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geographical populations of blood clam Scapharca broughtonii

ZHOU Li-ging" YANG Ai-guo'®™ WANG Qing-yin' WU Biao' YU Tao?

(! Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences. Qingdao 266071)

(* Changdao Experiment Station,Chinese Academy of Fishery Sciences,265800)

ABSTRACT In order to investigate the genetic structure and variability of Scapharca
broughtonii ,thus to make proposals for the species culture and breeding,four geographical pop-
ulations of S. broughtonii were collected from Shandong Penglai (PL), Shandong Huangdao
(HD) ,Jiangsu Qiansandao(QSD)in China,and Tongying in Korea(KTY) respectively,and the

genetic variation was analyzed based on ITS nucleotide sequences of rDNA. PCR amplification
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products were sequenced and aligned subsequently. The 486bp and 541bp necleotide sequences
of ITS-1 and ITS-2 respectively were obtained ( primers and insertion/deletion sites included).
The results showed that though the genetic variation of ITS-1 and ITS-2 was relatively high,the
base composition of them was stable. The genetic diversity of the four populations was rich,
which indicated that the germplasm resource of the species was in good condition. The genetic
diversity of HD population was the richest. Also, the number of variation sites of ITS-1 and
ITS-2 were the largest in HD population. There were many neighbor common variation sites in
HD and QSD populations. In this study, we calculated the genetic distances between individuals
and constructed the molecular phylogenetic tree by using minimum evolution method by MEGA
4.0. The results showed that the nucleotides in one species’ genome had different variation fre-
quency,and variation of nucleotides segment couldn't represent the genetic variation of the whole
genome. Fifty-five blood clams did not cluster obviously based on the ITS-1 segment base se-
quences. However, 57 blood clams can be clustered into two catigories completely, one as HD
and QSD population, the other as KTY and PL populations. The information from nucleotides
variation of ITS-2 is similar to the conclusion from multivariate morphomertrics and molecular
marker analysis carried out by our research group in the past. The genetic diversity of HD pop-
ulation is very rich, while the KTY population showed relatively low variation. There were cer-
tain genetic differences between each population, so that cross- and selective-breeding may be
tested according to their biological characteristics.
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Genetic variation

il Scapharca broughtonii Schrenck J&— i R RV B S, )92 73 A T K- 16 P4 5T 12, 2004 T
Bl L A ) B K A 20 0 2R plg T A o A 3R B A T AL AR AP B AR Ll AR R B RS A AR R AR X .
I PN T 5 L SR B 24 A (L v8g 30 A A [ P T 3 0 11 ) R SR T 8 R B AR AR BRI IA W T S OR
NTFRFEAF BRI e Ji o B I oA ] o 2% A Y S 0 22 S B0 20 A 1) A 2 P 35 S50 T ) s BB A 1 B T
MBI 2R . — YRR B L 2R K P 5 L W B ) L B E ) R AL T ) 8 DA G (Sokal et al.
1989) o i — 4 iet 1 Z0 ek bl A= 5 o B 350 28 100 1) 35 17 A 0 gl ol o gt U ) 7 H e A S R RO B
AEREE R RREE 2007) o B4R S — N7 B 384 FR A %) 42 A QOB L 2 WF S TF IR AN 2 i kA% (1997) I
KB 7 A (1996) X ettt iy e (0 AR AL R R AT TR S 5 SR L5 45 (20000 3R 3 =X 40 JE 30 et it of 240 i DNA 9 4
Xf ot HEAT T DN L BRI 1R AR 40 X8 8 i =6 R AR S S Y T L 3 BT S AN e TR b e B T
AR PEAT AL ZREPEITAL . 0 A A (1998 WIFSE 1 28 B2 By 3% 77 5 Ao 1 4 10 4 A SEL R PACARE i 14 25 7
R it 11 33t A A e, 2 o I 48 L AR 3 ) 3 B AA 2 ) A7 7 — i B9 3t A% 78 57 5 An 25 (2005) SR HT BT 43 B3 9 10
A2 25 T TR O R AT T s A AR AT XA T O T R S DR A Z AR MR IR A TS . AR PR 4Lis 1
Z AR RIL SR E T 7 12 JRAPD Al SSR ARICH A+ Xof DA st [ 70 e [5] # 10 5% 4 1) 4 A St sl 80706 4K 1) 382 £
AR Z R T TOISE R B 20093 BAE 20100 ERIGIEX 4 D REARE 2R F
M JIARK

RRER N B SR I A DX TTS-1 A1 TTS-2 J2 A M A RNA S DI A 3 A 18] B DX I8 8 AT A B AN 2 00 31 il ) %
B 2 v DRI T 52 ) 306 45 T T3 50 /0 o A AR AR P B i B 2 0 st A £ UL o MR L M i L ST Y 18S.5. 8S
1 28S rDNA Fp g . B3t i I A9 B35 19 i i PCR 4748 B AT 345 3 P9 B 8] B DX P 91 B 1 45 100 A 2500
) 30 25 b PRAEEAAGE AL 2 R A AR AL o Sk — 2 R A FRIE 5 SR AN ) 3t BB A 1) 2R 8 K A R+ LA O B 4
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1 #MHE5RFIE

1.1 ##

SCY B AL B 23591 5 2007 4F 8~10 Ay BEHLR A 1 AR 3k (PL) 1L R ¥ & (HD) VL5 i = & (QSD) il
FhEGUE (KTY) 4 AN XL 2500 B AR IER . 45 BEARAE AR F 20 0 O 31,5145, 28, - ¥ 52 & 43l y 7. 46 £
0.04.,3.35+0.03.4.934+0. 06.5. 74+0. 86 cm,

1.2 ITS F3IHNE

F P4 DNA 42 B0 3 2 B4 F 5L ) (Sambrook er al.  1989) , BUREHB A7 S il P 41, 2L K 26 DNA £
TR R S A4 B 1 00 R B A 6 i vl Wk 0F A7 DNA ¥ B RS S AT, TTS-1 97 39 A9 1 ) 51 4 ITS-1F .5~
GGTTCTGTAGGTGAACCTGC-3", g 154 ITS-1R:5'-CTGCGTTCTTCATCGACCC-3"; ITS-2 4" 14 (1) iF
el ITS-2F: 5'-GGGTCGATGAAGAACGCAG-3", & 17 8] ) ITS-2R: 5'-GCTCTTCCCGCTTCACTCG-
3", PCR ¥ 7E PTC-200 # PCR {L(BIO-RAD, USA) L #: 47, K B f& R A 60 pl, PCR S B ## 5 - 94°C Hil A8
P 5min, 94°C A8 P 455,50°C (ITS-1)/52°C (ITS-2)iB 'k 1 min, 72°CZEff 1 min, 24T 35 NMEK ;&% J5 72°C 4t
1 5 min, PCR =4 FAEZE 1. 0% B NS WE SRS Bk . EB Yo, EC3 BUEE IR 1% & 4 (UVP, USA) W gL BEAH , Bk
e U N M PCR B 38 7= 8, 26 2 T A TR C i) A3 BR S w1 R 47 15 B2 1) e

1.3 #ESITESH

ITS-1 0 ITS-2 Il FF 4t 332 F| Chromas #:#5 . ClustalX 1. 8# 4 it 47 FE 5 He X, 32 F§ DnaSP v 5. 10. 00-3&
R Z B rik T 22800 2 MEGA 4 844500803 & & Fs 2 15 5, /&8 NJ .MP  ME | UPG-
MA 7 FRZE5W .

2 HRE5SH

2.1 #ZHEfE RNA A~ A5 R 8 R X 38 51 B9 3 38 70 il =2

PCR §"4 TTS-1 #1 ITS-2 7 ) B SO IE M BE IEE R Ik A5 B — 5 B . K48 DNA Marker., 33§ 5 51 ¥k BZ 78 200
~600 ng/pl, i BER/IME 500 bp 7247 . 1TS-1 FFFIE M4 - HD #EK 19 4~ KTY BEfA 10 A~ PL AR 13 4>,
QSD BEMR 13 A4~ & 55 A, TTS-2 A E YA - HD #ER 15 A KTY #EK 19 4~ PL K 15 4. QSD
HER 74 BT 56 AR

2.2 #ZHEE RNA B AEREFEXESNEEARRERSH

ITS-1 Fl ITS-2 JF AN BE 4350 28 468bp Ml 541bp A &4 A /8RR A 5D . B 1 B7R 4 DFFAR ITS-2 i 5
SRR B bR . FEREESS1H) ITS-1F 4545 X 8k 20~79bp &b HE B 519 ITS-1R 454 X5 21 ~61bp
Ab BEES 51 ITS-2F 454 X3 10 ~44bp 4b FE B 5|4 ITS-2R 454 X3k 11 ~36bp b4 A /il 2K 7 5 % 5,
HD35 9 ITS-1 5 7€ 311bp &b % & — 0§ 3L T #9946 A; PL31, HD44, HD28 Fl QSD38 #y 1TS-2 ¥ 31| 1¢
194bp &b %K H: — A8 C A6k 2K A7 51, KTY25 78 341bp &b & 4 — w5 A 1946 A7 a0, PL31, HD44 #il
QSD38 7F 415bp Abt & — 0k A B93f AN 5. KTY BEA R 1TS-1 5548 T 7 85 % /D (W 3 Mk f B
AL AR T T QSD BRI AR A S e £ 13 AR A AR A7 a5, HD BRR A A 5067 s AR £, 3K 24 4.
4 PR ITS-2 3048 S5 47 5 5 B B B BEAR AR A KTY B AS S for i 2 45 AR JFE 5 B . i HD 1 QSD #f
PR AL e 7 B (1) ) ity » PLEOR D0 20 BCZE 77 B0 A i A . HD BEAR ITS-1 Jp 81048 S S 80 £ .38 24 4~ KTY
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PL28/PL3B/PL25/PL12/PL7

HDM61291H4f3513113h
HD4A /30 / U7 /27 /48732

QSD37/733/24/38/39/25

PL27/PL2B/PL1/PL31/PL16

HD28/46/31/32/44/35

KTY18/KTY13/KTY2L/KTY12
QsSD33/0SD38/QSD39/QSD25

|GGGTCGRTGRRGRRCGCHQEBRGETGEGTERHTTHRTGG—HRTTGCHGGHCHBRT—TGHRCHTE———GHTRTETTERH

PL31
PL20B/PL29
PL16/PLS

PL15
HD28/HD42

HD39

KTY18
KTY27
KTY21
KTY8

KTY28
KTY3

KTY16/KTY15

KTY19
KTY28
KTY26
KTY23
KTY13
KTY25
KTY12

KTY4

QsSD4aé

PL12
PL29
HD28
HD42
HDIDFHDAY oo iommo o m im0 o o e o o w  em T e s s 3 o s s G e B
Q3D46 L aaaaaaa. JRis o i m =m0 e m T s i 3 W e i ' e e i o, i i i e 2 i

RIAEL o o e e e R At R
PL31/HDUA/HD2S .. ..
KTY6  ceeeceeecceeecceeeneaanns
KTYI6/KTYS oot iie e ceaaceeancann

0SD46
0sD38

HD 44
HD392/QSD38 ....

PL1S
PL2B
PL3

PL25

KTY25
KTY2

TGGCGTGGCGECAGTACCGAAAAA-TCTCATTTCATTCATCCGACCTCAGATCAGACGAGATTACCCGCTGAATTTAA
PL31/HDA4/QSD3B .. nncininncnncnncnnnnnns R R R g
GERTHTCRBTRRGEGGRGGRRRRGR—RRGTR—RERRGGRTTETEETRGTRHBGGFGHETGRRGEGEGRRGREE

HD39 TG...C...A.C

HD4Y C...GC-——AAG.C.C-

HD42 A...G—..T...TCA.C-.T.C.C

HD 46 A...G—-..C...TG.—.C.TA-.GG.

HD28 A.C...TG...-.T.C.C

HD29 ---A.CTA.TG...C.TAC.CG

HD34 ---T...AG...C.T.AACG.

HD35 GC---AAG.A.C..

HD48 AT...-...C.C

HD27 AT 5 5 2= = bl B s i i
HD 41 AG...—...AACG.........
HD36 | ESPRL PRI | e

HD31 TG.-.A.TAC.CG.

[UE¥ coocconooosoocopmooooacoosoocoan T...C...CA.—-.

DR im il =) = i i m i m ) m vl m e fnd i ) i m o —..-.A.CG.

Qsb2s -.T...ATGC.ACG...C..

Qspa9 -T...GC-—-AAG.C.C..

Qspas =T...GC---ACG.C.C-.........
QsDhu6 [t ) SN | S PO H HS) Hepepe
Qspa7 A.TG.T.C.TAA.GG.........
Qspaz AT...C...A.CG.

L4 ARER R TTS-2 BH AR AL 53 007 1 L X

156

234

312

398

The variation sites alignment of ITS-2 neucleotide obtained from four populations of S. broughtonii
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BEAARAR S A7 S5 A 5 AN 4 ARG T 2905 B s 8 9 A, Horp 151 R0 158 J2& 4 AN FF IR 1 2 W] 42 7
359 Fl 72 & HD F QSD HEAA il 3t 7] 48 547 45406 J& KTY F1 PL BEAAR (g 3[R 28 S 07 5. HD BEAA 1TS-2
J7 9 A8 S S B e 8, R 27 AN s PLOBEARAR S0 5 80 20, Ol 14 A4 A BEUR I T 2015 B0 s 8 20 A4S, o
364 J2& 4 REUR S [ A8 S s HD BEAR R QSD B RS [F] A48 S i AR 2, HAR® E£dh (8 1. KTY BEfRF
PL A0 e [F) A8 S0 05 37 .42 R 43, b al UL, HD BER A QSD BRI R G 0 fb 383 . 11 KTY B 40
PL BEKH RS AL T .

AR ITS-1 A ITS 2 MR B L3R 1. BAR A REAA Y TTS-1 A1 ITS-2 J7 51 748 SR X 85 g o {H 4 A
PRI e ITS-1 /Y GHC & B RS T 1TS2, GREL T I 5 4 A 5 k25 (2005) 42 18 19 BIF 5%
2 R —3, HAF GenBank b iFEMHAY ITS-1 Fi ITS-2 B %3543 5 AY380534 F1 AY594286,

R 1 4 ANEEHBER ITS-1 #0 ITS-2 FF 5 B9 E A R

Table 1 Base composition of ITS-1 gene and ITS-2 gene fragments of four S. broughtonii populations

ITS1 ITS-2
TC%) CCY%) ACY) G(%) G+C(¥%) TCY) CCo%) ACY%) G(%) GH+C(%

BEIK Population

INAR# S HD 22.6 27.5 23.8 26.0 53.5 25.5 22.1 27.0 25.4 47.5
wHEgE KTY 22.8 27.5 23.8 25.9 53.4 25.3 22.1 27.0 25.6 47.7
1R PL 22.7 27.5 23.8 26.0 53.5 25.3 22.2 27.1 25.4 47.6
TLIET =5 QSD 22.6 27.6 23.9 25.9 53.5 25.6 22.0 26.9 25.5 47.5
F¥{E Mean 22.7 27.6 23.8 25.9 53.5 25.4 22.1 27.0 25.5 47.6

T ARMEZE /N T 0. 0104, BRItk 36 v A 571 4 A v 22

Note: The standard deviations are less than 0. 01% ,and they are not listed in the table

2.3 #ZHEE RNARAAEREBXEFIINZEESHY

A ARERE] TTS-1 F0 ITS-2 BAZ H IR st A8 ZBMES B 2. N 4 DFER 55 DK TTS-1 7 41 v 346
B 24 D222 Fp AT, R R Z AR D 0. 826, AT IX 4 ASHEMR Y TTS-1 XA Y R . (H

PR ZHEEAL N 0. 004 8. FFAFE . M4 DHEARAY 56 AR TTS-2 F7 1 b LA M 3] 42 A 22 2507 83,45 Fft
1 R PR R ZRERE N 0. 979, BEHAIX 4 AFER MY ITS-2 KR R AR 5, AT 2 FEE N 0. 010 4, 1
BEE . HDRHER ITS-1 F5 A 1TS-2 P8l rY 2 3850 i HOZ QSD AR KTY #EfR 1TS-1 591 1 £ 35
PERRAR PL #ER 1TS-2 JP o 19 2 S e fiK

R2 AT RMBEEZBEERNAFITARRERRBFINETESH

Table 2 Nucleotide polymorphism of two internal transcribed sequences of ribosomal RNA in four S. broughtonii populations

FE R B _— EZIIASE R TIRL LERRFIP ALy AN EZ NS TR E R R
Gene Number of Number of Haloptyme Nucleotide Average number
Population
fragment polymorphic sites haplotype mutation diversity( Hd) diversity(Pi7) of nucleotide difference
HD 19 11 0. 883 0. 006 96 3.175
KTY 5 5 0.667 0.002 52 1. 156
1TS-1
PL 7 9 0.910 0.004 61 2.103
QSD 8 6 0.795 0.004 53 2.077
HD 20 15 1. 000 0.012 22 6.390
KTY 11 15 0.971 0.005 89 3.099
ITS-2
PL 12 10 0.914 0.004 20 2.210

QSD 17 7 1. 000 0.014 02 7.333
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2.4 4T EEMEBES TFREMNBEMBERS N

I MEGA 4.0 B35 4 A4 () FVRE AR D9 1) 358 4% B B9 (3R 30 B AR B 8 R 99. 506, 43 Sl kg 2 4 A7
TRAKTE 9 N .MP ME #l UPGMA 50 T 25 . LT TTS-1 F 50 .4 A BEUR E] 14 38 1 5 28 B AR /N L B4R P 3t
R BE RS EL 2 TR SR FE B . PL BRI HD BR8] 19388 1% BE 25 fe it . KTY FEARFN QSD ¥ 4 1] 11 352 1% FR
BT .5 PL BERZ [AI A AL BE B AR T . JE T TTS-2 JE 41, B 4 8] (1 388 4 5 B 389 b e K KTY BER AN QSD
T AR 1] ) 2 A% 6 fe e, 1T 5 PL BRI (R 1t A BE B B il . 4 0 T RS WIE AR — 2. ITS2 (1) ME /> 1
REMULE 2, Bl ITS-1 [ 4 Fior F R G B R 54 SAREA B MR K L4 A ITS 2 (1) ME 43 F
RGEM B BR 57 AR PL AR KTY BRI &R 28, HD BEARR QSD FER B 3R — 28,1 ITS-2
) NJ 437 RGEM ik HD36 1 HD47 4 \MP J3 ¥ &G4 b fr HD36,HD27 il HD32 4, UPGMA 73 ¥ R 4t
B HD36 # HDA7 4b, A AR5 % ME 43 F R G M —FEBT B 5 PL/KTY  HD/QSD P K2,

£3 BT ITS-1#0ITS-2 FFIHY 4 >R B E B AN IRERER

Table 3 Genetic distance based on ITS-1 and ITS-2 sequence within or between S. broughtonii populations

Bk ITS-1 ITS2
Population HD KTY PL QSD HD KTY PL QSD
#iy HD 0.006 4 0.012 6
HiEgGE KTY 0.004 7 0.002 6 0.013 7 0.006 1
%3 PL 0.005 4 0.003 9 0.004 7 0.0118 0.006 2 0.004 3
=5 QSD 0.005 2 0.003 5 0.004 4 0.004 3 0.012 8 0.015 1 0.013 1 0.0130
3 Wi ", 3o aifs
&049 %};o d‘%,:o.ooz] T :ggwb_@cq?
31 XFRMINMBEHERGRT NN L&
186 5 B 3% L b 5 40 N *”‘%;;Q e
%

T FE LTV AT 25 7 10 1 2 QD33 ngf4HD41 Y v
BB E I R A T e e
SEAE TTS 3[4 1 51 F03 14 25 5% 2 B oS g s
4 B L B 0 A U 22 60 i N p
2 50 SRR A P i) e 4 7 SR ) s = Kry,, Mo
SR T A/ 2K 1 e ¥ LEERR A\ N0,
Ve, LT £ (2010) 32 i 480 F58 TR ’

N

TR 2 I AR s A O AR B —
Pl S AL 19 22 5F M 582 8 1 DUk A Fig. 2 Molecular phylogenetic tree based on ITS-2
X7 50 L35 A7 MK fragment seaquences by ME method
B, N B B R R AR 4 O
R AR DR B 2R BRI AT P S5 R A BRIF AORUR P S BT BT U . DAAS AR T o i) 3 A% B R s A R S
DB M KTY kS PL BEFAAE R G AL FOEEG X R LR EY . v BE R EL A B A B & X5 1
) AT 7Y /DS B 9 A 4 2 R AT G s HHD B AR a5t 4% AR S AR R L X PR BE AR AR Y 35 N B T 5L KTY R R (G 2
FEVER R B (BB B & P HORAE X RS 8 . A 4 DR RS LA REERGRUAZ AR 2L wIER
JE i 2E 7 M AR IC A AT B S5 R — 30y, o A S e BT B AR R BT 5 e .

I [E 7K 77 55 58 A Lo A oA wT s [ A b e i R A A DU [ 5 | A Sk i A DL AT 9 o A 7 R AS [ 3 R A X6
R AW F AR P R B sk 42 3C B B R A I OE S, sl VFRE 3% & 1 00 R A B, DR g DA 11 5 | R 388 | ] 35

2 TR TS 2 550 50R A H 0 ME 5r 7 2 4ot



84 ok B B R 5% 33 &

e 1] et T % A 382 A% 20 MR L AELINE 327 B 5 | i I ) 7 B DX 0 5 | o 50 B 001 B T A S R L
G T BB A SN o AT = 5 (9 b B ORI, T LR R R 2 o T Jel v ) 2 i B DA A7 1Y
A2 GEAE MU 1 375 I FEL ) 5 A R A B O Y B R 2 — 3 LA L B IR A B TR Y T R AR
Fil o AT R 5 AL TN T W R SR B AT 5 B9 A L BT 0k A B SRS AR R RO L A fR i R AR AT
PREE ORI U0 B D ST AR B A R B 1k H N T 51 5 B0 R TR A%

3.2 ET IS FISMERITHRELEEMEESHEESTPAITHE

DNA §ifi 7 91 43 B 7T LAV b Gz D00 S 90 35 A 4 4 AR B 2 2608 S A L ) T 5 4 28 S 5090 Ok F 98 A 1
B T B 38 4% S A AN AT LASRAS 5 A8t A% A2 S B0k T L T LA 4 e 485 B D AR D) 2R AL OC AR L A
B 2 S N AN TR A4 . TTS J& TG % X ¥ 1, BT 52 B 00 3 45 5 7 800N A 3l B R A 32 6 09 728 S s RS
J7 A DAARR %5 B 5 45 0 ELAZ A2 W) . 18S.5. 8S I 28S RNA JE [K #B 2 1w FE A T 1 X RE IR %A #) T3 PCR 3]
Yoty 1 i TTS Jp 5], Btk ITS BB 78 438 & 8T 32 H T K7™ sh A a] R FnFp e K st % 22 5
MIAFZE (R 44 2006), King 2 (19991 N ITS A CO 1 /FH3E H TR K W 2% Lasmigona subviridis
Mo PE R S8 2 B WE ST 5 B AR A5 (20100 F) FH AT AL B3 DT AR 36 B DU TTS-1 B 22 S Al 1 MR 3 3 DL AR bR e VE PR B
R JH FISH $5 A B 2y R0 1 46 7 33 19 Aol Jd D 2% 52 - A 5% 40 0 20 1l 5 IR 3k ok 25 (2005) W5 1 kit TTS-1 A1 ITS-2
JEANVRRE I 35 B9 51 AE DL 2E vh B A B4 38 P 5 36 7Kk 2 46 (2010) DX =6 if ek ol 70 i it A% B 4 DNA
P S IR B X EAT RELP 437 . Insua 55 (2003) R ITS JF 90X B DIARF 4 DR HEAT T R G A4 L RBI . &
PP A TTS-1 8 1TS-2 F[a] A 33 WS 1 9 R4 8 G0 2 0 W 45 SR AR T A BIF 5 45 2R 3R B it ol TTS-1
M ITS-2 Jp 51 i st A5 78 A5 B IF AN 58 42— B0, IR & P 9148 S 0382 AN — R 1Y A B 5 B A0SR B o 2 Yy 42 S 35t
&) 5 B R AE 5 BT AAS I FH A A% TR 1 971 R E 58 AR G52 A 22 1P A 808 M 1T 25 B 00 6 A W 7 0 A o e 3t 1%
7 S PO AR I U2 e 9 A 0 5 60 40 B 58 AT LA SR A Fie 75 1180 382 4% 728 S 45 5L o Q08 A TR 97) 1) 3 A R 44 Ak 56 K]
FEON o BT AR S G A B T2 T TR A T i 4 b i 2 Ak SRR 84 2544

2 & X M

EPRWI A% L EE B X AR R I B . 2010, FISH A LE M FL B DLFTIR 58 B DL 2 52 10 Y% 60 fAe 8000 v iy B2 JH 0 8. 7K 2B A 1 2 4, 34
(4):709~715

A g b, FL DS L R 37 A, BRI AR L WS 4R, 2005, ebmiEBORE R DNA B DR 4% S 18] B IX 9 77 S AR, v K™ B2, 12(1) 1 104~108

PRI B, RAERE VLA BT, 2007, 2 Fh AR VMR 2R R 7R B TR 37 22 25 MR 9. P K P B2, 14(3) £ 369~376

FULE TR RA L AR, 2000, 3 Al DNA SR FIR ) 5400 R IR KRR R, 27C2): 51~53

FR T EMGARERPHEL L AR Ay B L BT 24, 1996, 3 vt e (o (R 41 AU ) LU ACHIFOE . W VR 2R L 18(3) : 78~85

JEHk E TR 1997, BNV ARLEIBTTE. K772 21(4) :455~457
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