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The insulin-like growth factor (IGF) system plays a crucial role in the regulation of 
development, reproduction, and growth. Within this system, the IGF acid-labile subunit 
(IGFALS) plays a pivotal role in modulating IGF activity by stabilizing circulating IGF 
complexes. In this study, two IGFALS gene transcripts, named IGFALSX1 and IGFALSX2, 
were identified for the first time in the Chinese soft-shelled turtle (Pelodiscus sinensis). 
The cDNA sequences of IGFALSX1 and IGFALSX2 were 2,452 bp and 2,520 bp, 
respectively, encoding 617 and 616 amino acids (AAs). The IGFALS gene was expressed in 
all tissues of P. sinensis, with particularly high expression in the liver, gonads, and lungs, 
and marked sexual dimorphism observed in the liver. Short-term stimulation of juvenile 
P. sinensis with sex steroids led to significant changes in IGFALS expression in the livers 
of both male and female individuals, suggesting its potential involvement in 
steroid-mediated growth modulation. These observations collectively indicate that 
IGFALS may function as a key molecular mediator in the steroid-responsive growth 
regulatory pathway of P. sinensis. 

INTRODUCTION 

The Chinese soft-shelled turtle, Pelodiscus sinensis, is 
highly prized for its exceptional nutritional and medicinal 
properties, as well as its significant contribution to aqua
culture production in China.1 The breeding of turtles has 
accelerated since the early 21st century due to increasing 
consumer demand, with annual production reaching 
497,500 tons in 2023, marking a 33.13% increase compared 
to 2022 (data from the 2024 China Fisheries Statistical 
Yearbook). A notable characteristic of this species is its pro
nounced sexual dimorphism, with males exhibiting faster 
growth rates and thicker skirts than females. This sexual 
growth difference provides an opportunity to enhance pro
duction through breeding. Gender control technology could 
increase breeding yields through monosex cultivation. Ad
ditionally, analyzing the molecular basis of allometric 
growth and sex-based growth differences may lead to tar
geted growth control technologies, offering new ideas for 
scientific breeding strategies.2 Despite its economic signif
icance, the molecular mechanisms underlying growth reg
ulation in P. sinensis, particularly those driving sexual di
morphism, remain inadequately elucidated. Bridging this 
knowledge gap is crucial for enhancing both scientific com

prehension and practical applications within the aquacul
ture industry. 

Growth is a complex property of aquaculture culture and 
breeding, and one of the richest traits for enhancement at 
the genetic level. Animal growth is a complex metabolism 
process, and its process is subject to different variables like 
genotype, nutritional level, hormonal regulation, and en
vironment.3 Among these, the insulin-like growth factor 
(IGF) system, consisting of IGFs, IGF receptors (IGFRs), IGF 
binding proteins (IGFBPs), and IGF acid-labile subunit (IG
FALS), has a significant contribution towards growth and 
developmental modulation of the animal.4 While IGF1 and 
IGF2 have been extensively studied for their direct roles 
in growth modulation, IGFALS, a key regulatory protein 
within the IGF system, has received comparatively less at
tention. Nevertheless, its indirect yet crucial contribution 
to growth regulation through stabilizing circulating IGF 
levels deserves further recognition.5 IGFALS was first iden
tified and cloned in humans in 1992.6 It forms a trimeric 
complex with IGF1/2 and IGFBP3/5, thereby significantly 
prolonging the half-life of IGFs in circulation.7 However, 
IGF1 within this ternary complex is unable to activate the 
IGF1 receptor (IGF1R), underscoring IGFALS’s role in regu
lating the bioavailability of IGFs.8 Studies have linked IG
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FALS deficiencies to growth disorders, such as idiopathic 
short stature in children,9 and its genetic variants have 
been associated with growth-related traits in cattle, in
cluding height, milk yield, and milk fat percentage.10,11 

The defects in the IGFALS gene result in reduced IGF ex
pression and activity, leading to growth deficiencies, short 
stature, delayed puberty, and insulin resistance.12 Despite 
its importance, research on IGFALS has primarily focused 
on mammals and fish, with limited exploration in reptiles.8,

13,14 

IGFs serve as pivotal regulators of vertebrate growth, 
and their expression patterns are frequently associated 
with sexual dimorphism in animals.1 Considering the es
sential role of IGFALS in modulating IGF activity, examin
ing its function in P. sinensis could offer significant insights 
into the mechanisms underlying sex-based growth differ
ences. This study aims to bridge this knowledge gap by 
cloning the full-length cDNA sequence of the IGFALS gene 
using the RACE technique, comparing its expression levels 
between male and female turtles through real-time quanti
tative PCR (qRT-PCR), and investigating its role in growth 
regulation. By clarifying the function of IGFALS in P. sinen
sis, this research will lay the foundation for understanding 
the action mechanisms of IGFs in the allometric growth and 
sexual dimorphism of P. sinensis. 

MATERIALS AND METHODS 

EXPERIMENTAL MATERIALS 

In this study, the Chinese soft-shelled turtles were obtained 
from Changde Hezhou Aquatic Products Co., Ltd. The tur
tles were maintained under standardized rearing and man
agement conditions and were fed formulated feed twice 
daily at 9:00 a.m. and 4:00 p.m. The study included both 
healthy adult and juvenile turtles, all of which were free 
from any visible injuries. 

(1) Tissue Expression Profiling Sampling: Tissue samples 
from the muscle, intestine, liver, gonads, kidney, spleen, pi
tuitary gland, heart, and lungs of adult soft-shelled turtles 
were rapidly frozen in liquid nitrogen and stored at -80°C. 

(2) Sex Steroid Treatment Protocol: The turtles were as
signed to three experimental groups: a 17α-Methyltestos
terone (MT) group, an estradiol (E2) group, and a control 
group, each consisting of 45 turtles (mean mass: 
35.42±14.25 g). A total of 15 mg of MT and 15 mg of E2 
were each dissolved in 0.5 mL absolute ethanol, followed 
by dilution with 4.5 mL olive oil and storage at 4°C in the 
dark. The control group received a solution of 0.5 mL ab
solute ethanol in 4.5 mL olive oil. Prior to injection, all tur
tles underwent a one-week fasting period and had unre
stricted access to water. Each turtle was then injected with 
0.1 mL of the prepared solution into the thigh muscle of the 
hind limb. Post-injection, the turtles were allowed free ac
cess to water but were not fed. Liver samples from juvenile 
turtles were harvested at 0, 12, 24, and 48 hours after in
jection. These samples were rapidly frozen in liquid nitro
gen and stored at -80°C. Additionally, skin tissues were col
lected for genomic DNA extraction using the FastPure Cell/

Tissue DNA Isolation Mini Kit (DC102). Sex identification 
was performed using sex-specific molecular markers.15 

CLONING OF IGFALS GENE IN P. SINENSIS 

RNA was extracted according to the E.Z.N.A.® Total RNA 
Kit II (Omega, R6934) instructions, and treated with DNase 
I to remove genomic DNA. RNA quality was assessed by 
1.5% agarose gel electrophoresis, and RNA concentration 
and A260/280 ratios were measured using an ultra-micro 
UV spectrophotometer (Denovix, DS-11). Total RNA was re
verse transcribed into cDNA using the RevertAidTM First 
Strand cDNA Synthesis Kit (Fermentas, K1621). 

Primers targeting intermediate-length repeat expan
sions in the IGFALS gene were designed with Primer Pre
mier 6.0, using predicted mRNA sequences from P. sinensis 
genomic data as the template (accession number: 
XM_014577011.2). Based on these, 5’-RACE and 3’-RACE 
primers were also designed, and RACE amplification was 
conducted using the SMARTer® RACE 5’/3’ Kit (TaKaRa). 
All primers were synthesized by BioSune Biotechnology 
(Shanghai) Co., Ltd. The detailed sequences of the primers 
are provided in Table 1. Positive PCR clones were selected, 
cut, recovered, ligated, transformed, and subsequently sent 
to BioSune Biotechnology for sequencing. The sequencing 
data were analyzed and assembled using SeqMan to deter
mine the full-length IGFALS gene cDNA sequence. 

BIOINFORMATICS ANALYSIS OF IGFALS GENE IN P. 
SINENSIS 

The open reading frame (ORF) of the target gene was re
trieved using NCBI’s ORF Finder and the deduced AA se
quence was predicted. This sequence was subjected to 
BLASTp homology analysis against relevant species in 
NCBI. The physicochemical properties, signal peptide (Sig
nalP 6.0), structural domains (SMART), transmembrane do
mains (TMHMM), and protein tertiary structure (BioEdit, 
Expasy-ProtParam) were predicted using online software, 
respectively. 

MEGA 11.0 software was used to analyze the homology 
of the IGFALS AA sequences in P. sinensis with related se
quences from other species in NCBI. A phylogenetic tree 
was constructed using the neighbor-joining (NJ) method, 
and bootstrap analysis with 1000 replicates was performed 
to assess the robustness of the tree topology, providing 
confidence values for each node. 

IGFALS GENE EXPRESSION ANALYSIS IN P. SINENSIS 

Specific primers for the IGFALS gene were designed using 
Primer Premier 6.0, with GAPDH (accession number: 
NM_001286927.1) serving as the internal reference gene 
(Table 1). Quantitative real-time PCR (qRT-PCR) was per
formed using a LightCycler® 480 PCR instrument (Roche, 
USA). The 10.0 µL reaction mixture included 1.0 µL of cDNA 
template, 0.25 µL of each primer (10 µmol/L), 5.0 µL SYBR® 
Premix Ex Taq™ II, and 3.5 µL deionized water. The PCR 
protocol consisted of pre-denaturation at 95°C for 5 min
utes, followed by 95°C for 10 seconds, 58°C for 10 seconds, 
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Table 1. Sequence amplification information of primer      

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

IGFALS-f ACCACCTGCACCTGGAACGGAACA 
60 

Gene cloning 
IGFALS-r AGGGACTGGACAAAGCGTGGAACC 

IGFALS-3f ACCTGTGCTGGAGCAGTTGTGGCTGGAAGGAA 68 

IGFALS-5r AGCCTGTTCCGTTCCAGGTGCAGGTGGTAGAG 68 

qGAPDH-f AGAACATCATTCCAGCATCCA 
58 

qRT-PCR 
qGAPDH-r CTTCATCACCTTCTTAATGTCGTC 

qIGFALS-f GCTTCTGCTGCAATGAACACA 
58 

qIGFALS-r CAAGCACATGAGCTCGGACA 

and 72°C for 10 seconds. Following amplification, melting 
curve analysis was performed to evaluate the specificity of 
the amplification products and to check for primer dimers. 
The melting curve ranged from 65°C to 95°C, increasing at 
a rate of 0.5°C every 5 seconds. To ensure the reliability 
and reproducibility of the results, all experiments were con
ducted with three independent biological replicates. Each 
biological replicate consisted of tissue samples collected 
from different individuals under the same experimental 
conditions. For each biological replicate, technical tripli
cates were performed. Relative mRNA expression levels of 
the target and reference genes were calculated using the 
2-ΔΔCT method. Data were expressed as mean ± standard 
error. One-way ANOVA was performed on the relative ex
pression levels under different tissue and hormone treat
ments using SPSS 22.0 software, with significance tested 
using Duncan’s multiple comparisons. GraphPad Prism 8.0 
was used for plotting. 

RESULTS 

SEQUENCE CHARACTERIZATION OF IGFALSX1/2 GENES 
IN P. SINENSIS 

Two transcripts of the IGFALS gene, named IGFALSX1 and 
IGFALSX2, were obtained from the liver tissues of the Chi
nese soft-shelled turtle after sequencing and comparison. 
The full-length cDNA sequences of IGFALSX1 and IG
FALSX2 were 2,452 bp (accession number: PV336088) and 
2,520 bp (accession number: PV336089), respectively, each 
containing two exons and one intron. The full-length cDNA 
of IGFALSX2 included a 5’ UTR of 98 bp, a 3’ UTR of 571 bp, 
and an ORF of 1,851 bp encoding 616 AAs. IGFALSX1 exhib
ited a 71 bp deletion at the 5’ end, a 3 bp insertion, and a 
1 bp synonymous substitution in the CDS region, with the 
remaining sequences encoding 617 AAs (Figure 1). 

The leucine content was significantly higher than that 
of other AAs in the AA sequences of IGFALSX1 and IG
FALSX2 in P. sinensis. The IGFALS protein is a non-trans
membrane protein with a signal peptide cleavage site be
tween AA residues 30-31 in X1 and 29-30 in X2. The protein 
includes one LRR_NT, 19 LRR, and one LRR C-terminal 
domain (LRR_C). Among the 19 LRRs, 8 are typical with 
24 AAs each (Figure 2). The leucine-enriched sequence is 
represented as LxxLxxLxLxxNxLxxLxxxxFxx, where “x” de

notes a non-conserved AA, and capital letters represent 
conserved sites. Leucine (L) is predominantly found at posi
tions 1, 4, 7, 9, 14, and 17, while asparagine (N) and pheny
lalanine (F) are found at positions 12 and 22, respectively 
(Figure 3). 

The tertiary structure of IGFALS in P. sinensis was pre
dicted using SWISS-MODEL online software, based on the 
structure of the human IGF1/IGFBP3/ALS ternary complex 
(Figure 4). The N and C termini are close together, re
sembling a U-shaped magnet. Tertiary structure analysis 
with PyMOL software revealed that more carbon (C), ni
trogen (N), and oxygen (O) atoms, rather than sulfur (S) 
atoms, were distributed on the protein surface. Aspartic 
acid residues were less abundant on the protein surface, 
with N376 and N523 partially covered by nearby AAs, and 
N104 and N553 located at the outer circle of the protein 
structure. 

PHYLOGENETIC TREE ANALYSIS OF IGFALSX1/2 IN P. 
SINENSIS 

The homologous alignment analysis of IGFALS AA se
quences from several species, as published by NCBI, and IG
FALSX1/2 AA sequences from P. sinensis, revealed that the 
similarity of the IGFALS AA sequence between P. sinensis 
and Malaclemys terrapin pileata IGFALSX2, and Terrapene 
carolina triunguis IGFALSX2, was highest at 91.73%. The 
similarity with zebrafish was the lowest at 56.7% (Table 2). 
To explore the evolutionary connections of IGFALS among 
various taxa, a phylogenetic tree was generated employing 
the neighbor-joining (NJ) approach. The IGFALS proteins 
were categorized into six separate groups: Chelonia, Croc
odylia, Aves, Amphibia, Mammalia, and Fish. These group
ings, bolstered by robust bootstrap values, reveal a strong 
evolutionary link between the Chinese soft-shelled turtle 
and other Chelonia species, with subsequent associations 
to Crocodylia, Aves, Amphibia, and Mammalia, while show
ing the highest genetic differentiation from Fish (Figure 5). 

IGFALS GENE EXPRESSION ANALYSIS IN VARIOUS 
TISSUES OF P. SINENSIS 

The qRT-PCR was utilized to analyze the tissue distribution 
of IGFALS gene expression in adult Chinese soft-shelled 
turtles. The results indicated that IGFALS was expressed in 
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Figure 1. Sequence comparison of two transcripts of       IGFALS  in  P. sinensis .  
‘A’ shows the comparison of nucleotide sequences of IGFALS gene transcripts 1 and 2 in P. sinensis. The comparison of amino acid sequence of IGFALS gene transcript 1 and 2 in P. sinensis 
was shown in ‘B’. 
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Figure 2. IGFALS protein domains of     P. sinensis   and other species.    
GenBank accession number: P. sinensis X1 (PV336088); P. sinensis X2 (PV336089); Chrysemys picta bellii X1 (XP 042707492.1); Chrysemys picta bellii X2 (XP 042707493.1); Alligator 
sinensis (XP 006015659.2); Gallus gallus (XP 040539179.1); Mus musculus (NP 032366.2); Homo sapiens (NP 004961.1); Danio rerio (XP 003198203.1); Xenopus tropicalis (XP 
002940278.2). 

all nine tissues analyzed, with the highest levels found in 
the liver, lungs, and gonads, followed by the spleen, intes
tine, and pituitary gland. The lowest expression was found 
in muscle tissue. In females, the IGFALS gene was most 
highly expressed in the liver, while in males, it was most 
highly expressed in the testes (Figure 6). 

EFFECTS OF SEX STEROID HORMONE TREATMENT ON 
IGFALS GENE EXPRESSION IN LIVER TISSUES OF P. 
SINENSIS 

The qRT-PCR was used to detect changes in IGFALS gene 
expression in the liver tissues of male and female P. sinensis 
after 0, 12, 24, and 48 hours of sex steroid hormone treat
ment. As shown in Figure 7, the relative expression of IG
FALS in male turtles’ livers exhibited an overall increasing 
trend after E2 and MT injection. In females, IGFALS gene 
expression was significantly upregulated at 48 hours under 
MT treatment (P < 0.05) but downregulated compared to 

Molecular Characterization and Functional Analyses of IGFALS in the Chinese Soft-Shelled Turtle (Pelodisc…

Israeli Journal of Aquaculture - Bamidgeh 122

https://ija.scholasticahq.com/article/136930-molecular-characterization-and-functional-analyses-of-igfals-in-the-chinese-soft-shelled-turtle-_pelodiscus-sinensis_/attachment/279497.tiff


Figure 3. The amino acid sequence structure of IGFALS in         P. sinensis .  
The wavy line denotes the signal peptide sequence, while the yellow shading indicates six glycosylation binding sites associated with asparagine residues. The bold segments repre
sent 21 leucine-rich repeat motifs, which include one N-terminal leucine-rich repeat domain, one C-terminal leucine-rich repeat domain, and 19 central leucine-rich repeat se
quences. The horizontal lines symbolize leucine residues, the red boxes highlight conserved amino acid residues within the leucine-rich repeat motifs, and the black boxes indicate 
regions that are not part of the leucine-rich repeat motifs. 

Figure 4. The tertiary structure prediction model of IGFALS protein in          P. sinensis .  
A represents a band map where red highlights the aspartic acid glycosylation site; B illustrates the atomic structure, with cyan denoting carbon atoms, red denoting oxygen atoms, 
blue denoting nitrogen atoms, orange denoting sulfur atoms, and green within the yellow box highlighting the aspartic acid glycosylation site; C depicts the protein surface, with the 
red area in the yellow box indicating the aspartic acid glycosylation site. 

the control group under E2 treatment, with the lowest ex
pression at 12 hours, although no significant differences 
were observed (P > 0.05). 
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Table 2. The results of amino acid sequence homology comparison between          P. sinensis   IGFALS and other species     

Species latin name GenBank accession number Homology 

Malaclemys terrapin pileata X2 XP 053897050.1 91.73% 

Terrapene carolina triunguis X2 XP 024064611.1 91.73% 

Malaclemys terrapin pileata X1 XP 053897049.1 91.59% 

Terrapene carolina triunguis X1 XP 024064610.1 91.59% 

Mauremys reevesii X2 XP 039346256.1 91.57% 

Chrysemys picta bellii X2 XP 042707493.1 91.44% 

Mauremys mutica X2 XP 044836261.1 91.41% 

Chrysemys picta bellii X1 XP 042707492.1 91.29% 

Mauremys reevesii X1 XP 039346255.1 91.26% 

Mauremys mutica X1 XP 044836260. 91.10% 

Alligator sinensis XP 006015659.2 82.11% 

Crocodylus porosus XP 019395414.1 81.77% 

Alligator mississippiensis XP 006263286.1 81.77% 

Apteryx mantelli mantelli XP 013817129.1 81.43% 

Aquila chrysaetos chrysaetos X1 XP 029857674.1 80.92% 

Aquila chrysaetos chrysaetos X2 XP 029857672.1 80.92% 

Melopsittacus undulatus XP 005150806.2 80.58% 

Gymnogyps californianus XP 050762035.1 80.41% 

Falco naumanni XP 040446303.1 80.07% 

Gallus gallus XP 040539179.1 77.51% 

Xenopus tropicalis XP 002940278.2 66.65% 

Mus musculus NP 032366.2 62.14% 

Homo sapiens NP 004961.1 62.14% 

Loxodonta africana XP 023413040.1 61.29% 

Danio rerio XP 003198203.1 56.27% 

DISCUSSION 

IGFALS, a key member of the leucine-rich repeat (LRR) pro
tein superfamily, plays a crucial role in regulating the ac
tivity of IGF1 and IGF2 by extending their half-life and 
modulating their bioavailability. In this study, the cDNA se
quences of the IGFALSX1/2 genes were cloned from the Chi
nese soft-shelled turtle, encoding proteins of 616 and 617 
AA residues, respectively. Sequence analysis revealed that 
IGFALSX1/2 share structural similarities with IGFALS pro
teins in other species, including conserved N- and C-ter
minal domains and 19 LRRs, indicating that the IGFALS 
protein structure is highly conserved throughout evolution 
and likely performs similar functions in diverse species. 
Over 75% of circulating IGF in organisms is carried in the 
ternary complex of IGF-IGFBP3/5-IGFALS, with the IGF-
IGFBP binary complex crossing the capillary endothelial 
barrier. However, binding to IGFALS can limit IGF delivery 
to target tissues.16 The L-rich motifs in IGFALS facilitate 
protein-protein interactions, promoting the formation of 
polymers with IGF/IGFBP proteins.17 Ternary complex for
mation is influenced by the glycosylation of IGFALS, with 
aspartic acid residues playing a key role in binding glycosyl 
groups.18 Although the IGFALS protein sequence contains 
53 aspartic acid residues, only six are glycosylation sites 

linked to aspartic phthalamine residues. In this study, a 
predictive model for the tertiary structure of the IGFALS 
protein from P. sinensis revealed that all six aspartate gly
cosylation sites are exposed on the protein surface, facili
tating glycosylation. Notably, these sites are aligned on the 
same plane, consistent with findings by Zheng19 and Janosi 
et al.20 The interaction between IGFALS and IGFBP3 does 
not rely on any single glycosylation site, suggesting a com
plex binding mechanism. Future studies should focus on 
comprehensive modeling and analysis of the interactions 
among IGF, IGFBP3, and IGFALS to identify specific bind
ing sites and elucidate their regulatory mechanisms. From 
an evolutionary perspective, turtles represent one of the 
most morphologically specialized groups of reptiles with a 
long evolutionary history. A phylogenetic tree constructed 
from IGFALS amino acid sequences revealed that the Chi
nese soft-shelled turtle is most closely related to other tur
tle species, followed by crocodiles and birds, while amphib
ians, mammals, and fish show more distant relationships. 
This finding supports the hypothesis that turtles may be 
the sister group to the common ancestor of crocodiles and 
birds.21 These insights into the structural and evolutionary 
conservation of IGFALS highlight its critical role in growth 
regulation and provide a foundation for further research 
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Figure 5. Phylogenetic tree based on amino acid sequence similarity of IGFALS.           

Figure 6. The expression of    IGFALS  gene in different tissues of      P. sinensis .  
Data were shown as mean ± SEM (n = 3). Value with different superscripts indicates a statistically significant (p value < 0.05). 

into its functional mechanisms in reptiles and other verte
brates. 

Previous research initially identified IGFALS as a liver-
specific protein.6 As the study progressed, the presence of 
the IGFALS gene and protein also being present in the other 

tissues and organs. A study utilizing the zebrafish identi
fied the presence of the IGFALS being widespread in the ex
pression tissues, the expression being the predominant one 
being the liver.19 The study here identified the presence 
of IGFALS being present in all the tissues of the Chinese 
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Figure 7. The expression of    IGFALS  in  P. sinensis   after E 2  and MT treatment.    
Data were shown as mean ± SEM (n = 3). Value with different superscripts indicates a statistically significant (p value < 0.05). 

soft-shelled turtle, suggesting the gene possibly being re
sponsible for the functioning of the various cells of tissues. 
Additionally, IGFALS gene expression exhibited significant 
sexual dimorphism in liver tissues, where the expression is 
higher in the female soft-shelled turtles when compared to 
the expression observed in the males. This sexual dimor
phism suggests gender-specific regulatory mechanisms of 
IGFALS in this species. Given that IGFs are known to mod
ulate gonadal development and maturation through au
tocrine, paracrine, and endocrine pathways,22 the elevated 
IGFALS expression in gonadal tissues implies its potential 
regulatory role in reproductive organ development. Addi
tionally, we detected significant IGFALS expressions in lung 
tissues, which may indicate a distinct physiological func
tion within the respiratory system of P. sinensis. Although 
these findings offer novel insights into the distribution and 
potential functions of IGFALS, the precise molecular mech
anisms underlying its tissue-specific expression and physi
ological roles warrant further investigation. 

Significant growth dimorphism exists between male and 
female P. sinensis, with males demonstrating accelerated 
growth rates under identical rearing conditions. This sexual 
dimorphism in growth patterns may be closely associated 
with differential sex steroid hormone profiles.23 To explore 
the role of IGFALS in mediating these growth differences, 
we examined hepatic IGFALS expression patterns following 
sex steroid hormone administration (E2 and MT) in both 
sexes. The data showed IGFALS expression in the livers of 
males and females changed significantly under E2 and MT 
treatment, suggesting IGFALS may play a role in regulat
ing the growth and development of P. sinensis in response 
to steroid hormone modulation. The observed overall de
crease of IGFALS expression in female turtles’ livers un
der E2 treatment replicated what has been encountered in 
Oreochromis niloticus24 and Channa maculata.25 This may 
be caused by increased levels of estrogen, which suppress 
the hepatic expression of the IGF and the growth factors 
like GH and IGF1. However, we observed a significant up
regulation of IGFALS expression in the liver of male juve
nile turtles following E2 stimulation. This may be attributed 
to the low endogenous estrogen levels in male individu
als, which rendered them more responsive to exogenous 

E2 treatment. Consequently, this treatment markedly al
tered the sex steroid hormone profile in male juvenile tur
tles, leading to more complex physiological responses. The 
precise mechanisms underlying these observations warrant 
further investigation. “Bidirectional regulation of androgen 
hypothesis” by John-Alder and Cox26 implies the double ac
tion by the androgens towards the growth of the males, and 
in male-larger sexual size dimorphism populations, andro
gens exhibit growth-promoting effects. Expression by the 
IGFALS increased strongly with the treatment by MT for the 
two sexes of the turtles, suggesting the responsiveness by 
the IGFALS gene towards exogenous treatment by enhanced 
growth. These results collectively suggest that IGFALS may 
serve as a crucial mediator in the steroid hormone-regu
lated growth pathway, though the precise molecular mech
anisms require further elucidation. 

CONCLUSION 

Two IGFALS gene transcripts, IGFALSX1 and IGFALSX2, 
were identified and characterized for the first time, reveal
ing structural similarities with IGFALS proteins in other 
species. Tissue-specific expression analysis demonstrated 
that IGFALS is widely expressed, with significant sexual di
morphism observed in liver expression, suggesting a gen
der-specific regulatory role in growth and development. 
Furthermore, the study highlights IGFALS’s responsiveness 
to steroid hormone modulation, indicating its potential 
role in mediating sex-based growth differences. This re
search advances our understanding of the IGF system in 
reptiles and provides a foundation for developing gender 
control technologies and selective breeding strategies to 
enhance aquaculture productivity. 
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