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Introduction

The chicken is one of the important and ubiquitous domestic species originating from red
junglefowl (Gallus gallus) with a long history of ddomestication approximately 8000 year
(Hata et al., 2021). The Indian indigenous chicken breed, multicolored plumaged Aseel (Al)
chicken, is known for its great martial qualities, pugnacity, majestic gait, and red meat flavor,
and its aggressive nature has made it a symbol of strength and resilience. It originated in the
southern Indian state, Andhra Pradesh, where the elevated Deccan plateau is located and
experiences summer temperature raised up to 45 °C (Rajkumar et al., 2017). This chicken have
high level of resistance to various deadly diseases (Kundu et al.,, 2015). In addition to
indigenous chicken breeds, the expansion of the commercial layer (Ly) poultry farming in India
was most rapid, with a remarkable transformation, with potential impact on global chicken egg
and meat markets (Landes et al.,). Layer farming focuses exclusively on egg production,
utilizing specially bred hens that can lay 280-320 eggs annually (Fan and Wu, 2022). This
tremendous production performance is due to a specialised breeding program with high
selection pressure. Hence, understanding how the chicken genome has evolved to adapt is
essential for sustained production, as it reveals a genetic trade-off between production traits and
climatic resilience. Epigenomics, an emerging field in genomics, investigates heritable changes
in gene expression that occur without alterations to the DNA sequence, in response to
environmental stimuli and genomic imprinting (van Oers et al., 2023; He et al., 2023; Halliwell
et al.,, 2025). DNA methylation at the 5-carbon position of the cytosine ring results in 5-
methylcytosine (SmC) and 5-hydroxymethylcytosine (5hmC), which contribute to
transgenerational plasticity and involved in speciation, adaptation to the changing environment
(Klughammer et al., 2023; Fishman and Tauber, 2024). These heritable modifications in
chromatin-associated proteins are called epigenetic marks (van Oers et al.,, 2023).
Understanding the epigenetic landscape of the Aseel and Layer chicken genomes will shed light
on how environmental factors influence genetic potential and on breed-specific methylation
patterns that influence their productivity and adaptation. Hence, the primary objective in the
present study is to identify differentially methylated regions (DMRs) in chicken blood. We
compare genome-wide SmC and ShmC between Aseel and Layer. We hypothesize that roosters
from different breeds exhibit distinct DNA methylation profiles.

Materials & Methods

Commercial Layer and Aseel males from commercial breeder farm and farmers' backyard farms
in Tamil Nadu, India, respectively. From each breed, 15 male (1 ml/bird) blood samples were
collected from wing veins using sterile vacutainers for genomic DNA isolation. Approximately
100 ng of genomic DNA was taken from each individual sample and pooled in equimolar
concentrations to create a single DNA pool for each breed. It was loaded onto a PromethION
flow cell (R9 /R10.4.1) and sequenced (ONT) following ONT guidelines. ONT technique was
used to directly identify single-base methylation status, and quality control and mapping
statistics for the chicken genome were assessed. The global methylation statistics are derived
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using Methylartist v1.3.1. To ascertain the methylation status of the whole genome, different
gene features (coordinates of exons, introns, promoters (2 kb downstream sequence of
transcription termination site [TTS]), and 3" and 5" UTRs), were calculated and extracted from
the GCA_000002315.5 GTF file. The Modkit ‘dmr pair’ tool is used to process and identify
significantly differentially methylated regions (DMRs) of SmC and 5ShmC. Ly was used as
baseline breeds to compare with Al. DMR scores were estimated using a Hidden Markov Model
(HMM) within a Bayesian framework. The log marginal likelihood (LML) ratio was calculated
for each genomic region to compare differentially versus non-differentially methylated regions
between breeds. The DMRs score reflects the magnitude and direction of methylation
differences between breeds(Pham-Gia et al., 1993; Makowski et al., 2019). The average
methylation difference for each DMR was calculated as the effective size to represent the
strength of the methylation shift between the two compared breeds. Regions with Benjamini—
Hochberg false discovery rate (FDR)- corrected p-values < 0.05, DMR scores > 20, and fold-
change values (effective size) > 10 were considered significant DMRs. DMR regions were
annotated with reference genome gal/Gal6 by using ChlPseeker (Yu et al., 2015) to find
overlapping gene and genome features. Genes that overlapped with the corresponding DMR at
that specific location were designated as differentially methylated genes (DMG). (Pham-Gia et
al., 1993; Makowski et al., 2019).

Results & Discussion

We observed that the total number of methylation sites detected in the sequencing reads was
17503176 and 31788269 for SmC and 1307361 and 2467356 for ShmC in Aseel and layer
chickens, respectively. The global SmC and ShmC levels were 54.44 and 4.07 per cent in Aseel,
and 53.70 and 4.17 per cent in layers, respectively (Table 1). Interestingly, this study
demonstrated that SmC levels across genomic features (Table 2). 5’UTR and promoter regions
had relatively low levels of cytosine modification in both chicken breeds (Raddatz et al., 2021).
DNA methylation was most evident in the intronic and 3’UTR regions.

Table 1. Total methylation sites identified from sequencing reads and global methylation
levels of 5SmC and ShmC in Aseel and Layer.

Breed Count Percentage
S5SmC ShmC C S5mC ShmC

Aseel 17503176 1307361 13341714 54.44 4.07

Layer 31788269 2467356 24942645 53.70 4.17

Table 2. Mean 5mc status at different genome features in Aseel and Layer.

BREEDS ASEEL LAYER

3UTR 0.683+0.007 0.666 £0.007
SUTR 0.033+0.004 0.032 £0.004
EXON 0.488+0.006 0.479+0.006
GENOME 0.504+0.018 0.488+0.018
INTRON 0.568+0.002 0.555+0.002
PROMOTER 0.183+0.004 0.178+0.004

Further, this study provides the first systematic comparison of genome-wide DNA methylation
patterns between Aseel and layer. A total of 8076 significant DMRs (p<0.05) were observed
between Aseel and Layer (Fig. 1). The calculated DMR score indicates the magnitude of
methylation differences between the two breeds (Pham-Gia et al., 1993; Makowski et al., 2019).
A higher score suggests a more pronounced difference, which may truly reflect breed variation.



Effective size denotes the methylation difference between Aseel and layer for SmC, ranging
from 0 to 100 across all pairwise comparisons. Proportionally, 63% of the DMRs were in
intronic regions, followed by exons (28%) and promoters (9%). A total of 24 and 22 genes were
found to be hypomethylated in the exons of layer and Aseel, respectively. The DMR result was
consistent with the literature showing that commercial layer and indigenous breeds have
undergone strong artificial and natural selection for specific traits, leading to epigenetic
divergence, particularly in intron DMRs followed by exonic DMRs. Characterised DMGs
between the Aseel and layer were observed: PAX7 and NRTN genes were hypomethylated, and
KIAA1671, HDAC4, MIR6557, NCAMI1, and CPSF6 genes were hypermethylated in both
forms, whereas NFIA, EPB41 and PTK7 were hypermethylated in SmC and hypomethylated in
S5hmC. PAX7 methylation dynamics underlie muscle accretion traits observed in Aseel but
modulated differently in thermotolerant breeds (Chao et al., 2015). Another study confirmed
that Histone deacetylase-4 (HDAC4), a transcription factor involved in the regulation of cell
proliferation, migration, and gonadal development in chicken, plays a crucial role in the
reproductive process (Wang et al., 2024). Similarly, DMG NFIA is a candidate gene that
regulates chicken neural cell-cell adhesion, differentiation, and musculoskeletal developmental
adaptation to the respective environment (Dini et al., 2023). A recent study confirms that the
PTK7 gene plays a critical role in carcass and meat quality traits (Zhang et al., 2014).
Remarkably, TFRC, COROIC, TLXI, MIRI1767, and MIR6597 genes exhibit distinct
methylation in their promoter regions. It strongly suggests that significant hypomethylation of
TLXI gene is a key factor responsible for strong aggressive fighting behaviour in Aseel
(Thomas et al., 2015). A recent study suggests that the COROIC gene plays a significant role
in lipid and fat metabolism, with discrepancies between its mRNA transcript and protein levels
potentially attributable to epigenetic regulation. In contrast, mRNA transcripts were higher in
fatty chicken, but COROIC protein showed significantly greatly abundance in lean birds (Na
et al., 2018). Differential methylation of microRNAs (MIR1767 and MIR6597) were identified,
suggesting that these are key factors involved in epigenetic regulation of pathways controlling
immune function, cell proliferation, and differentiation (Lazar et al., 2018). These DMGs
suggest breed-specific epigenetic markers linked to muscle reviewed , neural, immune and
reproductive traits.
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Figure 1. Volcano plot illustrating the significant DMR genes in between Aseel and Layer
chicken



Conclusions: The results reveal the first systematic genome-wide comparison of SmC and
ShmC between commercial layer and Aseel chickens, revealing breed-specific and trait specific
epigenetic regulation. Identified DMGs were linked in regulate complex traits like growth,
behaviour, and reproduction through environmental interactions. This study provides valuable
insights into epigenetic modifications in the chicken blood genome. Though it was blood DMR
exhibits clear breed-specific epigenetic signatures that align with the distinct trait of layers and
Aseel, providing a molecular basis for their phenotypic divergence. It suggests that in future,
epigenomic data could be incorporated into genomic selection models as epigenetic SNP
prioritization to enhance the accuracy of breeding strategies in response to a changing
environment. However, this approach requires empirical testing for validation.
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