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Fig. 1 Effects of seawater acidification on different organiza-

tion structure of Ruditapes philippinarum
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Fig.2 The immunoenzyme activity of gill stressed by ocean acidification
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Fig.3 The immunoenzyme activity of visceral mass stressed by ocean acidification
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Fig. 4 The antioxidant enzyme activity of gill stressed by ocean acidification
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Fig. 5 The antioxidant enzyme activity of visceral mass stressed by ocean acidification
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=5, 28 KBB4l # & T DD 4l (p <0.05), AA
2. CC 241 M1 DD 41 8] JC 2. 3% 22 7 (p > 0.05); 4 42 K
KRR EER ., 414 K55 0 KM, AA 45
FEETH 0 RWAH (p<0.05), HAbAH 54 0 Kok
HICWEZES: 928 K55 0 RAHIL, AAZH . BBA
BEETE 0 XWIHA (p<0.05),CC4l. DDA 5%
0 RYIRA o 325 5 55 42 R 55 0 KA IL, %41
Ii] G . 2 25 5%

GSH-Px I P #1545 ETh; 485 14 KR4 %
BEMT DDA (p<0.05), AAHE# ™ T BBA .
CCH4 (p<0.05), BB . CC4H A TG i 2 2% 7 4 28
KR! 3% KT DD 4 (p < 0.05), 45 FR AL 41 ] JC &
FRF W A2 R4 T DD 41, AA 41, BB 41 Al
CCHLRBEXRT(p>0.05). %14 K55 0 XML,
AP LR EER; B 28 KS5H 0 KM, AA4 W
FIRTHE 0 KWIHRA (p <0.05), HA4H 555 0 Kith
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(GRERE T LE

I 25 5 42 K55 0 RAALL, BB 41 i 3 {IK
T 0 RWIURA (p <0.05), HABL 55 0 KW R4l G
BEER.
34 BFRAHBESRIUTDH

4 41 B8 41 ZUH cDNA S 28 Nlumina I 7P 5 8 J5
742 77.10 Gb e B 4, AR s BT AU Y ik
#| 5.75 Gb, Q30 B £ H 43 [L1E 90.69% M VI |, GC &
HEHIE R 36.86% (5 1),
35 ERFRIEER

¥ AA 4 . BB 41 Ml CC 4] (i F 1k L K 5 DD 4
FORIEN AT S0 (F 6). 45K BN 1F AA vs.

DD 41 DEGs &4 7 053 />, Ho B L 3 906 1,
T 3L A 3147 4~; BB vs. DD 41 7 DEGs 3£ 4 5 690
A, BRI 2 534 4, T 3 156 4~5 CC vs. DD
41 DEGs $:47 5543 4>, LA 2619 4, FIREEK
2924 4~; AA vs. BB 41 DEGs 345 7 070 4>, |- & 3
3876 4, FIHIERH 3194 4~; AA vs. CC 41+ DEGs
I 72504, EPEIER 39414, FIHFEEA 3 194 45
BB vs. CC # " DEGs #:F 5 157 4>, L iH 2 [H 2 466
A, FIEZER 2 691 4~
36 ERRIEEEGOEEEEST

15 22 57 3R I8 B GO T g 43 Hr ., AA vs. DD 41

x1 FEERFHEAKATENFHESITSN
Table 1 Statistical analysis of sequencing data of gill library of Ruditapes philippinarum

FE JFHIEL TR S A /bp GCE /% Q20/% Q30/%
AALl 19 805 256 5921771252 36.81 97.42 92.53
AA2 21015 864 6 280 860 796 36.94 97.54 92.78
AA3 19731 774 5901 090 298 37.18 97.5 92.68
BBI 20 674 908 6 180 447 036 37.45 97.76 93.27
BB2 20510 382 6131925988 374 96.53 90.69
BB3 20992 198 6275 544 498 35.81 97.11 91.92
ccl 21890 314 6542 576 532 36.44 97.11 91.92
cc2 26 002 371 7775975 502 36.79 97.55 92.78
CC3 19 225 650 5747607 418 36.92 97.76 93.31
DDI 26 236 765 7799 003 780 375 97.66 93.08
DD2 21474785 6390 329 892 36.4 97.52 92.79
DD3 20597 574 6 154 866 696 36.74 97.27 92.24
8000

6 000

4000

2 FRIRFEF B

2000

0
AAvs.DD BBvs.DD CCvs.DD AAvs.BB

AAvs. CC

BB vs. CC

Ko 2mRIBEFEALIT

Fig. 6 Statistics of the number of differentially expressed genes
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T AA 4 BRI RN E AR 354 GO & HH, Tl
FIEE K EEF 344 GO % H; BB vs. DD 4H
BB 41 iR R I E 45 371 GO & HY, TIHE
kM E %R 3549 GO% HH; CCvs. DD H
CC Al LML RILHEHEE] 374 GO K H, THE
ik E R 334 GO H M AA vs. BB4L h
AA 4 RN B F] 50 4~ GO &L H i, Tk
KEEEFES SIS GOKHT; AA vs. CCH
AA A FRFRRIER & EF] 50 > GO K H T, FIHE
KRR F 534 GO H s BB vs. CC 4L
BB 41 AR RFF E 45 49 1~ GO K HH, FIHE
IR E AR 514 GO S H . BRI ALRT 20 i
BEFEN GO KH, RMHAYFid AN T T
SE7F DNA B 4 | A0 300 1A 4 36 1 G008 35 RN B K i,
20 0 2 4 24 ) 2 A TR AL Ay L AR A L 4
it 471 DX 3R 41 i A1 2 8], 43 D RE 2 ) 32 AR A
RNA 2 [i] DNA % 4 il 15 25 £ P9 K i 90 ol 500 35
(%2).
37 ERRIZEEFKEGCESEBEES

i 3 4T 4% 2H DEGs (% KEGG il i & 8 /0 #r, i 5E
TR AR R AL W aa B o R h B R B R R R
o S, A AP IR BRI B FEEEN
KEGG i i, 76 AA vs. DD 4 h AAH 2 RN F &
B B TE A WA RR B 14 45 38 % ; 7E BB vs. DD 41 1
BB 4122 F A FEHEEFRE . ZENFWEN
K f# Fl Notch 15 5 1% 7 & 42 55 8 }% ' 5 #£ CC vs.
DD 41t CC 4 % & E AT RN T 1 8 F KA 5538
B; AAvs. BB AN ZE R RN FEEEAELT R

AT 10 B KA R DS ) e B 0 T AR s AA
vs. CC 41 AA 21 22 5 3k [N 3 B2 0 4 7 A2 M 1k 55 38
#%; BB vs. CC 4 1 BB 2l 25 55 3 [N = 2 | SE7E 7 I
A AZARARRNZ A 3 04 2R 1K i 2 B (2 3),
3.8 ELHIEHEE PCR 4347

Sk I BH A S5 2100 Y 5 S %) o M BEATL 2 B 24
A~ DEGs f# ] qPCR J7 35 % 77 25 S AT 50 00F . &5 21
FW: 35 22 ik AN 41 H () DEGs #E47 A6
KK JE 5 4387, qPCR 5 RNA-seq 3515 ) 22 55 5L [
Tk EBAE—F(E 7). LSS RUL, qPCR K HIE
55 0 5 1 SR LR P 45 R — B, AR S AL D 2 R ]

R

4 THE
41 YEIKER k3 IERR B A T 40 40 Y 2N

R DL 1 WP I RN 4, A9 o 4 A
WM KB, G5 42 d MK BRI /5, I A 8 22 [H] #E
PR R, U E IR BB LW R, R I g S
TR 5% 8 5 T 8 X s A Il 3 s A B0 O A B8 2 1) 32 2
IR, B8 T TG VL T R 8 5 S 4 55 09 WiF 9% 16 T TR Ak
Xt 45 1% ( Sinonovacula constricta) W 5% W & B, 8 2H 21
RPN B 22 [ B K, B 22 21 AR J A ) B, VKR
25 5 Wi s A B8 22 R0 2 6 19 A2 Ak DT 3 BT 5 £ 1
o o AR DS M — 8 43 K IR A8 8 i, kS 3
PRI IERS B 2308 DL5e L4 . il B W W RIE A
JERIVER] o — UG B0 AP IR AP 3R B -, BETE 4 b
FEAE , TR BEE TR AL IR, 5 A1 36 B2
(RTINS S LR PO R g

*2 ERREERAGOHEE

Table 2 GO functional enrichment of differentially expressed genes

plH
P RIRFEI A GO%H

AA vs. DD BB vs. DD CCvs. DD AA vs. BB AA vs. CC BB vs. CC
yERE DNAK A 1.48 x107° 1.61x10°  1.84x10* 3.79x 107 559 x 107 5.03x 107
R 2L S 4 1.85% 1072 5.85x107* 0.43 1.13x 1072 5.07x107* 1.04 x 1072

kA 5.99 x 107 0.92 137 %1072 1.49 x 1072 1.54x 107 0.14
RNAE [i]DNA A BHE P 0.59 1.24 x 1072 1.17x107* 1.93x 107 7.16 x 1072 1.52x107*

R E FLIRRL 2 1) 1781 474 %107 0.70 0.34 479x107° 345% 107 0.68
EHK R 532x107° 3.70 x 107 620x10°  248x 107 5.14x 1072 9.56 x 102
AR X 15 L6l =107 853x107  1.83x10*  279x107  418x107*  1.55x 107
Ypf4h=s a) 156 % 107 1.57x 107 252%x 1072 541 %107 136 x 107 279%107°*
PRI T4 o 0 3 2.06x 1077 727%x10°° 1.16 x 1077 6.57 %1072 0.29 226% 107
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#*3 ERRZEFAKEGGEESERESE
Table 3 KEGG pathways enriched for differentially expressed genes
FERBH
FaFERILNHEIH A AR
AAvs.DD BBvs.DD CCvs.DD AAvs.BB  AAvs.CC  BByvs.CC
R FRA Y P R R A R A 41 6 1 33 45 6
LEAEN 85 25 iy} 57 76 33
NotchfF 5% F iR AR % 18 21 15 17 15 15
NOD-like32 {55 3 i 13 16 13 17 19 15
2R TR K S 32 21 20 44 43 26
B E EEUHEN 41 25 20 42 35 20
PR P v g 2R L T 12 7 8 21 14 2
IR T2 AR AR 17 16 10 23 16 8
C-HUBEE R SZ U553 % 14 7 9 13 19 14
4 HE rCcr [ RNA-seq

FEHMIX ik B
[=}

| | | |
S S D &
oo ¥ s %%%Q%Q%
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Fig.7 The qRCR and RNA-seq validation of differentially expressed genes

(Cristaria plicata) B BF 58 & B, JEAT A fifi 45 ¢
B AR B B 2] =3
M 1AM R AE I
4.2 KB EME X FER R FEE RN T
ACP, AKP FI LZM 2 ¥ i 1A 2 55 AW S % 1 K
fif B, ABFSE h ACP 16 M 52 Je R 5 T+ i 5, KR
PEAF U SE A AR 38 T 8 2% 7 & (Scylla serrata)
ML7E H ACP T M A 52 AH [) i 3, 400 2 Ak i 38 T i
AL 2 7= A 45405 30l ACP I P R AR, T Bl %5 X R 1k

el i A
HWHLE Sy 224k, 7™ 5

FAFRE L, ACP & PETH R o BB ZH 21 AKP 5 1R A
[F] A A5 Ak ka3, B A o 2 Ak AKP V& PEHF2E 1, B
FE A S BIF5E & IR K Z R BE 20 Y5 [, 1 T
(Cynoglossus semilaevis) %) 6 JiF il b AKP 15 4 i 5 &
T M FE e, AKP 36 PR T AT RE SR O T B IS

RAERF ARG RRE ™, X BRAE BT K I, B2
AL B Ta] B S8, L9 & (Scylla paramamosain) L7
o AKP 3 PR BT E B R S, AR S I T AKP
14 725 A e 34 55 AR AR, A 0 2 A B 3 i S0 0 A 1Y) i
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FRGRWOE , AKP 3 PE T 5 R % LA T BB B Y
3R, JE I AKP 5 PR RGO AL 4UE N T HR 88 A A AN FiE
T SIS R IEEC . RZH A LZM WG RO e T e
K%, Jo 1 AT e 2 B o 38 B[R] A G SR AT AR Y 2 R A
PRIIREZE AL, FRAR 1 B B S 2, B LZM I P
T B, ASBE TR B8 ZH 2L B9 25 R S 22 4 45 S A
FELE AR

2 21 rf SOD & PE#a ¥ Je b J5 T, K 4K pH T
R BOULAAR N HTH 8, B IR LA PN £ 355 S Al
fili SOD ¥ P 1 B9, 75 N IE A b SOD i 1 s 1k e
T J5 B, 55 DU 7K A 20 58 28 Ak A HLAA P4 36 1 SR 28 3, I
FF3 3 4 = SOD 1 PR LA PR 48U 15 22290, pH Xf H
A = A % R ( Dugesia japonica) 5% Wi (%) BF 58 & .,
pH 7£ 6.5~ 7.5 Z [A] SOD 1% ¥4 78 16 5 A 0F 78 AH {10
CAT Iif P2 fb SR e TH R B, AU TR 4 R 5 2 =R
WEEZERD o8 45 AL, CAT G TEYEE TR O, 7=
Az A AR LA I I AT TR R AR 2% 0 T R B AR Y
TR, TR O, BRI 22, J5 093 PR AR FT g 2
HLR X 8 5 14 43 T 56 BN P75 22 KA O, B4 41
o GSH-Px I PE#a R 2k . 5 Tiedke 552 F 5%
152 1l 38 X6t 35 55 44 ( Danio rerio) 52 i 25 H — 2, GSH-
Px I Pk b T TR Sk A A 3 R e A
MITEA B IREE T B4 A1
4.3 EKER L BB Xt 3EE iR 7 61 0 R K FE B Y

A

i GO EAEST R, DA =2 E 44 DNA
Rl WEEH A3 . BT R N5 R TR O il I 1 5 AR DG
S LI o B~ Y PS N R i e A B R
e 1430 3 1, ) R B - A IR R AR S e, T | A
FERURI B & 2 . T SRR AR e M E
PMREWN KRB A E BN KRR, TERm IR T 40
B0, 020 LA 23 A B 5 R T DG BRI A,
A2 8 20 2 A A0 L N IR R AR, ALK 2
BN T I R PR A A A R A Y T
A0 R o S R AR G SR Hrp . TR R E
LR A 2 R v, X R Ll e = A T
W AE A, A F T E A /YR IL, Villar-Piquéfl Ventural?
BRI 9 IR 1 o 2R AR 2 5 1 A, T LA 41 i) 0 Tk 4
B 2H 2 A R T MLl B o 200 M o K T 2 oh 40 i
Y R0 - 2H LY 52 2 N 2%, 7 2H 2 400 Jif 1) 45+ F 2 g
AR E) T EZEAAER, AT L s TR 4 A
FE T, T PR AT BB 2 R A A o e A 0 2 2 A0 i ) X
T 20 AL U S I, 5 22 N [R], Wang S50 198 &
BRI K R AL & i 9 €71 ( Lateolabrax japonicus ) %)) £ i 21

Al SRR AR L N _ER

i KEGG & 00 iR, &£ 3 LR H
B2 KEGG 3l #4: B | Notch {5 53 % . NOD-
like 32 1A% 538 % ANz R AT 008 FOK R4, T I
PN 2 B AR 3] AR WA L A0 i A L T A7 A4 R RN C-7
BEE R AR (CLR) 75 @ B8 55 . R AL T 5% 0%
A G 1) 30 B B AR 3R, MU 226 iR i iy A o
DR 425 A ML BE K 35 1V R Ak 45 1R, 5 AR IF5E A
) F 2, 7 A R A T B0 I i 8 2 40 v A A A 2R P 3
P54 2 19809, Notch {5 *5- 3 % 38 43 AH 4B 40 Ml 1] 1Y
K2R VE T AN Ak . B E L A T ARG AT ke,
Notch 5538 1A 5& 3 PR 8 16 A 78 40 R 30 55 A8 fb it
23 5 JE T AR S s AR A LU RS E . A
NOD-like 3% A & { HL 1A 52 21155 I A4 12 A 554 F i i
R85 I 5 B0 A E B I B He 95 I 8 Y, A 5 NOD-
like 7 & f5 5 18 M & £ 3 H L £, 5 Johnson Fl
Hofmann®™ Y 0F 58 &5 AL . 12 F -8 A BRI 12 6E
ok it LA DR 8™ A= 1 S 2 1 B, ARz R
A B 2 P K S A g R, T P 2 A AR A
B AR AL, 4R R N N IR IR YRR A, 2 AN T
( Extra Cellular Matrix, ECM) 48 ¢ 42 20 23 o 21 fif L) 4
(3B 43, 7E A AT o & B ECM 5 60 588 40 it A1 4K
1+, ECM BE 8 7 50 52 40 M i) 26 A7 T i, i A B 5%
Hii ECM & BB I8, W] BE 25 5 3000 0 S g 1 sk 55
CLRs A LA A B8 0515 5 B0, CLRs 5 H 4 H AT
45 4 J5 AR A% 5 BOL A 40 52 B AN 2R RE I N 1) )i
Bli#4, CLRs 7E LA B e 98 52N FxE S 50 T i 4= 2%
rhkS B 8 AR, M AR A BE G R CLRs 3k R R i %
ik, TR MR SZ B R AL B0 T 3. AEPT A AR X
B, BRI T IUH T CAT BEH ik &, B T SOD. i
ALY E AL IR R H 6(Prdx6) JE K ik &, Prdx6 78
Bt AL 577 A (35 1 L0/ oo AR A0 R s 1 B T )
AR A (3 T 3L 7™ A= 5 1 B B IS 9y LA 2 SR B AR 5 lLads
rHIRe ) B EEAE A, Ae 5 b H I (GSH) &
i E R R BB A AR o BRER L - 30
(PI3K) 4 5 37 5 p85 Fl i 1k I K& p110 #4 plt — SR AK,
PI3K — i 5 AKT 2H 15 5 38 % W00 AH G 1Y 4 92
P o ABFFELE R WoR, B E PISK JE A K3k 1 F i,
FH I 5% 1 NF-KB 38 %, i 682 S pe g 11 N . il
b X} R 2H 2L S 2 0 4 BT R BRI AL R E T CAT. PIBK
FHFik, BIE T SOD, Prdx6 RN F ik, #7551 SOD
WA GSH & i, [RAR T CAT R gl s . 28 1
JUT IR, LA fil b 38 Jxb 81 1 AF DG 35 A1 179 2R 3 A 3 1o 7K 3F
¥ pH #9484k .



98

(GRERE T LE

zEie PEAR 32 2 T [R)RE 0 8, BE A R AL s 1), AR
WA BT, ML PN 1) B 7 3 e V-l ZX 8L, i — 4
%03 42 d BRALIE 5, SERREIG AR SUHE BUR Witass ZE 4, AT RS SELTAET. it GO

[ A2 B ) 52 003, BE A TR AL AR BE B R O W B M ™ D RE SN 2R KEGG 13 5 3 B 43 BT 07 18 31 94 4 O 5

E:O

TERRACIME T, SR TR R R AP AEREE R 5 e i ok .

SE K

(1]
(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Sabine C L, Feely R A, Gruber N, et al. The oceanic sink for anthropogenic CO,[J]. Science, 2004, 305(5682): 367-371.

AR, AR, RSO TR AL M E BRI ENAS (3] R R, 2011, 29(1): 122-128.

Shi Li, Gui Jing, Wu Keqin. Developments in international studies on ocean acidification[J]. Advances in Marine Science, 2011, 29(1):
122-128.

Orr J C, Fabry V J, Aumont O, et al. Anthropogenic ocean acidification over the twenty-first century and its impact on calcifying organ-
isms[J]. Nature, 2005, 437(7059): 681—686.

Caldeira K, Wickett M E. Ocean model predictions of chemistry changes from carbon dioxide emissions to the atmosphere and ocean[J].
Journal of Geophysical Research: Oceans, 2005, 110(C9): C09S04.

HH. D FRTE (M]. dbat: hEgl i, 2007.

Chang Yagqing. Science of Shellfish Cultivation[M]. Beijing: China Agriculture Press, 2007.

b AAS ER I B BRR, A K BRI S, KA, 2022 iR GETTHAR LS (M. dbat: iRER R, 2022.
Fisheries and Fisheries Administration Bureau of the Ministry of Agriculture and Rural Affairs, National Fisheries Technology Exten-
sion Center, China Society of Fisheries. 2022 China Fishery Statistical Yearbook[M]. Beijing: China Agriculture Press, 2022.

Gazeau F, Quiblier C, Jansen J M, et al. Impact of elevated CO, on shellfish calcification[J]. Geophysical Research Letters, 2007, 34(7):
L07603.

Talmage S C, Gobler C J. Effects of past, present, and future ocean carbon dioxide concentrations on the growth and survival of larval
shellfish[J]. Proceedings of the National Academy of Sciences of the United States of America, 2010, 107(40): 17246—17251.

Bibby R, Widdicombe S, Parry H, et al. Effects of ocean acidification on the immune response of the blue mussel Mytilus edulis[J].
Aquatic Biology, 2008, 2(1): 67-74.

Love M I, Huber W, Anders S. Moderated estimation of fold change and dispersion for RNA-seq data with DESeq2[J]. Genome Biology,
2014, 15(12): 550.

Yu Guangchuang, Wang Ligen, Han Yanyan, et al. clusterProfiler: an R package for comparing biological themes among gene clusters[J].
OMICS: A Journal of Integrative Biology, 2012, 16(5): 284—287.

W, TR, 2036, 45, EAMHE T IR IR P ITIRIR N SRR BT L [7]. 2R A3 MR, 2021, 16(3): 218-226.

Xu Hongchao, Xing Ronglian, Li Yuanmei, et al. Screening of reference genes in hepatopancreas of clam Ruditapes philippinarum ex-
posed to ammonia nitrogen[J]. Asian Journal of Ecotoxicology, 2021, 16(3): 218-226.

RIGEAN, THIRIE, ZRHOZN, 45, BRI SR A AT SRR ) B SR R [T]. 25241, 2013, 3(1): 50-56, 70.

Song Xiaonan, Ma Junfeng, Qin Yanjie, et al. Effects of abrupt decline in salinity on the antioxidant enzyme activities and histological
structure in Ruditapes philippenarum[J]. Journal of Agriculture, 2013, 3(1): 50—-56, 70.

TRk, IR TRER, XU, 55 TR X SR SR SNSRI RS [J]. 205 32 4R, 2022, 26(4): 299-303.

Liang Jian, Zhu Feixia, Liu Yuhang, et al. Effects of ocean acidification on gill structure of razor clams Sinonovacula constricta[J].
Journal of Economic Animal, 2022, 26(4): 299—-303.

JI3E, XU FE, PNRML. SERT A RE ORI 757 IR MM RR T 4 % 1 S SR 52w (D). PE R Al 2412, 2022, 35(1): 250-256.
Zhou Yao, Liu Lidan, Sun Qingye. Effects of coal gangue on heavy metal content and tissue structure of foot and mantellum of Cristaria
plicata[J]. Southwest China Journal of Agricultural Sciences, 2022, 35(1): 250—256.

INFRLL, 2. AR 2N AL DL LT R0 20 7 R S A sl [J]. ¥R, 1999, 23(4): 54-58.

Sun Hushan, Li Guangyou. Effects of lipopolysaccharide on enzymes in serum and haemocytes of Chlamys farreri[J]. Marine Sciences,
1999, 23(4): 54-58.

FRMERE, AR, AR, 5. WX = e 7B 3 AR S S R T 52 (1], 7K, 2010, 29(11): 634-638.

Zheng Pingping, Wang Chunlin, Song Weiwei, et al. Effect of salinity stress on serum non-specific immune factors in swimming crab
Portunus trituberculatus[J]. Fisheries Science, 2010, 29(11): 634-638.

B y-fe, AR, FEAURK, 55, AN[F]ER T 2 1 7 Sa g t AR S M S WS I 2087 (0], T AR A i (L AAREA ), 2014, 44(5):
46-53.

Fang Ziheng, Tian Xiangli, Dong Shuanglin, et al. Analysis of the activity of non-specific immune enzymes of juvenile tongue soles cul-
tured in various salinities[J]. Periodical of Ocean University of China, 2014, 44(5): 46—53.

AT, MR, B 45 A EREE DU ERERR AR A 2 B AL S PETITE [J]. MR, 2000, 24(10): 37-40.


https://doi.org/10.1126/science.1097403
https://doi.org/10.1038/nature04095
https://doi.org/10.1186/s13059-014-0550-8
https://doi.org/10.1089/omi.2011.0118
https://doi.org/10.3969/j.issn.1000-3096.2000.10.014

LI ARE&AE: CO, SRS K BRI FEH F2 A AT 221 S Be FITT 42 AL I B B SRk SF- 132 ) 99

[20]

[21]

[22]

23]

[24]

[25]

[26]

271

(28]

[29]

[30]

[31]
[32]

[33]
[34]

[35]

[36]

(371

[38]

[39]

[40]

[41]

Xie Liping, Lin Jingyu, Xiao Rui, et al. Purification and characterization of alkaline phosphatase from Pinctada fucata[J]. Marine Sci-
ences, 2000, 24(10): 37-40.

XUBE, B R0, £ E R pH S0P 5 B S BT e 52 [J]. TR OE 2 (TR, 2009, 22(4): 484-489.

Liu Lu, Yang Yujiao, Wang Guoliang. Effect of sudden changes in pH on the immune factors of Scylla paramamosain[J]. Journal of
Ningbo University (Natural Science & Engineering Edition), 2009, 22(4): 484—489.

XUBT, VLG, FRIRETE, 45, e S0 WIS v (] X0 S0 L3 3 PRI . AP RTLIT SEL ALy ROV (9] YT ST, 1999, 30(3): 278-283.
Liu Shuqing, Jiang Xiaolu, Mou Haijin, et al. Effects of immunopoiysaccharide on LSZ, ALP, ACP and POD activities of Penaeus
Chinensis serum[J]. Oceanologia et Limnologia Sinica, 1999, 30(3): 278—283.

BPY, JEIHTT, 5%, 55, SELles 20 SUR TR M SR IR TR (G A 1 [1]. 7K™ 2741k, 2020, 44(3): 480-486.

Zhao Dan, Zhou Liqing, Wu Biao, et al. Response of lysozyme activity to Vibrio anguillarum infection in different tissues of Scapharca
broughtonii[J]. Journal of Fisheries of China, 2020, 44(3): 480—486.

LR, AT, H 5. T LA AR B R AR IR (7). P IEDR=RE2E, 2004, 11(6): 537-541.

Jiang Lingxu, Pan Luqing, Xiao Guoqiang. Effects of ammonia-N on immune parameters of white shrimp Litopenaeus vannameill].
Journal of Fishery Sciences of China, 2004, 11(6): 537-541.

I, SRR, DL AN A B L G T RERI STtk [J]. K2R 9024k, 2006, 30(5): 601-607.

Sun Jingfeng, Wu Xinzhong. The progress of studies on molluscan hemocyte and its immunological function[J]. Acta Hydrobiologica
Sinica, 2006, 30(5): 601-607.

BERRISE, 4% [, XU, 45, pH AL DU A LFP S e (BT 52 (1], Hh KPR, 2006, 13(4): 650-654.

Fan Zhenjiao, Yang Aiguo, Liu Zhihong, et al. Effect of pH on the immune factors of Chlamys farreri[J]. Journal of Fishery Sciences of
China, 2006, 13(4): 650—654.

WA, WO, £05 05, 55, pH BN H 28 =) 0 BURP G4  JEPEAE B8 e 6 RIS O3 AU S2 IR (3] 7K A= AR W13 41, 2008, 32(3):
339-344.

Pan Hongchun, Fan Jie, Wang Fangfang, et al. Effect of medium pH on population growth, asexual reproduction and activity of six en-
zymes of Dugesia japonica[J]. Acta Hydrobiologica Sinica, 2008, 32(3): 339-344.

RN, EAN, 20T, . IR AL R R R R IE PRS2 (7], WEG T2 B4R (A RBRAR), 2018, 27(4): 78-83.

Li Chenhui, Wang Mengjie, Peng Yanqing, et al. Effect of ocean acidification on activities of antioxidant enzymein Exopalaemon carini-
caudalJ]. Journal of Jiangsu Ocean University (Natural Science Edition), 2018, 27(4): 78—83.

Gaetani G F, Ferraris A M, Rolfo M, et al. Predominant role of catalase in the disposal of hydrogen peroxide within human
erythrocytes[J]. Blood, 1996, 87(4): 1595-1599.

Tiedke J, Cubuk C, Burmester T. Environmental acidification triggers oxidative stress and enhances globin expression in zebrafish
gills[J]. Biochemical and Biophysical Research Communications, 2013, 441(3): 624—629.

Apel K, Hirt H. REACTIVE OXYGEN SPECIES: metabolism, oxidative stress, and signal transduction[J]. Annual Review of Plant Bio-
logy, 2004, 55: 373-399.

Warner H R. Superoxide dismutase, aging, and degenerative disease[J]. Free Radical Biology and Medicine, 1994, 17(3): 249—-258.
Villar-Piqué A, Ventura S. Protein aggregation propensity is a crucial determinant of intracellular inclusion formation and quality control
degradation[J]. Biochimica et Biophysica Acta (BBA)-Molecular Cell Research, 2013, 1833(12): 2714-2724.

Theocharis A D, Skandalis S S, Gialeli C, et al. Extracellular matrix structure[J]. Advanced Drug Delivery Reviews, 2016, 97: 4-27.
Wang Le, Sun Fei, Wen Yanfei, et al. Effects of ocean acidification on transcriptomes in Asian seabass juveniles[J]. Marine Biotechno-
logy, 2021, 23(3): 445—455.

JRHEAE, B0, S, 4. ABAE YA mRNA BHFRMBFTCHERE [J]. ZRCROIRRE, 2012, 40(24): 11946-11948.

Zhou Yuehua, Huang Yong, Zhai Ling, et al. Research progress in eukaryotic ribosome and mRNA translation[J]. Journal of Anhui Agri-
cultural Sciences, 2012, 40(24): 11946—11948.

PO, MO, Fom e, (IRAUIa T B fh i PR AR 1 B R GO R IE 0T (], IR R4, 2022, 31(2): 318-327.

Jia Ruonan, Lin Feng, Xu Qianghua. Differential expression analysis of the ribosomal protein gene family in zebrafish gills under hypox-
ia stress[J]. Journal of Shanghai Ocean University, 2022, 31(2): 318—327.

Henrique D, Schweisguth F. Mechanisms of Notch signaling: a simple logic deployed in time and space[J]. Development, 2019, 146(3):
dev172148.

Zheng Chunfu. The emerging roles of NOD-like receptors in antiviral innate immune signaling pathways[J]. International Journal of Bio-
logical Macromolecules, 2021, 169: 407—413.

Johnson K M, Hofmann G E. A transcriptome resource for the Antarctic pteropod Limacina helicina antarctica[J]. Marine Genomics,
2016, 28: 25-28.

XM SC, Byl 2. 12 25— R PRIS AR A S0 A0 It SR A 26 1 KA [0, RIS B2 48 BR 24000, 2005, 26(1): 30-34.

Liu Junwen, Yang Xiangdong. Ubiquitin-proteasome pathway mediated hydrolysis of cell cycle regulatory proteins[J]. International
Journal of Geriatrics, 2005, 26(1): 30—34.

Zhang Dongsheng, Yu Mengchao, Hu Peng, et al. Genetic adaptation of Schizothoracine fish to the phased uplifting of the Qinghai-


https://doi.org/10.3969/j.issn.1000-3096.2000.10.014
https://doi.org/10.3969/j.issn.1000-3096.2000.10.014
https://doi.org/10.3969/j.issn.1000-3096.2000.10.014
https://doi.org/10.3321/j.issn:1005-8737.2004.06.009
https://doi.org/10.3321/j.issn:1005-8737.2004.06.009
https://doi.org/10.3724/SP.J.1035.2008.00339
https://doi.org/10.3724/SP.J.1035.2008.00339
https://doi.org/10.1182/blood.V87.4.1595.bloodjournal8741595
https://doi.org/10.1016/j.bbrc.2013.10.104
https://doi.org/10.1146/annurev.arplant.55.031903.141701
https://doi.org/10.1146/annurev.arplant.55.031903.141701
https://doi.org/10.1146/annurev.arplant.55.031903.141701
https://doi.org/10.1016/0891-5849(94)90080-9
https://doi.org/10.1016/j.bbamcr.2013.06.023
https://doi.org/10.1016/j.bbamcr.2013.06.023
https://doi.org/10.1016/j.bbamcr.2013.06.023
https://doi.org/10.1016/j.addr.2015.11.001
https://doi.org/10.1007/s10126-021-10036-5
https://doi.org/10.1007/s10126-021-10036-5
https://doi.org/10.1007/s10126-021-10036-5
https://doi.org/10.3969/j.issn.0517-6611.2012.24.007
https://doi.org/10.3969/j.issn.0517-6611.2012.24.007
https://doi.org/10.3969/j.issn.0517-6611.2012.24.007
https://doi.org/10.3969/j.issn.0517-6611.2012.24.007
https://doi.org/10.1242/dev.172148
https://doi.org/10.1016/j.ijbiomac.2020.12.127
https://doi.org/10.1016/j.ijbiomac.2020.12.127
https://doi.org/10.1016/j.ijbiomac.2020.12.127
https://doi.org/10.1016/j.margen.2016.04.002

100 WPE2ER 46 6

Tibetan Plateau[J]. G3-Genes Genomes Genetics, 2017, 7(4): 1267—-1276.

[42] Todgham A E, Crombie T A, Hofmann G E. The effect of temperature adaptation on the ubiquitin-proteasome pathway in notothenioid
fishes[J]. Journal of Experimental Biology, 2017, 220(3): 369—378.

[43] Sutherland T E, Dyer D P, Allen J E. The extracellular matrix and the immune system: a mutually dependent relationship[J]. Science,
2023, 379(6633): eabp8964.

[44] Hatinguais R, Willment J A, Brown G D. C-type lectin receptors in antifungal immunity: current knowledge and future developments[J].
Parasite Immunology, 2023, 45(2): e12951.

Effects of CO,-driven seawater acidification on tissue, immune
and antioxidant enzyme activity and transcription levels
of Ruditapes philippinarum

Lin Yi"?, Chen Qiang"?, Zhou Sishun"?, Kong Lumin"?, Huang Zhangfan'?

(1. Fisheries College, Jimei University, Xiamen 361021, China; 2. Fujian Provincial Key Laboratory of Marine Fishery Resources and Eco-

environment, Xiamen 361021, China)

Abstract: The ocean acidification effect is increasing with the large amount of CO, emissions. To investigate the
effects of future seawater acidification on Ruditapes philippinarum, a control group (pH = 8.1) and acidification
group (pH = 7.7, 7.1 and 6.4) were set up for 42 days. The changes in tissue structure, immune and antioxidant en-
zyme activities of Ruditapes philippinarum under acidification conditions were measured, as well as the effects pro-
duced at the molecular level. The results show that when Ruditapes philippinarum are placed in an acidified seawa-
ter environment, gill filament spacing expands with decreasing pH, gill filament cilia adhere, and the pipes and out-
er epidermal folds of the mantle gradually deepen. The activities of acid phosphatase (ACP) and superoxide dis-
mutase (SOD) in gill tissues show a pattern of decreasing followed by increasing. Alkaline phosphatase (AKP)
activities exhibit different trends in each group. Total antioxidant capacity (T-AOC), catalase (CAT), and lysozyme
(LZM) activities show a pattern of increasing followed by decreasing. Glutathione peroxidase (GSH-Px) activities
in gill and visceral masses show a continuous increase. LZM activity in the viscera group displays varying trends,
while ACP activity shows a decreasing and then increasing pattern. AKP, SOD, and CAT activities exhibited an in-
creasing and then decreasing pattern, while T-AOC activity shows a continuous decrease. Analysis of the transcrip-
tome reveals that the GO functions in gill tissue are mainly enriched in DNA integration, integral components of the
membrane, and RNA-directed DNA polymerase activity, among others. The KEGG pathway analysis shows enrich-
ment in the phagosome pathway and pathways related to protein processing in the endoplasmic reticulum. The acidi-
fication of seawater caused varying degrees of damage to the tissues of Ruditapes philippinarum, disrupting its in-
ternal environmental homeostasis and altering metabolic levels and immune-related gene expression, and led to an

increased risk of disease and even death in Ruditapes philippinarum.

Key words: carbon dioxide; Ruditapes philippinarum; immunity; antioxidant; transcript levels
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