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(123.07°E, 39.45°N) Z K H ¥ iF £ FRAERFET 3 KAEHA R
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YER o B 23R E b 7 3250 1 XK IR ¥ i = ik
26~27 °C", it TR ARG 0038 B AR KRB ; )
) K H KB (Vibrio spp.) 55 T8 AE B0W B = B AE
WE BT, eAh, KAWiE 6—7 H AL T 5
TN, BIHAT N E FEREE RIS FE . B R A
AR, BHEPSERE N FIESEE AP, Xt
JE il B AR IR G AR R 2R R A KO
FEAE T A0 o B F 0, =R K s B — 4
BAOMNA YR (3n), TCIEERIE W T, HA%
MmN EERERLEEY, HAEEFAR
25 B R BB AT A SR B R 1 B AR AR R
SR HLA T R () R A A AT R

ASZHG T 2023 4F 7T—8 H %R FER T F
G B A R AR A s 5 B v X ) R B BRAR R 5
AT TN, EIEK TS bR . R FR A
FE VL AN B ERE S, AR T — AR W e
A RN G S AH S FR AR AR AL A, I3 3
Eb A T B 2 38 A () — 9 DX A% AR ) R 5
T fEAT 2R IR A A AR A 5 1 £ R AN
I ARARRAE, B 2 DU R A T 42
PEBRISARIE
1 MRS
1.1 SEIeHfAt

PEHGT 7948 Ko eI T £ R 5 = A5 Rk
5 T G SR BRI X Ry R A DI, T 2023 4F 7
HOH. 7723 HF8H 4 HXFRAH L IXCR
FE 15 (123.07°E, 39.45°N) 1 J& 17 J5 A7 7K 5t W il
W KEE R A L TR R RS L KA S
JeE AR A WA RE R AR A T A, A O s FIAE
i3 IARIC N S709. S723 il S804 4 . FE R
SRR . AR A R R AL EH 3 4K
T W R RV DX AE R SR A A, B SRR R
1 L ARALFESRJZ K IF A 10 mL Lugol [ [#
FE, TEE AT AR T IR e O
KA 3L RIZWAKIFIMA 0.1% MREE B ik5
L UEE 0.7 pum TCFE A I B I LT U8 AR (GF/F 38
), B G T Tk, TSR
a (ChLa) WEE /3 #r; R4 3 LRZMEKL 0.22
um JERE S IES . T 0~4 °C & PR T K
JE AT, BOE T T vk IR B RA7 F T 4 i = B
AT o BRI B REMLRAE 9 H 2 i =A%k K
b, PSR Yy (88.27+13.27) g, HUEH . JTHE

Ji . PSS LZH SURTIL IR L 200 R i T 1 Ok 308
TAE, RIS TRIzol IR MG T T UK A 85
FORAE, T RAL W AE AR AT . S 72
AR SRS ST S S R AC BERLE , %
MEAIRFFE S AC B B 2 A2 B L il FE AU T o

1.2 KBRS

FIIH YSI Z2 S H0K B A (32 F) X &2
MKIRIE . WA S 5 (DO). pH FIEREE (S) #F
FFIEA s, R4 GB17378.4—2007 { ¥ 1%
LA ), o BIRFHROR R R bk . 282
e | BRI IR . BRI o
DORBEAR TS, X 2K S B ER (NHY )
Wi R £k (NO, ). il R £ (NOy). W ik £
(PO, FIRERRER (Si05™) W VEATH -

1.3 FBREIMSEE

¥ GF/F JE 565 2 &4 10 mL 90% N il
VIR ES AT, 7E 4 °C T#E 24 h J5 14
FEERE M Chla ¥REE™ . ¥4 A Lugol [
1) 298 S22V ZKORE i [ 22 W 4 I FH 1 TR Ui ol e K
FHE,

1.4 HAEEEST

43 5 ) ] EZNA™ Water DNA Kit F1 EZN-
A™ Soil DNA Kit (OMEGA Bio-Tek, 3% [) 2t
TR MGEIKAE S AN = A A AT G 2H 2V DNA
{i 1 NanoDrop 2000 (J}22) ¥l $ § ) DNA Jit
A% A T 0 Sk R A lEE )V (RT-
qPCR) " 4341 8 7 4H P 3 B AN B 3 B 1Y)
Y X) 22 H PCR AR MR, F @ AR 5L ) () b o
SR, DU BRI S 0 R bR R B, TR
DB o B A o R, A AR E 4T RT-
qPCR K, FH T SEI0AE SR AESE IR, 55—k
AT A A 00 5 20 R RO L 4
WEEMN LRSI LE 1, 51%hAT
AW TR (L) B A BR A Fl A B
1.5 ALEREMEEEIETH

IR A I AR AT e LA 2L 0.1 g BT
W R 46 2% wh s W (PBS) H, 4 °C 44 T fdi
ST LT R U5 (10%, BaiRRR L), 18
4°C, 2500 r/min &0 10 min, B EEREAT
Ko A AR AR I 57 £ (BC0345, Jbm &R
SEFERHEAT IR ED) M e B i, AR

https://www.china-fishery.cn

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

JK P54, 2025, 49(4): 049611

BT, 5
=1 5¥ER
Tab.1 Primer information
ClE/E S EE gl i
primer name primer sequence purpose

CgIL17-4-F ACTTGTCCCTGGGTTATGTGTAG RT-qPCR

CgIL17-4-R TCCAAGAGGAACACGGAGAC RT-gPCR
CglIL17-5-F TCTGGCTGACTCTCGTCCTTG RT-qPCR
CgIL17-5-R GACCCTGTCGTTGTCCTCTACC  RT-qPCR
CgTNF-1-F CTTCTCGTCTGCGGCTTCTTT RT-gPCR
CgTNF-1-R CAGGGCTGCGGTCTTTCC RT-qPCR

CgTNF-2-F CCACTACGCCCACTAAGAAACTG RT-qPCR
CgTNF-2-R AAGCGACCATTGCGAAACTCCAT RT-qPCR

16S-341F  CCTACGGGAGGCAGCAG RO 4 1 S
16S-534R  ATTACCGCGGCTGCTGG o2 B =
Vsp-F GGCGTAAAGCGCATGCAGGT I 20 B A S
Vsp-R GAAATTCTACCCCCCTCTACAG R4 B &1 =

ML F) & (FO06-1-1, B 5 8 iR A BR A 7))
5 # A S
1.6 SRR KIEFRS

BOK 4G 62 22 0.1 g & F PBS H, 4°C
SR AT B L H A3 (10%, R AR
lt), 7E 4°C. 4000 r/min F &> 10 min, B I
TE ORI AR A A RS I ) A (A003-1-2,
A015-1-2. A001-3-2. A007-1-1, F§rtatpiflH
AR 43 B0 5E 9 [ (MDA) & . bt
FALHES (T-AOC) | BB E ALY L (SOD)
it E AL (CAT) W61
1.7 WREEFREDH

& H] TRIzol™ Reagent (Invitrogen, 32 %) 42
B A g 1 94K B2 41 B S RNA, R A HL 3K o0 7
RNA 5%+, 3 F NanoDrop 2000 il & # i i%
Asgo/Argo LAE , DI B RNA 2fi#F , 2% ] Trans-
Script® 5% R F & (AT311-03, Jbni4e4d
Y AR B An A1 BR 2N B B RNA K 5 G ik
cDNA, L cDNA J £ #z # 17 RT-qPCR 73 #t
(G2 1)o AR C B 77 ¥ 00 22 40 B DX 1 26 5
RRRIEIIZEDY, 8 CT A A BRI 2L, 755
CglL17-4, CgIL17-5. CgTNF-1 fil CgTNF-2 i}
mRNA £k, HTEZEA.

1.8 BUESR

AWFE A RS E 3 NER, i
B LIS HAAREZE (meantSD) Fr, A
SEIEE S O ARIE 2021 AEAF5E SR IE T H

i# 1 IBM® SPSS statistics Version 25.0 ¥4 #E 17
ANNOVA 78 S 505 B L K 3 F LSD e/ i 2%
ZRFENZE IS AR . Y PE
/AINTF0.05 1, N EA REFEES, AN
225 (P<0.05) AT (a, b, %) FR.

2 R

2.1 KERBUETFEL

TR ] T 5 5 — AR A 5 7 g X
K B AL I F i 45 R R, R A Ry i
X EJZKIRIT 5N 20,6, 21.3 F124.9 °C, B&
W b TR (6 2), S804 4 i £ i DO K 6.21
mg/L, ik T S709 ZH 4 £ 1Y 6.83 mg/L 1 S723
HIFANY 7.15 mg/Lo, —WIHAR S 73i°h28.83
29.69 1 29.39, H:H S723 ZH il S804 £ i ¥ 11y
S & S709 A A A KA i Ftm o R 21K pH
X R E, —WRIEAE L R0k 7.78. 7.70
17.83, RZMWKEFRRWER MFE, Hip
NH, -N ¥4 (0.035+0.003)~(0.070+£0.017) mg/L,
NO, -N ¥ (0.003+0.000)~(0.023+0.000) mg/L ,
NO; -N 4 (0.035+0.003)~(0.058+0.007) mg/L ,
PO, -P ¥4 (0.010£0.003)~(0.020+0.000) mg/L,
Si0, -Si ¥ H (0.162+0.010~0.310+0.006) mg/L

2.2 ChlaREFZFiRHEEZWL

R JZ K Chla & B AE = U £ B 53 il
A (1.810+0.536) . (2.223+0.059) F1 (4.395+0.816)
ng/L, FHort S804 21 i A 45 S AR X S723 £ i A
WETHE (P<0.05), HNE 1.98 % (% 3).
T X RL i R EE M REE (Bacillariophyceae) A1H!

®2 REBMIOKRBUEFEN
Tab.2 Water quality variation in surface seawater

KB EALT

water quality S709 S723 S804
KIZT/°C surface T 20.6 21.3 242
DO/(mg/L) 6.83 7.15 6.21
S 28.83 29.65 29.39
pH 7.78 7.70 7.83
NH,"-N/(mg/L) 0.070£0.017  0.05440.002  0.035+0.003
NO, -N/(mg/L) 0.010£0.000  0.003+0.000  0.023=0.000
NO; -N/(mg/L) — 0.0580.007  0.035:0.003
POy -P/(mg/L) 0.020£0.000  0.015£0.005  0.010+0.003
SiO, -Si/(mg/L) 0.310£0.006  0.234+0.010  0.162+0.010

T R ARRI, R

Notes: “—” indicates undetected, the same below.
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3 REB/K ChLaREMZHREEETK
Tab.3 Variation of Chl.a concentration and

planktonic microalgae abundance in surface seawater

planktonic microalgae §709 8723 S804

Chl.a/(ng/L) 1.810£0.536 2.223+0.059 4.395+0.816
TEBE/(A/L)  Bacillariophyta — 6.42x10*  4.03x10
/(ML) Pyrrophyta — 7.40x10°  2.00x10°

B (Pyrrophyta) 1953 BT % B, S723 411 25 i ik
BFEBELN 6.42x10° /L, LT R E &
W (Skeletonema costatum). W 3= 258 7.40%
10° AL, PR R SCIR B (Ceratium furca) F
fi /N 5L 8 (Prorocentrum minimum), S804 2H

10 c

KB FE B/ [1g(AN/0)]
total bacterial abundance in seawater

0 Il Il Il

S709 S723 S804
SEaG 2R
groups

(@)

ED

B B [1g(ML)]
total bacterial abundance in gill

0 Il Il

S723 S804
SEBRH
groups

©

VA B AR R SR B R 4.03%107 /L, LEFR A
KAEESE, WA B (Chaetoceros spp.) Al Il
AR, WBEFIELAN 2.00¢10° /L, L
Fh 22 hp /N 3

2.3 KFFIERPHEMEFETH

T 1 2R 2 IR A AR TR o = A BT R
YR A I KA 2 TR SRR 43 5 3.93%107,
2.26x10° F12.89x10° AN/, S E#F FTHER (P <
0.05) (& 1-a); = YRR B 7 A I o =2 2 4 5
7 8.40x10°, 4.73x10° f1 8.20x10° f~/L, 2 W 3#
TR (P <0.05) (K 1-b), S723 41 F1 S804 £H
i A I = A A K A g b 20 B T R

8 —
— 5B b
—~ < i
]
56 A
= 3
A
i S
=3
¥ 27r
N~
N
0 1 1 1
S709 S723 S804
S o
groups
(b)
5t b
T
& g
HS 3 o
B3
#2321
S
25
qg 1r
0 1 1
S723 S804
SEUG AL
groups
(d)

El1 RESKMKHEGEDEESFEMNHEFEETL
(a) RIZHK PANE R FBE, (b) RIZUKPINE FRE, (o) KALWFE P AN B, (d) KALWRBE P INE 1 NS TR Al % 57

B3E P<0.05); FME.

Fig.1 The abundance variation of total bacteria and Vibrio in the surface seawater and the gill of C. gigas

(a) total bacterial abundance in the surface seawater, (b) Vibrio abundance in the surface seawater, (c) total bacterial abundance in the gill of C. gigas, (d)

Vibrio abundance in the gill of C. gigas; different lowercase letters indicate significant differences between groups (P<0.05); the same below.
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P FEHILRE R & & /(mg/g)

glycogen in adductor muscle
N
T

4 L
2L
0 1 1 1
S709 S723 S804
SEBR
groups
(a)

’7_
~ a
on
=3 °r
=1
EE st
g 2
= R I
By L
=g
B2 |
EOO
0 1 1 1
$709 S723 S804
SIG A,
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(b)

2 KHSGAEMPERMEEESETH

(a) FISEURE I & 8, (b) MISELAI B0 2 & .

Fig.2 The content variation of glycogen and glucose in the adductor muscle of C. gigas

(a) glycogen content in adductor muscle, (b) glucose content in adductor muscle.

1.10x107 F1 1.64x10° 4~/L, H#5 B3 (P<0.05)
(B 1-c); =A% AR 4t s o8 mp IR = 32 40 301 Ky
732.43 F12.26x10° /L, H2ZRF B E (P<0.05)
(% 1-d).
24 HAZRAHPHEEMNEEESIETH
SAGARA A PSS LR R B e RO
A R B, 200 6.41, 8.09 Fil 8.10
mg/g, FAEARMZERALE (P> 0.05) (K 2-a).
P15 UL R e 28 4 A = R A B R S R R
B R 472, 311, 2.86 umol/g, FFEA[H]
EZRAREE (P>0.05) (& 2-b),
2.5 SRS NHEXERTE
=R A LR, = A5 A A g
MDA 843518 17.40, 11.76 Al 8.09 nmol/mg
prot, I NI (P <0.05) (K 3-a), =K
A A5 v CAT 1 % 43 31 o 18.03, 52.66 Fil 6.71
U/mg prot, o S723 2H i 4 (1) CAT 7% 4 0. &
=T S709 411 S804 LA L5 (P <0.05) (K 3-
b). —KIH# H SOD i 4439~ 42.36. 80.37
F1274.97 U/mg prot, 5 4.3 FRF#EH (P <0.05)
(1 3-c). S723 £H Al S804 £H 84 Hh T-AOC 4351
“} 0.65 F110.43 U/mg prot, 2253 A WEE (P> 0.05)
(1 3-d)

2.6 [MitkEB4HAE AR EFRIE T
=R IHA LR, CglL17-4 () mRNA %

TN 2,95, 3.58 Fi12.61 lg(F% D1 %/mL), S804
ZH IR 2 A B E AR RO A (P < 0.05) (& 4-
a). CgIL17-5 ) mRNA 3 ik f& 7£ S709 4 4 &
A 4.63 1g(#% D1 %/mL), S723 41 &4 Fl S804
ZH A2 9N 3.30 A1 3.22 1g(H% M % /mL), B3
KT S709 ZHiH#ELSE (P<0.05) (K] 4-b), CgTNE-1
fY) mRNA kw0504 4.50, 4.00 F14.57 1g(H%
DUBUmL), S723 ZHiHA 25 FARXT S709 £ A1 S804
ZH A 3 R (P <0.05) (8] 4-¢). CgTNE-2 )
mRNA F ik 5 7F = IR A B 53518 4.63. 3.64
H1 4.46 1g(F% D1 ¥ /mL), FHob S723 41 2 2%
AHXT S709 2H Fil S804 £H 8% .35 1 [% (P < 0.05)
( 4-d)

3 e

PR 8 2 5 B SO SR K W T
TR E BN R B RIS
THEZERERN, AN, B34S RER
i 21 °C I, 2 SO S DI REAR T Il
IR LA AT I PR HR, DO A2 hs
AW AL, T LR
A, pH PR SERK IR ERRAL, & MU H A
ML L 2006 0P T R A 2, DA T 96 g e
o BB ARSI 1 e b T R AL B
A A AR A5 5 B T XK SR AR IR 1 AR K
-, EFEREE . DO, S FUEFREKESE . 7EIR
JETTT, 7—8 H 2K IR BB E H /K R =
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Fig.3 The variation of the parameters related to oxidative stress in the gill of C. gigas

(a) MDA content, (b) CAT activity, (c) SOD activity, (d) T-AOC.

B S IR AN ke IRV €78 RO S
FEWETE B R B, HAE 7—8 T TRl R
o SRS B R . T—8 J k4K DO 254kl
Bl M 6.21~7.15mg/L, S LI A 28.83~29.65,
BIAE T 1E H KSR R B A 8 A
BRI G QKK EARE) (GB 3097—
1997) HLAE (25 28K AR EDY, R BLE FR R
A g, I, 7 2023 4F 7—8 J MR E iR
AP, AR AR s % i IX 2 B SR I Ol Rk
EEMNE, RHPL DO, S A IR S H AL IR B
JISTENS

SR KA ) 7 e T e K A R B
VISR, TEARIEN 7—8 A, ZHEZ i A
FEREIRFL W, KK Chla ¥ 5 FTHEH
SR, AWFFEH Chla WRJE R 1.810~4.395 ng/L,

fIG T 2021 4F- 0 A9 [F]— 1 DX F3 50 A A A 0
BK A& Chl.a HeJE (1.448~5.505 pg/L)!", © 4 W
TR, —AER A0 XTI T
BEECR A EM G, AR MR GEm A~
RE R AF) WE LT AR ARSI
A 9% 00 = A5 K W 5 A v e T A
200~266 hm*, 5 4RE ¥ 2021 4F 5 R K 4t
W5 5% 5 v 3 T AR SR AR — B, 2021 F1 2023 4
P SR G T DX 1R 7K S5 R SR 8 R S TR 3R AR
BN, PR A I — 5 A W 2 v R B R
Al g & P EIR I X Chla W JE R B R F 2

—, PEIRFEIE AL BN A B ] = A R 4
WG R R 5 25 2

IR IS A 2O A A0 B B KO, R
U AE I DR TR 1 S B SR A A 0 R R K T 2
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Fig. 4 The mRNA absolute expression quantities of haemocyte cytokines in C. gigas
(a) CgIL17-4 mRNA, (b) CgIL17-5 mRNA, (c) CeTNF-1 mRNA, (d) CgTNF-2 mRNA.

DIAHOCR b F3h AL - 2 b o ASAF
G T ARG T K A rp R = AR A A g i v 3
P18 240 TR B RS e it o —— IR B 7 i 2
A G5 R B v R g e A= Y 20 TR R
BEAE A A 52 bR, 3T REJE B K AR
JE T i A T K A R B Y, (AR
R, AR A e 3 AR SRR Y T
(732.43~2.26x10* 4~/L) B AL T 2021 4F 96 1)
TR A g 8 b AR SR 1 E R (3.62¢10°~
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Investigation and research on the cultivation environment and
health index of triploid Crassostrea gigas in
the North Yellow Sea during summer

GEPing’an', GAOLei', WANGLing', ZHOUKeli', LILei?
WANG Lingling', SONG Linsheng
1. Liaoning Key Laboratory of Marine Animal Immunology,
Liaoning Key Laboratory of Marine Animal Immunology and Disease Control,
Dalian Ocean University, Dalian 116023, China;
2. Dalian Yuyang Group Co., Ltd., Dalian 116499, China

Abstract: This study conducted three surveys in the floating raft cultivation area of triploid oysters in Wangjiadao Town
(123.07°E, 39.45°N), Zhuanghe City, Liaoning Province, from July to August 2023, to elucidate the cultivation environment
and health characteristics of the triploid Pacific oysters Crassostrea gigas in the North Yellow Sea during summer. The results
revealed that the surface water temperature in the surveyed area ranged from 20.6 to 24.2 °C, posing high-temperature stress on
C. gigas. The pH of surface seawater remained relatively stable, ranging from 7.70 to 7.83 across the three surveys. The aver-
age concentration of Chl.a in the water was 1.810 to 4.395 pg/L, which was lower than that reported in the same area for dip-
loid oysters during the same period in 2021. The abundance levels of total bacteria in the water and in the gill tissues of triploid
oysters ranged from 3.93x10” to 2.89x10° cells/L and 1.10x10” to 1.64x10° cells/L, respectively. The abundance levels of
Vibrio species in the water and gill tissues of triploid oysters ranged from 8.40x10° to 8.20x10° cells/L and from 732.43 to
2.26x10" cells/L, respectively, both of which were lower than those in the same period in 2021. During the three surveys, the
glycogen content of the adductor muscle of triploid oysters increased gradually, with values of 6.41, 8.09, and 8.10 mg/g,
respectively. The glucose content in the adductor muscle of triploid oysters was 4.72, 3.11, and 2.86 umol/g, respectively, with
no significant differences among samples (P > 0.05). The MDA content in the gills decreased significantly, with values of
17.40, 11.76, and 8.09 nmol/mg prot, respectively (P < 0.05). There was no sustained differential expression of cytokine mRNA
in haemocytes. In summary, the water in the cultivation area of triploid oysters in the North Yellow Sea experienced high-tem-
perature stress during the summer of 2023, with Chl.a concentration and Vibrio abundance in water and gill tissue lower than
those in the same period in 2021. The glycogen storage level in the adductor muscle did not show a significant decrease, and
there were no apparent abnormalities in the oxidative stress levels in the gill tissues and the expression of cytokines in haemo-
cytes. These findings contribute to a comprehensive understanding of triploid oysters' health and environmental changes in
summer cultivation, providing a theoretical basis for preventing and controlling large-scale mortality in summer and promoting
the green and high-quality development of the shellfish industry.

Key words: triploid Crassostrea gigas; summer high temperature; glycogen; cytokines; malondialdehyde, MDA; the North
Yellow Sea
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