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Backcross generations of Catla catla (Ham.) and Labeo rohita (Ham.) were developed in Central
Agricultural Research Institute, Port Blair, South Andaman, India, using the technique of induced
breeding for Indian Major Carps. The trend of morphometry through generation mean analysis indicates
reduction of head size with respect to standard length, which is considered as a reduction of bone size
within whole body biomass. The segregation pattern of dominant head morphometries of rohu and
partial dominance of body morphometries of catla was supported by subsequent genetic evaluation
through karyotyping, biochemical analysis and PCR-random amplified polymorphic DNA (RAPD) based
molecular marker analysis indicating more genetic proximity of rohu with backcrosses than catla. The
present study is significant for carp genetics with special reference to catla and rohu.
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INTRODUCTION

The two Indian major carps namely:- Catla catla (Ham.)
and Labeo rohita (Ham.) are scattered naturally in various
river systems of India, Pakistan, Burma and Bangladesh
(Jhingran and Pullin, 1985). They are among the world’s
principal aquaculture species in terms of production
(Hulata, 2001) and differ in many ways with respect to
their phenotypic traits. As per the study of Basavaraju et
al. (1995), larger head per unit body weight of catla is
considered as a major disadvantage for freshwater aqua-
culture when the edible flesh content per unit body mass
is concerned. Therefore, a good amalgamation of deep
catla type body and narrow rohu type head is always a
notion of considerable importance for aquaculture requi-
ring apt hybridization.

Keeping this in view, the present study was undertaken
to develop different backcross generations of catla and
rohu with an aim to develop a new variety/strain with

certain desirable traits. The desirable traits with aquacul-
ture importance include narrower head, broader, longer
and thicker body in percentage of total length and stouter
caudal peduncle keeping in view of the percentage of
edible flesh content in comparison with the total body
weight. Success to achieve this target could be antici-
pated through selective breeding to make narrower and
longer head, as well as, broader and thicker body by
introgression of responsible gene(s). In similar genetic
improvement programme, disease resistance, field
performance and breeding capacity etc are also other
parameters of concern but, those were not taken in to
consideration in this study.

The major objective in the present study was to get
different generations of Indian major carps namely:- Catla
catla and Labeo rohita through systematic breeding and
as it is very difficult to get parental generations, F1 and
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F2 hybrids, as well as, various backcross generation at a
time due to their long generation period of 2 to 3 years. At
the same time genetic analysis through evaluation of the
developed progenies was done involving generation
mean analysis (GMA) of morphometric parameters to get a
clear trend followed by comparative karyotyping; esterase
profilingand PCR-RAPD basedmolecularmarkersanalysis.

Comparative karyotyping was essential to find any
major change in the genome at chromosomal level as
chromosomes are the simplest indicators of change in
genome at cellular level through change in ploidy or any
other change in the number of each type of chromosome,
that is, metacentric, sub-metacentric, telocentric, sub-te-
locentric anatenctric, acrocentric, etc. The technique of
biochemical genetics through isozyme analysis and PCR-
RAPD marker based analysis was adopted to find the
correlation between genetic distances/similarities bet-
ween various generations of carps with respect to segre-
gation of phenotypic trends from parents to progenies.
This was desired to find genetic proximity of catla or rohu
parents with other successive generations indicating the
contribution towards development of longer and narrower
headlikerohuandbroader,deeperandthickerbodylikecatla.

MATERIALS AND METHODS
Developing the breeds of backcross generations

For the above purpose, the base stocks of parental generations
were developed from the seeds of Catla catla (Ham.) and Labeo
rohita (Ham.) in farm facilities of Central Agricultural Research Insti-
tute (CARI), Port Blair, Andaman, India (Tripathy et al., 2010) from
the founder stocks of the parental generations developed from the
seeds procured from the hatchery unit of Central Institute of Fresh-
water Aquaculture (CIFA), Bhubaneswar, Odisha during 1987 as a
part of hatchery development programme in CARI. During subse-
quent years, pure stocks of catla and rohu were developed through
regular breeding programme of the institute to meet the demand of
local farmers each year. Side by side, various tissue samples were
collected and preserved for use in future; as well as, morphomtric
measurements were documented for analysis. The mating design
mostly followed was 1:1 brooders for each experimental analysis
purpose whereas it was 2:3 or 1:3 (male:female) for farm require-
ment purpose. The breeds were maintained in separate pools and
ponds without allowing any mix up.

The F; hybrids were developed by crossing catla and rohu and
were designated as CxR or CR. Subsequently, the F, hybrids were
produced from inter se breeding of F; progenies (CRxCR), the first
backcross generation or B; was produced from F; and catla
(CRxC), whereas B, from F; and rohu (CRxR). Hybridization of B;
and rohu resulted in B;R (CRxC)xR and BC;F;, were from inter se
breeding of B; (CRxC) x (CRxC). A long and tedious process of
breeding, hatchery management and maintaining the breeds in
isolated ponds was undertaken from 1987 to 2008 to set the objec-
tive of backcross breeding and genetic evaluation taking the help of
Central Institute of Freshwater Aquaculture (CIFA), Bhubaneswar,
Odisha, India and CARI from time to time. However the detail of
induce breeding for the period of F;, F, and backcross development
is presented in Table 4.

Morphometry and generation mean analysis (GMA)

All metrical values of the morphometric parameters were converted

to percentage of standard length and mean percentage values of
each generation along with their standard error of means as
analyzed Balon (1995). For the Generation Mean Analysis (GMA),
three replication means of each morphometric ratio of all genera-
tions with corresponding values of variance and variance of means
were used by GENRES. For this study, 73 catla, 50 rohu, 36 F;
hybrids, 30 B; backcross, 30 F; hybrids, 30 B, backcross, 30 B:R
and 30 BC,F;, backcross were measured for various morphomteric
parameters.

The age group of catla and rohu ranged from 1 to 3 years while
those of F; and B; were between 6 months to 2 years. For the rest
other generations, the age group varied between 6 months to 1
year. Various morphometric parameters included mean percentage
values of head, trunk and tail length as well as their depth and
thickness in percentage of standard length running from tip of the
snout to the base of the caudal fin. For measuring each morpheme-
tric parameter, replica of three set individuals were collected during
harvest/sampling consisting of 25 to 30 each for catla and rohu.
Those of other generations consist of 10 to 15 per sampling. The
morphometric analysis mostly included mean percentage values of
nine important parameters in percentage of standard length for
length, depth and thickness of head, body and caudal peduncle; as
well as, those of snout length, eye diameter and pre-dorsal, pre-
pectoral, pre-anal and pre-pelvic length. The detail of morphometric
parameters recorded is presented in Table 5.

The generation mean analysis was performed using the statis-
tical software GENRES (1994) by putting the mean percentage
values of morphometric parameter like length, depth and thickness
of head and body for comparison. The data in Tables 1 and 2
present different scaled values as per scaling scaling and six
parameter test, respectively and different inter-genetic interactions
resulting in form of various epistatic phenomena, that is, duplicate
or complementary epistasis. The scaling scaling test used means,
variance and means of variance giving result in form of scaled
values such as A, B, C and D scales with their corresponding va-
riances and t values as per Haymann and Mather (1955). In these
classical genetic model like scaling scaling test and six parameter
model the co-efficient of variations which are the percentage values
of standard deviations (Falconer, 1981; Mather and Jinks, 1982;
Phanse and Sukhatme, 1995; Falconer and Mackay, 1996) are
employed to get the final out put in form of all the four scales (A, B,
C and D) and the genetic interactions values like M, D, H, |, jand L.

The scaled value like A is calculated by the software based on
statistical formula, which is A= 2B;-P;-F; and variance of A (Va)=
4V(B,) + V (P1)+ V(F1) where B; indicates the mean values of the
character of the 1st backcross generation, P; presents that of 1%
parent (catla) and F; presents that of 1st filial progenies. The
corresponding values of variances for each generation are
represented by V (X,). Similarly, the scaled value B = 2B,-P,-F; and
VB= 4V (B) +V (P2) +V (F1). The scaled value C= 4F,-2F;-P1-P;
and Vc =16 V (Fp) + 4V (F1) + V (Py) + V (P,) and D = 2F,- B;-B;
and VD=4V (F;) + V (B1) + V (B). The values of standard error for
each scale is calculated by taking the square root of corresponding
variances and t values mentioned in Table 1 are the proportion of
each scale with respect to their standard errors having an exclusion
limit of 1.96 at P =0.05.

The Table 2 presents another classical genetic test; that is, six
parameter model of GMA to reveal non-interacting crosses giving
means, variance and t values for mean effect (m), additive effect
(d), dominance effect (h), additive x additive interactions (i), additive
x dominance interactions (j) and dominance x dominance type
interactions (I). The soft ware calculated the above parameters
based on formulae:

(m) = mean genetic effect = that of F, generation for a morpho-
metric measurement, (d) = Additive effect for a particular morpho-
metric mean percentage value of all generations = the difference of
B; and B> (B]_-Bz).
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Table 1. Different scaled values of A. B, C and D with corresponding SE, variance and t values as per scaling scaling test of GMA.

Mean morphometric ratios in

percentage of standard length A SE: variance ({)

B * SE: variance (t)

C + SE: variance (t) D * SE: Variance (t)

Head length -6.41+ 2.71: 7.39 (-2.36)*
Head depth -4.98+1.98: 3.93 (-2.51)*
Head thickness -1.24%1.83: 3.34 (-0.67)
Body length 10.11+3.89: 15.19 (2.59)*
Body depth -5.74+4.38: 19.20 (-1.30)
Body thickness 0.67+1.52: 2.31 (0.44)

1.28 £2.39: 5.73 (0.53)
-3.7641.23: 1.52 (-3.05)*
-7.3942.11: 4.46 (-3.49)*
-1.23+2.13: 4.54 (-0.57)
-10.44+1.48: 2.2 (-7.03)*
-4.0741.42: 2.03 (-2.85)*

3.15+3.33: 11.09 (0.94)
-6.24+4.33: 18.83 (-1.43)
-10.73£3.13: 9.85 (-3.41)*

-16.325.42: 29.42 (-3.01)*
-34.18+2.9: 8.40 (-11.78)*
-17.8+2.55: 6.52 (-6.97)*

4.14%2.16: 4.67 (1.91)
1.25+2.31: 5.35 (0.54)
-1.05+1.98: 3.92 (-0.53)
-12.6+3.37: 1.39(3.73)"
-9.0+2.56: 6.569 (3.51)*
-7.241.54: 2.38 (-4.66)*

**A B, C and D: Different scales of genetic interactions, values in parentheses are the t values, * Significant at P, 0.05; A, 2B; — P;-F; and V,, 4V
(B1) +V (P1) +V (F1) where B;. indicates the mean value of the character of the 1st backcross generation P;. presents the value of 1st parent (catla)
Fi. presents that of F; hybrids V (Xn): corresponding values of variances B= 2B,-P,-F, V=4V (B) +V (P2)+V (F1); C=4F;-2F;-P1-P;, Vc = 16V

(F2)+4V(F2)+V (P1)+V (P2) D = 2F;-B1-Ba, Vo= 4V(F2)+V (B1)+V(By).

Table 2. Values of genetic interactions namely,- m, d, h, i, jand | + standard deviation and type of epistasis.

Ratios m d h i i [ Type of Epistasis
Head length 37.96+4.37* 4.18+0.65* -0.93+11.50 -8.28+4.32" -3.84+1.76 13.41£7.0 Duplicate

Head depth 25.86+4.64* 4.26+0.39* 0.84+10.41 2.5+4.62 0.61£1.10 11.2445.99 Complementary
Head thickness 16.57+3.89* 0.47+0.45 4.21£9.94 2.1£3.96 3.0741.38* 6.5346.11 Complementary
Body length 45.2316.77* -3.97+0.48* 58.28+16.60* 25.2+6.75* 5.67+2.19 34.08£10.11*  Complementary
Body depth 14.3645.15* 3.75+£0.51* 20.91+14.38 18.0£5.12* 2.35+2.28 -1.8249.37 Duplicate

Body thickness 3.43+3.10 -0.87+0.31* 25.14+7.60* 14.4+3.08" 2.37+1.02* 11.0+4.64" Complementary

** m: mean genic effect (F2); V (m) =V F,. d: additive effect (B1-By); V (d) =V By + V B,. h: dominance effect (Fi- 4F,- ¥2 P1-% P, +2B; +2B,); V
(h)=VFL+16V F+ %V P+ Y%V P, +4VB; + 4VB,. i: additive x additive interactions (2B, +2B, -4 F,).V (i) = 4V(B1)+ ¥V(B2)+ 16V(F,); j: additive
x dominance interactions (B;- %2 Py -B, + Y2 Py); V(j) = V(B1) +¥4V(P1)+ V(B,)+ ¥V(P,); I: dominance x dominance interactions (P;+ P+ 2F;+4 F,-
4B;-4B,); V(I) =V(P1)+ V(P2)+ 4V(F1)+16V(F,) +16V(B2)+ 16V(B,); Significant at P = 0.05.

The value of h (dominance effect) was calculated by the mean
percentage values of Fi-4F»-1/2P1-1/2P,+2B;+2B,. Their corres-
ponding variances were calculated as V (m) =V (F,), V (d) = V (By)
+V(By,andV(h)=V (F)+16V (F) +¥aV (P) + %V (Py) +4V
(B1) +4 V (By). The values for all the three genetic interactions are:
() = 2B1+2B, -4 Fo and V (i) = 4 V (By) +¥4 V (By) + 16 V (Fo).
Similarly, (j) = B1-1/2 (P1)-Bo+ %2 (Py) and V (j) =V (By) + ¥4 V (Py) +
V (B2) + ¥4V (P) and () = Py + P2 + 2F; + 4F-4B;1-4B, and V (I) = V
(P)+V (P) +4V (F)+ 16V (Fo) + 16 V (By) + 16 V (By).

Karyomorphology

After acclimatization, the individuals were subjected to starvation for
24 h in separate aguarium and were injected with Concanavalin-A
(Img/ml in Phosphate Buffer Saline PBS of pH 7.4 @ 1ml/100 g
body weight prior to 48 h of dissection). Second dose was admi-
nistered 24 h prior to actual sacrifice. Then they were injected with
colchicine @ 1ml/100 g body weight 2 to 3 h prior to dissection.
Kligermann and Blooms (1977) method was adopted followed by
flame drying and stained in 4% Giemsa working solution (BDH).
Counting of chromosome number and assignment of karyomorpho-
logies to each set of chromosome was done following the study of
Levan et al. (1964).

Esterase profiling

According to the study of Abersold et al. (1987), Esterase (EC:
3.1.1.) was profiled by vertical slab gel (5% native polyacrylamide
gel electrophoresis) in discontinuous buffer system (Rechardson et

al., 1986) using Bio-Rad made mini electrophoretic apparatus (Mini
Protein-ll, Catalogue no 165) at 4°C with running voltage of 250 V
for 2 h. The co-dominant isozyme marker bands were assigned
different codes for different loci like aa, AA, BB and bb for homo-
zygous genotype and AB Ab, aB, bB, ab, Aa for heterozygous
genotypes. The data based on isozyme polymorphism of esterase
markers were analyzed and the genetic distance matrix was con-
structed by GENEPOP-3.2.

PCR-RAPD generated Molecular Marker analysis

Extraction of genomic DNA was done by Sambrook et al. (1989)
with suitable modification (Barman et al., 2003), following the rou-
tine protocol of phenol-chloroform- isoamyl alcohol. Polymerase
chain (PCR) reactions were set up in sterile environment by 5 pmol
of selected primers (oligonucleotide decamers) and 0.5 U of Taq
DNA to amplify in thermal cycler Gene Amp 9700 (Applied Bio-
systems). Initial denaturation at 94°C (4.0 min) was followed by 35
cycles in 1.0 min (94°C), 1.0 min (36°C) and 2.0 min (72°C). Final
extension for 7.0 min at 72°C was allowed. The experiments were
conducted for 10 sets decamer random primers. The amplified DNA
was subjected to 1.8 % agarose gel electrophoresis along with 100
bp DNA ladder or gene ruler (FERMENTAS: MBI #SM0321) and
were visualized under UV light using gel documentation system (Uvi
tech, Techne, UK). Band scoring was done as 0 for absence or 1
for presence of bands by Quantity One (BIO-RAD) and was ana-
lyzed by computer-simulated software POPGENE 32 for construc-
tion of dendrogram based on genetic distance matrices according
to the study of Nei (1972, 1978) by Unweighted Paired Group
Method with Arithmetic Averages (UPGMA).
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Modal diploidy of B1R and BC1F2
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Figure 1. Modal diploidy (2n = 50) in backcrosses of catla and rohu.
Table3. Comparative karyomorphologies of backcrosses and parental carps.
Car Chromosomal morphologies Reference
P 2n FN M Sm St T/IA
Catla 50 78 12 16 22 Zhang and Reddy (1991)
Rohu 50 - 6 16 8 20 Nagpure (1997)
F1 50 88 12 10 16 12 Jana (1993)
BiR 50 - 14 10 10 16 *
BC,F, 50 - 8 12 22 8 *

**** EN, Fundamental number; M, metacentric; Sm, sub-metacentric; St, sub

the present findings; Sample size (n), B:R (15) and BC:F; (17).

The soft ware POPGENE (Yeh et al., 1999) calculated genetic dis-
tances and identities based on the formulae of pair-wise similarities
(Sag) as per Lynch (1990) originally based on Nei (1972) and Nei
(1978) for similarities index, using the data from polymorphic
primers where Sag = 2 Nag/(Na+tNg), where Nag is the number of
DNA fragments between individuals A and B, and N and Ng are the
total number of fragments possessed by individuals A and B. The
mean pair-wise similarity S was computed as S = S,g/n where it is
the arithmetic mean of all S values. As per Lynch (1990), the
variance of S was calculated as V (S) = 2S (1-S)(2-S)/ N(4-S). N
stands for average number of DNA fragments per individual.

RESULTS
Morphometry and generation mean analysis

Six mean morphometric proportions namely:- length,
depth and thickness of head and body were analyzed in

telocentric; T/A, telocentric/anacentric; *, As per

backcrosses. The head morphometries were observed
intermediate to parental catla and rohu but akin towards
rohu, whereas body morphometries were more similar
towards catla. The B; progenies showed four characters
that is, length and thickness of head as well as length
and depth of body more similar to parental rohu where as
B, backcrosses showed four ratios namely, length and
depth of head, as well as, length and thickness of body of
rohu. The B;R backcrosses showed head thickness like
catla where as body depth like rohu and BC;F, showed
two characters like depth and thickness of head similar to
rohu. The mean head length in percentage of standard
length for parental rohu in current study was found similar
to those in earlier observations of Chondar (1985),
whereas it was highest for catla and lowest for rohu.

As per the scaling scaling test (Table 1) of generation
mean analysis, the generation means for head length from
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Figure 2: Dendrogram based on esterase profiling.

all generations showed the only significant value of scale
A whereas generation mean morphometries for depth,
scale A and B were found significant. Scales B and C
differed significantly for thickness. Out of all the four
scaled values for body length, only B was found non-
significant and other three scaled values were significant.
For body depth parameters in all generations, three scales
namely, B, C and D differed significantly. Body thickness
showed the only non-significant scaled value of A.

For the six parameter model presented in (Table 2),
head length resulted in three significant parameters
namely:- mean effect (m); additive effect (d) and additive
x dominance epistasis (i) but that for the head depth, only
m and d were significant. Similarly for head thickness, the
significant parameters were mean genic effect (m) and
additive x dominance interactions (j). All parameters were
found significant for body length where as body depth
showed significant parameters of m, d and i. All para-
meters for body thickness were significant except the
mean genic effect (m).

Karyomorphologies

The backcross progenies in the present finding confirm
same diploidy as earlier observation in catla, rohu and F;
(Figure 1 and Table 3). The number of metacentric chro-
mosomes is 14 in B;R and 8 in BC,F,. Similarly, the
number of sub-metacentric in B;R is 10 and 12 in BC;F».

Number of sub-telocentric chromosomes in B;R and BCF»
are 10 and 22. The number of telocentric/acrocentric
chromosomes is 8 in BC,F,and 16 in B;R.

Esterase profile

There exists positive correlation for genetic distance bet-
ween both the backcross generations and B;R back-
crosses were more distantly correlated to rohu then
BC,F, (Figure 2). Highest value of genetic distance of
rohu was observed with catla followed by BC;F,, F, and
B;R. B;R backcrosses showed maximum distance with
catla and minimum with F,. The BC;F, generation showed
maximum genetic distance with catla followed by rohu,
B;R and F,.

PCR-RAPD based molecular markers

A total of 105 (one hundred and five) bands in all gene-
rations were analyzed where an average of 6 to 8 bands
per primer was amplified. Primers like OPY-7 and OPY-
12 amplified highest number of DNA fragments. The size
range of amplified DNA fragments was 3000 to 300 bp.
Almost 35.23 % of the total amplified bands were either
catla or rohu specific and only 40 to 100% of them were
polymorphic. Catla was found having maximum genetic
identity with B; and minimum with F;. That in ascending
order was with rohu, BC;F,, B,, B;R and F..
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Figure 3. Dendrogram based on dominant PCR-RAPD markers.

Similarly, the genetic identity of rohu with carps in
ascen-ding order was with catla, By, By, B1R, F,, BC.F,
and F; respectively and those of B;R in ascending order
was with catla, B;, rohu, B, and BC;F, respectively
(Figure 3). Finally, the genetic identity of BC;F, in ascen-
ding order was catla, B,, rohu, F,, F1, B, and B;R.

DISCUSSION

Selection in backcross programmes is used to either
improve the genetic value of plant and animal populations
or fine map quantitative trait loci. Both cases are helpful
in understanding of the genetic bases of quantitative
traits variation. Development of backcross progenies in
Indian major carps that is, catlta, rohu and mrigal is not a
well adopted practice as they have long generation cycle
of three years approximately. But similar attempts were
made in some other carps and non-carps earlier (Beherends
et al.,, 1988; Jayaprakash et al., 1988; Andersons and
Collins, 1995; Galbreath and Thorgaard, 1995) for various
purposes of aquaculture in general; as well as, to under-
stand their genetics. The present study was meant to
gain inside to the carp genetics with respect to catla and
rohu, as they contribute a lion share to the Indian market
of freshwater captive fisheries. Backcrossing is a well-
known and long established breeding scheme where a
characteristic is introgressed from a donor parent into the
genomic background of a recurrent parent (Hospital,
2005). Backcrossing is also useful to dissect the genetic
architecture of quantitative traits because it isolates a
gene, or chromosomal region, in a different genetic back-
ground (the genetic background of the recurrent parent).

In fact, it is one of the few reliable methods to validate the
additive effect of a quantitative trait locus (QTL) or a can-
didate gene. The experiments were conducted to intro-
gress rohu characteristics with narrower head to hybrids
and backcrosses.

Overall behavior of B; backcrosses in the present study
was similar to those of catla being easy to be caught in
net but those of other backcrosses were closer to rohu.
The mean head length in percentage of standard length
for parental rohu in current study was found similar to
those in earlier observations of Chondar (1985), where as
it was highest for catla and lowest for rohu. The values of
head depth in percentage of standard length were observed
highest for catla and lowest for rohu so also the same for
body length in percentage of standard length Body depth
in percentage of standard length in the present study
were lower than those reported earlier (Chondar, 1985).
As per Falconer and Mackay (1996), the scaling scaling
test informs that significance of any of the four scales that
is, A, B, C or D indicates the presence of epistasis and
the type of epistasis is revealed by the significance of
specific scaled values. Significance of A and B scales
indicate presence of all the three types of genetic
interactions such as:

i. additive x additive,
j- additive x dominance and
|. dominance x dominance interactions.

Similarly, significance of scaled value C suggested domi-
nance x dominance interactions (j) and that of D scale
value indicates additive x additive genetic interaction (i).
Significance of both C and D scaled values indicate pre-



Tripathy et al. 5509

Table 4. Detail of induced breeding of various generations of carps.

Hormones

Egg release (Lt) Weight(kg) Spawn recovery(thousand)  Carps
? 5) ?
1 2 3 4 5 6 7 8
C R PGE PGE 11.0 0.4 5.0 F1
C R PGE PGE 20.0 2.4 180.0 F1
CR CR OVP OVP 5.0 0.2 1.0 Fo
CR C PGE PGE 45 0.3 5.0 By
CR C PGE PGE 8.0 0.6 12.0 Bq
C R PGE OVT 18.0 2.1 135.0 F1
CR CR PGE PGE 28.0 2.6 460.0 Fo
CR R PGE OVT 7.0 0.35 6.0 Bo
CR R PGE PGE 21.0 1.30 46.0 By
CR C PGE PGE 12.0 0.95 33.0 B1
CR CR PGE OVP 24.0 2.2 * Fy
CR R PGE PGE 21.0 1.30 53.0 Bo
CRXC R OVP PGE 7.0 1.5 50.0 B1R
CRXC CRXC PGE PGE 10.0 1.2 180.0 BC41F»
CRXC CRXC PGE PGE 14.0 1.8 225.0 BC1F>
CRXC R PGE PGE 5.0 0.2 13.0 B1R
CRXC R OVP PGE 6.0 1.0 40.0 B1R
CRXC CRXC PGE PGE 4.0 0.8 45.0 BC1F>

C, catla; R, Rohu; CR, hybrid of catla female and rohu male; CRxC, B; backcross generation developed by crossing CR hybrid
female and catla male; F,, developed by crossing CR hybrid inter se breeding; B,, developed by CR hybrid female x rohu male;
B:R, developed by crossing B; backcross female and rohu male; BC;F,, developed by crossing B; backcross female and male
(inter se breeding); PGE, Pituitary gland extract; OVP, ovaprime; OVT, ovatide.

sence of both (i) and (j) interactions. In the present study
it was found that significance of all four scaled values
indicated the presence of all the three types of genetic
interactions (i, j and ) for overall expression of head
length in percentage of standard length in all the studied
generations of catla, rohu and backcrosses. Same was
the result for head depth in percentage of standard length,
indicating complicated polygenic interactions. Similar result

for head thickness in percentage of standard length due
to complicated polygenic interactions indicated to give
more emphasis on dominance x dominance interactions
(i) while considering for selective breeding. This required
more attention towards out breeding to obtain the desired
percentage of head thickness in various backcross gene-
rations of catla and rohu. While considering the body
morphometries as per the scaling scaling test of GMA
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Table 5. Measurements of morphometric parameters in mean percentage of standard length (mm) with values in

parentheses indicating Standard Error of Mean (SEM).

In % of standard length

Head 35.42 26.0 325 32.116 28.103 27.916 31.084 30.859
Length (0.39) (0.6) (32.1) (0.5) (0.04) (0.72) (0.27) (0.33)
Head 26.29 19.8 25.9 21.633 22.62 20.533 23.252 21.65
Depth (0.04) (0.3) (0.26) (0.9) (0.5) (0.43) (0.18) (0.47)
Head 18.85 15.6 18.52 16.9 16.16 16.17 18.935 16.15
Thickness (0.25) (0.6) 0.2) (0.044) (0.3) (0.492) (0.24) (0.316)
Body 65.33 73.9 66.55 67.2 72.43 72.096 70.18 70.147
Length (0.89) (0.6) (0.6) (0.60) (1.0) (0.69) (0.429) (0.58)
Body 33.68 26.9 29.72 24.766 28.70 25.73 26.083 25.652
Depth (0.67) (0.5) (0.4) (0.8) (1.0) (0.499) (0.22) (0.47)
Body 17.30 17.0 16.1 13.23 18.18 15.9 15.072 17.24
Thickness (0.30) (0.3) (0.25) (0.30) (0.4) (0.37) (0.24) (0.465)
C.p. 16.968 16.5 16.55 18.633 17.48 15.48 15.8 20.40
Length (0.2) (0.1) (0.0) (0.0) (0.3) (0.21) (0.06) (2.505)
C.p. 9.614 12.4 13.05 11.46 11.9 11.83 11.77 13.01
Depth (0.33) (0.1) (0.0) (0.16) (0.09) (0.049) (0.041) (0.107)
C.p. 9.958 6.7 8.13 7.16 7.91 6.45 7.844 9.11

Thickness (0.19) (0.05) (0.02) (0.096) (0.06) (0.061) (0.047) (0.221)
Snout 9.76 9.1 10.5 9.91 9.86 10.116 8.8 11.394
Length (0.061) (0.06) (0.04) (0.13) (0.06) (0.11) (0.016) (0.08)
Eye 6.78 6.01 7.72 6.56 7.17 8.183 7.261 8.494
Diameter (0.091) (0.2) (0.09) (0.068) (0.14) (0.19) (0.013) (0.054)
Pre- 49.21 46.9 49.77 46.53 46.4 47.25 48.97 46.521
Dorsal (0.16) (0.4) (0.1) (0.55) (0.43) (0.66) (0.109) (0.19)
Pre- 30.93 255 29.3 28.03 27.9 28.2 28.25 28.868
Pectoral (0.74) 0.4) (0.18) (0.33) (0.27) (0.34) (0.10) (0.19)
Pre- 54.968 51.8 53.59 45.7 51.76 52.4 52.85 47.62
Pelvic (1.3) (0.2) 0.2) (0.932) 0.2) (0.47) (0.42) (0.674)
Pre- 76.09 76.63 77.70 71.83 71.68 77.466 77.038(0. 73.536
Anal (1.63) (1.25) (0.2) (2.4) (1.3) (1.59) 29) (0.26)

P,, Catla; P,, Rohu; CP, Caudal Peduncle.

indicated significant values of B,C and D scales only for
head depth in percentage of standard length, indicating
the presence of additive x additive (i) and dominance x
dominance interactions only. For body length and thick-
ness in percentage of standard length all types interac-
tions (i, j and l) were indicated by the scaling scaling test.

In the six parameter test model of GMA, the values of h
and i having similar signs (+ ve or — ve) indicate presence
of complementary epistasis and those with opposite signs
indicate duplicate epistasis. According to the study of
Viana (2000), the coefficient of the component (i) is same
as the additive component (d) and the coefficient of the
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Table 6. Genomic contribution from parents to offspring in various carp generations.

Carp Generation Maternal Parent

Designation of the carp

Catla Genome (%) Rohu Genome (%)

Catla Catla P

Rohu Rohu P2

F1 Hybrid Catla CxR or CR
F> Hybrid F1 CRxCR

B, F, CRxC

B> F, CR xR

B:R B1 CRC xR
BCiF; B1 CRC x CRC

100 0
0 100
50 50
50 50
66 33
33 66
50 50
66 33

component (j) is same as the dominant component (h) in
any generation.

The probable reason for shifting of head morphometry
towards rohu type producing backcrosses with rohu like
head (narrower) can be attributed to a probability of
masking genes for head morphometry in rohu genome
though dosage wise higher from rohu parents only in pa-
rental rohu and B, backcross only (Table 6). This is true
when such morphometric characters are not monogenic
but polygenic trait with complicated genetic interactions.
For head morphometry, involvement of more than one
gene present in rohu genotype to make the head nar-
rower and less deeper contributing more for the expres-
sion in subsequent generations of catla and rohu. But for
body morphometry which is another polygenic trait, the
rohu genome itself is not getting fully expressed and the
catla genome masking partially.

It is also apparent in Table 6 that contribution of paren-
tal catla genome as a whole is more in case of parental
catla (100%), B; (66%) and BC;F, (66 %) but higher
whole genome contribution with parental rohu alike in
cases of rohu (100%) and B, (66%) which is not showing
any clear trend to confirm more genetic proximity of rohu
with other subsequent generations. But, considering the
contribution of maternal genome with rohu linked genes,
it is significant that rohu alike genome present to some
degree in maternal parents of rohu and also in cases of
production of F,, B; and B, where F; is the maternal
parent and F; itself is having genetic dose from rohu
parents. Similarly, for the development of B;R and BC;F,
generations, the maternal parents are B; backcrosses
with rohu genome’s contribution. This might have induced
the rohu genome to mask the catla genome for develop-
ment of head morphometry but not for body morpho-
metry.

Hybrids between Atlantic salmon (Salmo salar, At) and
brown trout (Salmo trutta, Bn) were highly viable and
expected to be functionally sterile due to major inter-
specific karyotypic differences (Galbreath and Thorgaard,
1995). In contrast to this in the present study, intergeneric
differences of catla (genus Catla) and rohu (genus Labeo)
has not produced similar results but all the hybrids and
backcross generations developed were highly viable and
fertile due to chromosomal compatibility with same diploid

number. The karyotype of B;R and BC;F, progenies in
the present findings show 2n=50 with differences in their
karyomorphologies. The rough estimation of metacentric
and submetacentric chromosome (M + Sm) in catla is 28
and in rohu 22. Similarly, estimation of sub-telocentric
and telocentric chromosome (St + T) which looks similar
and difficult to identify is 22 in catla and 28 in rohu. Both
comparative estimations are just opposite to each other
in catla and rohu parents. Keeping these facts in view,
the (M+Sm) value in all generations are 22, 24 and 20 in
F;, BiR and BC;F, generations alike rohu. So also the
values of St + T are 28, 26 and 30 in F;, B;R and BC,F,
generations alike rohu. Although these are very crude
estimations not to be ascertained with full conformity but
points more towards genetic proximity with rohu parents.
However, stronger and more authentic comparison appli-
cation of chromosomal banding techniques could have
served better. But as a first hand or preliminary informa-
tion at chromosomal level of investigation through karyo-
typing it can be accepted that, the genomic organizations
of different carp generations are in more proximity with
rohu genome.

The dendrogram for esterase profile based on genetic
distance matrix showed two distinct clusters of carps
linked together where one with rohu and excluding catla
keeping aside in a separate branch. From this observa-
tion it was clear that, rohu parents are more close to all
the subsequent generations of carps rather than the catla
parents. Hence, all generations of carps were found more
linked to rohu than catla. In the phylogenetic tree based
on PCR-RAPD markers, two distinct groups of carps
were observed where rohu was found along with all carps
except catla keeping aside in a separate branch, similar
to earlier observations as per esterase marker. The over-
all genetic evaluation showed more proximity of back-
crosses with rohu rather than with catla. A possible expla-
nation ascribed is due to disruption of co-adapted gene
complexes or alteration in dominance relationships bet-
ween alleles. Such disruption might be brought by the dif-
ferences for the alterations in various components of
development of hybrids and backcrosses as compared to
parental stock that is, catla and rohu. For head morpho-
metries it is desirable and must be welcomed in future
perspectives for freshwateraquaculture in Indian peninsula.



5512 Afr. J. Biotechnol.

A correlation test among genetic distance matrices of
molecular and biochemical marker showed a coefficient
of 64%. The success of breeding the backcrosses and
their genetic evaluation to find out the heredity may be
attributed to nature itself, which accepted intra-generic
hybridization resulting in viable hybrids due to their
compatibilities at chromosomal level. The dominance of
rohu head morphotypes over catla was considered to be
of high significance from aquaculture point of view. The
trend of morphometric evaluation is appropriately sup-
ported by findings from isozyme and molecular marker
analysis. The type of inheritance exhibited by these back-
crosses of catla and rohu has not been reported before
but appears similar to that reported in backcrosses of
other vertebrate species. These results show the impor-
tance of backcrossing as well as use of genetic markers
to determine parental contributions and gene segregation
in species hybrids.
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