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Natural freshwater fishes at
intergeneric and interspecific levels is more common than
in other groups of vertebrates ( Hubbs, 1955). Among
fishes, Cyprinids are more prone to such hybridization.
Detection of natural hybrids in fishes is often complicated

and spot identification during vigorous sampling is quite

hybridization  in

difficult; as they may closely resemble any one of their
parents. Species-specific molecular markers provide
precise evidence in detecting hybrids between different
species. A single diagnostic locus is adequate to detect an
F, hybrid, however, 5 -6 loci can provide information on
back crossed/post F, hybrids ( Campton and Utter,
1985). Mitochondrial DNA is predominantly inherited
maternally and reveals the immediate maternal parent.
Diagnostic allozyme loci coupled with mtDNA profiles can
provide effective molecular tools for the detection of
hybrids (Avis and Sunders, 1984; Agnese et al., 1997,
Strussmann et al.,1997).

The present study reports characterization of a hybrid
Labeo  specimen,
markers. The study arose from routine genotyping of
L. rohita where one sample exhibited the heterozygote

using allozyme and mitochondrial
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pattern at several loci with alleles; that have not been
observed in L. rohita. To explain the observed genotype
profiles the study was conducted to determine if the
particular specimen could be a hybrid and if so, what

could be the parent species?

1 Materials and methods

The fish specimens were obtained from commercial
catches from the Banganga River (latitude 29°46’ N,
longitude 78° 02" E). The fish specimen in question
(referred as test specimens Acc.No.LR1373) was part of
the collection of 44 specimens, obtained for population
structure studies of L. rohita from the river Banganga, a
tributary of Ganges. The accessions (no. given) available
at the Tissue Repository of National Bureau Fish Genetic
Resources, Lucknow were used in this study. The test
specimen was not identified as hybrid during field
sampling. In the initial analysis, the test specimen was
examined for allozyme profile; generated on the same gel
for 8 samples; 2 each for the four Indian major carps,
viz.» Catla catla (Hamilton, 1822; Acc. No. CC504,
CC529), Labeo rohita ( Hamilton, 1822; Acc. No.
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LR1152, LR1461), L. calbasu (Hamilton, 1822;: Acc.
No. LK157, LK201) and Cirrhinus mrigala ( Hamilton,
1822; Acc. No. CM526, CM721). Thereafter; the test
sample was re-examined with putative parent species,
L. rohita and L. calbasu . Ten samples each of L. rohita
(Acc.No.LR1152, 1154, 1155, 1362, 1364, 1461,
1528, 1702, 1704 and 1705) and L. calbasu (Acc. No.
LK157, 201, 203, 253, 262, 277, 279, 280, 500,
507), collected from three distant rivers ( Satluj, 31°09’
N, 74°56" E; Banganga, 29°46' N, 78°02" E; and
Brahmaputra, 26°16" N> 91°46’ E) were again examined
electrophoretically with the test sample.

The liver samples were dissected at the sampling site
and immediately immersed in liquid nitrogen ( — 196°C)
and stored at —80°C Cuntil analysis). Liver tissue
Capprox. 100 mg) from each sample was mildly crushed
in cooled 1.5 ml micro centrifuge tubes with four volumes
of extraction buffer (0.17 mol/L sucrose; 0.2 mol/L
EDTA, 0.2 mol/L. Tris-HCl, pH 7.0) for allozyme
analysis. Homogenized samples were centrifuged for one
hour at 10 000 r/min at 4°C and 200 pl of supernatant
was recentrifuged for 20 minutes. Allozyme variation was
determined by polyacrylamide gel ( 7% )
electrophoresis ( Gopalakrishnan et al., 1997). Electr-
ophoresis was carried out at constant voltage (150 V) in
cooling chamber (6°C) in Tris-Borate Buffer (500 mmol/
L Tris, 650 mmol/L Boric acid, 16 mmol/L. EDTA pH
8.0 ). Allozyme profiles were visualized using
histochemical staining methods ( Whitmore, 1990) at
37°C. For

recommendations of Shaklee et al.(1990) were followed.

vertical

nomenclature  of loci and alleles,
The most frequent allele in Labeo rohita was assigned as
100. Alternate alleles were designated as per their
mobility relative to the most common allele. Multifactorial
analysis (She et al., 1987) was performed using AFC2D
option in Genetix 4.02 ( Belkhir et al., 1997). The
individual genotype data of each individual is represented
by the score derived from each variable Calleles at
different loci), for the absence of an allele (0), for the
presence of the allele to the state heterozygote (1) and the
state homozygote (2).

DNA  ( mtDNA )
fragment length polymorphism ( RFLP) analysis, total
DNA was extracted from frozen liver samples (stored at
—80°C) using the method of Stevens et al.(1993). The
ND1 and 16 S mitochondrial rRNA genes of mtDNA were
amplified using the primers ( Forward 5’ ACCCCGCCT-
GTTTACCAAAAACAT 3’ Reverse 5' CGTATGAGCCCG-
ATAGCTTA 3") described by Cronin et al. (1993). Total
genomic DNA Capproximately 25 — 100 nanogram) was

For mitochondrial restriction

used as template for amplification. PCR reaction was set
up in a volume of 50 pl and consisted of 0.05 pmol/L —
0.2 pmol/L primer; 0.2 mmol/L of dNTPs mix, 1 X assay
buffer (10 x =100 pmol/L TAPS, pH 8.8: 500 tmol/L

potassium chloride, 0.1% gelatine) and 1 -3 U of Tagq

DNA polymerase. Taq polymerase was added after the
initial denaturation step during PCR. Amplification cycle
conditions were (1) 95°C for 5 min for initial
denaturation (1 cycle):; (2) 94°C for 30 s, 50°C for 1
min 72°C for 1 min 30 s (30 cycles); (3) 72°C for 10
min; (4) soak at 4°C in a Perkin Elmer CETUS thermal
cycler 480. The PCR amplified products were digested
with three restriction enzymes, viz. Mbo I » Mva I and
Hinf I according to the conditions specified by the
manufacturer (MBI Fermentas Inc., U.S.A.). Purified
restricted DNA was loaded along with undigested PCR
sample and three markers ( ADNA EcoR | / Hind |l
double digest, ¢X174 Hae [ll digest and 100 bp ladder)
in 6% polyacrylamide (29:1) gel at 150 V for 3 h for
electrophoresis.  After electrophoresis,  the restriction
patterns were visualized by silver staining ( Silver plus
one, Amersham Pharmacia, U.S.A.). Each individual
was scored for sizes of its restriction fragments and a
haplotype was assigned to it for all the restriction enzymes
tested.

2 Results

Comparative studies of allozyme patterns of the four
Indian major carp species viz. L. rohitas> L. calbasus
Catla catla and C.mrigala revealed that the test sample
shared alleles with L.rohita and L. calbasu. To
discriminate the two speciess only loci yielding scorable
activity in both species were considered. This provided 17
loci expressed for 10 enzyme systems for further analysis.
Species-specific diagnostic differences between L. rohita
and L. calbasu were observed at four loci, viz., GPI-
3", AAT", SOD-3" and EST-4" (Fig.1). Different
loci and alleles observed in the two Labeo species are
given in Table 1. The loci with only allele “ 100 in both
the species are excluded. The test sample exhibited
heterozygote genotype for these loci and banding patterns
conformed to that expected as per structure of the
enzymes. This confirmed that the test sample was a F,
hybrid between L. rohita and L. calbasu (Fig.1). The
multifactorial analysis  depicted distinct groups for
L. rohita> L. calbasu and the test specimen could be
identified, since it occupies the intermediate position.

To determine parentages
analysed with mtDNA RFLP. Six haplotypes were
identified in the two Labeo species. Three haplotypes

the sample was further

were characterized in L. rohita that differed from the
three observed for L. calbasu as presented in Table 2.
The test specimen had haplotypes similar to L. calbasu for
the three markers used. This indicated that the maternal
parent of the test specimen was L. calbasu .

3 Discussion

Sufficient evidence was available to conclude that the
test specimen was a F, hybrid produced from two

sympatric species; a male L.rohita and a female
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Table 1 Loci scored and alleles observed for different enzymes in Labeo rohita and L. calbasu

Enzyme Alleles
Enzyme Commission Locus
number Labeo rohita Labeo calbasu Test specimen
Aspartate amino transferase 2.6.1.1 AAT™ 100€0.095), 110€0.05) 071€0.05), 087€0.95) 87, 100
Esterase 3.1.1. 1 EST-1" 083€0.05), 100€0.95) 100€0.90), 116(0.05), 100
126€0.05)
EST-4~ 100(1.00) 086(0.72), 094(0.28) 86, 100
Glucose-6-phosphate dehydrogenase 1.1.1.49 G6PD” 100€0.95>, 115¢0.05) 100€0.95>, 1150.05) 100, 115
Glucose phosphate isomerase 5.3.1.9 GPL-3" 100€0.80), 115(0.20) 084(1.00) 84, 100
a-glycerophosphate dehydrognase 1.1.1.8 GPDH ™ 086(0.05), 100€0.95) 086(0.20), 100€0.80) 100
Phosphogluconate dehydrogenase 1.1.1.44 PGDH™ 100¢1.00> 092(1.00) 92, 100
Octanol dehydrogease 1.1.1.73 ODH-1" 100¢1.00> 130€0.11, 165(0.89) 100, 165
Phosphogluco mutase 5.4.2.2 PGM-1" 100(1.00) 131(1.00) 131
PGM-2" 100(1.00) 128(1.00) 100, 128
Superoxide dismutase 1.15.1.1 SOD-3" 100¢1.00> 171€1.00> 100, 171

Allele frequencies for L. rohita and L. calbasu are given in parenthesis. For test specimens the frequencies of the two alleles were same.

* 10

AAT

=

EST

Fig.1  Allozyme patterns of four diagnostic loci; AAT", GPI-3", SOD-3 and EST-4", for the Labeo calbasu (1, 2)

and L. rohita (4, 5)

Note the heterozgote pattern for individual 3, confirming it as F| hybrid between the two Labeo species
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Table 2 mtDNA restriction pattern and haplotype of Labeo rohita, Labeo calbasu and their putative hybrid ( test specimen)

Restriction pattern (hp)

Restriction enzyme
Labeo rohita

Labeo calbasu Putative hybrid

Mbo | 746, 303, 226, 220, 215, 165, 156 684, 560, 229, 218, 166, 156 684, 560, 229, 218, 166, 156
Haplotype A B B
746, 310, 290, 238, 220,
Hinf | 728, 639, 305, 229 728, 639, 305, 229
120, 113, 102
Haplotype A B B
Muva 1 829, 689, 596 1469, 734 1469, 734
Haplotype A B B
Composite haplotype
(Sequence of enzyme: AAA BBB BBB
Mbo 1 » Hinfl, Mva 1)
108: 237 - 255.

L. calbasu. The identified diagnostic allozyme loci and
mtDNA haplotypes are useful tools for screening of hybrids
between the two species.

Hybrids between the L. rohita and L. calbasu have
been produced experimentally through reciprocal crosses
1991 ). The
occurrence of L. rohita and L. calbasu hybrid in natural
habitats has not been documented previously although
inter-generic hybrids between other carps have been
observed in reservoirs and bundhs in India ( Prasad,
1976; Chondar, 1999). Hybrids found in natural waters
can be due to escaped farmed fish or natural breeding at
overlapping breeding grounds. Circumstantial evidence
can be used to examine whether the observed hybrid was a

in captivity ( Talwar and Jhingran,

result of natural breeding or farm escape. At present,
L. calbasu is not used in aquaculture and therefore
commercial level seed production does not exist in India.
The areas adjoining the Banganga River (foothill region)
do not have significant fish farming activity. The
collection site is an inundated plain of the Banganga River
and that could be a typical breeding ground for Indian
major carps as described by Talwar and Jhingran (1991) .
In view of the fact that L. calbasu is not widely stocked
for culture through hatchery-bred seed, the observed
hybrid is likely to be the outcome of natural breeding
between a L. rohita (male) x L. calbasu (female) .
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