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Abstract

As aquaculture plays a pivotal role in global food production, addressing challenges related to efficiency
and sustainability is imperative. Genetic improvement strategies have emerged as potent tools,
revolutionizing fish farming by enhancing key traits such as production yields, disease resistance, and
ecological compatibility. This thorough review explores three major facets of genetic improvement in
aquaculture: Polyploidy induction, Selective Breeding, and Trans-genesis. Each segment delves into the
fundamental concepts, methodologies, benefits, limitations, and practical applications of various genetic
modification methods. The study also highlights the ecological and social concerns associated with the
deployment of genetically modified organisms in aquaculture, emphasizing the necessity for responsible
and ethical use of genetic improvement technologies. By comprehensively examining these genetic
enhancement approaches, this review aims to contribute to the ongoing dialogue surrounding the
sustainable and responsible future of aquaculture.

Keywords: Polyploidy induction, selective breeding, methodologies, benefits, limitations

1. Introduction

1.1 Polyploidy induction in Aquaculture

Polyploidy can be defined as the genetic state of an organism have in one or more additional set
of chromosomes, has been harnessed as a tool in aquaculture for achieving sterility in fish
populations. In aquaculture most of the fishes are grown for consumption purposes. However,
most of the nutrition of a juvenile fish contribute towards the reproduction and hence increasing
the time of production of table size fishes leading to higher cost of production. (Rizzo and
Spagnolo, 1996) 8 and hence sterility plays an important role in growth management diverting
all the energy towards growth rather than reproduction. Higher occurance of disease is another
common problems associated with sexual maturation. Hence, sterility becomes a measure to
encounter such problem by producing all sterile population. Although sterility is normally seen
in natural population, with technological advancement of technology sterility can be achieved
artificially by induction of polyploidy, particularly triploidy (Piferrer, 2009) [6],

Polyploids can be triploid, having three sets of chromosomes or a tetraploid, having four sets of
chromosomes. Polyploidy is occurs naturally in wild and also in farmed fishes. Two types of
natural polyploidy are observed in vertebrates. (Stock et al., 2002) 2. Auto polyploidy,
polyploidy caused due to changes in meiotic or mitotic division in the animal within the species
and Allopolyploidy, Caused by reproductive contact among different species (Piferrer, 2009) [26],

1.2 Induction of polyploidy

Various techniques, including temperature hocks, hydrostatic pressure, anesthetics, and chemical
shocks, are employed to prevent the extrusion of polar bodies during fertilization. Additionally,
interploidy crossing, involving fertilization of normal haploid eggs by diploid spermatozoa,
offers an alternative method for achieving triploidy.

In shell fish mature eggs are arrested at meiosis I, metaphase state while in fin fish the eggs are
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at metaphase stage of meiosis Il and hence the further process of
cell division resumes on entry of sperm into the oocyte leading
to extrusion of both (first and second) polar body in shellfish
whereas only second polar body extrusion in finfish. So here at
this stage (After fertilization) prevention of extrusion of first
(Shellfish) or second (Shell fish and finfish) polar body is
achieved by various techniques like temperature shocks (hot or
cold), hydrostatic pressure, anesthetics, or chemical shocks
(Thorgaard et al., 1981; Wolters et al., 1981a; Chourrout and
Itskovich, 1983; Benfey and Sutterlin, 1984a; Chourrout, 1984;
Cassani and Caton, 1986a; Curtis et al., 1987; Johnstone et al.,
1989) [21. 24.4-5.2.6, 21 Angther method of achieving triploidy by
interploidy crossing, in which normal haploid eggs are fertilized
by diploid spermatozoa from a tetraploid male (Wang et al.,
2002; Nam and Kim, 2004; Francescon et al., 2004) [2215.9],

1.3 Advantages of polyploidy

Production of sterile fishes by triploidy helps to achieve higher
growth and feed conversion like transgenic fishes in to the wild
thereby protect the genetic diversity of wild population. In
addition to this, unauthorized breeding of farmed shrimp can be
prevented with successful production of sterile triploid shrimp,
additionally showing higher growth than diploid fish. (Sellars
and others 2006) ¥ Production of sterile triploid can be
beneficial to check the profiling breeding of certain species like
tilapia and hence protecting the other native populations.
(Dunham 2004) [,

1.4 Constraints and limitations

Although triploidy helps to achieve sterility but complete
success is not guaranteed and some triploids have reported to
revert their cells to diploid state. (Wang and others, 2003;
Dunham, 2004) 23 71 Induction polyploidy can also show some
adverse effect on some the traits including lesser survival
(Rasmussen, 2007) [71, Sterile triploids are also happens to show
sexual behavior (Although sexually impotent), participates in
mating behavior and hence affect the natural spawning process
of sexually active population (Dunham, 2004) [, At last the
polyploidy induction technique may not be economically cost
effective when produced in a higher scale.

Although polyploidy has greater potential in achieving
significant production in aquaculture, a few aspects needs
further research to achieve complete 100% sterility to avoid risk.
Ecological impact of the triploids in natural ecosystem must
assessed fully to understand any potential threat caused by them
to natural ecosystem. Although, interploidy crossing (crossing
between diploid and tetraploid) is an effective method to
produce triploids, production of tetraploid is difficult with
requirement of special containment. Hence more research must
carried out on achieving tetraploid population must be given
emphasis. Overall, Polyploidy holds a greater scope and
potential future prospective in aquaculture and more detailed
study must be carried out to carry on further investigation.

2. Selective Breeding

Selective breeding is a beneficial approach in aquaculture to
produce efficient domesticated stock needed to enhance
production. Selective breeding can be defined as a breeding
programme engaged to improve the breeding value of the
population by selectively mating the individuals showing better
desirable traits (growth, disease resistance, meat high FCR
&FCE, Meat quality, cold tolerance, fecundity, color
enhancement etc.), and which can subsequently be transferred to
their progeny (Tave, 1995; FAQ) 5,
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Higher genetic gain is normally observed in aquatic species
which can be attributed to their high fertility and broad genetic
variation of traits of economic interest (Gjedrem, 2014) [6%,

2.1 Selection Methods

The first report of selective breeding can be traced back to
1920s, selection of brook trout against reduced mortality due to
furunculosis. (Embody and Hyford, 1925) 63 Subsequently,
selection approach for common carp was taken in same 1920s
with the development of two productive strains (Kirpichnikov,
V.S. (1987) 62, But after this intial investigation, very little
work has been done up to 1970. But several research carried out
in the period from 1970 to present contributing significantly to
advancement in selective breeding approaches. (Dunham, 1996;
Dunham et al., 2001) [54 €3, Various selection approaches have
been implemented in selective breeding to yield higher genetic
gain in different species including, Atlantic salmon, Coho
salmon Rainbow trout, tilapia, carp, Channel catfish, Sea bream,
oyster, scallops etc.

2.1.1 Individual selection

It is also called as character or mass selection. Here the selection
is based on the performance of each individual. The selection
method is quite easy to perform and has been the most common
method for many years. Yet, selection of individuals by this
method is only possible for measurable traits or traits that can be
recorded like body weight and length. There are some serious
drawbacks for this selection method like inbreeding depression
which has led to failure of many experiments (Hulata,
Wohlfarth, and Halevy, 1986; Huang, and Liao, 1990) [66. 671,
Another disadvantage is that efficiency of this selection relies to
a large extent on environmental conditions. Hence if the animals
are held in different ponds, tanks or cages having different
environmental conditions, it will reduce the success chance of
selection. Hence maintaining the same parameters in all tanks or
ponds is most important for this type of selection.

2.1.2 Family selection

Family selection is mostly carried out where individual selection
is inefficient due to low heritability of the phenotype is low.
Low heritability means low heritable component of phenotypic
variance that implies the measurable differences among the
individual are largely due to non-heritable source of variance
(Environment variables). Hence by selection according to family
backgrounds, most of the environment variance can be nullified
and selection of fishes can be done on genetic variance. (Tave,
1995, FAO Paper) 9. Family selection is done by multiple
crossing between selected parents and selecting the progeny
(Evaluating their performances) from best families are taken for
further rearing.

There are two types of family selection, between family and
within family selection.

In between family selection, mean values of each family are
determined and ranked and the families having highest mean
values are selected. Where as in within family selection, the
selection occurs within the family where each family is assumed
as a sub-population and the fishes of each family is ranked based
on their performances and the best fishes from each family are
saved for further rearing.

2.1.3 Combined selection

To resolve the problems faced in both between-family and
within-family selection combined selection is practiced.

Here both types of selection (between-family and within-family)
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are integrated into two step breeding programme where between

selection is done to select the best family and then within-family

selection is done to select best performing individuals within the

selected families. (Tave, 1995, FAO Paper) 59

Some of the examples of the combined selection performed

successfully includes:

1. The GIFT project (Philippines), reported to obtain 12% to
17% Genetic gain per generation in Nile tilapia (Eknath et
al., 1998) (69,

2. The Jayanti Rohu selective breeding project (India),
reported to acquired 17% genetic gain per generation.
(Reddy et al., 1999; Mahapatra, 2004) 7% 71,

3. Malawian indigenous Tilapia (Oreochromis shiranus)
selection project, reported to have acquired 13% genetic
gain over two generation (Maluwa, 2005) 72,

2.1.4 Selection within cohorts and exchange of breeders

Poor broodstock management is the major cause of genetic
detoriation encountered in the hatcheries of India. (Eknath,
1991) 731, In order to rectify such problem, he suggested that the
broodstock could be randomly divided into groups (cohorts).
And on the rotational basis, mating could be performed to avoid
the inbreeding depression.

2.1.5 Progeny testing

Progeny represents a random collection of respective parent
gene allele for the concerned trait (50% of each of the parents)
and hence the performance of the progeny of a certain male or
female gives a good expression of its breeding value for the
concerned trait. Progeny testing can be advantageous for the
traits that cannot be measured on live breeding fish like disease
resistance and product quality. In spite of that progeny testing
imposes a lot of disadvantages, most important of them is the
extension of generation interval. As in carps, where it takes one
to two years for breeding, would slow down the selection work
by 20-30% as compared to others which take less time. Also, it
becomes a prime concern for the species that spawns only once
or have high mortality rate after spawning, where progeny
testing is of no relevance. Therefore, for this reason progeny
testing is rarely used in aquaculture and hence rarely used.

2.2 Success of selective breeding in aquaculture

Selective breeding programmes on a number of species has been
done in aquaculture with more promising results. Some of the
successful breeding programme are mentioned here

2.2.1 Atlantic salmon

The first family based selective breeding programme was started
by AKVAFORSK in 1975 for Atlantic salmon (Gjedrem 2000)
(74 The selection study initiated with the aim of growth
enhancement, subsequently breeding goal extended to disease
resistance, age at sexual maturity and a number of traits related
to product quality. A genetic gain of 14% per generation was
achieved for six generations (Gjerde and Korsvoll 1999) 73],

2.2.2 Rainbow trout

Selection of rainbow trout (Oncorhynchus mykiss) for growth
rate has been successful with attained genetic gain of 10% to
13% per generation. Selective breeding programmes for rainbow
trout has been carried out for different traits like growth rate and
early sexual maturation (Kause et al. 2005) [/8], early spawn date
(Siitonen and Gall 1989) ', resistance to IPN virus (Okamoto
et al. 1993) I8 and muscle lipid content (Quillet et al. 2005) [
and significant results were achieved.
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2.2.3 Coho Salmon

Selection programme for coho salmon was carried out at
University of Washington in Seattle for improvement of traits of
importance for saltwater net-pen industry with increased growth

rate of 15% per generation is achieved (Hershberger et al. 1990)
[80],

2.2.4 Tilapia

The GIFT (Genetic Improvement of Farmed Tilapias) Tilapia
project was initiated in 1988 on selective breeding of Nile
Tilapia in Philippines by collaboration of ICLARM (Currently
World Fish Centre) and AKVAFORSK and several other
National research institutions of the country. The family based
selection process carried out by taking eight strains; four wild
strains from Africa and four farmed strains as base population.
An average response of 17% genetic gain per generation was
achieved in first 5 generations.

2.2.5 Carps

A family-based selection process was carried out for Indian
Rohu (Labeo rohita) Central Institute Freshwater Aquaculture
(CIFA), Bhubaneswar, India in collaboration  with
AKVAFORSK, with enhanced growth rate as major focus area.
The base population for the selection were taken from 5 north
Indian rivers and one farmed stock. A genetic gain of 18.3%
achieved after eight generations of selective breeding (A rasal et
al., 2017) (61,

2.2.6 Channel Catfish (Ictalurus punctatus)

Selective breeding of Channel Catfish (Ictalurus punctatus) was
carried out for improved growth rate with an average growth
rate of 13% was achieved per generation for six generations
(Dunham (2006) £,

2.2.7 Sea Bream (Sparus aurata)

A selective breeding programme for Sea Bream (Sparus aurata)
for increased growth rate, reduced incidence of deformities, and
improved external pigmentation carried out in by Kego S.A
(Greece) in cooperation with AFGC. The genetic gain of 12%
growth rate per generation was reported.

2.2.8 Shrimp

A breeding programme for L. vannamei was carried out by
Ceniacua (Colombia) in cooperation with AFGC for increased
growth rate, overall survivability, and survival against WSSV
resistance. The average response was 4.2% growth rate, 5.7%
for survival (under absence of specific pathogens) and 1.7% for
survival against WSSV (Gitterle et al. 2006) [,

Another selection study for L. vannamei was carried out at the
Oceanic Institute in Hawaii for growth rate and resistance
against Taura syndrome virus (TSV) and a response of 4.4%
growth rate and 12.4% higher survival against TSV was
reported.

2.2.8 Oyster

Different selective breeding programme were carried out for
Pacific oyster (Crassostrea gigas) for increased live weight
yield. The average response was an average genetic of 9.5% per
generation for seven generations. A higher growth rate of 17%
and 20% was obtained from selection studies done in European
oyster (Ostrea edulis) Newkirk and Haley (1983) 84 and Barber
et al. (1998) [ respectively. Nell and Hand, 2003 [¢1; reported
reduced mortality 22% after two generations of selection of
Sydney rock oyster populations (Saccostrea glomerata) in New
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South Wales, Australia against a parasite (Marteilia sydneyi).
Continued research is recommended to address challenges such
as poor broodstock management and extended generation
intervals. Innovations in family selection and the exchange of
breeders are suggested to enhance the success of selective
breeding programs.

3. Application of Transgenesis in Aquaculture

3.1 Introduction

Transgenesis is the technique of developing genetically modified
organisms by making heritable changes to the host genome by
integration of exogenous DNA (transgene) into the host genomic
DNA (Cebeci, 2020) [FI. Transgenesis is a novel method of
incorporating desirable genetic traits and improvement of
character of economic interest in fish for more profitable and
sustainable aquaculture. Transgenesis finds its application
through various genetic improvements in terms of growth
enhancement, cold tolerance, disease resistant, production of
ornamental fishes and use of transgenics in environment
monitoring has been achieved contributing significantly to
aquaculture (Cebeci, 2020) [l Hence considering the rising
global population, transgenesis can be considered as a boon to
the aquaculture to address the malnutrition and nutritional gap.
The first transgenic fish in aquaculture was done in rainbow
trout followed by in gold fish (Zhu et al., 1984) 1. Till now
over 35 species of fishes are studied for transgenesis, of which
many having significant importance in aquaculture (Zbikowska,
2003) 231,

3.2 The basic procedure of transgenesis

The basic procedure for transgenesis includes.

1. Preparation of gene construct.

2. Method of transfer of transgene into host.

3. Screening of fishes for transgenesis.

4. Study of inheritance of transgene in F; generation (Levy et
al., 2000) (4,

3.2.1 Preparation of transgene

A transgene construct consist of 3 components, a promoter, a
structural gene coding for gene of interest and a termination
sequence. Selection of a suitable promoter has been a
challenging factor the development of transgene. The common
promoters used in 1980s were mammalian or viral promoters
and mammalian growth hormone genes, for example, mouse
metallothionein-1 (mMt-1), Rous Sarcoma Virus and SV40. But
with the development of biotechnology, promoter and gene of
piscine origin like anti-freeze protein (AFP) and carp B-actin
were used with more efficient expression of target gene (Levy et
al., 2000) (4,

3.2.2 Methods of gene transfer

There are several gene transfer technologies developed for
transferring the transgene into host genome. Those includes
microinjection  via  cytoplasm or germinal  vesicle,
electroporation, lipofection, retrovirus infection, particle-gun
bombardment and sperm mediated transfer. Among these
microinjection and electroporation proved to be more efficient in
transferring the transgene into host genome (Chen 2001,
Dunham and Winn 2014) 1,

3.3 Journey of fish transgenesis over time

The journey of transgenesis can be traced back to 1973 with
development of first transgenic organism Escherichia coli
(Cohen et al., 1973) 281, This was followed by development of
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first transgenic animal in 1974 with the development of a
transgenic mouse carrying SV40 viral DNA (Jaenisch and
Mintz, 1974) 271, Transgenesis in fish began its journey with the
report of microinjection of cloned DNA into Rainbow trout
(Mclean and Talwar, 1984) 31 with 5% success in resultant fish.
This achievement was followed by successful integration of
metallothionein promoter fused with human growth hormone
gene in gold fish (Zhu et al., 1985) ', Further investigations on
integration of human growth hormone gene through micro-
injection into fertilized eggs of channel catfish (Ictalurus
punctatus) and Nile tilapia (Oreochromis niloticus) was
achieved (Dunham, et al., 1987) 281 (Brem et al., 1988) . In
1987, successful transfer of transgene in to the offspring was
reported in common carp and rainbow trout (Mclean et al.,
1987) B9, Further development on creating all fish constructs
consisting promoter and gene sequence from fish species as in
GH-transgenic carp by incorporating rainbow trout GH gene
into fertilized carp eggs (Zhang et al., 1990) 1. This led to the
development of cold resistant transgenic salmon by using
antifreeze  gene  sequence  from  winter  flounder
(Pseudopleuronectes americanus) (Shears et al., 1991) [#2,

A significant development of transgenesis achieved with
development of transgenic salmon with higher growth rates by
injecting a gene construct containing anti-freeze protein (AFP)
promoter from ocean pout (Zoarces americanus) and Chinook
salmon Growth hormone cDNA (Du et al., 1992) B2, Later this
fish was commercially produced for consumption as
AquAdvantage Salmon by Aquabounty Company. Recently in
2015 Food and Drug Association (FDA) of USA declared Aqu
Advantage salmon is safe for human consumption. Further
research carried out to prepare construct from the same fish
species as in transgenic mud loach produced by injecting gene
construct containing mud loach loach’s growth hormone gene
and pB-lactin promoter (Nam et al., 2001) 3, 2003 marked the
production of first ornamental transgenic zebra fish
commercialized as GloFish™ (Gong et al. 2003; Tonelli et al.,
2017) 3431,

3.4 Application of transgenesis in aquaculture

3.4.1 Growth enhancement

Several studies on growth enhancement of fishes through
transgenesis has been done with significant achievement by
achieving up to 35 fold increase in size compared with the
control non-transgenic fishes. (Nam et al. 2001) B3I Higher
growth was achieved by integrating growth hormone transgene
for a few species including Nile tilapia (Oreochromis niloticus),
common carp (Cyprinus carpio), mud loach (Misgurnus
mizolepis), coho salmon (Oncorhynchus kisutch), and rohu carp
(Labeo rohita) (Barman et al., 2015; Devlin et al., 1994; Nam et
al., 2001; Rahman et al., 1998; Zhang et al., 1990) [36: 33,31, 57, 38],

Agqu. Advantage Salmon

The greatest achievement in the field of transgenesis is the
development of AquAdvantage salmon by the scientist of
memorial university of Newfoundland, Canada. The early phase
of research was focused on developing cold resistant salmon by
inserting antifreeze gene from winter flounder into fertilized
Atlantic salmon eggs to improve the temperature tolerance of
salmon below freezing point of salmon blood(-0.7 °C). Failure
of this experiment lead turn the attention of scientist toward
developing fast growing salmon by inserting growth hormone
gene (GH cDNA (opAFP-GHc2) from Chinook salmon
(Oncorhynchus tshawytscha) combined with anti-freeze protein
(AFP) gene promoter from ocean pout (Macrozoarces
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americanus) into fertilized Atlantic salmon eggs (du et al., 1992)
(%2 AquAdvantage salmon acquires an enhanced growth of 4-5
kg from eyed egg stage in 16-20 months compared to 28-32
months for non-transgenic farmed salmon (aquabounty 2016).
As compared to other salmon, AquAdvantage salmon requires
25%Iless feed with efficient protein utilization (Aquabounty
2019). It took a long roller coaster journey for Aquabounty
Company to get FDA approval for human consumption. The
company applied for FDA approval in 1995 and after a series of
investigation and assessment FDA  finally declared
AguAdvantage salmon safe for human consumption in 2015
(FDA, 2015) 401,

3.4.2 Cold temperature resistant

Cold resistance is observed in many teleost fishes like winter
flounder and ocean pout whose body fluid does not freeze at the
freezing point of sea water (-1.7 °C to -2 °C) (Rasmussen,
2006). The fishes produce anti-freeze proteins to protect them
from freezing. Hence research started for producing cold tolerant
transgenic fish producing AFP proteins with the initial objective
of culturing salmon at cold temperature region of east coast of
Canada. However, the AFP levels achieved in salmon were not
adequate to achieve the desired cold tolerance (Gomez, 2018).
However significant results were achieved by integrating cold
tolerance genes in goldfish (Wang et al., 1995) [“!I and tilapia
(Wu et al, 1998), which protected the fishes from cold
temperatures in winter.

3.4.3 Disease resistance

Disease resistance can be addressed by transgenic technology by
incorporating antimicrobial peptide genes into fish. Cecropin is
an anti-microbial protein having antimicrobial activity against
number of bacterial species. Enhanced disease resistance and
higher survival was recorded against Edwardsiella ictaluri and
Flavobacterium columnare by introducing Cercopin gene into
the genome of channel catfish (Ictalurus punctatus) (Dunham
and others 2002b). Correspondingly on Japanese medaka
(Oryzias latipes) higher disease reisistance was observed against
Pseudomonas fluorescens and Vibrio anguillarum by injecting
insect cercopin or pig cercopin transgene linked to a CMV
promoter. Sarmasik and others 2002). Another distinct approach
to use fish lysozyme as an antibacterial agent was done in zebra
fish. The used hen egg white lysozyme gene and Japanese
flounder (Paralichthys olivaceus) keratin promoter in zebra fish
and recorded 60% survival compared to 100% death in control.

3.4.4 Environmental monitoring

Transgenic fishes can be used as biosensor to monitor the
presence of toxic chemicals detectable to very minute
concentrations (Cebeci, 2020) 1. Transgenic lines of fishes used
in the field of ecotoxicology are developed by integrating a
reporter gene with a DNA response element that can be
stimulated by the presence of certain toxic chemicals or
pollutant. The toxic chemicals accumulated in the fish tissue are
responded by genome response elements which activates the
reporter gene. The expression of reporter gene activity is
assayed by gene expression studies to calculate the amount of
toxic chemicals present in the fish. (Zbikowska, 2003 [?),
Transgenic zebra fish developed to detect cadmium toxicity
using HSP70 gene promoter to enhanced Green Fluorescent
protein as reporter gene sensed concentration as low as 22.5
ug/L. (Blechinger et al. 2002) 4. Other studied carried out for
environmental toxicity and stress factor include aryl
hydrocarbon mediated toxicity, oxidative stress through
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induction of an electrophile-responsive element, estrogenecity
via vitellogenin / choriogenin / estrogen receptor-responsive
elements stimulating luciferase or GFP(Green Fluorescent Gene)
as reporter genes (Mattingly et al., 2001, Petersen et al., 2013;
Zeng et al., 2005) 45461,

3.4.5 Ornamental fishes

Development of elegantly colored transgenic fishes contributed
significantly to the ornamental fish sector. GFP construct
tailored with zebrafish muscle specific promoter of the myosin
light polypeptide 2 (mylz2) gene is injected to zebra fish showed
consistent expression (ju et al. 2003) 8, Using the same zebra
fish mylz2 promoter fluorescent medaka, and farmed rohu and
white skirt tetra, (Gymnocorymbus ternetzi), were successfully
produced later. (Mohanta et al., 2014; Pan et al., 2008; Zeng et
al., 2005) [4®.50.471_Glo fish, which is a milestone in development
of transgenic ornamental fishes is commercially marketed in six
different fluorescent color varieties comprises Starfire red,
galactic purple, sun burst orange, electric green, cosmic blue and
moonrise pink (Cebeci, 2020) [,

3.4.6 Ecological and social issues

Even if the transgenic animals possess enormous potential to
contribute significantly to aquaculture production and to
augment nutritional demand there are a few concerns arises of
detrimental effect of this transgenic animals on ecosystem.
Hence proper risk assessment must be done to know fully about
undesirable effect of accidental entry of these fishes in to wild.
(Kapuscinski 2005) U, Accidental escape of these transgenic
animal is a major concern for environmental safety. Mating of
these transgenic fishes with the wild population may cause
alteration of gene pool (McGinnity and others 2003, Roberge et
al., 2006) 152 53 Although production of sterile animals by
chromosome manipulation may prove to be an alternative to
prevent pollution of gene pool in wild stock, no method that are
available at present can produce 100% sterile offspring and
hence can’t eliminate the risk completely (Dunham, 2004) [
Superior traits like enhanced growth and disease resistance of
transgenic animal may attribute to enhanced predation and
competition with indigenous wild population leading to their
extinction and will subsequently lead to disruption in natural
biodiversity. (Devlin et al., 1999) 4. In addition, transgenic
animal may carry certain pathogens from farm to wild causing
disease outbreak in wild populations (Naylor et al., 2005) 51,

3.4.7 Health concerns

Insertion of a transgene may lead to production of allergens or
toxins which were inactive previously in the fish body (Galli,
2002; Kelly 2005) 6 571 Increased disease resistance in
transgenic fishes may enable them as a suitable host to carry
disease causing new pathogen which can be passed to human
causing zoonotic diseases (FAO, 2000; Rasmussen). Hence all
these health concerns welcome public criticism and resistance
that possess a problem for its commercialization.

4. Conclusion

Transgenesis has opened a new horizon in higher production of
fish protein contributing to sustainable aquaculture development
and augmenting nutritional deficiency. Recent innovation in
transgenesis like gene transfer technologies has made it possible
to the development of genetically modified fishes with more
desirable traits like higher growth, cold resistance, disease
resistance and elegant coloration. The major breakthrough in
transgenesis can be conferred to AquAdvantage salmon, which
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is the first food fish to approved as safe for human consumption.
However, inspite of this phenomenal success several concerns
like escape of transgenic fishes to the wild possess risk for
environmental and health issues. Escape of fishes to wild may
lead to breeding with wild stocks subsequently polluting the
gene pool. Although creation sterile population by polyploidy
can address such problems, however 100% success in such
chromosomal manipulation techniques have not been achieved.
In addition to environmental and health issues, consumer
acceptance has been a major bottleneck for the transgenic fish
production. For which detailed promotion and explanation on
creation of genetically modified fish is required to gain the trust
of consumers. Hence, we can conclude that transgenic fishes can
be proven to be a major tool to address the nutrition deficiency
in near future.

5. Future directions

Integrating polyploidy induction, selective breeding, and
transgenesis is the next frontier in genetic improvement. Fish
populations with improved characteristics, such as fast growth,
disease resistance, and ecological adaptation, may arise from
investigating ways to strategically combine these techniques. To
optimize the synergistic impacts of various genetic enhancement
techniques, this integrated strategy should be driven by a
thorough understanding of their interconnections. By refining
existing techniques, addressing emerging challenges, and
fostering responsible deployment, the aquaculture industry can
unlock the full potential of genetic technologies for sustainable,
efficient, and environmentally conscious fish farming.

6. Sustainable Implementation and Global Collaboration

As genetic improvement techniques advance, it is crucial to
focus on sustainable implementation practices. This involves not
only refining genetic technologies but also addressing economic
considerations, environmental sustainability, and social
acceptance. Global collaboration and knowledge-sharing
platforms should be established to facilitate the exchange of
information, experiences, and best practices in genetic
improvement, ensuring that advancements benefit diverse
aquaculture contexts worldwide.
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