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Keywords Abstract

Genetic variation, This study aimed to assess the population structure and genetic
Genetic differentiation, diversity of captive Lates calcarifer. The investigation included three
Founder population, cultured cohorts initially imported in 2016, 2018, and 2019 (hereafter
Lates calcarifer termed 96, 98, and 99, respectively) as fry to a Marine Fish Research

Station (MFRS) at 12 gene loci. The results indicated that all
microsatellite markers were polymorphic in all populations. Across
three cohorts, the average allele number was 18.5 per locus with nearly
half (49%) of 65 unique alleles detected in cohort 99. The average
observed alleles (Na), allele richness (Ne), and Shannon Information
index (I) in the whole population were 6.25, 4.22, and 1.54,
respectively. The mean observed heterozygosity (Ho) in all three
cohorts was obtained as 0.733, which accorded with expected

Article info heterozygosity (He). The highest and lowest observed alleles were

detected in 99 and 96, respectively. The highest mean Na (7.5), Ne
Received: January 2025 (5.02), and Shannon index (1.72), and lowest mean Na (5.33), Ne
Accepted: April 2025 (3.67), and I (1.39) were observed in cohorts 99 and 96, respectively.
Published: November 2025 Stock 98 represented the Na, Ne, and I as 5.92, 3.97, and 1.5,

respectively. The maximum and minimum Ho belonged to 98 (0.787)
and 96 (0.675) cohorts, respectively. The fixation index (F) was low
in three cohorts and even showed a negative value in 98 (-0.069).
Wright's F-statistics, including Fis, Fir, and Fsr, estimations were

evaluated as -0.01, 0.05, and 0.06, illustrating the non-inbreeding
= coefficient within the population and overall population and the low
coefficient of co-ancestry, respectively. Chi-square tests revealed that

Copyright: © 2025 by the authors. all 12 markers conformed to Hardy-Weinberg equilibrium (HWE) in
Licensee MDPI, Basel, Switzerland. the 98 cohorts. In contrast, cohorts 96 and 99 deviated meaningfully
This article is an open access article from HWE in one locus (Lca098) and two loci (Lcal30 and Lcal37)
distributed under the terms and (p<0.01), respectively. Nei's standard genetic distance and Pairwise

Fgr distance between the three cohorts showed the lowest and highest
genetic distance between pair cohorts 96-98 and 96-99, respectively.
Analysis of molecular variance determined that between-population
component of genetic variance (3%) was firmly lower than the within-
s/by/4.0/). population component (97%), resulting in meaningful genetic
differentiation between populations (Fst = 0.033) (p<0.01). Based on
the population genetic structure analysis, under the admixture model,
the most negligible probability is associated with K=2 in seabass
cohorts, meaning two significant distinct genetic structures. We found
that these populations in the MFRS may create a base population, a
prerequisite for further selective inbreeding programs.
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Introduction

Over the past decade, Asian seabass (Lates
calcarifer) has emerged as a promising
candidate in Iran mariculture industry,
thanks to its ability to tolerate a wide range
of salinity levels and wvarious culture
conditions (Mozanzadeh et al, 2021).
These favorable traits could significantly
boost the production of this species,
contributing to both domestic and regional
markets while enhancing national food
security (Garlock et al., 2022). To achieve
this goal, the Iranian Fisheries Scientific
Research Institute (IFSRI) aimed for
continuous mass production of fry and
sought to reduce reliance on imported fry
and brooders. Consequently, thousands of
Thai Asian seabass fry were introduced to
the Marine Fish Research Station (MFRS)
in Bandar-e-Imam Khomeini in three
different cohorts during the years 2016,
2018, and 2019 (the terms 96, 98, and 99
are solely used when referring to cohorts
introduced in mentioned years,
respectively, in the current study) and
cultures until they reached sexual
maturation (Torfi Mozanzade et al., 2023).
In aquaculture, many fish species are
known for their mass spawning and high
fertility, and even a few breeding
individuals can yield large offspring
populations that can meet the demand for
fish farming. However, inbreeding and
genetic drift incidents are inevitable in
captive brooders with small effective
population  sizes, skewed  parental
contributions in propagation, and mass
larval mortalities, resulting in reduced
genetic diversity and genetic variation of
traits in the long term, accordingly,
decrease in fitness, and finally lower

productivity in aquaculture (Jenkins et al.,
2020; Kobayashi and Kijima, 2010;
Duncan et al., 2013; Hillen et al., 2017).
Moreover, the success of genetic
improvement is hampered by the reduction
in genetic diversity due to the founder
effect, resulting from using few individuals
in propagation (Kivisild, 2013; Sanchez-
Veldsquez et al., 2022). As cited in the
literature  review, a hatchery can
continuously boost farming efficiency and
productivity through broodstocks
management, reproduction control, and
genetic improvement (Duncan ef al., 2013),
where investment in genetic broodstocks
management has led to enhancing progeny
survival and reducing inbreeding (Conrad
et al., 2013). According to the goal of a
hatchery, employed genetic management
strategies that may either preserve genetic
diversity or avoid high inbreeding rates in
captivity consider methods, including
molecular relatedness estimates, pedigree-
based crosses, minimal relatedness
selection, and minimal kinship selection
(Fisch et al., 2015). Fish farmer's role in
implementing these strategies is crucial, as
proper genetic management can be
achieved by conserving genetic diversity
and minimizing inbreeding when the
pedigree is  unavailable  (Sénchez-
Velasquez et al., 2022).

Molecular data is utilized to determine
the relationship between the founders of
captive populations and reconstruct the
pedigrees when they are not present
(Russello and Amato, 2004). The use of
genetic markers made the identification of
stock structure and genetic variation in
populations easier in the 1990s. All genetic
marker applications in fisheries biology
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rely on detecting genetic variation among
individuals. The discovery of genetic
differentiation would suggest that source
groups have distinct stocks and should be
classified as distinct units or stocks (Abdul-
Muneer, 2014). Researchers have
employed different markers in genetic
diversity studies based on the facilities,
budget, goals, and novelty. Cuéllar-Pinzén
et al. (2016) reviewed genetic analyses for
168 marine species and found that
microsatellites were the most versatile
marker employed. Microsatellites, with
81% of all genotyping methods, were the
dominant markers for the first two decades
after exploration, while their use decreased
to 18% in recent years and rapidly replaced
with novel and compound techniques
(Kanaka et al., 2023). However, they still
seem to be the precise and preferred
markers for genetic diversity in cultured
stocks and natural populations because of
being highly polymorphic, multi-allelic,
highly reproducible, having good genome
coverage, viable genotyping techniques,
and being high-throughput systems that
have cost-effective approaches (Choi et al.,
2018; Sanchez-Velasquez et al., 2022;
Zhang et al, 2022; Wenne, 2023).
Microsatellites have been characterized and
developed by many researchers for Asian
seabass to support population genetic
variation and structure studies, parentage
studies (Zhu et al., 2010; Senanan et al.,
2015; Singh et al., 2023; Wong et al., 2023)
and identifying markers linked to growth
(Wang et al., 2006; Joerakate et al., 2018)
during two past decades.

In this research, we aimed to investigate
three key aspects of hatchery broodstocks
of Asian seabass: 1) genetic diversity, 2)

inbreeding coefficient, and 3) population
structure. We focused on broodstocks
originating from three different cohorts and
analyzed them using 12 microsatellite loci
at the Marine Fisheries Research Station
(MFRS), which is the primary scientific
center for marine fish research in Iran. This
study is the first of its kind conducted on
Asian seabass stocks in Iran. Our findings
are crucial for establishing a founder
population, which is a prerequisite for
future breeding programs.

Material and methods

The introduced Asian seabass fry cohorts 96,
98, and 99 were bred separately in 5-ton tanks
until they reached sexual maturity. After two
years, the survived brooders were PIT tagged
(tags dimensions: 2.12 x 12 mm from ICAR
Company, MJ Utrecht, The Netherlands). A
total of 120 Lates calcarifer specimens were
collected, 40, 36, and 44 individuals for 96,
98, and 99, from three different cohorts.
Caudal fin tissue was preserved in 70%
ethanol and stored at -20 °C for further
genomic DNA extraction using Animal
Tissue DNA Isolation Kit (DENAzist Asia,
Iran) with some modifications. DNA quantity
and quality were evaluated with an ND-3800-
OD Nano DOT Microspectrophotometer
(Hercuvan Lab System, Malaysia) and
checking on a 1.5% agarose gel, respectively,
then adjusted to a final concentration of 30
ng/ulL. Multi-locus genotypic data were
obtained by amplifying the following 12
microsatellite markers, including Lca220,
Lca098, Lcal93, Lca074, Lca062, Lcal37,
Lca040, Lcal30, Lca064, Lca063, Lcald7,
Lca41l, which showed the highest
polymorphism and heterozygosity (Zhu et al.,
2010) in multiplex reactions (Table 1).
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Table 1: Characterization of 12 microsatellites of Asian seabass (Lates calcarifer).

Primer sequence Motif Allele Size Fluorescent
name q number (bp) Type
Leal93-F CAGTCGGGCGTCATCA
TCCCACCCCAGTCCAGAAA (TG)18 14 244 o6 EAM
Lcal93-R  GTTT TACCAGAGCCTGAAACACAGTAGG 310
Lca098-F CAGTCGGGCGTCATCA
CAAAGGGGCCACTGCACATAAT 195— ,
(TG)14 12 5'6-FAM
Lea098-R GTTT 237
CTCCAGCTCACCCAGGTTCACT
Lea220-F CAGTCGGGCGTCATCA
ATGGCTGTGAAAAGACTGGTATCT (111 1 124= s EAM
Lca220-R GTTT CGCCCCTCACTCAACAGAG 144
Leal37-F CAGTCGGGCGTCATCA
CGCCTTAAATCTCTACGCTCTGG  (1Gy17 10 238~ 5" _PET
Lcal37-R GTTT TCGCATGCTGTAATTAAGGTGGTA 274
Lea062-F CAGTCGGGCGTCATCA
AGGATGGCACGCTGAAACTATCG (CA23 12 200- 5' _PET
Lea062-R GTTT 226
cathe ATAAGCTTGTACAGGGGCTGAGTGC
LeaOTA-F CAGTCGGGCGTCATCA
CATCATTTACACTCTGTTTGCCTCAT (a3 6 158~ o ppT
Lca074-R GTTT GACAGACAGGTGTTTTAGCCTATTTG 170
CAGTCGGGCGTCATCA
Lca064-F  CCCACGGTTTATTTATCTGTCATTAT 276
(AC)21 11 5" -VIC
C 304
Lca064-R  GTTT AGGCATATGCACCTCACAAGAGTG
Leal30-F CAGTCGGGCGTCATCA
GAGGCTCCCAATCCCAACAA (TG)19 10 194- 51 _VIC
Lcal30-R GTTT GGAGGCAGACGAGGAAGGAA 242
Lea040-F CAGTCGGGCGTCATCA
TGAGGAAGCATCAGCCTGTAATCA (G715 6 124~ 51 _VIC
Lca040-R GTTT CAGGACGCAAACACTGAAAT 138
Lead11-F CAGTCGGGCGTCATCA
GTGGTGCAGCGGTTGCTCTC (AR 8 249~ . NED
Lcad411-R  GTTT CCGACTCATGCTGCTTTTCGTAAT 273
Leal A7-F CAGTCGGGCGTCATCA
TGCCCCTAATGTATTCTTTCCACT — (1¢)35 16 164226  5'-NED
Lcal47-R - GTTT GCTCCCACCTCTCATTCATTATTC
Lea063-F CAGTCGGGCGTCATCA
CAAGATGTTG(éF %?TATCATTGTCT (GT)17 7 130-158 5 _NED
Lead83-R — AGATGGCTCTCCACCAGATTAT
The PCR amplification and genotyping genetic data. The total volume of the PCR
process was carried out with utmost amplification reaction was 25 pL; each
precision, ensuring the accuracy of the reaction contained 12.5 uL of 2x Ampliqon
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Taq DNA Polymerase Master Mix
(Denmark), 1 pL of DNA (concentration 30
ng/pL), 1 uL of fluorescent forward/reverse
primers, and PCR water for the remainder.
PCRs were conducted on Corbett Research
(CG1-960) Palm cycler with the following
cycling conditions: 94°C for 5 min; 30
cycles of 94°C for 30 s, 55°C for 40 s, and
72°C for 50 s; and finally, 72 °C for 10 min.
The PCR products were genotyped based
on capillary electrophoresis using Applied
Biosystems™ 3500 XL Genetic Analyzer
(Thermo Fisher Scientific) equipped with
Gene Mapper 3.5 software. The
GenescanLiz500 size standard was used to
determine the PCR product size.

The fsa files obtained from the
sequenced microsatellite fragments were
analyzed in the Geneious IR9 software
under the Microsatellite plugin (Kearse et
al., 2012). The obtained genotypes were
saved as an Excel file and were used to
analyze the following statistics in different
software. =~ MICRO-CHECKER  2.2.3
software was used to check the frequency
of null alleles (Van Oosterhout et al., 2004).
Different genetic diversity parameters,
including the number of alleles (NA),
number of effective alleles (Ne), expected
heterozygosity (He), observed
heterozygosity (Ho), Shannon's
information index (I), polymorphic
information content (PIC), analysis of
molecular variance (AMOVA, 10000
permutations,  significance:  p<0.05),
Hardy—Weinberg Equilibrium (HWE), and
principal coordinates for three cohorts were
estimated using GenAlEx 6.5 (Peakall and
Smouse, 2012). The pairwise population
genetic differentiation index (Fst) and Nei's
genetic distance were calculated using

FSTAT 2.9.4 software (Goudet, 2002).
Wright's definition was used to analyze the
Fsr, where 0-0.05, 0.05-0.15, 0.15-0.25,
and >0.25 infer minor, moderate,
significant, and great genetic
differentiation, respectively. MEGA 6 was
used to construct an unweighted pair group
method with the UGMA tree based on Nei's
genetic distance (Tamura et al, 2011)
among the individuals belonging to three
cohorts. Bayesian clustering program
STRUCTURE 2.3.2 (Pritchard et al., 2010)
was used to estimate the most likely
population structure based on microsatellite
data for the three cohorts followed by an
admixture model, with a priori population
information, using a burn-in period of
500,000 MCMC and 1,000,000 subsequent
MCMC repeats for each K value between 1
and 10 for four iterations. The convergence
of the mean estimate of the In probability of
AK was established to ascertain the
accurate number of clusters K (Pritchard et
al., 2000). Structure Harvester was run to
determine the statistically most supported
number of clusters using the AK metric
(Earl and vonHoldt, 2012).

Results

Micro-Checker results did not reveal any
evidence of scoring alleles because of
stuttering, either for large allele dropout or
the presence of null alleles. The results
indicated that all microsatellite markers
were polymorphic in all Asian seabass
populations, and ranged from seven
(Lca074) to fourteen (Lca220, Lca067, and
Lcal47) per locus. Across three cohorts at
12 microsatellite loci, 128 alleles were
found with an average value of 10.67 alleles
per locus. The highest and lowest average
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number of different alleles (Na), Effective
Alleles number (Ne), and Shannon
Information index (I) belonged to Lca063
with 8.67, 5.80, and 1.91, and Lca074 with
3.67, 2.23, and 0.94, respectively. The
Lcal93 and Lca040 showed the maximum
and minimum observer heterozygosity
(Ho), with a value of 1.00 and 0.29,
respectively. The Shannon Information
index results at the loci level mirrored those
from Ne and He in terms of trend, except
for Ho. Nearly half (49%) of 65 unique
alleles were detected in cohort 99.
Moreover, the Lcal37 locus had
exclusively two unique alleles in cohort 99.
The overall average observed alleles (Na),
allele richness (Ne), and Shannon

Information index (I) within three cohorts
were 6.25, 4.22 per locus, and 1.54,
respectively. The overall mean observed
heterozygosity (Ho) in all three cohorts was
obtained as 0.73, corresponding with the
mean expected heterozygosity (He=0.73).
Wright’s F-statistics, including Fis, Fir, and
Fst, estimations were evaluated as -0.01,
0.05, and 0.06, illustrating the non-
inbreeding  coefficient ~ within  the
population, overall population and low
coefficient of co-ancestry, respectively
(Table 2). This detailed genetic diversity
and population structure analysis provides
a comprehensive understanding of the
genetic makeup of the cohorts.

Table 2: Characteristics and genetic diversity indices for twelve microsatellite loci in Lates calcarifer.

Locus N Na Ne I Ho He Fis Fir Fsr
Lca220 14 7.33 4.88 1.76 0.80 0.79 -0.01 0.03 0.04
Lca098 13 7.00 4.79 1.69 0.74 0.78 0.05 0.10 0.05
Lcal93 8 4.33 2.84 1.15 0.29 0.61 0.53 0.57 0.09
Lca074 7 3.67 2.23 0.94 0.82 0.55 -0.49 -0.45 0.03
Lca062 9 6.33 4.81 1.68 0.84 0.79 -0.06 -0.04 0.02
Lcal37 8 6.00 4.25 1.57 0.61 0.76 0.20 0.25 0.07
Lca040 8 5.67 4.04 1.49 1.00 0.74 -0.36 -0.28 0.06
Lcal30 12 6.67 4.41 1.61 0.71 0.76 0.06 0.16 0.10
Lca064 9 5.00 3.10 1.31 0.81 0.68 -0.20 -0.16 0.03
Lca063 14 8.67 5.80 1.91 0.79 0.81 0.02 0.07 0.05
Lcald7 14 7.67 4.87 1.69 0.84 0.75 -0.11 -0.01 0.09
Lca41l 9 6.67 4.62 1.69 0.53 0.78 0.32 0.35 0.05
Average 10.42 6.25 4.22 1.54 0.73 0.73 -0.01 0.05 0.06

SE 0.79 0.41 0.29 0.08 0.05 0.02 0.08 0.08 0.01

N, number of alleles, Na, Average number of different alleles/ locus; Ne, number of effective Alleles (Ne), He,
expected heterozygosity; Ho, observed heterozygosity; Fis, inbreeding coefficient of an individual relative to the
subpopulation; Fir, inbreeding coefficient of an individual relative to the total population, Fsr, inbreeding

coefficient between population

The highest and lowest observed alleles
were detected in 99 (with 90 alleles) and 96
(with 64 alleles), respectively. The highest
mean Na (7.5), Ne (5.02), and Shannon
index (1.72), and lowest mean Na (5.33),

Ne (3.67), and I (1.39) were observed in
cohorts 99 and 96, respectively. Cohort 98
represented the Na, Ne, and I as 5.92, 3.97,
and 1.5, respectively. The cohorts with the
highest and lowest Ho were 98 (0.79) and
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96 (0.68), respectively, while the Ho in 99
was 0.73. The fixation index (Fis), showing
the inbreeding coefficient, was low in three
cohorts and even showed a negative value
in cohort 98 (-0.07), indicating that excess
heterozygosity resulted in negative Fis
values. The deviation from Hardy—Weinberg
equilibrium, a significant finding, was
observed at some loci in cohorts. Chi-square

tests revealed that all of the 12 markers
conformed to Hardy-Weinberg equilibrium
(HWE) in the 98 cohort, while cohorts 96
and 99 deviated meaningfully from HWE in
one locus (Lca098) and two loci (Lcal30
and Lcal37) (p<0.01), respectively (Table
3).

Table 3: Genetic diversity statistics of three Lates calcarifer cohorts at 12 microsatellite loci.

Cohor Locus
t Lca22 Lca09 Lcal9 Lca07 Lca06 Lcal3 Lca04 Lcal3 Lca06 Lca06 Lcald Lca4dl Averag SE
0 8 3 4 2 7 0 0 4 3 7 1 e
Na 8.00 4.00 4.00 4.00 5.00 5.00 4.00 4.00 4.00 9.00 6.00 7.00 533 Ois
Ne 526 339 230 233 4.44 3.17 2.82 2.99 2.99 6.45 2.86 5.00 3.67 0;
I 1.87 1.29 1.03 1.00 1.54 133 1.16 1.19 1.19 2.00 137 175 1.39 0.0
9
96.00 oo
Ho 1.00 0.50 0.30 0.80 0.60 030 1.00 0.70 1.00 0.80 0.60 0.50 0.68 .,
He 081 0.71 0.57 0.57 0.78 0.69 0.65 0.67 0.67 0.85 0.65 0.80 o0 %0
F 023 0.29 0.47 0.40 023 0.56 -0.55 -0.05 -0.50 0.05 0.08 038 0.03 oil
H};N ns wk ns ns ns * ns * * ns ns *
Na 7.00 7.00 3.00 4.00 7.00 6.00 6.00 8.00 5.00 7.00 5.00 6.00 5.92 024
Ne 4.91 4.76 2.05 2.19 4.50 491 5.06 4.63 3.00 3.38 3.68 4.63 3.97 0i3
I 1.74 1.72 0.83 0.98 1.69 1.67 1.69 1.77 1.30 1.56 1.43 1.65 1.50 0.0
9
98.00 M
Ho 0.78 1.00 0.11 0.67 1.00 0.89 1.00 0.89 0.89 0.67 1.00 0.56 0.79 8
He 0.80 0.79 0.51 0.54 0.78 0.80 0.80 0.78 0.67 0.70 0.73 0.78 0.72 030
F 0.02 -0.27 0.78 -0.23 -0.29 0.12 -0.25 -0.13 -0.33 0.05 -0.37 0.29 -0.07 Oéo
HW . .
E ns ns ns ns ns ns ns ns ns ns
Na 7.00 10.00 6.00 3.00 7.00 7.00 7.00 8.00 6.00 10.00 12.00 7.00 7.50 0,'76
Ne 448 621 4.17 2.18 5.50 4.65 425 5.63 332 7.56 8.07 425 5.02 0;‘
1 1.67 2.05 1.58 0.85 1.81 171 1.62 1.87 143 2.16 228 1.66 i Y
99.00 o
Ho 0.64 0.73 045 1.00 091 0.64 1.00 0.55 0.55 091 091 0.55 0.73 p’
He 0.78 0.84 0.76 0.54 0.82 0.79 0.76 0.82 0.70 0.87 0.88 0.76 0.78 030
F 0.18 0.13 0.40 0.85 0.11 0.19 031 0.34 022 0.05 0.04 0.29 0.03 0(')]
HI;N ns * ns * ns ok ns wk ns ns ns ns

Na, allele number; Ne, effective number of alleles; He, expected heterozygosity; Ho, observed heterozygosity; F,
fixation index; HWE, deviation from the Hardy-Weinberg equilibrium (ns, non-significant; *: p<0.05; **: p<0.01,

5% <0.001).

The genetic

differentiation

between

cohorts, as analyzed using Fsr and Nei's
genetic distance calculated from a pairwise
comparison, is shown in Table 4. The
statistical significance found in all pairwise
Fsr estimates (p<0.05) underscores the
importance of this differentiation. The Nei's

standard genetic distance and Pairwise Fsrt
distance between the three cohorts showed
the lowest genetic distance between pair
cohorts 96-98 (with values of 0.199 and
0.034, respectively) and the highest genetic
distance between pair cohorts 96-99 (with
values of 0.337 and 0.049, respectively).
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Furthermore, the Nei's and Fst distance
between pair cohorts 89-99 were calculated
as 0.337 and 0.045, respectively (Table 4).

Analysis of molecular variance
(AMOVA) revealed that the between-
population component of genetic variance
(3%) was firmly lower than the within-

population component (97%), indicating
that variation within individuals was the
main source of genetic variation. This
resulted in a small but meaningful genetic
differentiation =~ between  populations
(Fst=0.03, p<0.01) (Table 5; Fig. 1).

Table 4: Pairwise population matrices Nei’s genetic distance (below the diagonal) and Fsr values using all
loci (above the diagonal) among three fish cohorts of L. Calcarifer.

Stocks 96 98 99
96 0.000 0.034 0.049
98 0.199 0.000 0.045
99 0.337 0.329 0.000

Table S: Summary analysis of molecular variance (AMOVA).

Est.  Percentage F-Statistics

Source df SS MS oo p- value
Var. of variation values

Among populations 2 16.21 8.11 0.16 3% Fs1=0.03 0.00

Among individuals within 713595 495 27 6% Fis=0.06 0.03

populations

Within individuals 30 131.50 4.38 4.38 91% Fi1=0.09 0.00

Total 59 280.63 4.81 100%

91%

6%

H Among populations
B Among individuals

Within individuals

Figure 1: Percentage of molecular variance among L. calcarifer populations and individuals, and within

individuals.

Principal coordinates analysis of three L.

calcarifer  cohorts revealed  genetic
structure among samples (Fig. 2). The
distribution pattern of the samples shows a
large amount of genetic mixing and
similarity between them. However, the

cohort 96 was close to the 98. These cohorts

are closer genetically compared to 99.
Cohort 99 is relatively distant from the
other cohorts. Based on STRUCTURE
Bayesian model-based clustering algorithm
to analyze population genetic structure,
under the admixture model, the Delta-K
value in seabass cohorts was highest when
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K equaled 2, meaning that the optimal admixture analysis findings were in line
number of populations of the three L. with those of the STRUCTURE analysis
calcarifer cohorts was two (Fig. 3). (Fig. 5).

Individuals from 96 and 98 were assigned
to Cluster 1, while Cluster 2 exclusively
consisted of 99 individuals (Fig. 4). The

*
*
(g\]
*
_E. . * 96
g N 98
© N A . 499
A A
A *
A A A Y
A
*
Coord. 1

Figure 2: Genetic scatter plots of L.calcarifer exhibited by principal coordinate analysis (PCoA).
Deltak = mean(|L"(K)|) / sd(L(K))

20}

15

Delta K

0.5

2 3 3 6 7 8

5

K

Figure 3: Relationships between the number of clusters (K) and the corresponding Delta K statistics from
structure analysis.
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1

2

3

Figure 4: STRUCTURE genetic cluster analysis for L. calcarifer populations (K=2), 1: cohort 96, 2: cohort

98, and 3: cohort 99.
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Figure 5: Admixture plots for two population of L. calcariferi (Selected samples).

Discussion

In our study, 12 standard sets of
microsatellite loci described by (Zhu et al.,
2010) were tested. All loci were
successfully amplified. An analysis of
Asian bass genetic diversity and population
structure was powerfully accomplished
through these 12 microsatellite markers
with high polymorphism. A total of 128
alleles were found, representing the allelic
diversity. Across three different cohorts of
Asian seabass broodstocks kept at the
MFRS, the average allelic number was
10.67 alleles per locus, which is lower than
the value of 20.6 alleles per locus in other
marine fishes (DeWoody and Avise, 2000)
and that calculated in the study of Yue et al.
(2009) in Asian seabass (15 alleles/ locus).
By contrast, it is relatively comparable to
that indicated in anadromous fish with 11.3
alleles per locus (DeWoody and Avise,
2000), thin lip grey mullet, Chelon ramada,

(a Catadromous species) with 11 alleles per
locus (Pereira et al., 2023) while higher
than that in Singh et al. (2023) who found
an average value of 8.19 in Asian seabass.
Prasertlux et al. (2025) encountered 3.429—
11.571 alleles per locus in five
domesticated  populations and two
commercial stocks of Asian seabass.
According to our results, the three cohorts
exhibit a proper level of allelic diversity.
Cohort 99, with a 7.5 average number of
alleles, is more meaningfully diverse than
the other two cohorts, 96 (5.33) and 98
(5.92). Likewise, the average number of
alleles ranged from 6.385 to 7.077 in Asian
seabass  populations gathered from
commercial catches of three major landing
sites in India (Singh et al, 2023). In
contrast, the average alleles number was
lower than that encountered in the
Southeast Asian seabass population, with a

value of 13.28 (Yue et al., 2009). The loss
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of functional genetic variation, which can
be detected by reducing the number of
observed alleles at microsatellite loci, is a
phenomenon that should be prevented
primarily in aquaculture (Lind ef al., 2009).
To illustrate the importance of this
phenomenon, a notable case was found in
Asian seabass of different lines where the
average number of alleles reduced during
four generations of selection from 10 to 7.1
(Wong et al., 2023). However, the number
of alleles is often not comparable due to the
size of the samples and the general
inconsistency of data from different studies
(Yue et al., 2009). The allele richness (Ne)
parameter for measuring allele number
without considering sample size (El
Mousadik and Petit, 1996) represented that
this parameter in cohort 99 (5.02) is higher
than the two other cohorts (96= 3.67 and
98= 3.97). The high allelic richness,
indicating a high effective population size
(Lind et al., 2009), provides an accurate
genetic diversity estimation in candidate
populations for conservation or selection
programs (Diz and Presa, 2009). In the
current study, the average number of alleles
per locus (6.25) and the average number of
effective alleles (4.22) exhibiting allelic
richness indicated moderate genetic
diversity across all cultured cohorts at the
MFRS. However, Yue et al. (2009) found
that the wild Asian seabass population
owned a notable allele richness than the
cultured one, ranging from 7.60 to 8.5 and
372 to 7.89 in wild and farmed
populations, respectively, allele richness
was not satisfying in cohorts 96 and 98, and
accorded with a low range of farmed
populations in the mentioned study, and
across all cohorts, it mirrored the average

range of the cultured population. In the
present study, the allele richness is now in
the cultured Asian seabass population
range. However, mating  between
genetically related brooders might lead to a
reduction in the next generations. It is
worrisome  since  maintaining  and
increasing the genetic diversity of
broodstocks is crucial to guarantee the
sustainability of future breeding programs.
In a similar case in Asian seabass of
different lines, Wong et al. (2023) noticed
a gradual decrease in allelic richness from
FO (Ar=9.12) to F4 (Ar=6.28), but the
decrease was not statistically meaningful.
However, they considered this
insignificance meaningless because an
allele cannot be recovered when it
diminishes in one generation.

The optimal parameter for assessing
population genetic variation 1is genetic
heterozygosity, defined by the proportion
of heterozygous genotypes at every
microsatellite locus (Du et al., 2022).
Heterozygosity represents a broad spectrum
of genotypes as a response to adaptability
in changing environmental conditions. It
might show its advantages in more
heterozygous individuals at substantial
characteristics such as growth, fertility, and
disease resistance (Beardmore ef al., 1997).
The observed heterozygosity being close to
the expected heterozygosity suggests that
the population is in equilibrium. Population
size significantly  affects observed
heterozygosity, while expected
heterozygosity could represent more
accurately the level of genetic diversity,
which is only affected by inheritance (Du et
al., 2022). If the observed heterozygosity is
lower than predicted, anticipating some
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level of inbreeding is possible. Calculating
higher heterozygosity than predicted might
be the cause of an isolate-breaking effect or
the mixing of two previously isolated
populations (Kanaka et al., 2023). In this
study, the observed and expected
heterozygosity are equal (0.73) in the
population in MFRS and are higher than the
average and almost close to the average
value calculated for wild marine fish (0.79)
(DeWoody and Avise, 2000), exhibiting
that the population is in equilibrium. The
amount of observed and expected
heterozygosity in the 96, 98, and 99 cohorts
is higher than the average, reflecting a high
level of genetic diversity (Du et al., 2022),
and also consistent with the results of a
previous study on Asian sea bass (Yue et
al., 2009). Cohort 98 had a higher observed
heterozygosity than the other cohorts,
which also was slightly above the expected
heterozygosity. Higher observed than
expected heterozygosity can occur in
admixed populations, where the recent
progeny of individuals was derived from
several separate stocks, leading to the
merging of genetic variants and increased
genetic diversity (Boca ef al., 2020). The
higher observed heterozygosity than
expected in cohort 98 can be due to the use
of diverse lineage in their reproduction
(brooders  purchased from  different
Southeast Asia regions in the private sector
hatchery) in Iran. Yue et al. (2009) found
that various populations of Asian seabass
have different genetic diversity, and the
genetic diversity of the Australian wild
population was less than that of the
Southeast Asian wild population. Despite
the low allelic richness, the expected and
observed heterozygosity was remarkably

preserved in the current study. Wong et al.
(2023) came across a result that was similar
to ours. The quantity of genetic variability
can be determined by measuring
heterozygosity across loci as a general
indicator. When the number of marker loci
is significant enough to account for a large
portion of genome polymorphisms, the
relationship between heterozygosity at a set
of loci and genomic heterozygosity is
highly correlated (Dewoody and Dewoody,
2005; Miller et al., 2014). Since we
employed the markers characterized by Zhu
et al. (2010) in this study, by comparing the
observed and expected heterozygosity
between both studies, we determined that
the amount of observed heterozygosity in
four loci (Lcal93, Lcal37, Lcal30, and
Lc411) are less than its value in the
mentioned study. However, it is almost
equal or much more in the rest of the loci.
Additionally, the expected heterozygosity
for most of the loci in our study is either
greater or equal to what they observed.
Since proper broodstock management for
operations like breeding and selection
requires an understanding of genetic
diversity, the amount of heterozygosity
showed that although the Asian seabass
stocks in our study are cultured fish, they
maintain good genetic diversity for further
operations.

In population genetics studies, the
Shannon index enables differentiation
between populations with identical
numbers of alleles, when in some
populations, only a few common alleles
dominate loci. In contrast, in others, all
alleles contribute more evenly to variation.
The Shannon index is more susceptible to
losing rare variants (e.g., caused by genetic
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bottlenecks) than heterozygosity, providing
more information than AR or merely
estimating allele numbers (Sherwin et al.,
2017). Unlike heterozygosity, which has a
limit of one for each allele, the maximum
value of Shannon's index in molecular
studies is equal to In(n) (Konopinski, 2020),
ranging from zero (without diversity) to
infinity. The  average  Shannon's
information index in all cohorts is 1.54,
demonstrating the diversity in the
population. The highest and lowest
Shannon diversity index was observed in
cohorts 99 and 96, with the values 1.723
and 1.395, respectively. The highest
Shannon index was obtained at Lca063
locus (2.222), with the highest number of
alleles and effective alleles. In contrast, the
lowest Shannon index was found at L.ca074
locus (1.044), where it gains the lowest
alleles number and effective alleles. These
values support the maximum and minimum
range calculated for the Shannon variation.
The changes in Shannon's information
index value at the level of populations and
loci indicate the effectiveness of
microsatellite markers in revealing the
differences. Thus, the markers employed in
this investigation are practical for
evaluating genetic diversity in Asian sea
bass. The trends of Shannon index results
for cohorts 96 and 99 were similar to those
derived from allele richness and expected
and observed heterozygosity and correlated
positively. In cohort 98, the trends of
Shannon index results only were
correspondent to those obtained from allele
richness and the expected heterozygosity,
and vice versa differed from observed
heterozygosity because the observed

heterozygosity in cohort 98 was estimated
more than the expected heterozygosity.
The F index, a pivotal tool in our
comprehension of inbreeding, plays a
significant role in indicating an increase in
allelic fixation and a decrease in
heterozygosity. Its importance cannot be
overstated in our research.

The fixation indices for each
homozygous genotype are determined
based on the fixation indices for the
heterozygous genotypes (Nagylaki, 1998).
The F index value is meagre in all three
cohorts and negative (-0.07) in the 98. The
negative value of this index in the 98 is
because the observed heterozygosity is
more significant than expected (Pudovkin
et al., 1996). It's crucial to note that founder
effects and bottlenecks, as highlighted by
Yue et al. (2009), are common in cultured
populations and can lead to a decline in
genetic diversity. They pointed out that rare
alleles at polymorphic DNA marker loci
often become infrequent in populations that
encounter a reduction in effective
population size, and the absence of rare
alleles has a more significant consequence
on expected heterozygosity at mutation-
drift equilibrium than observed
heterozygosity, leading to an
overabundance of the latter.

Hardy-Weinberg Equilibrium (HWE) is
a powerful tool for estimating the number
of homozygous and heterozygous variant
carriers based on their allele frequency in
non-evolving populations.  Genotyping
errors can be detected by noticing
deviations from HWE in large population
databases, leading to excessive
heterozygote excess. However, it might
also be a sign of natural selection since the
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occurrence of a variant causing recessive
disease should be less expected in a
homozygous state in the population. In
contrast, it may reach high allele frequency
in a heterozygous state, mainly if they are
favorable (Abramovs et al, 2020). In
addition, other reasons may reject a test of
HWE, including mutation, migration,
selection, and population substructure
(Laird and Lange, 2011). The Chi-square
tests revealed that all 12 markers
conformed to HWE in the 98 cohorts. In
contrast, cohorts 96 and 99 deviated
meaningfully from HWE in one locus
(Lca098) and two loci (Lcal30 and
Lcal37) (p<0.01), respectively. In all three
loci in two cohorts, 96 (Ho: He, 0.5: 0.775
in Lca098) and 99 (Ho: He, 0.545: 0.822 in
Lcal30 and Ho: He, 0.636: 0.764 in
Lcal37) that departed from HWE, the
observed heterozygosity is lower than the
expected heterozygosity. Therefore, in the
current study, the genotypic error causing
the increase of observed heterozygosity
was not the reason for the departure from
the Hardy-Weinberg equilibrium in these
loci. Natural or biological causes, including
genomic deletions, population stratification
and inbreeding, may cause heterozygosity
loss, leading to HWE departure (Chen et
al., 2017). In this study, the reduction of
heterozygosity in three loci that can lead to
departure from the Hardy-Weinberg
equilibrium 1is also consistent with the
positive values of Fis in the same loci. In
this study, the reduction of heterozygosity
in three loci that can lead to departure from
the HWE is also consistent with the positive
values of Fis in the same loci. Zhu et al.
(2006) found that the wild populations of
Asian seabass were in HWE but were not

about the Singapore breeding populations
in some loci. In our study, all three cohorts
showed overall HWE equilibrium, and this
indicates that the reproduction process in
the private section hatchery, where the
brooders of this study had been imported in
the initial form of fry from Thailand, did not
lead to deviating from the HWE.
Researchers use various methods to
determine the differentiation and genetic
structure of populations. The most common
approaches rely on F-statistics, which
require establishing population boundaries
at the beginning of the study. Introduced by
Wright (1951), F-statistics were developed
to characterize population structure in
natural populations and quantify genetic
drift and allelic diversity. Different F-
coefficients, such as Fir, Fis, and Fsr,
account for gene correlation across all
populations, within the population, and
within the total population, respectively.
Fsr, for example, estimates inter-specific
genetic  divergence, Fis  describes
inbreeding within taxa, and Fir represents
overall inbreeding for a species.
Heterozygosity (H) and genetic drift play
significant roles in F-statistics, with
inbreeding leading to sub-structuring and
decreased heterozygosity. Genetic drift and
inbreeding are interconnected processes
and can be expressed in terms of H (Kanaka
et al., 2023). According to the Wright
(1965)’ criterion, the Fir value ranges from
0 (no isolation) to 1 (total isolation).
However, lower values (such as 0.5) may
indicate  complete  isolation  among
populations and a tendency toward
polymorphism in loci. In this study, the Fir,
or total inbreeding coefficient, for Asian
seabass cohorts was calculated as 0.049,
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which indicates that there is no overall
inbreeding and that the population is not
isolated in terms of inbreeding. Wright
(1965) pointed out that when Fis is 0, there
is neither inbreeding nor outbreeding,
suggesting random mating and adherence
to HWE. An Fis equal to 1 indicates
complete inbreeding, while an Fis of -1
signifies complete outbreeding. In the
current study, the average value of the Fis,
which is the inbreeding coefficient within
the population, was estimated at 0.005,
indicating that inbreeding in these
populations is insignificant and the
population is in equilibrium. The Fst value
is also significant. When Fsr is 0, it means
no population structure or differentiation;
values between 0 and 0.5 indicate low
population differentiation, whereas an Fsr
of 1 implies complete differentiation of the
population. In our study, the average value
of the Fsr that estimates the amount of
genetic differences between cohorts was
0.033. This value does not indicate
complete differentiation but does not imply
a lack of differentiation. It shows
significantly little difference between
cohorts.

In the context of Analysis of Molecular
Variance (AMOVA), the total variance is
divided into distinct components, each
depicting the proportion of the total
variance at different hierarchical levels,
including within and among populations.
Thus, variance component ratios can be
employed to describe population structure
(Yue et al., 2009).

The analysis of molecular variance
(AMOVA) in the current study revealed
that 97% of the genetic variance exists
within populations, while only 3% exists

between populations. This result indicates a
small but significant genetic differentiation
between populations, with an Fsr value of
0.033 (p<0.01). Additionally, a study by
Yue et al. (2009) found that within-
population genetic differentiation
accounted for 18% of the total, while
between-population differentiation
accounted for 88.9% in different
populations of Asian sea bass. It is
important to note that the difference
between our study and Yue et al.'s study is
significant, as their study included
populations from three geographical
regions:  Singapore, Australia, and
Thailand, whereas all three cohorts in our
study  originated from the same
geographical region in Southeast Asia
(Thailand). This is likely the reason for the
low value of the genetic variance and the
amount of between-population diversity in
our study.

Moreover, research by DeWoody and
Avise (2000) has determined that marine
fishes show higher genetic diversity and
lower  genetic  differentiation  than
freshwater fishes. This is attributed to the
large population size and high gene flow in
marine environments and the small size of
the effective population and limited gene
flow in freshwater populations. As
emphasized by Hartl and Clark (1997),
although the amount of F'st obtained is low,
it can still be meaningful.

Genetic distance measures the variations
in the genetic makeup between two
populations or closely related species. It is
calculated by analyzing the frequency of
genetic variants at multiple loci within each
population.  This  measurement  is
commonly used to construct phylogenetic
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trees for populations and estimate how
much they have diverged from each other.
Nei's and Fst genetic distance matrices are
two examples of commonly used measures.
Nei's distance, also known as the standard
genetic distance, is widely cited. It
considers the effects of mutation and
genetic drift, and its estimated value is
proportional to evolutionary time (Nei,
2013). In the current study, Nei's standard
genetic distance and pairwise Fst distance
between the three cohorts showed the
lowest and highest genetic distance
between pair cohorts 96-98 and 96-99,
respectively. It is worth noting that both
cohorts 96 and 98 were obtained from the
same breeding farm in two different years,
so this result is not unexpected.

In this study, we employed one of the
most cited tools for defining population
structure, the STRUCTURE software with
the AK method (Stankiewicz et al., 2022).
This Bayesian clustering program does not
make assumptions about the grouping of
individuals at the start of the study. It helps
reduce errors in defining population
boundaries (Latch et al., 2006) to examine
the genetic structure of seabass populations.
This analysis with the admixture model
revealed two distinct genetic structures,
denoted as K=2. The results indicated that
all populations were mixtures of two
clusters: one consisting of 96 and 98
individuals and the other exclusively
comprised of 99 individuals. These findings
accord with the truth that the different
origins of the initial brooders may have led
to the divergence of the two clusters in the
population analysis of the L. calcarifer.
However, Stankiewicz et al. (2022)
suggested a combination of visual

inspection of STRUCTURE plots and
calculation of the alternative estimators at
various thresholds in addition to AK to
conclude population structure better.

These results are consistent with the
Principal Coordinate Analysis (PCoA). The
distribution pattern of the samples shows
moderate genetic mixing and similarity
among them. However, cohort 96 was
genetically close to 98, with both being
closer to each other than 99. Cohort 99 is
relatively distant from the other cohorts.

As highlighted by Duan et al. (2023), the

significance of genetic monitoring cannot
be overstated. It provides crucial
information that is instrumental in
developing effective management
strategies for breeding programs. This
underscores the importance of our
collective efforts in this field and the
potential impact of our work on the future
of seabass populations.
Earlier research has indicated that both wild
stocks and most cultured populations of
Asian sea bass in Thailand exhibit
reasonable genetic diversity, providing
valuable genetic resources for the future
genetic improvement of this species (Yue et
al., 2009; Senanan et al., 2015). The group
spawning method, the highly productive
population, and the lack of an optimal
breeding program reducing diversity are
standard breeding methods for Asian sea
bass (Senanan et al., 2015). These protocols
allow the creation of Asian sea bass founder
stocks with relatively high diversity.

Conclusions

The results of this study are crucial for
choosing new broodstocks to support the
sustainable development and growth of
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aquaculture. Population structure analysis
and principal coordinate analysis (PCoA)
revealed that the three cohorts of L.
calcarifer were divided into two
subpopulations. Although the genetic
diversity in population 99 is higher than in
96-98, the overall genetic diversity in the
current study is  satisfactory and
comparable to previous studies. In our
study, the observed proper level of diversity
may be associated with the management
strategies employed for the broodstock two
generations ago in Thailand, especially
concerning the initial brooders purchased
by the private sector in Iran. It could also
stem our brooders, the offspring of these
Thai brooders. The significant genetic
heterogeneity discovered among different
stocks enables the creation of a new
breeding population by crossing these
stocks, resulting to increase in the genetic
diversity of the Dbase population.
Consequently, these MFRS stocks could
serve as a base population, a prerequisite
for further selective inbreeding programs.
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