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A B S T R A C T

Body weight and growth are crucial traits in chickens, regulated by an intricate genetic architecture that remains 
challenging to understand completely. Multiple quantitative trait loci (QTL) mapping and genome-wide asso
ciation studies (GWAS) have revealed numerous genetic variations associated with these economically important 
traits, but the application of these findings for sustainable and efficient poultry production is limited. This review 
synthesizes existing knowledge on the genetic regulation of chicken growth, challenging the traditional approach 
and encouraging the development of integrated strategies to comprehend the regulatory mechanisms underlying 
complex growth phenotypes. This review highlights recent advances in omics studies (genomics, transcriptomics, 
proteomics, and metabolomics), emphasising the utility of single-cell RNA sequencing (scRNA-seq) in addressing 
cellular heterogeneity within growth-related tissues. The advancement of genome sequencing technologies, 
combined with progress in CRISPR/Cas9-mediated genome editing, has opened new avenues for the precision 
breeding of economically important traits in chickens. It also discusses how the newly developed Chicken 
Genotype-Tissue Expression (ChickenGTEx) project and other related data resources could potentially serve as 
crucial tools to reveal the regulatory mechanisms related to chicken growth, offering insights into tissue specific 
gene expression. By elucidating regulatory networks and identifying key knowledge gaps, this review intends to 
accelerate the development of precision breeding approaches for sustainable and efficient poultry production, 
ultimately enhancing global food security.

Introduction

As the population in the developing world continues to grow, the 
demand for affordable protein sources, including chicken meat, is on the 
rise. This increasing global demand for chicken meat necessitates ad
vancements in chicken growth efficiency and meat quality traits, which 
are influenced by a complex interplay of environmental, epigenetic and 
genetic factors (Morris et al., 2024; Lu et al., 2024). Despite extensive 
quantitative trait loci (QTL) mapping and genome-wide association 
studies, the application of identified genetic variants associated with 
growth-related traits for achieving consistent improvements in com
mercial breeding programs still poses significant challenges (Tu et al., 
2025). The primary factors contributing to this translational gap include 

the relatively modest effect sizes of individual QTLs, diverse 
population-specific genetic architectures influenced by natural and 
artificial selection, prevalent pleiotropy, epistasis, and limited func
tional studies on candidate genes. All of these mentioned factors, high
light the inherent complexity of chicken growth genetics (Ou et al., 
2024; Li et al., 2025a).

Numerous genomics studies have identified this complex genetic 
architecture underlying growth-related traits in chickens. Studies show 
that most QTLs have small individual effects, contributing modestly to 
phenotypic variance but their cumulative influence become significant 
(Ou et al., 2024). The identification of specific genes within these QTL 
regions along with their functional roles in crucial biological pathways 
can provide a comprehensive view of the exact mechanisms influencing 
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chicken growth (Wang et al., 2020). While conventional approaches 
have identified certain chromosomal regions, genes, and pathways. A 
more comprehensive framework by integrating multi-omics technology 
is now essential to accurately explain the complexities of chicken 
development. Currently, rapid progress in sequencing technologies has 
advanced the transcriptomics and genomics research (Gheyas and Burt, 
2013; Urgessa and Woldesemayat, 2023). On the other hand, 
mass-spectrometry-based proteomics technologies are regarded as 
cutting-edge innovations, offering unique insights into the content, 
structure, function, and regulation of the proteome, therefore eluci
dating intricate biological processes and phenotypes. Advancements in 
these technologies and bioinformatics use for the collection and analysis 
of extensive biological datasets have significantly enhanced our ability 
to comprehend the complex genetic mechanisms underpinning sophis
ticated polygenic traits such as body size and growth in chickens (Li 
et al., 2024; Di Luca et al., 2024). The synthesis of existing research 
regarding the regulatory mechanisms of chicken growth leads to an 
overarching question: how can we better interpret and utilize this 
complex genetic architecture of chicken growth to improve broiler 
production to ensure global food security?

The aim of this review is:1) to synthesize current research regarding 
the genetics of growth related traits in chickens from genomics to 
metabolomics. 2) To encourage multi-omics studies by merging genomic 
data with transcriptomics, metabolomics, and proteomics insights as 
this integrative approach will unveil the complex growth regulatory 
networks by highlighting every gene, protein and metabolite involved in 
growth regulation. 3) To explore, how recent genetic advancements 
such as single-cell RNA sequencing (scRNA-seq), are enhancing our 
understanding of cellular heterogeneity and regulatory dynamics in 
growth-related tissues (Li et al., 2025c). 4) To highlight the potential of 
public databases such as ChickenGTEx to accelerate chicken genetics 
research (Guan et al., 2025). Moreover, it also discusses the milestones 
regarding avian genome editing technology. Genome editing has 
tremendous significance in poultry production as it allows researchers to 
introduce desired genetic mutations by targeting certain genomic re
gions (such as MSTN and IGF). Genome editing technology is crucial for 
the application of omics findings into poultry breeding programs 
(Khwatenge and Nahashon, 2021). Therefore, a strategy that combines 
extensive integrative omics studies with the refinement of genome 
editing technology is essential for sustainable poultry production. 
Overall, this manuscript intends to accelerate the advancement of pre
cision breeding techniques for sustainable and efficient chicken 

production by elucidating regulatory networks, evaluating 
tissue-specific expression patterns, and integrating multi-omics data.

Search strategy and selection criteria

We searched the online databases including Google Scholar, Science 
Direct, PubMed and Scopus for literature associated with chicken 
growth genomics and emerging genetic tools being employed in chicken 
research by using the search string: (“Chicken growth and genomics, 
QTLs, candidate genes”), (“Body weight traits in chickens”), (“Genetic 
architecture”), (“Genome-wide association studies and chicken 
growth”), (“Multi-omics in chicken and growth traits”), (“Chicken 
metabolomics and growth traits”), (“Single cell RNA sequencing and 
chicken growth”), (“Tissue specific gene expression in chicken specially 
Liver, skeletal muscle and hypothalamus”), (“Gene expression and 
pathways regulating chicken growth”), (“CRISPR/Cas9 genome editing 
in chickens”), (“ChickenGTEx project and atlas of regulatory variants”). 
These search terms yielded numerous review and research articles, 
which were subjected to intensive selection criteria by choosing only 
high quality and high impact research and review articles recently 
published in well-reputed and renowned SCI journals. We employed a 
rigorous search strategy across previously mentioned databases and 
then filtered high quality studies focusing on chicken growth genomics, 
multi-omics and emerging genetic tools as illustrated in Fig. 1.

Genomics approaches to understand chicken growth

Progress in sequencing technologies, especially whole-genome 
sequencing (WGS) and next-generation sequencing (NGS), has 
improved the accuracy and coverage for Quantitative Trait Loci (QTL) 
detection. Unlike microarrays that can only study specific genomic re
gions targeted by specific probes with limited coverage, thereby missing 
crucial regions (Liu et al., 2023; Tan et al., 2024; Ou et al., 2024).

For example, a recent whole-genome resequencing study on 209 
chickens identified over 19 million single nucleotide polymorphisms 
(SNPs) and 1.98 million insertion-deletions (InDels) by covering 97.6 % 
of the chicken genome with a mapping rate of over 99 % (Tan et al., 
2024). In contrast, pre-designed microarray probes have limited 
coverage and focus only on genomic regions in macrochromosomes, 
ignoring those in microchromosomes. While the latest sequencing 
technologies cover almost the whole genome with a higher density of 
SNPs and QTL regions, rarely missing crucial genomic areas (Ahsan 

Fig. 1. Word cloud is used to visualize key terms in reviewed articles and trends of publications reviewed in this study. (A) Word cloud visualizes the key terms that 
are frequently used, such as “chicken”, “growth”, “gene”, “genetic", “SCS”, and “transcriptomic", reflecting the core idea of this review. (B) The graph highlights the 
distribution of reviewed studies based on the published year and most of the studies included are from January 2018 to April 2025. The highest number of studies 
published in 2024 shows an increasing trend of research activities regarding chicken growth and genetics in recent years.
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et al., 2013; Smith et al., 2022). These rapid advancements in genome 
sequencing technologies have laid a solid foundation for GWAS and 
selection sweep studies to identify genetic variants associated with 
growth-related traits.

Genome-wide association studies, selection signature and QTL mapping

Genome-wide association studies (GWAS) help to identify genetic 
markers associated with growth, thereby improving genomic selection 
technology (Dou et al., 2022). In addition to GWAS, selection sweep 
studies using the fixation index (FST), nucleotide diversity (Pi), and other 
homozygosity approaches can detect genomic areas under selection 
(Bello et al., 2023). Selection sweep analysis effectively identifies 
candidate genes associated with traits such as body weight, growth, and 
heat tolerance (Nawaz et al., 2024; Wang et al., 2024b; Wu et al., 2024). 
Integrating findings from GWAS and selection sweep studies with 
functional studies provides valuable insights for marker-assisted selec
tion and genomic prediction models in chicken growth.

A recent selection sweep study in Chinese indigenous chickens. 
Identified candidate divergent regions (CDRs) by suggesting strong 
candidate genes (NELL1, XYLT1, and NCAPG/LCORL) under selection 
for body weight trait (Wang et al., 2023). Similarly, another combined 
selection signature and GWAS study identified key genes (DGKH, 
FOXO1, KPNA3, and CAB39L) differing between high and low weight 
chickens. Furthermore, functional studies on these genes have suggested 
that they play a crucial role as regulators of muscle growth (Wang et al., 
2020a). Likewise, another study found selection signatures linked to 
production traits in broilers, highlighting genes (ACTC1, MYO family, 
and VCL) involved in muscle development (Almeida et al., 2019).

These convergent results from several chicken populations imply 
that studies on selection signatures successfully find evolutionarily 
conserved genes connected to the regulation of muscle development and 
growth, therefore offering useful targets for marker-assisted selection 
initiatives meant to improve broiler production efficiency. These studies 
are prime example that how selection sweep analysis can provide crucial 
information about the genomic regions underwent intense selection 
pressure and subsequently help us to identify candidate genes associated 
to certain traits.

Shifting from genome-wide studies to QTL mapping, body weight 
and growth in chickens are complex polygenic traits controlled by 
several quantitative trait loci (QTLs) distributed across the genome. The 
chicken QTL database encompasses almost the whole genome, 
comprising 28,444 QTLs/associations for 245 different traits. Out of 
these 28,444 QTLs/associations, 9,863 are related to body weight while 
average daily gain has 354 and breast muscle weight has 163 known 
QTLs . Upon analyzing data from the Chicken QTL database (htt 
ps://www.animalgenome.org/cgi-bin/QTLdb/GG/index), it was found 
that QTLs/associations are significantly prevalent on chromosomes 1, 4, 
and 27 for body weight-related traits, as shown in Fig. 2.

We reviewed studies focusing on these QTL-rich regions to identify 
functional candidate genes. A recent study detected 470 SNPs linked to 
43 growth traits on chromosomes 1-6, 9, 10, 16, 18, 23, and 27. While, 
SNPs on chromosomes 1, 4, and 27 showed pleiotropy, affecting mul
tiple traits (Zhang et al., 2021b). Further supporting these findings, 
additional studies have shown that the genetic determinants of body 
weight are influenced by various factors across multiple chromosomes. 
Collectively, these chromosomal hotspots serve as a roadmap for iden
tifying specific candidate genes that underlie growth-related traits 
across diverse chicken populations, thereby bridging genomic associa
tions with functional biological mechanisms.

Genomic regions and candidate genes related to body weight and growth

Beyond quantitative trait loci mapping, several population genomics 
studies have identified specific candidate genes strongly associated with 
growth and body weight regulation across diverse chicken breeds. For 

example, a study revealed a significant 1.5 Mb region (173.5–175 Mb) 
on chromosome 1, with five SNPs in the KPNA3-FOXO1A region, has the 
most pronounced effects on growth traits (Xie et al., 2012). The study 
also revealed presence of gga-miR-15a and gga-miR-16-1 in 1.5 Mb 
KPNA3-FOXO1A region that could bind to mRNA of IGF1, FOXO1A, and 
KPNA3 and might have regulatory role in chicken growth. It was further 
validated that the 1.5 Mb region at chromosome 1 had the strongest 
effects on chicken growth during 22-42 d (Xie et al., 2012).

Another study investigated 27 chicken tissues and found some ge
netic variants on chromosome 1 regulating overall growth. Additionally, 
it identified several candidate genes including FOXO1, SPERT, CAB39L, 
POSTN, NCAPG and IGF2BP1. Various functional studies have shown 
that candidate genes identified in this study are mainly linked to chicken 
muscle, visceral, and bone weight, potentially regulating the growth and 
development of chickens (Guo et al., 2017; Moreira et al., 2019; Li et al., 
2021; Zhong et al., 2024). Out of all these genes, IGF2BP1 is significantly 
associated with body, head, gizzard, leg, and wing weight in chickens 
(Tan et al., 2021; Wang et al., 2021). A previous study also suggested 
that IGF2BP1 is crucial for cell proliferation, differentiation and meta
bolism, hence confirming IGF2BP1 as strong candidate gene associated 
with chicken growth (Luo et al., 2024). Likewise, a study on the chicken 
pan-genome found that deletion of the IGF2BP1 promoter region led to a 
significant increase in the chicken muscle growth (Wang et al., 2021).

In addition, another study has reported a genomic region at chro
mosome 1 (170.46-171.53 Mb), associated with body weight from 4 to 
18 weeks and body size traits (Wang et al., 2024b). Furthermore, the 
annotation of this genomic region suggested the CAB39L and WDFY2 as 
strong candidate genes might be involved in growth. Functional Studies 
have reported that WDFY2 is an endosomal protein involved in the 
PI-3K/AKT signaling pathway. As PI-3K/AKT pathway is mainly 
involved in skeletal muscle growth and proliferation, which suggests 

Fig. 2. Heat map representing the distribution of growth and production traits 
related to QTLs in different chromosomes. The x-axis denotes five traits, 
including Body Weight Gain, Carcass Weight, Feed Efficiency, Breast Muscle 
Weight, and Average Daily Gain and the y-axis represents chicken chromo
somes (1–28 and Z). Color intensity indicates the number of QTLs on each 
chromosome for the respective trait, with darker red color showing dense QTL 
regions. From this heat map, it is visible that chromosomes 1, 4, 27 and Z host a 
significant number of QTLs, which signifies the role of these chromosomes in 
growth and production-related traits.
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WDFY2 could be a potential candidate gene for growth and body weight 
regulation (Monti et al., 2019; Wang et al., 2022a). Another study 
identified QTL at the distal end of chromosome 1, having 14.4 % of the 
genetic variance related to growth in chickens. Further, this study fine 
mapped the locus using genome sequencing, narrowed the QTL region 
down to 1.2 Mb, and identified multiple regulatory mutations and one of 
these mutations was found to influence CAB39L expression, which is 
involved in energy balance and nutrient metabolism (Wang et al., 
2020a). These studies highlight that fine mapping of candidate QTL 
regions can provide more precise idea about specific genes related to 
certain traits like in this case CAB39L and LDB2 were observed to be 
associated with chicken growth traits. Although chromosome 1 has 
multiple significant regions affecting growth traits, studies have also 
shown chromosome 4 to be another important genomic site for 
growth-regulating genes significantly controlling body weight and 
muscle growth.

Multiple studies have confirmed the presence of key regulatory genes 
on chromosome 4, significantly influencing body weight, skeletal mus
cle development, and overall body size. Recent study by refining certain 
chromosomal locations identified a region of 7.41–7.64 Mb on chro
mosome 4 harboring LCORL, LDB2, and PPARGC1A genes, found to be 
highly associated with body weight and body size (Wang et al., 2024b). 
Similarly, another study identified a correlation between the LDB2 gene 
and body weight at 7 to 12 weeks, as well as average daily gain during 
the 6 to 12-week period (Gu et al., 2011). Functional studies have shown 
these genes (LCORL, LDB2, and PPARGC1A) to be associated with the 
mitochondrial system, further influencing chicken skeletal muscle mass 
(Ma et al., 2022). A recent weighted single-step genome-wide associa
tion study (wssGWAS) identified multiple candidate regions and 14 
candidate genes associated with body weight, explaining up to 19.05 % 
of the genetic variance in the body weight trait. Out of those 14 genes, 
LDB2 is considered a high confidence candidate gene due to its strong 
functional role, as mentioned in published literature (Zhu et al., 2025b). 
Thus, consistent reporting of LDB2 gene in multiple studies suggest that 
this specific genomic region on chromosome 4 is crucial for chicken 
growth.

In another study, a genomic region on chromosome 4 (17.3–21.3 
Mb) was found to be strongly associated with keel bone length and body 
weight by harboring potential candidate genes including myotubularin 1 
(MTM1) and secreted frizzled-related protein 2 (SFRP2), which are mainly 
involved in muscle and bone growth (Lin et al., 2007; Lyu et al., 2023). 
However, functional validation of these genes is needed for further 
confirmation. Similarly, a GWAS study on Korean native chickens 
identified significant SNPs near genes such as LCORL (associated with 
body size and growth), LAP3 (involved in protein metabolism), and 
LDB2 (transcriptional regulator involved in development), all of which 
have been previously implicated in growth and development regulation 
(Cha et al., 2021). One of the recent studies performing QTL mapping 
and selection sweep identified 16 loci for growth traits in chickens, 
highlighting TRAK1, OSBPL8, YEATS4, CEP55, and PIP4K2B as strong 
candidate genes, with a significant trans-regulatory hotspot (a genomic 
region where variation affects the expression of multiple genes) coin
ciding with a major growth locus (Johnsson et al., 2018). Functional 
studies on these candidate genes have revealed that these genes are 
mostly involved in processes including mitochondrial dynamics 
(TRAK1), lipid metabolism (OSBPL8), cell proliferation (PIP4K2B, 
YEATS4), and embryonic development (CEP55) (Zhou et al., 2011; 
Ogawa et al., 2014; Jeffery et al., 2015; Johnsson et al., 2018).

These studies, which identify both specific genes and broad chro
mosomal regions, enhance our understanding of the genetic architecture 
of body weight and growth across many chicken populations. Further
more, identifying population-specific genetic elements highlights the 
distinct adaptations of indigenous chicken breeds to local conditions and 
selective pressures. Overall, the findings provide insights into the ge
netic basis of body weight variation and offer potential targets for 
genomic selection strategies to improve meat production in various 

chicken populations.
Although genomic research identifies genetic variations and candi

date genes, understanding their tissue-specific expression is crucial for 
elucidating their functional roles and regulatory mechanisms.

Tissue-specific expression in chicken growth regulation

Regulating chicken development involves complex interactions 
across many organs, including the hypothalamus, skeletal muscle, and 
liver, each exhibiting distinct gene expression patterns that influence 
growth and development.

Through complex gene networks, the hypothalamus in chickens is a 
major regulatory region that significantly influences growth, meta
bolism, and energy balance. The hypothalamus controls the production 
of growth hormone (GH) through growth hormone-releasing hormone 
(GHRH) and somatostatin, via the somatotropic axis, directly affecting 
body composition, fat utilization, and development. The somatotropic 
axis is comprised of growth hormone (GH), insulin-like growth factors 
(IGFs), and associated regulatory molecules that work together to 
regulate growth, metabolism, and development (Piórkowska et al., 
2018; Saneyasu, 2024). Hypothalamic gene expression is also respon
sible for the physiological requirements of chicken growth by regulating 
genes such as POMC and GHRH during early developmental stages 
(Fig. 3). Through its regulatory function, the hypothalamus guarantees 
metabolic homeostasis and coordinated development required to ach
ieve ideal growth rates in fast-growing chickens (Piórkowska et al., 
2018; Mo et al., 2022).

Furthermore, in chicken, the hypothalamus gene expression related 
to growth and body size mostly includes genes like POMC, NPY and 
AgRP, which are main regulators of appetite and energy balance. 
Increased mRNA expression levels of these genes lead to higher growth 
rates and larger body size in chickens Wang et al., 2017. NPY and AgRP 
both function to increase feed intake by producing anabolic effects. 
Whereas, POMC act as anorexigenic by decreasing feed intake and 
inducing a catabolic state. This suggests that a certain harmony between 
the activities of AgRP and POMC helps drive the homeostatic response to 
replenish depleted energy in chickens (Mishra et al., 2020; De Solis 
et al., 2024). This delicate synchronization between anabolic and cata
bolic genes is intelligently regulated by the hypothalamus, which 
highlights that understanding the role of the hypothalamus is crucial to 
gaining insights into the chicken’s growth regulatory mechanisms.

Since the liver regulates metabolic and endocrine activities, hepatic 
gene expression is vital for the growth and development of chickens. The 
liver produces insulin-like growth factor 1 (IGF-1) in response to growth 
hormone (GH); hepatic IGF-1 mRNA levels in chickens correlate signif
icantly with body weight and growth rates (Vaccaro et al., 2022; Chen 
et al., 2022). The (GHR/IGF-1/IGF-1R) pathway of the somatotropic axis 
is essential for muscle growth and body size. Numerous studies have 
reported that GH and IGF-1 act as the primary regulators of physiolog
ical development, since both hormones participate in glucose, protein, 
and lipid metabolism. The mRNA expression levels of somatotropic 
genes (GHR, IGF-1, and IGF-1R) may influence growth rate and weight 
gain in chickens by modulating growth hormones. A deletion mutation 
in the GHR gene causes dwarfism in some chicken breeds, indicating the 
role of GHR and the somatotropic axis in determining chicken body size 
and growth. Moreover, studies have reported higher mRNA expression 
of IGF in commercial broiler chickens having higher body weight and 
faster growth rates (Chen et al., 2009; Vaccaro et al., 2022).

Additionally, some studies have also reported the involvement of 
liver in fat metabolism and meat quality. A study reported that genes 
associated with lipid metabolism, such as SREBF1 and CPT1A, are 
dynamically expressed in the liver and contribute to the regulation of 
energy intake and fat deposition throughout different developmental 
stages (Desert et al., 2018). These are some major genes and pathways 
crucial to chicken growth while some other genes have been summa
rized in Table 1.
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Skeletal muscles comprised 40 % of chicken body weight, which play 
significant part in meat production and overall chicken growth. Skeletal 
muscle is a highly complex and heterogeneous tissue, and serves several 
important metabolic functions (Ouyang et al., 2017). Whereas, myo
blasts are mainly responsible for skeletal muscle formation and growth. 
Precise understanding of myoblast properties and gene expression in 
muscle tissues is thus vital for skeletal muscle growth as it regulates the 
muscle fiber formation, differentiation and maturation (Nihashi et al., 
2019; Lin et al., 2022; Kanakachari et al., 2022). Myogenic factors, 
including MYF6, MYOD1, MR4, MYOG, MYF5, and MSTN are key 
players in skeletal muscle development and growth (Li et al., 2022b). 
Particularly early in muscle development, MYOD1 and MYF5 are 
important as they initiate the myogenic pathway by stimulating the 
proliferation of myoblasts. As development progresses, both MYOG and 
MRF4 become vital because these two are responsible for the differen
tiation of myoblasts into adult muscle fibers (Yin et al., 2021; Nawaz 
et al., 2021; Li et al., 2022b).

Mammalian target of rapamycin (mTOR) is a critical signaling 
pathway which promotes protein synthesis and muscle hypertrophy by 
phosphorylation of ribosomal protein S6 kinase 1 (S6K1) and eIF4E- 
binding protein 1 (4EBP1) (Rion et al., 2019; Xu and Velleman, 2023). 
From published literature, it is evident that mTOR pathway is essential 
for chicken skeletal muscle development and physiology, since it pro
motes myofiber protein accumulation and regulates satellite cell myo
genesis and adipogenesis. Some studies also suggest that functions of 
mTOR may directly influence the quality of chicken meat (Lu et al., 
2022).

Myostatin (MSTN), another crucial gene related to growth, is nega
tive regulator of skeletal muscle growth. Deletion or inhibition of MSTN 

has been shown to increase muscle mass while significantly reducing fat 
deposition (Dou et al., 2018; Lee et al., 2024; Elashry et al., 2025). A 
study in broilers revealed that knockout of MSTN increased body weight 
by 26.9 % and reduced abdominal fat (Bhattacharya et al., 2017). The 
MSTN gene has been considered a potential genetic marker to improve 
meat production in industry (Ren et al., 2020; Lee et al., 2024). All of 
these studies and those summarized in Table 1 regarding the gene 
expression in skeletal muscle tissues emphasize the vital role of skeletal 
muscle in chicken growth regulation.

These tissue-specific expression patterns collectively form an inte
grated network controlling chicken growth and development, with cross 
talk between the hypothalamic-pituitary axis, liver metabolism, and 
muscle development pathways as shown in Fig. 3.

Multi-omics approach to understand chicken growth

Genomics, transcriptomics, proteomics, and metabolomics are 
crucial approaches that collectively provide a better understanding of 
chicken growth. Genomic research identifies candidate genes, tran
scriptomics helps with gene expression patterns, proteomics can provide 
insight into the proteins involved while metabolomics can help to 
decipher metabolic pathways vital for growth (Fig. 4).

Transcriptomics insights into chicken growth

Transcriptomics is a powerful tool to study the genetic mechanisms 
and pathways behind growth-related traits in chickens, as it reveals the 
crucial genes and regulatory networks involved in growth and devel
opment. Transcriptomics mainly involves microarray analysis and RNA- 

Fig. 3. The regulatory mechanism and systemic effect of growth hormone (GH) secretion are governed by the hypothalamus, indicating its role in growth and 
metabolism in different tissues. This figure shows that the hypothalamus, liver and skeletal muscle play a central role in chicken growth and developmental 
pathways. This figure is designed in Biorender (https://app.biorender.com).
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seq technology. Microarray is traditional approach for transcriptome 
profiling, while RNA-seq technology has emerged as an attractive op
tion. RNA-seq is preferred over microarray due to its ability to detect 
new transcripts, wider dynamic range and higher specificity (Lowe et al., 
2017; Chakraborty et al., 2022). Especially in livestock industry, 
RNA-seq technology can provide discrete and higher percentage of DEGs 
and can quantify expression data across wider dynamic ranges (Dong 
and Chen, 2013; Guo et al., 2021).

Transcriptomics enables to identify the differential expressed genes 
during crucial events such as cell proliferation, differentiation, muscle 
growth, cell division and lipid metabolism by comparing different 
populations (Shao et al., 2022; Chakraborty et al., 2022; Kanakachari 
et al., 2022; Shashank et al., 2024). For instance, a study identified 
differentially expressed genes (KLF15, NRXN1, LOC107050638, 
MHCY11, HAO1, and BORCS6) in tall vs short chickens by combining 
whole genome resequencing and transcriptomics. Further the enrich
ment analysis revealed that most of the DEGs were involved in glyox
ylate and dicarboxylate metabolism pathway, peroxisome pathway, 
carbon metabolism and cell adhesion molecules pathways (Li et al., 
2025a). This study provides valuable insights into different aspect of 
chicken growth as tall and short traits in chickens are strong indicators 
to evaluate growth.

Moreover, application of transcriptomics during different 

developmental phases (from embryo to post hatch) can identify specific 
genes, and molecular pathways activated during different develop
mental phases, which can help to compare gene expression patterns 
among various developmental and growth stages (Chen et al., 2019; Yin 
et al., 2021; Alsoufi et al., 2023). Similarly, a recent transcriptomics 
study examined three developmental phases of early chicken growth in 
muscle tissues. Pairwise comparison of three developmental phases 
revealed 978 differentially expressed genes (DEGs). Most of these DEGs 
were related to cell growth, muscular development, and cellular activ
ity. Among these genes, those associated with chicken growth includes 
MYOD1, GH, IGF2BP2, IGFBP3, SMYD1, CEBPB, FGF2, and IGFBP5 (Xue 
et al., 2017). Further KEGG enrichment analysis of identified DEGs 
found that these genes were involved in growth-related pathways, 
including extracellular matrix-receptor interaction, focal adhesion, tight 
junction, insulin signaling pathway, and regulation of the actin cyto
skeleton (Xue et al., 2017).

Additionally, transcriptomic studies among indigenous chicken 
breeds identified various DEGs in the hypothalamus, pituitary, breast 
muscle, thigh muscle, and liver. Furthermore, they identified key genes 
(FST, THSB, PTPRJ, CD36, PITX1, PITX2, AMPD1, PRKAB1, PRKAB2) 
from hypothalamus-pituitary-muscle axis having high probability to be 
involved in muscle development through interacting with cytoki
ne–cytokine receptor interaction signaling pathway, the PPAR signaling 

Table 1 
Key genes, pathways, and functions in skeletal muscle, hypothalamus and liver tissues influencing chicken growth.

Tissue Key genes Pathways Function References

Skeletal 
muscle

MYOD1, MYF5, MYOG, 
MYF6, MSTN,CFL2

Myogenesis, muscle fiber 
formation

Regulates muscle growth and carcass traits. RPL3L promotes 
proliferation and inhibits differentiation of myoblasts. 
MSTN negatively regulates muscle growth. 
MYF6 regulates myotube differentiation and maintenance of 
muscle fibers. 
CFL2 mediates myoblast proliferation.

(Yin et al., 2021; Lin 
et al., 2022; Guo et al., 
2024)

ACTC1, FDPS Muscle Structure Development Upregulated at D21, mainly linked to muscle structure 
development

(Gu et al., 2024)

mTOR, S6K1, 4EBP1 Protein synthesis, muscle 
hypertrophy

mTOR signaling stimulates protein synthesis via phosphorylation 
of S6K1 and 4EBP1.

(Nakashima et al., 
2020; Xu and 
Velleman, 2023)

IGF1R, MYH9, YBX3 Adrenergic signaling Regulates skeletal muscle development and differentiation. (Wu et al., 2022)
MYLK2, MYL4, ACTA1, 
FGF9

Striated muscle tissue 
development

Regulates actomyosin structure organization and myofibril 
assembly.

(Yin et al., 2021)

FOXO3 FoxO signaling pathway FOXO3 regulates myoblast proliferation and differentiation 
through AKT/FOXO/PTEN signaling.

(Li et al., 2019)

MUSTN1, FOS, TGFB3 Cell Differentiation, Muscle 
Regeneration

Upregulated at D42, mainly regulate cell differentiation and 
muscle regeneration after injury.

(Gu et al., 2024)

Hypothalamus POMC, NMU, PMCH, GHRH, 
CGA, LECT2, ALDH6, IGF2, 
IGFBP4, IGFBP7

Anorexigenic and orexigenic 
pathways, growth regulation

Regulate feed intake and body weight; CGA interacts with POMC 
and GHRH to influence growth; IGF2 and IGFBPs modulate 
growth at different developmental stages.

(Piórkowska et al., 
2018)

AGRP, NPY Appetite regulation Increased expression in fast-growing chicken genotypes, 
stimulating feed intake and promoting growth.

(Dunn et al., 2013)

SIX1, RPS15, IGFBP7, ESR2 lipid metabolism, canonical 
Wnt signaling pathway, 
estrogen signaling

Synthesis and secretion of egg white proteins in laying hens. (Wang and Ma, 2019; 
Mishra et al., 2020)

AMPK and related genes Energy homeostasis, appetite 
regulation

Upregulated during fasting, suggesting involvement in AMPK- 
mediated appetite regulation in the hypothalamus of chicks.

(Liu and Zhu, 2012)

ACC, CPT-1, FAS, SREBP-1 Metabolic Flux and Anabolic 
Pathways

Regulate malonyl-CoA and long chain fatty acyl-CoA levels, 
which modulate expression of orexigenic and anorexigenic 
neuropeptides in melanocortin system neurons, crucial in AMPK 
Regulation.

(Liu and Zhu, 2012)

Liver IGF-1 PI3K/Akt signaling pathway Promotes growth and development, influences protein synthesis. (Yu et al., 2015; Nawaz 
et al., 2023)

GHR, SREBF1, CPT1A Lipid metabolism Regulates fatty acid synthesis, transport, and oxidation. (Li et al., 2022a)
PPARα, FAS, ACC, PGC-1α, 
SREBP-1c, PLIN1

Fatty acid synthesis/oxidation Regulates lipid metabolism and energy balance; involved in fatty 
acid synthesis and oxidation pathways.

(Kang et al., 2022)

MFGE8, HHLA1, CKAP2, 
ACSBG2

Lipid metabolism Identified as hub genes in abdominal fat weight positively 
correlated modules.

(Xing et al., 2021)

FoxO pathway genes Cell cycle regulation, glucose 
metabolism

Implicated as active drivers of growth variations in chicken. (Willson et al., 2018)

GPAT, AGPAT, LPIN Lipid metabolism Expression levels change with age, particularly during peak 
laying period.

(Yang et al., 2019)

IGFBP, IGF1, and FASN Glucose metabolism and lipid 
metabolism

Show distinct expression patterns across developmental stages. (Gao et al., 2024)
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pathway, and lipid metabolism (Shao et al., 2022). In another tran
scriptomic study conducted on fast and slow growing Jinghai yellow 
chickens, identified genes including ANXA1, COL1A1, MYH15, TGFB3 
and ACTC1 showed differential expression in breast muscle tissues, 
indicating their involvement in muscle growth and development (Zhang 
et al., 2019; Shao et al., 2022). Similarly, a transcriptomic study on 
Jinghai Yellow chicken identified differentially expressed genes (SNCG, 
MCL1, ARNTL, PLPPR4, VAMP1) mainly associated with cell 

proliferation, cell differentiation and muscle growth (Chen et al., 2019), 
hence providing crucial information regarding genes and genetic path
ways driving muscle development in chickens.

Comparative transcriptomic study between modern and legacy 
broiler lines has provided further insights regarding skeletal muscle 
gene expression. Based on the findings, analysis of breast muscle at days 
6 and 21 post-hatch showed that modern broilers had higher expression 
of muscle development genes (IGF1, IGF1R, WFIKKN2). While legacy 

Fig. 4. Application of integrated omics for enhancing chicken growth and productivity. The integration of omics data and combined analysis can improve our 
understanding of growth regulators in chickens, ultimately leading to an enhancement of poultry breeding strategies. This figure is designed in Biorender (https: 
//app.biorender.com).
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broilers exhibited greater activity of the growth inhibitor MSTN (Davis 
et al., 2015). So, conducting more studies like this by diving deep into 
the functioning of key genes regarding growth traits in chicken will 
further the advancement in chicken growth research. Transcriptomics 
studies by mimicking heat stress or applying different dietary protocols 
suggested that using RNA-seq assist to uncover the precise molecular 
pathways, genes and biological processes triggered by different envi
ronmental and dietary factors. Two studies published in 2025 used RNA 
seq data and found that some genes including HSPA5, SSR1, SDF2L1, 
and SEC23B were significantly differentiated under heat stress (Zhang 
et al., 2023b; Zhu et al., 2025a).

Research in chicken transcriptomics has found significant genes and 
pathways associated with muscle development, lipid metabolism, and 
growth-related traits. Fatty acid metabolism is a crucial factor in chicken 
growth, as a study on Huashang black chicken investigated the poly
unsaturated fatty acids (PUFA) in chicken muscles and identified genes, 
including FADS2 and PRKAG3, strongly associated with lipid meta
bolism by promoting growth in chickens (Yang et al., 2018). Similarly, 
another transcriptome profiling study in Chahua and Digao chickens 
identified significant DEGs related to meat quality in breast muscle tis
sues and these genes were mainly involved in oxidative phosphoryla
tion, carbon metabolism and fatty acid degradation (Alsoufi et al., 
2023). Feed efficiency is one of the major factors that plays a vital role in 
chicken growth. A recent transcriptomics study on feed efficiency in 
chickens identified several candidate genes that were enriched in 
nutrient metabolism, insulin signaling, MAPK signaling, and energy 
homeostasis pathways (Xiao et al., 2021).

All of these transcriptomics studies regarding growth, fatty acid 
metabolism, meat quality, and feed efficiency suggest that skeletal 
muscle growth is a multidimensional trait, and applying tools like 
transcriptomics can help us understand different aspects of chicken 
growth.

Potential of proteomics to elucidate mechanisms underlying chicken growth

Proteomic technology bridges the gap between genomic potential 
and phenotypic outcomes by directly identifying proteins that play a 
major role in the mechanisms regulating growth-related traits. Unlike 
transcriptomics and genomics, proteomics reveals the actual functional 
molecules in tissues that drive biological processes. The proteomics 
approach has been successful in identifying protein markers associated 
with meat quality and growth-related traits in several livestock species 
(López-Pedrouso et al., 2020). Gas chromatography–mass spectrometry 
(GC–MS) is widely employed in proteomics studies owing to its adapt
ability, high sensitivity, and capacity to provide a comprehensive 
overview of a diverse array of metabolites. Apart from this, mass spec
trometry (MS), liquid chromatography tandem mass spectrometry 
(LC-MS/MS), two-dimensional gel electrophoresis (2DE), and isobaric 
tags for relative and absolute quantification (iTRAQ) are also used in 
proteomics (Alessandroni et al., 2024; Wadood and Xiquan, 2024).

Embryonic development of skeletal muscle plays a crucial role in 
determining the final muscle mass and, consequently, meat production 
in chickens. The total number of muscle fibers is established before birth 
and cannot be increased afterwards (Ouyang et al., 2017). Thus, em
bryonic myogenesis is crucial for enhancing muscle mass. Proteomic 
approaches, such as iTRAQ-based proteomics, are powerful tools for 
profiling protein expression during key stages of embryonic develop
ment. For instance, one study applied iTRAQ proteomics to analyze leg 
muscle samples from chickens at embryonic days 11 and 16, as well as 
on day 1 post-hatch. The study identified differentially expressed pro
teins during embryonic growth phases that were mainly involved in 
protein synthesis, muscle contraction, and oxidative phosphorylation 
pathways (Ouyang et al., 2017). Comparative proteomics research on 
fast- and slow-growing broilers identified 172 proteins that were 
differentially expressed, linked to muscle growth and metabolism. Many 
of these differentially expressed proteins were linked to the proteasome 

and glycolysis/gluconeogenesis-pathways (Di Luca et al., 2024). This 
study also identified potential biomarkers (POSTN, HSPB1, TUBB4B, C3, 
ANXA2, ANXA6, PGM1, and TNNT) that could indicate production po
tential, such as breast muscle growth in chickens.

Proteomic analysis of thigh muscle identified key proteins involved 
in muscle contraction, antioxidant defense and regulation of muscle 
growth. The identified proteins are primarily associated with muscle 
contraction, calcium signaling, glutathione metabolism, lipid transport, 
and signaling pathways such as PPAR and MAPK (Zhang et al., 2023a). 
These studies highlight the significance of proteomics that how it can 
help to elucidate the complex molecular mechanisms underlying growth 
traits in chickens, providing valuable information for improving 
breeding strategies and production efficiency in chickens.

These proteomics studies reveal that chicken growth depends on 
precisely coordinated protein networks involving energy metabolism, 
structural proteins, and regulatory pathways that change dynamically 
across developmental stages and differ between genetic lines and muscle 
types.

Potential of metabolomics to elucidate mechanisms underlying chicken 
growth

Metabolomics represents the downstream terminal point of the 
omics tools. It focuses on qualitative and quantitative analysis of small 
molecular metabolites (≤1,000 Da) in cells, tissues, or organs. These 
small metabolites help to elucidate metabolic pathways of endogenous 
compounds during various growth and developmental stages (Zhang 
et al., 2024). Unlike transcriptomics and proteomics, metabolomics 
provides useful knowledge of the metabolic pathways, biochemical 
processes, and physiological functions that support different biological 
activities (Tian et al., 2023; Zhang et al., 2025). In metabolomics 
studies, gas chromatography–mass spectrometry (GC–MS) is extensively 
used for its reliability, high sensitivity, and ability to provide a 
comprehensive overview of several metabolites (Wadood and Zhang, 
2024; Wang et al., 2024a).

In chicken research, metabolomics has proven vital for understand
ing growth-related traits. It provides tremendous opportunity for a 
comprehensive examination of metabolic changes throughout various 
embryonic and post-hatch developmental stages. The egg yolk, which is 
abundant with lipids, proteins, and minerals, is the major nutrient 
resource for embryonic development. The amount and type of yolk 
nutrients are dynamically changed during chicken embryogenesis to 
meet the requirements at different developmental stages. A metab
olomics study on yolk metabolic changes in chicken found that the egg 
yolk metabolites at E09, E11, E15, E17, and E19 were different from 
each other, suggesting the developmental and metabolic changes of the 
egg yolk. Most of these metabolites were involved in amino acid meta
bolism pathways during embryonic development of broiler chickens 
(Liu et al., 2021).

Extending beyond yolk studies, Peng et al. (2018) employed 
LC/MS-QTOF to identify changes in major serum metabolites during 
embryonic development. They found that 39 metabolites changed from 
day 14 to 19 of incubation, and 68 metabolites changed significantly 
from day 19 to hatch (day 1). Among these differentially expressed 
metabolites, glutamine, threonine, and oestrone were identified as po
tential candidate indicators of early embryonic growth in chicken (Peng 
et al., 2018). Regarding production traits, a study using LC-MS/MS 
investigated the effects of selective breeding on chicken meat quality. 
The results revealed that selective breeding altered the metabolite pro
file in skeletal muscles and highlighted the significant role of glycer
ophospholipid metabolism in influencing muscle flavor and 
development (Shi et al., 2022). Similarly, a metabolomics study con
ducted in chickens at different ages revealed that the overall aroma 
intensity and aroma contributing metabolites increased with age (Wang 
et al., 2024c). Thus, such metabolomics studies can also help to deter
mine the suitable marketing age of birds based on meat quality to 
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enhance consumer acceptance and market value.
Collectively, these metabolomic studies reveal the dynamic meta

bolic changes underlying chicken growth and development, from 
embryogenesis to post-hatch development by identifying stage-specific 
metabolic signatures and pathways critical for growth.

Emerging genetic tools to understand growth related traits in 
chickens

Single-cell RNA sequencing

Single-cell RNA sequencing (SCS) technology is a powerful genomic 
tool that resolves cellular heterogeneity by profiling RNA transcripts at 
the individual cell level. It allows identification of target cells, tracks 
dynamic cellular changes, and uncovers intercellular communication 
pathways as shown in Fig. 5 (Cao et al., 2019; Liu et al., 2022). However, 
all cells, tissues, and organs within an organism have identical DNA, but 
have unique RNA expression patterns. These distinct expression profiles 
enable cells to produce specific proteins and perform specialised func
tions, contributing to biological diversity and tissue complexity. While, 
traditional RNA-seq methods evaluate whole transcriptome data by 
extracting total RNA from tissue samples. But traditional approaches are 
unable to distinguish the diverse expression patterns of various cell 
types (Stark et al., 2019; Yan et al., 2024). This limitation of traditional 
RNA-seq method hinders its use in diverse tissues. To address this 
problem, SCS was first introduced by Tang et al. in 2009 on a 
four-cell-stage mouse embryo, revealing the transcriptome profiles of 
individual cells (Tang et al., 2009).

SCS offers insights into biological heterogeneity and aids in the ex
amination of low-quantity biological components often masked in bulk 
data, which are crucial for biological development (Liu et al., 2022). Due 
to advancements in the stability and sequencing throughput of SCS 
technology, together with decreased sequencing prices, this technique is 
now extensively used in reproductive development, immunology, tumor 
research, disease progression monitoring, mental health research, and 
several other domains (Papalexi and Satija, 2018; Cao et al., 2020; Peng 

and Qiao, 2021; Li et al., 2023; Yao et al., 2025 Liu et al., 2023). Studies 
utilising SCS technology have provided more profound knowledge 
regarding various organs, including the retina, hypothalamus, brain, 
stomach, blood, heart and lungs (Yan et al., 2024; Hawsawi et al., 2024).

Emphasising SCS relevance and implications for future chicken 
research, Table 2 offers a summary of current scRNA-seq studies in 
chickens. Although in its early stages in avian research, initial scRNA- 
seq studies have demonstrated its potential to uncover key develop
mental processes. For example, a recent study on Daheng broilers and 
Tibetan chickens used SCS to explain different pathways in skeletal 
muscle development during the embryonic stage, together with the 
identification of important genes involved in myogenesis and adipo
genesis (Li et al., 2025c). Myogenesis and adipogenesis are two funda
mental processes involved in chicken growth and they usually occur in 
the form of hypertrophy and hyperplasia. In this case, SCS can help to 
quantify the gene expression of individual cells in the tissue and can 
provide novel insights regarding myogenesis and adipogenesis (Li et al., 
2020).

Improving meat production and meat quality in chickens is mainly 
dependent on understanding of different cell populations and their role 
in muscular growth and development; hence, SCS is crucial and can be 
transformative tool for growth optimization in poultry. Extending 
beyond chicken growth, a study mapped chicken leukocytes using SCS, 
therefore enabling the identification of several immune cell types and 
their roles independent of species-specific reagents (Maxwell et al., 
2024). Recently, a study explored reproductive biology using SCS and 
found phenotypic differences between PGCs of chicken and zebra finch. 
These differences were mainly identified in various signaling pathways 
between gonadal PGCs and somatic cells. Based on findings, it revealed 
that FGF signaling pathway (usually involved in proliferation of chicken 
PGCs) was upregulated in chickens as compared to Zebra finch (Jung 
et al., 2023). Together, these studies illustrate how scRNA-seq can 
elucidate cellular mechanisms underlying economically important traits 
in poultry.

Despite its tremendous potential, there are few challenges in the 
complete adoption of this technology in chicken research. SCS requires 

Fig. 5. Single-cell RNA sequencing workflow: 1. Tissue sampling from respective organs; 2. To check the cellular diversity of sampled tissue; 3. Isolation of individual 
cells using FACS; 4. Single-cell sequencing to obtain transcriptome files; 5. The gene expression profile for individual cells; 6. To make clusters using t-SNE based on 
expression profiles. This figure is designed in Biorender (https://app.biorender.com).
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advanced bioinformatics tools and expertise as current bioinformatics 
tools and algorithms are still suboptimal, which makes it challenging to 
extract some valuable insights from huge amount of data, which creates 
hurdle for its widespread use in chicken research. Another major limi
tation of SCS is the loss of spatial information data caused by tissue 
dissociation and this challenge can be addressed by performing an 
integrative study with spatial transcriptomics that can provide 
comprehensive view of cellular architecture and function (Desta et al., 
2013; Potts et al., 2022; Wan et al., 2023). Overcoming these challenges 
will allow researchers to completely reap the benefits of SCS to improve 
molecular breeding accuracy and maximize chicken production traits.

CRISPR/Cas9 mediated genome editing

By targeting certain traits like growth and skeletal muscle develop
ment, CRISPR/Cas9 technology can be utilized to have desired genomic 
variations in chicken DNA. Traditional genome editing methods rely on 
multiple step process involving in vitro culturing and genome editing of 
primordial germ cells (PGCs), followed by transplantation of the 
genome-edited PGCs into host embryos to generate germline chimeric 
chickens, which then produce genome-edited progeny (Sid and 
Schusser, 2018; Pu et al., 2023). The traditional method of genome 
editing is heavily dependent on PGCs handling procedures (PGCs 
isolation, culturing, editing, screening, and transfer of PGCs into recip
ient embryos), which makes this process technically demanding (Xie 
et al., 2019; Qin et al., 2024).

A recent breakthrough came as a study generated genome edited 
chicken and duck by injecting an adenovirus comprising the CRISPR/ 
Cas9 system into the blastoderms. The study further reported that 
offspring produced through this had desired insertion and deletion 
mutations without having any off-target mutations. Adenovirus medi
ated genome editing is easy, simple and not technically demanding like 
conventional avian genome editing (Lee et al., 2022). Moreover, recent 

innovations such as introduction of base and prime editing have further 
refined the precision in avian genome-editing technology, reducing 
off-target mutations while enabling single nucleotide mutations. These 
methods have been validated in creating disease-resistant chickens such 
as ANP32A-edited birds resistant to avian influenza (Idoko-Akoh et al., 
2023).

Regarding chicken growth, a study utilized D10A/Cas9 nickase 
mediated genome-editing method in chicken by knocking out MSTN 
gene. Findings revealed an increase in skeletal muscle mass with high 
breast muscle growth in MSTN knocked out chickens. In addition, higher 
degree of skeletal muscle hypertrophy was induced in MSTN deleted 
chickens. Moreover, there was significant decrease in abdominal fat 
deposition in genome-edited chickens. This study suggests that genome 
editing can facilitate precise and efficient targeted genome engineering 
in chickens (Khwatenge and Nahashon, 2021). Another study generated 
G0/G1 switch gene 2 (G0S2) knockout chickens through CRISPR/Cas9, 
these genome-edited chickens have shown significant reduction in 
abdominal fat deposition Li et al., 2025b. Further investigation revealed 
that G0S2 knockout chickens had altered fatty acid compositions in their 
blood and abdominal fat compared with normal chickens (Park et al., 
2019).

Avian genome editing is still in its early phases due to few constraints 
including homology directed pair efficiency and embryo viability issues. 
These limitations can be solved through the application of high fidelity 
Cas9 and enhanced sgRNA design (Idoko-Akoh et al., 2018). Despite of 
all these challenges, genome editing has high prospects in the future of 
chicken growth research. As the success of adenovirus mediated genome 
editing in chicken and duck has opened the avenues for smooth appli
cation of this technology on large scale by targeting specific genes 
related to economic traits in chickens, such as IGF and MSTN in case of 
muscle growth (Lee et al., 2022).

Table 2 
Recent scRNA-seq studies in chicken and their implications for future research.

Purpose of study Species Tissue/cell type Key findings Potential applications to chicken research References

Investigate skeletal 
muscle 
development

Chicken Skeletal muscle 
cells

Identified distinct pathways in skeletal muscle 
development and key genes involved in 
myogenesis and adipogenesis

Understanding of muscle development and 
growth factors in chickens

(Li et al., 2025c)

Analyze Skeletal 
muscle 
development

Chicken Breast muscle 
cells

Identified 10 cell clusters at day 5 post-hatching 
and 7 clusters at day 100; APOA1 and COL1A1 
identified as biomarkers for intramuscular fat cells

Provides insights into muscle cell 
populations and intramuscular fat 
development at different growth stages

(Li et al., 2020)

Map avian embryo 
tailbud

Chicken Embryonic 
trunk and 
tailbud

Generated molecular map of emerging trunk and 
tailbud; identified spatially restricted genes in 
somites and early myoblasts

Insights into body axis development in birds (Mok et al., 2024)

Identify PGC- 
specific markers

Chicken, 
Zebra finch

Gonadal cells Identified NEGR1 and SLC34A2 as novel PGC- 
specific markers in chickens, ESYT3 in zebra 
finches

Potential for improving isolation and 
utilization of PGCs in various bird species

(Kim et al., 2024)

Map chicken 
leukocytes

Chicken Blood cells Identified putative cell types including T-cells, B- 
cells, monocytes, thrombocytes, and red blood 
cells

Provides a basis for further research into 
avian immunology and medicine

(Maxwell et al., 
2024)

Characterize NDV 
target cells

Chicken Lung tissue, DF- 
1 cell line

Identified five known and two unknown cell types 
as NDV targets in lungs; revealed different 
infection paths between in vivo and in vitro

Insights into NDV pathogenesis and 
potential interventions

(Liu et al., 2023b)

Investigate Marek’s 
disease resistance

Chicken Spleen cells Identified allele-specific expression signatures 
enriched in transcription modulators

Provides insights into genetic factors 
influencing disease resistance, which can 
indirectly affect growth and productivity

(Velez-Irizarry 
et al., 2025)

Analyze social 
hierarchy 
response

Chicken Amygdala cells Created a cell atlas of chicken amygdala; identified 
diverse cell populations responding to social 
hierarchy

Offers understanding of neurobiological 
basis of social behavior, which can impact 
flock dynamics and overall growth

(Chen et al., 
2024)

Characterize 
pituitary cell 
populations

Chicken Anterior 
pituitary cells

Identified four endocrine cell clusters and four 
non-endocrine cell types; revealed novel marker 
genes for each cell type

Provides comprehensive understanding of 
pituitary cell types, crucial for growth 
hormone regulation

(Zhang et al., 
2021a)

Map skin cell 
diversity

Chicken Skin cells Created a transcriptome atlas of black-bone 
chicken skin; identified various cell types and their 
gene expression profiles

Insights into skin development and 
pigmentation, relevant for breed-specific 
traits

(Wang et al., 
2024d)

Investigate neural 
plate border cell 
fates

Chicken Embryonic 
ectoderm cells

Characterized transcriptional changes during 
neural, neural crest, and placodal fate segregation

Insights into early embryonic development 
and cell fate decisions, foundational for 
overall growth

(Thiery et al., 
2023)
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Chicken Genotype-Tissue Expression (ChickenGTEx) project

The ChickenGTEx project cataloged regulatory variants across 28 
tissues using over 7,000 RNA-seq datasets and nearly 3,000 whole- 
genome sequences, offering a valuable resource for functional geno
mics in chickens. It includes millions of regulatory effects on primary 
expression (including protein-coding genes, lncRNA and exon) and post- 
transcriptional modifications. It further presents the tissue sharing and 
context-specificity of these regulatory variants, their underlying mo
lecular mechanisms of action, and their utility in interpreting adaptation 
and genome-wide associations of 108 complex traits in chickens (Guan 
et al., 2025).

Availability of these datasets like ChickenGTEx project encourages 
studies based on statistical approaches aiming at identifying associations 
between transcripts and complex traits such as growth. Following 
analytical studies can be conducted in future using this platform: 

a. Using ChickenGTEx platform, studies can be conducted to map tissue 
specific eQTLs for growth-related genes. These mapping studies will 
provide a comprehensive landscape of specific genetic variants that 
influence the gene expression of IGF1, MSTN, and GH, especially in 
growth related tissues including hypothalamus, liver, skeletal muscle 
and adipose tissues (Kineman et al., 2018).

b. Studies can be designed to construct growth stage specific regulatory 
networks by providing transcriptional atlas of muscle growth and 
reveal genetic links between myocyte differentiation, maturation, 
and proliferation (Dos Santos et al., 2023).

c. Integrating eQTLs data from ChickenGTEx with metabolomics data 
will help to unravel transcript-to-phenotype associations. These 
studies will highlight genetic variants, gene expression and metab
olites responsible for growth related traits in chickens. Similarly, a 
recent study in humans has developed and applied a similar 
approach to investigate how metabolites mediate effect of gene 
expression on complex traits (Auwerx et al., 2023).

d. Through combining ChickenGTEx, data with Chicken chromatin 
accessibility atlas (50,796 open chromatin regions) can help to 
reveal transcription factor binding sites affected by genetic variants 
that possibly regulate growth related gene expression (Zhu et al., 
2023).

e. Additionally, integrating eQTL data from ChickenGTEx with regu
latory elements data (377 epigenomic, transcriptomic, and chro
matin conformation datasets from 23 adult tissues by annotating 
1.57 million regulatory elements) from Pan et al. (2023) would 
create a powerful framework to elucidate the genetic architecture of 
chicken growth. This integration may reveal growth-associated ge
netic variants influencing specific regulatory elements in 
growth-relevant tissues like muscle, bone, and liver. For instance, 
Pan et al. (2023) identified CAB39L and RCBTB1 genes having po
tential role in body weight and growth, and integrating this with 
ChickenGTEx can reveal the associated regulatory networks and 
pathways.

Conclusions and future perspectives

Decades of QTL and GWAS studies have provided a strong founda
tion for understanding genetic basis of economically important traits. 
However, small effect sizes, population specific genetic architecture and 
limited studies to functionally validate candidate genes have hampered 
the application of these findings in poultry breeding. To further this 
progress, chicken research must divert its focus towards integrated 
multi-omics strategies to fully understand the dynamic interplay be
tween specific genetic variants and their effects on particular pheno
types. Apart from association studies, more research should focus on 
validating the functional roles of candidate genes identified through 
QTL and GWAS by using CRISPR/Cas9 gene editing, overexpression or 
knockdown in cell culture, or targeted gene manipulation. Integrated 

omics studies should be conducted using transcriptomics, proteomics, 
and metabolomics to gain a comprehensive view of growth-related 
phenotypes. By integrating omics data with bioinformatics, re
searchers can analyze and interpret large datasets to identify key genes, 
pathways, and biological processes involved in chicken growth and 
development.

This article, through reviewing all these studies, including genomics 
to gene editing, has found various key lessons that can be helpful to 
organize and manage future research regarding the genetics behind 
chicken growth. 

1. Future studies should focus on an integrative approach by combining 
genomics, transcriptomics, and metabolomics to better understand 
the complex genetic architecture in an organized way and pave the 
way for precision breeding.

2. The application of scRNA-seq technology in chicken research can be 
useful for understanding cellular heterogeneity in growth-related 
tissues, such as the liver, hypothalamus, and skeletal muscle, 
which can reveal the cellular dynamics of these tissues. SCS tech
nology can help us to understand the origin, formation mechanisms 
and physiology underlying skeletal muscle tissues.

3. Developing and utilising the public databases, such as ChickenGTEx, 
can revolutionize our ability to understand the chicken genome more 
comprehensively and profoundly. Such databases can help to create 
a comprehensive atlas of regulatory variants among different 
chicken breeds and tissues.

4. It is crucial to conduct more functional studies to validate the 
candidate genes identified through genomics studies, as genomics 
can provide specific regions and genes whose roles must be clarified 
by investigating their functional significance.

5. Implementing advanced genetic tools, such as CRISPR/Cas9 genome 
editing, by targeting growth-related genes like MSTN, IGF-1, and 
IGFBP2 can transform the growth efficiency and sustainability of 
growth production.

6. Developing efficient bioinformatics tools and establishing more da
tabases can facilitate the analysis of large-scale genomic data in a 
short time, which can ultimately lead to data-driven precision 
breeding in the poultry industry.
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