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Biotechnology: To speedup aquaculture
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Abstract

Fish farming is the world’s fastest-growing sector of agricultural business. Consumer demand for fish
products is increasing. At the same time, wild fish stocks are rapidly declining, mainly because of over-
fishing. Increased public demands for fish and dwindling natural marine habitats have encouraged
scientists to study ways that biotechnology can increase the production of fish and shellfish. The science
of biotechnology has endowed us with new tools and tremendous power to create novel genes and
genotypes of plants, animals and fish. The application of biotechnology in the fisheries sector is a
relatively recent practice. Nevertheless, it is a promising area to enhance fish production. The increased
application of biotechnological tools can certainly revolutionise our fish farming besides its role in
biodiversity conservation.

Keywords: Aquaculture, biotechnology, fish nutrition, health management

Introduction

At present, aquaculture is playing the game-changing role in world fish production. There is
international recognition that many of natural ocean and freshwater fisheries are being
harvested to their limit. Aquaculture could help to meet increasing demand, and biotechnology
can make a great contribution to improving aquaculture yields. Aquaculture animals are
particularly well suited for research in biotechnology. Remarkable achievements have been
made in the recent past in increasing production of crops, livestock and poultry through
genetic and bio-technological tools. The potential areas of biotechnology in aquaculture
include the use of synthetic hormones in induced breeding, production of monosex,
uniparental and polyploidy population, molecular biology, transgenic fish, gene banking,
improved feeds and health management and development of natural products from marine
organisms [,

Gonadotropin Releasing Hormone (GnRH) is now the best available biotechnological tool for
the induced breeding of fish. The most recent GnRH purified and characterized was by 2 and
[B1. Depending on the structural variant and their biological activities, a number of chemical
analogues have been prepared and one of them is salmon GnRH analogue profusely used now
in fish breeding and marked commercially under the name of “Ovaprim” throughout the world.
In fact, most of the economically important culturable fish in land locked water do not breed
until the hormone induces them. The induced breeding of fish is now successfully achieved by
the development of GnRH technology.

Chromosome sex manipulation techniques to induce polyploidy (triploidy and tetraploidy) and
uniparental chromosome inheritance (gynogenesis and androgenesis) have been applied
extensively in cultured fish species [* %1, These techniques are important in the improvement of
fish breeding as they provide a rapid approach for gonadal sterilization, sex control,
improvement of hybrid viability and clonation.

Transgenesis or transgenics may be defined as the introduction of exogenous gene/DNA into
host genome resulting in its stable maintenance, transmission and expression. The technology
offers an excellent opportunity for modifying or improving the genetic traits of commercially
important fishes, mollusks and crustaceans for aquaculture. The idea of producing transgenic
animals became popular when Palmitter et al. [ first produced transgenic mouse by
introducing metallothione- in human growth hormone fusion gene (mT-hGH) into mouse egg,
resulting in dramatic increase in growth.

The cost of feed ingredients and other inputs are increasing, while market costs for the major
cultivable finfish and shellfish species have remained static or are decreasing. It is, therefore,
likely that increased aquaculture production will be from herbivorous/omnivorous fishes in
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developing countries of Asia and other parts of the world.
Aquaculturist can reduce the current dependence on the
natural marine resource to farm carnivorous finfish and
shellfish through the use of the low cost, locally available,
alternative feed ingredients /1. The use of biotechnologically
improved products and appropriate use of locally available
feed ingredients in semi-intensive aquaculture is still needed.
Advancement of fish nutrition relies on developing feeding
strategies based on renewable feed ingredients and employing
biotechnological techniques especially the use of microbes
and/or heat-stable microbial enzymes €.

The process of disease in aquaculture species is thus much
more strongly connected to environmental factors that would
be the case say, with cattle. A further biotechnology field that
has developed in aquaculture, because of the nature of this
relationship, is that of bio-remediation. This refers to the use
of friendly bacteria or ‘probiotics’ to treat water or feeds and
by natural processes, discourages the development of
‘unfriendly’ bacteria that potentially would cause disease [9].
Researchers are seeking to improve the genetic traits of the
fish used in aquaculture by using different transgenic
techniques. Researchers are trying to develop fish which are
larger and grow faster, more efficient in converting their feed
into muscle, resistant to disease, tolerant of low oxygen levels
in the water and tolerant to freezing temperatures. However,
limited growth rate and excessive reproduction resulting in
fish that are small and variable in size, still pose a
considerable constraint to the exploitation of Tilapia in
developing countries. Transgenic techniques offer the means
of producing immediate large quantum changes in
performance, for example in growth rate, that far exceed those
attainable with other approaches [0 11,

Genetic biotechnologies are being used to improve fish health
through conventional selection for disease resistance and
through the use of molecular investigation of pathogens for
characterization and diagnosis. DNA-based technologies are
being used now to characterize different species and strains of
pathogens. Genetic characterization of the pathogen may also
reveal information about its origin e.g. DNA analysis revealed
two strains of crayfish plague fungus in Sweden, one from the
local species and one originating in Turkey 22,

The vaccines and immunostimulants can be administered via
additives in feeds, immersion or in the case of the larger
culture animals like fish, by injection. Genetically engineered
vaccines are also being developed to protect fish against
pathogens. Genetically applied immunization of rainbow trout
with a glycoprotein gene from the virus causing viral
hemorrhagic septicemia has recently been shown to induce
high levels of protection against the virus.

The technology of cryopreservation of fish spermatozoa (milt)
has been adopted from animal husbandry. The first success in
preserving fish sperm at low temperature was reported by
Blaxter (1953) who fertilized herring (Clupea harengus) eggs
with frozen-thawed semen. The spermatozoa of almost all
cultivable fish species have now been cryopreserved [,
Cryopreservation overcomes the problem of males maturing
before females, allows selective breeding and stock
improvement and enables the conservation of genomes 4],
The application of biotechnology in aquaculture is making
significant contributions. However, it should be used as
adjuncts to and not as substitutes for conventional
technologies in solving problems. Its application should be
need-driven rather than technology driven; though it is a
promising area to enhance fish production. The increased

application of biotechnological tools can certainly
revolutionize aquaculture. Such a strategy would not only
reduce the importation of foreign fish and aquaculture
products into the country, but the foreign earnings can also be
used to build the nations degrading infrastructure and provide
all citizens with basic amenities.
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