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Abstract

Characterization of different strains of common carp (Cyprinus carpio L.) using molecular markers is essential for the
management of this fish in respect to the evaluation of the potential genetic effects induced by hatchery operations
and the genetic improvement of carp varieties. Five microsatellite loci (MFW1, MFW2, MFW11, MFW15 and
MFWZ20) were analyzed for the molecular characterization of four common carp strains, i.e. scaled carp, mirror carp,
red carp and koi carp. We observed differences in heterozygosities and the average numbers of alleles but not in
polymorphic loci (P,,) among the strains. Koi carp displayed the highest level of variability in terms of heterozygosity.
The N, values and the F; values indicated a low level of gene flow and high level of differentiation among the strains.
The highest genetic distance was observed between the scaled carp and the koi carp whilst the lowest genetic dis-
tance was found between the red- and koi carp. The unweighted pair group method with averages (UPGMA)
dendrogram resulted in two clusters, one containing only the scaled carp and the other the remaining three varieties.
Microsatellite markers have been found to be effective tools for characterization of different strains of common carp.
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Introduction

The common carp (Cyprinus carpio L.) belongs to the
Cyprinidae, the largest freshwater teleost family (Nelson,
1994), and is probably the oldest and most extensively cul-
tured fish species in the world. The total annual world pro-
duction of common carp in 2003 has been estimated to be 3
239 712 tons (FAO, 2005) and this fish has been acclima-
tized to a wide range of habitats and environmental condi-
tions and therefore enjoys a world-wide distribution.
Different varieties of common carp (e.g. races, landraces,
strains, breeds and stocks) have been developed through a
combination of forces including geographical isolation, ad-
aptation, accumulation of mutations and natural as well as
human selection pressure (Hulata, 1995). The colourful
koi, or fancy, carp was developed in Japan for ornamental
purposes, probably from colour mutant types arising in the
wild carp (Magoi) of Central Asia (McDowall, 1989).
Other commercial stocks (e.g. gold, red and white, tricolour
etc.) have been established by selective breeding and cross
breeding of colour mutants (Purdom, 1993, Liu et al,
2002).
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As many as 15 exotic fishes (Ali, 1998) have been in-
troduced into Bangladesh, although the common carp is the
most important fish that is being extensively cultured
throughout the country. Scaled common carp was first in-
troduced into Bangladesh by the Bangladesh Department
of Fisheries (DoF) in 1960 from China and then in 1995
from Vietnam. The mirror carp was first introduced into
Bangladesh in 1979 from Nepal and then from Hungary in
1982 and 1996 (Rahman, 1985; Hussain, 1997). Koi carp
has recently been introduced from Japan and successfully
bred in hatcheries in the Jessore district of Bangladesh.

In Bangladesh, common carp is repeatedly bred in the
hatchery with a limited number of effective parents (V) to
keep the production costs to a minimum. As a result, ge-
netic erosion may have occurred through inbreeding, ge-
netic drift and the bottleneck effects. Rare alleles may be
lost through genetic drift during management of hatchery
stocks. According to Basavaraju et al. (2002) precocious
maturation, unwanted reproduction and loss of genetic
variability have been identified as potential constraints of
common carp aquaculture and culture-based fisheries.
Moreover, hatchery owners, especially in the Jessore re-
gion, sometimes conduct cross-breeding among different
strains of common carp to produce attractive colored fish to
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meet public demand (personal communication). This may
lead to the introgression of genes causing loss of the genetic
identity of the respective strains. All of these negative man-
agement practices have been identified as potential con-
straints in common carp aquaculture and culture-based
fisheries in Bangladesh and it is imperative to assess any
possible genetic erosion that might have been induced by
Bangladeshi hatchery management practices.

DNA microsatellites are the most useful markers that
are widely and efficiently used in the evaluation of the ge-
netic status of different organisms. These markers are
highly polymorphic tandem arrays of short nucleotide mo-
tifs dispersed throughout the nuclear genome of eukaryotes
(Hamada et al., 1982; Crooijmans ef al., 1997) and have re-
cently been used successfully for monitoring genetic diver-
sity in different common carp strains (Tanck et al., 2000;
David et al., 2001; Lehoczky et al., 2002; Bartfai et al.,
2003; Kohlmann et al., 2003).

The study described in this paper examined the levels
of genetic polymorphism in different strains of common
carp in Bangladesh using microsatellite DNA markers de-
veloped by Crooijmans ef al. (1997). This study will also
provide a genetic background for the management of dif-
ferent strains of common carp in the hatcheries and contrib-
ute to the identification and characterization of common
carp in Bangladesh.

Materials and Methods

Sample collection

Fingerlings of four strains were collected from Anil
Fishery, Mymensingh district and Sonali Matsha Hatchery,
Jessore district, Bangladesh during August to September of
2004. The Fingerlings were reared for four months in dif-
ferent ponds at the field laboratory complex of the Faculty
of Fisheries, Bangladesh Agricultural University,
Mymensingh. In order to perform microsatellite analysis,
samples of fin tissues were cut with scissors from 25 ran-
domly-selected specimens of each strain and immediately
preserved in 95% (v/v) ethanol and stored at -20 °C.

Genomic DNA extraction

For each sample, approximately 30 mg of fin tissues
was cut into small pieces and genomic DNA was extracted
by proteinase-K digestion, phenol:chloroform:isoamyl al-
cohol (25:24:1 v/v/v) extraction and ethanol precipitation
as described by Alam et al. (1996). In brief, tissue samples
was homogenized and digested with proteinase-K in ex-
traction buffer [100 mM Tris-HCI, 10 mM ethylenedia-
minetetraacetic acid (EDTA), 250 mM NaCl and 1% (w/v)
sodium dodecyl sulfate (SDS); pH 8.0] at 37 °C overnight.
Tissue lysate was purified twice with phenol:chloroform:
isoamyl alcohol (25:24:1 v/v/v) and once with chloro-
form:isoamyl alcohol (24:1 v/v). The DNA was precipi-
tated first using 0.6 volumes of isopropanol, pelleted by
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centrifugation and suspended in TE (10 mM Tris-HCl and 1
mM EDTA; pH 8.0) buffer. DNA was re-precipitated by
adding twice the volume of absolute ethanol and pelleted
by centrifugation. The pellets were then washed with 70%
(v/v) aqueous ethanol, air dried and re-suspended in an ap-
propriate volume of TE buffer. The quality of the extracted
DNA sample was checked by electrophoresis in 1% (w/v)
agarose gel and the quantity of the DNA in each sample was
determined by UV-spectrophotometry.

Polymerase chain reaction (PCR) amplification of
microsatellite DNA marker

A total of five poly (CA) type primer pairs (MFW1I,
MFW2, MFWI11, MFWI15 and MFW20) developed by
Crooijmans et al. (1997) were used in the study. The ampli-
fication conditions recommended by Crooijmans et al.
(1997) were followed with some modification especially in
annealing temperature and template DNA concentration.
The annealing temperatures of the five primer pairs were
55 °C for MFW?20, 56 °C for MFW1, MFW11 and MFW15,
and 57 °C for MFW2. The PCR was performed in a 10 pL
reaction volume containing 25-50 ng of template DNA,
2.5 uM of forward and reverse primer, 0.25 mM of each
dNTP, 1 unit of Taq DNA polymerase and 1 puL of 10 x re-
action buffer containing 15 mM MgCl,. The PCR cycles
were: pre-amplification denaturation at 94 °C for 3 min,
then 30 s at 94 °C, 30 s at the respective annealing tempera-
ture and 1min at 72 °C for 35 cycles followed by a final
elongation step for 5 min at 72 °C.

Gel electrophoresis and staining

The PCR products were separated by electrophoreses
on 6% (w/v) denatured polyacrylamide gel containing 19:1
acrylamide:bis-acrylamide and 7 M urea using a Sequi-Gen
sequencing gel electrophoresis system (BIO-RAD Labora-
tories, Hercules, CA). The gel was pre-run for 30 min at
120 W followed by final run at 60 W and 50 °C for 2-3 h ac-
cording to the size of the PCR fragment. After electropho-
resis the gel was stained with silver nitrate essentially
following the Promega (Madison, WI) silver staining pro-
tocol.

Microsatellite data analysis

Following polyacrylamide gel electrophoresis and
silver nitrate staining, one or two clear bands were observed
at each locus for each specimen. The bands representing al-
leles at the microsatellite loci were manually scored based
on their sizes and designated as A, B, C, D, E,F, G, I, H, J
and K from the bottom to the top of the gel. The DNA
FRAG program version 3.03 (Nash, 1991) was used to esti-
mate the size (allelic length) of the fragments. To calculate
the microsatellite length, a standard 100 bp DNA ladder
marker was run on each side of the gel. The DNAfrag pro-
gram was used to calculate a standard curve of the standard
DNA bands using their mobilities (in mm) and the ‘least
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squares fit of DNA fragment length to gel mobility’ algo-
rithm of Schaffer and Sederoff (1981). Allelic variations,
fit to Hardy-Weinberg proportions and gene flow (N,)
were estimated using the POPGENE program version 1.31
(Yehet al., 1999) with 1000 simulated samples. The G-stat
program (Siegismund, 1995) was used for estimating
allelic frequencies and homogeneity test between the
strains. The FSTAT program version 2.9.3 (Goudet, 2001)
was used to calculate F-statistics (Fst) between strains. The
GDA program (Lewis and Zaykin, 2001) was used for esti-
mating genetic distance. The unweighted pair-group
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method with averages (UPGMA) dendrogram was drawn
using TREEVIEW program (Page, 1996).

Results

Intra-population genetic variation

All the microsatellite loci subjected to PCR amplifi-
cation were found to be polymorphic (p) (Table 1). The
MFW15 locus had the highest number of alleles (11) while
the MFW20 locus had the least (3). The average number of
alleles across all loci was the highest (7.40) in the red carp

Table 1 - Allelic variations (N = number of alleles, H, = observed heterozygosity, H, = expected heterozygosity) and deviation from Hardy-Weinberg
(H-W) expectations (3> values) at five microsatellite loci in twenty five fish from each of the four common carp strains studied.

Common carp strain'

Microsatellite loci Scaled carp Mirror carp Red carp Koi carp
MFWI

N 9 8 8 8

H, 0.40 0.85 0.85 0.90

H, 0.85 0.82 0.85 0.83
1-Hy/H, 0.53 -0.04 0.00 -0.08

H-W test 73.12 (36)*** 91.71 (28)%*** 30.73 288 30.80 (28)™
MFW?2

N 5 5 7 7

H, 0.40 0.70 0.65 0.80

He 0.74 0.77 0.84 0.71
1-H,/H, 0.46 0.09 0.23 -0.12

H-W test 20.31 (10)* 7.58 (10)™ 34.15 (21)* 7421 (21)***x
MFWI1

N 6 5 6 5

H, 0.10 0.40 0.55 0.25

H, 0.83 0.62 0.82 0.71
1-H,/ H, 0.88 0.35 0.33 0.65

H-W test 105.15 (15)** 20.17 (10)* 66.34 (15)*+** 37.59 (10)***
MFWI5

N 10 9 11 10

H, 1.00 1.00 1.00 1.00

H, 0.87 0.88 0.90 0.90
1-H,/H, -0.15 -0.13 -0.11 -0.11

H-W test 39.01(45)™ 36.97 (36)™ 56.75 (458 5425 (45)"
MFW20

N 4 3 5 5

H, 0.65 0.50 0.50 0.85

H, 0.68 0.67 0.69 0.79
1-H,/H, 0.05 0.26 0.28 -0.08

H-W test 8.09 (6)™ 6.25 (38 17.47 (10)™8 21.48 (10)*
Average H, over loci 0.51 0.69 0.71 0.76
Average H. over loci 0.79 0.75 0.82 0.79
Average number of alleles 6.80 6.00 7.40 7.00
Polymorphism (Pys) 1.00 1.00 1.00 1.00

'Values in parentheses indicate degrees of freedom and statistically significant values are indicated as follows: *p < 0.05; **p < 0.01; ***p < 0.001;
***%p = 0. and NS = not significant.
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followed by the koi carp (7.00), scaled carp (6.80) and mir-
ror carp (6.00).

The observed average heterozygosity (H,) in the koi
carp was the highest (0.76) which was followed by that of
red carp (0.71), mirror carp (0.69) and scaled carp (0.51) in
descending order (Table 1). Except for the MFW15 locus,
in majority of the cases the 1 - H,/H, values were positive in
scaled carp, mirror carp and red carp, indicating that those
strains were deficient in heterozygosity at most of the loci
(Table 1). On the other hand, the 1 - H,/H, values for koi
carp were negative in most cases except at locus MFW11,
suggesting that the koi carp stock showed an excess of
heterozygosity at most of the loci.

The allelic frequencies of all the loci in all the popula-
tions are shown in Table 2. The sizes of the alleles ranged
from 124 to 264. No strain-specific private allele was found
for any strain at any of'the five loci. The total number of lost
alleles was the highest in mirror carp (9) followed by scaled
carp (5), koi carp (4) and red carp (3).

Deviation from Hardy-Weinberg proportion

In 10 of a total of 20 tests, significant deviations from
Hardy-Weinberg expectations (HWE) were detected (Ta-
ble 1). The test for fit to Hardy-Weinberg proportions re-
vealed that all the strains were found to be deviated from
Hardy-Weinberg expectations at locus MFW11 while all of
them were found to be in equilibrium at locus MFW15.
Only one strain (koi carp) was found to be in disequilibrium
at locus MFW20 and at least two strains were in disequilib-
rium at loci MFW1 and MFW?2. Scaled carp and koi carp
deviated in 3 loci while mirror carp and red carp deviated in
2 loci (Table 1).

Inter-population genetic structure and genetic
distance

The population differentiation (Fsr) value between
scaled carp and koi carp was the highest (0.071) while the
Fsr value between red carp and koi carp was the lowest
(0.023). However, Fsr values were found to be statistically
significant in most of the population pairs except red and
koi carp. The gene flow (V,,) value between red carp and
koi carp across all the studied loci was the highest (9.67)
while the lowest N, value (4.56) was that between scaled
carp and koi carp (Table 3).

Pair-wise comparisons of the samples of four strains
of C. carpio using homogeneity tests are shown in Table 4.
None of the strain pairs was homogenous at locus MFW1
and MFW?2. Except for these loci red carp and koi carp were
homogenous at all the loci. Scaled carp and mirror carp and
scaled carp and red carp were only homogenous at the
MFW?20loci. Scaled carp did not form a homogenous group
with koi carp at any locus. Mirror carp and red carp and
mirror carp and koi carp were homogenous only at locus
MFWI15 (Table 4).
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Table 2 - Frequency of alleles at five microsatellite loci in four common
carp strains.

Common carp strain

Allele size (bp) Scaled carp Mirror carp  Red carp Koi carp
MFW1

200 0.03 0.15 0.17 0.32
192 0.05 0.35 0.00 0.08
180 0.03 0.03 0.20 0.08
174 0.17 0.15 0.15 0.08
166 0.20 0.15 0.05 0.20
160 0.08 0.08 0.05 0.10
150 0.13 0.00 0.03 0.00
144 0.30 0.05 0.10 0.03
138 0.03 0.05 0.25 0.13
MFW2

260 0.10 0.32 0.15 0.43
238 0.00 0.13 0.25 0.32
216 0.28 0.08 0.25 0.10
200 0.00 0.00 0.05 0.03
178 0.08 0.00 0.10 0.05
170 0.43 0.17 0.13 0.05
160 0.13 0.30 0.08 0.03
MFW11

210 0.00 0.00 0.08 0.13
190 0.15 0.03 0.15 0.08
174 0.08 0.30 0.20 0.05
170 0.30 0.55 0.30 0.45
164 0.25 0.05 0.22 0.30
160 0.17 0.08 0.00 0.00
124 0.05 0.00 0.05 0.00
MFW15

264 0.03 0.13 0.08 0.10
250 0.03 0.10 0.13 0.17
240 0.05 0.20 0.17 0.10
226 0.15 0.05 0.10 0.10
198 0.08 0.10 0.13 0.17
188 0.00 0.00 0.05 0.10
184 0.17 0.00 0.08 0.10
174 0.05 0.03 0.05 0.00
166 0.25 0.13 0.00 0.08
144 0.10 0.17 0.15 0.05
136 0.10 0.10 0.08 0.03
MFW20

230 0.03 0.00 0.08 0.10
218 0.25 0.32 0.15 0.22
200 0.30 0.25 0.22 0.32
176 0.43 0.43 0.50 0.22
168 0.00 0.00 0.05 0.13
Na 5 9 3 4

Na: Number of alleles lost across all loci.
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The highest genetic distance value (0.47) was be-
tween scaled carp and koi carp and the lowest (0.23) was
between red and koi carp (Table 5). The UPGMA
dendrogram based on Nei’s (1972) genetic distance re-
sulted in two major clusters: the scaled carp was alone in
one cluster while the remaining three strains grouped into
another cluster. The second cluster was further segregated
into two sub-clusters: mirror carp being alone in one cluster
and red- and koi carp together in the other cluster (Fig-
ure 1).

Table 3 - Multilocus Fsr (upper diagonal) and N,, (below diagonal) values
between pairs of four common carp strains across all loci.

Common carp strain

Populations ~ Scaled carp  Mirror carp  Red carp Koi carp
Scaled carp 0.055* 0.034* 0.071*
Mirror carp 5.48 0.042%* 0.046*
Red carp 7.36 6.84 0.023"8
Koi carp 4.56 6.50 9.67

*p < 0.05 and NS = not significant.

Table 4 - Homogeneity (x* values) between samples of common carp
strains.

Common carp strain'

Strains Loci Mirror carp Red carp Koi carp
Scaled MFWI1 2645 (6)**** 2827 (6)**** 36.05 (8)****
carp MFW2  17.65 (4)** 22.75 (5)***  46.54 (5)*****
MFWII 2243 (4)*** 1344 (5)* 20.37 (5)**
MFWI5  21.74 (8)** 24.54 (9)** 17.81 (9)*
MFW20  0.78 (2) 4.60 (3) 11.45 (4)*
Mirror MFWI 34.28 (7)****  13.28 (6)*
carp MFW2 22,75 (5)*¥**  19.78 (4)***
MFWI11 13.08 (4)* 23.33 (4)***
MFWI15 10.72 (8) 16.65 (9)
MFW20 9.87 (3)* 16.10 (4)**
Red MFW1 14.41 (7)*
carp MFW2 11.87 (5)*
MFWI11 6.51 (4)
MFWI15 6.43 (8)
MFW20 7.09 (4)

'Values in parentheses indicate degrees of freedom and statistically signif-
icant values (x° test) are indicated as follows: *p < 0.05; **p < 0.01;
***p < 0.001; and **¥**p = 0.

Table 5 - Summary of Nei’s (1972) genetic distance values between four
common carp strains.

Populations Scaled carp Mirror carp Red carp
Scaled carp

Mirror carp 0.34

Red carp 0.30 0.29

Koi carp 0.47 0.29 0.23

Characterization of common carp

Genetic distance

0.448 0.336 0.224 0.112 0.00

- Scaled carp

Mirror carp

Red carp

Koi carp

Figure 1 - Unweighted pair-group method with averages dendrogram
based on Nei’s (1972) genetic distance, summarizing the data on differen-
tiation between C. carpio strains, according to microsatellite DNA analy-
sis.

Discussion

In Bangladesh the common carp is an exotic species
which contributes significantly to the aquaculture produc-
tion of this country. However, since it is an exotic species
its gene pool is restricted and subjected to various changes
during the course of captive management. Though studies
on genetic structure of this species are available elsewhere
in the world (Kohlmann and Kersten, 1999; Tanck et al.,
2000; David et al., 2001; Lehoczky et al., 2002; Bartfai et
al., 2003; Kohlmann et al., 2003) our study is the first at-
tempt to reveal the genetic structure of different strains of
common carp introduced in Bangladesh.

The changes in gene and genotype frequencies of
hatchery population are random and vary from stock to
stock. Kohlmann and Kersten (1999) carried out an electro-
phoretic study of the allozymes of different strains of com-
mon carp and reported that the average number of allozyme
alleles per locus was 1.4 to 1.9, the mean H, was 0.112 to
0.256 and the percentage of polymorphic loci was 25 to 50.
The above study and the studies conducted by Suman-
tadinata and Taniguchi (1990) and Kohlmann et al. (2003)
using common carp allozyme markers all showed lower ge-
netic variability than that obtained in the present study.
However, Lehoczky et al. (2002) used DNA microsatellite
markers to study four strains of common carp and found an
observed heterozygosity (Hy) of 0.557 to 0.764 slightly
higher than the 0.510 to 0.760 found by us. Bartfai et al.
(2003) used microsatellite markers to study two Hungarian
common carp stocks (Attala and Dinnyes) and reported that
the mean H, value was 0.69 and thus equal to the mirror
carp value detected in our study, although the H, value for
scaled carp was higher than the value for scaled carp ob-
served by us. Taken together, these studies suggest that
microsatellite DNA markers may be more useful in analyz-
ing subtle genetic differences among different stocks of
common carp. In our study the number of lost microsatellite
alleles for all loci varied from strain to strain, with the high-
est being 9 in mirror carp. Loss of allelic variation has also
been reported for trout hatchery populations in Poland
(Was and Wenne, 2002). Sekino et al. (2002) found that the
number of microsatellite alleles was markedly reduced in
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hatchery strains of Japanese flounder compared with wild
populations of the same species.

Loss of allelic variation in different strains of com-
mon carp may because common carp was introduced into
Bangladesh in a few batches and bred repeatedly in hatch-
ery units which had a small effective number of broods
(N.), which may have led to genetic drift and genetic ero-
sion of most hatchery populations. The loss of hetero-
zygosity may increase as bottlenecking and inbreeding
increases, and Desvignes et al. (2001) have argued that the
reduction of microsatellite allelic diversity in scaled carp
and mirror carp could be related to population bottle-
necking associated with breeding practices.

We found that red and koi carp showed more genetic
variability than scaled and mirror carp, supporting the re-
sults reported by Liu et al. (2002) who studied the micro-
satellite markers of four artificially gynogenetic families of
ornamental carp and found that each color strain of orna-
mental carp was produced through selective hybridization
between strains. Zhou ef al. (2004) also observed the high-
est level of genetic variability in terms of heterozygosity in
Japanese decorative carp. In our study, although the aver-
age observed heterozygosity was highest in koi carp the av-
erage number of alleles observed in koi carp was more or
less similar to that in red carp, indicating that both strains
were very similar in terms of genetic variability. Moreover,
although we found a significant departure from homogene-
ity between each pair of strains at the maximum number of
loci (Table 4), our study supports the observation that koi
and red carp are homogeneous at the maximum number of
loci i.e. the genetic difference between koi and red carp is
relatively low and it is probable that koi carps originated
from red carp which are wild colored mutants of common
carp (McDowall, 1989).

Our results showed that the 1 - H,/H, values in koi
carp were negative in most of the loci, which indicated rela-
tively high level of heterozygosity in koi carp strain
whereas significant positive values at different loci in dif-
ferent strains indicated a deficit of heterozygosity that
could be the result of consanguinity due to preferential mat-
ing. Tessier et al. (1997) observed significant changes in al-
lele frequencies and losses of low-frequency alleles but no
reduction in heterozygosity in hatchery stocks in compari-
son with wild salmon populations. Since red carp and koi
carp have only recently been introduced to the Jessore
hatchery and only a few generations have been bred it is
reasonable to expect them to show greater genetic variabil-
ity than the scaled and mirror carp which had been bred at
this hatchery for many generations.

For the five microsatellite loci tested in this study, all
the strains were found to deviate from Hardy-Weinberg
equilibrium at a number of loci, which might have been due
to loss of heterozygosity in the hatchery populations be-
cause of the small effective population (N,) and a bottle-
neck effect. This hypothesis is supported by the work of
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Alam and Islam (2005), who found that a hatchery
population of Catla catla deviated from Hardy-Weinberg
equilibrium at a number of loci.

Pair wise genetic distance and Fsr values depicted the
relationship in different strains of common carp. The close
relationship with the least genetic distance and population
genetic differentiation (Fst) values observed between red
carp and koi carp (Figure 1) might be due to the geograph-
ical proximity between the origins of the two strains and
their breeding strategy. Both strains were introduced into
Bangladesh from Japan and the koi carp is known to be de-
rived through selective breeding from red carp (Kirpi-
chnikov, 1981), as supported by the high gene flow (Vp,)
between the red carp and koi carp. In a previous analysis of
mtDNA polymorphism among common carp populations
from Europe and eastern and southern Asia, Gross ef al.
(2002) observed that the distribution of haplotypic groups
strictly followed the geographic origin of the population
and thus European populations which were genetically
very similar to each other and less differentiated grouped
into one cluster while koi- and Vietnamese carps were sep-
arated from each other with high genetic differentiation.
However, we found that the scaled carp from China and
Vietnam were only distantly related to the koi carp intro-
duced from Japan, which had the highest genetic distance
and Fsr values and the lowest NV,, value. The significant de-
parture from homogeneity between scaled carp and koi
carp at all loci seen in our study supports these findings (Ta-
ble 4). Similarly, Kohlmann and Kersten (1999) observed a
discrete relationship between scaled carp and koi carp with
relatively high level of genetic distance when analyzed
with allozyme marker.

Our study has demonstrated that use of microsatellite
markers is a powerful tool for monitoring the genetic condi-
tion of different strains of common carp in Bangladesh. De-
spite the loss of a number of alleles in different strains,
significant differentiation was detected in different com-
mon carp pairs, except for the closely-related red and koi
carp strains. Since common carp strains are exotic and
widely cultured throughout Bangladesh, the genetic quality
of the strains may possibly decline over the years due to the
hatchery management practices used in Bangladesh. The
only way to minimize genetic impact is to improve the ge-
netic management for all strains by monitoring the genetic
variability and accurately estimating the effective popula-
tion size in hatcheries. Hatchery operators need to use mo-
lecular markers to monitor any genetic changes resulting
from improper management practices in their hatcheries.
Moreover the estimation of genetic variation and related-
ness available in different common carp strains could be
effective for planning future breeding programs and main-
taining a diverse gene pool in different strains of common
carp and brood stock management guidelines for hatcheries
could be formulated to maintain genetic quality by moni-
toring genetic variability. However, genetic analysis with
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more markers and samples covering different hatcheries
throughout Bangladesh still need to be performed to formu-
late a good management policy for the common carp strains
used in Bangladesh now and in the future.
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