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ABSTRACT : Genomic DNAs(gDNAs) were isolated from the venus clam(Gomphina aequilatera) from Samcheok(venus
clam from Samcheok; VCS) and Wonsan(venus clam from Wonsan, VCW) located in the East Sea of the Korean Peninsula.
The amplified products were generated by agarose gel electrophoresis(AGE) with oligonucleotides primer, detected by
staining with ethidium bromide and viewed by ultraviolet ray. The seven arbitrarily selected primers BION-21, BION-23,
BION-25, BION-27, BION-29, BION-31 and BION-33 generated the shared loci, polymorphic, and specific loci, with the
molecular sizes ranging from 150 bp to 2,400 bp. In this study, 147 polymorphic loci(147/954 loci, 15.41%) in VCS
population and 274(274/996 loci, 27.51%) in VCW population were generated with seven primers. These results suggest
the genetic variation in VCW population is higher than in VCS population. Especially, the 700 bp bands generated by the
primer BION-21 were identified commonly in two Gomphina populations, which identified populations and/or species. This
specific primer was found to be useful in the identification of individuals and/or population, resulting from the different
DNA polymorphism among individuals/species/population. Two Gomphina populations between the individual SAMCHEOK
no. 03 and WONSAN no. 22 showed the longest genetic distance(0.696) in comparison with other individuals used. The
complete linkage cluster analysis indicating three genetic groupings and dendrogram revealed close relationships among
individual identities within two geographical populations of venus clam(G. aequilatera) from the Samcheok and Wonsan.
The intra-species classification and clustering analyses inferred from molecular markers supported the traditional taxonomy
of the species based on morphological characters such as shell size, shape and color. Accordingly, as mentioned above,
RAPD analysis showed that VCS population was more or less separated from VCW population.
Key words : Dendrogram, Genetic distance, Gomphina aequilatera, Intra-species classification, Venus clam.

2 ¢ ANne &2 YA Y& A3 (venus clam from Samcheok; VCS) 3} ¢ AH(venus clam from Wonsan; VCW)
Ao AHRD NEZN(Gomphina aequilatera)d| »| genomic DNAs(gDNAs) & ¥ F&319t}. FZAELS primer
9} agarose 2715l 314 AYHAT, EBrol A GAF ol Fol M| A Gels ATk 150 bpol A
2,400 bpol 3} 3= shared loci, polymorphic @ specific loci® €7} ¢siA] BION-21, BION-23, BION-25, BION-27,
BION-29, BION-31 % BION-33¢} 7+& 771 ¢] primerZ AM2-#4ith 2 Aol 7709 primerE VCS REZ/) AdelA
14771 2] polymorphic loci(147/954 loci, 15.41%)¢} VCW F el A 274 7] 2] polymorphic loci(274/996 loci, 27.51%) &
AT o] AL VCS RIEXA JdollA Bk VCW JdoM o 52 §75 Holg vehl i gltke A& AA L
Atk 53] BION-21 primero]] 9]siA veld 700 bpe YIE2/ 27 F@M F5H02 gl on, oad 2
Aol & AT + gl marker2A &8-0] 7HEE ot o2 ¥ Fold primere A, T L YoM HE
t}2 DNA o348 Jepdiv, /AU s e
g F&3tte AL & F Aok 24 REZRAN A A
AEE Y3 HokE W SAMCHEOK no. 03¢} WON-

" This work was supported by the Fisheries Science Institute of
Kunsan National University in 2007.

' Correspondence: Department of Aquatic Life Medicine, College of SAN no. 22914 714 71 #44 #2(0.696) HERI A
Ocean Science and Technology, Kunsan National University, Gunsan th 37§¢] genetic groupings and dendrogram& ¥ gt
573-701, Korea. Tel: 82-63-469-1887, Fax: 82-63-463-9493, E-mail: complete linkage cluster analysisS E&jA £ o X33

jmyoon@ kunsan.ac kr A7t AYAT A AN 2 DS A AA



228 Jong-Rae Kim, Chang-Ho Jung, Yong-Ho Kim and Jong-Man Yoon

A v 77hE AHBAE FAAA FUh BAH A BAJQAZRE dojr &

EEERE

59} clustering analyses

e o7 37, A7 g 2 A A2 2 FHAA YA N2 AYHY T ERE AT Yk g
Aol AFE vk} ol RAPD B4& VCS WIS2 Aol VOW 93} ol A E Aol7} YAk AL HAA

FAH.

INTRODUCTION

Various diagnostic skills, as reported earlier by many
workers, have been applied to analyze the heredity of or-
ganisms such as the morphological trait(Orozco-Castillo et
al., 1994; Adams, 2000), the allozyme differentiation(Ma-
muris et al., 1999; Diaz-Jaimes & Uribe-Alcocer, 2003),
and various PCR-based molecular techniques including the
restriction fragment length polymorphisms(RFLPs)(Jaiswal
et al., 1998), the amplified fragment length polymorphisms
(AFLPs)(Das et al., 1999), and the random amplified poly-
morphic DNAs(RAPD)(Callejas & Ochando, 1998; Diaz-
Jaimes & Uribe-Alcocer, 2003; Kim & Choi, 2003; Kim et
al., 2006; Martinez ef al., 2006; Yoon, 2006).

Among them, RAPDs are the most frequently used mo-
lecular markers for taxonomic and systematic analyses of
organisms(Adams, 2000). Generally, RAPD-PCR is one of
fast and simple research methods to identify genetic differ-
ence and the polymorphism in various organisms, which
does not require the prior knowledge of the genomic DNA
(Iyengar et al., 2000). Particularly, the polymorphic and/or
specific markers peculiar to genus, species, breed and geo-
graphic population have been applied for individual/spe-
cies/population discrimination, pedigree analysis and for
the screening of DNA markers for marker-assisted selec-
tion and genotype-assisted selection, as reported earlier by
many workers(Liu et al., 1998; Tassanakajon et al., 1998;
Huang et al., 2000; Geng et al., 2002; Ramesha et al.,
2002). The outcome of RAPD analysis to identify diag-
nostic markers for breed, species and population identi-
fication in shellfish(Huang ef al., 2000; Yoon & Kim,
2003a; Kim et al., 2004) and in crustacean(Klinbunga et
al., 2000b; Yoon & Kim, 2003b; Park et al., 2005; Kim et
al., 2006; Yoon, 2006) has been established.

Venus clam(Gomphina aequilatera, Sowerby), which be-
longs to the family Veneridae, and the order Veneroida,
constitutes an economically important bivalve mollusk. Ve-

nus clam is widely distributed in the mouth of a river,
brackish-water habitats, a field of reeds and seawater areas
of the East Sea, the West Sea and the southern sea in the
Korean Peninsula. The clams inhabit in the estuary flats
consisting of a lot of sand, mud and slime in the coastal
tidal wetland. By the way, recently, the consumption of
this bivalve species has also seen a considerable upshift as
restaurants have begun to specialize in various clam rec-
ipes, including steamed stuffed clam in a pan.

The environmental requirements and tolerances of clam
from different geographic areas remain unknown, as does
its population structure. However, in general, the size, col-
or and type of this bivalve mollusk vary according to envi-
ronmental factors, such as topography, water depth, water
temperature, nutrition, growth period and other common
factors. As the clam preservation increases, the under-
standing of the genetics of this clam species becomes more
necessary; to evaluate the potential genetic effects induced
by the artificial reproduction of the clam. Research in the
artificial production of the clam has progressed steadily in
many aspects, excessive hunting and water contamination
by trade, industrial sewage and living sewage. The clams
are silvery white and coarse in the shell surface under nat-
ural conditions. The ribs of the shell surface are compact
and brownish.

As the clam culture industry grows, so doe’s interest
into the genetics of this shellfish species. However, little
information currently exists regarding the genetics of ve-
nus clam. Until now, the gonadal development and repro-
ductive cycle and the age, rickettsia-like organisms, cy-
tochemical characteristics, and morphological characters
in clams have been assessed by manifold ecological and
biochemical researches, as reported earlier by many
workers (Lee et al., 1999; Park et al., 2002; Jung et al.,
2004a).

We performed similarity matrix and clustering analyses
to analyze genetic variations and DNA polymorphisms of
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two venus clam(G. aeguilatera) populations from the Sam-
cheok and Wonsan of the Korean Peninsula.

MATERIALS AND METHODS

1. Sample Collection and gDNA Extraction

Two venus clam(G. aequilatera) populations were ob-
tained from the Samcheok and Wonsan located in the East
Sea of the Korean peninsula. The venus clam was col-
lected, placed in the sterile tubes on dry ice immediately,
and stored at ~40C until the gDNA extraction. PCR anal-
ysis was performed on muscle extracts of the foot from 22
individuals, using seven different decamer primers. The ex-
traction of gDNA was performed under conditions as de-
scribed previously(Yoon & Kim, 2003b). After several wa-
shing, the lysis buffer | [155 mM NH,CI, 10 mM KHCO;,
1 mM EDTA] was added to samples, and the mixture
tubes were gently inverted. The precipitates obtained were
centrifuged and resuspended with lysis buffer II [10 mM
Tris HCI(pH 8.0), 10 mM EDTA, and 100 mM NaCl, 0.5%
SDS] and added 15 #L proteinase K solutions(10 mg/mL).
After incubation, there was added 300 2L of 3 M NaCl
and lightly pipetted for several minutes. Added not phenol,
600 L of chloroform were added to the mixture and then
inverted. DNA from the lysates was extracted by adding
icecold 70% ethanol and centrifuged at 19,621 g for 5
min. The DNA pellets were incubation-dried for more than
2 hrs, held at —40°C until needed and then dissolved in the
pure water(JABA KOREA, Korea). The concentration of
the extracted gDNA was measured with the optical density
proportion at 260 nm by a spectrophotometer(Beckman
Coulter, Buckinghamshire, UK).

2. The Oligonucleotides Primers, Molecular Markers
and Amplification Circumstances

The oligonucleotides decamer primers chosen arbitrarily
were purchased from Bioneer Corporation, Korea. Seven
oligonucleotide primers showing sequences such as BION-
21(5>-AATCGGGCTG-3"), BION-23(5’-CAGGCGGCGT-3%),
BIONR25(5-CTGGCGGCTG-3’), BION27(5>-TGCGCCGCGG-
3"), BION2X(S-GACATCTCGC:3%), BION-31(5-AACGOGTAGA-
3’) and BION-33(5-ACATCCTGCG-3") were used to gen-

Genetic Variations in Geographic Venus Clam Population 229

erate the shared loci, polymorphic loci and specific loci
that can be counted clearly and reproducibly. RAPD-PCR
was performed using two Programmable DNA Thermal
Cyclers(Perkin Elmer Cetus, Norwalk, CT, USA; MJ Re-
scarch Inc., Waltham, MA, USA) as described previously
(Yoon & Kim, 2004). This mixture was followed a pre-de-
naturation at 94°C for 5 min. The thermal cycler pro-
grammed 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 ex-
tension, at 72°C for 5 min for post-extension, using the
fastest available transition between each temperature. The
DNA amplification was performed in 25 L containing 10
ng of template DNA, 20 L premix(Bioneer Corp., Dae-
jeon, Korea) and the 1.0 unit primer. Amplification prod-
ucts were separated by 1.4% agarose(VentechBio, Korea)
gel electrophoresis with TBE [90 mM Tris(pH 8.5), 90 mM
borate, 2.5 mM EDTA]. The 100 bp DNA Ladder(Bioneer
Corp., Daejeon, Korea) was used as DNA molecular weight
marker and the bands electrophoresed were stained with
ethidium bromide. The bands were illuminated with UV-
ray and then photographed by photoman direct copy sys-
tem(PECA Products, Beloit, WI, USA).

3. The Data Analyses
Only the unambiguously-counted bands ranged from
150 bp to 2,400 bp that were readily visible were scored
for the statistical analyses. The bandsharing(BS) value was
calculated by the presence/absence of amplified products at
the specific positions in the same gel from the RAPD
profiles. The degree of variability was calculated by use of
the Dice coefficient, which is given by the formula: BS =
2 nap/(nstmy), where ng, is the number of bands shared be-
tween the samples a and b, n, is the total number of bands
for sample a and ny is the total number of bands for sam-
ple b, as reported earlier by many workers(Jeffreys &
Morton, 1987; Yoon & Kim, 2004; YokeKqueen & Radu,
2006). A BS value of 1.000 indicates that the two samples
are identical and a BS value if 0 indicates that the samples
are different.
The average of withinpopulations similarity is calcu-
lated by the pairwise comparison between individuals with-

in a population. The relevance among different individuals
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of venus clam from Samcheok(SAMCHEOK 01~SAM-
CHEOK 11) and venus clam from Wonsan(WONSAN 12~
WONSAN 22) generated according to the BS values and
similarity matrix. The hierarchical clustering tree was ana-
lyzed by the similarity matrices to generate a dendrogram
using pcpackage program Systat version 10(SPSS Inc., Chi-
cago, IL, USA). Significance was accepted for all tests at
p<0.001. All data were expressed as meantSE. The genetic
difference and Euclidean genetic distance within- and be-
tweenpopulation were also calculated with hierarchical
dendrogram program Systat version 10.

RESULTS AND DISCUSSION

1. The Variation within-and between Populations

In spite of the variation in the RAPD profiles and the
difference in reproducibility, many genetic researchers used
the techniques because RAPD-PCR is a relatively rapid, re-
liable and conveniently useful method to investigate nu-
merous genomic DNAs for the genetic diversity in a pop-
ulation as well as it does not require the prior knowledge
of the genome, as reported earlier by many workers(Orozco-
Castillo ef al., 1994; Iyengar et al., 2000; Klinbunga et al.,
2000a & b; Kim & Choi, 2003). The polymorphisms are
determined by the banding patterns of amplified products
at the specific positions by primers(Tassanakajon et al.,
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1998; Yoon & Kim, 2001). RAPD and/or RAPD-based
techniques have been applied to the identification of the
genetic features of diverse species of Veneridae(Jung et
al., 2004b). Genomic DNA isolated from two populations
of Gomphina obtained from the East Sea was amplified by
PCR reaction. The amplified products were separated by
AGE with oligonucleotides decamer primer and stained
with ethidium bromide.

In this study, seven decamer primers generated a total of
954 loci in VCS population and 996 in VCW population,
with molecular sizes from 150 bp to 2,400 bp, as summar-
ized in Table 1. In particular, the BION-27 primer gave
DNA profiles with more loci than the other six primers in
the VCS population and the BION-31 from VCW pop-
ulation(Table 1). DNA fragments ranging from 350 to 700
bp were also detected in the RAPD-PCR profile of barra-
mundi(Lates calcarifer)(Partis & Wells, 1996). A tandemly
repeated satellite DNA containing 290 bp~291 bp was iden-
tified by the Sall digestion of the genomic DNA from five
species of Eastern Pacific abalone using another molecular
method(genus Haliotis)(Muchmore et al., 1998). Eighty
fragments ranging from 200 bp to 2,200 bp were unam-
biguously counted in the black tiger shrimp(Penaeus mo-
nodon)(Tassanakajon et al., 1998). One to eight DNA bands
were amplified, ranging from approximately 240 bp to
1,200 bp in seaweed Hizikia fusiformis(Park et al., 1998).

Table 1. The number of loci observed per primer, shared loci, specific loci and polymorphic loci produced by RAPD analysis using
7 decamer oligonucleotide primers in G. aequilatera from Samcheok and Wonsan of Korea

No. of loci observed

No. of shared loci by

No. of specific loci No. of polymorphic loci

Primer per primer each population
Samcheok Wonsan Samcheok Wonsan Samcheok Wonsan Samcheok Wonsan

BION-21 124(113)  137(12.5) 11 33 2 9 13 5
BION-23 118(10.7) 99( 9.0) 99 66 12 8 14 7
BION-25 144(13.1) 145(13.2) 66 88 4 14 18 23
BION-27 147(13.4) 137(12.5) 22 55 28 9 20 33
BION-29 136(12.4) 162(14.7) 33 22 16 16 30 18
BION-31 143(13.0) 168(15.3) 33 55 8 9 44 41
BION-33 142(12.9) 148(13.5) 22 33 5 5 8 47

Total no. 954(12.4) 996(12.9) 286 352 75 70 147 274
Average no. . 5 1423 40.9 50.3 10.7 10.0 21.0 39.1
per primer

The average number of loci per lane generated by an oligonucleotide primer in Samcheok and Wonsan population, respectively, is shown

in parentheses.
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The total amplified products from the six isolates were:
143 bands from the Chungmu sample, 135 bands from
Haenam, 72 bands from Kijang, 120 bands from Pusan,
136 bands from Wando, and 109 bands from Yosu. The
size of the fragments varied from 220 bp to 1,700 bp in
four species of the Mullidae family(Mamuris et al., 1999).

The DNA fragments obtained using the four primers
ranged from 100 bp to 2,300 bp in the brittle staf(Amphiura
Siliformis)(McCormack et al., 2000). In wild and cultured
species of crucian carp, five primers generated a total of
1,084 distinct fragments ranging in size from 120 to>
4,270 bp(Yoon & Park, 2002). In the marsh clam from
Gochang(Corbicula spp), 7 out of 20 primers generated
585 major and minor RAPD bands from three geographic
sites, producing approximately 6.6 products per primer on
average(Yoon & Kim, 2003a). Seven primers generated
317 bands in the cultured shrimp population and 385 in the
wild population, ranging 100 bp to 1,800 bp(Yoon & Kim,
2003b). The primer OPF-10 produced 11 amplified frag-
ments in the eastern Pacific yellowfin tuna(Thunnus alba-
cares), with sizes ranging from 200 bp to 600 bp(DiazJaimes
& Uribe-Alcocer, 2003). Six primers were used to generate
a total of 602 and 195 scorable bands in the catfish and
bullhead populations, respectively, with DNA fragments
ranging in size from<100 bp t0>2,000 bp(Yoon & Kim,
2004). In livestock and insects, all 141 primers generated
from Zebu cattle breeds ranged from 270 bp to 1,350 bp
(Gwakisa et al., 1994). Geng et al.(2002) also reported that
8 random primers generated 176 bp to 2,937 bp fragments
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in 3-goat populations from the China Chaidamu Basin. Fi-
nally, twenty-six primers produced a total of 137 poly-
morphic PCR-generated RAPD markers from the silkworm,
ranging from 200 bp to 4,000 bp(Bombyx mori)(Hwang et
al., 1995).

In the present study, a decamer primer generated 136.3
of average number of per primer in VCS population from
Samcheok. A RAPD primer generated 12.4 loci on average
observed per sample and ranged from 10.7 to 13.4 loci in
this VCS population from Samcheok. In VCS population,
the primer BION-21 generated various sized bands, ranging
from 200 bp to 1,200 bp, as summarized in Fig. 1. In VCS
population, the banding patterns of the shared loci, 700 bp
bands, were generated by the decamer primer BION-21, as
shown in Fig. 1A. The banding patterns generated by deca-
mer primer BION-25 of individual in VCS population var-
ied widely, as shown in Fig. 1C. Moreover, the banding
patterns also generated by decamer primer BION-33 of in-
dividual in VCW population varied widely, as shown in
Fig. 1G. The complexity of the banding pattern varied wide-
ly between primers and/or geographically locales. General-
ly, the size and the number of the bands generated un-
biased depend upon the nucleotide sequence of the primer
used and on the source of the template DNA, resulting in
a genome-specific DNA band(Welsh & McClelland, 1990).

In VCW population from Wonsan, the oligonucleotide
decamer primer BION-25 generated 44 unique shared loci
to each population, 350 bp, 400 bp, 500 bp and 700 bp,
respectively, as shown in Fig. 1C(Table 2). The result in-

Table 2. The number of unique shared loci to each species and the number of shared loci by the two populations generated by RAPD
PCR using 7 decamer oligonucleotide primers in G. aequilatera from Samcheok and Wonsan of Korea

Item No. of unique shared loci to each population No. of shared loci by the two populations
Primer\Population Samcheok Wonsan Two localities

BION-21 0 22 11
BION-23 33 0 66
BION-25 22 44 44
BION-27 0 33 2
BION-29 11 22 2
BION-31 11 33 22
BION-33 0 11 22

Total no. 286 352 209

Average no. per primer 40.9

50.3 29.9
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Fig. 1. PCR-based agarose gel electrophoretic outlines of the
RAPD analysis on two venus clam(G. aequilatera) pop-
ulations. DNAs isolated from twp populations collected
at Samcheok(lane 1~11) and Wonsan(lane 12~22),
respectively, were amplified by decamer primer BION-
21 (A), BION-23 (B), BION-25 (C), BION-27 (D),
BION-29 (E), BION-31 (F) and BION-33 (G). The 100
bp Ladder (M) was used as a DNA molecular marker.

dicates that the genome sizes of VCS population from
Samcheok are similar to those in VCW population from
Wonsan. The number of unique shared loci to each pop-
ulation and number of shared loci by the two populations
were generated by RAPD-PCR using 7 random primers in
Gomphina populations from Samcheok and Wonsan, re-
spectively, as shown in Table 2. Two hundred eighty six
unique shared loci to each population, with an average of
40.9 per primer, were observed in VCS population from
Samcheok. Three hundred fifty two unique shared loci,
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with an average of 50.3 per primer, were identified in the
VCW population from Wonsan. Especially, 209 numbers
of shared loci by the two populations, with an average of
29.9 per primer, were observed in the two Gomphina
populations. The decamer primer BION-23 generated the
shared loci by the two populations, approximately 200 bp,
300 bp, 380 bp, 550 bp, 750 bp and 1,000 bp, between the
two Gomphina populations(Fig. 1B, Table 2). The oligonu-
cleotide primer BION-25 also generated the shared loci by
the two populations, approximately 350 bp, 400 bp, 500 bp
and 700 bp, in VCS population from Samcheok and VCW
population from Wonsan, as shown in Fig. 1C. The other
primers, BION-21, BION-27, BION-29, BION-31 and BION
-33 generated the shared loci by two Gomphina popula-
tions. The results demonstrate that VCS population from
Samcheok is genetically similar to VCW population from
‘Wonsan.

Using numerous arbitrary primers, PCR-generated RAPD
analyses have been applied to identify specific/polymor-
phic markers particular to breed, line, species and geo-
graphical population as well as genetic polymorphism/di-
versity in organisms(Partis & Wells, 1996; Callejas & Ochan-
do, 1998; Klinbunga et al., 2000a; Yoon & Kim, 2004;
Yoon, 2006). In this study, 7 primers generated 147 poly-
morphic loci(147/954 loci, 15.41%) in VCS population and
274(274/996 loci, 27.51%) in VCW population, as illus-
trated in Table 1. The results demonstrate that a primer de-
tects a great deal of polymorphic loci. This also suggests
the genetic variation in VCW population is higher than in
VCS population.

A total of 88 polymorphic fragments were scored from
24 primers after excluding the bands that were monomor-
phic for the five clones of silver crucian carp, Carassius
auratus gibelio Block(Zhou et al., 2000). Iyengar et al.
(2000) used a RAPD-based technique to identify several
microsatellite repeats in the turbot(Scophthalmus maximus)
and Dover sole(Solea solea) and report the character-
izations of six novel polymorphic microsatellite markers
for Dover sole. McCormack et a/.(2000) reported that a to-
tal of 98 individuals were examined in two populations of
A. filiformis, using these four primers. They reported that
the banding patterns showed a high degree of variation,
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with individual organisms being clearly distinguishable
from one another. All four primers generated 111 poly-
morphic DNA fragments from 70 individuals. Fifty-three
RAPD markers obtained from 7 primers were common to
all breeds, 22 were specific to individuals, and 18 were
polymorphic in the different breeds of zebu cattle (Ramesha
et al., 2002). Four of the fragments were polymorphic for
all samples in eastern Pacific yellowfin tuna(7hunnus alba-
cares)(Diaz-Jaimes & Uribe-Alcocer, 2003).

Upon RAPD analysis of genetic differences and charac-
teristics in wild and cultured crucian carp populations, the
pattern of polymorphic fragments of fifty individuals in the
wild population was reported to be different(Yoon & Park,
2002). Six primers generated 47 polymorphic fragments
(24% of 195 fragments) in a bullhead population(Yoon &
Kim, 2004). 481 fragments were identified in an oyster
population from Buan, and 264 were identified in an oyster
population from Geojedo in Korea: 143 polymorphic frag-
ments(29.7%) in the Buan population, and 60(22.7%) in
the Geojedo population(Kim et al., 2004). Islam et al.
(2005) reported that 32 fragments were yielded from four
primers in the Indian major carp(Catla catla) of which 24
(75%) were polymorphic. Eight primers generated 27 poly-
morphic fragments(27/510 fragment, 5.3%) in the Korean
lobster(Zbacus ciliatus), and 42(42/526 fragments, 8.0%) in
the Indian Ocean lobster(Puerulus sewelli)(Park et al., 2005).

Here, 28 specific loci generated by the decamer primer
BION-27 exhibited the inter-individual-specific character-
istics and DNA polymorphisms, as shown in Fig. 1D and
Table 1. We have also identified 200 bp RAPD-PCR-am-
plified specific loci(lane 3) and 500 bp(lane 3) in VCS
population from Samcheok, as shown in Fig. 1A. Especial-
ly, the 700 bp bands generated by the primer BION-21
were identified commonly in two Gomphina populations,
which identified populations and/or species, as shown in
Fig. 1A. The specific primer was found to be useful in the
identification of individuals and/or population, resulting
from the different DNA polymorphism among individuals/
species/population(Yoon & Park, 2002; Yoon & Kim, 2003a;
Yoon, 2006). Although the main disadvantage of the RAPD
method is its reproducibility, the method was considered

suitable for the identification of a species and/or popula-
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tion. Three out of 40 nanomer primers that amplified DNA
bands specific to a grass species or to a durum cultivar
were identified(Bommineni et al., 1997). The primer PR21
amplified DNA bands specific to five individual durum
cultivars. The primers PR 22 amplified bands specific to a
grass species. Similarly, the primer PR23 amplified bands
specific to a grass species. The amplified bands ranging
from 1,000 bp to 1,200 bp were specific to Thinopyrum
Jjunceiforme. The DNA band approximately 1.5 kb was
specific to Lophopyrum elongatum. Generally, polymorphic
loci generated by RAPD-PCR using arbitrary primers were
suitable to detect genetic similarity/diversity among vari-
ous organisms(Bommineni et al., 1997).

Generally speaking, using a variety of oligonucleotide
primers, RAPDPCR has been applied to identify poly-
morphic/specific markers particular to line, breed, species,
genus and geographical population, as well as genetic sim-
ilarity/polymorphism in various organisms(Muchmore et
al., 1998; Kim et al., 2000; McCormack ef al., 2000; Park
et al., 2005). The specific primer was found to be useful
in the identification of individuals and/or populations, re-
sulting from variations in DNA polymorphisms among in-
dividuals/populations, as described earlier by many resear-
chers(Liu et al., 1998; Yoon & Park, 2002; Yoon & Kim,
2003b; Yoon & Kim, 2004).

2. The Genetic Distances and Hierarchical Cluster-
ing Analysis

In the present study, the bandsharing value based on the
presence or absence of amplified bands was utilized to cal-
culate the similarity indices, as illustrated in Table 3. The
similarity matrix based on the average bandsharing value
was 0.859+0.004 for VCS population from Samcheok and
0.916+0.006 for VCW population from Wonsan. Band-
sharing value between two Gomphina populations ranged
from 0.250 to 0.415 with the average 0.340+0.003. The
value difference between the two Gomphina populations is
statistically significant(p<0.001). Compared individuals se-
parately, the bandsharing value of individuals for VCW
population was higher than that for VCS population. Even
if seaweed, our bandsharing values between two Gomphina

populations re similar to the result of Park et a/.(1998)
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Table 3. Similarity matrix calculated using the Dice coefficient, which is given by the formula: BS=2n.y/(n,+np), of venus clam from
Samcheok and Wonsan, Bandsharing values of venus clam from two geographical regions are above the diagonal and genetic

differences are below the diagonal

Bandsharing values of venus clam from Samcheok

Bandsharing values of venus clam from Wonsan

1 2 3 4 5 6 7 8 9

11 12 13 14 15 16 17 18 19 20 21 22

1 0.781 0.808 0.608 0.764 0.725 0.562 0.667 0.712 0.673 0.589 0.344 0.292 0.243 0.335 0.359 0.339 0.288 0.325 0.412 0.323 0.304
2 0219 0.720 0.636 0.687 0.669 0.591 0.623 0.638 0.601 0.613 0.370 0.340 0.279 0.279 0.384 0.356 0.333 0.321 0.354 0.337 0.334
3 0.192 0.280 0.669 0.753 0.783 0.626 0.597 0.733 0.687 0.672 0.390 0.344 0.255 0.382 0.427 0.356 0.360 0.349 0.396 0.340 0.367
dig:::ices 4 0.392 0.364 0.331 0.697 0.684 0.717 0.690 0.719 0.620 0.682 0.506 0.438 0.405 0.386 0.451 0.407 0.401 0.433 0.386 0.421 0.454
of venus 5 0.236 0.313 0.247 0.303 0.805 0.679 0.650 0.733 0.681 0.649 0.433 0.355 0.268 0.382 0.397 0.364 0.356 0.430 0.423 0.380 0.319
CSIZIIECIZ(::: 6 0.275 0.331 0.217 0.316 0.195 0.722 0.615 0.744 0.728 0.609 0.367 0.297 0.294 0.359 0.408 0.375 0.370 0.396 0.361 0.376 0.355

7 0.438 0.409 0.374 0.283 0.321 0.278

0.608 0.791 0.702 0.675 0.384 0.323 0.317 0.359 0.433 0.376 0.398 0.393 0.325 0.414 0.482

8 0.333 0.377 0.403 0.310 0.350 0.385 0.392

0.665 0.741 0.713 0.395 0.376 0.347 0.380 0.437 0.431 0.403 0.465 0.417 0.374 0.387

9 0.288 0.362 0.267 0.281 0.267 0.256 0.209 0.335

0.764 0.710 0.446 0.390 0.401 0.443 0.486 0.453 0.456 0.458 0.411 0.376 0.430

10 0.327 0.399 0.313 0.380 0.319 0.272 0.298 0.259 0.236

0.776 0.467 0.363 0.357 0.469 0.489 0.467 0.415 0.450 0.381 0.461 0.488

11 0.411 0.387 0.328 0.318 0.351 0.391 0.325 0.287 0.290 0.224

0.457 0.426 0.402 0.420 0.441 0.452 0.450 0.437 0.360 0.443 0.462

12 0.656 0.630 0.610 0.494 0.567 0.633 0.616 0.605 0.554 0.533 0.543

0.807 0.655 0.667 0.603 0.707 0.723 0.750 0.492 0.679 0.635

13 0.708 0.660 0.656 0.562 0.645 0.703 0.677 0.624 0.610 0.637 0.574 0.193

0.691 0.620 0.622 0.688 0.648 0.731 0.482 0.637 0.610

14 0.757 0.721 0.745 0.595 0.732 0.706 0.683 0.653 0.599 0.643 0.598 0.345 0.309

0.665 0.660 0.742 0.597 0.685 0.445 0.609 0.588

15 0.665 0.721 0.618 0.614 0.618 0.706 0.641 0.620 0.557 0.531 0.580 0.333 0.380 0.335

0.760 0.683 0.588 0.696 0.556 0.582 0.630

Genetic

16 0.641 0.616 0.573 0.549 0.603 0.592 0.624 0.563 0.514 0.511 0.559 0.397 0.378 0.340 0.240

differences

0.743 0.614 0.673 0.590 0.558 0.669

of venus 17 0.661 0.644 0.644 0.593 0.636 0.625 0.624 0.569 0.547 0.533 0.548 0.293 0.312 0.258 0.317 0.257

0.655 0.714 0.526 0.659 0.682

clam from 1o 712 0,667 0.640 0.599 0.644 0.630 0.602 0.597 0.544 0.585 0.550 0.277 0.352 0.403 0.412 0.386 0.345

‘Wonsan

0.727 0.486 0.699 0.626

19 0.675 0.679 0.651 0.567 0.570 0.604 0.607 0.535 0.542 0.550 0.675 0.250 0.269 0.315 0.304 0.327 0.286 0.273

0.566 0.678 0.583

20 0.588 0.646 0.604 0.614 0.577 0.639 0.675 0.583 0.589 0.619 0.640 0.508 0.518 0.555 0.444 0.410 0.474 0.514 0.434

0.543 0.546

21 0.677 0.663 0.660 0.579 0.620 0.624 0.586 0.626 0.624 0.539 0.557 0.321 0.363 0.391 0.418 0.442 0.341 0.301 0.322 0.457 0.640

22 0.696 0.666 0.633 0.546 0.681 0.645 0.518 0.613 0.570 0.12 0.538 0.365 0.390 0.412 0.370 0.331 0.318 0.374 0.417 0.454 0.360

who reported that the genetic similarity for the six isolates
of seaweed Hizikia fusiformis ranged from 0.23 to 0.59.
Our bandsharing values are also similar to previously re-
ported results of Kim et al.(1997) in which similarity val-
ues obtained by RnRc primer analysis of nuclear DNA var-
ied from 0.364 to 0.714 between Porphyra tenera(wild)
and Porphyra tenera(Ariake). On the contrary, the band-
sharing values are lower than the results of Kim et al.
(1997) reported that similarity values of Porphyra chlor-
oplast DNA were high and ranged from 0.727 to 1.000.

As compared with VCS population or VCW population,
the bandsharing values are also higher than previously re-

ported results in which the average bandsharing value

obtained by five random primers was in Spanish barbel
species(0.71 ~0.81)(Callejas & Ochando, 1998), in the cul-
tured population(0.69+0.08)(Yoon & Park, 2002), between
the species common carp and Israeli carp(0.57+0.03)(Yoon,
2001) and in bullhead population(0.504+0.115)(Yoon &
Kim, 2004).

The average genetic difference was 0.141+0.004 within
VCS population from Samcheok and 0.084+0.006 within
VCW population from Wonsan. As compared individuals
separately, the average genetic difference was higher in
VCS population than in VCW population. The difference
between the two Gomphina populations is statistically sig-
nificant(p<0.001). Accordingly, as mentioned above, RAPD
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analysis showed that VCS population was more or less
separated from VCW population.

Based on the similarity matrix generated by bandsharing
values and genetic distances, hierarchical clustering analy-
sis was performed to obtain the dendrogram, as shown in
Fig. 2. In this study, the genetic distance between the two
geographical venus clam populations ranged from 0.053 to
0.605. The dendrogram obtained by the seven primers, in-
dicates two genetic clusters. The longer genetic distance
displaying significant molecular differences was between
the individual WONSAN no. 22 and WONSAN no. 20 be-
tween two Gomphina populations(0.454). Especially, two
Gomphina between the individual SAMCHEOK no. 03
and WONSAN no. 22 showed the longest genetic distance
(0.696) in comparison with other individuals used, as illus-
trated in Fig. 2. The shortest genetic distance displaying

significant molecular difference was between individuals

Cluster Tree
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f
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Fig. 2. Representation of hierarchical dendrogram of genetic
distances obtained from two venus clam populations.
The relevance among different individuals of venus clams
from Samcheok(SAMCHEOK 01 ~SAMCHEOK 11), venus
clams from Wonsan(WONSAN 12~WONSAN 21) and
venus clam from Wonsan(WONSAN 22) generated by
Systat program using the similarity matrix demonst-
rated in Table 3.
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SAMCHEOK no. 06 and SAMCHEOK no. 05 from Sam-
cheok(genetic distance=0.060). Our cluster analysis showed
the similar pattern illustrated by Kim ez @/.(2006) in which
the complete linkage cluster analysis indicating four gene-
tic groupings and dendrogram revealed close relationships
between individual identities within two geographical pop-
ulations of crayfish(Cambaroides similis) from Jeongup
and Jeonju. The genetic similarity for the six isolates of
seaweed Hizikia fusiformis ranged from 0.23 to 0.59(Park
et al., 1998). Especially, isolates collected from Kijang and
Chungmu showed that they are most distantly related to
the others based on genetic similarity(0.23).

In shellfishes and crustaceans, cluster analysis of the
pairwise population matrix, generated from RAPD data,
showed that geographically close populations tended to
cluster together in the blacklip abalone(Huang et al., 2000).
A neighborjoining tree based on the genetic distances be-
tween populations, using the RAPD-PCR method, indicates
the relationships of three mud crab species(Klinbunga et
al., 2000b). This study showed that large genetic differ-
ences could be found between geographical populations
within a species, as well as between species. Phylogenetic
relationships among 5 Haliotis species and one hybrid
were conducted by calculation of the distance coefficient
and construction of a phylogenetic tree based on RAPD
data(Kim et al., 2000). Ultimately, they insisted that RAPD
analysis constitutes a powerful tool for the elucidation of
phylogenetic relationships, based on their analysis of 6
species of Haliotis. The dendrogram obtained from the
Korean oyster population by the four primers, indicates
three genetic clusters(Kim et al., 2004). The genetic dis-
tance between the two geographic populations ranged from
0.039 to 0.284. The shortest genetic distance displaying
significant molecular differences, 0.080, was found to exist
between individuals’ no. 09 and no. 07 from Buan. The
genetic distance between the Indian Ocean lobster and the
Korean Slipper lobster species ranged between 0.040 and
0.612(Park et al., 2005). In particular, the longest genetic
distance displaying significant molecular differences was
determined to exist between individuals in the two lobster
species, namely between individuals SLIPPER no. 04 of
the Korea lobster species and DEEPSEA no. 16 of the
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Indian Ocean lobster species(genetic distance=0.612). In
their study, the dendrogram obtained with the eight pri-
mers also indicates two genetic clusters, designated cluster
1(SLIPPER 01~SLIPPER 11), and cluster 2(DEEPSEA
12~DEEPSEA 22).

Consequently, as stated above, RAPD analysis showed
that the VCS were more genetically diverse than the VCW
population. This result implies the genetic similarity owing
to rearing in the same and/or similar circumstances or in-
breeding within the VCW species. So to speak, KPS spe-
cies may have high levels of gDNA variability owing to
the introduction of the wild individuals from the other sites
to sampling sites although it may be the geographically di-
verse distribution of this species.

In our study, RAPD-PCR analysis revealed a significant
genetic distance between two Gomphina population pairs
(p<0.001). The existence of population discrimination and
DNA polymorphism between two Gomphina populations
was detected by RAPD analysis. This shows that the meth-
od can be an adequate tool to compare DNA in in-
dividuals, species and/or populations. Furthermore, the ba-
sic knowledge of DNA polymorphisms and molecular
markers of Gomphina populations may contribute sig-
nificantly to the seedling selection and the selective clanr
breeding program. The genetic identification of black tiger
shrimp(Penaeus monodon), penaeid shrimp(Penaeus chi-
nensis), oyster(Crassostrea sp.), crayfish(Cambaroides sim-
ilis) and freshwater crab(Eriocheir sinensis) populations is
a necessary step for invertebrate/crustacean breeding pro-
grams(Tassanakajon et al., 1998; Yoon & Kim, 2003a;
Kim et al., 2004; Kim et al., 2006; Yoon, 2006).

The classification of geographical populations/species of
Gomphina needs to be based on the morphological varia-
tion in shell shape, shell size, shell type, and shell color.
Siti Azizah et al.(2005) identified the RAPD markers using
the morphology and external features in wild and cultured
populations of eel-loach(Pangio sp.). Phylogenetic relation-
ships of the five Korean clams(Bivalvia, Veneroida) have
been demonstrated by morphological characters and RAPD
markers(Jung et al., 2004a & b).

From what has been said above, the potential of RAPD

to identify diagnostic markers for stock, species and po-

PR

pulation identification in clams(Klinbunga et al., 2000a;
Yoon & Kim, 2003a; Jung et al., 2004b; Kim et al., 2004)
has also been demonstrated. Nevertheless, further analysis
with more individuals, primers and species will be required
to establish fully the specificity of loci to particular taxa
and subsequent interspecific gene flow in the genus Gom-
phina. Further sampling sites and isolates will be necessary
to determine precisely the area where the phylogeographic
break occurs. In the future, PCR-generated RAPD markers
will be necessary for characterization of the different geo-
graphical venus clam species to correlate with the morpho-
logical characters and for clarification of the ambiguity
among species and/or geographic populations. Both more
time and more researches, will also be necessary to identi-
fy the differentially expressed genes(DEG) between/among
populations and species, using an annealing control primer
(ACP) system.
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