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3)_' Discrimination of individuals or species and populations

4) Confirming diagnostic marker effects. by statistical analytical treatments

5__)' Designing strategy for crustacean genetic improvement prdgram '
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SUMMARY

(FERYE)

Genomic DNA isolated from two populations of Korean freshwater crab(KFC) and Chmese
freshwater crab (CFC) also known as Chinese mitten crab (Enocherr sinensis) was ampllﬁed
several times by PCR reactrons The seven arbrtranly selected pnmers OPA-05, OPA-13,
OPA-16, OPB-06, OPB-10, OPB-17 and OPD-10 were used to. generate the shared loci,
spemﬁc unique shared loci to each population and shared Iom by the two populations.
Here, we first assessed genetic vanatron in the KFC populatron aner OPA-16generated
Iocr ranging from 180 bp to 1,400 bp. Interestlngly, ‘the 22-shared loci that established
populatlon identity were 500 bp and 900 bp (Fig. 1A). The decamer primer OPA-05 also
detected 22-shared loci of sizes 200 bp and 1,400 bp, which were identical in all samples
of the KFC popul-ation. The number of unique shared loci to each population and number of
shared loci by the two populations generated by RAPD 'anal_ysis using-' 7 primers in KFC
and CFC population, as illustrated in Table 2. The oligonucleotides decamer primer OPB-17
generated shared loci, approximately 300 bp, in both the Korean and Chinese freshwater
crab populatrons Especratly, the decamer pnmer OPB-06 generated the shared loci by the
t_wo_ populations, approxrmately_ 280 Dbp, in both KFC and CFC populatron. The decamer
primer OPB-17 also generated the shared loci by the two populations,f approximately 300
bp, between the two populations. The average Dice coefficient (F) value reached 0.751 +
0.007 within the KFC population, whereas the F value showed 0.711 * 0.011 within the
CFC population. Therefore, regarding individual resuits, freshwater crabs from KFC
population exhibited higher F values than did ones from CFC population. The average F
value between the two geographic freshwater populations 0.449 + 0.006, also ranged from
0.322 to 0.639. The hierarchical dendrogram indicates three main branches: cluster 1
(KOREAN 01, 02, 03, 04, 05, 06, 07, 08, 09, 10 and 11), cluster 2 (CHINESE 12, 13, 14,
15, 16, 17, 18, 19 and 20), and cluster 3 (CHINESE 21 and 22). The shortest genetic
distance displaying significant molecular difference was between individuals' CHINESE no. 22
and CHINESE no. 21 (0.047). Ultimately, individual no. 20 of the Chinese freshwater crab
was most distantly related to Korean freshwater crab no. 05 (genetic distance = 0.674).From
what has been said above, the potential of RAPD analysis to identify diagnostic markers for
the identiﬁcation-'of' two freshwater crab populations‘has been demonstrated.

Key words: Eriocheir sinensis, dendrogram, freshwater crab, genetic distance, similarity
matrix |

_17__



Introduction

Crabs are the most popular marine products in Korea because of their teste- and
nutritional value, and Korea_ns consume them In large quaritities‘. Among crabs, the Korean
freshwater crab (Eriocheir sinensis, KFC) -and Chinese freshwater crab (Erocheir sinensis,
CFC), also known as Chinese mitten crab, aréan eeonomically important aquacultural
speeies that belongs to the family Grapsidae. KFC and CFC are widely distributed in the
enti'rety of ponds, brooks, rivers, estuary, brackiSh_—wate.r habitats and seawater areas of the
West Sea in the Korean Peninsula, as well as in several areas in China. During the last
five decades the estuarine fisheries are threatened by over-fishing, migration interception by
dam construction and various environmental pollutions, and in the 2000s farmers were
engaged in aquaculture of freshwater crabs for the opportunity of its preservation. In recent
yee‘rs the feasibility of ' commercial cultu_re in'vestigated in a recently begun project at a few
of inland farming research institutes and national culture establishments.

The KFC is one of the most highly sought after species that is collected from the sea
during the late autumn. The consumption of this species has increased considerably, as
restaurants that specialize in serving crabs in various forms, such as raw with lemon,' boiled
with vegetables, or fried, have recently become established. Accordingly, for a long time the
consumption of this crab species has also increased considerably as restaurants specialize
in various prep_arations of freshwater crab for a long time. '

Largely, the body size, body weight and body color of the crab varies widely according to
habitat, such as river, marsh, or seawater area, the depth of the water, nutrition, and other
common factors. The e‘n?vironmental requirements of crab 'species grownat different
geographic sites are not knOWn, although crab species identification is advanced. Especially,
the rate at which freshwater crab grows andthe migrations depends very much on physical,
biological, and aquatic factors like water temperature, availability of feed organisms and
pe.pulation density. The water temperature of 18°C ~ 22°C is about optimal and the
transparency of the water river is 20cm to 40cm at a spawning time. Accordingly, the
growth period of this crab is from June to September. Like other crabs, this species
commonly hatches in seawater and then grows in fresh-water, which it attains a marketable
size. When they are fully grown among the mountains and valley, they migrate to the
brackish water or mouth of the river and then descend the seawater regions of the
spawning ground from September to October. Since crabs are nocturnal creatures, young
crabs burrow under the pebbles, sands and rocks in the riverbed during the day and
ascend the river at night. During migration, the body color of young crabs gradually
becomes darker. Dorsal shell is covered with hard surface without scales. The shape of
crab dorsal shell is basically rectangular, embossed pattern on a dorsal shell and four

_‘18._.



protuberances exist in the brow surface of this shell. Especially, a number of hairs are
located in the anterior and basic parts of the claws. |
However, in spite of their economic and scientific consequences a little information

currently exist regarding the physmloglcal and ecologlcal levels only of crab species in
Korea (Kim, 1983; Kim and Chung, 1990; Koo et al., 2004)

The molecular markers ‘peculiarto breed, species, genus or 'geO'graphical population have
been employed in the identification of individuals, species and populatlons hybrld parentages
and. genetlc dlag_nostlcs (Smuth et al, 1997 Muchmore et al. 1998 Huang et al., 2000; Kim
et al., 2000; Yoon and Kim, 2004a). Molecular markers have also been wnd-ely- used to
characterize the population genetic structure of endangered organism (Li and Jin, 2006).
Many techniques have been ‘applied in the analysis of the heredlty of organisms, such as
the allozymes (Smlth et al., 1997: Cagigas et al., 1999), genomlc in situ hybndlzatlon
(GISH}) (Friesen et al., 1997), fluorescence in situ hybridization (FISH) (Caldenm et al,
1997), and other .PCR-based molecular techniques,incIUding r’estriction' fragment- lengthf
polymorphisms- (RFLPs) (Lee and Kim, 2003), amplified fragment length polymorphisms
(AFLPs) (Barki et al., 2000), minisatellites (Huang et al., 2000) and microsatellites
(Waldbieser and Wolters, 1999 Chenyam_buga et al.,'2004). ' |

By the way, many molecular/genetic researChes have used this technique, .because
random amplified polymorphic DNAs-polymerase chain reaction (RAPD-PCR) is a sharp,
reliable, easy and relatively rapid method for the investigation of numerous genomic DNAs
with respect to genetic dwersuty in a population (lyengar et al., 2000 Klm et al., 2000 ‘Yoon
and Kim, 2003a; Li and Jin, 2006) The RAPD method was used to identify for genetfc
discrimination and monitoring of 7 wild and cultured populations of the genus Pangfa
Pangio kuhli, P. semicincta, P. shelfoldl, P muraeniformis, P. plp erala, P. filinaris and P.
oblonga (Siti Azizah al., 2005). Until now, RAPD markers are expected to oﬂ'er a good
representation of genomic diversity and/or DNA polymorphisms .between organisms because
of their random amplification and their ability to represent speciﬁc positions of the. ampl'iﬁed
products (Jeffreys and Morton, 1987 Smith et al., 1997; Tassanakajon et al., ' 1998;
McCormack et al., 2000; Kim et al., 2004 Sandoval-Castellanos et al., 2007). lnterestingly,
the RAPD method requires' very small amounts of genomic DNA and can be used to
analyze a large number of individuals in a short time (Deragon and Landry, 1992).

The clustering analysis of the genetic 'distanc_es beﬁNeen various fish and invertebrate
species, or populations from different geographic sites, which was performed 'u,sing'
RAPD-PCR, is of little quantity (Klinbunga et al.,, 2000a; McCormack et al.,, 2000; Yoon and
Park, 2001; Yoon & Kim, 2004). However, genetic variation, species-specific markers, and
region-specific markers in catfish, penaeid shrimp, oyster and eel-loach ‘have already been
assessed by molecular methods (Yoon & Kim, 2001; Yoon & Kim, 2003b; Kim et al., 2004;
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Siti Azizah et al., 2005), proving the feasibility of such a study on other invertebrate and
fish species. However, little i1s known about the genetlcs of freshwater crabs in Korea and/or
the foreign (Kim, 1983; Klinbunga et al,, 2000b Koo et al., 2004). As the KFC culture
industry increases rapidly, understanding the genetics of thls mollusk spemes is crucial to an
evaluatlon of the genetic effect of crab production Operatlons

In the present study, to elucidate the genetic dlstances and dlfferences among
geographical freshwater crab populations, we performed a clustermg analySIs of KFCs and
CFCs collected from Korea and China. The present study was also undertaken to confirm
that the populatuon relationships identified by RAPD analysis :are consistent wnth previously
obtained data using morphological and/or ecological affinities.
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Materials and Methods

Sampling and gDNA extraction

Two populations of freshWater crab (£. sinensis) were obtained from Buan district in the
vicinity of the West Sea of Korea and imported from China, respectively. Crab muscle was
collected in sterile tubes; immediately placed on dry iee, and stored at —40? until the
genomic DNA extraction. RAPD analysis was performed on the muscle extracts from 22
individuals, using seven decamer oligonucleetides primers. Genomic DNA was extracted and
purified under the conditions described previously (Yoon and Kim 2004). After several
washings, lysis buffer | [155 mM NH.Cl, 10 mM KHCOs;, 1 mM EDTA] was added to the
samples and the mlxture tubes were gently mverted The preCIpltates obtained were then
centrifuged and resuspended in Iys:s buffer Il [10 mM Tris-HCI (pH 8.0), 10 mM EDTA, 100
mM NaCI 05% SDS] and 15 ul of protemase K solution (10 mg/ml) was added. After
incubation, we added 300 i of 3 M NaCl, and gently plpetted for a few minutes. 600 pl of
chloroform was then added to the- mixture and inverted (no phenol). Ice-cold 70% ethanol
was added, and then the samples were eentrifuged at 19,621 g for 5 minutes to eXtract the
DNA from the - lysates. The DNA pelletS'Were then incubation-dried for more than 10 hOUrS,
maintained at -40°C unti needed, then dissolved in the ultra-pure water (Kwangmyung Co.,
Ltd., Korea). The concentration of the extracted genomic DNA was measured by its
absorbance ratio at 260 nm, with a spectrophotOmeter. (Beckman Coulter, Buckinghamshire,
UK).

Primers, markers and amplification conditions _

The arbitrarily chosen primers were purchased from Operon Technologies, USA. The G +
C content of the primers was between 60 ~ 70%. Among the 20 primers selected seven
primers, . OPA-05 (5'—AGGGGTCTTG-3') -~ OPA-13 (5-CAGCACCCAC- 3), OPA-16
(5-AGCCAGCGAA-3'), OPB-06 (5-GCTCTGCCC-3), OPB-15 (5-GGAGGGTGTT-3), OPB-17
(5-AGGGAACGAG-3') and OPD-10 (6'-GGTCTACACC-3") were shown to generate total,
shared and specific loci which could be clearly.score_d. We used these primers to determine
the genetic variability and simil'arity of the freshwater crab. RAPD-PCR was performed as
described prewously (Yoon and Kim, 2004) using two Thermal Cyclers (MJ Research, Inc.,
USA Perkin Elmer Cetus USA) DNA amplification was performed in 25 gl samples which
contained10 ng of template DNA, 20 pl of premix (Bioneer Co., Korea), and 1 unit of
primer. Amplification products were generated via electrophoresis on 1.4% agarose
(VentechBio, Korea) gel' conteining TBE [90 mM Tris (pH 8.5), 90 mM borate, 2.5 mM
EDTA]

The 100 bp Ladder DNA marker (Bioneer Co., Korea) was used as a DNA molecular
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weight marker. The agarose gels with ethidium bromide staining were illuminated by
ultraviolet rays, and photographed using a Photoman direct copy system (PECA products,
USA) and image analysis system (Syngene Co., UK).

Data analysis

The DNA banding patterns generated from RAPD analysis were analyzed by a computer
pngram, Systat Version 10 (SPSS Inc., Chicago, IL, USA). A dendrogram with the genetic
distances was built uSinQ this pc-package program. Genetic diff'erence_s a?nd Eucli.de_an
genetic distances within and between populations were also Calcu'lated by complete linkage
method using the Systat hierarchical dendrogram program version 10. Only fragments
between 1'0_0 bp and 2,000 bp in size that were readily visible were scored for statistical
analysis. Weak and inconsistent ampliﬁca_tioh fragments were not included in the anélysis. '
The F value was calculated by the pres'en'celabsence of amplified products at specific
positions in the same gel from the -_RAPD profiles. The samples were considered to be
similar or identical if there was a complete concordance of DNA fragment profiles and
considered different_ if there was a difference of one or more DNA bands. The degree of
variability was calculated by use of the Dice coefficient (F), which is given by the formula: F
= 2 nab / (na+nb), where nab is the number of bands shared between the samples a and
b, na is the total number of bands for sample a and nb is the total number of bands for
sample b (Jeffreys and Morton, 1987, Yoon and Kim, 2003b; Yoke-Kqueen and Radu,
2006). An F value of 1.000 indicates that the two samples are identical ahd an F value if O
indicates that the samples are different. The average of within-population similarity is
calculated by pairwise compérison between individuals within a crab population. In 'ad'diﬁon,
Systat version 10 was used to obtain other statistical results, including means, standard
errors, and t-test scores. '

._22_



Results and Discussion

The variation within and between p-b‘pulations _

In spite of the difference in reproducibility, RAPD and/or RAPD-based 't'echniques have
been widely applied to the discrimination of genetically peculiar features of numerous
finfishes and invertebrates '(C'al'lejas and Ochando, 199_8; Cagigas et al., 1999;' lyengar et
al., 2000; Kim et al., 2004; Yoon and Kim, 2004b; Park et al., 2005; Kim et al., 2006). In
general, RAPD analysis' is one of the fast and easy methOdS for the identification of genetic
differences and DNA polymorphisms in various organisms. It has been rep'Orte-d that. RAPD
analysis doeS not also require a prior knowledge of the genomic DNA -(Welsh ‘and
McClelland, 1990; Welsh et al., 1991; Mamuris et al., 1999; lyengar et al., 2000; KI-ihbunga
et al., 2000a). '

Consequently, in this study, seven"primers generated a total of 636 loci in the KFC
population, and 389 in the CFC population, with a DNA loci size ranging from 100 bp to
2,000 bp, as summarized in Table 1. Referring to shellfishes and crustaceans, for RAPD
analysis, McCormack et al. (2000) insisted that DNA fragments obtained by four primers
ranged from 100 bp to 2,300 bp in the brittle star (Amphiura filiformis). Yoon and Kim
(2003a) reported that 7 decamer primers g_‘ene'r.a'ted 585 major and minor RAPD bandsfrom
three geographic sites, producing approximately 6.6 average products per primer iIn marsh
clams (Corbicula sp.) from Gochang. It has been 'repor’ted that 7 primers generated 317
bands in a cultured shrimp population, and 385 bands in the wild population, ranging from
100 bp to 1,800 bp (Yooh and Kim, 2003b). 481 fragments were identified in the oyster
population of Buan, and 264 in the oyster population from Geojedo: 143 polymt)rphic
fragments (29.7%) in the Buan population, and 60 (22.7%) in the Geojedo population (Kim
et al., 2004). DNA fragment sizes varied from 50 bp to 1,600 bp. Park et al. (2005)
identified a total of 510 'fragments in Korean slipper lobster lobster (/bacus ciliatus) and 526
in Ih_dién Ocean deep sea lobster (Puerulus seWe//_/), with DNA fragment sizes r'ahg-ing from
100 bp to 2,000 bp using eight oligonucleotides primers, respectively. Seven-four sharp and
reliable bands amplified with five primers were included in the RAPD analysis, out of a total
of 124 bands (Sandoval-Castellanos et al., 2007). Their sizes were between 190 bp' and
1,000 bp. _ | | |

Concerning various finfishes, Partis and Wells (1996) reported that DNA fragments ranging
from 350 bp to 700 bp were detected in the RAPD-PCR profiles of barramundi (Lafes

calcarifen. T_hey used nine primers,' generating a total of 65 reliable bands, which ra‘nged in
size from approximately 200 bp to 1,000 bp, within and among four natural Spanish

populations of brown trout (Salmo trufta) (Cagigas et al., 1999). Mamuris et al. (1999)
reported that fragment sizes varied from 220 bp to 1,700 bp in four species of the
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Mullidae. It has been reported that five primers generated 1,084 distinct fragments, which
ranged in size fre-m 120, to larger than 4,270 bp in wild and cultured populations of
crucian carp (Yoon and Park, 2002). Six primers were used, generating a total of 602
scorable bands in catfish, and 195 in the bullhead population, respectively, ranging in DNA
fragment size from less than approximately 100, to more than 2000 base pairs (Yoon and
Kim, 2004b). By _other methods, Tassanakajon et al (1998) insisted that eighty
fragments ranglng from 200 bp to 2200 bp, were unamb:guously counted in black tiger
shrimp (Penaeus monodon) A tandemly repeated satelllte DNA of 290 ~ 291 bp was
identified by S4l digestion of the genomic DNA of five species of Eastern Pacific abalone
(genus Haliotis) (Muchmore et al., 1998). :

In this study, on average, a decamer prlmer generated 90.9 amplified products per primer
in the KFC p0pulatlon and 55.6 in the CFC population, as lllustrated in Table 1. A pnmer'
generated an average of 8.3 amplified loci per sample, ranging from 3.3 to 127 loci in the
KFC population. In the KFC populatton, the primer OPA-13 generated loci of a great many
sizes, ranged from 150 bp to '1,400' bp,as summarized in Table 1. In this population, the
primer OPA-13 generated 44 major and/or minor shared loci, of 280 bp, 400 bp, 480 bp
and 800 bp, respectively, as shown in Fig. 1B. The 1i-shared loci that established
population identity were 300 bp, as shown in Fig. 1D. The specific banding patterns of the
RAPD products of approxlmately 200 bp (lane 3), 250 bp (lanes 3 and 11), 350 bp (lanes
4, 6 and 10) and 750 bp (lanes 1, 7 and 10) were also detected. The 9 specific loci
generated by this primer exhibited inter-individual-specific characteristics, thus revealing DNA
polymorphlsms

Moreover, in the CFC crab population, shared loci of the bandlng patterns, corresponding
to loci of 1,000 bp, were generated by the decamer primer OPB-10, as shown in Fig. 1E.
This decamer primer generated the most loci(a total of 102), with an average of 9.3, as
illustrated in Table 1. This primer detected 15 specific major and/or minor loci that identified
individuals. The banding patterns generated by this decamer primer in this CFC'-popUIation
varied widely, as shown in Fig. 1E. The complexity of the banding patterns varied widely
between primer-s and/or geographic locales. The primer OPB-17 generated 11-shared loci in
all samples,' approximately 330 bp in size (Fig. 1F). Especially, this decamer 'primer-
generated the least loci (a total of 13), with an average of 1.2, in comparison to the other
primers used (Table 1). The b5specific loci generated by this primer exhibited
inter—individual-—s'peciﬁc characteristics, thus revealing DNA polymorphisms. These reeults, as
a matter of fact, indicate that the genome sizes of freshwater crab and are similar to those
of the black tiger shrimp (Tassanakajon et al., 1998), penaeid 1shri'mp (Yoon and Kim,
2003b), oyster (Kim et al., 2004) and crayfish (Kim et al., 2006). Generally, the size and
number of fragments generated depends both on the nucleotide sequence of the primer
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used, and on the source of the template DNA, resulting in a genome-specific DNA fragment
(Welsh and McClelland, 1990; Welsh et al., 1991). _

88 unique shared loci to each population, with an average of 12.6per primer, were
observed in the KFC population, and 44 loci, with an _a"verage of 6.3 per primer, were
observed in the CFC population. 44unique shared loci to each popUIat’ion,'of approximately
280 bp, 400 bp, 480 bp and 800 bp, were identified by-'the decamer primer OPA-13, which
establiShed identifications for populations and/or species, as shown in Fig. 1B. The primer
OPD-10 detected 22 uhique shared loci to each population major and/or minor loci .df_.si_zes_
350 bp and 500 bp, in all samples in CFC population (Tabjle 2) (Fig. 1G). The decamer
primer OPA-16 generated the shared loci by the two populations, of approximately 200 bp,
in both KFC and CFC populatron as shown in Table 2. Especrally, the decamer primer
OPB 06 generated the shared loci by the two populations, approxrmately 300 bp, in both
KFC and CFC populat:on (Table 2) (Fig. 1D). The decamer primer OPB-17 also generated
the shared loci by the two populations, of approximately 300 bp, in both crab populatlons
as shown in Fig. 1F. The 200 bp bands produced by the primer OPD-10 were identified as
being common to two crab populations, which were identifying species and/or genus, as
shown in Fig. 1G. The other primers, however, did not generate the _share'.d'loci- by the two
populations in both crab populations, as shown in Fig. 1A, B and E. These results
demonstrate that the KFC crab population is moderately different from the CFC _popUIation.
Population-related RAPD fragments were identified in the channel catfish (/cfalurus) and the
blue catfish (/ furcafus), and also in their Fy, F2 and backcross hybrids (Liu et al., 1998).
Klinbunga et al. (2000b)insist_ed that the primers generated 36, 32, _and-24 bands in different
mud crab species from Eastern Thailand (genus Scyl/a), res-pectively. It has also been
reported that one primer generated 9 to 15 distinct bands in the black tiger shrimp
(Tassanakajon et al., 1998). 176 common fragments, with an average of 25.1 per primer,
were observed in the Buan population, and 99 fragments, with an average of .-_14._1 per
primer, were observed in the Geojedo population (Kim et al. 2004). Generallyfspeak_ing,
using a variety of arbitrary primers, RAPD-PCR has been applied to identify
polymorphic/specific markers particular to line, species and geographical populatEOn', as well
as genetic diversity/polymorphism in diverse species of organisms (Partis and Wellls, 1996;
McCormack et al., 2000; Klinbunga et al., 2000a; Yoon and Kim, 2004a). ' '

In this study, 7 decamer primers generated 50 speciﬁc loci (122/636 loci, 19.18%) in the
KFC crab population, and 69 (69/389 loci, 17.74%) in the CFC population, as iIIuStrated in
Table 1. Theseresults demonstrate that the primers detected a great deal of specific loci.
The RAPD-PCR method, using random primers, was applied fo the identification of three
endemic Spanish barbel species: Barbus bocage!, B. graellsii and B. sclateri (Callejas ahd
Ochando, 1998). The random RAPD method has been applied to eight fish species:
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barramundi, Nile perch, john dory, mirror dory, silver dory, spiky oreo, warty oreo and
smooth oreo (Partis and Wells, 1996).

The F values and genetic distances

In this study, the F val_ue, which is based on the presence or absence of amplified loci,
was utilized to calculate similarity indicee as illustrated in Table 3. The Similari'ty matrix,
which was based on the average F values obtained from aII samples ranged from 0.653 to
0.866 in the KFC crab populatlon and ranged 0.586 0953 in the CFC populatron The
average F value within the KFC crab populatlon was found to be 0.751 * 0.007, and, in the
CFC crab population, was found to be 0.711 + 0.011. The F value between the two crab
populations ranged from 0. 322 to 0.639, wrth an average of 0449 - 0.006. The F value
between individuals no. 06 and no. 07 was 0866 which was the highest value identified
within the KFC crab populatlon The value between no 02 and no. 03 was 0.633, WhICh-
was the lowest within the KFC populatlon The F value between individual's no. 05 and no.
18 was 0.639, which was the htghest between the two crab species. The value between
individual's no. 11 and no. 13 was 0.322 which Was the lowest between the tWo crab
populations. Regarding individual results lndlwduals ‘within the KFC populatlon exh|b|ted
higher F values than did ones within the CFC pepulatlon _

Our F values between the two crab populations are inconsistent with the previously
reported results (Callejas and Ochando, 1998 Yoon and Parkj 2002; Kim et al. "2004) To
illustrate, reports have shown that the average bandshanng value obtained using five
random primers was 040 + 0.05 in the wild crucian carp population (Yoon and Park, 2002),
and 0.282 + 0008 between the two geographical oyster populations (Klm et al,, 2004). The
F value illustrated by our study is, however, similar to 0.69 % 0.08 in the cultured crucian
carp population (Yoon and Park, 2002), and the value reported for Spanish barbel species
(0.71 - 0.81) (Callejas and Ochando, 1998). The -F value obtained in 0ur study is also
higher than that identified between the common carp and Israeli carp species (0 57 + 0.03)
(Yoon, 2001) and the bullhead population (0.504 + 0.115) (Yoon and Kim, 2004b)

The average genetic difference was 0.257 = 0.007 within the KFC crab population, and
0.289 + 0.011 within the CFC population. -Cemparatively speaking, the average genetic
difference was higher in the CFC _population than in the KFC crab population. This suggests
that the 'geneti'c variation in the CFC po'pu'lation IS higher than in the KFC xpopulation. The
average genetic difference was 0.555 + 0.006 between two crab populations. The average
genetic difference was hlgher the level (0.327 £ 0.072) between the two shrimp (Penaeus)
populations (Yoon and Kim, 2003b) whereas the genetic difference was lower than that
(0.710 £ 0.009) between the two oyster (Crassosfrea gigas) populatlons (Kim et al., 2004).

In this study, based on the similarity matrix generated by F values and genetic distances,
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hierarchical clustering analysis was performed in order to obtain a dendrogram, as shown in
Fig. 2. The dendrogram obtained by the seven primers indicates three genetic clusters:
cluster 1 (KOREAN 01, 02, 03, 04, 05, 06, 07, 08, 09, 10 and 11), cluster 2 (CHINESE 12,
13, 14, 15, 16, 17, 18, 19 and 20), and cluster 3 (CHINESE 21 and 22). The shortest
genetic distance displaying 's_igniﬁcant molecular difference was between individuals'
CHINESE no. 22 and CHINESE no. 21 (0.047). Ultimately, individual no. 20 of the Chinese
freshwater crab was most distantly related to Korean freshwater crab no. 05 (genetlc
distance = 0.674). From what has been said above the potential of RAPD analysns to
identify diagnostacmarkers. for the identification of two freshwater crab populations has been
demon'strated Our cluster analysis revealed a pattern similar to the one posited by Yoon
and Kim (2004b) They reported that smgle linkage cluster analysis, which indicated four
genetlc groupings, and a dendrogram revealed close relationships between md:vndual
identities within two geographlcal populatlons. Scatter plot graph showed the relation
between 'genetic dis'tances a_nd' geograph-ic distances, as shown in Fig. 3.

In invertebrates, by cl.USter- ah‘alysis of the pairwise population matrix, generated from
RAPD data, Huang et al. (2000) illustrated that geographically close populations tended to
cluster together in' the blacklip abalone. A neighbor-joining tree based on the genetic
distances between populations, using the RAPD-PCR method, indicates the relationships of
three mud crab species (Klinbunga- et al., 2000b). This study showed that large genetic
differences-_Could be found between geographical populations within a spec'ies,, as well as
between spe‘cies.' Kim et al. (2000) reported that phylogenetic relationships among 5 abalone
(Haliotis sp.) species ‘and ~one hybrid were conducted by calculation of the distance
coefficient and construction of a phylogenetic free based on RAPD data. Decisively, they
insisted that RAPD analysis constitutes a powerful tool for the elucidation of phylogenetic
relationships, ‘based on their analysis of 6 species of Hallols. The dendrogram obtained
from the Korean oyster (Crassosl‘rea glgas) population by the four primers, indicates three
main branches (Kim et al., 2004). The genetic distance 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. | | o

By means of phylogenetlc tree obtained using the neighbor-joining and maximum
parSImony analyses Bemardl and Talley (2000) illustrated that samples of Kkillifish, Fundulus
parvipinnis were partltl.oned into two major clades at a higher level. They reported that these
two clades were very robust :(99 to 100% of bootstrap replicates) and genetically distant
(average sequence divergence 5.8%). Cagigas et al. (1999) reported that genetic variation
within samples was also found to be significantly higher by microsatelllte and RAPD

analysis, than by enzyme loci within and among four natural Spanish populations of brown
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trout (Salmo trufta).

The identification of the black tiger shrimp (Penaeus monodon), bén‘ae_id (Penaeus
chinensis), oyster (Crassosfrea gigas), shortnecked clam (Ruditapes philjppinarum), and
crayfish (Cambaroides simiflis) populations was an essential pace in the foundation and
advance of crustacean/mollusk breeding programs (Tassanakajon et al., 1998; Yoon and
Klm, 2003b: Kim et al., 2004; Yoon and Kim, 2004a; Kim et al., 2006). Molecular genetic
markers, including, most notably, microsatellite loci (ML), -'q.Uantlt_atlve trait Io.cl (QTL),and
genomic mapping' '(GM), will be worthwhile in the SeleCt_ion of broodstock for multiple
reproductive traits (MRT), or production- (PRT) and hygiene-related traits (HRT), in fisheries
science and aquacuiture industry (Waldbieser and Wolters, 1999). |

As stated above, the outlook of RAPD fo identify dlagnostlc markers for breed, stock,
species and population identification in invertebrates (Klinbunga et al., 2000b McCormack et
al., 2000; Kim et al., 2004; Yoon and Kim, 2004a; Park et al, 2005) has also been
demonstrated. '
In our study, RAPD-PCR analysis has revealed a significant genetic distance between two
population pairs. RAPD-PCR enabled us to detect the existence of population discrimination
and ge‘netic variation in the crab species. This confirms that the method is a suitable tool
for DNA comparisons, both within and between individuals, species, and populations.
Fundamentally, the categorization of crab species/population is based on morphological
variations in body size, body type, body color, claw type, claw size, carapace size, and
carapace type (Lee and Kim, 2003). It is assumed by Chenyambuga et al. (2004) that
differences in such traits reflect distinct origins or genetic identity. They iIIuStrate_d that there
is a clear association between particular goat types and sub-regions of sub-Saharan Africa.
Furthermore, basic knowledge of the DNA polymorphisms and molecular markers in two
crab pop'u'lations may contribute significantly to broodstock selection and selective
invertebrate- breedlng programs. Li and Jin (2006) inferred that low gene flow due to mixed
matlng system and anthropogenic activities likely played important roles in shaplng the
populatlon_ genetic structure of an endangered species of China. Accordingly, further analysis
with more individuals, primers, and species will be required to fully establish the specificity
of loci to particular taxa, and subsequent inter-specific .'gene flow in the family Grapsidae.
The degree of genetic diversity of the endangered finfish/shellfish species need to be
accu'rately estimated for design_ing conservation program. In the future, we need to develop
and/or identify the gene flow, multiple single nucleotide polymorphism, bandmapping and
.g_enetic linkage maps for freshwater crabs with morphological characters, RAPD, AFLP,
microsatellite, VNTR, EST and SNP marker data. |
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Table 1. The total, average, shared, and specific loci generated by RAPD analysis using7
random primers in freshwater crab (£. sinensis) from Korea and China, respectively.
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Table 3. Similarity matrix, including F values (above the diagonal) and genetic differences
(under the diagonal) calculated with the number of bands shared for sample pairs in Korean
and Chinese freshwater crab (£. sinensis), respectively.
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Fig. 1. PCR-based electrophoretic profiles of different individuals in freshwater crab (£
sinenss) population. Genomic DNAs isolated from Korean freshwater crab (lane- 1 ~ 11) and
Chinese freshwater crab (lane 12 ~ 22) were generated by random primers OPA-05 (A),
OPA-13 (B), OPA-16 (C), OPB-06 (D), OPB-10 (E), OPB-17 (F) and OPD-10 (G). Amplified
PCR products were electrophoresed on 1.4% agarose gel and detected by staining with
ethidium bromide. The electrophoresed agarose gels were illuminated by ultraviolet réys, and
photographed using a photoman direct copy system. Each lane shows DNA samples from

x

22 individuals. Lane M represents 100 bp DNA ladder molecular weight marker.
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Fig.. 2. Hierarchical dendrogram of genetic distances obtained from two geographical
populations of Korean freshwater crab (No. 01 ~ 11) and Chinese freshwater crab (No. 12
~ 22). The relatedness between different individuals in the two geographic 'fres_hwater crab
populations was generated by Systaf version 10 according to the RAPD data (see Table 3).
Bar scale represents the coefficient of Nei's genetic distance.
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Fig. 3. Isolation of dlstances performed by means of a SYSTAT program. Scatter plot graph
that shows the relation between genettc distances and geographic distances.

_38_



	국내산 참게와 수입산 참게 집단의 분자생물학적 marker, 집단 동정 및 유전적 분석 연구

	최종연구보고서(표준양식)
	2007년도 최종연구보고서
	제출문
	요약문
	SUMMARY
	목차
	Introduction
	Materials and Methods
	Results and Discussion
	Acknowledgements
	References
	[Table]
	[Figure]



