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1. Introduction
  

	 Chocolate hind grouper (Cephalopholis boenak) 
refers to a small grouper under the subfamily of 
Epinephelinae, widely distributed in Indopacific 
waters, including Indonesia waters (Heemstra and 
Randall 1993). The maximum length of this species 
is only 26 cm (Kuiter and Tonozuka 2001). Hong Kong 
and surrounding areas were the first consumers of 
C. boenak, previously considering the commercial 
importance in Hong Kong. However, due to the decline 
in the number of large groupers, the catch of C. boenak 
has increasingly becoming one of the most important 
species in the Hong Kong fish market, considered as 
a local grouper and most frequently obtained (Liu 
and Sadovy 2001). These species are exploited and 
sold for local human consumption in their respective 
territories, caught by using hooks, traps, and trawls 

(Heemstra and Randall 1993, Sadovy and Cornish 
2000).
	 Grouper has become one of the primary 
commodities in fisheries captivity for the people 
of Madura Island, East Java, Indonesia in general 
(Sukandar et al. 2016). Therefore, in the future, 
there is potential where C. boenak originating from 
Indonesia waters, particularly from Madura Island, 
will be traded internationally, including for export 
to Hong Kong and its surroundings. This prospective 
is indicated by the FAO report (2020) regarding the 
landing of C. boenak in all Indonesia waters in the 
period of 2004-2018, reaching the highest number 
in 2018. Based on this potential, the collection and 
characterization of DNA barcodes become one of the 
efforts to assess the genetic diversity of this species.
	 Among the many species of groupers, specific DNA 
barcode to C. boenak has been limited in Indonesia, 
despite currently occupying an important position 
in the assessment of the genetic diversity of this 
species. The partial sequence of the CO1 gene is a DNA 
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barcode that is widely selected to identify grouper in 
Indonesia waters, including the genus Cephalopholis 
(Fadli et al. 2021; Limmon et al. 2020; Razi et al. 2021; 
Tapilatu et al. 2021).
	 Application of partial sequence of CO1 gene 
as a DNA barcode of the C. boenak that has been 
reported only covers a few areas in Indonesia 
which are significantly limited, from the waters of 
Bali and Lombok Islands (CSIRO 2020) and Ambon 
Island (Limmon et al. 2020). All of these sequences 
are accessible in the BOLD system database 
(Ratnasingham and Hebert 2007), and only C. boenak 
sequences from Ambon Island are stored in GenBank 
(NCBI) (Benson et al. 2013). Hence, this study becomes 
the first to describe a DNA barcode of the partial 
sequence of CO1 gene in samples of C. boenak in the 
waters of Madura Island, exhibiting an important 
position to complete the DNA barcode of grouper in 
Indonesia in the available online databases.
 
2. Materials and Methods

2.1. Samples Collection and Preparation
	 Two samples of chocolate hind groupers C. 
boenak in the waters of Madura Island were obtained 
through local fishers at the Fish Landing Ports on 

Madura Island in October 2019. Interviews were 
also conducted with local fishers to ensure that 
samples of C. boenak were concisely obtained from 
local waters. The obtained species of C. boenak 
were identified using a morphological approach 
(Heemstra and Randall 1993; Kuiter and Tonozuka 
2001). The sample of C. boenak was performed 
with a pectoral fin of approximately 15-20 grams 
for preservation in absolute ethanol (96%) and was 
prepared for molecular analysis. In detail, the two 
sequences of C. boenak from the waters of Madura 
Island were obtained in this study. The other eight C. 
boenak sequences in Indonesia waters were obtained 
from the BOLD system database (Ratnasingham and 
Hebert 2007), including the Islands of Bali, Lombok, 
and Ambon waters. Details of the sampling location, 
sequence identity, and data source are presented in 
Table 1, while the sample collection position map is 
illustrated in Figure 1.

2.2. Total DNA Isolation and Amplification of 
Partial Sequence of CO1 Gene
	 Total DNA isolation in two samples of chocolate 
hind groupers C. boenak from Madura Island waters 
was obtained using the Wizard® Genomic DNA 
Purification Kit (Promega Corporation) following the 

Figure 1. Illustration from samples position of C. boenak. Position (1) Madura Island, (2) Bali Island, (3) Lombok Island, and 
(4) Ambon Island. The Indonesia map was modified from Condro et al. (2020)

Table 1. Samples of partial sequence of CO1 gene of C. boenak in this study
Location Coordinates Sequence identity Data sources
Madura Island

Bali Island

Lombok Island

Ambon Island

-7°03′S-113°24′E

-8°75'S-115°15'E

-8°8'S-116°48'E

-3°68'S-128°183'E

BRP017
DGK028
FOAK967-10
FOAM013-10
FOAM144-10
FOAM145-10
BIFZC433-17
BIFZC434-17
BIFZC435-17
BIFZC453-17

This research
This research
BOLD system database
BOLD system database
BOLD system database
BOLD system database
BOLD system database
BOLD system database
BOLD system database
BOLD system database
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protocol. The universal primer for the CO1 gene used 
for amplification was developed by Ward et al. (2005) 
with the primers of a forward sequence of FishF1 and 
the reverse sequence of FishR1. Polymerase chain 
reaction (PCR) was processed by using MyTaq HS Red 
Mix (Bioline) with a detailed composition of 9.5 µl 
ddH2O, 12.5 µl MyTaq HS Red Mix, 1 µl 10 M forward 
primer (FishF1), 1 µl 10 M reverse primer (FishR1), 
and 1 µl sample DNA template. The amplicons of the 
partial sequence of the CO1 gene were confirmed by 
using electrophoresis with 1% agarose gel at 100 volts 
for 25 minutes. The applied comparison marker was 
a 100 bp DNA ladder (Intron). Nucleotide sequencing 
was performed by utilizing the services of 1st BASE 
(Singapore).

2.3. Molecular Data Analysis
	 Partial sequence of CO1 gene of along 600-700 
bp that have been successfully obtained from two 
samples of chocolate hind grouper C. boenak from 
Madura Island waters was firstly interpreted into 
amino acid sequences to examine and remove the 
stop codons in the middle of the sequence (Song 
et al. 2008). Sequence checking and editing were 
performed by using the software of BioEdit version 
7.0.0 (Hall 1999). Further, a thorough manual 
check was also covered. Each sequence sample was 
validated using the online facilities, BLAST (NCBI) and 
BOLD System (Boratyn et al. 2013; Ratnasingham and 
Hebert 2007).
	 A total of eight accessions of C. boenak in Indonesia 
waters from the BOLD system were selected in group, 
and two accessions of Cephalopholis fulva were 
applied as an outgroup for the reconstruction of the 
phylogenetic tree. Multiple sequence alignment was 
calculated by using an algorithm of MUSCLE (Edgar 
2004) run with the software of MEGA X version 10.2.6 
(Kumar et al. 2018).
	 Analysis of the genetic diversity of C. boenak 
population from Indonesia waters was performed 
by using software of DnaSP 6 (Rozas et al. 2017) and 
MEGA X version 10.2.6. Genetic distance calculation 
was conducted by using the maximum composite 
likelihood method with 1000 bootstrap replications 
(Felsenstein 1985). Reconstruction of the phylogenetic 
trees was performed by applying the software of 
MEGA X version 10.2.6. The selected method for the 
phylogenetic tree reconstruction is through neighbor-
joining (NJ) and maximum-likelihood (ML) with 
complete deletion gaps and missing data treatment 

(Saitou and Nei 1987; Truszkowski and Goldman 
2016).
	 NJ reconstruction was calculated by using the 
substitution model of Kimura 2-Parameter (Kimura 
1980), and rates among sites were performed 
by using Gamma distributed (G) (Susko et al. 
2003). Meanwhile, the ML reconstruction applies 
the substitution model of Hasegawa-Kishino-
Yano+Gamma distributed as recommended by the 
best-fit substitution model using the lowest scores 
on the BIC (Bayesian Information Criterion) and AICc 
(Akaike Information Criterion corrected) (Hasegawa 
et al. 1985; Nei and Kumar 2000). The reconstruction 
of the two phylogenetic trees was evaluated using 
1000 bootstrap replications (Felsenstein 1985). The 
median-joining network was reconstructed by using 
the software of Network 10 (Bandelt et al. 1999; Kong 
et al. 2015; Fluxus Engineering 2020).

3. Results
	
	 Visualization on electrophoresis using 1% agarose 
gel indicated that the partial sequence of the CO1 
gene had been successfully amplified with an 
estimated length of 650-700 base pairs (bp) for the 
sample of chocolate hind grouper (C. boenak) (Figure 
2). Validation of partial sequence of CO1 gene related 
to species identity applying the online facilities of 
BLAST (NCBI) and BOLD system databases depicted 
a significantly high percentage of similarity in the 
range of 98-100%.

M

650-700 bp

1 2

Figure 2. Electrophoresis gel visualization of partial 
sequence of CO1 gene of C. boenak from Madura 
Island waters



	 Based on multiple sequence alignment and manual 
analysis of the ten samples of partial sequence of CO1 
gene, DNA barcode characterization in this study was 
conducted on the length of the sequence of 625 bp. 
Based on the length of the sequence, the percentage 
average of frequencies of nucleotide compositions T, 
C, A, and G were 30.86%, 25.78%, 26.09%, and 17.27% 
respectively (Table 2).
	 The population of C. boenak in Indonesia waters 
has high genetic diversity category, as evidenced 
by the value of haplotype diversity (Hd) = 0.956 
and nucleotide diversity (Pi) = 0.01746 (Table 3). 
It is apparent that the probability of transitional 
substitution remains higher than that of transversion 
substitution (Table 4). A summary of the genetic 
distance of the population of chocolate hind grouper 
C. boenak in Indonesia waters are presented in Table 
5.
	 The NJ and ML phylogenetic trees reconstruction 
results indicate similar topology, such as dividing 
the population of C. boenak in Indonesia waters 

Table 2. Nucleotide composition of partial sequence of CO1 gene of C. boenak from Indonesia waters

Sequence identity
T(U) GAC

Nucleotide frequencies (%) 
G+C content

BRP017 Madura Island
DGK028 Madura Island
FOAK967-10 Bali Island
FOAM013-10 Bali Island
FOAM144-10 Lombok Island
FOAM145-10 Lombok Island
BIFZC433-17 Ambon Island
BIFZC434-17 Ambon Island
BIFZC435-17 Ambon Island
BIFZC453-17 Ambon Island
Average

30.33
30.93
30.62
30.62
30,30
30.78
31.25
31.26
31.26
31.26
30.86

17.17
17.47
17.38
17.38
17.38
17.38
16.99
17.07
17.07
17.38
17.27

25.33
25.96
26.16
26.16
26.00
26.16
26.44
26.32
26.32
26.00
26.09

27.17
25.64
25.84
25.84
26.32
25.68
25.32
25.36
25.36
25.36
25.78

44.34
43.11
43.22
43.22
43.70
43.06
42.31
42.43
42.43
42.74
43.05

Table 3. Summary of characteristics of the partial sequence of CO1 gene of C. boenak in Indonesia waters
Parameter Analysis result
Haplotype diversity (Hd)
Number of haplotypes (nHap)
Variance of haplotype diversity
Nucleotide diversity (Pi)
Transition/transversion rate ratios (k)

transition/transversion bias (R)
Gamma distribution
Number of polymorphic sites
Number of monomorphic sites
Number of informative sites
Position of informative sites
Number of singleton variable sites
Position of singletone variable sites

0.956
8
0.00353
0.01746
38.528 (purines)
15.869 (pyrimidines)
12.206
0.0981
28
597
17
1, 2, 29, 35, 89, 143, 194, 242, 254, 293, 326, 338, 348, 422, 482, 548, 608
11
3, 17, 203, 257, 390, 404, 461, 491, 512, 599, 617

Table 4. Estimation of the nucleotide substitution pattern 
of C. boenak in Indonesia waters

Each entry indicates the probability of substitution from 
one base (row) to another base (column). Rates of 
different transitional substitutions are presented in bold, 
and those of transversional substitutions are presented 
in italics

GCTA
24.16
0.63
0.63

-

0.99
15.63

-
0.99

1.12
-

17.74
1.12

-
0.91
0.91

35.18

A
T
C
G

Table 5. Summary of genetic distance between 
subpopulations of C. boenak in Indonesia 
waters

Madura 
Island

Ambon 
Island

Lombok 
Island

Bali 
Island

Subpopulation

-
0.004
0.012
0.027 -

	

-
0.026

	
-

0.008
0.023

Madura Island
Bali Island
Lombok Island
Ambon Island
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into two clades (Figure 3 and 4). Clade 1 consists 
of subpopulations of the Islands of Madura, Bali, 
and Lombok waters. Clade 2 only consists of the 
subpopulation of the waters of Ambon Island. The 
reliability of a phylogenetic tree is understood through 
the support of bootstrap values. Bootstrap support for 
the main branches of NJ and ML phylogenetic trees is 
generally in the moderate to high range, indicating 
that the reconstructed phylogenetic trees have a high 
level of reliability in the main branching section, 
which is beneficial to conclude.
	 A total of 10 partial sequences of CO1 gene of C. 
boenak in Indonesia waters involved in this analysis 
were distributed into eight haplotypes and grouped 
into two haplogroups (Figure 5).

4. Discussion 	
	
	 The partial sequence of the CO1 gene had been 
successfully amplified and proven valid based on the 
online database facilities. This result is in accordance 
with the explanation of Ward et al. (2005) that 
the developed primer generated partial CO1 gene 
sequences at 655 bp in length. Furthermore, the 
CO1 primer for the partial amplification of high-
resolution with the accurate COI gene sequences 
for species-level identification in C. boenak samples.
	 The percentages of nucleotide frequencies of 
C. boenak are generally similar to that of Teleost, 
which were 29.38%, 28.75%, 23.58%, and 18.31%, 
respectively. This similarity indicates the calculation 

 
Figure 3. Phylogenetic tree reconstruction of neighbor-joining (NJ) of partial sequence of CO1 gene of C. boenak in 

Indonesia waters. The asterisk (*) denotes the sequence obtained in this study, and the number at the branching 
node indicates the percentage of bootstrap support

 Figure 4. Phylogenetic tree reconstruction of maximum-likelihood (ML) of partial sequence of CO1 gene of C. boenak in 
Indonesia waters. The asterisk (*) denotes the sequence obtained in this study, and the number at the branching 
node indicates the percentage of bootstrap support
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in the partial sequence of the CO1 gene of C. 
boenak in this study remains higher than that of 
transversion substitution. This probability is in line 
with the explanation of Keller et al. (2007) that 
mutations in animals tend to be more frequent 
through transitional substitution mechanisms 
than through transversion. This probability occurs 
because nucleotides with similar molecular 
structures and a number of bonds are more simply 
substituted through transitions. Payne et al. (2019) 
explained that mutation is not a completely 
random process but rather exhibits a bias towards 
changes in certain DNA sequences (nucleotide 
substitution patterns). As a result, mutations create 
genetic variation, thereby influencing evolution.
	 Genetic distance refers to the degree of gene 
difference (or genome difference) between species 
or populations (Dogan and Dogan 2016). The result 
of this study indicates that the genetic distance of 
C. boenak is in line with its geographical distance. 
The closest genetic distance values are seen between 
the subpopulations of the waters of Madura 
Island and Bali Island. In contrast, the farthest 
genetic distance values are seen between the 
subpopulations of the waters of Madura Island and 

accuracy of Ward et al. (2005) study, developing a 
universal primer for the partial sequence of the 
CO1 gene. The average percentage of G+C content 
in C. boenak is 43.05%, which is relatively far from 
Teleost, 47.1% (Ward et al. 2005). The percentage 
of the G+C content of the subpopulation of Ambon 
Island waters is lower than that of subpopulations 
of the Islands of Madura, Bali, and Lombok waters.
	 Genetic diversity is generally based on the value 
of haplotype diversity (Hd) (Nei 1987) and nucleotide 
diversity (Pi) (Lynch and Crease 1990). The results of 
this study are in line with the analysis of Gaither et 
al. (2011) on Cephalopholis argus in the waters of the 
Pacific and Indian Oceans based on its mitochondrial 
DNA of cytochrome b gene and two nuclear introns 
(gonadotropin-releasing hormone and S7 ribosomal 
protein) with the value of Hd = 0.8 and Pi = 0.005. 
In addition, this study is in line with the report of 
Souza et al. (2015), which revealed high diversity in 
C. fulva based on its mitochondrial DNA of D-loop 
sequence with the value of Hd= 0.997 and Pi = 0.023.
	 Understanding nucleotide substitution patterns 
are considerably significant for studying the 
evolution of molecular sequences and for reliable 
estimation of phylogenetic relationships (Yang 
1994). The probability of transitional substitution 

 
Figure 5. Median-joining network reconstruction based on partial sequence of CO1 gene of C. boenak in Indonesia waters. 

H-1 to H-8 indicate haplotypes 1 to 8; subpopulation color ● Madura Island, ● Bali Island, ● Lombok Island, and 
● Ambon Island; the number on the line denotes the position of the nucleotide difference; the size of the circle 
denotes the number of haplotypes in it
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Ambon Island. This distance shows that the partial 
sequence of the CO1 gene has high accuracy for 
determination between subpopulations of C. boenak 
in Indonesian waters. Microsatellite molecular 
markers are required to detect genetic distances 
between subpopulations of C. boenak in more depth, 
as reported by Renshaw et al. (2010) on C. fulva.
	 Reconstruction of the phylogenetic tree 
indicated that partial sequences of CO1 gene were 
effective in determining between populations 
of C. boenak in Indonesia waters. This result is in 
line with the report of Ariyanti et al. (2015) that 
a partial sequence of CO1 gene can determine 
between populations of C. urodeta in the waters 
of Sulawesi, Indonesia, and the Andaman 
Islands, India. However, not all sequences of DNA 
barcode could used for geographic subpopulation 
determination, as Souza et al. (2015) reported that 
the application of a partial sequence of D-loop 
control region could not determine geographically 
the subpopulation of C. fulva in coastal Brazil.
	 The reconstruction of the phylogenetic trees 
structure is also likely to change as more sequences 
are collected in online databases in the future. 
However, it is reasonable to suspect that C. boenak 
from the geographical area of eastern Indonesia 
waters, including East Nusa Tenggara, Sulawesi, 
and Papua, will be grouped into one clade. In 
addition, it is perceived that the geographical area 
of western Indonesia waters has the potential to 
form a separate clade from the subpopulations 
of the waters from Madura, Bali, and Lombok 
Islands. In order to confirm such an assumption, 
the reconstruction results of the phylogenetic 
tree are combined with the reconstruction 
results of the haplotype network (Figure 5).
	 The results of the median-joining network 
reconstruction depicted a match with the number 
of clades formed in NJ and ML phylogenetic trees. 
The median-joining network in C. boenak in 
Indonesia waters was grouped into two haplogroups 
containing haplogroup 1 with subpopulations of 
Madura, Bali, and Lombok islands and haplogroup 
2 with subpopulations of Ambon Island (Figure 5). 
The findings of this study serve as the basis for future 
studies of molecular phylogeography of C. boenak. 
However, additional sequence numbers are necessary 
to obtain a complete interpretation of the species' 
distribution, migration, and biogeography patterns, 
as conducted by Gaither et al. (2011) on C. argus.

	 Haplogroup 1 consists of 5 haplotypes, while 
haplogroup 2 consists of 3 haplotypes. This indicates 
a high genetic diversity in the population of C. 
boenak in Indonesian waters. While in haplogroup 1, 
it can be predicted that the subpopulation of Madura 
Island waters (haplotypes 7 and 8) has the potential 
to form a separate haplogroup. The distance between 
the two haplogroups is due to differences in 10 
nucleotides, specifically nucleotides at positions 
35, 89, 143, 242, 254, 326, 348, 422, 482, and 543.
	 A partial sequence of the CO1 gene are proved 
effective in determining species in the genus of 
Cephalopholis in Indonesia, with samples of C. boenak 
found in it (Fadli et al. 2021; Limmon et al. 2020; 
Tapilatu et al. 2021). In line with the results of previous 
studies, the partial sequence of the CO1 gene has 
indicated a high degree of accuracy in determining 
C. boenak species in this study, even in general 
grouping samples based on geographic position.
	 Limmon et al. (2020) explained that the trend 
of fish landings for species from the family of 
Serranidae (Epinephelus and Cephalopholis, including 
C. boenak) and Lutjanidae (Lutjanus) ranks first and 
second regarding the number of species landed 
which indicates a trend of increasing market 
demand. Thus, although the genetic diversity of C. 
boenak was high in this study, information on the 
biological aspects of C. boenak in Indonesia has 
been limited, where the decisions made regarding 
the conservation management of this species could 
contain an inaccuracy. As a final remark, the results 
of this study are generally expected to contribute 
significantly to the genetic diversity of C. boenak in 
Indonesia waters. In this study, a partial sequence 
of the CO1 gene of C. boenak in the waters from 
Madura Island will immediately be submitted 
to the GenBank and BOLD system databases, 
although limited biological data is expected to 
facilitate the improved monitoring, conservation 
and management of fisheries in Indonesia waters.
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