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ABSTRACT 

Groupers are one of the economically important marine fish species have high consumer 

demand around the world. Accurate identification of the grouper species with closely 

resemblance in morphological characters is crucial to prevent any aquaculture malpractices. 

The DNA barcoding gene; mitochondrial cytochrome c oxidase I (COI) gene of E. coioides 

and E. malabaricus was amplified and sequenced to confirm the species. The amplified PCR 

products of COI gene fragment digested with restriction enzyme HindIII is clearly 

differentiating these closely related grouper species accurately. A fast and cost effective 

PCR-RFLP method developed based on 704 bp of COI gene sequences for the accurate 

identification and authentication of these two species with specific banding profile. 

Keywords: Grouper; COI gene; PCR-RFLP; Species identification 

INTRODUCTION 

Groupers (from the Portuguese ‘garropa’) are one of the most commercially important fish 

species of the subfamily Epinephelinae and family Epinephelidae, consist of 163 species 
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under 16 genera. 80% of the global grouper production was reported from the Southeast 

Asian countries of Indo-Pacific region. Identification of grouper species based on 

morphological taxonomy is quite difficult due to overlapping morphological characters.  

Several grouper species such as E. coioides, E. tauvina and E. malabaricus has been cultured 

in India and other countries without proper identification. Due to high market value, many of 

the grouper species were mislabelled with low value fish (Ropicki et al., 2010). In recent 

years, species identification based on molecular taxonomy has been widely applied when the 

traditional taxonomy failed to resolve the taxonomic ambiguity. PCR-RFLP is one of the 

unique and efficient methods for grouper species identification (Torres et al., 2013; Sumathi 

et al., 2015). Accurate identification of the species is very much essential for the conservation 

and management of these species.  The present study was aimed to develop a fast and cost 

effective method to distinguish E. coioides and E. malabaricus from Indian waters. The PCR- 

RFLP profile generated during current study based on mitochondrial COI gene fragment will 

provide accurate identification of these species. 

MATERIAL AND METHODS 

Sample collection  

Wild groupers (n=20) consist of two different species belong to the genus, Epinephelus were 

collected on the basis of morphological characters as described by (Craig et al. 2011) from 

fish landing centres of Cochin (9°58'8.21"N, 76°14'51.05"E ), Kerala and Thoothukudi 

(8°47'40.03"N,  78°9'36.91"E), Tamil Nadu, India. Fin tissue sample from each specimen 

was collected and preserve in 95% ethanol for further study. 

DNA extraction and Amplification of cytochrome c oxidase I (COI) gene  

Total genomic DNA was extracted from 05-10mg fin sample using conventional Phenol-

chloroform method with little modifications (Sambrook et al., 1989). The quality of the 

extracted DNA was analyzed in 0.7% agarose gel and the quantity of the DNA was 
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determined in optical density at 260nm using Biophotometer plus (Eppendorf, Germany). 

The extracted DNA was stored in -20ºC for further study.  

704 base pair (bp) of COI gene was amplified using the primers FISH F2 (5'-

TCGACTAATCATAAAGATATCGGCAC-3') and FISH R2 (5'-

ACTTCAGGGTGACCGAAGAATCAGAA-3') (Ward et al., 2005) using Veriti Thermal 

Cycler (Applied Biosystems, USA). Four DNA samples for each species were selected and 

the amplification was performed in 25µl reaction volume containing 1X optimised buffer, 1.5 

mM MgCl2, 0.2 mM dNTPs, 0.2 µM each primer, 75 ng of genomic DNA and 1U Taq DNA 

polymerase. The amplification begin with the initial denaturation at 95 ºC for 2 min, 

denaturation at 94 ºC for 30 sec, annealing at 54 ºC for 30 sec, extension at 72 ºC for 1 min 

for 35 cycles and final extension at 72 ºC for 10 min. The amplified products were separated 

in 2% agarose gel with 100 bp ladder as size standard and the gel images were documented 

using Gel documentation system (G-Box, Syngene, UK). The amplified PCR products were 

subjected for purification using GeneJET PCR purification kit (Thermo Scientific, EU-

Lithuania). 

 Sequencing, data analysis and selection of restriction enzymes 

The sequencing of purified products was performed using Genetic Analyzer 3500 (Applied 

Biosystems, USA) at our Genetic Laboratory facility using BigDye Terminator V3.1 cycle 

sequencing kit. The sequences were aligned and edited using sequence analysis software 

MEGA (version 6; Tamura et al., 2013). The sequences obtained from the present study were 

published in National Centre for Biotechnology Information (NCBI) with GenBank accession 

numbers: KJ607965 and KJ607967. The selection of restriction enzyme and expected sizes of 

digested products were obtained using online software NEB Cutter V.2.0 (Vencze et al., 

2003) based on the 704 bp COI sequences of two species. 

PCR-RFLP 
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The restriction enzyme HindIII was selected and the restriction digestion was performed 

using following condition. 20 µl reaction volume containing 5 µl amplified PCR product, 10 

U restriction endonuclease enzyme and 1X digestion buffer and the reaction mixtures were 

incubated in optimum temperature at 37 ºC for 1 hr. The amplified products were separated in 

2% agarose gel with 100 bp ladder as size standard. The gel images were documented and the 

banding profile was determined using Gel documentation system (G-Box, Syngene, UK). 

RESULT AND DISCUSSION 

The sequences obtained from the current study were compared with the sequences retrieved 

from NCBI GenBank to confirm the species using NCBI-BLAST. Sequences were exactly 

matched with the name of respective species and the sequences were published at NCBI 

GenBank with accession number KJ607965 (E. coioides), KJ607967 (E. malabaricus). The 

sequences similarity search of morphologically identified E. coioides sequence shows 99% 

similar to E. coioides (DQ107890, JX674982, KX575834 and KM226248).  The E. 

malabaricus sequence shows 99% similar with E. malabaricus (FJ237599, KM077920, 

DQ107871 and JF952727). The pairwise genetic distance was calculated using the sequences 

obtained from the current study and 3.6% genetic difference was observed between these two 

species. The neighbor-joining tree was constructed using our own published sequences along 

with sequences retrieved from NCBI GenBank were also clearly indicated that these two 

species are clustered separately (Figure 1.).    

 

Figure 1. Phylogenetic relationship of Indian groupers E. coioides (EC) and E. malabaricus 

(EM). KJ607965 and KJ607967 are the COI sequences generated during current study. EC 
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and EM are the reference sequences retrieved from NCBI. Cephalopholis formosa is used as 

an outgroup. Neighbor-joining tree drawn to scale, with branch lengths in the same units as 

those of the evolutionary distances used to infer the phylogenetic tree. 

The restriction digestion using restriction enzyme HindIII produced 428bp, 276bp in E. 

coioides and unable to make restriction in 704bp sequence of E. malabaricus. The 

representative gel images were provided in the (Figure 2.). 

 

 

Figure 2. PCR-RFLP profile of Indian grouper species using HindIII. Lane 1& 8: 100 bp 

Marker; Lane 2,3, 6 and 7: E. coioides; Lane 4&5: E. malabaricus. 

Taxonomic ambiguity of closely related grouper species is a major cause of concern 

throughout the world. Several literatures have been published from India and other countries 

for the identification of grouper species based on external morphological characters. Due to 

resemblance in morphological characters; the identification of grouper species based on 

traditional taxonomy is providing misleading information on aquaculture practices of E. 

tauvina, E. coioides and E. malabaricus (Leong 1998; Jithendran et al. 2005; Kailasam et al. 

2008). The applicability of PCR-RFLP for the identification of different fish species has been 
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well studied.  The identification of grouper species E. gauza and closely related genera Lates 

niloticus and Polyprion americanus (Asensio et al., 2000) and 12 grouper species belonging 

to the genus, Alphestes, Cephalopholis, Dermatolepis, Epinephelus, Mycteroperca, and 

Rypticus can be differentiated from using PCR-RFLP (Torres et al., 2013). The result 

obtained from the current study indicated that the restriction enzyme HindIII was capable to 

differentiate and authentication of E. coioides and E. malabaricus with species specific 

banding profile.  
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