
 

 

 

Abstract—A study was conducted to determine the genetic 

diversity of a farmed tiger grouper Epinephelus fuscoguttatus 

broodstock population located in Tanjung Demong, Terengganu 

using Cytochrome b (Cyt-b) gene. A total of 51 broodstock were 

collected and subjected to DNA extraction. PCR amplification of 

partial Cyt-b was conducted using a universal Cyt-b primer. The 

fragments were then purified, sequenced and the genetic relationship 

among individuals was analyzed. A total of 402 bp length of partial 

Cyt-b gene was obtained from each sample. Genetic distance among 

individuals ranged between 0.002 – 0.018. Seven haplotypes were 

found within the population with 2 haplotypes (Hap01 and Hap02) 

are commonly shared by most individuals. Phylogenetic analysis 

showed broodstocks is divided into two major groups. However, 47 

individuals were clustered in 1 group with shallow genetic 

divergence. These findings indicate the tiger grouper broodstock have 

low genetic diversity and most of the individuals might be originating 

from a single population. Genetic diversity of mtDNA cyt-b of E. 

fuscoguttatus would be useful in tiger grouper broodstock 

management in breeding program for seed production. 

 

Keywords— Broodstock, Epinephelus fuscoguttatus, partial Cyt-

b, Tiger grouper  

I. INTRODUCTION 

ROUPERS are marine species that have high economic 

value comprising 5180.3 tonnes of production in 

Malaysian mariculture sector [1]. In Malaysia, several farmers 

and government agencies reported a decline in growth 

performance and survival of tiger grouper with increase 

occurrence of deformities during seed production. This occurs 

in seed obtained from both local and imported stock. Several 
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steps had been taken by farmers in the aspect of water quality 

and nutrition, to overcome this problem, however the situation 

still persist [2]. In seed production, it has been reported that 

most farmers use broodstock with unknown genetic 

background [3] and also produced from small founder 

broodstock [4]. There is a possibility such practices might 

occur in the local tiger grouper production. If this case is not 

given attention, it may lead to reproduction among individuals 

that are closely related thus causing inbreeding depression 

which is particularly common in aquaculture industry [5]. The 

effect of inbreeding has been seen in terms of reduction in 

genetic variation [6] causing the deterioration of growth rate, 

body weight, and food conversion efficiency [7] [8]. Reference 

[3] reported that this phenomenon is partially caused by 

environmental factors and genetic deterioration. However, 

genetic study to address this issue in Malaysia has not been 

properly elucidated. Genetic study on farmed broodstock had 

been conducted on several species and loss of genetic diversity 

had been reported in turbot [9], common carp [10], Nile tilapia 

[11] and barramundi [12]. Currently, genetic diversity and 

breeding performance of cultured tiger grouper broodstock in 

Malaysia is not well studied. Hence, effort should be done to 

determine the genetic status of these cultured tiger grouper 

broodstock in Malaysia. The study would enable researcher to 

get a better understanding regarding the genetic relationship 

and population structure among the tiger grouper broodstock 

in Malaysia. Finding also can assist farmers in broodstock 

management to increase production as well as producing high 

quality seeds. In addition, it can also lead to the 

implementation of strategic breeding programs for tiger 

grouper seed production.  

II. METHODOLOGY 

A. Sample Collection 

Fin sample of 51 tiger grouper broodstock was taken from a 

farm located at Tanjung Demong Setiu, Terengganu. The 

samples were preserved in 95% ethanol and kept at -20ºC..  

B. Polymerase Chain Reaction (PCR) Amplification and 

Purification 

The PCR amplification was done using CytB universal 
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primer Cytb28f 

(5’CGAACGTTGATATGAAAAACCATCGTTG3’) and 

Cytb34r  

(5’AAACTGCAGCCCCTCAGAATGATATTTGTCCTCA 

3’) [13]. A 25ul PCR mixture was prepared containing 2.5 μl 

of 10× PCR buffer; 0.6 μl of 100 pmol of both primers; 0.3 μl 

of 5U Taq DNA polymerase (Transgen, China); 1.0 of 10,000 

uM dNTP; and 1.0 μl of DNA sample. The amplification was 

done in a Thermal Cycler (Eppendorf AG, Germany) with a 

cycling profile beginning with the initial step 95ºC for 5 

minutes, followed by 25 cycles of denaturation at 94ºC for 40 

seconds, annealing at 54ºC for 45 seconds and extension at 

72ºC for 60 seconds and finally subjected to the final 

extension at 72ºC for 7 minutes. The amplified product (3 μl) 

was then examined through 1.5% agarose gels. Prior to 

sequencing, the PCR products were purified using a DNA 

purification kit (Bioteke, China) according to the manufacturer 

instruction. All the purified PCR products were then 

sequenced bi-directionally using the same primers for PCR 

amplification by First Base Laboratories Sdn. Bhd. Malaysia.  

C. Sequence Alignment and Phylogenetic Analysis 

The obtained sequences were edited using chromas and 

bioedit to remove any unwanted sequences, noise and gaps to 

validate the sequence. All sequences were identified using 

Basic Local Alignment Search Tool (BLAST) [14] at the 

National Center of Biotechnology Information (NCBI) 

database (http://www.ncbi.nlm.nih.gov). The edited sequences 

were aligned and compared together with the sequences of 

other Epinephelus sp. available in the GenBank database using 

the CLUSTAL W. E. coiodes and Thunnus tonggol were used 

as outgroup. Phylogenetic trees were constructed using 

Neighbour-Joining and Maximum-Likelihood to determine the 

genetic relationship among individual. Identification of 

haplotype were done after alignment using CLUSTER W. 

Mitochondrial genetic diversity variation, haplotype and 

nucleotide variation between the samples was estimated using 

DnaSP (Version 5.1, Universitat de Barcelona) to determine 

the level of genetic variation within phylogenetic clades. The 

calculation was based on Tajima’s test of neutrality. 

III. RESULT 

The amplification of partial Cyt-b gene was performed on 

all E. fuscoguttatus broodstock samples collected from a farm 

in Terengganu. Sequence analysis of the amplified fragment 

showed a total length of 402 bp with all the 51 sequences 

having 100% similarity with the mtDNA Cyt-b sequence of E. 

fuscoguttatus in the Genbank Database (Accession no.: 

HQ174879.1). Seven haplotypes were identified from all 51 

individuals (Table 1). Genetic relationship amongst haplotype 

for all samples is shown in Table 2. Hap01 and Hap02 were 

shared among seventeen individual each with the highest 

relative frequency of 0.3333. The other five haplotypes 

showed distinctive unique composite nucleotides with 

relatively low frequency of 0.1961 (hap 03), 0.0196 (hap 04 

and hap 06) and 0.0784 (hap 07) respectively. The haplotype 

diversity and nucleotide diversity was 0.747 and 0.00414 

respectively with genetic distance among individuals ranged 

between 0.002 to 0.018. 

Phylogenetic tree analysis showed that all individuals were 

clustered into two major groups (group 1 : Hap01 – Hap06; 

group 2 : Hap07) indicating that the individuals might 

originate from two different populations (Figure 1). NJ tree on 

haplotype showed evidence of multiple shallow haplotype 

divergent within the clade suggesting the individuals might 

originate from several founder broodstocks within the same 

population in the past. 
TABLE I 

 NUMBERS OF HAPLOTYPE AND RELATIVE FREQUENCY 

Samples Terengganu Haplotype Frequency 

KHT22, KHT24, KHT29, 

KHT30, KHTG2, KHTG3, 

KHT6, KHTG7, KHT10, 

KHT12, KHT13, KHT15, 

KHT18, KHT20, KHT21, 

KHT36, KHT41  

Hap01 0.3333 

KHT25, KHT27, KHT28, 

KHT1, KHT5, KHT9, 

KHT14,  KHT17, KHT32, 

KHT40, KHT44, KHT46, 

KHT47, KHT48, KHT49, 

KHT50, KHT51 

Hap02 0.3333 

KHT23, KHT31, KHT8, 

KHT16, KHT19, KHT33, 

KHT38, KHT39, KHT42, 

KHT45 

Hap03 0.1961 

KHT4  Hap04 0.0196 

KHT11  Hap05 0.0196 

KHT26  Hap06 0.0196 

KHT34, KHT35, KHT37, 

KHT43 
Hap07 0.0784 

Represented haplotypes of partial Cyt-b gene towards the individuals of E. 

fuscoguttatus. The Hap01 and Hap02 are represented to 17 samples with the 

highest frequency, whereas the other five haplotypes represent low frequency. 

 

TABLE II 

 GENETIC DISTANCE OF TIGER GROUPER 

 Hap 

01 

Hap 

02 

Hap 

03 

Hap 

04 

Hap 

05 

Hap 

06 

Hap 

07 

Hap 01        

Hap 02 0.002       

Hap 03 0.002 0.005      

Hap 04 0.005 0.003 0.008     

Hap 05 0.005 0.002 0.008 0.005    

Hap 06 0.005 0.003 0.008 0.005 0.005   

Hap 07 0.013 0.015 0.015 0.018 0.018 0.018  

 

 
Fig. 1 Neighbour-Joining (NJ) phylogenetic tree of E. fuscoguttatus 

Cyt-b haplotypes and E. Coiodes and T.tonggol as outgroup. 
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IV. DISCUSSION 

The study was done to access the genetic variation among 

broodstock Tiger grouper using mtDNA Cyt-b gene. The use 

of mtDNA markers offer several advantages such as maternal 

mode of inheritance, relatively limited recombination and they 

are  highly conserved with definitive functions which makes 

them suitable in phylogenetics analysis, genetic population and 

variation studies [15]-[17]. 

Result showed that the individuals among tiger grouper 

broodstock have low genetic diversity. Even though the 

genetic distance of the population ranges between (0.002-

0.018), however, 47 out of 51 individuals showed low genetic 

distance (0.002) with Hap01 and Hap02 are shared by majority 

of the individuals (Hap01:17 individuals; Hap02:17 

individuals). Apart from the 2 common haplotypes (Hap01 and 

Hap02), 1 haplotype is only shared by 4 individuals and 4 

unique haplotypes are only represented by one individual. The 

shallow divergent between Hap01 to Hap06 which is grouped 

within the same clade might indicate that the individuals are 

produced from small number of founder broodstocks within 

the same population. In aquaculture, reference [18] reported 

that limited facilities coupled with the need to breed only from 

individuals of superior genetic merit may result in selected 

lines of small population size. Small population size causes 

inbreeding and genetic drift leading to low genetic diversity. 

The use of limited number of broodstock has been reported 

occur in Oreochromis niloticus [19] and bay scallop, 

Argopecten irradians [4] and also in Seabass [12]. In this 

study, low genetic diversity might also originated from the use 

of limited number of parent broodstock to produce the current 

tiger grouper broodstock. Since hap01 and hap02 consist of 17 

broodstock respectively, they is a possibility that this 

broodstock might be coming from closely related parent. 

Genetic diversity of E. fuscoguttatus population was also 

determined based on haplotype and nucleotide diversity. 

Result of the study showed high haplotype diversity (Hd = 

0.747) and low nucleotide diversity (π = 0.00414) indicating a 

low level of genetic diversity in tiger grouper population. 

Similar result indicating low genetic diversity has been 

reported in Indian Salmon (Elutheronema tetradactylum) [20]. 

Reference [20] found high haplotype diversity (0.5793-

0.8230) and low nucleotype diversity (0.001514-0.002780) in 

all of four Indian Salmon population. High haplotype diversity 

and low nucleotide diversity may indicate shallow divergence 

and has also been reported in yellow croacker [21], Silver 

pomfret [22] and red tilefish [23]. Currently, genetic 

information regarding E. fuscuguttatus broodstock in Malaysia 

is unavailable. Most farmers in Terengganu area are small 

scale operators. There is not enough capacity to maintain a 

large number of broodstock. Hence there is a possibility that a 

small number of broodstock is used for breeding which can 

lead to loss of genetic diversity. Loss of genetic variation 

among hatchery population has been reported in turbot [9], 

common carp [10], Nile tilapia [11], barramundi [12], 

Japanese scallop [24] and bay scallop [4]. Loss of genetic 

variability in most hatchery stock may possibly results in the 

loss of disease resistance or in the reduction of populations’ 

capability to adapt to new environment [25]. 

To increase genetic variation, reference [26] suggested that 

wild or genetically divergent populations should be 

introduced. Reference [27] has reported increase performance 

when crossbreeding conducted between genetically 

differentiated introduced captive stocks of Pacific blue shrimp. 

Similar result was also reported in African catfish (C. 

gariepinus) [3]. Hence, diversity of population can be 

expanded by taking broodstock from different population with 

known genetic information. Reference [28] stated that 

improving the genetic management can minimize the genetic 

impact for hatchery strains by monitoring the genetic 

variability and estimating precise effective population size. 

Due to this, farmers should be aware regarding the potential 

losses of genetic diversity and an understanding of where this 

genetic diversity may be lost through the hatchery production 

cycle could be used to develop improved hatchery techniques 

in aquaculture production [12]. Further study needs to be done 

to identify the genetic relationship of E. fuscoguttatus in other 

population. 

V. CONCLUSION 

The study had managed to determine the genetic diversity of 

tiger grouper broodstock population in one tiger grouper 

Terengganu farm. The study showed low genetic diversity in 

the broodstock population. As genetic information of tiger 

grouper broodstock in Malaysia is not well documented, 

further study should be done to determine their genetic 

diversity on other farms. 

ACKNOWLEDGMENT 

The authors would like to thank School of Fisheries and 

Aquaculture sciences and Institute of Tropical Aquaculture 

Universiti Malaysia Terengganu for providing the research 

facilities. The authors would also like to thank the Fisheries 

Research Institute, Tanjung Demong, Terengganu for assisting 

in the sample collection. This research was funded by the 

Ministry of Education Malaysia under the Fundamental 

Research Grant Scheme (FRGS) under grant no. 59325 

REFERENCES   

[1]  “Statistic aquaculture 2013,” Department of Fisheries Malaysia, 2014. 

[2] Soffian Mustapha 2014, Fisheries Research Institute Tanjung Demong 

Terengganu, private communication, 2014. 

[3] A. Wachirachaikarn, W. Rungsin, P. Srisapoome and U. N. Nakorn, 

“Crossing of African catfish, Clarias gariepinus (Burchell, 1822), 

strains based on strain selection using genetic diversity data,” 

Aquaculture, 2009, vol. 290, pp. 53–60. 

[4]  L. Wang, H. Zhang, L. Song and X. Guo, “Loss of allele diversity in 

introduced populations of the hermaphroditic bay scallop Argopecten 

irradians,” Aquaculture, vol. 271, 2007, pp. 252–259. 

[5] O. A. Puckrin, C. F. Purchase and E. A. Trippel, “Using purposeful 

inbreeding to reduce outbreeding depression caused by escaped farmed 

Atlantic cod,” Aquaculture Environment Interactions, 2013, pp. 207–

221. 

International Journal of Chemical, Environmental & Biological Sciences (IJCEBS) Volume 3, Issue 1 (2015) ISSN 2320–4087 (Online) 

27



 

 

[6] A. E. Eknath and R. W. Doyle, “Effective population size and rate of 

inbreeding in aquaculture of Indian major carps,” Aquaculture, vol. 85, 

1990, pp. 293−305. 

[7] H. L. Kincaid, “Effects of inbreeding on rainbow trout populations,” 

Trans. Amer. Fish. Soc., vol. 105, 1976, pp. 273–280. 

[8] B. Gjerde, K. Gunnes and T. Gjedrem, “Effect of inbreeding on survival 

and growth in rainbow trout,” Aquaculture, vol. 34, pp. 327−332, 1983. 

[9] J. P. Coughlan, A. K. Imsland, P. T. Galvin, R. D. Fitzgerald, G. 

Naevdal and T. F. Cross,  “Microsatellite DNA variation in wild 

populations and farmed strains of turbot from Ireland and Norway,” a 

preliminary study,  J. Fish Biol., vol. 52, 1983, pp. 916–922. 

[10] K. Kohlmann, P. Kersten and M. Flajshans, “Microsatellite-based 

genetic variability and differentiation of domesticated, wild and feral 

common carp (Cyprinus carpio L.) populations,” Aquaculture, vol. 247, 

2005, pp. 253–266. 

[11] T. Aho, J. RÖnn, J. Piironen and M. BjÖrklund, “Impacts of effective 

population size on genetic diversity in hatchery reared brown trout 

(Salmo trutta L.) populations,” Aquaculture, vol.253, 2006, pp. 244–

248. 

[12]  L. A. Frost, B. S. Evans and D. R. Jerry, “Loss of genetic diversity due 

to hatchery culture practices in barramundi (Lates calcarifer),” 

Aquaculture, vol. 261, 2006,  pp. 1056–1064. 

[13] T. Maggio, F. Andaloro and M. Arculeo, “Genetic population structure 

of Epinephelus marginatus (Pisces, Serranidae) revealed by two 

molecular markers,” Italian Journal of Zoology , vol. 73, no. 3, pp. 275-

283, 2006. 

[14]  S. F. Altschul, W. Gish, W. Miller, E. W. Myers, and D. J. Lipman, 

“Basic local alignment search tool,” Journal of Molecular Biology , vol. 

215, no. 3, 1990, pp. 403-410.  

[15] C. D. Hurst, S. E. Bartlett, W. S. Davidson, and I. J. Bruce, “The 

complete mitochondrial DNA sequence of the Atlantic salmon,” Salmo 

salar. Gene, vol. 239, 1999, pp. 237-242.. 

[16] N. Howell and K. Gilbert, “Mutational Analysis of the Mouse 

Cytochrome b Gene,” Journal of Molecular Biology, vol. 203, 1988, pp. 

607-618. 

[17] W. S. Lakra, M. Goswami and A. Gopalakrishnan, “Molecular 

identification and phylogenetic relationship of seven Indian Sciaenids 

(Pisces: Perciformes, Sciaenidae) based on 16S rRNA and cytochrome c 

oxidase subunit 1 mitochondrial genes,” Mol Biol Rep, vol. 36, 2009, 

pp. 831-83.  

[18] R. W. Ponzoni, H. L. Khaw, N. H. Nguyen, A. Hamzah, “Inbreeding 

and effective population size in the Malaysian nucleus of the GIFT 

strain of Nile tilapia (Oreochromis niloticus),” Aquaculture, vol. 302 , 

2010, pp. 42–48. 

[19] S. Damrongratana, P. Kessenchai, “Tilapia niloticus Linnaeus,” 

Department of Fisheries, Bangkok (in Thai), Report presented to the 

King on March 17, 1966.  

[20] J. Wang, P. Sun and F. Yin. “Low mtDNA Cytb diversity and shallow 

population structure of Eleutheronema tetradactylum in the East China 

Sea and the South China Sea,” Biochemical Systematics and Ecology, 

vol. 55, 2014, pp. 268-274. 

[21] Y. S. Xiao, Y. Zhang, T. X. Gao, T. Yanagimoto, M. Yabe and Y. 

Sakurai, “Genetic diversity in the mitochondrial DNA control region 

and population structure in the small yellow croaker Larimichthys 

polyactis. Environ. Biol. Fishes, vol. 85, 2009, pp. 303-314. 

[22] P. Sun, Z. Shi, F. Yin and S. Peng, “Population genetic structure and 

demographic history of Pampus argenteus in the Indo-West Pacific 

inferred from mitochondrial cytochrome b sequences,” Biochem. Syst. 

Ecol., vol. 43, 2012, pp. 54-63. 

[23] K. Nohara, H. Takeuchi, T. Tsuzaki, N. Suzuki, O. Tominaga and T. 

Seikai, “Genetic variability and stock structure of red tilefish 

Branchiostegus japonicas inferred from mtDNA sequence analysis,” 

Fish. Sci., vol. 76, 2010, pp. 75-81. 

[24] Q. Li, K. Xu, and R. Yu, “Genetic variation in Chinese hatchery 

populations of the Japanese scallop (Patinopecten yessoensis) inferred 

from microsatellite data,” Aquaculture, vol. 269, 2007, pp. 211–219. 

[25] F. W. Allendorf and S. R. Phelps, “Loss of genetic variation in a 

hatchery stock of cutthroat trout,” Trans. Am. Fish. Soc., vol. 109, 

1980, pp. 537–543. 

[26] S. Schonhuth, G. Luikart and I. Doadrio, “Effects of a founding event 

and supplementary introductions on genetic variation in a captive 

breeding population of the endangered Spanish killifish,” J. Fish Biol., 

vol. 63, 2003, pp. 1538–1551. 

[27] E. Goyard, C. Goarant, D. Ansquer, P. Brun, S. de Decker, R. Dufour, 

C. Galinié, J. Peignon, D. Pham, E. Vourey, “Cross breeding of different 

domesticated lines as a simple way for genetic improvement in small 

aquaculture industries: heterosis and inbreeding effects on growth and 

survival rates of the Pacific blue shrimp Penaeus (Litopenaeus) 

styrostris,” Aquaculture, vol. 278, 2008, pp. 43–50. 

[28] M. Sekino, N. Taniguchi and M. Hara, “Genetic diversity within and 

between hatchery strains of Japanese flounder Paralichthys olivaceus 

assessed by means of microsatellite and Mitochondrial DNA sequencing 

analysis,” Aquaculture, vol. 213, 2002, pp. 101-122. 

 

 

 

 

 

 

 

 

 

International Journal of Chemical, Environmental & Biological Sciences (IJCEBS) Volume 3, Issue 1 (2015) ISSN 2320–4087 (Online) 

28




