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Introduction
Groupers are marine and estuarine fishes which 
comprises of approximately 15 genera and 159 
species (Heemstra & Randall, 1993; Maggio 
et al., 2005). However, only 59 species from 8 
genera were reported from the Malaysia waters 
(Atan et al., 2010). This subfamily is widely 
distributed over tropical and subtropical open 
water of Southeast Asia (Tookwinas, 1989). 
They are carnivorous that feeds on small 
fish and crustacean (Nagelkerken, 1979) and 
demonstrate slow growth rate, long life span 
which  enable them to stay in the same place 
for a long period of time, thus making them 
vulnerable to over-exploitation (Zhu & Yue, 
2008).

Most of the species under subfamily 
Epinephelinae share similar morphological 

characteristics (Heemstra & Randall, 1993; 
Maggio et al., 2005) which make morphological 
identification and phylogenetic studies difficult 
or problematic for most of the species (Heemstra 
& Randall, 1993; Maggio et al., 2005; Ding, et 
al., 2006). Thus, molecular data can assists in 
data clarifying and resolving taxonomic and 
phylogeny conflicts among the species (Esa et 
al., 2012).

Although there were many phylogenetic 
studies already been conducted on grouper of 
the subfamily Epinephelinae, the phylogenetic 
relationships and species identification within 
this subfamily are still poorly understood or 
problematic. For example, a phylogenetic 
study between two closely related genera 
(Epinephelus and Mycteroperca) from 
Eastern Atlantic Seas using mitochondrial 
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cytochrome b (cyt b) and 16S ribosomal 
DNA (Maggio et al., 2005) found very small 
genetic distances between the two genera. 
Similar phylogenetic study on 28 species 
within six genera of subfamily Epinephelinae 
using cyt b gene (Ding et al., 2006) found 
that Promicrops lanceolatus and Cromileptes 
altivelis were clustered in Epinephelus clade 
thus they suggested that both species should be 
amended into genus Epinephelus. A molecular 
phylogeny using multiple genes (16S, 12S, 
TMO-4C4 and histone H3) found that some 
of classification of Epinephelinae should be 
revised (Craig & Hastings, 2006). On the other 
hand, phylogenetic relationship of groupers 
from Malaysia done by Baharum & Nurdalila 
(2011) using cyt b gene found very low genetic 
differences between Epinephelus fuscoguttatus 
and Epinephelus hexagonatus which can 
indicate that they probably belong to the same 
species.

Nowadays, phylogenetic study has move 
forward by focusing on combined genes as this 
approach can increase accuracy and resolution 
of the results obtained (Fisher-Reid & Wiens, 
2011). The cyt b gene is the most widely used 
mitochondrial gene for phylogenetic studies 
among fishes and are useful for resolving 
phylogenetic relationships at an intra and 
inter-specific levels (Kamarudin & Esa, 2009), 
and this gene is also widely used in combined 
dataset for phylogenetic study. On the other 
hand, the RAG-1 gene is a good nuclear 
gene candidate for inferring phylogenetic 
relationships in vertebrates including fishes 
(Wang et al., 2007) by which it contributes in 
resolving the combined data tree by resolving 
deep branches (Lavoué & Sullivan, 2004; 
Fisher-Reid & Weins, 2011). Until currently, 
studies on the phylogeny using combined 
genes at the family or subfamily levels of fishes 
from Malaysia including in the subfamily 
Epinephelinae is still lacking. Thus, the 
present study attempted to utilise the combined 
datasets of both the mitochondrial cyt b gene 
and nuclear recombination activating gene-
1 (RAG-1) and to examine the phylogenetic 
relationship of grouper species within the 

subfamily Epinephelinae from coastal areas of 
Peninsular Malaysia.

Materials and Methods
A total of 63 grouper specimens were collected 
(Table 1) from eight coastal areas namely 
Selangor, Perak, Melaka, Pahang, Johor, 
Kedah, Kelantan and Terengganu (Figure 1). 
The fishes were caught using fishing rod or 
were purchased directly from local fisherman. 
Specimens were identified manually using the 
keys of morphological characteristics provided 
by Heemstra and Randall (1993) and Atan et al. 
(2010). Specimens were kept frozen in -80°C 
for long storage while tissue samples (muscle 
or fin clip) were preserved in 95% ethanol. Total 
genomic DNA was extracted using Wizard® 
SV Genomic DNA Purification System kit 
(Promega Corporation®) and visualised on 1% 
agarose gels containing GelRed Nucleic Acid 
gel stain (Biotium), run for approximately 
30 minutes at 90 V, and photographed under 
ultraviolet (UV) trans-illuminator. The isolated 
DNA was used for further mtDNA analysis. 

Figure 1: Map of sampling locations for specimens 
used in this study. Highlighted is the coastal area 

that specimens were mostly caught or purchased for 
this study
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constructed using five different methods. 
Neighbor-joining (NJ) and Minimum 
Evolution (ME) with correction using 
Kimura-2 parameter (K2P) model with 
gamma distribution. Maximum Likelihood 
(ML) and Maximum Parsimony (MP) were 
constructed with Hasegawa-Kishino-Yano 
(HKY) method (Hasegawa et al., 1985) with 
gamma distribution. Maximum likelihood 
heuristic method was implemented for ML and 
MP phylogenetic analysis. The phylogenetic 
analyses were computed based on bootstrap 
value of 1000 replications which implemented 
in MEGA 6.06 (Tamura et al., 2013).

The same datasets with addition of 
partition homogeneity test and AIC parameter 
were used for Bayesian inference (BI) analysis 
implemented in MrBayes 3.2.1 (Ronquist et al., 
2012). Phylogenetic analyses were performed 
for both genes separately and concatenated 
(combined cyt b and RAG-1 genes). The best 
fit model calculated was used for ML and BI 
analysis. Two partitions (cyt b and RAG-1) 
were considered in BI analysis in a combined 
data set. However, the disparity index for 
homogeneity test rejected (P<0.01) the null 
hypothesis that the combination sequences for 
both two gene dataset have evolved with the 
same pattern of substitution. The result was 
expected since the molecular data (mtDNA 
cyt b and nuclear DNA RAG-1) used in this 
study evolves in different rates (Dolphin et al., 
2000; Gaines et al., 2005; Maggio & Hastings, 
2006). Nevertheless, the combined datasets 
was chosen to be used in the present study.

Results and Discussion
There were 63 grouper individuals collected 
in this study. Morphological study has 
identified 12 species belonging to 3 genera 
(genera Plectropomus, Cephalopholis and 
Epinephelus). The species were P. leopardus, P. 
maculatus, C. boenak, C. formosa, E. bleekeri, 
E. longispinis, E. corallicola, E. erythrurus, E. 
fuscoguttatus, E. coioides, E. sexfasciatus and 
E. heniochus (Table 1).

Amplification were performed in a final 
volume of  25 µl containing 50-100 ng of genomic 
DNA, 5X GoTaq® Flexi buffer, 0.75 mM MgCl2, 
0.1 mM of each dNTP, 10 µM for each primer 
with 0.2 U Taq DNA Polymerase. The Primer 
pairs that were used in this study were cyb-
09H (5’ GTGACTTGAAAAACCACCGTTG 
3’) (Tarbelet et al., 1992) and cyb-07L (5’ 
AATAGGAAGTATCATTCGGGTTTGATG 
3’) (Tarbelet et al., 1992) for 
cytochrome b gene and Rag1-F1 (5’ 
CTGAGCTGCAGTCAGTACCATAAGATGT 
3’) and Rag1-R1 (5’ 
CTGAGTCCTTGTGAGCTTCCATRAAYTT 
3’) (Lopez et al., 2004) for RAG-1 gene.

The thermal cycle began at 94 ˚C for 
3 min, followed by 30 cycles of 94 ˚C of 
denaturation (30 s), 48 ˚C annealing (45 
s), and 72 ˚C extension (1 min), with final 
extension at 72 ˚C for 3 min. Thermal cyclic 
protocol were optimised to get the optimum 
condition for each species examined in this 
study. Subsequently, 5 µl of amplified products 
were run in electrophoresis with 1% agarose 
gel and stained with GelRed. Purification 
was performed using Wizard® SV Gel and 
PCR Clean-Up System kit (Promega) and 
were directly sequenced using the BigDye® 
Terminator v3.0 Cycle Sequencing kit (ACGT) 
on an ABI 377 automated sequencer (PE 
Applied Biosystem) using only the forward 
primer (cyb-09h and Rag-F1).

 The DNA sequencing results were 
displayed using CHROMAS Lite version 2.1 
software program. All successful sequences 
were subjected to Basic Local Alignment 
Search Tools (Blast) validation of their species 
identity. Value of Identity (Ident) 98%-100% 
were taken into consideration to confirm the 
species. Sequences were subsequently aligned 
and edited using CLUSTAL X2 version 2.1 
(Larkin et al., 2007).

Basic statistic, variables, parsimony 
informative sites, p-distances and best model 
were calculated using MEGA 6.06 (Tamura 
et al., 2013). Molecular phylogenies were 
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For the sequence results, a total of 1857 
bp of the combined cyt b (750 bp) and RAG-
1 (1107 bp) genes sequences were aligned 
where 1404 conserved sites, 453 variable sites 
and 383 parsimony informative sites. The 
mean totals nucleotide composition for T, C, 
G, A among the species were 24.7%, 28.1%, 
24.3% and 22.91% respectively. The estimated 
transition and transversion bias ratio (R) is 
4.03. There are small differences between 
transition/transversion bias values (4.03 to 
3.51) to those obtained by Maggio et al. (2005). 
Thus, the combined genes was suitable for 
studying the phylogenetic relationships among 
grouper species as it contained both slow and 
rapidly evolving region (Baharum & Nurdalila, 
2012). The pairwise distances showed the 
highest value were between P. leopardus and 
E. bleekeri (14.1%) and P. leopardus and E. 
corallicola (14.1%). While, the lowest pairwise 
distance value was between E. bleekeri and E. 
longispinis (1.5%) (Table 2). 

A total of 49 haplotypes were 
identified from the 63 sequences and were 
subsequently utilized for the phylogenetic 
tree reconstructions for all methods. All the 
phylogenetic analyses produced similar tree 
topology with only slightly differences in their 
bootstrap values within deeper nodes (Figure 
2a and Figure 2b). The results also supported 
the monophyletic relationships among the 
subfamily Epinephelinae which were clustered 
into three monophyletic genera; Epinephelus, 
Cephalopholis and Plectropomus supported 
by high bootstrap values, congruent with other 
previous studies on groupers (Craig et al., 
2005; Maggio et al., 2005; Craig & Hastings, 
2006). Genus Plectropomus was found to be 
basal to the other two genera which showed 
that it was earliest genus diverged within the 
subfamily Epinephelinae, similar with previous 
results found by Craig et al. (2001) and Ding et 
al. (2006). 
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Figure 2a: NJ and ML trees of the ingroup (combined dataset – cyt b and RAG-1). Number of bootstrap 
value are indicated at each nodes below the branch

Phylogenetic analyses of the genus 
Epinephelus divided the sequences into two 
parallel evolutionary clades supported by high 
bootstrap values; NJ-82%, ML-82%, ME-
82%, MP-95% (some data not shown) and BI-
100%. The major clade consisted sequences 
of E. longispinis, E. bleekeri, E. corallicola, 
E. corallicola, E. erythrurus, E. coioides, 
while the smaller clade consisted sequences 
of only three species; E. fuscoguttatus, and 
E. heniochus and E. sexfasciatus, with basal 
taxa for that group was E. sexfasciatus. This 
findings were similar with those reported by 

Craig et al. (2001) and Ding et al. (2006). Ding 
et al. (2006) discussed that divergence from the 
ancestor of Epinephelus forming two clades 
might happen during early stage of evolution. 
However, further molecular evolutionary 
studies are required to resolve the issue. 
Besides that, the current result showed that 
the E. bleekeri and E. longispinis have little 
pairwise genetic distance (1.5%) between them 
compared to the other species. This supported 
the fact that they are morphologically similar 
and almost exhibited lack of distinct species-
specific characteristics (Ding et al., 2006). In 
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addition, minor differences in the deeper node 
positioning of E. coioides was found based 
on BI analyses. Accordingly, the other four 
methods grouped E. coioides together with E. 
fuscoguttatus E. fuscoguttatus (NJ-58, ML-
59, ME-57, and MP-60) but BI tree clustered 
E. coioides together with E. corallicola and E. 
erythrurus in the same clade with high posterior 
probability support (BI-100).

Another interesting finding of this 
study was the taxonomy confusion between 
morphologically similar species and the lacked 
of molecular data for species of the genus 

Epinephelus, especially from this region in 
the Genbank database. E. fario was largely 
regarded as a false name used for E. longispinis 
and a few authors suggested that they should 
be taxonomically identified as the same species 
due to their morphological similarity (Heemstra 
& Randall, 1993). The BLAST results of the 
current study showed that the E. longispinis 
(KR149582) cyt b sequences were highly 
identical (99-100% identity index) to E. fario 
(DQ486931.1) sequence from the Genbank 
database, thus supporting their high genetic 
similarity. Nevetheless, previous studies done 

Figure 2b: BI tree on the concatenated dataset (cyt b and RAG-1 genes) used in the present study. 
Bootstrap values were indicated for each nodes
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by Guan et al. (2014) and Sachithanandam et 
al. (2012) using mitochondrial CO1 sequences 
suggested that E. fario and E. longispinis were 
two genetically different species and they 
were grouped into two separate clades in their 
phylogenetic tree analysis. Thus, the taxonomy 
and phylogeny of the two species could not be 
resolved from the current study and more effort 
are needed to shed light on the issue (Fennessy 
et al., 2008; Bailly, 2015).

Conclusion
The present phylogenetic study using a 
combined mitochondrial cyt b and nuclear 
RAG-1 genes has managed to provide useful 
insights into phylogenetic relationships and 
species identification of wild groupers of the 
subfamily Epinephelinae from Peninsular 
Malaysia. The present results are generally 
congruent with previous studies on the 
phylogeny of groupers with minor differences 
in positioning and pairwise genetic distances 
values for some species. The reciprocally 
monophyletic status within the three genera 
in the subfamily Epinephelinae was strongly 
supported but relationships between a few 
species was still not fully resolved. We 
recommended that future studies should be 
continued in order to resolve the remaining 
phylogeny and taxonomy issues within the 
groupers especially, for groups which lacked 
morphologically characteristics (e.g. between 
E. longispinis and E. fario in this present 
study). This can be done by using larger sample 
size and more sampling locations throughout 
Malaysia, inclusion of more grouper species, 
and utilisation of longer DNA sequences or 
complete mitochondrial genome sequence 
analyses. Overall, the findings of this study 
should contribute to better understanding 
on the taxonomy, phylogenetic and genetic 
diversity which would lead to appropriate 
sustainable management of grouper fishes in 
Peninsular Malaysia, either for conservation or 
selection of broodstock from species of interest 
for aquaculture purposes.
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