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Molecular Diagnoses on the Death and Thinness of Oyster Living Round Power Plant
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(1.East China Sea Fisheries Research Institute, Chinese Academy of Fisheries Sciences; Key Lab of Marine and Estuary Fisheries, Ministry of
Agriculture, Shanghai 200090, China;2. The Second Institute of Oceanography, State Oceanic Administration, Hangzhou 310012, China)
Abstract: Random amplified polymorphic DNA (RAPD) technique was employed to investigate residual chlorine stress on DNA polymor—
phism in oyster. The results indicated that the biological characteristics (including the average length, width and weight of shell) showed sig—
nificant differences between the oyster living round power plant and control group, and the phenomena of death of oyster was becoming more
and more serious when the concentration of residual chlorine increased; The DNA bands changes of RAPD profiles of oyster following residual
chlorine treatment included loss of normal DNA bands and appearance of new DNA bands and variation in DNA intensity in comparison to
that of the normal oyster. Additionally, the genome template stability (GTS) and residual chlorine had good accord (y=—105.16x+102.98, R*=
0.978 8),GTS and death rate of oyster also showed good correlation. (y=-0.742 2x + 96.526, R*=0.973). Moreover, compared with the GTS
and RAPD profiles between oyster living round power plant and test group in laboratory, the lasting effect of oyster living round power plant
stressed by residual chlorine was equal to acute toxicity of residual chlorine which concentration was 0.35 mg - L™". The research results show
that DNA polymorphisms detected by RAPD analysis could be used as a useful biomarker assay for the detection of genotoxic effects of resid—
ual chlorine pollution on aquatic animal, and which may be useful for risk assessment of environmental contamination.
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4G (Crassostrea plicatula) J& T 3AK Y1
(Mollusca), 3 i 2X (Lamellibranchia) , 5 ¥ H (A nisom~
yaria) , $HWiEH Ostridae) . $HHFAEFR E O AT 2 000 Z4F
(I FRHE 7 S AR PR 4 RIFFE IR Z — B AE & ] (fF
BE WET BN ) 25 CRIA RS EPHEE RV SE 2
(e A1l (DU 5E rl kil oK H A 55 ) S 55
GBI A, e R A5 T IR ER A (-3~
32 °C), FE AL TR EZRER AL I i A

BE 2 T V22 T R DR i e, L a3 K, Bk 3
Gy wE DR AE TR VT R R Rl 2 e K
J o T A VTR TS, 3 S MK R DI, L
AR HEK RN & A R K B K HE i 2 4t
IR P FRFEM MK A A S R G T —E B S22,
ST AN, T B U VA 0 JCHL T BT A 5 5 DX AL
W5 FEAEARTH I, P i PR, ARl oy A e Y
T-Be, b HBENLY 15 2251 DNA (PR RAPD 7345
TEHAR) AT TS SR FE X WA T SET A s I
TN EE PR BV A B S P 5 T 9% AR T Y S A RAPD
BORBA P S0 o RUE R R AT [
LR AR AR PR R DTS00 IRl RAPD i n] £
N—FARE T HEIRCY), KRN DNA /Y
[ IS , BRI RAPD 3 FARiC R He 2 MLy 545 75
PRI 5 J7 vk B RAE, BT RAPD HORME 12 0
FH T AN [R) 45 75 G DA X0 A= 4 1) DNA $53 49315 1
RAPD J3FFRic BN FH e A58 7 B Tl e A7 A
DA, Atienzar S5O 1k X PR oA R FE ) B AN
AT () ER AR A R W S i S B
FIH] RAPD AR A DLk B IX 675 YL W) R 75 3 40 i N
() DNA $i i 987 R AT | Ve Bt OFoe
A RAPD A RGN F A 2553t I Y RE R AL O
Conte C Z51 Mengoni A ZEMRN X 58 25 20 5% & P |
F RAPD Z3871 384519 DNA 222578 Ak m] 7 g e
& @ V5 Y A Y AR s RN (A E b i . HAT,
KT IRHPK PR EXIK A A YRR 4 DNA (152
M i A LA T o AS RIS ] 2 AR LL I 4
IS A 5 5L 4 31T RAPD J0Afr LU, I 45
B H IS E TR AR, B PR A 75 Yt 0
AR RE , A B A] DL BREE SE e DA 28 T 4 25 53 B
Pt T

| RS

1.1 ##
2 AL IS AR R 105, B E B H ) HEK

BOR IS FRIE X GZOKIR NRIETS ) A E R
Bk HELH , fFR D i, LR TR o SF58 K (4.65 +
0.42) em, 58 55(3.19 £ 0.34) em, PR (15.24 +
4.03) g,
1.2 7k
1.2.1 5t

IR A HSURE 43 301 R PR A~ ol A, EURE B[] R
2007 4 17, SRR T HEK X CREIE TS G )
AHUE N 0.07 mg L7, @K 1 S0k, LI ED, RE
20 ARG, DA P E R | R AR 10 DNAMA, DL
FPEPCEE A ZH DNA, G g5 HE7K F X D iR AR
ATy a7 [

BRI B 3 AR B2 oS REZH AR
Pt AR B SRR AE , R ARSI 3 h I
IV, B TR A e B e Dl R AR 7 AR
LR HOG IR AR O T HA 2 e R 2=, [l 255
MG HEK DA SRR B A U0 1 8 e vk B A
(0.30~0.50 mg- L', f#k0.5), hykEL (0.10~0.20
mg - L7, A FK 0.2) AL 41 (0.05~0.10 mg - L™, fai Fx
0.1) FIX} FEZH (0.00 mg- L™, i FR D) 5 &4 70 415,
RIRZE AR 200 L AR ERAR , 100 HE 7K 100 L, 3% —
APATH I AE 2 N AT, JC ST PG , 1 01 ) AR
P A AP AR S DAL, BERR 6 h I AU R EH
DL A SR IR, 0 2 /K 55 DA S 9 o 46
7K, R R AR ML/ NERBE 2 IR, SRR 3.5%10° 4>+
mL™, BEK 100 mL, SF-BRER SR IEAE T 5 0, 48
AT R T I EE 15 d BURE Rk 4L+
TEREIE S 10 d IS AET- 42, PR AT HURE ), BURE 10
ANEIEAAR A H 57 1R] I
1.2.2 FE[HZH DNA 45

L2 DNA $2 1S JROSCHR[ 14100 77 k201 T, B
558 JE LA 100 mg, /i 600 pL fili45:28 ik (10 mmol -
L™'Tris—HCI, pH 8.0;100 mmol - L' EDTA, pH 8.0), 54
PELHZ, TN SDS FIEE i K (29K B2 435 Ry 2 1% A0
200 wg-L1),55 CRIBTHAL BIEWEE A FHR G, 4
S SFIARTA S | By 5 B (25:24:1) U 454l
PR, PIFEIARRIIA I TICK CBEDTTE DNA,70%,
FEPEUE,  FAR TS RIS 1 JE I 41 DNA DITER T
it ddH0 ', 5@ proRNA/DNA S 5 A4 T
WREIAE . DNA & T 4 CLRAF 45 ], il rh P 4
DNA 2 10 MM FE R AR G 79 34
1.2.3 514yt

I 60 4~ S RAN5 12 B AR TR A
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B B BELE | 4 (14 R IE A 15 | 2R 751 I
F1)o 153550 D sl £ BEALIE T 2 AR T
PCR I, 36458 ] 0 52 1 - 50y T Wi EL 7 3 285 SR e
15 | iE4T PCR 944

x| ATHESEHFIESIE RAPD 5|45

Table 1 Sequences of 8 primers used in this experiment

514 51975 319 519751

S113 GACGCCACAC S177 GGTGGTGATG
S115 AATGGCGCAG S178 TGCCCAGCCT
S118 GAATCGGCCA S180 AAAGTGCGGC
8119 CTGACCAGCC 8181 CTACTGCGCT

1.2.4 RAPD 2 54

PG RS R 25 WL, P65 10xPCR 2
I 22 i 2.5 wL; MgClL(25 mmol -L™)2.5 wL; DNA #
M (10 wg-mL™)2 wL; Taq B (65T FERZ v AE P H R
2H],5 Uspl)0.2 wLs dNTPOKGE AP AR A A,
£ 2.5 mmol-L™')1 wL; RAPD 5[4 (10 wmol - L™')1
pL; F ddH,0 #MEEFL, PCR W 7E PTC-200 344
A1 #EAT 94 CTRARHE 7 min JGHE4T 45 MER , 4
TEFEFE 94 °C 1 min 37 °C 1 min 72 °C 2 min, F )5 T
72 CFRLEAH 10 min, W ZEHJE 4 CIRAF, IR PCR
TS PR SRR DNA 1925 [0 B
1.2.5 F K AG

RAPD P2 FH & A 1AL L5210 1.5% B s e
JE BBk 70 B, B DNAmarker (DL2000, i = A= ¥ 4%
RS EDAVERARIE, HR/N A 2 000.1 000,750,500,
250,100 bp, F 5EIE 15 2 G ik B K AR AF , A T8
PEAL P,
1.2.6 Bdlisr

R J5 A A A AN A 1 (GTS)AE Sk i5 YL R ik Ay
T HL AT, SR B A ST Y 5 R s 1 S PR 4
DNA = A A B, Horfr

GTS(%)=100-(100a/n )
K a HALFRL (B8 B T5 Y4 ) A5 RAPD £
AT 0 X IR B, AR RIE S
XTRAZHAH AR, AbFRAE B B PCR 37 5 e/
() PCR 337 2 O, R 1 He A GTS S4HUGAET- % 1)
FHSEME , BRI AR LS 0] B AR O 7T 20 R R

2 HBRESH

2.1 AHAEMRSEHERNEHYFETER
M2 Rl I Bk A R 1S a4t i D

U IAE YR bR CEREe ik 5258 EE R A
22 .75 (P<0.05,n=20) , L B HE T AL ) HEZK 1 X3 1
SR AR BE, i )RR 1 XA D
Ul WA 2 BN, 5350, ) HEK H XK
WA FE T AR AR, 0 A B R I X
R AT = B MR TR, Tk B2 HUA A Sl G A8
T, i H 7 AR

R2 1 S D SHFERPIFENFLER

Table 2 The results of biology character between

NO.1 and NO.D oyster

Sz LR
P fom T om TR TR JETRI%
153 4.01+0.11* 2.66+0.09 10.14+0.53* 47.76
D5y 4.65+0.09" 3.19+0.08" 15.25+0.90 1.21

T - P E)— I A R _E AR REAURA B35 28 53:(P<0.05, n=20),
Note: The different superscripts of the same column values are signifi—

cantly different (P<0.05, n=20)

MNZE N LA TG YRS I 25 Rk B/ (L3 3),
Xof P ZH FIAR v B b BZH (0.1 mg - L) 7RI 0 35 A5 P 1%
A BAET AN, e B A S T 4H.(0.2 mg - L™ AT 0.5
mg- LSS 4 d B IFET- AN, NS 7 d FFERsET
BB INECPL R R F R AL, N5 9 d I E 4B

& 3 A[E) AT E) A AL R 5E T 2 A1 2L T 55

Table 3 The number and rate of death of oyster in different time

RAWL /mg - L

IR AL 0 0.10 0.20 0.50
PETRUAET R

H1d 0/0 0/0 0/0 0/0
H2d 0/0 0/0 0/0 0/0
#3d 0/0 0/0 0/0 0/0
H4ad 0/0 0/0 1/1.43% 1/1.43%
¥5d 0/0 0/0 1/1.43% 1/1.43%
#6d 0/0 0/0 2/2.86% 5/7.14%
$7d 0/0 0/0 212.86%  12/17.14%
#8d 0/0 0/0 3/429%  27/38.57%
#9d 0/0 0/0 6/8.58%  41/58.57%
#104d 0/0 0/0 9/12.88%  45/64.29%
H11d 0/0 0/0 10/14.29% —
Hi12d 0/0 0/0 10/14.29% —
%513 d 0/0 0/0 10/14.29% —
514 d 0/0 0/0 10/14.29% —
#154d 0/0 0/0 10/14.29% —

T " T IREIJRN SR 10 d BB 245 1Ak

Note: “—"the test had no redundant oyster after 10 d.
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TEERET, R, fe s v B A AT R AR5 10 d Bk
BRI DNA FH o H B 16 RH , B B 1) A 5805 e e
B E PN (15 D)FZmA R, A S FEG et 1
U ANETS Yk BE R A 0.20 mg- L7 AT, ZEAR Y
SR RS TE) PR (4 ) St X A 0 7 A R W), 2 o 52
HIAET, B A 505 Yk BE f 34 m , AHRsET- M5
BN,
22 1 SEHFSRSEMBEIRIEHTHEN GTS &
T Lh 8

Py s =) — s EE M, M 60 4 10 bp
BEAILS [ 9 e L 24 A Ay ST E g0 A W R4 T
i, b 8 A5 nl LIy 34 RS g ) PCR
FEM o K IR A L DR 2H () RAPD R vnl 43 9%
36 SpEAT, HArF R AE 100~2 000 bp i), 3 H A
B (E 1~8), FIATELLAF T 1Y 4 AR . M
72 4 R 1~8 WL, Bk 2 (0.05~0.10 mg- L)
1) A S A B ] Y R 5 56 R 4 DNA $531405 19 A
K, H GTS H 97.22% ,RAPD jEa B fin— 4%, 3% 4
B, T3 A FURAN I LRk e I R iy S o B 1Y
A (B R RS AEE ), 18 BH LI PR 2R A e P A
g, B HRA AR 25 AN B A A A 38 B g v, 4t
W) RAPD a7 & A4 T 0 WA AE Ak, B R B 1Y
BRI 2R DA BT 5 i B A 53 , Bl A S A BRI
FR) R OV S TN A, VP 2 D) 2 Ok 8 ) e ke
N, HAHSEMER I (y=-105.16x+102.98, R*=

0.978 8), 7 AMTWERY GTS S UGFHIFET - FA LW
BEE I A DG (y=—0.742 2x+96.526, R*=0.973 ) ,
WX A | Sl WA T T B, H GTS
FBETHRIELF AT 0.2~0.5 mg- L™ A5 ALFEL 2 [H]
[e st S AT A G 3T 26 B, GTS FFET R A A
PERILF (y=-0.707 2x+96.717 ,R>= 0.965 2) ., It ifE
B TS 37 3 ) A S e A A 2 T
NSRBI T 0.35 mg- L 2 A HOAy Sk
i

3 e

3.1 B REHERIS K E E IR

SN — iR SRR TR, X6 B 17K A= P Bt
HHAMREFRRCR, 30 2T E KO
BHRG . RAHASZIIKIIE KK IR R 5200 3
B PIATI T : — 2 RN KA AP, —Je R
AEKPHHE A YLEL Y, HA KN
Yo BRI TR E RIB S EE ILAGE , 5D R 50 e = 1Y
WFFEAE R, BRSO R V5 A e il A S HE OV
SBATHEHRIAE L MBTTERFH |, R Ik il
R I VS 28 55 37 5L 2 ) 16 L RO T X R A 5 3
Bibt DL AR PN ST AT R . B9 V17745 (2005 )R
LI RGER TARBXKA AL YIRE , 735 Pkk
TARGEXFRIE ALY TR s DL 0 2 A R i A
JEFVERINLERL, FErbis ey B B VK S TR AE

x4 HIFEREA DNA HEAHETL

Table 4 Changes of total bands in control, and of polymorphic bands and varied bands in residual chlorine—contaminated oyster

AGHE /mg - 1!

Elk/ETaes 0.1 0.2
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~
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o
[=n
o
=W

S113
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S178
S180
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— W = N s W W e
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—_
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37
50.00

31
66.67

TE a BT B BT , b TR I35, ¢ D SRIEAR AT , d D i s ity , LUR Rl a+ b B 2R a +b + o + d B IRy .

Note: a: indicates appearance of new bands, b: disappearance of normal bands, c: decrease in band intensities, d: increase in band intensities. a + b: de—

note polymorphic bands, a +b + ¢ + d: varied band.
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2000 bp

1 000 bp
750 bp

500 bp

250 bp

100 bp

1:1 S0 5 DXt RAZH A 5 0.1~0.5:3% B 5 0.1~0.5 mg- L
IRE LA s M:DL-2000 Ry 18, 1 [
1:NO.1 group; D:control group;0.1~0.5:0.1~0.5 mg- L™
group ; M: DL-2000 molecular weight marker, the same below

1 514y S113 3H4EaRAGY $8 R ik B i
Figure 1 Amplification of genomic DNA of oyster with primer S113
1 D 0.1 0.2 0.5 M

2 000 bp

1 000 bp
750 bp

500 bp

250 bp

100 bp

B 2 514 S115 XP4LapHY I8 R ik B i
Figure 2 Amplification of genomic DNA of oyster with primer S115

1 D 0.1 0.2 0.5 M

2000 bp
1000 bp

750 bp
500 bp

b/

¢
b/c

b/e
250 bp

100 bp

3 5|4 S118 4t aFRIH 18 FR ik E L
Figure 3 Amplification of genomic DNA of oyster with primer S118

2 000 bp
¢ 1 000 bp
750 bp
c/b 500 bp
c/b
ble
ble — 250 bp
100 bp

4 5[4 S119 JH4RRY I G R ik B
Figure 4 Amplification of genomic DNA of oyster with primer S119

2000 bp
1,000 bp
750 bp

ble 500 bp

ble

250 bp
c/b

100 bp

B S 514 S177 Xt a8 i ik
Figure 5 Amplification of genomic DNA of oyster with primer S177

2 000 bp

1000 bp
b/d 750 bp
b/d

a 500 bp
c/b
b/e/d

a

250 bp

100 bp

B 6 514 S178 Xt a3 38 R ik B
Figure 6 Amplification of genomic DNA of oyster with primer S178

2000 bp
b/d 1000 bp
b/d 750 bp
b

500 by
c/b P
c/d 250 bp

c/d
100 bp

B 7 514 S180 X4t 4RAY 1 R ik B i
Figure 7 Amplification of genomic DNA of oyster with primer S180

2 000 bp
1,000 bp
ble
b 750 bp
¢ 500 bp
¢
b

250 bp

100 bp

8 514 S181 X HLUFHY Y I FR ik B 1%
Figure 8 Amplification of genomic DNA of oyster with primer S181
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AT IRUAEY) I A B R & (B R 5 1Y
TR R A R A A0 Ak s TR h P A S
T A IR B A A S B0 AT X TR sh i e A e R
W , 1 317 sh 40 % GG 2 R R VR R VAR I T [ B %
M B 5 AR SE AT 1 R DL R B R IE SR ShST T
PR FEE R 225l HER RS W B SE
FEA, DI D122 L BB RE T, 53 AN ST LA B B )
DI Bz A e 1 3 fh S B A R
DLZEnPmg i, thRE T BOLAR N B4 = BT A, R
B SN D2 R S0 0 ALV E AT 3R el R 4t 5
RGN AT A VE R il B 2UR AR AR 3R AT
REF I LR 121 25 (AR DR PR R0 15 1, DA T S B0
B HA RS TR B A Lo 2 n] LU [ B i
XA RE T, B A B XS L T LA
st A = A [RLREE I MOAT s/ 521

R KEIL, YAFERE I8 —E W,
Bt Ab B[R] A ZE L, AT T A B G EOR H™
fE 0.5 mg L7 W FEAL, 25 10 d AL WA FE T h
64.29% , 7] Bk 41 7 Jo PR) 2 A5 A 18 S P o R ik 25
IR B LA AR Y GTS 9 50.00% . 15 Bt &2 B ) Fr)
BN, A G A T R R B A A IR R AR T & S
T BRI A  FET . K B SR A Y
UG . AETO AT AR 2R N R BB R AR T R
W, AR 5T 25 SR 3 I, Ay GGG (4 1 4 A= K mT = AR
ANFEER , FE M B HOH A SRV 3 R Y e
8]
3.2 RAPD I ARENEZIIEN P ANME

PG YW AR IR P K A AR, v SR
TETESEIRAEE i A W 52 B KA B2 5 Yo bs b
AEAER I 2R IR B i P B ol 2 % SR B b s AN 7 11
W o AN, TS Yot R B T Fh G R MR A S T
TR 52 s ol ) 0 1 i AR, SR R
AP IR AN BEAR f 1) S I SEE B 450 , TS e 1)1
PEREPE G0 R T 0 e 1] 114 5 2 N R S st i X 31 5%
TG YAER LTS M. P, A0 Stk ik
955 M A [F AP AT, SR S . R
RAPD HAR , 1| FH 3k K 20 AR 1 e 1 (GTS Al —
A2 AR bR, X PR TE YA ROk A F R 46 T i
% 53T o

ARG 45 SR I PR B A S 3 (e B
47 0.1 mg - L)XW R A K, 35 R 2 AR (S
B GTS K 97.1%, 5%} R Y 22 A I I 5 Bl A
AR, RFEXTH WG R 2 N, GTS (A

ANWIAE /N 5T BRAH AR L, BB 2415 1 RAPD #7447
Ak o B S 3o b AR A 3 B e IRl Bt A SR 1)
T AR AL RAPD 3571 A4 Bl 5 fin ™ 5, 3 R
HBRR A AR M (GTS ) WAH R AR 22 . R A Sk Bk
1o, BRI IE PR 2 DNA 5345 A F2 BE R, Hh 4 4 mT AT
AR EE A 0.2 mg- L7 B, GTS 4 80.56%; 4XE&
REFRAEE K 0.5 mg- L7 i, GTS Jy 50.00%., 7FHL) HE
IR, Bl R W IGRE S GTS 2l 66.7% 1%
EAF ARG E 0.2 mg-L™ F1 0.5 mg- L™ {5041
Z I AHSEBRIEHEIAR AR 0.07 mg- L7,
M W5 DNA 455 2085 0.2 mg- L7 40 41
10 A IR e B A G805 Y e A 7 7 A ) 3
e K TR BT 1 2k o MR85 S mT LA
WA KIS E (0.07 mg- L7 247 )58 | 1
BT EE DNA Fi 05 5 Ak (0.2~0.5
mg- L) 3 BRI YS . S4N, NE 3 I LLE
H, £ 02mg L WREEAL, 5% 10 d AR SET 3R
14.29% ;7€ 0.5 mg- L' ¥ FEAL, 58 10d 4HWrAYSE TR
h 64.29% . F AT DASEWTBIA 4T B FET R R AT
14.29%~64.29%2 [, HL] BT A LB 1 554G
IFETH N 47.76% AT 14.29%~64.29% 2 4] , SLFxR
SIS A TG S i — 2, A nl LB H R
RAPD $i A, Rl Sk # PR 56 A ER BT 15 Y Bl 3L b
SKRE AT 4SS TT LA A 4 B DA BRI 5 e i ik,
O NS

SR
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