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Abstract

Penaeus semisulcatus is a key crustacean species with a patchy
distribution along the Indian coast. It constitutes a monospecific fishery
along the southeastern coast of India, underscoring its pivotal
significance in the economic dynamics of the region. Currently, the
species contains two morphotypes with banded and non-banded
antennae, presumably representing two species. The former is
widespread in the Indo-West Pacific while the latter appears endemic
to the Persian Gulf. The present study focuses on the mitogenome
characterization of the banded antennae morphotype of P. semisulcatus
for the first time from Indian waters to bridge the knowledge gap in
genomics in the Indo-West Pacific. The 16,004 base-pair length
mitogenome was assembled using genome skimming. It contained 13
protein-coding genes (PCGs), two rRNA genes, 22 tRNA genes, and a
noncoding control region, with a basic pan-crustacean gene content
and arrangement pattern. The genetic divergence (K2P distance)
values using 13 PCGs between the two morphotypes was 16.6% and
between the Indian and Pacific mitochondrial lineages was 6.9%. The
phylogenetic analysis also inferred the polyphyletic nature of Penaeus
sensu stricto and the grouping of both morphotypes with high
probability values. This research contributes to the understanding of
the genetic diversity of P. semisulcatus and sheds light on its
evolutionary processes. The availability of the complete mitogenome
serves as a valuable resource for further comparative genomic studies
and contributes to proper taxonomic identification, sustainable
management, and conservation efforts of this commercially important
species.

Keywords: Green tiger shrimp, genome skimming, morphotype,
phylogeny.
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Introduction

Penaeus semisulcatus De Haan, 1844 commonly called
the green tiger shrimp or grooved tiger prawn is one
of the commercially important penaeid shrimp widely
distributed in the Indo-West Pacific from the Red Sea, east
and southeast Africa to Japan, Korea, in the seas of the
Indo-Malay Archipelago and northern Australia (Holthuis,
1980; Halim et al, 2021). Along the coast of India, it is more
common along the east than on the west (Kurian and
Sebastian, 1976) and constitutes an important fishery along
the coast of Tamil Nadu (Rajkumar et al, 2023) which is
traded as ‘Mandapam flower shrimp’ in the export market.
It accounts for 4.68% of the total Indian marine penaeid
landings, 58% of shrimp landings from Tamil Nadu with more
than 70% of the total shrimp landings in Ramanathapuram
District that forms a major livelihood fishery of the region
(CMFRI, 2019). Green tiger shrimp is a promising species in
capture fisheries and culture practices due to its large size
(range from 41 mm to 240 mm), high demand, and premium
market price. Hatchery production of seeds and larviculture
of P. semisulcatus was developed in the late 1980s by the
Mandapam Regional Centre of ICAR-CMFRI (CMFRI, 2009).
Sea ranching of hatchery-produced seeds (post-larvae-PLs)
is carried out at Mandapam Regional Centre to replenish the
natural stock to support sustainable fishery of the species
in the Gulf of Mannar and Palk Bay (CMFRI, 2022).

Genetic and morphometric investigations of P. semisulcatus
from the Indo-Pacific region have been conducted at regional
and broader scales. Two morphotypes, namely the banded
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antennae type and the non-banded antennae type, have been
described in the species which are considered to represent
two sympatric species (Jahromi, 2011; Jahromi et al, 2019),
the latter of which is awaiting formal description. The banded
antennae type is the widespread morphotype (Halim et al,
2021). The other type is endemic to the Persian Gulf and
the Sea of Oman, but the two morphotypes co-occur in this
region (Jahromi et al, 2021; Alizadeh et al, 2022). Sharawy
et al. (2016, 2017) carried out population characterization
for the species using molecular markers like cytochrome ¢
oxidase subunit 1(COI), 16S ribosomal RNA (16S rRNA), and
18S rRNA in the Gulf of Suez and through the Suez Canal.
Hassanien and Al-Rashada (2019) assessed genetic variation
in the species using randomly amplified polymorphic DNA,
and simple sequence repeat from two geographically distant
locations in the Arabian and Suez Gulf. Another study was
performed using microsatellite loci in the Persian Gulf and
Oman Sea (Jahromi et al, 2021). Assessment of genetic
diversity and phylogeographic criteria in the northwest of
the Red Sea using a hypervariable 5° barcode area of the
COI gene has been carried out by Mohammed-Geba and
Yousif (2022). Genetic structure analysis of the species
using COI, 16S rRNA, and mitochondrial control region (CR)
disclosed two separate lineages originating from the Indian
Ocean and the Western Pacific (Alam et al, 2017). Also, two
lineages were identified using COl and CR in the Indo-Pacific
Ocean with a focus on the Indo-Malay Archipelago (Halim
etal, 2021).

In the past years, molecular studies using single gene
markers have been replaced by complete mitogenome. Owing
to its advantages including maternal inheritance, lack of
recombination, high copy number, and high nucleotide base
substitution, mitogenomes have been used extensively in
crustacean research for species delimitation, classification,
phylogenetics, and phylogeographic studies (Shen et al,
2013; Gonzalez-Castellano et al, 2020). Mitogenome data
of the green tiger shrimp is available in GenBank from the
Pacific (Accession No. MG821354; Zhong et al, 2019) and the
Persian Gulf (Accession No. LC493087, LC497027). Currently,
no genetic studies on this species have been reported from
Indian waters, and the present study aimed to map the
mitogenome of its banded morphotype distributed along the
Indian coast to bridge the genetic information gap existing
in the Indo-West Pacific region.

Material and methods

A single specimen of the banded antennae morphotype of
P. semisulcatus (Fig. 1) was obtained from the coastal regions
of Madapam, Tamil Nadu, India (9° 23.930' N, 79°16.696' E).
The specimen was morphologically identified (Sudhakara

Rao et al, 2013), and the tissue was preserved in 90% ethanol
for subsequent molecular analysis.

Genomic DNA extraction followed the conventional phenol-
chloroform method (Sambrook and Russell, 2006), and
RNase A (Sigma-Aldrich, USA) was used to degrade any
potential RNA contamination. Subsequently, to eliminate
RNase A proteins, the genomic DNA was purified using
the NucleoSpin gDNA Clean-up Kit (Macherey-Nagel,
Germany). The purified DNA was quantified using a Qubit
3.0 Fluorometer with the dsDNA HS assay (ThermoFisher
Scientific) and visualized on 2% agarose gels. Sequencing
libraries were generated using the NEBNext Ultra DNA Library
Prep Kit for lllumina (NEB, USA), following the manufacturer's
instructions. Sequencing was carried out on the Illumina
NovaSeq platform, employing 150 bp paired-end sequencing.
We employed Low Coverage-Whole Genome Sequencing
(LC-WGS) reads from whole-cell extraction that includes
a high copy number of extranuclear sequences, making
it an efficient and cost-effective approach for assembling
complete mitochondrial genomes (Chak et al, 2020).

Raw reads with a Phred score lower than 20 and adapters
were removed using Trimmomatic v. 0.39 (Bolger et al,
2014). Reference-based mitochondrial genome assembly
of Green Tiger Shrimp was performed using NOVOPIlasty
4,31 with 43 million PE reads (Dierckxsens et al, 2017).
The complete mitochondrion of P. semisulcatus with
NCBI GenBank accession number LC493087 was used
as a bait reference for the NOVOPIlasty software. Genes
were annotated using DOGMA and MITOS web servers,
following the mitochondrial code for invertebrates (Bernt
et al, 2013; Wyman et al, 2004). To refine the boundaries,
the annotated genes were manually edited in Geneious
(Kearse et al,, 2012) whereas tRNAs were annotated using
Arwen v.1.2.3 (Laslett and Canback, 2008). The verification
of ribosomal RNA (rRNA) was carried out using RNAmmer
1.2 (Lagesen et al, 2007). Additionally, the non-coding
control region (NCR) was examined through Tandem
Repeats Finder (Benson, 1999).

Fig. 1. Banded antennae morphotype of Penaeus semisulcatus collected from
Mandapam, Tamil Nadu.
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Table 1. Genetic data for P semisulcatus, highlighting its morphotypes and sampling locations

Mitogenome mapping of the Green Tiger Shrimp

Morphotype identified Location GenBank Accession No. (COI) Reference
Banded type Hormoz, Iran KC525192, KC525195
Banded type Jask, Iran KC525193, KC525194
Banded type Penang, Malaysia KC525188- KC525191
Jahromi et al, 2019
non-Banded type Bushehr, Iran KC525184, KC525185
non-Banded type Jask, Iran KC525187
non-Banded type Hormoz, Iran KC525186
Banded type GuangXi Province, China MG821354 Zhong et al, 2019
non-Banded type Iran LC497027 NCBI
Banded type Persian Gulf, Iran LC493087 NCBI
Banded type Mandapam, Tamil Nadu, India 0R906295 This study

The partial COI sequences of the banded and non-banded
types of the species (Jahromi et al, 2019), the COI region of
the three mitogenomes available in the NCBI database, and
the mitogenome generated in this study (Table 1) were used to
construct a phylogenetic tree to validate the sequences with
their morphological types. The genetic divergence for the COI
gene was calculated according to the Kimura 2-Parameter (K2P)
model of sequence evolution (Kimura, 1980) under uniform rates
in MEGA X (Kumar et al, 2018), and the Neighbour-joining (NJ)
tree (Saitou and Nei, 1987) was constructed in the software.
The same model was used to estimate divergence values for
mitochondrial protein-coding genes (13PCGs: 11085 bp) of the
mitogenomes from different waters. The Relative Synonymous
Codon Usage (RSCU) of thirteen PCGs (excluding incomplete
codons) was also computed using MEGA. The compositional
skewness of each genome component was determined using
the following formulas: AT-skew = (A-T)/(A+T); GC-skew = (G-
C)/(G+C) (Perna and Kocher,1995). Genome visualization was
performed using CGView Server (Grant and Stothard, 2008).

The complete mitochondrial DNA genomes of P. semisulcatus,
including 27 shrimp species within the genus Penaeus sensu
lato (s.L), were utilized for phylogenetic analysis. Phylogenetic
trees were constructed using concatenated datasets of protein-
coding and rRNA genes (13115 bp) with the application of
both Maximum Likelihood (ML) and Bayesian Inference (BI)
methods. The software tools IQ TREE v1. 6.12 and MrBayes
3.2.7 were employed for ML and BI, respectively incorporating
the best substitution models and partition schemes for each
dataset through PartitionFinder version 2.1.1 ( Huelsenbeck and
Ronquist, 2001; Nguyen et al, 2015; Lanfear et al, 2017;). To
assess the robustness of the ML tree topology, 1,000 bootstrap
replications of the observed data were conducted. For the BI
tree, two simultaneous runs were executed with four chains
over 10 million generations, with tree sampling at intervals of
100 generations. The initial 25% of samples were discarded
and not considered for summary statistic calculations. The
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maximum standard deviation of split frequencies was used to
confirm the convergence of the runs with Tracer v1.7 (Rambaut
et al, 2018). All phylogenetic results were visualized in Fig Tree
v1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/).

Results and discussion
General features of the mitogenome

LC-WGS resulted in the generation of 7 Gb paired-end
reads. The newly assembled mitochondrial genome of
P. semisulcatus was 16004 base-pair (bp) in length and was
submitted under GenBank accession number OR906295. It
comprised 13 protein-coding genes (PCGs), two ribosomal
RNA genes (rRNAs: rrnS and rrnL), 22 transfer RNA genes
(tRNA), and a non-coding region (NCR). The PCGs range
from 159 bp (ATP8) to 1724 bp (ND5) in size, with a total
length of 11157 bp. tRNAs varied from 66 bp in tRNA-Tyr,
tRNA-Leu, tRNA-Ala, tRNA-Asn and, tRNA-Pro to 72 bp in
tRNA-Val, with a total length of 1493 bp. The length of the
small encoding ribosomal subunit, rrnS (12S rRNA), and
large subunit, rrnL (16S rRNA) were 856 bp and 1370 bp,
respectively. Twenty-three of the thirty-seven genes were
encoded by the plus strand, with the others encoded by
the minus strand (Table 2).

In addition, a single long intergenic space of 997 bp was
assumed to be the mitochondrial control region and was
encoded in plus strand. Most of the PCGs and tRNA genes were
encoded in heavy stand/plus stand while only four PCGs (ND
I, ND IV, ND IVL, and ND V) and eight tRNA genes (tRNA-GIn,
tRNA-Cys, tRNA-Tyr, tRNA-Phe, tRNA-His, tRNA-Pro, tRNA-Leu,
and, tRNA-Val) were encoded in light strand/minus strand.
Furthermore, both the ribosomal RNAs were encoded in the
minus strand. The gene order observed in P. semisulcatus is
similar to the typical pan-crustacean ground pattern (Lavrov



N.S. Jeena et al,

Table 2. Mitochondrial gene annotation of 2 semisulcatus

Position Intergenic/
Gene Strand From To Size (bp) overlapping (nt) Codon (Start/Stop)
tRNA-lle 1 67 67 15
tRNA-GIn Minus 83 152 70 30
tRNA-Met Plus 183 251 69 0
ND 2 Plus 252 1253 1002 -2 ATT/TAA
tRNA-Trp Plus 1252 1320 69 15
tRNA-Cys Minus 1336 1403 68 1
tRNA-Tyr Minus 1405 1470 66 2
col Plus 1473 3006 1534 0 ACG/T—
tRNA-Leu Plus 3007 3072 66 5
coll Plus 3078 3765 688 0 ATG/T—
tRNA-Lys Plus 3766 3835 70 3
tRNA-Asp Plus 3839 3907 69 0
ATP 8 Plus 3908 4066 159 -7 ATC/TAA
ATP 6 Plus 4060 4734 675 14 ATG/TAA
corn Plus 4749 5538 790 0 ATG/T—
tRNA-Gly Plus 5539 5605 67 0
ND 3 Plus 5606 5957 352 0 ATG/T—
tRNA-Ala Plus 5958 6023 66 2
tRNA-Arg Plus 6026 6090 65 0
tRNA-Asn Plus 6091 6156 66 4
tRNA-Ser Plus 6161 6227 67 0
tRNA-Glu Plus 6228 6297 70 19
tRNA-Phe Minus 6317 6384 68 -l
ND5 Minus 6384 8107 1724 9 ATG/TA-
tRNA-His Minus 817 8183 67 0
ND4 Minus 8184 9524 1341 -7 ATG/TAA
ND 4L Minus 9518 9817 300 2 ATG/TAA
tRNA-Thr Plus 9820 9887 68 0
tRNA-Pro Minus 9888 9953 66 1
ND6 Plus 9955 10470 516 3 ATT/TAA
cytochrome b (cytb) Plus 10474 11610 137 -2 ATG/TAG
tRNA-Ser Plus 11609 11678 70 17
ND1 Minus 11696 12634 939 5 ATA/TAA
tRNA-Leu Minus 12640 12706 67 0
rmL Minus 12707 14076 1370 3
tRNA-Val Minus 14080 14151 72 0
ms Minus 14152 15007 856 0
CR Plus 15008 16004 997

etal,2000; Tan et al, 2017). The circular representation of the

mitogenome of P, semisulcatus is shown in Fig. 2.

Upon comparison of the partial sequences of the COI

gene, it was observed that the mitogenome from this study
(OR906295) and the Persian Gulf, Iran (LC493087) cluster
with banded antennae morphotype of P. semisulcatus (Fig. 3).
Conversely, the second mitogenome submitted from Iran
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(MDNA16004 bp)
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Fig. 2. Schematic representation of circular mitogenome map of banded
antennae morphotype of P semisulcatus from the Bay of Bengal, India. The
annotated map depicts 13 protein-coding genes (PCGs), two ribosomal
RNA genes (rrnS: 12 S ribosomal RNA and rL: 16 S ribosomal RNA), 22 transfer
RNA (tRNA) genes, and the putative control region. The inner circle depicts
GC content

(LC497027) clustered with the COl sequences of the non-
banded antennae morphotype with high bootstrap support.

Compositional analysis

The complete mitochondrial genome of P. semisulcatus had
the following nucleotide compositions: 34.84% thymine, 15.47%
cytosine, 33.51% adenine, and 12.57% guanine. The AT/ (A+T)
content observed in the whole mitogenome of P. semisulcatus
was 68.35 % (Table 3) which is similar to the previous studies
(Zhong et al, 2019). The average AT content in the concatenated
PCGs (with stop codons) was 66.85% which was higher than
the GC content (33.15%). The rrnS and rrnL genes were highly
AT biased with 71.39%. The identified control region/D-loop
region was also heavily inclined toward AT nucleotides with

Mitogenome mapping of the Green Tiger Shrimp

KC525190 Penang Mafaysia
65 | KC525191 Penang Malaysia
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Fig. 3. NJ tree based on genetic distance analysis of COl sequences showing
the genetic relationships of two morphotypes of P semisulcatus. Numbers at
branching points are bootstrap support. The branch names have accession
numbers followed by the collection location

an average content of 82.25% (Table 3). Upon examination of
this region, numerous mononucleotide adenine and thymine
repeats were identified along the stretch. Among the thirteen
PCGs of P. semisulcatus, the lowest AT content was 61.40%
in COX3 gene, whereas the highest AT content was 75.21%
in ATP8 gene.

The AT skew and GC skew in the mitogenome were -0.02 and
-0.21 respectively (Table 3). In addition, all the PCGs showed
negative AT and GC skews, indicating that there is a skew
away from A in favour of T, and G in favour of C similar to the
reports in penaeid shrimps (Guo et al, 2021; Collins et al, 2022).

Codon usage in PCGs and genetic
divergence

The initiation of twelve of the thirteen PCGs in the mitochondrial
genome of P. semisulcatus was with traditional start codons of
crustaceans (ATG, ATC, and ATT). However, ACG, an alternative
putative start codon reported in decapod crustaceans was
the start codon in COX7(Zhang et al, 2016; Chak et al, 2020)

Eight out of thirteen PCGs terminated with complete or

Table 3. Nucleotide composition and skew analysis of the mitogenome of P semisulcatus in this study

Features Total A% A % T G% G C% c AT%  G+C%  AT-skew  GC-skew
mtDNA (including intergenic spacers) 16004 3351 5363 34.84 5575 12.57 2012 19.08 3054 68.35 3165 -0.02 -0.21
tRNAs 1493 3289 491 3208 479 19.56 292 1547 231 64.97 3503 0.01 012
rRNAS 2226 3738 832 34.01 757 181 403 10.51 234 7139 2861 0.05 0.27

PCGs (with stop codons) ms7 2172 3093 3913 4366 15.92 1776 1723 1922 66.85 3315 -017 -0.04

Ist codon sites 379 3130 1164 3522 1310 1818 676 15.30 569 66.52 3348 -0.06 0.09

2nd codon sites 319 2245 835 40.28 1498 1737 646 19.90 740 62.73 3721 -0.28 -0.07

3rd codon sites 3719 2942 1094 4189 1558 12.21 454 1648 613 731 2869 -017 -015

NCR 997 4042 403 4183 417 792 79 9.83 98 82.25 1775 -0.02 -0m
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Table 4. Codon usage for the thirteen protein-coding genes of P semisulcatus

Amino acid Codon Number  RSCU Amino acid Codon Number  RSCU

Amino acid Codon Number ~ RSCU Amino acid Codon Number RSCU

UUUGF) 198 135 ucu(s) 120 272
Phenyl alanine

UUC(F) 96 0.65 ucc(s) 3 07

Serine

UUALL) 301 3.08 UCA(S) 62 141
Leucine

UUG(L) 38 0.39 ucGg(s) 12 0.27

Cuu(L) 106 109 ccupP) 97 26

cuc) 25 0.26 cccp) 14 0.38
Leucine2 Proline

CUAL) 89 091 CCA(P) 32 0.86

CUG(L) 27 0.28 CCG(P) 6 016

AUU() 235 164 ACU(T) 96 19
Isoleucine

AUC(l) 51 0.36 ACC(T) 28 055

Threonine

AUA(M) 155 16 ACA(T) 73 145
Methionine

AUG(M) 39 04 ACG(T) 5 01

GUU(V) 92 136 GCU (A) 144 2.34

GUC(V) 26 0.39 GCC(A) 41 0.67
Valine Alanine

GUA(V) 135 2 GCA(A) 53 0.86

GUG(Y) 17 0.25 GCG (A) 8 013

UAU(Y) 106 149 UGA (W) 8 16
Tyrosine Tryptophan
UAC(Y) 36 051 UGG (W) 20 04
CAU(H) 62 141 CGUR) 19 127
Histidine
CAC(H) 26 059 CGC(R) 3 02
Arginine
CAA(Q) 52 141 CGA(R) 3 2.07
Glutamine
CAG(Q) 22 059 CGG((R) 7 047
AAU(N) 102 148 AGU(S) 46 104
Asparagine
AAC(N) 36 052 AGC(S) 17 0.39
Serine2
AMA(KK) 63 159 AGA(S) 65 147
Lysine
AAG(K) 16 04 AGG(S) O 0
Aspartic GAU(D) 40 108 GGU (G) 66 11
acid GAC(D) 34 092 G6CE 9 015
Glycine
Glutamic GAA(E) 59 151 GGA(G) M4 189
acid GAGE) 19 049 GGG 52 086
UGU([C) 35 175 UAA(*) 0 0
Cysteine Stop
UGc(c) 5 0.25 UAG(Y) 0 0

conventional stop codons (TAA, TAG), and the remaining
genes were terminated with truncated stop codon T. Truncated
stop codons are frequently found in mitochondrial PCGs,
and it is believed that post-transcriptional poly-adenylation
completes them to full stop codon (Ojala et al, 1981; Rahuman
et al, 2020). ATG stands out as the most frequently utilized
start codon, while TAA holds the accounts of being the most
commonly employed stop codon (Table 2).

Table 4 illustrates the prevalence of codon families in the
Protein-Coding Genes (PCGs) of the mitochondrial genome. A
total of 3695 amino acids were encoded in the P, semisulcatus
mitogenome, among which the three predominant codon
families were UUA (leucine), AUU (isoleucine) and UUU
(phenylalanine), which are AT-rich. The least chosen codons
were from GC-rich codon families such as CGC (arginine),
ACG (threonine), and UGC (cysteine). The frequencies of
AT-rich codon families are more than amino acids coded by
GC-rich codon families, similar to other species in Penaeidae.
These findings are also consistent with the nucleotide usage

analysis, as the least used codons are those composed
mainly of C and G.

Table 5 provides a comprehensive overview of the collective
genetic divergence exhibited in thirteen protein-coding
genes of P. semisulcatus sourced from different seas. The
genetic divergence between the banded morphotype from
Indian waters (OR906295) and the non-banded antennae
morphotype from the Persian Gulf (LC497027) is 16.62%.
This notable genetic variation is also consistent with the
single-gene divergence (COI) observed in this study (15.61%)
and report from the Persian Gulf (17%) (Jahromi et al, 2019).
Additionally, a genetic divergence of 6.92% is noted between
specimens from Indian waters (OR906295) and those from
Chinese waters (MG821354). This indicates the presence
of another lineage from the South China Sea. However, a
divergence of 1.49% is noted between the banded form from
the Persian Gulf (LC493087) and Indian waters (OR906295)
which is much less compared to Chinese waters.

Table 5. K2P genetic distance between mitogenomes (13 PCGs) of £ semisulcatus computed in MEGA X. The NCBI accession numbers of mitogenomes and locations are given in titles. The

asterisk (*) represents the non-banded antennae morphotype of P semisulcatus

Accession No. 0R906295 (Tamil Nadu, India) LC493087 (Persian Gulf, Iran) MG821354 (China) *1.C497027 (Iran)

0R906295 —_—

LC493087 149

MG821354 6.92 725

*LC497027 16.62 16.94 1613 —_—
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Fig. 4. Consensus phylogenetic tree with Bl and ML methods based on the
nucleotide alignments of 13 PCGs and 2 rRNA genes in the mitochondrial
genome of Penaeus semisulcatus and 27 penaeid shrimps. Labels indicate the
generic names followed by GenBank accession numbers. The mitogenome
data of 2 semisulcatus is highlighted in grey and the sequence from this study
is in bold. Outgroups included are Benthonectes filipes and Sergia lucens. The
number at each node represents posterior probability and bootstrap values

Phylogenetic analysis

Concatenation of PCGs (w/o stop codons) and rRNAs resulted
in a sequence of 13115 bp length. A partition scheme was
developed that takes into account the position of the nucleotide
within the codon, since these sites can evolve at different
rates. The optimal partitioning method thus yielded ten
sub-sets, each of which contained an estimated nucleotide
substitution model.

Phylograms reconstructed for the family Penaeidae with
protein-coding and rRNA gene datasets have been depicted
in Fig. 4. Both the phylograms generated using Maximum
likelihood (ML) and Bayesian Inference (BI) shared the same
topology. The species from the family Penaeidae in this study
clustered into two major clades, clade 1 contains shrimps
from genus Marsupenaeus, Fenneropenaeus, Penaeus,
Litopenaeus, and Farfantepenaeus, while species from
genus Metapenaeus, Mierspenaeopsis, Parapenaeopsis,
Trachypenaeus, and Metapenaeopsis clusters in the
second clade.

The first major clade grouped the species into two subclades,
one subclade included species of Marsupenaeus and Penaeus.
The subclade 2 divided Fenneropenaeus and Penaeus into
one clade and Litopenaeus + Farfantepenaeus+ Penaeus into
another, corroborating previous studies with high bootstrap
and posterior probability values (Hurzaid et al, 2020; Katneni
et al, 2021).

In addition, the species from Penaeus sensu stricto (s.s)
showed a polyphyletic nature. Penaeus monodon and
Penaeus semisulcatus nested with shrimps from the
genus Fenneropenaeus validating the polyphyletic nature
of Penaeus s.s (Hurzaid et al, 2020). The entirety of the

© Marine Biological Association of India
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banded antennae morphotype in P. semisulcatus formed
a single, distinguishable major clade, accompanied by
two minor clades, indicating two different lineages (Alam
et al, 2017; Halim et al, 2021). In contrast, the non-banded
antennae morphotype, having diverged from the group
mentioned above, acts as an outgroup to the banded
morphotype. The genetic divergence and phylogenetic
analysis collectively indicated evident differentiation between
the two morphotypes within P. semisulcatus, suggesting that
it may represent two distinct species (Jahromi et al, 2019).

The phylogenetic analysis supported the monophyly of
Metapenaeus, Metapenaeopsis, Fenneropenaeus, Litopenaeus,
and Farfantepenaeus (Zhang et al, 2016). The major clade 2,
Metapenaeus grouped into three clades. All the species from
Metapenaeus and Metapenaeopsis were grouped into two
distinct clades. However, the shrimps from Trachypenaeus,
Parapenaeopsis, Mierspenaeopsis formed the third sub-clade
with Trachypenaeus diverging initially from others (Ramirez
et al, 2021; Ferreira et al, 2023).

Conclusion

This research addresses a critical gap by furnishing
genomic data on green tiger shrimp from Indian waters.
Our investigation has yielded valuable insights into the
mitogenomic profile of the banded antennae morphotype of
P, semisulcatus from Indian waters, a widespread morphotype
with Indo-West Pacific distribution. Consequently, this study
unveils distinctions in the genetic makeup of P. semisulcatus
mitogenomes across diverse oceanic regions, presenting
new avenues for research. Given the ongoing scrutiny of
P. semisulcatus morphotypes, suggesting the potential
existence of distinct species, our findings may contribute
further clarification, particularly relevant to Indian waters.
The availability of the entire mitogenome not only facilitates
comparative genome studies within the Penaeus genus
but also enhances our comprehension of the evolutionary
processes shaping this group.
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