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W AR R YA 7K TR A ) Wi o7 7 BB A R BRI T oA
WY1 2 S AR AR BSREUE, TREVE RR AL XUV R A
S EEALE TG R AR Al e e S AR, gt
MR A 2R, FTRURCA IR A 25 F
i, A FEAREES RGR A AT el

ABIF S LA 18] 47 5 A 5 3 A 97 BH A R
Wi R SRR X G2, AR TR R g K R AR TR SO F) A
ARUHRR A B LAt L, B R A 05 A9 AN [R] 21 21
(B . SN LA A )7 e o A L S 25 A B
FEAR B R 22 SR B0, £ 5 PRI A A A B 25 S 1Y
PP A 5 2K R A 14 9 717 2

U AR

1.1 EEAH

ARSI B P W 72K 3 em~5 em ZE A1
FEDL o 380 )y B A K A W R 4R A B Tl ) 2 T v
TEAT, T R A A5 W A A T

*1 BksHE

FIY) . TR WAL KA AT 3 R YIFR)S,
e AP AL £E 150 L, BEHLS ST K IR 1L
TR RS o SR A3 Ry A B A ST Al
FRTE X R, 1) Y A S A A A v K R 1k Ak
PRZH ) SEge F MR K b SR T R Ak SR R B R 2
HE LI MK IR AL AL BRALE A CO, NS S BIIRA S
(pH 2924 7.6), X 238 A8 Bl 25 S(pH 494 8.0), 2
N 21 d, BEEAE R, RO B
PERE, JETEZE R 45 05 00 46 9 el <AL FRAT B R Ak 1
K, TERREE R AR SO . R LR R
FER 1A pH i1, R8T H4E W K A2 S50
BE . R pH. pCO, FLEBRIE )AL L 1),

TEMF KPR AL 5 S5 ARHT, 4% 55 50 2H Rl ML HURE 3
KAt W, 4300 I bR e 2 (SMR) . #E% % (OCR)
MIEERAR)MME, Bl 3 MEE ., WKRILZEE
SRR, A TR G 4 88 | AR R A R
20, A 6 ANE T A BRAE bR Ay A

Tab.1 Seawater parameters
ZH I-C s-C S-0
MREE(C) 14.00 £ 0.05 14.06 £ 0.05 14.10 £ 0.05 14.07 £ 0.05
HhE 34.20 £0.08 3427 £0.05 34,12 £0.08 34,13 £0.05
pH 8.04 +£0.02 7.62 +0.01 8.04 £ 0.01 7.64 £0.01
SR (umol/kg) 2 783.33 £24.95 2776.67 £75.42 2 750.00 + 58.88 2 836.67 £41.10

T2 1-C Sy i (8] 415 7 A K 80 B2 1-O Sy i (8] 415 7 A I W IR AL 25 S-C S 1 JR A I A i X B2 5 S-O Sl 1 A FR A 1 4 i R Al 2L

1.2 A AREH8 AR 2
1.2.1  FRHEABR(SMR)FIFEAR(OCR)

ARSI S O A L E T E SMR Al OCR 45
PR 2SR EK 8 A P S ik, SRR
DU SE 2 A B AR AR BT, SR AL E 1 NI
WOMAE R 2 XTI, [ 3 NP Sl 5256
4, FAIEUIEARE R 5 L, S2H02H vh A R 6 i
12 JR ARG, WE Z 00, o T iR s A fk
XoF B AR 7 A R I, S O A K A 7 ) R 2 i A
240, IFETHKEMATIEN 2 h

ST I K R A Ak B R A 4k 2 T IR AL T
AR EA AR, T XoF A 2 ) SR FH A T K o 7 R Y
S0 B BEAR R K (0 — B, SR AT W 4
PE JKAl N A it K TR, SEg B[]S 2 h, SE56 0 fi]
PRIFIFIR N KR FEETE 15°C

SMR 5T

AO, *v

MOAS

AO, = (P(Doﬂ)_P(DOzz ))_(p(DOCl)_ID(DOCZ ))
Hrh, SMRONARMEAHZ (umolO,/(geh)); p(DO,)FI
p(DOL) 53 5 R A S35 A B WP IO 7K 11 L oK A
(1) DO B (mg/L); p(DO)FI p(DO )53 2 H
KB K B8 DO Bk B (mg/L); AO, i
SRR 5 K E R A 22 (H (pmol/L); v Ry IR
HEK P (L) s MR AW 9 AR T T i (g);
0.8 R M5 1 S A 1 R 8K

OCR 434N F:

OCR =

A0, = (P(DOA ) - P(DOzz )) _(P(Docl )_ P(D0c2 ))
Horfr, OCR WAEE A (mg/(kgeh)); p(DOW)FI p(DOR) T
ST 5256 A RE IO K 71 K T DO Bt
W E(mg/L); p(DO)H p(DO) 535 Ry 7S R 7K

SMR =

AO, *v
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M, WK O DO s (mg/L); A0, A IFIHE
7K H 5 K I AR 2E (B (wmol/L); v S P ZK H
TR (L/h); MR S5 1 B A8 5 2 (g) o
122 EERAR)MIE

AR S B A LI R E IR F5AR S
FHEOKE, MR, SR E 1 DRAME =
FIXFIE, RIS 3 MRAME R S d], B hetrik
BUR L, SERAI AR 1 S AATE, S5 E] ok 2 h,
T i 7e S, 0 I S B0 A S K P ERR R B 3
WSS, A B DL 5 AT, B R E T
PEAR(70°C P b T I i, FOMT R RR I i . T
Rk B F BRSO e i, BRI E R 4 R, B
HP M, JERIE T X EIR G4 R,
_ V*(Cy—(Co*S4)-C,)

M *t
CO _ Ct

S, = o
o, IR SR BT i R B % (cell/(gh)); Co Fil C, 43
SRR T 4R AN 4h HEE K A (DR (10% 4~ /mL); v
SRR AR T (L); M AR5 1 SRR T BT i (g);
t AR IS E] (h); S, h 7S FHALERE (L R B0
1.3 AR B4R RIIFHG N Z

ASLIGAFREL 0.1 g KARUGEE . SNEIE LA
HAWEAR, TN 4°CHR KA Fi(pH=7.4, 0.01 mol/L
TRIS, 0.0001 mol/L EDTA-2Na, 0.01 mol/L EHE, 0.8%
NaCl), i85 10 %LV R . KL 1AW
4000 rpm, 4°CE.C> 10 min, B FI5, FITHHCHE
BRI e o R FH g o A 1 TR 5 BT sl Ak 35
& W Be & QU 4E An L . A TN R A (ALT,
C009-1-1)., BEFIMRME EBH(SDH, A022-1-1), AHHEE
fiti(AST, C010-1-1), ATP fiff(ATPase, A070-1-2), FLiz
i SV (LDH, A020-2-2), ATP &4(A095-1-1). & ALN
AR FRAUAS: AL AR (CAT, A007-1-1) 2B H IkaR
FHEFLRE(GST, A004-1-1), H _EE(MDA, A003-1-1),

IR

2 BAKER LXK H AR B R S 4R R R

ALY ALEF(SOD, A001-1-2), KATWGHZIREAS
f A S s i BCA 1 E (A045-3-2),,

I A o A A 4 T AR 5 T R A Ak R A
55 RE A A7 AR R & B (A043-1-1), FRHL 50 mg
AR AW (B8 . SN RS BT AL IR L ZUREA, Bt R
IR O A A= 0, A B i, R A R AR
IR S . B EPR I EEDIE 6 K.

1.4 FFEHA

M FEARBE LA X £5 2R, lad T K8kt
PR AL 2 RO B AL 22 [A) Ay 22 A L . RFRB AR . &
b 10 8 45 A BRAR bR T R 2 on e it ik, 4 BRI
SPSS 22.0 } SIMCA 14.1 47 & 800 20
(Principal Component Analysis, PCA) X fisi /> —- 3 Fl
5 43 HF (Partial Least Square-Discriminant Analysis,
PLS-DA). X THRALWGHEAR Y 22 75 00, PCA 437 Al
AR R AR, PR AR B EE A R . XoF
TAFAL X 5, W H PLS-DA 43 Hr >k i
A 3 X, R R T Y R
2 ER544
2.1 EKEALS R AR AT 8 B R

£ 21 d KIRIL R RIS, AT X IR, WilaH
P A KA W 1 R i A T A AR S 2E R IR (P<0.01),
SMR T i 62.44%, OCR T 68.97%, IR F i
82.20%. AHELTXTHRZH, T SR K AL WE{Y IR 5%
Wi 2 2 (P<0.05), T4 58.82%. 1fii SMR £l OCR 1EV
KR AL 5 85 I BIAR 1 AR (P>0.05, 3 2). [iR%E R
TR, V7K R Ak T 58 6 A W 1 R et AR o AR e R
T g RS, L I A A A SR AR R B
M o e 32 o] 224
2.2 HRKBAAT KA RE AR T A

R R IR AT R
W3k 3 PR, KRR TRE, S50 R4 H,

Tab. 2 Effects of seawater acidification on basal metabolic indexes of C. gigas

izt I-C I-O S-C S-0
SMR (umolO,/(g-h)) 135.58 + 8.48 50.92 + 3.90 ** 75.04+9.18 69.91 +9.73
OCR (mg/(kg-h)) 3.90 + 0.07 1.21 £0.10 ** 2.19+0.87 1.78 £ 0.20

IR (cell/(g-h))

2.75%1072 £ 9.39x107*  7.36%107> + 1.94x107 **

2.03%x1072 +3.65x107  8.36x107> +5.10x107* *

{E: *. P<0.05; **. P<0.01; I-C. JI[H147 BF A I 05X IRZH; 1-O. ¥ W)l WP AR KA Wi RR AL 45 S-C. 1 AT SR AL GRS IR 2] S-O. W1 T 3

BRI AR AL 2
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T (BT B A K 4 WA R 41 21/ ALT . AST .GST #1 SOD
B 2 L JE(P<0.05), T ATPase, ATP i, #lJ
Ko CAT W H B &2 F 18 (P<0.05). 51l )47 7 A4 K
7 08 21 A T K TR Ak R R IS A B, R SRR K
FRUGEE AR A ATPase . FEJF AT CAT 52 BUAH 52 ) i
# I #aH(P<0.05), 1fii MDA il SOD N 4 ¥ i 3 F
1 (P<0.05).

TG K TR AL ZR B T, 1) 18] Ay B A K g o 2 g
Y141 B ATPase, LDH. ATP {3 fll MDA &3
T BRAL(P<0.05) 5 T s 7% 50 A< 4k i s i e
SDH. GST. MDA .2 /5 T-XJ I 41 (P<0.05), #E )50
R T X BB 4H.(P<0.05) .

TE K W2 AL 2 B8 I, 1 TR T B A 4 g5 3 Ak B
HEZ ALT, 5 ATPase. ATP &1 SOD % 4
(P<0.05), TMAEME T4y F25H KA Wi I A R gl 21, Y
SOD YL/ T X B4 (P<0.05), MDA i 1K T I
2H(P<0.05).

R R, il KRARER, KT
[F) £ 250 v (1% il A B SR A IO 5ot A A7 7 22 5 i
Ak, HAH G AE BHAE bR A A8 1 kSR R BT AR S
VT A 75 R A W IR AR 25 Rk

23 PCA SH#ANEFEHA ST FHRAK

Sk 35 T A K BR AR vk B £ 7

53 90 XoF ¥ 7K T A 2 58 S F R I ) BE AR SR
A FETEA E WE A FE Br e AR AT PCA 40#T, 8%
Vi 7 TR A KT R A A 05 45 8 A 19 5 T 25 S O, [
X T A KA WG R PEA T PCA 08T, 7RI B
A L PR VAN I T B A 508 e R 0 R e % T
KRB ZE AN 25 5 o B Je X 46 F8 Bn 1 I i 4K
P EATARE AL AL B o FEHR IR Ay, 43 i)t B [
S AR AW . T A SR A A DA SR W S AR
PTG 4. 5 B 6 A-FESr, HRRUT 2 5Tk %5 5]
H 85.397%. 87.611%K 87.379%, ViAfEAE & AE
JBYETHRE T, $REY 3 53 RE 06 By 4 THD LA 4 £K
P A B o ARG, A B B A 2 0T B 1R A
55 5 A R A W5 SR W S AR T S R A
A A B AR AT A% B AR R 0 W ) e s B A
VR SR KA WA FE AR R R e, R
PRBEVR T 19 25 F8 b A9 A R 1030 0 R A A s 1) 2%
GAFr, LRAAF 50T LA S B 9 R e 00 7 VK R
AR B8 T 255 i L P BE

M2 4 AT KR X e 45 B A S

FETH A W A58 BRI 52 R BE AN [R] . A [
ARG, A48 AR RS2 i AR N K B NHE T
BEJ5 . LDH. MDA . ATPase., GST. SOD. ALT.
ATP. CAT. AST K SDH, Tl &5 3558 K 4w
AR AR 2 AL EE N KB /NHEF B ATP. SDH.,
ATPase. #iiJfi, MDA, AST. CAT. GST. SOD,
LDH M ALT. W FaRsZnm A a] A1, i (8] B A 4
S W ) S L R DG FE PR A AR XA K, R A SR
B R W %) B £ A A DG HE AR AL A X R, X R
W, Mg 7K TR A 2 58 A5 AT, T R] A B A R A W 1Y 4R
A AH G A B AR 57 5 e R B R T T A R A K
FEWE, TR SR A R A G Y RE AR DG AR B
TR A2 52 e 5 82 D) R 3 3 ey B 24 A A5

x4 BEHHESPTHERERKHIRR A SERE
Tab.4 The weights of intertidal wild-type and subtidal
selectively bred and all of C. gigas

Eiztan il W RN
ALT 0.08 0.03 0.02
SDH 0.04 0.13 0.12
AST 0.05 0.10 0.14
ATPase 0.10 0.13 0.02
LDH 0.14 0.04 0.09
ATP 0.08 0.14 0.14
B 0.15 0.13 0.04
CAT 0.08 0.06 0.11
GST 0.09 0.06 0.09
MDA 0.11 0.13 0.12
SOD 0.09 0.05 0.12

IR 5 AR A5 48 A AN TR (R B A
WA R SR AW LR A Ay, R, R
5 % B K PR AL 58 BRI o 80 1145 B A 50 R
FR K AWEIS 4343 910 0.38 F10.12, FiR%E B s,
Vg 7K TR b 5 1 %o 30 T P AN ) A 35 8 5 1) A A s s
TORIERRBE b A A B ] 25 55 AR I K R b 28 7R 4%
PR, ] B A A A T AR LG R R AR A WG
ZE| T H KA
2.4 PLS-DASAT#R FEHA LT F KA

KA 35 &40 R 5 i K BRAG 64 vy B £ 7

Xof BT AT A 7K P A Ak B2 S Xof R 2 A AR TR A
PLS-DA 5/ E S5 R R°X=0.593, R’Y=0.835 Al
0’=0.804, FIHFFERIA R, R 1 B, #EHE
P A 5530 Al SR A AT W AS R (Y L SURE AR (B SN RS
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B AR TE 1 K TR AL 2 588 )5 7T 58 2200 JF, XUl
5 R et A B SRR S A AR AR AR Ak W] RE AR AE
LA 2E T, $2 IR PLS-DA 45 5251 ) 728 i S pe
(VIP), VIP fH R, BEHIXRAEAS 22 5 (0 DTml R o A F
5, ZRERVIP E>1)RE45 4 SDH, AST,
ATPase. ATP f& ., #Ji. CAT. GST & SOD, H I
WHEFRTERE AR AL B R b & P AR,
8 YA ) ol B A 5 A SRR A A A B L SN
TH AR ZE 20T S8 5 Y MR P e i A L AR R e AR
BT KR A, H R B A 5080 R A R 4
W AN [ L2 07 %oV K R A ) VRS AL T BEAFAE 25 52

Xof Y V) B A ) A A R W N [ 2 2
o B 764T PLS-DA 2081, WK 2 iR, fE/KIR
feJ5, i) A BE A 5T SR Y | A g
SAHACRR 25 X RO FEAC ] 0 4 2, 100 T K R
AT [R] 5 B A= 55 3 S B A A W R Y AN TR 12
P RE AT . RO IS R G AE 3 AR i R
FHAS T A MRS, UK R Ak R R S W [R) 4
AW 1) S0 2 B ZH 2R A 55 50 REZH AR AR 43 A AR R T
I, ik BV K TRk 2 5 6T ) [R] 5 BT A K g A g
Y1 ZVRE AR R SR A I A e AR O B
5 A TR A AL W A S AL SUR L, T R A
RGBS T AR AR A S R AL A A AR

X HEREAS > B I, HAr 7 T A AN R R BR o AH
BT R A SR A, 8] S A R 4% 2
ZUIREA AT N 0 . BB T a5 R R, KW
AR AU g 7K BRAGAF AR 22 S W 0L, HAR LE T i e
THALHR, SNERHSUZ iR .

E1 K405 84K PLS-DA [
Fig. 1 PLS-DA diagram of all C. gigas

SRR RO, O SO ANE AL, LD E R RO AR
ZHEY; 1-C. W)y B AR A AR X BR A 1-O. W )4 B A R Ak Wi R
fRdl; S-C. W Rl FR A AL WG X HE2H ; S-O. W F 2l 77 i K AL s
FRILAL; G, HBAHZL, M. AMERA L D. R4 2

The green dot is the gill tissue, the blue dot is the mantle tissue, and
the red dot is the digestive gland tissue; I-C. the control group of
intertidal wild-type C. gigas; 1-O. the seawater acidification group
of intertidal wild-type C. gigas; S-C. the control group of selectively
bred C. gigas; S-O. the seawater acidification group of selectively
bred C. gigas; G. the gill tissue; M. the mantle tissue; D. the diges-
tive gland tissue
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Fig.2 PLS-DA diagrams of different tissues in intertidal wild-type and subtidal selectively bred C. gigas
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The blue triangle is the control group, the green dot is the seawater acidification exposure group; I-C. the control group of intertidal wild-type
C. gigas; 1-O. the seawater acidification group of intertidal wild-type C. gigas; S-C. the control group of selectively bred C. gigas; S-O. the

0°=0.667

seawater acidification group of selectively bred C. gigas. G. the gill tissue; M. the mantle tissue; D. the digestive gland tissue
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Analysis of physiological responses in different populations of
Crassostrea gigas to seawater acidification
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Abstract: The impact of seawater acidification exposure could pose many effects on marine organisms. In this
study, different tissues including gills, mantles, digestive glands of intertidal wild-type and subtidal selectively bred
Crassostrea gigas, whose habitats and backgrounds were distinct, were taken as research objects to analyze the
changes of basal metabolism, and the related indicators of energy metabolism and oxidative stress under
pCO,-driven seawater acidification exposure. The results showed the basal metabolic processes were inhibited, and
with distinct differences of intertidal wild-type and subtidal selectively bred oyster under seawater acidification
exposure. The physiological processes (energy metabolism and oxidative stress) of these two kinds of C. gigas may
have different changes, and the regulating mechanism may be different in response to seawater acidification. Ac-
cording to the PLS-DA analysis, the physiological indicators that contribute significantly to the difference of sam-
ples (VIP value>1) are: SDH, AST, ATPase, ATP, glycogen content, CAT, GST and SOD, indicated that the above
indicators in three tissues of both oysters was more varied to seawater acidification. Comprehensive analysis of the
changes of multiple physiological indicators revealed that intertidal wild-type C. gigas may be more severely af-
fected than subtidal selectively bred C. gigas in physiological response, and the mantle tissues may be more influ-

enced than gill and digestive gland tissues under seawater acidification exposure.
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