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ARTICLE INFO ABSTRACT

Introduction: Poultry layer breeds have undergone extensive selection for egg production
traits, yet the genetic basis of many economically important characteristics remains
incompletely understood. In the present study, a comprehensive comparative genomic
analysis of multiple commercial and indigenous poultry layer breeds was conducted to
identify novel genes associated with egg production and disease resistance, such as viral
and Dbacterial infections, particularly through innate immune pathways.
Materials and methods: A comprehensive comparative genomic analysis was conducted
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check for using whole-genome sequencing data from 135 individuals, including 30 commercial
updates layers (White Leghorn and Rhode Island Red), 90 indigenous chickens from six local
breeds, and 15 red jungle fowl representing the ancestral population. Using fixation index
Keywords: scans, haplotype-based selection analysis, and Tajima’s D, genomic regions under positive
Cgmparativle genomic selection were identified. By integrating gene prediction tools and protein function
Disease re51§tance analysis, 12 novel genes in layer breeds with strong selection signals and potential roles in
Egg production egg production and immune response were identified.
Novel gene Results: In silico functional analysis, utilizing protein domain annotation, structural
Poultr.y lay.er modeling, and pathway enrichment, suggested that these novel genes are involved in
Selection signature eggshell formation, egg production, immune response, and metabolic regulation. Notably,

GALLUS-NOVEL-3, a previously uncharacterized gene with high predicted oviduct
expression and strong selection signatures in commerecial layers, may play a role in calcium
transport and eggshell mineralization. Protein structure prediction and domain analysis
further supported the potential functionality of these novel genes, revealing conserved
features  linked to  reproductive  physiology and immune  defense.
Conclusion: The present findings provided new insights into the genetic basis of
economically important traits in layer chickens, highlighting promising targets for
breeding programs aimed at improving egg production and disease resistance.

1. Introduction

Domestic chickens (Gallus gallus domesticus) represent  through both meat and egg production!. Layer chickens,
one of the most economically important livestock species  specifically bred for egg production, have undergone
globally, providing a significant source of animal protein  intensive selection resulting in remarkable improvements
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in traits such as egg number, egg size, shell quality, and
production persistence?. Modern commercial layers such as
the White Leghorn and Rhode Island Red can produce more
than 300 eggs annually, a substantial increase compared to
the 10-15 eggs produced annually by their wild progenitor,
the red jungle fowl (Gallus gallus)3. This extraordinary
transformation has been achieved through centuries of
artificial selection, initially through traditional breeding
methods and more recently through genomics-assisted
approaches*. While significant progress has been made in
understanding the genetic basis of egg production traits,
many aspects of the molecular mechanisms underlying
these complex phenotypes remain elusive’. The
identification of novel genes and genetic elements
associated with economically important traits in layer
chickens could provide valuable views for further genetic
improvement and address emerging challenges in poultry
production®.

Advances in high-throughput sequencing have greatly
enhanced the ability to analyze the genetic architecture of
complex traits in farm animals?. Unlike previous approaches
limited to known genes or pathways, whole-genome
sequencing unlocks new possibilities for identifying
overlooked genetic variants and novel genes8. Comparative
genomic analysis investigates genetic variation across
breeds with differing phenotypic traits. This method is
highly effective for detecting selection signatures and
revealing novel genetic factors that influence breed-specific
characteristics®.

Indigenous chicken breeds represent valuable genetic
resources that have adapted to local environments and
developed unique characteristics through both natural and
artificial selection!®. Indigenous breeds often exhibit
superior disease resistance, environmental adaptability,
and product quality compared to commercial lines, despite
their lower productivity levels!l. The genetic basis of these
advantageous traits remains largely unexplored and could
harbor novel genes or genetic variants with potential
applications in commercial breeding programs!2. Recent
studies have demonstrated the effectiveness of comparative
genomic methods in identifying genes in chickens that are
subject to selection. The lack of strict seasonal reproduction
in modern hens was probably caused by a selective sweep
that Rubin et al.? found affecting the thyroid-stimulating
hormone receptor gene. Similarly, Wang et al.13 identified
selection signatures in commercial layers associated with
egg production traits, including genes involved in ovarian
follicle development and eggshell formation. However,
these studies primarily focused on known genes and
annotated genomic regions, potentially overlooking novel
genetic elements that may contribute to economically
important traits.

Identifying previously unannotated genes in the chicken
genome is a complex task, but it presents valuable
opportunities to reveal new genetic pathways that govern
important traits. Gene duplication, de novo gene birth, or
horizontal gene transfer are some of the ways that novel
genes might emerge and contribute to phenotypic
innovations and lineage-specific adaptations!*. In chickens,
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several studies have identified putative novel genes
associated with specific traits, such as feather
development?> and disease resistancel®, highlighting the
potential for discovering previously uncharacterized
genetic elements with functional significance. The present
study conducted a comprehensive comparative genomic
analysis of multiple poultry layer breeds, including
commercial layers, indigenous breeds, and the ancestral
Red Jungle Fowl, to identify novel genes associated with egg
production and disease resistance traits.

2. Materials and Methods

2.1. Genomic data collection and processing

Whole-genome sequencing data were obtained from 10
chicken breeds, including commercial layers (White
Leghorn and Rhode Island Red), indigenous breeds (Xianju,
Qiandongnan Xiaoxiang, Xingyi Aijiao, Wumeng Black-bone,
Changshun Green Egg, and Silky-feather), a hybrid line
(Yufen 1 D Line), and the ancestral red jungle fowl.

Data from 15 individuals for each breed were included.
The genomic data were sourced from publicly available
sources, including the NCBI sequence read archive and the
European nucleotide archive, as well as from recent
publications7-19. Raw sequencing reads were processed
using an established bioinformatics pipeline. Trimmomatic
v0.3921 was used to trim low-quality reads and adapter
sequences, while FastQC v0.11.92° was used for quality
control. BWA-MEM v0.7.1722 was used with default settings
to align the cleaned reads to the chicken reference genome
(GRCg7b, GCF_016699485.2). Duplicate reads were marked
using Picard Tools v2.25.023, and base quality score
recalibration was performed using GATK v4.2.024,

Alignment statistics, including coverage depth, mapping
rate, and genome coverage, were calculated for each sample
to ensure data quality and consistency. Samples with either
insufficient coverage (< 10x) or low mapping efficiency (<
95%) were excluded from further analysis. All 10 breeds
were represented in the final dataset by high-quality
genomic data, demonstrating consistent coverage (14-17x)
and excellent mapping efficiency ( > 98% across all
samples). Coverage depth per sample was calculated as the
average number of sequencing reads aligned per base
across the reference genome. For each breed, the mean
coverage depth and standard deviation (SD) were computed
across all individuals to assess sequencing consistency and
data quality.

2.2. Variant calling and population structure analysis

GATK's HaplotypeCaller in GVCF mode was used for
variant calling, and all samples were then subjected to joint
genotyping. GATK's variant quality score recalibration
method was used to filter the variants and produce a high-
confidence collection of minor insertions/deletions (Indels)
and single-nucleotide polymorphisms (SNPs). The final
variant set included approximately 20 million SNPs and 2
million indels in 10 chicken breeds, including commercial
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layers (White Leghorn and Rhode Island Red), indigenous
breeds (Xianju, Qiandongnan Xiaoxiang, Xingyi Aijiao,
Wumeng Black-bone, Changshun Green Egg, and Silky-
feather), a hybrid line (Yufen 1 D Line), and the ancestral red
jungle fowl.

Population structure analysis was conducted to examine
the genetic relationships between the studied breeds.
Principal component analysis (PCA) was performed using
EIGENSOFT v7.2.1%25 on a pruned subset of SNPs to reduce
the effects of linkage disequilibrium. Using a distance matrix
derived from the genotype data, the Ward's minimal
variance approach was used to accomplish hierarchical
clustering. Additionally, interbreed genetic distances were
determined and presented in a heatmap format to visualize
population relationships.

2.3. Signature detection

To identify genomic regions under selection in layer
breeds, multiple complementary approaches were
employed. Initially, fixation index (FST) values between
layer breeds and the red jungle fowl were calculated using
VCFtools v0.1.1626 in sliding windows of 50 kb with a 25 kb
step size. High FST values indicated genetic differentiation
potentially resulting from selection. Next, Selscan v1.2.027
was used to conduct a cross-population extended haplotype
homozygosity study to detect recent positive selection by
comparing long-range haplotype patterns between layer
breeds and the red jungle fowl. After that, Tajima's D
statistic was used in sliding windows to identify regions
showing deviations from neutral evolution expectations.

Genomic regions showing strong evidence of selection
based on multiple statistics were prioritized for further
analysis. Candidate regions, defined as those falling in the top
1% of the empirical distribution for at least two selection
statistics, were identified. These regions were then examined
for the presence of known genes using the current chicken
genome annotation, and regions lacking annotated genes were
targeted for the identification of novel genes.

2.4. Novel gene identification and annotation

To identify potential novel genes in the candidate
regions under selection, a comprehensive gene prediction
approach was employed. First, AUGUSTUS v3.3.328 with
chicken-specific parameters was used to predict gene
structures in the candidate regions. Second, MAKER
v3.01.032° was used to integrate evidence from multiple
sources, including RNA-seq data, protein homology, and ab
initio gene predictions. To ensure novelty, gene predictions
that coincided with known genes in the chicken genome
annotation were discarded. The remaining predictions were
further filtered based on multiple criteria, including coding
potential (Assessed using CPC23%), presence of open reading
frames longer than 300 bp, and conservation patterns
across avian species.

To identify truly novel genes, sequence similarity
searches were performed against known protein databases,
including UniProt, NCBI nr, and Ensembl, using BLASTP
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<sup>31</sup>. An E-value threshold of 1 x 10-° (E < 1e-5)
was applied to define significant similarity. This cutoff
signifies an extremely low likelihood of encountering such
alignments by chance, making it a widely accepted standard
in comparative genomics for identifying homologous
sequences. Predictions with significant matches (E < 1e-5)
were labeled as unannotated homologs, while those without
such matches were considered potentially novel genes31.
This threshold helped separate genes that are evolutionarily
conserved from those that have unknown similarities in
existing databases. All final novel gene candidates were
manually reviewed to ensure accurate annotations and to
remove any potential errors. For each novel gene, its
genomic location, predicted exon-intron structure, coding
sequence, and putative protein product were recorded.

2.5. In silico functional analysis

To characterize the potential functions of the identified
novel genes, comprehensive in silico analyses were conducted.
Several protein signature databases were incorporated into
InterProScan v5.52-86.03233, which was used to predict
protein domains and functional motifs. SignalP v5.032 and
TMHMM v2.033 and were used to predict transmembrane
domains and signal peptides, respectively. Protein secondary
and tertiary structures were predicted using PSIPRED v4.034
and I-TASSER v5.135, respectively. The predicted structures
were evaluated for quality using standard metrics, including
C-score and TM-score. Protein stability and solubility were
assessed using ProSA-web3¢ and CamSol?’, respectively. To
predict the potential biological functions of the novel genes,
pathway enrichment analysis based on the predicted protein
domains and structural features was performed. Additionally,
the potential interactions with known proteins were
predicted using STRING v11.53 based on domain co-
occurrence, co-expression patterns, and text mining evidence.

Expression patterns of the novel genes were predicted
based on the presence of tissue-specific regulatory elements,
such as transcription factor binding sites for oviduct- or
immune-related factors, identified in their promoter regions,
combined with comparative analysis of co-expressed genes
exhibiting analogous domain structures

2.6. Genome alignment and quality control

The alignment of sequencing reads to the chicken
reference genome yielded high-quality alignments across all
breeds, with mean coverage depth ranging from 14x to 17x
(Figure 1). Commercial layer breeds (White Leghorn and
Rhode Island Red) indicated the highest and most consistent
coverage (Mean 17x, SD 0.8x), while the red jungle fowl
indicated slightly lower and more variable coverage (Mean
14x, SD 1.2x). All samples exhibited high mapping rates (>
98%), indicating optimal compatibility with the reference
genome (Figure 2).

Genome coverage at = 10x depth, a key metric for
reliable variant calling, exceeded 90% for all breeds, with
commercial layers showing the highest coverage (> 95%)
and the red jungle fowl showing the lowest (91%; Figure 3).
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The current results confirmed the high quality of the
genomic data used in the present study and provided a solid
foundation for downstream analyses.

2.7. Statistical analysis

All statistical analyses were performed using R v4.1.03°.
Figures were generated using ggplot2 v3.3.540, and genome-
wide visualizations were created using Circos v0.69-841,

Heatmaps were generated using the pheatmap package
v1.0.1242, and network visualizations were created using
Cytoscape v3.8.243.

One-way ANOVA followed by Tukey’s post-hoc test was
used to evaluate statistical significance among breed-level
metrics, including SNP counts and heterozygosity rates,
with a significance threshold of p < 0.01.
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Figure 3. Genome coverage heatmap displays genome coverage at = 10x depth across different chicken breeds, including commercial layers, indigenous
breeds, and red jungle fowl

3. Results

3.1. Variant calling and population structure

Variant calling identified approximately 20 million SNPs
and 2 million insertions/deletions (indels) across all
samples. Commercial layer breeds (White Leghorn and
Rhode Island Red) exhibited notably lower genetic diversity
relative to indigenous breeds and the red jungle fowl, as
evidenced by reduced SNP counts and heterozygosity rates
(p < 0.01). Commercial layers indicated an estimated
average of 14.0 million SNPs per breed (SD * 1.1 million)
and a mean heterozygosity rate of 0.0023 (SD + 0.0004). In
contrast, indigenous breeds (Xianju, Qiandongnan
xiaoxiang, Xingyi aijiao, Wumeng black-bone, Changshun
green egg, and Silky-feather) had an estimated 17.0 million
SNPs per breed (SD + 1.4 million) and a heterozygosity rate
of 0.0039 (SD + 0.0006), while the red jungle fowl had
approximately 18.0 million SNPs (SD # 1.6 million) and a
heterozygosity rate of 0.0046 (SD 0.0007). These
differences, statistically significant (p < 0.01), reflected the
intensive artificial selection and genetic bottlenecks that
have occurred in commercial layers. The current results
align with the documented breeding history of commercial

+
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layers, characterized by strong artificial selection and
genetic bottlenecks during breed development?3.

The Clear genetic difference among the examined breeds
was shown by principal component analysis (PCA; Figure 4).
The domestication process was reflected in the first
principal component (PC1), which distinguished the red
jungle chicken from all domestic breeds and explained
18.2% of the genetic variation. The second principal
component (PC2), which explains 12.5% of the variance,
effectively separates commercial layers from indigenous
breeds, highlighting the effects of intensive selection for egg
production traits in commercial lines.

Hierarchical clustering based on genetic distances
produced a dendrogram that further illustrated the
relationships among the studied breeds (Figure 5).
Commercial layers formed a distinct cluster, while
indigenous breeds illustrated more complex relationships,
with some clustering based on geographical origin. The
genetic distance heatmap (Figure 6) quantified these
relationships, showing the greatest genetic differentiation
between the red jungle fowl and commercial layers, and
intermediate differentiation between indigenous breeds
and other groups.
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Principal Component Analysis of Chicken Breeds
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Figure 4. Principal component analysis showing breed relationships across different chicken breeds, including commercial layers, indigenous breeds, and
red jungle fowl
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Figure 5. Hierarchical clustering dendrogram showing genetic relationships among different chicken breeds, including commercial layers, indigenous
breeds, and red jungle fowl. The hierarchical clustering dendrogram illustrates the genetic relationships among ten chicken breeds, classified into four
categories; Hybrid Layer (Xianju, orange), Indigenous (Xingyi, Wumeng, Changshun, Silky-feather, Qiandongnan, Yufen, green), Ancestral (Red, red), and
Commercial Layer (Rhode, White, blue). The x-axis represents the breeds, while the y-axis indicates the Euclidean distance, reflecting genetic dissimilarity.
Breeds with shorter branch lengths are more genetically similar, whereas longer distances indicate greater divergence. The clustering pattern reveals that
indigenous breeds group closely together, showing genetic proximity, while commercial and hybrid layers cluster separately, highlighting their distinct
breeding histories. The ancestral breed (Red) appears most genetically divergent from the rest, consistent with its evolutionary lineage.
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Genetic Distance Between Chicken Breeds
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Figure 6. Heatmap quantifying genetic distances across different chicken breeds, including commercial layers, indigenous breeds, and red jungle fowl

3.2. Selection signatures and novel gene identification

Many of these regions contained known genes
previously associated with egg production traits, such as
follicle-stimulating hormone receptor (FSHR), which plays a
key role in ovarian function, as well as genes involved in
calcium metabolism and eggshell formation, confirming the
effectiveness of the current approach.

Notably, 47 candidate regions under selection that
lacked any annotated genes in the current chicken genome
assembly were identified. These regions were processed
through the existing novel gene prediction pipeline, which
initially yielded 83 potential gene models. After filtering
based on coding potential, conservation patterns, and

manual review, a final set of 12 high-confidence novel genes
was obtained (Figure 7). These genes were distributed
across multiple chromosomes, with three on Chromosome
1, two on Chromosomes 2 and 3, and one each on
Chromosomes 4, 5, 8, 10, and Z.

The novel genes were categorized based on their
predicted functions and selection patterns (Figure 8). Six
genes were primarily associated with reproductive
functions, including eggshell formation, ovarian
development, and hormone signaling. Three genes were
linked to immune functions, particularly innate immunity
and disease resistance. The remaining three genes were
associated with metabolic functions, including lipid
metabolism and energy homeostasis.

Chromosome Distribution of Novel Genes

Number of Novel Genes
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00

~ o B A o ° P 4

Chromosome

Figure 7. 12 novel genes identified in chickens (Gallus gallus domesticus and red jungle fowl, Gallus gallus) are distributed across multiple chromosomes,
including three genes on chromosome 1, two genes each on chromosomes 2 and 3, and one gene each on chromosomes 4, 5, 8, 10, and Z, representing
selection signals in commercial layer breeds (White Leghorn and Rhode Island Red), indigenous breeds (Xianju, Qiandongnan Xiaoxiang, Xingyi Aijiao,
Wumeng Black-bone, Changshun Green Egg, and Silky-feather), and the red jungle fowl.
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Functional Categories of Novel Genes
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Figure 8. Functional categories of identified novel genes across different chicken breeds, including commercial layers, indigenous breeds, and red jungle fowl

3.3. Functional characterization of novel genes

In silico functional analysis provided insights into the
potential roles of the identified novel genes. Protein domain
analysis revealed that 8 of the 12 novel genes contained
recognizable functional domains, including calcium-binding
domains, immunoglobulin-like domains, and enzymatic
domains (Figure 9). The remaining four genes showed no
recognizable domains but exhibited evidence of protein-
coding potential based on conservation patterns and
structural predictions.

Protein structure prediction performed using I-TASSER
v5.135, revealed diverse folds among the novel genes,
including alpha-helical bundles, beta-barrels, and mixed
alpha/beta structures (Figure 10). Quality assessment of the
predicted structures indicated high confidence for 9 of the
12 proteins (C-score > -1.5), suggesting that these
predictions are reliable for functional inference. Based on

the predicted protein domains and structural features,
pathway enrichment analysis indicated that the newly
discovered genes could be involved in several biological
pathways (Figure 11). The most significantly enriched
pathways  included  calcium  signaling,  ovarian
steroidogenesis, and TGF-f signaling, all of which were
relevant to egg production traits. Additionally, several
immune-related pathways were enriched, including toll-like

receptor signaling and cytokine-cytokine receptor
interaction, suggesting roles in disease resistance.
Protein interaction network analysis predicted

functional relationships between the novel genes and
known genes involved in egg production and immune
function (Figure 12). Notably, GALLUS-NOVEL-3, one of the
most promising candidates, was predicted to interact with
several genes involved in calcium transport and eggshell
mineralization, supporting its potential role in calcium
signaling and eggshell formation processes.
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Figure 9. Protein domains identified in novel genes across different chicken breeds, including commercial layers, indigenous breeds, and red jungle fowl
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Protein Secondary Structure Composition of Novel Genes
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3.4. Tissue-specific expression patterns of novel genes

Expression patterns of the novel genes were predicted
using in silico analyses based on promoter region features,
such as tissue-specific regulatory elements, and similarity in
domain architecture with co-expressed genes. These
analyses indicated likely tissue-specific activity for 12 novel
genes. Four genes, including GALLUS-NOVEL-3, were
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predicted to be highly expressed in the oviduct, consistent
with their putative roles in egg formation. Three genes
showed predicted expression in immune-related tissues,
such as the spleen and bursa of Fabricius, suggesting
potential involvement in immune function. The remaining
genes exhibited broader expression patterns or were
predicted to be active in metabolic tissues, such as the liver
and adipose tissue. These tissue-specific expression profiles
across commercial layer breeds (White Leghorn and Rhode
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Island Red), indigenous breeds (Xianju, Qiandongnan  green egg, and Silky-feather), and the red jungle fowl are
xiaoxiang, Xingyi aijiao, Wumeng black-bone, Changshun  visualized in Figure 13.
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Figure 12. Predicted interactions between novel and known genes across different chicken breeds, including commercial layers, indigenous breeds, and
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4. Discussion

In the present study, by integrating whole-genome
sequencing data, selection signature detection, and in silico
functional characterization, 12 unannotated genes showing
strong evidence of positive selection in layer breeds were
identified. @The current findings expanded the
understanding of the genetic architecture underlying
economically important traits in poultry layers and provide
potential targets for genetic improvement programs.

The discovery of these novel genes highlighted gaps in
current genome annotations and suggested that functionally
essential genetic elements remain uncharacterized. Despite
the extensive efforts to annotate the chicken genome, the
present results indicated that essential functional elements
remain to be discovered, particularly those that may be
specific to certain breeds or lineages. The current
observation is consistent with findings of Tautz and
Domazet-LoSo!* in other species, which have shown that
novel genes can arise through different mechanisms and
contribute to lineage-specific adaptations.

These novel genes illustrated evidence of positive
selection in indigenous breeds, which are known for their
superior disease resistance compared to commercial lines*s.
The present functional predictions suggested potential roles
in innate immunity and host defense against pathogens.
Among the identified novel genes, GALLUS-NOVEL-3 stood
out as a particularly promising candidate for further
investigation. This gene, located on chromosome 1, showed
strong evidence of positive selection in commercial layer
breeds (White Leghorn and Rhode Island Red) and was
predicted to be highly expressed in the oviduct. In silico
analyses, including protein domain analysis, identified
calcium-binding domains in the GALLUS-NOVEL-3 protein,
suggesting its involvement in calcium-related processes.
Additionally, protein interaction network analysis predicted
that GALLUS-NOVEL-3 interacts with known genes involved
in calcium transport and eggshell mineralization, as
supported by pathway enrichment analysis, which indicated
enrichment in calcium signaling pathways. These findings
position GALLUS-NOVEL-3 as a strong candidate for a role in
eggshell formation, a critically important trait for
commercial egg-laying chickens!3. In the present study,
several novel genes associated with immune functions were
identified, particularly in indigenous breeds known for their
strong disease resistance, including GALLUS-NOVEL-5,
GALLUS-NOVEL-7, and GALLUS-NOVEL-9, which exhibited
domain architectures and were predicted to be expressed in
immune tissues38 such as the spleen and bursa of Fabricius.
The present findings suggested that these genes could serve
as valuable genetic resources for improving health and
welfare in commercial layers, which could ultimately help
reduce the reliance on antibiotics and other interventions,
aligning with the current emphasis in poultry breeding
programs on enhancing natural immunity140-42, The last
three genes, namely GALLUS-NOVEL-2, GALLUS-NOVEL-6,
and GALLUS-NOVEL-11, were found to be linked to
metabolic functions, particularly lipid metabolism and
energy homeostasis, which was determined through an
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analysis of their domain architecture and predicted tissue
expression in the liver and adipose tissue. Layer chickens
should balance energy allocation among maintenance,
growth, and reproduction, with commercial breeds having
been selected for maximizing resources directed toward egg
production>12, The novel metabolic genes identified during
the present study exhibited selection signatures in
commercial layers and were predicted to be involved in lipid
metabolism and energy homeostasis, suggesting potential
roles in optimizing resource utilization for egg production3s.

Several limitations should be acknowledged in the
present study. Although in silico predictions provided
preliminary functional insights, experimental evidence was
needed to confirm the biological roles of these novel genes
and their phenotypic effects. The current analysis focused
only on protein-coding genes, possibly missing functional
non-coding elements that could affect the traits under study.
Moreover, despite using a high-quality reference genome,
minor assembly errors or gaps might have persisted, which
could have affected annotation reliability.

5. Conclusion

The present comparative genomic analysis of poultry
layer breeds identified 12 novel genes, GALLUS-NOVEL-1
through GALLUS-NOVEL-12, showing strong evidence of
positive selection. These genes are predicted to be involved
in key biological functions including eggshell formation and
calcium transport (GALLUS-NOVEL-3), immune response
and disease resistance (GALLUS-NOVEL-5, GALLUS-NOVEL-
7, GALLUS-NOVEL-9), and metabolic regulation related to
energy homeostasis and lipid metabolism (GALLUS-NOVEL-
2, GALLUS-NOVEL-6, GALLUS-NOVEL-11). The -current
findings highlighted the significance of exploring regions
beyond known genes and annotated genomic areas,
providing new insights into the genetic framework that
supports commercially important traits in layer hens. The
identified novel genes represent promising candidates for
functional validation and potential targets for genetic
improvement programs aimed at enhancing egg production
efficiency and disease resistance in poultry layers. Future
studies can include functional validation, such as gene
editing or expression analysis, to confirm the current
predictions and clarify the biological roles of the identified
novel genes.
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