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To investigate the evolutionary and functional characteristics of the SOCS1 gene in 
reptiles, we isolated and characterized this gene from the Chinese soft-shelled turtle, 
Pelodiscus sinensis. The full-length cDNA of P. sinensis SOCS1 (2,782 bp) was cloned and 
encoded a 207-amino acid polypeptide containing typical SH2 (73-156aa) and SOCS box 
(167-203aa) domains. The evolutionary analysis showed that SOCS1 exhibited high 
homology (>95%) with other turtle species and SH2 and SOCS box domains were highly 
conserved in vertebrates. Protein-protein interaction (PPI) network predictions suggested 
that SOCS1 might interact strongly with members of the JAK kinase family, the ubiquitin 
ligase complex, and the insulin receptor. Further expression analysis in different tissues 
revealed that the expression level of SOCS1 was significantly higher in female gonads and 
intestines than that in males (P < 0.05). Meanwhile, hormone treatment experiments 
indicated that the SOCS1 in female gonads was specifically responsive to estradiol (E2) 
treatment and peaked at 12 h after hormone treatment (P < 0.05). Collectively, our study 
reveals the molecular features of P. sinensis SOCS1 and its potential role in sex-related 
physiology, laying a foundation for further investigation into the regulatory mechanisms 
of growth, immunity, and reproduction in turtles. 

INTRODUCTION 

The aquaculture industry plays a vital role in global food 
security and protein supply. However, the sustainable de
velopment of this industry is constantly challenged by is
sues such as infectious diseases and suboptimal growth 
performance, resulting in significant economic losses.1,2 

The Chinese soft-shelled turtle, Pelodiscus sinensis, repre
sents an economically important cultured species in China, 
highly valued for its nutritional and medicinal properties.3 

According to the China Fishery Statistical Yearbook 2025, 
China’s annual turtle production reached a level of over 
540,000 metric tons in 2024. However, the intensive culti
vation of P. sinensis is frequently hindered by a low growth 
rate and high disease incidence, underscoring the urgent 
need for genetic improvement and the development of ef
fective molecular breeding strategies.4 Addressing these 
complex phenotypic problems requires a fundamental un
derstanding of the underlying molecular mechanisms that 
concurrently govern immune competence and somatic 
growth in this species. 

The growth and immune responses in vertebrates are in
tricately regulated by complex signaling networks. Among 
these, the JAK/STAT signaling pathway is a central medi
ator of cytokine signaling, critically involved in immunity, 
development, and cellular homeostasis.5 The suppressor 
of cytokine signaling (SOCS) family proteins, particularly 
SOCS1, act as a negative regulator of JAK/STAT signaling 
pathway, involve in the regulation of immune, develop
mental, and metabolic homeostasis processes in verte
brates.6‑8 In recent years, the functional analysis of SOCS1 
gene in mammals and fish revealed that, in addition to 
modulating inflammatory response and antiviral immunity, 
SOCS1 also plays a role in the development of individuals 
through regulating the growth hormone (GH)-insulin-like 
growth factor (IGF) axis.9,10 Additionally, SOCS1 gene 
knockout in zebrafish (Danio rerio) displayed decreased in
sulin signaling sensitivity, hepatic steatosis, and sustained 
hyperactivation of the growth hormone signaling path
way.11 The SOCS family genes are ancient and conserved 
across vertebrates, yet their functional diversification and 
regulatory mechanisms in different vertebrate lineages re
main incompletely understood. Specifically, the role of 
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SOCS1 in non-avian reptiles is virtually unexplored, creat
ing a significant gap in our comprehension of the evolu
tionary history of the JAK/STAT pathway and its regulation. 
Therefore, this study aims to bridge this gap by conduct

ing the first comprehensive investigation of the SOCS1 gene 
in P. sinensis. We reported the first cloning and bioinfor
matics analysis of SOCS1 gene in P. sinensis. The coding se
quence and protein characteristics of SOCS1 were identi
fied. The tissue-specific expression profile and response to 
sex steroid hormone were investigated. Collectively, these 
findings provide a fundamental molecular resource for un
derstanding the biological functions of SOCS1 and advanc
ing the genetic breeding of P. sinensis. 

MATERIALS AND METHODS 

EXPERIMENTAL MATERIALS 

All turtles used in the experiment were purchased from the 
breeding base of Hezhou Soft-shelled Turtle Industrial Park 
in Changde City, Hunan Province. These turtles were in 
normal development and good health. Tissue samples, in
cluding the heart, liver, spleen, kidney, testis, ovary, intes
tine, muscle, and brain of adult turtles, were collected. Af
ter being rapidly frozen in liquid nitrogen, the samples were 
stored in a - 80°C refrigerator for future use. 
A total of 150 juvenile turtles (average body mass: 35.42 

± 14.25 g) were randomly assigned to three groups: a 
methyltestosterone (MT) group, a 17β-estradiol (E2) group, 
and a control group, with 50 individuals per group. The 
hormone dosage (10 mg/kg for both E2 and MT) was se
lected based on previous studies on sex steroid hormone re
sponses in P. sinensis, which demonstrated effective gene 
induction within this range while minimizing adverse ef
fects on survival.12‑14 For administration, 15 mg of E2 or 
MT was first dissolved in 0.5 mL of absolute ethanol and 
then diluted with 4.5 mL of olive oil. The control group re
ceived the vehicle solution (0.5 mL absolute ethanol in 4.5 
mL olive oil). After one week of fasting with free access to 
water, each turtle was intramuscularly injected in the hind 
limb thigh with approximately 0.1 mL of the corresponding 
solution. Gonad samples were collected at 0-, 6-, 12-, 24-, 
and 48-hours post-injection, with 10 individuals (5 males 
and 5 females) sampled at each time point. All samples 
were immediately frozen in liquid nitrogen and stored at 
–80°C for subsequent analysis. 

CLONING OF THE P. SINENSIS SOCS1 GENE 

Based on the predicted sequence of the P. sinensis SOCS1 
gene, specific amplification primers were designed using 
Primer Premier 6.0 software (Table 1). A core fragment was 
first amplified using a mixed-tissue cDNA pool as the tem
plate. Gene-specific primers for 5’- and 3’-RACE were then 
designed based on this fragment. The SMARTer® RACE 5’/3’ 
Kit (TaKaRa) was used, and the rapid amplification of cDNA 
ends was carried out strictly following the operation pro
cedures in the instruction manual. All PCR products were 
detected by 1.5% agarose gel electrophoresis. After gel-

cutting and recovery, they were ligated with the Peasy-T5 
Zero vector and transformed. Positive clones were identi
fied through blue-white screening and colony PCR. Finally, 
the positive bacterial solutions were selected and sent to a 
sequencing company for sequence determination. 

BIOINFORMATICS ANALYSIS OF THE P. SINENSIS SOCS1 
GENE 

The DNAMAN software was used to splice the sequences to 
obtain the full-length cDNA of the target gene. The ORF 
Finder on NCBI was utilized to search for the open read
ing frame (ORF) of the target gene and predict its deduced 
amino acid sequence. The amino acid sequence of P. sinen
sis SOCS1 was subjected to a homology comparison with 
the amino acid sequences of other species in NCBI through 
local Blast. The STRING database was used to construct the 
protein-protein interaction network of SOCS1. A phyloge
netic tree was constructed using the Neighbor-joining (NJ) 
method in MEGA 11.0 software. Through the NCBI data
base, the upstream and downstream gene sequences of the 
SOCS1 gene were obtained from the genomic data of P. 
sinensis and other species respectively, for the collinearity 
analysis of SOCS1 and its surrounding genes. 

TISSUE EXPRESSION ANALYSIS OF THE P. SINENSIS 
SOCS1 GENE 

In this study, real-time quantitative PCR (qPCR) was em
ployed to investigate the expression profile of the SOCS1 
gene in various tissues of P. sinensis. RNA samples from 
nine tissues, including the liver, kidney, spleen, intestine, 
pituitary, heart, muscle, lung, and gonads, were selected. 
After quality inspection (A260/A280 ratio of 1.8-2.0) and 
concentration determination, reverse transcription was 
carried out using the PrimeScript™ RT reagent Kit 
(TaKaRa) to synthesize cDNA. 
qPCR amplification was performed on a LightCycler® 

480 II system (Roche). The quantitative PCR reaction sys
tem (10 µL) consisted of: 1 µL of cDNA template (diluted to 
50 ng/µL), 0.25 µL each of forward and reverse primers (10 
µM), 5 µL of 2×Rapid Taq Master Mix (Vazyme), and 3.5 µL 
of nuclease-free water. The reaction procedure was as fol
lows: pre-denaturation at 95℃ for 5 min; then 40 cycles of 
amplification (95℃ for 15 s, 58℃ for 15 s, 72℃ for 15 s, and 
the fluorescence signal was collected at the extension phase 
of 72℃). To verify amplification specificity, a melting curve 
analysis was performed by heating from 65°C to 97°C at a 
rate of 0.1°C/s with continuous fluorescence monitoring 
Gene expression analysis was conducted using the 

2^(–ΔΔCt) method, with GAPDH serving as the internal 
reference gene for standardization. Statistical analysis was 
performed using SPSS 22.0 with one-way ANOVA, where a 
P < 0.05 was considered statistically significant. Data are 
presented as mean ± standard deviation (Mean ± SD), and 
graphs were generated using GraphPad Prism 8.0.2. 
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Table 1. Primer sequences employed in this study       

Primer name Primer sequence（5’-3’） Annealing temperature (℃) Purpose 

SOCS1-F CTGACGCTATGGAAGACCGCATCCG 58 

Gene cloning 
SOCS1-R TCTCCTTGCTGCCATCCAGGCTGAA 

SOCS1-3F CGCAGGGCTCGCTGGCAGAGTATGGT 68 

SOCS1-5R AGGGCACTTGCTCGGGTGATGCTACTGA 68 

qSOCS1-F AGCACAGAGCGACACACATT 58 

qRT-PCR 
qSOCS1-R TGCATCCAGTAGGGCACTTG 

qGAPDH-F AGAACATCATTCCAGCATCCA 58 

qGAPDH-R CTTCATCACCTTCTTAATGTCGTC 

1 GGCTCCAGCGCAGCCACCAGCCTGGCTAGGCTACGAGCTCCGCGCAGGGCTCGCTGGCAGAGTATGGTGGCGCGACTGCGGGTGCCAGCC
91 CTAGGAGTGCACCACTGCGCGCGGGGGCCGGGAGCGCGCTGCGCGGGTTGATGGCGCAGCGCTGATCCCCGCGGCCCAGGGCAGAGAAGA
181 ATAGCTGCTAGAGAGCTGCACCGCCCTGGCCACTGACGCTATGGAAGACCGCATCCGCTGGTCTAGTCTATAGGATGGTAGCGCACAGTA
1 M V A H S

271 AGGTGGCAGCAGATAATGCAGTTGCAGCAGACCCAAGATGTCGACTTGACCCTCCAGCACGGGATCATTCTCAGCCTAGAGGTTACCATG
6 K V A A D N A V A A D P R C R L D P P A R D H S Q P R G Y H

361 GCCCGGCTCGGTCCAACACTGTGCAAGCACAGAGCGACACACATTTCCGAACCTTCCGCTCACAGGCGGATTTCAGTAGCATCACCCGAG
36 G P A R S N T V Q A Q S D T H F R T F R S Q A D F S S I T R

451 CAAGTGCCCTACTGGATGCATGTGGCTTCTACTGGGGCCCACTGTCAGTCAGCGCAGCCCATGAGAAGCTGAAATCTGAGCCTGAGGGCA
66 A S A L L D A C G F Y W G P L S V S A A H E K L K S E P E G

541 CTTTCCTCCTCAGAGACAGCAGACAAAAAAATTGCTTCTTTGCCATCAGTGTTAAGACGGCTACTGGACCTACCAGCATCCGAATCAACT
96 T F L L R D S R Q K N C F F A I S V K T A T G P T S I R I N

631 TTCAAGCTGGGCGTTTCAGCCTGGATGGCAGCAAGGAGAGTTTTGACTGTCTCTTTAAGCTACTGGAACATTATATAAGCTCCTCTAAGA
126 F Q A G R F S L D G S K E S F D C L F K L L E H Y I S S S K

721 AGGTGCTGGTCACCCCATTACGCAAAGTCCGTTTACGGCCATTGCAGGAGCTCTGCCGGAAAAGCATTGTGGCAACATTCGGGAGAGAGA
156 K V L V T P L R K V R L R P L Q E L C R K S I V A T F G R E

811 ATTTAAACCACATCCCTCTCAATCCAGTTTTAAAGGACTACCTGAAATCATTTCCATTTCAGATATAAAGAAAGCATTAAGTATGTGAGG
186 N L N H I P L N P V L K D Y L K S F P F Q I *

901 TGTGAAGATAGCTGTGTTTTTTAATCTGAATGACCAAATTTATTTTTGTAGCAGCTTACTGTATTTTGGGATGGAACCTAAACACTTGAT
991 TACTTATGTTTACACAAACTGTTTGCACAAACTCAGGGTTTTTAAACCCTGGCATTATTTTTCTGCTGGGCAGAATATTCTATTTTATAA
1081 TATTTCTAATGAAGATAACCTAATAAACTTTATTATAAAAGTTTTTTTAAAAAACATAGCATATCTGGCGTCTTTAGTTATCTGGGTTCT
1171 GATTGCTGTGTCTTTAACAGTTAGGTGGAGGTGATGGACCAGGTCTTTAGCTGGCGTAATCCACTGGAGTCAAAGTTTCATAGATTTATC
1261 CCAGCTGAGGAGCTGGTCCAATAACTCAGCTGCTGCTAGCAGACAAAGACAGATATAGTACCTGGGACAGGGAGCATCTAATCTAATGAC
1351 CGAATACACTAAGAATAGGTCTGTATTGGATCCTTCTTTAGCTCCCCTATAAATCAACAGGAGCAGGGTACTGATTTATAACTTTGGTTT
1441 ATTTTAACAATGAGACTAGCAGCATAGGTGCTGAGACCTTCCTAATTTTGTGAAATAAGGCTTATGGAGGGATTTGAATATTTTATATAT
1531 CTGCTATTTCCATGTAGTATTTGGAGGRTTAGGTATGGTTGATTGCTCTCCGTTCCAAGTTTAGACATTTGTCCAGGGGGGATTAATAGA
1621 AGAAAAGAGCCAAGGTGCTGAATAAATACAACCTTTTTTGGAGGGGAGGAAACCTTTGTTGAAACTGCCTCTGTACTATGCTTGGCTGTC
1711 CTGCATGATTCACAGAGGAGGGGGTAATCCTCTATCTTGGACTTGTCTAATTTGTTAAAAGTTGCATATAGAATTACAAGGCAGTAGGAA
1801 AGAAGCTTCTGTTTTACAGAACCAAACCACATGAATATCATTTTAACTGGAATTTTCAAAGGTGCTTAAGGGAACTAAGTGTTCAGTTCC
1891 CATAGTATTTCATTGGGGTTTGGGTACCTAGCATTTGTAGGTTCCTCTGAACATCCCAGCTTCTTTCCAGTTAATAGATTGCATTAGTAA
1981 TTTGTTTACATAGCATTCCAGACAAGTGTAGTGTAATCAATGTAGCTCCTTATAAGGATATTATGAGCATAACTGACTGGAAATAGGGCT
2071 GTGAATGGAAGGCCAGGAAAGTCCATGAGACAGTCTTTCCTTTAAGAAGTCATCCGGGTTAAACTTCCTGTAACCTAGTGCTTTCCCCAA
2161 ATGTTCATACACATCCTTGACAATGAGAATTATGAAACTGTTTAAAGAACAGAATGCACCAGACAATTAAAGTAGCACAGAGCTATTCAT
2251 AGCTATGTGCTAGATCATTATGGCTCTGTATGCTGTTAATGAAGTCACTTTAGGGTTTGGAGGTTAAGAAACCTTTTACAGTGCTGCAAT
2341 TCACCTTCTTTTTAGAAGTTATTGCCACTCCAGGGACTCAGACTGTAATGTGGTTTTTTATTTAATATTTTAGCTTCAAGGTTAAAAATA
2431 CGCAAAAGCAATTAAGGATTTGAAAGTTAGTATAAGCTTAGAAAGATGTCAAATACACAAGTTTAACAATATAGCATGATTGCTTGAGTA
2521 CTGGCACAGCTGTTTTCCTAAAGCATCAAATTTTCCCTTCCTGGCAGAGTTCCCATAACTGGGGTTAGCGCACACCACTTTTATTTAATT
2611 TTAAAGTTGGAAGCAGTTACCAAAAGCAGCATTTTTCCTACAGCATTGTGAGGAACATGTAAATTGCAAGAGTACTGATTGGTTTGGAAT
2701 GCAGCAGAAAGCAATTAAAAGGCAAGTTAAAGAGCTTTGCCCCCCCCCCCCCCAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Figure 1. Full-length cDNA and amino acid sequence of        SOCS1  in  P. sinensis .  
The start codon and stop codon are underlined, the SH2 domain is marked with a green background, and the SOCS _ box domain is marked with a blue background. 

RESULTS 

MOLECULAR CHARACTERIZATION OF P. SINENSIS SOCS1 

The full-length sequence of the P. sinensis SOCS1 gene is 
2782 bp, containing a complete coding sequence. Bioinfor
matics analysis revealed that the ORF of this gene is 621 
bp in length, encoding a polypeptide of 207 amino acid 
residues. The predicted protein has a molecular weight of 
23.5 kDa and a theoretical isoelectric point of 8.72. Con
served domain analysis identified characteristic SOCS fam
ily motifs, including an SH2 domain (amino acids 73–156) 
and a C-terminal SOCS box (amino acids 167–203) (Figure 
1). 

EVOLUTIONARY CONSERVATION AND HOMOLOGY 
ANALYSIS 

Sequence homology analysis via Blastp revealed a clear 
phylogenetic pattern in SOCS1 conservation across verte
brates (Table 2). The highest homology with P. sinensis was 
observed in reptiles, ranging from 95.65% (Chelonia mydas 
and Caretta caretta) to 97.10% (Chrysemys picta bellii). This 
was followed by 88.89% in the bird Gallus gallus. As evo
lutionary distance increased, homology declined to 68.25% 
in the amphibian Xenopus laevis; 63.98% and 61.79% in the 
mammals Homo sapiens and Mus musculus; and to the low
est values of 50.00% and 46.86% in the fish Oryzias latipes 
and Danio rerio, respectively. This correlation between se
quence divergence and taxonomy suggests high functional 
conservation of SOCS1 during vertebrate evolution. No
tably, the SH2 and SOCS box domains exhibited highly sim
ilarity across all species, indicating they have undergone 
strong purifying selection (Figure 2). 
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Table 2. The results of amino acid sequence homology comparison between          P. sinensis   SOCS1  and other species    

Species name GenBank accession number Homology 

Chrysemys picta bellii XP_005306785.1 97.10% 

Trachemys scripta elegans XP_034640670.1 96.62% 

Chelonia mydas XP_007058186.1 95.65% 

Caretta caretta XP_048723437.1 95.65% 

Gallus gallus NP_001131120.1 87.44% 

Xenopus laevis ACN55077.1 68.25% 

Homo sapiens NP_003736.1 63.98% 

Mus musculus NP_034026.1 61.79% 

Oryzias latipes NP_001116395.1 50.00% 

Danio rerio NP_001003467.1 46.86% 

Figure 2. Alignment results of SOCS1 homologous amino acid sequence of          P. sinensis .  
GenBank accession number: Chrysemys picta bellii (XP_005306785.1); Trachemys scripta elegans (XP_034640670.1); Chelonia mydas (XP_007058186.1); Caretta caretta 
(XP_048723437.1); Gallus gallus (NP_001131120.1); Xenopus laevis; (ACN55077.1); Homo sapiens (NP_003736.1); Mus musculus (NP_034026.1); Oryzias latipes (NP_001116395.1); Danio 
rerio (NP_001003467.1). 

PHYLOGENETIC RELATIONSHIPS OF SOCS1 

To elucidate the evolutionary relationships of SOCS1, a 
phylogenetic tree was constructed using the Neighbor-Join
ing method in MEGA 11.0. The resulting tree showed that 
vertebrates clustered monophyletically into distinct groups 
corresponding to reptiles, birds, mammals, amphibians, 
and fish (Figure 3). P. sinensis exhibited the closest rela
tionship with C. picta bellii, and collectively, reptiles formed 
a sister clade to birds, reflecting their shared evolutionary 
ancestry. The phylogenetic distance to fish was the largest, 
which aligns with the amino acid sequence homology 
analysis and underscores the molecular divergence between 
these lineages. 

PROTEIN-PROTEIN INTERACTION NETWORK 
PREDICTION 

Protein-protein interaction network analysis based on the 
STRING database (version 11.5) indicated that the P. sinen
sis SOCS1 protein forms a complex regulatory network with 
10 core interacting proteins. These include cytokine signal
ing molecules (IFNG, IFNAR1), members of the Janus ki
nase family (JAK1/2/3), components of the ubiquitin-ligase 
(ELOC, CUL2/5), the insulin receptor (INSR), and the un

characterized protein LOC102460336 (Figure 4). The topo
logical features of the network showed that SOCS1 had 
the highest node degree, occupying a pivotal position in 
the entire interaction network. Members of the JAK family 
not only maintained strong interactions with SOCS1 but 
also formed a tight functional module among themselves, 
jointly constituting the regulatory core of the JAK-STAT 
signaling pathway. This network exhibited distinct func
tional modularity features: the signal transduction module 
(JAKs, IFNG, IFNAR1) was responsible for cytokine signal 
transmission; the protein degradation module (CULs, 
ELOC) mediated the ubiquitination of target proteins; and 
the metabolic regulation module (INSR) was involved in en
ergy metabolism balance. Notably, the high-score interac
tion between the uncharacterized protein LOC102460336 
and SOCS1 implied the possible existence of new regulatory 
mechanisms. These findings provided important clues for 
in-depth analysis of the functional mode of P. sinensis 
SOCS1, which integrates SH2 domain-mediated signal sup
pression-SOCS box-dependent protein degradation-meta
bolic receptor regulation. Meanwhile, it also highlighted 
the central position of SOCS1 in the immunometabolism 
regulation network. 
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Figure 3. Phylogenetic tree based on SOCS1 amino acid sequence similarity.          
GenBank accession number: Chrysemys picta bellii (XP_005306785.1); Trachemys scripta elegans (XP_034640670.1); Chelonia mydas (XP_007058186.1); Caretta caretta 
(XP_048723437.1); Gallus gallus (NP_001131120.1); Parus major (XP_015498239.1); Taeniopygia guttata (XP_002197311.1); Rattus norvegicus (NP_665886.2); Bufo gargarizans 
(XP_044159525.1); Xenopus tropicalis (XP_017952585.1); Xenopus laevis; (ACN55077.1); Homo sapiens (NP_003736.1); Mus musculus (NP_034026.1); Oryzias latipes (NP_001116395.1); 
Danio rerio (NP_001003467.1). 

Figure 4. The network of the     P. sinensis   SOCS1 protein-protein interactions.    
The lines connecting represent the interaction between protein molecules. The more lines between protein molecules, the stronger the interaction relationship. 
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Figure 5. Syntenic alignment of chromosomal regions around       P. sinensis SOCS1    

CONSERVED SYNTENY AND LINEAGE-SPECIFIC 
INSERTIONS OF THE SOCS1 GENE IN P. SINENSIS 

To conduct an in-depth study of the collinearity character
istics of the SOCS1 gene, based on the SOCS1 genomic se
quence obtained from the NCBI database, a collinearity di
agram of the SOCS1 gene in P. sinensis and that in other 
species, along with its seven adjacent genes upstream and 
downstream, was drawn. As shown in Figure 5, other adja
cent genes of the SOCS1 gene, such as CLEC16A, DEXI, and 
CIITA, exhibited collinearity in multiple species. In closely 
related species of P. sinensis, including C. picta bellii, T. 
scripta elegans, and C. caretta, the order and relative posi
tions of these genes were relatively similar. However, in P. 
sinensis, other genes were inserted, which might be attrib
uted to gene expansion or loss on the chromosomes of dif
ferent species during biological evolution. 

TISSUE-SPECIFIC AND SEXUALLY DIMORPHIC 
EXPRESSION OF SOCS1 

Tissue-specific and sexually dimorphic expression of the 
SOCS1 gene was identified in P. sinensis via qPCR analysis 
(Figure 6). The expression level of SOCS1 was relatively 
higher in gonads, intestine, and spleen than that in other 
tested tissues, indicating that SOCS1 might be involved 
in physiological regulation of these tissues. Furthermore, 
comparative analysis between sexes revealed that SOCS1 
expression was significantly upregulated in the intestine 
and gonads of females compared to males (P < 0.05). This 
sexually dimorphic expression pattern suggests that SOCS1 
may be involved in sex-specific physiological regulation in 
P. sinensis. 

Figure 6. The expression of    SOCS1  gene in different    
tissues of   P. sinensis .  
Different letters above bars indicate significant differences. 

HORMONAL REGULATION OF SOCS1 IN GONADS 

qPCR analysis revealed a sexually dimorphic pattern in the 
hormonal regulation of gonadal SOCS1. In males, SOCS1 
expression remained unaltered by either E2 or MT expo
sure, exhibiting only non-significant fluctuations (P > 0.05). 
In females, however, the two hormones elicited strikingly 
opposite effects: E2 induced a significant transient upreg
ulation, characterized by a “bell-shaped” expression curve 
that peaked at 12 h (P < 0.05). In contrast, MT significantly 
downregulated SOCS1 expression at the same time point 
(12 h, P < 0.05) (Figure 7). 

DISCUSSION 

This study presents the first systematic analysis of the 
SOCS1 gene in P. sinensis, elucidating its molecular char
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Figure 7. Expression levels of    SOCS1  in female and male gonads after hormone treatment.         
Different letters above bars indicate significant differences. 

acterization, evolutionary trajectory, and putative physi
ological functions in reptiles. We successfully cloned the 
SOCS1 cDNA, which is 2,782 bp in full length and contains a 
621 bp open reading frame encoding a 207-amino acid pro
tein. The predicted protein possesses hallmark domains of 
the vertebrate SOCS family, including a highly conserved 
SH2 domain (aa 73-156) and a SOCS box (aa 167-203), sug
gesting its potential role in the JAK-STAT signaling path
way.15 Moreover, the molecular weight (23.5 kDa) and iso
electric point (8.72) of the SOCS1 protein in the P. sinensis 
were almost identical to those of other turtle species. This 
high similarity in basic physicochemical properties, cou
pled with the conserved domain architecture described 
above, suggests a potential conservation of protein struc
ture and, by extension, biological function among turtles. 
Phylogenetic analysis revealed that the sequence simi

larity of P. sinensis SOCS1 closely reflects established taxo
nomic relationships.16 It shared the highest identity (>95%) 
with C. picta bellii, followed by ~88% in birds and ~62% in 
mammals. Notably, the SH2 domain and SOCS box were 
highly conserved across all compared species, likely due to 
strong purifying selection during vertebrate evolution. This 
finding provides new evidence supporting the functional 
conservation of SOCS family proteins in vertebrates. 
Protein-protein interaction network analysis identified 

P. sinensis SOCS1 as a central hub with strong predicted 
interactions, including members of the JAK kinase family, 
components of the ubiquitin-ligase complex, and the in
sulin receptor.17 This supports a model wherein SOCS1 may 
integrate SH2 domain-mediated signal inhibition with 
SOCS box-dependent protein degradation and metabolic 
receptor regulation. Furthermore, a high-confidence inter
action with the uncharacterized protein LOC102460336 was 
detected, suggesting a potential novel regulatory mecha
nism specific to turtles, which offers a valuable direction for 
future research. 
The study systematically elucidated the expression char

acteristics of the P. sinensis SOCS1 gene and its sexually di
morphic expression pattern for the first time. Tissue-spe
cific expression analysis showed that SOCS1 was 
significantly highly expressed in the gonads and intestine 

of female individuals (P < 0.05). Although previous studies 
have suggested that SOCS1 is involved in physiological 
processes such as immune regulation, growth and develop
ment, and metabolic balance, its role in gonadal develop
ment has not been previously reported.18 Based on the reg
ulatory mechanism of the JAK-STAT signaling pathway, we 
speculate that the high expression of SOCS1 in the female 
gonads of P. sinensis may participate in the dynamic bal
ance of follicular development and vitellogenesis by finely 
regulating the activity of the JAK-STAT signaling pathway. 
Crucially, a key aspect of maintaining a healthy ovarian 
microenvironment for successful folliculogenesis is the es
tablishment of immune privilege, which protects develop
ing oocytes from immune-mediated damage. Meanwhile, it 
may mediate the signal transduction of reproductive cycle-
related hormones (such as estrogen) and provide a unique 
immune-privileged microenvironment for oocytes to en
sure the normal development.19‑21 Notably, the sexually di
morphic expression pattern observed in the intestine may 
reflect the special nutritional and metabolic demands of fe
male individuals during the reproductive period.22 This tis
sue-specific expression regulation may be closely related 
to the reproductive physiological process. Meanwhile, the 
responsiveness of estrogen treatment in female individual 
confirmed the above hypothesis of molecular mechanism 
in regulating sex-specific expression of SOCS1: the typical 
“bell-shaped” expression kinetics curve was obtained, and 
the relative expression of SOCS1 reached the peak at 12 h (P 
< 0.05), suggesting that the expression of SOCS1 may func
tion as an important feedback regulator in the signaling 
pathway of estrogen signal transduction; while the relative 
responsiveness of male individual to hormone treatment 
may indicate the existence of sex-different signal transduc
tion pathway in P. sinensis. 
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