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Salinity is a critical environmental factor affecting the growth, survival, distribution, and 
physiological processes of the sea cucumber, Apostichopus japonicus (Selenka). In this 
study, we examined the survival rates, enzymatic activities, and transcriptomes of one 
cultured and two wild populations of the sea cucumber, A. japonicus Selenka to compare 
their tolerance across a range of salinities. Significant differences in survival rates were 
observed among the three populations when exposed to salinity levels of 45, 40, 23, 20, 
and 17 psu. As salinity decreased, the activities of catalase, Na±K±ATPase, amylase and 
superoxide dismutase in cultured sea cucumbers peaked at 23 psu, and declined at 20 
psu. In contrast, the activities of these enzymes in wild sea cucumbers decreased at 23 
psu. At 40 psu, the four enzymatic activities significantly decreased in cultured sea 
cucumbers but continued to increase significantly in wild populations (P < 0.05). 
Transcriptomic analysis based on Gene Ontology (GO) function revealed the terms 
“cellular process,” “membrane” and “binding” were most enriched in the biological 
process, cellular component, and molecular function categories, respectively. Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway analysis identified 
“Glycerophospholipid metabolism” and “Starch and sucrose metabolism” among the top 
10 most enriched pathways. The findings of this study provide new insights into the 
salinity tolerance adaptation of cultured sea cucumbers. 

INTRODUCTION 

The sea cucumber, Apostichopus japonicus (Selenka), is an 
epibenthic species that has long been exploited as an im
portant fishery resource along the coast of China. Chinese 
consumers believe that consuming sea cucumbers improves 
health and prevents disease, making this species the most 
farmed sea cucumber with the highest value and demand in 
the market. Sea cucumber cultivation in ponds has become 
the highest-value single mariculture variety in China, with 
a culture area exceeding 2×105 hm,1 an annual output of 
approximately 204,000 tons, and a value of more than $5.2 
billion.2 

Salinity is a critical environmental factor that affects the 
growth, survival, distribution, and physiological processes 
of marine animals.1,3,4 Abrupt salinity changes, often 

caused by heavy summer rainfall, can have sublethal effects 
on marine echinoderms, especially those in coastal wa
ters.4,5 An increasing number of studies have characterized 
the acclimation responses of aquatic animals to low-salin
ity stress.5‑7 Many studies have focused on environmental 
and community interactions that occur after a species is in
troduced into a new habitat. For population survival, or
ganisms must undergo varying degrees of natural selection 
pressures. Collective adaptation to a new environment can 
be achieved through the gradual elimination of less fit in
dividuals over many generations. The rate of acclimation to 
salinity, particularly in cultural regions, is likely to be an 
important modifier of salinity tolerance. Previous research 
has shown that sea cucumbers, as echinoderms, have lim
ited adaptability to salinity, ranging from 26 to 39 psu.8,9 

To date, the lowest salinity at which sea cucumbers can be 
successfully cultured in ponds is approximately 20 psu,10 
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which indicate that the salinity tolerance of A. japonicus 
from different regions or at different times is different. 
Large-scale production of aquaculture species must be 
based on adequate knowledge of its ecological require
ments for optimal development. A. japonicus cultured in 
shallow ponds experience far greater environmental vari
ability than those in coastal seawater. Considering the nat
ural differences in salinity between offshore waters and 
mariculture ponds, it is crucial to investigate the salinity 
tolerance of cultured and wild A. japonicus populations. To 
the best of our knowledge, no study to date has compared 
the salinity tolerance of cultured and wild A. japonicus. The 
effects of salinity on the survival of pond-cultured A. japon
icus have rarely been explored, but such investigations may 
enhance our understanding of the current sea cucumber 
farming industry. 

Several studies have shown that stress-related biomark
ers are useful tools for assessing the biological effects of 
environmental stress. Biomarkers such as enzyme activity 
(e.g., superoxide dismutase and catalase) have been 
demonstrated to be valuable for assessing the effects of 
stress conditions on organisms.11,12 RNA sequencing 
(RNA-seq) has been used to explore novel gene pathways 
and mechanisms using high-throughput techniques.13 We 
screened for differentially expressed genes (DEGs) under 
low-salinity conditions to elucidate the key pathways reg
ulating osmosis. Although the association between enzy
matic activity and the transcriptome is not always certain, 
establishing this link will help us to better understand the 
mechanisms of salinity tolerance in sea cucumbers. 

The main objectives of this study were to (1) compare the 
salinity tolerance of sea cucumbers from different regions, 
(2) examine the responses of sea cucumber enzyme activity 
and transcriptomes to salinity, and (3) interpret the mech
anisms responsible for the observed differences in salinity 
tolerance. 

MATERIALS AND METHODS 

A. JAPONICUS COLLECTION 

Wild populations of A. japonicus were collected from 6-7 
m underwater at Tianheng Island in Qingdao (QD, 92.4± 
13.2g), Shandong Province and Zhangzidao Islandin Dalian 
(DL, 98.5 ± 15.1g), Liaoning Province, China. Cultured sea 
cucumber A. japonicus (CT, 95.6 ± 9.6g) was purchased from 
local coastal ponds at Tianheng Island in November 2020 
(Fig. 1 , Fig. 2 ). 

Sea cucumbers were immediately transported to the lab
oratory and temporary cultured at 15 ± 0.5 ℃, 29 ± 0.5 
psu for 1 week in eight aerated 200 L plastic barrels. Back
ground parameters of water temporarily cultured were 
measured during the experiment (pH: 7.9 ± 0.2, dissolved 
oxygen: 6.0 ± 1.0 mg/L). The water was exchanged 50% once 
per day by means of suction to discharge the feces of sea cu
cumbers. Individuals with a similar mean body weight (94.8 
± 14.4g) were selected for the study. 

Figure 1. Location of the sea cucumber sampling sites        
in the present study.     

SURVIVAL RATES AND ENZYME ASSAYS 

For the salinity tolerance experiment, 480 sea cucumbers 
were distributed in 24 rectangular translucent plastic boxes 
(450×300×300 mm) containing 33 L of water. Each box con
tained 20 sea cucumbers, with three replicates per treat
ment. Control conditions were maintained using sand-fil
tered seawater at 15.2-17.3 °C and 29.1-29.8 ppt salinity, 
with 50% daily water replacement. Sea cucumbers were ac
climated to seven environmental salinities (17, 20, 23, 26, 
35, 40, and 45 psu) by adjusting the salinity by 1-2 psu per 
day using dechlorinated tap water (for dilution) or artificial 
sea salt (for enrichment) until test salinities were reached. 

Sea cucumbers were exposed to different salinities for 96 
h, and their survival was monitored. Sea cucumbers were 
considered dead if they lost their attachment capacity and 
showed no shrinkage response upon contact with a glass 
rod. The survival rates were calculated as the number of 
surviving sea cucumbers after 96 h divided by the initial 
number of sea cucumbers. 

After 24 h of exposure to the target salinity levels, three 
sea cucumbers from each box with mortality below 20% (20, 
23, 26, 35, and 40 psu) were randomly sampled. A mixture 
of the digestive tract, body walls, and respiratory trees was 
processed immediately. Approximately 0.5 mL of fluid was 
extracted for enzyme activity analysis of superoxide dis
mutase (SOD), Na+-K+-ATPase (NKA), and catalase (CAT), 
while 0.5 g was homogenized for amylase (Amy) activity 
analysis. The remaining individuals were monitored for 96 
h survival. 

Enzymatic activities were analyzed using commercial 
kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, 
China). The activities of SOD (EC 1.15.1.1), CAT (EC 
1.11.1.6), NKA (EC 7.2.2.13), and Amy (EC 3.2.1.1) were 
measured as previously described.13‑16 

RNA ISOLATION, LIBRARY PREPARATION, AND 
ILLUMINA SEQUENCING 

For each population (DL, QD, and CT), three sea cucumbers 
were randomly selected from 23 salinity treatment groups 
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Figure 2. Appearance of three populations sampled (dorsal spine number, DL36-47; QD32-37; Culture 26-34).             

after 24 h. Total RNA was extracted from pooled samples 
of the integument, respiratory trees, and anterior intestine 
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) ac
cording to the manufacturer’s instructions. RNA integrity 
was assessed using the NanoDrop ND-2000C spectropho
tometer. mRNA isolation, cDNA synthesis, and library 
preparation were performed by Biomarker Technologies 
(Beijing, China). Finally, samples from each individual and 
position were matched to the same population, resulting in 
three RNA-sequencing databases: CT (cultured sea cucum
ber from Qingdao), QD (wild sea cucumber from Qingdao), 
and DL (wild sea cucumber from Dalian). 

FUNCTION ANNOTATION AND IDENTIFICATION OF DEGS 

Unigenes were annotated using homology alignments 
against Gene Ontology (GO) (E-value<10=5) (http: //www. 
geneontology.org/), Clusters of Orthologous Groups (COG) 
(http: //www.ncbi. nlm.nih.gov/ COG/), and Kyoto Ency
clopedia of Genes and Genomes (KEGG) (http: //www. 
genome.jp/kegg/) databases. Genes with an adjusted signif
icance level of P < 0.05 were considered differentially ex
pressed. Transcription factor prediction was performed us
ing BMKCloud (www.biocloud.net). 

VALIDATION BY QUANTITATIVE REAL-TIME PCR 

To verify the reliability of the DEGs identified in RNA-seq 
expression analysis, 24 genes (Table 2), were selected for 
expression level validation across the three populations. 
These genes were primarily selected from the osmolarity 
regulation pathways, including protein processing in the 
endoplasmic reticulum (ER), phagosome, metabolism of 
xenobiotics by cytochrome P450 (CYP), sphingolipid me
tabolism, and fatty acid synthesis. Additional genes were 
selected from the signal transduction mechanisms, carbo
hydrate transport and metabolism, and lipid transport and 
metabolism pathways. Gene-specific primers for the DEGs 
were designed using the Primer Premier 5 software (Table 
2). β-actin was used as the reference gene to normalize the 
relative expression levels. All qPCR experiments were per
formed with three technical and three biological replicates. 

STATISTICAL ANALYSIS 

Significant differences among samples data were analyzed 
using SPSS 20.0 for Windows (IBM SPSS Inc., Chicago, IL, 
USA). One-way analysis of variance (ANOVA) was used to 
compare the effect of salinity on survival rates and enzyme 
activities (SOD, CAT, Na+-K+-ATPase, and Amy), followed 
by Duncan’s multiple comparison tests for post-hoc com
parisons. Differences were considered to be significant at P 
< 0.05. 

RESULTS 

THE SURVIVAL RATE OF CULTURED SEA CUCUMBER AND 
WILD SEA CUCUMBER AT DIFFERENT SALINITY 

Survival rates of cultured and wild A. japonicus populations 
at different salinities are shown in Figure 3. No mortality 
was observed at 23-35 psu in the cultured population, at 
26-40 psu in the DL wild population, and at 23-35 psu in 
the QD wild population. However, significant differences in 
survival rates were observed among the three populations 
at 45, 20, and 17 psu. Although no significant differences 
were observed between the QD and CT populations, both 
differed significantly from the DL population at 40 and 23 
psu. Generally, CT sea cucumbers exhibited better tolerance 
to low salinity than DL and QD sea cucumbers, whereas DL 
and QD sea cucumbers demonstrated superior tolerance to 
high salinity. 

ENZYME ACTIVITIES AT DIFFERENT SALINITIES 

The activities of four enzymes—SOD, CAT, Amy, and 
NKA—exhibited an initial increase followed by a decrease 
with changing salinity (P < 0.05). In cultured sea cucum
bers, SOD, CAT, and NKA activity increased significantly as 
salinity decreased from 29 to 23 psu, peaking at 23 psu. Al
though these enzyme activities decreased at 20 psu, they 
remained significantly higher than those at 29 psu. In DL 
and QD sea cucumbers, SOD, CAT, NKA, and Amy activities 
initially increased at 26 psu, but decreased at 23 psu. At 
20 psu, the activities of all four enzymes were significantly 
lower than those at 29 psu (P < 0.05) (Fig. 4A ). In the cul
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Table 1. Significantly enriched KEGG pathways in three populations of         A. Japonicus   under low salinity stress.     

DL vs CT QD vs CT DL vs QD 

KO ID pathway GeneRatio qvalue KO ID pathway GeneRatio qvalue KO ID pathway GeneRatio qvalue 

ko03010 Ribosome 22/282 0.001 ko00561 Glycerolipid metabolism 9/116 0.001 ko00592 
alpha-Linolenic acid 

metabolism 
9/143 0.001 

ko00564 
Glycerophospholipid 

metabolism 
18/282 0.001 ko00500 

Starch and sucrose 
metabolism 

6/116 0.004 ko01212 Fatty acid metabolism 12/143 0.001 

ko00591 Linoleic acid metabolism 10/282 0.015 ko04624 Toll and Imd signaling 3/116 0.012 ko00500 
Starch and sucrose 

metabolism 
7/143 0.001 

ko04142 Lysosome 19/282 0.016 ko04210 Apoptosis 5/116 0.02 ko00561 Glycerolipid metabolism 9/143 0.001 

ko00592 
alpha-Linolenic acid 

metabolism 
9/282 0.016 ko00640 Propanoate metabolism 7/143 0.001 

ko00500 
Starch and sucrose 

metabolism 
7/282 0.043 ko00564 

Glycerophospholipid 
metabolism 

11/143 0.001 

ko00410 beta-Alanine metabolism 6/143 0.001 

The difference in salinity tolerance between cultured and wild sea cucumber Apostichopus japonicus Selenka based on survival, enzyme activity and transcriptome analyses

Israeli Journal of Aquaculture - Bamidgeh 276



Table 2. The qRT-PCR primers of candidate genes related to osmoregulation          

Gene Sense Antisense 

RpS24(40S ribosomal protein S24) ↑ TGGGCATTGAAAATTTGTTGA TCAACAAATTTTCAATGCCCA 

FAP3L(fatty acid-binding protein type 3-like) ↑ GCATTCAACGGCAAATGGACT CCATATGCGTCCATGACATCG 

NRFP6(nose resistant to fluoxetine protein 6) ↑ 

SPTPL(sodium-dependent phosphate transport 
protein 2B-like) ↑ 

CTATGGTGCCTACCTGCTC 
AGGCTCTAACATTGGAACCAC 

ATGTAAGAGAGTACCACCGAAC 
GCCCTTAGCCAAATGAATCGG 

KCTD15L(BTB/POZ domain-containing protein 
kctd15-like) ↑ ATGGCCCAAGACAAGGTTGTG TTAAACCCAAGTACAGGCAGA 

ERT(gb|EHJ68247.1| endonuclease-reverse 
transcriptase) ↑ ATGGAAAGAATCATGATTGGA CTCTCCTTTGCCATAGAACACC 

URGCP(up-regulator of cell proliferation-like, 
partial)↑ TCAAGACCTTATGTGACGGTA GAGATTCCTCGATAATAGAGC 

PD-9(emb|CCD79069.1| putative dock-9) ↑ ACCCTCTATACACAACGGTA TCCATCAGTATAAAGCCGAT 

ptp-3 (receptor-type tyrosine-protein phosphatase 
alpha) ↑ TGGTACTTTCATTGCCCTGT CCAATTAAAGATCCGGGTGT 

ZFP862L(zinc finger protein 862-like) ↑ AAAGGCTTGACCAGGAG CATTACGGGAAGACGC 

OS1L(2'-5'-oligoadenylate synthase 1-like isoform X2) 
↑ AAAACCAACTGGCAAATGTCC AGTCCCGTTTCTTATCTACGTT 

RFP1L(RING finger protein nhl-1-like)↑ GACTTCAACATCACCAGCAA TCCATCAGTAGAAAGCCGAT 

GLuRIA(glutamate receptor 2) ↓ AACATGGCATTCCTAACCAG AAGAAGGTCGTTTGAATCCAC 

SVEP1(sushi, von Willebrand factor type A, EGF and 
pentraxin domain-containing protein 1) ↓ AGAAATCTTGGCCTATAGCTG AATTAACTGATGCCCCTTCGT 

HPC(gb|ELT94170.1| hypothetical protein 
CAPTEDRAFT_139607, partial) ↓ CTCACGATTTCAACTGCACT TGCTGCAACACTTCTGACT 

Sh (potassium voltage-gated channel subfamily A 
member 2-like) ↓ GACGAAGCCGAAGAAG ACTTCTTCGGCTTCGT 

pxn-2(lactoperoxidase)↓ GTTGTATCATCGCTCACCAGT TGGACAGCCGAATTTCCCT 

HPG(gb|ESA04480.1| hypothetical protein 
GLOINDRAFT_336217) ↓ AGAAAAGGCAACAGTCAACGA TTTTCCGGTTTCTTTTGACCAC 

C27A7.3(venom phosphodiesterase 2) ↓ CAGTCATCGCAATCAGAGC AAGTAGAAAAGCCATCTGCAT 

SLC35G1(solute carrier family 35 member G1) ↓ TACGAATTTGACAACCGCACT TTTCGTACAAGCTGGCATC 

CG32669(sodium-coupled monocarboxylate 
transporter 1) ↓ AAGCATGTCCGCTATATGGTC TCCGGTTGGACTTAATCCTGT 

RP(ror precursor) ↓ CGAAATCAGTGTATAGCCACA TAGTATTGTCAACTTCGCTCT 

FCGBP(IgGFc-binding protein, partial) ↓ ATTGGTTAATGTGCCATACGAA TCGTGAAGCCATAAACCTG 

HPB(hypothetical protein BRAFLDRAFT_75840) ↓ TATTTGGCATCAGAAGAACGA TTGCCTTTAATGATTTCCTCC 

Note: ↑, up-regulated; ↓, down-regulated 

tured population, CAT, NKA, and Amy activities first in
creased at 35 psu but significantly decreased at 40 psu (P < 
0.05). In contrast, SOD, CAT, and NKA activities in the DL 
and QD populations continued to increase at 40 psu, but 
only decreased significantly at 45 psu. Amy enzyme activ
ity in the QD population first increased at 35 psu before de
creasing at 40 psu, whereas no significant differences were 
observed from 29 to 40 psu (Fig. 4B-D ). 

These enzymatic activity patterns suggest that the cul
tured A. japonicus population is more sensitive to high-
salinity environments, whereas wild populations are more 
sensitive to low-salinity environments. This difference 
likely stems from the stable oceanic conditions with mini

mal salinity fluctuations experienced by wild organisms, in 
contrast to the variable salinity conditions encountered by 
cultured organisms owing to rainfall or water exchange in 
ponds. 

IDENTIFICATION OF DEGS AND GO, KEGG ANALYSIS 

Transcriptome analysis revealed substantial differences in 
gene expression after salinity stress. A total of 10,603 DEGs 
were identified between the DL and CT samples, including 
5338 upregulated and 5265 downregulated genes; 6822 
DEGs were found between the CT and QD samples, includ
ing 3500 upregulated and 3322 downregulated genes; and 
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Figure 3. Survival rates of    A. japonicas   after 96h under    
salinity stress（15 ℃）    

7779 DEGs were found between the QD and DL samples, 
including 4031 upregulated and 3478 downregulated genes 
(FDR=0.01, FC=2, Table S1 ). 

Venn diagram analysis showed that 1,197 DEGs were 
shared among the three comparisons (DL vs. CT, CT vs. QD, 
and QD vs. DL). Additionally, 5,123 DEGs were shared be
tween QD vs. DL and DL vs. CT, 2,692 DEGs between QD vs. 
DL and CT vs. QD, and 3,009 DEGs between CT vs. QD and 
DL vs. CT (Fig. 5 ). 

The GO functional classification of the 1,197 common 
DEGs selected in the Venn diagram is shown in Fig. 6 . 
The terms “cellular process,” “membrane,” and “binding” 
were the most enriched terms in the biological process, 
cellular component, and molecular function categories, re
spectively. However, the classifications showing the great
est differences in gene expression were “detoxification”, 

Figure 4. Effect of low salinity challenge on SOD (A), CAT (B), Amy (C) and NKA (D) activity of                  A. japonicas .  
Bars indicate standard deviation; different letters above the column indicate significant difference (P < 0.05). X, y, z indicate significant differences between populations at the same 
salinity, while a, b, c indicate significant differences in each population at different salinities. 

Figure 5. Venn diagrams for number comparisons of       
differentially expressed genes (DEGs) among three       
different populations.   
The sum of numbers in each large circle represents the total number of DEGs in the 
comparison group, and the number in the overlap of circles represents the number of 
DEGs common between groups. CT represents cultured sea cucumber. 

“synapse,” and “antioxidant activity” in these three func
tional categories. (Fig. 6 ) 

A heatmap of the DEGs among the DL, QD, and CT 
populations (Fig. 7A ) showed diverse expression patterns, 
with many genes showing opposite trends between pop
ulations. KEGG pathway analysis identified 207, 167, and 
194 pathways for DEGs from DL vs. CT, CT vs. QD, and QD 
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vs. DL comparisons, respectively. Of these, 130 pathways 
were shared among all three comparisons, while 73 and 76 
pathways were unique to one or two DEG groups, respec
tively. Notable shared pathways included “glycerophospho
lipid metabolism” and “starch and sucrose metabolism”. 
“Antigen processing and presentation” and “oxidative 
phosphorylation” were enriched in both DL vs. CT and DL 
vs. QD comparisons; “propanoate metabolism” and “beta-
alanine metabolism” were enriched in CT vs. QD and DL vs. 
QD comparisons,; and “alpha-linolenic acid metabolism” 
and “propanoate metabolism” were enriched in DL vs. CT 
and CT vs. QD comparisons (Table 1 ,  Fig. 7B ). Following 
the low salinity challenge, 1,344 DEGs (1,014 upregulated 
and 330 downregulated) were identified between DL and 
CT, 630 DEGs (403 upregulated and 227 downregulated) be
tween CT and QD, and 683 DEGs (497 upregulated and 186 
downregulated) between QD and DL (Fig. 8 ). 

VALIDATION OF DEGS WITH QRT-PCR 

To verify the accuracy of RNA-Seq analysis, 24 DEGs in
volved in osmolarity metabolism were selected for quanti
tative PCR (qPCR) validation. Primers for the selected uni
genes were designed using Primer Premier 5 software 
(Table 2 ). As shown in Fig. 9 , the transcriptome data were 
largely consistent with the qRT-PCR results. Minor discrep
ancies between RT-PCR and RNA-Seq data could be attrib
uted to differences in their sensitivity for estimating gene 
expression levels between the two methods.17 

Figure 6. GO function classification of 1197 differentially expressed genes common to the three comparison              
groups (QD vs DL, DL vs CT and CT vs QD) selected in the Venn diagram (from                  Fig. 5 ).  
The GO function is shown on the x-axis, the number of genes with GO functions on the right axis and the percentage on the left axis. 

DISCUSSIONS 

SALINE TOLERANCE OF THE SEA CUCUMBER 

Temperature and salinity are of different importance. Tem
perature directly determines the rate of chemical reactions 
and the metabolism and vitality of aquatic organisms, but 
salinity is generally an adaptive factor, and organisms can 
respond to physiological changes. In China, sea cucumber 
culture ponds are usually 2-3m deep, making them vulner
able to changes in environmental conditions. Water salinity 
in these ponds can drop below 20 psu in summer during the 
rainy season and during typhoons.10 The salinity tolerance 
of the A. japonicus population depended on the salinity ex
perienced during the acclimation process. Dong et al. found 
that A. japonicus was an osmotic conformer and that the ac
tivity of NKA showed an adaptive response to changes in 
ambient salinity.8 The increasingly lower salinity tolerance 
of cultured sea cucumbers seen in our study may be due to 
decades of pond farming overlaid with the factory seedling 
culture of A. japonicus. Similar results have been reported 
for the abalone Haliotis diversicolorsupertexta; when salinity 
was increased or decreased, H. diversicolorsupertexta juve
niles acclimated to seawater of 25 psu at 30 ℃ survived as 
14-33 psu, and those acclimated to 35 psu at 20 ℃ survived 
a salinity of 20-45 psu.18 Previous studies on salinity tol
erance in tilapia,19 abalone,18 yellowfin seabream and cru
cifix crab suggest that when an animal is gradually accli
mated to the experimental conditions, the tolerance range 
tends to be broader.20‑22 In addition, this work makes the 
bold prediction that, given a long enough domestication 
time scale, biological salinity tolerance will continually 
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Figure 7. Heat map of different expressed genes (DEGs) among DL, QD and CT populations of               A. Japonicus   (A),  
Primary 10 enriched KEGG pathways in three A comparison groups.           Japonicus  under low salinity stress (B).      
GPM: Glycerophospholipid metabolism; SSM:Starch and sucrose metabolism; APP: Antigen processing and presentation; RS: Ribosome; GM: Glycerolipid metabolism; BUF: Biosyn
thesis of unsaturated fatty acids; ALAM:alpha-Linolenic acid metabolism; PM: Propanoate metabolism; CMM: Cysteine and methionine metabolism; APS: Apoptosis; NGB: N-Glycan 
biosynthesis; RM: Retinol metabolism; LS: Lysosome; LD:Lysine degradation; GSTM: Glycine, serine and threonine metabolism; PVM: Pyruvate metabolism; GTM: Galactose metab
olism; FAD: Fatty acid degradation; FAB: Fatty acid biosynthesis; HC: Hepatitis 

Figure 8. Volcano plot displaying the number of DEGs in different comparison groups.            
A, DL vs CT, B, CT vs. QD, C, QD vs DL. X-axis, expression ratio of the different samples; Y-axis, significance of the differential gene expression, which is positive in relation to the 
–log10 (FDR) value. Red plots represent the upregulated genes; green plots represent the downregulated genes; and black plots represent no significant difference. UP, upregulated 
genes; DOWN, downregulated genes; Unchange, no significant difference. 

break through the survival limits, or the limits will continue 
to expand. 

EFFECT OF SALINITY CHANGES ON THE RELATED 
ENZYME ACTIVITY OF SEA CUCUMBER 

A. japonicus can alter their biochemical mechanisms under 
salinity-associated stress such as increasing their antioxi
dant defenses to cope with the higher oxidative stress re

sulting from salinity condition.23 Salinity stress induced a 
decrease in catalase activity.24 The α-amylase is a diges
tive and metabolic enzyme that catalyzes the hydrolysis of 
α-(1, 4) glycosidic linkages in starch and polysaccharides, 
etc. α-amylase activity has been reported to be lower in 
seeds imbibed in solution supplemented with salt than that 
in control solution.25 NKA is fundamental in maintaining 
ionic cellular homeostasis that facilitates the transfer of 
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Figure 9. Relative mRNA expression of DEGs in three populations of A. Japonicus by qRT-PCR under low salinity                 
stress treatment.   
(A), FPKM values of the 12 up-regulated genes after low salinity stress; (B), relative mRNA expression of 12 up-regulated genes after low salinity stress; (C), FPKM values of the 12 
down-regulated genes after low-salinity stress; (D), relative mRNA expression of 12 down-regulated genes after low salinity stress. Expressions levels were normalised to β-actin 
(mean ± standard deviation). Error bars represent SD. The different letters above the three cluster bars of same gene indicate a significant difference in three populations (P <0.05). A 
detailed description of the gene abbreviations is given in Table 2. 

ions across the cell membrane via active transport,26 but 
salinity has severe impacts on organisms’ homeostasis and 
histological structure.27 

We speculate that cultured A. japonicus (CT) might have 
a higher tolerance capacity to low salinity than wild popu
lations (DL and QD), based on the changing trends of these 
four enzymatic activities. Under low-salinity conditions of 
23-20 psu, the SOD, CAT, and NKA activities of the cul
tured population were significantly higher than those of DL 
and QD. Amy activity was significantly higher than that of 
DL and QD but was not significantly different at 23 psu. 
Conversely, under high salinity conditions of 40-45 psu, 
the enzymatic activity of CT was significantly lower than 
that of DL and QD, which represent sea cucumbers from 
wild populations. This suggests that the cultured popula
tion may have a poor ability to adapt to high-salt environ
ments. In summary, the enzymatic activity of A. japonicus 
is significantly influenced by salinity. The results of differ
ent enzyme activities and survival rates in the three popu
lations of A. japonicus demonstrate that wild organisms are 
expected to perform better in oceanic conditions, whereas 
cultivated organisms are better adapted to low salinities. 

INFLUENCE OF BREEDING ENVIRONMENT ON THE 
SALINITY ADAPTABILITY OF A. JAPONICUS 

Adaptations to salinity may vary among different pheno
types of the same species.28 Artificial breeding and culture 
environment selection may increase the genotypic differ
ences between wild and cultured sea cucumbers. In the pre

sent study, this may explain why different phenotypes of 
A. japonicus show different metabolic responses to varying 
salinities.7 Overall, this study provides insights into the dif
ferent effects of salinity on the wild and breeding popu
lations of A. japonicus. Various miRNA families have been 
associated with the regulation of gene expression in re
sponse to salt stress.29 To date, numerous genes have been 
identified to play important roles in salinity regulation, in
cluding lysozyme,30 Na+/K+-ATPase,27 Hsp70 mRNA,9 Ser
ine proteinase inhibitor gene and carotenoids,31 calcyclin-
binding protein,32 mitogen-activated protein kinase,33,34 

HSP90,35 thyrotropin and corticotrophin.36 Future studies 
are required to identify differences in salinity-related genes 
among the three populations of A. japonicus. 

The differences in survival salinities may reflect the fact 
that sea cucumbers in each area are members of physiologi
cally distinct races that respond differently to environmen
tal factors. Ponds are more susceptible to low salinity wa
ter due to rainfall, making it challenging to maintain high 
salinity levels, especially in ponds with favorable water ex
change rates. Consequently, the adaptation of cultured sea 
cucumber strains to low-salinity conditions has facilitated 
the development of a pond-based sea cucumber breeding 
industry. 

The information obtained in this study will be valuable 
for the further development of the A. japonicus aquaculture 
industry. Our improved aquaculture techniques have al
lowed us to expand upon the preliminary data on salinity 
tolerance. 
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