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Abstract

INTRODUCTION

Aguaculture, or the farming of aquatic animal and plants species, represents one of the
fastest-growing food production sectors. Aquaculture also plays an important role in rural
economies through the creation of new employments. In these cases, aquaculture outputs
will need to be enhanced several folds in order to meet the rising demands for fish and other
aquatic products in coming years. Aquaculture is not also left out in the application of
biotechnological approaches. The aquaculture industry is currently faced with solving the
simultaneous problems of developing economically viable production systems, reducing the
impact on the environment and improving public perception. Aquaculture could help to
meet increasing demand, and biotechnology can make a great contribution to improve
aquaculture vyields. Biotechnology is offering valuable applications and all of these
applications could help improve the selective breeding, hybridization, productivity, health,
growth, nutrition, cryopreservation and conservation of genetic resources in aqua cultural
stocks for the benefit of human beings. However, there is need for the regulation of
biotechnology activities in terms of the potential adverse impacts on the environment and
human health. Therefore, based on published literature. this review discussed the
importance of biotechnology in aquaculture, and the environmentally sound use and
management of aqua cultural biotechnology in sustainable development of fisheries.
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addressing these aqua cultural problems. The

Aquaculture is the fastest growing food sector in the
world with its increasing role in the economic
development and safe food strategy of countries.
Recently aquaculture sector is faced with several
challenges such as low productivity, low
diversification of species, high competition in the
market and environmental impacts that have
resulted from the intensification and global
development of aquaculture industry. Biotechnology
is one tool that holds much promise towards

relatively new tools of biotechnology offer significant
opportunities to improve aqua cultural productivity
and environmental quality worldwide. Today
biotechnology has developed creative new methods
to detect the gene liable for specific characteristics,
such as disease resistance, nutrient composition, and
insert them into another fish or aquatic organism
(Fletcher et al.,2011). Genetic modification and
biotechnology also hold tremendous potential to
improve the quality and quantity of fish reared in
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aquaculture. Successful development and
application of biotechnology are possible only when
a broad research and knowledge base in the biology,
variation, breeding, agronomy, physiology,
pathology, biochemistry and genetics of the
manipulated organism exists. Benefits offered by the
new technologies cannot be fulfilled without a
continued commitment to basic research.
Biotechnological programmes must be fully
integrated into a research background and cannot be
taken out of context if they are to succeed. The
potential area of biotechnology in

aquaculture include the use of synthetic hormones in
induced breeding, transgenic fish, gene banking,
uniparental and polyploidy population and health

management.

Concept of sustainable development in aquaculture
The Rio declaration of 1992 clarified that
governments have a global responsibility for

resolving conflicts over the environment in ways that
protect the interest of humanity and nature. One
good example of international obligations that has
included the concept is the Convention of
Biodiversity (CBD). With regard to aquaculture,
recommendations for employment of sustainability
can be found in the Holmen kollen guidelines for
sustainable aquaculture (1999), in the Norwegian
ministry of fisheries and costal affairs strategy for an
environmental sustainable seafood industry (2009),
and in the EU communication; A strategy for the
sustainable development of European aquaculture
(2002). The main contested values and practices of
sustainable development are what values are
important within sustainable development and how
to set priorities between them, and how to achieve
maintenance and preservation of nature and
biodiversity versus a just society and economic
development (Kamara et al., 2006). A conceptual
framework for sustainable aquaculture has been
presented from three perspectives: environmental,
economic and sociological (Caffey et al., 1998). This
implies that introduction of modern biotechnology
must be explored both with regard to the adequacy
of present approaches and with regard to the
problem-solving nature of the new technology.
Hence, sustainable development requires a renewed
focus on stakeholders and their needs; it demands
clearer understanding of stakeholder’s perspectives
and public concerns as well as attention to issues of
institutional structure and representation in
decision-making processes (Anne Ingeborg Myhr et
al.,, 2011).

Genetically modified species (Transgenics)

The first transgenic fish was produced Zhu et al.
(1985) in China, who claimed the transient
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expression n putative transgenics, although they
gave no molecular evidence for the integration of the
transgene. The technique has now seen successfully
applied to a number of fish species. Transgenics
involves the selective transfer of one or more genes
for desired traits from one variety to another. These
traits may include improvement of growth rates,
larger size, more efficient feed conversion into
muscle and control of sexual maturation (Elzaeems,
2004). Growth hormone genes from human or
animal sources was successfully introduced into
several fish species such as salmon, trout and tilapia,
resulted several times faster growth than their
natural counterparts. This is a faster and more
accurate method of breeding new varieties. If
desired traits cannot be achieved by traditional
breeding, the transfer of genes between species also
is possible. For example, better tolerance to
environmental stresses and increasing of resistance
to extreme environments are important applications
to establish unique characteristics and produce a
valuable biological product such as antifreeze
protein gene (AFP) transfer in fish for adaptation to
a freezing environment (Hew et al., 1992).
Intensification and sustainable development of
aquaculture will rely on disease prevention, and
therefore, biotechnology is essential way for greater
resistance to pathogens and improvement of farmed
species health through selection for disease
resistance (El-Zaeem and Aseem, 2004). Also, by
using this technique disease transfer between
cultured and wild populations can be reduced. The
most promising tool for the future of transgenic fish
production is undoubtedly in the development of the
embryonic stem cell (ESC) technology. There cells are
undifferentiated and remain totipotent so they can
be manipulated in vitro and subsequently
reintroduce into early embryos where they can
contribute to the germ line of the host. This would
facilitate the genes to be stably introduced or
deleted (Melamed et al., 2002).

Nucleocytoplasmic Hybrids

A variant of transgenic technique is the production of
nucleocytoplasmic hybrids. Again, it has been
possible to produce a hybrid fish by transferring the
nucleus of the crucian carp, Carassius auratus into
the egg cytoplasm of the carp, Cyprinus carpio; about
1% of the progeny survived and was found to grow
faster than the parental species (Shaoji et al., 1984).
Polyploidy in fishes

The polyploid state refers to individuals with extra
sets of chromosomes. The normal and most common
chromosome complement is two sets (diploid).
Polyploidy is lethal in mammals and birds, but has led
to the development of many useful, improved plant
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varieties, including domestic wheat (Strickberger,
1985). Triploid fish are viable and are usually sterile,
which is a result of lack of gonadal development
(Chourrout et al., 1986). Culture of triploid fish can
be advantageous for several reasons. The potential
of increased growth (Chourrout et al., 1986),
increased carcass yield, increased survival and
increased flesh quality are the main culture
advantages (Dunham, 1996). At the onset of sexual
maturity, reduced or inhibited gonadal development
may allow energy normally used in reproductive
processes to be used for growth of somatic tissue
(Wolters et al., 1982). The sterility of triploids would
be desirable for species such as tilapia, where excess
reproduction may occur in production ponds
(Shelton and Jensen, 1979). Use of sterile triploids
can prevent the permanent establishment of exotic
species in otherwise restricted geographical
locations (Shelton and Jensen, 1979). Induction of
triploid in interspecific hybrids can prevent the
backcrossing of hybrids with parental species (Curtis
et al., 1987), and also allows viability in some
unviable diploid hybrids (Allen and Stanley, 1981).
Other potential uses include supplemental stocking
of natural populations without compromising the
genetic integrity of the resident population,
disruption of reproduction in nuisance species and
sterilization of transgenic fish, all mechanisms for
reducing environmental risk and applying genetic
conservation.

Biotechnology and Fish Breeding

Gonadotrophin releasing hormone (GnRH )is the key
regulator and central initiator of reproductive
cascade in all vertebrates (Bhattacharya et
al.,2002).I1t is a decapeptide and was first isolated
from pig and ship hypothalami with the ability to
induce pituitary release of luteinising hormone (LH)
and follicle stimulating hormone (FSH) . Since then
only one form of GnRH has been identified in most
placental mammals including human beings as the
sole neuropeptide causing the release of LH and FSH.
However, in non mammalian species (except guinea
pig) twelve GnRH variants have now been
structurally elucidated, among them seven or eight
different forms have been isolated from fish species.
The most recent GnRH purified and characterized
was by Carolsfeld et al. (2000). Salmon GnRH
analogue profusely used now in fish breeding and
marked commercially under the name of oovaprimo
throughout the world. The induced breeding of fish
is now successfully achieved by development of
GnRH technology.

Disease control

Disease outbreaks are a serious constraint to the
development of intensive aquaculture systems and
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can have a major impact on production due to
mortality and decreased growth. It has been
recognized that disease is the most significant factor
impacting the intensive production of shrimp,
salmon, carp and tilapia, with losses of 10 — 90
percent of total production (Peinado Guevara and
Lépez-Meyer, 2006). Although many aquatic animal
pathogens are well studied, unlike in terrestrial
animals, the spread of pathogens is easy through
water, and control is difficult due to high density
culture in fluid environment. Disease occurs in all
systems, from extensive to intensive, although heavy
losses are always possible in intensive production
systems (Bondad-Reantaso, et al., 2005). Here
biotechnological tools can be a valuable part of
management approaches. Their scope of application
is broad — they can be used as sensors in the
production environment, for waste management
(through controlled microbial technologies), and for
disease detection and control (molecular methods).
Traditionally, disease control is often carried out only
after mortality has been observed. In the past, the
diagnosis of fish diseases has been achieved
primarily  using  histopathological methods,
supported by parasitological, bacteriological and
viral studies based on necropsy and in vitro cell
culture. These are well-proven techniques; however,
they require a high level of expertise and are often
quite time-consuming, not being susceptible to
automation. For these reasons, although expert
training is required, polymerase chain reaction (PCR)
technology has become an important tool for
pathogen assessment in developing countries.

Biodiversity conservation and fisheries
management

Good fisheries management requires effective
conservation measures, which require better

understanding of the population structure of the
fishery. One of the most important population
parameters for assessing the fate of a population is
the effective population size (Ne). Ne determines the
amount of genetic variation, genetic drift and linkage
disequilibrium in populations and can be calculated
as half the reciprocal of the rate of inbreeding
(Tenesa et al., 2007). Due to differences in the
biological and environmental factors affecting the
survival of individual families, many species show a
relatively large variance in family size, further
decreasing the Ne (Falconer and McKay, 1996).
Fisheries resource managers have focused on the
actual number of individuals in a population (census
numbers) (Grant, 2007), which may be many times
higher than the effective population size (Primmer,
2006). Therefore, it is difficult or even impossible in
some cases to infer the effective population size
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using the census number. Inadequate procedures for
stock enhancement can yield a very small effective
population size due to the high prolificacy of fish and
shellfish species. Thus, a very small number of
breeders could be used for restocking purposes, and
bottlenecks can affect the fitness of the population
in future generations. A range of biotechnology-
based approaches are being used to conserve wild
fish populations, such as the use of molecular
markers: to estimate Ne in wild populations; to study
gene flow between farmed and wild fish populations;
and to monitor and understand changes in wild fish
population sizes (Hansen, 2008).

Cryopreservation

Cryopreservation is a process where biological
material is long-term preserved by cooling to low
temperatures usually at -196 °C in liquid nitrogen. As
any physiological activities and biochemical reactions
is tranquilized and effectively stopped at these low
temperatures, therefore making it possible to keep
them viable for long period. The development of
cryopreservation technology provides short- and
long-term storage of gametes, and thus the
technology has been adapted to cryopreservation of
fish spermatozoa. Application of the method to
aquaculture increases the flexibility in breeding of
species; specifically, if the sexes mature at different
times (in hybridization) or spawning season is very
short. Cryopreservation overcomes problems of low
amount of semen from males in photoperiod
treatment. The resulting benefits could include year-
round production of gametes and creation of new
markets (cryopreservation of genetically improved or
phenotypic sperm). Gene banking of cultivated and
wild aquatic organisms is also essential, and the
technique may help to conserve genetic resources
and biodiversity.

Vaccines

Vaccination is the action in which a host organism is
exposed to organic (biological) molecules that allow
the host to mount a specific immune reaction
through which it has a better capability to fight
subsequent infections of a specific pathogen
compared with genetically similar non-vaccinated
hosts. It has also been shown to be cost-effective and
has led to the reduction in use of antibiotics. A wide
range of commercial vaccines is available against
bacterial and viral pathogens and many new vaccines
are under development. Most target salmon and
trout, and there are expanding opportunities for
marine fish (Thompson and Adams, 2004). The most
straightforward approach is to culture the pathogen
after it has been inactivated and presented to the
host. So far, vaccines containing more than ten
bacterial pathogens and five viral pathogens have
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been produced based on such inactivated antigens
(Sommerset et al., 2005). Alternatively, the pathogen
is not inactivated but chemically or genetically
weakened so as to survive only for a limited period in
the host, where it induces a specific immune
response without causing disease and mortality.
Such vaccines are generally described as “live”
vaccines, and there is concern that the attenuated
strain may back-mutate and revert to the virulent
wild type (Benmansour and de Kinkelin, 1997). The
use of vaccines provides good immune prophylaxis
for some of most important infectious diseases of
finfish. In developed countries, their use has proved
very effective at decreasing the unsustainable use of
antibiotics. Commercial vaccines using inactivated
bacterial pathogens are available for some species:
channel catfish, European seabass and seabream,
Japanese amberjack and yellowtail, tilapia, Atlantic
cod, salmon and trout (Ingunn et al., 2005).

CONCLUSION

The use of successful and effective biotechnologies
in aquaculture is very much confined to genetic
manipulations and improvements and to health
management. Most biotechnological interventions
have been developed for improved production and
the better management of aquaculture. Most have
been targeted towards high-value commercial
aquaculture species generally produced for
international markets. Although many small-scale
farmers are producing for export markets, the
significant uptake of many biotechnological
interventions and innovations has generally been
restricted to commercial or industrial aquaculture
operations. To eliminate uncertainties and
vulnerabilities in the risks, governmental support is
the essential element in enhancing aquaculture
development without any environmental impact.
Moreover, biotechnology has raised important
ethical and morality issues which need to be carefully
addressed before its application to aquaculture. In
conclusion biotechnology is an important key for
aquaculture.

REFERENCES

1 Anne Ingeborg Myhr, G. Kristin Rosendal and Ingrid
Olesen (2011). New Developments in Biotechnology
and IPR in Aquaculture — Are They Sustainable?
Aquacul. http://munin.uit.no.

2 Allen, S.K. Jr and J.G.Stanley (1981b). Polyploidy and
gynogenesis in the culture of fish and shellfish.
International Council for the Exploration of the Sea.
Cooperative Research Report Series B 28: 1-18.

3. Battacharya s., Dasgupta,S, Datta,M ,and Basu, D,
2002 Biotechnology input in fish breeding .Indian
journal of biotechnology,1:29-38.

International Journal of Pharmacy and Biological Sciences

Sreeya G. Nair and R. Radha| 1380
www.ijpbs.com or www.ijpbsonline.com



http://www.ijpbs.com/
http://www.ijpbsonline.com/

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

14

Benmansour, A. & de Kinkelin, P. 1997. Live Fish
Vaccines: History and Perspectives. Gudding, A.
Lillehaug, P.J. Midtlyng, & F. Brown, eds Fish
Vaccinol. Dev. Biol. Stand. pp. 279-289. Basel,
Karger.

Bondad-Reantaso, M.G., Subasinghe, R.P., Arthur,
J.R., Ogawa, K., Chinabut, S., Adlard, R., Tan, Z. &
Shariff, M. 2005. Disease and health management in
Asian aquaculture. Vet. Parasitol. 132, 249-272.
Caffey, R.H., Kazmierczak, R.F., Romaire, R.P and J.W.
Avault  (1998). Indicators  of  aquaculture
sustainability: a Delphi survey, Book of Abstracts of
the international triennial conference and exposition
of the World Aquaculture Society, the National
Shellfisheries Association and the Fish Culture
Section of the American Fisheries Society, pp.91, Las
Vegas, USA, 1998.

Carolsfeld J, Powell, J.k, Park,M Fisher. W, H Craig
A.G, Chang, J.P. River, J,E and Sherwood N.M, 2000/
Primary structure and function of three
gonadotropin releasing hormone. Endocrinology,
141: 505-512.

Chourrout, D.R., Guyomard and |. Houdenbine
(1986). High efficiency gene transfer in rainbow trout
Salmo gairdneri (Rich.) by micro injection into egg
cytoplasm. Aquacul. 51:143-150.

Dunham, R.A (1996). Contribution of genetically
improved aquatic organisms to global food security.
In: International Conference on Sustainable
Contribution of Fisheries to Food Security.
Government of Japan and FAO, Rome, Italy, 50 pp.
El-zaeems, S.Y. 2004. Alteration of the productive
performance characteristics of Orechromis niloticus
and Tilapia Zillii under the effect of foreign DNA
injection. Egypt J. Aquat. Boil. Fish. 8(1): 261-278.
El-Zaeem, S.Y., Aseem, S.S. 2004. Application of
biotechnology in fish breeding: 1

—production of highly immune genetically modified
Nile, tilapia Orechromis niloticus with accelerated
growth by direct injection of Shark.

Falconer, D.S. & Mackay, T.F.C. 1996. Introduction to
quantitative genetics, 4th edition. Harrow, Essex,
U.K, Longman.

Fletcher, G. L., Hobbs, R. S., Evans, R. P., Shears, M.
A., Hahn, A. L, Hew, C. L. (2011). Lysozyme
transgenic Atlantic salmon (Salmo salar L.).
Aquaculture Research, 42: 427-440.

Grant, W.S. 2007. Status and trends in genetic
resources of capture fisheries. In D.M. Bartley, B.J.
Harvey & R.S.V. Pullin, eds. Workshop on Status and
Trends in Aquatic Genetic Resources. A basis for
international policy. Rome, FAO.

Hansen, M.M. 2008. The use of molecular markers for
preserving genetic resources in wipopulations.
Presentation at ‘Biotechnology as a toolbox to study
and monitor agricultural gene resources. FAO side
event for the 13th meeting of the Subsidiary Body on
Scientific, Technical and Technological Advice
(SBSTTA) of the Convention on Biological Diversity,
22 February 2008. Rome, FAO headquarters.
www.fao.org/biotech/docs/hansen.htm.

17.

24

Int J Pharm Biol Sci.

Hew CL, Davies PL, Fletcher G. 1992. Antifreeze
protein gene transfer in Atlantic salmon. Mol Mar
Biol Biotechnol. 1(4-5):309-17.

Ingunn, S., Bjorn, K., Eirik, B. & Petter, F. 2005. Expert
Review of Vaccines, Volume 4, Number 1, February
2005, pp. 89-101 (13).

Kamara, M., C. Coff and B. Wynne (2006). GMOs and
Sustainability: Contested visions, routes and drivers.
Report prepared for the Danish Council of Ethics,
Copenhagen.

Melamed, P., G. Zhiyuan, G. Fletcher and C. L. Hew.,
2002. The potential impact of modern biotechnology
on fish aquaculture. Aquaculture 204: 255-269.
Peinado—Guevara L.I. & Ldépez—Meyer, M. 2006.
Detailed monitoring of white spot syndrom virus
(WSSV) in shrimp commercial ponds in Sinaloa,
Mexico by nested PCR. Aquaculture 2 33-45.
Primmer, C. 2006. Genetic ¢ making in fish. In J.
Ruane & A. Sonnino, eds. The role of biotechnology
in exploring and protecting agricultural genetic
resources. Rome, FAO.

.Shaoji, Y., L. Dey, L. Litang, J. Guangain, W.Hong,
Y.Yongauain, X. Daquam, Liu Aizhu, Z. Zhu, Y. Yongian
and Chen Hongsu (1984). Nuclear transplantation in
Teleosts, Sci Sin, 27:1029-1033.

Shelton, W.L and G.L. Jensen (1979). Production of
Reproductively Limited Grass Carp for Biological
Control of Aquatic Weeds. Bulletin No. 39, Water
Resources Research Institute, Auburn University,
Auburn, Alabama.

Sommerset, |., Krossoy, B., Biering, E. & Frost, P.
2005. Vaccines for fish in aquaculture. Future Drugs,
Expert Review of Vaccines 4:89-101.

Strickberger, M.W (1985). Genetics. Macmillan, New
York, 405 pp.

Tenesa, A., Navarro, P., Hayes, B.J., Duffy, D.L.,
Clarke, G.M., Goddard, M.E., Visscher, P.M. 2007.
Recent human effective population size estimated
from linkage disequilibrium. Genome Research
17:520-526.

Thompson, K.D. & Adams, A. 2004. Current Trends in
Immunotherapy and Vaccine Development for
Bacterial Diseases of Fish. /n Leung Ka Yin, (ed). M
and Marine Biology — Vol. 3 Current trends in the
study of bacterial and viral fish and shrimp diseases.
Chapter 13.

Wolters, W., R.C.L. Chrisman and G.S. Libey (1981a)
Induction of triploidy in channel catfish. Transactions
of the American Fisheries Society 110: 310-312.
Zhu, Z., G,Li,L.Je and Chen ,S., 1985.Novel gene
transfer into the fertilized egg of goldfish (Carassiius
auratus),Z.Angrw.Ichthyol,1:32-34.

International Journal of Pharmacy and Biological Sciences

Sreeya G. Nairand R. Radha| 1381
www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

