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The full length of the CsGDH gene was 1683 bp, with an open reading frame (ORF) of 
1176 bp, encoding 391 amino acids. The predicted CsGDH protein contained the 
conserved ELFV_dehydrog (IPR006096) functional domain at 98 aa-387 aa. Exposed to 
ammonia nitrogen, the transcript level of CsGDH mRNA in the hepatopancreas showed a 
decreasing trend, then increasing and finally decreasing. Association analysis for 
ammonia nitrogen tolerance traits was performed, and seven SNPs (264bp A/G, 435bp A/
G, 504bp A/T, 582bp C/T, 648bp C/T, 933bp C/T, and 969bp A/G) located in the region of 
ORF were screened for ammonia nitrogen tolerance in the CsGDH. The two SNPs 
mutations of 504bp A/T and 582bp C/T were significantly associated with ammonia 
nitrogen tolerance (P<0.05). The above findings suggest that the CsGDH gene can be used 
as one of the candidate marker genes to improve ammonia nitrogen tolerant of the clam 
Cyclina sinensis. 

INTRODUCTION 

The clam Cyclina sinensis is an important economic shell 
mollusk in the coastal areas of East Asia.1 Its fast growth 
rate and strong resistance significantly contribute to the 
Chinese shellfish industry.2 In recent years, ammonia ni
trogen accumulation has seriously threatened marine ani
mals’ growth and development, physiological metabolism, 
and behavioral responses.3 

Ammonia nitrogen is an important stressor in seawater, 
consisting mainly of non-toxic NH4+ and more toxic NH3.

4 

NH3 can cause blood ammonia toxicity, which further de
stroys its immune system, disturbs its osmotic pressure bal
ance, and seriously affects its growth and development per
formance.5 It has been shown that some aquatic animals 
can regulate the metabolic pathway of detoxification and 
change excretory behaviors to reduce toxicity.6 Current 
studies have shown that glutamine synthesis is one of 
aquatic animals’ most important detoxification pathways.7 

Glutamine is a non-toxic compound that can be accumu
lated in large quantities in organisms.8 It can also be used 
to synthesize a variety of substances, such as purine, 
pyrimidines, and polysaccharides, which can be used in the 
physiological activities of the organism.9 

Glutamate is synthesized by Glutamate dehydrogenase 
(GDH) catalyzing the synthesis of NH4+ and α-Ketoglutaric 
acid (α-KG), and the α-KG produced in this process can en
ter directly into the tricarboxylic acid cycle to provide en
ergy for the organism.10 And glutamate can be catalyzed 
with NH4+ by glutamine synthetase to form glutamine.11 

The reaction is considered one of the most important 
mechanisms of ammonia assimilation.12,13 Thus, the activ
ity of GDH influences the synthesis of Glutamine. Recently, 
the function of GDH to deal with stress factors has become 
a research hot-spot, such as temperature,14 salinity,15 hy
poxia,16 and so on. Synthesis of glutamine to reduce am
monia nitrogen toxicity has been found in Oncorhynchus 
mykiss,17 Monopterus albus,18 Penaeus monodon,19 Clarias 
gariepinus6 and so on. The function of the GDH gene in re
sponse to ammonia nitrogen has not been studied in clam. 
Therefore, to elucidate the functions of the GDH gene in 
the clam exposed to ammonia, the full-length cDNA was 
cloned and characterized, and ammonia nitrogen tolerance 
traits in the CsGDH were analyzed. 
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MATERIALS AND METHODS 

ANIMAL MAINTENANCE AND AMMONIA NITROGEN 
STRESS 

The clam C. sinensis was provided by Lianyungang 
Zhongchuang Aquaculture Co. The clam with basically the 
same specification, health, and weight (7.08±0.61g) were 
selected for this experiment. Before the experiment, all the 
clam were kept in PVC tanks (42cm×28cm×36cm) for one 
week to acclimate to the laboratory conditions (tempera
ture: 21±0.5℃; salinity: 25±0.5 practical salinity units, PSU; 
pH: 7.77; DO>5.0 mg/L; TAN<0.01 mg/L). The water was 
continuously aerated, with 50% seawater replaced every 24 
hours. All specimens were fed Chlorella vulgaris. The clam 
were fasted for 48 hours before the start of the experiment 
to ensure that intestinal contents had been expelled.13 

The ammonia nitrogen level was set according to the 
previous research in the laboratory.20 Three groups were 
set up for the experiment, the control group (TAN: <0.01 
mg/L) and the ammonia nitrogen stress group (TAN: 200 
mg/L) (one group was used for the hepatopancreas tissue 
expression experiments, and one group was used for the 
correlation analysis experiments of the ammonia nitrogen 
tolerance traits). Experimentally added total ammonia ni
trogen was configured from amorphous ammonium chlo
ride, ready to use. Transiently reared healthy C. sinensis 
were randomly transferred into each experimental group, 
three parallels per group, and each parallel group was ran
domly assigned 100 C. sinensis. The water was changed 
once a day during the period of stress in more than 2/3 of 
the water volume and reconfigured after the water change. 

SAMPLE COLLECTION 

To determine the expression of CsGDH in different tissues, 
mantle, hepatopancreas, gill, foot, pipe, and adductor were 
selected and removed carefully. All the selected samples 
were immediately frozen in liquid nitrogen. To analyze the 
CsGDH transcript level in the hepatopancreas of the clam 
exposed to ammonia nitrogen, three clams were randomly 
taken from each group at 0, 3, 6, 12, 24, 48, and 96 h. The 
hepatopancreas were removed carefully and frozen imme
diately in liquid nitrogen for RNA extraction. 

For correlation analysis of ammonia nitrogen tolerance 
traits, all dead individuals were collected at 3 h intervals on 
patrol and numbered to indicate the time of death. Ammo
nia nitrogen stress was applied until 70% of the individuals 
died; the first 70% were ammonia nitrogen-sensitive indi
viduals, and the last 30% were nitrogen-tolerant individu
als. The hepatopancreas were removed carefully and frozen 
in liquid nitrogen immediately. 

CLONING AND SEQUENCING OF CSGDH 

Gene-specific primers (Table 1) based on the putative uni
genes were designed using Primer Premier 5.0 to obtain the 
full-length cDNA of CsGDH.13 First-strand cDNA for RACE 
was prepared using the HiScript-TS 5′/3′ RACE Kit (Vazyme, 
China).21 The 5′-RACE and 3′-RACE PCRs were performed 

following the manufacturer’s instructions, all operations 
are performed on ice. 

BIOINFORMATIC ANALYSES OF CSGDH 

The full-length cDNA sequence of CsGDH was spliced and 
translated into amino acids using DNAMAN. Physicochem
ical properties of the predicted CsGDH protein were deter
mined using the Expasy Protein Analysis System. The do
mains, secondary, and three-dimensional (3D) structure of 
the CsGDH protein were modeled with the SMART, NSPA 
and Swiss-Model Workspace, respectively.13 The amino 
acid homology analysis was performed using Esprit and 
CLUSTALW. A neighbor-joining (NJ) phylogenetic tree was 
constructed using Molecular Evolutionary Genetics Analy
sis (MEGA) v6.0.22 

CHARACTERIZATION OF THE TISSUE DISTRIBUTION OF 
CSGDH 

To analyze the transcript level of CsGDH mRNA, qRT-PCR 
was performed.4 The primers used are listed in Table 1. 
Each sample was in triplicate. Relative transcript levels 
were determined using the 2-△△Ct method.4 

EXPRESSION ANALYSIS OF CSGDH UNDER AMMONIA 
NITROGEN STRESS 

The expression of CsGDH gene in the hepatopancreas was 
detected in the clam exposed to ammonia nitrogen at dif
ferent time. The reaction system, reaction procedure, data 
processing, and analysis were as described above. 

SCREENING AND ANALYSIS OF SNPS ASSOCIATED WITH 
AMMONIA NITROGEN TOLERANCE TRAITS IN THE 
CSGDH 

The cDNA templates of 10 ammonia nitrogen-stressed in
dividuals and ten control individuals were mixed sepa
rately. SNP primers were designed, and a single band with 
high specificity was selected and sent to Beijing Tsingke 
Biotech Co (Tsingke Biotech, China) for sequencing. The 
loci with double peaks in the sequencing peak plots might 
be SNP (Fig. 1). The sites with different bases in the se
quences of the ammonia nitrogen stress group and the con
trol group may also be SNP sites.23 The significance of the 
detected SNP was analyzed using SPSS 22 chi-square test. 
The association of SNPs with ammonia nitrogen tolerance 
was determined. 

RESULTS 

ANALYSIS OF THE CSGDH CDNA SEQUENCE 

As shown in Fig. 2, the full-length cDNA of CsGDH (Gen
Bank accession OR607255.1) was 1683 bp, including a 5′-
terminal untranslated region (5′-UTR) of 459 bp and a 3′-
UTR of 48 bp. The ORF of CsGDH was 1176 bp in length, 
encoding a protein of 391 amino acids, with a predicted 
molecular weight of 42.95 kDa and a theoretical pI of 6.57. 

Identification of multifunctionality of glutamate dehydrogenase gene (CsGDH) and development of SNPs a…

Israeli Journal of Aquaculture - Bamidgeh 169



Table 1. Sequences of the primers used in this study.         

Primers Sequence（5′-3′） （ ′ ′） Application 

CsGDH-5 GSP 
CsGDH-3 GSP 
NUP 
UPM 
M13-F 
M13-R 
CsGDH-qrt-F 
CsGDH-qrt-R 
β-actin-F 

β-actin-R 

CsGDH-F 
CsGDH-R 

AGCTCCGGCACGATGCAGGTATCTC 
CATGGTAGAACATCGGCGACAGGTCGTG 
GTCTAATACGACTCACTATAGGGCA 
GGTATCAACGCAGAGT 
AAGCAGTGGTAACAACGCAGAGT 
GTTGTAAAACGACGGCCAG 
CAGGAAACAGCTATGAC 
TTGGATACCCTCTAGCAAAACC 
TCGGACCATTAGCACCCTCA 
CCTGGTATTGCCGACCGTAT 
TTGGAAGGTGGACAGTGAAGC 
ATGACATATAAATGTGCCGTTGTCG 
TTAAGTAAATGTGAGGCCAGCATCA 

5′ RACE 

3′ RACE 

RACE PCR 
RACE PCR 
Positive Clone 
Positive Clone 
qRT-PCR 
qRT-PCR 
Reference gene 
Reference gene 
SNP 
SNP 

Glycine accounted for the largest proportion at 10.7 per
cent, followed by isoleucine and alanine at 8.7 percent and 
8.4 percent, respectively. The chemical formula of this pro
tein is C1922H3018N518O570S14, and the protein instability 
coefficient is 24.97. As shown (Fig. 3A), the CsGDH gene in
cludes an ELFV_dehydrog (IPR006096) functional domain 
located at 98 aa-387aa. Prediction of the secondary struc
ture of CsGDH showed that the protein has 41.94% α-he
lices, 7.16% extended strands, and 50.90% irregular coils 
(Fig. 3B). The 3D structure prediction of CsGDH protein is 
shown in Fig. 3C. 

AMINO ACID SEQUENCE COMPARISON, HOMOLOGY 
ANALYSIS, AND PHYLOGENETIC ANALYSIS OF CSGDH 

The amino acid sequences deduced from C. sinensis CsGDH 
were compared in NCBI with the amino acid sequences en
coded by GDH of other species in the GenBank database for 
affinity. The vertebrates such as Homo sapiens and Bran
chiostoma belcheri; the arthropods such as Penaeus van
namei and P. trituberculatus; Sinonovacula constricta, Merce
naria mercenaria and some other molluscs were selected for 
systematic analysis. A phylogenetic tree was constructed 
and amino acid homology comparison was carried out by 
using the NJ method (Fig. 4). The evolutionary tree was 
mainly divided into two main branches, in which C. sinensis 
and M. mercenaria were in a cluster, indicating that the 
phylogeny of these two species was the closest, and the ho
mology with Gallus Gallus, Sus scrofa, human, and mouse 
species was the lowest. 

EXPRESSION PATTERNS OF THE CSGDH MRNA IN 
DIFFERENT TISSUES OF C. SINENSIS 

The qRT-PCR showed that the CsGDH mRNA expressed 
ubiquitously in all the selected tissues. The CsGDH mRNA 
transcript level was highest in the hepatopancreas, fol
lowed by the gill, adductor, foot, pipe, and mantle. The Cs
GDH mRNA transcript level was significantly higher than 
other tissues (P<0.05) (Fig. 5). 

CHANGES IN THE CSGDH TRANSCRIPT LEVEL IN THE 
HEPATOPANCREAS OF C. SINENSIS EXPOSED TO 
AMMONIA NITROGEN 

Ammonia nitrogen stress had a significant effect (P<0.05) 
on the transcript level of the CsGDH mRNA in hepatopan
creatic tissues of the clam C. sinensis (Fig.6). The transcript 
level of the CsGDH mRNA in hepatopancreatic tissues of 
the experimental group in the first 24 h was not significant 
compared with that of the control group (P>0.05). The tran
script level of the CsGDH mRNA was down-regulated at 3 h. 
And then, the transcript level of the CsGDH mRNA showed 
an increasing trend and reached the maximum at 48 h, 
which is significantly higher than the other sampling time 
(P<0.05). 

ANALYSIS OF SNP DISTRIBUTION OF CSGDH AND ITS 
ASSOCIATION WITH AMMONIA NITROGEN TOLERANCE 

At the beginning of the ammonia nitrogen stress exper
iment, the first dead C. sinensis was found at 6 h. The 
mortality rate gradually increased with time, reaching the 
highest value of mortality at 96 h. At 120 h, the mortality 
reached 70%, which was regarded as the sensitive group, 
and the surviving individuals were regarded as the tolerant 
group. In addition, no death was found in the control group 
during the whole experiment. A total of seven SNPs (264bp 
A/G, 435bp A/G, 504bp T/A, 582bp C/T, 648bp C/T, 933bp 
C/T, 969bp A/G) were found, all located in the ORF region. 
The association analysis of ammonia nitrogen tolerance 
traits was performed, and the SNPs were significantly as
sociated with ammonia nitrogen tolerance when P<0.05 
(Table 2). The 504bp T/A and 582bp C/T SNPs, which were 
synonymous mutations, were significantly associated with 
ammonia nitrogen tolerance. 

DISCUSSION 

GDH is one of the crucial enzymes in the synthesis of glu
tamine.24 Ammonia nitrogen is a serious toxic pollutant in 
aquatic ecosystems, and the synthesis of glutamine is an 
effective physiological response for organisms to adapt to 
high ammonia nitrogen.25 When ammonia nitrogen accu
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Fig. 1. Schematic diagram. A: the 504bp (GGT) mutation. B: the 582bp (TAC) mutation.             
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Fig. 2. The  CsGDH  cDNA and deduced amino acid sequence of        C. sinensis   
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Fig. 3. A: Conserved domain of     CsGDH; B: Predicted    CsGDH  secondary structure. C: Predicting protein model of        
CsGDH.  

mulates in the body, the GDH can reduce the ammonia ni
trogen by converting the excess ammonia to glutamate.11 

In the present study, the CsGDH mRNA expressed ubiqui
tously in all the selected tissues. The CsGDH mRNA tran
script level was highest in the hepatopancreas, followed by 
the gill, adductor, foot, pipe, and mantle. In S. constricta, 
the GDH gene is expressed in the gill, foot, adductor, he
patopancreas, pipe, and mantle.26 The expression of the 
GDH gene was also relatively high in the hepatopancreas 
and gill of Fenneropenaeus chinensis (He et al., 2016). This 
is probably because the hepatopancreas tissue is the detox
ification organ.27 Under ammonia nitrogen stress, the he
patopancreas would show edema, severe vacuolization, and 
local necrosis, which in turn can affect its detoxification 
function and even lead to fish death.28 Similarly, in this 
study, the CsGDH mRNA transcript levels in hepatopan
creas changed with time under ammonia nitrogen stress, 
and the CsGDH gene was suppressed at the beginning of the 
stress, then showed a gradual increase and reached the ex
treme value at 48 h. The relative expression was 4.58-fold 
that of the control group, showing significant down-reg
ulation. This phenomenon might be caused by the high 
ammonia nitrogen stress, which could also be seen from 
the expression of the CsGDH gene at 3 h. The transcrip
tional levels of the CsGDH gene in the stress group was 

significantly lower than that in the control group. Previous 
laboratory research has found that the structure of he
patopancreatic tissues changed significantly under ammo
nia nitrogen stress.4 With the prolongation of ammonia 
stress time, the expression of GDH gene increased gradu
ally, accelerating the conversion of ammonia nitrogen and 
the synthesis of glutamate in the body.10 However, the free 
amino acid content in the hepatopancreas decreased under 
ammonia stress, among which the glutamate content de
creased by 27%.29 This could be attributed to the amino 
acid catabolic capacity. In the final stages of ammonia 
stress, the transcript level of the CsGDH mRNA showed 
an increasing trend and reached the maximum at 48 h, 
which is significantly higher than the other sampling time 
(P<0.05). This indicates that ammonia stress can activate 
the CsGDH gene, contributing to ammonia nitrogen detox
ification in C. sinensis. 

SNP markers play important roles in biological 
processes, such as genetic linkage mapping, association 
analysis, population evolution, kinship identification, and 
diagnosis of diseases.30,31 As the third generation of mol
ecular genetic markers, many studies have been conducted 
in Bivalvia to show that SNPs are associated with economic 
traits, including growth, disease resistance, and stress tol
erance.32‑34 Therefore, SNP markers have been widely used 
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Fig. 4. Phylogenetic tree of the amino acid sequences of GDH in           C. sinensis   and other species. The value at the        
bifurcation represents the confidence level obtained from 10000 replicate sampling; The length of the scale                
represents 0.05 permutations per locus.      

Fig. 5. Distribution of   CsGDH  mRNA expression in    
different tissues of    C. sinensis.   Different letters indicate    
significant differences (  P<0.05), same letters indicate     
no significant differences (   P>0.05).  

as a molecular-assisted breeding tool for economic traits 
due to the advantages of high genetic stability and de
tection accuracy.35 In the Patinopecten yessoensis, a syn
onymous mutant SNP (c.852A>G) in the IGF2BP gene was 
significantly associated with growth shape.36 In Tegillarca 
granosa, two SNPs in Hb gene were significantly associated 
with drug resistance in Vibrio parahaemolyticus.37 In Hyri
opsis cumingii, two SNPs, +2248T/C and +2365T/C, in the 
IRF-2 gene were significantly associated with resistance to 

Fig. 6. Effect of ammonia nitrogen stress on the        
expression of the    CsGDH  mRNA in the hepatopancreas     
of C. sinensis. Different letters indicate significant        
differences ( P<0.05) between different time points.      

Aeromonas hydrophila.38 Seven SNPs were identified in the 
CsGDH gene and all SNPs were located in the ORF region 
in the present study. Association analysis showed that the 
504bp T/A and 582bp C/T SNPs were significantly asso
ciated with ammonia nitrogen tolerance. Sun26 screened 
SNPs in S. constricta for association analysis of ammonia 
nitrogen tolerance traits, and the results showed that both 
SNPs, c.323T>C and c.620C>T, exhibited significant associ
ation (P<0.05) with ammonia nitrogen tolerance traits. This 
is consistent with the results of this experiment. However, 
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Table 2. The SNP distributions of     CsGDH  in ammonia-sensitive and tolerant groups      

Locus Located Genotype Susceptible 
N(%) 

Tolerant 
N(%) 

X2(P) 

264bp A/G 
435bp A/G 
504bp T/A 
582bp C/T 
648bp C/T 
933bp C/T 
969bpA/G 

ORF 
ORF 
ORF 
ORF 
ORF 
ORF 
ORF 

AA 
AG 
GG 
AA 
AG 
GG 
AA 
AT 
TT 
CC 
CT 
TT 
CC 
CT 
TT 
CT 
TT 
AG 
GG 

40% 
20% 
40% 
50% 
20% 
30% 
20% 
20% 
60% 
60% 
20% 
20% 
50% 
20% 
30% 
30% 
70% 
50% 
50% 

30% 
60% 
10% 
10% 
70% 
20% 
20% 
70% 
10% 
10% 
70% 
20% 
10% 
70% 
20% 
60% 
40% 
70% 
30% 

3.943(0.139) 
5.644(0.059) 
6.349(0.042) 
6.349(0.042) 
5.644(0.059) 
1.818(0.178) 
0.833(0.361) 

Note: The SNP distributions between ammonia-sensitive and tolerant groups were significant (P<0.05). 

proving the exact relationship between these SNPs and am
monia nitrogen tolerance traits still requires further re
search. On the other side, the selection and breeding of new 
ammonia nitrogen-tolerant C. sinensis varieties is still in its 
infancy, so the results of the present experiment suggest 
that the CsGDH gene can be used as one of the candidate 
marker genes to improve ammonia nitrogen tolerant of the 
clam C. sinensis. These data enriched the C. sinensis genome 
database, whereas both the small sampling population and 
the phenomenon of population stratification caused bias, 
so subsequent large population calibration is needed. 
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