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Morphological Characteristics and Genetic Diversity Using the
RAPD Technique in the Arkshell, Scapharca broughtonii
(Schrenck) from Korea and China
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Morphological and genetic comparision were studied for the arkshell populations of Korea and China. The
shell was collected from commercial arkshell bed in Jinhae Bay, Korea and from an hatchery in Young Seong,
China. Sheil parameters, number of radial ribs and random amplified polymorphic DNA (RAPD) band were
measured. The two populations had morphological and genetic differences.

There was significant morphological difference (P<0.05) in the ratio of the longest radial rib to the shell
length. Posterior parts of the Chinese arkshell were more elongated than those of the Korean arksheil. Number
of radial ribs were 36~41 for the Korean arkshell and 39~43 for the Chinese arkshell. RAPD markers
generated by each of 19 primers were 2~6 bands. Genetic diversity between the two populations was clear
since the genetic similarity was very low, not exceeding 0.29. The genetic similarity among the Korean arkshells
(0.58~0.40) was higher than that of the Chinese arkshells (0.48~0.32).
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A g

27N, Scapharca broughtonsi (Schrenck)® EXAT
(Arcidae) X9}ols} (Anadarinae)ol &3he, BAeH}
dote] AT ¥ =7, T gt M f&
#§-o]t} (Kuroda and Habe, 1981; Wang et al, 1988; Gi
et al, 1989; Yoo, 1991).

dutd ez ojujsiFe] AGAATELS
(Hamai, 1934, 1935; #1)ll, 1959; {EM - B, 1949; Yoo,
19719 §3F 2to] (Ozaki and Fujio, 1985; Meehan et
al, 1989)1 9Jal 2 Fde n{FF SAHE Adoh 9
E4L 44 ouidF A FANERE SHIA T2
Al Holgtth, a8yt of BAL AGAATTY olFY
ol2ld] & fHAI H/MHAY AAH] 2HEE &
A€t (Weaver and Hedrick, 1989).

nzAe d3 d7e FFHA2A (B, 1971; Yoo
et al, 1977; Park and Kwon, 1982), A9 8 2 344
4 A8 (Yoo and Yoo, 1974; Kim and Yoon, 1980; Kim
et al, 1981), A FZE A (Pyen et al, 1976; H - &
&, 1977; Kim et al, 1980)% M EEHA ZHA
F2 A7H2 o, AR FeHe) (Yoo, 1970; Yoo

ol
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and Park, 1978), A457] (Dzyubu and Maslennikova,
1983) A A7e FE3} t o] AGAAZY &
A3 Aold] g Ar& AF-3jtt

PCR (Polymerase Chain Reaction)71€2 @&
A DNAE #%3l= 2192 Mullis and Faloona (1987)9)
o3 netgo] YEFEEkAA e AHgHoisit
o9 o J|Pe $AF ALY 19dn I
A (Caetano-Anolles et al, 1991; Hadrys et al, 1992;
Tingey and del Tufo, 1993; Patwary et al, 1993, 1994)
T O g7 LopdA $8HAA 21 Aok

S PRAE {2 d¢ojFY kste LEeR 2
s Aato] Ay, FHARY RAFOE FAo 47
T S 31 Aok olHT AR Ao
Ao A7 oAl FB P A7 o] sl
WA 223 $3e AFEEA A g 4o 9
840 ARHI e AFolth T £UE FIH H
ZA7 FFAGAA FAH A AhE ARG A
AFL F2A79 FEY Ao e FFA Hz
M 1T HETH 40 WIE 2T Ao

EE R

2 At 34 2 @4 Az Jde FH4,
A3 54% gotetr)sis H4FH e zolHF PCR
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Be 5 10-mer2 FAE arbitrary primer® A3 ar-
bitrary primered PCR, & RAPD (Random Amplified
Polymorphic DNA: Williams et al, 1990; Williams et al,,
1993) HE Hlae] o3t FHA Fo]H & RAEIAG.

Mz g aby
1. A=
B A9 AHEE B2 BANYE A A gio)
A AAARE A $F H5A AN AdFARE
o2 19943 3¥ AHdA AHE3}A )

2. EHE4tnt T4 O =0 el HERN A &Y

F AR AGFE AojH e 4V AJF F&A)
HE FAAE 3ovtel g AYEte Azt dgtd A%
(SL: shell length), ZHE (SB: shell breadth), Htj¥ALS
Zo] (LR: length of longest radial rib), A= (TW: total
weight), &% (MW: meat weight)& ZAMEI T, 44,
ZAE A AsZols 1/10 mm7HA B 31 Vernjer
caliper2 A&, 1%, §F9 FAE 01 mgdEe
AAAEZ ZA3Y PASFE §Aoz A4E 4
o} t}. :

T+ A2 HZ4Fe ol& EVHES 4o tig
HOPAks o), A9 JAB/ANE F32, HHEY
ol 2o gat 59 IAA/ALE F& H oE
ghol Zte Aol & AAE] 3te] FEAREHE HAS
At F JADY A5 i Wl Axe WolA
4 (CV: coefficient of variation) 2 WERATH

3. =7 =% FHY DNAZES

RAPD-PCRY| A14& 8 DNA FZ 2 proteinase K-
phenol®¥ (Jackson et al, 1991)S uwhstel

HA proteinase K-phenol$'Fol wE DNAYX# S &
old HAE A FHEMY oAgzF (oprhv], 95T,
A, Astd, w)olA 4 50mg A Z23& AFH3A
ok AHE 242 vl F lysis buffer (100 mM NaCl, 10
mM Tris-HCl, 25 mM EDTA, 05% SDS)$} Proteinase
K (01mgmDE A7I33 37TAA 142 5 whg Al
2% phenol/chloroforms A3t dHAL A3
t}. o] ¥ EtOH A2 DNAE #AAA 7|2, L3 H DNA
© Tris-EDTA buffer (TE buffer: 10 mM Tris-HCI, 1 mM
EDTA, pH 80)l 5% th. TE bufferd] 591 DNAE 05%
agarose gel A719% 4o FYAR, vl AA A ODyo
/ODuso (Assorzse) =733 DNAY &£45 8 ZAbsgdh

LAY -

794 5471

o]ZA A %d DNAT 1ng/ul, 0.1ng/pl F=2 343t
PCREHAAES 271918 8 DNAZ AM-3H¢h

4. RAPD-PCREIS

F4% A5 2 AFE 27 gAY T
Aoz ddstd Bo] ZHZY oI HE DNAE 553
o, arbitrary primered PCR¥H-3- (Williams et al, 1990;
Williams et al, 1993)% 33t PCR -3 A48
primers 10708 @71EE oA OperonAl 9
arbitrary primer kit A9 207}A primer®th. PCR¥H-4
BL 16542 FHSF, 149 25mM dNTPs, 25 ul9] 10
X PCR buffer II (500mM KCl, 100mM TrisHC|, pH 83),
2u9 25mM MgCl, 19 125% Tween 20, 0.2 ul®]
Taq polymerase (5u/ul) 9} 141 template DNA (0.1 ng/
W) 282 149 primer GpM/mDE  FAH A
DNAZZ 2 thermal cycler (Perkin Elmer Cetus)S A&
3te] 94 Col A 57t 13] WHEF, 04T A 5%, 36Tl A
28, 72CA A 289 ¥gS 453 BEE F 72CoA 10
22 v AT o2 FEAYch PCREAE B8 2%
agarose gelol S% ¥ DNARAES FUYF 05X TAE
buffer solution Well A 100VALLZ 1412 < A7

& AN 3 A4 oA FE .

=4t FI4 DX REAFAT

A A9 polymorphic DNAsE Y #AIEE
PCR ¥-3-2. 2 A48 predominant band7} Z 7lAe] o
gt FAsHA HAHEAY R} gt rAHY
AtE 3k Jaccard® o] @& Li=C;/(n+n—CpZE
AMEG o 714 Ce Hade F AY A4 2%
oA YEtUE bandE 9 FoliL, ndt oy & HLHE F
AY 4z Yelds F band4°lth (Sneath and
Sokol, 1973). ©] A% @& ol &3 AMATY fAIRA
7t &A dAFe BHE 1E, BYUXEE APE 00
& dendrogram2.2 Zt RA T FAHF FAREE
FAI 3T (Nei, 1987).

4 o

2 o}

_
o

o FIN T =7l HelH EX

A Fax e JFA4gL 1757 (£ 1.63)
mm Y, 3L 1719 (+ 1440mm=E 449 A7)=
vledtgoh 28 (SLol dig AuwAls 2ol (LR
o] FAAAE AHEY, FF2L LR=0.7499SL+ 116
71 (?=09414) 012 F34H& LR=09208SL—1.0284 (¢*
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Table 1. Analysis of covariance between Korean and Chinese arkshell for partial lengths and weight to shell

length

Items Korea China

Test of slopes Test of elevations

SL/LR LR=0.7499SL+1.1671

LR=09208SL—10284 F (1,58) =10.6688*

F (1,59) =81.7856**

F (1,58) =04725 F (1,59) =19.5993**

1 2 3 45 6

Fig. 3. DNA extracted from 5 tissues (50 mg) of Ko-
rean arkshell using proteinase K-phenol pro-
cedures. Tissues are adductor muscle (lane
2), foot (lane 3), gill (lane 4), mantie mem-
brane (lane 5) and digestive diverticula
(lane 6). lane 1 is a standard molecular

SL/SB SB=05320SL—0.6541 SB=0.5734SL—1.7732
SL/MW  MW=495X1075SL** MW=232X107°L3* F (158)=29474X10"* F (1,59)=158.8917**
SL: Shell length LR: Length of longest radial rib SB: Shell breadth MW: Meat weight
20
E
E
o 18}
= Chinese arkshell
= LR=0.9208SL-1.0284 (r? =0.9506)
E 16 |
=4 \
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S 12| LR = 0.7499SL+1.1671 (r*=0.9414)
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Fig. 1. Scapharca broughtonii. Relationship between
the shell length and the length of longest ra-
dial rib of the arkshell from Korea and China.
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Fig. 2. Scapharca broughtonii. Relationship between
the shell length and the meat weight of the
arkshell from Korea and China.

size of lambda-Hind 1l fragments.

=0.9506) & Yebstth (Fig. 1). o] F349 71¢71¢ &
Ao g 494 #AS & 2H 95% FEIA KT
274 AQATH (Table 1). F A 3o oig oA}
=70]9 AL Qo] FRI A& HAXL, 22
Ztg Ar)d) glo} FEAe HYHAs Ao} }FAR
o Z2Ack 4% (L)l dE 4% (s ZEdAe
gH3tako] SB=05320SL—0.6541 (r’=0.8376)°] L F T4t
o] SB=0.5734SL—1.7732 (?=0.7843) 0| A}, o T+ HA
9 %94 ARAY FRAZ & ddXE 95% FE
A $98 A7 dEgA Ea, A9RAFAS dRjME
95% FEoA fa8 A7t debgth (Table 1.

HzAY PAEFE AHEY 34 HF B84
(+146)22 YERGR, 342 4077 (+ L1)ZE Y
Ehton, WolAse date] 377 (%), F54kol 2.80
(%)2A FINRG T3] PAEF ) WHo| =7}
WAk

2. =MD ZIN m oS B|glE S4

244 (SL)# §% (MW) 9] d@dA < d34te] MW
=0.00004955L3% (©2=0.9695)°) 1L, F-34o] MW=0.00
002320SL>5® (=0.8935)°1 Atk (Fig. 2). ol F HAY
Fo4 ARAH ARARE doIME 95% FEAA
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Table 2. Scapharca broughtonii. PCR compatibility of DNA extracted from 5 different tissues

o DNA () A PCR

issue

s 1 o 1ng/l 0.1 ng/l
Adductor muscle 25 1.06 + +
Foot 5 1.12 + +
Gill 1 1.16 - +
Mantle membrane 1 1.04 + +
Digestive diverticula 0.5 1.10 — —

Table 3. Scapharca broughtonii. The list of arbitrary primers and average number of PCR products

Number of

pimer W giog NP p Semene  ooq MR
of primer products of primer products
0PA-01 CAGGCCCTTC 70 3 OPA-11 CAATCGCCGT 60 3
OPA-02 TGCCGAGCTG 70 3 OPA-12 TCGGCGATAG 60 4
OPA-03 AGTCAGCCAC 60 4 OPA-13 CAGCACCCAC 70 5
OPA-04 AATCGGGCTG 60 4 0OPA-14 TCTGTGCTGG 60 3
OPA-05 AGGGGTCTTG 60 3 OPA-15 TTCCGAACCC 60 5
OPA-06 GGTCCCTGAC 70 0 OPA-16 AGCCAGCGAA 60 2
0OPA-07 GAAACGGGTG 60 5 OPA-17 GACCGCTTGT 60 2
0OPA-08 GTGACGTAGG 60 2 OPA-18 AGGTGACCGT 60 6
OPA-09 GGGTAACGCC 70 3 OPA-19 CAAACGTCGG 60 3
OPA-10 GTGATCGCAG 60 3 OPA-20 GRRGCGATCC 60 4

Fog o7t AU, ALEZAF AAME 9%5%
FENA FoF 2ol 7hUATH (Table 1. whA @=4F
o] 234 A Bk £ 43¢ SloAH §29
F%o] 453 Rt

FI!I

3. REx 24

@ mz=f =X£9Y DNAY FE ¥ =2

Proteinase K-phenol#Z&wol wz F%d DNAY
agarose gel 8719% 2% 2E A 594 DNAY £&
Zo] 23kbol o2 Yehgoen, g RNAE 4 F
25 (Fig. 3). 2 ¥9'8 DNA d&32 A2 oA
25 ug/g, 29 ZZHA 5 ug/g, o2 AN A 1 ug/g,
S Emol A 1pg/g ABWFAN 05 pug/g FEEH H
223N 713 B2 DNAZH &9 Ath 283 ODuwo
/ODaso (Agsorm) 32T Az oA 106, 2] 223
o)A 112, ob7knl A 116, AFTHAA 104, 223
Pl A 11022 veltch DNAS 34 5= PCRi
< Z3de 1ng/pd F9 DNAY FxdAe oprtv], &
3o 2ARAE A3 PCRENES 4& + ¢
AL, 0lng/pEEddME 2893E AP ZE 19
o] PCREAAES ¥4& F AT (Table 2). @A
PCRA AH¢¥ F3 DNA: A 9o} H3Hogl&
712 egdgo] 713 He @ Z2K2HYN F53

et 283 FYDNAY FEE 01l ng/uE=7t 7HE of
A9 Aoz waFch

@ #=4n F34 5

pattern

23 A 920 44 g AAZRE & 2852F
ofx %% DNAZ 10719 9712 A€ arbitrary
primer 20 £FE ©9dU=2 Al&3o PCRYHS H¥ZH
primer OPA-06 (GGTCCCTGAC)E A 9% 19709 @
primerol A F&o] o1, AMFH O R primerd FH
of we} AAE A4 2004 Hof 69 band7t B HA
(Table 3). PCRYMS AAEL primerdl EAo] wel
similar pattern (OPA-3, AGTCAGCCAC), specific pattern
(OPA-08, GTGACGTAGG), polymorphic pattern (OPA-19,
CAAACGTCGG)E YEhiid (Fig. 4).

® HAY RFAZ

g2 34 g2 F A9 437 fARE
0202 ol ¥ FJuzte §AF FHo] WgaA ve
gk =3 #24 Az AAE £33 fAlEE
058~040 H9 A1, T3 H2AY ANE fA=E
048~032 M2 ¥4 gz B AAE FHH F
Ab=7d @A UEgth (Table 4, Fig. 5).

Z=7Hel JHAY  polymorphic

=

a
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A C1C2C3C4C5C6C7C8  KIK2K3KAKSKEKTKS €1
c3

Cs
co kg
c7
Cs
C2
Ca
k4
Keé
K3
K5
K1
K2
K7 -
K8

0.48

0.41

0.36

0.32

C1C2C3C4C5C6C7C8  K1K2K3K4K5K6K7K8

0.58

0.46

0.44

0.55

0.48

C C1C2C3C4C5C6C7C8  KIK2K3KAKSK6KTKS

1.0 0.5 0
Similarity distance
Fig. 5. Dendrogram based on the similarity matrix
data. Letters of C1 to C8 and K1 to K8 are
represented as Chinese arkshell and Korean
arkshell, respectively.

Fig. 4. Diversity of random amplified polymorphic AN ZYAES & orid 7 dol, e Fe

DNA bands synthesized from arbitrary( pri-  Wol: AN 2aA, A PEHA 89954 9
mers. Total DNA from Chinese arkshell (lane . . - -
C1 to C8) and Korean arkshell (lane K1 to K € ch (Hamai, 1934, 1935). 473, o3RS, 2ha

8) was amplified by 10-nucleotide primers 13 k%9 Zol7} ol @ Fol W& AT = %
with sequence AGTCAGCCAC (panel A), GT- = gdz o]85x god Feiols 72 o5 ¥4

GACGTAGG (panel B) and CAAACGTCGG g e
(panel C). E?gh';eindividt:;ls were collected 3 WAL AFA I 9 & stetEla e} (Yoo, 1970,

randomly from each arkshell population. 1977; Yoo and Park, 1978).

Table 4. Similarity matrix based on the jaccard’s equation

CL C2 €3 ¢C4 € € C7 € K K K3 K& K K6 K7
C2 037
C3 048 036
C4 028 030 040
¢5 033 035 039 032
C6 035 035 042 040 048
C7 037 033 045 030 039 040
C8 032 037 041 034 042 035 041
K1 027 033 032 022 032 032 028 032
K2 029 033 053 025 034 041 028 031 055
K3 030 032 035 029 041 037 029 031 040 045
K4 026 029 033 028 031 035 02 033 048 046 044
Ks 023 030 031 030 029 029 034 039 038 038 042 045
K6 037 028 031 028 028 035 034 034 044 048 048 058 046
K7 033 029 040 026 029 031 030 028 043 035 034 042 038 045
K8 030 020 029 024 033 037 033 029 044 046 045 041 038 051 048
Letters of C1 to C8 and K1 to K8 are represented as Chinese arkshell and Korean arkshell, respectively.
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ol A Ut ANE Fedold #F AFE A
HEE, Yoo (1970) = T2AF £4 2~4md A4 g
F A9 Az dF Hejwo] 2AA ztge) o
g ZhE o] AdAdAT Zge i AFe Fd4gLe
F AGAA zolg HYon, Ao g Juabs
Zolo FNRL AQFHY Aol & Hojx ggirtn 3}
Aok T Auate] AXE Fepdolo] oy Ao,
Yoo (197 & 9% & oA 248 AHE o8%
Ao FHE A= Ao g Z4Eo FoidALe F
IH FARL g gy 3o} Jeigoy, 7
’.‘M W Hdpiars 2ol AdAdgde W ds

& Uit o] g AHdL Aol s ZHE 9 A
*“J AMABE o|F FAFe &A wa 43e 9
S Be FZoH, e O AdialsZold 4
Gyde ANEAEY wiste 9%% A g2 dFE
A9 2EFn Yok .

2 A7EF 3R A 459 gL a3
o] SB=05320SL—0.6541 (r’=0.8376)°1 1, F34ko]
SB=05734SL—1.7732 (*=0.7843) 2. 2 ZtZo] ulg 2z
Zo| BB &L T Aol vixd AEE ehi st
ofo gt Ztol didt oAl Ho] o Y BFAL
gZ4ko] LR=0.7499SL+ 11671 (?=09414), FFAto]
LR=0.92085L—1.0284 (r’=0.9506) & ¥ A Gzte] H7
3 AolE Jehef, R Yz F A o] FEo
Vet AR Eh 28U Yoo (1970, 1977)9 §F2
Hobe B ES BYed, ol £ A7 AHS3dd
HEo| AxAEo]H BAXHY7] d&o ZHe]
3 ZpE o AdjAdFe] vled AgS Hole Fojg o
AR, £ Fo]E Xl Zd g HuUpRAsZ
olo) AuAFL FAFUA 20 I AFHAA =
Aoz A dvh (Stirling and Okumus, 1994).

d4F F34 H2 AdY 43 g {59
AA83E AHEY, 3o g 59 FUHAEFE
Me ztel7t igley, 9 A daA g
Aol FRART §Fgho] Fol {4t Ao H|gho|
F25S ¢ F ANt B FASF dF Wol Ex
F2A A A} FF4 AFAHEG Y=, ol
g AL Yoo (1970)7F AT ABE H=7 Y WASF
74 A4 Azo9 HASFETG ¥t Lo Fru
Bug A3 A, wEb Fxae AudA
AHSE A2 FFE FLA FHE Holg Aol Tl
et vgto] FA R, ATAEY o ARE AH
doz zdite] HlE wFe] Fol YAYL gqoZ F
29} (Yoo, 1970).

% 587

Fd 2 FI3Y 2RI %
ZALsL7 98, A B F
g gurAe M Pro
Ao dE27 d7E e PgPex v
S ¢ 4 AUk £ DNAZAZFE 23kbo] A9
ARES Y58 & Yoz PCRFYo2E 3
37]9&\:} (Sogin, 1990). o] el o F DNAY F2&
AAE Awo/dolA 11 BEE Ve B G F9)
£4¢ B 4 Yooy, ddtgoez guid Rego
PCR W&o ZA 4%2 vAX gorz 2 4FdA
= EAZE I9A %o

FAR FEAAY £ T AATY FAE vlAE
HAAES] AR} °‘i'4xi AJA 9%0}5 arbitrary
primerE-% A4t £ §AA BREES UF SE3
i FZ4 DNA fragmentE & M2 H]_’?}P—i’ﬂ 44
FAIEE T84 Atk (Goodwin and Annis, 1991;
Fekete et al, 1992; Patwary et al, 1993, 1994).

gatn F2A gz F A9 $33 fAEE
0292 wf$ Yol F Jazte] §AF FHo] Y
vetste, 28 @54 g2 479 fAE {43
FALEE 058~040 M2 YD, T34 24 A
A FAEE 048~032 HHAE Jdeigth gEA F5
Abo] FZAET AAE §HF ARl Eko) S
HzAT 2 ¢ FHE A9 AAse 2z &
B 2 E XHE o] &8t £AATY 2H AR
A inbreeding®] 93 A KA} F7tHA Ao
2 A" a2 inbreeding 79 Wi e =4t
HzAe AAAATLE 44 4771 o o]Fo]Aopgt
s A Ao},

50 ¢ ?}3"} sz ezt ¥y 2 33 i}

o7} Hole A& 2N N FH Hao o3
s 1]@;71]%1]5_"3 A8 & Az AR,

o
S
-{n: lo,
T 5
)
e .

>
mi i
l.ﬂ

u 31F g
bt o n u oy

DLom

22
teinase K- phenol"‘

r-{u:

2 o

g F24 IZAE Qe FHF Ao
RAPD (Random amplified polymorphic DNA) 71¥& ]
&3 fAdF Zo]FE& vl dAvstAth

Aol A H2zAe A I AANEE
Ao} F3 FEAH A AFARE XA E AF
3t AHgE Tk 5 F9e FE3F Aoje HAF A
298 Zojg RAE ASse ASIAE FRAA=R
ZAet et 1831 fA3F AolHL primer TFHEE
A 3¥ RAPD band 319 FAMA=E vlwatgich
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2% g HAFatsdole FudFge] F Fd
AR FAHE o] (P<0.05)E e o], 30| 3=
AR szke FgEs A AL 4 5 ddd B
Azl e @A G247 36~41 4R, F324bo)
39~43% ok

RAPD-PCR 2% 197}X9] primerEZE HH Z7 2~6
A9 bandE & 4 A} dFan FH4 G279
T2 FAEE 0292 v o} F I 9 443
Fdo] WEsA et &3 dF4 2 A
FAHH FAZE 058~0408, FH34L 048~0.328 &
T4 JFZ2A SR AAE 38 FART B9
=3

ot

A A}

o d7E FIHAYAY AF $5FG ATHHY F
Ausa AFIAAE A7Ae AT Ao g
R EEE

do

-

2 1 F o
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