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Abstract 

In this study, the effects of salinity fluctuation on gene expression patterns in ovary and 

hepatopancreas of Litopenaeus vannamei were analyzed. The expression level of 

vitellogenin in the ovaries were significantly, markedly, and slightly, inhibited 

respectively in the hepatopancreas after brooders were transferred from 30‰ to 20‰ 

or 40‰ salinity for 4 days. The expression levels of the development of germ cell related 

genes Dmc1, proliferating cell nuclear antigen (PCNA) and cyclophilin A were significantly 

reduced at 20‰ or 40‰ salinity. The transcript level of shrimp ovarian peritrophin 

(SOP) was significantly reduced at 20‰ salinity, and the expression level of ovary 

specific gene mucin-5 AC was significantly higher at 40‰ salinity. Four stress related 

genes, cytoplasmic carbonic anhydrase (LvCAc), Na+/K+-ATPase alpha subunit (LvNK), V-

H+-ATPase subunit A (LvVH), and heat shock protein 90 (LvHSP90), were significantly 

up-regulated at 40‰ salinity in the ovaries. In the hepatopancreas, the transcript level 

of fatty acid synthase (LvFAS) was significantly inhibited under 40‰ salinity. The mRNA 

levels of stress related genes LvNK, LvVH, and LvHSP90, were significantly lower at 40‰ 

salinity. Results indicated that changes in salinity caused transcription inhibition of germ 

cell and ovarian development related genes, and the expression patterns of stress related 

genes in the ovaries and hepatopancreas were quite different. 
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Introduction 

Pacific white shrimp (Litopenaeus vannamei) is native to the seacoast of the Pacific 

Ocean. It is one of the most important species targeted in commercial aquaculture, 

because of its rapid growth, adaptability to a wide range of salinity and temperature 

variations, disease resistance, and low demand for dietary protein. L. vannamei is an 

omnivorous species and can grow normally given feed with a 20% protein ratio. Survival 

water temperature for L. vannamei ranges between 13-40℃  but the optimum water 

temperature for growth and ingestion is 23-30℃. In addition, L. vannamei has good 

osmoregulatory ability with a wide range of salinity adaptation from 1-50 g/L (Li et al., 

2010).  

Environmental factors especially physical and chemical ones can affect the developmental 

process of L. vannamei. Much research has focused on effects of temperature, salinity, 

illumination, ammonia nitrogen, nitrate nitrogen, dissolved oxygen, pH or COD on the 

growth of juvenile shrimp, however, only little has been undertaken to analyze the effect 

of temperature, salinity, or illumination on gonadal development. Salinity variation is 

directly related to osmoregulation (Robles et al., 2014) and it is one of the main 

environmental factors which affect metabolism, growth, and nutrition demands of marine 

animals. L. vannamei is an euryhaline species which can adjust osmotic pressure 

according to salinity variation of growth environment. Conversion rates, growth, and 

other physiological processes are highest when shrimp are cultured in isotonic point 

salinity. Analysis of the effects of salinity and temperature on the growth of L. vannamei 

found that survival ratio and growth are best at 33 to 40‰ (Ponce-Palafox et al. 1997). 

GDH activity in gills of L. vannamei was found to increase in enhanced environmental 

salinity, while GDH activity is directly related to protein synthesis and decomposition 

(Chen et al., 2009). Salinity also influences fatty acid assimilation, composition, and 

distribution in L. vannamei. The composition and content of free amino acids are also 

influenced by different salinities (Liang et al., 2000; Li et al., 2009), while protein, fatty 

acid, and free amino acid affect gonadal development. 

Gonad quality can be influenced by many factors. Salinity affects energy 

consumption, ingestion, growth, and conversion efficiency which cause diversity in 

protein accumulation, amino acid composition and digestive enzyme activity of shrimp. 

Thus, salinity causes an indirect impact on gonadal development by influencing 

metabolism and physiological activities, however, little research has focused on the 

molecular mechanism. In this study, we analyzed the effects of salinity fluctuation on 

expression levels of ovary development and stress related genes in the hepatopancreas 

and ovary of female L. vannamei broodstocks.  

 

Materials and Methods 

Animals and experimental treatments 

The brooders used in this study were bought from Guangxi Academy of Fishery Sciences, 

Nanning, China. They were 15 months old weighing 50-60 g, cultured in 30‰ salinity at 

28℃. These females, after spawning, were transferred directly to three salinity 

treatments (5 shrimps per treatment): from 30‰ to 20‰ and 40‰ with no 

acclimation. After 4 days, the ovaries and hepatopancreas were dissected and 

immediately immersed in liquid nitrogen and stored at -80℃  until RNA isolation. 

RNA isolation and cDNA synthesis 

Total RNA of ovary or hepatopancreas were isolated using Easyspin Plus kit (Aidlab, 

China). RNA quality and quantity were determined by NanoDrop (Aoseng, Hangzhou, 

China) and agrose gel analysis. 1 μg total RNA was used for cDNA synthesis according to 

protocol of PrimeScriptTM RT reagent kit with gDNA Eraser (Takara, Dalian, China). The 

cDNAs were stored at -20℃ after dilution. 

Transcription analysis of genes in ovary or hepatopancreas 

Primers for Real-Time RT-PCR analysis were designed according to gene sequences using 

Primer Premier 5.0 after the primer specificity was analyzed. The gene accession 

numbers and primer sequences are listed in Table 1. The CT values were determined in a  
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10 μl reaction volume containing 5 μl SYBR® Premix Ex Taq™ II (Tli RNaseH Plus) 

(Takara, Dalian, China), 0.2 μM each of gene-specific primers, and 1 μl cDNA (10 ng 

RNA) by using StepOnePlus system (ABI, America). Relative transcript levels were 

calculated relative to the transcript amount of the constitutively expressed 18s rRNA 

gene as follows: RTL = 1000*2-ΔCT. 

Table 1. Primers used for Real Time RT-PCR. 

Gene Accession No. Forward (5’→3’) Reverse (5’→3’) 

18s rRNA AF186250.1 GGAATGATGGAACAGGACC ATCCTTGGCAGATGCTTTC 

vitellogenin KM077131.1 GAACCCTAAGGCTATCATCACTG AGGTCGCTCTTCCATCTTTACT 

Dmc1 HQ116385.1 CGAGGAATACAACGTGTCTGTC ATTCGGGGCTGTCGTAGAT 

PCNA JN034913.1 ATTGCCTTCTGGGGAGTTC CAAGCAAAGGTGAGCGTGA 

cyclophilin A JN546074.1 ATCCCCAACTTCATGTGCC TGTCCAGCCAGGAGGTTTT 

SOP KX880374 CCAGATGGCATGGTATTCG GGTACAGGCAAGGGTTTTCA 

mucin-5 AC GDUV01014128 GCCAGATGTTCAGCAGATG TCTACGAAGCAAGCCATTTC 

CAc HM991703.2 ACCTATTCTGGCTCCCTCACT GTTCATCCTCTGGGCAACAC 

NK JQ996559.2 CTGACTGGAGAATCCGAACC CAAACCAGCAATACGACCC 

VH HM163157.1 TCGCTACATCATCCTGCTCA GGGCTTGCCACTGTATTCTT 

HSP90 HQ008268.1 AGCTTGGCCTGGGTATTGA TGGGTGAAGATTACGGTATGG 

FAS HM595630.1 GAAGGGGAAAGAATCAGGTG AGAGCGTGTTCAGAGGGTTG 

Statistical analysis 

Data of Real-Time RT-PCR analysis were processed using SPSS package (version #16.0), 

analysis of variance (ANOVA) was performed on the data sets, with the mean value and 

S.E. of each treatment. SigmaPlot (version #10) was used for the graphics. 

Results 

Expression patterns of vitellogenin mRNA in ovary and hepatopancreas 

Vitellogenin (VTG) is synthesized both in the ovaries and hepatopancreas of L. vannamei. 

Transcription of VTG mRNA in ovaries was reduced by more than 60% after being 

transferred to 20‰ or 40‰ salinity from 30‰ salinity for 4 days (Fig. 1a). The VTG 

transcript level was slightly inhibited in the hepatopancreas after shrimps were subjected 

to salinity changes (Fig. 1b). 
 
 

 

Fig. 1. Expression profiles of VTG in 

ovary and hepatopancreas of L. 

vannamei under different salinities. The 

ovary (a) and hepatopancreas (b) of 

shrimp cultured at 20‰, 30‰ or 40‰ 

salinity for 4 days were sampled and the 

expression level of VTG was analyzed. 

Results are means ± S.E. (n=5). 

Different letters indicate the mean values 

are significantly different between 

samples isolated from three salinities by 

LSD test (p <0.05). 

 

http://www.baidu.com/link?url=oC8QwJ7PXSuHdWjSn5KyzoeH3nlAwTBEmar0gzgSBsWlBzpFqNBZ1KjZ9PPVSa6Nh_wYHsr7aJXiOBvlCmWYAOctrLjwu40gMeC16h6D-BU4u1IW4G0vxSJS5GCuNeyu
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Expression profiles of ovary development related genes 

Expression levels of three genes related to germ cell development were analyzed in the 

ovaries after the females were subjected to salinity fluctuations (Fig. 2). Transcription 

levels of Dmc1, PCNA, and cyclophilin A, were significantly inhibited; mRNA levels 

LvDmc1, LvPCNA, and cyclophilin A, decreased more than 60%, 70%, and 40%, at 20‰ 

or 40‰ salinity, than at 30‰ salinity, respectively. 

  

 

Two other genes related to ovarian development were also determined (Fig. 3). The 

transcript level of SOP at 20‰ salinity was 44% lower compared to 30‰ salinity (Fig. 

3a). As opposed to SOP, the mRNA level of ovary specific expressed gene mucin-5 AC, 

was significantly up-regulated at 40‰ salinity (Fig. 3b). 

Fig. 2. Effects of different 

salinities on expression levels of 

germ cell development related 

genes of L. vannamei. The 

expression levels of Dmc1 (a), 

PCNA (b) and cyclophilin A (c) 

were measured after shrimp 

were cultured in 20‰, 30‰ or 

40‰ salinity for 4 days. 

Different letters indicate the 

mean values are significantly 

different between samples 

isolated from three salinities by 

LSD test (p <0.05). 
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In the control treatment, the mRNA levels of these five genes, LvDmc1 and mucin-5 

AC had the lowest expression level, and the relative transcript level of SOP was 20 and 

100 times higher than cyclophilin A and LvPCNA, respectively. 

Expression profiles of stress regulation related genes in ovary and hepatopancreas 

As shown in Fig. 4, the transcript levels of four genes related to stress regulation (LvCAc, 

LvNK, LvVH and LvHSP90) were significantly up-regulated in the ovaries after 

broodstocks were subjected to 40‰ salinity. The expression levels of these four genes 

were more than 2.5, 1.2, 1.2 and 1.5 times up-regulated, respectively. However, the 

expression levels of these four genes were slightly enhanced in 20‰ or 30‰ salinity.  

 

Fig. 3 Effects of different 

salinities on expression levels 

of ovary development related 

genes of L. vannamei. The 

expression levels of SOP (a) 

and mucin-5 AC (b) were 

measured after shrimp were 

treated with 20‰, 30‰ or 

40‰ salinity for 4 days. 

Different letters indicate the 

mean values are significantly 

different between samples 

isolated from three salinities by 

LSD test (p <0.05). 

Fig. 4 Expression patterns of four 

genes involved in stress regulation in 

ovary of L. vannamei. After treatment 

with different salinities (20‰, 30‰ 

or 40‰) for 4 days, the ovaries of 

shrimp were collected and expression 

levels of LvCAc (a), LvNK (b), LvVH 

(c) and LvHSP90 (d) were 

determined. Different letters indicate 

the mean values are significantly 

different between samples isolated 

from three salinities by LSD test  

(p <0.05). 

 

http://www.baidu.com/link?url=oC8QwJ7PXSuHdWjSn5KyzoeH3nlAwTBEmar0gzgSBsWlBzpFqNBZ1KjZ9PPVSa6Nh_wYHsr7aJXiOBvlCmWYAOctrLjwu40gMeC16h6D-BU4u1IW4G0vxSJS5GCuNeyu
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In the hepatopancreas, the mRNA level of fatty acid synthase encoded gene (LvFAS) 

decreased by more than 80% at 40‰ salinity, and slightly decreased at 20‰ salinity 

(Fig. 5a). mRNA levels of these three stress related genes (LvNK, LvVH, and LvHSP90) 

were significantly lower at 40‰ salinity than 20‰ or 30‰ salinity (Fig. 5b-d). 

Expression levels of LvNK and LvHSP90 decreased more than 60% and 90% in 40‰ 

salinity than in 30‰ salinity. 

 

In the control group, the mRNA levels of LvNK, LvVH were more than double in the 

ovaries than in hepatopancreas, while the expression level of LvHSP90 was over 16 times 

higher in the ovaries. 

Fig. 5 Expression patterns of 

fatty acid synthase and three 

stress regulation related 

genes in hepatopancreas of L. 

vannamei. After treatment 

with 20‰, 30‰ or 40‰ 

salinity for 4 days, the 

expression levels of LvFAS 

(a), LvNK (b), LvVH (c) and 

LvHSP90 (d) in 

hepatopancreas of shrimps 

were determined. Different 

letters indicate the mean 

values are significantly 

different between samples 

isolated from three salinities 

by LSD test (p <0.05). 

 

http://www.baidu.com/link?url=oC8QwJ7PXSuHdWjSn5KyzoeH3nlAwTBEmar0gzgSBsWlBzpFqNBZ1KjZ9PPVSa6Nh_wYHsr7aJXiOBvlCmWYAOctrLjwu40gMeC16h6D-BU4u1IW4G0vxSJS5GCuNeyu
http://www.baidu.com/link?url=oC8QwJ7PXSuHdWjSn5KyzoeH3nlAwTBEmar0gzgSBsWlBzpFqNBZ1KjZ9PPVSa6Nh_wYHsr7aJXiOBvlCmWYAOctrLjwu40gMeC16h6D-BU4u1IW4G0vxSJS5GCuNeyu
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Discussion 

Vitellogenesis and oogenesis are two delicately regulated processes required for 

ovarian maturation in crustaceans (Tsukimura, 2001). The ovarian development of 

oviparous animals is characterized by the accumulation of a major yolk protein (vitellin) 

in the oocytes, and the precursor of vitellin is called vitellogenin (VTG). In L. vannamei, 

VTG is expressed both in the ovary and in the hepatopancreas (Raviv et al., 2006). In 

this study, the expression level of VTG in the ovaries was significantly reduced after the 

broodstocks were transferred from 30‰ to 20‰ or 40‰ salinity for 4 days. This step 

inhibited the maturation of oocytes but not the expression level of VTG in the 

hepatopancreas. This suggests that the synthesis of vitellogenin is not affected by salinity 

fluctuations.  

LvDmc1 is expressed specifically in premeiotic oogonia/spermatogonia and can be 

used as an indicator for germ cell development (Okutsu et al., 2010). In Marsupenaeus 

japonicus, mjPCNA plays an important role in the testis and ovary development, 

especially in the process of mitosis and meiosis (Shen et al., 2010). In this study, the 

reduction of tree germ cell development related genes LvDmc1, PCNA and cyclophilin A in 

L. vannamei suggests possible inhibition of germ cell development caused by salinity 

fluctuations. Shrimp ovarian peritrophin (SOP) is a major protein in jelly layer (JL) and 

cortical rods (CRs) and plays a role in the protection of spawned eggs. SOP was first 

isolated from the ovaries of Penaeus semisulcatus. It is abundant in the cytoplasm of 

vitellogenic oocytes and was detected in the extracellular CRs at the end of vitellogenesis 

(Khayat et al., 2001). A current study showed that transcript level of SOP was reduced 

after transfer of crayfish from 30‰ to 20‰ salinity, indicating that oocyte maturation 

was inhibited in the process. Mucin-5 AC is an ovary specific expressed gene in L. 

vannamei (Peng et al., 2015); its function is unknown in shrimp. Further studies are 

needed to analyze SOP function and mucin-5 AC in ovarian development of L. vannamei. 

Osmoregulatory capacity is seen as a tool to monitor the physiological state of 

penaeid shrimp in different adverse conditions under artificial rearing (Lignot et al., 

2000). Cytoplasmic carbonic anhydrase and Na+/K+-ATPase are the two most studied in 

crustacean osmoregulatory system. They belong to transport-related enzymes and 

specific ion transport proteins respectively (Liu et al., 2015; Jasmani et al., 2010). V-H+-

ATPase is also a transport-related enzyme, which participates in osmoregulation (Faleiros 

et al., 2010; Li et al., 2015). In the current study, the transcription levels of LvCAc, 

LvNK, and LvVH in the ovary were significantly up-regulated at 40‰ salinity which 

indicates that the three genes regulate intracellular and extracellular fluid volumes and 

regulate the hemolymph ionic/osmotic balance under high salinity. HSPs can be used as 

cell stress markers that are well recognized in many species (Wahid et al., 2007). The 

expression level of LvHSP90 was significantly up-regulated in the ovaries under salinity 

fluctuation. However, expression levels of LvNK, LvVH and LvHSP90 in the 

hepatopancreas were significantly reduced under 40‰ salinity. We speculated that high 

salinity environments may be harmful to the hepatopancreas and cause low expression of 

LvNK, LvVH, and LvHSP90.  

Fatty acid synthase (FAS) is an important enzyme that catalyzes the synthesis of 

long-chain fatty acids from acetyl-CoA and malonyl-CoA (Smith et al., 2003). It is known 

to be a complex multi-functional enzyme that plays an important role in energy 

homeostasis. In sea bass, dietary and endogenous fatty acids are crucial for male and 

female gonadogenesis, fecundity, and embryo and larval development (Asturiano et al., 

2001). Hepatic and ovarian FAS mRNA expression levels significantly increase at 

vitellogenesis and postvitellogenesis relative to previtellogenesis in silver pomfret (Peng 

et al., 2017). In L. vannamei, the LvFAS play a role in white spot syndrome virus and 

Vibrio parahaemolyticus infections (Yang et al., 2011; Zuo et al., 2017). No study is 

focused on its role during ovary development. In this study, mRNA expression level of 

LvFAS in hepatopancreas was significantly reduced at 40‰ salinity, which indicates that 

fatty acid synthesis and energy balance was disrupted by salinity fluctuation. 
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In conclusion, the results of this study showed that salinity fluctuation caused 

inhibition of ovarian maturation. The response of stress related genes in ovary and 

hepatopancreas resulted in different response mechanisms in these two organs. 
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