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A B S T R A C T

Meat quality is a key factor determining the economic viability of the broiler industry, particularly in native
broiler breeds. Skeletal muscles contain a mixture of muscle fibers, each possessing unique physicochemical
properties; the composition of myofiber types within these muscles is closely linked to meat quality. However,
comprehension of the regulatory mechanisms governing this trait remains limited. Therefore, we conducted a
genome-wide association study (GWAS) with a population of 400 yellow-feather broilers to explore genetic
variations associated with myofiber-type composition at the genomic level. Whole-genome resequencing was
employed to detect genetic variations and immunohistochemistry was used for muscle fiber typing in the
sartorius muscle. We identified 1 and 18 single-nucleotide polymorphisms (SNPs) significantly and potentially
associated with the proportion of slow muscle fibers, respectively, and 1 and 12 SNPs significantly and poten-
tially associated with the area proportion of slow muscle fibers, respectively. We annotated several candidate
genes, including DMD, KLF7, CREB1, EFCAB11, GADD45A, GSTT1, and GSTT1L, which are related to myofiber
type composition. We also demonstrated that myofiber composition traits exhibit low-to-medium heritability,
indicating potential for enhancement through genetic selection. These findings provide a crucial reference for
further studies on the regulatory mechanisms of poultry meat quality and for advancing the breeding of superior-
quality broiler chickens.

Introduction

As the growth rate and market share of modern broiler chickens
continue to rise, a decline in meat quality presents a significant chal-
lenge for industrial development. Myofibers are the basic units that
constitute muscle tissue (Soglia et al., 2021). In chickens, myofibers are
classified into two primary types: red myofibers (type I/IIA), which are
characterized by oxidative metabolism and slow contraction, and white
myofibers (type IIB), known for glycolytic metabolism and rapid
contraction. The proportion of these myofiber types within the muscle
substantially influences meat quality, as well as impacts factors such as
pH, water-holding capacity, and shear force (Ismail and Joo, 2017;
Jeong et al., 2017; Huo et al., 2022; Park et al., 2022). With advances in
genomic selection technologies (Liu et al., 2023; Chen et al., 2024),
comprehending the regulatory mechanisms that control myofiber
composition is vital for expediting the genetic enhancement of meat
quality in broiler breeding programs.

Myofiber composition results from complex biological processes and
is influenced by various factors, including nutrition, environment, and
genetics (Li et al., 2007; Chaillou, 2018; Mo et al., 2023). Despite
numerous transcriptome studies and overexpression or knockdown ex-
periments identifying candidate genes associated with chicken myofiber
types, such as PPARGC1A, CSRP3, SIX1, and SOX6, the regulatory
mechanisms remain largely unexplored (Shu et al., 2017; Ma et al.,
2018; Liu et al., 2020; Liu et al., 2022; Shan et al., 2023). With the rapid
advancement of high-density single-nucleotide polymorphism (SNP)
arrays and high-throughput sequencing technologies, genome-wide as-
sociation studies (GWAS)have emerged as a powerful approach for
investigating the regulatory mechanisms of complex traits and diseases
in livestock (Tan et al., 2023). This methodology is extensively applied
in studies focused on traits such as growth (Zhang et al., 2021), meat
quality (Munyaneza et al., 2022), disease resistance (Psifidi et al., 2016),
and egg production (Gao et al., 2022) in chickens. However, owing to
challenges in myofiber type identification, only a few researchers have
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pursued GWAS on myofiber traits in humans and pigs (Guo et al., 2020;
Semenova et al., 2022).
In our study, we employed whole-genome sequencing for a GWAS to

analyze myofiber composition traits in a population of yellow-feather
broiler breeders. We aimed to enhance the understanding of the regu-
latory mechanisms that affect meat quality, thereby facilitating the ac-
celeration of broiler breeding improvements.

Material and methods

Ethics statement

The protocol for the animal study was reviewed and approved by the
Animal Care and Use Committee of the Jiangsu Institute of Poultry
Science (Approval ID: S202210).

Chicken population

Four hundred roosters from a breeding population of yellow-feather
broiler chickens from Jiangsu Lihua Livestock Co., Ltd. were included in
this study. These chickens were raised at the Jintan Breeding Farm in
Jiangsu Province (Changzhou, 31◦43′25.5″ N, 119◦34′57.3″ E, 7.0 m
above sea level) from July 2022 to September 2022, during the autumn
months when outdoor temperatures ranged from 30–35◦C. The breed,
designated as “Huashan No. 2 Broiler,” is a fast-growing chicken
collaboratively developed by Lihua Animal Husbandry Co., Ltd. and the
Jiangsu Institute of Poultry Science. This breed has undergone over ten
generations of selection for growth rate and feed conversion efficiency,
enabling it to reach a marketable age of 60 days with an approximate
weight of 2.5 kg. During the study, all chickens had unrestricted access
to feed and water under uniformly recommended nutritional and envi-
ronmental conditions. Blood samples were collected from all individuals
and preserved at − 20◦C for subsequent analyses.

Muscle sampling and carcass traits measurement

Chicken leg muscles typically comprise a mixture of fast- and slow-
twitch fibers. However, different regions within the same muscle, such
as the deep and superficial layers, may vary in fiber-type composition.
The sartorius, the longest skeletal muscle, is responsible for functions
such as knee joint movement. In this population, the width and thickness
of this muscle are approximately 1 cm and 0.5 cm, respectively, meeting
sectioning requirements without trimming. Therefore, we selected the
sartorius muscle as the research material to minimize the sampling
errors.
At 60 days, chickens were euthanized; the right sartorius muscle of

each bird was fixed in polyformaldehyde for myofiber-type analysis. Key
performance traits, including live body weight, carcass weight, dressed
percentage, and leg muscle weight and percentage, were measured and
recorded for each individual.

Myofiber type determination

The sartorius muscles from all experimental birds were subjected to
immunohistochemical staining, as described previously (Weng et al.,
2022), to identify slow myofibers. Anti-Slow Myosin Skeletal Heavy
chain antibody (MYH7B, 1:4000, ab11083, Abcam) used for this stain-
ing resulted in darkly stained slow myofibers. Accordingly, the pro-
portion of slow myofibers (SM%) and the percentage area of slow
myofibers (SMA%) were quantified with Image-Pro Plus (Media Cy-
bernetics, Rockville, MD, USA) using the following formulas:

and

For each individual, a subset of at least 500 myofibers was analyzed
from each of the 388 chickens processed.

Correlation analysis between myofiber and carcass traits

R software was used to analyze the correlation between SM%, SMA%
%, and carcass traits to explore associations with myofiber composition.

Whole-genome resequencing

Genomic DNA was isolated from the blood samples using the con-
ventional phenol-chloroform method. DNA quantity and quality were
determined using a Nanodrop ND-1000 Spectrophotometer (Thermo
Fisher Scientific, Waltham, MA, USA). A DNA library was constructed,
and whole-genome sequencing (WGS) was performed according to
standard BGISEQ procedures. Genomic DNA from 388 roosters with
characterized myofiber composition phenotypes were sequenced using
the DNBSEQ T7 platform (BGI, Shenzhen, China), generating 150 bp
paired-end reads at a sequencing depth of 10 × .

Quality control and variant calling

Raw sequencing reads were processed with fastp software (Chen,
2023) to remove adapters and low-quality sequences. Clean reads were
mapped to the chicken reference genome GRcg7b using the BWA-MEM
algorithm with its default settings (Li and Durbin, 2009). Format con-
version and sequence sorting were performed using Picard 3.1 (htt
p://broadinstitute.github.io/picard/) and SAMtools 1.18 (Li et al.,
2009). SNPs were detected using GATK V3.8 (McKenna et al., 2010). To
isolate high-quality SNPs for GWAS, stringent filtering criteria recom-
mended by the GATK guidelines were implemented for all variants with
Quality by Depth < 2.0, Fisher Strand > 60.0, root mean square Map-
ping Quality< 40.0, MQRankSum< − 12.5, HaplotypeScore> 13.0, and
ReadPosRankSum < − 8.0. SNPs that passed these filters were further
screened based on quality control thresholds: minor allele frequency
>0.05 and missing rate <0.02. Individuals with genotype call rates
below 0.8 were excluded. Following quality control, 388 individuals and
10,266,594 SNPs were retained for further analyses.

SM% = (number of slow myofibers in the field of view / total number of myofibers in the field of view) × 100%,

SMA%=(total area of slow myofibers in the field of view/total area of all myofibers in the field of view)×100%.
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Population structure analysis

Principal component analysis (PCA) was performed to assess the
population structure among 388 chickens using the PCA program within
the PLINK v1.9 software package (Purcell et al., 2007).

Genome-wide association studies

A univariate mixed linear model was used for the GWAS analysis of
myofiber composition traits using GEMMA (Zhou and Stephens, 2012).
The statistical model employed is as follows:

y =Wα + xβ + u+ ϵ;∼ MVNn
(
0, λτ− 1K

)
, ε ∼ MVNn

(
0, τ− 1In

)

Where y denotes the phenotypic values of 388 individuals, W is the
fixed effects matrix including the first three principal components from
PCA, α is the fixed effects vector, x represents the genotype vector, β is
the effect vector for the SNPs, u is a vector of random effects with a
covariance structure that refers to the n-dimensional multivariate
normal distribution u ∼ MVNn(0, λτ− 1K), λ indicates the ratio of genetic
variance to residual variance (the random effects vector (u) and the
residual vector (ϵ), Additionally τ− 1 represents the residual variance,
where K is the relatedness matrix calculated based on SNPs using
GEMMA, and In is the identity matrix.
Linkage disequilibrium (LD) pruning was performed with parame-

ters set to a 50 SNP window size, 10 SNP step size, and an r2 threshold of
0.2, resulting in 432,529 independent SNP markers. The genome-wide
significance level was established using a 5% Bonferroni correction
applied to the number of estimated independent SNPs, leading to a
significance threshold of 0.05/432,529 = 1.16e-07 [-log10 (P-value)
=6.94], and the threshold for suggestive significance was set at 1/
432,529= 2.31e-06 [− log10(P-value)=5.64]. The CMplot package in R
was used to produceManhattan and quantile–quantile (Q–Q) plots of the
analyzed traits.

SNP annotation

Based on the chicken reference genome GRcg7b, significant and
potentially associated SNPs were annotated, and neighboring genes
were identified using the Variant Effect Predictor (VEP) online tool
(https://asia.ensembl.org/Tools/VEP). A selection criterion of 100 Kb
upstream and downstream was used to screen neighboring genes for

SNPs.

Genetic parameters estimation

The restricted maximum likelihood (REML) method was used to
estimate genetic parameters using GCTA software version 1.93 (Yang
et al., 2011). The SNP-based heritability (h2) was derived from the ge-
netic relationship matrix (GRM) across individual pairs. Genetic corre-
lations across pairs of traits were evaluated using the bivariate REML
option.
To identify specific chromosomes harboring significant SNPs linked

to particular traits, the total genomic variance was partitioned by
chromosome. For each chromosome, individual GRMs were calculated
from the SNPs using the GCTA software. The variance attributed to each
chromosome for every GRM was calculated independently using the
linear model:

Y = Xβ +
∑n

G=1
gG+ e

Where Y represents the vector of phenotypes, β is the vector denoting
fixed effects and covariates, accompanied by its incidence matrix X, n
represents the number of distinct SNP subsets utilized in the partition-
ing, gG denotes the vector of random additive genetic effects attributed
to the aggregated SNP information, and e represents a vector of random
residuals.

Results

Phenotypic characterization

The immunohistochemical results of the sartorius muscle are illus-
trated in Fig. 1, where darker regions indicate slow myofiber staining
with the antibody. Table 1 presents the descriptive statistics for myo-
fiber composition and carcass traits in the experimental population of
388 roosters. The mean values of SM% and SMA% were 27.39% and
21.99%, respectively. The coefficients of variation for SMA% were
significantly higher than those for SM%, indicating a higher degree of
genetic variability associated with SMA% in the sampled population.
Table 2 presents the correlation analysis between the two myofiber
phenotypes and five carcass traits, showing a weak correlation between
SM%, SMA%, and carcass traits.

Fig. 1. Assessment of muscle fiber types using immunohistochemistry. Arrows indicate slow muscle fibers that appear dark owing to antibody staining
(magnifications 20 ×). Bar = 100μm.
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Summary of genome sequencing and SNP calling

Following whole-genome sequencing conducted according to stan-
dard BGISEQ procedures, 4.25 Tb of raw data were generated from 388
individuals, achieving an average depth of 10.17 × . The filtering pro-
cess yielded 4.24 Tb of high-quality sequencing data, with an average
mapping rate of 98.73% when aligned to the reference chicken genome.
The average GC content was 45.65%. After SNP calling using GATK,
16,411,878 SNPs were obtained for subsequent analysis.

Population structure analysis

Fig. 2 displays the results of the population structure analysis, indi-
cating slight stratification in the population of 388 individuals. We
incorporated the top three principal components as fixed effects in the
statistical model to mitigate the impact of population structure on GWAS
results, thereby minimizing the risk of false positives in the association

analysis and enhancing the reliability of our findings.

Genome-wide association study of myofiber composition traits

After filtering for SNPs, a GWAS was conducted on 10,266,594 SNPs
to identify genomic regions associated with SM% and SMA%.Manhattan
and quantile–quantile (Q-Q) plots for each trait are depicted in Fig. 3.
The analysis helped identify two SNPs with genome-wide significant
associations with myofiber traits at a P-value threshold of < 1.16E-7,
and 30 SNPs at a suggestively significant level of P-value < 2.31E-6.
The inflation coefficients calculated for SM% and SMA% were 1.022
and 1.024, respectively, indicating minimal bias from population
stratification. Moreover, 68 genes located proximal to the significant
SNPs, within a 100 kb window upstream and downstream, were sug-
gested as potential candidate genes affecting these traits. As detailed in
Fig. 3A and Table 3, an SNP site significantly associated with the SM%
trait was identified on chromosome 1 within DMD. Eighteen loci with
potential associations with this trait were observed across chromosomes
1, 2, 7, and 9 near 13 genes, includingMID1IP1, GK2, CHN2, CREB1, and
KLF7.
A significant SNP associated with the SMA% was identified within

the genomic regions of EFCAB11, TDP1, KCNK13, and FOXN3 on chro-
mosome 5 (Fig. 3B and Table 4). Moreover, 12 SNPs of suggestive sig-
nificance were located on chromosomes 2, 3, 5, 8, 11, 15, and 19, in the
vicinity of genes such as GCNT2, TFAP2A, SERBP1, GADD45A, CCNE1,
GSTT1, GSTT1L, TMEM120A.

Genetic parameter estimation

Heritability, genetic correlation, and phenotypic correlation among
the myofiber composition traits were calculated using the REMLmethod

Table 1
Descriptive statistics for myofiber composition and carcass traits.

Traits N_records1 Mean SD2 Maximum Minimum CV3 (%)

Proportion of slow myofiber numbers (SM%) 388 27.93 5.69 43.36 12.10 20.38
Percentage area of slow myofibers (SMA%) 388 22.34 6.72 43.66 8.50 30.08
Live body weight (g) 388 2537.85 186.62 3082 1714 7.35
Carcass weight (g) 388 2351.62 187.68 2920 1630 7.98
Dressed percentage (%) 388 92.67 3.05 76.41 96.96 3.29
Leg muscle weight (g) 388 192.18 28.43 283.70 20.30 14.79
Percentage of leg muscle (%) 388 10.75 1.30 13.95 1.16 12.06

1 N_records: number of chickens with phenotypic data.
2 SD: standard deviation.
3 CV: coefficient of variation.

Table 2
Correlation analysis between myofiber composition and carcass traits.

Live
body
weight

Carcass
weight

Dressed
percentage

Leg
muscle
weight

Percentage
of leg
muscle

Proportion of
slow myofiber
numbers (SM
%)

− 0.0083 0.0795 0.2099 0.2304 0.1242

Percentage
area of slow
myofibers
(SMA%)

− 0.0069 0.0586 0.1520 0.1542 0.0631

Fig. 2. Principal components analysis (PCA) of chicken populations (388 individuals). PC1, PC2, PC3 explain the percentages of 2.65%, 1.8% and 1.51%,
respectively.
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with GCTA. The estimated heritability values for SM% and SMA were
0.09 and 0.21, respectively. A strong positive genetic correlation (0.42)
and phenotypic correlation (0.95) were observed between SM% and
SMA%.

Discussion

Myofiber composition plays a critical role in determining meat
quality; for instance, a high content of slow-twitch myofibers enhances

Fig. 3. Genome-wide association study (GWAS) results for myofiber type composition traits. (A) Manhattan plot for the number of slow myofibers (SM%). (B)
Manhattan plot for the area percentage of slow myofibers (SMA%). (C) Quantile–quantile plot for SM%. (D) Quantile–quantile plot for SMA%. The red solid line
denotes the 5% Bonferroni genome-wide significance threshold (P = 1.16e-07), and the blue dotted line represents the suggestive significance threshold (P = 2.31e-
06). Highlighted areas indicate the nearest genes within 100 kb upstream and downstream of significant loci.
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juiciness and flavor (Joo et al., 2013). Compared with the progress in
mammalian research, the molecular mechanisms underlying myofiber
characteristics in chickens remain largely unexplored. The complexity
and time-consuming nature of obtaining myofiber phenotypes have
limited studies on the relationship between quantitative trait loci (QTLs)
or SNPs and these traits (Guo et al., 2020). To our knowledge, this is the
first GWAS conducted on myofiber types in chickens.
While chicken breast muscles primarily consist of fast-twitch fibers,

leg muscles contain a mix of fast- and slow-twitch fibers (Liu et al.,
2020). The chicken sartorius muscle, a slender muscle in the leg, was
selected to ensure consistent sampling locations for myofiber type
determination (Dziedzic et al., 2014). We employed an immunofluo-
rescence method utilizing antibodies specific to slow-twitch myosin
heavy chains to enhance the efficiency and accuracy of myofiber type
identification, yielding phenotypic data for sartorius muscles of 388
chickens (Huo et al., 2022).
In our study, the genomic heritability of SM% and SMA% was esti-

mated at 0.09 and 0.21, respectively, which is similar to the results
observed in pigs (Yan et al., 2024). These low-to-moderate heritability
estimates indicate the potential for genetic improvements in myofiber
composition. Our GWAS helped identify 32 SNPs significantly or
potentially associated with myofiber traits in yellow-feather broilers.
Our analysis revealed a region on chromosome 1 closely associated

with SM%, wherein the most significant SNP is located within the intron
region of DMD. DMD, which encodes dystrophin, is crucial for main-
taining muscle cell structure and function (Fortunato et al., 2021);
mutations in this gene can lead to Duchenne muscular dystrophy, a
condition characterized by muscle degeneration and the transition of
myofibers from fast to slow type (Webster et al., 1988). This finding
suggests that the SNP discovered in our study may regulate myofiber
types by affecting DMD gene function. Another SNP associated with slow
muscle fiber proportion was identified near KLF7. The Kruppel-like
factor (KLF) gene family is a group of transcription factors containing
highly conserved zinc-finger motifs, which play crucial roles in cell
proliferation and differentiation (Pearson et al., 2008). Notably, KLF15
regulates the expression of slow myosin heavy chains in C2C12 myo-
tubes through NFATc1 (Wang et al., 2014). KLF7 and KLF15 are highly
expressed in chicken muscle tissues, with expression levels in fast-twitch
muscle tissues being higher than those in slow-twitch muscles (Ling
et al., 2023). Although no direct studies link KLF7 to muscle fiber types,
the association identified in our study suggests it is a vital candidate
gene.
Another noteworthy SNP related to muscle fiber proportion was

found near CREB1, an essential transcription factor involved in muscle
metabolism and myofiber-type regulation (Berdeaux and Hutchins,
2019). SIRT6 can reportedly activate CREB1, facilitating the transition

Table 3
Annotations of 5% Bonferroni genome-wide significant and suggestive-level SNPs associated with slow myofiber numbers (SM%).

SNP1 Position2 Alt/Ref3 P-value Location Candidate/Surrounding gene (100 kb)4

rs736451963 1:114556280 T/A 3.80E-8 intron DMD
rs314441718 1:112778555 C/T 2.37E-7 intron MID1IP1
rs314806781 1:112778583 A/G 1.28E-7 intron MID1IP1
rs317158254 1:114561947 C/T 1.24E-6 intron DMD
rs15392642 1:114562726 C/T 8.43E-7 intron DMD
rs312575899 1:114562804 T/C 6.83E-7 intron DMD
rs15392647 1:114566874 A/G 2.28E-6 intron DMD
rs313949350 1:114584695 T/C 1.78E-6 intron DMD
rs738093891 1:114594712 G/A 2.39E-7 intron DMD
rs13668302 2:33529776 A/G 1.24E-6 intron CHN2
​ 7:11802820 A/G 2.19E-6 downstream METTL21A
​ 7:11802820 A/G 2.19E-6 downstream CREB1
rs739533409 9:6475388 T/C 2.06E-6 intron PXYLP1
rs733424755 9:6475392 C/T 2.30E-6 intron PXYLP1
rs738453647 9:6477588 T/C 9.97E-7 intron PXYLP1
rs313304726 9:6477645 A/G 2.30E-6 intron PXYLP1
rs737019788 9:6478235 A/G 8.62E-7 intron PXYLP1
​ 9:6479187 T/C 7.75E-7 intron ENSGALG00010011362

1 SNP: rs ID of the locus
2 Position: Physical location of the SNP (chromosome: position).
3 Alt/Ref: Alternative allele and reference allele.
4 Candidate/Surrounding gene (100 kb): Genes annotated in the 100 kb region upstream and downstream of the SNP

Table 4
Annotations of 5% Bonferroni genome-wide significant and suggestive-level SNPs associated with area percentage of slow myofibers (SMA%).

SNP1 Position2 Alt/Ref3 P-value Location Candidate/Surrounding gene (100 kb)4

rs314708444 5:43140218 G/A 3.64E-8 downstream EFCAB11
​ 2:63027523 C/T 1.85E-6 intron TFAP2A
​ 3:12873236 A/C 1.10E-6 intron ENSGALG00010019286
rs317587148 5:43140058 G/A 1.29E-6 downstream EFCAB11
rs15940870 8:28402606 C/G 1.05E-6 regulatory region ENSGALR00000432893
​ 11:8108098 C/T 8.31E-7 downstream CCNE1
rs738833579 15:7987459 A/G 8.74E-7 intron MMP11
​ 15:7988165 T/C 4.02E-7 intron MMP11
​ 15:7988199 C/A 4.20E-7 intron MMP11
​ 15:7988202 G/A 4.20E-7 intron MMP11
​ 15:8019698 T/C 1.48E-6 upstream DERL3
rs431888656 19:4735002 C/T 7.81E-7 intron YWHAG

1 SNP: rs ID of the locus
2 Position: Physical location of the SNP (chromosome: position).
3 Alt/Ref: Alternative allele and reference allele.
4 Candidate/Surrounding gene (100 kb): Genes annotated in the 100 kb region upstream and downstream of the SNP
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to slow-twitch fibers (Song et al., 2022). CREB1 also regulates key genes
like SOX6 and PPARGC1A involved in muscle fiber-type transition
(Mäkelä et al., 2016). This evidence further confirms the role of CREB1
in affecting the distribution of muscle fiber types in chicken muscles.
We identified a significant SNP associated with the ratio of slow

muscle fiber area at 43040218 bp on chromosome 5, located 1 kb
downstream of EFCAB11. This gene encodes a protein belonging to the
EF-hand calcium-binding protein family, which is crucial in various
intracellular signaling pathways, including calcium-regulated myofiber
type transformation (Chen et al., 2015). The calcium pathway plays a
crucial role in regulating the transformation of myofiber types (Mu et al.,
2007), suggesting that this gene is a new candidate gene for trait dis-
tribution of chicken myofiber types. Another SNP potentially related to
myofiber types was also found near GADD45A on chromosome 8. This
gene is a member of the GADD45 family, whose proteins are closely
related to the cellular response to various environmental stresses. The
expression level of GADD45A in muscles is associated with muscle
weakness in humans, and its overexpression can lead to a reduction in
glycolytic muscle fibers and an increase in oxidative fibers in mice
(Marcotte et al., 2023). SNP mutations in this gene are related to meat
quality traits in pigs (Cho et al., 2015), and the gene is associated with
stress-induced declines in the meat quality of goats (Naldurtiker et al.,
2022).
Furthermore, our study focused on the relationship between GSTT1,

GSTT1L, and the proportion of myofiber area. GSTT1 and GSTT1L are
members of the glutathione S-transferase (GSTs) family, a group of
proteins primarily responsible for the detoxification of oxidative stress
and chemical toxins in the body. The functions of GSTT1 and GSTT1L in
meat quality regulation have been preliminarily confirmed; notably,
reduced GSTT1 expression and hypermethylation in the promoter region
of GSTT1L are among the reasons for changes in meat quality during the
later growth stages of chickens (Zhang et al., 2017, 2023). Thus, these
genes can be considered candidate genes that affect myofiber type
composition and provide a reference for marker-assisted selection in
yellow-feather chickens. However, the underlying mechanisms require
further investigation.

Conclusions

Our genome-wide association analysis using whole-genome rese-
quencing data from 400 yellow-feather broilers has provided significant
insights into the molecular regulatory mechanisms of myofiber-type
composition traits. We identified 32 SNPs significantly or potentially
related to myofiber composition and discovered that DMD, KLF7,
CREB1, EFCAB11, GADD45A, GSTT1, and GSTT1L may serve as candi-
date genes influencing myofiber types. These findings offer substantial
theoretical support for elucidating the molecular regulatory basis of
chicken meat quality traits.
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Fortunato, F., Farnè, M., Ferlini, A., 2021. The DMD gene and therapeutic approaches to
restore dystrophin. Neuromuscul. Disord. 31, 1013–1020.

Gao, J., Xu, W., Zeng, T., Tian, Y., Wu, C., Liu, S., Zhao, Y., Zhou, S., Lin, X., Cao, H.,
Lu, L., 2022. Genome-wide association study of egg-laying traits and egg quality in
LingKun chickens. Front. Vet. Sci. 9, 877739.

Guo, T., Gao, J., Yang, B., Yan, G., Xiao, S., Zhang, Z., Huang, L., 2020. A whole genome
sequence association study of muscle fiber traits in a White Duroc × Erhualian F2
resource population. Asian-Australas. J. Anim. Sci. 33, 704–711.

Huo, W., Weng, K., Li, Y., Zhang, Y., Zhang, Y., Xu, Q., Chen, G., 2022. Comparison of
muscle fiber characteristics and glycolytic potential between slow- and fast-growing
broilers. Poult. Sci. 101, 101649.

Ismail, I., Joo, S.T., 2017. Poultry meat quality in relation to muscle growth and muscle
fiber characteristics. Korean J. Food Sci. Anim. Resour. 37, 873–883.

Jeong, J.Y., Jeong, T.C., Yang, H.S., Kim, G.D., 2017. Multivariate analysis of muscle
fiber characteristics, intramuscular fat content, and fatty acid composition in porcine
longissimus thoracis muscle. Livest. Sci. 202, 13–20.

Joo, S.T., Kim, G.D., Hwang, Y.H., Ryu, Y.C., 2013. Control of fresh meat quality through
manipulation of muscle fiber characteristics. Meat Sci. 95, 828–836.

Li, H., Durbin, R., 2009. Fast and accurate short read alignment with Burrows-Wheeler
transform. Bioinformatics 25, 1754–1760.

Li, H., Handsaker, B., Wysoker, A., Fennell, T., Ruan, J., Homer, N., Marth, G.,
Abecasis, G., Durbin, R., 2009. The sequence alignment/map format and SAMtools.
Bioinformatics 25, 2078–2079.

Li, Y., Yuan, L., Yang, X., Ni, Y., Xia, D., Barth, S., Grossmann, R., Zhao, R.Q., 2007. Effect
of early feed restriction on myofibre types and expression of growth-related genes in
the gastrocnemius muscle of crossbred broiler chickens. Br. J. Nutr. 98, 310–319.

Ling, X., Wang, Q., Zhang, J., Zhang, G., 2023. Genome-wide analysis of the KLF gene
family in chicken: characterization and expression profile. Animals (Basel) 13, 1429.

Liu, Y., Shan, Y., Tu, Y., Zhang, M., Ji, G., Ju, X., Shi, S., Fan, C., Li, Y., Shu, J., 2023.
Designing and evaluating a cost-effective single nucleotide polymorphism liquid
array for Chinese native chickens. Anim. Res. One Health 1, 168–179.

Liu, Y., Zhang, M., Shan, Y., Ji, G., Ju, X., Tu, Y., Sheng, Z., Xie, J., Zou, J., Shu, J., 2020.
miRNA-mRNA network regulation in the skeletal muscle fiber phenotype of chickens
revealed by integrated analysis of miRNAome and transcriptome. Sci. Rep. 10,
10619.

Liu, Y.F., Zhang, M., Shan, Y.J., Pang, L.C., Ji, G.G., Ju, X.J., Tu, Y.J., Shi, S.Y., Bai, H.,
Zou, J.M., Shu, J.T., 2022. Transcriptome sequencing analysis of the role of miR-
499-5p and SOX6 in chicken skeletal myofiber specification. Front. Genet. 13,
1008649.

Ma, M., Cai, B., Jiang, L., Abdalla, B.A., Li, Z., Nie, Q., Zhang, X., 2018. lncRNA-Six1 is a
target of miR-1611 that functions as a ceRNA to regulate Six1 protein expression and
fiber type switching in chicken myogenesis. Cells 7, 243.
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