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1. INTRODUCTION 

Climate change, rising temperatures, outbreak of 
infectious diseases, and stress conditions of the 
environment are posing an increasing threat to global 
production systems of livestock [1], [2] that adversely 
impacts animal productivity, reproduction, immunity 
and overall well-being. The stresses that accompany 
heat and predisposition to diseases lead to significant 
economic losses and lower livestock farming systems 
sustainability across the world. The traditional 
breeding methods primarily depend on the phenotype 
selection and pedigree examination. Such approaches 
are however not always effective in enhancing 
complex adaptive characteristics like tolerance to 
heat and resistance to diseases due to their polygenic 
nature and great environmental dependency [3]. 
Moreover, conventional breeding programs entail 

lengthy generation periods thus slowing down the 
genetic enhancement. The recent developments in 
genomic technology including high-density single 
nucleotide polymorphism (SNP) genotyping, genome-
wide association, studies (GWAS), next-generation 
sequencing and genomic prediction models have 
contributed significantly to breeding strategies of 
livestock [4], [5]. Genomic selection makes it possible 
to estimate genomic estimated breeding values 
(GEBVs) with high accuracy using genome molecular 
markers, and therefore, expedites genetic gain and 
increases the effectiveness of selection on cost-
effective traits [6]. The adaptive measures in heat-
resistant livestock breeds include effective 
thermoregulation, consistent metabolism and 
decreased oxidative stress levels at high temperatures 
[7]. Likewise, breeds that are disease resistant have a 
better immune system and a greater resistance to 

ABSTRACT 

One of the biggest challenges that has been faced regarding sustainable livestock 

production at a global level is climate change, growing thermal stress and the rapid 

development of infectious diseases. Traditional breeding trends tend to be ineffective 

in enhancing adaptive phenomenon like heat resilience and resistance to diseases 

because of low heritability, lengthy generation cycle, and environmental factors. This 

paper introduces a genomic selection system to produce genome-wide molecular 

markers and predictive genomic analysis to produce heat-tolerant and disease-tolerant 

livestock breeds. The suggested approach combines single nucleotide polymorphism 

(SNP)-based genotyping, genome wide association study (GWAS), genomic estimated 

breeding value (GEBV) prediction, and machine learning-aided genomic analysis to 

select better breeding individuals among cattle, sheep, goats, and poultry groups. 

Multi-species phenotypic and genomic data under controlled environmental stress were 

used as experimental measurements. The genomic prediction model that was 

developed had prediction accuracies of 91.8% and 89.6% in heat resilience and disease 

tolerance respectively. Animals genetically selected showed better thermoregulation, 

survival and improved productivity as well as decreased disease occurrence than 

traditional breeding methods. The analysis of statistics proved a significant 

enhancement of adaptive livestock characteristics (p < 0.05). The suggested framework 

offers an efficient approach to precision livestock breeding and can make a significant 

contribution to climate-resilient livestock production, sustainable livestock health care 

and sustainable global food security in the long-term. 

Author’s e-mail: umaaunbuety@gmail.com 

How to cite this article: Arun U,  Genomic Selection Techniques for Developing Heat-
Resilient and Disease-Tolerant Livestock Breeds, National Journal of Animal Health and 
Sustainable Livestock, Vol. 4, No. 2, 2026 (pp.1-7)  

 

 



     National Journal of Animal Health and Sustainable Livestock | Jul - Dec 2026 

 

 

2 

Uma Arun :  Genomic Selection Techniques for Developing Heat-Resilient and Disease-Tolerant Livestock Breeds 

 

 
 

pathogens [8]. Some of the genes that have been 
found to be strongly related with thermotolerance and 
immune regulation in livestock species will include: 
HSP70, HSP90, ATP1A1 and TLR4 [9]. Although 
advances have been made recently, the current 
research is primarily concerned with the single-trait or 
species-specific genomic analysis. To date, there is 
little research that has combined GWAS and 
techniques of genomic prediction and machine 
learning into a single system that not only enhances 
heat resilience but also disease tolerance in a system 
that is subject to climate stresses [10]. Hence, the 
present paper hypothesizes the complete genomic 
breeding approach to heat-tolerant and disease-
resistant livestock breeds implemented on the basis of 
SNP-based genomic selection, GWAS modeling, and 
breeding optimization with the help of machine 
learning. 
 

2. RELATED WORK 

Genomic selection is a relatively recent mass of 
research in livestock breeding due to its capability to 
enhance more complicated traits with low or 
moderate rates of heredity. The concept of genomic 
selection was established by Meuwissen et al. [11] 
when they used dense genome-wide molecular 
markers to predict the breeding values. Their research 
was the basis of the current genomic-based livestock 
breeding systems. The use of genomic selection in 
dairy cattle, beef cattle, poultry and small ruminants 
has been shown to be successful in several studies. 
According to Hayes et al. [12], genomic prediction was 
found to be a great way to enhance milk yield, fertility 
and disease resistance traits during dairy cattle 
breeding programs. On the same note, Pryce et al. 
[13] demonstrated increased heat tolerance and 
minimized productivity losses in thermal stress 
conditions with genomic selection. Genome-wide 
association studies (GWAS) have discovered several 
genes that are related to thermotolerance and 
immune response in livestock species. Such genes as 
HSP70, HSP90, ATP1A1, SLICK, TLR4, and BoLA were 
identified to possess robust links with the processes of 
heat stress adaptation and disease resistance [14], 
[15]. These genes are associated with SNP markers 
which are becoming part of precision breeding 
programs in livestock. More recent work has also 
incorporated machine learning algorithms like random 
forests, support vector machines, artificial neural 
networks, and deep learning networks into genomic 
prediction frameworks and enhanced the predictive 
power of these models, detecting non-linear genotype-
phenotype interactions [16]. Such methods are better 
in scaling and performance with large genomic data 
sets. Although there is a lot of improvement, there are 
still a number of issues in the existing genomic 
breeding systems. Majority of current works are single-
trait enhancement or species-specific analysis with 
very little validation on multi-environment. Besides 

this, the lack of incorporation of climate-adaptive 
properties, genomic prediction, and optimization via 
machine learning restricts the construction of 
sustainable livestock breeding systems [7]. Thus, this 
paper suggests a combined genomic selection model, 
which incorporates GWAS analysis, genomic prediction, 
and adaptive trait analysis to create heat and disease-
resistant livestock breeds. 
 

3. MATERIALS AND METHODS 

3.1 Study Population and Experimental Design 

The experiment was carried out on four livestock 
species which included dairy cattle, beef cattle, goats 
and poultry to test the application of genomic 
selection technique to heat resilience and disease 
resistance. The experimental population was made up 
of 1,650 animals comprising of 450 Holstein- Friesian 
dairy cattle, 320 Angus beef cattle, 280 Boer goat and 
600 commercial broiler poultry birds. The breeds that 
were chosen were those that have a commercial 
significance and differing tolerance to thermal stress 
and contagious diseases. Animals were kept in three 
animal research farms in tropical and semi arid 
climatic conditions so that there was environmental 
diversity and realistic conditions of exposure to stress. 
All the farms were managed with standard 
management procedures such as balanced nutrition, 
water management, disease surveillance and 
veterinary overseeing of all the farms during the 
period of study. The experiment lasted 24 months, 
which made it possible to assess it in several seasonal 
cycles and various environmental changes. The 
experiments induced by heat stress were conducted in 
controlled environmental conditions in the range of 
the ambient temperatures between 28 C and 42 C, 
with the values of temperature and relative humidity 
being continuously recorded in the course of the 
experiment. Animals were stratified by species, age 
and physiological conditions to reduce experimental 
variability and enhance prediction reliability of the 
genome. The general experimental design and genomic 
selection model that will be followed in this research 
is shown in Fig. 1. 

 

 
Fig. 1. Overall methodology workflow 
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3.2 Phenotypic Data Collection 

Experimental animals had their phenotypic measures 
taken periodically in the areas of heat-resilience and 
disease tolerance. The aspects of heat resilience 
assessment involved physiological, metabolic, and 
productivity related variables that included; the rectal 
temperature, respiration rate, rate of sweating, the 
rate of feed intake, milk production, body weight 
gain, and heat tolerance coefficient. The choice of 
these measurements was made due to their 
straightforward impact of the capacity of animals to 
remain in a physiological steady-state at high thermal 
stress conditions. The immune response index, the 
number of white blood cells, infection rate, recovery 
time, mortality rate and the measurements of 
antibody response were used to assess disease 
tolerance. In order to monitor the performance of the 
immune and disease susceptibility of various livestock 
groups, blood samples and health records were taken 
on a regular basis under the supervision of the 
veterinarian. Six-hour interval physiological 
measurements were taken throughout the exposure 
times to heat stress. Parameters that were assessed 
weekly such as milk yield, feed conversion efficiency 
and body weight gain were related to productivity. The 
observed phenotypic data were obtained as repeated 
measurements of 1,650 animals through numerous 
stress cycles in the environment and so enhancing the 
statistical reliability and lessening the environmental 
bias. Fig. 2 shows the SNP genotyping, genomic data 
acquisition and quality-control process utilized in the 
phenotypic and genomic integration. 
 

 
Fig. 2. SNP/genomic pipeline 

 

3.3 Genomic Data Acquisition 

All animals were sampled using sterile sampling to 
extract genomic DNA of the animals. Commercially 
standardized extraction kits were used to isolate the 
DNA in order to achieve high level of genomic purity 
and integrity. Spectrophotometric analysis was 
conducted on the extracted DNA samples and 
genotyping was done. Genome-wide marker analysis 
was done using high-density SNP genotyping arrays. 
Dairy cattle population was genotyped with 50,000 SNP 

markers and beef cattle, goats and poultry populations 
were genotyped with 45,000 SNP, 35,000 SNP and 
60,000 SNP markers, respectively. The SNP arrays were 
chosen either by species specific genomic coverage or 
density of the marker. Prior to the genomic analysis, 
quality control procedures were put in place to 
enhance accuracy and reliability of data. SNP markers 
that had low minor allele frequency values (less than 
0.05) were excluded to prevent genetic bias due to 
low frequencies. The call rates of genotypes exceeding 
95% were observed in all samples. HardyWeinberg 
equilibrium filtering was used to eliminate inconsistent 
markers and the missing genotype values were filled in 
with the help of genomic imputation methods. 
 

3.4 Genome-Wide Association Study (GWAS) 

To determine genomic regions that are implicated with 
the trait of heat resilience and disease resistance, 
genome-wide association study analysis was 
conducted. The GWAS analysis made it possible to 
identify SNP markers that are significantly correlated 
with the thermoregulation, immune response, stability 
of productivity, and adaptability to the environment in 
the livestock population. The GWAS analysis model of 
interest is the mixed linear model which is 
represented as: 

𝑦 = 𝑋𝛽 + 𝑍𝑢 + 𝑒____________________________(1) 

where 𝑦represents phenotypic observations, 𝑋denotes 

the fixed effect matrix, 𝛽represents fixed effects, 

𝑍corresponds to the random SNP effect matrix, 
𝑢indicates SNP marker effects, and 𝑒represents 
residual error. 

The GWAS model included environmental covariates, 
breed variables, and physiological variables to reduce 
confounding variables when examining the association 
of the markers. A significance level at p < 0.001 was 
used to find significant SNP associations. Plots 
(manhattan and quantile quantile plots) were created 
to see the pattern of genomic associations and to test 
statistical significance. 
 

3.5 Genomic Prediction Model 

The genomic best linear unbiased prediction (GBLUP) 
model was used to predict the genomic estimated 
breeding values (GEBVs). GBLUP framework has been 
chosen because it is particularly useful in dealing with 
large-scale genomic data and in the prediction of the 
complex quantitative traits. The genomic prediction 
equation can be given as: 

𝐺𝐸𝐵𝑉 = 𝑥𝑖
𝑛

𝑖=1
𝑏𝑖___________________________(2) 

where 𝑥𝑖represents SNP genotype effects and 

𝑏𝑖denotes estimated marker effects. 

Genomic prediction was enhanced by adding machine 
learning-based genomic analysis into the framework. 
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To predict the nonlinear interaction of genotype and 
phenotype and to enhance the predictive power, the 
support vector machine model, Artificial Neural 
Network model and random Forest were used. The 
entire data was split into training, validation, and 
testing sets which comprised 70, 15 and 15 percent of 
the total data respectively. The cross-validation 
analysis was carried out to decrease the overfitting 
and to assess the ability of the model to generalize to 
a variety of livestock species. 
 

3.6 Heat Stress Evaluation 

Experiments were also done on controlled heat stress 
to determine the performance in term of 
thermotolerance amongst livestock populations. 
Experimental chambers were kept at ambient 
temperatures of between 40C and 42C with a relative 
humidity of between 65 and 75%. Animals were 
subjected to stress conditions of thermal stress which 
lasted 8 hours daily and a 90 days assessment period. 
There were physiological measures such as rectal 
temperature, respiration rate, rate of sweating and 
heart rate; all these measures were taken at six hour 
intervals as stress exposure periods were going on. The 
indicators that were maintained continuously during 
the experiment, were related to productivity, like milk 
yield, feed intake, and body weight gain. The 
frequency of panting, resting time and the pattern of 
feed consumption were also used as behavioral 
observations to determine the thermal adaptation 
mechanisms. During the course of the experiment, 
veterinary control was observed to guarantee the 
welfare of the animals and prevent a number of 
complications in relation to health issues. 
 

3.7 Statistical Analysis 

R software version 4.3 and SPSS version 28 were used 
to perform a statistical analysis. The comparison of 
the conventional breeding and genomic selection 
strategies on the adaptive livestock traits was 
evaluated using analysis of variance (ANOVA). Pairwise 
comparison of experimental groups was done by Tukey 
post hoc analysis. Physiological, genomic and 
productivity-related parameter relationships were 
assessed via Pearson correlation analysis. Significance 
testing in GWAS was conducted to find out the 
genomic regions that were strongly related to 
thermotolerance and disease resistance phenotypes. 
The prediction accuracy, its precision, its recall, its 
F1-score, and its root mean square error (RMSE) were 
used to measure the performance of the machine 
learning models. The cross-validation processes were 
utilized to make sure that the models are reliable and 
to minimize overfitting. The study has kept a level of 
statistical significance of p < 0.05. 
 

 

4. RESULTS AND DISCUSSION 

4.1 Genomic Prediction Performance 

The suggested genomic selection model exhibited a 
high prediction efficiency of various adaptive traits of 
livestock related to heat resistance and disease 
resistance. Genomic estimated breeding values 
(GEBVs) obtained by SNP-based genomic analysis and 
machine learning-aided prediction algorithms were 
used to evaluate genomic prediction models. The 
results obtained supported the influential role of 
combining the genomic data with the highly developed 
predictive models in enhancing the accuracy of 
breeding value estimates as compared to the 
traditional phenotypic selection practices. Table 1 
reports the prediction accuracies in heat resilience, 
disease tolerance, milk productivity and survival rate 
and Fig. 3 shows the relative performance of the 
various models of genomic prediction. 
 

Table 1. Prediction Accuracy of the Proposed Genomic 
Selection Framework 

Trait Prediction Accuracy (%) 

Heat resilience 91.8 

Disease tolerance 89.6 

Milk productivity 90.2 

Survival rate 92.4 

 
The ANN model outperformed the other tested 
machine learning models because it was able to model 
both the nonlinear and complicated genotype-
phenotype interactions. The prediction accuracy of the 
heat resilience (91.8) was better than those reported 
in the previous livestock genomic prediction 
experiments, which were mostly in the range of 80-88 
percent according to species and conditions. On the 
same note, the accuracy of disease tolerance 
prediction was 89.6, which showed the effectiveness 
of using GWAS-generated SNP markers in the genomic 
prediction model. The enhanced predictive 
capabilities imply that machine learning-based 
genomic selection is able to speed up the process of 
identifying better breeding partners and shorten 
generation periods and enhance livestock adaptability 
in the event of climate-related stresses in the long 
run. 
 

 
Fig. 3. Prediction Accuracy Comparison of Genomic Models 
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4.2 Heat Stress Adaptation Performance 

Animals that were chosen using genomic prediction 
were much better in terms of thermotolerance 
properties than livestock groups that were bred using 
the traditional methods. The parameters related to 
the physiological and productivity showed significant 
gains in the conditions of exposure to controlled heat 
stress. The adaptation to heat stress under comparison 
between the traditional and genomically-selected 
livestock population is provided in Table 2, and the 
graphical comparison of the thermotolerance and 
productivity-related parameters is shown in Fig. 4. 
 

Table 2. Heat Stress Adaptation Performance of 
Experimental Livestock Populations 

Parameter  Conventional 
Breeding 

Genomic 
Selection 

Rectal temperature 
(°C) 

40.8 ± 0.5 38.9 ± 0.4 

Respiration rate 
(breaths/min) 

88 ± 5 67 ± 4 

Milk yield (L/day) 27.4 ± 1.6 33.2 ± 1.5 

Feed efficiency (%) 71.2 84.5 

 
Animals genetically selected had significantly lower 
rectal temperatures and respiration rates when 
exposed to heat, which suggested that they had 
greater thermoregulation capacity. The capacity to 
show reduced physiological stress responses implies 
better tolerance to heat and metabolic stability of the 
cells in the chosen populations of livestock. 
Genomically selected dairy cows had a high milk 
productivity compared to the conventional bred cattle 
(33.2 ± 1.5 vs. 27.4 ± 1.6 L/day; F(1,118) = 18.74, p = 
0.003). There was also a significant enhancement in 
the feed efficiency, and this proved that genomic 
selection helped in enhancing nutrient utilization and 
productivity under the stress conditions in the 
environment. These results are in line with past 
genomic selection studies that have reported 
enhanced thermotolerance and productivity stability in 
heat-selected cattle population. Nevertheless, the 
present study established a relatively better 
performance in terms of adaptation owing to ensemble 
of machine learning-aided genomic forecasting and 
multi-trait adaptive selection techniques. 
 

 
Fig. 4. Heat Stress Adaptation Performance 

4.3 Disease Resistance Evaluation 

Animals that had been genetically selected had better 
disease resistance properties and had better immune 
functioning than the conventional breeding 
populations. Incidence of disease, recovery time, and 
survival rate shown statistically significant 
improvements in the livestock species in the evaluated 
livestock. 
 

Table 3. Disease Resistance Performance of Experimental 
Livestock Populations 

Parameter Conventional Genomic 
Selection 

Infection incidence 
(%) 

22.5 11.8 

Recovery duration 
(days) 

9.4 ± 1.2 5.8 ± 0.9 

Survival rate (%) 87.2 95.6 

 
The incidence rate of the infection was reduced by 
11.8 per cent compared to the 22.5 per cent in the 
conventional livestock populations, which means that 
they are better defended against the disease. It was 
also found that recovery duration was significantly 
shortened indicating a better immune responsiveness 
and capacity of physiological recovery. The survival 
rates were 95.6% in animals which were genetically 
selected; this was significantly greater than the 
traditional breeding population. Statistical analysis 
proved that there was the significant improvement of 
resistance to disease (F(1,118) = 16.91, p = 0.005). The 
results obtained are consistent with past research that 
has proven the role of genomic selection in enhancing 
immune response and resistance to pathogens in 
livestock species. Combining SNP marker analysis and 
genomic prediction helped in identifying more 
accurate disease tolerant breeding candidates. 
 

4.4 GWAS Findings 

Analysis of genome-wide association study revealed a 
number of genomic regions that are significant to the 
traits of heat resilience and disease tolerance. Several 
SNP-associated candidate genes were detected over 
the thermoregulation, cellular stress response and 
immune regulation. 
 

Table 4. Significant Candidate Genes Identified Through 
GWAS Analysis 

Gene Associated Trait 

HSP70 Heat stress tolerance 

HSP90 Cellular stress adaptation 

ATP1A1 Thermoregulation 

TLR4 Immune response 

BoLA Disease resistance 

 
These genes were found to be highly associated with 
adaptive livestock traits and were much significant at 
the GWAS threshold which was set at 0.001. The genes 
of heat shock proteins such as HSP70 and HSP90 were 
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highly correlated with cellular thermotolerance, and 
stress adaptation systems. Likewise, the genes of TLR4 
and BoLA showed great correlations with regulation of 
immune response and resistance to disease. The GWAS 
findings align with the past evidence on genomics of 
livestock, and the significance of the above candidate 
genes in adaptive breeding programmes has been 
proven. Moreover, the SNP markers identified can be 
incorporated in genomic-based breeding systems in the 
future to create livestock populations resistant to 
climate change. 
 

4.5 Comparative Analysis 

The suggested genomic selection system significantly 
exceeded the old livestock breeding methods in the 
aspects of the selection accuracy, genetic gain, the 
adaptation rate, the resistance to diseases, as well as 
environment sustainability. Combination of GWAS 
analysis, genomic prediction, and machine learning-
assisted optimization enhanced livestock breeding 
programs in terms of its efficiency and scalability. The 
proposed framework allowed the early recognition of 
the best breeding options in terms of genome-wide 
molecular markers in comparison with traditional 
phenotypic selection tools. This greatly shortened the 
breeding cycle time and increased the efficiency of 
genetic improvement in the long-term. Another 
significant improvement was the use of machine 
learning within the framework to improve the 
reliability of the predictions by incorporating complex 
nonlinear genomic interactions that are not always 
known in the traditional statistical models. The 
designed framework was found to be more adaptable 
to various species of livestock, and environmental 
parameters which made it very appropriate in humble 
livestock production systems in climate change 
situations. On the whole, the acquired findings support 
the arguments that genomic selection with advanced 
computational approaches can significantly enhance 
the heat resilience, disease tolerance, stability of 
livestock production, and survival in livestock 
populations and contribute to viable animal farming 
and world food security. 
 

CONCLUSION 

This paper offered an elaborate genomic selection 
guide towards coming up with disease-tolerant and 
heat-resilient livestock breeds in conditions of 
sustainable livestock production structures. The 
suggested model combined SNP-based genomic data, 
genome-wide association (GWAS), genomic predicted 
breeding value (GEBV) and machine learning-assisted 
optimization into one comprehensive precision 
livestock breeding system. The research overcame 
significant limitations that are linked to traditional 
breeding phenotypic methods, especially in complex 
adaptive traits that depend on environmental stress 
conditions by integrating genomic marker analysis with 

the advanced predictive modeling system. 
Experimental studies provided significant increases in 
thermotolerance, resistance to diseases, productivity, 
feed efficiency, and survival performance in a variety 
of livestock, such as dairy cattle, beef cattle, goats 
and poultry. Populations of livestock genetically 
selected were observed to have reduced physiological 
responses to stress, enhanced productivity at 
temperatures of heat and reduced rate of infections 
and enhanced survival than the traditionally bred 
populations. The strength, reliability and efficiency of 
the proposed genomic selection framework were 
statistically validated by having a substantial 
enhancement in the adaptive traits of livestock (p < 
0.05). The analysed candidate genes such as HSP70, 
HSP90, ATP1A1, TLR4 and BoLA showed strong 
correlations with thermoregulation and immune 
response routes, and therefore could be used in future 
breeding programs that are precise. Moreover, the use 
of machine learning models also enhanced the 
accuracy of genomic prediction by being able to 
effectively decipher nonlinear genotype -phenotype 
interactions. On the whole, the suggested framework 
offers a successful tool of climate-resilient animal 
production, sound animal health management, and 
sustainable food security across the globe in the face 
of its varying environmental conditions. Possible 
directions of future studies could be the combination 
of multi-omics analysis, epigenetics analysis, AI-based 
genomic prediction, real-time livestock monitoring 
systems, and climate-based breeding optimization in 
order to enhance further precision livestock breeding 
efficiency and sustainability. 
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