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B, KA Z RSO T W & A T T i Y
% e S, T R A 0 ) S ) A D
AP 19~20 °C & 775 K 45 B 2 KA AL T X
B &AW AR R, MR R B 19 °C B,
Wt 5 R AR R A R AR, SRR
FUALHE T A RS Ut b T, B K B 97 5
KA T I Y 5 — A AR A Y aa , Hod
ERRE ARG . AR A INRIK 2 58 0 5 5 K A
WG B PRBE I8 1 A D A ST WK e g
B TAE [X 5 B B35 TR 1 FIAIL AR e AH 38 b i 28 1k
FUAE,  F# AT 05T 30 X6 i b i 0 B0 % S5 4 b
ISR, KA B R T i AR E T 1Y & A2 K
AT BT

20214F 6 A TAIZE 7 A TA), K#EdEGEK
Ok 7 7 VA DX BRI 8 R RN R R R R R,
R s EdfE 6 H 20 H—7 H 20 H, Pkt
T+ 193 mm, EHAERGA 67 mm; &iRKATE
BENE T AR T, Hd 7 HNAESARE
26.3 °C, BHEAEFBIF R 1.8 °C (BUEIE B K&
4 5. #A 7T A TFAE, KREERTERLE
I8 77 B K G 4R B X SR PR AR TS, AE TSR
10%~30%, ASSZEGXT 7 A A) K R T £ 5
VI IR BT R T AR LA T TR, A 7
TECRL RS IR G A W 5 AR T A i TR £
PEEFERR I AL AL, 30T T ERBE A v] BEXT K
WG AR RS IS, R RRIE T s 4
PRSI AR IS,

1 MESTHE

1.1 SEIesfRt

ARG T 2021 4E7 H 24 HAI7 A 29 H,
TELL 7248 K ] T R 5 B KGR 4 A 1y
AR ARG RS TR X, AT T SR A A
FRE AR A, G RO BIEIN | WK RE S R4
TR P RE S R A A A 21 20 3 AR K A W
KL MR RGN ASE AN, 7 H 24 Hk
FFA5 1 IR SRAE (1T) B 05 95 58 57 5 Y R
M ESAEE/E-HBE, 714 29 HIET5 2
YA RAE (2T) B IR A i 32 37 i R a8 52 i)
FLRBE i R S R B A A SRR I BE AL R 3
bR 0 SR AR RS, RAE 3 LR ARFERZ K,
FEH RS T T 4 h N [R1 52560 % F V7 e ik i
T BT REE 3 L RZMIKIMA 0.1% BRREE =
MRS S BN I8 0.7 um GF/F R, By4tt 3k
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MG F KA, T 4 h N mSC s = H
M4k F (Chla) &30 K& 3 LRZEKE
0.22 pm JEMLIE S, F 0~4 °C T 4 h N7 [ 525
EHTRBAT, T TKIRERAE, T 4h
DALY [l S5 6 % T AT A BE BT o B U A B AL
RAE 18 H 2 iKW, SPRIREE (118.09432.48) g,
Hrh 9 HKAHUGT 0~4 °C 50 F T 4 h P4 [l 52
5% TR RUZE Y s B Fim B WA, o)
Ah 9 HARK GG e T A 52 e, BRUEE . Ik
JHF JERE B R A 726 UL %) 2L R 5 B B R A2 8 A TRI-
zol IKKIMRAF, T 4 h T UKEREE iy Il 52 55 %
TARALWTHOCHE bR oM, HPh L7 A 24 HA 7 J
29 H REM K AT WAL SURE 543 318 1T F1 2T b3
H, Dh5—7 H 5250 a8 77 0 AH R R IR A A A a5
R Xf B (C) o AWFFEARAT T IGEHEE R A2 I 5
YA BN (E FH A B 22 D b, SCI i R v A
YN ™A% B SF GRS R BRI, IR IR
TR IZE VGV R A4 A0 B 3 B 2 1l S 1) B2 ol R AT
1.2 KRS

FIH YSI Z 250K Bl & 1 (& E) X 3R)2 1
KIREE . WA (DO) & & . pH FIEL B (S) i 4T
R WA, AR GB 17378.4—2007 { 7V W I #
) M R R UOR R R A AL L 2R gy
JEGREETE | BRI . BRI e Rk
BHIEYE , XTR)Z2U A S A R (NH, ) RS R
ih (NOy). R E: (NOy). WEMREL (PO, ) FIKERR
£ (Si05) W EE AT 5397 -

1.3 FHESHEEE

14 GF/F UG B B8 2 547 10 mL 90% 1N T ¥4
W LE T, 1E 4°C FEE 24 h R0
JEZAHT Chla WD, B 1 L R I8 RZ K
FEG A 10 mL Lugo PV 18] Wk 4F 5 77 iif
fl e e AR
14 HAEFESH

Ay I ] EZNA™ Water DNA Kit il EZNA™
Soil DNA Kit (OMEGA Bio-Tek, 2£[) #& it 2
T 7K il R 4 5 0 20 2R i DNAL i FH] Nano-
Drop 2000 730606 EE T (FF22) Kl 52 B DNA iz
A TP E & PCR (QRT-PCR) 70 #7.
ST B BRI (Vibrio) 46 %) 5 i PCR f5 ifE
gk, F R B A bR IR, I SR
SEBRUE ORI BE , AP DUBUS B B2 7R B 1 ot
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Ri, VENBBGIEST QRT-PCR KGN . 3 4525
Y B (OSHV-1) ¥ DUEA I, 22 L C<30 My FHYE
FEXT 2 S22 1 7KORE b B 20 0 = B R AT e BT e, DL T
H 24 HF 7 H 29 H KRR R Z KR 53510

1T A1 2T ZbFELH, LA 2021 4F 6 A 21 H (A W5
38 A HE HIT ) SR B A [l 1) 2 R T /KRR i Ay
XTHREAH (C)o 4 FBEAr T IS I W 1, 5149
HAE T A TR (i) ety A BR A /A Ao

=1 5I¥MER
Tab.1 Primer information

Elky RS kR P&

primers primers sequence purpose
CgEF-F AGTCACCAAGGCTGCACAGAAAG qRT-PCR
CgEF-R TCCGACGTATTTCTTTGCGATGT gRT-PCR
CgTNF-1-F CTTCTCGTCTGCGGCTTCTTT gRT-PCR
CgTNF-1-R CAGGGCTGCGGTCTTTCC qRT-PCR
CgTNF-2-F CCACTACGCCCACTAAGAAACTG gRT-PCR
CgTNF-2-R AAGCGACCATTGCGAAACTCCAT gRT-PCR
CglIL17-5-F TCTGGCTGACTCTCGTCCTTG qRT-PCR
CgIL17-5-R GACCCTGTCGTTGTCCTCTACC qRT-PCR
CgCaspase3-F TGGGCTGAACGAGCGGAATGGC gRT-PCR
CgCaspase3-R TTCGGCGGCTTTCTGTAGTGTA gRT-PCR
16S-341F CCTACGGGAGGCAGCAG SRR
16S-534R ATTACCGCGGCTGCTGG MEFE
Vsp-F GGCGTAAAGCGCATGCAGGT DN 3
Vsp-R GAAATTCTACCCCCCTCTACAG SN = FE
OSHV-F ATTGATGATGTGGATAATCTGTG JHIZ R
OSHV-R GGTAAATACCATTGGTCTTGTTCC P2

1.5 AARBENEERSEDH

B A5 R AR A 2 LZH 2045 0.1 g BT
iR 56 2% v W (PBS) 1, VKK 244 F A1 3R
il LA B 3 (10%, S (R B 80), 7€ 4 °C.
2 500 r/min F 2.0 10 min, B b3 W #EA7 4600
i AR AR IR & (S5 . BCO345, Jbat &k
FRHEAT IR F]) Db i, R AR AR it
F & GnT: FO06-1-1, Fg &AW TR
JIT) 00 7 A A
1.6 SR MEXIEN RS

K A WRaZH 21 0.1 ¢ BT PBS Y, kK
2 FAIREMLRI AL Z 2038 (10%, AR
), fE4°C. 2500 r/min F&5.0> 10 min, HE T
VARSI o8 FH R ot B A ) TR 5 T A A A
W& RF &% 5. A003-1-2. A015-1-2. A001-
3-2. A007-1-1. A006-2-1. A084-1-1) 435Il 5 N
B (MDA) &1, SPiAILBET] (T-AOC), Hi%H
L AL g (SOD). id E Ak A HF (CAT). T fk
YITE (POD) i 4 Flid Ji A4 43 e H K (GSH) & & .

1.7 SEHEXIBIRTHT
K F TRIzol UK A5 AR 4 RNA,
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) FH B 6 BE R e B KRG RNA R 52 2 M Rl
NanoDrop 2000 £ RNA ¥ FEFI4l 5, %% RNA
4 cDNA. Lk cDNA N#iHiEFT qQRT-PCR 437
(F 1), DL TR EF)ENNS R, H
FH 27229 BT B A OGN B mRNA k",
1.8 BBERASYTH

S R AR A TG AR A AR N, T TR TR AKOKS:
AR vy 5, RERAMERE . BRI ST AL,
{468 PR AR A A 4, ek m EA 7], WEK
KA 15 0 i B NS AR AR B s 0 . SEER DLIE
WIRE AU 2 d BRI ANARNE R X6 FBIEF T 5047 o
1.9 BEESHT

PN SR M S B e I A B o
SPSS 26 3k {3k 47 B R 3 5 25 0 B fl 2 FE He
P<0.05 NZESBE.

2 4R

21 KEEFEKR

KA FE T £ R S KA W5 325 7 A T A)
KB T4 EE R s, 2 IR 1 X K E K
W9k 253 F124.9 °C, FRIHE T % (KT 5
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m) (7K IR 43 5 R 24.1 Fl 23.1 °C, R ZEK 1~2
°C, 5 2 WKIHA Y DO 2 5.83 mg/L, KT 4 1Kk
PR B 7.24 mg/L, BERIAAR S 7510 26.41 F
27.87, 552 WIHA R S #5 1 A KA i Tt
o MK pH AHXTRRAE , U R AT A A
BOBIH 7.69 F17.75 (K 2).

2.2 ChlaikE. FHFHCESHEANTITL

F )2 MK Chla W B 76 T U IR A 0 18] 0
FEF (P<0.05), W 1 IRIEA K 1.448 ng/L 7+ &
52 A 5.505 ug/L, 9N E 3.8 4% (£ 3).

+<2 FTREEKKREFEK

Tab.2 Water quality variation in surface seawater

%3 RESKChLa REMEHHEEETL
Tab.3 Variation of Chl.a concentration and

planktonic microalgae abundance in surface seawater

plargtffl}f ﬁ%iz;:f}lgae IT T
Chl.a/ug/L) 1.448+0.142 5.5050.455
fE#E/(1/L)  Bacillariophyta 3.6x10° 3.0x10°
FA/(M/L)  Pyrrophyta 1.3x10* 4.0x10°

W;JEE al%ity T 2T
T/°C (&JZ surface) 253 24.9
T/°C (5 m) 24.1 2.1
DO/(mg/L) 7.4 5.83
S 26.41 27.87
pH 7.69 7.75
NH,-N/(mg/L) 0.088+0.001 0.094+0.004
NO,-N/(mg/L) 0.012+0.001 0.007+0.001
NO;-N/(mg/L) 0.195+0.023 0.079+0.001
PO,-P/(mg/L) 0.019+0.003 0.011+0.001
Si04-Si/(mg/L) 0.977+0.016 0.629+0.016

50 um
4 —

T Ak X PHRE P (T2 A R S R HH ) B BT R B
1 U A I AE 2 3.6x10° AN/L, AR
Pl FHE B (Navicula sp.); W EEF YR 1.3x10°
AL, PLBFR N SOIR M3 (Ceratium sp.) ARG HE
(Noctiluca sp.). #5 2 YK x5 ik i = B 29 8 3.0
10° AN/L, PREFh o RABIRESE, U B3 (Coscin-
odiscus sp.) B ¥ (Chaetoceros sp.) & ; W aaE
LI 4.0x10° /L, ALHABNZ R/ NILFTEE (IR T )
KA Wi 8 NP g R s, YU 2 d i)
P2 A5 i N BE ST, R UL B RIS fE, 2
U A 1A A 5 i 1 N BE SR Sk (0, HL AT L
FEE (B I, KN E).

23 FEMEMEZKL

T8 o 2 )2 IR B AR IR U A0 TR T A b & B
51 WOE A B KR A S T R 2.10%10° 4N/L,
B FAK T A B A0 X IR 2H K SF (3.62x10" 4~ /L)

50 pm
5 A

Bl 1 RESKFOEESFEEE

LSCIRFE, 2. BOGEE, 3./, 4 BITRHEE, 5. SOIRHHE, 6. i .

Plate I Identification of bait algae and dinoflagellates in surface seawater

1. Ceratium, 2. Noctiluca, 3. Cyclotella, 4. Coscinodiscus, 5. Ceratium, 6. Prorocentrum.
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Plate II View of intestinal contents after dissection

1. the oyster in the control group with two-day starvation, 2. the oyster
from the Ist survey, 3. the oyster from the 2nd survey.
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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; 1. control group, 2. 1T group, 3. 2T group, different letters indicate significant difference (P<0.05), the same below.
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24 AAERMBEHESETH

R A 5 P JE A R A e UL 2L 20838 Dk 7 T IR
i 25 11 18] 15 58 T 35 B 0 B 2H I A W A L T R
A I RRORE D B E PR R A B 43 R
40.96 F1 31.58 mg/g, &5 2 VKR I A0 T JE i ¥ i
T W E R T R4 (P<0.05) (K] 2-2); A 5E U
J AR 2 MR I 2351 6.63 1 8.91 mg/g, 1
R T TR ZH (P<0.05) (18] 2-b), T i g 4 A b
SRS 1 WIHA N K 26.64 nmol/g, BFHLTXF
HE4H (P<0.05), 7E55 2 WA Bk & 28 X i 4 K
- (] 2-c); P 52 LA 26 0 7 et 108 7 O 2 v 550t
REZH AH LETC ik 2 284k (K 2-d)

2.5 FRHERIERHER

TEM R A SRR, MDA &4 51k 13.74
1 8.69 nmol/mg prot, 5% N FEAYXT HEZH K 4 W5
UGS 2 A AR EL, 55 1 R A A MDA & 1

80
a

wl |
ab

40 | 1 b

JHF JR B S 1/ (mg/g)
glycogen in hepatopancreas

20 +
0 L L L
1 2 3
SaG 2R
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w & 20 t
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mHZESARE (K 3-a). T-AOC F4lk 0.46
F10.77 U/mg prot, %X} M2 & 35 F#AIK (P<0.05),
HEE 2 AR T-AOC 55 1 ki #s i & T (P<
0.05) (&l 3-b), SOD ¥ ¥ 43 Jill 24 165.11 1 159.95
U/mg prot, 55X HZAH L 22 % A B 2% (K] 3-¢).
CAT 7% P43 51 1.59 il 0.79 U/mg prot, % ik
R L WIHA A L, 5 2 AR CAT I M i
EREAL (P<0.05) (B 3-d). GSH & 43 2k 110.89
F1 74.51 pmol/g prot, 5 XML AH b 22 55 A W 3
(¥l 3-e). POD i % 43 il 24 26.21 1 14.57 U/mg
prot, 5 1 YCIEAF () POD T 14 % MR 4L F1 55 2 Wk
T HOE W E TR (P<0.05) (] 3-D)

2.6 HEHEXIERIEL

7E 2 WA LR, CgIL17-5 A mRNA X}
FIRERIR 21.97 110,57, ¥ B EEFENE
FE % IR ZH K HWE (P<0.05), ELES 2 YR A Y
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(a) R S 25 2, (b) PSR RUBE S d, () IFIBRMR BT 25 J, (d) MSE LRI IR &

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

(a) glycogen in hepatopancreas, (b) glycogen in adductor muscle, (c) glucose in hepatopancreas, (d) glucose in adductor muscle.
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Fig.3 The variation of the parameters related to oxidative stress in the gill of C. gigas

(a) content of MDA, (b) content of T-AOC, (c) SOD activity, (d) CAT activity, (e) content of GSH, (f) POD activity.

CgIL17-5 1) mRNA FIk 855 1 W2 i35 T %
(P<0.05) (&l 4-a), CgCaspase3 ) mRNA & ik i 7
PR A A h T s, HSX AL ZERA
3% (K 4-b), CgTNF-1 () mRNA £k #1451
WA BT 7.06, 35 T X4 (P<0.05), 7F
52 WA 014, B 1 A B R
(P<0.05) (&l 4-c), CgTNF-2 (] mRNA 23k & 7555
IR A B 0.92, 55X RRALAH L 25 5 A8 3%
FEER 2 KA R 0.34, 855 1 IR AT & FR AR
(P<0.05) (K] 4-d)s

3 i

PRBE b0 2 T B B R 5 IR A T
BT R A R BN . AR S B et T /2 %
AL B DL SR A BRI N - B AR AR K, A f
JE. DO, #hEEAE SRR BN T, 7T,
A e o A AT T 58 5 A 05 R B Y P UK
AT B, AR T R TG A A A ]
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R B A, B8 s
Ty 1 SR A AR AT (4 KRR BE T, #E DO Jr i,
PRt 2 2 IR B T, 5 2 IA A A R 2 K
DO W] B AR T8 1 A F I % K F, XEE
IR H L HAR R AR S . FEER
JETT I, ZHE LR, L R A
T 422 4% T AR 7 20 VK R B A A1 1 K
BRI ARIE K A TR aE , (H ] R
XK AR A PR 2 A 1 i . 7678 IR ER T
0 Tl TR T 4 B R IR B e ) 3R R K R R
AP NI RS S S S OF e S @Y & i
FRUE) (GB 3097—1997) HLiE HY4E — 2K AR,
RINBE B U E SRS, H55K) s
T 2018 4F O JA A B M b e, T RS2 AN [ 2
0 55 BT B R 2 S s A Y R, A
2021 4F 5 2= s AR YR RN R TR AR rh R AR, DL
FRHH X F BRI AR M AR IR, R
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Fig. 4 The variation of the mRNA expression levels of immune genes in the haemocytes of C. gigas

(a) CgIL17-5 mRNA relative expression, (b) CgCaspase3 mRNA relative expression, (c) CgTNF-1 mRNA relative expression, (d) CgTNF-2 mRNA rel-

ative expression.
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Investigation on the variation of environmental factors, glycogen and
immune parameters of Pacific oyster (Crassostrea gigas) in
the North Yellow Sea shellfish farming area in summer

GAOLei', KONGNing', LIURanyang', ZHAO Junyan', XING Zhen', ZHANG Ziyang ',
ZHAOBao', LIQingsong', FU Qiang', WANG Wenbiao', LILei’
WANG Lingling ", SONG Linsheng '
(1. Liaoning Key Laboratory of Marine Animal Immunology and Disease Control,

Liaoning Key Laboratory of Marine Animal Immunology, Dalian Ocean University, Dalian 116023, China;
2. Dalian Yuyang Group Co., Ltd., Dalian 116499, China)

Abstract: Summer mass mortality is one of the major bottlenecks limiting the green and high-quality develop-
ment of the Pacific oyster Crassostrea gigas aquaculture in China. The frequent environmental stresses in summer,
including high-temperature, rainfall, pathogen stimulation, picophytoplankton abundance and reproductive beha-
vior, are important causes of mass mortality. Monitoring the changes of key environmental factors and health-
related indicators in the aquaculture of C. gigas will help to forecast the risk of mass mortality. In this study, two
surveys were conducted for C. gigas aquaculture in the North Yellow Sea during the summer heat and rainfall
period to monitor the variations of water parameters, picophytoplankton abundance, bacterial abundance, glyco-
gen content and immune-related indicators. It was found that, for the first and second survey in July, the surface
water temperature was 25.3 and 24.9 °C, respectively. The salinity for the two surveys was 26.41 and 27.87,
respectively. The abundance of diatoms for the two surveys was 3.6x10° and 3x10° cells/L, respectively, which
was lower than the average level of previous reports, and the diversity of dinoflagellates increased. For the two sur-
veys, the abundance of total bacteria in the water was 2.10x10° and 2.77x10" copies/L, respectively, and the
abundance of Vibrio was 3.37x10° and 5.40x10° copies/L, respectively. The glycogen content of hepatopancreas
decreased to 40.96 and 31.58 mg/g respectively for the two surveys, and the glycogen content of adductor muscle
decreased to 6.63 and 8.91 mg/g, respectively. MDA content in gill was 13.74 and 8.69 nmol/mg prot for the two
surveys, respectively, and T-AOC in gill was 0.46 and 0.77 U/mg prot, respectively. The expression levels of
CgIL17-5 and CgTNF-1 mRNA in haemocytes dramatically increased in the first survey compared to the oysters
cultured indoor. The expression levels of CgCaspase3 mRNA in haemocytes increased compared to the oysters
cultured indoor, but the differences were not significant. In conclusion, the results showed higher water temperat-
ure and lower salinity happened in shellfish farming areas in the summer of 2021. The abundance of diatoms
decreased compared to the average level of previous reports, and the diversity of dinoflagellates, a potentially
harmful algae, increased. The abundance of environmental bacteria changed during the environmental stresses, and
the risk of outbreak of potential pathogenic bacteria Vibrio increased. Organism responses were observed in
oysters including lower glycogen content and mild oxidative stress. These results help us to further understand the
environmental patterns and response characteristics of the organism during summer and provided a theoretical

basis and reference for the prevention and control of the mass oyster mortality in summer.

Key words: Crassostrea gigas; high temperature; rainfall; glycogen; immune; North Yellow Sea
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