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Abstract 
DNA barcoding is a vital tool for assessing non described and cryptic morphological species. Literature 
revealed that a number of marine shrimp species have morphologically been described. However, it has 
lots of misleading due to cryptic characters, such as dimorphism, larval and adult variation etc. In the 
present study, fourteen marine shrimp species (Penaeus semisulcatus, Penaeus monodon, Metapenaeus 
affinis, Metapenaeus lysianasa, Metapenaeus dobsoni, Metapenaeus brevicornis, Metapenaeopsis 
stridulans, Fenneropenaeus indicus, Fenneropenaeus merguiensis, Parapenaeopsis stylifera, 
Parapenaeopsis maxillipedo, Marsupenaeus japonicas, Solenocera crassicornis and Alpheus paludicola) 
were collected from Coromandel Coast of Tamil Nadu, India, and they were identified morphologically. 
Among these, six species (P. semisulcatus, M. dobsoni, M. brevicornis, F. indicus, P. stylifera and S. 
crassicornis) were taken for molecular identification by adopting DNA barcoding of mitochondrial 
cytochrome c oxidase subunit I (COI) gene. 650 bp sequences were obtained when universal primers 
(LCO1490 and HCO2198) were used. Their similarity was checked with BLAST-NCBI, and each and 
every species showed > 80% identity. Maximum intra specific divergence was calculated as 0.8% in F. 
indicus of India, Thailand and China. Inter specific divergence was found to be maximum, 3.95% between 
S. crassicornis and S. koelbeli of India and China. Minimum divergence (0.00%) was observed between 
two Indian haplotypes, M. dobsoni and M. brevicornis, which overlaps each other. Further studies at 
population levels of these two species are required to rule out this ambiguity. On the whole, the 
phylogenetic tree revealed the polyphyletic clade. 
 
Keywords: DNA barcoding, MT-COI gene, marine shrimps, divergence, haplotype, phylogeny. 

 
1. Introduction 
The shrimps and prawns have great economical value as they earn valuable foreign exchange. 
Generally, more than 10 million tons of crustaceans are produced annually for human 
consumption. Crustacean often referred to as “Insect of Sea” as the range of morphological 
characteristics for taxonomical identification exceeds than that of the insecta. There are 
approximately 50,000 - 67,000 crustaceans have been estimated worldwide. They show an 
enormous diversity and different range of sizes. Morphological identification of crustaceans is 
very critical because, this group has different larval stages, sexual dimorphism, plasticity, 
trading etc.  
Species identification by morphological features is sometime ineffective and misleading, 
because, larval stages of some species groups often cannot be assigned to the correct species [1]. 
The morphological identification is more complicated when the species are damaged due to 
rough handling, and there may have chances for fish fraud [2]. The unique colour system in 
crustacean often plays an important role in aquaculture because their colour affects the quality 
and market price [2]. Prawns, like most other crustaceans are able to change colour depending 
upon growth, background coloration and time of day due to chromatophores [3]. These problems 
can be overcome by molecular identification or DNA Barcoding.  
For ensuring rapid and accurate identification of a broad range of biological specimens, [1] 
proposed “DNA Barcoding” technique, in which a primer set of DNA was used to amplify a
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648 base pair mitochondrial cytochrome c oxidase subunit I 
(MT COI) gene, because, its mutation rate is often fast enough 
to distinguish closely related species and also its sequence is 
conserved among conspecifics. Therefore, DNA barcoding 
provides an opportunity to identify, invent, and study specimens 
in order to understand the diversity of species within an 
ecosystem, and also to evaluate the genetic variability within 
species. In the present study, DNA barcoding technique based 
on MT-COI gene was adopted to identify few marine shrimp 
species inhabiting in the Coromandel coastal region (Cape 
Comorin to False Divi Point) in the Bay of Bengal, Tamil Nadu, 
India. MT-COI (COX I) gene has been employed as a possible 
DNA marker for species identification. This gene has two 
important advantages, (i). Universal primers are very robust for 
this gene, enabling recovery of its 5 primer end from the 
representatives [4-6], and, (ii). COI likely possesses a greater 
range of phylogenetic signal than any other MT gene. In 
common with other protein-coding genes, its third position 
nucleotides show a high incidence of base substitutions. 
However, changes in its amino acid sequence occur more 
slowly than those in any other mitochondrial gene [7-9]. 
Therefore, this gene is conserved and less subjected to external 
forces.  
Even now a day, we are relied on classical taxonomy for 
validating shrimp and prawn species. Therefore, in the present 
study it was aimed to validate few marine prawn species 
through molecular identification based on DNA barcoding of 
MT-COI gene. Further, it was aimed to determine the nucleotide 
divergence or the barcoding gap (and similarity as well), and 
possibility for occurrence of distinct heplotypic variations 
among them. Furthermore, it was aimed to construct a possible 
molecular phylogenetic tree with selected shrimp species for 
understanding their evolutionary relationship/ significance.   
 
2. Materials and Methods 
2.1. Species collection and identification  
A total of fourteen shrimp species was collected from two 
different sites, Nagapattinam (10°.76 N, 79°.83 E) and 
Mallipattinam (10°.28 N, 79°.31 E) situated in the Coromandel 
Coast of Tamil Nadu, India. These species were identified by 
using taxonomic keys described by [10] “Edible Penaeid Shrimps 
in India” in the Training Manual “GIS and Marine Biodiversity” 
edited by John Milton (2008). Finally, these species were 
confirmed by Mr. M. Kathirvel, Former Principal Scientist, 
Central Institute of Brackish water Aquaculture, ICAR, 
Chennai. 
 
2.2. Molecular analysis 
Genomic DNA was isolated from the muscle tissue by using 
Qiagen Dneasy Blood and Tissue Kit (Germany). 1% Agarose 
Gel Electrophoresis (GENEI, Bangalore) was performed to 
detect the genomic DNA using Gel documentation (Mediccare, 
India). DNA amplification of MT-COI gene was carried out in 
Eppendorf Thermo Cycler by using the forward (LCO1490: 5’-
GGTCAACAAATCATAAAGATATTG-3’) and reverses 
(HCO2198: 5’-TAAACTTCAGGGTGACCAAAAAATCA-
3’) primers [4]. Amplification was performed in a total volume 
of 50 μl containing 4 μl of DNA template, 20 p.mol of each 
primers, 400 μM of dNTP and 0.4 μl of Taq DNA polymerase 
(Qiagen). Thermo cycler conditions were as follows: 5 min at 
95°C for pre-running, then 35 cycles of 60 s at 95°C for 
denaturation, 60 s at 49-52 °C for annealing, and 90 s at 72 °C 
for extension followed by 5 min at 72 °C for a final extension. 
The final product was stored at -20 °C for further usage. The 

amplified product was resolved with 2% AGE. Sequencing was 
done by using ABI 3500 XL Genetic Analyzer with 
manufacturer’s protocol of Chromos Biotech, Pvt. Ltd., 
Bangalore, India. 
 
2.3. Sequence statistical analysis  
The sequences were aligned pair wise by using EMBL-ABI. 
Stop codons were removed by using BLAST, and the reading 
frame shift was deducted by ORF finder. The trimmed sequence 
was authenticated with GenBank. The similarity between 
sequences was identified by BLAST. The multiple sequence 
alignment was done by using T- Coffee and the aligned 
sequence was highlighted with multiple align show (MAS). 
Nucleotide divergence was calculated by adopting both DnaSP 
v5 (Intraspecific) and K2P (Interspecific). The evolutionary 
relationship was analyzed by using MEGA v6.  
 
3. Results and discussion 
In this study, a total of fourteen species of Penaeid shrimps were 
identified by morphologically. Among these, twelve species 
belong to the family Penaeidae (P. semisulcatus, P. monodon, 
M. affinis, M. lysianasa, M. dobsoni, M. brevicornis, M. 
stridulans, F. indicus, F. merguiensis, P. stylifera, P. 
maxillipedo, and M. japonicas), one species (S. crassicornis) to 
the family, Solenoceridae and another one species (A. 
paludicola) to the family, Alpheidae. Thus, species belong to 
the family, Penaeidae was dominant, and most of them are 
commercially important. According to [11], the Penaeid shrimps 
family comprises of 13 genera and 105 species. The 
photographs of these species and their morphological 
differences are presented in Figure 1 and Table 1 respectively. 
Among the fourteen species identified morphologically, only 
six species were subjected to DNA barcoding (P. semisulcatus, 
M. dobsoni, M. brevicornis, F. indicus, P. stylifera and S. 
crassicornis). The remaining eight species could not be 
included in barcode analysis, because, they were not 
successfully amplified with the universal decapods primer 
(LCO1490 and HCO2198) used in this study. This may be due 
to several reasons right from the handling of tissue samples to 
the steps involved in PCR amplification, since the same primer 
has produced successful amplification in P. monodon [12]. The 
isolated genomic DNA showed greater than 10 Kb nucleotides 
(Figure 2). The amplified products showed approximately 700 
bp (Table 2 and Figure 3). Several studies have been reported 
that sequence diversity in a ~650 bp region near the 5’ end of 
the MT-COI gene provides strong species-level resolution for 
varied animal groups, including birds [13, 14], fishes [15, 16], 
springtails [17, 18], spiders [19, 20] and moths [21, 22]. It has been 
reported that the primer pair, LCO1490 and HCO2198 was not 
so ‘‘universal’’ as thought before, as it would still fail to amplify 
some taxa [23, 24].  
While performing BLAST, the sequences of six shrimp species 
showed varied degrees of similarity with existing data in the 
NCBI database (Table 3). Both P. semisulcatus, P. stylifera 
showed 100% similarity, the F. indicus with 99% and the 
remaining three species M. dobsoni M. brevicornis, S. 
crassicornis with an identity of >83%. The GenBank accession 
numbers of all six species and other marine prawn species 
retrieved are presented in Table 4. The multiple sequence 
analysis using T- coffee with MAS showed 223 identical amino 
acid residues, 44 similar, identical amino acid residues and 384 
variations in amino acid sites. The results obtained in MAS with 
high similarity positions are also shown in Figure 4.  
The nucleotide divergence calculated between Penaeid shrimp 
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species with the data acquired from NCBI for Penaeidae super 
family is presented in Figure 5. The mean divergence within the 
Super family, Penaeidae was 1.49%. The mean nucleotide 
divergence calculated between the genus, Penaeus, 
Metapenaeus, Fenneropenaeus, Parapenaeopsis and 
Solenocera were 1.62%, 2.01%, 3.70%, 1.43% and 2.40% 
respectively. The maximum interspecies variation was observed 
between S. crassicornis (Indian haplotype) and S. koelbeli 
(Chinese haplotype) as 3.95%, and the minimum interspecies 
divergence of 0.00% was observed between two Indian species, 
M. dobsoni and M. brevicornis. Which was overlapped each 
other and thus, considered as the same species. However, this 
can be checked further by studying each specific population 
separately for species discrimination. 
An inter species variation ranged between 0.24-1.2% has been 
reported in 12 species of the Penaeidae family [25]. Similarly, an 
inter species variation of 0-3% has been reported in 13 species 
of the genus, Penaeus [26]. According to [27], pair-wise level of 
base divergence (p distances) between Penaeus species varied 
from 20.22% (between P. indicus and P. kerathurus) to 0.72% 
(between the very closely related Western Atlantic species, P. 
duorarum and P. notialis). The sequence divergence between P. 
merguiensis and P. monodon, between P. monodon and P. 
japonicus, and between P. merguiensis and P. japonicas were 
34.0%, 42.1% and 38.9% respectively has been reported [28]. 
The sequence divergence ranged from 0-1.20% (within species, 
Penaeus penicillatus), 6.5% (between species, Penaeus 
canaliculatus and Penaeus japonicus), 21.09% (between 
species, P. canaliculatus and P. penicillatus), 18.67% (between 
genera, Parapenaeus fissuroides and Metapenaeopsis barbata), 
25.39% (between genera, Parapenaeopsis hardwickii and P. 
penicillatus), 18.70% (between genera, S. crassicornis and P. 
fissuroides), 22.88% (between genera, S. crassicornis and P. 
penicillatus), 26.38% (between genera, Portunus 
trituberculatus (crab) and S. crassicornis), and 31.87% 
(between genera, P. trituberculatus and Metapenaeus ensis) 
have been reported [25]. In the genus Penaeus, large genetic 
variations of COI gene have been reported among 15 species [26, 

29]. In the present study, the nucleotide divergence for the 
selected shrimp species was calculated as between 0.00 - 3.95% 

with the average interspecies nucleotide divergent value of 
1.49%, which is less than the significant 3% threshold value as 
per the 10X rule of [30]. Therefore, all the six species studied are 
closely related from each other, and also with the retrieved 
species.  
Figure 6 depicts the details of distinct haplotypes available in 
the data base for the selected Penaeid shrimp species. While 
searching for species haplotypes only one sequence was 
retrieved from the GenBank databases, (i.e. available for F. 
indicus from two different geographical regions, Thailand and 
China), they showed only 0.8% variation when compare with 
Indian haplotype. About 0-3% intra specific variation has been 
reported for the COI gene in 13 Penaeus species [26]. 
General Time Reversible (GTR+G) model’s maximum 
likelihood phylogenetic tree showed polyphyletic clades 
(Figure 7). The non-linear tree exhibited two major clades 
among the subjected and retrieved species. This may be due to 
the differences in primers used. Similar opinion has been 
postulated by [25], the mean AT content was 63.3% in the COI 
gene and 66.25% in the 16s rRNA gene. The rarest base was G 
(average 16.2%) in the COI gene and C (average 12.63%) in the 
16s rRNA gene. These patterns of base composition are 
consistent with the descriptions of other arthropod mtDNA 
sequences [31-36] as well as other marine crustacean mtDNA 
sequences [26, 37-39]. In a study, [40], reported that COI gene 
sequence analysis indicated that the differences recorded among 
the species P. merguiensis, P. silasi, and P. indicus. Among 
these P. silasi and P. indicus was formed monophyletic, but 
these species showed paraphyletic with P. merguiensis [41] has 
been reported paraphyletic clade among several genera in the 
subfamily Palaemoninae, such as Macrobrachium, Cryphiops, 
Palaemon, Palaemonetes, and Pseudopalaemon. According to 
[42] Macrobrachium formed a paraphyletic group with the 
monophyletic out a group of genera, Palaemonetes, Palaemon 
and Exopalaemon. According to [43], a partial sequence of about 
300 bp of the 16S mitochondrial gene support monophyly of the 
superfamily, Penaeoidea but they showed paraphyletic with 
regard to the closely related families, Solenoceridae and 
Penaeidae. In this study, it is polyphyletic with COI gene >500 
bp at species level.   

 
Table 1: Morphological differences identified in marine shrimp species 

 

Species 
Common 

Name 

Rostral 
Teeth: 
Upper/ 
Lower 

Body Colour Uropod Colour 
Appearance of 

Telson 
Antennal 
Colour 

P. semisulcatus 
Green 
Tiger 

Shrimp 
6-8/3 

Reddish brown to 
pale brown 

Reddish brown 
with red margin 

Without lateral 
spines 

White and 
brown 
bands 

P. monodon 
Tiger 

Shrimp 
6-8/3 

Grayish, greenish 
or darkgreenish 
blue; Reddish 
brown in large 

adults. 

Reddish with 
black margin 

--- 
Brownish 

red 

M. affinis 
Jinga 

Shrimp 
7-8/0 Brownish yellow 

White with red 
margin 

No distal fixed 
pair of spines on 

the telson 

Reddish 
brown 

M. lysianassa --- 6-7/0 Pale whitish 
Pale white with 

red margin 
Telson armed  

only with spinules 
Grey 

M. dobsoni 
Kadal 

Shrimp 
5-8/0 

Pale yellow to 
brownish red 

Reddish brown 
and are 

distributed at the 
distal region. 

--- Red 

M. brevicornis 
Yellow  
Shrimp 

5-8/0 Yellowish red Red 
With a pair of 

distal spine and 
series of minute 

Very long; 
Yellowish 

red 
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spinules 

M. stridulans --- 5-7/0 Red to dark Red to dark --- 
Brownish 

red 

F. indicus 
Indian 
White 

Shrimp 
7-9/3-6 Yellowish white 

Yellowish red 
margin 

--- 
Pale 

yellowish 

F. merguiensis 
Banana 
Shrimp 

7-9/4-6 Bright yellow Yellowish white --- 
Yellowish 

white 

P. stylifera 
Kiddi 

Shrimp 
7-9/0 

Yellowish red  
with black spots 

Reddish 
Without fixed sub-

apical spines 
Red 

P. maxillipedo 
Torpedo 
Shrimp 

8-10/0 
Brownish yellow 

with blackish green 
lines 

Greenish black 
with brown 

margin 

Telson without 
sub apical spines 

Greenish 
yellow 

M. japonicus 
Kuruma 
Shrimp 

9-10/1 

Pale yellowish and 
crossed with dark 
brown transverse 

bands 

Bright yellow 
Telson with three 
pairs of movable 

lateral spines 

Yellowish 
brown 

S. crassicornis 
Coastal 

Mud 
shrimp 

8-10/0 Reddish 
Reddish with 
black margin 

Telson simple 
Yellowish 

red 

A. paladicola 
Kemp’s 
Pistel 

--- Greenish white Greenish black 
Two pairs of 
dorsal spines 

Brownish 
red 

 
Table 2: MT-COI gene sequences of selected marine shrimp species 

 

Name of the 
species 

Sequences Base pair 
length 

P. semisulcatus CTTGAGCTGGAATAGTAGGTACAGCTCTTAGACTTATTATTCGTGCTGAATTAGGTC
AACCTGGTAGACTTATTGGAGATGATCAAATTTATAATGTGGTTGTAACAGCTCACG
CTTTTGTTATAATTTTCTTCATAGTTATACCTATCATGATTGGAGGATTTGGTAACTG
ACTAGTTCCTCTAATATTAGGAGCTCCAGATATAGCTTTCCCTCGTATAAATAATAT
AAGCTTCTGGCTTTTACCTCCTTCACTAACCTTACTTTTATCTAGAGGTATAGTAGAA
AGAGGAGTAGGAACAGGTTGAACAGTATACCCTCCTTTATCTGCCAGAATTGCTCAC
GCAGGTGCTTCAGTAGACTTAGGGATCTTCTCACTTCATCTAGCAGGTGTATCATCT
ATTTTAGGTGCCGTAAATTTTATAACAACCGTTATTAATATACGATCTACTGGAATA
ACTATAGACCGAATACCTCTGTTCGTTTGAGCGGTATTTATTACTGCCCTGCTTCTAC
TTCTATCTTTACCAGTACTAGCAGGAGCTATTACAATGCTTCTAACAGACCGAAATC
TAAATACATCCTTCTTCGACCCTGCCGGTGGAGGAGACCCTGTACTATATCAACACT
TATTTTGATTTTTTGGTCACCCTGAAGTTTA 

661  

M. dobsoni CTGGATAGTAGGTACTGCTTTAAGTTTAATTATCCGAGCCGAACTTGGTCAACCAGG
TAGACTTATTGGAGACGATCAAATTTATAATGTTGTAGTTACCGCCCACGCTTTTGTT
ATAATTTTCTTTATAGTTATACCAATTATGATTGGTGGATTTGGTAATTGACTTGTCC
CTCTTATACTCGGAGCACCCGATATAGCATTCCCACGAATAAACAATATGAGTTTTT
GACTACTTCCACCATCCTTAACACTCCTTCTTTCTAGTGGAATAGTAGAAAGAGGTG
TAGGAACAGGATGAACGGTTTATCCTCCCTTAGCAGCTGGAATTGCCCACGCAGGA
GCTTCAGTTGATATAGGAATTTTTTCTCTACATCTTGCTGGAGTTTCATCTATTTTAG
GAGCAGTTAATTTCATAACAACAGTCATTAACATACGCCCTGCTGGAATAACTATAG
ACCGTATACCACTTTTTGTATGGGCCGTATTTATTACAGCCTTACTTCTTTTATTATC
ACTACCAGTTTTAGCTGGGGCTATCACTATGCTTTTAACAGACCGAAACCTTAATAC
ATCCTTTTTCGATCCCGCTGGAGGAGGAGATCCAATTCTATACCAGCATTTATTTTGA
TTTTTTGGTCACCCTTGAAGTTTAAA 

657  

M. brevicornis CTGGATAGTAGGTACTGCTTTAAGTTTAATTATCCGAGCCGAACTTGGTCAACCAGG
TAGACTTATTGGAGACGATCAAATTTATAATGTTGTAGTTACCGCCCACGCTTTTGTT
ATAATTTTCTTTATAGTTATACCAATTATGATTGGTGGATTTGGTAATTGACTTGTCC
CTCTTATACTAGGAGCACCCGATATAGCATTCCCACGAATAAACAATATGAGTTTTT
GACTACTTCCACCATCCTTAACACTCCTTCTTTCTAGTGGAATAGTAGAAAGAGGTG
TAGGAACAGGATGAACGGTTTATCCTCCCTTAGCAGCTGGAATTGCCCACGCAGGA
GCTTCAGTTGATATAGGAATTTTTTCTCTACATCTTGCTGGAGTTTCATCTATTTTAG
GAGCAGTTAATTTCATAACAACAGTCATTAACATACGCCCTGCTGGAATAACTATAG
ACCGTATACCACTTTTTGTATGGGCCGTATTTATTACAGCCTTACTTCTTTTATTATC
ACTACCAGTTTTAGCTGGGGCTATCACTATGCTTTTAACAGACCGAAACCTTAATAC
ATCCTTTTTCGATCCCGCTGGAGGAGGAGATCCAATTCTATACCAGCATTTATTTTGA
TTTTTTGGTCACCCTGGAAGTTTAAA 

657  

F. indicus GCTGGAATAGTAGGGACTGCCCTTAGACTTATTATTCGTGCCGAATTAGGTCAACCG
GGAAGCCTTATTGGAGATGACCAAATTTATAATGTAGTAGTTACAGCCCACGCTTTT
GTTATAATTTTCTTTATAGTTATGCCTATTATAATTGGGGGATTTGGAAATTGACTAG
TACCTTTAATGTTAGGTGCTCCTGATATGGCTTTTCCACGAATAAACAATATGAGTTT
CTGGCTCCTACCTCCTTCACTAACACTACTTCTTTCTAGAGGTATAGTTGAAAGAGG
AGTAGGAACAGGATGAACTGTTTACCCTCCTTTATCAGCCAGTATTGCTCATGCTGG
GGCTTCGGTAGATTTAGGAATTTTCTCCCTACACTTGGCAGGTGTTTCTTCAATTTTA
GGAGCTGTAAATTTTATGACATCTTTTTTTAACATACG 

440 
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P. stylifera TTGAGCTGGAATAGTTGGTACTGCTCTCAGCCTTATTATCCGGGCCGAATTAGGTCA
ACCAGGAAACCTTATTGGAGATGATCAAATTTATAATGTAGTGGTCACCGCCCACGC
TTTTGTAATAATTTTCTTTATGGTTATACCTATGATAATTGGTGGGTTTGGAAACTGA
TTAGTTCCACTAATATTAGGAGCCCCTGATATAGCATTTCCACGAATAAATAATATA
AGATTTTGACTCCTCCCTCCCTCCTTAACCCTTCTCCTCTCAAGTGGAATAGTAGAAA
GTGGAGTAGGAACCGGTTGAACTGTTTATCCTCCATTATCAAGAGGTATTGCTCACG
CAGGAGCCTCTGTAGACATAGGAATCTTCTCCCTTCATTTAGCCGGAGTTTCCTCCAT
TTTAGGGGCCGTTAATTTTATAACAACAGTTATCAACATACGATCTTCGGGAATATC
AATAGACCGTATCCCCTTGTTTGTATGATCAGTTTTCATTACAGCCCTCCTCCTTCTC
CTTTCCCTTCCAGTTCTAGCCGGAGCTATTACAATATTATTAACAGATCGAAACTTA
AATACCTCTTTCTTTGACCCAGCTGGAGGAGGAGACCCAATTTTGTATCAACATCTA
TTCTGATTTTTTGGTCACCCTGAAGTTTAAA 

662 

S. crassicornis TTCTTTGTTGGTGGCGCAATGGCGATGGTGATCCGTGCTGAATTATTCCAGCCTGGA
TTACAGCTTGTTGAGCCTAATTTCTTTAATCAAATGACCACGGTACACGGTTTGATC
ATGGTGTTTGGGGCGGTGATGCCTGCCTTTACTGGGCTTGCGAATTGGATGATCCCA
ATGATGATTGGGGCGCCTGATATGGCACTGCCAAGAATGAATAACTGGAGCTTTTG
GATCTTACCTTTCGCATTTTCTTTATTGTTGGCATCTCTTTTTATGGAAGGGGGCGGT
CCTAACTTTGGTTGGACTTTCTATGCGCCGCTTTCAACTACGTATAGCCCAGCCAGTA
CAGGTTTATTCGTCTTTGCTATTCATATTATGGGGATCAGCTCCATTATGGGGGCGAT
TAACGTTGTTGTGACCATTGTAAATATGCGCGCACCGGGTATGACGTATATGAAAAT
GCCACTGTTTGTTTGGACATGGTTGATCACAGCATTTTTATTAATTGCGGTGATGCCA
GTACTTGCAGGGGCCGTAACCATGGTACTGACTGATAAATACTTTGGTACCAGCTTT
TTTGATGCAGCTGGTGGTGGTGATCCGGTCATGTTCCAGCATATTTTCTGATTTTTTG
GTCACCCTGAAGTTTAATAA 

651 

 
 

Table 3: BLAST identification of sequences for selected marine shrimp species in NCBI database 
 

Species Name Score Expected Identities Gaps Strand 
P. semisulcatus 1218 bits (659) 0.0 659/659 (100%) 0/659 (0%) Plus/Plus 

M. dobsoni 584 bits (316) 3e-163 529/635 (83%) 2/635 (0%) Plus/Plus 
M. brevicornis 584 bits (316) 3e-163 529/635 (83%) 2/635 (0%) Plus/Plus 

F. indicus 780 bits (422) 0.0 434/440 (99%) 0/440 (0%) Plus/Plus 
P. stylifera 1218 bits (659) 0.0 659/659 (100%) 0/659 (0%) Plus/Plus 

S. crassicornis 669 bits (362) 0.0 550/644 (85%) 0/644 (0%) Plus/Plus 
 

 
Table 4: Species collection information and GenBank accession number for MT-COI gene sequences of selected marine shrimp genus 

 

Species Country Reference and Year 
GenBank 

Accession No. 
P. semisulcatus India Paper authors, 2013 KF613002 

M. dobsoni India Paper authors, 2013 KF540213 
M. brevicornis India Paper authors, 2013 KF540212 

F. indicus India Paper authors, 2013 KF649208 
P. stylifera India Paper authors, 2013 KF613003 

S. crassicornis India Paper authors, 2013 KF540214 
Penaeus monodon Thailand Khamnamtong et al., 2012 EF646261 
Penaeus chinensis China Quan et al., 2000 AF247771 
Penaeus paulensis USA Baldwin et al., 1998 AF029392 

Penaeus kerathurus USA Baldwin et al., 1998 AF029391 
Metapenaeus moyebi China Mai and Hu 2009 FJ435653 
Metapenaeus affinis China Mai and Hu, 2009 FJ435653 
Metapenaeus ensis China Mai and Hu, 2009 FJ435651 

Metapenaeus joyneri China Mai and Hu, 2009 FJ435650 
Fenneropenaeus merguiensis Thailand Wanna et al., 2010 HQ206436 

Fenneropenaeus silasi Thailand Wanna et al., 2010 HQ206442 
Fenneropenaeus chinensis China Kong et al., 2008 EU366250 

Fenneropenaeus penicillatus China Mai and Hu, 2009 FJ435661 
Parapenaeopsis coromandelica Iceland De Croos and Palsson, 2011 HQ180264 

Parapenaeopsis hungerfordi China Mai and Hu, 2009 FJ435656 
Parapenaeopsis tenella China Mai and Hu, 2009 FJ435655 

Parapenaeopsis hardwickii China Mai and Hu, 2009 FJ435654 
Solenocera membranacea UK Matzen da Silva, 2012 JQ305940 

Solenocera koelbeli China Mai and Hu, 2009 FJ435663 
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Fig 1: Photographs of fourteen marine shrimp species collected from the Coromandel coastal regions of Tamil Nadu, India. 
 

 

Fig 2: 1% AGE shows 10 kb genomic DNA. M, 1 Kb Marker ; Ps, P. semisulcatus; Md, M. dobsoni; Mb, M. brevicornis; Fi, F. indicus; Pst, P. 
stylifera; Sc, S. crassicornis. 
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Fig 3: 2% AGE shows 700 bp PCR amplified product of MT-COI gene. M, 100 bp Marker; Ps, P. semisulcatus; Md, M. dobsoni; Mb, M. 
brevicornis; Fi, F. indicus; Pst, P. stylifera; Sc, S. crassicornis. 

 

 

Fig 4: Multiple sequence analysis with multiple align show. An alignment formatted by multiple aligns show using colored backgrounds and a 
consensus setting of 100%. Identical residues were by amino acid colour and similar residues were black in colored. Gaps and other residues 

were given a white color background. 
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Fig 5: Interspecies nucleotide divergence between species levels: The mean divergence within the Super family Penaeoidae was 1.49%. The 
mean nucleotide divergence within the genus was maximum in Fenneropenaeus (3.70%), followed by Solenocera (2.40%),  Metapenaeus 

(2.01%), Penaeus (1.62%), and Parapenaeopsis (1.43%). The maximum interspecies variation between heplotypes S. crassicornis (India) and S. 
koelbeli (China) was 3.95%. The minimum interspecies divergence was observed between Indian haplotypes, M. dobsoni and M. brevicornis 

was 0.00%, which was overlapping each other. 
 

 
 

Fig 6: Distinct haplotypic phylogeny with available retrieved species: Neighbor-joining tree (Non-linear) of MT-COI sequence divergence 
(Jukes-Cantor method) for selected marine shrimp species. Intra species nucleotide divergence value of 0.8% between subjected species and 

acquired species of F. Indicus is shown. 

 



 

~ 104 ~ 

International Journal of Fisheries and Aquatic Studies 

 

Fig 7: Phylogenetic relationship of General Time Reversible (GTR+G) model’s maximum likelihood tree for marine shrimp species. The 
phylogenetic tree of Super family, Penaeoidae well resolved with the phylogenetic evolution of the species, which form the polyphyletic clade. 

 
 

4. Conclusions 
In this study, the universal decapods primer, LCO1490 and 
HCO2198 has worked well with six species (P. semisulcatus, 
M. dobsoni, M. brevicornis, F. indicus, P. stylifera and S. 
crassicornis). Further studies with other species (P. monodon, 
M. affinis, M. lysianasa, M. stridulans, F. merguiensis, P. 

maxillipedo, M. japonicas, and A. paludicola) are necessary to 
conclude that whether the primer used is species specific. The 
subjected species showed average nucleotide divergence of 
1.49% from its closest relative, which was <3%. Therefore the 
species could not be discriminated. The minimum interspecies 
divergence, 0.00% was observed between two Indian
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 haplotypes M. dobsoni and M. brevicornis, which overlap each 
other. Therefore, further studies at population levels of these 
two species are required to rule out this ambiguity.     
 
5. Acknowledgement 
The Science and Engineering Research Board, Department of 
Science and Technology, Government of India, New Delhi is 
gratefully acknowledged for the financial support provided in 
the form of research project (SB/EMEQ-291/2013, dt. 
01.08.2013 of SERB, New Delhi). The authors are sincerely 
thanking Mr. M. Kathirvel, Former Principal Scientist, Central 
Institute of Brackishwater Aquaculture (ICAR), Chennai - 600 
028, Tamilndu, India, for species identification. 
 
6. References 
1. Hebert PDN, Cywinska A, Bali SL, Dewaard JR. 

Biological identifications through DNA barcodes. Proce 
Royal Soci London Series B- Biologica Sci 2003; 270:313-
321. 

2. CSIRO. Crustaceans unique colour control system. 
Location: Eco. Sciences Precinct - Dutton Park, 41 Boggo 
Road, Dutton Park QLD 4102, Australia, 2013. 

3. Montgomery S. Biology and life cycles of prawns. 
Primefact No. 268. Industry & Investment NSW, Australia. 
2010; 8. ISSN 1832-6668. 

4. Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R. DNA 
primers for amplification of mitochondrial cytochrome c 
oxidase subunit I from diverse metazoan invertebrates. Mol 
Mar Biol Biotechnol 1994; 3:294-299. 

5. Zhang DX, Hewitt GM. Assessment of the universality and 
utility of a set of conserved mitochondrial primers in 
insects. Insect Mol Biol 1997; 6:143-150. 

6. Simmons RB, Weler SJ. Utility and evolution of 
cytochrome b in insects. Mol Phylogenet Evol 2001; 
20:196-210. 

7. Knowlton N, Weigt LA. New dates and new rates for 
divergence across the Isthmus of Panama. Proc R Soc Lond 
B 1998; 265:2257-2263. 

8. Cox AJ, Hebert PDN. Colonization, extinction and 
phylogeographic patterning in a freshwater crustacean. Mol 
Ecol 2001; 10:371-386. 

9. Wares JP, Cunningham CW. Phylogeography and 
historical ecology of the north atlantic intertidal. Evolution 
2001; 12:2455-2469. 

10. Kathirvel M. Edible Penaeid Shrimps in India in Training 
Manual on GIS and Marine Biodiversity Edited by Milton 
M.C.J: Loyola college publication, Chennai, India, 2008, 
163-181. 

11. Kathirvel M, Thirumilu P. Diversity in Indian Penaeoid 
shrimps. In: Perspectives of Animal Taxonomy and 
Systematics, MC John Milton editors, School of 
Biodiversity and Environmental Monitoring, Dept. of 
Advanced Zoology and Biotechnology, Loyola College, 
Chennai, India, 2011, 136-158. 

12. Prasanna Kumar C, Akbar John B, Ajmal Khan S, Lyla PS, 
Jalal KCA. Limit of DNA Barcode in Delineating Penaeus 
monodon and in its Developing Stages. Sains Malaysiana 
2012; 41:1527-1533. 

13. Hebert PDN, Stoeckle MY, Zemlak TS, Francis CM. 
Identification of birds through DNA barcodes. PLoS Biol 
2004b; 2:312. 

14. Aliabadian M, Beentjes KK, Roselaar CS, Brandwijk HV, 
Nijman V, Vonk R. DNA barcoding of Dutch birds. 
Zookeys 2013; 365:25-48. 

15. Ward RD, Zemlak TS, Innes BH, Last PR, Hebert PDN. 
DNA barcoding Australia’s fish species. Philos T Roy Soc 
B 2005; 360:1847-1857. 

16. Cawthorn DM, Steinman HA, Witthuhn RC. DNA 
barcoding reveals a high incidence of fish species 
misrepresentation and substitution on the South African 
market. Food Res Intr 2012; 46:30-40. 

17. Hogg ID, Hebert PDN. Biological identifications of 
springtails (Hexapoda: Collembola) from the Canadian 
arctic, using mitochondrial barcodes. Canadian J Zool 
2004; 82:749-754. 

18. Porco D, Bedos A, Greenslade P, Janion C, Skarzynski D, 
Stevens MI, Vuuren BJV, Deharveng L. Invertebrate 
Systematics, 2012; 26:470-477. 

19. Barrett DH, Hebert PDN. Identifying spiders through DNA 
barcodes. Canadian J Zool 2005; 83:481-491. 

20. Blagoev GA, Nikolova NI, Sobel CN, Hebert PDN, 
Adamowicz SJ. Spiders (Araneae) of Churchill, Manitoba: 
DNA barcodes and morphology reveal high species 
diversity and new Canadian records. BMC Ecol 2013; 
13:44. 

21. Janzen DH, Hajibabaei M, Burns JM, Hallwachs W, 
Remigio E, Hebert PDN. Wedding biodiversity inventory 
of a large and complex Lepidoptera fauna with DNA 
barcoding. Philosophical Transactions of the Royal 
Society. Biological Sci 2005; 360B:1835-1845. 

22. Liu XF, Yang CH, Han HL, Ward RD, Zhzng AB. 
Identifying species of moths (Lepidoptera) from Baihua 
Mountain, Beijing, China, using DNA barcodes. Ecol Evol 
2014; 4, 2472-87. 

23. Schubart CD. Mitochondrial DNA and decapod 
phylogenies: the importance of pseudogenes and primer 
optimization. In Decapod Crustacean Phylogenetics. 
Edited by Martin, J.W., Crandall, K.A., Felder, D.L., Boca 
Raton, F.L: CRC Press, Taylor & Francis Group, 2009, 47-
65. 

24. Lobo J, Costa PM, Teixeira MAL, Ferreira MSG, Costa 
MH, Costa FO. Enhanced primers for amplification of 
DNA barcodes from a broad range of marine metazoans. 
BMC Ecol, 2013; 13-34. 

25. Quan J, Zhuang Z, Deng J, Dai J. Phylogenetic 
relationships of 12 Penaeoidea shrimp species deduced 
from mitochondrial DNA sequences. Biochem Genet 
2004; 42:331-345. 

26. Baldwin JD, Bass AL, Bowen BW, Clark JWH. Molecular 
phylogeny and biogeography of the marine shrimp 
Penaeus. Mol Phylogenet Evol 1998; 10:399-407.  

27. Gusmao J, Lazoski C, Sole-Cava AM. A new species of 
Penaeus (Crustacea, Penaeidae) revealed by allozyme and 
cytochrome oxidase I analyses. Mar Biol 2000; 137:435-
446. 

28. Chu KH, Ho HY, Li CP, Chan TY. Molecular 
phylogenetics of the mitten crab species in Eriocheir, Sensu 



 

~ 106 ~ 

International Journal of Fisheries and Aquatic Studies 

lato (Brachyura: Grapsidae). Crustacean Biol 2003; 
23:738-746.  

29. Palumbi SR, Benzie J. Large mitochondrial DNA 
differences between morphologically similar Penaeid 
shrimp. Mol Mar Biol Biotechnol 1991; 1:27-34. 

30. Hebert PDN, Penton EH, Burns JM, Janzen DH, Hallwachs 
W. Ten species in one: DNA barcoding reveals cryptic 
species in the Neotropical skipper butterfly Astraptes 
fulgerator. Proc Natl Acad Sci USA 2004; 101:14812-
14817. 

31. Crozier RH, Crozier YC, Mackinlay AG. The CO-I and 
CO-II region of the honeybee mitochondrial DNA: 
Evidence for variation in insect mitochondrial evolutionary 
rates. Mol Bio Evol 1989; 6:399-411.  

32. Garcia-Machado E, Dennebouy N. Suarez MO, Mounolou 
JC, Monnerot M. Mitochondrial 16s-rRNAgene of two 
species of shrimps: Sequence variability and secondary 
structure. Crustaceana 1993; 65:279-286. 

33. Howland DE, Hewitt GM. Phylogeny of the Coleptera 
based on mitochondrial cytochrome oxidase I sequence 
data. Insect Mol Biol 1995; 4:203-215. 

34. Navajas M, Lagnel J, Gutierrez J, Boursot P. Species-wide 
homogeneity of nuclear ribosomal ITS2 sequences in the 
spider mite Tetranychus urticae contrasts with extensive 
mitochondrial COI polymorphism. Heredity 1998; 80:742-
752. 

35. Satta Y, Takahata N. Evolution of Drosophila 
mitochondrial DNA and the history of melanogaster 
subgroup. Proc Natl Acad Sci USA 1990; 87:9558-9562. 

36. Spicer GB. Phylogenetic utility of the mitochondrial 
cytochrome oxidase gene: Molecular evolution of the 
Drosophila buzzatii species complex. J Mol Evol 1995; 
41:749-759. 

37. Harrison MK, Crespi BJ. Phylogenetics of Cancer crabs 
(Crustacea: Decapoda: Brachyura). Mol Phylogenet Evol 
1999; 12:186-199. 

38. Meyran JC, Monnerot M, Taberlet P. Taxonmic status and 
phylogenetic relationships of some species of the genus 
Gammarus (Crustacea, Amphipoda) deduced from 
mitochondrial DNA sequence. Mol Phylogenet Evol 1997; 
8:1-10. 

39. Palmero I, Renart J, Sastre L. Isolation of cDNA clones 
coding for mitochondrial 16S ribosomal RNA from 
crustacean Artemia. Gene1988; 68:239-248. 

40. Hualkasina W, Sirimontapornb P, Chotigeata W, Quercic 
J. A Molecular phylogenetic analysis of white prawn’s 
species and the existence of two clades in Penaeus 
merguiensis. J Exp Mar Biol Ecol 2003; 296:1-11. 

41. Pereira G. A cladistic analysis of the freshwater shrimps of 
the family Palaemonidae (Crustacea, Decapoda, Caridea). 
Acta Biol Venez 1997; 17:1-69. 

42. Liu MY, Cai YX, Tzeng CS. Molecular Systematics of the 
Freshwater Prawn Genus Macrobrachium Bate, 1868 
(Crustacea: Decapoda: Palaemonidae) Inferred from 
mtDNA Sequences, with Emphasis on East Asian Species. 
Zoological Studies 2007; 46:272-289.  

43. Martin JW, Davis G. An updated classification of the recent 
Crustacea. Natural History Museum of Los Angeles 
County, Science 2001; Series No. 39, 1-124. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 


