~ ) International Journal of Molecular Veterinary Research, 2024, Vol.14, No.6, 244-253
AnimalSei Publisher* http://animalscipublisher.com/index.php/ijmvr

Research Insight Open Access

Disease Resistance in Canids: Genetic Variations between Wild Wolves and
Domestic Dogs

Xiaofang Lin ™=

Tropical Animal Medicine Research Center, Hainan Institute of Tropical Agricultural Resources, Sanya, 572000, Hainan, China

- Corresponding author: xiaofang.lin@hitar.org

International Journal of Molecular Veterinary Research, 2024, Vol.14, No.6  doi: 10.5376/ijmvr.2024.14.0028

Received: 07 Nov., 2024

Accepted: 08 Dec., 2024

Published: 20 Dec., 2024

Copyright © 2024 Lin, This is an open access article published under the terms of the Creative Commons Attribution License, which permits unrestricted

use, distribution, and reproduction in any medium, provided the original work is properly cited.

Preferred citation for this article:

Lin X.F., 2024, Disease resistance in canids: genetic variations between wild wolves and domestic dogs, International Journal of Molecular Veterinary Research,
14(6): 244-253 (doi: 10.5376/ijmvr.2024.14.0028)

Abstract This study explores the comparative genomics of wild wolves and domestic dogs, focusing on genetic differences
influencing immunity and disease susceptibility. Using genome-wide association studies (GWAS) and whole-genome sequencing, we
identified key genes involved in immune responses and analyzed the effects of domestication on immune gene diversity. Furthermore,
evolutionary and ecological factors, including habitat and behavior, were examined for their roles in shaping disease resistance. A
case study on rabies resistance in wild wolves highlights adaptive genetic mechanisms and their conservation implications. The
findings advance our understanding of canid immunogenomics and suggest strategies for breeding disease-resistant dogs, conserving
genetic diversity in wolves, and improving zoonotic disease management. This research bridges genomics with practical applications
in veterinary science and wildlife conservation, offering pathways for future exploration of genetic resilience in canids.
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1 Introduction

Canids, a family that includes both wild wolves (Canis lupus) and domestic dogs (Canis lupus Familiaris), exhibit
significant genetic and phenotypic diversity. Wild wolves are known for their robust health and adaptability to
various environments, while domestic dogs have undergone extensive artificial selection, resulting in a wide range
of breeds with diverse physical and behavioral traits (Tang et al., 2018; Wang et al., 2018). This domestication
process has led to structural variations (SVs) in the genome, which are linked to phenotypic evolution, disease
susceptibility, and environmental adaptations. The genetic divergence between wild wolves and domestic dogs
provides a unique opportunity to study the impact of domestication on disease resistance and other health-related
traits.

Understanding the genetic basis of disease resistance in canids is crucial for several reasons. Firstly, it can provide
insights into the evolutionary processes that have shaped the health and survival of these species. For instance,
structural variations and copy number variations (CNVs) in the genomes of domestic dogs have been associated
with breed-specific disease susceptibilities and phenotypic traits (Marsden et al., 2015; Serres-Armero et al., 2021;
Zhang, 2024). Additionally, the domestication process has introduced deleterious genetic variations in dogs due to
population bottlenecks and selective breeding practices, which have increased their genetic load compared to wild
wolves. Studying these genetic differences can help identify the genes and regulatory elements involved in disease
resistance, which is essential for improving breeding programs and conserving genetic diversity in both domestic
and wild canids (Ostrander et al., 2019; Mallil et al., 2020).

This study attempts to explore the genetic variations between wild wolves and domestic dogs that contribute to
disease resistance, discuss the impact of domestication on genetic load and disease susceptibility in domestic dogs,
and provide an overview of the role of epigenetic modifications, such as methylation patterns, in regulating genes
associated with disease resistance. Additionally, it aims to offer insights into the evolutionary dynamics of these
genetic variations and their implications for the health and conservation of canid species, ultimately contributing
to strategies for improving the health and longevity of both wild and domestic populations.
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2 Genetic Basis of Disease Resistance in Canids

2.1 Genetic variations and their role in immunity

Genetic variations play a crucial role in the immunity of canids, influencing their ability to resist diseases. Studies
have shown that domestication and selective breeding have led to an increase in deleterious genetic variants in
domestic dogs compared to their wild counterparts, such as gray wolves. This is primarily due to population
bottlenecks and artificial selection, which have reduced the efficiency of natural selection in removing harmful
variants (Marsden et al., 2015). Structural variations (SVs) in the genome, including insertions, deletions, and
copy number variations (CNVs), also contribute significantly to phenotypic diversity and disease susceptibility in
canids. For instance, specific SVs in dogs are enriched in genes related to immune systems, indicating their role in
disease resistance (Serres-Armero et al., 2017; Wang et al., 2018; Xuan, 2024).

2.2 Key genes associated with disease resistance

Several key genes have been identified that are associated with disease resistance in canids. For example, the
ADGREI gene, which is linked to severe malaria resistance in humans, has been found to provide protective host
defense against Plasmodium infections in dogs, suggesting its role in resistance to similar parasitic diseases
(Figure 1) (Liu et al., 2018). Additionally, genes such as DCK, ICAM4, GAPDH, and BSG, which are related to
immune function, are more highly expressed in wolves, indicating a potentially greater resistance to pathogens
compared to domestic dogs (Yang et al., 2018). The AKRIB1 gene, which has been duplicated in dogs, is
associated with increased antioxidant ability and may contribute to their adaptation to different environments
(Wang et al., 2018; Zhao, 2018).
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Figure 1 Population structure and genetic diversity of the canids analyzed in this study (Adopted from Liu et al., 2018)

Image caption: (A) Geographic locations of the 55 canids studied. (B) Principal component analysis. EGW, Eurasian gray wolves;
AGW, African golden wolves; CIDY, Chinese indigenous dogs from Yingjiang; MEVD, Middle Eastern village dogs; EB, European
breeds; NID, Nigerian indigenous dogs. (C) Phylogenetic tree using bootstrapping analysis. (D) Structure analysis of the 55 canids.
(E) Genetic diversity for the five inferred canid groups (Adopted from Liu et al., 2018)

2.3 Methods used in genetic analysis

Various methods are employed to analyze genetic variations and their implications for disease resistance in canids.

Whole genome sequencing (WGS) is a powerful tool that provides comprehensive insights into the genetic
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makeup of both domestic dogs and wild canids. It has been used to identify genome-wide patterns of deleterious
variation and to create detailed maps of structural variations (Marsden et al., 2015; Serres-Armero et al., 2017).
Genome-wide association studies (GWAS) are another critical method, particularly useful for identifying loci
associated with specific traits and disease susceptibilities. For example, a CNV-based GWAS identified 96 loci
with copy number differences across dog breeds, which are associated with breed-specific morphometrics and
disease susceptibilities (Serres-Armero et al., 2021). Additionally, transcriptome analysis using RNA-Seq
technology helps in understanding gene expression differences between dogs and wolves, providing insights into
their immune responses and other physiological traits (Koch et al., 2016; Yang et al., 2018).

Genetic variations, including single nucleotide variants, structural variations, and copy number variations, play a
significant role in the disease resistance of canids. Key genes such as ADGRE1 and AKR1B1 have been identified
as crucial for immune function and adaptation. Advanced genetic analysis methods like Whole Genome
Sequencing and Genome-Wide Association Studies are essential tools for uncovering the genetic basis of disease
resistance in canids. These findings highlight the complex interplay between genetics and disease resistance,
influenced by domestication and selective breeding practices.

3 Comparative Analysis of Wild Wolves and Domestic Dogs

3.1 Evolutionary pathways and genetic divergence

The evolutionary pathways of wild wolves and domestic dogs have diverged significantly due to domestication.
Structural variations (SVs) in the genome have played a crucial role in this divergence, influencing phenotypic
evolution, disease susceptibility, and environmental adaptations. For instance, the dog genome has accumulated
specific insertions, deletions, and repeats that are not present in wolves, such as a novel copy of the AKR1B1 gene,
which is involved in fatty acid synthesis and antioxidant ability, likely in response to dietary shifts during
domestication (Wang et al., 2018; Wei, 2018). Additionally, copy number variations (CNVs) have been identified
in both dogs and wolves, with significant differences in loci responsible for sensory perception, immune response,
and metabolic processes (Figure 2) (Serres-Armero et al., 2017; Serres-Armero et al., 2021).
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Figure 2 Landscape of canine segmental duplications (Adopted from Serres-Armero et al., 2017)

Image caption: a Genome-wide map of canine SDs. Autosomes are represented by horizontal bars, and each mark represent a
duplicated region identified in at least one sample of the group indicated. b Total length of genomic duplications identified per
subspecies. ¢ Venn diagram showing intersection of duplicated regions identified in dogs, gray wolves and canines in the outgroup
(chrUn excluded) (Adopted from Serres-Armero et al., 2017)
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3.2 Impact of domestication on immune gene diversity

Domestication has had a profound impact on the immune gene diversity of dogs compared to their wild
counterparts. The process of domestication, characterized by population bottlenecks and selective breeding, has
increased the number of deleterious genetic variants in dogs. This is evident in the higher genetic load observed in
domestic dogs compared to gray wolves, which is attributed to less efficient natural selection during
domestication and breed formation (Marsden et al., 2015). Furthermore, studies on Toll-like receptors (TLRs)
have shown that domestic dogs possess protective alleles against inflammatory bowel disease (IBD) that are
absent in wild canids like the maned wolf and red wolf, suggesting that these protective alleles developed
post-domestication (Henson et al., 2017).

3.3 Overview of disease profiles in wolves vs dogs

The disease profiles of wild wolves and domestic dogs differ significantly due to genetic and environmental
factors. Domestic dogs have been found to carry a higher burden of deleterious genetic variants, which can lead to
a variety of breed-specific diseases (Marsden et al., 2015). For example, African indigenous dogs have developed
genetic adaptations to tropical parasites, including genes linked to immunity and resistance to severe malaria,
which are not present in wild wolves (Liu et al., 2018). In contrast, wild wolves, such as those in Yellowstone
National Park, show a relationship between reduced genomic variation and increased severity of diseases like
sarcoptic mange, highlighting the importance of genetic diversity in disease resistance (DeCandia et al., 2020).
Additionally, the lack of protective alleles against IBD in wild canids further underscores the differences in
disease susceptibility between wild and domestic canids (Henson et al., 2017).

The comparative analysis of wild wolves and domestic dogs reveals significant genetic divergence due to
domestication, impacting immune gene diversity and disease profiles. Structural and copy number variations have
played a crucial role in this divergence, with domestic dogs showing higher genetic loads and specific adaptations
to their environments. The differences in disease susceptibility and genetic diversity between wild and domestic
canids highlight the complex interplay between genetics and domestication in shaping the health and evolution of
these species.

4 Immune System Differences in Canids

4.1 Innate immunity: genetic and molecular insights

Innate immunity, the first line of defense against pathogens, shows significant genetic variation between wild
wolves and domestic dogs. Studies have identified several genes related to the innate immune response that are
differentially expressed between these canids. For instance, genes such as CCL23, TRIM10, DUSP10, RAB27A,
CLEC5A, and GCHI1 are more highly expressed in wolves, suggesting a stronger innate immune response
compared to dogs (Yang et al., 2018). Additionally, Toll-like receptors (TLRs), which play a crucial role in
pathogen recognition, exhibit notable polymorphisms in wild canids. For example, the TLRS gene in red wolves
and maned wolves shows novel polymorphic positions not found in domestic dogs, indicating potential
differences in disease susceptibility and immune response (Henson et al., 2017). These genetic variations highlight
the evolutionary adaptations in the innate immune system of wild canids, possibly due to their exposure to a
broader range of pathogens in the wild.

4.2 Adaptive immunity: diversity in t-cell receptor and mhc complexes

The adaptive immune system, particularly the diversity in T-cell receptors (TCRs) and major histocompatibility
complex (MHC) genes, also differs significantly between wild wolves and domestic dogs. MHC genes, which are
critical for antigen presentation and immune response, show varying levels of polymorphism. In wild canids, such
as the European roe deer, high levels of amino acid diversity in MHC genes have been observed, suggesting a
robust adaptive immune response to diverse pathogens (Quéméré et al., 2015). In contrast, domestic dogs have
undergone genetic bottlenecks and selective breeding, leading to reduced MHC diversity and potentially higher
susceptibility to certain diseases (Marsden et al., 2015). This reduced genetic diversity in domestic dogs' MHC
complexes may compromise their ability to respond to new or evolving pathogens effectively.
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4.3 Genetic bottlenecks and consequences for disease susceptibility

The domestication of dogs has involved significant genetic bottlenecks and selective sweeps, which have
increased the prevalence of deleterious genetic variants. These bottlenecks have led to a higher genetic load in
domestic dogs compared to wild wolves, with dogs exhibiting 2-3% higher genetic load on average (Marsden et
al., 2015). This increased genetic load is associated with a higher incidence of breed-specific diseases and reduced
overall fitness. For example, the lack of protective alleles in the TLRS gene in domestic dogs, which are present in
some wild canids, suggests a higher predisposition to inflammatory diseases such as inflammatory bowel disease
(IBD) (Henson et al., 2017). Additionally, the enrichment of copy number variations (CNVs) in genes related to
immune response in domestic dogs further underscores the impact of domestication on disease susceptibility
(Serres-Armero et al., 2017; Kessler et al., 2020). These genetic changes highlight the trade-offs associated with
domestication, where artificial selection for specific traits has inadvertently increased the risk of certain diseases
in domestic dogs.

The immune system differences between wild wolves and domestic dogs are marked by significant genetic
variations in both innate and adaptive immunity. Wild canids exhibit greater genetic diversity in immune-related
genes, which likely contributes to their robust immune responses. In contrast, domestic dogs have experienced
genetic bottlenecks and selective breeding, leading to reduced genetic diversity and increased susceptibility to
certain diseases. These findings underscore the complex interplay between domestication, genetic variation, and
disease resistance in canids.

5 Environmental and Behavioral Influences on Disease Resistance

5.1 Influence of habitat and lifestyle on disease exposure

The habitat and lifestyle of canids significantly influence their exposure to diseases. Wild wolves, for instance,
inhabit diverse and often harsh environments that expose them to a wide range of pathogens. This constant
exposure can lead to a more robust immune system due to natural selection favoring individuals with better
disease resistance. In contrast, domestic dogs often live in more controlled environments with less pathogen
exposure, which can result in a less diverse immune response (Figure 3) (Marsden et al., 2015; Pilot et al., 2021).

Domestication has also led to population bottlenecks and selective breeding, which have increased the genetic
load of deleterious variants in domestic dogs compared to wild wolves. This increased genetic load can make
domestic dogs more susceptible to certain diseases (Marsden et al., 2015). Additionally, the shift in diet and
lifestyle during domestication has led to structural variations in the genome of domestic dogs, which are
associated with changes in immune system function and disease susceptibility (Wang et al, 2018).

5.2 Interaction between behavior and immune responses

Behavioral factors play a crucial role in the immune responses of canids. For example, the social structure and
pack behavior of wild wolves can influence disease transmission and immune system development. Wolves living
in packs may have a higher exposure to pathogens due to close contact with other pack members, which can lead
to a more robust immune response (DeCandia et al., 2020).

In domestic dogs, selective breeding for specific behaviors and traits has also impacted their immune responses.
For instance, certain breeds have been found to have higher incidences of specific diseases due to the genetic
bottlenecks and inbreeding associated with breed formation. Moreover, the interaction between behavior and
immune response is evident in the case of inflammatory bowel disease (IBD) in canids. Studies have shown that
domestic dogs have developed protective alleles against IBD, which are not present in wild canids like the red
wolf and maned wolf, suggesting that these protective alleles may have developed post-domestication due to
changes in behavior and lifestyle (Henson et al., 2017).

In summary, the environmental and behavioral factors significantly influence disease resistance in canids. Wild
wolves, with their diverse habitats and social behaviors, tend to have more robust immune systems compared to
domestic dogs, which have undergone genetic changes due to domestication and selective breeding. These
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differences highlight the complex interplay between environment, behavior, and genetics in shaping disease
resistance in canids.
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Figure 3  Distribution of samples of Eurasian grey wolves (red circles) and free-ranging dogs (green circles) analysed in this study
(Adopted from Pilot et al., 2021)

Image caption: Geographic locations of samples are precise except Mongolian wolves and free-ranging dogs from China and
Portugal, which have approximate locations. The number of samples collected from the same locations is reflected by the circle size.
The introgression pattern analysis was carried out for West Eurasian wolves (marked with the red frame) and all free-ranging dogs
shown on the map that carried introgressed chromosomal fragments. Among East Asian wolves (black frame), only four admixed
individuals were found, including an F1 hybrid (Adopted from Pilot et al., 2021)

6 Case Study: Rabies Resistance in Wild Wolves

6.1 Genetic and epidemiological insights into rabies resistance

Rabies is a significant viral disease affecting both domestic and wild canids. In wild wolves, genetic variations
and epidemiological factors play crucial roles in their resistance to rabies. Studies have shown that wild wolves,
like other wild carnivores, can be reservoirs for the rabies virus (RABV). For instance, an outbreak in the
Madikwe Game Reserve in South Africa highlighted the presence of canid RABVs in wild dogs and other
carnivores, suggesting a complex interaction between wild and domestic animals in the transmission dynamics of
rabies (Sabeta et al., 2018). Genetic analyses of these viruses revealed phylogenetic clustering with RABVs from
domestic dogs and other wild carnivores, indicating potential cross-species transmission and the importance of
genetic monitoring in understanding rabies resistance.

6.2 Adaptive mechanisms in wolves compared to domestic dogs

The genetic makeup of wild wolves has been shaped by natural selection, which may confer certain advantages in
disease resistance compared to domestic dogs. Structural variations (SVs) in the genomes of wolves and dogs
have been linked to differences in immune system function and disease susceptibility. For example, studies have
identified specific SVs in dogs that are associated with immune response genes, which may differ from those in
wolves due to the domestication process (Serres-Armero et al., 2017; Wang et al., 2018). Additionally, the
presence of endogenous retroviruses (ERVs) in the genomes of canids, including wolves, suggests a historical
adaptation to viral infections, which could influence their current resistance to diseases like rabies (Halo et al.,
2019).

6.3 Implications for conservation and disease management

Understanding the genetic and adaptive mechanisms underlying rabies resistance in wild wolves has significant
implications for conservation and disease management. Conservation strategies should consider the genetic
diversity and adaptive potential of wild wolf populations to ensure their resilience against diseases. Regular
vaccination programs for at-risk wildlife, as well as monitoring and controlling rabies in domestic animals, are
crucial to prevent outbreaks and protect endangered species (Sabeta et al., 2018). Moreover, maintaining large
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population sizes and genetic diversity in wild wolves can help mitigate the effects of genetic drift and inbreeding,
which are critical for the long-term survival and health of these populations (Marsden et al., 2015; Pilot et al.,
2021).

The study of rabies resistance in wild wolves reveals important genetic and epidemiological insights that
differentiate them from domestic dogs. Adaptive mechanisms, shaped by natural selection, provide wild wolves
with certain advantages in disease resistance. These findings underscore the importance of genetic diversity and
proactive disease management in conservation efforts to protect wild canid populations.

7 Applications of Genetic Findings

7.1 Breeding strategies for enhanced disease resistance in dogs

Genetic research has revealed that domestication and selective breeding have led to an increased burden of
deleterious genetic variants in domestic dogs compared to their wild counterparts, such as gray wolves. This is
primarily due to population bottlenecks and intense artificial selection for breed-specific traits, which have
reduced the efficiency of natural selection in removing harmful variants (Marsden et al., 2015). To enhance
disease resistance in dogs, breeding strategies should focus on maintaining larger population sizes and promoting
genetic diversity. Avoiding the overly typological practice of breeding individuals that best fit breed standards can
help reduce the accumulation of deleterious variants. Additionally, leveraging resources like iDog, which
integrates genomic data and disease traits, can aid in identifying and selecting for genetic markers associated with
disease resistance (Tang et al., 2018).

7.2 Contributions to conservation genetics of wild wolves

The genetic insights gained from studying domestic dogs can also be applied to the conservation genetics of wild
wolves. For instance, understanding the impact of structural variations (SVs) and copy number variations (CNVs)
on phenotypic traits and disease susceptibility in dogs can inform conservation strategies for wolves. Research has
shown that SVs and CNVs play significant roles in immune response and metabolic processes, which are crucial
for the survival of wild populations (Wang et al., 2018; Serres-Armero et al., 2021). By identifying and preserving
genetic diversity in wild wolf populations, conservation efforts can mitigate the risks associated with small
population sizes and inbreeding, which are known to increase the genetic load of deleterious variants (Marsden et
al., 2015; Serres-Armero et al., 2017).

7.3 Insights for zoonotic disease control

The genetic relationship between domestic dogs and wild canids, such as wolves, provides valuable insights for
zoonotic disease control. Hybridization between domestic dogs and wild canids, including African wolves, has
been documented, leading to gene flow and potential disease transmission between species (Mallil et al., 2020).
Understanding the genetic basis of disease resistance and susceptibility in both domestic and wild canids can help
in developing strategies to control zoonotic diseases. For example, identifying genes associated with immune
response and disease resistance in dogs can inform vaccination and disease management programs for both
domestic and wild canid populations (Wang et al., 2018; Serres-Armero et al., 2021). Additionally, maintaining
genetic diversity and large population sizes in wild canids can reduce the prevalence of disease and the risk of
zoonotic transmission (Marsden et al., 2015; Pilot et al., 2021). Genetic research on domestic dogs and wild
wolves offers significant applications in breeding strategies, conservation genetics, and zoonotic disease control.
By promoting genetic diversity and understanding the genetic basis of disease resistance, we can enhance the
health and survival of both domestic and wild canid populations.

8 Challenges and Future Directions

8.1 Knowledge gaps in canid immunogenomics

Despite significant advancements in canid genomics, there remain substantial gaps in our understanding of the
immunogenomic differences between wild wolves and domestic dogs. Structural variations (SVs) and copy
number variations (CNVs) have been identified as key factors influencing disease susceptibility and immune
responses in canids. For instance, SVs in dogs are enriched in genes associated with immune systems, suggesting
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a potential role in disease resistance and susceptibility (Wang et al., 2018). However, comprehensive
genome-wide studies linking these variations to specific immune responses are still lacking. Additionally, the
increased genetic load in domestic dogs due to population bottlenecks and selective breeding further complicates
our understanding of their immune capabilities compared to wild wolves (Marsden et al., 2015).

8.2 Integrating genomics with conservation and veterinary practices

The integration of genomic data into conservation and veterinary practices holds promise for improving the health
and survival of both wild and domestic canids. Resources like iDog, which consolidate genomic, phenotypic, and
disease-related data, are invaluable for researchers and practitioners (Tang et al., 2018). These tools can aid in
identifying genetic markers for disease resistance and inform breeding programs to reduce the prevalence of
deleterious genetic variants. Moreover, understanding the genomic basis of disease susceptibility can help in
developing targeted veterinary treatments and conservation strategies. For example, the identification of CNVs
associated with breed-specific disease susceptibilities can guide selective breeding practices to enhance genetic
diversity and reduce the incidence of hereditary diseases (Serres-Armero et al., 2021).

8.3 Prospects for CRISPR and other gene-editing tools

The advent of CRISPR and other gene-editing technologies offers exciting prospects for addressing genetic
diseases in canids. CRISPR systems have already shown potential in tracking and controlling the spread of
antimicrobial resistance genes in bacteria of canine origin, highlighting their utility in managing infectious
diseases (Rossi et al., 2019). In the context of canid genomics, CRISPR could be employed to correct deleterious
genetic variants identified through genome-wide association studies (GWAS) and other genomic analyses. This
approach could mitigate the genetic load in domestic dogs and enhance their disease resistance. However, the
ethical and practical implications of gene editing in wild populations must be carefully considered to avoid
unintended ecological consequences.

Addressing the challenges in canid immunogenomics requires filling knowledge gaps through comprehensive
genomic studies, integrating genomic data into conservation and veterinary practices, and exploring the potential
of gene-editing technologies like CRISPR. These efforts can lead to improved health outcomes for both wild
wolves and domestic dogs, ensuring their survival and well-being in a rapidly changing world.

9 Concluding Remarks

The study of genetic variations between wild wolves and domestic dogs has revealed significant insights into the
evolutionary dynamics and disease resistance in canids. Structural variations (SVs) and copy number variations
(CNVs) have been identified as key factors influencing phenotypic evolution, disease susceptibility, and
environmental adaptations in domestic dogs compared to their wild counterparts. For instance, the presence of a
new AKR1B1 gene copy in domestic dogs, which is associated with increased fatty acid synthesis and antioxidant
ability, highlights the impact of dietary shifts during domestication. Additionally, the domestication process has
led to an increased burden of deleterious genetic variants in dogs due to population bottlenecks and artificial
selection, which has implications for breed-specific traits and disease susceptibility. The integration of genomic
data from various canid species through resources like iDog has further enriched our understanding of the genetic
landscape and its functional relevance.

The findings from this study have profound implications for both veterinary and conservation sciences. In
veterinary science, understanding the genetic basis of disease susceptibility in domestic dogs can inform selective
breeding programs aimed at reducing the prevalence of deleterious variants and improving overall canine health.
The identification of specific CNVs and SVs associated with disease traits can lead to the development of targeted
genetic tests and personalized treatment plans for dogs. In conservation science, the evidence of hybridization
between wild canids, such as the African wolf, and domestic dogs raises concerns about genetic dilution and the
potential loss of unique genetic lineages. Conservation strategies must therefore consider the impact of gene flow
from domestic dogs on wild canid populations and implement measures to preserve genetic diversity and prevent
disease transmission.
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Bridging the gap between research and practical application is crucial for maximizing the benefits of genetic
studies in canids. The comprehensive genomic data and resources developed through this research provide a
valuable foundation for future studies and applications. For instance, the iDog database serves as an integrated
platform for accessing and analyzing genetic information, which can facilitate collaboration among researchers,
veterinarians, and conservationists. By leveraging these resources, stakeholders can develop more effective
breeding programs, conservation strategies, and disease management plans that are informed by the latest genetic
insights. Ultimately, the integration of research findings into practical applications will enhance the health and
sustainability of both domestic and wild canid populations.
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