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Abstract 
 

Metapenaeus affinis is a crustacean with important commercial value in the fishery 
of the South China Sea. Overfishing has resulted in the decline of the wild 
population and germplasm degradation. However, there is little background 
knowledge about its gonadal development, and there is a lack of research on the 
development of this species. To better understand the molecular regulatory 
mechanisms during gonadal development, here, we performed RNA-Seq on 
immature and mature ovaries and compared their transcriptomic signatures. 
126,930,488 and 122,677,356 clean sequencing reads were obtained from the 
Illumina sequencing platform, respectively. 394 differentially expressed genes 
(DEGs) were identified, of which 136 were up-regulated, and 258 were down-
regulated. Further analysis revealed rich transcriptional sequences, which have 
homology with genes related to reproduction and development. Expression 
patterns of COX, GPX, E3s, PCNA, STPK, and other genes were changed during 
ovarian development. Validation by qRT-PCR demonstrated the reliability of RNA-
Seq. This study has made a significant contribution to the currently available 
sequence data of M. affinis and provided reference data for the development of 
genetic and breeding work. 
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Introduction 
As one of the important species of Penaeus, Metapenaeus affinis (H. Milne Edwards, 1837) 
(Decapoda, Penaeidae) is origins in Indo-West Pacific, distributed in Pakistan, Bangladesh, 
India, Malaysia, and China (Holthuis, 1980). In the South China Sea, M. affinis is an important 
Decapod resource with important commercial value. Its meat is plump and nutritious, 
containing more protein, minerals, and saturated fatty acids (Dancer et al., 2014). However, 
due to the excessive dependence of M. affinis on wild fisheries, the number of wild populations 
has decreased, which harms their population health. As a management measure, aquaculture 
can not only reduce the fishing pressure on wild populations, but also improve the yield, which 
is a method to maintain the sustainable development of resources (González-Castellano et al., 
2019). The premise of developing shrimp aquaculture technology is to understand the 
molecular regulation mechanism that occurs during the reproduction process (Lo et al., 2007). 
Understanding the genetic basis for the regulation of traits such as gonad development and 
maturation in species can provide information for aquaculture programs and promote the 
development of high-quality broodstock (Santos et al., 2014). 
 The ovary is a multifunctional organ, which mainly plays a role in the reproduction and 
hormone secretion of female shrimp and regulates its growth and development (Chu et al., 
2005). Some scholars have described the morphology and structure of ovary and germ cells 
of M. affinis, as well as their histological changes during gonadal development, but little is 
known about the molecular regulatory mechanism of ovarian maturation and the expression 
of related genes (Safaie, 2009). The first step to understanding the molecular mechanism of 
gonadal development in species is to identify and describe gonad-related genes and 
corresponding regulatory pathways (Peng et al., 2015). In recent years, great progress has 
been made in this area. Some genes have been confirmed to be key factors in the growth and 
development of crustaceans, including Cyclin B (Feng et al., 2020), Sox9 (Wan et al., 2021), 
Crustacean hyperglycemia hormone (CHH) (Guo et al., 2020), gem associated protein 2-like 
isoform X1 (GEM) (Jin et al., 2019), Crustacean female sex hormone (CFSH), (Zhuang et al., 
2020), mitogen- activated protein kinase 1 (Mapk1) (Ponza et al., 2011), sex determinant 
transformer-2 (tra-2) (Wangl et al., 2019).  
 The development of next-generation sequencing technology has radically accelerated 
biological research by providing large amounts of data in a short period of time and at low 
cost. Transcriptome sequencing enables the generation of high-throughput double-stranded 
cDNA fragments that are rapidly assembled into sequences for annotation. Through 
transcriptome sequencing, functional gene information involved in specific biological processes 
can be obtained from specific tissues, which broadens the understanding of gene networks, 
especially in non model organisms with unknown genomes (Cahais et al., 2012; Bar, I et al., 
2016; Mardis, 2008). The genes related to reproduction and development were successfully 
identified in some commercially important crustacean species by transcriptome sequencing, 
such as Fenneropenaeus merguiensis (Powell et al., 2015), Macrobrachium nipponense (Qiao 
et al., 2017), Portunus trituberculatus (Meng et al., 2015), Eriocheir sinensis (Li and Qian, 
2017) and Litopenaeus vannamei (Peng et al., 2015). Up to now, the genomics of M. affinis is 
still an area of research that has not yet been explored, and there are few reports on whole-
genome sequencing and next-generation sequencing, resulting in a lack of research 
information related to reproductive processes and gonad development. Studying the 
mechanism of ovarian development and transcriptome information is one of the effective 
methods to solve the depletion of species germplasm resources, while the transcriptome 
sequencing of ovarian-related tissues can reflect the dynamic level of gene transcription, thus 
providing a basis for molecular biology research (Bissonnette et al., 2009; Chalmel et al., 
2007; Wang, 2009). 
 In this study, RNA-Seq technology was used to prepare a transcriptome library, and then 
gene expression changes in immature ovaries and mature ovary tissues were analyzed to 
identify gonadal maturation-related genes. The generation of gonad specific library of M. affinis 
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is helpful to understand the molecular mechanism of gonadal development. These data provide 
a theoretical basis for exploring the regulation mechanism of the ovary development of M. 
affinis at the molecular level, which is helpful for genetic breeding research. 
 

Materials and methods 
Sample collection 
   The females of M. affinis used in this study were purchased from the seafood wholesale 
market in Sanya, Hainan Province, China. Then through the observation of the size and color 
of the ovaries on the back (Safaie, 2009; Ayub and Ahmed, 2002), they were divided into 
immature ovaries (average weight 10-15g) and mature ovaries (average weight 20-30g). 
Immature ovaries are translucent and colorless with an opaque line visible, while mature 
ovaries are green and can be clearly seen through the exoskeleton. Three biological replicates 
in each group. Before dissection, M. affinis were anesthetized in an ice tray for about 1-2 
minutes. Ovarian tissue were took out and immediately placed in liquid nitrogen, then stored 
at -80°C until RNA extraction. 
 
RNA extraction and sequencing 
 Extraction of total RNA from ovarian tissue by using Trizol reagent (Sangon, China). After 
that, the samples of RNA were detected. Detection of RNA degradation or contamination on a 
1% agarose gel. RNA purity and concentration (OD260/280: 1.8-2.2, OD260/230: 2.0-2.2) 
were detected by Nanodrop (Thermo Scientific NC2000, USA). RNA integrity was assessed by 
the RNA Nano 6000 Assay Kit from the Agilent 2100 Bioanalyzer (Agilent Technologies, CA, 
USA). 
 After the RNA samples were qualified, the mRNA was enriched using magnetic beads with 
Oligo(dT), and then cDNA was synthesized by reverse transcription. Double-stranded cDNA 
was purified using the AMPure XP system (Beckman Coulter, Beverly, USA), followed by end-
repair and the addition of "A" bases. Afterward, 250-300bp cDNA fragments were selected by 
AMPure XP beads. Then, Agilent 2100 was used to check the quality of the cDNA library 
constructed by PCR amplification. After the library passed the quality inspection, Illumina’s 
high-throughput sequencing platform (Illumina novaseq 6000) was used for sequencing. 
 
De novo assembly and functional annotation 
 Clean reads were obtained by filtering out a small amount of linker contamination and low-
quality reads in the raw data. Reads containing adapters were removed by using Trimmomatic 
software (v0.33); Filtered out reads with a ratio of more than 10% of N (N means that the 
base information cannot be determined); Reads with more than 50% low-quality bases (Q≤20) 
were deleted. The clean reads were assembled by Trinity software (Grabherr et al., 2011). 
The reads were first spliced into contigs, which were grouped and joined into transcripts 
(unigenes) whose ends could not be extended. 
 To further obtain more comprehensive gene function information, the reference-free 
genome analysis method was used to annotate the gene function of seven databases on the 
sequencing data. These databases include Nr (NCBI non-redundant protein sequences) , Nt 
(NCBI non-redundant nucleotide sequences) (http://www.ncbi.nlm.nih.gov/), Pfam (Protein 
family) (http://pfam.xfam.org/), KOG/COG (Clusters of Orthologous Groups of proteins) 
(http://www.ncbi.nlm.nih.gov/COG/KOG), Swiss-Prot (A manually annotated and reviewed 
protein sequence database) (http://www.ebi.ac.uk/uniprot/), KEGG (Kyoto Encyclopedia of 
Genes and Genome) (http://www.genome.jp/kegg/), KO (KEGG Ortholog) 
(http://www.genome.jp/kegg/), GO (Gene Ontology) ( http://www.geneontolo-gy.org/). 
 
Differentially expressed genes (DEGs) and enrichment analysis 
 Differential expression analysis of the two groups was performed using the DESeq R 
package (1.10.1). DESeq provides statistical routines for determining differential expression 
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in digital gene expression data using a model based on the negative binomial distribution 
(Langmead and Salzberg, 2012). The resulting P-values were adjusted to control the false 
discovery rate using the method of Benjamini-Hochberg (Roberts and Pachter, 2013). Genes 
with adjusted P-values < 0.05 found by DESeq were designated as differentially expressed. 
GO functional enrichment analysis and KEGG pathway enrichment analysis were performed on 
the differential gene sets using the software GOseq (Young et al., 2010) and KOBAS (Mao et 
al., 2005), and significance was set at qvalue<0.05. The enrichment analysis is based on the 
principle of hypergeometric distribution. All genes in the differential gene set are analyzed for 
significant differences and annotated into the GO and KEGG database. The enrichment analysis 
obtains all differential genomes, up-regulated differential genes and down-regulated genes for 
each differential comparison combination.  
 
Real-time quantitative PCR (qRT-PCR) validation 
 Ten DEGs were randomly selected for quantitative real-time polymerase chain reaction 
(qRT-PCR) validation of sequencing quantitative data. Elongation factor 1 α (EF1-α) was used 
as an internal reference gene, three parallel samples per group, and each parallel sample was 
repeated three times. Gene-specific primers were designed based on the identified transcript 
sequences by the primer software Premier 6.0 (Table 1). Roche Light Cycler 96 (Roche Applied 
Science, Germany) was used for the assay. The reaction mixture (12.5 µL) contained 6.25 µL 
of 2 × SYBR Premix Ex Taq, 0.5 µL of upstream and downstream primers, 1.0 µL of cDNA, 
and 4.25 µL of sterile water. The qPCR cycling parameters were as follows: 300 s at 95°C; 40 
cycles of 10 s at 95°C, and 30 s at 60°C; followed by the melting curve. Finally, the expression 
of related genes was analyzed by the 2-ΔΔCT method (Livak and Schmittgen, 2001). 
 
Table 1 Primers used for quantitative real-time polymerase chain reaction (qRT-PCR) 

Primer name  Forward Primer(5′-3′) Reverse primer (5′-3′) Purpose 

AST ATCCTGGGAGTGACTGAGGCTTTC GCTTGCCACTGTCATCACGGTAA qRT-PCR 

PAOX GGCGTCTCCAACAAGATCCAACTT CACTTGCCACGTTCACGATGTCT qRT-PCR 

1α-HYD GCTTAGCAGTGATGTGGTGATGTCT ATCGCTCAGGAAGGAACTCGTCT qRT-PCR 

NOS TGCCAGAGTGAAGATGTCCTCCTT GCCACTGATTGTCCATCGGTAGAAT qRT-PCR 

DHP AGTGCTGCTGACATAGTCTCTGCTA GTGCCAGTAGTGGTTACCTGTTGT qRT-PCR 

GAT2 TCGTGACTGCCATCGTTGACTTG TACATTCCACCCTGCGTGACCAT qRT-PCR 

SMPD CGCCTGTCAATAGTTTCCCACCTC CTGCCATTGTCTGTCCAACTCATCA qRT-PCR 

KYNU AGACTGTGCAATCCTCCTCCTATCC CTGCTTCTCCACAATTCGGTCCATT qRT-PCR 

KSR2 AGCACCAGTCAGTCAGCGTAGT AAGGGTAGAGGAAGTGTGGAGAGG qRT-PCR 

PCK GTGCCTGAGACGAACGAGATCATC AGCATGTGTTCCGCCAACCATC qRT-PCR 

EF1-α AAGCCAGGTATGGTTGTCAACTTT  CGTGGTGCATCTCCACAGACT Reference 
gene 

 
Results 

Transcriptome assembly 
 After Illumina sequencing, low-quality and contaminating reads were filtered in the raw 
data. The immature ovary and mature ovary obtained 122,677,356 and 126,930,488 clean 
reads, the clean base numbers of the two groups were 19.04 G and 19.50 G, respectively. The 
Q30 of both groups was >92%, and the GC content of sequence bases was between 45.31% 
and 48.14% (Table 2). In the analysis using Trinity software, 28,065 unigenes were identified, 
with the longest length of 20,335 bp, the shortest length of 201 bp, and the N50 length of 
2591 bp (Table 3). Most unigenes sequences and transcripts ranged from <300 bp, 10,338 
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transcripts were >1000 bp, and 10,265 unigenes were >1000 bp (Figure 1). These results 
indicated that the data quality was high and that unigenes were suitable for further analysis.  
 
Table 2 Sequencing data statistics. 
 

Sample Raw reads Clean reads Clean bases Q30% GC% 

I_1 44,037,684 43,260,110 6.94G 93.12% 48.14% 

I_2 46,260,800 45,549,508 6.83G 92.82% 47.80% 

I_3 38,801,802 38,120,870 5.72G 92.38% 47.11% 

M_1 42,890,866 42,241,208 6.34G 92.87% 47.12% 

M_2 42,617,366 41,838,862 6.28G 92.70% 46.68% 
M_3 39,303,116 38,597,286 5.79G 92.62% 45.31% 

I and M represent female ovaries of immature stage ovary and mature stage ovary, respectively. _1, _2 and _3 
represent three independent biological replicates for each group. Q30 indicates that the base calling accuracy rate is 
greater than 99.9%.  
 
Table 3 Distribution of splicing lengths. 
 

 Transcripts Unigenes 

Total number 32,833 28,065 

Total length 46,249,254 35,882,966 

Max length 20,335 20,335 

Median length 661 589 

Min length 201 201 

N50 2819 2591 

N90 535 470 

 

 
Figure 1 Length distribution of transcripts and unigenes 
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Functional Annotation and Classification 
 To evaluate the function of single gene sequences, gene function annotation was performed 
in seven databases, namely Nr, Nt, Pfam, KOG, Swiss-Prot, KEGG, and GO. 9026 (32.16%), 
1962 (6.99%), 8244 (29.37%), 10,647 (37.94%), 10,551 (37.59%), 10,647 (37.94%), 
10,551 (37.59%), 12,886 (45.91%) and 4660 (16.60%) genes with sequence homology. Of 
the 28,065 single genes, 15,222 (54.24%) were annotated in at least one database, and 681 
genes (2.43%) were annotated in all databases (Table 4). 
 
Table 4 Statistical of seven databases 
 

Database Number of Unigenes Percentage (%) 

Annotated in NR 10551 37.59 

Annotated in NT 8244 29.37 

Annotated in KO 1962 6.99 

Annotated in SwissProt 10647 37.94 

Annotated in Pfam 12886 45.91 

Annotated in GO 4660 16.60 

Annotated in COG/KOG 9026 32.16 

Annotated in all Databases 681 2.43 

Annotated in at least one Database 15222 54.24 

Total Unigenes 28065 100 

 
 In this analysis by Gene Ontology, 4660 (16.60%) genes were successfully annotated into 
three main functional categories of GO: biological processes (26 functional groups, 12,407), 
cellular components (18 functional groups, 10,517), and molecules function (12 function 
groups, 4197) (Figure 2). The number of single genes of biological processes and cellular 
components was significantly larger than the number of single genes determined by GO 
analysis. One interpretation of these results is that a single gene is assigned to multiple 
functional groups. Among biological processes, cellular processes (2553) and metabolic 
processes (2162) are the most representative terms. Cells (2373) and cell fractions (2286) 
were significantly enriched in cellular components, as were binding (1763) and catalytic 
activity (1777) in molecular functions. 
 

 
Figure 2 Gene Function Classification (GO) 

 
 In the KOG database, 9026 single genes were grouped into 26 clusters. The most abundant 
clusters were only (R) general function predictions (2078, 23.02%), followed by (T) signal 
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transduction mechanisms (1243, 13.77%) and (O) post-translational modifications, protein 
turnover and chaperones (883, 9.78%) (Figure 3). 
 

 
Figure 3 KOG Function Classification 

 
The KEGG database divides 901 single genes involved in metabolic pathways into 5 main 
clusters (32 subclusters): A. Cellular processes (4 subclusters, 98); B. Environmental 
information processing (3 subclusters, 59); C, genetic information processing (4 subclusters, 
299); D, metabolism (12 subclusters, 309); and E, organic systems (9 subclusters, 136) 
(Figure 4). 
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Figure 4 KEEG Function Classification 

 
DEGs expression analysis 
 Gene expression was changed in mature ovaries compared to immature ovaries. 394 DEGs 
were identified from immature and mature stage ovaries, of which 136 were up-regulated, 
and 258 were down-regulated (Figure 5). 
 
Enrichment analysis of GO and KEGG metabolic pathways 
 Mapping DEGs to GO terms, the most enriched terms were ion transport, nucleoside 
biosynthesis process, nucleoside phosphate biosynthesis process, nucleoside phosphate 
metabolic process, and transporter activity. In organisms, different genes coordinate with each 
other to perform their biological functions. The most important biochemical metabolic 
pathways and signal transduction pathways involved in DEGs can be determined through the 
significant enrichment of Pathway. KEGG pathway analysis was performed on assembled single 
genes to reveal biochemical pathways. 394 DEGs were annotated as 105 distinct pathways. 
Among them, the number of sequences related to metabolic pathways was the largest (53, 
13.5%), followed by oxidative phosphorylation (14, 3.6%). In addition, some DEGs were also 
localized to multiple pathways related to reproduction and development, such as MAPK 
signaling pathway, insulin signaling pathway, cell cycle pathway, ribosomal pathway, retinol 
metabolism, steroid hormone biosynthesis, and GnRH signaling pathway. These pathways may 
play important roles in studying specific biochemical and developmental processes (Figure 
6). 
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Figure 5 Differential gene volcano map 

 

 
Figure 6 Statistics of Pathway Enrichment 

 
Validation of transcriptome data by qRT-PCR 
 Five up-regulated and five down-regulated genes were selected for qRT-PCR validation of 
RNA-seq. Overall, the expression patterns were consistent with RNA-seq trends (Figure 7). 
The result showed that RNA-seq analysis could accurately and reliably identify the differential 
gene expression in the ovarian tissue development of M. affinis. 
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Figure 7 qRT-PCR validation of DEGs 

 
Discussion 

To investigate the gene expression in the ovary of M. affinis during growth and spawning, we 
screened key regulatory genes related to these two developmental stages. Clean data of 38.54 
G was obtained from ovarian tissue by RNA-Seq, and 28,065 unigenes were identified with 
Q30>92%, so the sequencing quality was considered reliable. The N50 length was 2591 bp, 
which indicated good assembly. Further biological function annotation of unigenes showed that 
15,222 unigenes were homologous to known genes, accounting for 54.24% of the entire 
assembled transcripts, and the annotation rate was more than half. The remaining 45.76% of 
the sequences have no annotation information, but these genes may be involved in important 
biological processes, which need to be further studied.  
 Analysis of transcriptome results showed that many genes in the energy metabolism 
pathway were down regulated. Oxidative phosphorylation occurs in the mitochondrial 
respiratory chain and is an important biochemical process of cell energy metabolism. In the 
oxidative phosphorylation pathway, most genes are down regulated, including cytochrome c 
oxidase gene (COX), acyl carrier protein gene, ATP synthase and NADH dehydrogenase gene 
(ubiquinone). These genes are important genes in the electron transfer chain and play an 
important role in energy transfer (Fontanesi et al., 2008). Cox plays a key role in the cellular 
energy production of mitochondrial respiratory chain. COX transfers electrons to molecular 
oxygen, which is then coupled with proton transfer from the mitochondrial matrix to the 
intermembrane space to form H2O and release ATP to meet the body's normal energy needs; 
COX also promotes energy storage in the form of an electrochemical gradient, This 
electrochemical gradient will be used by the oxidative phosphorylation system for ATP 
synthesis (Verner et al., 2014). The down-regulation of these genes showed that the energy 
metabolism of M. affinis changed during ovarian development. Metabolism of energy is 
generally considered to be related to growth rate (Dayton et al., 2007; Vahl, 1984), and the 
expression of COX genes was higher in immature ovaries than in mature ovaries, suggesting 
a large storage of energy in immature ovaries, which ultimately led to rapid ovarian 
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maturation. However, the true expression levels of COX genes in ovaries at different stages 
need further study. 
 Cells in organisms produce reactive oxygen species (ROS) during aerobic metabolism.  
Studies have shown that the production of reactive oxygen species can induce oocyte 
maturation in the follicle and promote the development of the ovary, and is a key signaling 
molecule involved in the biological reproduction process (Behrman et al., 2001; Arenas-Rios 
et al., 2007). At the same time, its excessive accumulation will cause damage to cellular 
components such as proteins and DNA (Lu et al., 2018). Cells have a well-established system 
of enzyme scavengers, including antioxidant enzymes such as superoxide dismutase (SOD), 
catalase (CAT), and glutathione peroxidase (GPX), which can reduce excess ROS oxidative 
damage caused. SOD acts as the first line of defense against the generation of reactive oxygen 
species in the antioxidant system, catalyzing the disproportionation of superoxide radicals to 
H2O2, CAT catalyzing the decomposition of H2O2 into H2O and O2, and GPX catalyzing the 
reduction of H2O2 or organic hydroperoxides to water or the corresponding alcohols (Al-Shehri, 
2021; Rubio-Riquelme et al., 2020; Gao et al., 2014). GPX was only expressed in the ovaries 
of Metapenaeus ensis and at high levels was early ovaries but not detected in late yolk-forming 
oocytes (Wu et al., 2010). This was similar to the expression pattern of GPX in this study, 
where GPX gene expression was down-regulated in mature ovaries compared with immature 
ovaries. At the same time, SOD expression was also down-regulated, while CAT gene 
expression did not change between the two groups. Under the regulation of antioxidant 
enzymes, ROS generation and disproportionation reached a relative balance to avoid oxidative 
damage to ovarian cells. The low expression of SOD gene and GPX gene disrupted this balance, 
resulting in excessive accumulation of ROS, which further promoted ovarian maturation as a 
signaling molecule. 
 The development and maturation of the ovary is influenced by factors such as gene 
expression and the external environment, and involves the regulation of molecular networks 
of many signaling pathways. Rapid growth is always accompanied by frequent cell division and 
gene expression (Krieger, 1978), which is reflected in the enrichment of DEGs in genetic 
information processing pathways. In this study, many genes related to reproductive activities 
such as oocyte proliferation, development and maturation were identified, including ubiquitin 
protein ligase (E3s), proliferating cell nuclear antigen (PCNA), serine-threonine protein kinase 
(STPK), eukaryotic translation initiation factor, translationally-controlled tumor protein, heat 
shock protein and cAMP-dependent protein kinase catalytic subunit. 
 Genes related to the ubiquitin system have been studied, which play important roles in the 
reproductive process. In the ovarian cDNA library of Crayfish, the ubiquitin-related 
homologous genes have different expression levels, which may play a role in the reproductive 
process of Procambarus clarkii (Jiang et al., 2014). The expression of ubiquitin-ribosomal 
proteins S27 and L40 is significantly altered in the developing ovary of Saccharomyces 
cerevisiae, which played a key role in gametogenesis and ovarian development (Wang et al., 
2012). The ubiquitin-proteasome pathway (UPP) is involved in the life activities of animals and 
plants, including cell proliferation, differentiation, regulation of the cell cycle, etc., and is 
important for every aspect of cell life (Nabavi et al., 2018; Gao and Karin., 2005). This system 
typically includes three ubiquitinases: ubiquitin-activating enzymes (E1s), ubiquitin-
conjugating enzymes (E2s) and E3s. E3 ubiquitin protein ligase is mainly located in the 
chromatin region of meiosis, and participates in protein degradation by binding ubiquitin-
conjugating enzyme E2 and substrates. In our ovarian transcriptome database, E3 ubiquitin 
protein ligase was found, and it was highly expressed in mature ovaries, and it was speculated 
that it was closely related to the development of the ovary of M. affinis.  
 PCNA is widely present in proliferating cells of various biological tissues and is considered 
to be an important part of eukaryotic replicators. It participates in DNA replication through the 
coenzyme form of DNA polymerase, thereby regulating cell proliferation (Moldovan et al., 
2007; Bravo et al., 1987). As a cell proliferation marker protein, PCNA regulates the growth 
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and development of follicles in vertebrates, indicating the growth of oocytes. For example, the 
number of cells in PCNA is a standard indicator to measure the growth of follicular epithelium 
at different stages of zebrafish oogenesis (Korfsmeier, 2002). Among crustaceans, studies 
have shown that PCNA of Penaeus monodon is highly expressed in the ovary and its expression 
peaks in the third stage of ovarian development. It is speculated that PCNA may play an 
important role in regulating the ovarian development of P. monodon (Wang et al., 2016). The 
expression of PCNA in Marsupenaeus japonicus was lowest in stage Ⅰ and highest in stage Ⅱ
the in developing testis and ovary. The data suggest that PCNA plays an important role in 
gonad development in M. japonicus, especially during mitosis and meiosis (Zhang et al., 
2010). In this study, PCNA expression was lower in mature ovaries than in immature ovaries, 
suggesting a reduction in cellular proliferative activity. Elongation factor (EF-1α) and 
eukaryotic translation initiation factors (EIFS) as genes that play a very important role in 
promoting cell protein translation (Jakobsson et al., 2018; Hao et al., 2020). The down-
regulation of their expression further indicated that they did not promote cell proliferation. 
This may be that ovarian development had reached the late stage and was fully mature, but 
anyway, the change of its expression pattern indicated that it was related to ovarian 
development. 
 

Conclusion 
This is the first report on the transcriptomic analysis of immature ovary and mature ovary 
tissue of M. affinis. A transcriptome library was created using RNA-Seq technology, a total of 
28,065 unigenes were detected, and 394 DEGs were obtained from differential expression 
analysis. Some candidate genes related to gonadal development, such as Cox, GPX, E3s, 
PCNA, STPK, were preliminarily identified, and their specific roles in the development process 
were attempted to elucidate. The next step will be the full-length amplification and functional 
verification of candidate genes. In conclusion, the analysis of transcriptome data in this study 
not only provides information for the study of gene expression in the ovarian tissue of M. 
affinis, but also contributes important research data to the molecular regulation mechanism 
in the process of development and maturation, which will help to better understand the 
regulation of reproductive cycle of M. affinis. 
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