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Abstract

The information on genetic diversity and intraspecific population subdivision is important for the construction of appropriate
fishery management and breeding programs of banana shrimp Penaeus merguiensis. Here, wild P. merguiensis in Thai waters orig-
inated from Nakhon Si Thammarat, Chonburi, Pattani, Rayong and Trat located in the Gulf of Thailand (east), and Trang and Krabi
located in the Andaman Sea (west) were collected (n = 196) and genetically analyzed using Cytochrome c oxidase subunit | poly-
morphism. Relatively high genetic diversity (38 haplotypes, Hd and = 0.000-0.876 & 0.000-0.024 for eastern and 0.000-0.714 &
0.000-0.002 for western populations, averaged Hd and m = 0.818 and 0.019, respectively) was observed. Nucleotide divergence
between populations was 0.001 (between Trang-Krabi) -0.037 (between Nakhon Si Thammarat-the Andaman populations). Fg;
statistics revealed genetic differentiation between all pairwise comparisons of examined populations (p < 0.0001). Analysis of

molecular variance following phylogenetic grouping indicated significant variance components between individuals within
populations (p < 0.0001), between populations within groups (p < 0.0001) and between phylogenetic groups (p = 0.0059). The
information obtained is useful for natural resource management and for the establishment of our on-going breeding programs
for genetic improvement of P. merguiensis.
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Introduction

Banana shrimp Penaeus merguiensis is widely distributed in
the western part of Indo-Pacific (i.e. from the Persian Gulf to
Hongkong and Australia; Aziz et al., 2020; Wanna et al., 2005).
Among penaeid species, P merguiensis is regarded as a high
value species owing to its meat quality and texture (Aziz et al,,
2020; Prasertlux et al., 2024). Breeding programs of P. mergui-
ensis had been initiated internationally between 1990s to early
2000s (Aziz et al., 2020). Consequently, its aquaculture produc-
tion worldwide peaked in 2006 (at 96,633 tons) but it was con-
sistently reduced to 24,681 tons in 2016 (FAO, 2019).

Thai Department of Fisheries has concerned about the sus-
tainability of the shrimp industry. Currently, an introduced Pacific
white shrimp Litopenaeus vannamei contributes over 95% of the
annual aquaculture production (Prasertlux et al., 2024). However,
P merguiensis is a local species which is considered as a potential
alternative species for shrimp aquaculture. In Thailand, neither
semi-intensive nor intensive culture system of P merguiensis is
still not well developed and genetically improved broodstock and
larvae are not commercially available. Therefore, selective breed-
ing programs of local penaeid species like P. merguiensis should
be implemented for the sustainability of the shrimp industry.

The information on genetic diversity and population differ-
entiation is essential for implementation of appropriate resource
management and the construction of effective breeding programs
of economically important species (Sajeela et al., 2019; Vasee-
haran et al., 2013). Analysis of genetic diversity using mtDNA
polymorphism is straightforward. Unlike nuclear DNA, animal
mtDNA is haploid and transmitted maternally. Accordingly, the
effective population size estimated from mtDNA is smaller than
that of nuclear markers (Birky et al., 1989; Khamnamtong et al,,
2009). This results in the sensitivity to inbreeding and bottleneck
effects relative to that of nuclear DNA markers.

Mitochondrial gene polymorphism, for example, 16S ribo-
somal DNA (16S rDNA), Cytochrome ¢ oxidase subunit I (COI)
and the control region has been used for various applications in-
cluding species authentication, stock structure analysis, and genetic
boundaries within species (Abdul Halim et al,, 2021; Klinbunga et
al.,, 2007; Mohammed-Geba & Yousif, 2022). In penaeid shrimp,
COl is effectively applied for determination of intraspecific genetic
variability and discrimination of cryptic species (Hualkasin et al,
2003; Sajeela et al,, 2019). It is the most common gene region used
for DNA barcoding of animals (Ward et al., 2005).

Previously, intraspecific genetic structure of P. merguiensis
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between Gulf of Thailand and the Andaman Sea were reported
with limited sample size (n = 26) from 7 geographic locations
composing of Trat, Surat Thani, Nakhon Si Thammarat and
Songkhla located in the east of peninsular Thailand and Ra-
nong, Satun and Phuket located in the west of peninsular Thai-
land (Hualkasin et al., 2003). Subsequently, three nuclear loci;
ACT1 microsatellite, amylase (PyAmy) and direct amplifica-
tion of length polymorphism markers, were applied (n = 163).
Nevertheless, significant genetic differentiation was mainly
observed owing to the PvAmy polymorphism (10 alleles, Fy; =
0.324) (Wanna et al., 2005). Accordingly, additional population
genetic studies against large sample sizes are required for accu-
rate estimation of genetic diversity and population differentia-
tion patterns of P. merguiensis in Thai waters.

In Thailand, domestication of P merguiensis has been carried
out for production of high-quality pond-reared broodstock since
2000s (Putth Songsangjinda, personal communication). However,
only a few parents of shrimp from Trang were recruited with in-
termittingly introduced of new brooders of the same origin to the
breeding facilities. Limited genetic diversity of this stock after hatch-
ery-propagated for 21 generations was recently reported by micro-
satellite analysis (average number of alleles per locus, N, = 4.857
and observed heterozygosity, H, = 0.462; Praserlux et al.,, 2024).

Genetic improvement for increasing growth performance is
required by the shrimp industry (Prasertlux et al., 2024). Iden-
tification of current genetic diversity and population structure
of wild P. merguiensis in Thai waters is the crucial step for the
re-establishment of a breeding program of P. merguiensis where
its gene pools have been severely affected from overexploitation
by conventional fisheries. The genetic information has not been
monitored for approximately 2 decades since the last two stud-
ies (Hualkasin et al., 2003; Wanna et al., 2005).

Population genetic studies of wild P. merguiensis in Thai
waters based on COI polymorphism are performed in the pres-
ent study. Wild shrimp from various geographic locations were
collected and polymorphism of COI was evaluated. Knowledge
about genetic diversity and geographic differentiation of wild
P, merguiensis is useful for management of its natural resources
in Thai waters and for selection of appropriate founder popula-
tions of our breeding program of P. merguiensis.

Materials and Methods

Sampling
Wild banana shrimp (P. merguiensis) were caught from geo-
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graphically different locations including Nakhon Si Thammarat
(n = 28), Chonburi (n = 30), Pattani (n = 24), Rayong (n = 28)
and Trat (n = 24) located in the Gulf of Thailand (east coast).
Shrimp were also collected from Trang (n = 33) and Krabi (n =
29) located in the Andaman Sea (west of peninsular Thailand;
Table 1 and Fig. 1). Taxonomic identification of P. merguiensis
was carried out following Pendrey et al. (1999). Pleopods were
dissected out from each shrimp, placed in absolute ethanol,
and transported back to the laboratory at National Center for
Genetic Engineering and Biotechnology (BIOTEC). Specimens
were kept at -80 C until needed.

DNA extraction

Genomic DNA was extracted from a piece of pleopod of each
shrimp using a GF-1 Tissue DNA Extraction Kit following the
protocol recommended by the manufacturer (Vivantis Technol-
ogies, Selagor). The extracted DNA was visualized by agarose
gel electrophoresis (1.0%) and concentrations were estimated
using a Nanodrop 2000 spectrophotometer (Thermo Fisher Sci-
entific, Waltham, MA, USA). The genomic DNA was stored at
4°C until further analysis.

Polymerase chain reaction amplification and sequencing

The universal primers LCO1490 (5-GGTCAACAAATCATA-
AAGATATTGG-3’) and HCO2198 (5-TAAACTTCAGGGT-
GACCAAAAAATCA-3’) (Folmer et al., 1994) were used for
the amplification of the partial COI gene segment (709 bp) of P
merguiensis. The amplification reaction was performed in a 25 pl
reaction volume containing 1X reaction buffer, 2.0 mM MgCl,,
200 uM each dATP, dTTP, dCTP and dGTP, 0.25 uM each prim-

Table 1. Sample collection sites and sample sizes of Penaeus
merguiensis specimens used in this study

Geographic  Geographic coordinates Abbreviation n
origin
Nakhon Si 8°9'31.1436"N and 99°40'26.3568"E NK 28
Thammarat
Chonburi 13°21'40.1148"N and 100°59'4.8228"E CH 30
Pattani 6°52'5.30"N 101°15'0.32"E PT 24
Rayong 12°40'53.0256"N and 101°16'53.8536"E  RY 28
Trat 12°14'37.1"N, 102°30'54.5"E TR 24
Trang 7°33'22"N and 99°36'41"E TG 33
Krabi 8°03'19.80"N and 98°55'4.79"E KB 29
Total 196

NK, nakhon si thammarat; CH, chonburi; PT, pattani; RY, rayong; TR, trat; TG, trang; KB, krabi.
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Fig. 1. Sampling locations of wild Penaeus merguiensis
originating from Gulf of Thailand (Chonburi, Rayong, Trat,
Nakhon Si Thammarat and Pattani; east) and the Andaman
Sea (Trang and Krabi; west) in this study.

er, 1 unit Tag DNA polymerase (New England Biolabs, Ipswich,
MA, USA) and 50 ng genomic DNA. Polymerase chain reaction
(PCR) was carried out using conditions described in Khamnam-
tong et al. (2009). The PCR product (5 pl) was size-fractionated
through a 1% agarose gel to determine the successful amplifica-
tion of the desired gene. The amplified COI of P. merguiensis was
purified using a QIAquick PCR Purification Kit (Qiagen, Hilden,
Germany) and direct sequenced for both directions by an auto-
mated DNA sequencer (ABI3730, Macrogen, Korea).

https://www.e—fas.orgl 3



FA S Fisheries and Aquatic Sciences

Data analysis

The generated COI sequences from 196 shrimp were searched
against previously deposited sequences in GenBank using BlastN
(Altschul et al., 1990). Nucleotide sequences of COI of P. mergui-
ensis (GenBank accession no. PQ230498-PQ230693) were mul-
tiple-aligned by ClustalW (Thompson et al., 1994). Haplotypes
were generated from identical sequences. Relationships between
COI haplotypes were analyzed using PopART (Leigh & Bryant,
2015). Nucleotide sequence divergence between pairs of mito-
types was calculated. Haplotype diversity (Hd) and nucleotide
diversity (1) within samples and pairwise nucleotide diversity and
divergence between populations were calculated (Nei, 1987) us-
ing DnaSP (Rozas et al., 2017). The selective neutrality tests were
evaluated by Tajima’s D (Tajima, 1989), and Fu’s Fs (Fu, 1997)
statistics for each locality using DnaSP. For phylogenetic anal-
ysis, COI sequence of the black tiger shrimp Penaeus monodon
(GenBank accession no. MF563563.1) was retrieved and used as
an outgroup. The original data were bootstrapped 1,000 times. A
neighbor-joining tree (Saitou & Nei, 1987) was constructed from
nucleotide divergence between pairs of COI sequences using
MEGAI11 (Tamura et al.,, 2021). In addition, a NJ tree between
wild populations of P. merguiensis was also constructed from
interpopulation nucleotide divergence using Phylip (Felsenstein,
1993), and illustrated using FIGTREE 1.4.4 (Rambaut, 2018).
Pairwise Fg (Weir & Cockerham, 1984) were analyzed. Analysis
of molecular variance (AMOVA; Excoffier & Lischer, 2010) were
applied to test for statistically significant differences between hi-
erarchical levels (between individuals within populations and be-
tween populations within groups) on different groupings includ-
ing between Gulf of Thailand and Andaman Sea, among upper
(Chonburi, Rayong and Trat) and lower (Nakhon Si Thammarat
and Pattani) Gulf of Thailand and Andaman Sea (Trang and Kra-
bi), and among phylogenetic groups (cluster I, Chonburi, Rayong,
Trat and Pattani; cluster II, Nakhon Si Thammarat and cluster III,
Trang and Krabi) using Arlequin 3.5 (Excoftier & Lischer, 2010).
The number of female migrants between pairs of geographic
samples per generation (N,;,) was calculated using N, = (1 -
Fy) / 2 Fgp (Hudson et al., 1992).

Results

Cytochrome c oxidase subunit I-based haplotype and nucle-
otide diversity

The COI gene segment significantly matched the previously
deposited COI sequence of P. merguiensis in GenBank (E-value
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= 0.0). Multiple-sequence alignments of the COI gene across
overall samples generated 38 haplotypes (Table 2 and Fig 2). In
total, 95 polymorphic sites were found. Only haplotypes 1 (H1,
65 individuals accounting for 33.16% of examined shrimp),
H30 (23 individuals, 11.73% of examined shrimp) and H32 (47
individuals, 23.98% of examined shrimp) possessed by > 10% of
examined samples. These haplotypes are regarded as major hap-
lotypic groups connected with 35 minor haplotypes. Of these,
33 haplotypes were found in only one population (Table 2).

The H1 and H30 were majorly found in the east-coast sam-
ples (9/28, 12/30, 16/24 and 28/28 accounting for 32.14, 40.00,
66.67 and 100% in Nakhon Si Thammarat, Chonburi, Pattani
and Rayong populations for H1 and 23/24 accounting for
95.83% in Trat for H30). These haplotypes were not distributed
in Trang and Krabi (west). In contrast, the H32 were found in
100 (33/33) and 48.28% (14/29) of shrimp from Trang and Kra-
bi but not in the east-coast samples.

High genetic diversity was observed in shrimp from Nakhon
Si Thammarat (Hd = 0.876, m = 0.024) and Chonburi (Hd = 0.837,
7 = 0.013). A moderate haplotype diversity (Hd = 0.529) but a
limited nucleotide diversity level (1t = 0.003) was found in the Pat-
tani population. Limited genetic diversity was found in Trat (Hd =
0.083, t=0.001). Only one haplotype was found in Rayong (found
only in the east-coast populations) and Trang (found only in the

H35 eH33 H36

H17
H9

H4

Fig. 2. TCS network illustrating relationships between
different haplotypes of wild Penaeus merguiensis in Thai
waters. Vertical bars indicate the number of mutation steps
required for connecting between haplotypes.
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Table 2. Haplotype distribution of wild Penaeus merguiensis in Thai waters

Haplotype

Gulf of Thailand (east)

Andaman Sea (west)

Total (n)

Nakorn Si

Thammarat

Chonburi

Pattani

Rayong

Trat Trang Krabi

H1
H2

H3

H4

H5

He

H7

H8

Ho

H10
H11
H12
H13
H14
H15
H16
H17
H18
H19
H20
H21
H22
H23
H24
H25
H26
H27
H28
H29
H30
H31
H32
H33
H34
H35
H36
H37
H38

12

16

28

NN =

—_

23

47

west-coast populations) reflecting a monomorphic haplotype and  haplotype and nucleotide diversity across overall populations were

a lack of nucleotide diversity in these populations. The average

https://doi.org/10.47853/FAS.2026.e1

0.818 £ 0.019 and 0.019 + 0.001 (Table 3).
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Table 3. Names of population, sample size, numbers of haplotypes, haplotype diversity and nucleotide diversity of Penaeus

merguiensis in this study

Population n No. of polymorphic sites NH Hd m Tajima's D Fu'sFs H?
Nakhon SiThammarat 28 57 13 0876 0.024 0498 3.248 0.869 (53)
Chonburi 30 70 15 0.837 0.013 -1.815 -0.400 0.744 (60)
Pattani 24 13 5 0.529 0.003 -1.144 1.454 0.847 (30)
Rayong 28 0 1 0.000 0.000 ND ND 0.676 (28)
Trat 24 10 2 0.083 0.001 -2.298 2678 0.816 (30)
Trang 33 0 1 0.000 0.000 ND ND 0.689 (89)
Krabi 29 9 7 0.714 0.002 -1.557 -229° 0.892 (49)
Overall samples 196 95 38 0.818 0.019 -0.609 -1.144 0.886 (339)

* Microsatellite polymorphism at 7 loci and sample sizes (in brackets) are shown (Prasertlux et al., 2024).

'p<0.05.

Ny, number of haplotypes; Hd, haplotype diversity; m, nucleotide diversity; H,, expected heterozygosity; ND, not determined.

Tajima’s D (Class I test; Tajima, 1989) which is analyzed
based on the frequency spectrum of mutations and differences
between estimators of the population mutation rate and Fu’s Fs
(Class II test; Fu, 1997) which is calculated based on the haplo-
type distribution, were tested. Both Tajima’s D and Fu’s Fs were
negative for overall populations of wild P. merguiensis. In these
cases, results were not statistically significant (p > 0.05). Consid-
ering each population, Fu’s Fs estimates were not significant for
all examined populations except Krabi (p < 0.05) while Tajima’s
D was statistically significant in wild shrimp in Chonburi and
Trat (p < 0.05) (Table 3).

Interpopulation genetic divergence

Nucleotide divergence between pairs of wild geographic pop-
ulations was 0.002-0.037 (Table 4). The lowest degree of in-
terpopulation divergence was found between Trang and Krabi
(0.001) located in the west-coastal region while larger nucle-
otide divergences were found between pairs of the remaining
populations (0.002-0.037). The greatest degree of nucleotide
divergence was found between Nakhon Si Thammarat and each
of the Andaman populations (0.037) (Table 4).

Phylogenetic relationships
Phylogenetic analysis clearly revealed population subdivisions
of wild P. merguiensis originated from different geographic loca-
tions. All shrimp from the west coast were allocated to phyloge-
netic clade B (n = 62 accounting for 32.14% of overall samples)
while 117 and 15 shrimp originated from the east of peninsular
Thailand (59.69 and 7.65% of overall samples) were phyloge-
netically allocated to clades A and C. Only two individuals, one
from Nakhon SI Thammarat (W-NK-F18) and the other from
Chonburi (W-CH-M28), were misplaced into clade B (Fig. 3).
At the population level, a neighbor-joining tree allocated
wild population of P. merguiensis in Thai waters to 3 different
genetic clusters including Pattani, Rayong, Trat and Chonburi
(cluster I), Nakhon Si Thammarat (cluster II), and Trang and
Krabi (cluster III) (Fig. 4).

Intraspecific population structure of Penaeus merguiensis

Pairwise Fg; estimates revealed significant population differ-
entiation between all comparisons (p < 0.05) reflecting both
between- and within coastal differentiation. A weak degree of
population structure was observed between Nakhon Si Tham-

Table 4. Nucleotide divergence between geographically different populations of wild Penaeus merguiensis in Thai waters

Nakhon SiThammarat Pattani Chonburi Rayong Trat Trang Krabi
Nakhon SiThammarat -
Pattani 0.018 -
Chonburi 0.026 0.009 N
Rayong 0.016 0.002 0.007 -
Trat 0.018 0.004 0.009 0.002 -
Trang 0.037 0.031 0.032 0.029 0.031
Krabi 0.037 0.032 0.033 0.030 0.032 0.001 -
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Fig. 3. A neighbor-joining trees illustrating genetic relationships of wild Penaeus merguiensis (n = 196, accession no.

PQ230498-PQ 230693) in Thai water based on COI polymorphism. Nucleotide sequence of Penaeus monodon (accession no.
MF563563.1) was included as the outgroup. Sample codes: W, wild shrimp followed by geographic origins (Table 1) and sexes of
examined shrimp (F, females; M, males); COI, Cytochrome c oxidase subunit I; NK, Nakhon Si Thammarat; CH, Chonburi; PT, Pattani; RY,

Rayong; TR, Trat; TG, Trang; KB, Krabi.
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Pattani
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Trat
Chonburi
{ Trang
l Krabi

Nakhon Si Thammarat

0.003

Fig. 4. Neighbor-joining trees illustrating genetic relationships
of wild Penaeus merguiensis originating from geographically
different locations.

Genetic differentiation of P. merguiensis

marat and Rayong (p < 0.05) while strong degrees of population
subdivision were found between the remaining comparisons (p
< 0.0001). The estimated female gene flow of wild population in
this study was 0.040 (Chonburi and Krabi) -7.578 (Rayong and
Trat) female migrants/generation. A moderate gene flow level
was also observed between Rayong and Chonburi (7.500) locat-
ed less than 100 km apart (Table 5).

When hierarchical structure was divided according to the
coastal regions, AMOVA revealed highly significant differenc-
es between variance components among individuals within
geographic populations (18.70%, Fg; = 0.8183, p < 0.0001) and
among populations within coastal regions (5.15%, Fy: = 0.2209,
p < 0.0001) but not between coastal regions (76.78%, Fq; =
0.7678, p > 0.025; Table 6). Likewise, genetic differentiation
among groups was not found when upper and lower Gulf of
Thailand were further divided and tested against the Andaman

Table 5. Pairwise F¢; between (below diagonal) and female gene flow (above diagonal) between populations of Penaeus

merguiensis analyzed by COIl polymorphism

Nakhon Si Thammarat Pattani Chonburi Rayong Trat Trang Krabi

Nakhon SiThammarat - 1.266 1.326 4.398 1.606 0.220 0.252
Pattani 0.2863" - 0.208 1479 0.730 0.008 0.024
Chonburi 02737 07057 - 7.500 3.090 0.000 0014
Rayong 0.1021° 0.1679" 0.0625" - 7.578 0.124 0.148
Trat 0.2374" 0.4063™ 0.1393" 0.0619™ - 0.024 0.040
Trang 06950 0.9842" 1.0000” 0.8012" 0.9556" - 3.308
Krabi 06641 09555 09728 07710™ 09258" 013137 -

'p<0.05,7p<0.0001.

COlI, Cytochrome c oxidase subunit .

Table 6. AMOVA results pairs of wild populations of Penaeus merguiensis
Parameters df SS VC PV Fixation indices p-value
Coastal regions (AS and GOT)
Between coastal regions 1 810.77 932 76.68 0.7668 0.0450™
Among populations within coastal regions 5 97.34 0.63 5.15 0.2209 <0.0001
Within populations 189 41730 2.21 18.17 0.8183 <0.0001
Geographic locations (AS, Upper GOT and Lower GOT)
Among groups 2 835.96 6.23 69.17 0.6917 0.0547™
Among populations within groups 4 72.15 0.57 6.32 0.2051 <0.0001
Within populations 189 417.30 2.21 2451 0.7549 <0.0001
Phylogenetic group
Among phylogenetic groups 2 875.53 746 75.49 0.7549 0.0059
Among populations within phylogenetic groups 4 32.59 0.22 2.18 0.0890 <0.0001
Within populations 189 417.30 2.21 2233 0.7767 <0.0001

AMOVA, Analysis of molecular variance; AS, Andaman Sea; GOT, Gulf of Thailand; df, degree of freedom; SS, sum of squares; VC, variance components; PV, percentage of variation, ™, not
significant following Bonferroni’s adjustment (p < 0.025 for AS and GOT grouping and p < 0.0167 for AS, upper- and lower GOT grouping).
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populations (69.17%, F.; = 0.76917, p > 0.0017). When hierar-
chical groups were divided following phylogenetic analysis (Fig.
4), significant differences between variance components were
found among individuals within populations (22.33%, Fg; =
0.7767, p < 0.0001), among populations within groups (2.18%,
Fyc = 0.0890, p < 0.0001) and between phylogenetic groups
(75.49%, Fey = 0.7549, p = 0.0059; Table 6).

Discussion

Genetic diversity and clustering patterns of wild Penaeus
merguiensis in Thai waters

The fundamental information on population genetics (genetic
variability, population subdivisions and gene flow levels) is cru-
cial for effective fishery management and sustainable breeding
programs of P merguiensis (Angel et al., 2022; Aziz et al., 2020;
Chauhan & Rajiv, 2010; Hualkasin et al., 2003; Prasertlux et al.,
2024; Wanna et al., 2005). The primary objective in this study is
the application of population genetic information to assist the
breeding program for improvement of growth performance of P
merguiensis.

Although high polymorphism of COI sequences was pre-
viously reported in P. merguiensis from different locations in
Thai waters, genetic differentiation was only observed between
shrimp from different coastal regions (i.e., Gulf of Thailand and
the Andaman Sea) but not within the regions (Hualkasin et
al., 2003). This probably due to limited sample sizes as only 26
individuals (n = 1-5 from each of seven geographic locations in
peninsular Thailand) were included in the analysis.

In the present study, larger sample sizes were collected from
seven different geographic locations (n = 196). Haplotype dis-
tribution frequencies of wild populations indicated region-spe-
cific haplotypes (H1 for shrimp from the east coast and H32 for
shrimp from the west coast). Many singletons were observed in
shrimp from each coastal region. High genetic polymorphism
was observed in shrimp from the east of peninsular Thailand
(Chonburi and Nakhon Si Thammarat) but low (or a lack of)
either haplotype or nucleotide diversity of COI was found in
Rayong (Hd = 0.000 and 7 = 0.000), Trat (Hd = 0.083 and n =
0.001) and Pattani (Hd = 0.529 and 7 = 0.003) in the east, and
Trang (Hd = 0.000 and 7 = 0.000) and Krabi (Hd = 0.706 and ©t
=0.002) in the west of peninsular Thailand.

Using the same mtDNA region, a slightly lower genetic di-
versity (Hd = 0.54-0.62 and 7 = 0.001-0002) were found in green
tiger prawn Penaeus semisulcatus from the Gulf of Suez and the
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Bitter Lakes, Egypt (Mohammed-Geba & Yousif, 2022) and In-
do-Pacific region (Hd = 0.307-0.906 and 1 = 0.002-0027; Abdul
Halim et al,, 2021). In contrast, a greater diversity was found in
Penaeus monodon (Hd = 0.716-0.927 and m = 0.029-0.085) orig-
inated from peninsular Thailand (Khamnamtong et al., 2009),
Kuruma prawn Marsupenaeus japonicus (Hd = 0.993-1.000 and
1t = 0.029-0.045) from South China Sea and Taiwan (Shih et al.,
2011) and Indian white shrimp Penaeus indicus (Hd = 0.837 and
7 =0.07) from the Indian Ocean (Sajeela et al., 2019).

There is a pattern of increasing mitochondrial DNA diver-
sity in wild P merguiensis from Trat and Rayong in the upper
Gulf of Thailand toward Chonburi and Nakhon Si Thammarat
(lower Gulf of Thailand). Apparently, shrimp from Rayong and
Trat have low diversity within populations (Hd = 0.000 & 0.083
and 7 = 0.000 & 0.001) but high genetic diversity was observed
in Chonburi and Nakhon Si Thammarat populations (Hd =
0.876 & 0.837 and 1 = 0.024 & 0.013). Interestingly, the Pattani
population possessed moderate levels of Hd (0.529) but low
nucleotide diversity (0.003). This may imply that the interface
between the east-west natural populations of P. merguiensis may
be located near Pattani.

Based on both mtDNA (this study, Table 2), shrimp from
Nakhon Si Thammarat (east) and Krabi (west) were chosen as
founders for our breeding program. In addition, shrimp from
Trang that exhibited a monomorphic western haplotype of
mtDNA and those from Rayong that exhibited a monomor-
phic eastern haplotype of mtDNA were also included. Tajima’s
D neutrality analysis was significant in wild populations from
Chonburi (exhibiting the second highest genetic diversity level)
and Trat (one of the populations exhibiting low diversity levels).
These populations were not included as founders in our breed-
ing program.

Interestingly, banana shrimp from Krabi displayed the
west-coast types of mtDNA. Nevertheless, admixture analysis
based on microsatellite data revealed that the Krabi population
possessed the east-coast gene pool (Prasertlux et al., 2024).
This suggests special characteristics of P. merguiensis from this
geographic location. Accordingly, repeated sampling and pop-
ulation genetic analysis of the Krabi population should be per-
formed in the future.

Population genetic structure of wild Penaeus merguiensis in
Thailand

Haplotype distribution and the NJ tree based on nucleotide
sequence divergence between pairs of COI sequences of wild P
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merguiensis in this study revealed clear lineage separation be-
tween shrimp from different coastal regions (i.e., east and west
coasts, clades A and B) of peninsular Thailand. Wild shrimp
from the east coast exhibited a greater genetic diversity than
the west coast (Andaman Sea) populations and an additional
lineage (clade C) was differentiated from the main lineage for
P. merguiensis. One possible explanation for the existence of
different evolutionary lineages of mtDNA reflecting coastal dif-
ferentiation of P. merguiensis in Thai waters is an ancient separa-
tion of mtDNA, which subsequently occurrence of several asso-
ciated minor haplotypes. This may be resulted by limited gene
flow levels of P merguiensis caused by a major physical barrier,
such as the main current in the Straits of Malacca, which moves
from south to north throughout the year, and the major rever-
sals in the monsoon-driven surface current systems of the Gulf
of Thailand (Dale, 1956; Wanna et al., 2005).

A lack of (or extremely limited) mtDNA polymorphism in
this study but high microsatellite polymorphism (H, > 0.500;
Prasertlux et al., 2024) of the same sample set is found in Thai
P merguiensis. This circumstance may result from the possible
female founder and/or bottleneck effects (Canino et al., 2010).
Subsequently, these geographic populations might have under-
gone a recent population expansion afterwards.

Similarly, population genetic studies of Penaeus indicus origi-
nating from 7 geographic locations covering Arabian Sea and Bay
of Bengal were examined using 16S rDNA (n = 121). In total, 17
haplotypes with haplotype diversity = 0.0000-0.6667 and nucle-
otide diversity = 0.0000-0.0017 were found. AMOVA and pair-
wise Fg; analyses (except between Kanyakumari and Kakinada)
indicated strong population subdivision of Penaeus indicus with
overall Fy; value of 0.30684 (p < 0.05) (Angel et al.,, 2022).

In Australia, the biological stock structure of P. merguiensis
may occur in the Northern Prawn Fishery (Larcombe et al.,
2016) but their boundaries are unknown. The Western Austra-
lia and Queensland biological stocks are clearly separated but it
is not known whether these are completely independent stocks
or not (Tanimoto et al., 2006).

F; estimates revealed genetic differentiation between all
pairwise comparisons of wild P. merguiensis. AMOVA further
confirmed high genetic differentiation of P. merguiensis in Thai
waters. Patterns of genetic population structure were concor-
dant between both pairwise Fs; and AMOVA analyses when
phylogenetic populations were regarded (Gulf of Thailand
except Nakhon Si Thammarat, Andaman Sea and Nakhon Si
Thammarat). Nucleotide divergence between examined popu-
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lations and estimated female gene flow levels also support this
circumstance.

Significant intraspecific population subdivisions of Thai P
merguiensis suggested that its gene pool is not panmictic but
genetically differentiated to several local genetic stocks. Strong
degrees of population differentiation at microgeographic scales
(i.e., less than 100 km) in this species like that previously re-
ported in blue swimming crab (Portunus pelagicus) in Thai
waters analyzed by both nuclear DNA (AFLP) and mtDNA
(COI) polymorphism (Khamnamtong et al., 2021; Klinbunga
et al., 2007). In contrast, Penaeus monodon exhibited genetic
differentiation between populations located in different coastal
regions but not within the same region based on mtDNA poly-
morphism (Khamnamtong et al., 2009).

Levels of genetic diversity in wild P. merguiensis from vari-
ous geographic locations revealed strong degrees of population
differentiation. Apart from the major physical barrier (the main
current in the Straits of Malacca and the surface current in
Gulf of Thailand) described above, reproductive maturation of
shrimp from different regions may promote degrees of genetic
differentiation following seasonal reproductive variation in this
species (Qureshi & Amanat, 2014). Moreover, rainfall is a major
factor tightly associated with the emigration rates of P. mergui-
ensis juveniles. Limited numbers of large-size shrimp migrate
during low rainfall periods while mass migration of all shrimp
sizes occurs during high rainfall periods (Staples, 1980). In the
east of peninsular Thailand, the rainy season for the inner Gulf
of Thailand (August-October for Rayong and Trat) and further
south region (December-February for Nakhon Si Thammarat
and Pattani) is in different periods (Hualkasin et al., 2003; Wan-
na et al,, 2005). This circumstance should have promoted strong
genetic differentiation in P. merguiensis.

Applications of population genetic data of Penaeus mergui-
ensis in conservation and aquaculture

The finding on local genetic differentiation between popula-
tions of Thai P merguiensis were concordant between mtDNA
(this study) and microsatellite (Prasertlux et al., 2024) analysis.
For conservation and natural resource management, the banana
shrimp in Thailand is heavily exploited by normal fisheries.
Therefore, it is managed as a genetically homogeneous stock. In
the present study, three phylogenetic groups of P. merguiensis
were found. Haplotype distribution and Fj; statistics further il-
lustrated that P. merguiensis originated from different provinces
should be recognized as distinct genetic stocks. Therefore, they
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should be managed separately (Carvalho & Hauser, 1994; Wan-
na et al., 2005).

Overfishing can cause the extinction of local stocks and
the possible loss of their genetic characteristics (Chauhan &
Rajiv, 2010; Ovenden et al., 2015). Accordingly, Total Allowable
Catch (Papa et al., 2020) should be implemented for P. mergui-
ensis from upper Gulf of Thailand and Pattani, the Andaman
Sea, and Nakhon Si Thammarat. In addition, sustainable catch
limits (Papa et al., 2020) in Rayong and Trang (Hd = 0.000 and
7 = 0.000) should be considered. Levels of genetic diversity and
population differentiation should be yearly monitored (Ovenden
etal., 2015). Stock enhancement can be carried out to compen-
sate overexploitation by using the local populations (Carvalho
& Hauser, 1994; Chauhan & Rajiv, 2010) to maintain the ma-
jor haplotypes (e.g., H1 for shrimp from the Gulf of Thailand,
H30 for those from Trat and H33 from the Andaman Sea) and
unique haplotypes found in each local stock. Consequent effects
of stock enhancement should also be regularly evaluated. In
addition, our on-going genetic improvement program has been
developed. The domesticated stocks would significantly reduce
the overexploitation of wild P. merguiensis at present.

For aquaculture purposes, the key success of domestication
and selective breeding programs require P. merguiensis from
different genetic stocks as founders (Aziz et al., 2020) to create
subsequent generations with high genetic diversity. Unlike Pe-
naeus monodon and L. vannamei, genetic improvement of P,
merguiensis through selective breeding programs has not been
implemented in Thailand. Based on high levels of between-pop-
ulation genetic differences, the information was applied for
selection of appropriate sources of broodstock to establish a
new breeding program (a collaborative project between Thai
DOF and JICA-SATREPS, Japan) of P. merguiensis. An inter-
population crossing scheme between shrimp from Rayong,
Nakhon Si Thammarat on the east-coast and Trang and Krabi
from the west-coast region. For this objective, females from
one population were artificially inseminated with male from a
different population. Subsequently, 45, 47 and 51 families of the
first, second and third generation (G1, G2 and G3) have been
produced. The performance of commercially important traits
(e.g., growth) between different families of P. merguiensis in
our breeding program were evaluated. The heritability (h*) for
growth following Animal linear mixed model (Gilmour et al,
2009) of the G1 population was 0.278 + 0.060. The genetic gain
after one generation of selection in G2 was 1.44 g and the per-
formance test of G3 postlarvae was performed in two commer-
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cial farms. The information suggested the promising results for
genetic improvement of P. merguiensis after three generations (P.
Sae-Lim, unpublished data).

The reduced level of genetic diversity is a major concern for
the sustainable breeding programs of aquaculture species (Aziz
et al,, 2020; Sajeela et al., 2019). Monitoring genetic diversity
of domesticated stock is crucial for the success of our breeding
program. A base population of P. merguiensis recruited from
different genetic stocks represented the gene pool of P. mer-
guiensis in Thai waters. In this study, higher genetic diversity
of east coastal populations than west coastal populations of P
merguiensis were found. Analysis of COI polymorphism is use-
ful to monitor the percentage contribution of shrimp exhibiting
the east/west coast genotypes in our breeding program. The
information on mtDNA polymorphism could be applied to
assist our ongoing breeding program of P. merguiensis. This will
elevate the selection efficiency for genetic improvement of this
economically important species. In addition, dissemination of
broodstock and postlarvae of genetically improved P. merguien-
sis to local farmers is being carried out. In the long term, these
genetically improved stocks will contribute to the sustainability
of the shrimp industry in Thailand.

Competing interests
No potential conflict of interest relevant to this article was re-
ported.

Funding sources

The research was supported by Science and Technology Re-
search Partnership for Sustainable Development (SATREPS),
Japan Science and Technology Agency (JST)/Japan Internation-
al Cooperation Agency (JICA) grant no. JPMJSA1806.

Acknowledgements

We thank National Center for Genetic Engineering and Bio-
technology (BIOTEC), National Science and Technology De-
velopment Agency (NSTDA) for providing facilities.

Availability of data and materials
Upon reasonable request, the datasets of this study can be avail-
able from the corresponding author.

Ethics approval and consent to participate

The authors have all the ethical approval and consent to take
participate in research. The study compiles all regulations for

https://www.e-fas.org | 11



FA S Fisheries and Aquatic Sciences

ethical clearance. This study does not involve the use of human
subjects (human-related experimentation) but involves field
sampling of shrimp from various geographic locations in Thai-
land. All experimental animal protocols in the present study
were reviewed and approved by the Animal Care and Use for
Scientific Research Committee of the Department of Fisher-
ies, Ministry of Agriculture and Cooperatives (approval dated
28/01/2019), and all experimental animal protocols were car-
ried out by following the guidelines of the Institute of Animals
for Scientific Purposes Development (IAD), Government of the
Kingdom of Thailand on the care and use of animals in scien-
tific research. All the authors have gone through the work done
and have given consent for publication of the work.

ORCID
Sirikan Prasertlux https://orcid.org/0000-0001-8817-0351
Ekkarat Wisunthorn  https://orcid.org/0009-0007-1995-6810

Sirithorn Janpoom https://orcid.org/0000-0002-7441-1801

Sureerat Tang https://orcid.org/0009-0005-4579-9738
Onchuda Ratdee https://orcid.org/0009-0000-4488-9890
Wanwipa Ittarat https://orcid.org/0000-0002-4547-8206

Patcharee Soonsan https://orcid.org/0009-0000-2009-9210
https://orcid.org/0009-0003-2265-7820
https://orcid.org/0000-0002-8960-0656
Bavornlak Khamnamtong

https://orcid.org/0000-0003-3808-410X

Panya Sae-Lim
Sirawut Klinbunga

References

Abdul Halim SAA, Othman AS, Mohammed Akib NA, Jama-
ludin NA, Esa Y, Mohd Nor SA. Mitochondrial markers
identify a genetic boundary of the green tiger prawn (Pe-
naeus semisulcatus) in the Indo-Pacific Ocean. Zool Stud.
2021;60:8.

Altschul SE Gish W, Miller W, Myers EW, Lipman DJ. Basic lo-
cal alignment search tool. ] Mol Biol. 1990;215:403-10.
Angel JR], Vinaya KK, Vinay TN, Shekhar MS, Panigrahi A,
Balasubramanian CP, et al. Population genetics of Indian
white shrimp, Penaeus indicus (H. Milne Edwards, 1837)

from Indian waters. ] Mar Biol Assoc India. 2022;64:1-9.

Aziz D, Siraj SS, Arshad A. Genetic diversity of banana prawns
Fenneropenaeus merguiensis in Malaysian waters using mi-
crosatellite markers. ] Environ Biol. 2020;41:1349-57.

Birky Jr. CW, Fuerst P, Maruyama T. Organelle gene diver-
sity under migration, mutation, and drift: equilibrium

12 | https://www.e-fas.org

Genetic differentiation of P. merguiensis

expectations, approach to equilibrium, effects of hetero-
plasmic cells, and comparison to nuclear genes. Genetics.
1989;121:613-27.

Canino MEF, Spies IB, Lowe SA, Grant WS. Highly discordant
nuclear and mitochondrial DNA diversities in Atka mack-
erel. Mar Coast Fish. 2010;2:375-87.

Carvalho GR, Hauser L. Molecular genetics and the stock con-
cept in fisheries. Rev Fish Biol Fish. 1994;4:326-50.

Chauhan T, Rajiv K. Molecular markers and their applica-
tions in fisheries and aquaculture. Adv Biosci Biotechnol.
2010;1:281-91.

Dale WL. Wind and drift currents in the South China Sea. Ma-
lays ] Trop Geogr. 1956;8:1-31.

Excoffier L, Lischer HEL. Arlequin suite ver 3.5: a new series of
programs to perform population genetics analyses under
Linux and Windows. Mol Ecol Resour. 2010;10:564-7.

Felsenstein J. Phylip (phylogenetic inference package) version
3.5¢c. Seattle, WA: Department of Genetics, University of
Washington; 1993.

Food and Agriculture Organization of the United Nations
(FAO). FAO yearbook. Fishery and Aquaculture Statistics
2017/FAQ annuaire. Statistiques des peches et de l'aquacul-
ture 2017/FAO anuario. Estadisticas de pesca y acuicultura
2017. Rome: FAO; 2019.

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;3:294-9.

Fu YX. Statistical tests of neutrality of mutations against popu-
lation growth, hitchhiking and background selection. Ge-
netics. 1997;147:915-25.

Gilmour AR, Gogel BJ, Cullis BR, Thompson R, Butler D. AS-
Reml user guide release 3.0. Hemel Hempstead: VSN Inter-
national; 2009.

Hualkasin W, Sirimontaporn P, Chotigeat W, Querci J, Phong-
dara A. Molecular phylogenetic analysis of white prawns
species and the existence of two clades in Penaeus mergui-
ensis. ] Exp Mar Biol Ecol. 2003;296:1-11.

Hudson RR, Slatkin M, Maddison WP, Estimation of levels of gene
flow from DNA sequence data. Genetics. 1992;132:583-9.
Khamnamtong B, Klinbunga S, Menasveta P. Genetic diversity

and geographic differentiation of the giant tiger shrimp

(Penaeus monodon) in Thailand analyzed by mitochondrial

COI sequences. Biochem Genet. 2009;47:42-55.
Khamnamtong B, Prasertlux S, Janpoom S, Klinbunga S. Ge-

https://doi.org/10.47853/FAS.2026.e1



Sirikan Prasertlux, et al.

netic differentiation of the blue swimming crab Portunus
pelagicus along the coastal Thai waters revealed by SSCP
analysis of cytochrome ¢ oxidase subunit I. Genet Aquat
Org. 2021;5:55-65.

Klinbunga S, Khetpu K, Khamnamtong B, Menasveta P. Genetic
heterogeneity of the blue swimming crab (Portunus pelagi-
cus) in Thailand determined by AFLP analysis. Biochem
Genet. 2007;45:725-36.

Larcombe J, Jacobsen I, Kangas M. Banana Prawn. [Internet].
Fisheries Research and Development Corporation. 2016.
https://www.fish.gov.au/2016-Reports/banana_prawn

Leigh JW, Bryant D. PopART: full-feature software for haplotype
network construction. Methods Ecol Evol. 2015;6:1110-6.

Mohammed-Geba K, Yousif A. COI gene sequencing reveals
genetic population structuring and a separate lineage of the
green tiger prawn Penaeus semisulcatus in the Gulf of Suez
and the Bitter Lakes, Egypt. Aquat Living Resour. 2022;35:4.

Nei M. Molecular evolutionary genetics. New York, NY: Co-
lumbia University Press; 1987.

Ovenden JR, Berry O, Welch DJ, Buckworth RC, Dichmont
CM. Ocean’s eleven: a critical evaluation of the role of pop-
ulation, evolutionary and molecular genetics in the man-
agement of wild fisheries. Fish Fish. 2015;16:125-59.

Papa Y, Oosting T, Valenza-Troubat N, Wellenreuther M,
Ritchie PA. Genetic stock structure of New Zealand fish
and the use of genomics in fisheries management: an over-
view and outlook. NZJ Zool. 2020;48:1-31.

Pendrey RC, Loneragan NR, Kenyon RA, Vance DJ. Simple
morphometric characters, confirmed by gel electrophore-
sis, separate small juvenile banana prawns (Penaeus indicus
and P. merguiensis). Mar Freshwater Res. 1999;50:677-80.

Prasertlux S, Khamnamtong B, Wisuntorn E, Soonsan P, Jan-
poom S, Tang S, et al. Genetic diversity and population
differentiation of wild and domesticated banana shrimp
Fenneropenaeus merguiensis: applications for development
of its breeding program. Reg Stud Mar Sci. 2024;69:103309.

Qureshi NA, Amanat Z. Reproductive biology and size at sexual
maturity of Penaeus merguiensis (De Man, 1887) from the
Sonmiani Bay lagoon, Balochistan, Pakistan. ] Anim Plant
Sci. 2014;24:503-11.

Rambaut A. Figtree ver 1.4.4. Edinburgh, UK: Institute of Evo-
lutionary Biology, University of Edinburgh; 2018.

Rozas J, Ferrer-Mata A, Sanchez-DelBarrio JC, Guirao-Rico
S, Librado P, Ramos-Onsins SE, et al. DnaSP 6: DNA se-
quence polymorphism analysis of large data sets. Mol Biol

https://doi.org/10.47853/FAS.2026.e1

Fisheries and Aquatic Sciences FA S

Evol. 2017;34:3299-302.

Saitou N, Nei M. The neighbor-joining method: a new meth-
od for reconstructing phylogenetic trees. Mol Biol Evol.
1987;4:406-25.

Sajeela KA, Gopalakrishnan A, Basheer VS, Mandal A, Bineesh
KK, Grinson G, et al. New insights from nuclear and mito-
chondrial markers on the genetic diversity and structure of
the Indian white shrimp Fennero Penaeus indicus among
the marginal seas in the Indian Ocean. Mol Phylogenet
Evol. 2019;136:53-64.

Shih C, Haung H, Chu T, Lee Y, Wang C, Tzeng T. Genetic diver-
sity and historical demography of kuruma shrimp (Penaeus
japonicus) species complex off China based on mitochondri-
al DNA analysis. Afr ] Biotechnol. 2011;10:1065-72.

Staples DJ. Ecology of juvenile and adolescent banana prawns,
Penaeus merguiensis, in a mangrove estuary and adjacent
off-shore area of the Gulf of Carpentaria. II. Emigration,
population structure and growth of juveniles. Aust ] Mar
Freshwater Res. 1980;31:653-65.

Tajima E Statistical method for testing the neutral mutation hy-
pothesis by DNA polymorphism. Genetics. 1989;123:585-95.

Tamura K, Stecher G, Kumar S. MEGA11: molecular evo-
lutionary genetics analysis version 11. Mol Biol Evol.
2021;38:3022-7.

Tanimoto M, Courtney AJ, O’Neil ME Leigh GM. Stock as-
sessment of the Queensland (Australia) East coast banana
prawn (Penaeus merguiensis) fishery [Internet]. State of
Queensland, Department of Primary Industries and Fish-
eries. 2006. https://era.dpi.qld.gov.au/id/eprint/13738/1/
Stock%20assessment%200f%20the%20Queensland %20
%28Australia%29%20east%20coast%20banana%20
prawn%20%28Penaeus%20merguiensis%29%20fishery_
QI06067_2006_tanimoto.pdf

Thompson JD, Higgins DG, Gibson TJ. Clustal W: improving
the sensitivity of progressive multiple sequence align-
ment through sequence weighting, position-specific gap
penalties and weight matrix choices. Nucleic Acids Res.
1994;22:4673-80.

Vaseeharan B, Rajakamaran P, Jayaseelan D, Vincent AY. Mo-
lecular markers and their application in genetic diversity of
penaeid shrimp. Aquacult Int. 2013;21:219-41.

Wanna W, Rolland JL, Bonhomme F, Phongdara A. Popula-
tion genetic structure of Penaeus merguiensis in Thailand
based on nuclear DNA variation. ] Exp Mar Biol Ecol.
2005;311:63-78.

https://www.e-fas.org | 13



FA S Fisheries and Aquatic Sciences

Ward RD, Zemlak TS, Innes BH, Last PR, Hebert PDN. DNA
barcoding Australias fish species. Philos Trans R Soc B Biol
Sci. 2005;360:1847-57.

Weir BS, Cockerham CC. Estimating F-statistics for the analysis
of population structure. Evolution. 1984;38:1358-70.

14 | https://www.e-fas.org

Genetic differentiation of P. merguiensis

https://doi.org/10.47853/FAS.2026.e1



