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A B S T R A C T   

This study aimed to estimate genetic parameters for growth and fillet traits of Asian seabass using REML method 
and Bayesian approach via Gibbs sampling. Seabass fry were produced by mass spawning of 20 males and 24 
females and reared as mixed families. At 120 days post hatch (dph) 3000 fish were measured, fin-clipped and 
marked with PIT tags in the body cavity and distributed equally into two earthen ponds. During grow-out, fish 
were measured at 270 dph. At 390 dph, fish were harvested, measured and filleted by skilled processors. Ped-
igrees were reconstructed using eleven microsatellite loci. A total of 1750 fish used in the analysis were progeny 
of 16 sires and 18 dams. A multivariate animal model with the fixed effect of earthen pond was used to estimate 
variance components. Heritability estimates for body weight (BW) were low to moderate and increased with age. 
The REML (and Gibbs sampling) estimates were 0.06 (0.26), 0.16 (0.31) and 0.45 (0.48) for BW120, BW270 and 
BW390, respectively. Heritability for total length (TL) followed the same trend, with REML (and Gibbs sampling) 
estimates of 0.07 (0.26), 0.11 (0.28) and 0.37 (0.40) for TL120, TL270 and TL390, respectively. The REML and 
Gibbs sampling estimates for fillet weight were high (0.50 and 0.52) and low to moderate for fillet yield (0.16 
and 0.31). Genetic correlations were high and close to unity between BW at different ages and fillet weight 
(0.85–0.98). Results indicate a selection potential in this Asian seabass population and that use of weight at 
younger age (120 dph) as a selection criterion would result in increased body weight at harvest (390 dph) along 
with increased fillet weight.   

1. Introduction 

Asian seabass, also known as barramundi (Lates calcarifer), is an 
economically important species in the tropical regions of the western 
Pacific and Indian oceans; it is widely cultivated in India, Southeast Asia 
and Australia. The species is known for its rapid growth rate, attaining a 
size of 3–5 kg within 2–3 years and for its high tolerance to salinity 
fluctuation from 0 to 35 ppt. In Thailand, Asian seabass is a significant 
fishery commodity; production increased by 186% from 16,500 tons in 
2014 to 47,200 tons in 2019, representing 15% of all seafood production 
(Thailand’s Department of Fisheries, 2020). Farmed seabass is normally 
sold as whole fish at 500–700 g for local markets. As consumer prefer-
ence is increasingly leaning towards value-added and convenience 
products such as fish fillets, the production of larger fish (1000–2000 g) 
has increased during the past decade (Yenmak et al., 2018). Therefore, 

improvement in production traits, including growth performance and 
yield, are considered the most important breeding goals in seabass 
farming. 

Despite being a significant aquaculture species, there has been no 
selective breeding program for Asian seabass stocks in Thailand. Selec-
tion programs for Asian sea bass have been established in Singapore, 
Australia and Vietnam (Wang et al., 2008; Yue et al., 2009; Domingos 
et al., 2013; Domingos et al., 2014; Domingos et al., 2021; Ye et al., 
2017; Khang et al., 2018). Results of genetic improvement for growth 
are encouraging in the Singaporean population (Ye et al., 2017). Nor-
mally, seabass farms in Thailand use unimproved seed stock supplied by 
private hatcheries or nurseries (Senanan et al., 2015; Joerakate et al., 
2018). This lack of genetically improved seed stocks may limit the po-
tential to increase yield of this species. Moreover, hatchery operations in 
Thailand consist of a large number of small-scale or backyard hatcheries, 
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making it more difficult to establish well-designed genetic improvement 
programs. Nevertheless, development of genetically improved sea bass 
seed stocks is needed to support the local industry. Long-term sustain-
ability of the industry relies on a high-quality seed supply from geneti-
cally improved strains. 

In the current study, we aimed to estimate heritability and genetic 
correlations for body size and fillet traits for seabass at different growth 
stages in a hatchery population in eastern Thailand. Our previous studies 
have indicated that this stock is suitable as a base population for se-
lection in terms of growth performance as well as genetic diversity 
(Senanan et al., 2015; Joerakate et al., 2018; Yenmak et al., 2018). Fish 
breeding was performed at a private hatchery, following fry production 
protocols for mating design, fry rearing and nursing commonly used at 
the facility. Mass spawning is a common breeding method for Asian 
seabass; we therefore reconstructed pedigrees of fish based on multi- 
locus genotypes of eleven microsatellite DNA markers. Further, we 
compared the estimates of genetic parameters using two different 
methods of estimation; restricted maximum likelihood (REML) and 
Bayesian analysis using Gibbs sampling. 

2. Materials and methods 

2.1. Production of families and larval rearing 

Asian seabass used in this study were obtained from a hatchery 
population of Pramote Farm in Chon Buri Province, Thailand. The 
population was originally collected from cage culture in the nearby Bang 
Pakong River. Broodstocks of subsequent generations were produced by 
mass spawning with no selection scheme. They were reared in floating 
cages in the river until 3–4 years, with average body weight of 3–5 kg, 
when they were transferred back to the hatchery. Approximately 20–30 
males and 40–50 females were used for year-round production of fry, 
and they were replaced every four years. 

In January 2019, 20 male (mean body weight = 3.2 ± 0.5 kg) and 24 
female (mean body weight = 4.5 ± 0.9 kg) brood fish were marked with 
passive integrated transponder (PIT) tags (Biomark Inc., Boise, ID, USA) 
for identification and fin-clipped for DNA extraction. They were held in 
two concrete tanks (4 × 8 × 3 m), each with 10 males and 12 females 
and injected with synthetic hormone (LHRHa) under the dorsal fin in the 
afternoon. Spawning normally takes place 24–28 hpi (hours post injec-
tion). Eggs were collected by a soft egg-collecting hand net at 38–40 hpi 
and were transferred to incubation tanks with gently aerated 28–30 ppt 
(parts per thousand) seawater. Hatching occurred at about 15 to 16 h 
after fertilization. Larvae of mixed families were transferred to a larval 
rearing tank (1.5 × 2.5 × 1 m) and reared as a single batch until 12 dph 
(days post hatch). They were fed three times daily with rotifers from 2 to 
7 dph and with Artemia nauplii from 5 to 12 dph. After that, fry were fed 
commercial diets (Thai Union Feed Mill, Samut Sakhon, Thailand) to 
satiation twice daily until 90 dph when they reached fingerling size. At 
the beginning of their cannibalistic larval phase at 20 dph, fry were 
graded into six sizes (≤2 mm, ≤8 mm, ≤16 mm, ≤24 mm, ≤32 mm and 
≤40 mm) by passing the larvae through stainless steel colanders every 
four days until 60 dph. Fish of each size were reared separately in six 
concrete tanks. At 90 dph, fish were classified into six groups, depending 
on their size (≤4 cm, ≤6 cm, ≤8 cm, ≤9 cm, ≤10 cm and >10 cm). They 
were transferred to Samut Songkram Research Station for grow-out. A 
total of 3200 fingerlings were distributed equally among four concrete 
tanks (3 × 4 × 1 m) and reared for 30 days. At 120 dph, 3000 fish were 
anaesthetized with clove oil, measured for weight (g) using a digital 
scale (Mettler Toledo Model IND 425, Mettler Toledo Ltd., Melbourne, 
Australia) and total length (cm). They were fin-clipped and marked with 
PIT tags in the body cavity. Tagged fish were randomly stocked into two 
earthen ponds (20 × 40 × 2 m) each with 1500 fish. The ponds were 
covered with netting to exclude predatory birds. Aeration was provided 
through polyethylene pipes on the pond bottoms to maintain sufficient 
dissolved oxygen (DO) concentration. Water was supplied from a 

brackish-water canal connected to the Mae Klong River. Fresh well 
water was used to dilute brackish water to obtain salinities within 
15–25 ppt. There was no water exchange during grow-out, but the ponds 
were topped off regularly to compensate for evaporation, maintaining 
the water depth at 1.5 m. 

Fish were fed to apparent satiation with a 40% protein commercial 
floating feed (Betagro Feed Mills, Bangkok, Thailand) twice daily at 
07:00 and 17:00 h. Feed consumption was closely monitored, and un-
eaten food was removed using a scoop net prior to the next feeding. Fish 
health was observed, and any dead fish were immediately removed 
during feedings. Temperature and other water quality parameters were 
checked twice daily. DO was measured using a portable model YSI 550A 
meter (Yellow Springs Instruments, Inc.; Yellow Springs, OH, USA) and 
pH using a model YSI EcoSense pH 100A meter (Yellow Springs In-
struments, Inc.; Yellow Springs, OH, USA). Salinity was measured 
weekly using a portable salinity refractometer (Atago, Co., Ltd.; Tokyo, 
Japan). Aquatic plants and algae that may interfere with fish growth 
were removed regularly from the ponds. 

At 270 dph, fish were scanned, measured for weight using digital 
balance and total length, and then reared until 390 dph, when they were 
harvested and transported to the Taiban Fishery processing plant in 
Samut Prakarn Province, approximately 70 km from the grow-out fa-
cility. A total of 2000 fish were sacrified using ice slurry, scanned and 
measured for body weight and total length. Fish were filleted by ten 
skilled processors at the processing plant. The filleting process was as 
described in our previous study (Yenmak et al., 2018) as follows: 1) 
scales were removed manually; 2) fish were cut from the top of the head, 
down the side behind the pectoral fins and along the side of the dorsal 
fins; and 3) the fillet was removed by cutting along the backbone from 
head to tail. The weight of the two fillets with skin attached (FW) was 
measured and recorded in grams. Fillet yield (FY) was calculated as FY 
= (FW/W) × 100, where W was body weight. 

2.2. DNA extraction and microsatellite analysis 

DNA extraction was performed using a standard salting-out protocol 
(Aljanabi and Martinez, 1997) as described by Senanan et al. (2015). 
The extracted DNA samples of 44 parents and 2000 offspring were 
arrayed into 96-well plates for polymerase chain reaction using 11 mi-
crosatellite loci (Lca002, Lca20, Lca21, Lca40, Lca58, Lca62, Lca64, 
Lca74, Lca130, Lca231, and Lca411) identified and optimized by Zhu 
et al. (2006, 2010) (Supplementary Table 1). One primer of each primer 
pair was labeled with each of four fluorescent dyes (6FAM, VIC, NED 
and PET) at the 5’end. A 10-μl PCR mixture consisted of 3 μl of genomic 
DNA (approximately 20–30 ng of template DNA), 0.04–0.2 μM of each 
primer, 1.5 mM MgCl2, 0.02 mM each of dNTP, 1× reaction buffer 
(Fermentas, Thermo Fisher Scientific; Waltham, MA, USA), and 0.6 unit 
of Taq polymerase (Fermentas). The PCR amplification was performed 
in four multiplexed panels (set 1: Lca411, Lca231, Lca130; set 2: Lca074, 
Lca058; and set 3: Lca20, Lca21, Lca064; and set 4: Lca002, Lca062, 
Lca040). The PCR profile consisted of an initial denaturation tempera-
ture at 94 ◦C for 2 min, 33 cycles of 94 ◦C for 30 s, annealing at 50–57 ◦C 
(depending on the primer pair) for 30 s, and 72 ◦C for 30 s, followed by 
one cycle at 72 ◦C for 5 min (adapted from Zhu et al., 2006). PCR 
products were analyzed on an ABI3730XL DNA Analyzer (Applied Bio-
systems, Forest City, CA, USA) at a commercial genetic analysis service 
provider (Ward Medic, Ltd., Bangkok, Thailand). Allele sizes were 
determined relative to a LIZ 500 internal size standard using Gene-
Mapper software v. 3.0 (Applied Biosystems). Two individuals with 
known genotypes were included within each run to verify allele sizes 
among runs. 

2.3. Pedigree reconstruction 

We evaluated microsatellite loci variability based on conventional 
genetic diversity parameters, including the number of alleles per locus, 
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observed and expected heterozygosities, and polymorphic information 
content (PIC). The probability of exclusion of putative parents was also 
examined. The number of alleles per locus, heterozygosities and the 
probability of exclusion were estimated using GenAlEx 6.5 (Peakall and 
Smouse, 2012) and PIC values were estimated using Molkin 3.0 
(Gutiérrez et al., 2005). Furthermore, we evaluated the presence of null 
alleles, a potential source of genotyping error, using the software 
FreeNA (Chapuis and Estoup, 2007). 

Pedigree reconstruction was performed using the COLONY 2.0 pro-
gram (Jones and Wang, 2010) based on the multi-locus genotypes of 
parents and offspring and a full pedigree likelihood method. Genotyping 
error was set at 0.05. The program divides a sample of individuals into 
three subsamples: the offspring sample, a candidate father sample and a 
candidate mother sample, and assigns individuals in the three sub-
samples to family clusters. Individuals within a cluster were assumed to 
be either full-sibs or half-sibs, while individuals between clusters were 
unrelated. As a result, a very large number of potential clusters can be 
generated. The program’s algorithm calculates the likelihood of pedi-
gree relationship in an initial cluster and compares this with likelihoods 
of the new pedigrees to search for the best cluster, i.e., with maximum 
likelihood (Jones and Wang, 2010). 

2.4. Statistical analyses 

The distribution of growth data at 120, 270 and 390 dph was 
examined using the Shapiro.test function in the R package (R Core 
Team, 2019). The output indicated that all data were normally distrib-
uted. Analysis of variance was performed to evaluate the fixed effects of 
concrete tank and earthen pond on weight and body sizes and the fixed 
effect of processor on fillet traits; and to estimate the least squares means 
for these traits using the ‘aoy’ function implemented in the R package. 
Significance was set at P < 0.05 for all traits. Only the fixed effect of 
earthen pond was significant and included in the model. 

A multivariate animal model and the reconstructed pedigrees were 
used to estimate variance and covariance components and genetic cor-
relations between traits as: 

y = Xb+Za+ e  

where y is a vector of observations for all traits (BW at 120, 270 and 390 
dph, TL at 120, 270 and 390 dph, FW and FY); b is a vector of fixed 
effects; a is a vector of random additive genetic effects of individual fish 
~N(0,Aσa

2); e is a vector of random residual effects ~N(0, Iσe
2); X and Z 

are incidence matrices that relate observations to fixed and random 
genetic effects; A is a relationship matrix, and I is an identity matrix. The 
model was fitted using two different algorithms: restricted maximum 
likelihood (REML) implemented in ASReml-R version 4.1 (Butler et al., 
2017) and Bayesian approach via Gibbs sampling (15,000 iterations; 
burn-in: 5000) implemented in BGLR version 1.0.9 (Perez and de los 
Campos, 2014) to estimate variance and covariance components. 

Heritability for each trait was estimated as: h2 = σa
2/(σa

2 + σe
2), where 

σa
2 and σe

2 were the variances attributed to additive genetic and residual 
error effects, respectively. The genetic correlation between traits was 
estimated as: ra =

σax,ay̅̅̅̅̅̅̅̅̅̅
σ2

axσ2
ay

√ , where σax, ayis the additive genetic covariance 

between x and y, σax
2 is the additive genetic variance of x, and σay

2 is the 
additive genetic variance of y. The phenotypic correlation between traits 
was estimated as: rp =

σpx,py̅̅̅̅̅̅̅̅̅̅
σ2

pxσ2
py

√ , where σpx, pyis the phenotypic covariance 

between x and y, σpx
2 is the phenotypic variance of x, and σpy

2 is the 
phenotypic variance of y. 

2.5. Comparison of estimation methods 

To compare the estimation methods, the accuracy of predicted EBVs 
was computed using a five-fold cross-validation with five replicates. In 
each replicate, the data from 1750 fish were randomly divided into five 

subsets; approximately 80% of the data (n ~ 1400) were sampled for the 
training set and the remaining data (n ~ 350) were used for the vali-
dation. The phenotypes of individuals in the validation set were masked 
and the breeding values were predicted. The predictive ability was 
estimated as the correlation between phenotype and predicted EBVs in 
the validation set using the R package. Accuracy of prediction was 
estimated by dividing the correlation coefficient by the square root of 
the estimated heritability and averaged over five replications. Prediction 
bias was estimated as the coefficient of regression of the observed 
phenotype of the validation set on their EBVs (Isik et al., 2017). 

3. Results 

3.1. Parentage assignment 

Genetic variation at the 11 microsatellite loci examined was suitable 
for parentage assignment, with the number of alleles per locus ranging 
from four to ten, expected heterozygosity ranging from 0.545 to 0.866, 
and PIC values ranging from 0.706 to 0.096 (Supplementary Table 1). 
The combined probability of exclusion was 1.0. Null alleles were present 
at very low frequencies (<0.005 to approximately 0.05). 

A total of 2060 fish survived to the time of harvest (survival rate =
68%). Of 2000 fish genotyped, 1824 (91.2%) were assigned to parent 
pairs with a probability of 0.95. The number of offspring per parent pair 
ranged from 1 to 157. Six parent pairs contributing fewer than five 
offspring were excluded from the dataset. Results showed that 1750 
individuals used in the analysis were produced from 16 out of 20 sires 
and 18 out of 24 dams, resulting in 57 full-sib and 31 half-sib families. 

3.2. Phenotypic means and variation 

Means and variation for growth and fillet traits are presented in 
Fig. 1. The mean body weights (± SD) of fish at 120, 270 and 390 dph, 
were 22.2 ± 8.5, 811.6 ± 186.7 and 1232.6 ± 374.5 g, respectively, with 
mean total lengths of 12.1 ± 1.3, 36.4 ± 2.7 and 45.2 ± 4.8 cm. Mean 
fillet weight and fillet yield were 650.1 ± 210.3 g and 52.6 ± 4.5%. 
There were large variations in body weight measured at different ages, 
with coefficient of variation (CV) ranging from 23 to 37%. Variation in 
fillet weight (CV = 32%) was much higher than for fillet yield (CV =
9%). 

3.3. Estimation of genetic parameters 

Heritability estimates for growth at different ages were low to 
moderate, with higher values obtained from Gibbs sampling than REML 
(Table 1). The REML estimates were 0.06, 0.16 and 0.45 for weight at 
120, 270 and 390 dph, respectively whereas the Gibbs sampling esti-
mates were 0.26, 0.31 and 0.48. Similarly, the REML estimates for total 
length at 120, 270 and 390 dph were 0.07, 0.11 and 0.37, and the Gibbs 
sampling estimates were 0.26, 0.28 and 0.40. However, the REML es-
timates for weight and total length at 120 dph were not significantly 
different from zero based on log-likelihood ratio test. For fillet traits, 
estimated heritability was higher for fillet weight using Gibbs sampling 
(0.52) and slightly lower for REML (0.50) whereas the estimates for fillet 
yield were moderate for Gibbs sampling (0.31) and low (0.16) for REML. 

Phenotypic and genetic correlations were all positive using REML 
(Table 2). Genetic correlations between weights were moderate to high, 
i.e., 0.68 (BW120 and 270) and 0.90 (BW120 and 390). Genetic corre-
lations for total length were highest between TL270 and 390 (0.82) and 
moderate for the pairs, TL120 and 270 (0.46) and TL120 and 390 (0.41). 
Moreover, high genetic correlations (0.88–0.90) were observed between 
weight and length at all ages. Fillet weight was highly correlated with 
several growth traits, i.e., BW390 (0.98), TL120 (0.94), BW120 (0.92) 
and BW270 (0.85). However, correlations between fillet yield and body 
size traits were not applicable due to convergence problems. 

Genetic correlations between weights and between lengths estimated 
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at different ages using Gibbs sampling were slightly lower than those 
obtained from using REML, and ranged from 0.58 (BW120 and BW390) 
to 0.87 (BW270 and BW390) and from 0.54 (TL120 and TL390) to 0.83 
(TL270 and TL390) (Table 3). Body weight was highly correlated with 
length (0.88–0.95) at all ages. Fillet weight was highly correlated with 
BW390 (0.98), BW270 (0.90) and BW120 (0.86). Moderate genetic 
correlation (0.52) was obtained between fillet yield and fillet weight, 
whereas low genetic correlations were observed between fillet yield and 
other size traits, with values ranging from 0.14 to 0.27. 

Overall, the accuracy of breeding value predictions was comparable 
between methods (Table 4). Prediction accuracy was slightly higher for 
REML (0.16–0.34) than for Gibbs sampling (0.13–0.31) when the heri-
tability of the trait was moderate, i.e., BW270, BW390, TL270, TL390 
and FW. For low-heritability traits (BW120, TL120 and FY), the accuracy 
was slightly lower for REML (− 0.17 to − 0.01) than for Gibbs sampling 
(0.05 to 0.07). In terms of prediction bias, a regression coefficient (β̂) of 
1 indicates no bias, whereas β̂ < 1 indicates more variance among the 

predicted EBVs (X-axis) than observed phenotype (Y-axis) values and 
β̂ > 1 indicates less variance among the predicted than observed values 
(Isik et al., 2017). A negative value of β̂ indicates that EBVs could not be 
predicted from the phenotype. 

4. Discussion 

The applicability of pedigree for estimation of heritability and ge-
netic correlations depends significantly on correct parentage assignment 

Fig. 1. Phenotypic data at 120, 270 and 390 dph for 1750 Asian seabass, showing the distributions of body weight across ages (A); body weight at 270 and 390 dph 
(B); body weight at 390 dph and fillet weight (C); body weight at 390 dph and fillet yield (D). 

Table 1 
Estimates of heritability (h2) and standard error (S.E.) for growth (BW = body 
weight; TL = total length) and fillet traits (FW = fillet weight; FY = fillet yield) 
from REML and Gibbs sampling algorithms.  

Trait REML Gibbs sampling 

BW120 0.06 ± 0.03 0.26 
BW270 0.16 ± 0.02 0.31 
BW390 0.45 ± 0.17 0.48 
TL120 0.07 ± 0.04 0.26 
TL270 0.11 ± 0.05 0.28 
TL390 0.37 ± 0.13 0.40 
FW 0.50 ± 0.21 0.52 
FY 0.16 ± 0.01 0.31  

Table 2 
Phenotypic (above diagonal) and genetic (below diagonal) correlations with 
standard error (S.E.) between growth and fillet traits using REML.   

BW120 BW270 BW390 TL120 TL270 TL390 FW 

BW120 1 0.66 ±
0.02 

0.53 ±
0.04 

0.81 
± 0.04 

0.96 
± 0.01 

0.43 
± 0.04 

0.53 
±

0.04 
BW270 0.68 ±

0.17 
1 0.87 ±

0.04 
0.58 
± 0.06 

0.81 
± 0.02 

0.77 
± 0.08 

0.87 
± 0.1 

BW390 0.90 ±
0.21 

0.88 ±
0.02 

1 0.54 
± 0.04 

0.52 
± 0.04 

0.86 
± 0.02 

0.98 
±

0.02 
TL120 0.88 ±

0.06 
0.82 ±
0.02 

0.52 ±
0.17 

1 0.54 
± 0.04 

0.44 
± 0.04 

0.54 
±

0.04 
TL270 0.43 ±

0.11 
0.89 ±
0.17 

0.89 ±
0.07 

0.46 
± 0.08 

1 0.85 
± 0.00 

0.76 
±

0.14 
TL390 0.42 ±

0.16 
0.83 ±
0.05 

0.90 ±
0.01 

0.41 
± 0.14 

0.82 
± 0.04 

1 0.89 
±

0.01 
FW 0.92 ±

0.17 
0.85 ±
0.01 

0.98 ±
0.01 

0.94 
± 0.16 

0.81 
± 0.04 

0.85 
± 0.02 

1  
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of offspring. The polymorphism of 11 microsatellites used in this study 
was adequate for parentage assignment, compared to previous studies. 
This set of eleven microsatellite loci assigned parentage to 91.2% of total 
offspring with a probability of 0.95. In previous studies, by using nine to 
ten microsatellites Wang et al. (2008) and Ye et al. (2017) assigned 
parentage in 95–98% of Singaporean sea bass offspring to their parents. 
With the use of 16 microsatellites, Domingos et al. (2021) successfully 
assigned 91.3% of Australian barramundi offspring to parent pairs. 

Growth traits at specific ages are generally moderately heritable in 
fish (h2 = 0.20 − 0.35) and highly heritable in shrimp (h2 > 0.5) 
(reviewed by Gjedrem et al., 2012). Our results showed that there was 
low to moderate additive genetic variation in all body size traits in the 
hatchery population of seabass, depending on method of estimation. We 
found that heritability estimates for size traits increased with age (120, 
270 and 390 dph). REML estimates increased from 0.06 to 0.45 for 
weight and from 0.07 to 0.37 for total length whereas higher values 
were obtained for the same traits via Gibbs sampling, i.e., 0.26 to 0.48 
for weight and 0.26 to 0.40 for total length. Similarly, most previous 
studies that used REML for estimation of genetic parameters reported 
low heritability estimates for weight and length at early stages, such as 
62 dph in Australian barramundi (0.21 and 0.25) (Domingos et al., 
2013) and at 90 dph in Singaporean seabass, i.e., 0.23 and 0.27 (Wang 
et al., 2008) and 0.11 and 0.12 (Ye et al., 2017). These studies also re-
ported an increase in heritability estimates for body weight at harvest 
(0.34–0.42) and up to 0.49 for fish raised in freshwater ponds (Domi-
ngos et al., 2021). An exception is for the population from Vietnam, in 
which very high heritability estimates for weight and length were ob-
tained across growth stages, i.e., 0.70 and 0.78 (105 dph), 0.48 and 0.62 
(270 dph) and 0.62 and 0.65 (360 dph) (Khang et al., 2018). We 
observed that standard errors (SE) obtained from REML in our study 
were relatively large (about half of the heritability estimates). Large 
standard errors of the estimates may be explained by the effects of 
mating design, common environment shared between full-sibs and size 
grading, which can potentially influence the estimation of additive ge-
netic variance. In Thailand, the most commonly used mating design in 
Asian seabass is mass spawning where male and female breeders are 
kept in the same tank because artificial stripping is very difficult to 
perform (Senanan et al., 2015; Joerakate et al., 2018; Yenmak et al., 

2018). This practice causes a problem related to group mating, because 
the contribution of broodstock to the resulting proportion of offspring 
will be unknown until pedigrees are reconstructed from marker data. 
Adding to the challenge, offspring are found to come from a limited 
number of parents due to differences in reproductive success among 
individual brooders (Domingos et al., 2014; Senanan et al., 2015). Low 
number of families and unequal family size are normally observed in 
other mass spawning species such as grouper (Cromileptes altivelis) (Na- 
Nakorn et al., 2010), Atlantic cod (Gadus morhua) (Tosh et al., 2010) and 
gilthead sea bream (Sparus aurata) (García-Celdrán et al., 2015a; Fer-
nandes et al., 2017). Although the number of brooders used in our study 
was adequate, parentage analysis indicated that 1750 offspring were 
produced from 16 male brooders and 18 dams, with few individuals (less 
than five) in six parent pairs. 

The estimates of heritability might be affected by size grading, a 
common hatchery practice that takes place around the third week post 
hatch to minimize losses from cannibalism. In the current study, fish 
were graded into six sizes every five days, from 20 to 60 dph. As a result, 
offspring from each family could be assigned to more than one tank. 
These effects decrease the variation between families of graded finger-
lings and generate confounding tank effects and genetic effects when 
families are not equally distributed across tanks (Blonk et al., 2010). 
Consequently, a downwardly biased estimation of heritability would be 
expected for the traits. Blonk et al. (2010) demonstrated the effect of 
grading procedures on heritability estimates of body size of the common 
sole (Solea solea) and found that the estimates increased with increased 
proportion of overlap between size ranges or tanks. 

Considering processing traits, REML and Gibbs sampling estimates of 
heritability were high for fillet weight (0.50 and 0.52) and low to 
moderate for fillet yield (0.16 and 0.31), suggesting a high selection 
potential for these traits. Our estimates for fillet traits were higher than 
those reported for different populations of Nile tilapia (Oreochromis 
niloticus) (0.23–0.30) (Rutten et al., 2005; Nguyen et al., 2010; Thodesen 
et al., 2012), sea bream (0.11–0.17) (Navarro et al., 2009; García- 
Celdrán et al., 2015b), striped catfish (Pangasianodon hypophthalmus) 
(0.05–0.22) (Sang et al., 2012), Coho salmon (Oncorhynchus kisutch) 
(0.11–0.18) (Neira et al., 2004) and yellowtail kingfish (Seriola lalandi) 
(0.19–0.24) (Whatmore et al., 2013). 

Genetic correlation is particularly important in a breeding program, 
as selection for one trait can impact other traits that are not being 
considered as breeding goals (Gjedrem, 2005). These correlations can be 
either positive or negative, desirable or not desirable. Therefore, 
knowledge of correlations between two traits is needed to minimize the 
impact of undesirable genetic correlations that occurs in the program. 
Among the body size traits at the same age, genetic correlations between 
body weight and total length were high, in agreement with previous 
studies on Asian seabass from Singapore, Australia and Vietnam (Wang 
et al., 2008; Ye et al., 2017; Domingos et al., 2013; Domingos et al., 
2021; Khang et al., 2018). We found that genetic correlations between 
weight at different ages were high (0.68–0.90), in contrast to the study 
in the Vietnam population that reported a low to moderate correlation 
(0.31–0.47) (Khang et al., 2018). While a relatively high phenotypic 
correlation (rp = 0.6) was found between weight at 90 and 270 dph in 
the F1 fish from Singapore (Wang et al., 2008), moderate correlations (rp 

Table 3 
Phenotypic (above diagonal) and genetic correlation (below diagonal) between growth and fillet traits using Gibbs sampling.   

BW120 BW270 BW390 TL120 TL270 TL390 FW FY 

BW120 1 0.66 0.53 0.97 0.50 0.42 0.53 0.11 
BW270 0.62 1 0.87 0.59 0.82 0.76 0.85 0.26 
BW390 0.58 0.87 1 0.61 0.52 0.84 0.98 0.36 
TL120 0.95 0.57 0.54 1 0.55 0.44 0.53 0.11 
TL270 0.50 0.88 0.84 0.59 1 0.84 0.74 0.18 
TL390 0.45 0.80 0.89 0.54 0.83 1 0.89 0.39 
FW 0.86 0.90 0.98 0.59 0.80 0.83 1 0.44 
FY 0.27 0.18 0.25 0.26 0.14 0.25 0.52 1  

Table 4 
Accuracy (ACC) and bias of breeding value prediction for growth and fillet traits 
using REML and Gibbs sampling methods. Heritability was averaged from five 
replicates of cross-validation.  

Trait REML Gibbs sampling 

h2 ACC Bias h2 ACC Bias 

BW120 0.01 − 0.02 − 0.24 0.40 0.05 0.29 
BW270 0.29 0.19 0.76 0.43 0.17 0.80 
BW390 0.41 0.34 0.91 0.52 0.31 1.09 
TL120 0.01 − 0.01 − 0.89 0.42 0.07 0.40 
TL270 0.25 0.16 0.74 0.41 0.13 0.79 
TL390 0.34 0.28 0.83 0.50 0.26 0.97 
FW 0.44 0.33 1.02 0.51 0.30 1.06 
FY 0.11 − 0.17 − 1.41 0.47 0.04 0.30  

N. Pattarapanyawong et al.                                                                                                                                                                                                                   



Aquaculture 539 (2021) 736629

6

= 0.4; ra = 0.53) was reported in the F2 generation (Ye et al., 2017). 
These results suggest that by selecting fish at younger age response to 
selection at harvest was likely to be lower in F2 than in F1 (Ye et al., 
2017). Interestingly, in our study, the genetic correlations were high and 
close to unity between body weight at different ages and fillet weight 
(0.85–0.98). The high values of genetic correlation between body 
weight and fillet are consistent with the previous reports for Nile tilapia 
(Rutten et al., 2005; Nguyen et al., 2010; Thodesen et al., 2012), striped 
catfish (Sang et al., 2012) and yellowtail kingfish (Whatmore et al., 
2013). High genetic correlations reflect the existence of pleiotropy 
among additive genes, i.e., the same set of genes controlling these body 
traits (Lynch and Walsh, 1998). Our findings suggest that use of weight 
at younger age (120 dph) as a selection criterion would result in 
increased body weight at harvest (390 dph) along with increased fillet 
weight, which would be the target for selection. This is consistent with 
our previous study showing that harvest weight was the best predictor of 
seabass fillet weight with R2 = 0.98, and showing a correlation between 
observed and predicted values of 0.99 (Yenmak et al., 2018). Further-
more, fillet yields (52–56%) measured at 390 days in the current study 
are greater than those from our previous study (47–50%) (Yenmak et al., 
2018). Although genetic correlations between fillet yield and all body 
traits could not be estimated using REML due to convergence problems, 
the Gibbs sampling yielded moderate genetic correlations (0.52) with 
fillet weight and weak correlation with body traits. Our findings suggest 
that increased fillet percentages could be achieved along with increased 
fillet weights, given the positive genetic correlation between the traits. 

Comparison of the estimation methods reveals that REML and Gibbs 
sampling estimates were similar for body traits and fillet weight with 
high heritability, in accordance with results from a simulation study by 
Van Tassell et al. (1995) and a report for harvest weight of turbot 
(Scophthalmus maximus) from China by Guan et al. (2017). However, 
Van Tassell et al. (1995) demonstrated that the posterior means (vari-
ance components estimated via Gibbs sampling) are less biased than the 
variance components obtained with REML. Our results showed only 
slight differences between REML estimates and Gibbs sampling esti-
mates for harvest weight (BW390) and fillet weight. As a result, the 
accuracy of breeding values predicted for these traits from REML and 
Gibbs sampling was quite similar (0.30–0.34). In contrast, we found that 
for traits with very low heritability such as BW120 and fillet yield, the 
posterior additive genetic variance was higher but residual variance was 
lower than the components obtained with REML. Consequently, the 
Gibbs sampling would be expected to predict more accurate EBVs for 
these traits than REML. Accuracy of the breeding value estimation 
represents the correlation between true and estimated breeding value. 
The accuracy value can be used as a selection criterion for predicting 
genetic response to selection. 

In conclusion, this study presents the application of REML and Gibbs 
sampling method for the estimation of genetic parameters for 
improvement of body size and fillet traits of Asian seabass. Because the 
seabass is a large sized fish with a long growing period, genetic corre-
lations between different growth stages should be considered when 
designing a breeding program. As genetic correlations were high be-
tween growth traits at 120 dph and 390 dph, and between harvest size 
(390 dph) and fillet weight, selection at an early age could shorten the 
breeding cycle and would result in increased body weight at harvest 
(390 dph) along with increased fillet weight. Although fillet yield, which 
is considered the most important trait for fish processors has a relatively 
low heritability, improvement of this trait could be achieved via a 
correlated response with fillet weight. 
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