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To understand the molecular mechanisms underlying its growth in Chinese giant 
salamander (CGS), transcriptome analysis of the skeletal muscle from five different 
growth stages at year 0.5 (0.5Y), year 1 (1Y), year 2 (2Y), year 3 (3Y), and year 4 (4Y) were 
performed. Five libraries were constructed, resulting in the identification of 59,850 
unigenes in skeletal muscle by assembly. Unigenes exhibited a length distribution 
ranging from 201 to 96,350 bp, with an average length of 346 bp. Totally, 20,328 (33.96%) 
unigenes were successfully annotated to the Nr, TF, Swiss-Prot, Pfam, eggNOG, GO, and 
KEGG databases. Among these unigenes, 15,467 were found to contain SSRs loci, 
representing 25.84% of the total unigenes. The average inter-locus distance for SSR was 
determined to be 3,134 bp. A total of 696 differentially expressed genes (DEGs) with 
co-expression were identified. Furthermore, it was found that 13 myosin heavy chain 
family genes are involved in the muscle regulation of CGS. Of them, six DEGs were 
confirmed for their accuracy by real-time qPCR. GO enrichment showed that DEGs were 
associated with cytoplasm, nucleus, ATP binding, and metal ion binding in terms of 
biological processes. KEGG enrichments showed that DEGs were enriched to 275 
signaling pathways including cardiac muscle contraction, RNA transport, AMPK signaling 
pathway, regulation of actin cytoskeleton, calcium signaling pathway, Glycolysis/
Gluconeogenesis. Our results contribute to improve and enrich the annotation 
information of CGS transcriptome, and also provide theoretical basis and data support for 
the further exploration and verification of related gene functions for elucidating 
molecular regulatory mechanism behind growth differences between individuals of CGS. 

INTRODUCTION 

Transcriptome sequencing is a robust approach to study the 
function of know and predicted genes, which can greatly 
contribute to obtain the expression information of cells or 
tissues of species of interest in a certain state at the tran
scriptional level.1‑3 By analyzing the obtained transcrip
tome sequencing data, we can explore the unknown genes 
and their expression levels, functional annotation, expres
sion differences and molecular markers screening.4‑7 The 
muscle is an important component of the animal body, ac
counting for about 30%-40% of the body weight and playing 
an important physiological role in the growth and develop
ment from hatchings to juveniles to adults.8,9 Animal mus
cle development is influenced by many factors, such as nu
tritional status, age, feeding style, environmental changes 
and genetic factors. Among them, gene, as a major factor 

affecting the growth and development of skeletal muscle 
in animals, has attracted great attention from many re
searchers. At present, transcriptome sequencing technol
ogy has been used to study the development of skeletal 
muscle in many species.10 Wang et al. conducted transcrip
tomic analysis of the muscle tissue of Furui Cyprini 2 with 
different growth rates.11 A total of 749 differentially ex
pressed genes were identified, of which mb, myl2b, tnni1, 
fhl1, lamb3 and pdk2 were found to be key genes related 
to muscle growth. Fan et al. obtained 10,552 differentially 
expressed genes (DEGs) from Lateolabrax maculatus, and 
screened out some genes related to muscle growth and de
velopment, such as igfbp1, mstn and ghr1.12 Li et al. car
ried out the research on screening key candidate genes for 
muscle growth of Coregonus ussurinsis (C. ussurinsis) based 
on transcriptome sequencing, and found 10 key candidate 
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genes that may be related to muscle growth of C. ussurin
sis.13 

Andrias davidianus (Chinese Giant Salamander, CGS) be
longs to the Amphibia class, Anura order, and Crypto
branchiaceae family. It is the largest existing amphibian in 
the world and has been called a “living fossil”, often re
ferred to as “baby fish”. Currently, wild individuals have 
been defined as a national class II wildlife protected ani
mals in China. However, unfortunately for CGS, due to its 
delicacy, high economic, medicinal, and edible value, it is 
often the target of illegal hunting.14,15 Given the recent 
progress in breaking through the artificial breeding bottle
neck of the Chinese giant salamander (CGS), it has become 
the focus of characteristic agricultural cultivars and pro
vides high-quality aquatic animal protein for human con
sumption. The aquaculture of CGS is also listed as a key 
project for agricultural industrialization in many places in 
China. However, the individuals of different size are often 
found in the same breeding environment condition. This 
phenomenon seriously restricts the economic benefits of 
farmers. As far as we know, the muscle growth and de
velopment of CGS directly affect its total mass and body 
weight. However, research on the transcriptome related to 
the growth and development of skeletal muscle is still 
poorly understood in CGS. Therefore, identifying genes in
volved in regulating skeletal muscle growth and develop
ment in CGS is becoming an urgent research topic. In our 
study, transcriptome sequencing was carried out on muscle 
tissues of CGS at different growth stages under the same 
culture environment to study their differences at the tran
scriptome level. Our aim is to identify DEGs and their sig
naling pathways related to skeletal muscle growth in CGS. 
This finding presents valuable genetic resources for further 
study on gene expression regulation in CGS and practical 
information for further understanding of amphibian skele
tal muscle transcript profile and development on a genomic 
scale. 

MATERIALS AND METHODS 

EXPERIMENTAL ANIMALS AND SAMPLE COLLECTION 

The artificial rearing CGS without apparent injury on the 
body surface were obtained from a commercial farming 
company (Jiyuan, China). The muscle samples were col
lected respectively from five different growth stages (year 
0.5, 0.5Y; year 1, 1Y; year 2, 2Y; year 3, 3Y; year 4, 4Y) 
of CGS with ~8 cm, ~15 cm, ~25 cm, ~35 cm, and ~45 cm 
in length. For each year stage, three A. davidianus mus
cle tissues were sampled. All collected samples were frozen 
quickly in liquid nitrogen and stored at -80℃ for later use. 
All experiments conducted in this study adhered strictly to 
the guidelines set forth by the Institutional Animal Care 
and Use Committee and the Experimental Animal Ethics 
Committee of Henan University of Science and Technology 
(HAUST-024-F1218009). 

CONSTRUCTION OF CDNA LIBRARY AND SEQUENCING 

Total RNA was extracted from the muscle tissue utilizing 
the TRIzol Reagent Kit (Takara, Dalian), and the integrity of 
the RNA bands was assessed through 1% agarose gel elec
trophoresis. And then, a Nanodrop 2000 spectrophotome
ter was used to assess the purity of RNA products (Thermo 
Fisher Scientific, USA). After verification of quality, mRNA 
was selectively enriched and isolated using magnetic beads 
with Oligo (dT) to reverse transcription and fragmentation 
for the subsequent cDNA library construction from five dif
ferent CGS muscle samples. The cDNA libraries were con
structed by LC-BIO and sequenced using the Illumina 4000 
sequencing platform with a strategy of paired-end 150 bp 
(Hangzhou, China). All sequencing raw data from five li
braries are available in Sequence Read Archive (SRA) data
base with the accession number (PRJNA1049578). 

QUALITY CONTROL AND TRANSCRIPTOME ASSEMBLY 

The Fastp software is utilized to filter raw data obtained 
from sequencing by removing sequences containing 
adapter sequences, N proportion exceeding 5%, all A bases, 
and low-quality sequences (defined as less than 20 nts com
prising over 50% of the sequencing reads). This processing 
procedure generates high-quality reads, commonly known 
as clean reads, which are well-suited for subsequent data 
analysis. Next, Trinity software (v2.8.6) was used to con
struct the non-redundant transcripts by de novo assembly 
and forecast the open reading frame (ORF). 

ANALYSIS AND FUNCTIONAL ANNOTATION OF DEGS 

The assembled unigenes were assessed for gene expression 
levels utilizing the Fragments Per Kilobase of transcript per 
Million mapped reads (FPKM) method in order to compare 
DEGs between multiple samples. The 0.5Y group served as 
the control group, while the other groups represented dif
ferent age-related growth stages. DEGs were screened us
ing DEGSeq2 with a threshold of FDR (false discovery rate) 
< 0.01, q < 0.05, and |log2(fold change) | ≥ 1. An internal Perl 
script is utilized to identify ORF through alignment with 
Nr database. TransDecoder (http://TransDecoder.source
forge.net/) is used for the prediction of putative ORFs in se
quencing data that do not align with the database. Further
more, the unigenes were aligned against the Nr, Swiss-Prot, 
GO, KEGG, and COG databases for gene annotations. Addi
tionally, MISA online software was used for SSR identifica
tion. 

REAL-TIME QPCR VERIFICATION OF CANDIDATE DEGS 

Based on transcriptome sequencing data, DEGs associated 
with muscle development were selected for validation 
through real-time qPCR. This step served to verify the re
liability of the sequencing data. According to the gene se
quence of the transcriptome, primers were designed and 
synthesized by Sangon Biotech Co., Ltd (Shanghai, China) 
(Table 1 ). First, the total RNA was reverse transcribed into 
cDNA using Primescript kit (Takara, Dalian). The expres
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Table 1. The list of primers of qPCR       

Genes Forward primer sequences Reward primer sequences 

Wnt4 ATTCCAGTGGTCTGGCTGTT CCTTCCGTCCAGCTTCATTG 

Xirp1 GCAGAAGGAACCAATTCCGC CTGTTCTCTGCTGACGGAGG 

Igfbp1 
MyoL-11 

CTGACCAGGTTCTATCTGCCAA 
TGGTTCAGGTCTGTCGGCTCTC 

GGACACACACCAACACCTGC 
AGGTGCTGGACGGCGAAGAA 

Mhp2 CAGTGCTCACCTTGAGAGGAT CCCTTCATGGCCAGATTCTCA 

Myl1 GTCAAGGGAGTCCGCAAGTA CTTAGACATGTGCTGGTTTGCT 

β-actin GCCGTGACCTGACAGACTACCT AGTCCAGGGCGACATAGCAGAG 

sion levels of differentially expressed genes were detected 
using the BIO-RAD CFX Connect Real-Time PCR system 
(Bio-rad, USA). The reaction volume for qPCR is 20 µL. The 
reaction conditions were as follows: pre-denaturation at 95 
°C for 1 min; 40 cycles of 95 °C for 30 s and 60 °C for 15 s; 
one cycle of 95 °C for 30 s, 60 °C for 1 min, and 95 °C for 
30 s. All samples were analyzed in triplicate, and the rel
ative expression was calculated by the 2−ΔΔCt method. β-
actin was used as the internal reference gene for the nor
malization control. 

DATA STATISTICAL ANALYSIS 

Excel 2016 software is used for data processing, and then 
SPSS 20.0 software is used for T-test analysis or One-way 
ANOVA. P<0.05 indicates significant difference. Data is pre
sented as mean ± SD. 

RESULTS 

ANALYSIS AND ASSEMBLY OF TRANSCRIPTOME 
SEQUENCES 

A comparative transcriptome analysis was performed on 
muscle tissues from five different developmental stages of 
CGS. It was found that all 15 samples produced raw reads 
ranging between 86,517,924 and 94,455,358. After remov
ing the low-quality sequences, the high-quality clean reads 
ranged from 85,159,684 to 92,812,044. Furthermore, the 
Q30 of the sequencing data for each sample ranged from 
94.47% to 95.35%, while the average GC content varied 
from 48.79% to 50.80%. The results showed that the se
quencing data were suitable for further bioinformatics 
analysis. Finally, a total of 59,850 unigenes were obtained 
by de novo sequence assembly. Their length ranges from 
201 to 96,350 bp, with an average length of 346 bp, of which 
6,644 unigenes were ≥2000 bp (Fig. 1). 

FUNCTIONAL ANNOTATION OF UNIGENES 

All 59,850 unigenes were aligned with the Nr, TF, Swiss-
Prot, Pfam, eggNOG, GO, and KEGG databases, respec
tively. The results are shown in Table 2. There are 20,710, 
1,522, 13,857, and 14,016 unigenes that were annotated 
into the Nr, TF, Swiss-Prot, and Pfam databases, respec
tively. Among these, the annotated unigenes in the Nr 
database constituted 34.60% of all unigenes, with the high

est similarity in Xenopus tropicalis (6.89%), followed by 
Xenopus laevis (6.89%), Pelodiscus sinensis (5.84%), Chryse
mys picta (5.49%), Mus musculus (5.40%), and Chelonia my
das (4.91%) (Fig. 2). A total of 1,459 unigenes were anno
tated across seven different databases, representing 2.40% 
of all unigenes. Additionally, a total of 20,348 unigenes 
were successfully annotated in at least one public database, 
representing 33.96% of all unigenes. The remaining unan
notated unigenes may represent novel A. davidianus 
species-specific genes. Functional classification based on 
COG annotation using the eggNOG database revealed 23 
functional categories (Fig. 3). Among the annotated uni
genes, the largest number of annotated genes were classi
fied as “function unknown” (8,904 unigenes), followed by 
“posttranslational modification, protein turnover, chaper
ones” (1,839 unigenes), and “intracellular trafficking, se
cretion, and vesicular transport” (1,798 unigenes). Addi
tionally, considering the key role of transcription factors in 
gene expression regulation, transcription factors involved 
in muscle growth of CGS were also analyzed. The findings 
indicated that a total of 63 transcription factors belonging 
to 20 different families were predicted, with GTF2I and COE 
identified as the main ones (Fig. 4). 

IDENTIFICATION AND PREDICTION OF CODING 
SEQUENCE 

Alignment of the assembled transcriptome sequences 
against the Nr database revealed that 20,710 unigenes con
tained ORFs. The length of ORFs ranged from 336 to 3,547 
bp, with an average length of 764.54 bp. Among these uni
genes, part of unigenes (4,783) exhibited less than 80% 
ORF integrity. In contrast, only 4,441 and 8,434 unigenes 
were predicted to have ORF integrity of 93% and 100%, re
spectively. As for the unannotated sequences, the TransDe
coder software is used to detect potential ORFs. The results 
showed that there were 17,658 unigenes containing ORFs, 
with an average length of 414.65 bp, and the minimum and 
maximum lengths were 247 bp and 3,157 bp, respectively. 

SSRS DETECTION ANALYSIS 

A total of 15,467 (25.84%) SSRs were detected from 59,850 
unigenes. The average length between SSR loci was 3,134 
bp. Among the various motifs of SSRs, the most prevalent 
were monomers repeat (12617, 81.57%), followed by dimers 
repeat (1880, 12.15 %), trimers repeat (760, 4.93%), and 
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Fig. 1. Sequences length distribution in skeletal muscle of CGS         

Table 2. Statistics of unigenes annotation     

Database Number of annotations Annotation proportion (%) 

Nr 20,710 34.60 

TF 1,522 2.54 

Swiss-Prot 13,857 23.15 

Pfam 14,016 23.42 

eggNOG 18,019 30.11 

GO 14,887 24.87 

KEGG 15,374 25.69 

All databases 1,459 2.40 

At least one database 20,328 33.96 

Total 59,850 100.00 

quadmers repeat (145, 0.94%) (Fig. 5). Notably, A/T repeats 
were the most abundant type of motif detected in our SSRs. 
Similarly, AC/GT repeats were the predominant type of mo
tif in dinucleotide. With increasing repeat numbers, the 
number of motifs repeat detected in each type decreased. 

ANALYSIS OF DEGS 

According to the standard of q<0.05 and | log2 (fold change) 
| ≥ 1, the 4Y, 3Y, 2Y, and 1Y groups were compared with 
the 0.5Y group to screen for DEGs, respectively. A total of 
3,978 DEGs were identified in the 4Y vs 0.5Y comparison 
groups (Fig. 6A), of which 1,724 unigenes were up-regu
lated and 2,254 unigenes were down-regulated; 3,088 DEGs 
were identified in the 3Y vs 0.5Y comparison groups (Fig. 
6B), of which 1,475 unigenes were up-regulated and 1,613 
unigenes were down-regulated. In the 2Y vs 0.5Y compar

ison groups, 2,984 DEGs were found (Fig. 6C), of which 
1,577 unigenes were up-regulated and 1,407 unigenes were 
down-regulated. In the 1Y vs 0.5Y comparison groups, 
2,965 DEGs were found (Fig. 6D), including 1,420 up-reg
ulated unigenes and 1,545 down-regulated unigenes. As 
illustrated in Fig. 7, the results revealed that 696 DEGs 
exhibited their common expression across these groups. 
Subsequent investigations identified several DEGs associ
ated with muscle growth and development in CGS, includ
ing myoglobin, insulin-like growth factor-binding protein 
1, myosin heavy chain 7, fibroblast growth factor-binding 
protein 2, myosin light chain 8, myl4, troponin I type, mul
tiple epidermal growth factor-like domain protein 9, pyru
vate dehydrogenase kinase isozyme 2, fibroblast growth 
factor, growth hormone receptor 1, myostatin, laminin sub
unit beta-3, myogenic factor, myosin binding protein, in
hibitor of growth protein, and so on. 
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Fig. 2. Nr annotation distribution in skeletal muscle of CGS         

Fig. 3. COG functional classification in skeletal muscle of CGS         

FUNCTIONAL ANNOTATION AND ENRICHMENT 
ANALYSIS OF DEGS 

By comparing the 4Y vs 0.5Y groups, GO annotation results 
showed that 2,549 DEGs were enriched into three GO terms 
(biological processes, cellular components, and molecular 
functions). For biological processes, the main enriched 
terms were oxidation-reduction process and biological 
process; for cell components, the main enriched terms were 

cytoplasm and nucleus; for molecular functions, the main 
enriched terms protein binding and ATP binding entries 
(Fig. 8A). By comparing the 3Y vs 0.5Y groups, 1,648 DEGs 
were enriched. Biological processes and oxidation-reduc
tion processes were highly enriched in biological processes 
term; cytoplasm and integral component of membrane 
were highly enriched in cell components term; protein 
binding and ATP binding were highly enriched in molecular 
functions term (Fig. 8B). By comparing the 2Y vs 0.5Y 
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Fig. 4. Transcription factors analysis in skeletal muscle of CGS         

Fig. 5. Distribution of SSRs with different motifs repeat types         

groups, 1,504 DEGs were enriched. Biological processes and 
oxidation-reduction processes were highly enriched in bio
logical processes term; cytoplasm and integral component 
of membrane were highly enriched in cell components 
term; protein binding and ATP binding were highly en
riched in molecular functions term (Fig. 8C). By comparing 
the 1Y vs 0.5Y groups, 1,552 DEGs were enriched. For bi
ological processes, the main enriched terms were oxida
tion-reduction process and biological process; For cell com

ponents, the main enriched terms were cytoplasm and 
integral component of membrane; For molecular functions, 
the main enriched terms were protein binding and metal 
ion binding entries (Fig. 8D). Furthermore, GO annotation 
results for commonly DEGs also revealed significant enrich
ment in various terms (Fig. 8E). For biological processes 
term, the oxidation-reduction process, biological 
processes, and positive regulation of transcription by RNA 
polymerase II were obviously enriched. 
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Fig. 6. Volcano map of DEGs in skeletal muscle of CGS. Red color indicated the up-regulated gene; Blue color                  
indicated the down-regulated gene; Gray color indicated the common expression gene. A: 4Y vs 0.5Y groups; B:                  
3Y vs 0.5Y groups; C: 2Y vs 0.5Y groups; D: 1Y vs 0.5Y groups.               

For cellular components term, significant enrichments 
were observed in the cytoplasm, nucleus, and integral com
ponent of the membrane. For molecular functions term, 
the protein binding, ATP binding, and metal ion binding 
were significantly enriched. The 20 most significantly en
riched pathways were identified in KEGG. In the 4Y vs 0.5Y 
groups, the DEGs were predominantly enriched in pathways 
related to tight junctions, the pentose phosphate pathway, 
and adrenergic signaling in cardiomyocytes (Fig. 9A); In the 
3Y vs 0.5Y groups, the DEGs were mainly enriched in tight 
junctions, ECM receptor interactions, and steroid biosyn
thesis (Fig. 9B); In the 2Y vs 0.5Y groups, the DEGs were 
mainly enriched in tight junctions, nicotinic acid, nicoti
namide metabolism, and adrenergic signaling in cardiomy
ocytes (Fig. 9C). In the 1Y vs 0.5Y groups, the DEGs were 
mainly enriched in steroid biosynthesis, ECM-receptor in
teraction and glycine, serine and threonine metabolism 
(Fig. 9D). The most significant KEGG pathway enrichments 
among all common DEGs were identified including lyso
somes, cardiac muscle contraction, and RNA transport (Fig. 
9E). In addition, other major pathways related to growth in

cluded GnRH signaling pathway, MAPK signaling pathway, 
regulation of actin cytoskeleton, calcium signaling path
way, Glycolysis/Gluconeogenesis, protein processing in en
doplasmic reticulum, and arginine and proline metabolism. 

VALIDATION OF DEGS BY QPCR 

To validate the accuracy and reliability of the sequencing 
results, six randomly selected DEGs were subjected to qPCR 
for experimental validation from five different skeletal 
muscle samples, respectively. The qPCR results demon
strated that the expression levels of wnt4, xirp1, igfbp1, 
myoL-11, Mhp2, and Myl1 were consistent with the trends 
obtained from the sequencing results (Fig. 10), indicating 
the high accuracy and reliability of the transcriptome data. 

DISCUSSION 

The growth of animal muscle is closely associated with var
ious factors throughout the organism’s life cycle, including 
genetic individuality, living environment, and food intake, 

A comparative analysis of the transcriptome in skeletal muscle of different growth stages in the Chinese Gi…

Israeli Journal of Aquaculture - Bamidgeh 110

https://ija.scholasticahq.com/article/129189-a-comparative-analysis-of-the-transcriptome-in-skeletal-muscle-of-different-growth-stages-in-the-chinese-giant-salamander-_andrias-davidianus_/attachment/266977.jpg


Fig. 7. Venn diagram showing the overlap of DEGs in skeletal muscle of CGS             

and metabolic, and is particularly influenced by the expres
sion of growth regulating genes.16‑18 In this study, CGS 
was chosen as research subjects to perform transcriptome 
sequencing from skeletal muscle at five different growth 
stages. Given that no reference genome sequence is cur
rently available for CGS, only a total of 59,850 unigenes 
were obtained through the assembly of transcripts using 
the Trinity software. This data greatly enriches the gene se
quence resources of skeletal muscle in CGS and provides a 
foundation for subsequent functional genomics research on 
this species. However, only 34.60% of unigenes were suc
cessfully annotated in the Nr database. It is hypothesized 
that the limited foundational molecular research and the 
incomplete genomic data of CGS has resulted in sparse an
notation information of transcriptome. Among the unan
notated unigenes, the short unigenes may represent 3’ 
UTRs or 5’UTRs, non-coding RNAs, or sequences lacking 
functional domains. Additionally, unigenes over 500 bp are 
more likely to represent undiscovered new genes, and the 
study of these unknown genes may reveal some important 
and complex biological processes in CGS. 

Furthermore, the expression levels were analyzed using 
the assembled data to identify the level of change in DEGs. 
In the comparison between the 4Y and 0.5Y groups, there 
were 1,724 and 2,254 DEGs found to be up-regulated and 
down-regulated, respectively. In the comparison between 
the 3Y and 0.5Y groups, 1,475 DEGs were identified as up-
regulated, while 1,613 were found to be down-regulated. 
1,437 DEGs were down-regulated and 1,577 were up-regu
lated in the comparison between the 2Y and 0.5Y groups. 
Similarly, in the comparison between the 1Y and 0.5Y 
groups, there were 1,420 DEGs were up-regulated and 1,545 
were down-regulated. Subsequent analysis revealed that 
more than 36 of DEGs encode for proteins such as troponin, 

myoglobin, myosin, bone membrane protein, myosin light 
chain 4, Rho GTPase activating protein 36, branched-chain 
amino acid aminotransferase 1, and Fibrin 2. It is speculated 
that DEGs may be conserved in their functions related to 
the growth and development of skeletal muscle in CGS.19‑22 

The MYHs gene family plays a critical role in regulating 
muscle growth. The myosin heavy chain, encoded by MYHs, 
serves as a subunit of the myosin class II molecule and rep
resents the most abundant protein in skeletal muscle. This 
particular protein significantly contributes to the process 
of muscular development.23‑25 In this study, 13 MYHs sub
types were found in this family involved in the regulation 
of muscle growth such as MYH1B, MYH8, MYH13, MYH1, 
MYH7, MYH16, MYH7b, MYH4, MYH6, MYH3, MYH11, 
MYH9 and MYH10. Therefore, further research is required 
to investigate the roles of DEGs related to muscle growth 
and development in CGS 

GO annotation disclosed that DEGs were predominantly 
enriched in biological processes, cytoplasm, protein bind
ing, and other enriched items, indicating that the devel
opment of skeletal muscle in CGS is closely related to cell 
growth, proliferation, and differentiation. Furthermore, a 
portion of DEGs were also enriched in terms including 
myosin filament, muscle contraction, muscle filament slid
ing, myofibril assembly, fibrinogen complex, myofibril, neg
ative regulation of myotube differentiation, skeletal muscle 
contraction, cardiac muscle contraction, striated muscle fil
ament, structural constituent of muscle, growth factor ac
tivity, insulin-like growth factor binding, growth factor 
binding, and cell growth regulation. A deeper understand
ing of these DEGs in function and their expression levels of 
CGS is needed for further experimental research. 

The KEGG pathway enrichment revealed that the most 
of DEGs were associated with muscle growth and develop
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Fig. 8. GO functional annotation analysis of DEGs in skeletal muscle of CGS. A: 4Y vs 0.5Y groups; B: 3Y vs 0.5Y                     
groups; C: 2Y vs 0.5Y groups; D: 1Y vs 0.5Y groups; E: Common differential expression groups                 

ment, as well as with fatty acid and carbohydrate metab
olism. Apart from the significant enrichment observed in 
cardiac muscle contraction and RNA transport, DEGs were 
implicated in signaling pathways directly associated with 
skeletal muscle development. These pathways include pro
tein processing in the endoplasmic reticulum, MAPK sig
naling pathway, Hippo signaling pathway, glycolysis/gluco
neogenesis, regulation of the actin cytoskeleton, and fatty 
acid degradation. RNA transport process is essential step 
for gene expression, whereas protein processing within the 
endoplasmic reticulum facilitates protein folding and the 
degradation of misfolded proteins, thereby underpinning 
the process of protein synthesis. Research has been demon

strated that the Hippo signaling pathway regulates the ex
pression of muscle cells and plays a crucial role in mod
ulating muscle growth.26 MAPK signaling pathway plays a 
pivotal role in regulating skeletal muscle in response to ox
idative stress, energy fluctuations, and other stressors.27 

Meanwhile, it integrates cellular stress signals within skele
tal muscle and facilitates adaptive responses, thereby con
tributing to muscle cells generation and differentiation.28 

Glycolysis, the metabolic pathway responsible for generat
ing ATP from glucose, is closely related to muscle fiber and 
plays an important role in supplying ATP for energy expen
diture in skeletal muscle cells.29,30 The actin cytoskeleton 
regulatory pathway is a dynamic network composed of actin 
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Fig 9. The top 20 KEGG pathways enrichment analysis of DEGs in skeletal muscle of CGS. A: 4Y vs 0.5Y groups; B:                     
3Y vs 0.5Y groups; C: 2Y vs 0.5Y groups; D: 1Y vs 0.5Y groups; E: Common differential expression groups                    

polymers and associated actin binding proteins, which in
fluence the proliferation and myogenic differentiation of 
animal skeletal muscle satellite cells.31 

In addition, some pathways were found to be associated 
with KEGG metabolic pathways that did not show signifi
cant differences but were related to muscle development, 
including the TGF-beta signaling pathway, the mTOR sig

naling pathway, and the insulin signaling pathway. It can 
be seen that myogenesis is a complex process regulated by 
multiple pathways. 
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Fig. 10. Expression verification between qRT-PCR results and transcriptome sequencing data in skeletal muscle             
of DEGs   

CONCLUSION 

In this study, transcriptome sequencing was performed on 
skeletal muscle from five different growth stages (0.5Y, 1Y, 
2Y, 3Y, and 4Y) in CGS. A total of 696 DEGs were identified, 
all of which exhibited co-expression across five stages. By 
GO and KEGG functional enrichment analysis, it was found 
that DEGs were mainly enriched in cardiac muscle contrac
tion, RNA transport, GnRH signaling pathway, MAPK sig
naling pathway, regulation of actin cytoskeleton, calcium 
signaling pathway, and glycolysis/gluconeogenesis. Despite 
the limited annotation information acquired in our study, 
a substantial volume of transcriptome data from the skele

tal muscle of CGS was successfully annotated. Our research 
offers an initial clarification of the biological mechanisms, 
metabolic routes, and signaling pathways correlated with 
muscle growth and development of CGS. This serves as a 
basis for future investigations into the functional genes and 
physiological functions of amphibians. 
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