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ABSTRACT 
 

Vinay, T.N., Raymond, J.A.J; Katneni, V.K.; Aravind, R.; Balasubramanian, C.P.; Jayachandran, K.V.; Shekhar, 

M.S., and Vijayan K.K., 2019. Mitochondrial DNA study reveals the cryptic species Penaeus japonicus (form-II) in 

Indian waters. In: Jithendran, K.P.; Saraswathy, R.; Balasubramanian, C.P.; Kumaraguru Vasagam, K.P.; Jayasankar, 

V.; Raghavan, R.; Alavandi, S.V., and Vijayan, K.K. (eds.), BRAQCON 2019: World Brackishwater Aquaculture 

Conference. Journal of Coastal Research, Special Issue No. 86, pp. 149–155. Coconut Creek (Florida), ISSN 0749-

0208. 

 

Kuruma shrimp (Penaeus japonicus), is the most high-valued penaeid shrimp species due to its high market demand 

in Japan and other countries, and the most widely distributed penaeid shrimp across Indo-West Pacific. Kuruma 

shrimp was considered as a single species under the subgenus Marsupenaeus; however, recent studies have shown the 

existence of cryptic species within kuruma shrimp, with a slight variation in banding pattern on carapace with no 

other noticeable morphological differences. The form-I, is confined to Japan, Korea and China, including Taiwan and 

dominates the East China Sea and north of the South China Sea. The form-II is widely distributed in South-East Asia, 

Australia, the western Indian Ocean, the Red Sea and the Mediterranean with type locality being South Africa (Great 

fish point). Kuruma shrimp is distributed along both coasts of India. However, there is no genetic data available to 

conclude whether the species available in India is P. japonicus form-I or form-II. The morphological observations 

made in this study confirms its similarity with form-II along with the analysis of 16S rRNA (423 bp) and cytochrome 

c oxidase subunit I (COI) (419 bp) gene sequences which revealed that the species is phylogenetically more closely 

allied to form-II. This study indicates that P. japonicus form-I is not naturally present in India and the cryptic species 

in Indian waters is P. japonicus form-II. 

 

ADDITIONAL INDEX WORDS: Crustacean systematics, cryptic species, mtDNA, Penaeus japonicus. 

 

 

 

INTRODUCTION 
Penaeus japonicus is an exceptionally high valued penaeid 

shrimp, because of its extremely high price in Japan as high as US$ 

200 per kilogram (Shrimp News International). It is relatively easy 

to transport this species under the live condition without water, and, 

therefore, a vibrant niche market has been prevailing for live P. 

japonicus in Japan. It is native to the Indian and western Pacific 

Ocean: Japan in the north to Australia in the south through South-

East Asia, and extending to east Africa and Red Sea (Balss, 1927; 

Pérez Farfante and Kensley, 1997). In India, it is distributed in both 

East (Bay of Bengal) and West (Arabian Sea) coast, including the 

Andaman Sea (Chanda, 2018). The first work carried out by 

Hudinaga (1942) has been the basis for modern shrimp farming. 

Subsequently, P. japonicus has been intentionally introduced in 

many European countries for aquaculture, and further it is believed  

to have migrated across the Suez Canal into Mediterranean waters 

(Galil and Zenetos, 2002).  
 
 

 

 

 

This species is found to be distributed more widely than any 

other commercial penaeid taxa, and until recently it has been 

recognized as single species of subgenus Marsupenaeus, perhaps 

due to the lack of information on its morphological characters of 

taxonomic utility. As a part of a larger study on the aquaculture 

potential of P. japonicus in India; as a species for diversification 

for shrimp industry, nutritional requirements and environmental 

optima are studied and found to be different from the reported 

findings for P. japonicus (CIBA, 2017).  

Further, environmental requirements for P. japonicus 

reported by previous workers from different geographical areas 

are found to be inconsistent. For example, Setiarto et al. (2004) 

suggested 30 to 35 ppt for optimal growth of the shrimp. 

However, the studies carried out in our laboratory showed that 

P. japonicus grows well under low saline conditions up to 10 ppt 

(CIBA, 2017). 

Penaeus japonicus was considered as the only species of 

subgenus Marsupenaeus that spread across the Indo-west Pacific 

and distributed more widely than any other commercial penaeid 

taxa, and until recently it has been recognized as single species. 

However, recently it was revealed that P. japonicus is a species 

complex comprising of two cryptic species (form-I and form-II) 
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characterized by its diagnostic colour banding patterns on the 

carapace (Tsoi, Chan, and Chu, 2007; Tsoi, Wang, and Chu, 

2005). Previous taxonomists, however, considered them as a 

colour variant.  

Although no morphological and morphometric variations, 

were recognized between these two forms apart from the 

banding pattern, phylogenetic analysis using mitochondrial and 

nuclear DNA markers concordantly revealed that these two 

forms are genetically distinct (Tsoi, Chan, and Chu, 2007; Tsoi, 

Wang, and Chu, 2005). Recently, Tsoi et al. (2014) revised the 

taxonomic status of this species complex: form-I which is 

confined to East China Sea (including Japan, the type locality) 

retained the name P. japonicus whereas form-II was named as P. 

pulchricaudatus, which was previously considered as a junior 

synonym of P. japonicus. It is widely distributed in South East 

Asia, Australia, and Mediterranean waters.  

In India, the distribution of P. japonicus all along the West 

and East coast has been reported (Radhakrishnan et al., 2012), 

and a minor fishery has been existing in Mumbai and Chennai 

coast. Successful pond reared stock of this species has been 

developed (Kathirvel & Selvaraj, 1989); however, no genetic 

data is available on the stock structure or species identity. 

Although Tsoi et al. (2014) studied the phylogeny and taxonomy 

of these species obtained from different localities, their study did 

not include specimens from the Indian coast.  

Preliminary morphological observations made in this study 

is similar to that of P. japonicus form-II. Therefore, there is a 

need to identify and confirm the species in Indian waters, as the 

incorrect and vague identification may lead to confusion in 

providing desired environmental parameters, which ultimately 

lead to the failure in aquaculture of this species (Tsoi et al., 

2007, 2014).  

Mitochondrial DNA markers have been widely used to 

accurately identify species across all forms of life (Hebert et al., 

2003).  Mitochondrial DNA has multiple copies in cells and 

owing to its high rate of evolution without recombination; it is 

considered to be an ideal marker to identify the species. Further, 

DNA sequence enables the reconstruction of better resolved and 

more robust phylogeny (Hillis and Wiens, 2000). An integrative 

approach involving a combination of molecular and 

morphological data improves the rigor of species diagnosis 

(Schlick-Steiner et al., 2010). In this study, we have used 

mitochondrial cytochrome c oxidase subunit I (COI), 16S rRNA 

gene sequences and the morphological characteristics to identify 

and confirm the shrimp species. 

 

METHODS 

This section contains details about collection of samples, 

DNA extraction, amplification, sequencing and phylogenetic 

analysis of P. japonicus form-II sequences in comparison with 

the sequences of P. japonicus form-I.  

 

Sample Collection and Morphological Classification 

A total of 70 wild specimens (Mumbai, Arabian Sea; and 

Chennai, Bay of Bengal) were collected for the study. Pleopod 

fragments of the animals were preserved in 95% ethanol and 

transported to the laboratory for the molecular analysis. For the 

morphological studies, animals were preserved at -20°C. 

Morphology of the specimens was analysed according to the 

diagnostic characters listed by (Tsoi et al., 2014).   

 

DNA Extraction, PCR Amplification and Sequencing 

Total DNA was extracted from ethanol-preserved pleopod 

tissue samples using a standard DNA proteinase K 

digestion/phenol-chloroform extraction procedure. The extracted 

DNA was kept at -20oC until used. The fragments of the COI 

gene were amplified using the universal primers HCO and LCO 

(Folmer et al., 1994). PCR amplification was conducted in a 

reaction mixture containing 10 ng template DNA, 12.5 µl of Taq 

DNA polymerase master mix containing 1.5mM MgCl2 

(Ampliqon), 0.4 µM of each primer, and ddH2O added up to 25 

µl. The PCR thermal cycling profile for 16s rRNA gene was as 

follows: 35 cycles of denaturation (93oC for 30 s), annealing 

(40oC for 30 s) and extension (72oC for 45 s) with an initial 

denaturation step of 93oC for 2 min and a final extension step at 

72oC for 5 min.  

The fragments of the 16s rRNA gene were amplified using 

the universal primers 16Sar and 16Sbr (Simon et al., 1994) 

following similar PCR conditions as COI with 50oC as 

annealing temperature. The PCR products were purified with gel 

purification method, and bi-directional sequencing was 

conducted using corresponding primer sets. 

 

Sequence Data and Phylogenetic Analysis 

The forward and reverse sequences of individual PCR 

products (COI and 16S rRNA) were built to a consensus 

sequence in Bioedit ver 7.2.6 (Hall, 1999) and submitted to 

GenBank (Table 1). The COI gene sequences (Folmer fragment) 

of P. japonicus form-I and form-II available in GenBank (Table 

2) along with Indian specimens (generated in this study Table 1) 

were used to construct a Maximum likelihood (ML) tree keeping 

the sequence of P. latisulcatus as outgroup (Table 1).  

The ML trees were inferred with RAxML version 8.2.9 

(Stamatakis, 2014) with best partitioning scheme obtained using 

PartitionFinder v2.1.1 (Guindon et al., 2010; Lanfear et al., 

2016) and GTR+I+G+X model. The nodal support for ML tree 

was obtained with 1000 bootstrap replications. The ML tree for 

16S rRNA sequences was built with 22 available reference 

sequences (Hong Kong-10, China-3, Israel-2, Japan-1, Taiwan-

1, Vietnam-1, Philippines-1, Singapore-1, Australia-1, India-1) 

of P. japonicus form-I and form-II (Table 2) and the sequence of 

P. canaliculatus as outgroup. 

 
Table 1. GenBank accession numbers for genes sequenced. 

 

Species Locality 16S COI 

P. japonicus 

(form-II) 

New 

Ferry 

Warf, 
Mumbai 

 

MG897278 

to 

MG897289 

MG973169, 

MG973170,  

MK210564, 
MK210565 

 

P. japonicus 
(form-II) 

Pulicat, 
Chennai 

 

MG897290 
to 

MG897301 

MG973168,  
MK210566- 

MK210569 
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Table 2. GeneBank sequences used in analysis.  
 

Species  Locality  GeneBank accession nos. Gene   

P. japonicus (form-I) Oita, Japan AY789492 16S Tsoi et al., 2005, 2007 

P. japonicus (form-I) Xiamen, China AY853408 16S 

P. japonicus (form-I) Putai, Taiwan AY853410 16S 
P. japonicus (form-I) Raoping, China AY853407 16S 

P. japonicus (form-I) Hong Kong AY853409;  

AY742271-73 

16S 

P. japonicus (form-II) Hong Kong AY742274-76 16S 

P. japonicus (form-I) Zhanjiang, China AY853411 16S 

P. japonicus (form-II) Nha Trang, Vietnam AY853415 16S 
P. japonicus (form-II) Negros, Philippines AY853414 16S 

P. japonicus (form-II) Singapore AY789493 16S 

P. japonicus (form-II) Mackay, Australia AY853416 16S 
P. japonicus (form-II) Tel Aviv, Israel AY853412 16S 

P. japonicus (form-II) Ashod, Israel AY853413 16S 

P. japonicus (form-II) India DQ187946 16S GenBank 
P. japonicus (form-II) Hong Kong AY264911 16S Quan et al., 2004 

P. japonicus (form-I) Hong Kong AF279820 16S Lavery et al., 2004 

P. japonicus (form-I) Hong Kong JF899803 16S Ma et al., 2011 

Out group 

P.  canaliculatus Taiwan AF279825 16S Lavery et al. 2004 

Barcoding gene (COI) from type locality(Folmer fragments)  

P. japonicus (form-I) Japan LC121764;  AP006346; 

NC_007010 

COI GenBank 

P. japonicus (form-II) India KC409392 COI GenBank 

P. japonicus (form-II) Mozambique KM508846-47;  

KP297914-15 

COI GenBank 

P. japonicus (form-II) Beihai MG772559 COI Zhong et al., 2018 

Out group  

P. latisulcatus Egypt LC189472 COI GenBank 

 Form-I; P. japonicus, form-II; Verified as P. pulchricaudatus (Tsoi et al., 2014). 

 

A Bayesian analysis was carried out for each gene sequence 

datasets using MrBayes v3.2.6 (Ronquist and Huelsenbeck, 

2003). For the COI gene, the best fit model and partitioning 

scheme was defined using PartitionFinder tool. For 16S rRNA 

gene general time reversible (GTR) substitution evolutionary 

model wish gamma-distributed rate variation across sites, and a 

proportion of invariable sites was used. The analysis consisted 

of two independent runs of 10,000,000 generations each, 

sampling trees every 100 generations and calculating 

convergence statistics every 1000 generations. Convergence 

between runs and the choice of an appropriate burn-in value 

were assessed by comparing the traces using Tracer v1.5 

(Rambaut and Drummond, 2009). Final trees were edited and 

annotated using Interactive tree of life (iTOL) v3 (Letunic and 

Bork, 2016). 

 

RESULTS 

Color Pattern of the Indian Species 

Cream or yellowish, generally with dark-brown to marron 

angled stripes forming wheel like banding pattern and bands not 

extending to the lower half of carapace (Figure 1). Apart from 

the variation in color, all the taxonomic characteristics exactly 

match with the previous taxonomic description of  P. japonicus. 

 

Nucleotide Composition 

Thirty-three new sequences of P. japonicus (COI and 16S 

rRNA) were generated from the specimens collected from India  

 

and the GenBank accessions were obtained (Table 1). The COI 

sequences (413 bp) with 6 variable and 3 parsimony informative 

sites and 16S rRNA had 423 bp, with 3 variable sites. The base 

frequencies were, A: 28.8%, T: 32.9%, G: 20.3%, C: 17.9% for 

COI and A: 32.6%, T: 34.3%, G: 21.0%, C: 12.1% for 16S 

rRNA. The AT content of both COI and 16S were rich (61.7% 

and 67%, respectively). 

 

 
 

Figure 1. Photograph of Penaeus japonicus form-II, lateral view of  
female from Coromandel Coast. 
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Figure 2. Maximum likelihood tree constructed for Penaeus japonicus form-I and II accessions using COI sequences (a); Bayesian tree constructed for 

Penaeus japonicus form-I and II accessions using COI sequence (b). Numbers above branch indicates branch length and below indicate bootstrap 

values. 

   

Identification of Cryptic Species within P. japonicus by 

Phylogenetics 

The cryptic species of the P. japonicus complex were 

identified in phylogenetic analyses. The Bayes and maximum-

likelihood (ML) trees constructed for P. japonicus COI 

accessions are presented in Figure 2. The Bayes tree depicted all 

the study accessions in two clear clusters, one cluster containing 

P. japonicus form-I accessions from Japan and the other cluster 

containing P. japonicus form-II accessions from Mozambique 

and India. The accessions from India are further clearly 

separable with high bootstrap support from that of Mozambique. 

The ML tree constructed with the COI gene is in agreement 

with that of the Bayes tree on the cluster formation. In ML tree, 

again the accessions of form-II from India and Mozambique 

formed a distinct clade from that of form-I accessions.  

For the 16S rRNA gene, the Bayes and ML trees 

constructed for P. japonicus accessions are presented in Figure 

3. In case of 16S rRNA gene, though accessions from several 

geographical locations are added compared to the analyses with 

COI gene, the results obtained are similar, trees depicting two 

major clusters each of it representing a form of P. japonicus. All 

the Indian sequences clustered and formed a clade with Hong 

Kong, Israel, Vietnam, Philippines, Singapore and Australia, 

which are the reference sequences for P. japonicus form-II with 

high bootstrap values. Sequences of P. japonicus form-I from 

Japan, China, Taiwan and Hong Kong formed a separate clade. 

These results support that the cryptic species of P. japonicus in 

Indian waters is form-II.   

 

DISCUSSION 

The presence of P. japonicus has been reported throughout 

the Indian coast, although the abundance, which sufficiently 

supports a commercial fishery, exists only in Maharashtra and 

Chennai coast. This species was first reported from India by 

Alcock (1906) as Penaeus canaliculatus. Subsequently, many 

researchers reported this species from Indian waters; most 

research papers were on the description of the fishery. Many 

times, it may have misidentified and reported under the name P. 

canaliculatus (Achuthankutty and Nair 1993).  

This misidentification as P. canaliculus had existed until 

Pérez Farfante, (1976) clarified its true taxonomic position, as 

Penaeus japonicus, which could be distinguished from P. 

canaliculatus mainly based on coloration and banding pattern 

(Miquel, 1983). The present study revealed that P. japonicus 

from India had carapace banding pattern different from those of 

P. japonicus distributed along the coasts of Japan and mainland 

of China. The specimens collected in the present study from 

Indian coastal waters had a dark brown transverse band on the 

carapace that terminates at mid carapace and not extending 

further downwards.  

The difference in the color pattern of a species is not 

considered as a standard taxonomical character; however, it is a 

main identifying character to distinguish cryptic species 

(Knowlton, 1986, 1993) along with the development of 

molecular markers. Color pattern has been successfully used to 

differentiate several other cryptic species like snapping shrimp 

Alpheus spp., Pontoniinae shrimps Periclimenes inoranatus and 

P. oranatus, fiddler crabs Uca species and U. spinicarpa 

previously (Bruce, 1978; Knowlton and Keller, 1983; Salmon et 

al., 1979). Further, as stated above, P. canaliculatus, has been 

distinguished from P. japonicus based on the banding pattern on 

the last abdominal segment (Miquel, 1983).  When describing 

P. japonicus in India, none of the previous authors reported this 

banding pattern on the carapace of P. japonicus (Kathirvel, 

1985; Kathirvel and Selvaraj, 1989; Muthu et al., 1982; 

Radhakrishnan et al., 2012; Rajakumaran and Vaseeharan, 

2014).  

However, the variety with similar difference in the banding 

pattern on the carapace is reported from Vietnam, Singapore, 

Philippines, Australia and Mediterranean waters, East China Sea 

and South China Sea (Shih et al., 2011; Tsoi, Chan, and Chu, 

2007; Tsoi, Wang, and Chu, 2005; Tsoi et al., 2014). Tsoi, 

Chan, and Chu (2007) and Tsoi, Wang, and Chu (2005) 

suggested this form as variety-II, and it is genetically distinct 

from those variety distributed along the coasts of Japan and 

(a) (b) 



                                                                Molecular Identification of Penaeus japonicus (form-II)                                                        153

_________________________________________________________________________________________________ 

Journal of Coastal Research, Special Issue No. 86, 2019 

 

  
 

Figure 3. Maximum likelihood tree of 16S rRNA constructed in RAxML (a); Bayesian Inference phylogenetic tree of the 16S rRNA dataset  

(b). Numbers above branch indicates branch length and below indicate bootstrap values.   

mainland of  China (variety-I). Subsequently, Tsoi et al. (2014) 

renamed and described variety-II as P. pulchricaudatus. 

Phylogenetic analysis using mitochondrial 16S rRNA 

confirms that P. japonicus in India is form-II as it distinctly 

cluster along with P. japonicus form-II of Vietnam, Singapore,  

Philippines, Hongkong, Israel and Australia and the analysis 

using mitochondrial COI also show two genetically distinct 

lineages, one for the accessions from Japan and second lineage 

includes all the sequences from India. Further, the complete 

mitochondrial genome comparison showed 1029 mutations sites 

between these two cryptic species indicating high genetic 

divergence, further supporting the occurrence of cryptic species 

in the kuruma shrimp (Zhong et al., 2018). Tsoi, Chan, and Chu 

(2007) suggested the geographical distribution of both the 

varieties and concluded that P. japonicus form I is distributed 

along the coast of Japan and China including Taiwan, whereas 

P. japonicus form-II is distributed in south East Asia (Vietnam, 

Singapore and Philippines), Australia and Mediterranean 

waters. The distribution patterns of both varieties are found to 

be mutually exclusive except north east coast of southern China 

Sea and Taiwan, which constitute the sympatric zone of both 

varieties. Our study further extends the findings of Tsoi, Wang, 

and Chu (2005) and Tsoi, Chan, and Chu (2007), and confirms 

the presence of P. japonicus form-II in Indian waters.  

The difference in the distribution pattern of two varieties 

may be due to the differences in the habitat/environmental 

preferences. Knowlton (1993) suggested that the differential 

habitat preferences influence the geographical distribution of 

cryptic species. P. japonicus (form-I) from China coast grow 

best at 25 to 30°C (Liao and Chien, 1994) whereas P. japonicus 

of Australia coast grow fast at 32°C (Hewitt and Duncan, 2001). 

These differences in the temperature tolerance may influence in 

restricting the geographical distribution of both varieties of P. 

japonicus. Further, Tsoi et al. (2005 and 2007) raised the 

question whether these closely related varieties represent 

different species. Their genetic analysis suggested that these two 

varieties are reproductively isolated and genetically distinct. 

Thus, these two varieties are in agreement with the biological 

species concept of Mayr (1942). Subsequently, Tsoi et al. 

(2014) in their further studies, they renamed and described 

variety-II as P. pulchricaudatus, and it’s been registered in 

WoRMS. 

Taxonomy and classification of the species have often been 

revised and modified in accordance with the new findings, and 

it has also been disputed often. When the species in question is 

little known or economically unimportant, these disputes are 

rare (Beninger and Backeljau, 2019). However, when species of 

commerce or emblematic species such as Drosophila 

melanogaster are renamed, the taxonomic revision was 

controversial or questioned (Flegel, 2007). Substantial 

confusion will result if a species, which has been the subject of 

active research of scientists of other fields of biology, are 

renamed. Recently the usage of name Macrobrachium 

rosenbergii has been conserved, when this species was renamed 

as M. dacqueti (Wower and Ng, 2008). Furthermore, Zhong et 

al., 2018, published the complete mitochondrial genome of this 

species (P. japonicus form-II) as Marsupenaeus japonicus form 

II. At this background, it will be appropriate to use the name P. 

japonicus form-II for the species in the Indian waters.  

 

CONCLUSIONS  

Misidentification of species has many negative implications, 

and accurate identification is the basic corner stone of biology. 

For instance, failure in kuruma shrimp aquaculture has been 

reported several times and it was thought to be due to 

acclimatization problems, however now it is realized that the 

(a) (b) 
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occurrence of two cryptic species might have been the reason 

for failure due to unrecognized differences in environmental 

adaptations in introduced places. The confirmation of P. 

japonicus form-II will open up new avenues in understanding 

the species biology and its environmental requirements, which 

will help to develop a sustainable production technology for this 

species. Further studies on the biology of this species would 

help to develop a protocol for the production system for this 

species. 
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