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Abstract 
 

Penaeid shrimp is one of the marine germplasm resources in tropical and 
subtropical regions. To better understand shrimp germplasm resources and 
develop cultured shrimp species, the complete mitochondrial genome of 
Metapenaeus affinis and Metapenaeus ensis was assembled. The length of M. affinis 
and M. ensis mitochondrial sequences is 15,957 and 15,943, respectively. Both 
mitochondrial sequences contain 13 protein coding, 22 tRNA, and two rRNA genes. 
The GC content of the genome was 34.23% and 34.12% in M. affinis and M. ensis, 
respectively. Phylogenetic analysis indicated that the M. affinis and M. ensis are 
closely related, and assigned to a branch of Metapenaeus. We assembled and 
published the mitochondrial genome sequences of these two species, which will 
provide important information for the research and utilization of shrimp germplasm 
resources.  
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Introduction 
 

Penaeid shrimp is one of the marine germplasm resources in tropical and subtropical 
regions and significantly contributes to global aquaculture and fisheries (de Alaiza Garcia 
Madrigal et al., 2018). Metapenaeus is one of the most important genera of Penaeid, which 
makes classification difficult due to its large variety and similar morphology (Yan et al., 2019; 
Zhong et al., 2018). The complete mitochondrial genome will facilitate a better understanding 
of genome evolution and phylogeny. Here, we performed mitochondrial sequencing of the 
shrimp M. affinis and M. ensis. The successful assembly of the mitochondrial genomes of these 
two species of shrimp may provide essential reference information for the protection of shrimp 
resources and the development and utilization of new species in the future. Among the current 
world shrimp cultured species, Penaeus vannamei and Penaeus monodon are the main 
cultured species, especially in Asia, where the farming of these two species may account for 
more than 80%. However, with the intensive development of aquaculture and the 
diversification of aquaculture areas in recent years, developing more aquaculture species is 
an essential way to the orderly development of the shrimp aquaculture industry. M. affinis and 
M. ensis, commonly known as sand shrimp or gei wai shrimp, are popular for their meaty, 
nutritious quality. They are characterized by wide distribution, strong adaptability, omnivorous 
food, fast growth, and high commercial value. Therefore, to better use these two species, we 
sequenced and assembled their mitochondrial sequences to provide a reference for developing 
more shrimp-cultured species. 
 

Materials and Methods 
 

Ethical approval: This study includes no human, animal, or endangered plant samples. The 
study was approved by the Animal Care and Use Committee of the South China Sea Fisheries 
Research Institute, Chinese Academy of Fishery Sciences (No. SCSFRI96-253). Sampling and 
all experiments strictly complied with the guidelines and regulations established by the 
committee. 

Shrimps M. affinis and M. ensis were captured in the South China Sea near Sanya City, 
Hainan province (18°21′8.68″N, 109°07′28.33″E). Shrimp samples were frozen at - 20◦C and 
stored at the Tropical Aquaculture Research and Development Center, South China Sea 
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Sanya, China.  

Mitochondrial sequencing library construction is the standard Illumina NovaSeq 
sequencing experimental process. The main steps are briefly described: a) Total genomic DNA 
from samples was extracted using Tissue DNA Kit (Tiangen, China) following the 
manufacturer's protocol. b) Use the TruSeq™ Nano DNA Sample Prep Kit to build the library 
according to the instructions. DNA libraries (300 bp insert) were constructed with the TruSeq 
Nano DNA Sample Prep Kit (Illumina, CA). c) Use the Certified Low Range Ultra Agarose (Bio-
Rad) kit for library recovery and purification; d) Use cBot Truseq PE Cluster Kit v3-cBot-HS kit 
for amplification and library enrichment on cBot solid phase support, and finally sequence the 
library using Illumina NovaSeq 6000 at Shanghai BIOZERON Biotechnology Co. Ltd. 
(Shanghai, China).  

The software Trimmomatic v0.39 (Bolger et al., 2014) and SPAdes v3.14.1 (HYPERLINK 
"http://bioinf.spbau.ru/spades) were used for sequencing data quality control and 
mitochondrial genome assembly. The mitochondrion genes were annotated using the online 
MITOS tool, using default parameters to predict protein-coding genes, transfer RNA (tRNA) 
genes, and ribosome RNA (rRNA) genes. The position of each coding gene was determined 
using BLAST searches against ref mitochondrial genes. Manual corrections of genes for 
start/stop codons were performed in SnapGene Viewer by referencing the ref mitochondrial 
genome. The circular genome map was drawn using the CGview tool. 
 
 



 Mitochondrial genome of shrimp 3 

The Israeli Journal of Aquaculture – Bamidgeh • ISSN 0792-156X • IJA.74.2022.1804873 

Results 
 

The complete mitogenome of M. affinis and M. ensis were uploaded in the database with 
GenBank accession numbers ON599338 and ON599337. The complete length of M. affinis and 
M. ensis mitochondrial sequences is 15,957 and 15,943, respectively (Figure 1). Both 
mitochondrial sequences contain 13 protein coding, 22 tRNA, and two rRNA genes. The overall 
guanine-cytosine (GC) content of the genome was 34.23% and 34.12% in M. affinis and M. 
ensis, respectively. The base composition and gene distribution of mitochondria are 
statistically summarized, and the coding genes, rRNAs and tRNAs are summarized in genome 
coordinate order, showing information such as gene length, gene interval length, codons, etc., 
which can intuitively display the genome composition. (Table 1).  

The genome sequence data that support the findings of this study are openly available in 
GenBank of NCBI at [https://www.ncbi.nlm.nih.gov/nuccore/ON599338.1/] and 
[https://www.ncbi.nlm.nih.gov/nuccore/ON599337.1/] under the accession no. ON599338 
and ON599337. The associated BioProject, SRA, and Bio-Sample numbers are PRJNA875204, 
SRR21360528, SRR21360529, SAMN30606721, SAMN30606722. A specimen was deposited 
at South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences under 
the voucher number nhsh202100865. 
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Figure 1 Complete mitochondrial genome of Metapenaeus affinis and Metapenaeus ensis. (A) The 
mitochondrial genome of Metapenaeus affinis. (B) The mitochondrial genome of Metapenaeus ensis. (C) 
The phylogenetic tree of 13 species in the family Penaeidae. The complete mitogenomes were 
downloaded from GenBank, and the phylogenic tree was constructed by the maximum-likelihood 
method. The numbers on the branches represent the confidence in the relationship between the two 
species. 

 
 
 
 
 
 
 



 Mitochondrial genome of shrimp 5 

The Israeli Journal of Aquaculture – Bamidgeh • ISSN 0792-156X • IJA.74.2022.1804873 

 
 
Table1 Base Composition and Gene Distribution of Mitochondria genome of Metapenaeus affinis and 

Metapenaeus ensis. 
 

 
Discussion 

 

The structural circle map of the mitochondrial genome was constructed by CGView 
(http://stothard.afns.ualberta.ca/cgview_Server/) software. The phylogenetic tree was 
constructed by the software MEGA 7.0 using the maximum-likelihood method, and multiple 
sequence alignment was ClustalW. The phylogenetic tree showed that M. affinis and M. ensis 
are closely related, which is also consistent with the previous research results (Ahmed et al., 
2021). The appearance of M. affinis and M. ensis are very similar, which is difficult to 
distinguish. Here, we assembled and published the mitochondrial genome sequences of these 
two species, which will provide vital information for the research and utilization of shrimp 
germplasm resources. 

Mitochondrial gene resources are essential reference data for species identification and 
evolutionary analysis. Shrimp is an important species of aquaculture in the world and one of 
the most successful species groups in Arthropoda. The mitochondrial sequences of the two 
species we assembled are 13 protein-coding, 22 tRNA, and two rRNA genes, consistent with 
previous reports. M. affinis and M. ensis are commonly cultured species in Asia. The 
appearance and morphology of the two kinds of shrimp are very similar, and they are often 
mixed cultured objects. In this study, we also assembled the mitochondria of these two new 
prawn species, which provides essential information for the protection, development, and 
utilization of species resources in the future. 
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