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ABSTRACT

Epinephelus fuscoguttatus is a commercially important marine fish species in Southeast
Asia and has been declared as near-threatened marine species by International Union
for Conservation of Nature and Natural Resources. Based on single locus, molecular
markers can be applied in the population studies as well as for the development of
genomic databases which very useful in conservation programs. This project focused on
the development of single locus molecular markers for Epinephelus fuscoguttatus.
Epinephelus fuscoguttatus samples were obtained from Borneo Marine Research Centre
of University Malaysia Sabah, Sabah. DNA from lateral fin was extracted by using
modified salt extraction method. The extracted DNA was amplified by polymerase chain
reaction (PCR) and the PCR products were ligated onto pUC19 cloning vector. This was
followed by sequencing and development of six markers that can be used to amplified in
the Epinephelus fuscoguttatus. A total of 20 sequences were isolated, 18 primers were
designed and six primers amplified in the target species. These primers were used in the
cross amplification process among the grouper species as well as the F1 hybrid grouper.
These markers have a potential application in detection of the inheritance pattern
among the grouper species as well as in the F1 grouper hybrids. Hence, through this
application, these markers may be useful in the conservation and breeding programs of

the grouper species.



PEMBINAAN LOKUS TUNGGAL BAGI SPECIES EPINEPHELUS FUSCOGUTTATUS

ABSTRAK

Epinephelus fuscoguttatus adalah salah satu spesis marin yang komersial di Asia
Tenggara dan telah diisytiharkan sebagai spesis marin yang hampir terancam oleh
Kesatuan Antarabangsa bagi Pemuliharaan Alam dan Sumber Asli. Berdasarkan dari
lokus tunggal, penanda molekul boleh digunakan dalam kajian populasi serta di dalam
pembinaan pangkalan data genomik yang mana ia sangat berguna terutamanya dalam
program pemuliharaan. Projek ini adalah untuk membina penanda lokus tunggal bagi
spesis Epinephelus fuscoguttatus. Sampel Epinephelus fuscoguttatus diperolehi daripada
Pusal Penyelidikan Marin Borneo, Universiti Malaysia Sabah, Sabah. DNA dari sirip sisi
ikan dan diekstrak menggunakan kaedah ‘pengekstrakan garam’ yang telah diubah suai.
DNA yang telah diekstrak telah diamplifikasikan dengan menggunakan tindak balas
rantai polymerase (PCR) dan produk PCR tersebut dilekatkan ke dalam vektor
pengklonan pUC19. Langkah ini diikuti dengan proses penjujukan dan pembinaan enam
penanda molekul yang boleh digunakan untuk mengesan spesis Epinephelus
fuscoguttatus . Terdapat 20 jujukan DNA bagi Epinephelus fuscoguttatus yang telah
dipencilkan, 18 primer atau penanda molekul telah dibina dan hanya 6 primer yang
boleh digunakan. Keenam-enam primer tersebut digunakan dalam proses amplifikasi
silang antara spesis kerapu and F1 hibrid kerapu. Penanda molekul ini mempunyai
potensi dimana ianya boleh diaplikasikan untuk mengesan corak pewarisan dalam
kalangan spesis kerapu dan juga F1 hibrid kerapu. Oleh itu, melalui aplikasi ini, keenam-
enam penanda molekul ini mempunyai potensi untuk digunakan dalam program

pemuliharaan spesis kerapu.
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CHAPTER 1

INTRODUCTION

Epinephelus fuscoguttatus, which also called as the brown-marbled grouper or tiger
grouper, is one of a grouper species under the subfamily of Serranidae. Epinephelus
fuscoguttatus is a commercially important marine fish species in Southeast Asia (Moktar
et al., 2011) and has been declared as near-threatened marine species by International
Union for Conservation of Nature and Natural Resources (IUCN, 2004). This is because
in the Southeast Asia the overfishing of this species is too much as the demand of the
grouper is high in Southeast Asia. Hong Kong traders are actively looking for sources of
wild caught groupers species such as E. polyphekadion, E. fuscoguttatus, and
Plectropomus spp. (Sadovy and Vincent, 2002). Beside, water pollution also affects the
distribution of this species (Moktar et a/, 2011). They are normally found tropical coral
waters between 35°N - 27°S and 39°E - 171°W, with the depth between 1 to 60 meters.

A molecular marker is a DNA sequence used to "mark" or track a particular
location or locus on a particular chromosome (Ibrahim and Yilmaz, 2003). Molecular
markers have wide applications in marine and agricultural studies. One of the
applications is for the conservation studies. Molecular markers can be used in
conservation studies as it can be used either to identify the species itself of study for the
evolutionary of the species. In this study, partial single locus molecular markers had
been developed for E. fuscoguttatus. It can be used to detect the E. fuscoguttatus
species since this species had been declared as a near threatening species. Single locus

molecular marker is a PCR-based co-dominant marker  where it



can easily be transferred to other populations and shared between research laboratories
(Pugh et al., 2004).

This study aims to develop single locus molecular markers for E. fuscoguttatus. The
objectives for this study are stated as below:

a) To construct partial genomic library for the Epinephelus fuscoguttatus
species.

b) To develop a single locus molecular markers for Epinephelus fuscoguttatus
species.

c) To determine the cross amplification pattern against other groupers and F1

hybrid grouper species.



CHAPTER 2

LITERATURE REVIEW

2.1 Sample Study — Ephinephelus fuscoguttatus

E. fuscoguttatus (figure 2.1) is one of the grouper species from the family of Serranidae
which the total length can reach up to 120 centimeter (cm) and maximum weight up to
11 kilogram (kg). E. fuscoguttatus species is reef associated which occurs in lagoon
pinnacles, outer reef slopes, and in coral rich area with deep clear water at depth range
from 1 to 60 meters. Where as, the juveniles of £. fuscoguttatus often occur in seagrass
beds. In addition, E. fuscoguttatus species feeds on other fishes, crabs and

cephalopods.

Figure 2.1 £ fuscoguttatus species (redOrbit,2008)



E. fuscoguttatus is one of the grouper species that relatively long-lived which the
lifespan can exceed up to 40 years. According to the Society for the Conservation of
Reef Fish Aggregation (SCRFA), the sexual pattern of £. fuscoguttatus appears to be
monandric protogeny where the juveniles species mature and function as adult females
before changing to the male sex pattern even though the confirmation of sex change is
still required. Figure 2.2 shows the reproduction and life cycle for most of the grouper

species.

Planktonic Eggs
OHPTOHE:
®OH S

Adults g
Planktonic Aggregating ; Planktonic
Stage (Larva) 4 ot 2 Stage (Larva)
R~ o 2 R~

Post-larva

Lo

Juvenile

Figure 2.2 Reproduction and life cycle for most of the grouper species

(source, http://www.scrfa.org/)


http://www.scrfa.org/

According to SCRFA also, the postulate life history strategy is one of the energy
which the energy is primarily invested in body growth for 9-10 years, then the growth
slows and energy still invested in reproduction. Large female has big reproductive
contribution when they reach more than 30 year of reproductive lifespan.
Approximately, 50% effective maturity is calculated from the percentage of females that

were sexually active during the spawning season.

E. fuscoguttatus is the only known grouper species that spawn in aggregation.
According to the Sudaryato and Mous (2004), E£. fuscoguttatus spawn in pairs but
different pair would often spawn at the same time which giving the effect of a ‘group
spawning’. The male displayed or ‘danced’ to establish a pairing with chosen females
that lay inactive on the cage floor. And once the pair was established, the spawning
behavior started with the pair swimming together up from the cage floor to the water
surface, and then both fish released their eggs and sperm. Besides that, the spawning
also was concentrated in the fourth quarter of the moon, when 97% of all spawning
event were observed. Female E. fuscoguttatus spawn more than once during particular
aggregation period. Other study also reveals that the E£. fuscoguttatus was considered a
better potential species than other grouper species for large-scales spawning in net
cages where it exhibit few characteristics which are, higher egg production and all year
round spawning capabilities, higher fertilization rate, higher percentage in buoyant eggs,
faster larval development and higher larval survival (Lim et al., 1990; Chao et al., 1993).

E. fuscoguttatus species can be found in Australia, Bangladesh, British Indian
Ocean Territory, Brunei, Cambodia, Cocos (Keeling) Islands, Comoros, Djibouti, Egypt,
Eritrea, Fiji, Guam, Hong Kong, India, Indonesia, Israel, Japan, Jordan, Kenya, Kiribati,
Madagascar, Malaysia, Maldives, Marshall Islands, Mauritius, Micronesia, Mozambique,
Myanmar, New Caledonia, Northern Mariana Islands, Pakistan, Palau, Papua New
Guinea, the Philippines, Samoa, Saudi Arabia, Seychelles, Singapore, the Solomon
Islands, Somalia, Sri Lanka, Sudan, Taiwan, Tanzania, Thailand, Vanuatu, Vietnam, and
Yemen (redOrbit,2008).



Figure 2.3 below shows the distribution of the E. fuscoguttatus species in some of the

geographical area.

bl oo ik W
i q [} .'J-H_" -'u L,
Y :

Figure 2.3  Zoological sites sampled for geographic distribution (indicated by the red
Squares) of £. fuscoguttatus (redOrbit,2008).

As mention before, E. fuscoguttatus has been declared as near-threatened by
International Union for Conservation of Nature and Natural Resources (IUCN). This is
due to its late maturation, aggregation-spawning when the aggregations are targeted
and because of it higher value in the market. The aggregation-spawning had become
overfishing when people targeting to catch large volume of £. fuscoguttatus which it
consist large E. fuscoguttatus species. Thus, the number of the new progeny of the £
fuscoguttatus species had decline. The degree of protection for E. fuscoguttatus

UNIVERSITI MALAYSIA SABAH



spawning aggregation varies widely. One of the approach to protect this species is to
introduced to people which area from particular aggregation site that suitable for fishing
this species instead to understand when the maturity and spawning period for E.
fuscoguttatus species. Many acts and laws that had been establish in order to protect
the marine life from extinction which involved E. fuscoguttatus species. For example, the
Pohnpei State Government had implementing measures to reduce fishing effort on
grouper. In addition, Marine Protection Act of 1994 also intended to prohibit any capture
of grouper even for subsistence purpose during the closed period. Minimum capture size
limit of 35cm also has been introduced in Australia on order to protect any of marine
species from extinction.

There are several measures preventing the extinction that have been taken in
grouper fisheries. These measures include limiting the number of the fishers through the
fishing license, limiting the amount of fish caught by giving the specific quota for each
species, and restricting the type of gear used. Besides that, there also have options for
the community-based management which the prohibiting the usage of a gill nets as the
usage of the gill nets during the spawning aggregation, it will reduce the number of the
breeding fish. In addition, other approach that can be taken is ban on fishing during the
peak of the spawning season which may involve several short closures at monthly
intervals as some of the grouper species appear to aggregate at particular times in the

moon cycle.

2.2 Taxonomy of Ephinephelus fuscoguttatus

Table 2.1 shows the taxonomy of E. fuscoguttatus. E. fuscoguttatus belongs to family of
Serranidae and known with few local name such as black-tipped cod,blotch
grouper,blotchy grouper,blotchy rockcod,brown-marbled grouper,flower cod,flowery

cod,grouper, kawakawa, marble grouper,tiger grouper, and black rockcod.



REFERENCES

Aho, T., Rdnn, J., Piironen, J. & Bjorklund, M. 2006. Impacts of effective population
size on genetic diversity in hatchery reared Brown trout (Salmo trutta L.)

populations. Aguaculture, 253: 244-248.

Aljanabi, S. M., & Martinez, 1., 1997. Universal and rapid salt-extraction of high
quality genomic DNA for PCR-based techniques. Nucleic Acids Research,
25:4692-4693.

Arif, I. A. & Khan, H. A., 2009. Molecular markers for biodiversity analysis of wildlife

animals: a brief review. Animal Biodiversity and Conservation 32(1): 9-17

Basavaraju, Y., Prasad, D.T., Rani, K., Kumar, S.P., Naika, U.D., Jahageerdar, S.,
Srivastava, P.P., Penman, D.]. & Mair, G.C. 2007. Genetic diversity in common
carp stocks assayed by random-amplified polymorphic DNA markers.
Aquaculture Research, 38: 147-155.

Brais, 1987. Grouper abstract, SEAFDEC Aquaculture Department. Tigbauan, Iloilo,
Philippines.

Chang, S.F., Ngoh-Lim, G.H., Kueh, L.F.S., Qin, Q.W., Seng, E.K., & Sin, Y.M., 2002.
Initial investigations into two viruses isolated from marine food fish in

Singapore. Veterinary Record, 150:15-16.

Chao, T. M., Lim, L. C., & Khoo, L. T., 1993. Studies on the breeding of brown-
marbled grouper (Ephinephelus fuscoguttatus) in Singapore, pp 143-156. In:
Su, M. S,, Liao, I. C., & Lee, C. S. (Eds). TML Conference Proceeding 3.
Finfish Hatchery in Asia 1991, Tunkung Marine Laboratory, Taiwan Fisheries

Research Institute, Taiwan.

Chen, S.L., Deng, S.P., Ma, H.Y., Tian, Y.S., Xu, 1.Y., Yang, J.F., Wang, Q.Y., Ji, X.S,,
Shao, C.W., Wang, X.L., Wu, P.F.& Deng, H., Zhai, J.M., 2008. Molecular
marker-assisted sex control in half-smooth tongue sole (Cynoglossus

semilaevis). Aquaculture, 283:7-12.

83



Cheng, A.C., Tu, CW., Chen, Y.Y., Nan, F.H., & Chen, J].C., 2007. The
immunostimulatory effects of sodium alginate and k-carrageenan on orange-
spotted grouper Epinephelus coicoides and its resistance against Vibrio
alginolyticus. Fish Shellfish Immunology, 22:197-205.

Chi, S. C,, Lo, B. J., & Lin, S. C. 2001. Characterization of grouper nervous necrosis
virus (GNNV). Journal of Fish Diseases, 24:3-13.

Chinchar, V.G., Essbauer, S., He, J.G., Hyatt, A., Miyazaki, T., Seligy, D., & Williams,
T., 2005. Iridovirade. Virus Taxonomy. In: Fauget, C.M., Mayo, M.A., Maniloff,
J., Desselberger, U., Ball, L.A. (Eds.), ViIlth Report of the International

Committee on Taxonomy of Viruses. Academic Press, London, pp. 163-175.

Chou, T. M., & Chou, R., 1991. Recent development in the breeding of grouper
(Ephinephelus spp) in Singapore. Singapore Journal of Primary Industry, 19:
78-93.

Chua, F.H.C., Loo, 1.J., & Wee, 1.Y., 1994. Investigation of outbreaks of a novel
disease, “Sleepy Grouper Disease”, affecting the brown spotted grouper,

Epinephelus tauvina Forskal. Journal of Fish Diseases, 17(4): 17-427.

Clifton, D.R., & Rodriguez, R.J., 1997. Characterization and application of a
quantitative DNA marker that discriminates sex in chinook salmon
(Oncorhynchus tshawytscha). Canadian Journal of Fish Aquatic Science,
54:2647-2652.

Danzmann, R.G., & Gharbi, K., 2001. Gene mapping in fishes: a means to an end.
Genetica 111:3-23.

David, L., Rajasekaran, P., Fang, J., Hollet, J., & Lavi, U., 2001. Polymorphism in
ornamental and common carp strains (Cyprinus carpio L.) as revealed by
AFLP analysis and a new set of microsatellite markers. Molecular Genetics
Genomics, 266:353-362.

84



Devlin, R.H., McNeil, B.K., Groves, T.D.D., & Donaldson, E.M., 1991. Isolation of a Y-
chromosomal DNA probe capable of determining genetic sex in chinook
salmon (Oncorhynchus tshawytscha). Canadian Journal of Fish Aquatic
Science, 48:1606-1612.

Du, S.J., Devlin, R.H., & Hew, C.L., 1993. Genomic structure of growth hormone
genes in Chinook salmon (Oncorhynchus tshawytscha): presence of two
functional genes, GH-I and GH-II, and a male specific pseudogene, GH-y.
DNA Cell Biology, 12:739-751.

FishBase, A Global Information System on Fish. Retrieved October 13, 2011, from
http://www.fishbase.org/

Felip, A., Young, W.P., Wheeler, P.A., & Thorgaard, G.H., 2005. An AFLP-based
approach for the identification of sex-linked markers in rainbow trout

(Oncorhynchus mykiss). Aquaculture, 247:35-43.

pUC19 phage plasmid DNA, Fermentas. Retrieved November 11, 2011, from
http://www.fermentas.com/en/support/technical-reference/phage-plasmid-

dna/puc18-pucl9

Gissi, C., Iannelli, F., & Pesole, G., 2008. Evolution of the mitochondrial genome of
Metazoa as exemplified by comparison of congeneric species. Heredity,
101:301-320.

Hansen, M.M., Menserberg, K.D., Rasmussen, G., & Simonsen, V., 1997. Genetic
variation within and among Danish brown trout (Sa/mo trutta L.) hatchery
strains, assessed by PCR-RFLP analysis of mitochondrial DNA segments.
Aquaculture, 153:15-29.

Harikrishnan. R., Balasundaram. C., & Heo. M. S., 2010. Molecular studies, disease

status and prophylactic measures in grouper aquaculture: Economic

importance, disease and immunology. Aquaculture, 309:1-14.

85


http://www.fermentas.com/en/support/technical-reference/phage-plasmid-dna/puc18-puc19
http://www.fermentas.com/en/support/technical-reference/phage-plasmid-dna/puc18-puc19

Heemstra, P. C., & Randall, J. E., 1993b. Grouper of The World, FAO Species

Catalogue. Rome, Fao.

Herbinger, C.M., Doyle, R.W., Oitman, E.R., Paquet, D., Mesa, K.A., Morris, D.B.,
Wright, J.M., & Cook, D., 1995. DNA fingerprint-based analysis of paternal
and maternal effects on offspring growth and survival in communally reared
rainbow trout. Aquaculture, 137:245-256

Hyatt, A.D., Eaton, B.T., Hengstberger, S., & Russel, G., 1991. Epizootic
haematopoietic necrosis virus: detection by ELISA, immunohistochemistry and

immunoelectron-microscopy. Journal of Fish Diseases, 14:605-617.

Ibrahim, O., & Yilmaz, C., 2003. Fish Population Genetics and Molecular Markers: II-
Molecular Markers and Their Applications in Fisheries and Aquaculture.

Turkish Journal of Fisheries and Aquatic Sciences 3: 51-79.

INFOFISH, 1989. Markets for reef fish in Singapore and Hongkong. INFOFISH
International, 1:17-19.

Ilves, K.L., and Taylor, E.B., 2008. Molecular resolution of the systematic of a
problematic group of fishes (7eleostei: Osmeridae) and evidence for
morphological homoplasy. Molecular Phylogenetics and Evolution, 50:163-
178.

Iturra, P., Bagley, M., Vergara, N., Imbert, P., & Medrano, J.F., 2001. Development
and characterization of DNA sequence OMYP9 associated with the sex
chromosomes in rainbow trout. Heredity, 86:412- 419.

Jerry, B. D., Hans, H. S., & Ronald, 0.,1996. DNA Marker Technology: A Revolution in
Animal Genetics. Poultry Science 76:1108-1114.

Karp, G., 2010. Cell Biology. Sixth Edition. John Wiley & Sons, Inc, Singapore.

Koesharyani, 1., Zafran, Yuasa, K., & Hatai, K., 1998. Common Ectoparasites of
Groupers in Indonesia. Book of Abstracts, The Fifth Asian Fisheries Forum,
November 11-14, 1998, Chiang Mai, Thailand, p. 391.

86



Kovacs, B., Egedi, S., Bartfai, R., & Orban, L., 2000. Male-specific DNA markers from
African catfish (Clarias gariepinus). Genetica, 110:267-276.

Ku, C.C., Teng, Y.C.,, Wang, CS. and Lu, C.H., 2009. Establishment and
characterization of three cell lines derived from the rockfish grouper
Epinephelus quoyanus. Use for transgenic studies and cytotoxicity testing.

Aquaculture., (in press).

Lim, L. C., Chao, T. M., & Khoo, L. T., 1990. Observation on the breeding of brown-
marbled grouper, E. fuscoguttatus. Singapore Journal of Primary Industry,
18: 66-84.

Lopera-Barrero, N.M., Povh, J].A., Ribeiro, R.P., Gomes, P.C., Jacometo, C.B. &
Lopes, T.S. 2008. Comparison of DNA extraction protocols of fish fin and
larvae samples: modified salt (NaCl) extraction. Ciencia e Investigacion
Agraria, 35: 65-74.

MacAvoy, E.S., Wood, A.R., & Gardner, J.P.A., 2008. Development and evaluation of
microsatellite marker for identification of individual Greenshell™ mussels
(Perna canaliculus) in a selective breeding programme. Aquaculture, 274:41-
48.

Maggio, T., Andaloro, F., Hemida, F., and Arculeo, M., 2005. A molecular analysis of
some Eastern Atlantic grouper from the Epinephelus and Mycteroperca genus.
Journal of Experimental Marine Biology and Ecology. 321:83-92.

Malo, M. S. and Hussain, Z. 2003. Positive selection vectors for high fidelity PCR
cloning. BioTechnigues, 34(6):1250-1258.

Mokhtar, M. A. A., Baharum, S. N., Noor, N.M., Kumar, S. V. 2011. Characterization

of 10 novel microsatellite loci for the brown marbled grouper, Epinephelus
fuscoguttatus (Serranidae). Genetics and Molecular Research 10(2): 885-888.

87



Mokhtar, M. A. A., Baharum, S. N., Noor, N.M., Kumar, S. V. 2011. Isolation and
identification of microsatellite repeat motifs from the Epinephelus

fuscoguttatus genome. African Journal of Biotechnology, 10(43): 8553-8557.

Murwantoko, Hardayani, C. R., & Pratiwi, R., 2009. Cloning and sequence analysis of
capsid protein gene of iridovirus Indonesian isolates. Indonesian Journal of
Biotechnology, 14(1):1117-1123.

National Centre Biotechnology Information,(nd). U.S National Library of Medicine,

retrieved on November 2, 2011, from, http://www.ncbi.nlm.nih.gov/

Norris, A.T., Bradley, D.G., & Cunningham, E.P., 2000. Parentage and relatedness
determination in farmed Atlantic salmon (Sa/mo salar) using microsatellite

markers. Aquaculture, 182:73-83.

O'Reilly, P.T., Hamilton, L.C., McConnell, S.K., & Wright, J.M., 1996. Rapid analysis of
genetic variation in Atlantic salmon (Sa/mo salar) by PCR multiplexing of
dinucleotide and tetranucleotide microsatellites. Canadian Journal of Fish
Aquatic Science, 53:2292-2298.

Pakingking Jr., R., Bautista, N.B., de Jesus-Ayson, E.G., & Reyes, O., 2010. Protective
immunity against viral nervous necrosis (VNN) in brown-marbled grouper
(Epinephelus  fuscogutattus) following vaccination with inactivated
betanodavirus. Fish Shellfish Immunology, 28:525-533.

Presti, L. R., Lisa, C., & Statisio, D. L., 2009. Molecular genetic in aquaculture-

Review article. Italian Journal of Animal Science, 8(3):299-313.

Peng, Z., Shunping, H., and Yaoguang, Z., 2003. Phylogenetic relationships of
glyptosternoid fishes (Siluformes: Sisoridae) inferred from mitochondrial
cytochrome b gene sequences. Molecular Phylogenetics and Evolution,
31:979-987.

88


http://www.ncbi.nlm.nih.gov/

Pugh T, Fouet O, Risterucci AM, Brottier P, Abouladze M, Deletrez C, Courtois
B, Clement D, Larmande P, N'Goran JA, Lanaud C. 2004. A new cacao linkage
map based on codominant markers: development and integration of 201 new

microsatellite markers. Theoretical and Applied Genetic, 108(6):1151-61.

Qin, Q. W., Shi, C., Karina, Y. H., & Toong, J. L., 2002. Antigenic characterization of a
marine fish iridovirus from grouper, Ephinephelus spp. Journal of Virology
Methods, 106:89-96.

Rahman, M.A., Ronyai, A., Engidaw, B.Z., Jauncey, K., Hwang, G.L., Smith, A.,
Roderick, E., Penman, D., Varadi, L., & Maclean, N., 2001. Growth and
nutritional trials on transgenic Nile tilapia containing an exogenous fish

growth hormone gene. Journal of Fish Biology, 59:62-78.

Ramon, M.L., and Knope, M.L., 2008. Molecular support for marine sculpin ( Cottidae;
Oligocottinae) diversification during the transition from the subtidal to
intertidal habitat in the Northeastern Pacific Ocean. Molecular Phylogenetics
and Evolution, 46:475-483.

Rozen, S., & Skaletsky, H. J., 2000. Primer3 on the WWW for general users and for
biologist programmers. In: Krawetz S, Misener S (Eds) Bioinformatics Methods
and Protocols: Methods in Molecular Biology. Humana Press, Totowa, NJ, pp
365-386.

redOrbit.com., 2008. Brown-marbled Grouper, Retrieved October 23, 2011 from
http://www.redorbit.com/education/reference_library/science_1/fish/2581298

/brownmarbled_grouper/index.html

Sadovy, Y., & Vincent, A. C. J., 2002. Ecologic issues and the trades in live reef
fishes. In: P. F. Sale (Eds), Coral Reef Fishes: Dynamics and Diversity in a
Complex Ecosystem. Elsevier, New York, pp. 391 — 420.

Society for the Conservation of Reef Fish Aggregation (SCRFA). Retrieved October
15, 2011, from http://www.scrfa.org/

89


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pugh%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fouet%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Risterucci%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brottier%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Abouladze%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Deletrez%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Courtois%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Courtois%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Clement%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Larmande%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22N'Goran%20JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lanaud%20C%22%5BAuthor%5D
http://jura.wi.mit.edu/rozen/
http://jura.wi.mit.edu/rozen/papers/rozen-and-skaletsky-2000-primer3.pdf
http://jura.wi.mit.edu/rozen/papers/rozen-and-skaletsky-2000-primer3.pdf
http://www.redorbit.com/education/reference_library/science_1/fish/2581298/brownmarbled_grouper/index.html
http://www.redorbit.com/education/reference_library/science_1/fish/2581298/brownmarbled_grouper/index.html
http://www.scrfa.org/

Strachan, T., & Read, A. P., 1999. Human Molecular Genetic. 2™ Edition. New York:
Wiley-Liss.

Sudaryato, Meyer, T., & Mous, P. J., 2004. Natural spawning of three species of
grouper on floating cages at a pilot broodstock facility at Komodo, Flores,
Indonesia. SPC Live Reef Fish Information Bulletin, 12.

Tessier, N., Bernatchez, L., Presa, P., & Angers, B., 1995. Gene diversity analysis of
mitochondrial DNA, microsatellites and allozymes in landlocked Atlantic
salmon. Journal of Fish Biology, 47(Suppl. A):156-163.

University of Gothenburg, 2009. Risk Involved With Transgenic Fish. ScienceDaily.
Retrieved November 1, 2011, from
http://www.sciencedaily.com/releases/2009/08/090827073250.htm

Wei, J., Xu, D., Zhou, J., Cui, H., Yan, Y., Ouyang, Z., Gong, J., Huang, Y., Huang,
X., & Qin, Q., 2010. Molecular cloning, characterization and expression
analysis of a C-type lectin (Ec-CTL) in orange-spotted grouper, Epinephelus
coloides. Fish Shellfish Immunology, 28:178-186.

Xia, J.H., Feng, L., Zhu, Z2.Y., Fu, 1., Feng, 1.B., Li, J.L., Yue, G.H. 2010. A
consensus linkage map of the grass carp (Ctenopharyngodon idella) based on
microsatellites and SNPs. BMC Genomics, 11:135

Yin, Z.X., He, W., Chen, W.]J., Yan, J.H., Yang, J.N., Chan, S.M., & He, ].G., 2006.
Cloning, expression and antimicrobial activity of an antimicrobial peptide,
epinecidin-1, from the orange-spotted grouper, Epinephelus coioides.
Aquaculture 253:204-211.

Yu, Z., & Guo, X., 2006. Identification and mapping of disease-resistance QTLs in the

eastern oyster, Crassostrea virginica Gmelin. Aquaculture, 254:160-170.

90


http://www.sciencedaily.com/releases/2009/08/090827073250.htm

Zhao, L., Shao, C., Liao, X., Chen, S. 2009. Isolation and characterization of

Zhou,

polymorphic microsatellite loci from a dinucleotide-enriched genomic library of
seven-band grouper (Epinephelus septemfasciatus) and cross-species

amplification. Conservation Genetics, 10:627-629.

Z., Liu, Y., Shi, P.,, He, S., Yao, B., and Ring, E., 2009. Molecular
characterization of the autochthonous microbiota in the gastrointestinal tract
of adult yellow grouper (Epinephelus awoara) cultured in cages. Aquaculture,
286(3):184-189.

91





