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Abstract This studyexamines the principles, methodologies, and recent advancements that underpin genomic selection (GS), a
transformative approach for enhancing the efficiency of poultry breeding. Current applications of GS in improving meat and egg
production traits, incorporating disease resistance, and maintaining genetic diversity are analyzed. Key enabling technologies,
including high-throughput genotyping, predictive computational tools, and the integration of phenotypic and genomic data, are
highlighted. A case study on the successful implementation of GS in improving disease resistance illustrates its practical impact.
Challenges such as high costs, limited genomic resources, ethical concerns, and regulatory barriers are also addressed. Promising
prospects are outlined for integrating GS with genome editing technologies, precision breeding, and artificial intelligence to achieve
sustainable and tailored poultry production. The study emphasizes the critical role of ongoing innovation and collaboration in
maximizing the potential of GS to revolutionize chicken breeding.
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1 Introduction

Chicken breeding plays a pivotal role in global agriculture and food security. Poultry products, including meat and
eggs, are among the most affordable and efficient sources of animal protein worldwide. The advancements in
poultry breeding have significantly contributed to the increased production and efficiency of these products,
thereby helping to reduce global hunger and food insecurity (Pankova and Katerinich, 2017; Athrey, 2020). The
poultry industry has seen remarkable improvements in feed efficiency, production systems, and nutritional
understanding, which have collectively enhanced the reliability and consistency of poultry as a food source.
However, challenges such as musculoskeletal and metabolic disorders, welfare concerns, and the need to adapt to
climate change threaten the long-term sustainability of this model.

Genetic improvement techniques in animal breeding have evolved significantly over the years. Traditional
selective breeding methods have been the cornerstone of genetic advancements, focusing on traits such as yield,
efficiency, and product quality (Chatterjee et al., 2019; Tizard et al., 2019). These methods involve mating
superior individuals to enhance desirable traits in the offspring. However, the rate of genetic progress using
conventional methods has been relatively slow due to the inherent nature of population and selection criteria.
Recent advancements have introduced biotechnological approaches, including transgenic technology and genome
editing, which offer the potential to address complex traits such as disease resistance and welfare outcomes more
effectively (Doran et al., 2017). These modern techniques have shown promise in enhancing productivity and
sustainability in poultry breeding (Neeteson et al., 2023).

Genomic Selection (GS) is a cutting-edge breeding technique that utilizes genomic information to predict the

genetic value of individuals for specific traits. Unlike traditional methods, GS incorporates genome-wide markers

to estimate breeding values, allowing for more accurate and faster selection of desirable traits. The

implementation of GS in poultry breeding has led to significant improvements in traits such as growth, feed

efficiency, and reproductive efficiency (Wood et al., 2019). By integrating genomic information, breeders can

achieve higher precision in selection, ultimately enhancing the overall productivity and sustainability of poultry
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production (Neeteson et al., 2023). GS also holds potential for addressing complex traits that are difficult to
improve through conventional breeding methods, such as disease resilience and welfare traits (Doran et al., 2017;
Zhang and Chen, 2024).

This study attempts to explore the current practices and future prospects of genomic selection in chicken breeding,
discuss the challenges and limitations associated with its implementation, and provide an overview of the
historical advancements, its impact on traits such as growth, feed efficiency, and disease resistance, and potential
innovations to enhance breeding efficiency and sustainability. By synthesizing the latest research and
developments, it aims to offer valuable insights for researchers, breeders, and policymakers involved in poultry
breeding and genetic improvement programs.

2 Fundamentals of Genomic Selection in Chicken Breeding

2.1 The concept of genomic selection: principles and methodologies

Genomic selection (GS) is a modern breeding technique that leverages high-density single nucleotide
polymorphism (SNP) panels to predict the breeding values of animals based on their genomic information. This
method was initially implemented in dairy cattle breeding and has since been adapted for use in poultry breeding.
The core principle of GS involves the use of genome-wide markers to estimate the genetic potential of individuals,
thereby enabling more accurate selection decisions at an earlier age compared to traditional methods (Wolc et al.,
2016; VanRaden, 2020). The breeding value is calculated as the sum of the additive effects of alleles at all SNPs,
which allows for the prediction of an individual's genetic merit for various traits (Fulton and Wolc, 2020).

2.2 Advances in genomics and bioinformatics enabling GS

Recent advancements in genomics and bioinformatics have significantly enhanced the implementation of GS in
chicken breeding. High-density SNP arrays and whole-genome sequencing (WGS) have become more accessible
and cost-effective, providing detailed genetic information that can be used to improve the accuracy of breeding
value predictions. Techniques such as single-step genomic BLUP (ssGBLUP) have simplified the integration of
genomic and pedigree data, allowing for more efficient and accurate genetic evaluations (Misztal et al., 2020).
Additionally, bioinformatics tools have enabled the identification of genomic regions under selection and the
annotation of candidate genes associated with economically important traits, further refining the selection process
(Abdelmanova et al., 2021; Mahdabi et al., 2021).

2.3 Comparison of GS with traditional selection methods

Genomic selection offers several advantages over traditional selection methods. Traditional breeding relies heavily
on phenotypic selection and pedigree information, which can be less accurate and slower due to longer generation
intervals and the need for progeny testing (Wolc et al., 2016). In contrast, GS can significantly shorten generation
intervals and increase the rate of genetic gain by allowing for the selection of young animals based on their
genomic information (Momen et al., 2017). Moreover, GS can improve the accuracy of selection for traits with
low heritability or those that are difficult to measure, such as disease resistance and reproductive traits (Gholami
et al., 2015; VanRaden, 2020). However, it is important to note that while GS can enhance short-term genetic
gains, it may also lead to a reduction in genetic diversity if not managed properly (Moeinizade et al., 2020).

Genomic selection has revolutionized chicken breeding by providing a more precise and efficient method for
selecting superior animals. Advances in genomics and bioinformatics have played a crucial role in enabling the
widespread adoption of GS, offering significant improvements over traditional selection methods. However,
careful management is required to balance short-term gains with long-term genetic diversity.

3 Current Practices in Genomic Selection for Chicken Breeding

3.1 Application in meat production traits (e.g., growth rate, feed efficiency)

Genomic selection (GS) has been extensively applied to improve meat production traits in chickens, such as
growth rate and feed efficiency. By utilizing high-density SNP panels, GS allows for the identification of genetic
markers associated with desirable traits, leading to more accurate selection of breeding stock. For instance, studies
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have shown that genomic predictions using SNP panels can significantly enhance the accuracy of selecting for
traits like body weight and breast muscle yield in broilers (Momen et al., 2017; Boschiero et al., 2018).
Additionally, the integration of genomic data with traditional pedigree information has been shown to improve
predictive correlations and reduce mean-squared predictive error, thereby optimizing breeding outcomes.

3.2 Application in egg production traits (e.g., laying rate, egg quality)

In the realm of egg production, GS has been employed to enhance traits such as laying rate and egg quality.
Commercial poultry breeding companies have adopted GS to increase the rate of genetic progress for these
performance traits by combining genotype and phenotype data to predict breeding values more accurately (Fulton
and Wolc, 2020). For example, genomic selection has been used to identify key candidate genes associated with
egg productivity and quality in different chicken breeds, thereby facilitating targeted breeding strategies
(Boschiero et al., 2018; Abdelmanova et al., 2021). The use of GS in egg-type chickens has also been shown to
improve the accuracy of selection and reduce the generation interval, although the scope for shortening the
generation interval is less compared to meat-type chickens (Figure 1) (Wolc et al., 2016; Schmidt et al., 2023).
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Figure 1 Gene ontology results (Adopted from Schmidt et al., 2023)
Image caption: Orange hexagons refer to GO terms and rectangles refer to proteins differentially enriched between modern (Red) and
legacy (Green) chicken muscle (Adopted from Schmidt et al., 2023)

3.3 Incorporation of disease resistance traits

Incorporating disease resistance traits into GS programs is crucial for enhancing the overall health and resilience
of chicken populations. Genomic selection has been used to identify genetic markers associated with resistance to
various diseases, thereby enabling the selection of individuals with superior immune responses. For instance,
studies have identified candidate genes related to disease resistance, such as those involved in the immune
response pathways, which can be targeted in breeding programs to improve disease resistance in chickens
(Mahdabi et al., 2021; Schmidt et al., 2023). This approach not only helps in maintaining the health of the flock
but also reduces the reliance on antibiotics and other treatments.

3.4 Role of GS in maintaining genetic diversity
Maintaining genetic diversity is a critical aspect of sustainable breeding programs, and GS plays a significant role
in this regard. By using a wide array of genetic markers, GS allows for the selection of individuals that contribute
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to the genetic diversity of the population while still improving desired traits. Studies have shown that genomic
selection can help in identifying and preserving genetic variants that are important for maintaining diversity,
thereby preventing the loss of valuable genetic resources (Meuwissen et al., 2016; Abdelmanova et al., 2021).
Additionally, the use of multi-trait prediction models that combine pedigree and genomic information can further
enhance the ability to maintain genetic diversity while achieving breeding goals (Momen et al., 2017).

Current practices in genomic selection for chicken breeding have demonstrated significant advancements in
improving meat and egg production traits, incorporating disease resistance, and maintaining genetic diversity. The
integration of high-density SNP panels and genomic data with traditional breeding methods has led to more
accurate selection and faster genetic progress. As genomic technologies continue to evolve, the future prospects
for GS in chicken breeding look promising, with potential for even greater improvements in efficiency and
sustainability.

4 Key Technologies Supporting Genomic Selection

4.1 High-throughput genotyping and sequencing technologies

High-throughput genotyping and sequencing technologies have revolutionized genomic selection in chicken
breeding by enabling the efficient and cost-effective identification of genetic markers. The CornellGBS approach,
for instance, has been optimized for chickens, allowing the successful genotyping of a large number of chickens at
a cost of approximately $50 per sample. This method identified 134 528 SNPs, with 67 096 unique tags,
demonstrating high performance in inferring SNPs, particularly in exonic regions and microchromosomes (Pértille
et al.,, 2016). Additionally, high-throughput sequencing with preselection of markers has shown to be a viable
alternative to SNP chips, improving the accuracy of genomic predictions in broilers (Liu et al., 2020). These
technologies facilitate the large-scale application of genomic selection, enhancing the genetic improvement of
economically important traits in poultry.

4.2 Computational tools and predictive models for genomic evaluations

The implementation of genomic selection in poultry relies heavily on advanced computational tools and predictive
models. Single-step genomic BLUP (ssGBLUP) is a prominent method that combines genomic and pedigree
relationships to create an index with all sources of information, accommodating any combination of male and
female genotypes and accounting for preselection biases (Misztal et al., 2020). This method is widely used in the
chicken industry due to its simplicity and accuracy. Furthermore, the development of predictive models such as
BayesC and the use of high-density SNP panels have significantly improved the accuracy of genomic predictions
for complex traits in broilers. These computational advancements enable more precise estimation of breeding
values, thereby accelerating genetic progress in chicken breeding programs.

4.3 Integration of phenotypic and genomic data

The integration of phenotypic and genomic data is crucial for the effective application of genomic selection. By
combining information from multiple genetic variants (genotypes) across the genome with trait information
(phenotypes), breeding values can be predicted with greater accuracy. This approach allows for the identification
of individuals with the best genetics to pass on to subsequent generations, thereby improving progeny
performance (Fulton and Wolc, 2020). The use of genome-wide SNP screens to identify genomic regions under
selection and key candidate genes further enhances the understanding of selection history and genomic diversity
in chicken breeds, aiding in their productive breeding (Abdelmanova et al., 2021). The integration of these data
types ensures a comprehensive evaluation of genetic potential, facilitating more informed selection decisions in
poultry breeding programs.

High-throughput genotyping and sequencing technologies, advanced computational tools, and the integration of
phenotypic and genomic data are key technologies supporting genomic selection in chicken breeding. These
innovations have significantly improved the accuracy and efficiency of genetic evaluations, enabling more precise
selection of breeding stock and accelerating genetic progress in the poultry industry.
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5 Case Study: Successful Implementation of Genomic Selection in Poultry Breeding

5.1 Background and context of the breeding program

The implementation of genomic selection in poultry breeding has been driven by the need to enhance genetic
progress and improve economically important traits. Traditional genetic improvement programs in poultry already
benefit from short generation intervals, with broilers selected every six weeks and layers on an annual basis (Wolc
et al., 2016). However, genomic selection offers the potential to further accelerate genetic gains by utilizing
high-density SNP panels to predict breeding values more accurately and efficiently (Misztal et al., 2020).

5.2 Genomic data collection and evaluation

The methodology for implementing genomic selection in poultry involves several key steps. First, genomic data is
collected using high-density SNP panels, which provide comprehensive coverage of the chicken genome (Figure 2)
(Wolc et al., 2016; Li et al.,, 2017). For instance, in a study involving 78 chickens from 14 populations,
whole-genome sequencing was performed to identify approximately 6.44 million SNPs per population. This data
is then combined with phenotypic information to create genomic relationship matrices, which are used to estimate
breeding values through models such as the single-step genomic BLUP (ssGBLUP) (Misztal et al., 2020). This
approach integrates genomic and pedigree information, ensuring accurate and unbiased predictions of breeding
values.
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Figure 2 Sample information and comparison of identified SNPs in each breed/population with the chicken variants database (dbSNP,
Build 145) (Adopted from Li et al., 2017)

Image caption: Known SNPs are SNPs already in chicken dbSNP. The map displayed here is the geographic distribution of domestic
chicken populations; numbers above the dashed lines are altitudes. Red and green localities represent eight lowland and six highland
chicken populations respectively, sampled in this study (Adopted from Li et al., 2017)

5.3 Improvements in targeted traits

The implementation of genomic selection in poultry breeding has led to significant improvements in various

targeted traits. For example, in a study on indigenous chicken breeding programs, the use of genomic selection

resulted in a 59.3% increase in genetic gain and a 30% improvement in selection accuracy compared to

conventional breeding schemes (Ndung’u et al., 2022). Additionally, genomic selection has been shown to

enhance traits such as body weight, egg production, and feed efficiency in different chicken breeds (Abdelmanova
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et al., 2021). In broiler chickens, genetic correlations between traits like body weight, breast meat area, and egg
production were effectively assessed using genomic data, leading to optimized selection strategies (Momen et al.,
2017).

5.4 Lessons learned and implications for future breeding initiatives

The successful implementation of genomic selection in poultry breeding has provided several valuable lessons.
One key insight is the importance of integrating both genomic and pedigree information to achieve the most
accurate predictions of breeding values (Momen et al., 2017; Misztal et al., 2020). Additionally, the use of
high-density SNP panels and comprehensive genomic data collection is crucial for identifying key candidate genes
and genomic regions under selection (Qanbari et al., 2015; Abdelmanova et al., 2021). Future breeding initiatives
can benefit from these findings by continuing to leverage genomic selection to enhance genetic progress, improve
economically important traits, and maintain genetic diversity in poultry populations (Mahdabi et al. 2021).

The case study of genomic selection in poultry breeding demonstrates its effectiveness in improving targeted traits
and accelerating genetic progress. By integrating genomic and phenotypic data, breeders can make more informed
selection decisions, ultimately leading to more productive and efficient poultry populations. The lessons learned
from these implementations highlight the potential for genomic selection to revolutionize poultry breeding and set
the stage for future advancements in the field.

6 Challenges and Limitations of Genomic Selection in Chicken Breeding

6.1 High costs of genotyping and computational infrastructure

The implementation of genomic selection in chicken breeding is often hindered by the high costs associated with
genotyping and the necessary computational infrastructure. High-density SNP panels, while effective, are
expensive, limiting their widespread use in breeding programs. For instance, the cost of using a 600K Affymetrix
Axiom high-density SNP chip is prohibitively high for genotyping all selection candidates, necessitating the
development of lower-cost alternatives such as low-density SNP chips and imputation methods (Herry et al.,
2020). Additionally, the computational resources required to process and analyze large genomic datasets further
add to the overall costs, making it challenging for smaller breeding operations to adopt these technologies (Pértille
etal., 2016).

6.2 Limited genomic resources in non-model chicken breeds

Another significant challenge is the limited availability of genomic resources for non-model chicken breeds. Most
genomic selection efforts have focused on commercial breeds, leaving indigenous and less common breeds with
fewer genomic tools and resources. This disparity can hinder the genetic improvement of these breeds, which may
possess valuable traits for specific environments or production systems. For example, studies have shown that
while commercial breeds have been extensively genotyped and analyzed, indigenous breeds often lack
comprehensive genomic data, making it difficult to apply genomic selection effectively (Ndung’u et al., 2022).
This limitation underscores the need for more inclusive genomic research that encompasses a broader range of
chicken breeds.

6.3 Ethical and welfare concerns

The application of genomic selection in chicken breeding also raises ethical and welfare concerns. Intensive
selection for specific traits can lead to unintended consequences, such as increased susceptibility to diseases or
poor welfare outcomes. For instance, the selection for rapid growth in broilers has been associated with health
issues like skeletal deformities and cardiovascular problems. Moreover, the focus on production traits can
sometimes overshadow the importance of maintaining genetic diversity and overall animal well-being. Ethical
considerations must be integrated into breeding programs to ensure that the welfare of the animals is not
compromised in the pursuit of genetic gains (Marchesi et al., 2017).

6.4 Regulatory and industry-level adoption challenges
Finally, the adoption of genomic selection at the regulatory and industry levels presents its own set of challenges.
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Regulatory frameworks for the use of genomic technologies in animal breeding are still evolving, and there can be
significant variability between regions. This lack of standardized regulations can create barriers to the
implementation of genomic selection practices. Additionally, industry stakeholders may be hesitant to adopt new
technologies due to the perceived risks and uncertainties associated with them. For example, the poultry industry
has traditionally relied on well-established breeding practices, and transitioning to genomic selection requires a
shift in both mindset and operational procedures (Wolc et al., 2016; Misztal et al., 2020). Overcoming these
challenges will require concerted efforts to educate stakeholders and develop clear regulatory guidelines that
support the integration of genomic technologies into breeding programs.

The use of genomic selection in chicken breeding faces several challenges, including high costs of genotyping and
computational infrastructure, limited genomic resources for non-model breeds, ethical and welfare concerns, and
regulatory and industry-level adoption hurdles. Addressing these challenges will be crucial for the successful
implementation and widespread adoption of genomic selection in the poultry industry (Teng et al., 2019).

7 Future Prospects of Genomic Selection in Chicken Breeding

7.1 Integration of GS with genome editing technologies (e.g., CRISPR/Cas9)

The integration of genomic selection (GS) with genome editing technologies such as CRISPR/Cas9 holds
significant promise for the future of chicken breeding. CRISPR/Cas9 allows for precise modifications at specific
genomic loci, which can be used to introduce desirable traits identified through GS. For instance, the
CRISPR/Cas9 system has been successfully used to create highly productive chickens with improved traits by
targeting specific genes (Larkina et al., 2021). This combination can accelerate the breeding process by directly
editing the genes associated with favorable traits, thereby enhancing the efficiency and effectiveness of GS.

7.2 Prospects for precision breeding and tailored poultry lines

Precision breeding aims to develop poultry lines that are tailored to specific production goals or environmental
conditions. By leveraging GS, breeders can predict the genetic potential of chickens with high accuracy, allowing
for the selection of individuals that best meet the desired criteria. This approach can optimize traits such as growth
rate, feed efficiency, and disease resistance (Wolc et al., 2016; Ndung’u et al., 2022). The ability to tailor poultry
lines to specific needs not only improves productivity but also enhances animal welfare and sustainability in
poultry production.

7.3 Leveraging big data and artificial intelligence in genomic evaluations

The use of big data and artificial intelligence (Al) in genomic evaluations is set to revolutionize chicken breeding.
Advanced computational tools and machine learning algorithms can handle the vast amounts of data generated by
high-density SNP panels and whole-genome sequencing (Montesinos-Lopez et al., 2023). These technologies can
improve the predictive accuracy of genomic estimated breeding values (GEBVs) by identifying complex patterns
and interactions within the genomic data. Al-driven models can also facilitate the integration of environmental and
phenotypic data, further enhancing the precision of GS (Wang et al., 2018; Li et al., 2023).

7.4 Global collaboration and resource sharing for GS research

Global collaboration and resource sharing are crucial for advancing GS research in chicken breeding. By pooling
genetic and phenotypic data from diverse populations, researchers can create more robust reference populations,
which are essential for accurate genomic predictions (Meuwissen et al., 2016; Tan et al., 2017). International
partnerships can also facilitate the exchange of technological advancements and best practices, accelerating the
implementation of GS across different regions and breeding programs. Collaborative efforts can lead to the
development of standardized protocols and shared databases, ultimately benefiting the global poultry industry.

The future of genomic selection in chicken breeding is promising, with significant advancements expected
through the integration of genome editing technologies, precision breeding, big data, and Al. Global collaboration
will play a pivotal role in maximizing the potential of GS, leading to more efficient and sustainable poultry
production.
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8 Concluding Remarks

Genomic selection (GS) has revolutionized chicken breeding by leveraging high-density SNP panels to enhance
the accuracy of breeding value predictions and reduce generation intervals. Traditional genetic improvement
programs in poultry already benefit from short generation intervals, but GS has further optimized these processes,
particularly in layers where some scope for shortening the generation interval exists. The implementation of GS
has been facilitated by technological advancements such as single-step genomic BLUP (ssGBLUP), which
integrates genomic and pedigree data to provide accurate breeding values. Additionally, the identification of
genomic regions under selection in various chicken breeds has provided valuable insights into the genetic basis of
economically important traits, aiding in the development of more efficient breeding strategies.

Continued innovation and research in GS are crucial for maintaining and enhancing the genetic progress in
chicken breeding. The development of new genomic selection methods, such as the complementarity-based
selection strategy (CBS), aims to balance short-term genetic gains with long-term genetic diversity and growth
potential. Moreover, the integration of whole-genome sequence data and the exploration of multiple-trait genomic
selection can further improve the accuracy and efficiency of breeding programs. Addressing challenges such as
the reduction in genetic variances due to the Bulmer effect and the need for new validation procedures unaffected
by selection will be essential for the sustained success of GS.

Genomic selection holds transformative potential for sustainable poultry production by enabling more precise and
efficient breeding practices. The ability to predict breeding values with high accuracy early in life allows for the
selection of superior individuals, thereby accelerating genetic progress and improving productivity. The
identification of key candidate genes and genomic regions under selection provides a deeper understanding of the
genetic architecture of important traits, facilitating targeted breeding efforts. As the poultry industry continues to
adopt and refine GS technologies, the potential for sustainable and productive poultry production will be
significantly enhanced, ensuring the long-term viability and success of the industry.
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