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AABSTRACTBSTRACT

Aquaculture genetics research in India is relatively recent. Initially, research was limited to production and evaluation

of carp hybrids. Among the Indian carp species, as many as six interspecific and 13 intergeneric hybrids have been

produced. Besides these, hybrid crosses were also made between Indian and Chinese grass carp, silver carp and

common carp. The crosses between common carp and Indian carp resulted in sterile hybrids.

Methodologies for chromosomal engineering, leading to gynogenesis and polyploidy (triploidy and tetraploidy), were

also developed for Indian and Chinese carps for application in aquaculture. Sex manipulation of fish, particularly in

tilapia and common carp, were also carried out successfully.

A survey of some carp seed producing hatcheries in India indicated inbreeding. Selective breeding work was undertaken

in Rohu (Labeo rohita) and Catla (Catla catla) to produce genetically improved seed and to develop proper breeding

procedures for the hatchery managers in the country to avoid inbreeding in hatchery stocks.

 An overview of these research efforts in genetic improvement is discussed in this paper.

a Current address: Central Institute of Fisheries Education, Jai Prakash Road

 Versova, Mumbai – 400 061 India



Fish Genetics Research in Member Countries and Institutions of INGA44

IntroductionIntroduction

Inland aquaculture in India is centered on carps, i.e.,

Indian major carps, catla (Catla catla), rohu (Labeo

rohita), mrigal (Cirrhinus mrigala), Chinese carps and

common carp (Cyprinus carpio). Until the mid-1950s,

fish culturists depended on wild collections of Indian

carps seed from rivers. However, the success of

hypophysation technique made spawning these fish

under captivity possible. This has helped farmers in

procuring seed from hatcheries.

However, in an attempt to produce more seed to meet

the increasing demand, the seed producer (i.e., a

qualified hatchery manager or a fish farmer) did not

pay attention to the quality. Consequently, the carp

seed produced from many hatcheries was reported to

show signs of inbreeding depression, such as poor

survival and growth,  susceptibility to disease,

deformities, etc.

Hence, it became essential to carry out research on

genetic improvement of these carps through various

approaches. In the 1960s and 1970s, fish genetic

research was mainly restricted to cytogenetic studies

and hybridization. Later, chromosome manipulation,

developing breeding programs for important carp

species and application of molecular techniques were

emphasized.

Several national and central institutions and state

agricultural and other universities undertake fish

genetic research. Some of these are the Central

Institute of Freshwater Aquaculture (CIFA), National

Bureau of Fish Genetic Resources (NBFGR), Central

Institute of Fisheries Education (CIFE), University of

Agricultural Sciences (UAS), Bangalore (at Fisheries

Research Station, Hesaraghatta, and College of

Fisheries, Mangalore), Centre for Cellular and

Molecular Biology (CCMB), Madhurai Kamraj

University (MKU) and Bose Institute.

Genetics ResearchGenetics Research

HybridizationHybridization

In any genetic/stock improvement program, it is

necessary to breed the candidate species artificially

under controlled conditions. The success of induced

breeding of Indian major carps paved the way for

research on genetic improvement of carps. In the initial

stages, simple interspecific and intergeneric

hybridization was done to produce and evaluate the

carps’ useful traits for aquaculture. Hybridization is

one of the methods used for combining desirable traits

of selected species, with experiments demonstrating a

high level of compatibility among Indian carps.

Altogether, six interspecific and 13 intergeneric hybrids

were produced among the four species of Indian major

carps belonging to three genera, i.e., Catla, Labeo and

Cirrhinus (Reddy 1999). Over three decades of research

on hybridization showed that these major carps with

distinct morphological characters are highly

compatible and able to produce viable and fertile

hybrid progenies. Mature interspecific and intergeneric

hybrids could be induced to produce F2 progeny or

backcross and triplecross hybrids.

The growth exhibited by most of these hybrids was

intermediate, i.e., better than the slow-growing parent

as in the case of interspecific hybrid between L. rohita

and L. calbasu or intergeneric hybrids between L. rohita

and C. catla or C. catla and C. mrigala, etc.

Hybridization between Indian major carps (C. catla and

L. rohita) and medium carp L. fimbriatus also had a

similar trend in growth with hybrids showing

superiority over slow-growing parents (Basavaraju et

al. 1989, 1990 and 1995).

With regard to hybridization between Indian major

carps and Chinese grass carp (Ctenopharyngodon idella),

silver carp (Hypophthalmichthys molitrix) and bighead

carp (Aristichthys nobilis), no compatibility was observed.

Almost all of these died either during the embryonic

development or soon after hatching. Only a few hybrids

between C. catla and H. molitrix survived.

Relatively better survival of the hybrid progeny was

observed in the crosses between female common carp

(C. carpio) and males of C. catla, L. rohita and C. mrigala

compared with the reciprocal hybrid crosses

particularly between female L. rohita and male C. carpio

(Kowtal and Gupta 1985; John and Reddy 1987;

Khan et al. 1989).

It is necessary to prevent indiscriminate hybridization.

These carps are highly compatible to interbreed. Also,

since almost all interspecific and intergeneric hybrids

were found fertile, one should be more cautious of their

crossbreeding as this may cause serious damage to the

original gene pool through genetic introgression

(Padhi and Mandal 1994).
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Chromosome manipulationChromosome manipulation

Chromosome manipulation as a tool to improve

genetic status of fish was initiated at CIFA and in other

institutes.

Meiotic gynogenesis was successfully induced in Indian

major carps for the first time in L. rohita, C. catla (John

et al. 1984) and C. mrigala (John et al. 1988). Efficacy

of shock, i.e., thermal and pressure, and duration of

treatment seem to vary from species to species.

Effective intensity lies at some point around the

sublethal level. Thus, in all species of Indian carps,

cold shock below 10oC and heat shock above 42oC

proved to be lethal (John et al. 1984; Reddy et al. 1993).

The first successful induction of mitotic gynogenesis

in L. rohita was reported  by Reddy et al. (1993). The

use of milt from heterologous species preferably having

low compatibility to hybridize may be more desirable

for easy elimination of paternal genetic input with

irradiation.

Induction of androgenesis in Indian major carps was

not very successful as egg consists of huge mass of

cytoplasm and yolk that prevent the proper exposure

of the chromosomes to UV rays.Some preliminary

attempts have been made to induce artificial induction

of triploidy and tetraploidy in Indian major carps with

varying degrees of success (Reddy et al. 1987; 1990).

The genetics division of CIFA succeeded in inducing

triploidy in L. rohita and tetraploidy in L. rohita and C.

catla. Common carp triploid showed 60-100% more

growth than its diploid siblings (Reddy et al. 1998).

Triploid C. idella can be utilized in openwater reservoirs

to control aquatic weeds without propagating itself as

it is supposed to be sterile.

Triploidy was successfully induced in C. carpio through

heat shock treatment to produce sterile individuals as

an approach to control unwanted reproduction in grow-

out ponds. Heat shock at 40°C, 1-3 min after

fertilization for 1.5 min resulted in 100% triploidy. The

triploid C. carpio was found to grow as fast as diploid

and yield 15-18% extra edible meat because of low

GSI in case of triploids (Basavaraju et al. 1998).

An attempt to induce sterility in freshwater catfish

Heteropneustis fossillis through heat shock was partially

successful. Heat shock for 3 min at 40°C, 4 min after

fertilization yielded 46% triploids.

Current research in chromosomal engineering in Indian

major carps aims to produce allotriploids of carp

hybrids (C. catla x L. rohita and L. calbasu x L. rohita)

and to evaluate them for resistance against parasitic

infection. In C. carpio, the objective of chromosome

manipulation is to produce sterile fish to optimize

production in aquaculture.

Sex manipulationSex manipulation

Research on manipulation of sex (production of sterile

and monosex population) as a tool for increasing

production has been in progress in many institutes in

India. Administration of 17-α methyltestosterone (MT)

through diet to eight-day old fry for a period of 45

days induced complete sterility in C. carpio. Compared

with normal fish, sterile fish grew faster (21%) and had

better resistance against bacteria (Mohire et al. 1999).

In progress at UAS, Bangalore, are studies on the

production of monosex population of C. carpio through

hormone sex reversal and progeny testing as an

alternative approach to overcome sexual maturation

and unwanted reproduction. UAS, in collaboration

with the International Center for Living Aquatic

Resources Management (ICLARM), is carrying out

research to evaluate performance of crossbreeds of

Indian major carp and to assess inbreeding of C. catla

from different hatcheries of Karnataka state and the

usefulness of sterile triploid and monosex C. carpio in

aquaculture.

Selective breedingSelective breeding

CIFA, in collaboration with the Institute of Aquaculture

Research of Norway (AKVAFORSK), undertook genetic

improvement of L. rohita through selective breeding.

The project started in 1992, and the first phase was

completed in 1997. The second phase is in progress.

L. rohita was chosen as the model fish, not only because

of consumer preference, but also because of its poor

growth in many polyculture systems. Besides, L. rohita

is also prone to disease, particularly parasitic infection.

The founder population of L. rohita was collected as

fry/fingerlings from five different rivers, i.e., Ganga,

Gomati, Yamuna, Sutlej and Brahmaputra, in addition

to CIFA hatchery stocks. The stocks were marked by

M-prucian blue dye marking/fin clipping for

communal rearing in the same pond to raise them to

broodfish.

Aquaculture Genetics Research in India: an Overview
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Full-sib families were produced as maternal/paternal

half-sibs. Full-sib families were reared separately in

nursery ponds until they reached 10-15 g size.

Individual tagging was done by using passive

integrated transponder (PIT) tag and stocked in

communal ponds for rearing in monoculture or

polyculture with C. catla and C. mrigala.

After nearly one year of rearing, estimation of breeding

value was done following combined selection.

Individuals were ranked according to their breeding

value and the top 300-500 individuals were selected

as broodfish for the next generation. Individuals with

breeding value around the mean value were taken as

control groups.

Full-sib progeny groups were produced from selected

group of broodfishes after avoiding full-sib/half-sib

mating. Mass breeding was conducted for production

of control group progeny from control broodfishes.

After one year of rearing, realized response was

calculated taking growth as the trait of selection (Reddy

et al. 1998).

Large differences in growth between full-sib families

within stocks were observed in both monoculture and

polyculture systems, which prove that the founder

stocks of L. rohita have large genetic variation and the

selective breeding program did not start from a closed

population (Table 1).

Growth and survival of wild (riverine) stocks were equal

or better than that of the farmed (local) stocks,

indicating that the present procedure followed by

hatcheries for seed production is improper (Reddy et

al. in press).

Ranking of full-sib groups is highly consistent for

growth in monoculture and polyculture systems,

showing that different breeding plans are not required

for different production systems.

Diallele crosses of four riverine and farmed stocks were

conducted. Negative heterosis effect was observed in

growth of L. rohita, indicating that pure breeding might

be more suitable for selection (Gjerde et al. 1999).

Realized selection responses were calculated after each

generation of selection for first and second line base

populations (Fig. 1). Since genotype interacts

sensitively with environment, these findings have to

be tested under different agroclimatic conditions in

the country. Field experiments to this effect were started

in Ludhiana (Punjab), Bangalore (Karnataka),

Vijaywada (Andhra Pradesh) and Kausalyaganga state

fish farm (Orissa).

Genetically improved L. rohita was supplied to some

carp hatcheries in India to replace their broodstock.

Studies for formulation of effective feed for improved

L. rohita are in progress.

In 1995, a research program to assess the genetic status

of Indian major carps with reference to C. catla and to

start a sustainable breeding program was initiated at

the Fisheries Research Station, UAS, in collaboration

with the Fish Genetic Program of the University of

Wales, UK. A survey on broodstock management and

breeding practices by major carp hatcheries revealed

that these hatcheries function as isolated units. The

survey also indicated that the stocks are likely to be

inbred (Table 2) and that their performance will

possibly decline if corrective measures are not taken.

Germplasm from four wild stocks were collected and

will be evaluated. Progress has been slow due to late

maturity (3+ years) and difficulty in getting

simultaneously ripe breeders of all stocks.

Genetic characterizationGenetic characterization

Identification and genetic characterization of wild and

hatchery populations are important since broodstock

with good genetic background is necessary for a

successful breeding program. The knowledge from

such investigations can be used in optimizing and

sustaining yield, stock management and conservation

of genetic diversity. The work being undertaken in the

biotechnology division of CIFA involves molecular

Pure stocks
Crosses
Heterosis

Table 1. Average heterosis for body weight and survival of L. rohita.

Body weight  (g)

Monoculture Polyculture

445.3 446.5
437.7 414.7
-7.7 + 10.3 -31.8 + 13.5

Survival (%)

Monoculture Polyculture

90.0 68.8
90.0 74.7
0.00 + 3.1 +5.9 + 4.3
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The Department of Biochemistry and the Fisheries

Research Station, UAS, have jointly taken up research

on population genetics of peninsular carp L. fimbriatus

using genetic markers. This study, using RAPD marker,

indicated 37% polymorphism in different populations

while studies with 21 enzyme systems did not show

polymorphism. The use of mt-DNA PCR-RFLP as an

alternative marker is under study.

Biochemical genetics of two reciprocal hybrids between

L. fimbriatus and C. catla and their parents was studied

electrophoretically using several protein and enzyme

markers. The myogen and serum protein pattern

showed high degree of homology among the parents

and absolute homology among the reciprocal hybrids.

The ontogenetic expression of LDH showed some

degree of gene expression in the early development

studies (Basavaraju and Keshavappa et al. 1996).

Conservation of Endangered SpeciesConservation of Endangered Species

To replenish the declining population of mahseer (Tor

putitora), a seed ranching program was initiated at

Garampani in Kosi stream in Uttar Pradesh hills jointly

by NBFGR, Lucknow; National Research Center (NRC)

on Coldwater Fisheries, G.P. Pant University and State

Fisheries Department.

Studies on short-term preservation of spermatozoa of

Deccan mahseer (T. khudree) were also done. The trials

were conducted using plastic vial/polythene bags at

ambient temperature (AT) and 4°C, with or without

oxygen. In general, the spermatozoa of mahseer reared

at 18-24°C were motile for a longer period (132 hours).

Spermatozoa stored at 4°C showed better motility than

those maintained at AT (Basavaraja et al. 1999).

Genetic markersGenetic markers

Screening of L. rohita founder stocks used for genetic

improvement undertaken by CIFA in collaboration with

NBFGR indicated the presence of adequate genetic

variability and absence of genetic contamination.

Screening of two populations of L. rohita, from Ganga

and Gomati Rivers with isozymes and isoelectric

focusing of eye lens proteins revealed polymorphism

in XDH, PGM-1, PGM-2, EST-1G6PDH and ACP out

of 20 isoenzymes studied at NBFGR.

With the use of a cost-effective package of genetic

markers to quantify genetic contamination of hatchery

stocks of Indian major carps, significantly higher levels

of introgressions than with phenotypic markers were

revealed. In Indian major carps, two mt-DNA genes

were successfully amplified with polymerase chain

reaction and amplified reaction fragment pattern for

2.5 kb was obtained for five restriction enzymes.

Polymorphism was indicated in the pattern obtained

with Eco R1 (NBFGR).

GenebankingGenebanking

A compendium entitled “Fish biodiversity of India”

containing information on systematics, habitat and

distribution of 2118 finfishes has been made by

NBFGR. The bureau has also achieved some success

in using cryopreserved sperm to transfer germplasm

for crossbreeding program between distant and

discrete populations. The farmed C. carpio at Bilaspur

(Himachal Pradesh) was crossed with frozen sperms

of wild stocks of Ooty (Tamil Nadu) and Rewalsar.

Rewalsar stock was found to be superior, and Himachal

Pradesh State Fisheries was advised to replace existing

farmed stocks of C. carpio, which was found to be

contaminated with goldfish genome. A similar

program is in progress for rainbow trout at Ooty, Tamil

Nadu.

The NBFGR genebank has sperms of eleven species:

C. catla, L. rohita, C. mrigal, C. carpio, Salmo gairdneri,

Salmo trutta, T. putitora, T. khudree, Tenualosa ilisha, Labeo

dussumieri and Horabagus brachysoma.. The improvement

of the technique over time resulted in hatching with a

range of 65%-100% with majority between 80%-90%.

Hatchlings have been produced from five-year old

frozen sperms of L. rohita.

Crossbreeding of Nilgiri’s rainbow trout with faster-

growing stock from Himachal Pradesh to achieve better

growth was successfully undertaken. The fingerlings

produced from crossbreeding of Tamil Nadu rainbow

trout with Himachal Pradesh stocks using

cryopreserved milt have exhibited higher growth.

These results showed that cryopreserved milt could

be utilized to transfer genome.

Sperm cryopreservation protocols were developed for

the first time for the above species by NBFGR.Viable

larvae were produced from cryopreserved milt raising

the possibility of stock enhancement in depleted areas.

Other institutes like CCMB and the National Institute

of Immunology and universities such as MKU and

Jawaharlal Nehru University (JNU) are developing

transgenic fish technology, including construction of
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genomic and C-DNA libraries of Indian carps C. catla,

L. rohita and Indian catfish H. fossilis and Clarias

batrachus, and isolation of growth hormone gene from

these libraries.

At CCMB, construction of c-DNA libraries from

pituitary glands of C. catla and L. rohita and sequencing

of c-DNA clones of C. catla were carried out. At JNU,

construction of genomic DNA libraries of C. catla and

L. rohita,  cloning and characterization of genomic

clones and encoding interferon gamma gene(s) in these

species are being undertaken. MKU is also undertaking

c-DNA cloning of growth hormone (GH) gene of H.

fossilis and L. rohita; screening and isolation of full-

length c-DNA of growth hormone of H. fossilis and L.

rohita; and mapping and sequencing of full length c-

DNA of GH gene of these two species.

Future Genetics ResearchFuture Genetics Research

Following are key areas for genetics research in the

future:

• Development of breeding programs for important

aquaculture species;

• Extra traits for selection in L. rohita breeding

program, such as disease resistance and quality of

flesh;

• Determination of suitable age and size of

broodfishes for production of quality seed and

development of suitable plan for genetic

improvement of carps for hatchery managers;

• Application of molecular markers and genetic

techniques for breeding programs;

• Continued research on genetic engineering; and

• Testing and dissemination of research outputs to

end-users.
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