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Genetic Similarity in Crucian Carp(Carassius carassius) by PCR-RAPD Analysis
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ABSTRACT : Genomic DNA from the blood of crucian carp(Carassius carassius) from lake and aquaculture facility in Kunsan, Korea
was extracted in order to identify genetic differences by polymerase chain reaction-randomly amplified polymorphic DNAs(PCR-RAPD).
Out of 12 primers, 6 generated 266 highly reproducible RAPD markers, producing approximately 2.1 polymorphic bands per primer
in crucian carp from lake. The degree of similarity varied from 0.18 to 0.76 as calculated by bandsharing analysis in crucian carp from
lake. The RAPD outlines obtained with DNA of two different crucian carp populations from Kunsan were different(0.47 from lake and
0.70 from aquacuiture facility, respectively). The electrophoretic analysis of polymerase chain reaction-randomly amplified polymorphic
DNAS(PCR-RAPD) products showed high levels of similarity between different individuals in crucian carp from aquaculture facility.
This result implies the genetic similarity due to raising in the same environmental condition or inbreeding within the crucian carp from
aquaculture facility in Kunsan. In other words, crucian carp may have high levels of genome DNA diversity due to the introduction
of the wild population from the other sites of Kunsan even if it may be the geographical diverse distribution of this species. Generally,
the RAPD polymorphism generated by these primers may be useful as a genetic marker for strain or population identification of
important aquacultural fish species, crucian carp. However, in future, additional populations and sampling sites will be necessary to
complement weak points,
Key words : Bandsharing analysis, Crucian carp, Genetic similarity, PCR-RAPD.
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genetics and breeding research. The polymorphic DNA markers
that were shown to genetically link to a trait of interest could
be used for individual identification, gene cloning, pathological
diagnostics, and for trait improvement in breeding programs.

There were so far used various molecular biological methods
including restriction fragment length polymorphism(RFLP) (Be-
ckenbach et al., 1990, Garcia-Mas et al., 2000) and randomly
amplified polymorphic DNAS(RAPD) (Welsh & McClelland,
1990; Welsh et al., 1991; Deragon & Landry, 1992; Dias Neto
et al., 1993; Nelson et al, 1993; Simpson et al, 1993;
Orozco-Castillo et al., 1994; Vierling et al., 1994; Lilley et al.,
1997; Garcia-Mas et al., 2000; McCormack et al., 2000) based
on the polymerase chain reaction(PCR).

Geographical populations were mainly distinguished by RFLP
-PCR method in various fishes(Wilson et al, 1987). Also,
geographical populations were identified by RAPD-PCR method
in various parasites(Bishop et al., 1993; Dias Neto et al., 1993).
Especially, applications of RAPD to most fisheries had been at
the levels of a few of fish species and crustacean apart from
geographic sites(Smith et al., 1997; Tassanakajon et al., 1998;
Hamm & Burton, 2000; McCormack et al., 2000). Random
primers based on the polymerase chain reaction(PCR) also
produced a higher percentage of polymorphic multiple-band
outlines than other probes(Garcia-Mas et al., 2000). Genomic
polymorphic bands generated by PCR amplification of DNA
using arbitrary primers had some advantages for detecting DNA
polymorphisms between organisms. Namely, the primer can
detect polymorphisms in the presence or absence of specific
nucleotide sequence information, and the polymorphisms can
function as genetic markers(Smith et al., 1997).

In this study, DNA isolated from the blood was analyzed by
12 randomly amplified polymorphic DNA(RAPD) primers in
order to identify genetic difference and develop the specific
genetic markers in two crucian carp(Carassius carassius) popula-

tions from Kunsan.

MATERIALS AND METHODS

1. Blood collection
DNA samples of crucian carp(Carassius carassius) were ob-

tained from a lake and an aquaculture facility in the periphery
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of Kunsan in Korea. There was approximately 50km the geogra-
phical distance between lake and aquaculture facility. RAPD
analysis was performed on genetic DNA samples from a total of
24 crucian carp using 12 different random primers. The same
DNA samples were used for each primer. The DNA samples
collected from blood in two-year-old crucian carp populations.
The fish were anaesthetized with MS 222(100 ppm). Blood
samples were taken with sterile test tubes from the caudal vein
into heparinized vials. The bloods obtained were refrigerated at
4°C until use. All glassware, micropipette tips, microcentrifuge
tubes and solutions were autoclaved to avoid DNA contamina-

tion.

2. Sources of genomic DNA

Samples of whole blood were placed into 10 ml heparinized
vials, to which an 4 volumes of lysis buffer | was added, and
the mixture tube was gently inverted several times. The samples
were incubated on ice for 30 min, centrifuged at 3,000 rpm for
10 min at 4°C to pellet. The pellets were transferred to 1.5 ml
Eppendorf tubes with lysis buffer I, and then mixtures were
centrifuged with microcentrifuge at 14,000 rpm for 1 min. The
precipitates were dissolved with 0.8 ml lysis buffer . Samples
were transferred to 1.5 ml Eppendorf tubes and added 15 ul
proteinase K solution(10 mg/ml). The mixtures were gently
inverted and incubated at 37°C for overnight or 65C for 4 hrs.
After incubation, 0.3 ml of 6 M NaCl were added and gently
pipetted for a few min. 0.6 ml of chloroform were added to the
mixture and then inverted(no phenol). Samples were spun down
at 14,000 rpm for 5 min. The cleared lysates were extracted with
ice-cold 70% ethanol, centrifuged at 14,000 rpm, and then
precipitated. The DNA pellets were air-dried, and then dissolved
in TE buffer. Purity was estimated by calculating the ratio of the
absorbance(O.D. value) measured at 260~280 nm with a spec-
trophotometer(Beckman DU 600 series). The final concentration

was estimated by agarose electrophoresis and EtBr staining,

3. Primer and marker

The primers(G+C content, 60~70%), designed for other pur-
pose and chosen arbitrarily for these experiments, were obtained
from Operon Technologies, USA(Table 1). Twelve decamer

oligonucleotide primer sequences were used.
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Table 1. Primers and primer sequences used for the detection of polymorphism in crucian carp(Carassius carassius)

Serial no of primer  Sequence(5' to 3') GC content(%)

Serial no of primer

Sequence(5' to 3') GC content(%)

OPA-01 CAGGCCCTTC 70
OPA-02 TGCCGAGCTG 70
OPA-03 AGTCAGCCAC 60
OPA-04 AATCGGGCTG 60
OPA-05 AGGGGTCTTG 60
OPA-06 GGTCCCTGAC 70

OPA-07 GAAACGGGTG 60
OPA-08 GTGACGTAGG 60
OPA-09 GGGTAACGCC 70
OPA-10 GTGATCGCAG 60
OPA-11 CAATCGCCGT 60
OPA-12 TCGGCGATAG 60

4. Amplification conditions

Amplification reactions were undertaken in volumes of 20 I
contained 10 ng of template DNA, 20zl AccuPower premix
(Bioneer Co., Korea) and 1.0 unit primer(Operon Technologies,
USA). Amplification was performed in a DNA Thermal Cycler
(Perkin Elmer, USA). This mixture was followed a predenatura-
tion at 94°C for 5 min. The thermal cycler programmed for 45
cycles at 94°C for 1 min for denaturation, at 36°C for 1 min for
annealing, at 72°C for 1 min for extension, at 72°C for 5 min
for post-extension. The amplified products were separated by
electrophoresis in 14% agarose gels with TBE, detected by
staining with ethidium bromide, illuminated with UV light and
taken photographs by photoman system(Seoulin, Korea).

5. Analytical method

Bandsharing(BS) calculation was somewhat modified the for-
mula of Jeffreys & Morton(1987) and Mohd-Azmi et al.(2000)
: BS = 2(Bab)/(Ba+Bb). Where Bab is the number of bands
shared by individuals a and b, Ba is the total number of bands
for individual a, and Bb is the total number of bands for individ-
ual b. If compared between the three lanes, the formula would
be: BS = 3(Nabc)/(Na+Nb+Nc) and so on. Only bands that were
readily visible were scored. BS values in RAPD outlines were
scored by the presence or absence of an amplification product

at specific positions in the same gel.

RESULTS

1. Intra- and inter-population variations

Of the 12 arbitrarily selected primers, six random primers
were used on the basis of the number and frequency of the
polymorphisms producted. The bands in the molecular weight
range from 0.07 to 1.35 kilobase pairs generated by random
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Fig. 1. Individual specific RAPD patterns of crucian carp from lake
amplified by arbitrary OPA-2(TGCCGAGCTG). Amplification
products were electrophoresed on a 1.4% agarose gel with TBE(0.09
M Tris, pH 8.5, 0.09 M boric acid, 2.5 mM EDTA) and detected by
staining with ethidium bromide. Each lane(1~11) shows different
individual DNA samples. M: Molecular size standard(@X174 DNA
marker digested with Haelll).

primer OPA-2(TGCCGAGCTG) were observed in crucian carp
population from lake(Fig. 1). There were showed genomic DNA
polymorphic bands generated using a primer(70% of GC con-
tents) to amplify DNA isolated from the blood of 11 individuals.
The specific band pattern showing DNA polymorphism was
observed in 0.12 kb. The RAPD profiles in crucian carp popula-
tion from lake obtained by a primer(OPA-3, AGTCAGCCAC)
with DNA of individuals were some different(Fig. 2). The
identical band pattern of PCR-RAPD products was observed in
0.28 and greater than 0.31 kb, respectively. The intra-population

123 45 6789 10UM

Fig. 2. Specific RAPD patterns of crucian carp from lake amplified
by arbitrary primer OPA-3(AGTCAGCCAC). Each lane(l1~11)
shows different individual DNA samples. M: @X174 DNA marker
digested with Haelll.
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Fig. 3. Individual specific RAPD patterns in crucian carp from lake
amplified by arbitrary OPA-S(AGGGGTCTTG). Each lane(1~11)
shows different individual DNA samples. M: Molecular size marker( @
X 174 DNA marker digested with Haell).

variation was revealed in the band patterns ranged from greater
than 0.6 to 0.87 kb. Another primer OPA-5(AGGGGTCTTG)
also generated RAPD band patterns showing DNA polymor-
phisms in crucian carp population from lake(Fig. 3). The similar
band pattern was observed from 0.28 to 0.31 kb. The Intra-po-
pulation variation was revealed in the band patterns ranged from
0.31 to 1.08 kb, producing a specific band RAPD profile in 0.12
kb. The differences between populations should be diagnostic of
specific strains and their relatedness. Also, the bands from 0.19
to 2.03 kilobase pairs generated by random primer OPA-7
(GAAACGGGTG) were observed in crucian carp population
from lake(Fig. 4). This primer yielded three single-band profiles
(lanes 1, 2 and 7). The Intra-population variation was revealed
in the band patterns ranged from 0.28 to 2.03 kb. Another
primer, OPA-10(GTGATCGCAG), detected a few of RAPD
major bands, approximately from greater than 0.6 to 1.35 kb in
crucian carp population from lake(Fig. 5). The DNA bands of
from greater than 0.31 to less than 0.60 kb were present in every
individuals. A band of 1.35 kb and the other of 1.08 kb were
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Fig. 4. PCR-RAPD products of crucian carp from lake amplified
by arbitrary OPA-7(GAAACGGGTG). Each lane(l1~11) shows
different individual DNA samples. The primer produced three single
-band RAPD profiles(lanes 1, 2 and 7). M: Molecular size standard( @
X 174 DNA marker digested with Haelll and Lambda DNA marker/
EcoR 1 + HindIl).

LA} 4

1 2 3 45 6 7 8 9 1011 M

kb

T
o508

060

2031
031028

Fig. 5. Individual specific RAPD patterns in crucian carp from lake
amplified by arbitrary OPA-10(GTGATCGCAG). Each lane(1 ~11)
shows different individual DNA samples. M: Molecular size marker(®
X 174 DNA marker digested with Haelll and Lambda DNA marker/
EcoR 1+ Hindll).
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Fig. 6. RAPD profiles in crucian carp from lake amplified by
primer OPA-12(TCGGCGATAG). Each lane(1~11) shows eleven
individuals used. M: Molecular size marker(® X 174 DNA marker
digested with Haelll).

present in only 1 of 11 individuals, respectively, which were
polymorphic. The RAPD polymorphism generated by random
primer OPA-12(TCGGCGATAG) showed polymorphic bands in
crucian carp population from lake(Fig. 6). The sizes of the bands
recorded ranged from 0.23 kb to approximately 1.35 kb. There
were showed genomic DNA polymorphic bands generated using
a primer(OPA-12, 70% of GC contents) to amplify DNA isolated
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Fig. 7. Specific RAPD polymorphic bands generated in two crucian
carp populations by arbitrary primer OPA-10(GTGATCGCAG).
Each lane(1 ~22) shows different individual DNA samples(lanes 1~11
from one lake in kunsan and lanes 12~22 from the other aquaculture
facility in Kunsan). M: Two standard markers(® X 174 DNA marker
digested with Hae [l and Lambda DNA marker/EcoR I+Hind TI).
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from the blood of 11 individuals in crucian carp population from
lake.

The RAPD polymorphism generated by random primer OPA
-10 showed polymorphic bands in two crucian carp populations
(Fig. 7). In this range from approximately 0.19 to 1.35 kb the
patterns were highly reproducible and also very different bet-
ween two populations. However, this primer produced the sizes
of polymorphic DNA bands ranged from 0.6 to 1.35 kb and
from 0.19 to 0.31 kb, respectively. The band exhibited the inter
-population-specific characteristics.

2. Bandsharing scores

In six primers of the 12 RAPD primers used, the number of
bands produced per primer varied from 1 to 15 with an average
of 8.3 in crucian carp from lake(Table 2). Six primers produced
amplified fragments which were consistently polymorphic. A
total of 549 amplified products were produced of which 266

Table 2. Number of RAPD bands for single primer using agarose
gel in crucian carp(C. carassius) from lake in Kunsan

Primers no Number of bands  Total bands Average
OPA-2 9~14 133 121
OPA3 5~10 67 6.1
OPA-5 6~11 81 7.4
OPA-7 1~14 61 5.5
OPA-10 11~15 126 11.5
OPA-12 3~10 81 7.4
Total 549 50
Average 58~123 91.5 8.3

Table 3. Bandsharing(BS) within the crucian carp population from
lake(mean or meantS.E)

. Total of Average number of BS
Primers no . .
polymorphic bands  polymorphic bands  values
OPA-2 66 6.0 0.50
OPA-3 25 23 0.76
OPA-5 23 2.1 0.68
OPA-7 61 4.1 0.18
OPA-10 57 52 0.52
OPA.L 34 3.1 041
Total 266 22.8 3.05
Average 443 38 0.51£0.08
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Table 4. Comparisons of the RAPD profiles of two crucian carp
populations in Kunsan(lanes 1~11 from lake, lanes 12~22 from
aquaculture facility) obtained with arbitrary primer OPA-10
(GTGATCGCAG)

Number of Pol hic
Lane no ulrananfirs © Total bands O}l::;dr: e BS value
1~11 9~15 117 48 047
12~22" 8~13 94 20 0.70
Average 8.5~14 105.5 34 0.59

* ¢ from lake
** : from aquaculture facility

were polymorphic(48.5%). 3.8 of the 44.3 amplified bands were
found to be polymorphic in crucian carp from lake(Table 3).
Also, about 8.6% of total polymorphic bands were either specific
to crucian carp from lake as summarized in Table 3. Especially,
primer OPA-2 generated the highest number of fragments among
the primers used with the average of 6.0 in crucian carp from
lake. The degree of similarity varied from 0.18 to 0.76 as
calculated by bandsharing analysis. Also, the average level of
bandsharing was 0.5110.08 within the crucian carp populations
from lake. In addition, the RAPD outlines obtained with DNA
of different crucian carp populations between from lake and
from aquaculture facility in Kunsan were different(Table 4).
Especially, the RAPD outlines obtained with DNA of crucian
carp population of a site(lanes 1~11 from lake) were much
more varied than those of the other(lanes 12~22 from aqua-
culture facility). A number of polymorphic bands were identified

in two crucian carp populations(Fig. 7, Table 4).

DISCUSSION

The amplified products can be generated as DNA polymor-
phic bands by gel electrophoresis, the patterns being characteristic
of both the primers and the template DNAs. The PCR-RAPD
method can be applied to identify genetic similarity and diversity
in crucian carp(C. carassius) using twelve different primers.
Many authors could detect genetic polymorphisms in a wide
variety of organisms by PCR-RAPD using a large number of
different primers(Welsh & McClelland, 1990; Welsh et al., 1991).

In this study, it was used DNA extracted from blood of cru-
cian carp populations which have the genome size of fragments
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from approximately 120 to 2,030 bp as shown in Figs. 1~7.
The number and size of the fragments generated strictly depend
on the nucleotide sequence of the primer used and on the source
of the template DNA, resulting in a genome-specific polymor-
phic band of random DNA fragment. Six primers generated 266
highly reproducible RAPD markers, producing approximately 2.1
polymorphic bands per primer in crucian carp from lake as
summarized in Table 3. Especially, on average, 34 of the 105.5
amplified bands were found to be polymorphic between two
crucian carp populations as summarized in Table 4.

For these results, there were population-specific RAPD frag-
ments in crucian carp and there were differences in frequencies
of six primer fragments, as have been reported in catfish(Liu et
al., 1998), livestock(Koh et al., 1997) and sorghum (Vierling et
al., 1994). Some intra-specific or intra-strain RAPD variations
were also observed for different strains or for individuals(Welsh
et al., 1991; Liu et al, 1998). Particularly, Liu et al.(1998)
screened a collection of RAPD markers in catfish and identified
22 primers that revealed 171 strain-specific genetic markers.
Also, Johnson et al.(1994) referred a collection of RAPD
markers in zebrafish and identified 116 primers that revealed
721 strain-specific genetic markers. McCormack et al.(2000)
identified that a minimum of 93% of genotypic variance
occurred among individuals within populations. These workers
have found more variation within a strain or population than
between strains or populations considered as a whole. Especially,
in marine organism, the percentages of polymorphic bands of the
five geographic populations investigated in black tiger shrimp
(Penaeus monodon) varied from 51.5 to 57.7 %(Tassanakajon et
al., 1998). They reported that RAPD analysis yielded a total of
252 genotypes.

Bandsharing scores were calculated as an expression of
similarity of RAPD polymorphic bands of animals from either
the same or different breeds(Jeffreys & Morton, 1987; Mohd
-Azmi et al., 2000). In this study, primer OPA-2 generated the
highest number of fragments among the primers in crucian carp
from lake(the total of 133, the average of 12.1). This specific
primer was also found to be useful in the individual identifica-
tion of crucian carp, resulting from the different DNA polymor-
phism among individuals the same as result of Liu et al.(1998)
obtained in catfish species. RAPD markers produced by primers
were effective in determining polymorphism between sorghum
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lines(Vierling et al., 1994). In this study, it was identified that
about 8.6% of total amplified bands were specific to crucian
carp. This result demonstrates the utility of the technique in
strain or breed identification(Welsh et al., 1991; Bishop et al.,
1993; Simpson et al., 1993; Dias Neto et al., 1993; Vierling et
al., 1994; Lilley et al., 1997; Liu et al., 1998). The potential of
RAPDs to identify diagnostic markers for strain or species
identification in mice(Welsh et al., 1991), in parasites or patho-
gens(Welsh & McClelland, 1990; Bishop et al., 1993; Simpson
et al., 1993; Dias Neto et al, 1993; Lilley et al., 1997), in
livestock(Koh et al., 1998), in plants(Deragon & Landry, 1992;
Nelson et al, 1993; Orozco-Castillo et al., 1994) and in
fish(Johnson et al., 1994; Liu et al., 1998; Yoon, 1999) has also
been demonstrated. In addition to mapping and breeding appli-
cations, PCR-RAPD system could be very useful for the rapid
certification and quality control of seed production and for all
projects based on PCR amplification of specific plant DNA
fragments(Deragon & Landry, 1992).

In this study, the RAPD outlines obtained with DNA of two
different crucian carp populations from Kunsan were different
(0.47 in population from lake and 0.70 in population from
aquaculture facility). There was significant difference between
two populations apart from each other. However, this result that
a number of polymorphic bands in a site were identified, implies
the genetic variation or diversity due to introduction within the
crucian carp populations from different geographical regions
compared with the other. On the one hand, this genetic diversity
in a crucian carp population may have been caused by a
transitory increase in broodstock numbers in the hatcheries from
which Kunsan population was derived. In other words, crucian
carp may have high levels of genome DNA diversity due to the
introduction of the wild population from the other sites of
Kunsan even if it may be the geographical diverse distribution
of this species. On the other hand, this result may imply the
genetic similarity due to raising in the same environmental
conditions or to inbreeding within the crucian carp from Kunsan.
However, genetic distance was found to be independent of
geographic distance over the long-distance(300 km) sampling
range(Hamm & Burton, 2000).

In the present study, this author demonstrated the successful
use of RAPD analysis to identify population differentiation of
crucian carp. However, further analysis is required to identify
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primers that amplify sufficient bands shared by the species to
permit a quantitative analysis. Additionally, it seemed to be
essential to get better data on the genetic distances between a

number of crucian carp populations.
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