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ABSTRACT

This study examined the genetic diversity of Asian seabass (Lates calcarifer) captive
populations using sequencing of the mitochondrial DNA cytochrome coxidase I (COI)
fragment. The phylogenetic analyses of the 609 base pair regions of the COI fragment
from 146 samples identified 15 haplotypes and divided them into two clades with a genetic
divergence of 10%. Thus, phylogenetic results supported two genetic groups (the Australia/
Southeast Asia group and the India/Myanmar group) within the captive populations under
study. Mixed levels of genetic diversity were observed among captive populations, which
indicated a certain degree of inbreeding depression. The findings would be useful for future
aquaculture management of captive Asian seabass in Malaysia.
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INTRODUCTION

Asian seabass or scientifically known as Lates calcarifer, is a marine teleost fish belonging
to the order of Carangiformes. This prominent species had a widegeographical range across
northern Australia and southward to southern Papua New Guinea, southern Japan, and
Taiwan, including the Indo-West Pacific and the eastern edge of the Persian Gulf to China
(Froese & Pauly, 2022). It is a remarkable
aquaculture species worldwide, including
Malaysia (Zhu et al., 2006). COI is the best
marker compared to other mitochondrial
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COI or cytochrome b), including Norfatimah et al. (2009). This study's mitochondrial DNA
(mtDNA) analysis clarifies the genetic diversity of captive L. calcarifer in Peninsular
Malaysia.

METHODOLOGY

Lates calcarifer juveniles (n = 146) from five commercial hatcheries were collected
throughout Peninsular Malaysia, including the West coast (Selangor, n = 30), East coast
(Terengganu, n = 30; Kelantan, n = 27), Southern territory (Johor, n = 30) and Northern
Territory (Perak, n = 29) (Table 1). Alcohol of 95% concentration (ethanol) was used to
preserve muscle tissues of the abdominal part. The ReliaPrep gDNA Tissue Miniprep System
(Promega Corp, Madison, USA) standard extraction protocol was referred for DNA genomic
extraction. Universal primers FishF1 (5’-TCAACCAACCA CAAAGACATTGGCAC-3’),
and FishR1 (5’-TAGACTTCTGGGTGGCCAAAGAATCA-3’) were used following Ward
et al. (2005). The 25 pl total PCR mix’s reaction contains 14.3 ul sterile distilled water,
5 ul Taq buffer 5%, 2.0 ul of 25 Mm MgCl, 0.5 ul of 10Mm dNTP, 0.5 ul of 10 uM of
each primer, 0.2 ul of 5 p pu' of Tag DNA polymerase and 2 ul of DNA template using
Mastercycler Gradient PCR system (Eppendorf, Hamburg, Germany). PCR protocol was
conducted according to the following profile: 2 min at 94°C, 30 cycles of 2 min at 94°C for
denaturation, 1 min at 53°C (COI) for annealing, and 1 min and 30 s at 72°C for extension
followed by a final step of 2 min at 72°C for the complete fragment extension. The PCR
result was electrophoresed using a 1% agarose gel matrix from Fisher Scientific in New
Jersey, USA. The GelRed (Thermo Fisher Scientific, USA) of 1 ul was used to stain the
gel. Under UV light, the stained gel was visualized using Alphalmager HP (Biotechne,
USA). The molecular weight (MV) standard used in this study was BenchTop 1kb DNA
Ladder (Promega Corp, Madison, USA). The PCR products were sent for sequencing
in only forward direction on an ABI 377 automated sequencer (Applied Biosystems) to
the service supplier, First BASE Laboratories Sdn. Bhd. The phylogenetic analysis also
included five COI sequences of L. calcarifer from GenBank. Three sequences originated
from Southeast Asian waters (KU496228, DQ108026, and FJ237999), while another two
were from Indian waters (EF60937 and JF919828). Kimura 2-parameter evolution model
was used to calculate sequence divergence, grouped by the Neighbor-Joiningmethod (Figure
1), and bootstrapped with 1000 replications using MEGA7 (Kumar et al., 2016).

RESULTS AND DISCUSSION

The 609 bp of the COI sequences were retrieved after alignment and were characterized by
64 (10.5%) variable sites, including 63 parsimoniously informative sites and 545 (89.5%)
conserved sites. The haplotypes contained 230 substitutions (190 transitions and 41
transversions). The mean total nucleotide composition was 21.9, 29.1, 30.7, and 18.3%
for A, T, C, and G, respectively. In total, 15 haplotypes were identified from the 146
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Table 1

Distribution of 15 observed haplotypes, nucleotide diversity, number of haplotypes, haplotype diversity, and
number of polymorphic sites among populations of Lates calcarifer

Populations
Haplotypes GenBank Kelantan Terengganu Perak Selangor Johor
Accession (n=27) (n=30) (n=29) (n=30) (n=30)
Numbers
LC1 MZ540093 0.4814 0.9666 0.4827 0.8333 0.5000
LC2 MZ540094 0.3703 - 0.2413 0.0666 0.1000
LC3 MZ540095 0.0370 - - - -
LC4 MZ540096 0.0370 - - - -
LC5 MZ540097 0.0370 - - - -
LCo6 MZ540098 0.0370 - - - -
LC7 MZ540099 - 0.0333 - - 0.0666
LC8 MZ540100 - - 0.1379 - 0.2333
LC9 MZ540101 - - 0.0344 - -
LC10 MZ540102 0.0344 - -
LC11 OK 184465 - - 0.0344 - -
LCI12 MZ540103 - - 0.0344 - -
LCI13 MZ540104 - - - 0.1000 -
LC14 MZ540105 - - - 0.0666
LCI15 MZ540106 - - - - 0.0333
Nucleotide diversity (PiJC) 0.0475 0.0001 0.0389 0.0125 0.0237
Number of haplotypes 6 2 7 3 6
Haplotype diversity (Hd) 0.06496 0.0667 0.7094 0.3012 0.6989
Number of polymorphic sites 57 1 60 55 57

samples and were deposited to GenBank under accession numbers ranging from MZ540093
- MZ540106, OK 184465, and ON920310 - ON920440 (Appendix).

Phylogenetic analysis using ML showed that the Asian seabass sampled could be
divided into two clades in the tree. The first clade (L1) contains 10 haplotypes (120 samples)
together with GenBank sequences from Australia and Southeast Asia, while the second
clade (L2) contains 5 haplotypes (26 samples) together with GenBank sequences from India
and Myanmar (Figure 1). Thus, based on phylogenetic analyses, the Asian seabass samples
could be recognized into two genetic groups: the Australia/Southeast Asia (group 1) and
the India/Myanmar region (group 2), with a genetic divergence value of 10% between
them (Table 2).

Ward et al. (2008) claimed that Asian seabass originated from two different
geographical regions: Australia and Myanmar. Rather than conspecific, it wasidentified
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68| | Lates calcarifer 12 (LC12)*

Lates calcarifer 14 (LC14)*

I Lates calcarifer 9 (LC9)*

Lates calcarifer 13 (LC13)*
KU496228.1 Lates calcarifer (Australia)
FJ237999.1 Lates calcarifer (China/SA) 11
Lates calcarifer 1 (LC1)*
100 ‘{Lates calcarifer 8 (LC8)*

9ﬁ Lates calcarifer 6 (LC6)*

Lates calcarifer 11 (LC11)*

78 DQ108026.1 Lates calcarifer (Australia)
Lates calcarifer 7 (LC7)*
100 Lates calcarifer 3 (LC3)*
Lates calcarifer 4 (LC4)*
0 Lates calcarifer 10 (LC10)*

Lates calcarifer 5 (LC5)*
Lates calcarifer 2 (LC2)* L2
JF919828.1 Lates calcarifer (India)

Lates calcarifer 15 (LC15)*
57- EF609378.1 Lates calcarifer (Myanmar)

GU673869.1 Lutjanus malabaricus
—] Outgroup

JN311960.1 Lutjanus johnii

100

0.02

Figure 1. Neighbor-joining (nj) tree showing relationships among the seabasses. Samples were marked with
an asterisk (*) at the end of the names. The number at each node represents the bootstrap value (%) based on
the 1000 pseudoreplication of the dataset.

Note. SA = Southeast Asia

as congeneric. The proposition was further supported and confirmed by Vij et al. (2014)
using comprehensive molecular and morphological analyses; plus, the Australian and
Southeast Asia sequences were genetically close to each other (0.9% divergence); thus,
they were not considered separate species. The current study also found similar results
using captive or farm samples from different locations throughout Peninsular Malaysia.
Thus, two different lineages in captive populations of Asian seabass might happen due to
anthropogenic activities (Zhang et al., 2020) by exchanging fish stocks or seedlings between
hatcheries or translocation across the country to obtain better breeds through importation.
For example, fish farmers from Kelantan and even the Fisheries Research Institute (FRI),
Department of Fisheries Malaysia (DOF), bought parental stocks of Asian seabass from
neighboring farms located in Thailand (Idris et al., 2022).

The basic requirement of a successful selective breeding program is an appropriate
base population. Starting from the production traits, an artificial population should harbor
sufficient genetic diversity with selectable and desirable characteristics (Senanan et al.,
2015). Two key indicators of genetic variation are haplotype (%) and nucleotide (1) diversity.
A group with bigger 4 and  will have higher genetic variation anddiversity (Falush et
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al., 2003). Overall, L. calcarifer samples from Perak exhibited high haplotype diversity
with low nucleotide diversity (2 = 0.7094; == 0.0389), while L. calcarifer samples from
Terengganu displayed low haplotype and nucleotide diversity (4 = 0.0667; = = 0.0001).
According to Grant and Bowen (1998), L. calcarifer samples from Terengganu and Perak
fall into the first and second categories. The first category (i.e., Terengganu) had a founder
event by a single or a few mtDNA lineages or a recent population bottleneck. In contrast,
the second category (i.e., Perak) indicates rapid population development and increased
mutations after a population bottleneck. In addition, Perak haplotypes are mixed lineages
of L1 and L2, while Terengganu is only from L1, which may cause the following result.

LC1 was shared among all Asian seabass populations signifying it as the ancestral
haplotype. As the seed for Asian seabass came from either hatcheries or natural resources,
the same origin of ancestral and the succeeding gene flow may be the main reason for the
occurrence of sharing haplotypes among populations (Das et al., 2018). With only two
haplotypes, the population inTerengganu possibly came from a small enclosed aquatic
environment, resulting in inbreeding or collected samples from the same family (Zhang et
al., 2020). High numbers (9 out of 15) of unique or private haplotypes were obtained across
populations. Through mutation, the independent origin of haplotypes may produce a high
percentage of unique haplotypes (Das et al., 2018). These population-specific haplotypes
could also be used as an indicator for stock documentation.

CONCLUSION

The information on the genetic diversity of aquatic organisms is essential for the
sustainable management of genetic resources, achieving productive aquaculture, and
sustaining harvesting farm populations. In conclusion, this study has sorted out the species
identification and genetic diversity of the important Asian seabass L. calcarifer. Two genetic
groups (L1 and L2) were detected from 146 samples across five captive populations.
Group L1 samples clustered with GenBank sequences from the South China Sea and
Australia regions, whereas L2 clustered remaining samples with the GenBank sequences
from India and Myanmar. The existence of two different mtDNA lineages in captive or
farm populations in Peninsular Malaysia was possibly caused by translocation activities
between hatcheries beyond countries ratherthan historical events. Identifying mixed
genetic stocks or groups (South China Sea/Australia vs. India/Myanmar) in the captive
populations highlighted the utility of the mitochondrial DNA COI marker for accurate
genetic identification and selection of individual fish breeds for the breeding program. A
mixed level of genetic diversity was observed across populations, with the Terengganu
population harboring the lowest diversity level (4 = 0.0667; == 0.0001).

High numbers (9 out of 15) of unique or private haplotypes were also obtained
across populations. The mixed levels of genetic diversity among the captive populations
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indicated that evolutionary factors such as inbreeding might happen in populations with
low genetic diversity due to the poor selection of stocks or breeds and poor maintenance of
the population gene pool, which resulted in various growth development problems such as
deformed opercula, slow growth, high vulnerability to diseases and many others. Upcoming
research should concentrate on the complete phylogeographic and population structure of
L. calcarifer across Malaysia's farm populations. Applying more sensitive markers, such as
microsatellites, should be more informative in explaining the species' population structure.
The findings of this pioneering study on captive L. calcarifer in Malaysia should be helpful
for the selective breeding program of the species.
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