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ABSTRACT. RAPD was used to delineate the hilsa popul ations sam-
pled from the Ganga, Yamuna, Hooghly, and NarmadaRiversat six dif-
ferent locations. Six degenerate primers were used to generate the frag-
ment patterns from the sampl es collected. All primerswere highly poly-
morphic and generated high numbers of amplification products. Nei’s
genetic distances were calculated between locations. The overal aver-
age genetic distance among all the six locations was 0.295. The Fst
value within the Gangawas 0.469 and within the Hooghly it was 0.546.
The overall Fst value for the six populations analyzed was 0.590. The
UPGMA dendrogram clustered the hilsainto two distinct clusters: Ganga
and Yamuna populations and the Hooghly and Narmada popul ations.

Key words: Tenualosa ilisha, Ganga, Yamuna, Hooghly, Narmada,
RAPD, PCR
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INTRODUCTION

Tenualosa ilisha is an anadromous fish occurring in the Indo-West Pacific region from
the Persian Gulf, along the coast of Pakistan, India, Bangladesh, and Burmato South Vietnam.
It occurs in the foreshore areas, estuaries, brackish water lakes, and freshwater rivers. It as-
cendstheriversfor breeding during the monsoon season and returnsto the seaafter completion
of spawning to marine habitats. Hilsaisanimportant tropical fish belonging to thefamily Clupeidae
and sustains a highly commercial fishery in the Ganga and the Hooghly estuariesin India. All
hilsa stocks appear to breed in the upper reaches where eggs, larvae and juveniles are found
during the spawning seasons. During the southwest monsoon, which forms the main breeding
season, al the early stages can be found in the spawning grounds. The normal habitat of hilsais
the lower regions of the estuaries and the foreshore areas. During the breeding season they
ascend the rivers and after spawning return to the original habitat where they remain until the
next breeding season (Pillay and Rosa, 1963). The upstream migration during the main breeding
season appears to depend largely on the commencement of the southwest monsoon and conse-
guent flooding of the rivers. The variations in the intensity of monsoon during the breeding
season appear to cause considerable fluctuations in the abundance of the fish and catches in
different places. In India, hilsa distribution has been recorded from the Narmada and Tapti
Rivers and from the Vembanad backwaters of western India. In the eastern region hilsais
distributedin the Cauvery, Krishna, Godavari, Mahanadi, Hooghly, and GangaRivers (Chonder,
1999). In 1873, Day described two classes of hilsafromtherivers, a) one-year-old hilsaappear-
ing not to breed and b) those breeding at the start and during the monsoon. Jenkins (1938) raised
the question whether two or more hilsaraces or varieties exist with different spawning grounds.
Mojumdar (1939) recognized three ecotypes of hilsa: from saline water of the sea, muddy
freshwater and clear freshwater. Pillay et al. (1963) differentiated three stocks of hilsa using
biometrical studies. Based on morphological characteristics, Ghosh et al. (1968) and Quddus et
al. (1984) differentiated hilsainto slender and broad morphotypes. Pillay et al. (1963) concluded
that the hilsa populations of the Hooghly, Padma and Ganga show little or no movement be-
tweentherivers, with littleintermingling of populations. Dahleet a. (1998) used random ampli-
fied polymorphic DNA (RAPD) and discriminated between three different populations of hilsa.
Similarly, Shifat et al. (2003) used RAPD to differentiate the Padma and Meghna River hilsa
populationsinto two genetically different stocks or races. Thus, to gaininsight into the structure
of hilsapopulations, the RAPD technique was used to delineate popul ations from their spawning
habitatsin Indianrivers.

MATERIALAND METHODS

The muscle and liver samples of Tenualosa ilisha (N = 72) were collected from six
different locations on the Yamuna River at Allahabad, Ganga River at Beniagram and Lalgola
River (which are downstream from Farakka barrage) at Feeder Canal, Farakka (which joins
the Bhagirathi River), at Nawabganj on the Hooghly River and at Bhadbhud on the Narmada
River (Figure 1). The tissue samples were preserved in 90% ethanol and genomic DNA was
extracted following the Sambrook and Russel (2001) protocol with some modifications. Briefly,
0.1-0.5 mg of muscle tissue was homogenized in lysis buffer (10 mM Tris-Cl, pH 8.0, 1 mM
EDTA, pH 8.0, 0.1% w/v SDS) and incubated with 5 pg of proteinase K at 55°C overnight.

Genetics and Molecular Research 5 (4): 643-652 (2006) www.funpecrp.com.br



RAPD for delineating hilsa populations 645

Afterward, genomic DNA was extracted using the conventional phenol-chloroform method
with awash of 70% ethanol. The DNA was air-dried, dissolved in sterile distilled water and
stored at 4°C until polymerase chain reaction (PCR) amplification was performed. The DNA
samples were tested for quality using a spectrophotometer prior to using them in the RAPD-
PCR technique. Six degenerate oligodecamer primers (Operon Technologies, USA) were used
to perform RAPD (Dahle et al., 1998). PCR was carried out in a 25-JL reaction mixture con-
taining 100 ng DNA, 100 pM decamer primer, 10 mM dNTP mixture (Dynazyme), 10X PCR
buffer (Dynazyme), 1.5 mM MgCl,, and 0.05 U Taq polymerases (Dynazyme). Amplifications
were performed in an Applied Biosystems GeneAmp PCR system 2400 i nstrument programmed
for one cycle at 94°C for 4 min, 40 cycles at 94°C for 1 min, annealing at 34°C for 1 min, and
extension at 72°C for 2 min. A final extension was performed at 72°C for 10 min. Ten microli-
ters of the amplified products with 3 pL of loading dye (bromophenol blue and xylene cyanol)
were resolved on 1.6% agarose (Sigma) in 0.5X TBE buffer (0.89 M Tris borate, pH 8.3, 0.02
M EDTA, for 10X) at 100V for 3 h and stained with 0.5 pg/mL ethidium bromide (Sigma). The
gelswere documented in the BioRad gel documentation system and the molecular weight of the
fragments was determined using Quantity-one software (BioRad, USA).
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Figure 1. Map of India representing the sampling sites.
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RESULTS

The RAPD fragments were scored for the presence and absence of fragments on the
gel photographs, and RAPD fragments were compared among the six hilsa populations. RAPD
banding patterns were recorded on spreadsheets, which were used to determine Nei's (1978)
genediversity, gene flow, number of polymorphic loci and genetic distance and to construct an
unweighted pair group method of arithmetic mean (UPGMA) dendrogram among popul ations
using POPGENE 1.31 (Yeh et a., 1999). The test of homogeneity was aso performed using
the same program. The population differentiation (Fst) was estimated on the basis of sguare
root transformation of the frequencies of the recessive genotype, and the 95% confidence
interval was cal culated from bootstrapping over loci with 10,000 replications using the software
Toolsfor Population Genetic Analyses (Miller, 1997). The similarity index (SI) val ues between
the RAPD profiles of any two individuals on the same gel were calculated using the formula,

Sl = 2N, /(N, + N,)

where N isthe total number of RAPD bands shared by individualsA and B, and N, and N
arethe number of bands scored for each individual, respectively (Lynch, 1990). Within popul a-
tionsimilarity (Sj) wascalcul ated asthe average of Sl acrossall possible comparisons between
individual swithin apopulation. Similarity between populations (Sj) was calcul ated asthe aver-
age similarity between randomly paired individualsfrom populationsi and j (Lynch, 1991).

The six primers OPA-10, OPA-11, OPA-19, OPC-01, OPD-11, and OPD-19 were
employed to perform the amplification reactions. All primers generated a high number of bands
(Table 1). The six primers generated 98 bands, of which 98% were polymorphic. The RAPD
profilesof the different primersare shown inthe Figures 2, 3 and 4. The genetic distanceswere
calculated according to Nel (1978) (Table 2). The highest genetic distance value (0.394) was
found between Yamuna and Narmada at Allahabad and Bhadbhud, respectively. The lowest
genetic distance value (0.213) was found between Allahabad and Lalgola.

Table 1. Number and size of fragments amplified by different random amplified polymorphic DNA primers.

Primer Sequence G + C content Total number of Sizerange of
(5 t03) (%) fragments fragments (bp)

OPA-10 GTGATCGCAG 60 16 255-1000
OPA-11 CAATCGCCGT 60 16 340-1200
OPA-19 CAAACGTCGG 60 15 300-1300
OPC-01 TTCGAGCCAG 60 16 265-1200
OPD-11 AGCGCCATTG 60 18 285-1200
OPD-19 GGGGTGACGA 70 17 300-990

The UPGMA dendrogram based on Nei’s (1978) genetic distance indicated the segre-
gation of the Tenualosa ilisha populations collected from six different sites into two clusters.
The populationsfrom Allahabad (Yamuna), Beniagram (Ganga) and Lalgola (Ganga) belonged
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Figure 2. Random amplified polymorphic DNA fragment patterns generated using primer OPA-10. A. Yamuna-Allahabad;
B. Ganga-Beniagram; C. Ganga-Lalgola; D. Feeder Canal-Farakka; E. Hooghly-Nawabganj; F. Narmada-Bhadbhud. M is
the molecular marker Directload wide range DNA marker (Sigma).
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Figure 3. Random amplified polymorphic DNA fragment patterns generated using primer OPA-11 A. Yamuna-Allahabad;
B. Ganga-Beniagram; C. Ganga-Lalgola; D. Feeder Canal-Farakka; E. Hooghly-Nawabganj; F. Narmada-Bhadbhud. M is
the molecular marker Directload wide range DNA marker (Sigma).
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Figure 4. Random amplified polymorphic DNA fragment patterns generated using primers OPA-19: A. Yamuna-Allahabad;
B. Ganga-Beniagram; C. Ganga-Lalgola, and OPD-13: D. Feeder Canal-Farakka;, E. Hooghly-Nawabganj; F. Narmada-
Bhadbhud. M is the molecular marker Directload wide range DNA marker (Sigma).

River/Sampling Location
Yamuna Ganga Ganga Feeder Hooghly Narmada
Allahabad Beniagram Lagola Cand Nawabganj Bhadbhud

Baghirathi

Yamuna/Allahabad 0

Ganga/Beniagram 0.277

GangalLagola 0.213 0.231

Feeder Canal/Baghirathi 0.292 0.259 0.231

Hooghly/Nawabganj 0.372 0.360 0.268 0.288

Narmada/Bhadbhud 0.39%4 0.325 0.374 0.258 0.284 0

to onecluster, and those from the Feeder Canal, Nawabganj (Hooghly) and Bhadbhud (Narmada)
belonged to the other (Figure 5). The average genetic distance value for the two groups was
0.319. The within group average genetic distance for the Ganga cluster was 0.240 and for the
Hooghly cluster it was 0.277. Differences were observed within the two clusters for each
population. The overall average genetic distance in al the six locations was 0.295. The gene
diversity acrossall populationsfor all RAPD loci under study was (mean + SD) 0.313 + 0.140.
The Fst value within the Gangawas 0.469 and within the Hooghly it was 0.546. The overall Fst
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valuefor the six popul ations examined was 0.590. The Mantel test (Mantel, 1967; Sokal, 1979)
was used to determine the extent of genetic differentiation between the Ganga, Hooghly and
Narmada samples. The differences among the three river populations were found to be highly
significant (P=0.001)
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Figure 5. Unweighted pair group method of arithmetic mean dendrogram based on Nei’'s (1978) genetic distance,
summarizing data on differentiation between Tenualosa ilisha populations according to random amplified polymorphic
DNA analysis.

DISCUSSION

The RAPD technique consists of amplification by PCR, of random segments of geno-
mic DNA using a single-short primer of arbitrary sequence. There is no requirement of prior
knowledge of the sequence information and its cost effectiveness provides an advantage in
population genetic studies. RAPD technique has been applied to the study of phylogenetic rela-
tionships in tilapiine and cichlid species (Bardakci and Skibinski, 1994). The technique was
found to be useful in reconstructing cichlid fish phylogeny (Sultmann et a., 1995). RAPD has
been used in theidentification of largemouth bass subspeciesand itsintergrades (Williamset al .,
1990; Welsh and McClelland, 1990), and for the study of Atlantic coast striped bass (Biel awski
etal., 1995). The RAPD technique demonstrated low levels of polymorphism among strains of
channel catfish, Ictalurus punctatus and Blue catfish Ictalurus furcatus, but polymorphism
between them was shown to be higher (Liu et al., 1999). Genetic differentiation within and
among sea bass D. labrax from different locations using RAPD showed high levels of poly-
morphism (Cacconeet a., 1997). Thus, RAPD has been used in population studiesin fisheries,
and can be used efficiently for geographic analysis of populations with differential degrees of
geographicisolation.

Thehilsafishery isacommercially important fishery in\West Bengal, India. The genetic
stock structure in the Ganga, Yamuna, Hooghly, and Narmada Rivers has not been studied.
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Genetic stock structuring will help in better management of the hilsafishery. The RAPD anal-
ysisdiscriminated the six populations of Tenualosa ilisha from the riversdraining into the Bay
of Bengal in the eastern region of Indiaand the Arabian Seain the west. The RAPD fragments
observed in the 72 individual s showed a high degree of polymorphism within and between the
populations. The population specific bands could not be discerned from the fragment patterns
generated. The cluster diagram delineated the six different populationsinto two major clusters,
which could be due to different spawning grounds of hilsa. Within cluster differentiation was
also evident from their genetic distances. The lowest genetic distance (0.213) was found be-
tween the Allahabad and Lalgola populations and the highest (0.394) was found between the
Allahabad and Bhadbhud populations, indicating that the difference is due to isolation by dis-
tance. The population of the Narmada River, which drainsinto Arabian Sea, clustered with that
of the Hooghly suggesting that the hilsafish isableto migrate along peninsular Indiaand trans-
fer the gene pool to its western population.

These findings are in conformity with the observation of two or more races of hilsain
the Bay of Bengal, which ascend the Gangaand Hooghly Riversfor spawning purposes (Jenkins,
1938; Raja, 1985). Therecognition of three ecotypesinhabiting the brackish, muddy and fresh-
water of riversby Mojumdar (1939), the differentiation into three stocks using biometrical stud-
ies by Pillay et al. (1963) and the morphology-based differentiation into broad and slender
morphotypes by Ghosh et al. (1968) and Quddus et al. (1984) support the results presented
here. Pillay et al. (1963) studied samples from different habitats in India and showed that for
each major river system, the stocks of the Ganga, Padma, Chilka L ake, Godavari, and Saurashtra
coast can be distinguished from the hilsa of the Hooghly River. The local fishermen and fish
traders distinguish hilsafrom different river systemsin Indiabased on taste preferences. Dahle
et a. (1998) used RAPD to differentiate three populations collected from the saline, brackish
and freshwater regions of Bangladesh. The mean estimated similarity between Chandpur/Cox’s
bazar was 0.403 + 0.070, Chandpur/Bargunawas 0.419 £ 0.072 and Cox’s bazar/Bargunawas
0.409 + 0.067. The average mean similarity between all these locations was 0.410 + 0.069,
whichissimilar toour findings. Similarly, Shifat et a. (2003) used RAPD to discriminate between the
hilsa populations from the Padma and Meghna Rivers. The Padma populations were genetically
distant from the M eghnapopul ationsand within popul ation variability in Padmaand M eghnapopul a-
tionswas a so established. The dendrogram showed two magjor clustersfor the Padmaand Meghna
Rivers, indicating the existence of two different spawning populations from the Padma and
Meghna Rivers, respectively. Lal et al. (2004) used allozymes to study the hilsa populations
from the Brahmaputra, Padma, Gangaand Hooghly Rivers, and Feeder Canal. They genotyped
the 26 allozymeloci and concluded that the populations from theserivers did not differ signifi-
cantly though ahigh level of genetic variation was observed. Similarly, Salini et al. (2004) used
allozymes and morphometric analysisto discriminate hil sapopulations collected from nine dif-
ferent sites within Bangladesh. They also analyzed samples collected from India, Indonesia,
Malaysia, and Kuwait. Significant differencesin allele frequencieswere not detected in popul a-
tions within Bangladesh (Fst = 0.007) or within the Bay of Bengal (Bangladesh, Southeastern
India and Myanmar). Significant differences in alele frequencies occurred among Kuwait,
Bangladesh and Indonesia. This could be due to isolation of the hilsa populations by distance.
They also suggested that the morphological variationin hilsaisdueto thelocal environments.

The present study showsthe existence of genetic variation within and between the hilsa
populations of four inland rivers of India, indicating the presence of separate stocks or races of
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hilsathat may be dueto theriver ecology, spawning grounds, nursery grounds of the juveniles,
seasonal migration, and homing behavior of anadromousclupeids. The overall Fst foundinhilsa
fallswithinthe range reported for other migratory fish species (0.56 for Gulf and 0.44 for striped
bass; Bielawski et al., 1995). The extensive geographic distribution, long distance migrations,
anadromouslife histories, and strong homing instincts of anadromousfishes are major determi-
nants in the population structuring of hilsa. Once the population structure is known, scientific
management for optimal harvest and conservation of the hilsa fishery resource can be under-
taken. In capture fishery, high exploitation combined with poor fishery management resultsin
depletion of the fishery stocks. There are many examples (Begg and Waldmandel, 1999) viz.
anchovy Engraulisringens (Hilborn and Walters, 1992), capelin Mallotusvillosus (Tjelmeland
and Bogstad, 1993), Atlantic cod Gadus morhua (Hutchings, 1996), orange roughy Hapl ostethus
atlanticus (Smith et a., 1991), and sardine Sardinops sagax (Shannon et al., 1999). Such
depletions can result in the loss of the total gene pool (Nelson and Soule, 1987; Smith et al.,
1991). Disregard of stock structure in fisheries management can also lead to significant changes
inthe biological characteristics of afish species (Altukhov, 1981; Ricker, 1981).

Although RAPD, a dominant marker, was used in the present study, which does not
differentiate between the homozygote and the heterozygote, it nevertheless provides baseline
information on the popul ation structure of hilsafrom the Ganga, Yamuna, Hooghly, and Narmada
Rivers. The differences in the Fst values determined using the co-dominant allozyme makers
and dominant RAPD marker suggest that further studies using mitochondrial and microsatellite
markers will further enhance our understanding of the genetic stock structure of hilsa.
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