Croatian Journal of Fisheries, 2013, 71, 65-73
R. Hasan et al.: Population genetic structure of Labeo calbasu

ORIGINAL SCIENTIFIC PAPER

CODEN RIBAEG ISSN 1330-061X

POPULATION GENETIC STRUCTURE OF AN ENDANGERED
KALIBAUS, Labeo calbasu (HAMILTON, 1822) REVEALED BY
MICROSATELLITE DNA MARKERS

Md. Robiul Hasan*', Md. Nahiduzzaman?, Mostafa Ali Reza Hossain?, Md. Samsul Alam3

! Department of Fisheries and Marine Science, Noakhali Science and Technology University, Sonapur, Noakhali-3814,

Bangladesh
2 Youth Development Department, Bangladesh

3 Department Fisheries Biology and Genetics, Bangladesh Agricultural University, Mymensingh-2202, Bangladesh
* Corresponding Author, E-mail: rhasan_rony@yahoo.com

ARTICLE INFO

ABSTRACT

Received: 8 February 2013

Received in revised form: 10 June 2013
Accepted: 24 June 2013

Available online: 24 June 2013

Keywords:

Cross species amplification
Labeo calbasu

endangered species
microsatellite DNA markers

The population genetic structure of kalibaus Labeo calbasu col-
lected from four wild and a hatchery population was studied us-
ing microsatellite DNA marker analysis. Five heterologous mic-
rosatellite markers (Lr10, Lr21, Lr24, L26 and CcatG1) developed
from rohu (Labeo rohita) and catla (Gibelion catla) were analyzed
to test the genetic variability of kalibaus stocks. The number
of alleles observed in the loci ranged from 2-10. The loci were
found to be polymorphic (<P,,) in all the populations. The aver-
age numbers of possessed alleles were higher by the four wild
stocks than the hatchery stock. The average number of allele was
the highest in the Jamuna population (5.8) and the least in the
Hatchery population (4.8). The observed average heterozygosity
(H,) in the Jamuna population (0.776) was the highest followed
by the Halda (0.667), the Haor (0.661) and the Padma (0.642) pop-
ulations. Except loci Lr10 and Lr24 in the Halda and locus Lr10
in the Padma and Hatchery populations, significant deviations
from Hardy-Weinberg Equilibrium (HWE) were detected in all
cases. The F; values and the N _ values indicated high level of
differentiation and a low level of gene flow between the popula-
tions. The largest genetic distance value (D = 0.543) was meas-
ured between the Jamuna and the Hatchery populations while
the least value (D =0.124) was observed between the Padma and
the Halda populations. The estimated genetic population struc-
ture and potential applications of microsatellite markers may as-
sist the proper management of kalibaus populations in the wild.

INTRODUCTION

Khan, Kumar and Old Brahmaputra and the Halda
River and Pakistan, India, Myanmar, Thailand and

Kalibaus Labeo calbasu (Hamilton, 1822), is one of
the four Indian major carps available in Bangladesh
(family: Cyprinidae, order: Cypriniformes), pos-
sessing a karyotype with 25 pairs of diploid (2n)
chromosomes (Reddy, 1990). L. calbasu is distrib-
uted in many countries namely Bangladesh - the
Padma-Brahmaputra, i.e. Padma, Jamuna, Arial

China (Reddy, 1990).

L. calbasu has great commercial importance due
to its adaptability to a wide range of environments,
palatability and consumer preference. At the begin-
ning of 1980s, when carp polyculture was started
in Bangladesh owing to the success of artificial
propagation, all four Indian major carps (Labeo ro-
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hita, Gibelion catla, Cirrhinus mrigala and L. calbasu)
were brought under aquaculture. However, due to
slower growth (compared to other three) and una-
vailability of the fingerlings, farmers lost their inter-
est in L. calbasu. Over the last few decades the abun-
dance of this species has seriously been decreased
in nature due to overfishing, habitat degradation,
aquatic pollution and other anthropogenic and nat-
ural causes. L. calbasu is now enlisted as an endan-
gered species from the biodiversity point of view
(IUCN, 2000). Moreover, there has been a long-term
decline in genetic quality of L. calbasu due to in-
breeding, inter-species hybridization and improper
brood management practice by the hatchery own-
ers. A little amount of L. calbasu seed is presently
being produced in a few hatcheries of Bangladesh
without considering the genetic quality.

Many hatcheries of Bangladesh practice hybridi-
zation of kalibaus with rohu (Labeo rohita) or catla
(Gibelion catla). The sustainable utilization of genetic
resources, including fish, is a vital part in improving
the standard of living in a developing country like
Bangladesh. Therefore, it is high time to save L. cal-
basu from extinction and bring it back in natural en-
vironments and culture systems. A number of stud-
ies reported that cultured fish stocks showed lower
genetic diversity than wild populations (Frost et al.,
2006). Both landmark-based morphometric analysis
and microsatellite markers are recognized methods
for stock selection and identification (Turan et al.,
2006; Hossain et al., 2010). There have been few at-
tempts to evaluate the population structure of L. cal-
basu using different methods based on phenotypic
and genetic aspects.

Genetic variation is used as a useful tool for char-
acterization of different species or strains, compari-
son of farmed with wild populations. Maintenance
of genetic variation is the most important concern
for the management of hatchery stocks of any spe-
cies. Molecular marker is a powerful tool which has
been extensively used to evaluate genetic diversity
and structure of farmed food fish species, such as
Asian seabass (Zhu et al., 2006), oyster (Carlsson et
al.,, 2006) and tilapia (Rutten et al., 2004), and used
for identification of Quantitative Trait Loci (QTLs)
and applied to assist in the breeding program and
broodstock management (Jackson et al., 2003). In
Bangladesh, microsatellite DNA marker has been
used for some fish species including catla (Alam
and Islam, 2005), silver carp and bighead carp (Mia
et al.,, 2005), common carp (Mondol et al., 2006),
walking catfish (Islam et al., 2007), mrigal (Hasnat,
2007) and rohu (Alam et al., 2009).

Microsatellite marker is able to detect lower
level of genetic variation than isozyme and mtDNA
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RFLP (Desvignes et al., 2001). Microsatellite mark-
ers have added new dimension in the field of fisher-
ies and aquaculture as many populations are sub-
jected to bottleneck, inbreeding, genetic drift and
as a consequence exhibit low variation that cannot
be detected by other markers. As kalibaus is an en-
dangered fish, it may be subjected to bottleneck, in-
breeding, genetic drift, gene introgression etc. and
exhibit low production performance in the aquac-
ulture practices. Therefore, it is necessary to study
genetic status of this endangered fish. The present
study evaluated the genetic diversity and popula-
tion structure of endangered carp, kalbaus L. calbasu
from five different stocks — three major rivers, a haor
(wetlands in the northeastern part of Bangladesh -
bowl or saucer shaped shallow depressions) and a
hatchery using microsatellite markers.

MATERIALS AND METHODS

A total of 165 adult L. calbasu samples, 33 each
from five different locations were collected during
August 2007- October 2008 from five different loca-
tions: the Jamuna, the Padma, the Halda, the Tola
Haor and a Hatchery (Fig. 1). The sampling sites
were selected to cover genetic variation on a wide
geographical distribution range of the species.

Briefly, approximately 50 mg of caudal fin tis-
sue was clipped from each individual in separate
eppendorf tubes and stored at -18 °C.. The fin clips
were cut into small pieces with scissors and ground
with a tissue grinder in a 1.5 ml microcentrifuge
tube. The tissue was digested overnight at 37°C
in a 1.5 ml microcentrifuge tube containing 500 ul
of extraction buffer (100 mM M Tris-HCl pH §; 10
mM EDTA; 250 mM NaCl and 1% SDS) and 30 ul of
Proteinase K (10 mg/ml). Total DNA was extracted
with two washes of phenol: chloroforms: isoamyl
alcohol (25:24:1) and one of chloroform: isoamyl
(24:1) followed by ethanol precipitation. Finally, the
DNA samples were stored in freezer at -18 °C.

After completion of PCR, 2.5 ul loading dye was
added to each PCR tube and mixed well and cen-
trifuged briefly containing ethidium bromide in
1x TBE buffer. After confirmation on agarose gel,
the gel containing 19:1 acrylamide:bis-acrylamide
and 7 M urea. Electrophoresis was conducted us-
ing a SequiGen GT sequencing gel electrophoresis
system (Bio-Rad Laboratories, Hercules, CA). The
PCR products and 100 bp DNA ladder (GENE]I,
Bangalore, India) were preheated at 95 °C for 5 min-
utes and cooled immediately on ice before loading.
The DNA ladder was loaded on either side of the
gel and was run at 60 W for required length of time
(1 hr 50).
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Fig. 1. Sampling sites of L. calbasu in Bangaldesh

No microsatellite marker has been developed
from L. calbasu. Twenty five (25) primers developed
from other related carp species were tested of which
nine were amplified. The experiment was conduct-
ed by five among nine amplified primers. Four mic-
rosatellite loci (Lr10, Lr21, Lr24 and Lr26) developed
from rohu by Das et al. (2005) and one microsatellite
locus (CcatG1) developed from catla by Naish and
Skibinski (1998) were used in this experiment.

RESULTS

Cross species amplification

Developed from rohu, catla and common carp
(Cyprinus carpio) were tested in this experiment for
PCR amplification using kalibaus DNA as template
of which nine primers were amplified success-
fully (Table 1). Out of nine loci, four microsatel-
lite markers (Lr10, Lr21, Lr24 and Lr26) developed
from rohu (Das et al., 2005) and one microsatel-
lite marker (CcatG1) developed from catla (Naish
and Skibinski, 1998), yielded consistently scorable
bands. A total of thirty alleles were detected in the
five loci examined.

Genetic variation

The microsatellite CcatGl was most polymor-
phic with ten alleles while the locus Lr24 was least
polymorphic with two alleles (Table 2). The average
number of allele was highest in the Jamuna popula-
tion (5.8), followed by the Padma (5.2), the Halda (5)
and the Haor (5) populations. The Hatchery popu-
lations possessed the least number (4.8) of average
alleles (Table 2). Therefore, the wild populations
possessed higher average allele number than the
cultured stock. The highest Ne (7.383) was found
in locus CcatG1, while the locus Lr24 had the least
Ne (1.832) (Table 2). The Jamuna stock possessed
the highest average Ne (3.805) followed by the Haor
(3.797), the Padma (3.785), the Halda (3.661) and the
Hatchery (3.054) populations (Table 2).

The observed average heterozygosity (H ) in the
Jamuna population (0.776) was the highest which
was followed by the Halda (0.667), the Haor (0.661)
and the Padma (0.642) populations. The hatchery
stock had the lowest observed average heterozy-
gosity (H ) (0.370) (Table 2). The 1-Ho/He values

Table 1. Primers of microsatellite loci which developed from Labeo rohita, Gibelion catla and Cyprinus carpio tested

for cross-species amplification in L. calbasu

Resource Species Primer pairs  Locus Reference Successful amplified
tested (no.) resultin L. calbasu (%)

Labeo rohita 12 Lr1, L3, Lr6, Lr10, L¥12, Das et al., 2005 5 (45)

Lr14a, Lr14b, Lr20, Lr21,

Lr23, Lr24, Lr26
Gibelion catla 9 CcatG1 CeatG2, C catG3 Naish and Skibinski, 3(33)

1998

Cc6, Cc7, Cc8, Cc9, Cc10,McConnell et al.,

Cc12 (2001)
Cyprinus carpio 4 MFW 7, MFW 19, MFW 24, Crooijmans et al., 1997 1(25)

MFW 26
Total tested 25 9 (36)
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Table 2. Allelic variations in five microsatellite loci in a sample of five populations of L. calbasu (N= Number of
alleles, Ne= Effective number of alleles, H = Heterozygosity observed, H = Heterozygosity expected, inbreeding
index (f=1- H,/H)

Microsatellite loci Parameters Jamuna Padma Halda Haor Hatchery
Lr10 N 4 4 4 4 3
Ne 3.170 3.227 3.419 3.212 2.450
H, 0.788 0.667 0.818 0.485 0.606
H, 0.685 0.690 0.708 0.689 0.592
1-H /H, -0.151 0.034 -0.156 0.296 -0.024
H-W test 22.41% 7.77 NS 9.87 NS 37.56%** 2.22NS
(6) (6) (6) (6) ®)
Lr21 N 6 6 6 6 4
Ne 4.279 3.636 4.436 4.287 2.401
H, 0.697 0.697 0.636 0.879 0.273
He 0.766 0.725 0.775 0.767 0.584
1-H /H, 0.090 0.039 0.178 -0.146 0.533
H-W test 97.62%** 82.26%** 45.927%* 36.83** 34.95%*
(15) (15) (15) (15) (6)
Lr24 N 5 2 2 2 3
Ne 2.789 1.832 1.936 1.832 1.919
H, 0.788 0.697 0.515 0.636 0.182
H, 0.641 0.454 0.483 0.454 0.479
1-H, /H, -0.228 -0.535 -0.066 -0.401 0.620
H-W test 53.34*** 9.44%* 0.14 NS 5.31* 24.30%**
(10) 1) () 1) ®)
Lr26 N 4 5 5 4 4
Ne 3.463 3.588 3.125 2.271 1.561
H, 0.818 0.758 0.879 0.697 0.182
H, 0.711 0.721 0.680 0.560 0.360
1-H /H, -0.150 -0.050 -0.292 -0.245 0.494
H-W test 44.79%%* 93.78*** 56.36%** 78.75%** 22.01**
(6) (10) (10) (6) (6)
CeatG1 N 10 9 8 9 10
Ne 5.325 6.640 5.391 7.383 6.936
H, 0.788 0.394 0.485 0.606 0.606
H, 0.812 0.849 0.815 0.865 0.856
1-H /H, 0.030 0.536 0.405 0.299 0.292
H-W test 175.93%** 105.48*** 85.95%** 91.55%** 105.05%**
(45) (36) (28) (36) (45)
Average number of alleles 5.8 5.2 5 5 4.8
Average Effective no. of alleles 3.805 3.785 3.661 3.797 3.054
Average H_over loci 0.776 0.642 0.667 0.661 0.370
Average H_ over loci 0.723 0.688 0.692 0.667 0.574
Polymorphism (Pgé) 100 100 100 100 100

Statistically significant values are marked with asterisks.
* P<0.05, ** P<0.01, *** P<0.001, NS=Not Significant

were negative in both the Jamuna and Halda popu-  Deviation from Hardy-Weinberg proportion
lations at Lr10, Lr24 and Lr26; in the Padma at Lr24

and Lr26; in the Haor at Lr21, Lr24 and Lr26; and  The deviations from Hardy—We;inberg Equilibrium
in the Hatchery population at Lr10 (Table 2). The  at Lr21, Lr24, Ly26 and CcatG1 in the Jamuna; Lr21,

1-Ho/He values were negative which means that all ~ [726 and CC”tGl' in the Padma and Halda; Lr10,
the sampled populations were excess of heterozy- Lr26 and CcatG1 in the Haor; Lr21 Lr24 and CcatG1

gosity. in the Hatchery and at L¥21 in the Jamuna were
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very high (P<0.001). The deviations from Hardy-
Weinberg Equilibrium at Lr10 in the Jamuna,
Lr24 in the Padma, Lr21 in the Haor, Lr26 in the
Hatchery populations were high (P<0.01). The
deviations from Hardy-Weinberg Equilibrium at
Lr24 in the Haor population was relatively low
(P<0.05) (Table 2).

Bottleneck test

Since the H values were higher than H in L. cal-
basu populations, this shows that there might
be bottleneck in some populations except the
Hatchery population. The ratio (5:0) was signifi-
cantly different from the expected ratio (1:1) for
nonbottlenecked, equilibrium populations (Sign
test: P = 0.064; Wilcoxon test: one tail for H,_ P =
0.015). On the other hand, the data sets from the
Jamuna, the Padma and the Haor population that
did not have a significant heterozygosity excess
(Sign test: P =0.678, 0.299 and 0.295 and Wilcoxon

Table 3. Heterozygosity excess under two-phase
mutation model at five microsatellite loci from each of
five populations of L. calbasu

Population Sign Test Wilcoxon

Test
H /H, P P (one tail for

H)

Jamuna 3/2 0.678 0.406

Padma 41 0.299 0.031

Halda 5/0 0.064 0.015

Haor 411 0.295 0.031

Hatchery 2/3 0.328 0.593

P = probability, Hex = heterozygosity excess, Hd =
heterozygosity deficiency

test: one tail for H P = 0.406, 0.031 and 0.031 re-
spectively), deviated toward an excess of hetero-
zygosity as expected for bottleneck populations
(nearly significant). Only the Hatchery population
had significant excess of heterozygosity (H, /H, =
2/3) (Table 3).

Inter-population genetic structure

The F . between the population pairs were com-
pared and it was found that the population differ-
entiation values between all the population pairs
are significant. This result indicates that the popu-
lations are not homogeneous. The F,, (population
differentiation) value between the Jamuna popu-
lation and the Hatchery population was the high-
est (0.109), while the F . value between the Padma
population and the Halda population was the low-
est (0.024). The N _ (gene flow) value between the
Padma and the Halda across all loci was the high-
est (10.306) and the N_ value between the Jamuna
and the Hatchery was the lowest (2.045) (Table 4).
Analysis of molecular variance (AMOVA) revealed
that 18% of the molecular variance existed among
the populations and 82% existed within popula-
tions (Table 5).

Genetic distance

A matrix of genetic distance (Nei, 1972) was built
based on allelic frequencies of all loci (Table 6).
The largest genetic distance value (D = 0.543) was
measured between the Jamuna and the Hatchery
population while the smallest value (D =0.124) was
observed between the Padma and the Halda popu-
lations.

Table 4. Multilocus F; (below diagonal) and N_(above diagonal) values between pairs of five populations of L.

calbasu across all loci

Populations Jamuna Padma Halda Haor Hatchery
Jamuna * 4.949 4.479 2.959 2.045
Padma 0.048 * 10.306 5.381 2.716
Halda 0.053 0.024 * 5.102 2.686
Haor 0.078 0.044 0.047 * 3.460
Hatchery 0.109 0.084 0.085 0.067 *
N, =[(1/ Fy)-1]/4

Table 5. Summary of analysis of molecular variance (AMOVA) among and within the populations

Source df SS MS Est. Var. %
Among Pops 4 119.079 29.770 0.790 18%
Within Pops 160 589.455 3.684 3.684 82%
Total 164 708.533 4.475 100%
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Table 6. Nei's (1972) genetic distance in five populations of L. calbasu

Populations Jamuna Padma Halda Haor Hatchery
Jamuna ok

Padma 0.251 ek

Halda 0.295 0.124 e

Haor 0.455 0.235 0.247 e

Hatchery 0.543 0.381 0.379 0.242 b
Dendrogram Genetic variability

The UPGMA dendrogram based on Nei’s (1972)
genetic distance resulted in two major clusters. The
first cluster was separated into two sub-clusters:
Jamuna stock alone in one cluster and remaining
three stocks (the Padma, the Halda and the Haor) in
the other cluster. Hatchery stock was in the second
cluster (Fig. 2).

Jamuna
Halda

Haor

Hatchery

Fig. 2. UPGMA dendrogram based on Nei’s (1972)
genetic distance between five populations of L.
calbasu, according to the microsatellite DNA analysis

DISCUSSION

This is the first extensive study of genetic di-
versity and population structure of endangered
L. calbasu using microsatellite DNA markers in
Bangladesh.

Cross species amplification

Cross species amplification is dependent on the
phylogenetic relationship of species for which mi-
crosatellites were originally developed (Hulak et
al., 2010). Catla and rohu are closely related spe-
cies to kalibaus under the same family and it was
expected that the markers developed from rohu
and catla should also work in kalibaus. These
results suggest that time and money invested in
evaluating the cross-species amplification of mic-
rosatellite loci in target species may be worth it.
The cross-species amplification data indicated that
allelic diversity was low in L. calbasu compared
with the original species. Therefore, greater atten-
tion should be been given to primer optimization
or redesign.
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In the present study, all the five loci were found to
be polymorphic in five populations of L. calbasu.
Average effective number of alleles and gene diver-
sity were different in the wild and hatchery stocks,
suggesting significant difference of genetic vari-
ability between wild and hatchery stocks. Similar
results were also reported from microsatellite and
RAPD markers analyses (Bartfai et al., 2003 and Lal
et al., 2004). Das et al. (2005) developed these mic-
rosatellite markers and Alam et al. (2009) obtained
similar genetic polymorphism in an Indian farmed
population of rohu.

The Hatchery populations possessed the least
number (4.8) of average alleles and thus they have
the highest number of null alleles (6 each). Loss of
allelic variation has also been reported for hatchery
populations of catla by Alam and Islam (2005) and
Hansen et al. (2006), and for Clarias batrachus hatch-
ery populations by Islam et al. (2007). The higher
proportion of polymorphic loci and gene diversity
in the individuals of the Jamuna River are usually
expected, because it is well known that the Jamuna
is a large river. Therefore, in Bangladesh, genetical-
ly more diversified L. calbasu individuals can only
be found in the Jamuna River.

The hatchery population might have been
founded with a small effective number of parents
(Ne). However, it was not possible to confirm from
the hatchery owners which Ne was maintained in
the hatchery under study, as no record was main-
tained in the hatchery. It is, however, a common
practice to maintain only a small number of brood-
fish in Bangladeshi hatcheries. The losses of alleles
and heterozygosity may increase with bottleneck-
ing and inbreeding through time in the hatchery
stocks (Alam and Islam, 2005). Therefore, measures
should be taken to prevent inbreeding in the com-
mercial hatcheries through proper broodstock man-
agement practices.

Population bottleneck

Since the H, values were higher than H, in L. cal-
basu populations, this shows the possibility of bot-
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tleneck in some populations. The tests of mutation
drift equilibrium for detecting genetic bottlenecks
revealed signs of population decline of the spe-
cies. In the present study, the Hatchery population
with a significant heterozygosity excess reveals risk
of sever population bottlenecks. According to the
statements of the hatchery owner, the hatchery was
established seven years ago with brood fish collect-
ed from a hatchery. The samples of L. calbasu used
in the present study were progeny of the fourth
generation. At present, population is declining in
the Halda River for many reasons such as overex-
ploitation, habitat destruction, water pollution, sil-
tation etc.

Population structure

Except loci Lr10 and Lr24 in the Halda and locus
Lr10 in the Padma population, deviation from
Hardy-Weinberg were found at all loci. Deviation
of all populations at Lr21 and CcatG1 loci from
Hardy-Weinberg expectations were found to be
relatively larger due to deficiency in heterozygosity
and loss of alleles in all samples. Alam and Islam
(2005) found that the hatchery population of catla
deviated from Hardy-Weinberg equilibrium at a
number of loci. Deviations from Hardy-Weinberg
expectation might be due to inbreeding.

Pair-wise Fg estimates between the Jamuna and
hatchery populations were higher than all other
population pairs and significant population differ-
entiation was observed between the Jamuna and the
hatchery population of L. calbasu. Geological struc-
tures separate the Jamuna River from the hatchery
populations and may limit the gene flow between
the Jamuna and hatchery population. The effect of
geographical distance on F . and gene flow (N )
values has been reported in stream-living brown
trout collected from different sections of the main
stream in Jamtland, central Sweden (Carlsson et al.,
1999).

The genetic differentiation in the populations
of L. calbasu may be caused by artificial selection or
random genetic drift or founder effect in the hatch-
ery stocks.

Genetic distance

The UPGMA dendrogram based on Nei's (1972)
genetic distance resulted in two major clusters.
Hatchery stock was in the second cluster. The clus-
tering suggests that the status of hatchery popu-
lation were unique where the origin of broods
might be geographically distant from wild stocks.
However, it is imperative that effective coordina-

tion of ecological and genetic approaches is helpful
to conserve this endangered species.

Conclusion

The result of the present study has proven to under-
stand the intra and inter-population genetic varia-
tion and population status. For proper conservation
of a species and effective management strategy,
genetic monitoring is essential because a popula-
tion may suffer the risk of genetic drift, bottleneck,
inbreeding, founder effect etc. Hatchery owner
should maintain good brood management system
through collecting brood of different sources. It
may be an important way to maintain diverse gene
pool. However, further study with large number of
populations, including all segments of the country
with microsatellite DNA markers, is recommended
in order to have more information about population
genetic structure of this endangered fish species.
Therefore, it is very essential to develop specific
primer for L. calbasu.
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Sazetak

GENETSKA STRUKTURA POPULACLIA
UGROZENOG CIPRINIDA Labeo calbasu
(HAMILTON, 1822) ISTRAZENA POMOCU
MIKROSATELITSKIH MARKERA

Genetska struktura populacija ciprinida Labeo cal-
basu, prikupljena od Cetiri divlje i jedne uzgajane
populacije, proucavana je koriste¢i mikrosatelitske
markere. Pet heterogenih mikrosatelitskih marke-
ra (Lr10, Lr21, Lr24, Lr26 i CcatG1) sastavljenih za
indijske ciprinide su proucavani da bi se istrazila
genetska varijabilnost L. calbasu populacija. Broj uo-
¢enih alela u lokusu se kretao od 2 do 10. U prouca-
vanim populacijama lokusi su bili polimorfni (<P).
Prosjecan broj alela je bio ve¢i kod divljih nego kod
uzgajanih populacija. Prosje¢an broj alela je bio
najvedi u Jamuna populaciji (5.8), te najmanji u uz-
gajanoj populaciji (4.8). Uocena prosjecna heterozi-
gotnost (H ) u Jamuna populaciji (0.776) bila je naj-
veda, slijedile su je populacije Halda (0.667), Haor
(0.661) i Padma (0.642). Izuzev lokusa Lr10 i Lr24 u
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populaciji Halda i lokusa Lr10 u Padma populaciji i
uzgajanoj populaciji, zabiljezeno je znacajno odstu-
panje od Hardy-Weinbergovog zakona ravnoteze
(HWE) u svim slucajevima. Vrijednosti F.i N _uka-
zuju na visok stupanj diferencijacije i nizak stupanj
protoka gena izmedu populacija. Najveca genetska
udaljenost (D = 0.543) je izmjerena izmedu popula-
cije Jamuna i uzgajane populacije, dok je najmanja
vrijednost (D = 0.124) uocena izmedu populacija
Padma i Halda. Procijenjena genetska struktura po-
pulacije i moguca upotreba mikrosatelitskih marke-
ra mogu pomoci pri upravljanju populacija L. calba-
su u otvorenim vodama.

Kljuéne rijeci: meduvrsna amplifikacija, Labeo cal-
basu, ugrozene vrste, mikrosatelitski DNA markeri
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