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TMEM 182 interacts with integrin beta 1 and regulates
myoblast differentiation and muscle regeneration

1,2,35 1,2,3
’

Wen Luo , Zetong Lin*3, Jiahui Chen®3, Genghua Chen??3, Siyu Zhang??, Mangqing Liu™3, Hongmei Li

Danlin He™*3, Shaodong Liang™*?3, Qingbin Luo™%?, Dexiang Zhang>?*3, Qinghua Nie**** & Xiquan Zhang®****

Lingnan Guangdong Laboratory of Agriculture, South China Agricultural University, Guangzhou, China; Department of Animal Genetics, Breeding and Reproduction,
College of Animal Science, South China Agricultural University, Guangzhou, China; >Guangdong Provincial Key Lab of Agro-Animal Genomics and Molecular Breeding, and
Key Lab of Chicken Genetics, Breeding and Reproduction, Ministry of Agriculture and Rural Affair, South China Agricultural University, Guangzhou, China; *State Key
Laboratory for Conservation and Utilization of Subtropical Agro-Bioresources, South China Agricultural University, Guangzhou, China; “Department of Orthaepedics and
Traumatology, The Chinese University of Hong Kong, Hongkong

Abstract

Background Transmembrane proteins are vital for intercellular signalling and play important roles in the control of
cell fate. However, their physiological functions and mechanisms of action in myogenesis and muscle disorders remain
largely unexplored. It has been found that transmembrane protein 182 (TMEM182) is dramatically up-regulated during
myogenesis, but its detailed functions remain unclear. This study aimed to analyse the function of TMEM182 during
myogenesis and muscle regeneration.

Methods RNA sequencing, quantitative real-time polymerase chain reaction, and immunofluorescence approaches
were used to analyse TMEM182 expression during myoblast differentiation. A dual-luciferase reporter assay was used
to identify the promoter region of the TMEM182 gene, and a chromatin immunoprecipitation assay was used to inves-
tigate the regulation TMEM182 transcription by MyoD. We used chickens and TMEM182-knockout mice as in vivo
models to examine the function of TMEM182 in muscle growth and muscle regeneration. Chickens and mouse primary
myoblasts were used to extend the findings to in vitro effects on myoblast differentiation and fusion.
Co-immunoprecipitation and mass spectrometry were used to identify the interaction between TMEM182 and integrin
beta 1 (ITGB1). The molecular mechanism by which TMEM182 regulates myogenesis and muscle regeneration was
examined by Transwell migration, cell wound healing, adhesion, glutathione-S-transferse pull down, protein purifica-
tion, and RNA immunoprecipitation assays.

Results TMEM182 was specifically expressed in skeletal muscle and adipose tissue and was regulated at the transcrip-
tional level by the myogenic regulatory factor MyoD1. Functionally, TMEM182 inhibited myoblast differentiation and fu-
sion. The in vivo studies indicated that TMEM182 induced muscle fibre atrophy and delayed muscle regeneration.
TMEM182 knockout in mice led to significant increases in body weight, muscle mass, muscle fibre number, and muscle
fibre diameter. Skeletal muscle regeneration was accelerated in TMEM182-knockout mice. Furthermore, we revealed that
the inhibitory roles of TMEM182 in skeletal muscle depend on ITGB1, an essential membrane receptor involved in cell ad-
hesion and muscle formation. TMEMI82 directly interacted with ITGB1, and this interaction required an
extracellular hybrid domain of ITGB1 (aa 387-470) and a conserved region (aa 52-62) within the large extracellular loop
of TMEM182. Mechanistically, TMEM182 modulated ITGB1 activation by coordinating the association between ITGB1
and laminin and regulating the intracellular signalling of ITGB1. Myogenic deletion of TMEM182 increased the binding
activity of ITGB1 to laminin and induced the activation of the FAK-ERK and FAK-Akt signalling axes during myogenesis.
Conclusions Our data reveal that TMEM182 is a novel negative regulator of myogenic differentiation and muscle
regeneration.

Keywords TMEM182; Myogenesis; Muscle regeneration; Integrin beta 1; FAK signalling
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ABSTRACT

Myoblast proliferation and differentiation are highly dynamic and regulated processes in skeletal muscle
development. Given that proteins serve as the executors for the majority of biological processes, exploring key
regulatory factors and mechanisms at the protein level offers substantial opportunities for understanding the
skeletal muscle development. In this study, a total of 607 differentially expressed proteins between proliferation
and differentiation in myoblasts were screened out using our chicken muscle antibody array. Biological function
analysis revealed the importance of energy production processes and compound metabolic processes in myo-
genesis. Our antibody array specifically identified an upregulation of LDHA during differentiation, which was
associated with the energy metabolism. Subsequent investigation demonstrated that LDHA promoted the
glycolysis and TCA cycle, thereby enhancing myoblasts differentiation. Mechanistically, LDHA promotes the
glycolysis and TCA cycle but inhibits the ETC oxidative phosphorylation through enhancing the NADH cycle,
providing the intermediate metabolites that improve the myoblasts differentiation. Additionally, increased
glycolytic ATP by LDHA induces Akt phosphorylation and activate the PI3K-Akt pathway, which might also
contribute to the promotion of myoblasts differentiation. Our studies not only present a powerful tool for
exploring myogenic regulatory factors in chicken muscle, but also identify a novel role for LDHA in modulating
myoblast differentiation through its regulation of cellular NAD™ levels and subsequent downstream effects on
mitochondrial function.

1. Introduction

pool of myonuclei, is crucial for the muscle development, postnatal
growth and repair [1,3]. Myoblasts proliferation and differentiation are

Skeletal muscle consists of multinucleated myofibers formed through highly dynamic and regulated processes that involve coordination
the proliferation and differentiation of mononucleated myoblasts [1,2]. among cell cycle, muscle-specific transcriptional program, cell elonga-
Proliferation and differentiation of myoblasts to produce multinucleated tion, and fusion [2,4].
myofibers, as well as their fusion with existing myofibers to augment the Past researches on myoblast and skeletal muscle development
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ARTICLE INFO ABSTRACT

Keywords:
TMEM182
Fat formation

TMEM182, a transmembrane protein highly expressed in muscle and adipose tissues, plays a crucial role in
muscle cell differentiation, metabolism, and signaling. However, its role in fat deposition and metabolism is still
unknown. In this study, we used overexpression and knockout models to examine the impact of TMEM182 on fat
synthesis and metabolism. Our results showed that TMEM182 overexpression increased the expression of fat
synthesis-related genes and promoted the differentiation of preadipocytes into fat cells. In TMEM182 knockout
mice, there was a significant decrease in abdominal fat deposition. RNA sequencing results showed that
TMEM182 overexpression in preadipocytes enhanced the activity of pathways related to fat formation, ECM-
receptor interaction, and cell adhesion. Furthermore, our analysis using UPLC-MS/MS showed that TMEM182
significantly altered the metabolite and lipid content and composition in chicken breast muscle. Specifically,
TMEM182 increased the content of amino acids and their derivatives in chicken breast muscle, promoting amino
acid metabolic pathways. Lipidomics also revealed a significant increase in the content of glycerophospholipids,
sphingolipids, and phospholipids in the breast muscle after TMEM182 overexpression. These findings suggest
that TMEM182 plays a crucial role in regulating fat deposition and metabolism, making it a potential target for
treating obesity-related diseases and animal breeding.

Metabolomics
Lipidomics

1. Introduction

Adipose tissue is the primary organ for storing energy in the body,
converting fatty acids and glycerol in the blood into TG through ester-
ification and storing them in lipid droplets. When energy is needed by
other organs, TG can be broken down into free fatty acids and glycerol
and released into the bloodstream. Studies have shown that the TG
content in visceral and subcutaneous fat is higher than in intramuscular
fat [1] and the fat cell volume in visceral and subcutaneous fat (diameter
of 50-200 pm) is significantly larger than in intramuscular fat (diameter
of 25-50 pm) [2]. The increase in fat is primarily due to an increase in fat
cell volume. Excessive energy intake or a high-fat diet can lead to rapid
proliferation or enlargement of fat cells, resulting in a rapid increase in
fat tissue weight and potential functional impairments such as local
inflammation, immune cell infiltration, fibrosis, and metabolic disorders

[2]. Appropriate intramuscular fat can improve the tenderness, flavor,
and texture of meat [3-5], while excessive fat deposition and high body
fat ratios can affect carcass quality and consumer acceptance [6].
Additionally, excess fat is often discarded and can increase the difficulty
of meat processing. In the farming process, excessive fat deposition can
reduce feed utilization and commodity prices, increasing the cost of
farming. Therefore, investigating the genetic regulation and factors
involved in fat deposition can provide insight into the molecular
mechanisms of fat formation.

During the differentiation process from preadipocytes to mature
adipocytes, many genes are involved in the regulation. Among them,
PPARy and members of the C/EBPs family are the most crucial tran-
scription regulators in adipose development, and many factors partici-
pate in fat formation by regulating or being regulated by C/EBPs and
PPARy. PPARy plays a key role in adipocyte differentiation, lipid
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HIGHLIGHTS GRAPHICAL ABSTRACT

Microplastics accumulate in the muscles
of farmed broilers.

Polystyrene microplastics (PS-MPs) pro-
mote the muscle growth of broilers.

+ PS-MP exposure reduced meat quality but
increased the muscle weight of chickens.
PS-MPs feeding can affect the expression
of genes related to neural function.

ARTICLE INFO ABSTRACT

Editor: Jay Gan Microplastic (MP) pollution has become one of the global environmental concerns, but the contamination and effect of
MP on chicken skeletal muscle are scarcely researched. Here, we found MP contamination in the chicken skeletal mus-
cles, which were directly collected from a large-scale chicken farm. Using Pyrolysis-Gas Chromatography-Mass Spec-
trometry and Agilent 8700 laser direct infrared imaging spectrometer, we found that polystyrene (PS) and polyamide
are the significant type of MPs detected in chicken skeletal muscle. Constant PS-MP oral feeding for >21 days increases

Keywords:
Microplastic pollution
Polystyrene microplastics

Chick

icken the content of MP deposited in chicken breast muscle, but the MP content in the leg muscle was gradually decreased.
Muscle growth . R P . . 8 & . 4 . .
Meat quality Surprisingly, the chicken's body and skeletal muscle weight was increased after constant PS-MP feeding. Physiological
Gene expression results showed that PS-MP exposure inhibited energy and lipid metabolism, induced oxidative stress, and potential for

neurotoxicity in the skeletal muscle. Metabolomic analysis of the liquid chromatography-tandem mass spectrometry
and gas chromatography coupled with the mass spectrometer results showed that PS-MP exposure changed the
metabolomic profile and reduced meat quality. In vitro, experimental results showed that PS-MP exposure induced
chicken primary myoblasts proliferation and apoptosis but decreased myoblasts differentiation. Transcriptome analy-
sis of the skeletal muscle indicates that PS-MP exposure affects skeletal muscle function by regulating genes involved in
neural function and muscle development. Considering that chicken is one of the most important meat foods in the
world, this study will provide an essential reference for protecting meat food safety.
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A comprehensive comparison of metabolomic, lipidomic, and proteomic profiles was conducted between the
breast and leg muscles of Shitou goose (STE) and Wuzhong goose (WZE), which exhibit significant variations in
body size and growth rate, to evaluate their impact on meat quality. WZE had higher intramuscular fat content in
their breast muscles, which were also chewier and had higher drip and cooking losses than STE. Metabolomic
analysis revealed differential regulation of amino acid and purine metabolism between WZE and STE. Lipidomic
analysis indicated a higher abundance of PE and PC lipid molecules in WZE. Integration of proteomic and

metabolomic data highlighted purine metabolism and amino acid biosynthesis as the major distinguishing
pathways between STE and WZE. The primary differential pathways between breast and leg muscles were
associated with energy metabolism and fatty acid metabolism. This comprehensive analysis provides valuable
insights into the distinct meat quality of STE and WZE.

1. Introduction

China holds the position of the world’s foremost producer and con-
sumer of geese. Within Guangdong province, the indigenous goose
breeds of Shitou (STE) and Wuzong (WZE) hold significant prominence.
STE geese are widely recognized for their larger size, often weighing 4-6
times more than the comparatively smaller WZE geese at marketable age
(Zhang et al., 2023). Despite their economic significance, it is crucial to
conduct scientific research on these breeds, especially in terms of their
meat quality characteristics. Ensuring the economic sustainability of the
industry heavily relies on meeting consumer demand for high-quality
and flavorful goose meat. By aligning with consumer preferences for
superior meat quality, the industry can increase market demand and
subsequently enhance its financial profitability. Consequently, con-
ducting scientific research on meat quality attributes and their
improvement is crucial for the progress and prosperity of the goose meat
sector. The weight gain and growth-related indicators of Shitou Goose
and Wuzong Goose exhibited significant differences during the initial
13-week period (Tang et al., 2023). Therefore, these two goose breeds,

which demonstrate significant differences in growth rate and body size,
are suitable for studying the impact of size and growth variations on the
quality of goose meat. Meanwhile, muscles differ in appearance, size and
leanness for their particular physiological functions. Therefore, the
muscle types differ in physicochemical compositions, which further
affect meat quality and eating quality (Ba et al., 2014).

The quality of meat is primarily influenced by various factor such as
intramuscular fat content (IMF), drip loss, cooking loss, tenderness, pH
value, and meat color (Hou et al., 2023). A higher IMF content is closely
linked to enhanced meat flavor, while a lower IMF content indicates
lower levels of flavor precursors in animal meat (Hou et al., 2023). The
lipids present in IMF play a crucial role in regulating the development of
meat flavor, which is determined by the abundance and composition of
volatile compounds generated during meat processing (Khan et al.,
2015). In addition, the flavor and quality of meat are influenced by a
diverse assay of metabolites, including peptides, organic acids, and
nucleotides (Ramalingam et al., 2019). Previously study have demon-
strated that peptides play a crucial role in enhancing the flavor of meat
through their association with Maillard reaction products, which

* Corresponding author at: College of Animal Science, South China Agricultural University, Guangzhou, Guangdong 510642, China.

E-mail address: luowen729@scau.edu.cn (W. Luo).

https://doi.org/10.1016/j.foodchem.2023.137967

Received 28 July 2023; Received in revised form 5 October 2023; Accepted 9 November 2023

Available online 11 November 2023
0308-8146/© 2023 Elsevier Ltd. All rights reserved.

133


mailto:luowen729@scau.edu.cn
www.sciencedirect.com/science/journal/03088146
https://www.elsevier.com/locate/foodchem
https://doi.org/10.1016/j.foodchem.2023.137967
https://doi.org/10.1016/j.foodchem.2023.137967
https://doi.org/10.1016/j.foodchem.2023.137967
http://crossmark.crossref.org/dialog/?doi=10.1016/j.foodchem.2023.137967&domain=pdf

Received: 9 May 2023

Revised: 8 August 2023

Accepted: 28 August 2023

DOI: 10.1111/cpr.13545

ORIGINAL ARTICLE

WILEY

Bulk and single-cell alternative splicing analyses reveal roles
of TRA2B in myogenic differentiation

Genghua Chen'?2® | JiahuiChen®?® | LinQi**® | YungianYin??® |
Zetong Lin??>® | Huagiang Wen?® | Shuai Zhang?® | Chuanyun Xiao* |
Semiu Folaniyi Bello¥?3® | Xiquan Zhang®?® | Qinghua Nie?*® | Wen Luo®?%3

1College of Animal Science, South China Agricultural University, Guangzhou, Guangdong, China

2Guangdong Provincial Key Lab of Agro-Animal Genomics and Molecular Breeding, Lingnan Guangdong Laboratory of Modern Agriculture & State Key Laboratory for
Conservation and Utilization of Subtropical Agro-Bioresources, Key Laboratory of Chicken Genetics, Breeding and Reproduction, Ministry of Agriculture, Guangzhou,

Guangdong, China

SState Key Laboratory of Livestock and Poultry Breeding, and Lingnan Guangdong Laboratory of Agriculture, South China Agricultural University, Guangzhou, China

“Human and Animal Physiology, Wageningen University, Wageningen, The Netherlands

Correspondence

Qinghua Nie and Wen Luo, College of Animal
Science, South China Agricultural University,
Guangzhou 510642, Guangdong, China.
Email: nginghua@scau.edu.cn and
luowen729@scau.edu.cn

Funding information

National Key Research and Development
Program of China, Grant/Award Numbers:
2021YFD1300102, 2022YFF1000201;
National Scientific Foundation of China,
Grant/Award Number: 31972544; Science and
Technology Program of Guangdong Province,
Grant/Award Number: 2020B1212060060;
China Agriculture Research System of MOF
and MARA, Grant/Award Number: CARS-41;
Local innovative and Research Teams Project
of Guangdong Province, Grant/Award
Number: 2019BT02N630

1 | INTRODUCTION

Abstract

Alternative splicing (AS) disruption has been linked to disorders of muscle development,
as well as muscular atrophy. However, the precise changes in AS patterns that occur
during myogenesis are not well understood. Here, we employed isoform long-reads
RNA-seq (Iso-seq) and single-cell RNA-seq (scRNA-seq) to investigate the AS landscape
during myogenesis. Our Iso-seq data identified 61,146 full-length isoforms representing
11,682 expressed genes, of which over 52% were novel. We identified 38,022 AS
events, with most of these events altering coding sequences and exhibiting stage-
specific splicing patterns. We identified AS dynamics in different types of muscle cells
through scRNA-seq analysis, revealing genes essential for the contractile muscle system
and cytoskeleton that undergo differential splicing across cell types. Gene-splicing analy-
sis demonstrated that AS acts as a regulator, independent of changes in overall gene
expression. Two isoforms of splicing factor TRA2B play distinct roles in myogenic differ-
entiation by triggering AS of TGFBR2 to regulate canonical TGF-p signalling cascades
differently. Our study provides a valuable transcriptome resource for myogenesis and

reveals the complexity of AS and its regulation during myogenesis.

various signalling pathways. Upon reaching the final destination, mus-

cle progenitors undergo proliferation, differentiation into myoblasts

Skeletal muscle is a crucial organ that enables animal movement,
ingestion and metabolic processes, constituting over 30% of the over-
all mass of vertebrates.! During embryonic myogenesis, muscle pro-
genitors migrate to the limb bud terminal, where they undergo

differentiation and generate muscle tissue under the regulation of

and initial fusion to generate primary myotubes, characterised by a
limited number of myocyte nuclei. The number of foetal myoblasts
with enhanced proliferative capacity increases rapidly, utilising pri-
mary muscle fibres as a scaffold before amalgamating and differentiat-

ing into multinucleated muscle fibres.2 The development of skeletal

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
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ABSTRACT The Shitou goose, the largest meat-type
goose breed, is an ideal model for offering insights into
enhancing meat production efficiency through under-
standing its genetic regulation of muscle development.
Here, through whole-transcriptomic analysis of embry-
onic leg muscles, we identified 847 differentially
expressed genes (DEG), 244 differentially expressed
IncRNAs (DEL), 37 differentially expressed circRNAs
(DEC), and 84 differentially expressed miRNAs
(DEM). Gene ontology (GO) analysis highlighted the
significant enrichment of differentially expressed
RNAs in muscle structure development, actin fila-
ment-based processes, and the actin cytoskeleton path-
way. Kyoto Encyclopedia of Genes and Genomes
(KEGG) analysis identified pathways associated with
the FoxO signaling pathway, AMPK signaling path-
way, Wnt signaling pathway and calcium signaling
pathway. Furthermore, we utilized Miranda, TargetS-
can, and miRDB to identify regulatory networks that

involve  interactions between IncRNA-mRNA,
circRNA-mRNA, miRNA-mRNA, IncRNA-miRNA-
mRNA, and circRNA-miRNA-mRNA, which regu-
lated the growth and development of skeletal muscle.
Notably, differentially expressed genes within the
ceRNA network were most significantly enriched in
the regulation of actin cytoskeletal organization. Addi-
tionally, a IncRNA /circRNA-miRNA-mRNA ceRNA
network related to muscle growth and development
was constructed based on protein-protein interaction
(PPI) analysis and hub genes selection using Cyto-
scape. This further elucidated the regulatory roles of
noncoding RNAs (ncRNA) in the formation of muscle
fibers in Shitou goose. In summary, this study provides
a valuable transcriptional regulatory network for goose
muscle development laying the groundwork for further
exploration of the molecular regulatory mechanisms
underlying the excellent meat production performance
of Shitou goose.

Key words: Shitou goose, skeletal muscle, whole-transcriptome sequencing, IncRNA, ceRNA network

INTRODUCTION

China, as the world’s largest producer of goose and
the meat goose market, enjoys high consumer demand
for its goose meat due to its rich nutritional qualities,
including high protein and unsaturated fatty acid con-
tent, coupled with low-fat content (Gendaszewska-
Darmach et al., 2012; Razmaite et al., 2022). The Shitou
goose is primarily raised in the eastern coastal areas of
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Guangdong Province, China, and is one of the largest
goose breeds globally. This breed is characterized by its
rapid growth, large body size, well-developed muscles,
and high meat production, with an average weight rang-
ing from 8 to 13 kg at 70 to 90 d old (Deng et al., 2014;
Tang et al., 2023; Zhang et al., 2023). Therefore, the
investigation into the molecular mechanisms underlying
the skeletal muscle growth and development of Shitou
goose holds significant economic value for improving
both the quantity and quality of goose meat production.

Skeletal muscle constitutes approximately 40% of an
animal’s total body weight, plays a vital role in facilitat-
ing animal movement and metabolic functions (Guller
and Russell, 2010). Tts genetic characteristics directly
influence both the quantity and quality of meat produc-
tion in livestock. The development of skeletal muscle in
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ABSTRACT This investigation sought to reveal the
effects of heat stress on the meat quality of geese.
Wuzong geese were subjected to heat stress at 35°C for
25 d or 4 h to examine different heat stress time on meat
quality. Short-time heat stress reduced muscle drip loss
and meat color L* value while increasing pH value and
meat color a* and b* values. Long-time heat stress
decreased body weight and increased leg muscle pH
value and meat color b* value. Amino acid profile of
geese breast muscle revealed that both LHS and SHS
can induce L-Cystine but reduced L-Cystathionine,
which were positive correlated with cooking loss and

meat color lightness, respectively. Lipidome analysis
indicated that heat stress would alter the synthesis of
unsaturated fatty acids, and the difference between LHS
and SHS on lipids mainly focused on Hex1Cer and TG.
Non-target metabolome analysis indicated effects of
heat stress on Glycerolipid metabolism, Arachidonic
acid metabolism, and Pyrimidine metabolism. Proteome
analysis showed that heat stress mainly affects cellular
respiration metabolism and immune response. These
findings highlight the diverse effects of heat stress on
meat quality, amino acid composition, lipidome, metab-
olome, and proteome in geese.

Key words: heat stress, meat quality, goose, multiomics

INTRODUCTION

Geese, a species of waterfowl, have been domesticated
for their meat, eggs, and feathers (Zhu et al., 2021).
Goose meat has a rich culinary history and is enjoyed in
various preparations such as roasted, braised, and
stewed. In recent years, the market share and sales of
goose meat have shown a steady increase, particularly in
China (Weng et al., 2021). Compared to chicken or tur-
key meat, goose meat typically exhibits a darker color, a
more robust flavor, and a denser, chewier texture (Weng
et al., 2021). Goose meat has long been recognized as a
valuable source of protein, essential vitamins, and min-
erals, and has been a staple in various cultures for centu-
ries. One notable health benefit of goose meat is its high
content of healthy fats, including monounsaturated and
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polyunsaturated fats (Nemati et al., 2020). Both mono-
unsaturated and polyunsaturated fats have been associ-
ated with a reduced risk of heart disease and stroke
(Lada and Rudel, 2003; Larsson et al., 2012). Further-
more, the omega-3 fatty acids present in goose meat
may contribute to the reduction of inflammation in the
body (Massaro et al., 2010), which is linked to various
chronic diseases.

Heat stress occurs when the body fails to regulate its
internal temperature effectively in response to elevated
environmental temperatures. This condition can have
various detrimental effects on bodily functions, includ-
ing alterations in cardiovascular, renal, and immune
function (Crandall and Wilson, 2015; Gonzalez-Rivas et
al., 2020; Knochel et al., 1974). The harmful impact of
heat stress on the body is attributed to a range of under-
lying mechanisms. One primary mechanism involves the
activation of the body’s stress response system, resulting
in the release of stress hormones like cortisol and adrena-
line (Mazlomi et al., 2017). These hormones can elevate
heart rate, blood pressure, and respiration, thereby plac-
ing additional strain on the cardiovascular system
(Tianlong and Sim, 2019; Wang et al., 2022). Moreover,
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ABSTRACT The introduction of exotic breeds and the
cultivation of new lines by breeding companies have
posed challenges to native chickens in South China,
including loss of breed characteristics, decreased genetic
diversity, and declining purity. Understanding the popu-
lation genetic structure and genetic diversity of native
chickens in South China is crucial for further advance-
ments in breeding efforts. In this study, we analyzed the
population genetic structure and genetic diversity of 321
individuals from 10 different breeds in South China. By
comparing commercial chickens with native ones, we
identified selection signatures occurring between local
chickens and commercial breeds. The analysis of popula-
tion genetic structure revealed that the native chicken
populations in South China exhibited a considerable level
of genetic diversity. Moreover, the commercial lines of
Xijaobai chicken and Huangma chicken displayed even
higher levels of genetic diversity, which distinguished
them from other native varieties at the clustering level.
However, certain individuals within these commercial
varieties showed a discernible genetic relationship with

the native populations. Notably, both commercial varie-
ties also retained a significant degree of genetic similarity
to their respective native counterparts. In order to inves-
tigate the genomic changes occurring during the commer-
cialization of native chickens, we employed 4 methods
(Fst, ROD, XPCLR, and XPEHH) to identify potential
candidate regions displaying selective signatures in
Southern Chinese native chicken population. A total of
168 (identified by Fst and ROD) and 86 (identified by
XPCLR and XPEHH) overlapping genes were discov-
ered. Functional annotation analysis revealed that these
genes may be associated with reproduction and growth
(SAMSN1, HYLS1, ROBO3, FGF14, PRS523), muscu-
loskeletal development (DNER, MYBPC1, DGKB,
ORC1, KLF10), disease resistance and environmental
adaptability (PUS3, CRB2, CALDI1, USP15, SGCD,
LTBP1), as well as egg production (ADGRBS3, ACSFS3).
Overall, native chickens in South China harbor numerous
selective sweep regions compared to commercial chickens,
enriching valuable genomic resources for future genetic
research and breeding conservation.

Key words: population structure, genetic diversity, selection signature, South China native chicken,
commercialization

INTROCUTION

Chicken is one of the most important economic varie-
ties of livestock and poultry, providing essential resour-
ces such as eggs and meat to the populace. In recent
years, the demand for agricultural products like chicken
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BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd
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and eggs has gradually surged due to economic develop-
ment and improved living standards. China boasts a
diverse range of indigenous chicken breeds that possess
various traits enabling adaptation to local environments
and low-input high-output production systems. South
China harbors numerous native chicken varieties, with
this study encompassing eight specific ones: Ningdu
Huang Chicken (NDH), Xinghua Chicken (XH),
Huaixiang Chicken (HX), Shalan Chicken (SL),
Huiyang Huxu Chicken (HHX), Yangshan Chicken
(YS), Qingyuan Ma Chicken (QYM), Wenchang
Chicken (WC). Additionally, 2 commercial varieties—
Xiaobai Chicken (XB) and Mahuang Chicken (MH)—
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ABSTRACT Meat quality traits are essential for pro-
ducing high-quality broilers, but the genetic improve-
ment has been limited by the complexity of
measurement methods and the numerous traits
involved. To systematically understand the meat quality
characteristics of different broiler breeds, this study col-
lected data on slaughter performance, skin color, fat
deposition, and meat quality traits of 434 broilers from
12 different breeds in South China. The results showed
that there was no significant difference in the live weight
and slaughter weight of various broiler breeds at their
respective market ages. Commercial broiler breeds such
as Xiaobai and Huangma chickens had higher breast
muscle and leg muscle rates. The skin and abdominal fat
of Huangma chickens cultivated in the consumer market
in South China exhibited significantly higher levels of
yellowness compared to other varieties. Concerning fat
traits, we observed that Wenchang chickens exhibited a
strong ability to fat deposition, while the younger breeds

showed lower fat deposition. Additionally, there were
significant positive correlations found among different
traits, including traits related to weight, traits related to
fat, and skin color of different parts. Hierarchical cluster-
ing analysis revealed that fast-growing and large broiler
Xiaobai chickens formed a distinct cluster based on car-
cass characteristics, skin color, and meat quality traits.
Principal component analysis (PCA) was used to
extract multiple principal components as substitutes for
complex meat quality indicators, establishing a chicken
meat quality evaluation model to differentiate between
different breeds of chickens. At the same time, we identi-
fied 46, 22, and 20 SNP loci and their adjacent genes
that were significantly associated with muscle mass
traits, fat deposition, and skin color through genome-
wide association studies (GWAS). The above results
are helpful for systematically understanding the differ-
ences and characteristics of meat quality traits among
different breeds.

Key words: South China, meat quality, broiler, cluster analysis, GWAS

INTRODUCTION

Chicken is one of the most economically valuable
domesticated animals in the world (Lawal and Hanotte,
2021). Due to the increasing interest of consumers in
healthier diets, the per capita consumption of poultry
meat (especially chicken) has been increasing (Petracci
and Cavani, 2012). Meat quality is a broad concept that
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encompasses the assessment of muscle and food quality.
For chicken, meat quality is assessed based on various
traits such as meat color, pH value, drip loss, cooking
loss, intramuscular fat (IMF), and flavor. The growing
emphasis on health awareness among people has spurred
an augmented demand for high-quality food, thereby
raising standards for poultry meat quality. However,
over the past few decades, there has been a decline in the
meat quality and flavor of chicken due to genetic selec-
tion for faster growth rates and higher feed conversion
efficiency (Li et al., 2008).

In recent decades, the standard practice for improving
profits in the poultry industry has been selective breed-
ing and feeding of chickens with high body weight and
meat volumes (Sell-Kubiak et al., 2017). This approach
has spurred the creation of commercial breeds like
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ABSTRACT Carcass traits in broiler chickens are
complex traits that are influenced by multiple genes. To
gain deeper insights into the genetic mechanisms under-
lying carcass traits, here we conducted a weighted sin-
gle-step genome-wide association study (wssGWAS)
in a population of Chinese yellow-feathered chicken.
The objective was to identify genomic regions and candi-
date genes associated with carcass weight (CW), evis-
cerated weight with giblets (EWG), eviscerated weight
(EW), breast muscle weight (BMW), drumstick
weight (DW), abdominal fat weight (AFW), abdomi-
nal fat percentage (AFP), gizzard weight (GW), and
intestine length (IL). A total of 1,338 broiler chickens
with phenotypic and pedigree information were included
in this study. Of these, 435 chickens were genotyped
using a 600K single nucleotide polymorphism chip for
association analysis. The results indicate that the most
significant regions for 9 traits explained 2.38% to 5.09%
of the phenotypic variation, from which the region of
194.53 to 194.63Mb on chromosome 1 with the gene
RELT and FAM168A identified on it was significantly
associated with CW, EWG, EW, BMW, and DW.

Meanwhile, the 5 traits have a strong genetic correla-
tion, indicating that the region and the genes can be
used for further research. In addition, some candidate
genes associated with skeletal muscle development, fat
deposition regulation, intestinal repair, and protection
were identified. Gene ontology and Kyoto Encyclopedia
of Genes and Genomes enrichment analyses suggested
that the genes are involved in processes such as vascular
development (CD34, FGF7, FGFR3, ITGB1BP1I,
SEMA5A, LOXL2), bone formation (FGFR3, MATNI,
MEF2D, DHRSS3, SKI, STC1, HOXBI1, HOXBS3,
TIPARP), and anatomical size regulation (ADD2,
AKT1, CFTR, EDNS3, FLII, HCLS1, ITGB1BP1,
SEMA5A, SHC1, ULK1, DSTN, GSK3B, BORCSS,
GRIP2). In conclusion, the integration of phenotype,
genotype, and pedigree information without creating
pseudo-phenotype will facilitate the genetic improve-
ment of carcass traits in chickens, providing valuable
insights into the genetic architecture and potential can-
didate genes underlying carcass traits, enriching our
understanding and contributing to the breeding of high-
quality broiler chickens.

Key words: Chinese yellow-feathered chicken, weighted single-step GWAS, carcass traits, SNP
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INTRODUCTION

Carcass traits in chickens which encompass character-
istics such as meat texture, body weight, muscle propor-
tion, and muscle fat content are of critical importance in
meat production affecting meat quality, yield, and nutri-
tional value directly, and are all closely linked to the eco-
nomic benefits and market competitiveness of broiler
chickens. Therefore, genetic improvement studies focus-
ing on carcass traits are of great significance. Carcass
traits are primarily regulated by genetic factors
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Simple Summary: The Shitou goose, derived from the swan goose (Anser cygnoides), is an excellent
large goose breed in China and has high economic value. Therefore, it is imperative to delve into the
study of its muscle characteristics. Circular RNA (CircRNA), acting as a molecular sponge, binds to
miRNA, thereby intricately modulating targeted gene expression and influencing muscle growth and
development. To unravel these complexities, we employed transcriptome sequencing to scrutinize the
myoblasts and myotubes of Shitou geese, generating comprehensive circRNA and mRNA maps for
two distinct developmental stages. In the subsequent analysis, a circRNA-miRNA-mRNA interaction
network emerged, delineating a regulatory framework for muscle growth and development. This
network is pivotal in understanding the underlying mechanisms of goose myogenesis and contributes
new ideas and perspectives concerning the role of non-coding RNAs in the regulation of growth
in geese.

Abstract: CircRNA, a recently characterized non-coding RNA (ncRNA) variant, functions as a molec-
ular sponge, exerting regulatory control by binding to microRNA (miRNA) and modulating the
expression of downstream proteins, either promoting or inhibiting their expression. Among poultry
species, geese hold significant importance, prized by consumers for their delectable taste and rich
nutritional content. Despite the prominence of geese, research on the growth and development
of goose muscle, particularly the regulatory role of circRNAs in goose muscle formation, remains
insulfficiently explored. In this study, we constructed comprehensive expression profiles of circRNAs
and messenger RNAs (mRNAs) within the myoblasts and myotubes of Shitou geese. We identified a
total of 96 differentially expressed circRNAs (DEcircRNAs) and 880 differentially expressed mRNAs
(DEmRNAs). Notably, the parental genes of DEcircRNAs and DEmRNAs exhibited enrichment in
the Wnt signaling pathway, highlighting its potential impact on the proliferation and differentia-
tion of goose myoblasts. Employing RNAhybrid and miRDB, we identified circRNA-miRNA pairs
and mRNA-miRNA pairs that may play a role in regulating myogenic differentiation or muscle
growth. Subsequently, utilizing Cytoscape, we constructed a circRNA-miRNA-mRNA interac-
tion network aimed at unraveling the intricate regulatory mechanisms involved in goose muscle
growth and development, which comprises 93 circRNAs, 351 miRNAs, and 305 mRNAs. More-
over, the identification of 10 hub genes (ACTB, ACTN1, BDNF, PDGFRA, MYL1, EFNA5, MYSM1,
THBS1, ITGAS, and ELN) potentially linked to myogenesis, along with the exploration of their
circRNA-miRNA-hub gene regulatory axis, was also conducted. These competitive endogenous
RNA (ceRNA) regulatory networks elucidate the molecular regulatory mechanisms associated with
muscle growth in Shitou geese, providing deeper insights into the reciprocal regulation of circRNA,
miRNA, and mRNA in the context of goose muscle formation.

Keywords: Shitou goose; myogenesis; ceRNA; circRNA
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Simple Summary: The Shitou goose, the largest cultivated goose breed in China, has high research
value in meat traits. Muscle development is regulated by genes related to myoblast proliferation
and differentiation. In this study, the mRNA and IncRNA expression profiles of Shitou goose
myoblast in proliferation and differentiation were constructed by Illumina sequencing. A total of
1664 differentially expressed (DE) mRNAs and 244 DE-IncRNAs were identified between the two
periods. Functional annotation showed that the DE-mRNAs and DE-IncRNAs were mainly enriched
in the Wnt signaling pathway. These results provide new insights into the mechanism of muscle
growth and development in large goose breeds.

Abstract: Chinese Shitou goose is a type of large goose with high meat yield. Understanding the
genetic regulation of muscle development in Shitou goose would be beneficial to improve the meat
production traits of geese. Muscle development is regulated by genes related to myoblast proliferation
and differentiation. In this study, the RNA-seq method was used to construct the mRNA and IncRNA
expression profiles of Shitou goose myoblasts and myotubes. A total of 1664 differentially expressed
(DE) mRNAs and 244 DE-IncRNAs were identified. The alternative mRNA splicing in proliferation
and differentiation stages was also analyzed. Notably, pathways enriched in DE-mRNAs, DE-
splicing transcripts, and DE-IncRNAs all point to the Wnt signaling pathway, indicating that the Wnt
signaling is a key regulatory pathway of muscle development in Shitou goose. We also constructed
the interactive network of DE-IncRNAs and DE-mRNAs and revealed some key genes of IncRNAs
regulating the proliferation and differentiation of myoblasts. These results provide new insights for
the study of the muscle development of the Shitou goose.

Keywords: Shitou goose; RNA-seq; mRNA; long non-coding RNAs; alternative splicing

1. Introduction

In animal husbandry, meat is the main product [1], and most of the selection and
breeding of meat-raised animals is focused on improving the percentage of retail cuts of
the animals. As the main component of the animal body, skeletal muscle accounts for
about 35% of body weight [2], and the development and growth of muscle is the key
factor to provide enough meat for humans. Understanding the growth and development
of skeletal muscle is important to improve the percentage of retail cuts of livestock. The
growth and development of skeletal muscle is an extremely complex process, including the
directed differentiation of progenitor cells, the proliferation and differentiation of myoblasts,
the fusion of myocytes, and finally the formation of multinucleated muscle fibers with
contractile function [3]. There have been many reports on the muscle development of
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Skin color is an important economic trait in meat-type chickens. A uniform bright skin
color can increase the sales value of chicken. Chickens with bright yellow skin are
more popular in China, especially in the broiler market of South China. However, the
skin color of chickens can vary because of differences in breeds, diet, health, and
individual genetics. To obtain greater insight into the genetic factors associated with
the process of skin pigmentation in chickens, we used a colorimeter and high-resolution
skin photographs to measure and analyze the skin color of chickens. By analyzing 534
chickens of the same breed, age, and feed condition, we found that the yellowness
values of the chickens varied within this population. A significant positive correlation
was found between the cloacal skin yellowness values before and after slaughter, and
the cloacal skin yellowness value of live chickens was positively correlated with the
overall body skin yellowness value. Additionally, chicken skin yellowness exhibited low
heritability, ranging from 0.07 to 0.27. Through RNA sequencing, 882 genes were
found to be differentially expressed between the skin with the highest and lowest
yellowness values. Some of these differentially expressed genes may play an important
role in yellow pigment deposition in chicken skin, which included TLR2B, IYD, SMOCT,
ALDH1AS3, CYP11A1, FHL2, TECRL, ACACB, TYR, PMEL, and GPR143. In addition,
we found that the expression and variations of the BCO2 gene, which is referred to
as the yellow skin gene, cannot be used to estimate the skin yellowness value of
chickens in this population. These data will help to further our understanding of chicken
skin yellowness and might contribute to the selection of specific chicken strains with
consistent skin coloration.

Keywords: chicken, skin color, yellowness value, pigmentation, candidate gene
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Sex-linked dwarf (SLD) chicken, which is caused by a recessive mutation of the growth
hormone receptor (GHR), has been widely used in the Chinese broiler industry. However,
it has been found that the SLD chicken has more abdominal fat deposition than normal
chicken. Excessive fat deposition not only reduced the carcass quality of the broilers
but also reduced the immunity of broilers to diseases. To find out the key genes
and the precise regulatory pathways that were involved in the GHR mutation-induced
excessive fat deposition, we used high-fat diet (HFD) and normal diet to feed the SLD
chicken and normal chicken and analyzed the differentially expressed genes (DEGS)
among the four groups. Results showed that the SLD chicken had more abdominal
fat deposition and larger adipocytes size than normal chicken and HFD can promote
abdominal fat deposition and induce adipocyte hypertrophy. RNA sequencing results
of the livers and abdominal fats from the above chickens revealed that many DEGs
between the SLD and normal chickens were enriched in fat metabolic pathways,
such as peroxisome proliferator-activated receptor (PPAR) signaling, extracellular matrix
(ECM)-receptor pathway, and fatty acid metabolism. Importantly, by constructing and
analyzing the GHR-downstream regulatory network, we found that suppressor of
cytokine signaling 2 (SOCS2) and cytokine-inducible SH2-containing protein (CISH)
may involve in the GHR mutation-induced abdominal fat deposition in chicken. The
ectopic expression of SOCS2 and CISH in liver-related cell line leghorn strain M chicken
hepatoma (LMH) cell and immortalized chicken preadipocytes (ICP) revealed that these
two genes can regulate fatty acid metabolism, adipocyte differentiation, and lipid droplet
accumulation. Notably, overexpression of SOCS2 and CISH can rescue the hyperactive
lipid metabolism and excessive lipid droplet accumulation of primary liver cell and
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Natural antisense transcripts (NATs) are endogenous RNAs opposite to sense transcripts, and they can
significantly contribute to regulating various biological processes through multiple epigenetic mecha-
nisms. NATs can affect their sense transcripts to regulate the growth and development of skeletal muscle.
Our analysis of third-generation full-length transcriptome sequencing data revealed that NATs repre-
sented a significant portion of the IncRNA, accounting for up to 30.19%—33.35%. The expression of NATs
correlated with myoblast differentiation, and genes expressing NATs were mainly involved in RNA
synthesis, protein transport, and cell cycle. We found a NAT of MYOG (MYOG-NAT) in the data. We found
that the MYOG-NAT could promote the differentiation of myoblasts in vitro. Additionally, knockdown of
MYOG-NAT in vivo led to muscle fiber atrophy and muscle regeneration retardation. Molecular biology
experiments demonstrated that MYOG-NAT enhances the stability of MYOG mRNA by competing with
miR-128-2-5p, miR-19a-5p, and miR-19b-5p for binding to MYOG mRNA 3’'UTR. These findings suggest
that MYOG-NAT plays a critical role in skeletal muscle development and provides insights into the post-

transcriptional regulation of NATSs.

© 2023 Elsevier Inc. All rights reserved.

1. Introduction

Skeletal muscle is a vital component of an animal's body weight
and is composed of multinucleated muscle fibers. The processes of
growth and development in muscle tissue encompass the forma-
tion of embryonic myofibers and the hypertrophy of postnatal
myofibers [1]. The number of muscle fibers remains constant after
birth. Notably, the fusion of muscle fibers with satellite cells results
in the formation of multinucleated myotubes. It significantly pro-
motes myogenesis, muscle development and growth, and regen-
eration after injury [2,3]. The expression of muscle differentiation
marker genes, primarily the members of the myogenic regulatory

* Corresponding author. Department of Animal Genetics, Breeding and Repro-
duction, College of Animal Science, South China Agricultural University, Guangzhou,
510642, Guangdong Province, China.

E-mail address: luowen729@scau.edu.cn (W. Luo).

https://doi.org/10.1016/j.bbrc.2023.04.050
0006-291X/© 2023 Elsevier Inc. All rights reserved.

factor (MRF) and myocyte-specific enhancer-binding factor (MEF2)
families, is instrumental in regulating skeletal muscle growth and
development and ultimately impacts muscle mass. Among these
marker genes, MYOG, a member of the MRF family, is selectively
expressed during the terminal differentiation stage of muscle and
serves as a critical transcription factor that promotes differentia-
tion. MYOG cannot be replaced by other MRFs and is essential for
inducing the transcription of Myomaker, a crucial factor in
myoblast fusion. In mouse embryos, MYOG knockdown results in
perinatal lethality [4].

Natural Antisense Transcripts (NATs) are a group of transcripts
found in eukaryotic genomes, transcribed from the opposite strand
of DNA compared to the sense transcripts and categorized as long
non-coding RNAs (IncRNAs) [5]. They are often complementary to
the sequences of the sense transcripts. NATs lack specific motifs and
show poor sequence conservation across species. The regulation of
gene expression by NATs can be accomplished through five main
mechanisms: transcriptional interference [6,7], RNA masking [8,9],
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ABSTRACT

Skeletal muscle development is a sophisticated multistep process orchestrated by diverse myogenic
transcription factors. Recent studies have suggested that Kelch-like genes play vital roles in muscle
disease and myogenesis. However, it is still unclear how Kelch-like genes impact myoblast physiology.
Here, through integrative analysis of the mRNA expression profile during chicken primary myoblast and
C2C12 differentiation, many differentially expressed genes were found and suggested to be enriched in
myoblast differentiation and muscle development. Interestingly, a little-known Kelch-like gene KLHL30
was screened as skeletal muscle-specific gene with essential roles in myogenic differentiation. Tran-
scriptomic data and quantitative PCR analysis indicated that the expression of KLHL30 is upregulated
under myoblast differentiation state. KLHL30 overexpression upregulated the protein expression of
myogenic transcription factors (MYOD, MYOG, MEF2C) and induced myoblast differentiation and myotube
formation, while knockdown of KLHL30 caused the opposite effect. Furthermore, KLHL30 was found to
significantly decrease the numbers of cells in the S stage and thereby depress myoblast proliferation.
Collectively, this study highlights that KLHL30 as a muscle-specific regulator plays essential roles in

myoblast proliferation and differentiation.

© 2021 Elsevier Inc. All rights reserved.

1. Introduction

Skeletal muscle, a form of striated muscle tissue occupying half
of vertebrate body mass, is essential for movement, metabolism
and body shape creation. Skeletal muscle development is a
complicated process orchestrated by genetic regulation and envi-
ronmental factors [1]. Several steps are required for myofiber for-
mation, including muscle stem cell (myoblast) proliferation,
withdrawal of the cell cycle, early differentiation, alignment and
fusion with each other and expression of contractile proteins and
muscle-specific genes [2].

Well-known genetic factors associated with myogenesis include
the highly conserved members of the myogenic basic helix-loop-

* Corresponding author. Department of Animal Genetics, Breeding and Repro-
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helix family, such as MyoD, Myf5, MyoG and MRF4. MyoD and
Myf5 commit cells to the myogenic fate, while MyoG and MRF4 are
expressed in the terminal differentiation stage [3]. MyoD and MyoG
can directly induce Myomaker transcription, which is essential for
myoblast fusion. MEF2C, one isoform of MEF2, is necessary for
sarcomere integrity and muscle growth [4,5]. All of these genes that
are important for muscle development have a common character;
that is, they exhibit muscle-specific expression.

Next-generation sequencing approaches are widely used to
reveal which genes are involved in muscle development and dis-
ease [6]. Recently, emerging evidence has suggested that the Kelch-
like (KLHL) genes play important roles in skeletal muscle devel-
opment [7]. KLHL genes encode proteins containing a bric-a-brac,
tramtrack, broad complex (BTB)/poxvirus and zinc finger (POZ)
domain, a back domain and five or six Kelch motifs [8]. The BTB/POZ
domain is responsible for recruiting Cullin3 to form E3 ligase,
which mediates the ubiquitination of substrate proteins, while the
Kelch repeat domain interacts with a diversity of substrate proteins
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Abstract: In order to deeply investigate the function and expression of the TMEM 182 gene in chickens, the experiment was

conducted using a primordial germ cell-mediated assay to knockdown the TMEM 182 gene in primordial germ cells cultured in vi-
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	黎镇晖
	黄羽肉鸡羽色性状的主效基因挖掘
	本岗位重点研发任务预期结果
	本岗位重点研发任务考核指标


	（三）服务县域经济发展
	CARS-41-01B：江西省抚州市 崇仁县 
	1、任务内容
	2、工作机制
	3、任务分工
	5、考核指标

	CARS-41-02B：山东省烟台市 牟平区
	1、任务内容
	2、工作机制
	3、任务分工
	5、考核指标

	CARS-41-03B：吉林省长春市 德惠市 
	1、任务内容
	2、工作机制
	3、任务分工
	5、考核指标

	CARS-41-04B：福建省南平市 光泽县
	1、任务内容
	2、工作机制
	3、任务分工
	5、考核指标

	CARS-41-05B：安徽省宜城市 宁国市
	1、任务内容
	2、工作机制
	3、任务分工
	5、考核指标


	（四）重大突发性事件应急和咨询服务
	1、监测本产业生产和市场的异常变化，及时向首席科学家上报情况。
	2、组织开展应急性技术指导和培训工作。
	3、发生重大自然灾害或重大突发性事件，及时制订分区域的应急预案与技术指导方案，建立专家组，明确工作机
	任务一：肉鸡产业自然、市场风险预防及应急技术储备及服务
	1、任务内容
	2、任务分工
	3、考核指标（100字以内）

	任务二：国内外肉鸡疫病流行动态跟踪监测
	4、任务内容
	5、任务分工
	6、考核指标（100字以内）
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