistance in animals is a complex and multifaceted process that involves 
numerous genes and pathways. Innate immunity is largely determined by the animal's genetic makeup, with genes 
involved in the production of immune cells, cytokines, and antimicrobial peptides playing key roles in the immune 
response. Acquired immunity, on the other hand, is more variable and is shaped by environmental factors such as 
exposure to different pathogens and the animal's history of infections. The major histocompatibility complex genes, 
along with genes involved in the production of antibodies, cytokines, and T-cell receptors, are also important in the 
acquired immune response. Understanding the genetic basis of disease resistance in animals can provide important 
insights into the evolution of this complex trait and can inform the development of strategies for managing and 
mitigating the impacts of disease outbreaks in animal populations. 

4. Methodology 

A comprehensive review approach was employed to conduct the review of the genetic basis of disease resistance in 
animal populations. The first step in this process was a thorough literature search of the Web of Science and PubMed 
databases, utilizing a combination of relevant keywords pertaining to disease resistance and animal populations. The 
keywords used in the search included "disease resistance", "immune response", "genetics", and "animal populations". 
The search was restricted to studies published in the English language, to ensure that the selected studies were of a high 
quality and easily accessible to the scientific community. 
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After the initial literature search was completed, all titles and abstracts of the identified studies were screened to 
identify relevant studies that investigated the genetic basis of disease resistance in animal populations. A full-text 
review of the selected studies was then conducted to determine their eligibility for inclusion in the review. To be 
included in the review, studies had to investigate the genetic basis of disease resistance in any animal species, or 
examine the impact of genetic variation on disease resistance. 

Exclusion criteria were also established to ensure the quality and relevance of the studies selected for the review. 
Studies that focused exclusively on the molecular mechanisms of disease resistance, or did not provide empirical data 
on the genetic basis of disease resistance in animals, were excluded from the review. By adhering to these criteria, the 
studies selected for the review were highly relevant and informative, providing valuable insights into the genetic basis 
of disease resistance in animal populations. 

5. Results 

The review of the genetic basis of disease resistance in animal populations revealed the complex and multifaceted 
nature of this phenomenon. It was found that a wide range of genes and pathways are involved in the immune response, 
and the specific genes and mechanisms involved can vary between species and populations. However, the review also 
identified a number of conserved genes and pathways across different animal species, suggesting that there may be 
common mechanisms underlying disease resistance. 

One of the most frequently studied genes in the reviewed literature was the MHC gene complex, which plays a crucial 
role in the recognition and targeting of pathogens. Several studies identified associations between MHC genotype and 
disease susceptibility in various animal species, including humans, birds, and fish. However, the specific MHC alleles 
associated with disease resistance varied between studies and species, highlighting the complexity of the genetic basis 
of disease resistance. 

Other genes and pathways that were frequently studied in the review included those involved in the production of 
antimicrobial peptides, cytokines, and T-cell receptors. For example, numerous studies found that variations in genes 
responsible for the production of antimicrobial peptides were associated with disease resistance in various animal 
species, such as insects, fish, and cattle (21, 22, 23). Similarly, variations in genes involved in the production of cytokines 
and T-cell receptors were found to be associated with disease resistance in humans and other animal species. 

The review also identified gaps in the understanding of the genetic basis of disease resistance in animal populations. 
For instance, there is a shortage of research on the genetic basis of disease resistance in many wild animal species that 
may be more vulnerable to disease outbreaks due to habitat destruction and climate change. Additionally, more 
research is needed on the interactions between genetic and environmental factors in shaping disease resistance, as well 
as the role of epigenetic mechanisms in modulating the immune response. 

Moreover, the review highlighted the importance of considering the potential trade-offs between disease resistance and 
other fitness-related traits. Some studies suggested that high levels of disease resistance may come at a cost, such as 
reduced reproductive success or increased susceptibility to other types of diseases. This suggests that there may be a 
complex relationship between disease resistance and other fitness-related traits that warrants further investigation. 

The review also revealed that the genetic basis of disease resistance is influenced by factors such as animal behavior 
and social structure. For instance, some studies found that social animals, such as primates, may have evolved specific 
immune mechanisms to cope with the increased risk of disease transmission in large social groups. Other studies 
suggested that animal behavior, such as feeding and migratory patterns, can impact disease susceptibility by altering 
exposure to pathogens. 

Finally, the review identified several promising avenues for future research on the genetic basis of disease resistance in 
animal populations. For example, the use of genomic tools, such as genome-wide association studies and next-
generation sequencing, can provide a more comprehensive understanding of the genetic basis of disease resistance. 
Additionally, studies that investigate the role of epigenetic mechanisms in modulating the immune response can shed 
light on the complex interplay between genetic and environmental factors in shaping disease resistance. 

In conclusion, the review of the genetic basis of disease resistance in animal populations revealed the complex and 
multifaceted nature of this phenomenon. The findings highlight the need for further research to expand the 
understanding of the genetic and environmental factors that shape disease resistance, as well as the trade-offs between 
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disease resistance and other fitness-related traits. The knowledge gained from such studies can inform the development 
of strategies for managing and mitigating the impacts of disease outbreaks in wild and captive animal populations. 

6. Discussion 

The results of the review confirm the multifaceted and intricate nature of the genetic basis of disease resistance in 
animals. The findings are in agreement with other studies that have shown that multiple genes and pathways are 
involved in the immune response, and that the specific genes involved can vary widely between species and populations 
(25). This complexity is further exacerbated by the fact that the immune system is constantly adapting to changing 
environmental conditions and pathogen pressures, meaning that the genetic basis of disease resistance is always 
evolving (26). 

The current review highlights the importance of understanding the genetic basis of disease resistance from a theoretical 
perspective, as it can provide valuable insights into the evolution and genetic architecture of this complex trait. For 
example, the identification of genetic loci associated with disease resistance can provide evidence for natural selection 
and provide a window into the evolutionary history of animal populations (27). Such information can also be used to 
infer patterns of migration, hybridization, and gene flow between different populations, which can have important 
implications for the management and conservation of threatened species (28). 

From a practical perspective, the review suggests that the identification of genes and pathways associated with disease 
resistance can be used to inform the development of breeding programs for domesticated animals that are more 
resistant to disease. This can lead to healthier and more productive herds, as well as more sustainable agricultural 
practices (29). However, it is important to note that such programs need to be carefully managed to avoid unintended 
consequences, such as the loss of genetic diversity or the development of antibiotic resistance. 

Similarly, the identification of genetic markers associated with disease resistance in wild animal populations could 
inform conservation efforts aimed at preserving threatened species. This approach has already been successfully 
employed in the management of populations of African elephants, where genetic markers have been used to track the 
movements of different herds and to identify the source populations of ivory seizures (30). More broadly, the 
identification of genetic markers associated with disease resistance could be used to monitor the health and resilience 
of wild animal populations, particularly in the face of climate change and other anthropogenic stressors (31). 

However, the review also highlights a number of gaps in the understanding of the genetic basis of disease resistance in 
animal populations. For example, there is a lack of research on the genetic basis of disease resistance in many wild 
animal species, particularly invertebrates and non-model organisms (32). This is particularly concerning given that wild 
animal populations are under increasing pressure from a range of stressors, including habitat destruction, climate 
change, and emerging infectious diseases. To address this gap, there is a need for more research on the genetic basis of 
disease resistance in a wide range of animal species, particularly those that are threatened or at risk of extinction. 

In addition, more research is needed on the interactions between genetic and environmental factors in shaping disease 
resistance (33). While the review highlights the important role of genetic variation in determining disease resistance, it 
is important to note that environmental factors such as nutrition, stress, and exposure to pathogens can also have a 
significant impact on an animal's immune response (34). Understanding the interactions between genetic and 
environmental factors is critical for developing effective strategies for managing and mitigating the impacts of disease 
outbreaks in animal populations. 

Finally, this review also highlights the need for more research on the role of epigenetic mechanisms in modulating the 
immune response. Epigenetic modifications such as DNA methylation and histone modifications can have a significant 
impact on gene expression and can modulate an animal's immune response to infection. Recent studies have shown that 
epigenetic mechanisms can play an important role in shaping disease resistance in a range of animal species, from 
insects to mammals. However, the relationship between epigenetic modifications and disease resistance is still poorly 
understood, and more research is needed to elucidate the mechanisms underlying this relationship. 

7. Conclusion 

In conclusion, the existing literature on the genetic basis of disease resistance in animal populations reveals the complex 
and multifaceted nature of this trait. The immune response involves many different genes and pathways, and the specific 
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genes involved can vary between species and populations. Nevertheless, certain genes and pathways are conserved 
across different animal species, suggesting the existence of common mechanisms underlying disease resistance. 

The review identifies several gaps in our understanding of the genetic basis of disease resistance in animal populations, 
emphasizing the need for further research in this area. A better comprehension of the genetic basis of disease resistance 
can inform the development of strategies for managing and mitigating the impacts of disease outbreaks in both wild 
and captive animal populations, leading to healthier and more resilient populations. 
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