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Introduction 
 

According to United Nations Food and 

Agriculture Organization (FAO) (2014), 

―Global fish production continues to outpace 

world population growth, and aquaculture 

remains one of the fastest-growing food 

producing sectors it appears unlikely that the 

increasing demand can be met through 

increased natural harvest. 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 improve aquaculture yields. If responsibly 

developed and practiced, aquaculture can 

generate lasting benefits for global food 

security and economic growth‖ (Food and 

Agriculture). The future of fish and 

aquaculture potentials has been the subject of 

extensive discussion (Naylor et al., 2000, 

Pauly et al., 2002). 
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The role of aquaculture in increasing fish production is well recognized today. The 

contribution of aquaculture to global food production and security has been widely 

acknowledged since the start of the 21st century. Global aquaculture production 

has increased continuously over the last five decades, and particularly in India, 

aquaculture has become one of the fastest growing and most efficient agri-sector. 

Biotechnology can currently be considered of importance in aquaculture. The 

increase in the production of aquatic organisms over the last two decades through 

the use of biotechnology indicates that in a few generations biotechnology may 

overtake conventional techniques, at least for the commercially more valuable 

species. At present, the most commonly used methods in fish biotechnology are 

the use of synthetic hormones in fish breeding, production of monosex, 

uniparental and polyploid individuals which can be used to produce triploid, 

tetraploid, haploid, gynogenetic and androgenetic fish, molecular biology and 

transgenesis, biotechnology in aquaculture nutrition and health management, gene 

banking are chromosome manipulation and hormonal treatments. 
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Advances in biotechnology over the past 

several decades have provided the tools 

necessary for artificial manipulation of genes 

and chromosomes in living organisms. The 

creation of transgenic fish and shellfish is a 

topic of great interest in aquaculture research 

due to the potential improvements in 

production that this technology can offer 

(Zbikowska, 2003; Dunham, 2004). Major 

areas of transgenic research in fish include 

use of growth hormones (GHs) to increase 

growth and feed conversion efficiency; use of 

antifreeze proteins (AFPs) for enhanced cold 

tolerance and freeze resistance; use of 

antimicrobial peptides for increased disease 

resistance; use of metabolic genes to promote 

low-cost, land based diets; and genetic 

methods for inducing sterility. In addition to 

transgenic research, advances in chromosome 

manipulation (polyploidy) also show potential 

for improving production in the aquaculture 

industry, particularly in the case of shellfish. 

Uses of polyploidy in aquaculture can resultin 

sterility, along with enhanced growth and 

survival rates and increased quality of final 

products. The development of improved fish 

seed stocks that can contribute to increased 

fish production is seen as one of the key 

solutions to meeting the future food demands 

of the growing world population (Hammed). 

Biotechnology has opened a new window for 

development of genetic resources in 

aquaculture. Genetic technologies can be 

utilized in aquaculture for a variety of 

reasons, not just to improve production but 

also marketability, cultivability and the 

conservation of natural resources (Moses et 

al., 2005). 

 

Biotechnology techniques in fish breeding  

 

Since the early 1980s, research in aquaculture 

and fisheries genetic biotechnology has 

steadily grown, and now research in this area 

is extremely active. The main vision of 

aquaculture biotechnology is to achieve 

improvements of aquaculture stock, 

preservation of genetic resources, disease 

diagnosis, and control of microbial/microalgal 

genetic engineering (Nwokwa, 2012). In 

broad terms, biotechnology can be defined as 

any technological application that uses 

biological systems, living organisms or 

derivatives thereof, to make or modify 

products or processes for specific use 

(Wikipedia, 2018). Biotechnology has the 

potential to enhance reproduction and the 

early developmental success of culture 

organism. 

 

Chromosome manipulation 

 

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 

(Pandian and Koteeswaran, 1998; Lakra and 

Das, 1998). 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. 

 

Triploidy 

 

Induced triploidy is widely accepted as the 

most effective method for producing sterile 

fish for aquaculture and fisheries management 

(Lakran and Ayyappan, 2003). Inducing 

triploidy is the only practical means in which 

to sterilize large numbers of fish without 

using of potentially harmful chemicals or 

radiation (Benfey, 1989). It is through the 

triploidization technique that sterilization can 

be achieved by administration of an 

environment shock shortly post fertilization 

(Kizak et al., 2013). Culture of triploid fish 

can be advantageous for several reasons. The 

potential of increased growth, increased 

carcass yield, increased survival and 

increased flesh quality are the main culture 
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advantages. Triploids would reach a larger 

size than diploids because of their larger cell 

size (Dunham, 2004). (Taniguchi et al., 

1986)reported increased growth rate in 

triploid fish compared to their normal diploid 

siblings. This increased growth rate can be a 

result of lack of sexual development since the 

growth rate of fish slows as they approach 

sexual maturity or increased cell size. 

Therefore, degradations due to sexual 

maturation are overcome by triploidy 

technique (Piferrer et al., 2009). 

 

Methods of triploidy induction include: 

temperature shock (hot or cold), hydrostatic 

pressure shock, chemicals (such as colchicine, 

cytochalasin-B or nitrous oxide), and the 

crossing of tetraploids with diploids. 

 

Tetraploidy 

 

Tetraploids have a balanced set of 

chromosomes, which can result in viability 

and fertility. Tetraploidy in fish is commonly 

produced by disrupting the first cleavage with 

thermal or hydrostatic pressure shocks in eggs 

fertilized with normal sperm. Viable 

tetraploids have been produced by these 

methods in a number of fish species (Pandian 

et al., 1998). Tetraploid breeding lines are of 

potential benefit to aquaculture by providing a 

convenient way to produce large numbers of 

sterile triploid fish through simple crosses 

between tetraploids and diploids (Guo et al., 

1996). The success of treatments to induce 

polyploidy depends on the time of initiation 

of the shock, the magnitude of the shock, 

duration of the shock, genetics and quality of 

the gametes 

 

Sex control 

 

The use of sex control techniques to influence 

characteristics of economically desirable 

teleost species is becoming an important 

management tool to increase aquaculture 

production. Techniques that allow production 

of monosex population by sex manipulation 

are potentially useful in species where one sex 

is more useful than the other. There are 

basically two ways of sex manipulation i.e. 

hormonal and genetic.  

 

Hormonal sex reversal 

 

The production of single sex groups of fish 

can be accomplished by manipulation of the 

developing gametes and embryo (FAO, 

2014). The principle behind this method lies 

on the fact that at the stage when the fish 

larvae are said to be sexually undifferentiated 

(right after hatching up to about 2 weeks or up 

to the swim-up stage), the extent of the 

androgen (male hormone) and the oestrogen 

(female hormone) pre-sent in a fish is equal 

(Fuentes et al., 2013). The artificial elevation 

of the appropriate sex hormone is sufficient to 

overcome the natural hormone or gene 

product during the period of sexual 

differentiation and to dictate the sex of the 

individual (Dunham, 2004). 

 

Hybridization 

 

Increased heterozygosity from hybridization 

has resulted in improved growth and other 

desirable characters such as developmental 

compatibility, food conversion efficiency, and 

oxygen metabolism in a variety of species 

(Danzmann et al., 1985).  

 

Hybridization attempts to produce fish that 

combines valuables traits from more than one 

species or high heterosis (hybrid vigour) 

(Aluko, 1993). Hybridization is aimed to 

evolve a hybrid or strain of superior quality 

than the parent species. In Nigeria, Clarias 

gariepinus and Heterobranchus bidorsalis 

have been crossed to produce a sterile hybrid 

which possessed the hardiness of Clarias and 

the fast growth of Heterobranchus. 
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Induced breeding 

 

Artificial propagation methods constitute a 

major practicable means of providing enough 

quality seed for rearing in confined enclosure 

such a fish ponds, reservoirs and lakes (Charo 

and Oirere, 2000). Fish culture today is hardly 

possible without the artificial propagation of 

fish seeds of preferred cultivable fish species. 

Apart from being able to obtain quality seed, 

the artificial propagation technique can also 

be used to develop strains superior to their 

ancestors by the methods of selective 

breeding and hybridization (Akankali et al., 

2011). 

 

The induced breeding of fish is now 

successfully achieved by the development of 

Gonadotropin releasing hormone (GnRH) 

technology (Lakran and Ayyappan, 2003). 

GnRH is the key regulator and central 

initiator of reproductive cascade in all 

vertebrates (Bhattacharya et al., 2002). It is a 

decapeptide with the ability to induce 

pituitary release of luteinising hormone (LH) 

and follicle stimulating hormone (FSH) 

(Schally, 1973). 

 

Molecular markers 

 

Recent advances in molecular biology have 

provided unlimited number of genetic 

markers which have multiple application in 

aquaculture and fisheries (Lakra, 2001). 

Molecular genetics approaches began to be 

used in fisheries in the 1950s. Their use in 

aquaculture and fisheries has increased 

dramatically over the past few years. The 

genetic identification of aquaculture stocks is 

a fundamental requirement in any culture 

programme. Mitochondrial DNA has 

provided a wealth of genetic markers to 

answer questions on the phylogeny, evolution 

and population structure of fishes. Genetic 

markers can be used to identify individuals 

and family groups so that they can be reared 

together thus simplifying experimental 

designs. One very powerful application of the 

new DNA based technologies is to identify 

marker loci which are associated with nuclear 

loci that control economically important traits 

(quantitative trait loci or QTLs). Once such 

markers have been identified they can be used 

in selection programmes. An approach 

towards his marker assisted selection (MAS) 

in fish has been made in rainbow trout by 

Herbinger et al., (1995). 

 

Uniparental fish production 

 

The production of fish with uniparental 

genetic material is also becoming common in 

biotechnology. This system operates on the 

same principle as monosex culture where the 

traits of one parent are preferred over the 

other parent’s. 

 

Androgenesis 

 

Androgenesis is the process by which a 

progeny is produced by the male parent with 

no genetic contribution from female. 

Induction of androgenesis can produce all-

male population in fish which would have 

commercial application in aquaculture. It 

involves two steps: the first treatment is the 

deactivation of the female genome by UV or 

gamma rays. Egg activation with untreated 

spermatozoa then requires diploidization of 

the haploid zygote by some form of shock to 

interrupt the first mitotic division (Shelton, 

2000). Otherwise, a diploid sperm - the gonad 

product of a tetraploid male – is needed to 

fertilise the irradiated egg and produce diploid 

embryos without further treatment 

(Beaumont, 2010). 

 

Gynogenesis 

 

Gynogenesis is the process of animal 

development with exclusive maternal 

inheritance. Gynogenesis involves the 
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parthenogenetic development of an egg or the 

stimulation of an egg by a genetically inactive 

spermatozoon. All-female inheritance is 

accomplished by activating cell division with 

irradiated sperm and then restoring diploidy 

to the developing zygote (Aluko, 1993). 

Retention of the polar body is accomplished 

with temperature shocks or pressure 

treatments.  

 

Transgenesis 

 

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 Palmiter et al., 

(1982) first produced transgenic mouse by 

introducing metallothione- in human growth 

hormone fusion gene (mT-hGH) into mouse 

egg, resulting in dramatic increase in growth. 

This triggered a series of attempts on gene 

transfer in economically important animals 

including fish. 

 

A foreign gene can be transferred into fish in 

vivo by introducing DNA either into embryos 

or directly into somatic tissues of adults 

(Hew, 1995). Direct delivery of DNA into 

fish tissues is a simple approach, providing 

fast results and eliminating the need for 

screening transgenic individuals and selecting 

germ line carriers. Gene transfer and 

expression following intramuscular direct 

injection of foreign DNA into skeletal 

muscles of fish has been achieved (El-Zaeem, 

2004).  

 

Although significant progress has been made 

in several laboratories around the world, there 

are numerous problems to be resolved before 

the successful commercialization of the 

transgenic brood stock for aquaculture. To 

realize the full potential of the transgenic fish 

technology in aquaculture, several important 

scientific break-through are required. These 

include i) more efficient technologies for 

mass gene transfer ii) targeted gene transfer 

technologies such as embryonic stem cell 

gene transfer iii) suitable promoters to direct 

the expression of transgenes at optimal levels 

during the desired developmental stages iv) 

identified genes of desirable traits for 

aquaculture and other applications v) 

information on the physiological, nutritional, 

immunological and environmental factors that 

maximize the performance of the transgenics 

and vi) safety and environmental impacts of 

transgenic fish. 

 

Cryopreservation of gametes or gene 

banking 

 

Cryopreservation is a technique, which 

involves long term preservation and storage 

of biological material at very low 

temperature, usually at -19 
o
C, the 

temperature of liquid nitrogen. It is based on 

the principle that very low temperatures 

tranquilize or immobilize the physiological 

and biochemical activities of cells, thereby, 

making it possible to keep them viable for 

very long period. Cryopreservation 

overcomes the problem of males maturing 

before females, allows selective breeding and 

stock improvement and enables the 

conservation of genomes (Harvey, 1996). One 

of the emerging requirements for undertaking 

gene banking of aquatic resources is the need 

to build a genetic base collection that can be 

used by breeders for evolving new strains. 

Aquatic gene banks however, suffer from the 

fact that at present it is possible to 

cryopreserve only the male gametes of 

finfishes and there in no viable technique for 

finfish eggs and embryos. 

 



Int.J.Curr.Microbiol.App.Sci (2020) 9(6): 1667-1674 

 

1672 

 

Based on the above discussions, it can be 

concluded that genetic technology is rapidly 

being applied in aquaculture. Hormonal 

treatments that regulate the action of genes 

and modify the sex of offspring are now 

widely used in fish culture programs. 

Chromosome manipulation, resulting in 

sterile polyploid individuals or monosex 

inbred lines, constitutes an important tool. 

DNA markers are being used to study stock 

identification and population differences, in 

gene mapping studies, and potentially as aids 

to selective breeding programs. Gene transfer 

work in many species of fish, stimulated by 

the possibility of producing rapidly-growing 

individuals through the introduction of 

foreign growth hormone genes, has produced 

modified fish in numerous laboratories around 

the world. Thus, the production of cells 

containing new gene arrangements some of 

them introduced by chromosome 

manipulation or by gene transfer, could be 

undertaken in tissue culture to give new 

combinations of genetic material. 

Furthermore, the organization of gene banks 

based on collections of frozen sperm and cells 

or on purified DNA molecules, obtained from 

different fish species, should be considered 

and could play an important role in the future. 
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