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—. KGR AR RETEFERT IR BRI cereeeeeeneenenesesesessnsnssssnsessensessessessessesssssssssasssssses 1
BT R AR 2= KR BN 5 A I BB B e, 2
AR X FEUR 5 5 A 5 R GEHITEIREIE R T s 3
R IR EEADGRO T PU A A B A A BT oo 4
FERUT e A A5 TN KA 45 S AR 28 0 W) B AE PRI FE T < 5
TR B AT IR FRIEAE TN oo 6
A DUSRAE K YE 27 & TR R G B RBE T T oo 7
BT BRI EE I 28 B K AR A A SR B s 8
VF IRV il (G AAUT 52 8 7 S MR AR A ZR %7 ZBAK s 9
s TARE IR T K IR AL T BT TT oo 10
ANFEHKZEH % R (Caulerpa lentillifera) 758 % B2 -1l PR oK IR 58 FLARESHT R

(Litopenaeus vannamei) 7KJii A4 STEREFIER T oo, 11
IRENZ B I WE S K 1 RS 2 B . UL REI ZORE AT I T i A4 2
TN o 12
IR e 07 1 Z 5T A BN G BB PRI REIE .o 13
ANERBEAEHE K FRAE R /K TR B AE R SR BTN R oo 14
T - - B 2 80 K SR T IR A YR B R T RFIE T FT o 15
KR (Dicentrarchus labrax) Ji7 38 G A= )R AN S X ileFE Joh e () i R AL ... 16
U SR I DX TR TE I ST A AU G5 A SR TP o 17
BT 5 T B CTE—RHTEIN e 18
DA R SR A 45 -1 7R R GE U E IR VE AL e 19
W IE/NEREERT NHAH-- Ny NO2-- N LFRFCR [ NO2-- N K42 4125 0T ... 20
B ERT KT AL IR R BRI oo 21
T 13 7K TR0 TR T R 8 PR BT TSI <o 22
ARSI EM X 5 & P ARl A R AR I 23
FRIKHUATHIZ (Apostichopus japonicus) 3 EE AL Z BRI A0 R =F LS00 .......... 24
BB EERTBOGTEAE AR BT EABERE TTIIFEM (oo 25

SN/ G U7 537 NS B - = . OO 26
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BRI gys 1 R SR TE S 8 G IR IE A B IR oo, 27

Y R EB B R AP AR e, 28
R EE A T A A8 B B A R FE DR ZRIEFEM oo 29
Bl 2 e T RO B RS f8 AQP BRI S K 45 08 ML RIE L AL 73BT o 30
T IRTEUR SPO1T BRI B8 B e HLAR IR TIHT oo 32
R Z MR EFE R A B GIERBERIIT TG R s 33
198 OXRI1 F: R HIHTEAAEFH A0 TALHITETT oo, 34
FR R R 2547 A R RE DL E X K BRBE DU MRS A I S B RO e 35
DB =R B TERIIETEERE oo, 37
¢y (Lateolabrax maculatus) /L A4 11838 B K] ¢cDNA b [ S HAEYE B A

TIHIT e 38
I ZHTATIR Cycelin G 2 PR 1 58 B S ZRIETIHT o, 39
B AR KR A R BRI ZE L s 40
e it A T BE e VLT £ 4)y A 2R S5 R AR A S SR A R IR AL o 41
H ) B v JIE 2 2 It S R 9 I A 0N FL R R AT T e 42
C5a/C5aR K AL T 1R 1E 5 GCRV Rl B AR R DT o 43
ST AR ) AR 2 22 B B P A AT DL B TT v 44
T 0 i 87 e i 2 ) 2 3 A S AR A A B SRR AT 46
4> ff( Trachinot us ovatus )ik HIF-1a / NF-kb {5 5 18 B2 2 208 5 e i
BBAEITT oot 47
028 OXR1 2 IHLEAAE ] L0 TR TC o 48
Nxhl it 5 4% A FAH FLAE A FE R VE-PTP SKEE B ML AL B oo 49
L [REREE DL PEPCK K| 5 91 4R AiE A FLAE T IR i R IR FEEDIC AT 50
LB X B Sk L 7 2 dE . (Oreochromis mossambicus) TauT i K 33k (15200 51
BT s I e i e K 1 SR PRI AR SRR BRI SNP FRIC oo, 52
R IE T 2 HE A Dnmtl B TEFE S RIE oo 53
ST LR CO 1L 751 43 B 5md /T b B A AR R BB IR o 54
INERXS 2 R Fe 8 T T 4 BT T BRI s 55
HE 7 TR0 R AR i 2 T FRFE AR ST e 56
Cyclin A 7E H AVEUET I S5 E PRI DIRE AT A 73 T 2RAE oo 57
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HAE NG L1 AE H AN B ARIE R IIREDHT oo 58

AR T AR A ARIRES H AR VRN IR R I LB S AT s 59
Cilp F PRI BE 5 HE BEAUTLIE] B B AT oo 60
EPE H AVRUR TS IS BEIEL L I3 HT oo 61
RNA TR, 202058 (20B) FIRTARIER Spook X H A VAR i 17

Z I I (=8 OO 62
H AV IR SDHB J A AL B EETE oo 63
e X AV AR Tt R R AR s TS BTSSR 64
BT A B DR 2H E I 7 R 5 K 1 B AT 45 58 1Y) InDel FRIE oo 65
L IRERBEIL Clq A3 S 5 RIEBI T RE oo 66
T R IR B oA S L L 3T oo 67
I LM AN S RAE BT BEINREITTC oo 68
S FESE Y M HE 7 IncRNA-miRNA-mRNAZE [ Skt LR B A K /e ... 69
FIF 2b-RAD 5 K B £ 8E Sk FISNP AR FHEIRIUE 66 1 SNP oo 70
S 50 HT mRNA I IncRNA 42 18 T 85 S 2 FHLH] oo 71
BEH A ngs FE R AN HE A B HITEM .o, 72
BT A e DR EE 5 1) O T BB AR I SR A DG SNP 23T s 73
PO S 2 2 AR 7 T B MLl K L B M T A T R DR RS DR DG PR B8 B PR RN ... 74
B A BRI A A TR AFAE AT 53T 250 oo 75
B DA M A e s e 7 5 PR R AR BRI A S AL AT s 76
PETTXTER DMRTILLE [ 73 FAFEFIDIEE 2T oo 77
T v S5 R A G R RO AN 5 T EAZ K B BORIIEL e, 78
AJ7 1) Z 0 2 SR A 72 55 microRNAS A A5 S IS BRI T o, 79
FGFs-FGFR4 X {t i B B LA P3G FE . LRI THEERE T oo, 80
P8 B TS T AT BT TE oo, 81
Keap1/Nrf2 (MafG) - GST {5 5 1B B 7E F BT S AR R IEEBER oo 82
e R KF 21868 25 7 R B R BT IR oo, 83
AR SR 8 X B M B BE T REII oo 84
ANFMICAR SR AT T BRI 2 A B EETIE TE oo, 85
AICAAUM B R T AR AR PR AR A AT ARIZE R R oo, 86
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FARL T 27 (0 [ PR AIAD 7E 7). XPALZAGE R R G, ARRE RIS . AUk

o TR IE LR ZRIAE I LI (oo 87
Somatostatin 1 7E5E 5 50 & B 1 B2 H 208 8 6r K0S i ) HE RITR R 2R I8 SO .. 88
PRI A2 H Alicellagigantea [ AR FEAC AT ERAGHLE] oovoee 89
SRS T ORI STAT3 A1 VEGF Ja 37 DNA HIEL AR K
FERHTENE oottt 90
kdmd4aa F BT BE By A FE T B HIREM oo 91
IRIE 8 B 5 HDACS BN FZINREIT T oo, 92
BT SSR FRiC IR Z AN [F] b FRAEAR ) 38 4% G540 73 By AR SURITE A e 93
F T 19 0P T 73T AR ac s PR R b 1228 R FLARAS BRI 18 A% 2 AR R DR ... 94
MS-222 FeF 42 Sk 3% 1 RIS R EIIIE TT oot 95
L B M R S HE R BT IR IFZ IR AR oo 96
UM R PE B R SR 2 S T AR BT SR AF A FEMA o, 97
P AR UK 1 GRIK PRI IE TN BEHIDARTT oo 98
DRI Y 38 i BB I AT G T e 99
ANFAKIEZR B (Acanthopagrus schlegelii) TR A 4 H R HT ... 100
PIFPEE IR TMAO 5 TMA &8 AJIE 5 LU oo 101
T AT pH X 2 SUBIR G A B HIFEI oo 102

BB TS TR A6 (Onchidium reveesii) WX HHZS R 48155 5240 087103
K B A b RS R (AMH)JE Rl o . Rk MAE MR R & TR Dh R4 .. 104

U8 5 S 3R 5% mIRNA BEFE DRI TN AEIEAE ..o 105
PRyt tp53 FE B B e SR TR FHHLAIRIETT oo, 106
Pt 5y £ ZF4 40 AR I A ceRNA AH HAE R R BT IT oo 107
i E X T #8411 (Oncorhynchus mykiss) A4k Fa 45 F1 HSP47. HSP90a Al

GRP78 HIZRIERET LM oo 108
5 F R 1 R B TR AR AN D-Loop #8707 FI AL AR T 73BT o 109
TR RIS AR R A TR B I3 T oo, 110
Bl B A3 AL L AT IIFEMA s 111
B S A Y M T 8 P TR T B A I RAII oo 112
B IR IR R E N LI B BIRIETT oo 113
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rh AL B IR R TR G SL ) (Es-CXES) B Ta b S H 5 W vk R FE A S e ... 114

RIS L0 05 R 7 Sl VA AR RIS K AL ZE R AT e, 115
AR Z R B L B BT 5 7 AR R EITIAR oo 116
T RyR H: R G4 8 AN TR ZHZRZRIE T HT oo 117
Melr {5 Sl B AELL D HE AR 0 AR R I DIBE oo, 118
SRR A K S PR R T AR A s 119
NSRRI R E I FERIIR BB e 120
TR RICT B2 JE 5 08 aR 70 Wb S OF SR B BT 5284 s 121
et A A —— DU AR 6 7 T AR KRR . B 97 B TR R OK R e B 2 e
ettt 122
T P O 7 i AL ) 2 1 5 25 5 AR 2 A B DRI T 123
mlaPEE . AU TE LR E IIHT o, 124
A e R 57 o DA AR TR TR I3 1 B A8 B L T2 0T e, 125
FRAR A March 5 57 B 58 B L IBEFIIER ovvoeeeeeeeee i 126
BT Cytbsrtrimibts. HAEE RHIRZ T AL 2R s 127
Y1458 7R 75 i 4y £ 1 ) 23 AR SR BE DR R IE T3 T oo, 128
i gpx J R 551K 2R SR AL SO 4R 2 iR T BRI SEATLARBIE T oo 129
AT = AEAAVE IR H SR ANE IR R B EE B T3 T s 130
Je B B AR 5 R IK A BRI A S MMERZ R B TT e 131
e S AR 5 O T AR s FERE A AP TS B (1) 70 T AL s 132
Tk FEE T i 0T M A S PR AR AN T 58 BE ST BRI oo 133
BT PR R Y] R PR A 22 SR PR L L (R SR A F 1A R
T BE oot 134
KM mE a2 kA K, AR, MR RE 1 LR AR R R
TN oot 135
i ITGo6 ZEK T . ThRE AT S CyHV-3 IR R e, 136
N T FRFA I FR A R A SR TR AT R I oo 137
FEHH B FERHA R A ARG i AR A R AR AN T B 7T BRI e 138
X} e T P R R A A ZR A AL AT e, 139
IREAUIE AR TS A BRI AR SAF IR I RE I oo, 140
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FIF PCR-RFLP Jy 57 A BB A 37 4 SNP FR1C T AEFAE ST oo 141

hepeidin F PR 0 BE L £ 5 HIIE ML R BETFZI oo, 142
Bl P e ) 2L 22 BB BT s 143
T HR RN P PR SRR T B 2 REPE T3 e, 144
T B L s T R A B AR RE PRI FT o 145
B 5 SR rrpdd FER SNP 2 281 5 A K AR IGHESCER 3T o, 146
SR A 2 BAR R UM E RS B BT I TT e, 147
F R L1468 7R J7 2401 AR PRI SE R [T RETI e 148
TR 1K et ] KT = OO OO 149
ANTE) S E T 5 DL E A HE B ZHDNA HIEAL 3T s 150
4 AUk Ef] (Haliotis discus hannai) g6 5 BEAR XS iR aE B B SR T e 151
1 RAF B FN KBS AT RFAE BT oo, 152
S0 KPR FREENYIE FRG IR covrerreecersessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnans 153
Somatostatin1 & PK| i 2 B L 8568 AN R4 T2 77 BT o, 154
PR EROKEGEED . BT &3 . SRS RR D ZRTTT o 155
H KRG IR TR SR TT oo 156
B 25 B ot 2 2 SR AR KA LB AR AT FEI o, 157
TRRL R B KA S AN SR SE DGR R A AE R AR KR RE: T LC-MS
FEIARI ZEL I TT oottt 158

TPkl A A i KT SR BE 62 AR KR RE . G AEAl . AR A %8 B B R 52 L. 159
oy 8 FEARNT BN FZ MR 2 (Trachinotus ovatus) A KERE . MK FahR. PLEALEE ST

LI AR 55 /570 98 AR T BE DR ZRIE IREM oo 160
TR KA DK R i &)y i AR L FRDRLR B RORE RE A R RE I e 161
S T3 P 2 O TSGR P R S P G R AR S S A S R SR IE B RE A ... 162
P AT e AR VR P 22 SUER I £ 4 f A A S TR T BRI oo 163
PN A AR KRR VAL TIRE . e D REANIL AL ST B REI ... 164
R KAY B A ARDARR 5 52 K 11 B i 4 #8131 9| A i T 6
AR T oottt 165
B KAG B 2 S A I EE Ak, IS gl R R 1 B A 70 {8 3 AN R 52 . 166
Hh RIS TR I JHE I BT 2 200 B 1) JEA RS 9% A Poly 1:C RIS Y A ... 167

6 of 507



e SR 2L 5 AT ZE 2 AT A0 AR DU s R PR 42 ME A h AR i1 —ARTET B & i bl

Bl ettt ettt ettt ettt et ettt et et et n et et et e en et ettt ar s ennn 168
P BERG SR B AR A P LA IR AR K L FRRE R g% . il S IR IR 2H 235 1)
TN oottt ettt ettt ettt ettt ettt ettt ettt ettt et ettt ettt ettt n s s 169
ANEVE B R B AR S HREIN T BB BT oo, 170
=R d i B B ACHE AR SR T AR PR RE . ILIE IR i B A LR AR AL
FEFRIETIETT oottt 171
K= D Re I R e SR B AR R e A VR RE AN I TE ZH 25 M TR BE I ... 172
el AR BT oy 5 A ARy AR A N A4 R R g 5 e A= A SR K S AT . 173
HFE 3R AT AEIAEIK AR R oo 174
KGR X 44356 (Channa argus xChanna maculata) faEK . EHIHRY
JRFIF . BB U E R IIEEM (oo, 175
i AR R S I R B R BRI 2R (FeedKind®) XJ{Eff (Lateolabrax
maculatus) A4 FERF R LB TE BRI ..o, 176
Rk R R RS AVERAEME GV, A o
(Oncorhynchus mykiss) A2 K FNGTE AR FEHTRZIA ©.o.oovvrieeeeee e, 177
5277 R 250 FLARES IR AR AR BE AT A B D BE AT o, 178
SRR BRI E RIS FERTIIETC oo, 179
ST B I G AR A ME REAN G BE D RE T REI ..., 180
AL A IR A R BRI 0 PLAAER IR A KA RE AT AL BE T IR BE A ... 181
i g 2 T T A o I 5 R A 2 it v I TRDRL 5| AR U AE ST (Lateolabrax maculatus)
P IEE BEVTAR et 182
PRPARE e I oy B Ry XS 400 O BE A B AR A L A AT T AL B PR R 521 183
M0y KPR BB S KFE R A ccerrccssnnssssmssssssssssssssssssssssmssssssssssssssons 184
FRAE R A L B S (KSD) S I8 IS W 0T v 185
ARZ T ECEE N A 755 5 N S 2 RAR T R LRI TE T e, 186
i 4L 4% B & (Eriocheir sinensis) 2 AN [F] S A% B B (EsLys-i A1 EsLys-C) $i# I RE
BIE T s 187
/NI Fx BT 6 25 20955 BEAR A S TLR A5 5 38 B Ak PR IE FEME o, 189
AR TR R I AR B B S AT T e, 190
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TAEY M AR G /K P FRAEIAEE R o0 IR 2R (Procambarus clarkii) A7iE M5

JEAR RITEEAE TE LTSI oo 191
AL LA B 0 R B 2H 258 B AR S A BB R oo, 193
85N P4 Avahl-vah4-rtx A BFRBGEALSTHE T HIPEAb oo, 194
TP TR X R TR KA I BT BN oo, 195
THEDN B RseAB PR BT LB B PE I T oo 196
A IL-138 H 3 AAE TR TR B S DI RE AALHIBE T o 197
B BT IR AT R IR AT T 22 B T 0 RE S oo 198
B TR R0 FEE o 8 R 8 ) ot e A DGR AT ) 22 R R RIS e, 199
s A0 A AT e R RAEZ BR DI T2 T B DI RE TR ML T AR oo 200
e TR AN LR . T A L P 2 2 ) B AR v 201
PLGA-LrrG ZGHUER BI85 S AL LT3 oo 202
— AREEIS AN  R ICHE BURME S BRI HT oo, 203
53 TL-1RACP 1173 TRk S R P A ot o SR 4 B8] SR B LB 0 AT 204
/NI HORT 65 20 23555 B AR A0 R TLR A5 5 I B FE R R IE FEM e 205
TR A T AL TR A BT PEIIT TT v 206
SEH RseABC JE RIBURTEIHREIE TT oo 207

RN TS A B S SR BRI AR R AR oo, 208
RS R A 7 AR FQRR uhpA JE DR R R AR AR TR e 209
cbpD & [R50V S I B 75 7 (R T BN AE SR AR 2 R IR (R BE WAL BIE T o 210
AN RSO0 B IH 7K 5T R -1 S AE DA B BB AL s 211
A ZABAE B uhpA JE RIS 0 UL BE 5 £ 15 S Al R R - R IA (10 22 7 40 A .. 212
1A 7R J7 il caspase 4 PRI G I B RFAE BCRIEIIHT (oo, 213
P A TCFLEEER A FbsA B 7L IR AT 11 IR 1 1) 2% S A B AR I AT 214
e 30 L XA ) SR SO E S B R REIE TN oo 215

PSR R 4R Ie e 2 A g O BL 805 (012 R A I RCR KL RR 7216
B AR I TC AL ER T XA 5 5 3 RS0 SaeSR G AR K AEWRrIE 70 T 217

BN vahl FE PRI REIR BLZRIE oo 218
TEFLBEER B TFI0901-ery % T RE T HIRIEH] cooeveeeeeeeeeeeeee e, 219

H A2 PEL B2 ARt JEFLBERR T DNA e v il 8 SRR TT oo 220
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¥ (Paralichth ys olivaceus)JLA] NF-kB 1 TNFaJd 3§ DNA H 34k 5 G i% fe b

o B GBS IR oo 221
FIERIGACHTTRTE DX K AR 24 22 FEPE T oo 222
AT 41 BT (Epineph elus coioides)BAG3 J& (A 71 75 £ B L i #8 H (1 D REARFALE ... 223
PR = AR DX JE R 5E K 1 BE g B AN R IRE R IR TR F I E S 0T e, 224
BN FO LGNSR R Z AR PRI s 225
IKAETRA T AR S ILAETK T FRIE T HIFEI ..., 226
JE B B e A AR LB B VR oI L ZFBETT oo 227
TR IN IR T3SS exsD 4 PRI RS TRARMRAY 12 S R AYRFAE oo 228
BT A S B R TR S NCC TFFRFAE e 229
47 NCCRP-1 F1 IL-10 [ R1A . FUARH] & S ZH AU BEAEAY, oo, 230
¢ RN H IR e % % JF . (Oreochromis niloticus) e 52 o FLEEER B B G% ............. 231
R R B I HY9901 B AE Y PR 5 CobB SRk, WFFili LIBEFHENE CobB

FRIIITBE oot 232
FU IR 1 K B A AU 5 e R B BRI T oo, 233
BT AH 22 A R FR AR R PP S AR = 22 S T s 234
ZE AL FE X =R T B [RIZH S SR 3 A T RET oo, 235
Hh [ D AR5 B AR IR FEAH R I R T e 236
0 62 975 PRI 4 i Y microRNA (CyHV-2-KT-635)i@ i # [f] ORF23 15k &
i1/ OO 237
T FRFE K ity Jo B 2 4 W IR 5 T8 XS T FT e, 238
T P R TR £ 1) it R AR G TEIIIE T T oo 239
BT oo ) QuEChERS $2 BV vy ABUAH £ DR 5T 15 00 5 7K 77 B ) vl & 1t 2 43 e

DRI R AR =0 B TS M S AR P R IR e, 240
Z /N H B-TCE R AR P [ R R E IR T e 241
W VA BT PR TR T 80 B R 25 e S A 3T oo, 242
HAEEE MRC2 FERITUIE . BRIEIFTT oo 243
E AR IR R AR A 170 B 5 2RI T oo, 244
K G ) e 6k (Paramis gurnus dabryanus) 88U I £ SR 2 SR 2 B8 T s 4y
T ettt 245
BT A 7T A IS B SR 5 TR R R BRI E e 246
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i#id RT-qPCR Tk A #E 4= J7ffi (Takifugu rubripes) EYLRFEAZ HF B EN =

FEIRL e 247
Y 7R AR HEE T v [T A B SR 7K B0 P TR M S RIS e 248
FAR P ML F BT TT covoveeeeeee s 249
24 PPN T TW -4 AR B ) S505 14 B R 988 P BB BRI TT s 250
I B T IR I HTIRIE v 251
— AR SR, B E AT B 1 53 9 55 T8 ARV FT oo 252
H AR Toll FESZAAR 2 FH 3 FIBERE . BRIBZIHT oo 253
IR EGRKENAN P ESRE S ESZETEIF e, 254
T IC ARG RstA/RstB %1 i 1 I 7K A HRL I BT A A7 RS2 M) LR e 255
25 e TR IR S K 2 SIS I EEM <o 256
LA DTS 5 B MR AR 2T 5% e 257
FrHE = POAR T R 2T A S BT o £ Ji 55 TE TSI IR SRS TIE FT oo 258
— R BRURT AT BR B TS-1 X B0 ) S0 P K L RGEBE W RY Y E T oo, 259
BT SR 2EL I 43 b B 4 e AR T B 5 FEF FUPE AU PRI ED ceene 260
iy FTEFLETHI ooveeeeersrsesssssssssssssssssssssssssssssssssssssssssssssssssssssssassasssssssssssssssssssssssssassasees 261
BT b A B 0 R ORI A ER PN TT oo 262
o b 20 T B S A FFD R IEITE T e, 263
FLJE GRS AT H 5 ALV A SRR G AR TT e 264
e Yt R VB 2 3 A0 REAE B FEE M R AT oo 265
REPIIAR AR T WA 357 471 1 1) R SRS ZEETT oo, 266
FEF IEAS IR IR T AR KB FTHERETE T oo 267
5K W35 B 3 13 B D R B BRI v 268
HL T IR B AR R VI BE A IR oo, 269
Hh P R PR R A B R I 2 3 AT RIE T B AN RIS 77 AR RE A oo 270
BT DU HPBR S 2% 8] 7= FEABE 2R (1 B FEE VR S A BE R PPAN oo 271
JE AP A PRSI T TR IR ITHY oo 272
HH 8 ST R R <A 0 37 B S 23 T3 AR T e, 273
BT 28 B IR 0 PP AT ST VA T - DA B RE R B8 e, 274
FAAHT P KT PR3 B B A PRI B T AR R e 275
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BT IRt 22 G BRI AL AT R SR B M TVRFAE 70 B S HETRIHTIE ... 276

i NG e S <18 7 ) I 1 K 1 OO OSSOSO 277
KAT R HEHZEBETE L5 I 2 ZEAE oo 278
A T ARBHR T AT 5 G RGEITEI oo 279
LT v [ 4 b £ 30 3 S0 20 B U I P B RS V£ R SR E AR BE T R ... 280
LRI R G LA BT G5 R B FEPEITE T e 281
PHAE AR T AR FETE SRR PRI T oo, 282
PG PP A A U7 O I 73 AT T e, 283
BT DU Eh s = BRI 2R B0 H ARG BRI PP T TT oo 284
S RGAEAR R KT T IR oo 285
iz A E S AR IS B TERILITFAT (e 286
WIS KR AR B 5 2 i A AR T B R B AR PR SR ARBR B IR R 3T e 287
BT AN[F ZET R KT 4 f A 5 M ABE 2R 2 PO 5 SR AT LA s 288
5T LeMaRns B AEZS R TEAR A R T — LR KPR 900 ... 289
BT B ST B AR T AR TE IO R SRR A 2R R VR T e 290
BT TracePro BT HIIEK J) 1 LED AT HC BT TL oo, 291
T 2t DR (R D D B I L S PRI 5 T e 292
A L 7 7 B DT S LRI ZPAIT e, 293
BRI IR PR A AR R BRI TTAN e 294
L IR A8 T S5 M B FCR DL B EN AT BRI HT oo, 295
$:F VIIRS/DNB H4fa 0T 78 87 7t 28 15 R s i e KT G fiE S A5 e 296
VK V8 9 0 0 e £ DR ROIRAS S SR B R ARSI FL oo 297
P AR B TV TR 5B FHHETA oo, 298
5 R IR S RS RR AR IR oo 299
AR TVRE =R SAB I E TR ILIEZR oo, 300
TR 1 i v 2 SR IR 5 B B SR TT e 301
WM B 0K F 1 (Oryzias melastigma) ZEM) 4IRS oo, 302
AEOR A 2R 4 O S 2 4 B SR FN SR BT oo 303
75 IKEEPRIEFRT EIKIBETIER ooeeeeeereerensensensssesesssesssesssesssssssssssssssssssssss 304
7 (B AR AR YHEA] I 22 (OB 2RI TE BB SEIRIAR TT oo 305
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R A N B R TEE S IR AIAT AT FEII R oot 306

Hh Ll A1) B e SR TR AE A S PR T I DR R e 307
ST K 2H e 4 i £ AT R S S R E B TR PR PRI s 308
T I 7K 2R 0 WA it 4 2 T AR VTG 2T IZ T s 310
2 20 24 7 I AR 7 38 e A 3 e R AR R B SEATLAR o 311
e e 2 AR ) S REAE B PR YD R R TR AR TEIE T e, 312
6 A R HEEAR B VR B S WA U T oo, 313
IR EE HARTEASHRAE, S56 R SEMT, WE T 5 KA (WK D 314
BT LRI oo, 315
&8 TCRAE AR AR R BRI R T HFERS o 316
ST AR A T St ME P AR TR RE B AR R S IR PR TG R e, 317
32 FH T FT R 2EL F T 8 FAHT 2R AP Rl bR e BB SR AL A e 318
BT 2 H R E AL 3 HABE PG R R VE 4 i 8 IR ARSI e 319
J PR LR AR T B 1) 32 B TR IR AR E AL ZR T s 320
TAE IR0 R VE 7K Bl S B T KRB AU TT s 321
FEAR BTV IR S HIIR LLIEIT B oo s 322
BEF IR A MR IR 5 R ZGTG I R BRI TC s 323
Gl AN [F] AR B R A TR A R B R 2RI S A ZE S AT e, 324
7K F345 BRI B FHRS R 5 A7 Ar T 2 B S A AL BE AT REII <. 325
BT IAEE DNA BRI ZRIF BRI ZRENEIT T oo 326
A A B RN BE B R IR T FRAE AR TR SE IR s 327
— MR R AU A TR BF6H) 70 B 4 5 SR IERIETE oo 328
RPN K 2K B A7 IE TP Bk AR E AR ZE R A e, 329
JE AR I T FE R AR A0 KA IR Sh VR B IR S DIRE 2RI ISR oo 330
WL IR BN 575 G 0B e BLARIE AT K] . 331
#|F Biolog Eco HiF1 PICRUSt2 J732:73 Bt FLANVE XS M 5% F b 3 AR S 240 o 1 s 1) 2
S 2R 22 2 I OO 332
LTl P 2R A R B A M AT 5 M S O e @ B T 333
TR 7R85 25 5 f (Dosidicus gigas) AT H (81286 IR B RN ... 334
AT (Corbicula fluminea) ZEFiAA A YetARKFIERIHINE 3HT oo 335
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Feeding selection of Metazoan zooplankton by Protosalanx
chinensis in Dalong Lake in spring

Zeng Haoyu
Heilongjiang River Fishery Research Institute of Chinese Academy of Fishery Sciences

Abstract : In order to explore the early feeding habits and feeding preferences of Protosalanx
chinensis in Dalong Lake, the feeding habits of Protosalanx chinensis in Dalong Lake were analyzed in
the spring of 2021. The results showed that the Protosalanx chinensis mainly fed on Cladocera and
Copepods in spring. At the beginning of April to June, with the growth of the body length of
Protosalanx chinensis, the body length of the Cladocera and copepods that preferred to feed also
increased accordingly. At the same time, the preference for copepods changed to Cladocera. This study
discussed for the first time the selectivity of diet for zooplankton before the change of feeding habits of
Protosalanx chinensis, which provided important basic data for the diet demand at the critical stage of
supplementing the population of Protosalanx chinensis and provided theoretical basis for the
population stability and sustainable high yield of Protosalanx chinensis.

Key words:: Dalong Lake Protosalanx chinensis; Food habits; Metazoan zooplankton; Analysis of
gastric contents
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Analysis of microbial community structure in rice-shrimp
integrated culture system of three different areas

JIA Lijuan

Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences,

Abstract : Environmental microbiota plays important roles in the intestinal microbiota of aquatic
animals. The Procambarus clarkii with high commercial value has become the most important
commercial species of shrimp in the world. Procambarus clarkii breeding is an important economic
mainstay in Hubei province, China. However, information on the gut microbiota of the Procambarus
clarkii is limited. To study the difference of bacterial community structure in the intestinal tract of
Procambarus clarkii and the environment of rice shrimp comprehensive breeding system in different
areas, and to provide a basis for improving the comprehensive breeding strategy of rice shrimp in
different areas. The results showed that the diversity of the bacterial community in the water, sediment
and crawfish gut of rice shrimp integrated cropping system in Wuhan area was higher than that in
Yongzhou area and Shaoguan area. The results show that there are some differences among the gut of
Procambarus clarkii, water and sediment of different regions, and the microbial structure of water
bodies and sediment is more similar. The microbial diversity in the water body of rice shrimp
integrated cropping system in Wuhan area is the highest, which is beneficial to the stability of the
breeding system.The culture environment in different regions did not affect the core phyla of
microorganisms in the culture system, but changed the relative abundance of dominant phyla and
genera.

Key words: : integrated shrimp in rice field; water; sediment; intestine; microbial community
structure; high-throughput sequencing
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Effects of Salinity, Temperature and Illumination on the

Growth of Chaetoceros muelleri from the coast of Guangxi

ZHU Xi-en, LIN Yuan-you, XIANG Gui-de, XIONG Jian-hua, CHEN Tian-cong, CHEN Xiao-
han, ZHANG Bin*
Guangxi Academy of Fisheries Science, Guangxi Key Laboratory of Aquatic Genetic Breeding and Healthy
Aquaculture, Guangxi Nanning 530021, China

Abstract: Combining with the seawater environmental conditions in Fangchenggang sea area along
the coast of Guangxi, the effects of salinity, temperature and light on the growth of Chaetoceros
muelleri were studied by single factor method.Different environmental factors had significant effects
on the growth of Chaetoceros muelleri. (P<0.05). Different environmental factors had significant
effects on the growth of Chaetoceros muelleri (P<0.05). The medium salinity group (20-30%.) was the
optimum growth condition. Under the condition of high temperature culture, the maximum cell
concentration of Chaetoceros muelleri was reached at 31°C. The lower the temperature, the slower the
growth rate, the longer the stable period, the higher the temperature, the faster the growth rate and the
shorter the stable period. 4000Lx was the most suitable light intensity for the growth of Chaetoceros
muelleri. The higher the light intensity, the longer the stability period.20%o salinity, 31°C temperature
and 4000Lx light intensity were the best growth conditions for Chaetoceros muelleri in Guangxi
coastal Fangchenggang sea area.

Key words:: Chaetoceros muelleri; Salinity; Temperature; Light; Algal cell density; Growth rate
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Effects of Rice-crayfish Integrated Model on Root Exudates

and Microorganisms of Rice During Grain Filling

TAO Xianfa, LI Bing, YU Zhaoxiong, HOU Yiran, WANG Long, ZHU Jian

Nanjing Agricultural University

Abstract: The traditional rice-crayfish coculture systems may develop a novel sustainable agriculture
by clarifying whether crayfish is serving as a stimulus for rice growth. In order to investigate this
mechanism, the experiment selected Cherax quadricarinatus as the cultured species and compared rice
root exudates (organic acids, amino acids and phenolic acids) and microbial community structure in
integrated rice-crayfish farming ( RSC) and rice monoculture (RMC). Gas chromatography/mass
spectrometry (GC-MS) and Illumina MiSeq sequencers were adopted as the research method. The
results showed that the secretion of malic acid, tartaric acid, maleic acid, isoleucine, serine, total
organic acids and total amino acids in rice roots were increased significantly in coculture system
during the grain filling stage, with the gap reaching at 29.07% ,61.84%,10.8%, 136.11%, 218.54%,
21.50% and 12.69% respectively compared to the control group; The total amount of p-
hydroxybenzoic acid, coumaric acid and phenolic acid decreased by 20.38%, 25.5% and 9.48%. In the
hard dough stage, the abundance of Methylomirabilota and Latescibacterota were increased in
integrated farming system by 101.11% and 48.86%, respectively; At the genus level, the rice-crayfish
integrated model significantly increased the abundance of Vicinamibacteria-norank and
Latescibacterota-norank by 22.96% and 48.23%. Correlation analysis showed that the total amount of
organic acids and phenolic acids secreted by roots were negatively

Key words: : Cherax quadricarinatus;Rice-crayfish Integrated model;Root exudates;Rhizospheric
microorganism;Grain filling stage
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Funnel-type Recycled Pond Culture Model

WANG Jianhua, ZHANG Chaofeng, YANG Xuebing, JA Tao
Zhengzhou Aquaculture Technique Promotion Station, Henan Aquaculture Technique Promotion Station, Henan
Fisheries Science Institute

Abstract : After three years exploration and one year’s optimization, funnel-type recycled pond
culture model(‘Henan 168 model’for short) realizes significant improvement on efficiency lift, labor
reduce, water saving and discharge cut-down. It is innovated that key technologies like eco-recycled
flow-thru farming, feces collection by special installation, smart management by automatic control and
reuse of concentrated sludge, save water and energy by up to 60% and increase sludge take-out rate to
75%. This model reuses effluent and sludge instead of discharging them all to channels of lotus and
grains, which largely reduces discharge rate and protects environment. The model provides an eco-
friendly and highly-efficient way to realize the requirement of green pond modification in 14th Five
Year Plan.

Key words:: Funnel-type Pond; eco-recycled; highly-efficient aquaculture model
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Carbon sequestration capacity of three benthic shellfish in
seawater pond integrated culture system

Zhao Yongchao 12, Li duo1, Ji Hongjiu * 1, Chen Shuyin 1, Chen Yusheng 1, Xu Chenglin 1
1 Jiangsu Marine Fisheries Research Institute, Nantong, Jiangsu 226007; 2 Shanghai Ocean University, Shanghai
201306

Abstract: Abstract: In this study, the seasonal variation of carbon content in shells and soft tissues of
three benthic shellfish, Meretrix meretrix, green clam and Sinonovacula constricta, and the total annual
carbon sequestration in the pond shrimp and shellfish integrated culture system were studied. The
results showed that there was no significant difference in carbon content among the three shellfish
species, and there was no significant difference in carbon content of the same shellfish in different
seasons; There was a significant positive correlation between carbon sequestration and the weight of
shell and soft tissue. Combined with the empirical formula, the annual carbon sequestration under the
same culture mode was Meretrix meretrix > green clam > Sinonovacula constricta; The comprehensive
carbon sequestration capacity of seawater ponds can be improved by optimizing the comprehensive
culture mode of Meretrix meretrix and shrimp.

Key words:: Key words: benthic shellfish comprehensive culture carbon content carbon fixation
capacity
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Convolutional Neural Network-based Ecological IoT for
Management of Aquatic Organisms

Lulu Jia
Chongqing Technology and Business University

Abstract: With the development of emerging information technology, the traditional management
methods of aquatic organ- isms are slowly replaced by new methods due to high cost, time- consuming,
and inaccurate management. In recent years, some scholars and experts have conducted a series of
studies on these problems and proposed many methods to solve these problems. However, some
methods are too singular to study objects, which are not applicable to other aquatic organisms, and the
accuracy of recognition is generally not high. Moreover, the research objects of some methods are too
single, and the applicability to other aquatic organisms is not high. Therefore, in this case, an
ecosystem is proposed as an architecture as an architecture as a data, and the management space is used.
The aquatic organisms were classified as a major classification method with an improved
Convolutional Neural Network (CNN) model, and the model was recorded as Fish-CNN. The
improved Fish-CNN model is a 2-layer structure based on the original CNN model, and the
characteristics of the picture have been extracted and dropped multiple times, and the accurate
classification of aquatic organisms is achieved. This study passed multiple experiments, and the
optimal super parameters were selected during model training. At the learning rate of 0.0001, the
training set and test set ratio were 8:1, and the final accuracy of the classification can be stable to 99%

to 100%. The experiment also compares the Fish-CNN model

Key words:: CNN, aquatic organism, classification, ecological network, super parameter
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Hypoxia tolerance and alternation of hematology and gill
morphology in black rockfish Sebastes schlegelii

Gao Yuntao, Gao Yunhong, Li Mingyue,Wang Jiawei,Meng Zhen, Guan Changtao, Jia Yudong
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences

Abstract: Dissolved oxygen is an important environmental factor affecting the survival of fish. The
critical oxygen tension (Pcrit), loss of equilibrium (LOE), respiratory rate, plasma cortisol, glucose,
white blood cell (WBC), red blood cell (RBC), hemoglobin (Hb), hematocrit (HCT) and the alternation
of gill morphology and related parameters (lamellar length [SLL] and width [SLW], interlamellar
distance [ID], perimeter), the proportion of the secondary lamellae available for gas exchange (PAGE)
were determined during hypoxia to illustrate hypoxia tolerance and physiological response
mechanisms in Sebastes schlegelii during hypoxia stress by experimental ecology and physiological
method. Results showed that the value of dissolved oxygen at critical oxygen tension (Pcrit) and loss
equilibrium (LOE) of black rockfish were (3.96+0.11) mg/L and (2.60+0.21) mg/L respectively, water
conditions remain at temperature (15.6+0.2) °C, pH value 7.85, salinity 30.0. The PAGE and
respiratory frequency increased first and then decreased, the highest value respectively obtained at
Pcrit and LOE (P<0.05) throughout hypoxia stress. Meanwhile, plasma cortisol and glucose levels
significantly increased, the highest values observed at LOE and Pcrit (P<0.05). In blood physiology,
Hb, HCT, WBC similar results like plasma cortisol, with the highest value at LOE (P<0.05), whereas
RBC remained unchanged during hypoxia stress. Besides, the SLL, ID, Perimeter of gills increased
significantly during hypoxia stres

Key words: : Sebastes schlegelii; hypoxia tolerance; respiratory frequency; physiology and
biochemistry; gill histology
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Research on innovation of pond engineering circulating water
aquaculture model

Ma Zhirui

Guangxi Fisheries Research Institute

Abstract: In recent years, pond engineering circulating water culture model has begun to rise in
aquaculture as an ecological aquaculture model with the advantages of high yield, high efficiency and
environmental protection. However, With the high cost of equipment and daily management, and the
natural disasters, it can not be a best choice for most culturist. In this paper, through functional
partition of the whole aquaculture system, a more optimized pond engineering circulating water
aquaculture mode was explored, expected to improve the comprehensive utilization of water bodies
and the aquaculture benefits under this mode.

Key words: : Pond engineering circulating water aquaculture model , Functional partition,
aquaculture benefits
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Effect of different densities Caulerpa lentillifera on the water
quality, growth and feed efficiency of Litopenaeus vannamei in
semi-circular aquaculture system

Baian Chen, Dongchao Liu, Sipan Wang

Guangdong Ocean University

Abstract: In this study, 4 treatments were randomly designed in triplicate tanks where shrimp was
monocultured (without seaweed) as a control treatment with different seaweed density levels (2.5, Sand
7.5 g/L) for 42 days. The results showed that the experimental group significantly reduced the
concentrations of nitrate nitrogen, nitrite, ammonia nitrogen, phosphate and the quantity of Vibrio in
the culture water. The experiment group significantly promoted the survival rate, absolute growth rate
and feed efficiency of Litopenaeus vannamei, and the 7.5g/L seaweed experimental group was the best,
reaching 93%, 271.. 33% and 0.99, respectively.

Key words:: Caulerpa lentillifera, Litopenaeus vannamei, Water Quality, Growth, Vibrio
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Combined exposure to hypoxia and ammonia aggravated
biological effects on glucose metabolism, oxidative stress,
inflammation and apoptosis in largemouth bass (Micropterus
salmoides)

Song Yang

Sichuan Agricultural University

Abstract: Hypoxia and ammonia are unavoidable environmental factors in aquaculture, and have
been shown causevarious adverse effects in fish. In the present study, a two-factor crossover
experiment was carried out toevaluate the combined effect of hypoxia and ammonia on oxidative stress
and glucose metabolism endpoints in largemouth bass. The fish were divided into four experimental
groups: hypoxia and ammonia group, hypoxia group, ammonia group, and control group. The results
showed that hypoxia and ammonia exposures both induced antioxidant response and oxidative stress
(superoxide dismutase [SOD] and catalase [CAT] activities increased first then decreased, and
malondialdehyde accumulated) and anaerobic glycolysis (increase of blood glucose, decrease of liver
glycogen, accumulation of lactate, and increased lactate dehydrogenase activity). In addition, hypoxia
and ammonia upregulated antioxidant enzyme genes (Cu/ZnSOD, CAT, and GPx), apoptosis genes
(caspase 3, 8, 9), as well as inflammatory genes (interleukin [IL]-1p and IL-8) and downregulated an
anti-inflammatory gene (IL-10), suggesting that apoptosis and inflammation may be related to
oxidative stress. The increased expression of GLUT1, LDH, and MCT4 were induced by hypoxia and
ammonia,suggesting that anaerobic glycolysis was increased. Furthermore, fish suffering from hypoxia
or ammonia exposure showed some changes in gill tissues histology, and the most severe lesions of gill
tissues appeared in simultaneous exposure.

Key words: : Largemouth bass, Hypoxia ,Ammonia ,Glucose metabolism, Oxidative stress,
Inflammation { Apoptosis
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Effects of Propylene Epoxide on Activities of Antioxidant and
Immune Related Enzymes in Sea Cucumber Apostichopus
japonicus

WANG Limeil, LI Duohui2, LUO Yaomingl,2, LU Zhichuangl, HE Pingl
1. Liaoning Key Laboratory of Marine Biological Resources and Ecology, Liaoning Ocean and Fisheries Science
Research Institute; 2. Dalian Modern Agricultural Production Development Service Center
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Key words: : propylene epoxide; Apostichopus japonicus; superoxide dismutase (SOD); catalase
(CAT); acid phosphatase(ACP); alkaline phosphatase( ALP)
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Growth status and purification effect of Chlorella salina in
mariculture wastewater

Yuanzhao Song, Xian Li, Jun Li, Haibin Jiang
Shanghai Ocean University

Abstract: In order to solve the problem of high nitrogen and phosphorus in recirculating aquaculture,
two kinds of salinity wastewater were prepared. The nitrogen and phosphorus removal of Chlorella
salina in wastewater was studied by adding Chlorella salina with three densities. The results showed
that algae of different densities could make full use of nutrients in wastewater. Under different salinity
conditions, the NO3- removal effect of algae density groups was significant. PO43- removal rate was
significantly positively correlated with the number of algae (P<0.05), TN removal rate of experimental
group was significantly higher than that of blank group (P<0.05), TP removal rate of high density
group was significantly higher than that of other groups (P<0.05). The high density group can be used
as the suitable density for aquaculture wastewater treatment.

Key words:: Chlorella salina, Mariculture wastewater, salinity, nutrients
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Study on organic carbon, nitrogen and phosphorus budgets of
zero-water exchange ponds of grass carp, bighead carp and
crucian carp

Zhang Kai, Wang Guangjun, Gong Wangbao, Yu Ermeng, Li Zhifei, Xia Yun, Tian Jingjing, Yu
Deguang, Xie Jun

Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences

Abstract: In order to study nutrient status of zero-water exchange pond and clarify the mechanism of
zero-exchange, nutrient budget of zero-water exchange pond and common pond were studied. The
results showed that feed was the main input of nutrient input in the both two groups, and sediment
accumulation was the main output. The nutrient accumulation of zero-water exchange pond was
significantly lower than that of common pond (P<0.05). The carbon, nitrogen and phosphorus
utilization rates of zero-water exchange ponds were significantly higher than those of normal ponds (P
< 0.05), which were increased by 29.49%, 21.72% and 20.65%, respectively. These results showed that
the zero-water exchange mode can reduce nutrient accumulation and improve the material utilization
rate effectively, which was a green and efficient aquaculture mode. Considering the nutrient emission
of aquaculture in China, the zero-water exchange mode has good promotion value.

Key words:: Ctenopharyngodon idella; Aristichthys nobilis; Carassius auratus; zero-water exchange;
nutrient budget
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Response mechanism of gut microbiome and metabolism of
European seabass (Dicentrarchus labrax) to temperature stress

Yanyun Liu

Dalian Ocean University

Abstract: In animals, the gut microbiome is vital to growth, and changes in the composition of these
microbial communities may affect growth and adaptability to the environment. Temperature is another
important factor that influences the healthy growth of animals. To date, the mechanism by which
juvenile European seabass (Dicentrarchus labrax) and their symbiotic flora adapt to changes in
environmental temperature is not well understood. Therefore, we evaluated the effect of temperature
on the gut microbiota and metabolism of European seabass juveniles. We used 16S rRNA gene
amplicon sequencing and non-targeted liquid chromatography with tandem mass spectrometry (LC-
MS/MS)-based metabolomics to study the gut microbes of European seabass after 60 days of rearing of
water temperature at 10°C (T1), 15°C (T2) and 20°C (T3). At the phylum level, the abundance of the
gut microbiota did not differ significantly among the three groups after 60 days of cultivation. At the
genus level, however, the abundance of Faecalibacterium, Filifactor, Butyricicoccus, and
Erysipelotrichaceae UCG-006 in the intestines differed significantly among the temperature groups.
Compared with T2, the relative abundance of Filifactor in T1 was significantly increased, while
Faecalibacterium was significantly decreased, while the relative abundance of Butyricicoccus and
Erysipelotrichaceae UCG-006 in T3 was significantly increased. The LC-MS/MS analysis revealed
107 metabolites in the 10°C group and 68 metabolites in t

Key words:: European seabass, temperature, gut microbiota, metabolism
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Microbial community structure and water quality evaluation of
pond culture environment in Chongming Island

Cao Congl Shi Weil Guo Chunxia2 Zhong Guofangl *

1. Shanghai Ocean University, National Experimental Teaching Demonstration Center for Fishery Sciences/Fish
Nutrition and Environmental Ecology Research Center, Ministry of Agriculture/Key Laboratory of Freshwater Aquatic
Germplasm Resources, Ministry of Agriculture, Shanghai 201306; 2. Shanghai Academy of Environmental Sciences,
Shanghai 200233

Abstract : In this experiment, the Illumina Miseq high-throughput sequencing method was used.
Based on the sequencing results of the 16S rRNA gene, the intestines of the main aquaculture objects
(Eriocheir sinensis and the four major domestic fishes) of Shanghai Chongming Island and their
cultured water bodies, sediments and their water sources were analyzed. The analysis and comparison
of the microbial community in the environment showed that the structure of the dominant bacterial
community in the aquaculture environment of Chongming Island is less different from its water source
environment. The various water quality indicators of the aquaculture water body have not exceeded the
standard (refer to the "Freshwater Pond Aquaculture Water Discharge Requirements" (SC/T 9101-
2007) Freshwater aquaculture wastewater discharge standard value secondary standard).

Key words:: Culture environment; Water source environment; Water body; Sediment; intestine;
Dominant flora; High-throughput sequencing
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A new integrated model of fishing, light and algae under the
background of double carbon

Gao Qiping, Gao Zhigang, Wu Zongwen, Zhang Lu
Tongwei Co., Ltd.

Abstract: In order to achieve the 3060 "double carbon" goal, China not only needs to reduce carbon
emissions, but also requires to improve the absorption and utilization of CO2 emitted by human
activities through carbon sequestration technologies such as carbon capture. In terms of reducing
carbon emissions, Tongwei Co., Ltd. is committed to promoting the "integration of fishing and light".
In terms of improving carbon utilization, CBN Co., Ltd. has been committed to the scientific research,
production and sales of microalgae, producing 1 ton of microalgae and fixing 1.8 tons of carbon
dioxide. TW-CBN photosynthetic autotrophic microalgae project team takes the production of feed
grade Spirulina as the stage goal in the next 3-5 years, and takes the new model of "integration of
fishing, light and algae" as the realization path.

Key words:: Double carbon target; Integration of fishing, light and algae; New mode
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Dynamics of the bacterial community in channel catfish cage—
pond integration system

Ligiang Zhong, Minghua Wang, Shiyong Zhang, Hucheng Jiang, Xiaohui Chen

Freshwater Fisheries Research Institute of Jiangsu Province

Abstract: The changes in the bacterial community composition in a channel catfish nursery pond
with a cage—pond integration system were investigated by sequencing of the 16S rRNA gene through
Illumina MiSeq sequencing platforms. A total of 1 362 877 sequences and 1440 operational taxonomic
units were obtained. Further analysis showed that the dominant phyla in the cage and pond groups
were similar, including Actinobacteria, Cyanobacteria, Proteobacteria, and Bacteroidetes, although a
significant difference was detected between them by ANOSIM (P < 0.05). Temporal changes and site
variation were significantly related to the variation of the bacterial community. A comprehensive
analysis of the diversity and evenness of the bacterial 16S rRNA gene, redundancy analysis (RDA),
and partial Mantel test showed that the bacterial community composition in a cage—pond integration
system was shaped more by temporal variation than by site variation. RDA also indicated that water
temperature, total dissolved solids, and Secchi depth had the largest impact on bacterial populations.

Key words: : Channel catfish, Cage—pond integration system, bacterial community, Seasonal
variation
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A preliminary study on the removal effect of NH4-+- N and
NO2-- Nby Chlorella vulgaris and the disappearance
pathway of NO2-- N

SHEN LEI

Shanghai Ocean University

Abstract: In aquaculture, ammonia nitrogen (NH4 +- N ) and nitrite nitrogen (NO2-- N) are the key
factors that harm the growth and development of aquatic animals. The regulation of NH4 + - N and
NO2-- N determines the success or failure of aquaculture; to control them, however, chemical
regulations are still mostly used in production, yet there is a lack of more safe and efficient biological
regulation means. Therefore, in the present study, Chlorella vulgaris was taken as the research object.
We firstly screened the suitable conditions for C. vulgaris to remove NH4+- N and NO2-- N in water.
Then we analyzed the change rules of ammonia nitrogen and nitrite nitrogen in water under the
treatment of C. vulgaris. Finally, we explored the removal pathway of NO2-- N by C. vulgaris. In the
first stage, C. vulgaris were inoculated into feed wastewater containing NH4 + - N and NO2-- N,
different light intensity and density of C. vulgaris were set to explore the removal effect of C. vulgaris
on NH4 +- N and NO2-- N under different conditions. In the second stage, sodium nitrite was used to
configure NO2-- N solutions with different concentrations, and continuous aeration was used to
explore the removal effect of NO2-- N by aeration. In the third stage, C. vulgaris inoculated in high-
temperature sterilized feed wastewater, and the contents of NH4 + - N, NO2-- N, nitrate nitrogen
( NO3-- N) and dissolved oxygen in water at different times were measured, to explore the removal
effect of oxygen produced by

Key words: : Chlorella vulgaris; ammonia nitrogen; nitrite nitrogen; disappear pathway; nitrite
reductase
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Development status and prospect of deep-sea large-scale fence
culture in China

SONG Wei, HAN Xinchen, WANG Lei, LIU Yongli, WANG Lumin

East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences

Abstract : The deep-sea large-scale fence culture is suitable for the China's sea area which is
characterized by a gentle continental shelf, and also for breeding China's various unique economic fish.
It is one of the emerging aquaculture models in the structural adjustment and industrial upgrading of
mariculture in China. It has the characteristics of large breeding area and activity space, closer to
nature and ecology, and has broad application prospect. On the basis of introducing the development of
seine culture and the connotation of deep-sea aquaculture, this paper mainly summarizes the
development status and research progress of deep-sea aquaculture in China from the aspects of site
selection, construction, supporting equipment research, breeding and management. Moreover, we put
forward corresponding countermeasures and suggestions for the problems existing in the development
of large pen breeding in the deep-sea large-scale fence culture. This article may provide a reference for
the construction of intelligent ecological breeding mode of deep-sea large-scale fence culture in China.

Key words:: Deep-sea mariculture; Fence culture; Development situation; Prospect
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Effects of hanging pond temporary culture on meat quality of
Micropterus salmoides

Lu Qiang 1, Li Kang 1, 2, 3, Li Zhengcheng 1, Xu Yan 1, Liu Liping 1, 2, 3*

1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai
Ocean University, Shanghai 201306, China;2.Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean
University, Shanghai 201306, China;3.National Demonstration Center for Experimental Fisheries Science Education,

Shanghai Ocean University, Shanghai 201306, China;

Abstract: Set up 3 parallel cages (1*1*1m, density of 40 fish/crate) in the clear water pond where
bitter grass is planted, and study the quality of the commercial size largemouth bass (540+30g)
cultivated in earthen ponds by hanging water temporary culture Impact. The results showed that the
muscle hardness, fatty acid, and amino acid content of largemouth bass were significantly improved,
and the number of unsaturated fatty acids increased by 3, so that the total fatty acid reached 23; Fish
flavor amino acid taste activity value (TAV) significantly increased, including glutamic acid with
umami taste TAV>1 (4d); and histidine with bitter taste TAV<1 (10d); The content of off-flavour
compounds 2-MIB and GSM are reduced from the initial 0.56 ug/kg and 0.54 ug/kg to 0.37ug/kg
(10d) .The results showed that the suspension culture significantly improved the meat quality of
largemouth bass. Considering the suspension time, it is better to take 10 days.

Key words: : Keywords: Micropterus salmoides, Clear Water Pond, Temporary Raising, Quality
Improvement

22 of 507



HReFEs EM #wixhl s DR g ik
GePE R AT

RO
B RO K

WE: HAl, EM BAAEKCEMRNWFH ISR T Z M ASEIR S 1R
EM EX & & Z e Al K. G MR e . =M AR EM B R R RO
glkg; 30g/kg: 60 Fi/kg) MEFRF M 90 d. S5 RK ], (RIKFE A m IR REfR ikt fA R K H
KR53 L5 1 b5 2 B 27 £ 1) S e W 8 s TRk s EM B AR 1 IR B ' npy
agrp~ cck. Ghrelin 2& K 131k

XEE: EM B AKs sk SRR PHEfM

Effects of supplemental effective microorganisms in feed on the
growth, immunity, and appetite regulation in juvenile GIFT
tilapia

Wentao Xu

Nanjing Agricultural University

Abstract: Nowadays, effective microorganisms (EM) is wildly employed in water improvement and
agricultural utilization. Many experiments in aquaculture have proved that EM takes positive effects on
fish. Naturally, the present experiment evaluated the influence of supplemental EM in feed on tilapia,
which contains the growth, immunity, and appetite regulating of juvenile GIFT tilapia. Three different
EM-concentration diets (0 g/kg; 30 g/kg; 60 g/ kg) were fed to tilapia for 90 days. The results showed
that Low and High concentration could promote fish grow. However, most of the serum indicators
suggested the little improvement of the immunity in tilapia. The neuropeptide Y (npy) and agouti-
related protein (agrp) in brain or cholecystokin (cck) and Ghrelin in hepatopancreas mRNA expression
were significantly improved by EM diets.According to the study, fish growth indicated the results of
gene expression, thus adding EM to diets suggested positive effects on tilapia culture. The study

provided information to aquaculture production.

Key words:: Probiotics ; Growth; Immunity; Appetite regulation; Tilapia
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Effects of Jet Water Mixer on physicochemical parameters and
number of bacteria in the Apostichopus japonicus pond

ZHANG Dongsheng'-2, WANG Zufeng?, ZHOU Wei!
(1. College of Fisheries and Life Sciences, Dalian Ocean University, Dalian 116023, China; 2. Dalian Ocean
University/Key Laboratory of Marieulture & Stock Enhancement in North China’s Sea, Ministry of Agriculture
and Rural Affairs, Dalian 116023, China; 3. China Society of Fisheries/National Fisheries Technology Extension
Center, Beijing 100125, China)

Abstract: Jet Water Mixer (JWM) is a set of new water quality improvement equipment. To evaluate
the effects of JWM on the pond water quality improvement, we monitored eight physicochemical
parameters, including temperature, salinity, pH, dissolved oxygen (DO), total ammonia nitrogen
(TAN), nitrous nitrogen (NO -N), phosphate (PO4**-P), contents of sediment organic matter (TOM),
and abundance of living heterotrophic bacteria, a culturable vibrio in the ponds of Dalian Zhuanghe
Sea Cucumber Farm. The results show that compared with the control group, the contents of TAN
were the lowest from March to November and so were NO, -N except for June in the water, the PO4*"-
P content was the highest from March to August in the water and the TOM content was the lowest in
the sediment in each month (P<0.05) in JWM pond. At thermocline and halocline stage, JWM
increased the DO content significantly. JWM promoted the growth of living heterotrophic bacteria and
restrained the growth of Vibrio as long as 89 months. It is concluded that JWM can improve water
quality and reduce abundance of Vibrio in the water in spring, summer and autumn significantly, and
reduce TOM content in the sediment throughout the year, so it has a good application prospect in the
cultivation of sea cucumbers.

Key words: Jet Water Mixer (JWM); Total ammonia nitrogen; NO2—-N; Heterotrophic bacteria;
Vibrio; Water purification; Apostichopus japonicus culture
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Abstract : Salinity is an important factor affecting the growth of marine algae. In this study, the
common red tide organism Noctiluca scintillans was used as the research object, and the salinity
gradient was set to 18,22,26,30,34,38 and 42. The growth, cell size, SOD, CAT activity and GSH
content of Noctiluca scintillans were determined. The results showed that salinity had a significant
effect on the growth of Noctiluca scintillans ( P < 0.05 ). When the salinity was 26, the cell density
was the highest ( 3.3 x 104 cells / L ). When the salinity was 42, the highest cell density was only 2.67
x 103 cells / L. Salinity had a significant effect on the cell size of Noctiluca scintillans ( P < 0.05 ).
When the salinity was 18-22, the cell diameter of Noctiluca scintillans increased, and the maximum
was ( 914.97 = 25.97 ) um. When the salinity was 38-42, the cell diameter decreased, and the
minimum was ( 350.94 £+ 4.66 ) um. Salinity had a significant effect on SOD, CAT activity and GSH
content of Noctiluca scintillans ( P < 0.05 ). At low salinity 18 and high salinity 42, the activities of
SOD and CAT in Noctiluca scintillans cells increased significantly, which were higher than other
salinity groups. In addition, the content of GSH increased significantly at high salinity 42 ( P < 0.05),
and the content of GSH was lower than that of other salinity groups at low salinity 18.

Keywords : salinity ; Noctiluca scintillans ; growth ; antioxidant enzymes
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gysl regulates glycogen synthesis to sustain the offspring
embryonic development in zebrafish

Xiao Ji
Shanghai Ocean University

Abstract: Glycogen synthase (GS) is the rate-limiting enzyme in the process of glycogen synthesis.
Muscle glycogen synthase gene (gysl) is widely expressed in muscle, heart, brain, gonad and other
tissues. Loss or overexpression of gysl in humans or mammals leads to neurodegenerative diseases,
glycogen storage disease and other related diseases. In the previous study, we generated a gysl
zebrafish mutant line by CRISP/Cas9 editing system. The F2 mutants showed no obvious
morphological changes, were with normal development and growth, while F3 mutants delayed their
embryonic development, 95% of mutants died at 48hpf. However, the reason of high mortality rate of
F3 mutants is not well defined. Here we hypothesized that the defects were due to the decline of
glycogen storage in the yolk, which was maternally obtained, and consequently caused the embryos
not being able to obtain sufficient nutrients to maintain the embryonic development. Thus, we firstly
confirmed that the blood glucose levels were significantly reduced in the F2 mutant compared to wild
types. qPCR analysis showed that the expression levels of glucose transporter genes slc2a2 and slc2a8
were decreased in muscle of mutants, and slc2a8 expression decreased in ovary of mutants, indicating
the loss of gysl caused the defects of glycogen synthesis in F2 mutants. Further, we found that the
glycogen of F3 mutants at 36hpf and 48hpf were significantly reduced compared to wild type siblings
in the yolk by staining with PAS, indicating a declined of glycogen storage caused by the deficiency of
gysl. gPCR analysis showed that the expression levels of genes including gépca.l1, pck2, insb, gcga,
slc2ala, slc2alb and slc2a2, which involved into glucose metabolism, were increased in the F3
mutants at 24hpf. All these results demonstrated that gys1 is a key gene for glycogen synthesis, and the
maternal original glycogen has an essential role to maintain the embryonic development in zebrafish.

Key words:: gysl; Glycogen synthesis; Embryo development
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When fish biology encounters new single cell sequencing
technology

Peng Hu

Shanghai Ocean University

Abstract: Single-cell sequencing technology is an emerging technique to study individuality of cells
via using omics approaches, which was selected as “breakthrough of the year” by Science Magazine in
2018. Recently, single-cell sequencing technology has been applied to study how the individual fish
cells change over the development stages and/or in disease conditio