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DR Y 5 FR T R TR ) B, R Y B

PRI BT R R R R B S TAR SN B 2 (Du et al,

2023), I E I EE I 0k To M B S A P
Hodr, JoME B 32 2 D) v e A K O 2 (B 9T AR 4,
2020), A MEZHNAHE T HIRITIE . Bk . 24 .
PR E SR, DE i EA A G AR AU IR R AT
J(Kuo et al, 1990; Ballesteros et al, 2005), >4 i % i
FRE R R 23T H oA K p) B, Bk
FhoT A B AIG . MRS S, (05 16 i st
1l Z R FRAR , — PRI A S A I 40 o A L [
B, {851 SRR KA Rk M2, T
T W PR BB T R A8 R T A RE 0 i 4 10 B R R R
WAL ZREE | BT YU ROV R B, ST A Y
- R A A R I RR TR PO R R () e
4, 2022), JNAE I ARV RO M S R O B,
FERAEE S . B R B MIFAE 3 il FE (A 224, 2018).
Horfr, BUAGIS 52 00 B S R A K ) A B AR s 1Y
TR, e AR I R P e B A R (R 4
2014) . YT R AL S S I HLE S m N R KX
15 FEFE T AN UL 5 10 3% B B, {H 3 45 P 0 1) g
KRB Ty X E WA AR R B i s R & 2 A
SCLRIR T AR R B N AR 56 T AR 1 SR S AT A Y
AHIESCHE, MR T 52 i AL IR 2R, ST
FORWEM . AL SR RIS,

1 BEAMEERER
AP EAEA LT LR A (DA MEE

BEELAT RSP . TR kg M [ R O A SR AR (GR 1)
(Ackerman, 2007)., Cox % (1988)J & M, %%
i (Thalassia testudinum) i 76 5 M6 L4 60 = 1, 3%
AT RS R TR AR T, A6 By RO 2 T AR
A BR A, DA S ™ A M AR T 75 i 2 AR T 7™ A 46 A
S BE £ (van Tussenbroek et al, 2010, 2016a).
) R 2 R S S AN TR AT D i i A
IR i 758, PRIE LA Y 24 1 (Ruckel shaus, 1995;
Ackerman, 2007; Entrambasaguas et al, 2017) ., (2)#Z¥;
J7 SOMAE . 5REAEMYIANFE, RN S B R
ZIBAL (BT, 2004), #5316 B 2R ARy, X RD
A6 T A T A R T A6 17K 3l A 30 BRSO T i
17K EEK T #2833 1) (Cox, 1983; Ackerman, 2007).
AR, AER PRI . sk . RS2 2K 51RO = 2
() AH 5 AE P52 (Ackerman, 2002), =22 Rif WL 3% 5 TA
H, EEEGE AR ST, YA S 5
FEER L, 1B van Tussenbroek Z5(2016b)if it %
WACI R B, ER BN KIS T, TTEHES )
TEAE 2 T 6 B, B A 4B A b 23 3 FE TG B HESD
e b, YIS SRR IR BB R . (3)
TR REATL IR ) A R« M B BT — AR 5 24EE )
HERIE, AR BAERIE NGRS B 2Rk
5 2 A R A ST R 5, 2022) 7R X
TR IR A R R, [FH 228 7L (Cymodocea
rotundata) 5 7% 3k #1 (Thalassia _hemprichii)FF £ % 43 5]
 5.6%F 17.0%, HIFERRAEIR'E A 05 4L
(Duarte et al, 1997), Tfijfi& %7 (Zostera marina) i) J¥- £ £k

®1 FRREBEAMHEERSE

Tab.1 Selected reproductive characters in seagrass genera

J& 4 Genus £#57= Pollination mode A [ ok /8 A S ik Dicliny 14 Pollen
22} % )& Cymodocea KF Submarine WEHE S #%  Dioecious 224k Filiform
T Z§ )R Halodule JKF Submarine i ik S A%  Dioecious 224k Filiform
£EJE  Syringodium JK°F Submarine Wi ik S A% Dioecious 224k Filiform
4 #1%5 )& Thalassodendron 7KK Submarine Wi e ¥k Dioecious 224k Filiform
M E T JE Enhalus /KT Surface Wil Sk Dioecious BRIk Spherical

. e
H % )E Halophila KN Submarine WEHERL R BB P AR Ellipsoidal
Monoecious and dioecious
ZokHJ® Thalassia KF Submarine Wil Sk Dioecious B4k Spherical
JIIE B )R Ruppia JKIH Surface e R A%  Monoecious 224k Filiform
R HJE  Phyllospadix KE j(ﬁ WEHE S A% Dioecious 224k Filiform
Submarine and surface
#2E)E Zostera ACF K EHE R Bk Monoecious 223k Filiform

Submarine and surface

H: A Ackerman (2007). Note: Adapted from Ackerman (2007).
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ARSI N 14D (Duarte et al, 1997; Blok et al, 2018).
Q)2 Z N E e W FA YR T AU B — R
o, TR A R ILEERI SR, PR, R
J£(McMillan, 1980; Qin et al, 2020a). ;& (Collier
et al, 2012; Olesen et al, 2017). hJ¥ (Fernandez et al,
1999; Ankel et al, 2021). 7K{#(Cox, 1988; Tongkok
etal, 2017). &7k (Smith et al, 2016; Jackson et al,
2017) 55 AH O K 28 387 2 X FEAT P A B 36 e T

2 BERENHAREZSH

21 TARPEHB

AT 5% FF SCHk T T B i R AT oY K
RRGEAT T 00T SO0 g DFoT e T EE B RS
JBFSE A (Institute for Scientific Information, 1S1)f)
Web of Science #0419 SCIE B 4 ks R IR, %
PO & = B RIE A BESE S 4 . DL “seagrass
flowering” A K 28 S B ], LA 2 H AH O STk 300
o M 2008—2021 ZAFESCHk & KA HF, 1R
TEAH I SCHR A R 2 3 K a3, AE i A0 ok i i A5 21 o
Z I E(A 1),

— [
w (=
T T

SCRRE R

Number of published papers/f

W

AR Year

Kl 1 7E Web of science #:4% 2008—2021 4
A seagrass flowering” SCHk K=
Fig.1 Number of literatures searched for the keyword
“seagrass flowering” from 2008 to 2021 in Web of Science
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o A G B IR) R B T AR S A A A S RS R
JEJ7 I . FIFH VOSviewer (Version 1.6.18) % {4 Hr i 5
FEBTE X i I S BRI A T e AR I AT, A
PR 4 (1K 2), S5 E R, 1991—2022 4FE % T B A
PEEGEEFE 0 S ORI R RS AV L R R T
wL ZREME L sh 12 AR AR ZEAE . X H B >3
() 51 (A 204 AN)iEAT LB T, 38 A S B I
KRR, i 32 4k, W R M B A SR A oT

e S W EE S i B IS IS N i St (e 1 N |
FELR ST . 3 P9 B2 A AF e 28 R &R o

AR5 ] 65 B AR 5 A il — 2 AT 2, I
XoF v AR O BRI IR A TG R E B AT, A4 L 2%
(K 3), 455, M 1991—2022 4E % T HE i AL BF
FE R RO R R RS RN A Bk L AR .
A Wi, EFRY . 6. BEES . 4. &
WPE L WREE . DU IR A . XTI EURES3 1y
) (A7 250 M)A TILIA T, S8 A DGR TRl LB G
REI, T 32 AR R AL SR A I S AR T
HYA LA 34 F8: (L) BAEAR 9T . 2GR
WIGRIE . G R DI . B gREE . L
Y, QT EABEIR . FEXRMEIRGIER . P
et . ARl . KRR, ZERESE; (3)MF F AT -
TR AR R . 6K . DNA | MEMELL B . BEUR
Sy

3 HMBEMRENEXETF

S YOG TR S ) 0 AR TR R B 5 22 4
PR AW 5@ TAEY b, X B ST BE A X
A HEA MR SERM, 5 b [ AR TR 5 H
AERRISCIN 7 o X EE N F 8 AN 7T, — 5T
FEGEY A Bl A BREER R, 07
TV 22 S AR R R (R R . R EE . OGRS (A 4%
WA & (Diaz-Almelaet al, 2016),

3.1 BE

T BN I B P MR AR, B T LUK R AR,
23R JL-F i A i 1 8 A T R 40 A (Short et al,
2007), #iH i A Fod Ry 23~32 °C, AR TR
() fe il i 249 R 12~26 °C (BB BE4F, 2019), 423kS
Al 72 A T R T8 AL 5 Wi P R A T 5 Wi Y ) ) g o
(Diaz-almelaet al, 2007) . 4 /K iR & Tt s, g Rn]
e D e it 2 . BRI M A R R, DA X A
o0 3 ) A LR o R A VL E T e B0 A Y
BRI 1 RAE P FET -, DI 52 M 4 P ARE A A, -
X — A R (0 TF A (B) L SRR | RASE A 5
(Greveet al, 2003; Qin et al, 2020b)., 1% 35 #Y A AE
SRR B A O (MeMillan, 1980; 1IN 4%,
2008), X PRI A2 A 9 A 1 B G i B A AE
BB R — YA SRR 2 — (D B
&5, 2007; X745, 2015) o {H A [ b 24 1 1 106 I
FRIIE I AN ] o X6 KPR I 3% & (Posidonia oceanica)fif
FERIL, HIFAER | FFACR B 5 2 A7 f i 1 R IR AR AE
B EIEM XK A (Diaz-Almela et al, 2007), Ruiz %
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Fig.2 Main keywords and their co-occurrence in the seagrass sexual reproduction research in 1991-2022

LLEIFRNTHISE, SO NFREREOIT, ORI, 75 5 B /N R S A SLBLSR B
Red is the study of relevant factors, green is the study of population genetics, and blue is the study of population
protection. Word size and circle size indicate the co-occurrence strength of keyword.
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Fig.3 Main keywords and their co-occurrence in the seagrass flowering research in 1991-2022

LLENAERRMIESE, SO NF T REUS, O ERERUIT; 755 R RN R SR R 3L B B
Red is the study of flowering conditions, green is the study of seed development, and blue is the study of seagrass
pollination; word size and circle size indicate the co-occurrence strength of keyword.
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Tab.2 Flowering temperature of different seagrassin China
B4 Genus F1% Species FRACIREE FIowzoag ng temperature/ %% i Reference
22 ¥y % J® Cymodocea [Pl 22 Hy# Cymodocea rotundata 27-31 McMillan (1982)
Wit 22y C. serrulate 27~31 McMillan (1982)
— 2% & Halodule Pt — 247 Halodule pinifolia - -
Hillk —25¥ H. uninervis 24~27 McMillan (1982)
M EJE Syringodium  £FIFEL Syringodium isoetifolium 22~26 McMillan (1982)
L 4:M2E Thalassodendron ciliatum B B
Thalassodendron
15 &7 )8 Enhalus & Enhalus acoroides 23~33 Kenyon 45(1997)
# %)% Halophila Dl 50 ER 5 Halophila beccarii 30~38 Zakaria % (2002)
EMEEEH H. decipiens - -
/NEERED H. minor _ _
PR H. ovalis _ _
FHHJFE Thalassia Z ¥ 5 Thalassia hemprichii 22~26 McMillan (1982)
JI| & %5 )& Ruppia JI|& % Ruppia sp.” 18~25 Silberhorn 4 (1996)
IR 2R Phyllospadix  #FJE 2L Phyllospadix sp.” 15~21 Williams (1995)
5 JE Zostera Fanl#g ¥ Zostera asiatica - -
MBS R 7, caespitosa 10~16 Lee 4¥(2005)
HZ£68¥E Z. caulescens - -
HAASE Z. japonica 18~22 Lee %(2005)
fi2E Z marina 7~-21 Lee %(2005)

TE = *3RoR AR R A1 1 ) Jas T R AR BE o s T AL T EE il

Note: * It indicates the seagrass flowering temperature of the same genus not distributed in China. — indicates no flowering

temperature data.

(2018) 7£ % N N TR 358 T X RV il ¥ & (Posidonia
oceanica) AT | IR BRI, [RIAE R IR BR 2 K
WE 5 B RARR EEAR I R, A T s AR
HTTRES i B RAE , VA A AR TR EARS R A S
FORAR IR BE RO (R 2), HENRIE FT RE 2 1 752 3 4
ARAE T A , fH i R 0T AR e i i PR T ) 53
MRIZIE, TS A
32 xE

TR T PEAE Y , B0 o3V i v e PR AE 1 47 3
it BRI ()RR R A, RS0 Fh S i R 2 A UK A
T o G BEER BE 1) 708 Ak — Ty T 42852 Mol Vg A ok 1) T 2
FRIE. JCR O & EWEFEFWE, 2022); 51—Jr
T T ] LA S SRR S R s ] ) S B AR AR 5 B
BRACHE SR AR, iR AR R E . ke
FHFE R K F 3k 55 (Collier et al, 2012; Trevathan-Tackett
et al, 2018; Wong et al, 2020; Ruocco et al, 2022),
Wong 5 (2020) % % 51 i R4 A B, B IS
F14) 58 S o MU R R A | PR AT B LA RO BT
OBV o XA PESAETR , C R BEA b T

FOMA ST, BR$IE S BT, 5
TS FRA S FF AR R % B2 T [ (Olesen et al, 2017,
Qin et al, 2020b), McMillan(1982) %4 7F S 46 28 1% 22t
FRAYPREE T WL 3 24 AT R T A, W 50 AT fig
SR H A, BIFER H BT DM 4L, 4
H RN S 0 TF A o ¥ 5 0 A P SR R A S 25 1k
TE—AEPUZErp, F 2 H K BE R, KR
JEERRAS v O BB B v B A PR B S T, Xl
55t g 2 A v I ZEF LA & (Ramage et al
1998), {H [m] A 45 ik B 5 5 AR Ay 728 o X Vg R A PR
BRI D o R, R Rx i B Pk B I Y
A FR, RORRRE 5O . ORI RSO A
LTI,
33 #HE

T R A I R R R, R T A2 Y
5~35 (Nejrup et al, 2008), & J¥ 1 i 5 Wi i 41 i i3
75 T 552 W T 5 1) A AR AR S5 4 (B 43, 2015) ¥R
AR R 5 R B2 B T 5 5 B AR AN [ 2 i
AR s FEAE R, B BT RE S KA W Rl E RS (Qiu
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et al, 2017), KFER XA RAL R 2, AHSCSCE
ICEE D HiliEAR—. McMillan (1980)#F 5 %1,
22 3 55 (Cymodocea  serrulata) i) - 16 it Jifi %5 £h B [
iR 25 1M hn., Ramage(1998)NIik Yy, $hE T4
FHORR R, WAMLA WIS R, G 6g R
(Zostera noltii) 7EAILER B2 5 & R BEAE L T SR 8 H
ALY P15 27 (Ankel et al, 2021), 3¢ 2 I £k B %) 1 25
BAE B M SR B, T AR X A DG EEE P L A
T R AT [R] - X A B 7 A B 0] (Fernandez et al, 1999).
X B0 RSN T, BRARER AT DL & 1 7 1Y)
B & SR 45 B kD (A5 ek, 2017), dOrE 2 2K
£ BE e s, VAR TR S ) TG A T A )
B o RERRI RN | b3l 1% 6 7 A2 30 £8 B e v R
TR —EHUR T E I — 5T

34 KiREHH

TR — BT BT T 6 m L BT R KX
BIRWAT /A E 90 m, /AR R 8 Z DL
Wil (Duarte, 1991), ¥ 2 i 5 B0 2 g B 0 A M 540
RWCAHALL, (AR R I R B T RIR R,
A G A 3 2R e R P ) R TR A O s A 4
¥ (von Staats et al, 2020), J#¥ S EKRE AL 25
Ml B2 408 B BB 5 75 o X BB i BT 5, HEAE AL BE ik
JEIF KT, & BhK e K L EE S, ek SR
FETE T K T MEAEAT Sk 58 B L B, U KR R T
SEAEAEAT A BE | I AEKs TG 77 1 7K T DA T 5 M 452 403 2o
F2(Rollon et al, 2003), Cox 45(1988., 1991)Hf5¢ & #1,
4 BT (Thalassodendron ciliatum) 5 ff, 24 78 ok 25 (1) FF
165 21 b 9 B AR AT DG, 33K T A ) ) VA K 3
N2, 0 7R g R AR T AR, B 2 WAk
W 5V T K E A ML, 8 2 (IR S A R i
MO VB R, LIEE S 80R (Cox, 1983), {H
W TR A Y S A R P T RE IR AR R B, W]
3 o A AR R T Y R 5 30 8 I X6 98 e A
Tongkok (2017)ffF 55 & R, AbF 783 B 2 K B X AN [F]
R AN N TR =30 v N I X (3 F AR A T e S
R B AL TS i o

35 EFEH

B R R TIER, RHACRHE TS R R K B9 HE
TR s AT 7 R R R SO LA o R o AR SRS
B, TEUURRYE IR 0 4R DX B8 5 A TTAERL . JT AR
T B SR BE A TR IR AR Y A T
I, B R A TR AL REAR AR I e Ry, —ERRIE
G T AT SRARAT, T A DU R A R W 9 A

F 7= & (Jackson et al, 2017; Johnson et al, 2017), &
thid ZHEE T RESFBUR A, AR, Jf
Xof T B DK AR G WA A R T ek 38 35 i B AR
(Smith et al, 2016; Guerrero-Meseguer et al, 2021), T
IR 8 7 88w AR T | & 0 R Y v e 5 B A 3 S R i
ZhH, AR R ADGRE IR B b, TR A 1
G A R (T A, 2017; XA P, 2017).

3.6 Hith

BRUL L EZIREE R AN, PR (g )t &
X E N A — B . MR, T a0 m TR
245 i ) I T T 8 R IR AR e 5 B SR AR AN
[A(Qin et al, 2020b). A4S iz — J7 TH Al BE T 3
AT R RIS, ) — ) TH A e S BUE R T B
PR, MRS AR X A P R BR ) (Blok
et al, 2018; Wang et al, 2022), It4h, IE4E—LEEHF5T
WRM, W B SIS, BRI 2 5
B RHERTFAL, WAL B B A K S R E N XA
i ARk (I 045, 2016)., 4N H A8 %5 (Zostera japonica)
TEDURWIHEIR R T, A P B0 A il G MR B 1Y)
25 IS T B % (Henderson et al, 2015).
L ekammudiyanse % (2022)ff 55t £ M, &5 E 1 cm
f) A2 [C A8 %5 (Zostera muelleri) T AL R B & & TE 5
% 3cm R NHGFL I AERR, XELLIRARY], fEif
Bi gk F T, W RS AR 22 B8 0 e 25 A P B L
AL T4

4 BEARUEEAEBEREESKIPTE
AR F

TR RS E R FID ST 1947 4F, BEE LAk
FRFF SR A A B AT PR S B AR A
TR PR B A8 B2 55 AR PP 328 T R D T PR B (M A S 55,
2021), MEIRIERE 050k 3 Fi: ASIKE .
FhFk MR AR RS R 7L (5K &1, 2022), Hidp, FhFikdk
ISR B . BEIR/D, I RBAE A p it (& Z AR 1 1E
527 (THIZE, 2019). {H B B SR i Fl 7 i
MERE K . B AR S L (F A ER, 2017). BH AT
T P R B AE TS IR L MR T B AE IS TR X
PPkt R R HEEE X,

KA HE T BT b AR B S A0 B — i R AR e
R 4 5 (Silvertown, 2008) . 4 — ™4 s ik PR Y A g B
EHE A Y H A IRET, IS4V e 2 v #l i v fe
AP KRR, DA PR, AR T RE R
SHEPRBR A XU, 5 AN 7 224 b R BE A I PR R 0 ] i 2
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T AP B P AR IR AR R 1V BB T (Henderson et al,
2015). MR Z N MEMESEAR, Tz I ICHE A T
o 5 22 B U AR, X TT BE LR AR 2 BF AN L ER P
A5 Fp 40 30 1Y R H (Rasheed, 2004) ., 1 HE7E
TR IAEE T ST O v B A A, R A L D
B B AR 37 BE T BAIE, RE ORI BUR BRI S, T LORE
FE R R — A FE 5

Vg R A K I R P T N A BRI R R A AR A
Koo BhE | MU T, LAPRIE AR T R
55 R 04 3 1V fiE 17 (Rasheed, 2004), ¥ 5 A7 M 251
75 0 AT BE 2 0T 4 Hl v 7 R R 7R 0 — s ke,
Ab T G R R A e XA v A AR TG B R T
I FH Hl DX A R B AT BECKS B B R ER 4y BE i i R
M 2% (Johnson et al, 2017), X1, FLRYELE T
B e A M R IS D, A i DR W et
T Pl A R, ISR SR A X6 98 e DR W ) v g
A MBI RS — eZ 3a F AR SE[R) BT, T 04 1 XU
PR BEIR DA T 1A

5 SEERE

MEAFR, [ M X T A 1R BB SR TR S AR B
AT, FRE DG T TR AP R, X Vi A 2
FHAT ORI o AR SCRE BT[] A A1 B AR A OGS
Mk, ZH 6 A R e A R e R AE R R, A
il T W) 15 A1 SR BT RS IR AE SR ST B AR R]
RELRHTEC MRt | TR A A b HifF
FLANFIRISE L AN R R fe) A Pk SR A 22 S K, BB B
X it R AR RS HLBE A RIS AN 725

Bt X E i A A1 R 1R SR AR S T S AT
TER) EE A, @ LR L) TR AR (D)
Il P S i AV ST T ST D, B AN A 1R R
BHAT AT BE L H AT B SR UL, B e R R A
AL TA) X IS8 R AR A | PR AP I e o1 2 25
AR (27T J i B A PN 28 PN AR S AR AL 512
5, WABREE R AETE N, D s SN R PR TR T O B
WS HARYE ; ()M REAE W BTN T BEATA 1 SE5H 947
Al TR R R S LR E AL, (H B A A T
X A PR BB R SR TE BRI, AR A T SR R AR
TS I b, 8 BT e R L DA
il FREI R A P SR R S IR E I AR A, LRI PEAG T
HRARDL .
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Resear ch Progress and Prospects of Flowering I nduction
for Seagrass Sexual Reproduction
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CHEN Bin?, HU Wenjia, GUO Yuging"”
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Abstract

Seagrass is a group of flowering plants capable of completing their life cycle in a

marine environment. It not only provides a refuge for biodiversity and essential fish spawning and
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nursery grounds, but also provides ecologically and socioeconomically important services for urban
coasts. Seagrass is widely distributed along temperate and tropical coastlines globally. The
biodiversity corresponds with differences in the relative importance of sexual (seed production) and
asexual (clonal growth) life history strategies in the maintenance of seagrass populations. Sexual
reproduction in predominantly clonal marine plants increases recombination favoring adaptation and
enhancing species resilience to environmental change. Flowering induction is an important link in the
transition from vegetative growth to reproductive growth of seagrasses. Recent studies on seagrasses
suggest that flowering intensity and frequency are correlated with global climate change, and the
response of seagrasses will be more complex, and potentially more resilient than previously
imagined.

Seagrass environments are characterized by physical conditions, such as temperature, salinity,
currents, waves, turbulence, and light. Each of these parameters has the potential to affect vegetation
from the smallest (molecular and physiological) to the largest (ecosystem as well as global) scale.
Based on bibliometric methods, this study summarized the development trend of seagrass flowering
formation research. The SCIE database of the Web of Science core collection of the Institute for
Scientific Information (ISl) was chosen as the retrieval source, and select published international
journals were chosen as the research object. With "seagrass flowering" as the search keyword, atotal
of 300 related publications were retrieved. In terms of the number of relevant publications each year,
there was an overall increasing trend, indicating that this topic has gradually received more attention
in recent years, which has great research potential.

This review summarizes the research progress of flowering inducement in the sexual
reproduction of seagrasses and discusses the influence of physical factors on the flowering induction
of seagrasses. It was previously thought that the flowering pathway initiated by seagrasses in
response to environmental factors and endogenous signals may focus on the photoperiod,
vernalization, and spontaneous pathways. However, the sexual reproduction of different species is
different, and studying the interaction between seagrasses and their physical environment may
improve understanding of the processes that influence their biology. This review focuses on the
following aspects: 1) Clarifying the period of concentrated flowering of the seagrass bed, which is
conducive to studying the inducement of flowering of seagrass and protecting the seagrass seed bank.
2) Discussing whether more genotypes of seagrass should be introduced for planting in the process of
seagrass bed repair to avoid large-scale clonal reproduction of a single genotype of seagrass. 3) How
sexual reproduction of seagrasses under adverse environments can be used to indicate changes in the
climate and environment. However, existing studies have paid little attention to the sexual
reproduction of seagrass beds, and do not consider the sexual reproduction rate as a long-term
monitoring indicator. It is suggested that the sexual reproduction rate should be combined with
environmental factors in the future long-term monitoring and assessment of the health status of
seagrass beds to jointly assess their pressure status.

Key words Seagrass, Sexual reproduction; Flowering induction; Flowering pathway
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Tab.1 Spatial-temporal variation of environmental factors in seagrass bed and its adjacent bare sand area of Swan Lake
28 EistN X 5k 2 A 5 A 8 A 11 A ¥{E
Environmental parameters Area February May August November Average
b2 S T HPR Seagrass bed 1.9140.15*  2.23+0.41°  2.00+0.23" 1.33+0.21° 1.86+0.06
COD /(mg/L) VP IX. Bare sand area 1.8440.14™  3.08+0.11""  2.38+0.31" 1.37+0.10° 2.16+0.33
AT 1 HPR Seagrass bed 43440.06°  2.12+0.14°  0.78+0.53° 1.83+0.11° 2.34+0.42
BOD;s /(mg/L) BRYPIX Bare sand area  4.33+0.14° 2.02£0.32°  0.99+0.08° 2.59+0.42°"  2.48+0.46
W4 DO /(mg/L) ¥R Seagrass bed 11.49+0.12*"  8.85+0.39° 5.96+0.25¢  10.16+0.20° 9.12+0.35
YD X Bare sand area  10.1420.13% 8.16+0.26° 6.30+0.14¢ 9.52+0.11° 8.53+0.22
K WT /C PR Seagrass bed 2.68+0.02¢  15.03+0.17°  25.80+0.08" 9.60+0.28°  13.28+0.25
#¥> X Bare sand area 2.96+0.01¢  15.20£0.28°  26.15+0.07" 9.70+0.14°  13.50+0.13
pH MK Seagrass bed 8.35+0.13°  8.07+0.07°  8.46+0.07° 8.26+0.04° 8.29+0.08
BYPIX Bare sand area  8.37+0.06° 8.02:+0.04° 8.53+0.06" 8.31+0.01° 8.31+0.05
iy 5K Seagrass bed 31.4140.04°  33.85+0.65°  31.75+0.29°  34.25+0.29*°  32.82+0.35
Salinity LV IX Bare sand area  31.41£0.04°  33.50£0.00°  31.50£0.00°  34.51£0.71°  32.73%0.54
ZA NHi-N /(mg/L)  ¥##EiJK Seagrass bed 1.0440.14*  1.21£0.15°  0.76+0.29" 0.79+0.15° 0.88+0.14
BYPIX Bare sand area  0.60+0.23° 0.70+0.24° 2.14+0.27" 1.07+0.20° 1.18+0.23
BhmR L T HR Seagrass bed 0.43+£0.21° 1.81£0.11°"  0.38+0.09° 1.29+0.10°°  0.98+0.25
PO; -P /(umol/L) PP X Bare sand area  0.2940.08° 1.27+0.12° 0.41+0.13¢ 0.92+0.18° 0.73+0.22

T PR R R SRRV X 22 AR 35 25 54 (P<0.05), AN[I/ING SRR R R A A A5 [l 477E ik 3 25 5(P<0.05) . R,
Note: * indicates that there is significant difference between seagrass bed and bare sand area (P<0.05), and different
lowercase letters indicate significant difference between different months (P<0.05). The same as below.



B IR SRR R T B PR AR AT AR D DI I A 0 ) ) 2 AR AR 15

TR AR D Em TR, FHER IR 1.3 £
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TR X, AKX 1.7 65, BEEUIEA)R, 5
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22 BERESEHE
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JE FIAE W R 9 1. 745 F16. 7% (P<0.05) (32).

2.3 FiEEWEELEN

231 ArEkamAFE HEAEBIN, LRI
Y38k, RIET 311258, k3 fom, Hrp, &k
1] (Bacilariophyta)ft %, 3t 16 B} 21 J& 34 fft, i &
FIErY 89.4%; F1 I T(Dinophyta)k 2, 3t 3 Bl 3 Ja
3F, 5 SFNEE 7.8%; 42kl ](Chrysophyta)fk/L,
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f, HEREPRAMB IITE 11k FRAlE . B
FH A GH(P<0.05), AR G105 55 PR AV IX 1Y 77
R RIS BR B3 (P>0.05) (] 2),
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Tab.2 Seasonal variation of ecological characteristics in seagrass bed of Swan Lake

P FEHR Surveyed parameter 2 H February 5 H May 8 H August 11 A November
F k% F Density /(shoots/m?) 882.0+43.9° 1374.0£19.9* 1472.0+33.8% 1041.0+56.8°
FE AR 2E Y& Biomass /(g DW/m?) 48.2+3.8¢ 461.4+11.8° 800.3+40.2° 167.8+8.5¢

®3 RWHMBERRESERD XFHEDDTHET

Tab.3 List of phytoplankton species in seagrass bed and its adjacent bare sand area of Swan Lake

JF%5 Code 4% Species 2 H February 5 May 8 A August 11 H November
7t 9% Bacilariophyta
1 XM Rhizosolenia delicatula +/* /- /= 4/
2 NIEAR 4 3 Rhizosolenia setigera —/— +/* /% e
3 ¥& IR 3¢ Coscinodiscus granii +/% /% - /%
4 BUKF % Coscinodiscus jonesianus —/— +/* /- +/*
5 RN B i 5 Coscinodiscus radiatus —/— /- /- 4%
6 BRI i Coscinodiscus asteromphalus —/— /- /- e
7 W R i % Coscinodiscus oculus-iridis —/— —/— - e
8 [ # Coscinodiscaceae sp. —/— /- ) e
9 RICH EEE Chaetoceros castracanei +/* —/— —/— —/—
10 JBICHA BEE Chaetoceros vanheurckii —/- +/* +/* 4%
11 JEIEA EBE Chaetoceros decipiens —/— /- /- 4%
12 B RMATLWE Chaetoceros lauderi /- - a /%
13 S IKAEHE Chaetoceros eibenii —/— /- a e
14 S 8UNREE Cyclotella striata +/* +/* T/ /-
15 W55 % Thalassiosira sp. +/% /% e /-
16 FAE &I W Bidduiphia sinensis Greville +/— /- - e
17 KIHE R % Planktoniella sol +/% +/— /- i
18 M55 FL3E Hyalodiscus subtilis Bailey —/— /- /- +/_
19 i A1 Pleurosigma spp. —/— +/% e e
20 Z255 JLIN W3 Guinardia delicatula /- 4/ - /%
21 KHEIREE Odontella aurita /- +/— /- i
22 £ FF#EE Synedra spp. /- e e -
23 KB Thalassiothrix longissima —/— +/* —/— /=
24 BT Bacteriastrum hyalinum —/— +/* +/— /-
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Gk3
JF5 Code 44 Species 2 H February 5 H May 8 H August 11 H November
fik #% Bacilariophyta
25 Hisk & IE % Biddulphia obtusa —/— 4% i e
26 IR EBEWE Melosira moniliformis —/— —/+ —/— —/—
27 FIAZMAEHE Leptocylindrus danicus —/— - e 4%
28 221 £ )Y 8 Biddulphia rhombus —/— - /% e
29 HAEWAHL S Paralia sulcata /- - _t e
30 2L ¥ Nitzschia sp. —/- —/- —/+ /-
31 JFILGEEBE Thalassiosira decipens —/—- —/— /- e
32 Pl B 453 Skeletonema costatum —/- /- /- 4/%
33 FNE e R B Streptotheca thamesis —/- /- /- e
34 FHIE B Navicula sp. —/— - - /%
F' ¥ Dinophyta
35 WG Noctiluca scintillans —/— +/* /- e
36 =AM Ceratium tripos —/— /- /- e
37 K =¥ Tripos macroceros —/- /- /= 4%
4x ¥ Chrysophyta
38 INERIRERTSE Dictyocha fibula +/* e e -

T AR IZY P TIZ A 0 MBI RR , * R iz T H 0 I BERR I X, 3R % H 3 1 w5 R s v X0z

*q:lO _FIEJO

Note: + indicates that the species appears in the seagrass bed in this month, * indicates that the species appears in the bare
sand area in this month, — indicates that there is no species in the seagrass bed or bare sand area in this month. The same as below.
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Fig.2 Spatial-temporal variation of phytoplankton species in
seagrass bed and its adjacent bare sand area of Swan Lake

WAL WoR , 1R S5 R X PR iR ) -F
S B SN, BN ZAGFE—ERES
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T H A A 7 (P<0.05), 451K 9.06x10* cells/m” Fil
6.12x10* cells/m’, b 2 H P WFAEY) F /Y 3.4 551 2.4
Yo 5 AR, WEKFIFEYEE EES THYKX
(P<0.05), JEHMVPIXAY 1.5 % HAVRAA G, e
PRI Y E BN 3 T X i 5, 13
Z R A HE(P>0.05).

g 2r * I M RLJK Seagrass bed
g 10k [ 1 #7>X Bare sand area
5 a
B 8t
8 a
S8 6t b b
He
28 4 b ?
=g ¢ b
=
£ 0
5 2H 5A 8A 114
February May August  November

B3 SRS 98 PR S AR AR VD X
TR F R I 25 A8 4l
Fig.3 Spatial-temporal variation of phytoplankton
abundance in seagrass bed and its adjacent
bare sand area of Swan Lake

232 FHUERHAAR PRI LR
R AR ERe) . SHRE, R RFBRI X
PR LA 5k 20 ) SR ik 3 1) () W B AR 45 5 (Rhizosolenia
setigera) 35 [X f & ¥ (Chaetoceros vanheurckii), Y-
K FE R 1.69%10* cells/m* Fl1.13x10* cells/m’, 7T
BRI SR A U e T L U E oY

2.3.3 EEE L MAFAEIS S FRER VD X (1 1 5] BE 4R
L, R R AR YD DX WA IV 45 M AR Bk
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Tab.4 Spatial-temporal variation of the first dominant species and dominance index of
phytoplankton in seagrass bed and its adjacent bare sand area of Swan Lake

H 1}y Month XI5, Area %5 1 Ji#Fh Dominant species V-4 Average abundance/(x10* cells/m®) fi#4# Dominance
2 A TEEH R Seagrass bed ¥ ERIBIRi 3 C. granii 0.50 0.21
February #R7PIX Bare sand area ¥ FK[RIfi%: C. granii 0.63 0.24
5H LK Seagrass bed NIEAREHE R. setigera 1.69 0.19
May YD X Bare sand area  JEIKHA TR C. vanheurckii 1.13 0.18
8 A M EL R Seagrass bed HH - Pleurosigma spp. 1.06 0.22
August  #RVPIX Bare sand area  JEIKRA BB C. vanheurckii 1.01 0.31
11 A MEELIR Seagrass bed FlE 4 S, costatum 0.56 0.11
November #VP[X Bare sand area  RG#E N. scintillans 0.43 0.11
F 5 RBWBERRELDEFDXKFFEDEEHERINN S TR ELIREE)
Tab.5 Spatial-temporal variation of phytoplankton community parameters in seagrass bed and
its adjacent bare sand area of Swan Lake (Mean+SD)
FEVR RFAIE 45 2 XI5k 2 A 5H 8 A 11 A [N
Community parameters Area February May August November Average
EASR i MFE K Seagrass bed 1.9+0.1° 2.0+0.1° 1.8+0.1° 2.740.2° 2.1£0.4
Diversity index (H) ~ #yb[X Bare sand area  2.0+0.1° 2.1£0.1° 1.7+0.3° 2.8+0.1° 2.120.5
YIS EEREL M HPK Seagrass bed 0.9+0.0° 0.8+0.0° 1.0+0.1° 0.9+0.0° 0.9+0.0
Evenness index () P IX Bare sand area 0.9+0.0 0.9+0.0 0.9+0.0 0.9+0.0 0.9+0.0
TR MEHIK Seagrass bed 4.9+0.3 4.4+0.3" 4.2+0.2° 11.4+0.3 6.242.6
Richness index (D)~ #y}IX Bare sand area  5.240.4° 5.2+0.3 4.7+0.3° 14.0£0.5"  7.3%£3.2

P AR 5). Hith, DI Z eSS
B BAREEE 11 ARBlEsE, &8 Hikgl
S AT, T B DR VR VA A R 1050 BE R B AE 5 H 3k
Bl AR AH o TR B PR RN YD DX 2 [ 07 i A 0 A Vo 45 H)
TEFEE ) 22 A, e 11 H, BRYP X FERIEAEY)
F & B 2 = T R R (P<0.05).

234 RHALIREAET X F VA IPORGE NS
RS DO AR Y oM 5 30 55 I 1 i 17 CCA 43
Br, Nl 4 fros . Hodr, B RIF A Y REVR T 2
HEF A RRAE(E S 0.849 1 0.673, X Hff A5 & 14 ff
FEIEIR 72%. HIIE] 4a WAL, S0 VR RE DR IF i A )
ARG EZ R R K . 08B R R AE P
HA EC B 7 ¥ (Coscinodiscus  granii) . NI BARE %
ZHARHEFHiX 3 ARV IEAH R,

B D DX e AE 0 A i T 20 HE Al ) R AR (E
0.8257F10.719, Xf Wb A% & f) fifp Bf i 38 74%. Hi El4b
AT, 5% M R DX iR AP ) R Ve 45 4 1) 32 B2 PR 2R R K
mAMER, HIEKAER. 55 (Synedra spp.). &
63 (Noctiluca scintillans)35 K Z 8L #Fh 51X 2
FRINIEAHR

24 FHEMMEEEN

241 AEMRAFE 88 R R R K L 3 R
Vb X e S RS ) 18 B 4l 3 2K(3K 6), Hirh,
7l sh ) A SR & T B s 1T (Cnidaria)(1 #) . H
eI 1 (Crustacea)(F8 £ 35 10 Flr, K2 3 Ff, i
JEZE 1 AP, 5 1 Fh), B 1](Cheaetognatha)
(1 Fhy. BZRsh¥ 1(Urochordata)(1 Fl), 1FiFsh¥)fh
BB B AL, B ER AR XA 11
Ak KME, B&E T HAMA MR (P<0.05); HXZ
6] 77U sh W Fh 285022 ORI &, XAE 2 A I, B R
TFU B0 Rl 2500 3 8 TR IX(P<0.05) (A1 5).
AL R Won , RS Y X R sh i F
MR NEN AL, WX ZRFE—ERES
(B 6). WEIRIEWEIYFEIELE 2 AR SRmEE, N
2.88x10* ind./m’, J& 8 H g R IRIFHF s F R 14.5
W MR X TR EEENE 5 A kB mE, N
2.14x10* ind./m’, J& 8 H#V X PRI sh 4 £ FE Y 10.2
o 2 AW, WERIFIYEERES THRY X
(P<0.05), RV IXIFEWESY £ (1.25%10* ind./m’)
1) 2.2 4% HAH Gy, WRIRNTEIES Y EE IR &S T
WYX PR sh ) £, B X 22 3R .38 (P>0.05).,
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Fig.4 CCA ordination of phytoplankton dominant species and associated environment
factors in seagrass bed (a) and its adjacent bare sand area (b) of Swan Lake

10 /NERIREHEEE D, fibula; 2: RIRMATLEE C. castracanei; 3: 25BUNKEEE C. striata; 4: A& RIR 7% C. granii;
5: WIBAREEE R. delicatula; 6: JEIRMATEE C. vanheurckiiy 7. KUGFTBEE T. longissimi; 8: £MFT 3 Synedra spp.;
9: FIEMIEE L. danicus; 10: BGCHEE N. scintillans; 11: $H55 5% C. radiatus; 12: MRS C. oculus-iridis;
13: [EJfi¥ Coscinodiscaceae sp.; 14: FIE 23 S. costatum; 15: FFILFATWE C. decipiens; 16: FHHE#E Navicula spp.;
17: ZREGAREEE R. delicatula; 18: WFEERE Thalassiosira sp.; 19: KIHEREE P sol; 20: BEIRIATSE C. jonesianus;
21: iS5 Pleurosigma spp.; 22: ELAEWARLEE B. sulcate; 23: ZZJ 3 Nitzschia sp.; 24: TR EILEE B. greville; 25: F1FLifi5E
¥ T decipens; 26: =fAfA% C. tripos; 27: IR T C. eibenii; 28: L5 LN H: G delicatula; 29: % KA T C. lauderi
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Fig.5 Spatial-temporal variation of zooplankton species in  Fig.6  Spatial-temporal variation of zooplankton abundance in
seagrass bed and its adjacent bare sand area of Swan Lake seagrass bed and its adjacent bare sand area of Swan Lake

242 % 1 RHBAPAR WA RS 243 BB SMAFAEIGHK T L DR AR D DX 1 7
XIFWESh e 1 RHM R B/ NI KR BEsh TS S5 A R IE 48 S B A1 R i =5 A8 4k, a0
(Paracalanus parvus), LFEERAHEEWTEML, F £ 8 Pin, Hi, ZHMEIEERFEEEREEIE 1
VIR T 5 AR A, 20908 1.87x10% ind/m* A iAFH e E, midA) BEIsEOULE 5 A kPR KME.
A1 1.75%10% ind./m’, & 8 A FHEERY 25.9 551 29.2 WX Z MBS RRIEfe B s AR e, AN 2 A B, g5
(G 7)o PXZE/MIFIKFEWEZEBEA —EE IRIFENYFEE IS E S TR X (P<0.05).

o 2 AR, WER/ANUIT K ZFHEEA06x 244 RBEFLIRFBE TG LR 43 390 Xk g R R
10* ind./m’y A ERVP X 2.1 %5 HATREA G, WX AR XFish P it M S8 E5 K FiE4T RDA 43
ZIH2E AR, B, aniE 7 frs . Hoh, MR RIE S I ET 2 AN HEF
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Tab.6 List of zooplankton species in seagrass bed and its adjacent bare sand area of Swan Lake
JF%5 Code 4 Species 2 H February 5 H May 8 H August 11 A November
R EHH1T Cnidaria
JK 187K BE V. 4X Hydromedusae
1 VUL & /K -+ Proboscidactyla flavicirrata —/— —/— —/* —/—
BT Arthropoda
ke 2 Copepoda
2 WK & Pseudodiaptomus marinus —/— —/— —/— +/*
3 KBBVFIK % Schmakeria poplesia —/— —/— —/— +/*
4 WG ER /K Acartia clausi —/— —/— —/— +/*
5 Mi/K & Harpacticoida sp. +/* —/* —/— —/—
6 WUH| 95 5 7K 2 Acartia bipinnata —/— —/— —/—- +/*
7 KL kK 3 Acartia pacifica —/— —/— —/— +/*
8 K7 H 55K & Eurytemora pacifica —/— +/* +/* —/—
9 MIGAEHT K Sinocalanus tenellus —/— —/— +/* +/*
10 /NI KB Paracalanus parvus +/* +/* +/* +/*
11 rhAe K& Calanus sinicus +/* +/* +/* +/*
1% ff2% Cladocera
12 AEJE = A& Evadne tergestina /- —/— —/— +/*
13 5,85 933L % Penilia avirostris +/— /- +/* +/*
14 W K =M% Evadne nordmanni —/- —/- —/— +/*
%it /£ H Amphipoda
15 M IR Theisto gracilipes (Norman) +/— +/% +/* —/-
fiffl /£ 2% Branchiopoda
16 i i Artemia salina (Linnaeus) —/- —/- —/— +/%
ES Y] Cheaetognatha
17 HOH-ET L Sagitta crassa +/* +/* —/— +/*
FE&sh#¥1] Urochordata
18 KB AE%E I Oikopleura longicauda —/- —/- —/— +/*
IFF4 HL Pelagic larvae
19 % £ 2411k Polychaet larvae —/— —/— —/— +/*
20 I8 2 241K Gastropod larvae /- +/* +/* /-
21 WFEZE 41 Bivalve larvae —/- —/- —/- +/%
R7T REHBERREMPERDPEZFHIE LB RMABEREBNNTE
Tab.7 Spatial-temporal variation of the first dominant species and dominance index of
zooplankton in seagrass bed and its adjacent bare sand area of Swan Lake
b b, L PR T
Month Area Dominant species Average abundance /(x10 ind./m?) Dominance
2 H February WF IR Seagrass bed INUAT K P parvus 1.06 0.37
#RYP X Bare sand area /MU K P parvus 0.51 0.40
5 H May 15K Seagrass bed INUFTIKFE P, parvus 1.81 0.85
VP IX Bare sand area /MUK EF P parvus 1.75 0.70
8 H August W HPK Seagrass bed INUFT K% P. parvus 0.07 0.31
#YP X Bare sand area INUFT K% P, parvus 0.06 0.37
11 ;] November %K Seagrass bed INIFT K P parvus 0.17 0.25
#RYP X Bare sand area /MUK P parvus 0.18 0.25
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A
s

WAVERIE(E A 0.58 F1 0.27, YFpAs & pY ff B ik
91%, Kl 7a IR, S0 R R PR S YD IE 7K 454
M FEEHZE KR . B8 RO R R E R, H 5%
R 3k & (Penilia avirostris) . K F ¥ H 58 /K &
(Eurytemora pacifica) . 2 X5 & ¥7 /K & (Sinocalanus

tenellus) EMHEFIHIX 3 ASHFRIEMHK,

BRI IXPREsh s 2 A HEF AR IE(E R 0.61
H10.24, X Py i (4 il B ik 94%. il 7o mII,
SRRV X IR sh ) REVS 45 M) BN E N pH., &
A K, HEZRLE, KV HEETEKE, 4i154E
YK T M TE R HE K T (Acartia clausi)F L EFP 5 X
BEPREE KPR Bk A G

R 8 RUBMIBEIR R HSTIERD XIZHEsh ¥ B R R E S B Bt = U (bR %)
Tab.8 Spatial-temporal variation of zooplankton Community parameters in seagrass bed and
its adjacent bare sand area of Swan Lake (Mean+SD)

THEVE R AEFE B X 35k 2 A 5H 8 H 11 A fH
Community parameters Area February May August November Average
LREVEFERL TR Seagrass bed 1.5+0.1° 1.0+0.2° 1.9+0.1° 2.5+0.1° 1.7+0.1
Diversity index (H") VP X Bare sand area 1.240.1° 1.3+0.1° 2.0+0.1° 2.6+0.0° 1.8+0.1
/5] REHE R MR IR Seagrass bed 1.0+0.0° 0.7+0.1° 1.0+0.0° 1.0+0.0° 0.9+0.2
Evenness index (/) MUV IX Bare sand area 1.0+0.0° 0.7+0.0° 1.0£0.0* 1.0+0.0° 0.9£0.1
B T4 5K Seagrass bed 1.8+0.2*"  2.5+0.1° 27403  4.5+0.3° 2.840.2
Richness index (D) #P X Bare sand area 1.3£0.3¢ 2.8+0.4° 3.0+0.4° 4.9+0.2° 3.0£0.3
_1 - 71 -
a BODs DO ) b 50D
5 3 4 DO
45 s
4
3
NH;-N 24
14 ol N
/]
p 1042 14 6h
Salinity 2 COD
coD N , POi-P A Ag Salinity PO}-P
1,10 Y /4
A 7
67)8]i fa NHiN
B3
Biomass wr
1t DensityWT 1 1k 1

1

-1 1

K7 SRR R (a) S LRI AR YD DX (b)iF U s W L H T S5 PR B8 IR 59 RDA HEFF 4]
Fig.7 RDA ordination of zooplankton dominant species and associated environment factors in
seagrass bed (a) and its adjacent bare sand area (b) of Swan Lake

1: /INUE KK P parvus; 2: 58HEETHL S, crassa; 3: WA K F C. sinicus; 4: Jfi/K & Harpacticoida sp.;
5: WMEKIMBEF T gracilipes; 6: 18 R 241K Gastropod larvae; 7: 28223k 1% P. avirostris; 8: KF-VFEHE Ti/K & E. pacifica;
9: 4NIGIEPTIK K S. tenellus; 10: Fi [RYi4EIK & A. clausi; 11: KFEFEYEIKF A. pacifica; 12: WFEEEEIK K P. marinus;
13: KBRVF/KE S. poplesia; 14: KJEBFEZER O. longicauda
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31 FiFEMBESHNETEZWSE

R T8 0 1 DR B FL AR 3 R VD DX TR i AR A S 4
55 2 G S S Ve S W A A RO ], AR )
MR 3, wEe S ARGl E85F, 2019). THF
LA = 3 A T DX 3R 3 A ] i 249 A4, ik 3

EfE, Bz, &5, 756, R e
MZENTEFRTEMES, MREE 11 AR,
HENYR B MEFEZREN, SEEY 2N
BORMEEERETE 11 HRET R, B
(14 v AV S W A W B 8 5 4 I S AR R B, 3 S UK
L BETE A 2, 6 A Y S o RO N D e, B
& B S5 A AR e (EHAE 4, 2010). KISWIIFIFAEY)
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B IR SRR R T B PR AR AT AR D DI I A 0 ) ) 2 AR AR 21

ZREHRREE 1.7~2.8 Z 0], B EHREE 0.8~1.0
Z[8], Ab T R O O A W A R AR e 2 Y, U
Y R 368 00 3o i M P A s A T R AR E B RS (2 AR
55,2010, FEEARE, 2009),

KA T R PR B SR I BRD IR i s W R S 21
B AT AR ER B PRI EK R (P marinus) FRF-
WHSEKZFIMT M\ HRER(PETKE
(C. sinicus)H/NUF K ZIME . IR sh) FEEA
HEDERTEKSE, i, KHEFTIFENYEE
AR R AR NPT K TR AR OK R
AR = B 3 ALY, T SRR Y PR Bl A o AR AT ]
A B B T Y ) FR BT S A S (XN 4%, 2013), I
T s AP BN BRI 11 H>8 H>5 H>2 1,
FFE IR ARG R E | FEARR W
— MR AR BASE, 2013), ARBFSEE B, /MUK
A HCH AT AT R AR PO 3 S KRG T Y FE S A
505 DB 45 (2003 7 TEAE 09 103 4 255 I 962
B IR S A 28B4 7E 11 A Jem B Ak
FEZESB/N, S35 11 ALY 2B 5
TRBCR E T o A EERREONTE 5 A &k, XATResE
BT 5 /NI K8 AL B IR RV IX 5 48 4 XA
B, RSB 0.85 F1 0.70, FRIFESIMIFEL T
H—, SIS BB

32 FREVMBETUNERESNREER

TR YRR 25 2 R N R 2R A3, BLTE
AN 7K A e PR R o) 0 2 R AR A 25 5 (%5
(QO2 )X R TE IR IR AT R, A2 1 TR
YR SRR ARG, BREKZRSL, BRI 5
PRERSIEARIC . B 1 T2 55 (2019)0) 5 B 1+ S A 1 4k
TRUFRE Y (0 I8 A B, I WWEAE )R VR A5 1 2 v
. RERRER . BREh . IRJEA pH SRR . AT
FERIL, MR VFWEAE P O 34D 2 5K L 68
PR EFAE W A OG , MRV X TR T S 222
K BRI o T FEI o B A A K Y
B, UHAERZR, MRt 5 A KRR . R
R, FTHAERIER, RHESWAEY
(Lavery et al, 2002)., fi B i 5% Bt ] LLGE 23 2l A8 7K
T B Sk R 5 e U A ) ) 4R K & B (Maucha,
1942),

SRR RE I AL P A X, ], R,
TR X A ) RS MV, 2 R A PR VAR ) o 28 S A=
B CHER T (VBRI %, 2012), G e T 7E#IK
BEMAKEPAEK, REREHEFMT 18T
(Wasmund et al, 2011), A58 LI, wEE3T 1R ET 5

FLfilh 89%, HR#SM 5 A F¥KIEHR 15°C, AH
TREBE R B, nTRE R IFIFEY FREAE 5 A 85
FAEM EZ A, AR, BEE A
HERR BE BT, VR AR W A W R 2 B
(Alcoverro et al, 1997; Lepoint et al, 1999), Kitt, &
JE 55 0] R FH DG B AH B 45 A AR KRR B b 52 ) 35 il R R
TRWEAR ) B ARG o AU PR AR ) 2B K s 1) E BB 7
JLE, WRRHICE Ma er al, 2013), RN N —Fl
EEMRAIR, TR YD IR ) i A 4 B
XA RESE 1 T2 A Re B PRI e R (R R
B Bk T I A ) A 2K (Balode et al, 1998; Strom et al,
2009), AWFFEH, BV X R G SRR S " A
HERIEADC, TN S A e A A A

AWFTE R B, W IR IF U S ) L R 22 50K
& B8R AR FE AR Y AR O, D IR S A
PR FEEE pH, AAFKIRAZE, FHit, KiEEX
EWENIF S AP E B B SN+, FEUPRE
B, KR RS 52 0 I i S 0 AL . BT BRI R
R KT USCETE T, AT R H = B AR DL S
& LERY I 534 (Lenz et al, 2005; Devreker et al, 2005;
LM, 2015); FAN, IR YT TS B A
KBRS ERE , 7K R A AT A 5 e P A A A 2 A
= B I I ek AR I Ui S0 A Bl 2R SR B (S A
2021), G EPEFEXTRIF S BA B, X2
P TV DR ) A AR R AR 2 i 2 (B 454, s/ 1 7K
M A 5w, AR EE T IR (Lo er al,
2020), KU BYHI S5 WS 0E HERTFUIR, 5k
J— [FIAE R T Wik 2 ) A 1 TS B ) % U (Roman. et al,
1983; Fonseca ef al, 1986, 2007; Thresher et al, 1992),
(1107 N - A et S SN OB | 2oy il 3 e
PEYIT, 23 LA A DL (DOC) Y TE B T0E A K A4
HUURY, IHEMEWIMERT, DOC 15 LIt iif
¥y Br F) F (Vichkovitten et al, 2004; Lavery et al,
2013; 5KEASE4E, 2018), L, R RE e m s
B R AT S, . Bl . B8 B IR B R 5 R VR B W
e B  BRVD XA B T R 3E Ao B o I A
Wy 0y A= A R TR I D BN A 7 A (] 4 5 e (X 2R A
2021) XIHH 55 (2019) % 2 LT 7 W3 7 e sl P i s 0
17T RDA F3Hr &80, pH J2 26 1 HEFP 4l 82 20 57RO i)
K, PRI X IR s ) 5 5 1 RDA 945
REHh—3
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AWFTE KB, RIS 5 R AR Y R i s i)
SRR EELN R 5.4%10% cells/m® F1 1.6x10% ind./m®,

il
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SERRUD DR AR A 0 Sl ) A1 24 BE Y 1.4 A5 AN
1.5 5. MHERIDIX, TR R & 2 B P B2 [B) A BR
S5 LA R R R RS R R P T A DR PR
T A W 4 B N A W i KT 5 1) R B IR 3R 3k SR
A SR PR A W AR RS T . & W RN B (Nagelkerken,
2009; Nanjo et al, 2014), 5 R PR AR Y RETR 10 4
DR FELEAH . (1) HgH 5 BEA G I KR 1%
&, HAT B B DG ERET , IR L SE PR A ) A A
TFIEsh ) B4 7= B Mk &k 5 B A 524 FH (Przeslawski,
2004; Sridhar et al, 2008; Fernandes et al, 2011); (2) &
B AR B A SRR 1 R R A A B 2, I 02
AW R [ B AR S R E R AR Y [ 5 (Allen,
2014); (3) e by SRR RS Z B A H VIR E IR
VIR ASH G FR , AR 3 DT S AR R i 22 ] B K A £
7 W) IO T W TR AR K R R T T B A 2 T B
ORI, W] 75 08 P 2 B i DOC 3 ] [l BR
H, S VI S0 ) A (McRoy et al, 1974;
Vichkovitten et al, 2004; Lavery et al, 2013; 5KBH#E4E,
2018); (4) TEFHYAELE P A S50 55 /K T, AT A 0 i
AR, [FIE, SR B R Y UTBURE i A )
B, 5 R T — A i U S R B R R
(Kimmerer et al, 1985; Fonseca et al, 2007; Lo et al,
2020), #RIM, WRIKE THRSWAESRSE, %% H
SRINISASTE T ZEIE B, (R, i n o Xof Vg
IRIA AR BB 5, R RRIIREE , &
PRI GRS R AR k8 () E AR
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Spatial-Temporal Variation of Characteristics of Plankton in a Seagrass Bed

and an Adjacent Area of Bare Sand in Swan L ake, Rongcheng, China

LU Jia', GUO Dong?, YU Sitian', LI Wentao', ZHANG Peidong"

(1. Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China;
2. Liaoning Ocean and Fisheries Science Research Institute, Dalian 116023, China)

Abstract Seagrass beds are a typical coastal ecosystem. To understand the temporal and spatial
variation characteristics of the plankton community structure in a Zostera marina seagrass bed and an
adjacent area of bare sand in Swan Lake, Rongcheng City, Shandong Province, an investigation of
plankton diversity and abundance, ecological characteristics of the seagrass bed, and key environmental
factors in the Z. marina seagrass bed and its adjacent bare sand area was conducted in February, May,
August, and November in 2019. Canonical correspondence analysis (CCA) and redundancy analysis
(RDA) were used to explore the influence of environmental factors on the diversity of plankton species.
The results showed that there were 38 species of phytoplankton, belonging to 25 genera and three phyla,
among which diatom species were the most abundant (89.4%), followed by dinoflagellates (7.8%). A total
of 18 species of zooplankton and three species of larvae were identified (mainly crustaceans: 71.4%), and
the number of plankton species was the highest in November. The annual average abundance of
phytoplankton and zooplankton in the seagrass bed was 5.4% 10* cells/m® and 1.6x10* ind./m’, respectively,
which were 1.4 times and 1.5 times higher than those in the bare sand area. The CCA and RDA analyses
showed that the dominant plankton species in the seagrass bed were significantly correlated with water
temperature, plant density, and biomass of seagrass beds, while the dominant plankton species in the bare
sand area were mainly correlated with environmental factors such as water temperature, pH value, and
ammonia nitrogen content. The results showed that the seagrass bed in Swan Lake supported a higher
abundance and diversity of plankton compared with the bare sand area. This study provides baseline data
for further elucidating the structure and function of the seagrass bed ecosystem.

Key words Seagrass bed; Phytoplankton; Zooplankton; Community structure; Environmental factors;
Swan Lake
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Effects of Gibberellin and Weak Acid on Seed Germination and
Physiological Characteristics of the Eelgrass Zostera marina

YU Bing, YANG Qiwen, ZHANG Yanhao, LI Hongchen, ZHANG Peidong(D
(Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China)

Abstract The effects of gibberellin and weak acid on the germination and physiological
characteristics of eelgrass (Zostera marina) seeds were studied under laboratory conditions. The
cumulative seed germination and seedling establishment rates were calculated. The dynamic changes in
seed dry weight, water content, respiration rate, soluble sugar, starch, gibberellin, abscisic acid content,
and a-amylase and B-amylase activities during seed germination were monitored. The effect of two
exogenous germination-promoting treatments on seed germination was explored, and the physiological
response process of the seeds to these treatments was analyzed. The results showed that the treatments
effectively promoted seed germination and seedling establishment. The gibberellin treatment had the best
germination-promoting effect, and the seed germination and seedling establishment rates were 1.6 times
higher than those under the control. During the germination period of seeds in the two treatments, the
a-amylase activity first increased and then decreased, the starch content showed a downward trend, and
the soluble sugar content continued to increase. At the end of the experiment, the soluble sugar content of
seeds in the gibberellin treatment attained the highest value, which was 3.3 times higher than the value
before germination and was significantly higher than that in the weak acid treatment and control (P<0.05).
The starch content of seeds in the weak acid treatment attained the lowest value, which was significantly
lower than that in the other two treatments (P<0.05). There was no significant difference in a-amylase
activity among the treatments (P>0.05). Principal component analysis showed that a-amylase activity and
starch and soluble sugar contents of seeds were the key factors in seed germination. Comprehensive
analysis showed that exogenous gibberellin treatment was an effective method to break seed dormancy.
This effect was mainly achieved by regulating amylase activity, increasing starch decomposition rate, and
increasing soluble sugar content to provide energy for seed germination. The results provide a theoretical
and scientific basis for the rapid germination technology of eelgrass seeds.

Key words Gibberellin; Germination rate; Seed dormancy; Nutrients; Zostera marina
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WE AAREARESRBREERBRMNFERZZ — BA3INANENLE, R T FREK
Rk E2 (X)), 10, 20, 30 R 4ONTUIM B E e . A KA ERENTm, £RExR, 3MARE,
8 AR B R R ORI E T B R AT KA S, 10~40 NTU 4 72 41 M AR 77 75 35 B & 1 F 2t &
4(P<0.05), % 40 NTU A 4, HKFEERR A EAE 56.1%; HAEEEAE, HMEHAEK
FHRMAEFEHREINTEMAY, Z 40 NTU A F 4, Hbk 2 3 % ok R fovt | 28 (b ok 3k B &/ ME,
A TR AT A 48.9%H 61.6%, M EAF MM T AT EXBAMLTHRT 64.6%7
78.8%; tXMSNERY, KB EHE EEZRAR Y MEKESEMERA AN EE, T
WAEKFET A AT R HARIE S EBAA 4 S B B AR M B8 o 1 4 T, 10~40 NTU
AT M AR KA A B BB R T 4 B 41(P<0.05), & 3 T A0 PR 41 AR Ak M b 2H 40 R VA M A
G EM T B A BT 20.2%~74.7%, FFRF W, KKk E KI5 5308 EA vk 4 E e kb
AMBETHE, MEZTNEKFERA, AAR A EAB L EETRBEANEMLXNETBERER
BT EBRIE

KA B WE; FE; A EKESE; BmALAEY

hESES Q948.8 EAARIRAE A XEHRES  2095-9869(2023)04-0035-10

5 RO ST R TR A P IR I AR S RS —, A 25 MR B 5 T 55, T PR 7 Aok B 394 S50 1 15

HAA KRG AR Y BB S A AR TR,
W] AR 2R L 2 RN E, L PR B
41 1k 55 %5 37 BT (Jackson et al, 2001; Marba et al,
2007; Barbier et al, 2011; Christianen et al, 2013;
Momota et al, 2022), #Rfi, 52 HARMERASTE M AZSTS
BIRREIN, BRI RAY S AR, [ 1980 4
DIk, @Bk 1/3 iR IRT R R, HIERHER
B 20 22 90 4E1CHY 0.9%/yr | TH 2 7%/yr (Waycott
et al, 2009; Unsworth ef al, 2019), 5|42 55 K 721 1
HEEEQFE G EIRERE L . KRG R

BN R T R R IR AL RS 2K 1) 2R 2 —(Li
et al,2021), 4N, 2009 4F 7 H hf P4 V. 7R #8 28 #ifE
Sl A i RE TR S KR B N2 2.5 A QML Dy
10 NTU), 3k N LRI — 25 ¥ (Halodule pinifolia) M
FHFIR TP E B RE 2 M AR RATHE 6%
(Ahmad-Kamil et al, 2013),

KA ek B 3 g D PR 2 3R 9% R B A SRR (N
HEAK L ARUE . BT AR IR 4 R AR AR A
K= SR S T B DT T2 77 (Li et al, 2021) /KR
T RE BEINNT UTOK AR ) ) £ TR AR R R AL R Y,
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WIFEEE/ N, K AT 35 %0 A (Chartrand et al, 2016),
FADCHIFSE A 3, KA B T i % 7K A A 4 B A B e 1
T 50k (Samper-Villarreal et al, 2016), 40, Z%5m%
(2006) BIF 5% % B, 30~90 NTU /K A bt 5 BR 1 7
(Potamogeton cripus) A, SLInHFSE 23 d I, KR
PRES A A 8082, 90 NTU &4 T, /KF 0.7 m &b
Mt R 5 2 A /K T ' BB B (63 000 1)1 0.6%, JH L
PR AR 1 T 7 500 3 R X6 BREHL ) 86.5%F11 77.1%. Li
L2 (2021)WF5E T KA EE (4. 50, 100, 200, 300 Fi
400 NTU)FIM B A FF LW [E] (5. 10, 15 F1 20 d)Xt
%5 (Zostera marina) {76 FIAE K B2 KK 0.55 m),
FEXT a5 S AR ARSEAT T 30 d IKE SRR, Kk
PR B 98 AR FESE 15 d, 50~200 NTU it JiF hb L 2H 8 2
A R R 52 8% 77 (VK 52 235 SRR A o A7 17 23 5 iy 285
AR AT 35 R 1 FE ) K TF 60%, 1 300~400 NTU
FERARMKE 4% 18 0, 300 NTU Jh KT, Hraemt
[ 10 d AR BRHE b A2 5% ) (MRS 45 RN AR AR L | A 7
F1 5 g5 R AR bR M AR PR IR 5 d 1Y
66.7%. H AT RIS 32 B4 v J J K ARk B T v
XFUTAKAR ) A K AF I B2, A DK SR Kk ok B T
o VTV e A ) A A A I T R T R G A B 3 5k
TS i AR WARGE .

A FE LA AT DL S R 25— B8 B X 52 | i
i 34 A BN BT T SRR AR BE[2 (6 #])
10, 20, 30 F1 40 NTUX} 68 FL A7 1% FAE K 2, If
PRIT T 8 R 6 o B K S Pl fg AR BRI L, DAY A A
HF 9 A B4 AR Al WL B R L S Al 45000

1 B
1.1 HmEFE

SO B EA IR T 2018 4F 6 AR H IR A ST
RIS WHFEL(37°21'N, 122°34'E), KW, KK
KRR R 30.2, SFIMEE R 2 NTU, SRR TR
b, TR 68 RO R MR FR I ARAZ AL , R PR UEAR
AR, SRIG, K KPS, 2 PR A AR 2% i it
FEJerh . DEFEA B A= A28, 32 [l B LS A A R
AFEIEEAN, BT 12mx 1 mx 0.6 mRJEFHRKIR
WEFE 7d. BHFREBIN, PR4F AR Q23+1) CTHRDE
W& 4517 (1 847.14~17 200.31 Ix).

1.2 SEIGigIT

DR 8 T R R T PR R T K i B (2 NTU) S &
M, T AL PR AR PG Li 25 (2021) A9 WF 5T 45
W DL R R 2 59 B £ B AP v el A4 ek BE (e 5 1T 3k

40 NTU LU L) (EHEAE, 20145538, 451 E N
10, 20, 30 F1 40 NTU, &ACHHARE 12 MEHE,
SEEHEAT 3 AN o KA BE T AT R e U0 SR RS A
Nt KR S5EAKIES, #E Smin 5, HHAME
FAE A 100 um (Y208 2B, KHIEHAE 4 4
PEFKIe (8 m x 1 m x 0.8 m) 1 FH /K 23 SITE 1 %,
MEER 10, 20, 30 Fl 40 NTU fS25 KA . sk fAepd
JE R T B WGZ-2 B S g

1.3 SLIgitie

131 EBEEBFAR il 60 MRIGE
(40 cm x 30 cm x 7 em)VE AR A&, AR OmET
HE 8 om JERYEE T, FEJRAC LA 25%40 7 Chr
63~250 pm) 5 75%#3 + FEE L CRLEE<63 pm) IR A 1
(Zhang et al, 2015), THMRREAEZ A, Fofefa 3L
IR M AR KR 2/ 48 h, Z U, F
I WG 2 h, DAGRIIESE FREE R, 3 E o i) e
1.3.2 MR TAL 2 Ao AL N FRTE % NAE IR K
FE AR PR P R B 960 ARAGERRE | AR R R 47 1 3 e
PRAE N SRS AE AR, IF X SC B A bR R T R (LA 3, R
i 24~26 cm, M 4~5 0, XK 5 em, JEXTHE
PEATRRIC . TEAR ARG R IR I 0 A 12 207 1 em
A A FLBRIE AR e T A I A (Short et al, 2001),
DAIEAT AR AR AR 4 BRI A o K An e R BEAIL T34 53R
60 4y, FMMMBHT 1| MRZEET ., BN
DGR AR A LGP Y 5 em, BJE T4
PEFRAK et 9 BEALRCE 12 AN 200 &I TP IR 525
1.3.3 A A& M4 SR, VK BN
30.0£1.2, ARKIEN 22.71~27.91 'C, SEHE&MH
1 847.14~17 200.31 Ix, A KA [RIEGK 1/2, HYEFE
KA RE R INERE B IROK e IS A5 R 5
IR 200 W 97K FE, LA 900 L/h Y38 4 R 477K
TRAEER, 25 PEFR K VS L 45 72 KWL AR il K TR . 454k
FRZH 7K T ' BRI BE {7 FH 28 [ Onset 24 w] 1Y) HOBO i
JEHERRICSEAX A 15 min [H]fEaEFT L2000, SCR0HF
223N H . AR SEE LI-Cor 2w Y LI-250
B R AR AN LI-193SA BRI k114 1t ) 4500 5
KFGHE, A6 MR () FDES LR Tl %
[photosynthetic flux density, PFD, pmol/(m?s)]Z [] 456
., Fr HOBO 't HRFN B BHa R AR AR AR B IR
FERAE AR PFD, 18 1 H PFD [mol/(m*>d)], R
#% Beer-Lambert ik (L=l,xe X %, Z NIRFE, LK
Z VRPBENL R RREE | 1, Ay 3R T 88 RUBE ) T AN [ ekt 3 4
F) G IR Dl R $(K g, m ") (Ruiz et al, 2003).



%4

A AN TR KPR T 8RR | A AR B R 37

14 HmRESLE

141 HELHAKIAF SEEEE R, Geitas Ab PR
8 AR R A TG O, IR A IE R (SR, %) #54k
A BEYLER 4 A5, RR4HEE BEHLIER 6 PRAE R
AV 0] 6688 (R R (H, em) L BT AR AR K (R, em) . 25797 L
(I, mm)., BARRHHEIFL(TLA, cm?/shoot). M H ZE{H
K [LER, cm/(shoot-d)] . 25 77 ff £ 3 3 [(IER,
mm/(shoot-d)]. i -/ F1[ADP, mg-DW/(shoot-d)] Flith
47 J1[BDP, mg-DW/(shoot-d)] (3K ii 4%, 2016; Xu
et al, 2019),
1.4.2 A EIZHT
1421 R&4&EE AP P RENLIHIR 4 AR
A, A EE PRI 1~2 BRAE R, BURARES 2 F
Bt 2 em? BT 5 mL N, N-ZH I B ke, T8
W25 R 28 3 d, SR A BOEIE M 4R a %
#+(Chl-a, mg/cm?)FIM4t&E b & H(Chl-b, mg/cm?)
(EUREE, 2009)
1.4.2.2 HE MRS 25 Ah B 2 it ML 32
WaANEZH, BAHEZHRMILEIR 1~2 BRI,
T 60 CTFHTEfEE, X TR, RA
AT 35 N 5 A AR TV M O 1 (SS, mg/g) FITE M
17 (S, mg/g) (Lewis et al, 2007),
15 HESH

X A A AT IR A R 25 SRR, DA
G oW BB o X 88 RAR PR A AR AR A T B R
7 2243 B (one-way  ANOVA) K 56 AN [R] 7K 44 it B8 o 8
R, ffi ] Duncan Z 8 iR S, 45

— —
N W

et TFEREE
o

Photon flux density/[mol/(m?d)]

A —=—2NTU —— 10 NTU——20 NTU
—v—30NTU—+— 40 NTU

SAd S Y 45 UE 2 (MeantSD) %7, i & MK
BB N P<0.05, BAEgeit ot fth & 45 1] SPSS
25.0 BAF#EAT, S3Hr RG] OriginLab 2023, R iH
FHTEE . R RIETS geplot2 f X454k Bl 2 68 F
bR B A7 1% F0 A2 K 48 BR 2E 4T 3 843 43 BT (principal
component analysis, PCA), VL7~ 88 B R AL K 547
I Z A OC R IF AT 4k . R ] R 1B 5 Corrplot A%}
BB A PRAFIG 26 . AR 77 ) T TR R SR R A AR A
#4T Spearman MMM, HWaRAK . G AL
Z [B] T TEAH

2 #R

2.1 KEBIXEHETIEEZEE(PFD)

SR, AKIRIEEN 22.7~27.9 °C, KALFHA[H]
To il % 25 5 (P>0.05) , A[RIAbEELH K& PFD fA7F i A
[F](P<0.05), ZILREKARMEERE N, 7KIK PFD 855 (19
5 40 NTU ZbFEZ P2 PFD 24 5.8 mol/(m*-d), 5
Xif BEZH AR LLRRAR T 40.3% (1 1) YelEIil 28 K (8
JEFA 0.62~1.19 m™", Ff/KAMUEERE N, K, (A HFEEHS
K, MEUA TR, Ko MK (Tur) 280 E
LRk 2R (P<0.05)(F 2).

22 TFEE

M3 A R A 17 23 i 7K ok R i 2 L T R I
R, 2 40 NTU AL, FERRTEIG RN 44.4%,
AR BB 56.1% (& 3), BT 200 s,
A PRL 2 (R A7 AE 3 25 5, Dl T s Ak L A g A
T R g AT B 2H (P<0.05)

—
W

—
N

KR FEERE
Photon flux density/[mol/(m?d)]
(o)) O
H:| g‘
D] 8‘
I]:| Q‘

w

2 10 20 30 40
M Turbidity/NTU

BT S0 01 2% A BRAT K RO A G i 138 i B2 9 A8 A (A) R LE B (B)

Fig.1 The change (A) and comparison (B) of underwater photon flux density in each treatment during the experiment

AR FHACE A A 22 7 8 2, Duncan test, P<0.05, Tl

Different letters represent significant differences among treatments, Duncan test, P<0.05. The same as below.
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K,=0.0113 x Tur. +0.782 9,
R*=0.71, P<0.05
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Coefficient of light attenuation/m™!
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0 10 20 30 40
B Turbidity/ NTU

B2 ASTRD KR RE 7K Pl s o 28 By 22 4k
Fig.2 The change of coefficient of light attenuation
under different turbidity levels

2.3 HK

AN 0 Hras R R, 10~40 NTU 4b B £H 68
FRE PR 9 4% I AR KR bR 1Y 2 IR T X B2 (P<0.05)
(F Vo AREMEETEDRAR AR | SRR RIS
TIEP A A W, o, 30 F140 NTU 42
RS A WL AR, 40 NTU &b B4 AR A% 19 Bk - 1o

FRURN 25711 06 ] S R 1) S S X6 BB 2L Y 50% o A AR Joh B T
e X AR PR O RR B 25T ELAR R B ZE A R R AT
FR , 40 NTU AL PEZRIAR 3 T00 48 bR 43l & % AR 41
B 75.5%. 74.1%F1 61.6%., 58 FRIRE A P JBEK
AR B S 5 2 BRI #, 2 40 NTU b3,

TRk E AR A2 0 5 X IR AR EL T B 64.6%F1
78.8%
100
s
S s b
g LI
£ d
50
:
-
525
&
0 I I I 1
2 10 20 30 40
2B Turbidity/NTU

B3 AR KAl B 7K 8 B RRAF TG 3 A A2 Al
Fig.3 The change of survival rate of Z. marina
under different turbidity levels

F1 FARBEKETEEERKEROEL

Tab.1

The changes of growth indices of Z. marina under different turbidity levels

K35 4R Growth indices 2 NTU 10 NTU 20 NTU 30 NTU 40 NTU
¥R Shoot height/cm 27.73+£2.25% 23.10£0.10° 23.90+0.79° 23.15+0.47° 20.93+3.46°
K Root length /cm 24.73£2.21° 12.00+1.78°  8.85+1.05°  0.00+0.00°  0.00+0.00¢
2295 {42 Internode diameter /mm 2.74+0.14°  2.43+0.03°  2.49+0.09°  2.20£0.12°  2.03+0.12¢
B Rk T FR Total leaf area /(cm?/shoot) 16.56+1.07° 11.76+0.83° 12.22+0.67° 8.50+1.57°  7.58+0.73°
2L IEA 3% Internode elongation rate [mm/(shoot-d)] 0.45£0.05  0.31£0.02°  0.32+0.03°  0.29+0.01°  0.22+0.03°
I SE {3 R Leaf elongation rate [mm/(shoot-d)] 1.51£0.14°  1.25%0.10°  1.30£0.07°  0.97+£0.13°  0.93+0.26°
Hh A 7= 3.05+£0.26°  2.08£0.18°  2.04£0.09°  1.25+£0.18°  1.08+0.15°
Aboveground productivity [mg-DW/(shoot-d)]

T 2R 0.99+0.08°  0.61£0.05° 0.66+£0.11°  0.34+0.06°  0.21+0.13¢

Belowground productivity [mg-DW/(shoot-d)]

T AT AR 7B AN TRl A B AL A7 A Y 35 22 57 (P<0.05)

Note: Different letters in the same row indicate significant differences within the treatments (P<0.05).

2.4 HIRIEER

241 A& EZF  HHEEFESERER, 100
20 NTU Ab A AT R RO IS 2R & i 5 0 A2 TG o 2% 22
5 (P>0.05), 1 30 1 40 NTU &b B4R S F
SRR T R (P<0.05) (& 4), Hr, 301
40 NTU ZbBEZH AR PR Chl-a &% & F-3EXT AL 1.24 1%,
Chl-b & WSF 22X BRZH Y 1.27 £i% .

242 AL MEER KA S Y S R IR A RS
TP R A 1 o e 48 R AR 2 % T AR A 1Y)
A 5). BINE I 20 s R s, &HE
T Ak P A 88 R 2 2T P R E A Y

T % B4 (P<0.05). 10~40 NTU Jth i ZH A% il | 2H
VNS B i S0 BRALAH HEFEAIR T 20.2%~74.7%,
FELAR LT 2H 21 ATV PR 5 5 53 0l A % B2 77.3%~
62.3%. 30 NTU JEE/KFE T, MR A0 & &
AR, SXTRRAAHEE TR T 38.1%. £ 40 NTU Ab#f
H, MR T ALSUE R B o BRI 60.2%
25 HEHREEMEKBROERS S

Xof N [ 3o B85 K - 22 ] 4688 AR o 1 A 3 R K A
FRIEAT E R0 (E 6)o 4 1 HEFF AN 2 HEFr b
XIAEAR A FE bR Y BTl Bk 91.4%. BRtkmish, H
MASARTESE | HE P R R — %, BRI,
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Fig.4 The changes of photosynthetic pigment contents
of Z. marina under different turbidity levels

HLAH SR Rl < S0 0 B3 nmi A o AR bR H
TRk B R, HRARUE M A ZE {3 R LER |, Mo F 2R
7771 ADP Fiilh 14z J) BDP, 9 HEHR 14 5 2k 4k
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FEARIAR T At e B A FHAH

2.6 SBEAERFIERFAEEERNEXES T

PEH SR DA K S B i R A K #8458 H. LER.
ADP. BDP FIAEHHERIEATHOCHE ST (K] 7). Al 7
JIoR , AR PR B AR SR AR 5 A BRAE AR Z R AEAE B 1)
AN o HERRAT 15 R 5 b b 2 2] s Mob o5 B S A
FIFEA K R (p=0.87, P<0.01), FEBRLE P 7 0 5 0] %
PR B R P IE A 2R (P<0.01); AR Chl-a,
Chl-b & & SHEAR I A A | A (B AE AR B0 R DG
DRI, AR ok R 386 T = 7 S ok 2 M o A 5 )
IRACE W, X R AR AT TG RN A K 3 B A TR R .
T8 IV 1R KA TR R KA BE R B A REAR , AL AR B A
RS ETE, B THRROEERCR, DI KA

O IR B A AR
|_i’—‘ |
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Fig.5 The changes of non-structural carbohydrates content of Z. marina under different turbidity levels

3 e
3.1 skfdh BRSNS B A KRR R B

KK M ik B2 T g TS B R 9 2R R
York &5(2015)WF 58 A B, WORA L B - 2 R RS 11

T 2006 FFIFJE T 8 N HMBIRTES), ®Al 1 RiEEF
SERTEE R KR H BHE B E<0.5 mol/(m-d)], FEUZIX
WA B E AR ¥ (Halophila decipiens) FUBUIR 515 ¥
(Halophila spinulosa)TE B iR AR ok 48, H GRS
8 A HJFHFRL T Y R Y SO BURFTRY 1%, T
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2] G, KAk B I ) T 7 o B T8 AR £
o ol FEIRRVE R, ORI FESE 3 4y 40 NTU B,
2 ol o 03 5 77 0 5 AL L B S5 A 43.9%,
Sl i 90 A 2 7 ) ) S A 38.4% 0
= 64.6%. Bulmer “5(2018)MH7 1 7K HAci i X1 7 75 22 1

—+—20NTU LER

—v—30NTU —=—2 NTU

i —+—40NTU —=— 10 NTU

3 2 -1 o 1 2 3 4
PC1 (86.6%)

Pl 6 8B R AE AR AR 1 S o343 A
Fig.6  Principal component analysis of survival and
growth indices of Z. marina

H: BRis R MK 10 29 EHAR; TLA: BRRAFHEIFR;
IER: ZESEARE A LER: My SE A 4 ;

ADP: i [-/£7=J7; BDP: M FA:™J); SR: RiG%,
H: Shoot height; R: Root length; /: Internode diameter; TLA:
Total leaf area; IER: Internode elongation rate; LER: Leaf
elongation rate; ADP: Aboveground productivity; BDP:
Belowground productivity; SR: Survival rate.

1.0

i 0000000000
wrjos + POPOOOOOOO
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BDP [0.65 089 093 1 .... .‘.
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ASS|063 085 090 0.86 0.86 095 1 . ® ..
e
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o

BSS |0.63 077 077 063 068 071 078 1

-0.5
Chl-a [-0.36 —0.69 —0.67 —0.75 -0.61 —0.50 —0.56 —0.37 1 . . 0
Chl-b [-0.59 -0.79 —0.77 —0.78 -0.75 —0.56 —0.61 —0.49 0.82 1 .
SR |0.73 090 092 094 0.79 0.82 0.87 0.65 -0.67-0.77 1
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FI ¥ EFFY S
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Fig.7 Correlation analysis between ecological indicators
and physiological indices of Z. marina.

H: ¥kw; LER: MR ZEMEESR; ADP: #i b/ )7,
BDP: M R4 ) AS: # FAHZUER; BS: i FALUE
Brs ASS: Hu bAIZUATETERE; BSS: RGN

Chl-a: M%E a; Chl-b: M4 b; SR: fAIFH,
*. P<0.05; **: P<0.01,

H: Shoot height; LER: Leaf elongation rate; ADP:
Aboveground productivity; BDP: Belowground productivity;
AS: Aboveground starch; BS: Belowground starch;
ASS: Aboveground soluble sugar; BSS: Belowground soluble
sugar; Chl-a: Chlorophyll a; Chl-b: Chlorophyll b;

SR: Survival rate; *: P<<0.05; **: P<<0.01.

PARLTE 3 /i X A4 (G B8 W (Zostera muelleri) AR
SR, A5 R B, A IKAE R A S A W) B AE
Mairetahi Creek (/KK FEE Ny 41 gm’) &K, K
2.14 g/core, 4rHiJE Kakaria Flats (45 g 25 g/m®)Fll
Tapora Bank (JRJEN 12 g/m’)I¥) 76.4%H1 57.8%. Li
ZQO2D)WFFE L PL, 7E 200 NTU MK, FHLLit
(B8] 20 d B, B8R RE AR AR 77 55 ) S 4SR5 d
A EE T B2 28%, 300 NTU Mt B /K - T R Rk (1 21 3
FURT [B) (FET 3538 0 22 X FRZH AU T34 1) 50% 4R LL AT [i])
50 NTU MUBEALRY 1/2 247 o 76— 2E3RK DK ALY
FAE A A 2R UE I, B S5 (2015058 & 3R,
KRR 30 NTU (K 0.65 m)iF4E 20 d 5 HAH bk
o SRR X IR ALY 78%, HF£EE 33 d B, A
PRREIET:, M BRI 2= X R 73%. 25 1, 7K
PR BT m K AE A (B RO AR R T BA —
A2 BRGIERT, LR ok B 2 Bt (] 9 385 hn 40 i 6 FH 7
KR,

AR ok 348 05 B0 /K R T U 4 K TR N
BCKT  RERE RRAIG, AT 5 B0 5 () 7 336 R AE K 32 3
FR % (Vermaat er al, 1997), —&im &, MEF =S
1) G R RR AV RN P 7 e v B 3 184 hin o) g A AT 1Y
XUEE 7 THI 5200, T 25 2 S AR AR SE T 0 K FoE 3R,
Ot 2 B o Vi R A A T Y O S DR (4R TR A
2011), ZE 4 B0 0E A A Y 2% T TR R
BRT 11% (Ochieng et al, 2010; FFib4%, 2022a),
Bertelli 45 (2018)AfF 58 540 1 3 T 4 MR 2 o A1 0 68 7L
KB, I 40%H 90%3H 44 F [7)Z2 PFD
A3 5 0.73 F1 0.35 mol/(m?-d)|##4%E 29 d i}, #8E
J B RS 0 BRZEAR LA IREAIR T 41.5%F1 44.0%
FF W45 (2022b) 76 B L W X i B (Enhalus  acoroides)
HEAT A G S, A PRI B3 AR 1) B ' R 55 1T
B, o, 60%F1 90%IBEYEAN LT, I i A9 Hh
LAY i o3 R A IR 69%F1 56%. Li 4%
QO2DHWFFEWR LI, M AKE TR R Ry i
far 38 0 23 BEAR I R A S TR % o Bryars 45(2004) 3
ORI, FE MR KF I P S s 5 K AL BT T
15 4F 575 PR HE R 171 250l 5 321 365 hm® DX 38 14 9 bR % =
¥ 1 5 (Posidonia sinuosa) . Ta W ARK H (Amphibolis
antarctica) ¥ 8 5 (Zostera tasmanica)5¢ 472k .
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Lambert 25 (2021) &AW 5% T 18 KA WA 752 4 0] 11
TUR) Pk V2 XV A SRR AE RS2 ), % B T SR
Yt SAERR R R B AADE, 2011—2012 AR
T UKL 58 BE 1k 5] 20~30 Mt (1 Mt =10°kg), ZfHiiEF
BRI AR—AE N TR 50%, 25 1, 3008 Al bk 1F
TR TR AR K RRRAT . A 1 N R T
RS K PR B T w3 5 | RS A 1 7 DR v 6 A 386 i AK R
e BR 55

3.2 EEI KM EFH S A IR R

MG AR BEY I TOCA RN S s,
YA 2P AE A AR SS F E K AL A 0 26 A 1
HIF=H, FEAE YA A AT R ke AR (A
%,2012) AW BN, BEAKEAREERE T, g
R B AR S5 A8 VB K A6 ) (RT VS P R A ) 75 1 Wb
R, TR A RN s KR B TR 2 40 NTU
BF, AR PR M b 2 U] R T R S X R ALY
25.3%, M4 K a FIM4EER b S 6 IR 1.2 %,

Bifi 2 AR AR B T, KRB R BRI, KN IE AR
PG SA4h, SebEZ KA AL, WER R
W N, R R TG SRR b Al
X F I a BT PSS, 2022b), Longstaff ££(1999)
K, WECGEZCIRE N 0 1x) 78 d, Pt 2 HL
(Halodule pinifolia)t i Chl-a/Chl-b T [ 2 #E YERTAY
86%, & Chl FritAHLLIEECHTIE N 52%, WEHR
Chl & 8341 . Chl-a F1 Chl-b £ 2 A AR 2 7 % 7K
A b B T v (K A 25 B B A AT ) A — 3l 7 2 S
(Longstaff et al, 1999), i v f= 4 B P45, Al AR A
AR BT UL HZHAIYET, 1
THAER g i 1T FME (Longstaff e al, 1999). A1,
TERL R B AR, LB RCRREAN, A18UEESE Rk
IKACS P T FE R 1 A A e A = a7 R
T RR Y AR K FIETE (Durako, 1993; “FE 4, 2018),

IR LR T s e Y G IRGE B M, BRI
I, MERR AT R R T . FEPUPET AR e 0 AL F LAY
TS TR Y P O T R Dy 2% 1T R I (Surface
irradiance, SI)AY 21.9%~24.6%, KM H 4 s 2
SI 1) 30% (Ruiz et al, 2003), 55 EE T, HERHE
HAERSZ BRI, RO A AR R DLERRE 5 A
K, AU AR g5 A oK b & e R TR
Bt & H#E(Alcoverro et al, 2001; Ruiz et al, 2003;
Ralph et al, 2007; Eklof et al, 2009)., Longstaff %5(1999)
WFoE B, WECHPPIM 2wt B B F R HE
H-9%o, ifEHEIEGE)ZIEIREREE K 0 1x) 38 Fl 78 d
I35 22-9.5%0 F1—10.5%0. Silva ZH2013)BF58 kB, 4b

F 24% [PFD=19.7 mol/(m*-d)] ., 40% [PFD=15.6 mol/(m*-d)]
Ml 75% [PFD=6.5 mol/(m* d)PEEMIFEECKIEE 3 m)
3G, BRI R RIARZE B AT A R LT R AR
YEHRZH [PFD=25.9 mol/(m*-d)], Frf, HIZEn] ks &
FHEEXT BB FEAK T 70%~85% . Collier Z5(2008)f/F 5% %
B, 7E 3~4 m KT GEYEAAH )2 PFD 4 0.6 mol/(m’-d)]
T, PR = T A AU S X IR A LT
T 32%~52%,. Ruiz Z5(2003)0F57 K, PHPEA 2R
JURRVE i 11 = 9k X DB I R 8 K 0.205 m
5&)2 PED 4 6.67 mol/(m* d)] R¥EN =% 5 (Posidonia
oceanica) MR ZETE M) & B2 il X [K=0.184 m ',
)2 PFD A 7.72 mol/(m?-d) | AL [X [K=0.131 m ',
52 PFD “4 9.28 mol/(m*-d)]f4 57%F1 64% .45 I FlF iR,
TR ISR B S L RSSO LA & = N RE
AT R 2 T 5 00 AR AR e BE T v S B KA 3 D 3
% ARG AT R R T B 1 B 2 A P o ok R

4 it

AR b R 388 o et T K AT 0 A 67 TR ) R R
SEPERY, S B IR AR AN F e v B oA A K
AEE XU RN N, O 2 ORI AR BE T o ARWF5E LUR
5 PRI AN BB RO X4 5T T AN TR K ARy
JEE o} 1088 B A7 AN AE A B, A3 M T 88 ek K
A ip e 0 A BRI R o SEEGZERRAT, 10~40 NTU 4
FH AR B A7 3G R X B4 BEAL T 15.8%~43.9% ,
30~40 NTU it B 20 Jo g A AR H M b i R A= 7= )
P T3 FRZH Y 50% 5 10~40 NTU Jh B 29 AE #fe b |20
VNS B i S B AR EEFRAIR T 20.2%~74.7%,
T AELAR I 28 26 P S B /K PR B ) T i v, v,
30 fil 40 NTU 4bBEZL AR Chl-a Fl Chl-b &5 F-35 43
WIMXTHRLH Y 1.24 F0 1.27 5, BF5R 0, KAk Bz
K HsF [E) 355 JoT A1 o 5 AR R 1) A S A A R, H
B 3 5 W AR AR AR S5 M R OK AL A, 2 T X
AN AV A BB TR S, ()RR, 088 A et a1
AR E, JEMTHE S E A RCR LI X i KA
JE S K R R SR BE A REAIC . BT 5T 45 5 0 1) B i
R AR A AL Rk R A B X S AL T LA
A€

L % X WM
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Effects of Different Water Turbidity L evels on the Survival,
Growth and Physiology of the Eelgrass Zostera marina

LI Yanping, ZHANG Yanhao, WU Xiaoxiao, LI Wentao, ZHANG Peidong\i\/
(Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China)

Abstract An increase in water turbidity is one of the main factors underlying seagrass meadow
degradation. The effect of different water turbidity levels [2 (control), 10, 20, 30, and 40 NTU] on the
survival, growth and physiology of eeclgrass (Zostera marina) was studied through a 3-month indoor
experiment. The results showed that the survival rate of eelgrass decreased gradually with an increase of
water turbidity, and the survival rate under 1040 NTU conditions was significantly lower than that of the
control group (P<0.05). In particular, the survival rate of eelgrass exposed to 40 NTU was only 56.1% that
of the control group. With an increase of water turbidity, the growth rate and productivity of eelgrass also
showed a decreasing trend. In the 40 NTU treatment group, the internode elongation rate and leaf
elongation rate of eelgrass reached minimum values, which decreased to 48.9% and 61.6% of that of the
control group, respectively. Compared to the productivity of the control group, aboveground and
underground productivity decreased by 64.6% and 78.8%, respectively. Correlation analysis showed that
the increase of water turbidity mainly affected the growth and survival of eelgrass by affecting the content
of nonstructural carbohydrates. The content of nonstructural carbohydrates in eelgrass decreased gradually
with an increase of water turbidity, and the content of carbohydrates in plants exposed to 10~40 NTU was
significantly lower than that in the control group (P<0.05). The aboveground soluble sugar content in
eelgrass exposed to 1040 NTU was 20.2%—74.7% lower than that in the control group. The results
showed that a long-term increase of water turbidity led to a significant decrease in the nonstructural
carbohydrates of eelgrass, which was not conducive to its growth and survival. The results provide a
theoretical basis for clarifying the degradation mechanism of Z. marina seagrass meadows and selecting
suitable restoration areas.

Key words Zostera marina; Turbidity; Survival; Productivity; Growth rate; Carbohydrate
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TE G B(SADF YLK A T 1 (PNR) B o, H At BT & & H 34T T IF . SR Ex, EREKR
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58 A A8 A 0 B B R B (R 4 B, 1991) 0 TRLBE
R YU SR K M R A KR B SR
RNER, ERRBENSEERE . fratkEE R
R R R 2 OCHE By AR B T, R 5 e IR SIS AN A £
BT A0 PR 2E 1 TR 2R (TR K VT4, 2005; BB 784, 2017,
T4, 2021), R, DA K £ 28 U AR T S0 o B
XFIREE PR () R, 8 v R I R AL R AT AT FE 4
) I SRR B AT W R N TR R G, X
W0 25 AR DR IR AR 78 | B S AR IR R ] R 2L R
Bt EL A 22 0 0 S 2 (BRI, 1991),

T 25 lf(Seriola aureovittata) & — Fh 4 BRI )
12 AT 0 B KR B IR R e a2, A
T EWEYA 0 GRAFERR, 1955), BAERBK, 4
Kl EFRFEE AT E S SRR, Wz BRI 9%
M HE R, FRAE SR, B AR00E w8 BT IRK T
KR MFEFRFEA 07 20, B RS R By —Fh T
SRR R R, BT, EPrL 10 R ERCIRE
TEAWEN TR AR &, FealehE, A4, ®
PR AN YT < | P S 8 S TP N
B+ R 5% (Sang et al, 2016; Stuart et al, 2013; Yang
etal, 2016), 2017 4ELIE, hEIZK B0 5E B 2 16
IKPEWESE T S0 T AR N T BB HOR, IR15 T 2%
fEHSRFEON, @ T R TR e T IR PR K
B FHOR . SR, WRhEE A AN
KA FE R 2 ARG DA AR R L R R R
AL . R 5 45 M) (Leyton et al, 2017; #RKTLAE,
2019), BUOMHIA RS B M, F2 RN
TE T X B A0 AR 0 b AR KR B SR R
18 AL B TA TR 2 o Tk, AR BB R T R
B E X B SR IG AN A £ A K R F RS e BT
R TIREE . EREEXIRIGIEAL . WA T £0 5 SRR
YU 32 1 . A FEF8 8 (survival index, SA)LL M A= K
AL N F B RZ MR, R T 8 ARWBARIG & & R 1
AP A A I 3 R IR B RN R BE DL SRS P D, LAY
Fo WM R R T AN, R AR E 1 B
SR G 95 A0 FN B RO RS AL 2 R SR LA AR
2R

1 #wREFE
1.1 SCIEH

SIS T 2019—2021 4F43 5] 0 T K8 & A B i
A RS RNL 2R 5 0 SR A BR A w1 R ff

FHEYZ RGOk BT 2 DA AR & 0 AR W0E 0 H R
FEEN(20~22 C)YFIE ., 2019—2021 4F, fEREBAHE

A A7 BR A A TF T IR JIG 2 75 ) PR PN 13 7 S 6 o
2020—2021 4F, 7E7 8 DU RHCA R A [
PEAT T IRJIG K T R A A A A B BRI DR oy S

JR G A B R B B IO S 6 I 08 240 4 AR IE
0 22 A ML S RGO , A f A A A PR IO S 35 1 P4
S R PR S IE B A AT £

1.2 BEXERRBEL NI

FEERE N 32 550K, W E 14, 16, 18, 20, 22,
24,26 F128 C It 8 AMREESCINA, AW E 2 AT,
DL 2 000 mL BEEEFEA R SLIRA AN, B TAFN 200 L 1Y
ARIA GRS R G, LI i ob i
JE£0.5 CHF MK N/K IR IF R E IR . BN BEAR
WINA LB 2 Z 41 M 32K 50 100 A, BEfbidfer
R, B R A RS BRBEAMR NFET RO TUTER . 3245 DR
FET- IR S DTA KR B H o

GErtAS R L BE A5 1 N 2R B0 B AR A [, 1152
KGR IBEAL R B R AL Quo E(ERIREE TS 10°CHEE
G E HE MR AL, & EFRoRE—uE AR E
ALt B G & B IR AR . THEA AT .

Qo = (to/ta) 10T
Kp, To MR R B BRIGERE , to Rn To &1
T EIIFACES ] 5 ta R T IRBE T AUIEALET ] . — A
o, M Qi fH N 2 B, WRIR & B R TS Fl s M aE B .

T 6 AR AT A8, 20, 22, 24,
26 128 C)MWIMATFRLA , M T 2K | sk
. JEAAFERIR SR b

1.3 EEXBEREFEAL BB Mm

PE 10, 15, 20, 25, 30, 35 F140 3k 7 N Eh
SCEH, AR E 2 AT mEREE K LIS
YE AR IS N T3 7K 28 B il 1717 e 5 PR B v /K LAAD 98
KRR (GE4T BB CL)BECH . LAWK HE RS
11 B2 41 %o ) b o £ B2 AL (TR /K V14§, 2005)

PL 2000 mL BephZias, BETARN 200 L AYH
IR KIS R G, DU s g A OFS o B
+0.5 C)FE KK NKIRTE 20~21 C. BB NN
AKRE ZZ M SZH5 00 100 ki o b B i e
R, m AR, Sl AR e . St AN [
£ B 2H 32 K5 OF IR AL B[], WL 32 05 B ] A1 A
AR ER BE K AR A G O, T IC SRR

14 BEXMNFFaREREESFF RN

PEHL 4 ANARTRNEEE(18. 20, 22 Fl1 24 CY&MF
FIIE 5 WA 10, k2Dl FIREE R KARHE T .. &
KHURE 20~30 B A7 fa DR s 4 K AT | A, A7
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%4
HARARBITE AR,
V(mm?)=4/3nxR/2x(r/2)* (1)

L, RAIERKAE(mm), r IR AR (mm).
FEREAN )L B A5 T, 00 BT 5 54 Y W WA e
ROTIFEE T d BRI A A IR R

15 HEXHFEFE SAl EHRM

FEIRIE R 20~21 CHAEF, A 2 000 mL BEdr
BEE 10, 15, 20, 25, 30, 35 f140 3t 7 AEL SR
WM, SHARSIES . 35 I8 w47 100 2,
TR . #KMER AN il E. B8R
TGS T AT BT AR AT A AR AL
(SAD, HTIFh AR B T AF M 1 (R & A 5%,
1997), AXWTF:

k .
SAI:Z(rxl—n)x'ﬁ )
i=1

A, NOVSEERfFag, h o3 | REVF AT 2L,
K OAAAF RN 0 TR A, SRt (6] 7 d.

1.6 #FFENBEATESHHEHE

YUERAS 7] 356 15, (point of no return, PNR)Hfi € S
W7 B 555 (2004) 0 7 v o AF IR IS, B A%
B 10L M aBEDEEEM AR, RER 20~
21 °C. R R 35 51 R, FREUR . BB 3 KIFIS,
TRBESE 100 BT, A 2 000 mL R, %
WEL R 48 2 4¢ H (Brachionus plicatilis)(10 4~/mL), [A]
W, AHNE K /NER 3 (Chlorellasp.), WS iU AT
0 RIR SRR, YT IR R T R
BIREL A 1/2 i, RISH PNR mffa], DUFEALS H
().

1.7 BE. SEMNEBEINEFE IGF-1 BEERIE
A

WAEASTRITELEE (20, 22, 24 126 C)FIERE (20,
25, 30 1 354 WEAL MR T 45 20 B LR
HABEE . RN 20~21 C . FHER 32 £,
TEARFUN 10 L /Y@ RTE SR P 5 B w1 iA 1
FraeUdk, BT O OL)E 3 d)JFER, KB 20 |2,
— HHURE B AT IURIET . BrA B PR R T
WA, A PSR 5 AR A T80 CARAF# o

& RNA. cDNA ¥k, 51WFsl . gy
MEE Wi B %S % Wang F(2019) 1 ik, DLE4
Wi18S rRNA NNSEH(FE 1), PCR AFRHN 20 uL:
10 uL (%) 2xSYBR® Premix Ex Taq1l ; 10 pmol/L ¥ | |
TS 144 0.8 uL; 2 uL #9 cDNA B ; 7.2 uL 1

ddH,0, PCR ¥ 8 &4 95°CHiAsYE 30s, 95C 5,
58°C 30s, 72°C 20 s, 340 MEHR, HEYFKNFEIE
TR 274

xR1 HEWIGF-1EEYESIMFET
(31 B Wang et al, 2019)
Tab.l The primer sequences used for

quantitative amplification of IGF-1 gene of
S. aureovittata (from Wang et al, 2019)

BIE7EA S 519575
Primer name Primer sequence
igfl F TTGTGTGTGGAGAGAGAGGCTTT
igfl R GAAGCAGCATTCGTCAACAATG

18S F TACCACATCCAAAGAAGGCA
18S R TCGATCCCGAGATCCAACTA

1.8 HiESGIH A

ZHREOIEAL R | frfamiE A SAL A, L%
IR SRR SR T Y (E bR 1fE 25 (Mean=SD) %, i
SPSS 24.0 3 {Fi 47 LK % J5 2 (one-way ANOVA)
YA, g 22 5 B E MK P=0.05, P<0.05 H2:5
iTE

2 HR

2.1 R FEXE KRR AR L B9

AWFFE R, RN 14~16 CHE, HARWHIRIG
KB 5 SR IR TE B3, 24 0 iR AL
B, FETRLEE N 18~28 CAM T, WA RTIEAL g
Hrr, 18 CHIMRAGIEAL A A (55.7243.02)%, P17
A0 I 2R 3K (19.67+4.51) % TETRLEE Jy 20~26 C 44
T, LR LE 60.00%~81.00%, Hodr, 7EIREN
20~22 CHMT, WHLAFEIE 75.00%~81.00%, HHIEZAL
T 6.70%; FEMEH 24~26 CHAFT, W1 MWIE R
ik 17.67%~ 27.33%. TEIREE N 28 CHE, Wb FREE
(49.09+ 4.64)%, HAIWET- BT 3 2535(67.67+7.63)%.

ARFIE R, TR 18 CHf, B A&HHIL G
BB ] B B ARG, 3k 98.5 h; TEIRE S 20~28 C 4%
PF, IR R 5350 84.6. 73.6. 58.2. 48.5
F141.5 ho [FIEF, AEREEE TG & B R Z2E Qi
AR, Hodr, N 20~22 TR, Qo h 2.007 (3% 2),
FEHH 20~22 °C Hy ARG I Ak 1) Foc 1 TR YL L

WET 6 MARREZMFT 8, 20, 22, 24,
26 128 C)MIWIREA kA% (55 3). TEIREEN 18 “CHY,
I g K dm/ s, TR R 22 CHY, ®IIHffa aK i
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Deforming rate of newly hatched larvae

R2 EFHIMRRATEERETH Qu

Tab. 2 Values of Q at different temperature bands

» 90 . b for embryonic development of S. aureovittata
2 80 - T/ C Ty/C t./h to/h T.-Ty/C Qo
*ﬂfé‘% Zg 28 26 415 485 2 2.380
@ag ol 24 41.5 58.2 4 2.329
3% ol 22 415 73.6 6 2.598
55 5] 20 415 846 8 2436
B i%‘ 20L 18 415 98.5 10 2.373
£= 10} 26 24 485 582 2 2.488
% 0 13 20 2'2 2'4 26 28 22 48.5 73.6 4 2.837
{5 )¥ Temperature/'C 20 48.5 84.6 6 2.528
P 1T AR A 18 485 983 8 24
WIEATA0 I 2R A S R 24 22 58.2 73.6 2 3.234
Fig.1 Effects of temperature on embryonic 20 58.2 84.6 4 2.548
hatching and deforming rate o_f newly hatched 18 58.2 96.5 6 2.323
larvae of S. aureovittata 2 20 736 R4.6 ) 2,007
AR R A HA B 2E S, TR 18 73.6 98.5 4 2.072
Different letters indicate significant differences among groups, 20 18 84.6 98.5 2 2.139
the same as below.
#3 AEEETHAUHARFENESK, PEESHIKNE
Tab.3 The size of total length, yolk-sac and oil globe of S. aureovittata
"~ sk o 4 K 72 P 53 e 77 Wk

Temperature/‘C Total length/mm

Horizontal diameter

Vertical diameter of

Diameter of oil

of yolk sac/mm yolk sac/mm globe/mm
18 4.36+0.22 0.82+0.11 0.33+0.02 0.32+0.03
20 4.45+0.32 0.83+0.10 0.33+0.01 0.31+0.01
22 4.48+0.28 0.79+0.07 0.32+0.05 0.31+0.01
24 4.43+0.14 0.72+0.05 0.30+0.02 0.29+0.02
26 4.41+0.12 0.64+0.03 0.27+0.02 0.24+0.02
28 4.39+0.11 0.58+0.01 0.25+0.03 0.22+0.01
R REE R 20 CH, B9 £ 0 51 2B e e 72 g e
Bk RFENREE AT, BRI 4 | o % 10,1 Deforming rate of newly hatched larvae
K72 LK BR AT WG 35 92 53 (P>0.05). HEsq o] ¢ 4
22 ShIET ERFLI I L
Q-
THGII LR > 30 IR LK i 76 60 R
25 WHETFAEARMARHES, ERIEH 10~20 BHILF AT Egsa0l
B BATALRE R IE FREIR AT, Ho, iR B Eoop
J9 10 A1 1S B, BRBATFALRAICT 26.0%, WIRE(T fo I . e

TR E IR 57.0%~94.2%, #HEH 20, 25 B, Ffs
T2 51.0%~66.0% , H 9] W47 o W R R b =
10.0%~25.0%. LN 30 F1 35 B, IRJG IR 1L 5
ik 79.0%~80.0%, HBIWHFHBIERMT 6.0%, M
EREEh 40 B, EAR, IRIGIEALRIK 69.0%, HAIHF
FHAITE R T 2 (14.0£3.1)%.

Kl 2 EhEER A

T AT £

20 25 30
£hPF Salinity

Wi JE2 24 B4 52 W

B 6 07 AL

Fig.2 The effects of salinity on embryonic
hatching and deforming rate of newly hatched
larvae of S. aureovittata
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freafb it s, $hEEh 35 20, 90%LL b Af-fh
IYARAE KR EERERZE, 10%53 4 15 KA o A
#ho EREESh 25 F 30 41, f1-f0 80% 7 A FEAKAK 2 FI
L2, 20% 50 A AR ER RN HS . M 7EER B2l 15~20
H, 60%~70% Y 1 fi 53 A 75 KK E 2R Z
40%~30% 10 4 A FE AR AR ER AR o MR EE Ry 10
SLERA, AR 29 10%TEKIE EIZRRIZ 530, 29 90%
S ARTE KA HP IR AR (A 2),

EREEN 25~40 B, MRSGIEALETE]SA 73.4~75.5 h,
JTCM R 225 EhEE N 20 B, IRAGEILET[E] R 78.5 h;
MERFER 10~15 B, BB [ 1K 2 82~84 h, Z5
B | WA W28 | A7 73 A FIREA IS () 5 45
H, HERWRNGIE B LR Bl 30~35,

23 VIWFEFENTEN
2.3.1 B E XA AT & R A A 6 R e

P T 4 AR EE 2504 1 (18,2022 1 24 °C),
WIREAT- £ B S RIS AE SR B, R PR A TR 1 T
IR FETHFE LB N, FEEE N 18 CAMFET, Wb/
168 h A 58 & THFETEHE s TEIREE R 20 F1 22 CHAMFT,
SrTERFL S 144 120 h JHAESESE; 10 24 CE&MFT,
FEIEAL S 96 h B SE AT AESEHE (8 3),

-#-22°C —-247C

B R IATR
Yolk sac volume/mm?

| 1 | Y Sy "\"‘.
0 24 48 72 9 120 144 168
{7 £a 584k )5 I E] Time post hatching of larvae/h

B3 N[l T e A o) e - £ B 5 48
MR MAC M) e J3E

Fig.3 The effects of temperature on absorption
of yolk sac of Saureovittata larvae

232 KRR #%EEMH TmF ae) SALA TEA
[FERBE S E T, oK ORI B A i A RAE T
MR (B 4). SAL fHf5 i 5(10.20) H BAEER B2
30 41, frfafEiG it ik 8 d; I SAT {H(2.99)
WMELEEREE Sy 10 4, frfaiEfe)s 4 d &F5ET,
LR 15, 20 F1 40 44700 SAT E Y%, £
o 8 R IR B AR S XA F R 36 1 7 AR B S

o
[\
1

—
o
T

[}
T

IS
T

KR T SATE
SAI value of newly hatched larvae
N =N
T T

1 1
10 15 20 25 30 35 40

(=)

£hJ# Salinity

Bl 4 RTFEREE T 28 AR MmHI AT 1119 SAT (i
Fig.4 The SAI value of newly hatched
larvae of S. aureovittata

233 AT EHUER T i & (PNR) 15K N
20~22 CHAFF, WIMHFEIFHES 3 K(6 d fffh)
940 U4 B R A (78%) . HE IR R T b,
PNR HHLTE 7~8 d Z 0], {74 45k A YURAS Al 336
YK 5).

90
80|
70}
60}
2500

40
30}

201 S0% IR AR
0L 50% of maximum
0 |  first feeding rate | |

3 4 5 6 7 8 9 10 11
{741 H # Days after hatching/d

5 B AR A £ Y LIRS 7T 396
Fig.5 The point of no return of newly hatched
larvae of S. aureovittata

BB
First feeding rate/%

24 RE. HES5EINEFE IGF-1 EERIE
R

ANEREE ST, L7 f IGF-1 mRNA #
RAKFAH BEES . ERER 20~24 CHMAT, VI
ff£ IGF-1 mRNA FRik /K-t 2 v T H AR B4, D)
TREN 24 CHLU AR . [, 87 K 25~35 &1 F,
VI AL IGF-1 mRNA Fik/K V5w T Ho A £k
H, EYVRSEMET, IGF-1 mRNA 7EVUK G 55 2 K i
FIE, HURTEDLERES 3~4 K% FFE, BAMEFEE
TR, BB DR TakEE T = W E LT 0
I35 7K - (P<0.05)( 6~ 8).
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IGF- 1A%+ Fk 7K

Relative expression level of IGF-1

02

18 20 22 24 26 28
1R Temperature/C

AN R AT T 1 |GF-1 mRNA (13235 7K 7
The effect of temperature on |GF-1 mRNA level
in newly hatched larvae of S. aureovittata

K6
Fig.6

18-
i b

16 .

141 b
12 _I_
1of § T ab
08k
0.6 -
04

02
0

IGF- 1A%} k7K F

Relative expression level of IGF-1

15 20 25 30 35 40
¥ Salinity

Bl 7 R[AERE T RIBHF fi IGF-1 mRNA B35
Fig.7 The effect of salinity on IGF-1 mRNA level
in newly hatched larvae of S. aureovittata

1.8
1.6 -
14+
1.2+
1.0+
0.8
0.6

IGF-1 mRNAMIX k&
o
~

Relative expression level of IGF-1

e
o
T

3 4 5 6 7 8 9 10
SBALJE KEX Days afer hatching/d

B8 DU P71 IGF-1 mRNA K3k i #
Fig.8 The effects of starvation on IGF-1 mRNA level
in early larvae of S. aureovittata

3 e

AT S T K P P 25 O 665 5 A% BRI 9 1,
I PO BERRIE . #2077 R G AR A P T
WISET(LRURS | ORI SAT i, PNR fi(A
|GF-1 3 SFAFHE , Iy BLAE LS RS UL
RIS BT BRI TR B 5 AR

T B R B SR 5 M 0 SR K B A A AR R
MIMOCHEN F, ZEMRIG & & A B Kt R, 4
ARG B A Ao A B R S E (R B R
21997, MW TR, 2017; SKIEFESE, 2016), X H 4
#ii(Seriola quinqueradiata) I HF 55 2 B, IR R IEAL Y &
IR R 22~24 C, IR TG & BB, i
Tk 55 11 T 99 Ak B ] 488 4B A £ B 238 1 (O B 45,
2021), ABFFEH AT, 14 F 16 CHRIELAMT, &
WG K B IR AET, £ 16 CHMIRAE T
PR ABFGER &, BRI IR & & 5 2 U
KR, WIGTE 20~22 CMEfb At =, WA Y
REAR, HIRERE Qo &mdkir 2. #F5ERY],
A3 o R AL 1 1 s e g SRR AL, A TR
TR )R Y R P A A I A B R M (R AR A,
2002; BEAUAR, 1965), i g 0 e EE 2 00 il 07 A il 33
ol fiff 15 0 24 R A% B oAb o AR B AL (% W A,
1998), Ml S BURNG I (LR N BRI STt =, L,
NG & B BJR Sh AIE # i BT ZAE A W% 0 C LU
FAIE IR AT Y, AT 45 A — 3, Moran 4
(2007)BIF5E T IR K1) IV 1A s SR A TG R T R P Y
Re AR REE , RBUIG & B It AR A it SR 2
FAKRIK R, RN, SR T L A7 e KA BN,
A 2 PR B R A A ™ 1 A DR R R 5 |
o ARUFTE R, ST (24~28 C) i 4WHI iR
SEEAR IS ), DA £ A K R O A X /N, AT
A2 R T LR X R i AT A K R B RE A T ML
Hl AR SIS Y o PRI, 4R 7R 70 0 2RIV G 007 Ak AN
LTS Gk = BUN L LR S S SN OL i I B
B, DAARAS w5 A £ 238 R e Jo £ ) ) A8

VA —Fp ELAG I i () KPR 2 B 2,
SR R R A S BB N RE S . AR R, 7EER
JEH 30~35 RAF T, MR LR R, $hE <30 M
>35 W, WEALR AR H AT e R T m, X 5
J& 5} (Carangidae) i B /A 8H(Seriola dumerili)2S Ll
i ¢ W 5 5 (Cynoglossus  semilaevis)( Ml 2% J& 45,
2004) . % 11 5 (Oplegnathus fasciatus) (14 7k 11.4%, 2009)
S5 U 7K A0 28 1) Sl e A B v R RS2 RGO e &
JE<30 B UM, MAEEREE>32 K h IS (MR B R
8, 1997), AR AL, B ARISRS U 7R BE>30
FHEVE, MEEREE R 25 WHEIF, <20 BT 4E
PRI, 22 IR AR B 2% 1 3 T 2t 5 32 K5 O 10 5 A V22
BSRAFM .

R KR MEE R AR, EARSEER LR
SAL KPP 471035 7, BE TP A7 fa e 75 nl DU T i
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T & (R B A2 45, 1997), SAT AR FATta1ETCHNE | 1L
. KRS T RfEERE ), HAEME,
FP A0 BTG IR, T B s S R LR
X R AR RE, EhESh 32~35 FKF i
SAI {E 5 (18.3~18.8), BRIEERES | A B[ 80A B
i (Epinephelus moara) (Q)x-E5 1 B i (Epinephelus
septemfasciatus)(3)]155 fa et & 7EiE B L R T
RAFHAFf0 SAT R (FIREUR S, 2009; 2R BEAE,
2013), 2 HA i 907 4k 30 1) 19 6 B8 4% A s T AT
FiiE . AMFGEH, AW AR AR B Ol 30~35 B SAL
(B i, 2% BHAX —$R BV N Ak 4 A f0 1 b s
B AT R N ST MR AL AR A B
AREEFEHE T R BRI
BEAFR(199DBFFEIN R, 02 R A 16 s B B i)
IR B & — AN T REB | iR KSR T I FE RS B Bt , 1
PUBEBA N 5 R WA IR T ) F 2 N 2 — .
Blaxter %5 (1963)4& i 1 #) U H & 1-fL PNR AUHES:
A= 252 3 B2 I 5800 O B B 04T #0001k B it A2 g
FIFIYURE A IG i o HE , X — o] A S0k
N TSR, LI PNR RIFH WA 121935 1
P R iff 5 o A3 00 Ok PEBHERE IR B (1) (R B A2 55, 19975
HORKEE, 2014), R Q014)BFREW], KFHF
% (Gadous macrocephai us)f - R EF 4 30%, PNR
HITE 9 d, HefERMREEY 5~7 d; it (Engraulis
japonicus)#y PNR & E7E 6 d (7 Hi 2, 2004), ASHF
FEH, BEAWEIA AR PNR HIAEREL S 7~8 d, M
o WD R A 1 SR B AN RT3 e U0 1 B () 3k B e
IR BT T 2 d, F ST o Lk
REJIAAXT A5, S ok, O 5 2 A Bk A PO IR 8 57
Y RIS R R A IR A 4~5 d (I, 2019), A
U, AR RS IS AR A 4 d,
[, PRUFIERHG 72 R HER , DUE T el A8 7
W HENT AR G R, (A5 W R4 10 G A7 3 R 1
PURR, $&m R E R E BUE 2
2RI — A N TEA: B A% 5 A A A B 3
R AR A, Hodr, GH-IGF-1 Sl SR/,
KEWFFEEM, IGF-1 B ERE BTN — K
I RE K F (3K HE 2 5%, 2019; Triantaphyllopoulos et al,
2019), X P E SR R, IGF-1 HA R g%
FREPE 7 i BIVH S A 0 2R 38 /K O B v (K e AR 5
2019), Wang Z5(2019)IWF5E R, #AAHHIGE-1 t
HARABAE R, HAEEMIG & B IR AR &R
RAKOF, R, G & 1 8] A A5 DR e H A A
FRHA EEAEW, AR, NFERE TR

Y T WA IGF-1 mRNA kK2 28K, R
JE A 20~24 CHAffarp, IGF-1 mRNA FiAKTV- 5 &
P HARR AL, 5064k A9 8 B R VA —
0, VEIATERE B AR, et p AT B
AR T AR, FEEREE N 25~35 550 F, Ifkmy
frfarf IGF-1 mRNA Fik /K-8 & m T H AR B4,
FIAAE NI IS B A ER XS TR AR 1GF-1 B AL
W BA BRI fE AUkt #Ed, 1GF-1 mRNA
FIRIKOF e 2 E R TR A, X S AR
1 25 H () 3 35 4% 28 — EX (Triantaphyllopoulos et al,
2019), YU HAM IGF-1 mRNA 35K FFF, Al
A N AE A BRAMEACI LTS 4528, B S P RPE
BIEAGER TEFETR Rm ANEME B IR R AT, B
g KA B DD RE R, I, IGF-1 mRNA %
KIKEAE 7~8 d W T, MorFJZ R T YUHRA
AL R AT AR, O R R H R AL T N 7R A AR
INFE T o

4 NG

AHIFFE BT X KPR 22 B (S 8 SR A B/ Y
FARTER, AT 20 S e 20~22
C. G iRk 30~35, i SAI. PNR. IR
BRI T . W10 IGF-1 2586 F T B & IR Eh i
FIFIPE TR (036 Sy, Bisr Tl BT S 4L,
AT Sy 2 7RI Y Ak 1 B RV T O Ak N T RS R
FEALAAE

& % X #
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The Ecological and Physiological Responses of Embryonic Development and
Early Larval Growth of Seriola aureovittata to Temperature and Salinity

XU Yongjiang‘j;, CUI Aijun, JIANG Yan, WANG Bin, ZHOU Heting, LIU Xuezhou, LIU Xinfu

(Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Joint Laboratory for Deep Blue Fishery
Engineering of Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China)

Abstract Yellowtail kingfish, Seriola aureovittata, is a long-distance migratory oceanic species
belonging to the Carangidae family of Perciformes, which has a global distribution and inhabits temperate
and subtropical marine waters. S. aureovittata is large in size, has a fast growth rate, and is highly favored
by international consumers owing to its excellent flesh taste, nutritional quality, and economic value.
Furthermore, it is a promising candidate for the global farming industry and is particularly suitable for
rapidly developed open ocean aquaculture in China.

Currently, yellowtail kingfish aquaculture occurs in over 10 countries including Japan, Australia,
New Zealand, South Africa, Chile, Greece, Holland, USA, Mexico, and China. In 2017, a great
breakthrough in seedling production of S. aureovittata was achieved, and currently juveniles are
mass-produced in China by combining the “engineering pond” and “land based indoor tanks” modes,
which led to the rapid development of the Seriola fish farming industry in China. Nowadays, Seriola
species are farmed in Liaoning Province, Fujian Province, and Shandong Province of China, and the
combined annual farming yield is approximately 500 tons. However, we found that during seedling
production of S. aureovittata, especially at the early larval growth stage, the hatching rate of eggs was
variable among different spawning batches, and the survival of early larvae was low especially when the
larvae reached 8~10 d post hatching. Occasionally, the high total death rate was attributed to the sudden
“sinking death” of larvae, which may have been caused by stress as a result of changes in environmental
factors. Therefore, it is necessary to determine the ecological and physiological effects of environmental
factors, especially temperature and salinity fluctuations, on the early life stages of S aureovittata under
artificial breeding conditions.

In the present study, the effects of two key environmental factors, temperature and salinity, on
embryonic development and early larval growth of S aureovittata were investigated using experimental
ecology, morphological measurements, and molecular methods under laboratory conditions. The indexes
including hatching rate of eggs, deformation rate of newly hatched larvae, absorption of yolk sac, IGF-1
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gene expression, survival index (SAI), and point of no return (PNR) were determined. Moreover, the
vitality of newly hatched larvae was tested and evaluated. The results showed that the highest hatching
rates of 75%~81% were obtained under temperatures of 20~22 °C, and the deformation rates of newly
hatched larvae were lower than 6.7%. In addition, according to the Q¢ calculation, the most appropriate
water temperature range for embryonic development of S. aureovittata was confirmed to be 20~22 C.
Meanwhile, the total length and yolk sac volume of newly hatched larvae of yellowtail kingfish hatched
from the 20°C and 22 °C groups were larger than those in the other temperature groups. Regarding salinity,
the fertilized eggs floated on the water surface when salinity was over 30 %o, were suspended in the water
when salinity was between 20~25, and sank to the bottom of the container when salinity was lower than
15. The optimum salinity range for embryonic development of S. aureovittata was therefore determined to
be 30~35, when hatching rates were between 79%~80%, and the deformation rate of newly hatched larvae
was 6%. The yolk sac absorption by newly hatched larvae was measured under four temperatures (18 C,
20 C, 22 C, and 24 C). It was found that the absorption and exhaustion speed of the yolk sac increased
with temperature, and the yolk sac was exhausted at 7 d post hatching at 18 °C, whereas the time
decreased to 6 d, 5 d, and 4 d at 20 C, 22 C, and 24 °C, respectively. The highest SAI value for newly
hatched larvae was observed at a salinity of 30, whereas the lowest was observed at a salinity of 10, which
was consistent with the hatching results of embryos under different salinities. The highest first feeding
rate of newly hatched larvae was observed at 6 d post hatching, and the PNR appeared between 7 d and 8
d post hatching at culture temperatures ranging from 20~22 ‘C. IGF-1 mRNA levels in newly hatched
larvae from different temperatures and salinities were detected, and significantly higher expression levels
were found at temperatures of 20~24 °C and salinities of 30~35. Under continuous starvation conditions,
the IGF-1 mRNA in larvae significantly increased at 2 d post mouth open and decreased at 3 d and 4 d,
although expression levels remained relatively high, and then continually decreased to a significantly
lower level as starvation continued. Results from the present study provide basic knowledge and useful
tools for the construction of standardized technological methods for optimal embryonic hatching and
seedling production of S. aureovittata.

Key words Seriola aureovittata; Embryonic development; Larval growth; Temperature; Salinity
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HE #AK 7 & A (heat shock proteins, HSPs)7E & £ By 5 3 5 % % R R W & 1% 8 o 4 380 4k
JH, HSP70 ZZ Kkt E Z &k 7 . AE T PR E & 7 KP4 5t & £ % & 8(Seriola aureovittata)
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G 639 MR A, B A FEN 70.1kDa, F W AN 5.16, # 44f hsp70 mRNA B9 41 Lk ik B
HMH —AMER, Hb, RS O, BREMRFELAR P L EEELAP0.05), EAREFE
KERE; BEHEEER. 8, KEMEEAARFFHRIAP0.05), HUBTRAERT. KEAF
AN FRESN DR, EINHEAN I P TRINE hsp70 8y kK, & A EAFRBEFEE,
BB, AR K BT AR &N B A0 T AR 2] Asp70 mRNA Bk ik, BARERBEZ TN ALE N
B—ERFREKEAT, ERGIHIT4HEZF KK P<0.05), HERFEMAFREEREKT,

FERRFLIGAC I K, A4 &, hsp70 mRNA AW afn 1 diF b Ekik, HE4E
4d {8 F 8 FEREP<0.05), EEEE KR, TI15dFaREHE, H5E20d T2 EE T%,
HAE25d G ey & P IRFFAE A RIKEKIE KT A RLE R HENNRE LA hsp70 2L F #4244
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FE B CBER R, SR, 5 2R 0R7E v A0 B B B B
XK SRR IR R R N BB U, S B
e S0 DAL S I e e AU T Y I R g, S
AR RS R AL, i, A AR SR
S A R B IR R Tl ) A BN A ML, Ry
SERRE B AN B HORSRAEEIBARYE

PR 5355 [ (heat shock proteins, HSPs)J&—28 H
A EERSF A I oy T RER, TIZAEE T A L ML
S FIAE Y, 6 X I e ) 45 T & PR A SR AE
FH(Hartl, 1996). 485+ K/ R T 51 [R)
P, RS A — B 5 A EEE: HSP100,
HSP90. HSP70, HSP60 Flfik 7+ & HSP (Surajit et al,
2011), HSP70 J&#K e 85 R h i o E B — 0,
HA TR . 59 DNA | B3840 0 it 32 fie J1 254
YI2FohRe, Rl RAEEIR T, HSP70 AEDMBhASM: 2 1
Sk DR AR W 1A H 52 451 1)1 (Heredia, 2008; Deane,
2006; Rosic et al, 2011), 7E/K =44, X HSP70 [#)
WFRHRER )1z, E A v e L0 PR3 Jilh 360 385 7 ) 2
F i 25 40 A% 52 7 1T (Hangzo et al, 2016; Abha et al,
2020; Sun et al, 2021); 7E ALK & T H TR
B X A (Siniperca chuatsi)FRE S i (Danio rerio)
IRFFR R, hsp70 25 SRR IIE Bt R (CE S K,
2014; Evans et al, 2005), AHF57 % Fl RACE (rapid-
amplification of cDNA ends) e[ AT T &5 5&Mifinsp70
FLH I cDNA JP3, J4En T HA 2R R, #RH
THAE R AT HEgh fa K R F R i 22 SRR
PR BN I R AR K Rk BN A AR T
F14) IO B0 D 97 R AR i (L B R A

1 HR5E
1.1 SEIEHF#

SEHGH 14 R AR [ ORE A B IRA T,
2K K (44.0£3.5) cm, {KHEE H(822.5+212.9) g, HI
MS-222 (80 mg/L) 4 JpRIF £, R At 51 B ity . Sl
E L HFL ML B SKELH L . IR,
TR RAT, 7 S0 % J R 3180 CUKAR IR
e

2020 AFEAY ARSI A A E BT, ERE
EAEMARAFRET 17 MARRE K F BRI
Fon, AFESZREO0 . 2 40ARIT. 4 0BT, 8 Auii .
16 400 . 32 4008 . 64 dnffull] . ZaniEly . RE
PR E I RN . R L R S
PR . IR 12 8. IR 2/3 WA AR

WAL RAE TAFHEGfRR N, . LS 1. 4. 7.
10, 15, 20, 25, 30, 40, 50, 60 d F£f5h. BRI
FTRA P LR, % E-80 CUkKM I~

1.2 X RNA $2EUF0 cDNA £—$ &M

U SRR A A A U A 45 29 20 mg, # MR
TRIzol ijfl(TaKaRa, HA)UiHA5E T RNA $2H,
. RNA LA NanoDrop2000C (Thermo, 3 [E)43606E
T e e BE, B i RNA HF RS, L
SMARTer® RACE 5'/3’ kit (TaKaRa, HZA)& M 5' &%
3'-RACE cDNA % 1 5, HIT hsp70 KEH A Kol
LI PrimeScript™ 1 1st strand c¢cDNA synthesis kit
(TaKaRa, HA)E i cDNA %5 1 5%, T hsp70 mRNA
HAURIR R T SO SRR IR UL A T

1.3 E&HH hsp70 ERZO K K=

DIIGZHEY cDNA M#iH, ¥t 3 XI5 4 (HSP70
F1. HSP70 R1; HSP70 F2, HSP70 R2; HSP70 F3.
HSP70 R3) (3% 1), i EL Tug DNA REMIR G
(TaKaRa, HA)HEATYHE, 550X hsp70 FHEH O A
BtiF4T PCR U714, 3 Y PCR KRR 25 ul: 0.2 uL
TaKaRa Ex Tag. 2.5 pL 10x Tag Buffer, 2.0 uL dNTP
Mix (2.5 pmol/L), 0.5 pL #ikg. 1.0 uL E[@F[H
(HSP70 F1. HSP70F2, HSP70F3). 1.0 pL JZ |59
(HSP70 R1, HSP70R2. HSP70R3). 17.8 uL ddH,0.
PCR 44 :95 ‘CHIAEYE 10 min; 95 CAEE 305,55 C
Bk 305,72 ‘CHE{H 1 min, 3£ 38 NMEFR; fJ5 72 C
FEAH S min B 7= P A 1.2% 0 B BB G FEL T AGE
H By & =9 A SteadyPure DNA %81 [R5 &2
(AG, EHEM, B 9i%4 3] pEASY-T1 simple
# {4 (TransGene Biotech, H'[E), /5% A Transl-T1
Phage Resistant /&5Z 2% 41 fifl (TransGene Biotech, H
), RS Lh G, R T A2 R EARR R,
37 Cl 3R PR sipEmETs T oA 20N LB Wik
REFede, 37 'CF 200 r/min #83% 2 h, B PCR ¥
TEJ5 , H U A R e pE ik A AR T AR TR (1)
JReAR A B2 wI

1.4 FEEH[ hsp70 EFE S5m0 355 F 5418

HRHE KA hsp70 FE A0 v BE ik 1T RACE 514
(1), ffif] Smart RACE Advantage 2 PCR i £&
(TaKaRa, HZA)JFATH 3%, 55 1 IR PCRK &R : 17.5 uL
RNase free H,O. 2 pL Buffer, 2 pL 50x ANTP mix .
0.5 pL 50x Advantage 2 polymerase mix. 1 uL cDNA .
1 uL 51#I(HSP70 3'F1 #l HSP70 5'R1) (% 1) 11 uL
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F 1 EEHF hsp70 EEREREERARMASY

The primer used for cloning and quantitative expression of S. aureovittata hsp70

5|4 % FX Primer name

5|¥) %) Primer sequence (5'~3") H %) Purpose

HSP70 F1 CAACGCAGTCGTCACAG Partial CDS
HSP70 R1 CGATGCCCTCAAACAGA

HSP70 F2 AAGGACATCAGCCAGAACA

HSP70 R2 TTCTGGACTTTGGGGATT

HSP70 F3 GCTGTGCTCCGACCTGT

HSP70 R3 GCCAGGCGATGGTCTCA

HSP70 3'F1 GAGGCTCCACCCGAATC 3'RACE, 1st PCR
HSP70 3'F2 GGAGTCCTACGCCTTCAACA 3'RACE, 2nd PCR
HSP70 5'R1 GTGATGGAGGTGTAGAAGTCG 5'RACE, 1st PCR
HSP70 5'R2 CTGGGACTGTGACGACTGC 5'RACE, 2nd PCR
UPM (long) CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT  Universal primers
UPM (short) CTAATACGACTCACTATAGGGC

q-HSP70 F ACCTTCGACGTGTCCATCCT qPCR

q-HSP70 R TGGCTGATGTCCTTCTTGTGTT

18S F TACCACATCCAAAGAAGGCA

18S R TCGATCCCGAGATCCAACTA

UPM (long), #£25uL, PCR #"#5414: 95 °C 5 min;

95°C 30s, 54 °C 1min, 72 °C 5min, 38 MEH;

72 °C 5min; 12 CHRAFE. LI%E 1 K PCR W= Y)H B
10 5 MA5EAR , 17 5250 PCR 738, SRR : 16.5 uL
ddH,0. 2 pL Buffer, 2 pL 50x dNTP mix. 0.5 pL 50x
Advantage 2 polymerase mix., 2 pL ¢cDNA. 1 uL UPM
(short)F1 1 pL 514 (HSP70 3'F2 FIHSP70 5'R2) (£ 1),
325 pL, PCR ¥ 1§ Z&4F %% 1 )k PCR, PCR =¥ T
1.2%35 5 W B e v Uk A DU 5, X B %) 2t A TS [l
W ARG . Fedk . TEIE PR SR IO

1.5 EEHEH hsp70 EE K EERIEWEN

MR 25 2500 hsp70 cDNA JFHI BT E #5149, W
18S rRNA AN {#i [ Light Cycler 96 Real-time PCR
{%(Roche, Fi+), f#i/H] SYBR™ Green Premix Pro Tag
HS qPCR Kit TTiH & (AG, HE), 75 5[4
21 WG AT RES frp P BE R . PCR KRl 20 pL:
2xSYBR® Green Pro Taq HS Premix II 10 pL.
ddH,0 7.4 L, cDNA 4 1 uL. 5[4(10 pmol/L)4%
0.8 uL., PCR P8 45fF: 95 CHIZEM: 30 s; 95 CTAF
PES5 s, 60 CiEBk 30 s, 72 CHEMF 30 s, H 40 M
o R 22 IETR hsp70 FE Y FRIA

1.6 HIBELER ST

1 3 B SignalP 5.0 Server (http://www.cbs.dtu.
dk/services/SignalP/) Tl I ¥ 45 8 hsp70 FE N 1155
Ak, FIF ExPASy (www.expasy.org/tools/protparam.

htm) TN 85 F &5 F0 0755 . 14K F DNAman
6.0 (LynnonBiosoft, 3¢ )15 2|1 Asp70 HH cDNA
FEo R Boil AT b, 1331588 cDNA JF51; fiiH]
NCBI %4 J# (https://www.ncbi.nlm.nih.gov/Structure/
cdd/wrpsb.cgi) #F 17 25 £ B 0 Bl ; 38 &F SWISS-
MODEL H gt BT i 55 & ProMod I 251t
= %R A i 45 (http://www.expasy.org/swissmod/
SWISS-MODEL.html); & ] MEGA 7.0 #4347 [A] I
FEA L, 0 40 422 10 ) el R 1) 3R e it AR

1 000 RE R I FH B . KA SPSS 26.0 #{:(IBM,
SEENHEAT B 2243 H7 (one-way ANOVA), i
Duncan 4tit A FEHTEA R H AT L F B
Bei A X RIKAKF 22 57, BEMOKE P k&N
0.05, 4 P<0.05 Mk Ry 25 53 .3

2 #R

2.1 EEHihsp70 B 5 £ KA EHHFE

B4 hsp70 FEN A cDNA 42K R 2 332 bp, H
Hi, 5'-UTR KJ¥ 4 187 bp, ORF KJEH 1920 bp,
3'-UTR KN 225 bp, itz FEMR 639 1>, HEMK
Sy ik 70.1 kDa, SEHLER 5.16 (B 1), JFFIH 17
TEAE L0 MBS B AE 19 22 ¥ RARFEEL I T C-3fi () 41
5T e L RRIE RS Y EEVD. #A 3 A~ HLAIRY HSP70
F AR IDLGTTYS ., IFDLGGGTFDVSIL i
IVLVGGSTRIPKIQK ,

M SWISS-MODEL # 4+ ProMod II 2 7 X 3k
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FHA L 250 hsp70 23 (M ZSAG EATHUN(I&T 2) 2R SEMBUE N 4 DB AR 2 DHAREHE ; IR £
/N, hsp70 [ ZEM T 3 BN . ATP MfZS G 45H  RESHWIEB A S GIRY Z R 6E, 2 A
B RV Z RS BRI C iz k. Foh, ATP BgZs i, BT iR eSS A I

1 aggctgagttctatacgactcactatagggcaagcagtggtatcaacgcagagtacatggggaggageacagagagaagactacaagaag
0] aagaagaagcagcggagagagggacacaacacatcaggaacctcttcaaactattttctcatctttcaacgagagacaccaattcaaacc
181 aac caagTCTGCAGCTAAAGGTGTAGCGATCGGCATCGACCTGGGCACCACCTACTCCTGTGTGGGGGTTTTCCAGCACGGAAAAGT
1 M SAAKGVAIGTIDTLGTTYSCV GV FQHGTI KV
271 AGAAATCATCGCCAACGACCAGGGCAACAGGACCACCCCCAGCTATGTGGCCTTCACTGACACAGAGAGACTGATTGGTGACGCAGCCAA
2 EI I ANDQGNRTTPSYVAFTTDTETRTLTIGDAAHTK
361 GAACCAGGTGGCTCTGAACCCCAGCAACACCGTGTTTGATGCCAAGAGACTGATTGGAAGAAAGTTTGATGATGCAGTGGTGCAGGCTGA
s9 NQ VALNPSNTVEFDAKRLTIGRI KT EDDAVV QATD
451 CATGAAGCACTGGCCCTTCAAGGTGGTTTCAGATGGAGGGAAGCCCAAAGTTCAGGTGGCGTACAAAGGGGAGGACAAAGCTTTCAACCC
g9 M K H WP FKVVSDGGIK?PI KV QVAYKGETDZE KA ATFNTP
541 TGAGGAGATTTCCTCCATGGTCCTGGTGAAGATGAAGGAGATCGCTGAAGCCTACCTCGGCCACAAGGTGTCCAACGCAGTCGTCACAGT
119 EE I S SMVLVKMIKETLIAEAYLGHIKVYVYSNAVVTYVY
631 CCCAGCGTACTTCAACGACTCCCAGCGACAGGCGACTAAAGACGCGGGCGTCATCGCAGGACTTAACGTCCTGAGGATCATCAACGAGCC
149 P A YFNDSQRQATT XKDAGVYVYIAGLNVYLRTITINEFP?P
721 GACGGCGGCCGCCATCGCGTACGGTCTGGACAAAGGCAAGTCAGGAGAACGTAACGTCCTGATCTTTGACCTGGGCGGAGGCACCTTCGA
179 T A A ATITAYGLDIKGE KSGERNVYVLTITITEDLGSGGTTFD
811 CGTGTCCATCCTGACAATCGAAGACGGGATCTTTGAGGTCAAATCCACGGCCGGGGACACTCACCTGGGCGGAGAGGACTTTGACAACCG
200 VS I LTTIEDGTIFEVKSTAGDTHLTGGETDTFTDNR
901 CATGGTCAACCACTTTGTGGAGGAGTTCAAGAGGAAACACAAGAAGGACATCAGCCAGAACAAGAGAGCCCTGAGGAGGCTGCGCACAGC
23 MV NHFVEETFIZ KRIKHEKTZ KXDTISOQNIEKRALIRRLT ERTA
991 TTGTGAGAGGGCCAAGAGGACGCTGTCCTCCAGCTCCCAGGCCAGCATCGAGATCGATTCTCTGTTTGAGGGCATCGACTTCTACACCTC
260 CERAXKRTLSSSSQASTETIDS ST LTFESGTITDTFYTS
1081 CATCACCAGGGCTCGCTTCGAGGAGCTGTGCTCCGACCTGTTCAGGGGAACATTAGATCCGGTGGAGAAAGCCCTGAGGGACGCCAAAAT
29 I T RARFEELTCSDLTFRGTULDZPVEZ KA ALT RDAEIKM
1171 GGACAAGGCGCAGATCCACGACATCGTCCTGGTGGGAGGCTCCACCCGAATCCCCAAAGTCCAGAAACTCCTGCAGGATTTCTTCAACGG
329 DK AQI HDTIVLVGGSTRTIPIKTIO QI KT LTLA QDTFTFNSG
1261 TAGAGAGCTGAACAAGAGCATCAACCCAGATGAGGCGGTGGCTTACGGCGCCGCCGTCCAGGCCGCCATTCTCTCAGGTGATACCTCTGG
3 R ELNZEKSTINPIDE AV AY GAAVQAATITLSGDTSG
1351 CAACGTTCAGGACCTGCTGCTGCTGGACGTGGCCCCTCTGTCCCTGGGTATCGAGACAGCGGGAGGAGTCATGACATCCCTGATTAAACG
33 NV QDLULULULDVAPLSLGIETAGGVMTS STULTITE KTR
1441 CAACACCACCATCCCCACTAAACAAACCCAGGTCTTCACCACCTACTCTGACAACCAGCCCGGGGTCCTCATCCAGGTGTACGAAGGGGA
419 NTTTIPTI KQTQVFTTYSDNQPGVLTIO QVYZESGE
1531 AAGAGCCATGACCAAGGACAACAACCTGCTGGGCAAGTTTGAGCTGACAGGAATCCCACCTGCTCCACGAGGGGTCCCACAGATCGAGGT
449 R AMTI XDNNLULGIKT FELTSGTIZPPAPRGYVPQQTIEV
1621 CACGTTCGACGTAGACGCCAACGGCATTTTGAACGTATCTGCGGTGGACAAAAGCACCGGCAAAGAGAACAAGATCACCATCACCAACGA
479 T F D VDANGTIULNVSAVDI K STGE XENEKTITTITNTID
1711 CAAGGGCCGACTGAGCAAAGAAGAGATCGAGAGGATGGTGCAGGACGCCGACAAGTACAAAGCTGAGGACGACCTTCAGAGGGACAAAAT
59 K G R LS KEZETIERMYQDADI KYIKAETDTDTLTUG QRTDIKTI
1801 CTCTGCCAAGAACTCGCTGGAGTCCTACGCCTTCAACATGAAGAGCAGCGTGCAGGACGAGAACCTGAAGGGCAAAATGAGTGAGGAGGA
539 S AKNGSLESYAFNMIKSSVQDENLZEKGTE KMSTETEE
1891 GCAGAAGAAGGTGGTTGAGAAGTGTGATGAGACCATCGCCTGGCTGGAGAACAACCAGCTGGCTGATAAAGACGAGTATCAACACAAGCA
569 Q@ K K vV EKXKCDETTIAWILENNQ QLA ADIEKDEYQHZKNQ
1981 GAAAGAGCTGGAGAAAGTGTGCAACCCCATCATCAGCAAGTTGTATCAGGGAGGAATGCCTGAAGGTAACTGTGGAGAGCAGGCACAAGC
s99 K EL E KV CNPTITITSI KTLYQGGMPETGNTCGEH® QAZQA
2071 CGGCTCCCAGGGGCCCACTATTGAGGAGGTGGACTAAagtgtccecttaatatggactctgtgatcactgtaacaataacgttatacctea
629 G S Q 6 P T I E E V D =*
2161 tgtttgtgggtttttgttccagacatttatatgtttaaacttaacaatcaagaaattataagaactgaccatatttttacaaagttgeat
2251 tgctggactttgcaatgaagataaaatgtgaatacatcttaatgtttgttttggtttcaataaaattacttgaatcaccaaa

B 1 # 4 hsp70 FEH 4K cDNA F51) Rl S i B L8R 7 51

Fig.1 The complete cDNA sequence and deduced amino acid sequence of S. aureovittata hsp70

ORF fIREFHL7R, 5-UTR Ml 3-UTR fI/NG FRER R . BIRE T IHE R, 2R3 7 LR ShRi:.
BRS8N hspT0 G- FIEFF
The ORF domain is indicated with uppercase letters, and the 5'-UTR domain and 3’-UTR domain are indicated with

lowercase letters. The start codon is boxed and the stop codon is indicated with asterisk.
The conservative motif domains of 4sp70 gene are shown in shadow.
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P2 T Y B AR EITHSP70 =20 451
Fig.2 The predicted tertiary structure of HSP70
of S. aureovittata

2.2 RERFIIERRMEILRI RS

X ¥ SR At 5 ME S WY hspT0 J: DA Y 2 B 1R
JEANHEAT RN X (R 2), FFeetl 1T 2SR
JFEN NI RGEFEA (E] 3). S55RBon, 25005 [H
A% H (Perciformes) WK 5 WH(S. lalandi dorsalis)i
hsp70 [FIJEMERR, 5 99.5%, HWK A EASR(Seriola
dumerili), ik 98.9%, 5#JE H (Cypriniformes)FlfEIE
H (Salmoniformes) ) £ 4 & R, 5 MiFL4H A3

WRESG G R . RG], FIE B %
BT HSP70 5 K 85 RBTHSP70 2 — /I3,
5 H ALY B REEE B B2 R K3, RUIEBR
(Carangidae) 125 hsp JEPR 1YL R 5 C R MR .

2.3 EEHfihsp70 mRNA HI4H 4 Rk

Kl T hsp70 HE DR 75 WA 1 41 2 i 65k, &
A% 4 41 Fp Y RGN 3] hsp70 H2 R mRNA 235 (F 4),
O£ DB S B TR K e, HEROMER L O T
FFE L B AN T A S LA 2 2 PP I R ik s b LB
2021 hsp70 mRNA Fih /K 35 5 T HAR A 2, Hk
FEFER | S B ARG S B B Rk, e A A
HAP AR TE, R hsp70 FeDHAE #0017 1K)
H A F A AN AE D) RE A AR, HA B 4 51
O

2.4 E&EHfhsp70 EF mRNA EREBRA B ZERH

ARG R, AR ON AT Y 52 8 B o oa] A ) )
hsp70 [HFRik, R EA FEARBAG R, ERG
KA RSB TR F] Asp70 mRNA [
ik, TEAREIRATA LB HEBL, hsp70 mRNA — B ARHF
BARF B, e ET I s o 25 L RE, )5
P 45 A X A8 i 2 38 KO 2 R G 0% AL A 58 0 {
(P<0.05)(K 5)

x2 EXRUISEHMEHESY hsp70 EERSEEF 5 EIFE S /%

Tab.2 Homology analysis of amino acid sequences of 4sp70 gene of S. aureovittata and other vertebrates /%

1 2 3 4 5 6 7 8 9 10 11 12 13
1
2 86.1
3 90.1 85.4
4 86.5 83.6 83.8
5 90.0 89.8 86.0 85.2
6 88.1 83.9 86.3 85.5 853
7 86.4 84.7 85.1 95.5 86.2 85.6
8 81.1 76.7 79.0 82.7 79.1 80.5 83.3
9 91.7 85.7 89.3 85.1 89.4 86.7 85.6 80.7
10 86.5 96.0 85.5 83.3 88.9 83.7 84.1 76.3 85.9
11 915 85.7 88.1 86.0 89.8 85.9 86.0 80.0 94.2 86.3
12 919 85.4 88.5 86.2 89.5 86.2 85.7 80.9 94.4 86.3 98.4
13920 85.7 88.5 86.0 89.8 86.4 86.0 80.4 94.7 86.3 99.5 98.9

T 1 PISk@ys 20 NG 30 KA 4. NG S BRFOREM 6. WERR; 7. 45 8. J%; 9. PR, 10, AT

1L KFEH; 12, @ AREE; 13 BIRHI,

Note: 1. Megalobrama amblycephala; 2. Micropterus salmoides; 3. Larimichthys crocea; 4. Mus musculus; 5. Epinephelus
coioides; 6. Xenopus laevis; 7. Bos indicus; 8. Sus scrofa; 9. Oreochromis mossambicus; 10. Oncorhynchus mykiss; 11. Seriola

lalandi dorsalis; 12. Seriola dumerili; 13. Seriola aureovittata.
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K15 Seriola lalandi dorsalis (XP023251583.1)
RS Seriola dumerili (XP 022624292.1)

KREEhE Scophthalmus maximus (AWP19509.1)
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JEER Xenopus laevis (AAH78115.1)

JNBR Mus musculus (AAC84169.1)

ool 4 Bos indicus (QGW08891.1)

|
0.02

¥ Sus scrofa (NP 001116599.1)

K3 EARBIHSPT0 5 LALHHESI P N RGEHEALR
Fig.3 The phylogenetic tree of HSP70 of S. aureovittata and other vertebrates by neighbor-joining method
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Fig.4

2.5 EFKEfhsp70 HEFEYBEREZEIRRHR

Rl T hsp70 mRNA fEAFFE4Ifad K E B
YRR (A 6). Z5H R, hsp70 mRNA £ 1d
frfa ik, 78 4 d A1 35 PR AR (P<0.05), H 7d
frfa s w3 EIRFRIAE 15 d A7 ik IgE(P<0.05),
1E 20 d ffff v i 2 F F(P<0.05), IF7E 25 d HE £ e H:
Je BRI IR K o

3 itig

A K hsp FEWFEBIFIFELE T 20 T2 LB T 24

The differential spatial expression patterns of ~sp70 mRNA in female (left) and male (right) S. aureovittata

% (Drosophila)®) HSP £5 [ (Ritossa, 1962), H.J54Fh
HSP ZIEMIIREH T 4549 5 DI REWF S B 2 TR A .
HSP70 K ig et b A At 258 k)12 1Y HSPs
(Sun et al, 2021), A5 i 52 [7] U5 52 B 1 RACE J7i%k
AT T H kW hsp70 FEH 4K cDNA 751, R T
LSRR | 22 Go b Ak A7 LA K A8 VR I FNAT-HE 4 £ 4=
KRB R PR IR R, @ hsp70 SEH 1)
A= BRI REAF 7T U N T 5B B SE AL TR

HSP FEEE R 350 = BEORSF , T 1 B HE s ik
S TG Bh ) B AS TR g 2 1) 254 AR g AL, B
U, SERTAFFE I 3 e 8 1 5 A A BL D) fiE (Gething
et al, 1992), HHT, CAHETFAIEN hsp70 FEH 1)
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Fig.5 The temporal expression pattern of Asp70 mRNA
of S. aureovittata during embryonic development
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Fig.6 The temporal expression pattern of zsp70 mRNA

of S. aureovittata larvae and juveniles
LERY R LR IR FE A T (Rosic et al, 2011; Ma
et al, 2020), ARWFFTEIL, B hsp70 Fe K HAT
AW hsp70 S5 B BUZERERRAE , (045 3 DI RESS
PSR 3 AN BRI hsp70 FEIEAR L)Y 5 AR
#eHEFF RARFEEL, UiWIEENM THIB P, #H—P58
IE T 28 hsp70 K& A 25 84 £ 57 F¢ M (Sun e al,
2021) o fEA SR AR J7 I, X R A2 WA
(Pelteobagrus fulvidraco QxP. vachelli 3)RIWFE 3
B, hsp70 JEPH EEAEFE R, HOO N, SHF
WL (A2 B4, 2021), TE A (Ctenopharyngodon
idella)', hsp70 FEN FZAER KL, HROIFIR
FE S ORNL Y ORK T BK A, 2009) o T S TT

—
(=]
T

g
n

(=

hsp70 mRNAMIX Fik &
Relative expression level of Asp70 mRNA
&
o

(Trachidermus fasciatus) hsp70 &K £ 2L P f g
Fik, Hmhk . LA FBFIECI PR 4, 2013), 7E65
fli(Siniperca chuatsiyf, LIONEL | i Fk B ry R
KA CEMG &, 2014) 0 ASWFFEH, 1 3 250N
H hsp70 JERF ik m, HUOER GO RIAE, i
T AR BB AH 20 hsp70 FEIN B Rk, Hkh
WA, SEAEE, 5HAMCIRGERN GG —E 12
5t R hsp70 A Y 2 IR RR M HAT SR
FESE. AR, BRI Asp70 FENAA IR A
LA BN AT S, HEAR A 2 2 SO
FE IR A T Tl — IR AT

FERIFR R, BURSCE ATES IR IR K B i AR
R G W B A A BAEH], BR TR o AR 4
RN EARSEUIN, £ 5HMNEHEHIESE
B, HSPs TEMRNG & B By RIAHA K E W Btk
FIZH LU SV (Rupik et al, 2011), {BA 5 hsp70 XF 7K
ARG B WA AR S AL A IR AR B
Bt (Danio rerio) W5 RM, TEINEREANAE & A i
AR IR hsp70 BRI KL, HSWRAF I E S
i PR AAC RN G 4 25 0 e A2 B B UM DG (Evans et al,
2005, 2007), AWF5ER, BARWIR & AR BN B4 20K
B HASIN EY Asp70 mRNA &3k, R H A EA
L, X 5B D hsp70 S 5U0RAIIE L B L
TR 45 2L (Rupik et al, 2011), {HH 480 hsp70 JE
R E 2ok A BRI R AR B SRR, A fe T
— B E IR oL & L R P A R IR B E .
Hb, TEBRWIRNG A 8 & W B A T A 3] hsp70 KA
G SR FRIE , TR BRI 46 W28 R ERA B 2 G
ek BB SR A, IR EE R SR hsp70 TERIG R E
IE R Y SRS R EAR L CE NS K, 2014) . 78 8 AWM IS
RS, AFBMIEDEHE, IWMEER, 5
PLAE I b PR S T AR K % AR MR B (7K TLAE, 2019),
hsp70 X FPREE KB W0 S RIS RPIH AT iES:
5T HAWI G & T B B IR SR B iR, Bk
(1R AL A R T i — 2D BFSEIE

TE B AR HES B KR T BB, hsp70 7E 1 d
framE Rk, X SRABERL, HiF, 164 d1F
b R R IERIR X — IR T AR 1 R R
B ) SRR R I U Y SRR B A A 4 ik 39
AMEEE SRS | AT B8 Sl B 1 AR 3 M Y 2
A%, 0 hsp70 R AR A FEHE BRI RS 5 T
HNE SR AR R A A IS N R . BAREN T d P
TP EIMNEE SR, O RA, 10~15 dfffa
HKRG AR TS, AR, H 15 d frfaEHEIT
IR o8 A WEAS E AR S (FR7K LA, 2019), X —H
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Molecular Cloning and Temporal Expression Pattern of hsp70 Gene
During the Early Life Stages of Seriola aureovittata

FANG Lu'?, XU Yongjiang®”, CUI Aijun®, JIANG Yan?, WANG Bin?, ZHOU Heting"?, LIU Xuezhou’

(1. School of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Joint Laboratory for Deep Blue Fishery
Engineering of Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China)

Abstract Seriola aureovittata is a long-distance migratory oceanic species belonging to the
Carangidae family; it is also known as yellowtail kingfish. It inhabits temperate and subtropical marine
waters worldwide. We reached a significant breakthrough in S. aureovittata seedlings production in 2017,
enabling current massively juvenile rearing in China, which became a promising candidate for the farming
industry, especially for the rapidly growing open ocean aquaculture. However, sudden larvae death caused
by environmental changes-related stresses during the early life stages of S. aureovittata leads to great
losses. Thus, exploring the physiological mechanism of larvae responses to environmental stresses during
seedlings' production under artificial breeding conditions is urgently needed. Heat shock proteins (HSPs)
play an important function in the physiological regulation of stress and immune responses in vertebrates,
including fish. HSP70 is a member of the HSPs family studied in dozens of fish species, with
physiological roles in protein homeostasis, DNA protection, and stress tolerance enhancement, among
others. To investigate the possible physiological effects of HSPs on early growth and development of
S. aureovittata, we cloned and obtained the full-length cDNA sequence of the Asp70 gene. Furthermore,
the structure and spatial and temporal expression patterns of Asp70 during embryonic development, larval
and juvenile growth and development of S. aureovittata were determined. The results showed that the
full-length cDNA sequence of the 4sp70 gene contains 2 332 bp, wherein the 5'-UTR is 187 bp, the ORF
is 1 920 bp, and the 3'-UTR is 225 bp in length. A 639 amino acids protein with a molecular weight of
70.1 kDa is encoded by Asp70. The hsp70 spatial expression exhibited a sex dimorphism pattern, with
significantly high expression levels in the gill, heart, spleen, and ovary in females, whereas in males, the
significantly high expression levels were found in the pituitary, gill, head kidney, and testis. Notably, the
highest Asp70 expression levels were observed in the ovary of females and the testis of males. During the
S. aureovittata embryonic development, the 4sp70 mRNA was detected in fertilized eggs before cleavage,
indicating that Asp70 is parentally inherited. Additionally, the 2sp70 mRNA could be detected at all stages
of embryonic development, wherein the lowest expression levels were observed before the low blastula
stage, with a significant increase at the early gastrula stage maintained until the hatching stage. The high
levels of hsp70 mRNA were detected in one-day-old larva, which decreased in four-day-old larva,
followed by an increase in 15-day-old larva. Remarkably, the 4sp70 mRNA level once again decreased in
20-day-old larva, maintaining an average level until 60-day-old juveniles. The results from the present
study may provide insights into the origin and physiological function of Asp70 during the early life stages
of S. aureovittata.

Key words Seriola aureovittata; hsp70; Gene cloning; Expression and regulation; Early life stages
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oM OE R BALYO X%V
(1. ARl A s Tt Al ] Fp 2 Joe B S0 3 (1 A= B2 B S B B0 IO TS BT IIAR 58
2. WiISER R TEL R A S Y R RS E IR W 266237)

266071

HE BENE-1p 2 — A NRRABET, SH5HAERREREH . 2T FEE, K
Bt 5 & Mi(Seriola aureovittata) F % E 5| 2 N ANF-1B 2 F (Al 6 % 41 SalL-181 F2 SalL-1B2).
SalL-1B1 A+ cDNA JF 7| 1292 bp, Fr & A AEK &y 828 bp, 47 # 275 A& H B 5 SalL-182 cDNA
FF 7 7 1337 bp, FrakFAEK & 960 bp, 4% 319 N&E LB SalL-181 7 SalL-182 %k # W & &
HaaIL-1 RFNENE A 2 A BIE, BAEHN EWERTE, ALERKQHRT, Sall-18] #£
KGR RRERE, AR R Z ;T Sall-182 fE 889 Rk B &, K B B IRk 2 . B % $E(LPS)
%5, SalL-1B1 7 SalL-182 F£ KB EF Rk EH B EWH ., AL EF, LPS RHE 6 h,
SalL-1B1 28| b7+ % 3t B 4189 10.03 5(P<0.05), M/ & A E %, 7 12, 24, 48, 72 h 4% 2 &
41t 7.15.4.09, 2,71, 3.03 £5(P<0.05); Z# ¥ 5 6 h, SalL-152 &k B4 B T+ E Xt R4 H 11.491%F
(P<0.05), = GZAE%, 4 h KA ZEH AT, 72 h THEXEAN 0.29 f£(P<0.05). B +F,
LPS ¥ J& 6 h, SalL-1p1 k& 28| b7+ Z 3t B 4189 6.59 £(P<0.05), K J& &4 1E % ; Sall-152
BRKTFREER G Sall-12 M. b, RAREFEFHT LT T 2 ENR-1B 2 F, HHit
THERBZNEFHERENE, IFRENE-1B 2 FEELFTE X P ERRMET E4,
KA BNF-1B; REME; MEETF; #HAH

FESES Q71  XHEFREIE A XEHRS  2095-9869(2023)04-0064-10

FIAN2-1 (IL-1) G52 5 G 3R 58 R AE I 1)
EEMPHEF, I, ZXHEES IL-1a.
IL-1B. IL-18. IL-1Ra, IL-36Ra. IL-38 Fl IL-17 %
11 4~ 52 (Wang et al, 2013), #IIHEFEE R =3,
3R HA R AT PR R AN - L R AR AZARFS B AN
LA 4 i F 7 (Dinarello, 2018), IL-1p 1 —> #i
IAE R ML, A TIRAESY T, FE0 sk

Y | Y i 7 1 v e P AR o WL Bl A
IL-16 2 A I ATARA IL1 PRSI, 12 4> B
W& A rB = SRS, o C-RE &4 IL-1
FWR B AE T (Dinarello, 2013), EH# 5 M, IL-1B
PLTG TP B R E U7 6 F A o v, #2031 b
BRI AE  J5 , IL-1B Fi AR 482 e 2 R & 1 i -1
(caspase-1)VRe e PEUIE], T8 BUEAT Az P27 1 1 1) 28
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IL-1B, 38 & dF 28 53 0 3 2 DA 40 Jf o R 3k i ok
(Wewers et al, 1997), IL-1p 5Z K54 )5, it i
B AR LR T (MyDS88)G R iR I 1 %24k
AH 5C T (IRAKs) M9 3R B8 [H] 1~ 52 A 40 5C I 1
(TRAF6), J8##%H T «B (NF-kB). c-Jun 28 LA it
A (TNK ) 555 53 DR 7 BR80T, 2 T E LR S92 1 25
RAEMNL | ACHWTY | R e R 55— R AR B A v
% ¥4 H (Dinarello, 2018),

IL-1p HYZs ) AT RETESEAL rh B RSy . H AT,
CAEZ Rl S i IL-18 3L N, H & BB B4
O HE RS B H SR EAE 1 NDLER IL-18
7% (Engelsma et al, 2003; Zou et al, 1999), VAN &
(Vibrio alginolyticus) . HPB/R#% K (Yersinia ruckeri)
22 YR BE 5 W T (VNNV) FIAF A M i P # 8 R
(Trypanoplasma borreli) YL fEMG 5| R a2 IL-1B ik
Wi ;. (Wu et al, 2015; Pleguezuelos et al, 2000; Wu et al,
2019), MMATEGIEZ IL-1p 25 F REAS 1Y o £ 2K FRA%/
EL W20 M B AR W 1, 40 40 B S BB (Gao er al,
2019; Hong et al, 2003). E#L{t(Cyprinus carpio). &
&E-(Paralichthys olivaceus) P i FHEE2H 1L-1p 1E A5
I IR VT AN R S N, RS BUAR RN (Guo
et al, 2018; Taechavasonyoo et al, 2013),

T 55 Wi(Seriola aureovittata) N UL, HA MK
f3 BT W J) (Wang et al, 2021), HHT, #4861
ANTEEMFRHEARC H S, HIHBR AR
W 7556 3% (Purcell et al, 2018), A<Ml i3 RACE 7
Wi 345 V8 4580 SalL-1p81 1 SalL-1B82 1 cDNA 2K,
IEEET P HVRRESEAT T A (5 B2 0 #r , R 2 28
Y642 & PCR (QRT-PCR)$ AR X SalL-181 Fl SalL-152 1)
LU AT BE N BRI T THRIT, LA A B kg
LR B BOR R BERIE B

1 #MRl5F*®
1.1 SEIektH

ST AWK E 2 430 o) TS0 1 T
W 1078 KiEE /R KB RAR, BT 18~25T,
£ 20~23 . pH 8.0~8.3 ML /K & %, Wil FE
SEFCA, IR AL EERIRDRE A ZE R R APIRES

1.2 KEFHE

1.2.1 il sk, Foikg 40 FE BT A0
BEMLEESY N 2 4, MS222 RREYJGAREE, SCUediiie i
1 ng/g VKEESHIEZBEH(LPS), X FELH 1 SRR $h 2%
W (PBS), 43T 6. 12, 24, 48, 72 h J5H4Hbt
HLEL 4 B Af, i Gk B R AR, PRAF T A,

FHT L RNA $HC, I0Ak, HOGT B2 B 25 mn i .
fE. WL, TER. B LD ME . SKEREEA1ZY
WA, T HF MU L E B
1.2.2 % RNA #£ Rz cDNA 4%, K Trizol ¥
PRI A B AR WA 2 ZURE i L RNA 38 3 Bh i i vk
L kA RNA FiH:, f#] NanoDrop2000 i 7
T EMIFIREE M . LI AREH 9 NZURA RNA
ik, fdiFH SMARTer RACE 531471 £ (TaKaRa),
iz UL B B EAE L TR 43 55 L S'RACE K& 3'RACE
cDNA, HFIEKNF B ik, ffi F Primer Script™ RT
Master Mix {7 & (TaKaRa)f i 258 LPS il 3 5256
AL RNA 439l [ 5% 5% 0 ¢cDNA, T RE 44
LPS /A [a] B 38 35 PR 3 3 155 oL A A0
1.2.3  SalL-1p1 #= SalL-152 2 R & % 1% 5 0 5

HR4E NCBI FE PR 2 55040 e v i e i 36 9 900 4
B, i/ Primer Premier 5.0 X%t SalL-181 FI
SalL-1B2 W51 1), JEFIH ExTaq &R L
HEATY B8 YRR R (25 pul): ExTag Wi 0.15 uL, cDNA
ML 1 pl, 1IEJZ M 5#4% 1 uL, 10xBuffer 2.5 uL,
dNTP 2.0 pL. MgCl, 1.5 pL, ddH,O 15.85 pL. S
FEI¥: 94 CHIZAEM: 5 min; 94 ‘CAEM: 30s, 55 CiRk
30s, 72 ‘CHEMH 3 min 40 s, 35 PMEH, ¥ "W
1. 5% 35 W U M PR TR A S, DI e i 18 2 32
T ZR A TFF AL 2 TO R pMD19-T , PRHCSH I B 5 e T
PR, EA T AR (1) B A B /AT I -
1.2.4 AR 55 4947 FI/f DNAMAN X% SalL-
1B1 i SalL-1B2 WYZIZEMR T HHATIFHI L ; FIH
SMART #AFF SalL-1B1 1 SalL-1B2 ()8 FA 454 ek 5
) FHAE 26 35 (20 BT 8K A4 (https://www.expasy.org) T il 25
H T 5 MAEH 5 ; il 4d SWISS-MODEL (https://
swissmodel.expasy.org/)Fiilll SalL-1B1 F1 SalL-1f2 &
) = E5H); Wik NCBI &G HESY 1L-1
RIEBRFAN(FE 2), FIH SeaViewd 4 {4 (Gouy et al,
2010)RK FH e K ARSR 1Al S R A A%
1.2.5 qRT-PCR M4 SalL-151 T SaIL-152 3%
Bt qRT-PCR 514, % 18S rRNA 1y NS A it
1T qQRT-PCR ¥ #4 . i 551 : 95 °C 2 min; 95 C 15's,
60 C 45 s, 40 MEFF . BAFFUAE MBI E 3 IKE
2, RUEMERTE . SIS B A RE R 274 sk ab B
B, 233435 SalL-181 F SalL-1p ARk i
(Schmittgen et al, 2008),
1.2.6 #HEHH AL BT 5 BB ) 22 St
Hri R SPSS A, i 1A R J7 225317 (one-way
ANOVA)#EAT He B o P A B LAV 28 = b 1 22
(Mean+SD)(n=3)K/~, P<0.05 hZH %,
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Tab.1 Nucleotide sequence of primers used in this study
5|4 Primer J¥%1 Sequence (5'~3") FA# Purpose

SalL-1B1-F1 TTCACTCTCATCAGTCTACATCAGG SalL-1B1 #.0>F 3 i1
SalL-1B1-R1 GTACCCTCAGCATCTGGATACATTA SalL-1pB1 core sequence
SalL-1B2-F1 CAGACCTTCCTCAATTCAGAAAAAG SalL-1p2 BobJ5 514 1
SalL-1B2-R1 CCAAATTAGTTACAAGGCTTTATTA SalL-1B2 core sequence
UPM(long) CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT Universal primer

UPM (short)

CTAATACGACTCACTATAGGGC

Universal primer

SalL-1B1-R334 GGCGTCCGCAACCGTCTTCACAAC 5'RACE, 1st
SalL-1B1-R220 GTTCACCGCCATCACCAGCGTAGC 5'RACE, 2nd
SalL-1B1-F197 GCTACGCTGGTGATGGCGGTGAAC 3'RACE, 1st
SalL-1B1-F385 CACCCTGAGCGACACCCAGAAGAA 3'RACE, 2nd
SalL-1p2-R761 GGGTGCCAGTCTACATTCAGTAAGGGG 5'RACE, 1st
SalL-1B2-R416 GTGCTGGGTAAAGGTGGCAAGTAGGT 5'RACE, 2nd
SalL-1p2-F735 CCCCTTACTGAATGTAGACTGGCACCC 3'RACE, 1st
SalL-1p2-F227 GTGCTTTTCAAATCCACCAAGTCAGTT 3'RACE, 2nd
SalL-1B1-F2 GTCACTCTGAAAGGAGGATACGCCG qRT-PCR
SalL-1B1-R2 GACGCAGGAGAGGTAGAACTTGTGG
SalL-1B2-F2 TGGAGACAGTGGAGGACAAAAGC qRT-PCR
SalL-1B2-R2 AGGGAAGGAGGCAGACATGAAAG
18S-F TACCACATCCAAAGAAGGCA W2 EE
18S-R TCGATCCCGAGATCCAACTA Reference gene
XP_022625284.1), KZZ&E(Scophthalmus maximus,
P S

2.1 SalL-1p1 #0 SalL-1p2 A94R8 545 4R

DA SR8IMA . AR RULIN SRR G AU BN, 9
WA R AN R FH, ldr 4k SalL-1B1
N SalL-182, SalL-1B1 FH 2+ cDNA & 1292 bp,
Hrf, 5'UTR 24 25 bp, 3'UTR Jy 439 bp, ZitX K
FEh 828 bp, Fifth 275 N2 LML, BN A A Lo i
7 30.75 kDa, HEAFH AN 6.14 (B 1), SMART f#
SPEER IR T R, SalL-1B1 25 121~268 P2 KR X
WA Y TL-1 548 (8 3a). SalL-152 #:H 4K cDNA
FE%Ioh 1337 bp, HHr, 5'UTR 24 122 bp, 3'UTR A
255 bp, ZtSIX A K 960 bp, Zif 319 KR,
FHEE 1 T4 36.66 kDa, BRIEZEHL N 6.40
(& 2). SMART {R-FEHIAHT %, SalL-181 26
91~245 A~ G FEHR X A4 A TL-1 Z5F9 38 (&1 3b), i
SWISS-MODEL &3 Fitiill $845 , SaIL-1B1 Fl SalL-1p2
A EH 124 B I = A5 (E 4).

22 REBRESFIILENEREHUST

SalL-1B1 F SalL-1B2 & 17415 H A4 F v ]
BT s, SalL-1B1 5 & KWi(Seriola dumerili,

XP_035481228.1), K#ifa(Larimichthys crocea,
KAES8285371.1)f1 ¥ dEffi(Oreochromis niloticus,
XP_005457944. 1) (1 FIAHRIYE S 38 87.04% |
53.01%. 50.55%F%1 47.58%. SalL-182 5 /& &
(BAT57261.1), UL EEES (Trachinotus ovatus,
AZL87291.1), KZEHE(XP_035496710.1)F1 K &
(KAE8291795. 1) H W AHRIME 7 5l J& 97.25% .
77.43% . 65.18%F1 60.16%., & IR Z FF5 HLXT 7 ,
SalL-1B1 A1 SalL-1B2 1 C sy &4 IL-1 R R ALY
[FC]-x-S-[ASLV]-x(2)-P-x(2)-[FYLIV]-[LI]-[SCA]-T-x
(7)-[LIVMPEF(E 5). S e SRR, Hishd
IL-1B AN, WFLah . TefTshf 5283
—37, EEN—, SalL-1p1 A IL-1p 546
FRBGIT, SalL-1P2 5 IRIEAEAS IL-1B L4 K R (E 6).

2.3 SalL-181 0 SalL-1p2 EARAL DN RESH

873 qQRT-PCR ¥l SalL-151 Fl SalL-152 1E# %%
Wi . AR, DLA. SEfR. B OBE. BRAE. SKERM
B R IRK T SR BN, 9 R ST BRI F]
SalL-1B1 F1 SalL-1p2 ¥ 5% K V-Fik . Hr, SalL-1B1
e B bR A i, IIERUFIE IR 2, B S AR
R OB H L AL LR AR(E 7a). SalL-182 ¥
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aagc agt ggt atc aac gca gag tac atg gga gtc tac atc agg aca atg tgc gac ttt gat 61

M G V Y I R T M C D F D 12
ctg gct caa gct ctg gac agt cct ctg gga ttc gac gat aca gga cct gaa tcc cge tge 121
L A Q A L D S P L G F D D T G P E S R C 32
ttc gac atg acg gat gtt aaa aaa gag atc atc aac ctc gac acg gga ctg aac ctg gag 181
F p Mm T D V K K E I I N L D T G L N L E 52
att tcc tgc aac cca aaa acc atg aag agc gtc gct acg ctg gtg atg gcg gtg aac agg 241
I s ¢ N P K T M K S V A T L V M A V N R 72
atg aaa aag tcc ccg act cgc age age tgg gag ctg aga gge gac gag ctc tge age gtg 301
M K K S P T R S §S W E L R G D E L C S V 92
atc atg gac agc ctg gtg gac gaa acg gtt gtg aag acg gtt gcg gac gecc acc acg gga 361
I Mm p S L v D E T v v K T V A D A T T G 112
cag aga agc atc aag ttc gta cgc gcc cga age gag gag tge acc ctg age gac acc cag 421
Q R 8 1T K F V R A R S E E C T L S§ D T Q 132
aag aaa gac atc atc tgc acc ccg gga gat tta aaa ctg cag gcc gtc act ctg aaa gga 481
K K D I 1 ¢ T P G D L K L Q A V T L K G 152
gga tac gcc gat cgce aaa gtg aat ttt aaa ctg gtg aag tac atc tcc att ggt gcc ggg 541
G Y A D R K V N F K L V K Y I § 1T G A G 172
cag acg ttt gtt ctg tca atc aaa aat gac cac agc cac aag ttc tac ctc tec tge gtc 601
Q T F v L S 1 K N D H S H K F Y L S§ C V 192
aag aac agc aac aat gct gag ctg cat ctg gag gaa tgc agt gag gac gat ata aga aac 661
K N S§S N N A E L H L E E € S E D D I R N 212
gac atg gac cgt ttc ctc ttc gaa aag aaa tta tca gga aaa tct cag acc agce ttc gag 721
b M D R F L F E K K L § G K S Q T S F E 232
tcc gtt aag cac cge gge tgg tte atc age acg tct gag age gag aac cag cca gtg gag 781
S v K H R G W F I § T S E S E N Q P V E 25
ctg tgt caa ata gac agc gecc cag cgt gtc acc tec ttc aac gtc age tca aaa aag cct 841
L ¢ Q I b § A Q R V T S§ F N V § S§ K K P 272
ctg att ggc tga age agce tgt gta cag tta cag ttt aat gta tcc aga tge tga ggg tac 901
L 1 G * 275
ttt tta ttt taa aac ttt ttt att tta cct gac ccc tag atg gag taa tcc cct gca gga 961

tga taa taa ttc agt gta acc tac taa aag aga ctt taa ctt tat att att tta ccc tga 1021
ggc aaa atg atg tga aat ttg tat ttt ttt tac tgg gga atg taa cag gat att cct aaa 1081
atc tgc ttc cat ttt taa tta tta ttt ccc ctt aac tta act tca tta ttg att gtc cgt 1141
tgt tac taa ata tgc cat tgt cat ttt taa gtg cat gta aaa aat tac gtt att att tgc 1201
tgt ttt aat aaa cat caa ata tgt gtt tgt tta aaa aaa aaa aaa aaa aaa aaa aaa aaa 1261
24aa 2aa aaa aaa aaa aaa aaa aaa a4aa aaa a 1292

P BRI SalL- 181 HE KR R P 1) B A B4 S S 1R 41
Fig.1 Nucleotide and deduced amino acid sequences of SalL-1f1 in S. aureovittata
INGFEENEHTRFS), KRE PRSI EIERFS, HRRRRG®EH T ML ILEHT;
TR AR AR IR polyA 55

Lowercases indicate the nucleotides, and uppercases indicate the amino acids. Shadow indicates the start and stop codons.
Underline indicates the conserved domain. Double underline indicates the polyA tail sequence.

i rh Rk e m, Sk AR IR 2, Bl S RO O E 6 h, SalL-1p1 2 5] FTFZ XL 10.03 £%5(P<0.01),
B OER. WLA L. FRERIR (& 7). BEJSIZW 9%, 76 12, 24, 48, 72 h Zr 5 k%t BE 4
) 7.15,4.09. 2.71, 3.03 £%(P<0.05)(1¥l 8a). SalL-152
24 LPS RIMEEFUMERALFR SalL-1p1 0
RIMEREMERBRT Sall-IP1 T e KRB 11 R RIS, 76 LPS T
SalL-152 HI&RIE
J& 6 h, ZUE T EXT ALY 11.49 £5(P<0.05), &5
TE LPS HIWU5 19 8 450k B b, SalL-1B1 B[] Zi Y%, 48 h IKE EIEH K, 72 h FREZEXT R4
UG SRRk i 25w TRTIRAE, 78 LPS MG 9 0.29 1% (P<0.05)(I¥ 8b).
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aa 2
gca gtg gta tca acg cag agt aca tgg gga gaa caa cac tga cag gac aag ctt aac caa 62
gaa cag taa aac aac ttc ttc tct act gac ttc aac aga cct tcc tca att cag aaa aag 122
atg gaa tcc gag atg aaa tgc aac ttg agc gag atg tgg agc tcc aag atg ccc aag gga 182
M E S E M K € N L § E M W §S§ S§ K M P K G 20
ctg gac ctg gag atc tcc cat cat cca atg aca atg agg cgt gtg gcc aac ctc atc atc 242
L b L E I S H H P M T M R R V A N L 1 1 40
gcc atg gag agg ctg aag gcc gge aca tca gag tca gtg ctg age acc gag ttc aga gat 302
A M E R L K A G T S E S VvV L S T E F R D 60
gaa aac ctg ctc aac atc atg atg gag aac atg gtg gaa gag cgt gtt atg ttc gag tgc 362
E N L L N I M M E N M V E E R V. M F E C 80
ttt tca aat cca cca agt cag ttc agg agg aca tgt cag cac cag tgc agt gtg acc gac 422
F S N P P 8 Q F R R T _C Q H Q C€ S VvV T D 100
agc cag cag aga cac tta gtt agg gac tta aac agc atg gag ctc aac gca gtg acg ctg 482
S O Q R H L VvV R D L N S M E L N A V T L 120
caa gcc gge agt gaa aac cac aaa gtg cat ctg acc atg tcg acc tac ttg cca cct tta 542
Q A G S E N H K V H L T M S T Y L P P L 146
ccc age acc gag gcc aag gec aga cct gtg get ctg tge att aaa gac aca aat atc tac 602
P S T E A K A R P V A L C 1 K D T N I Y 160
ttg tca tge cac atg gac ggt gac atg cca acc ctg aac ctg gag aca gtg gag gac aaa 662
L S ¢ H M D G D M P T L N L E T V E D K 18
agc agt ctg ctg agg atc agc tct gac agc gat ctg gtg cga ttt ctg ttc tac acc cag 722
s § L L R I S§ S D S D L V R F L F Y T Q 200
gtc agc gga ctg aac gtc acc act ttc atg tct gcc tecc ttc cct gac tgg tac atc age 782
vV §$ G L N V T T F M S A S F P D W Y 1 S 22
aca gca gag gaa gac aac aag cca gtt gat atg tgc acg gag acc gac aac cgc tac aga 842
T A E E D N K P V D M C T E T D N R Y R 240
acc ttc aac atc cgg tca aag aca ccc ctt act gaa tgt aga ctg gca ccc ggg gtc atg 902
T F N I R S K T P L T E C R L A P G V M 20
aga ggc gct ctt aaa gag aac atc ttg gta ttg aac aga atg caa aag tta ttg tat ttt 962
R G A L K E N T1 L V L N R M Q K L L Y F 28
aga tgt ttt gat tca gat aat cag cta caa aga tgt aat ttt cta cca ctg tct gcg aga 1022
R ¢C F D S D N Q L Q R €C N F L P L S A R 300
aag act tct gca agt ttt aca gag tgc cta ttt act gta tgt acc aag tac aga aag tga 1082
K T S A S F T E €C L F T VvV C T K Y R K * 319
aat tct aag tgt att gac ata gtc aaa tat cac cac aag gtg aca ttg ttg tgc tga ctg 1142

gtg agc acc ttg tgt att tac atg aca cac tct taa tgc ttt tat cta ttt att cat tta 1202
ttt atc tat tta tgc acc att tta aca tat gta ttt att tgg aaa tct gct ttc taa caa 1262
tta ttt aaa tga tgt tca aca aat ctt taa taa agc ctt gta act aaa aaa aaa aaa aaa 1322

aaa aaa aaa aaa aaa 1337

K2 BRI Sall-152 FERAZ R T 41 B A 1) S T 41
Fig.2 Nucleotide and deduced amino acid sequences of SalL-1f52 in S. aureovittata
INGFRENEETRTF S, REFRNESINEIERFS, HRRmRIGEH T L ILEHT;
TRIZ RSP A BN RIZERIR polyA 55 .

Lowercases indicate the nucleotides, and uppercases indicate the amino acids. Shadow indicates the start and stop codons.
Underline indicates the conserved domain. Double underline indicates the polyA tail sequence.

TE LPS HI35 1 & BN AT, SalL-181 % 5K SRR RAH Y 7.25. 3.20. 2.02. 1.59 4%, 72 h %
VR ETFE, 78 LPS HUS 6 h, SalL-181 2 FF R EIEH KFE(E 8d).
X IR 6.59 fi5(P<0.05), W5 &M EIVE, 7E 12, N
24, 48 hAMEIN A LM 3.85. 4.09. 217 2655 O WE
(P<0.05), 72 hREIEH KV-(E 8c)o SalL-1p52 A 5% 1 B S 5T KA T SalL-181 H
KFF AN SalL-181 #L, 7E 6. 12, 24, 48h  SalL-182 WiAFEI, A3 RI4tS 275 F1 319 N 5L .



%4

O BRI A R - 1B D ve R SO G 1 A 69

S, 2 AEAYMATEIIK, BAANR-1 45
HOFEA 124 g . SHAMAEHSIWARE, f
2R IL-1P 55 FH 7E AT A B B e R &1 g 23 fift i 73

a
4 IL1

0 100 200

b
‘ IL1
0 100 200 300

% 3 SalL-1p1 Fll SalL-1p2 &5 A &% ¥ 3 Fi
Fig.3 The predicted domain of SalL-181 and SalL-1p2

a: SalL-1p1 Z5#93k; b. SalL-1p2 &5y
a: Domain of SalL-181; b: Domain of SalL-1p2

& 4 SalL-1p1 1 SalL-1p2 % 4 =245 H i
Fig.4 The tertiary structure of SalL-1p1 and SalL-182

a: SalL-1p1 Z£F; b: SalL-1B2 &M ;
c: AFKIL-1B &HH
a: SalL-1pB1 protein; b: SalL-1B2 protein;
¢: Human IL-1f protein

x2 BN RENHIGERAIL-1p ZEEF5)

Tab.2 The amino acid sequences of IL-1f used in
multi-sequence alignment and phylogenetic analyses

YFh 44 Species NCBI Accession No.
& N Homo sapiens AAA74137.1
/INER Mus musculus EDL28238.1
L3 0, Chelonia mydas XP_007066079.1
JEXY Gallus gallus NP_989855.1
AEINITYE Xenopus laevis AAI70521.1

B AEf Oreochromis niloticus
Kt Larimichthys crocea
KZZ6F Scophthalmus maximus
VR Seriola dumerili

U EEES Trachinotus ovatus

XP_005457944.1
KAESg285371.1
XP_035481228.1
XP_022625284.1
AZL87291.1

AL, L, 2 R T (5 5 kS 5 (Wewers et al,
1997), SalL-1p1 F SalL-1p2 iR &A1 12 1 B
P18 A IL- 1B WL AUARAE , P REIE B 32 1R 25 &
FOCH BN B LS S AEEMESI Y IL-18 #H L1
HPRSS A 3R TL1 2544 3804 % (Dinarello, 2013), ELF
WFFEEEH, FB o ey Fh i/ () ILT FiriAR 25 A4 38 D)
REPERLSS , H RSP AR T IL1 45495 (Hailey et al,
2009). MHFL3IY IL-1 BEKER) C 2 LI )7 4 [FC)-
x-S-[ASLV]-x(2)-P-x(2)-[FYLIV]-[LI]-[SCA]-T-x(7)-
[LIVM] (Bird et al, 2002), ZJF45) X458 WK,
IL-1B 1 C S LRI FEFAE SallL-181 il SalL-1p % (A
YIFEAE, (AW SR A AR A =, A [FC-x-S-
[ASLV]-x(2)-[PRS]-x(2)-[FYLIV]-[LI]-[SCA]-T-x(7)-
[LIVMPER . MK T IL-1p, 2L IL-1B
AEFL N 2 514 (Eggestol et al, 2020; Engelsma et al,
2003), AWFFEAE R ARWET KL T SalL-181 Fl SalL-1B2
PRI AL, AT RS SN B A . E—24 0T
BHESY) IL-18 /- F b e R, 25K, M
IL-18 A FRA TSI EHl, MR —L, mifEfh
2rh SalL-1B1 F1 SalL-1p2 20@ T 2 N33z, Hirr,
SalL-1B1 5 &R 1L-18 #E1b 56 R ki, SalL-1p2 5
YR EE IS AL 5 Rt . DL ES5 SRR, SalL-1B1 F1l
SalL-1B2 JEAHA HHESNY) IL-18 ML FEIE, W] RE
JETFHEMNE-1BRIER

IL-1B & —FhE 2 e RIE AN T, FE Sy
7R B I 5/ H (Dinarello, 2018) . AXHFSY 2
78 SalL-1B1 F1 SaIL-152 mRNA TEfK . AFAE. LA .
M B OONE. MR, SKEMERA LTI R, &
B SalL-1B1 1 SalL-152 W fg) 12 5 S5HIRA Fh A B
W5, H Sall-1p1 7e3kW . MUE . JHFEREFNEE bR
KB, WM SalL-1B2 FEAEES . SE L PIEFLCIE
Wk R, TEFE A o Sk RN AL 2 2 S
MR B, R SR floK AR A P i e
B AP B S A R A T Ik L 40 A e
Y (Klosterhoff et al, 2015) LA F45RIE/R T SalL-181
H SalL-142 TE B S GEm b HA HEA/EH .

S UG R RS £ SIS SR A B A R A
H A E (Kumar et al, 2016), LPS J& ¥ 22 [T B % 40
JiLRE S BE ) 2R AT, REASRIAAN ARG | O AL
RIE(E B . B RAEN TR (Lu e al, 2008).,
KRG SalL-181 T SalL-152 752555 500 G0 58 v
2, ARBEGERN T LPS RIS AWk B A0 AL
SalL-1p1 F1 SalL-1B2 %% 53 /KE-m ¥ 284k . qRT-PCR
iR, SalL-181 1 SalL-182 Y978 LPS HIUE K
WRIE, HAER 6 h i Rkt s, RN IR
10 5L o BE S 40 F R VG PEAE(Salmo salar) S0l a2k
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Two Putative Interleukin-1 beta Molecules Involved in the
Immune Response of Seriola aureovittata

WANG Lin'?, WANG Bin'?, XU Yongjiangl’w, GUAN Changtao'?

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Yellow Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes, Laoshan Laboratory, Qingdao 266237, China)

Abstract Interleukin-1 beta (IL-1B) is the quintessential pro-inflammatory cytokine, playing
important roles in immune cell proliferation, differentiation, and apoptosis. The IL-1 genes have been
characterized for many fish species. Unlike mammalian genes, several species of fish possess two IL-1§
genes, which may be a consequence of genome duplication in particular fish lineages. Yellowtail kingfish
(Seriola aureovittata) is a pelagic marine finfish species, which is an emerging candidate for the
aquaculture industry. Therefore, details encompassing the role of IL-1p in the immune response aids a
development strategy for economic and efficient aquaculture. In the present study, two novel il-1f
molecules were identified from S. aureovittata (designated as SalL-1f1 and SalL-1f2). The full-length
cDNA of SalL-151 was 1 292 bp with a 828 bp open reading frame, encoding a polypeptide of 275 amino
acids, while the full-length cDNA of SalL-152 was 1 337 bp with a 960 bp open reading frame, encoding
a polypeptide of 319 amino acids. Both SalL-1p molecules contain an IL1 domain, 12 B-sheets, and a
C-terminal conserved region, which are IL-1 family signature characters. A phylogenetic analysis revealed
However, SalL-1B2 initially clustered with IL-1B in Trachinotus ovatu. Real-time PCR showed the
transcripts of SalL-1f1 and SalL-1f2 were present in all the tested tissues, including the head kidney,
spleen, liver, gill, heart, stomach, pituitary gland, muscle, and brain. Among them, the SallL-1f1
transcripts were predominantly in the head kidney, spleen, and liver. The expression of Sa/L-152 mRNA
was predominantly in the gill, head kidney, and spleen. The high expression of SalL-181 and SallL-152
mRNA in the immune related organs implies a potential role in immune regulation. LPS is a
pro-inflammatory endotoxin used as a standard immune activating agent. After LPS stimulation, the two
SalL-1ps transcripts were vigorously altered in the head kidney and spleen. SalL-1f1 transcripts were
significantly increased at 6 h, 12 h, 24 h, 48 h, and 72 h post-stimulation in the head kidney (10.03, 7.15,
4.09, 2.71, and 3.03-fold of the control group results, respectively) (P<0.05). Meanwhile, SalL-152
transcripts significantly increased from 6 h to 24 h post-stimulation after infection in the head kidney (11.49,
4.08, and 4.70-fold of the control group, respectively) (P<0.05), had returned to normal at 48 h, and had
decreased at 72 h (to 0.29-fold of the control group) (P<0.05). In the spleen, SalL-1f1 transcripts were
sharply elevated at 6 h (to 6.59-fold of control group), gradually returned to normal at 12 h, 24 h, and 48 h
(3.85, 4.09, 2.17, and 2.65-fold of control group, respectively) (P<0.05), and had dropped to basal level by
72 h. SalL-1$2 mRNA had a similar expression pattern to SalL-151. SalL-152 mRNA increased from 6 h
to 48 h post-stimulation after infection (7.25, 3.20, 1.59, and 1.59-fold of the control group, respectively)
(P<0.05) and had returned to normal by 72 h. The activated immune signaling promoted the expression of
SallL-1f1and SalL-142 in the immune response, especially in the early stage, indicating they might be a
pro-inflammatory cytokine in S. aureovittata. Collectively, the conserved structure and tissue distribution
of SalL-1p51 and SalL-1§2, together with their sensitivity to LPS stimulation suggests their involvement in
the immune response, providing clues to our understanding of the role of /L-1f in S. aureovittata during
immune response.

Key words Interleukin-1 beta; Immune response; Cytokine; Seriola aureovittata
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BEEY E Om? AL BEE? X #°
(1. PR K Sha%m B 201306; 2. S EUKF R FT 5 51K P2 0 55
HRIFER SRR S E R LS HEE A TRIKSEZKRE WA H5  266071)

HE HE R ZIKY (neuropeptide Y, NPY) 7 # & #i(Seriola aureovittata) & 1= # 8915 A X
ML, ARBF R B IR B 8 07 B3Rk AR T & 48 npy 3B 89 FF I AE(ORF) 7 71, I8 A F 52 HER
HE & PCRF AT T npy 2 F 8y 4 28 A DAL LR B 4578 8 B 4 M # 408 npy 25 B ORF
FHIKE K 300 bp, %A 99 NARABRW AT RER, XY 28 NMNEAERNESTK. 36 MAER
B AR, BEBR TV EIFEMI AT ZI, F L5 npy HANEAERTFY 53D & (Danio rerio)% H
WAL E AR (590%); RAI WA TR, HEAEnpy 5§ & KEH(Seriola dumerili)ty 5 %
¥, npy mRNA ZEFRN ey 12 AR FHaRL, b, EMNAL XL ERT, EERMEFF X
HKERZ, ENEBREEZEF, YU T npy mRNA w9k, FAlZ004& 21 d B, LR4E
Knpy mRNA XA EREF THEH, BHRETIERERMNBHAKTE, L REFXN, npy TH

55T ELAHNBEAREE, EIRRBAENHFLETEZEA.

KA

hESERE S917.4 XHEEFRIDAD A

RN E BT AU GINRAHERA R, %282
i S PR $5 F R - 1 45 (Volkoff et al, 2020). F -
M 2 W, W4k Y (neuropeptide Y,
NPY). 275 % (melanocorting, MCR) I £ # ik (orexin)
G E P k1 E W R VEH (Bertucci et al,
2019; Soengas et al, 2018), HH1, NPY 7& a2 & —
oA 112 BB A F (Bertucci et al, 2019).

1982 4, NPY 1 UG hf2 sk, IH R
T A TR MR A 2K A PR B p 2K Y, B i

HRAN; npy; W ABKIEK; BE
XEHES  2095-9869(2023)04-0074-10

FAL PR U D) RE (Tatemoto et al, 1982). 1ERE 5 2
H, npy T 1989 4E 5 IKTE 4 fh(Carassius curatus) ™ 58
FEFAT(Kah et al, 1989), HEf, C1EKPEFEE(Salmo
salar) (Murashita et al, 2009) . = O % J§ 4
(Schizothorax davidi) (Deng et al, 2019) . 4% fll
(Carassius auratus gibelio) (Lei et al, 2019)%5:fifi F {f1
HRARYE R RE RS T npy R, CAEMREN, Ak
npy mRNA 3 EAE [k H 15 (Lei et al, 2019; Deng et al,
2019), 5% . FEIRMWSE 2 F A4 ) 6

*H RS ARREERLRE <+ MU A7 E KT H (2022QNLM30001-1) . FH % & & 0F & i & 5 |
(2022YFD2401102) . 1 E 7K =R £ BRI B F AR L 55 27(2020TD47) . 4% 4% ) 35 WA T8 4 T 1 3 el A 0 e VR W 4 5 1
FRIH . B AL R A BRI AR AR R (CARS-47) LRI ¥ By, IREF, E-mail: 17806168816@163.com

O BIEEE: AL, W56, E-mail: xuyj@ysfri.ac.cn

Weks HIY: 2022-08-18, Wi Bk H I 2022-09-30
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SREH A BRI npy & DR v B R O 1L P30 ) RO 25 5 1 75

(Horio et al, 2021),

25 Wi(Seriola aureovittata)J2: — Fh KA I B
T 357 (%) 4 & PR 725 (Booth et al, 2022; M 2F & 45,
2017) A HIBN T 2017 S50 T B ARG PP X FHOA
IFITF R T HoA K A0 AR 5 Ty A 3k PR 19 +H S BIF 5% (Wang
etal, 2021; HIKITEE, 2019), AU HE K HER
I, fEFRBI R, FRAEH T T AR R B ke
PE S LN FE TR FERL, LAE X 4 M3 WA b 4%, A
RS AR R, (e R I A, I3k
BERMATREE . NPY 1ER—FiEAa 71 e sk
K (Bertucci et al, 2019), £k 5 - g ik B A $5
£ BVEFH (Lei et al, 2019; Tolas et al, 2021), {H ¥ K7E
BRI S R SE I o ARWF IR npy FEHFE TR
RIS B 5 IURRMEDLS] Hh f R, LUk — 2 B
I TR AW B & A RE QIR LA

1 #REF®
1.1 Wi EERRE

FIF A sl 34 28 v K 7 B 2 A 5 B BT K T B
FE TS5 sh AR S BERN sh 4 S 06 48 4 2 B 2t
A5 T 8 4500 K = A A RA R, sk
T 23R A i A B AR 3 i o JBURE 3 2 MfE £ [
oM (5.58+0.21) kg, 414 H4(85.67+2.18 cm)] il 3 B 1
i [RE 4 (4.28+0.04) kg, 41 °4(80.33£1.36) cm],
FH MS-222 (120 mg/L)Ks 8 AWHRREE, 43 B . 5
1SN SN S LN~ N = I 77N IS B 1R
U, B TWAT RS

DU P ME S0 i I Y B 2Ry 1 i, T
180 S i IR H(616.25+24.23) g, 2K F(41.5+
0.65 cm)], & X B ZH (R A% M) S 96 20 (LR P-4
W), BARE 3AFAT, BT 30 B, SUIE
KIFEFTINML 7 do LR APIAFREAFNR 3 m> B
KR, AWK FEIE (B 27~30, pH {HHN
7.8~8.2, #HA>6 mg/L, /Kilik 24~26 C), HifKH
A 300%. 1HAL A K EE K i fii (Ammodytes personatus),

*1
Tab.1

BRI 2 R(07:00 F1 18:00)EMI £, 1 h J5IHHUE
AR . DU P R S S 4 ek AT 21 d DLERARBE,
Bij 7 d SXTHRAL B0 . 7ESCR TP IR 5 B 5 7.
14, 21 F1 28 RFFATHURE, RRREFAIEHE 6 8. HUF
A 12 h G—fF bR, SR MS-222 JRFSE 56 fh (B
WM, BRI L, ARIGA SN, e B
Wi, FARME, B TRA RS

1.2 2 RNAREE cDNA REFR

fifi i RNAiso Plus Total RNA $& Bk 7 &
(TaKaRa, H Z%)#& B8 & 8600 4141 8 RNA, it
NanoDrop 2000C 43¢ 3% B it (Thermo, & [E ) &
RNA WEZ , 2 Arg0 nm/Aaso nm TE 1.8~2.0 Z[H], RNA H]
H T Ja4E525 . # FH PrimeScript™ RT reagent kit with
gDNA eraser (TaKaRa, HZA)& i cDNA % —4%, %
HEUE I 45 OB 2D BR AT, & BT cDNA BAR R AF T
20 C&H.,

1.3 EE%RE

P NCBI % 48 B b B0 /9 npy J¥ 1
(XP_023282438. 1) TR MG 9 (£ 1) S H e L
i cDNA S#5itR, PCRKFR (50 puL)fl# 25 pL rTag
fii . ddH,0 21 pL. b FUESI#4 1 uL 1 cDNA FitR
2 uL, PCR 4" #5495 CHUAEYE 5 min; 95 ‘CZAsME:
30 s, 55 Cik 30 s, 72 ‘CHEMH 30 s, 38 PHIF;
5 72 CHILEf S min, 4 CIRAF.

P45 A H BRI RN 4547 Steady Pure DNA
N VB8 i LR A ) E AT e, A el
725 pEASY-T1 Simple #({& . Transl-T1 Phage
Resistant /&2 2541 }fd(TransGene Biotech, Jt50)iEAT
EHEREAL, 37 CRIFARREF 12 h, PREEE b
PR 2 A T AR AR () e A R w1

1.4 EREEBRIESH

HHANEEFR LA TB Green Premix Ex
Tag™ T ik & (TaKaRa, HA), X%~ Lightcycler

AR ASIM

Primers used in this study

5|94 FK Primer name

519 F 1 Primer sequence (5'~3")

BIGREE T, /C H 1 Purpose

npy F ATGCAGCCTAACATGGTGAGC
npy R TCACCACAATGACGGGTCAT
npy qF GCGGAGGAACTGGCCAAATA
npy qR CAACAGCAGCTCTGAGACCA
18S F TACCACATCCAAAGAAGGCA
18S R TCGATCCCGAGATCCAACTA

55 OREF sequence amplification
60 qPCR
53
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¥ B 544 4

480 I Real-time PCR 1Y (Roche, Fi+)., PCR 1k &
(10 uL): TB Green Premix Ex Tag II 5puL, . Fiif
514)(10 pmol/L)4% 0.4 uL, ddH,O 3.2 uL, cDNA f&
M 1pL, PCR YN 95°C 30s; 95°C 55, 60 C
20s, 40 NMEFR, S 45 G HEAT A it 2 53 1 LA
S UE =Wy RE e o B E B SRR PR 2 5 DR A s oA
LM KRB MY AR (E): 0.99<(7)<0.999 ,
0.9<E<1.1., 18S NNSHELH, FPAMHXFRILES M
2 MR (Livak et al, 2001),

1.5 ZR4HH

{#i F§ NCBI %04 £ (https://www.ncbi.nlm.nih.gov/)
2 AR T ) SR npy JP 5, FIHEKAME SignalP5.0
Server (http://www.cbs.dtu.dk/services/SignalP/) 43~ #T
R npy FEPB{F 5 K, 342 Clustal Omega (http:/
www.ebi.ac.uk/Tools/msa/clustalo/)#E 17 ¥ 5] Hb X #11 [
WY Hr, FIAHEAE ExPASy (http://web.expasy.org/
compute_pi/) 5T A A 43 FREFAE R A, SR
SWISS-MODEL H slifk4 11 BT A5 I 55 #% ProMod 11
2 P Al T = g 55 E R 45 # (https://www.expasy.org/
swissmod/SWISS-MODEL.html), @it MEGA 7.0 %k
4, LL4B4%E#: Neighbor-Joining (NJ)#) 8 R G EALH

SRR LT Y H AR E 1R (Mean=SE) Rk . R
J SPSS 26.0 GLit B /FHt AT T K . S = J7 2200
(one-way ANOVA)FI Duncan £ & L5, I Z MK P
WM 0.05, 3 P<0.05 RN N ZE5R W3, 24 P<0.01 i
NSRS ETE

2 #R

2.1 E&EH npy cDNA FHIEE HAEASHMRSGH
ot

250 npy BRI ORF 3K 2N 300 bp,
99 Na R, Hrp, fdh 28 MEIERMEFAK,
36 NMEIFEFR AR, 32 DNREIERR I C A F DI g
JIRBEAN 11~ GKR 25 K A s (B 1), 0 i 48 5
S FHEN 11.24 kDa, Z5HL 5K 5.02,

WG5S B T (Danio rerio) . KVGTEEESEY)Fh
1 NPY Z B/ 7 91 L X 25 R L3 2 ¥ 450 npy S5
1REf(Seriola dumerili) (99.0%). 28L&t (Morone
saxatilis) (98.0%). KBS (Micropterus salmoides)
(96.0%) . KZE6E(Scophthalmus maximus) (94.9%)F¥)
npy FEBH & A [ IR ME, HORE R i (Siniperca
chuatsi)F1 15 5 85(Cynoglossus semilaevis) (93.9%) .
F s (Oryzias latipes) (92.9%). ItAb, S5HABMAHLL,

1 [ATGLAGCCTAACATGGTGAGCTGGCTGGGGACTCTGGGGTTCCTGCTGTGGGCGCTGCTC
1 M Q P NMVSWILGTLGTFTILTLUWATLTL
Signal peptide
61 TGCTTGGGCGCCCTGACGGAGGGATACCCGGTGAAACCGGAGAACCCCGGGGAGGACGCC
21 ¢ L 6 AL TEGYPVEKPENPGETDA
121 CCGGCGGAGGAACTGGCCAAATACTACTCAGCACTGAGACACTACATCAACCTCATCACA
1l PAEELAZKYYSALRHYTINLTIT
181 AGACAGAGGTATGGGAAGAGGTCCAGCCCTGAGATTCTGGACACGCTGGTCTCAGAGCTG
6l R Q R Y[GC K RIS SPETILTDTTLVSETL

Proteolytic site
241 CTGTTGAAGGAAAGCACAGACACACTTCCACAGTCAAGATATGACCCGTCATTGTGGTGA
l1 LLKESTD TLPGQSURYTDTPSTLVW *

B 1 BT npy 3£ ORF 781 FHE 510 & L8R 7 41
Fig.1 Sequence of open reading frame and deduced
amino acid of S. aureovittata npy gene

ELR BT IE, 2 kB TR SRR
HEE BRI R RIZe, KR T HER R o
JRAIAR LU T RN ARUA 7 B
The start codon is boxed, and the stop codon is indicated by
asterisk. Putative signal peptides are underlined, and
proteolytic site is framed. Mature peptides are underlined and
indicated in bold letters.

JE B ARLLEE th 45755 (66.3%~80.8%) - npy FE K R3] 1 =
WA 2 A IRTE X ALK, BV o BE5E AN 5 il 2 R 1)
BRI o 2 IR DX B AT, A T
S, HEERUKEEAERROE (B 2A). SHAE MY
RS, B npy 55 BRASCAAK B 45 49 E 5 f)
5P, R 28 DA EER AR SR . 36 BRI AL
UK 3 A IR AN 2 A4 1K 2 BR R L (Pro™ ™™ il Tyr™*?)
(K1 2B). RGEHHALITTRI, BRI npy 55 = IRBITER
=AM, HS589E H (Perciformes) . I H
(Pleuronectiformes) ¥ 125 5 —4~ K9 53 32 (K 3).

22 npy BEERARRKIESH

npy FEHCREHAN . AR E p R ER R, HAb
HYULBFGE , IR B AR npy AILHZIR R
Ve e R B, 0 ME £ FRE R PR IR 2, npy
mRNA FiK7K 52 Bl 34 2% 57 (P<0.05), TEfmd 4
HFF AR PR 22 57 (P<0.01) (] 4),

2.3 YR ERIRY & KT npy BEERIEH R

ST BRI H L DUk AR . R RN 4
ZUh npy mRNA iR, IEHRE npy mRNA
FRAKE TR A2, BEE VLR R e, 58
5520 npy mRNA RikKVA LF-myEH, PRE 8
7 d JE R E B ALK (B SA). ARG LI, S286
4 npy mRNA ZEfb#a & 5 pl, 452 7E ULk
21.d, 5 BA ML, 524 npy B35 2235 (P<0.05)
(K 5B), SH4EHHLH npy mRNA KF-T7EYLIRK
14 d BF g T 0 BRAL, PR FEME 7 d JE AKX R
ZH (K 50).
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Tab.2

®2 BEXRUISHMBEEINY npy ERIEEF B RIRES /%

Homology analysis of amino acid sequences of npy gene of S. aureovittata and other vertebrates /%

1

3

4

5

6

7

8

9

10

11

12

13 14 15 16 17 18

100

83.5 100

1

2

3 64.6
4 615
5 635
6 804
7 63.9
8 61.5
9 649
10 62.5
11 64.6
12 65.6
13 63.5
14 62.5
15 64.6
16 80.4
17 85.6
18 62.5

64.6
62.5
64.6
90.7
61.9
61.5
61.9
64.6
64.6
64.6
63.5
62.5
66.7
76.3
94.8
63.5

100

65.3 100
97.0 100
65.6 100
63.9 100
77.8 100
77.8 100
81.8 100
96.0 100
99.0 100
67.4 100

65.3
66.7
64.6
64.2
64.6
64.2
65.3
66.3
93.8
92.7
63.2
61.5
65.6
65.3

63.5
79.8
91.9
79.8
93.9
96.0
96.0
67.4
66.3
92.9
58.3
61.5
94.9

82.8
94.9
82.8
97.0
99.0
98.0
67.4
66.3
96.0
59.4
63.5
96.0

62.5
63.9
65.6
65.6
65.6
66.7
65.6
64.6
74.2
92.8
64.6

98.0
81.8
81.8
80.8
66.7
65.6
79.8
58.8
60.8
79.8

91.9
93.9
92.9
66.3
65.3
90.9
57.3
61.5
90.9

81.8
80.8
66.7
65.6
79.8
58.8
60.8
79.8

94.9
66.3
65.3
92.9
60.4
63.5
94.9

66.3
65.3
94.9
60.4
63.5
94.9

66.3
93.9
61.5
63.5
93.9

97.9 100

653 64.2 100

59.4 583 59.4 100

64.6 635 62.5 78.4 100

67.4 663 919 594 625 100

HeOL

10, FKEEHE; 11, EAEH; 12

AR 2. 4 30 BEDfa; 4.0 RIOOMEY; 5. 5&4Hifa; 6.
COEEAWE; 13, PAREIEGE; 14, 4RED; 150 8@, 160 AEMTUE; 17. A 18, RiR R,

NREG 7. WS, 8. EE; 9. T

Note: 1. Anolis carolinensis; 2. Bos taurus; 3. Danio rerio; 4. Micropterus salmoides; 5. Morone saxatilis; 6. Mus musculus;
7. Oncorhynchus mykiss; 8. Oryzias latipes; 9. Salmo salar; 10. Scophthalmus maximus; 11. Seriola dumerili; 12. Seriola
aureovittata; 13. Spinibarbus sinensis; 14. Carassius gibelio; 15. Siniperca chuatsi; 16. Xenopus laevis; 17. Homo sapiens; 18.

Cynoglossus semilaevis.

3 itig
3.1 &t npy EETESF 55

25 npy FE GRS 99 NEFHER, X5 KR
fiyi (XI55, 2016) . A 8E(Paralichthys olivaceus) (Wang
et al, 2015)—3%, MWiRHY npy FEH S 96 IR
(Lei et al, 2019), KVGFEEE npy S it 100 25
ik (Murashita et al, 2009), B 2BHRAKAH 3 4l
RN 2 R TR IR L (Pro™™® T Tyr™ ) 1E G HESh )
HOR AR R ORST Y, 3 S 2 1R R S 2R ik BE TR 4y
npy FIEIIR % b B 5 ZAE Hl(Cerda-Reverter et al,
2000), 5 AR F A AAARL, AR npy (192K C
iy B I 2 B 13 > 2 PR 7R FE(ALRHYINLITRQR),
UEEHIX 13 AN BE R 5% L = B2 AR 5F (Deng et al, 2019;
Lei et al, 2019), TENCAT2E . PAMGESS . L2 AN
250 NPY BB & 2R (C), HAE(R Ak
55 21 NSRS B AR ER(C), R
[ f4(Deng et al, 2019) . FRH(Lei et al, 2019) 15 211
[FIZ5 50 . 3Bt SR L R B, B AR 5 Ak e fa |

R RE BT 2 DA 3 DRI ZE S, 5= REHY
A VAR EERAR, I 55 85 npy Fitt 1) 2 5
FPo—E PR is 99%. J34h, FHEEE npy SR HY BRS¢
PEACR R, SRS 2 H | 8P H b 2Ry
—3, RGRABI,

8l npy BA S HIFAE

B 5T npy mRNA 72 RE /- 4HA G K3k, 4y
SOE M . KT E BA R RE, X 5HR(Lei
etal, 2019), T MZLJE ffi(Deng et al, 2019), B
(Kaniganti et al, 2021)[A 455 —5, AKWFIE K,
TSR HME £ A A 2L SRR RR T npy mRNA 3%
AR EMEZES, K] npy FEDITE 8 200 HEIR 05
REECEA B W A S A, X5 EE AR hsp70 FE
P LH AR A B — B T B S, 2023), $2/8 npy FEHTE
M HEVERR R T . HALSE AR R R 2
VR, BARR D Re 2 5 ST e AR TR R A 1F
RABEFEHRIE . BT, 7EH AR b i R WL npy J
PRI A P 1) S PEAE GG, AR X — 4, mTDATE
B HT A X b X | O £ o AT R SRR AL, BOAT

3.2
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A)
(B)
(g p—
Signal peptide

Seriola aureovittata
Seriola dumerili
Danio rerio
Oncorhynchus mykiss
Salmo salar

Takifugu rubripes
Oryzias latipes
Siniperca chuatsi
Cynoglossus semilaevis
Scophthalmus maximus
Micropterus salmoides
Labrus bergylta
Morone saxatilis
Cyprinus carpio
Carassius gibelio
Spinibarbus sinensis
Xenopus laevis

Bos taurus

Homo sapiens

Anolis carolinensis
Columba livia

Gallus gallus

MQPNMVSWLGTLGFLLWALLCLGALTEG

MQPNLVSWLGTLGFLLWALLCLGALTEGY!
MNPNMKMWMSWAACAFLLEVCLGTLTEGY!
MHPNLGTWLGAVTLLVWTFICIGTLAEGY!

C

K Mature peptide

(YPVKPENPGEDAPAEELAKYYSALRHY INLITRQRY|
PVKPENPGEDAPAEELAKYYSALRHY INLITRQRY]
PTKPDNPGEDAPAEELAKYYSALRHY INLITRQRY|
PVKPENPGEDAPTEELAKYYSALRHY INLITRQRY]|

MHPNLGTWLGAVTLLVWTFICIGTLAEGY!
MQSNLLSWLGTLGLLLWALLCLGALTDGYY!

MHPNLVSWLGTLGFLLWALLCLGALTEG]

MHTSLVSWLGTLGFLLWALLCLGALTEGY!
MHPNLVNWLGTLGFLLWALLCLSALTEGY!
MHPNLVSWLGTLGLLLWALLCLSALTEGY!
MHPNFVSWLGTLGFLLWALLCLGALTEGYY!
MHPNLVSWLGTLGFLLWALLCLGALTDGY!
MHPNLVSWLGTLGFLLWALLCLGALTEGY!
MHPNMKMWIGWAACAFLLFACLGTLTDGYY!
MHPNMKMWTGWAACAFLLEVCLGTLTEGY!
MHPNMKMWIGWAACAFLLFVCLGTLTEGY!

MQGNMRLWMSVLTLCLSMLICLGTFAE
MLGSKRLGLSGLTLALSLLVCLGALAE
MLGNKRLGLSGLTLALSLLVCLGALAE
MQGTMRLWLSMMTLALCLLICLGSLAE
MQGTVRLWVSVLTFALSLLVCLGTLAE

PVKPETPGEDAPAEELAKYYSALRHY INLITRQRY]
PVKPENPGEDAPAEELAKYYSALRHY INLITRQRY|
PMKPENPGEDAPAEELAKYYSALRHY INLITRQRY]
PVKPENPGEDAPAEELAKYYSALRHY INLITRQRY]
PVKPENPGEDAPAEELAKYYSALRHY INLITRQRY|
PVKPENPGEDAPAEELAKYYSALRHY INLITRQRY]
PVKPENPGEDAPADELAKYYSALRHY INLITRQRY]
PVKPENPGEDAPAEELAKYYSALRHY INLITRQRY|
PVKPENPGEDAPAEELAKYYSALRHY INLITRQRY]
PTKPDNPGEDAPAEELAKYYSALRHY INLITRQRY]
PTKPDNPGEGAPAEELAKYYSALRHY INLITRQRY|
PTKPDNPGEDAPAEELAKYYSALRHY INLITRQRY]
'PSKPDNPGEDAPAEDMAKYYSALRHY INLITRQRY]|
PSKPDNPGEDAPAEDLARYYSALRHY INLITRQRY]
PSKPDNPGEDAPAEDMARY YSALRHY INLITRQRY]
PSKPDSPGEDAPAEDMARY YSALRHY INLITRQRY]
PSKPDSPGEDAPAEDMARYYSALRHY INLITRQRY]

GKRSSPEILDTLVSELLLKESTDTLPQSRYD-PSLW
GKRSSPEILDTLVSELLLKESTDTLPQSRYD-PSLW
FKRSSAD-—TLISDLLIGE-TESRPQTRYEDHLAW
GKRSSPDTLDTLISELLLKESTDTLPQSRYDEPSLW
GKRSSPDTLDTLISELLLKESTDTLPQSRYDEPSLW
GKRSSPEILDTLVSELLLKESTDSFPQSRYD-PSLW
GKRSSPEILDTLVSELLLKESKDTLPQSSYN-PYLW
FKRSSPGILDTLVSELLLKESTDTIPQSRYD-PSLW
GKRSSPEILDTLVSELLLKETTDTLPQSRYD-PSMW
GKRSSPEILDTLVSELLWKESTDTLPQSRYD-PSLW
GKRSSPEILDTLVSELLLKETTDTLPQSRYD-PSLW
GKRSSPEILDTLISELLLKESTDTLPQSRYD-PSLW
GKRSSPEILDTLVSELLLKESTDTLPQSRYD-PSLW
FKRSSAD-—TLISDLLIGE-TESHPQTRYEDHLVW
GKRSSAD-—TLISDLLIGE-TESHPQTRYEDQLVW
GKRSSAD-—TLISDLLIGE-TESHPQTRYEDQLVW
FKRSSPE-—TMLSDVWWRENTENTPRSRFEDPPMW
GKRSSPE-—TLISDLLMRESTGNIPRTRLEDPSMW
GKRSSPE-—TLISDLLMRESTENVPRTRLEDPAMW
FKRSSPE-—TLISDLLLRESTENIPRSRYEDPAMW
FKRSSPE-—TLISDLLLRESTKNIPRSRFEEPSMW

MQGTMRLWVSVLTFALSLLICLGTLAEAkPSKPDSPGEDAPAEDMARYYSALRHYINLITRQRY

FKRSSPE-—TLISDLLLRESTENIPRSRFEDPSMW

* . Dok

Aok ok, skokok, ok 1 11k Dkeiielollolololoookaloksokookokokok

Bl 2 S NPY 15 TR

LS S L S *

Fig.2 Molecular characterization of S. aureovittata NPY

A TR SRBENPY = 2045H0 s B: 8 ARHIN npy JE DR S it Y S HE R i 51 5 AR A S 0 1 X 43T
BT (IR ARTE— L S v 5 | AR ] B A AR 5, AR FR SR 5 (3o, IRFZBERA 5 ()RR,
o B ST ISR B 5 ()R, HEEME S IR T RILRR, NPY MK T HER R .
A: The predicted tertiary structure of NPY in S. aureovittata; B: Alignment of the amino acid sequences of the npy gene between
S. aureovittata and other vertebrates. Gaps introduced in some sequences to maximize the alignment are indicated by hyphens.

Identical sequences are indicated by asterisks. Dots denote conserved amino acids, and colons indicate highly conserved amino
acids. Putative signal peptides are underlined, the mature NPY peptide sequences are boxed.

Ry HE AR NSE A B 25 AL SR AL B B A SELE
3.3 EEHINPY XMUIBBRENNESME

BEE AT 2 A ANE RGP A S R B F
FEUFSE, NPY 17l B BT e £ 22 M NPY SZ 411
HEEE AR AR B, Bt S b NPY 5
NPY Y1. NPY Y2 & NPY Y5 K45 45| &AL S
5, WS PKC 38 5, 34 & BR148 £ & (Y okobori et al,

2012). X RPEVEEERIRTFER, SR T NPY #f
220 ] LIXTHE AR AP G S A R | R R SR T
MO PR R, A7 5 1) T AR i B2 2L, S A
HAL R G431 npy mRNA (Kalananthan et al, 2020);
[RIE F JE A 5 & R F(agrp FI ghrelin), T VEINEEE A
F-(pomc I leptin) (Opazo et al, 2019; Zhang et al,
2020), AT SE B A YA B S AR
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Fig.3 The phylogenetic tree of npy gene of S. aureovittata and other vertebrates using neighbor-joining method
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Molecular Cloning and Characterization of npy Gene and Its Response to
Starvation-Refeeding Strategy in Seriola aureovittata

QIU Xiajun'?, WANG Bin?, XU Yongjiang”", CUI Aijun®, JIANG Yan®

(1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences; Joint Laboratory for Deep Blue Fishery Engineering of Pilot National
Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China)

Abstract Yellowtail kingfish (Seriola aureovittata), a pelagic marine finfish species with a
worldwide distribution, is regarded as an emerging candidate for the aquaculture industry owing to its
fast growth, superior flesh quality, and farming suitability in both sea cages and land-based facilities
in China. The species has high economic value and is the second most produced Seriola species in the
world following Japanese yellowtail Seriola quinqueradiata. Researchers worldwide have studied the
role of regulatory factors neuropeptide Y (NPY) in fish feeding regulation. In recent years, there has
been great progress in research on food intake in fish, however, very little attention has been paid to
the endocrine regulation mechanism of food intake. Methods on strengthening the production
performance of fish through appetite regulation is still a hot research topic.

The control of food intake and energy metabolism in vertebrates are complex processes
involving several neural pathways. Some hypothalamic signals are released by peripheral tissues that
are associated with energy homeostasis or nutrient availability. Among the signaling molecules
involved, NPY plays a key role. NPY is recognized as one of the most effective appetite regulators,
which primarily function as a signaling factor to regulate a variety of biological processes such as
food intake and glucose homeostasis. The orexigenic actions of NPY have been well investigated
thoroughly over the past decades. Much evidence supports that NPY s functional role as a regulator
of energy homeostasis and appetite control is conserved across vertebrates, including teleosts. In
several species, including rainbow trout, Nile tilapia, and grass carp, NPY injections increase food
intake, supporting an orexigenic role. In line with this, food deprivation increased npy mRNA
expression in the brain, such as seen for goldfish and Johnny carp. Moreover, refeeding normalized
npy mRNA abundance following food deprivation. As S. aureovittata feeds heavily and fiercely, the
breeding industries need to understand its feeding control mechanism. To make real-time adjustment
to feeding strategy, it is necessary to obtain high-quality and high-yield aquatic products with the
least input to maximize economic benefits. As a potent appetite stimulating factor, npy has been
proven to promote feeding, but this gene has not been identified in S. aureovittata. Therefore, it is

necessary to explore the variable rules of the mpy gene in feeding and starvation compensation
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mechanism, to provide the special compound feed for breeding.

To gain insight into the existence of npy in S. aureovittata, we used homologous cloning, RNA
extraction and reverse-transcription to obtain the ORF sequence of npy. npy belongs to the pancreatic
polypeptide (PP) family, which plays an important role in appetite regulation and energy expenditure
in mammals and fish. The ORF of S. aureovittata npy is 300 nucleotides in size and encodes a
99-amino-acid precusor, with a calculated molecular mass and isoelectric point of 11.24 kDa and 5.02,
respectively. The precursor protein is composed of a predicted signal peptide of 28-aa in size, 36-aa
putative mature peptide, a GKR protein proteolytic site, and a 32-aa C terminus of unknown function.
Bioinformatics analysis on the amino acid sequence identities and evolutionary relationships of the
npy was performed. Comparison of homology of the precursor peptide sequences of npy analysis
revealed that S. aureovittata npy displayed a high degree of identity with the counterparts of Seriola
dumerili (99.0%), Morone saxatilis (98.0%), Micropterus salmoides (96.0%), and Scophthalmus
maximus (94.9%), followed by Cynoglossus semilaevis (93.9%) and Oryzias latipes (92.9%).
Phylogenetic analysis highly supported that the npy of S. aureovittata was closely related to that of S.
dumerili. Furthermore, using real-time quantitative PCR, we found that the npy mRNA is widely
expressed in 12 tissues, with abundant expression in the brain, followed by the pituitary and stomach.
In addition, except for the intestine and gonad, npy was found to have no significant difference in all
other detected tissues of both sexes. To establish the functional link between npy and feeding, the
expression profiles of npy mRNA during food deprivation and refeeding were examined in S.
aureovittata. We detected the 7 d, 14 d, and 21 d starvation and 7 d refeeding effect on npy mRNA
levels. Results showed that fasting induced an increase of npy mRNA levels in brain, pituitary, and
stomach when compared to the control groups. Interestingly, the pituitary npy transcripts significantly
increased after 21 d of starvation compared with the control group. In addition, refeeding normalized
npy mRNA abundance following food deprivation in the brain, pituitary, and stomach. These results
indicated that npy is involved in the regulation of feeding and energy homeostasis in S. aureovittata.
Collectively, we provided initial evidence for the existence of npy in S. aureovittata and suggested its
involvement in the regulation of feeding, which plays an important role in the starvation
compensation mechanism.

In summary, we obtained the ORF sequence of npy and clarified its role as a potent orexigenic
peptide in feeding regulation of S. aureovittata, which would be beneficial for specific feed for this
species.

Key words Seriola aureovittata; npy; Cloning; Tissue expression; Food intake
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[F) IR B BE T B AR WA K RO, Dk — 20 B e
BARIA KR B 55 0T R TR AR S PR SR AL S A

1 #REFE
1.1 SEIgHE

SCE FHE AR A REE A ERARAR T
RFEFEAN], 78 6 DAFRL 3 m® iy IR T Bl B G kAl
TR HLB LS, SRR IRE R 2, H oK
F400% LA I o FEIKIRARFEAE 22~27 C, #HEH
29~32, %A >6 mg/L. $Z AR 3%~5%% vk
i 7 iy 1L (Ammodytes personatus), e, Ak
FEMLJE | h W ERIRAEOKAE , DRI i . LRI R
ZHT, ALt R RS KR PR R Y 14 do B
RGBT R 1 i 0 PR S (33.1240.83) cm, *F
IR 4(565.83+70.22) @) | H B RENL MG, FEIFERIES
ey, PEEREREEAL(10 B/m®) . B EELL(20 FB/m®)H
(30 FB/m’) 3 LR A, B SR 2
7o W R 60 d JGHFE . B FR4s
T BEDLOMEHE A 4 3 B2, JH 120 mg/L (9 MS222 ik
FRALER, FEUK B PR O . A B8 OE L FFAE
JEE . AR, SKE L B LA MEIREALIT 1.5 mL
TR E B LB, BETFRE TR, FiA-80C
UKFEHRAE, T igfbp-1. igfbp-2a il igfbp-2b LA
Ao AR T TR e s i W & g Nt ol |
R 6 KK AMTAEA LT 1.5 mL JGRHE IR 250
B, B TWRA PR A-80 CHIAE, AT
DAS[6) 3558 % B N IFAE 412 igfbp-1. igfbp-2a.
igfbp-2b., igf-1 1 igf-2 3k PR X 2 A 1 10 28 1 4%
YER 397 o

12 #E&Hfigfop-1. igfbp-2 EETEE

FEBUFIEZHZUE RNA, {fJ1] RNAiso Plus %5 &
(TaKaRa); BUIGMEBEN AL KA RNA S84, LU
NanoDrop2000C 43 ¢ 5% B it (Thermo, 35 )l &
RNA ¥ it F PrimeScript™ RT reagent kit with
gDNAEraser (Perfect Real-Time)/s ¥4 571857 & (TaKaRa)
A cDNA 45—k,

M4 GenBank %4k J& 35 25 igfbp 3k A 1) Fit
WFF s ihoI Pk 1), #%EE 2 F i) PCRIKR K&
BFP 1 igfbp-1. igfbp-2a. igfbp-2b 3 ALY
ORF X,

PCR ¥ 342 1.0% R HEEERS FRIKIS , K H
S IR . B, K RO M pEASY-TI
Simple #{A&(TransGene Biotech, "'[#). Transl-T1
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Tab.1 Primer sequences used for gene cloning and quantitative expression analysis

3|4 Primer 5|97 %] Primer sequence (5'~3') H ) Purpose

igfbp-1 F: ATGCTTCTGTATTTAAACATCCTGGTG ORF §"##% ORF amplification
R: TCAGTGTGTGACTTCTTGATGACACTC

igfbp-2a F: ATGATAATGACCAAAAACCTCATGCCTA ORF §"##% ORF amplification
R: CTATATCTGGGCCATGTCAGGGA

igfbp-2b F: ATGGTCATACATTTTACATACGGATGGC ORF §"##% ORF amplification
R: TCAGCGGGACGTTGATGCA

qigfbp-1 F: TGAGAAGACATTTGTGGCAGGAGTG SERF9¢ 68 7 PCR qRT-PCR
R: CGGGATGGCAGGACAGTTGTTC

qigfbp-2a F: GACACCGAGACGACCACTTTCAG SERF9¢ 62 7 PCR qRT-PCR
R: ATCTCACTCACGCCCTGCTCAG

qigfbp-2b F: CACCAAGAGACCAGCCATAGATGC SERF9¢ 68 7 PCR qRT-PCR
R: ACTCCGTCTGACAGGCACTCTG

qigf-1 F: TTGTGTGTGGAGAGAGAGGCTTT S E B PCR qRT-PCR
R: GAAGCAGCATTCGTCAACAATG

qigf-2 F: GCAAAGATACGGACACCACTCACT SIS E B PCR qRT-PCR
R: CGCAGGACTGGACGAAGACAT

arp F: TGCCATTGTCATACACTTGCTG VIJZS% Reference gene
R: GGGGAACCATTGAAATCTTGAG

xR 2 HEEHiigfop-1. igfbp-2a. igfbp-2b PCR {E &R 1ETE R
Tab.2 PCR system and amplification procedure for Seriola aureovittata igfbp-1, igfbp-2a and igfbp-2b
A PCR {A £ PCR 9" # 5% A4
Gene PCR system PCR amplification conditions
igfbp-1 25 uL Premix Tag™ (TaKaRa Tag™ Version 2.0 plus dye) . IE/X 95 °C 5 min, 38 MEFRO5 C 30 s, 58 C
M5 945 1 uL, cDNA BT 2 pL . ddH,0 #MFTELARELA 50 uL 30s, 72°C 45s), 72°C 5 min, 4 CHRAF
igfbp-2a 25 ul Premix Tag™, IESL M 514145 1 uL, cDNAFEM 2 uL, 95 °C 5 min, 38 &IOS C 30 s, 56 C
ddH,0 #hFELARF Ny 50 pL 30s, 72°C 1min), 72 °C 5 min, 4 CIRAE,
igfbp-2b 0.5 uL Q5 High-Fidelity DNA Polymerase (New England 98 °C 305,50 MEF (98 C 105,57 °C 30s,

BioLabs) ., 1IEJZ [0 5144% 2.5 uL . 10 uL 5xQ5 reaction buffer. 1 pL

72°C 90s), 72°C 10 min, 4 CI#FF,

10 mmol/L dNTP .cDNA 4% 3 pL,ddH,0 b Fe ZAKFH 50 ul

Phage Resistant [&2 2541 ifd(TransGene Biotech, ' [%)
AT A . Z JEPRUAPE ks, k2R TAEY T
PR (o) e A BR 2 Wl o

1.3 R34

FIHI BLAST 27 L X 5 cDNA K HZ BT
5115 FFH DNAMAN #4722 )7 91 e X K il 4 1 43+
= 45 HL 5 Al SignalP 5.0 Server (https://services.
healthtech.dtu.dk/service.php?SignalP-5.0) 7E £& 4% 1} 7l
W2 H {5 5 ks AT NetPhos 3.1 Server
(https://services.healthtech.dtu.dk/service.php?NetPhos
3 TR AL AL A5 s A NCBI 4l 4 (https://
www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) 7 H7 it

5 R385 A1 FH SWISS-MODEL #/f:(https://swissmodel.

expasy.org/interactive) Tl 25 [ 3D 54y, #Hi /AR

FIFH MEGA 7 8 #4 : R G LB
14 ERRIEESESH

Kl 7 igfbp-1. igfbp-2a F1 igfbp-2b FE K ) 2H 21
FRFME, DT AN [F] 57 56 %5 BT S50 o ik b
igfbp-1. igfbp-2a, igfbp-2b. igf-1 A1 igf-2 3£ A mRNA
IAIX Kb, BIMTFIIILER 1,

FERE AT SYBR Premix Ex Tag™(TaKaRa)
WF &, B PCRIAZE N 10 uL: cDNA fikz 1 L, TB
Green Premix Ex Taq'™ Il (TaKaRa) 5 uL, F Rii#F5[4)
£ 0.4 L, KKK 3.2uL, iz LightCycler480 %)
FE 5 PCR U (EE) ST qRT-PCR, RPN,
PCR #"38 5514: 95 CHiAEM: 305,95 C 55,60 °C 205,
Hh 40 AMER, FAFEEE 3 ANEE, [ 2T
I A F ik i, AT arp SERIVE NS (R 1),
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15 FitaH

B 2 B A bR TR (MeantSE), il SPSS
26.0 BAF X 5 DR FEAS [l 0] . A ) 4 331 T g 6 3k 7K
25 AT B R 5 2290 M (one-way ANOVA), iz ]
Duncan £ & WA T i AL 59 o R H Pearson 75
A7 3 R 2 3k d 5 AN () R 0 28 1 AR K AR DG 4 T o
Ph P<0.05 1F 0 22 55 0 bRt

2 #R

2.1 HEEHfigfop-1 0 igfbp-2 A E FE 4 HI4F1E

450 igfop-1 25X ORF K& Jy 741 bp, Lg%
246 MEIERR , H IS 8 (A W 4> F 54 26.558 kDa,
GHLS R 6.55; TGS I 23 AR, A%
EFFE S 18 Rk E sk, RELE N KMl C
A 1),

igfbp-2a JE X ORF {274 882 bp, 4ifith 293 14
Hefg, WIES KR 33 AR, H4ghS & [
M 4yFHM 32.850 kDa, S5 K 7.42, MEAE ATE
HN KMl C KA 18 2R e ik R (F 2).

igfbp-2b JL A ORF £ 4 810 bp, Zwtt 269 T~
TR, TGS 23 MR, HAgmBRE A
M orF1 R 29.774 kDa, %ML N 7.19, WEAGE HTE
HON R C K& 18 ARk (A 3).

3RS Y 1 3D 2SS TN 4 s
IGFBP 75 [A] 254 N A i ¥ A AE 5 Z AR K 145
HEAREYABYRFE ML, C Kimdy&a FRIE
BREM [ B EE (Ty-DIRTifE, H¥EAEAM
filg A I C % 2 1A i Tl R 200 ) 00 28 A0 0 2 1 T S
WEFR L7 5 o IGFBP-1 [ N 55 /38  F 32~109, C
U ZS AL T 165~240, ZIMEA 3 A ik, 5
fiiF 165~195. 206~217. 219~240; HA DNA K
PEZR (I W W R A7 5 o088 [ 26.83%, TE{HEE 5
7.72%. IGFBP-2A [ N S50 T 37~114, C %
GERIAL T 197~276, %3, 3 A ZEREE BT
197~231. 242~253 ., 255~276, BFFAE—A> N-HiFLAL
LS F 275, DA P38 KA . DNA Ktk
FIUR . 22 SR - 00 2 TR A VA 40 L 58 ) 4 33
Wit 2. B G BERRIL A7 A o-12E Y 29.69%, E
%% 5 6.83%,IGFBP-2B (1) N i 45 ¥4 38 7 T 26~102,
C ImeE RN T 173~252, %, 3 A w5
T 173~207. 218~229., 231~252, WIETEREIF G AR
Mg P -3 WRIRALA AT o-BRBE N 25.65%, FEfHE 5
9.67%.

1 ATGCOTGGATTATATGAGAAGACATTTGTGGCAGGAGTGGCTCTGGCTGTCTTAGTCATG
1 MPGLYEKTFUVAGVALAVLVM
signal peptide
61 GTGAGATCCTCCCCAGTGGTGGGACCGGAGCCAATCCGCTGTGCCCCCTGCACGCAGGAG
20 VRS SPVVGPEPIRGCAPCTA QE
IB domain
121 AAACAGAACAACTGTCCTGCCATCCCGGCAGAGTGCAAGCAGGTGCTGAGGGAGCCTGGC
41 K Q NNCPAIPAECK QVLRETPGEG
181 TGCGGCTGCTGCATGGCCTGCGCTCTGGACAAAGGTGCATCCTGTGGAGTTCACACAGCC
61 C G CCMACALTDTEKGASCGVHTA
241 CACTGTGGTGAGGGTCTCCGCTGCACTGCCAGGCCGGGTGAGGCCAGACCTCTCCATGCT
8 HCGEGLRGCTARPGEARTPLHA
301 CTGACCAGGGGGCAAGGGGTCTGCACTGAAGACTTGGGCCAAGAGGAAACTGAAGGACTC
101 L TR G6QGVCTEDLGR QETETESGTL
361 CCTGACCACGGCTCCCTGCACTACCTGTTGGGCCTCAACCTTCCCTTTGACCACCATGAC
121 P D H G SLHYLLGLNTLPFDHIHD
421 ACTGCTGAGGGCCAAGAGAGCATCAAGGCCAAGGTCAACGCTATCCGCAACAAACTGGAA
141 T A E G QE ST KAKVNATIRNEKTLE
481 CAACAGGGACCCTGTCACATTGAACTGCACAACGCACTGGACATGATAGCCAGCTCTCAG
161 Q Q 6 P C HI ELHNALTDMTIASSZQ
Thyroglobulin_1 domain
541 CAGAAACTAGGAGAGAAGTTCACAACTTTCTACCTCCCCAACTGTGACAAGTACGGCTTC
181 Q K L 6 EKFTTFYLPNGCDEKTYGTF
601 TACAAGCCCAAGCAGTGTGAGTCCTCTCTGGTTGGGCCGCCCGCTCGCTGCTGGTGTGTG
2001 Yy X P K QCESSLVGPPARCUWC CV
661 TCTCCCTGGAATGGGAAGAAGATCCCAGGATCGAGCGACCTGCTGGGTGATTCAGAGTGT
221 s P W NGEKEKIPGSSDLLGDSTESC
721 CATCAAGAAGTCACACACTGA
241 H Q E VT H *

B 1 #4WFigfop-1 3£ K ORF J3 41 Atk 5 ) 2 SR ¥ 41
Fig.1 ORF sequence and the deduced amino acid sequence
of igfbp-1 gene from Seriola aureovittata

ORF X KRG FRERR . BIRE T IHE . {55 Bom 4]
2T RIL AL ZHE R e 91 7 PR 51 S5 F Sk (1B 2544 1)
Ty 1 S5880) . KBRS LD Rk ;
FRARLAEW T T
The ORF domain is indicated by capital letters. The start
codon is boxed. The signal peptide is underlined. The
underlined and bold amino acid sequence represent the
conserved domains (IB domain and Ty 1 domain). The gray
shadow shows cysteine residues. The stop codon is indicated
by an asterisk. The same as below.

22 SEBFIIEEESREHLSHT

() IS PE 5> BT R W, #4500 IGFBP-1 23R )7 51 5
T4k Wifi(Seriola quinqueradiata) . &} 47 BE A, B4
(Perca flavescens) () IGFBP-1 [w] 144351 4 98.37% .
84.08%. 83.20%, SHWMiFLzh¥HY IGFBP-1 [F]E1EA
41%~46% (& 5), IGFBP-2A 5 & {A#ii(Seriola
dumerili). i #fi(Perca fluviatilis). #Hr f1 5
(Epinephelus lanceolatus). kZZff(Scophthalmus
maximus) i [f] PP 2058 100% . 95.90% . 96.59% .
93.01%, S HHENYRIFEEE R 50%~51%.
igfbop-2b Z FE /R ¥ 51 5 i (Paralichthys olivaceus) , B
o grfi§(Oncorhynchus mykiss) ) [&) 5 M 43 51 Sk



88 ook B

5 44 4

1 ATGATAATGACCAAAAACCTCATGCCTATAACGATGCTGTCGTACGTGGGCTGCAGCTTG
1 M I M T KNILMPTITMLSYUVGCS L
signal peptide
61 CTGATCCTCTCCGCGTCTTTCGCCGGCGCCTCCCTGGCCGAGATGGTGTTCCGCTGCCCG
20 L I L S ASFAGASLAEMMVTFRTECTEP
IB domain
121 GGCTGCACCGCGGAGCGCCAGGCGCTGTGCCCAAAGCTCACCGAGACTTGCGCGGAGATA
4 G C T A ERQALCPZEKTLTETT CAETI
181 GTGCGCGAACCGGGCTGCGGGTGCTGCCCCGTGTGCGCCCGGCAAGAGGGCGAGATGTGC
61 VR EPGCGCCPVCARA QETGEMRC
241 GGCGTGTACACCCCGAGGTGTTCCACCGGTCTCCGATGCTACCCCACGCCCGATTCGGAG
81 G VY TPRCSTGLURTG CYZPTZPDSE
301 CTTCCCCTGGAGCAACTGGTGCAGGGCCAGGGGCAGTGCCGGCGCAAAGTGGACACCGAG
101 L P L E Q L V. Q G Q G Q CRURIKVDTE
361 ACGACCACTTTCAGCCAGGAGCACCGGGAGCAAACCAGCGGTGAGGCCGTGGAGCCGCTG
121 T T T F S Q EHREAQTSGEAVETPTL
421 CCTGAGCAGGGCGTGAGTGAGATCCCGGCCGTCCGGAAGCCCAGTAAAGAGACCCCCTGG
141 P E Q GV S ETIPAVREKTPSTZKTETTPUW
481 CTGGGACCCAAAGAGAGCGCAGTGCGCCAGCATAGACAGGAGATGAAGACCAAGATGAAG
161 L G P K ES AV R QHRG QEMEKTZEKMEK
541 ACCAACAAGGTGGAAGAGGTCAAACCTACTCGGCCCAAGCAGACTCAGTGTCAGCAGGAG
181 T N K VE E V K P T RPKOQTQC Q QE
601 CTTGACCAGGTCCTGGAGCGGATATCCAAGATGCCCTTCAGAGATAACCGAGGTCCCCTG
200 L D Q VL ERTISEKMPTFRIDNTR RGEPTL
Thyroglobulin_1 domain
661 GAAGACCTGTATGCCCTGCACATCCCCAACTGTGACAAGAGGGGGCAGTATAACCTCAAA
221 E DL YA LHTIZPNGCDTE KT RGA QYNTLK
721 CAGTGCAAGATGTCTCTCCACGGCCAGAGGGGCGAGTGCTGGTGCGTCAACCCTCACACC
241 Q C X M S L H G Q R GECWCVNZPHT
781 GGCCGACCTATCCCATCAGCCCCCACCGTGAGGGGCGACCCCAACTGCAGCCAGTACCTC
2601 6 R P I PSAPTVRGDZPNTC CSA QYL
841 AGAGAGCTGGAGCTGGAGCTCCCTGACATGGCCCAGATATAG
281 R E L ELELPDMAG QT *

2 ¥ %8 igfbp-2a 3 K] ORF 741 Fidfe T 19 s 5L 12 )7 51
Fig.2 ORF sequence and the deduced amino acid sequence
of igfbp-2a gene from Seriola aureovittata

1 [ATGGTCATACATTTTACATACGGATGGCTGTTTGCATACATTGCTTTGCCTGGAATCTTA
1 MV I HFTYGWILFAYTALPGTITL
signal peptide
61 CTCGGGGATTTAGCTTTCCGATGCCCAAGTTGCACCGCGGCGCGTTTAGCTGCGTGCCCC
21 L. GDLAFRG CPSGCTAARTLAATCETE
IB domain
121  AAAGTCACCACAGTATGTGCAGAGATCGTGAGAGAGCCAGGCTGTGGTTGCTGTCCAATG
41 X VT TVCAETIVREPGCECGGCCEPM
181 TGTGCCAGGCTGGAGGGGGAGCTTTGCGGGGTCTACACGCCGAGGTGCTCCACTGGCCTG
61 ¢ ARLEGETLTCGVYVYTPRGCSTGTL
241 AGATGCTACCCGAGCGCAGAGGCTGAGTTACCTTTGCAACAGCTCATCCAGGGTTTAGGT
8 R CYPSAEAELTPLUQQLTIQQGLG
301 CGATGTGGGCAAAAAGTGGAAATAGATTCGACAAGTTTGGACCACCAGGCAACAAATGAG
101 R ¢ 6 @ KV EIDSTSLDIH® QATNE
361 GTGCATGGGACTGAGAATCCACTCACCAAGAGACCAGCCATAGATGCTGCGTTATGGCAG
121 v H 6 TE NP L T KURPATIDAATLVWQ
421 GAGTCGGCCAGGCAGCAGTACTTGAACGAGCGCAAAACCAAGATGAAGACAAATCAACTG
141 E S ARQQYLNETRTEKTTEKMEKTNRQ QL
481 GAGGACCCCCGAACCCCGAAAGCTCCTCAGAGTGCCTGTCAGACGGAGTTGGACAAGGTC
161 E D P RTPIKAPIQSACQTETLTDZKV
Thyroglobulin 1 domain
541 TTAGAGGAGATCTCCAAAATGACCTCTGAGGATAACAGAGGCCCGCTGGAGAACCTGTAT
181 L E E I S K M TS EDNTRGPTLENTLY
601 GGGCTCAAATTTCCAAACTGTGACAGACATGGATTGTACAACCTCAAACAGTGCAACATG
200 ¢ L X FPNCDRHGLYDNTLTEKG QCNM
661 TCCACCCACGGCCAGAGGGGCGAGTGCTGGTGCGTTAACCCCTTAACTGGGATCCAGATA
221 S T H 6 Q RGECWOCVNPLTGTIG QTI
721 CCGGCGACACCTAAAGTCAGAGGGGATCCCAACTGTAACCAGTTTCAAGAGGAGCTCAGG
241 P A TP KVRGDPNCNG QTFQ QETETLTR
781 GCAATGCCCACTGCATCAACGTCCCGCTGA
261 A M P T ASTS R *

B3 #HA&Miigfbp-2b LK ORF /74 I 19 & 3L R )7 5
Fig.3 ORF sequence and the deduced amino acid sequence
of igfbp-2b gene from Seriola aureovittata

IGFBP-2B

IGFBP-2A

Kl 4 #5405 IGFBP-1, IGFBP-2A . IGFBP-2B 4 4514
Fig.4 3D structure of Seriola aureovittata IGFBP-1,
IGFBP-2A, and IGFBP-2B

84.39% . 60.08% . 56.93%, 5% HESh Y R IR
PEH 45%~47% ., 1 5585 IGFBP-2A 1 IGFBP-2B HJ 44
FeMg Fr 5 RPN 55.22% (& 6).

RGN R, B AWTIGFBP-1 5 H 400
IGFBP-1 N — /533, 5 8 4 6 I RHE £ 5
I HMERA DR GL, WAL
IGFBP-1 5l —/43 3 . IGFBP-2A 5 &5 {4 IGFBP-2
R —A/IN G 3, 5T R T A B0 S R B G
2% IGFBP-2A N—3%, N 5KZEHE IGFBP-2A. F
i IGFBP-2A I H 1 285y K — 3 . Ifi IGFBP-2B
5 6% IGFBP-2B S50 E H KR —/N L, R 5
BEhf IGFBP-2B #JF H KRN —3, WIlshyy
IGFBP-2 & h—3%, FWI 44 IGFBP-2B 7 R 4t i
b b B PRSP RAR (B 7))

23 HAHT

W 448 igfbp-1. igfbp-2a. igfbp-2b K&K 78 BT s
ML 545 5 A5 (B 8). igfbp-1 7 gk £ I A H 34
TR (P<0.05), fEVERRP A mRs, HifEfm
Fik i T MEML(P<0.05), At 2H 21 a] (Y R 35 S AR A
HICW 25 igfbp-2a 78 B i 7E Tk 35 2 ik i
R (P<0.05), HUOATERR(P<0.05), 7EH A2
FEIR AR AR, W £0 T IE v B 280k i v TR R P R
K (P<0.05), igfbp-2b 7 Ml fh I Hh 2426 38 o d
1 (P<0.05), 7EH A2 41 F ik B AR H G 3 P 2=
S, AR b e 3k i v T E 4R (P<0.05)

2.4 PBFRE igfbp M AR FRET E TEKHREFE

ARSI E AT R, 7ER R T b IRE %
FESAETT, o AW AR PR AR B 25 5. (R
St AR TR AR B E S T RS
(P<0.05), HERMFFEERFERER TP, A%
4 (P<0.05), MMith . mEEHLBALERKEF AN EE
(FEMESE, 2022),
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BE D48 Danio rerio IGFBP-1 .. MNRLLLNFF WVAAF S AL AAP GLRAS PVVGQEP RSP
#844 Cyprinus carpio IGFBP-1 .. MNRLLLNFF WVAAF S AL S AP GLRAS P VVGQER[ RSP '®S P BRI AE ®3AVHAGE E VL
BB Perca flavescens IGFBP. - MPGLYEELTS VAAV. ABAVE AVVRS SPYVGP EP I RIGTRTQRKE NNGHAT PADRR OV

S . .. 1. . AINCINOE!
gﬁﬁmﬁ%ﬁ’?jzﬁﬁﬁa‘g’I"é’fﬁ;;_GlFBP 1 MpGLyEK. TEVAGY. AAVLVMVRs SPYVGPERT RISNET Ok ONN AT P AR K QVL
T 87 Seriola qui Giar IGFRP.1 - MPGLYEK. TEVAGV. AMAVLVMVRS SPVVGPEPT RISNP ST QEKQNNSHAI P ADSKQVL
W Seriola quinqueradiata -1 MNCMRTLLSRCWLPPL. L{PALLGPLLVAAASLQPLHG®MP ®TQIBKLAL®JP VEPGEPETA

&S P|IJRL AE @JAVDAG®EE VL

V53 Gallus gallus IGFBP-1 .. MSEVPVARVWLVLL. LTVQVG. . . VTAGAP. . WQI/AP'8S AISKL AL [®l4P VS AS S EV T
N Homo sapiens IGFBP-1 .. MPEVLAVRAWPLLL. SIAVQLG. . . ATVGAP QEWR®NP @S AISRMAL @4P VP AS @PELT
4 Bos taurus IGFBP-1 mp | wva alavl g r spvvgpepircapctqekla cpavpa ¢ evl
BEIL 44 Danio rerio IGFBP-1 RI33GCGCCINCALISIGNIC GIRY AV@TE. . SPEP
#8481 Cyprinus carpio IGFBP-1 J33GCGCCNCALIRIGINICGIRY AVTE. . TPEP
RED[olceeMA SINIE K € s v GV[STE. . DLG.
#4485 Perca flavescens IGFBP-1
: ; 2 REP[Colc/oMA SINIE R €4S We1 1 GV[STE. . DVG.
AP FI DR Epinephelus coioides IGFBP-1pp o bty Ry B o pot. .. GVRTE  DLG
H L&MW Seriola aureovittata IGFBP-1 REP ATk oA s eV H GVATE. . DLG.
TL4EH Seriola quinqueradiata IGFBP-1  Rop ReeesQT $INIGP 0P MEvY GK®LPASEAGG
JRXY Gallus gallus IGFBP-1 RS Alelolclo®r MNP L €A A ®EV A GA®VQESDAS A
AldevA GAMTSP CDEA

N Homo sapiens IGFBP-1 RS Alclelclo/or Me/NIP L

4 Bos taurus IGFBP-1 rep gascgv ta cg glre pgearplhaltrgqgvete d g

P88 Danio rerio IGEBP-1 D, QNQS DNTDH> £ § HNGD T AVNEGS S AVEVTGHGKBF TAK S VKN
21 Cyprinus carpio IGFBP-1 ... . QDGAGGV{JDHGSLH............. YLUGLNLPL{BHQDSA. . . EGQETI K. . VN
# 44 Perca flavescens IGFBP-1 calbHs § L D Golls ) K
B 7 BEf Bpinephelus coioides IGFBP-1° -~ QEETDGARDHSSLE ... YLLDLNLPLBHQDT. . . . EGQESI KAKVN
SRS Soriol, e GFSP] ....QEETEGLDHGSLH. ............ YLLGLNLPFBHHDTA. . . EGQESI KAKVN
YN Seriola aureovitiata - ....QEETEGL|YDHGSLH. .. .......... YLLGLNLPFSHHDTA. . . EGQEST KAKVN
TigkWi Seriola quinqueradiata IGFBP-1 TR AEP AESTE[JEDLPLESSEI TQDQMLN. . YQLMF P S QIKSI PWNFETVYENMKAKRI
JF3 Gallus gallus IGFBP-1 P... HAAEAGSIE. . SPESTEI TEEELLDN. FHLMAPSEE[RHSI P WDAI S TYDGS KALHV
N Homo sapiens IGFBP-1 T...DTKDTTSHENVSPESSEI TQEQLLDN. FHLMAES SESLPI LWNAI SNYESLRALEI
2k Bos taurus IGFBP-1 q g pdh slh y lg p dh es kakvn
I I . Al RKKL VEQG@HI B@QT ALDKI TKS QOKLEDKL TR AROIEN[EDKH 1 KeEs §p
gg%yﬁfiﬁﬁfﬁziﬁg%é_l Al RKKL VEQGIg'®HI [§QT ALDKI TKS QQRLEDKMNR KMIINEDKH % 4QCEYSI)
H 4  Porcaflavescons IGFBP-1 VI RNNLGQE Glg'®HI [B¥HAAMDMI S S SRQTLEEKF TTHMIINODRH I34QCEY I
- ! B! AT NNKMGE QGIg'®HI [S§HAALDMI S DAQQKQEEKF TTRMIINODKH INGQCEY SN
#Hii £ BLAE Epinephelus coioides IGFBP-1 1 RNKL EQQGIZ8HI [BIHNAL DM AS § QQKLIEE KF TT JNeNgNeDK Y €F PP KI8eI8S L V
B2k Wi Seriola aureovittata IGFBP-1 Al RNKLE QQGIJ®HI BUHNALDMI ANS QQKL €EKF T T [3N0INODK Y AKOES S LV
FL2kHi Seriola quinqueradiata IGFBP-1  § E HKKWKE QGI38QKEWYRAL YKL AKAQQRS €GDI YKIINUINENKN SKO®BTNLD
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 Bos taurus IGFBP-1 pa cwevspwngkkipgssdl| gdsec qe h

E@HQEVTH.
B@HQEATH.
E@HQEVTH.
E@HQEVTH.
D®QQYLRSE

K5 B8 IGFBP-1 5 H AWy Fh & 502 7 41 Xt
Fig.5 Amino acid sequence alignment of Seriola aureovittata IGFBP-1 with other species

LLEHERIR (GCGCCXXO) A, ARER/R(CWCV)EEH, SREHERR RGD 4514 . NI,
The red box represents the (GCGCCXXC) structure, the blue box the (CWCV) structure,
and the green box the RGD structure. The same as below.
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JEX Gallus gallus IGFBP-2 AENHVDSTGGMLSG. . ASSRKPLKTGMKEMAVMRIFKVNEQQRQMGKVGKAHHNHEDs kks 210

ve d g e p rkp k wlgpkesavrghrqe ktkmk nkveepk 203



90

woor B o

o 44

8 Paralichthys olivaceus IGFBP-2B

24 Seriola aureovittata IGFBP-2B B il N

L4f1 Danio rerio IGFBP-2B ::i' S A il f:
BET 8 Dario rerio IGFBP-2A A N
45 Cyprinus carpio IGFBP-2A . ' N
W84 Oncorhynchus mykiss IGFBP-2 8N . o
KPurEtE: Salmo salar IGFBP-2 B.H o
2e¥8 5 Cynoglossus semilaevis IGFBP-2 Bl i 18
246} Paralichthys olivaceus IGFBP-2A | i Y
KZZF Scophthalmus maximus IGFBP-2A [ i %
B Seriola dumerili IGFBP-2 RER. =
WOk Seriola aureovittata IGFBP-2A RPK. . %
{055 Perca fluviatilis IGFBP-2A RPK. . ) 3
BEA A1 P4 Epinephelus lanceolatus IGFBP-2A rpk. . ; & [:8
N Homo sapiens IGFBP-2 RPPPARTP R
7INE Mus musculus IGFBP-2 RPPPARTP 8 E 8
4= Bos taurus IGFBP-2 RPPPARTP R

EX% Gallus gallus IGFBP-2 RMPTGRTP E |3

er

8 Paralichthys olivaceus IGFBP-2B
%4l Seriola aureovittata IGFBP-2B

BE L4 Danio rerio IGFBP-2B

PEI, 4 Dario rerio IGFBP-2A

##i4ts Cyprinus carpio IGFBP-2A BIE BT S
WT#% Oncorhynchus mykiss IGFBP-2 PIpsA
KVGHEE Salmo salar IGFBP-2 PURs A
B85 Cynoglossus semilaevis IGFBP-2 R JS A
ZF8E Paralichthys olivaceus IGFBP-2A =l H
KEZE Scophthalmus maximus IGFBP-2A AR
L Seriola dumerili IGFBP-2 Y EE
#2&Wili Seriola aureovittata IGFBP-2A AN
{5 Perca fluviatilis IGFBP-2A AN Bl
B A BLEA Epinephelus lanceolatus IGFBP-2A i : u Z:
N\ Homo sapiens IGFBP-2 3 N
/N, Mus musculus IGFBP-2 o g LA
4 Bos taurus IGFBP-2 1 oBa
JE3 Gallus gallus IGFBP-2 pipsa
8 Paralichthys olivaceus IGFBP-2B . ... ......... ... ...
LW Seriola aureovittata IGFBP-2B. ... ... ...
LA Danio rerio IGFBP-2B. ...
BEDf Dario rerio IGFBP-2A oo
fEfH Cyprinus carpio IGFBP-2A. ..
WTE% Oncorhynchus mykiss IGFBP-2 -« -

................. MI

KVYFEEE Salmo salar IGFBP-2
W55 Cynoglossus semilaevis IGFBP-2
ZF8F Paralichthys olivaceus igfbp-2a
1 Scophthalmus maximus IGFBP-2A

EiR Wi Seriola dumerili IGFBP-2
2%l Seriola aureovittata IGFBP-2A
Wi Perca fluviatilis IGFBP-2A

WAL Epinephelus lanceolatus IGFBP-2A ~*~ - :t
'K Homo sapiens IGFBP-2 0 y
/N Mus musculus IGFBP-2 A S
% Bos taurus IGFBP-2 oo
JERY Gallus gallus IGFBP-2

ZFF. Paralichthys olivaceus IGFBP-2B
#2510 Seriola aureovittata IGFBP-2B

Bt L4t Danio rerio IGFBP-2B

BE 41 Dario rerio IGFBP-2A

#8455 Cyprinus carpio IGFBP-2A

W84 Oncorhynchus mykiss IGFBP-2
Kt Salmo salar IGFBP-2

E3is Cynoglossus semilaevis IGFBP-2
ig Paralichthys olivaceus IGFBP-2A
(=13

MHI SFPFFHLELPSI AP MI

#F Scophthalmus maximus IGFBP-2A
Seriola dumerili IGFBP-2
2%l Seriola aureovittata IGFBP-2A
i Perca fluviatilis IGFBP-2A
WA BLL Epinephelus lanceolatus IGFBP-2A
N\ Homo sapiens IGFBP-2
7N Mus musculus IGFBP-2
4 Bos taurus IGFBP-2
JERY Gallus gallus IGFBP-2

ZFF Paralichthys olivaceus IGFBP-2B

I
i
S LHI )3
E S LHI 3
iskmpfrdnrgpledlyalhipncdkrgqynlkqeckmslhg

PKVE LEQEEI REMPTAATSH. .

PKVE QFQEELRAMPTASTSR. .

DKV SQYYGGPELEPPTAQQRK. .

PLL QYLDGQEMDPSVDPPN. .

P MI | SQYLED. . MDPS VDP QN. .

PTV SQYLRGPEMDTLASAQK. .

P T VL SQYLRGPEMDTLASAQK. .

PTV EININSS QYLTELDLEI PDLS QI . .

P T VR SQYLRELELELPDTVQI . .

PTV) SQYLRELELELPDMAQI . .

PTV) SQYLRELELELPDMAQI . .

PTVL SQYLRELELELPDMAQI . .

PTV SQYLTELELELPDMAQI . .

PTVE SQYLRELELELPDMAQI . .

PTI LEYNEQ. QEARGVDTQRM

PTIR LFYNEQ. QETGGAHAQSYV

PTI LEYNEQ. QGARGVHTQRM

PTI ) LEYTAHEQEDRGAHALRS
ptvrgdpnecsqyl e e e q

......... MVI YF T .YGL#FTYL...ALPGILLGDLA
......... MVI HF T . YGWHF AYI. .. ALPGILLGDLA
............. Ms .LALMCSLL...LVHGS. LGEI V
......... MLSYVS .CGLMLALV. .. TFHGTARSEMV
......... MLF YGS .CSLMLALV. .. TFPGAARTEMV
......... MI S YSG .CSLMLLS VRLEAF VGAS FAEMV
,,,,,,,,, MISYSG....CSL#LLSV... AFVGASFAEMV
KSSSSIATTMLSYVG. ... CSLMAVLSA. .. SLAGASLAEVV

MSTSLQPAAMPSSVR. ... CSLBILCA...SLAGASLAEI V

..... MPTTMLSYVL. ... CSLBILSA. .. TLAGASLAEI V
MTKNLMPI TMLSYVG. .. . CSLBMILSA...SFAGASLAEMV
MTKNLMPI TMLSYVG. .. . CSLBILSA. .. SFAGASLAEMV
MTKNLMPLTMLS YAG. .. . CSLMILGA. .. SLAGASLAEMV

MTQNLMPLTMLSYAG. .. . CSLBILSA. .. SLAGASLAEMV
PRVG. CPALPLPPPPLLPLLPLMLLLLGASGGGGGARAEVL
PRLG. GPALPLLLPS LLLLGAGGCGPGVRAEVL
PRLG. GPALLLLPP. .. ... LLLLGAGGGDCGARAEVL
GGVGRGGAARAAWPR AALAAALALAGPALPEVL
P

ml sy

[EQKVE. . . . . LDVTTS. LDNQAATN. .

2%Wii Seriola aureovittata IGFBP-2B RS TRERS - R OAT N -
$&1L 4 Danio rerio IGFBP-2B ENKVD. . ... LEPTMTNQESAAHSG. . .
ﬁgﬁDariorerio[GFBP-ZA lGRKVD. . . .. TEPTG. SAEPRE. VSGEV 123
W88 Cpris cario GIBP 20 o EE IR =
M%ﬂgﬁéogg{mnz};flz‘y[kéﬁégng-z GHRVV. . . .. TEPTG. SQEHREQFSGEV 24
6588 sl semlas 1GFBP-2 i BEHE 8 W
8] Paralichthys olivaceus IGFBP-2A Ml Nt winpdel =~ wdg o W H'H 134
] N RRKVD. . ... TETSAYSQEQREPASGEA |)g
gﬁi%gﬁ;’g)’;;hgg:‘nglfg‘}g?g‘;lgFBP‘ZA RRKVD. . . . . TETITFSQEHREQTSGEA [3¢
f=A/N .
%ﬁﬁﬁ Seriola aureovittata IGFBP-2A Rl [N :{Z gz W g: : 22: }gg
A Pe(caﬂuviaﬁlisIGFBP-ZA [RRKVD. TETTTYSQEHREQTSGEA
@%E%ﬁﬁ‘]’iﬂephem‘?mnceolﬂmIGFBP‘zA [EKRRD. AEYGASPEQVADNGDDHSEGGL 153
AHOMOSGPIQMIGFBP'Z EKRR. ... VGTTPQQVADSDDDHS EGGL 161
JNE. Mus musculus IGFBP-2 [EKHGD. AEYSASPEQVADNGEEHSEGGL 139
i‘FBostaurusIGFBP-2 RRRDTAEYGASAERPADNGDDRSESIL 150
E‘:X%GalluSgallusIGFBP-Z rcyp pdselpleqlvgg g ¢ rkvd te t sqe re sge 145

K6 BARHT IGFBP-2 5 HAWY) R & 512 )7 51 LL XF
Fig.6 Amino acid sequence alignment of Seriola aureovittata IGFBP-2 with other species
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Fig.7 Phylogenetic tree of Seriola aureovittata IGFBP-1 and IGFBP-2 amino acid sequences
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HFRXEALH T W E 2R iof-1 Fligf-2 L T
R A SRR A e 1Y IR R (P<0.05) (B 9). AR
PEOAT R, 25 FE R 321k /K734 S5 IR B 4 5L 5 fa A
KL 3 IE A 56 (igfbp-1 r=0.836, P<0.05; igfbp-2a
r=0.443, P<0.05; igfbp-2b r=0.549, P<0.05; igf-1
r=0.500, P<0.05; igf-2 r=0.925, P<0.05;), {H5 . &
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HAEHEAL F& RS (Hwa et al, 1999; Zhou et al,
2008), AWK, FHRAMRZIES S T HMA
(Ctenopharyngodon idellus) igfbp-2 25 [a] 45+ i i
(Yang et al, 2020), JF5 EXTE5 R B, 16 N K i
Fdrh, #4505 3 4 igfbp 2 Al AR 7E — L [m] f f
SERYFEE(GCGCCXXC), T &b o 77 78 25 1%
(Pedroso et al, 2009), I FAES igf WA EAE I H &
% T B AF ] (Kamangar et al, 2006). A [F4Fh igfbp
B N R Fl C AR B A = B BRI, ) nl A8 2
PRSP RAR, BHRRJE B, QBB LAk 7 o5 A
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Fig.8 Relative expression levels of igfbp-1, igfbp-2a, and igfbp-2b in different tissues of Seriola aureovittata
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Different capital letters indicate significant differences between different tissues of female (P<0.05), and different small letters
indicate significant differences between different tissues of male (P<0.05). * indicates significant difference within the same

tissue between female and male fish (P<0.05), and ** indicates highly significant difference within the same tissue between
female and male fish (P<0.01).
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Fig.9 Expression characteristics of liver igfbp-1, igfbp-2a, igfbp-2b, igf-1, and igf-2
of Seriola aureovittata under different stocking densities

A, B, COPRIMURIL. . =g,

A, B, and C stand for low, medium, and high density culture group, respectively.

ABA 5, EH 7E X E] X 38 & B (Zhou et al, 2008).
B2 igfbp-1 A1 igfbp-2 AY C 2 Jiig 25 44 3uk 35 BE AR
Hor g & — MESEIY CWCV 454, 45w 1Y
ARIRERE B T 805 A2 S5 M (BRI 25, 2014), WTRETE
igfbp 1 igf 5 4H i &0 3 5 1) 285 45 Hh e B 224 I (Bach,
2018) . SEHi 5L R W, BT A i $L. 3014 iofbp-1 Fil igfbp-2
1) C Kim#lh & A RGD 454 (Rodgers et al, 2008), A
2% igfbp-1 A L3 iF RGD 4505 aSpl A REE A
38 40 MO T #% (Feng et al, 2015) , {5 75 5% 458 5 H At fif
B igfbp-1 H, H C R Xk RGD 4544, B
M Z 549 LGD, B ffi(Maures et al, 2002)
16 (Lateolabrax japonicus)(Zk M %5, 2014), KZE6F
(%5, 2012) igfbp-1 Fn ¥k & B RGD 4544, i
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AHIF 58 M B SR WAT IR b s B s 2 AP
igtbp-2, 434N igfbp-2a. igfbp-2b. # 45Hifi igfbp-2a
il igfbp-2b JE I T AR 7332 . igfbp-2a 5 & (AR
ZEin, MBS fn igfbp-2a B h—%; 1 igfbp-2b 5
FE R i, MR igfbp-2b B h— %, RGiH
Ak 23 B4 S 5% I #5450 i gfbp-2a il igfbp-2b HE P I
Tl —MHEFHN, 20 T aRFEHRANEH, BAE
S HABFLEh Y igfbp-2 A RIVEIER . A i A Py

KT 2 FpEIE N igfbp-2 (BME4, 2014), Hirh—Fif
IHIRAN 44 A igfop-3 (Maures et al, 2002), JiiH & H:
Sk 5 H A Y igfbp S5 A8 AL EEARAR . AABFSE & 3,
AT igfop-2b FELE A L ARSF IR, RGBT
% W H 5 @ £ H (Pleuronectiformes) . ## £ H
(Cypriniformes) RN —37, FIHHAE R G AL LR
PEAN T o TEBE L S HoAh i rp i & B, igfbp-2 A7 7E2E
RUFEIE M B EA AR RE, 7T HE A2 2 P 20 42 il 5 |k
IREE AL R R AR T AE BRI RE I U (Allard. et al,
2018), AHF5R AN HI e AT 05, (B & B
S KR b Y igfbp-2a Fik g —E, KIHR LM
ARSF, (HIJRE R

32 HASTEFFE
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P37 Hi (Pedroso et al, 2009), AHF5T7E 85 <8l A6
3 igfbop-1 mRNA TE TR Rk i fe i, 7R AIPE R
A R, (A2 igfbp-1 mRNA ik
AR L2V A R E S 1 25 Wif(Pedroso et al, 2009) .
FEEFRITES, 2012)20 . (HW AR, M
ZQOINFEF M. AL, MR 8. JBEAE. M.
i AP iR R 2 ARG T 3] igfbp-1 mRNA ik, Lk
LR, RIF igfbp-1 mRNA 3B 7E Tk 3%
ik, TERRIFIE LAAM A 2 58 00 A1 26 S 0K, X AT
RE SR T o () 4 S e o
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Zhou(2008) %5 XF BE Tt Aff 75 K BR, BRE T FE R 44
35 2 > igfbp-2, igfbp-2a il igfbp-2b A4 11 H A 2
ARG AE YD, (HIX 2 >3 PR A0 80 10 AN [R] ) B 28
e, AT 40 igfbp-2 mRNA 7EATIE4 4L
W FEE A, 54 (Cyprinus carpio) (Chen et al,
2009) . A} A7 BE fA (Chen et al, 2010) . T & Wi
(Pedroso et al, 2009) T 57 25 2 —2L . igfbp-2a mRNA
Tk B E NHLUE L, IRz, TE6E O
BE, kP ARERIBEITLREES . igfbp-2b
mRNA IS FAEH LU e , AL A
I3AE, (BEE R HIC R E 2R, Xyl LR
B T IESS AR R Gk ik B 22 3140, 2 5k Wifigfbp-2
() 2 FhAEALSE R e AR BRI AR L T Rt AR, FLTRE Y
25 SRR RO RE RO VR F R B A RE T A R HE— 2 RIE
TIA, ARG KB, B igfbp-2a mRNA 761
A B Rk, ATREUE IR T s AR K 22 4b,
WHETZ A I6e, X arhdg L8, o
TEHH £ (Chen et al, 2009) 1T 4 (ERAR 25, 2014) 1 i
WG] Fik, KW igfbp-2 X T tER & & d
] fiE B A H A JH 454 H] (Chen et al, 2010), {H
igfbp-2 i % AWt iR & B 2 75 A A B R AR
e E— I

ARHIFFE IR B0, e I £ A ) 20 20 e ) — JE IR A 35
SR Z A AETE 22 5, Ll An e £ BT v 5 I B e 5k
igfbp-1 A1 igfbp-2b I 3 & T OME A, fi M A DE
igfbp-2a &3k 5 ) i 3 i Tl fa . b i) = ) JE A
LA 22 TRk, ULH igfbp % 4% A4 BRIh AE I n] fE
FUA MBI 250, [R)95 Z580 hsp70 i 56 H ki XA
RLOTBESE, 2023), (H RN EME2E 500 R LA
- 2pk s DL AT RE A5 5 38 I i R TE 2 (A4 I IR
ABFFE

3.3 |IGFBPs X & &fifid KW RIZFI=ER

Bk L BT IESE, IGFBP 38 i A4 K5l (GH/
IGF-1 axis)®f 0284 K AR & 5 2 0y A= R 2 /E
(Reinecke, 2010), HfE4E(2012)% KEEBERI 4K &
B R AR AL BT B, IGFBP-1 F IGFBP-2
XTAMAIIETE | A B L R B AR A
AR ARSI R A T A R0 2 X A%
WA A S A I R B, AT R A S A K R
TR % R (M, 2022), ARFRE—L LB,
T AR BEFRFE AT, B ARWEI e igfbp-1.
igfbp-2. igf-1 Fl igf-2 mRNA FiAKFEH BEm T
R SR A, [T, s A O N I R A 5T
FMBEETMIREARKEREFEMXER, £H

IGFBPs 5 IGFs %54 4 A -3 ik A= 4 A v 2 250 A=
KREEmBREEEER. CAFREN, igbp-1
FEAE T A, HR RN 5 b 37 2 43 AR R 7
FBER 0 BE R, WA igfbp-1 ik ACSF- L |
B 580 RN N 38 5 BE 15 5 (Maures et al, 2002; Kajimura
etal, 2006), Breves % (2016)ABFF LT, 7EYLE
MR, KPUPEEERIRTIE igfbplal W2 FiEZRK, 2
IR UL PR i gfL 0 25 9 s, 3 I I AN UL PR 21 21
R G F IR AR RS 5 T A K
PR . X H AR IS R B, 7ESL g YUkt
PRIGF M J5 AR R e, [FIEs, AR igfbp-1.
igfbp-2. igfop-3. igfbp-5 Fl igf-1 ik w47, KM
ARANCHEN T igf-1 5 igfops RIS 5 TV )E IR
EMELAE K 45 (Pedroso et al, 2009), J34h, Xl fifikl:
AL ff1(Scor paenichthys marmoratus) (Strobel et al, 2020)
Rt R, RO EYUR AR N AR AZ 2], [F
B IUE igf-1 A1 igfbp-1 F3A7KF- T, 1 igfbop-2b J
TR TR 7K A, HEDN S iof-1 3843 5 igfop MIZ5 &
FEV AT 225y AR R, s AR KT A
BRI OR 8 35 HLA A K (Qian et al, 2016; Hack et al,
2019). TEMRSMAMIIE B KE |, A28t TAEK
PO i SRR R SR T A b igfbp-1a Y FRIk RZ M
SRR A KB T T AN b igfop-la b FKik,
HEME 1 MAPK 1 = A il P il £ - 40 i SE 3 1 %)
A i A K 345 (Chen et al, 2018), ABFFR45 2201,
5 A T B WA IE igfops 5 igfs RN AYERIA,
HENHEAE R 78 Ot 1F [ P [l e 44

ARSI Z AT I8 B, T AR AR B R0
FAF T PG A A B AR VS IGF-1. GH 1)
KV I 2 R T R B A A N AR R R Y S
A0, TV R B P e R A R R T
WU (A, 2022). ARFFTIRA DI LB, (K%
TR P A K G AR AR igfbp-1. igfbp-2. igf-1
fligf-2 mRNA &% & #£i5, HIE IGF-1. GH Hf
FHIF IR H, 55 Je ot Pt B A 2 Ml A B R 3k i 3
PR, R AR AR 7 5 2 BRI A S 5 T
ANTR) BE T AR A K g o B R ISR R AR W g
PHCTR AR B 1) E B PR 7, T 2 0 DU LA L B 1 B
BERR LA Je o7 %of PRI W 3 1) E AR S bR . A BIFSY
T, PR ENTREAL igfbp-1 MRk, MR E AT
AN (O'brien et al, 1995), X Ff iR HLHI A BY
T igfbp-1 FEPUHR AR R A R RS,
35 R B S A B4 (McLellan et al, 1992), 7EAF 4
K&, igfbp-1 D) Rg 2 iE 5 igf 256 I iof
T PRk R AIK & & A A K R (Maures et al, 2002;
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Kajimura et al, 2006). 5§76 K 74 7 e 4y £ i) 1 o8 3%
W, AINIR R 5 i 2 n] DASE 3 8T GH/IGF-T A= K Hil
FEERFAE igf-1. igf-2. igfbp-1 Al igfbp-2 AY ik
R Wi A PG P ek &0y £ () A K TS 1715 (Breves et al,
2020), [AIAF, Yang %5(2020)75 o T E 20 A Ao 4R &b
BB R B, FFANIE igfbp-2 fY 238 52 51 4 A
it 5% 25 R s MM R R o R, ARHIRAR 2 B
S5WHITE IGFBP-1. IGFBP-2., IGF-1 fil IGF-2 454K
DA F- 5 1ML B SR e L 8 7 M =2 IR A A A S 3R 8 1A
P, ST AR 1 PR AL A LRI AT DATE R PR I
IMARAFAN R 25 BT PR A R AR A T IR ARG

ALLARD J B, DUAN C. IGF-binding proteins: Why do they
exist and why are there so many? Frontiers in Endocrinology,
2018,9: 117

BACH L A. What happened to the IGF binding proteins?
Endocrinology, 2018, 159(2): 570-578

BREVES J P, PHIPPS-COSTIN S K, FUIIMOTO C K, et al.
Hepatic insulin-like growth-factor binding protein (igfbp)
responses to food restriction in Atlantic salmon smolts.
General and Comparative Endocrinology, 2016, 233: 79-87

BREVES J P, SPRINGER-MILLER R H, CHENOWETH D A,
et al. Cortisol regulates insulin-like growth-factor binding
protein (igfbp) gene expression in Atlantic salmon parr.
Molecular and Cellular Endocrinology, 2020, 518: 110989

CHEN W B, LI W G, ZHANG Z, et al. Cloning, molecular
characterization and expression analysis of insulin-like
growth factor binding protein-2 (IGFBP-2) cDNA in goldfish,
Carassus auratus. Fish Physiology and Biochemistry, 2014,
40(6): 1669-1681

CHEN W B, LI W S, LIN H R. Common carp (Cyprinus carpio)
insulin-like growth factor binding protein-2 (IGFBP-2):
Molecular cloning, expression profiles, and hormonal
regulation in hepatocytes. General and Comparative
Endocrinology, 2009, 161(3): 390-399

CHEN W B, LIN H R, LI W S. Molecular cloning and
expression profiles of IGFBP-1a in common carp (Cyprinus
carpio) and its expression regulation by growth hormone in
hepatocytes. Comparative Biochemistry and Physiology Part
B: Biochemistry and Molecular Biology, 2018, 221/222:
50-59

CHEN W B, WANG Y, LI W S, et al. Insulin-like growth factor
binding protein-2 (IGFBP-2) in orange-spotted grouper,
Epinephelus coioides: Molecular characterization, expression
profiles and regulation by 17beta-estradiol in ovary.
Comparative Biochemistry and Physiology Part B:
Biochemistry and Molecular Biology, 2010, 157(4): 336-342

CUI A J, XU Y J, LIU X Z. Comparative analysis of digestive

enzyme activities among three Seriola species. Progress in
Fishery Sciences, 2022, 43(6): 102—110 [&ZH, 44T,
W=z Jl. 3 b FE I AR SCBEE PEAY LL B . il
RlEHEE, 2022, 43(6): 102-110]

DUAN C, DING J, LI Q, et al. Insulin-like growth factor binding
protein 2 is a growth inhibitory protein conserved in
zebrafish. Proceedings of the National Academy of Sciences
of the United States of America, 1999, 96(26): 15274—
15279

DUAN C, XU Q J. Roles of insulin-like growth factor (IGF)
binding proteins in regulating IGF actions. General and
Comparative Endocrinology, 2005, 142(1/2): 44-52

FANG L, XU Y J, CUI A J. Molecular cloning and temporal
expression pattern of hsp70 gene during the early life stages
of Seriola lalandi. Progress in Fishery Sciences, 2023, 44(4):
00-00 [J7 3, fRKIT, HEZH. TAMN hsp70 £ vEkE I
HAR I A KR B R T SRR PR, Yl B it
JEE, 2023, 44(4): 00-00]

FENG N P, ZHANG Z, WANG Z F, et al. Insulin-like growth
factor binding protein-2 promotes adhesion of endothelial
progenitor cells to endothelial cells via integrin aSB1.
Journal of Molecular Neuroscience, 2015, 57(3): 426434

GARCIA DE LA SERRANA D, MACQUEEN D J. Insulin-like
growth factor-binding proteins of teleost fishes. Frontiers in
Endocrinology, 2018, 9: 80

HACK N L, CORDOVA K L, GLASER F L, et al. Interactions
of long-term food ration variation and short-term fasting on
insulin-like growth factor-1 (IGF-1) pathways in copper
rockfish (Sebastes caurinus). General and Comparative
Endocrinology, 2019, 280: 168—184

HU J, WEN H S, GUAN J, et al. Cloning of IGFBP-1, -2 and
expression analysis during adult and early developmental
stages in Scophthalmus maximus. Acta Oceanologica Sinica
(in Chinese), 2012, 34(5): 139-146 [#fg, IR, Ffd,
S REEET 2 FPRJBE R AR AR I T4 5 2 R ve e
N TE A R R B i Rk IRV AR (R SRR,
2012, 34(5): 139-146]

HWA V, OH Y, ROSENFELD R G. The insulin-like growth
factor-binding protein (IGFBP) superfamily. Endocrine
Reviews, 1999, 20(6): 761-787

JIANG Y, WANGW X, XU Y J, et al. Effects of industrial
stocking density on the growth and physiological
characteristics of Seriola lalandi. Journal of Fishery
Sciences of China, 2022, 29(9): 12901299 [Z:3HE, T4z,
WRAKIL, 4. 1) AR IR A% BE X B AR AR 4 R A Sk
BRI . R EZKERRE, 2022, 29(9): 1290-1299]

KAJIMURA S, AIDA K, DUAN C. Understanding hypoxia-
induced gene expression in early development: in vitro and
in vivo analysis of hypoxia-inducible factor 1-regulated
zebra fish insulin-like growth factor binding protein 1 gene
expression. Molecular and Cellular Biology, 2006, 26(3):
1142-1155



96 ook B

e 44 %

g3

KAMANGAR B B, GABILLARD J C, BOBE J. Insulin-like
growth factor-binding protein (IGFBP)-1, -2, -3, -4, -5, and
-6 and IGFBP-related protein 1 during rainbow trout
maturation: Molecular

postvitellogenesis and oocyte

characterization, expression profiles, and hormonal regulation.

Endocrinology, 2006, 147(5): 2399-2410

MAURES T J, DUAN C. Structure, developmental expression,
and physiological regulation of zebrafish IGF binding
protein-1. Endocrinology, 2002, 143(7): 2722-2731

MCLELLAN K C, HOOPER S B, BOCKING A D, et al.
Prolonged hypoxia induced by the reduction of maternal
uterine blood flow alters insulin-like growth factor-binding
protein-1 (IGFBP-1) and IGFBP-2 gene expression in the
ovine fetus. Endocrinology, 1992, 131(4): 1619-1628

NDANDALA C B, DAI M S, MUSTAPHA U F, et al. Current
research and future perspectives of GH and IGFs family
genes in somatic growth and reproduction of teleost fish.
Aquaculture Reports, 2022, 6: 101289

NIJH,ZHU X J,JIY P, et al. Effects of breeding density on the
growth, metabolic enzyme activity and related gene
expression level of juvenile Pampus argenteus. Journal of
Tropical Oceanography, 2020, 39(2): 54-64 [fiiFE5%, AR
i, ZEaiF, SE SRR X RER A ARG AIBTERT
JFCAH DG R B B . #0124 4R, 2020, 39(2):
54-64]

O'BRIEN R M, NOISIN E L, SUWANICHKUL A, et al.
Hepatic nuclear factor 3- and hormone-regulated expression
of the phosphoenolpyruvate carboxykinase and insulin-like
growth factor-binding protein 1 genes. Molecular and
Cellular Biology, 1995, 15(3): 1747-1758

PEDROSO F L, FUKADA H, MASUMOTO T. Molecular
characterization, tissue distribution patterns and nutritional
regulation of IGFBP-1, -2, -3 and -5 in yellowtail, Seriola
quinqueradiata. General and Comparative Endocrinology,
2009, 161(3): 344-353

QIAN B Y, XUE L Y. Liver transcriptome sequencing and de
novo annotation of the large yellow croaker (Larimichthy
crocea) under heat and cold stress. Marine Genomics, 2016,
25:95-102

QIAN K, WEN H S, CHI M L, et al. Cloning and characteristics
of insulin-like growth factor-binding protein-1, 2 genes
(igfbp-1, 2) of Japanese sea bass (Lateolabrax japonicus)
and their expression analysis. Periodical of Ocean
University of China (Natural Science), 2014, 44(9): 3745
Rkt IR, IRSE0N, 45 M-S IGFBP-1, 2 3
H T B e Rk M. B R 2 R (H AR R,
2014, 44(9): 37-45]

REINECKE M. Influences of the environment on the endocrine
and paracrine fish growth hormone-insulin-like growth
factor-I system. Journal of Fish Biology, 2010, 76(6):
1233-1254

RODGERS B D, ROALSON E H, THOMPSON C.

Phylogenetic analysis of the insulin-like growth factor
binding protein (IGFBP) and IGFBP-related protein gene
families. General and Comparative Endocrinology, 2008,
155(1): 201-207

STROBEL J S, HACK N L, LABEL K T, et al. Effects of food
deprivation on plasma insulin-like growth factor-1 (Igfl)
and Igf binding protein (Igfbp) gene transcription in juvenile
cabezon (Scorpaenichthys marmoratus). General and
Comparative Endocrinology, 2020, 286(C): 113319

TAO Y, ZOU S M. cDNA cloning and expression of insulin-like
growth factor binding protein gene IGFBP-1 in
Ctenopharyngodon idellus. Journal of Shanghai Ocean
University, 2011, 20(1): 15-21 [Py, ARBER]. Rl
FREAE KN FLS A8 IGFBP-1 £ 4K cDNA sif
Rk, LR R SR, 2011, 20(1): 15-21]

WANG B, XU Y J, LIU X Z, et al. Molecular characterization
and expression profiles of insulin-like growth factors in
yellowtail kingfish (Seriola lalandi) during embryonic
development. Fish Physiology and Biochemistry, 2019,
45(1): 375-390

WANG B, ZHANG Y X, LIU Q, et al. Molecular identification
and developmental expression patterns of growth hormone
and its receptors in yellowtail kingfish (Seriola lalandi).
Molecular Biology Reports, 2020, 47(9): 7305-7312

WOOD A W, DUAN C, BERN H A. Insulin-like growth factor
signaling in fish. International Review of Cytology, 2005a,
243:215-285

WOOD A W, SCHLUETER P J, DUAN C. Targeted
knockdown of insulin-like growth factor binding protein-2
disrupts cardiovascular development in zebrafish embryos.
Molecular Endocrinology, 2005b, 19(4): 1024-1034

XU Y J, ZHANG Z R, LIU X Z, et al. Morphometric

of the embryonic and postembryonic
development of yellowtail kingfish, Seriola aureovittata.
Journal of Fishery Sciences of China, 2019, 26(1): 172—182
[PRAKIL, SRIESR, M, &5, BOARUR R0 KR 7%
fE. FFEKFRIE, 2019, 26(1): 172-182]

YANG G K, CHEN B C, SUN C Y, et al. Molecular
identification of grouper Igfbp1 and its mRNA expression in

characteristics

primary hepatocytes under Gh and insulin. General and
Comparative Endocrinology, 2019, 281: 137-144

YANG G K, ZHAO W L, QIN C B, et a. Molecular
identification of grass carp igfbp2 and the effect of glucose,
insulin, and glucagon on igfbp2 mRNA expression. Fish
Physiology and Biochemistry, 2020, 46(4): 1469-1482

ZHAIW Y, ZHANG J L, SHI Z Y, et al. The full-length cDNA
cloning and gene expression analysis of insulin-like growth
factor binding protein 1 (IGFBP-1) in Japanese flounder
(Paralichthys olivaceus). Journal of Fisheries of China,
2012, 36(2): 170-179 [FJ778, WR¥, ML, 55 Fhf
[ RAEA K 455 1 IGFBP-1 ¢DNA 4K A5 b
JRRAHT. KPR, 2012, 36(2): 170-179]



%4 ) TROCHRAE: 35 45T igfbp-1 A igfbp-2 FLIR sa ke . ek B AR KR PETE 97

ZHOU J F, LTI W H, KAMEI H, et al. Duplication of the functionality conservation and gene expression divergence.
IGFBP-2 gene in teleost fish: Protein structure and PLoS One, 2008, 3(12): 1-11

(B8 B

Molecular Cloning, Expression Profiles of Insulin-Like Growth Factor-Binding
Protein-1 (igfbp-1) and igfbp-2 and their regulation effects on growth of
Yellowtail Kingfish (Seriola aureovittata)

ZHANG Wenjing'?, XU Yongjiang®", CUI Aijun’, WANG Bin?,
JIANG Yan®, WANG Kaijie’, ZHOU Heting’

(1. National Engineering Research Center for Marine Aquaculture, Zhejiang Ocean University, Zhoushan 316022, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Joint Laboratory for Deep Blue Fishery
Engineering, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China)

Abstract Insulin-like growth factor binding proteins (IGFBPs) play crucial roles in regulating
biological activities of insulin-like growth factors (IGFs) and growth performance in vertebrates.
IGFBP is a six-member protein family (IGFBP1-6) with a high affinity for IGF. It affects the
distribution, stability, and biological activity of IGF by regulating the interaction between IGF
ligands and receptors. Recently, IGFBP-1 was identified as a regulator of growth, reproduction, and
development in bony fish, such as juvenile Atlantic salmon, where IGFBP-1 interacts with cortisol to
regulate growth. IGFBP-1 regulates cell metabolism and growth through interaction with insulin in
primary hepatocytes incubated in vitro in orange-spotted grouper (Epinephelus coioides). IGFBP-2
has a wide range of tissue expression characteristics in bony fish, and IGF regulation may occur
through autocrine or paracrine pathways. For example, long-term fasting induced increased igfbp-2
mRNA expression in the liver of zebrafish. In addition, IGFBP-2 can inhibit the activity of IGF
ligand through its high affinity with IGF to play an inhibitory and regulatory role in zebrafish growth.
igfbp-2 mRNA expression was significantly up-regulated in Carassius auratus (goldfish) liver after
fasting, and quickly recovered to normal levels after feeding. This indicated that igfbp-2 mRNA
expression may be related to the anabolism and catabolism of goldfish, and is regulated by metabolic
factors.

Yellowtail kingfish (Seriola aureovittata) of the Carangidae family has high economic value and
nutrition value. It is a warm and temperate oceanic fish with long distance migration characteristics
that is distributed in the middle and upper oceans globally. This species is large with a fast growth
rate, and is a promising candidate for aquaculture in land-based industrial circulating water system,
deep-water cages, net pen systems, and aquaculture craft, etc. Our laboratory studied the regulatory
mechanism of the rapid growth of yellowtail kingfish and cloned gh, igf-1, igf-2, ghr, and other
growth-related functional genes to reveal their molecular regulation in early growth and development.
igfbp genes regulate the growth, development, and nutrient metabolism of fish through their
interaction with growth axis. The mechanism of IGFBP and how it influences the regulation of
yellowtail kingfish growth is unreported. This paper further studied the growth of yellowtail kingfish
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by analyzing the key growth axis factors.

RNAiso Plus reagent (TaKaRa) was used to extract total RNA from tissues. RNA integrity was
detected by agarose gel electrophoresis, and RNA quality was determined by a NanoDrop 2000C
spectrophotometer (Thermo Fisher Scientific, USA). First, cDNA strand was synthesized using a
PrimeScript™ RT reagent kit with a gDNA Eraser (Perfect Real-Time) reverse transcription kit
(TaKaRa). Primers were designed to clone the predicted sequence of yellowtail kingfish igfbp gene
according to the NCBI GenBank database. The product was amplified by polymerase chain reaction,
purified from agarose gel electrophoresis, linked with T4 Ligases, transformed into Trans1-T1 Phage
Resistant Chemically Competent Cell, and positive clones were selected and tested. Quantitative real
time polymerase chain reaction (QRT-PCR) was used to analyze the distribution of yellowtail kingfish
tissues and the expression patterns of liver tissues under different densities of industrial culture.

The lengths of igfbp-1, igfbp-2a, igfbp-2b open reading frame (ORF) domains were 741 bp,
882 bp, and 801 bp, and encoded 246 amino acids, 293 amino acids, and 269 amino acids,
respectively. The conserved domain of insulin growth factor-binding protein homologues (IB) was
present in the N-terminus of the three igfbps, and the conserved domain of thyroglobulin type-1
repeat (Ty-1) was present in the C-terminus. They had a wide range of tissue expression
characteristics and were highly expressed in the liver. There were differences between the expression
of the same gene in the same tissues of male and female fish. For example, the expression of igfbp-1
and igfbp-2b genes was significantly higher in the liver of male fish compared with female fish, while
igfbp-2a expression was significantly higher in the liver of female fish compared with male fish. The
tissue differential expression of genes between sexes indicates that igfbp may have sex dimorphism
when it plays a physiological role. However, the specific characteristics of this difference between
males and females and the possible signaling pathway are unclear. The fish in the low-density group
showed the greatest growth rate and the highest expression levels of igfbp-1, igfbp-2a, igfbp-2b, igf-1,
and igf-2 under industrial culture conditions. These expression levels were significantly different
from those of the medium and high-density groups (P<0.05). However, there were no significant
differences in the expression levels of growth and liver genes between the middle and high-density
groups.

igfbp-1, igfbp-2a, and igfbp-2b participated in the growth regulation of yellowtail kingfish. The
expression regulation of igf-1 and igf-2 had a positive synergistic effect with growth regulation of
yellowtail kingfish. The ORF regions of igfbp-1, igfbp-2a, and igfbp-2b genes of yellowtail kingfish were
cloned, and the structural characteristics, tissue expression characteristics, and relationships with growth
performance were analyzed under different culture densities. The content of serum IGF-1, GH, cortisol,
and glucose concentration was detected in the early stage. The expression trend of igfbp-1, igfbp-2, igf-1,
and igf-2 was the same as that of serum IGF-1 and GH in the liver of yellowtail kingfish rapidly growing
at the low-density group, but contrary to the expression trend of cortisol content and glucose
concentration. This indicated that the key factors of growth axis, cortisol, and glucose participated in the
growth regulation of yellowtail kingfish at different densities. However, the specific regulatory
mechanism requires further study. The results provide a theoretical basis for interpreting the molecular
mechanism of the growth of yellowtail kingfish and the regulation of suitable culture densities under
industrial conditions.

Key words cDNA cloning; Seriola aureovittata; igfbp-1; igfbp-2; Tissue expression; Growth
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RPN T AR LA B , FRE7E 20 Tl 80 AFEARTT LA
K BEIR T & (TE S, 1992), msedfsk, K[

BEFTFEREF; GAM A
XEHRS  2095-9869(2023)04-0099-12

TEAC IR B vl R D A e, At fh -l H A
i (Scomber japonicus) . L AR Y T . F fa
(Ommastrephes bartrami) Fl £k J] 1 (Cololabis saira)
(FhH5F, 2018),

AR T il s -2l Bk 28 g, H
PARRAEIE , L E A 1965—1980 4FE[H], Hr
R (e P IR E T, TR (IR P AN T (B o 4

* [E 5 S AT RI(2019YFD0901405) . H /K =Rk 00F 5 BE 23 5 7K 7= B 52 T vh 9 928 25 PR RHIIE B T 36 AR BRI 55
PTG 4:(2021MO06) VT = A1 IR 110 M AR 28 R G H0E &8/ 1V T Y SRk 27 WL DN A 9 3t T ik 6 4 (K 20200 1) ATl V148 iz
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1985). HAEI, WAH XTI PR T A5
FEPREE R Z [ SC R WF S HGE , AR i n TR AR 3
O /D EAGE (A, 2021; 2E14F, 2019), X
FHER D T s SRR R, UL RS
(2020) %5 b AV ¥ 1) U 4R P 20 Wi S it 37 B 28 9 vh
AT e o AR EE A G, dreaesk, db
AP AR DD T R 588 B TE, 2020 4 H ™ 4
CURE A KT YR el S 3R Y 50% o AU ATk 2%
512x(North Pacific Fisheries Commission, NPFC)Kf H:31
RPLAETEAG faFl, HER T R LB IRPEAL S 4 B TAE
(Nippon Suisan Gakkaishi, 2016), Ktt, It AE#
TLARPAVD T #0723 43 A B He e dlh PR BE R IR 1) 5%
M Xof 4 v T ] A RT3 2 v b A 5 3503 Sl
TR BB AT IR X

R ATRELE R A R AR UV T 5E0R , At
FERH 2019—2020 4 F [ 7 AL A7 il A= 7 4L
P, 56 DEEBRAGFRIBE . R GH
BEEUE , A B a A 000 T fa S i 28 A S LB E B
BERHAE B2, AT A2 vl 8 VR 1 A 2R R RN 3
FE NPFC il 7 45 3 B 3 4 (AL 50 = S5 1K 40 .

1 #HIEEFRE
1.1 #HIREFRIR

TEAR VD T el B ok A 3R A W i R )
ol A 7= B PR A KT SR A AR L B, S AR
v LA B H R AR R T R
A 2019—2020 AFRHHET 4—11 H, igEEh

39°~43°N . 147°~153°E (€ 1).

16 3% 1 1l % (sea surface temperature, SST). VA [f]
1% & (sea surface height, SSH)Z(#E>k H F CMEMS
(copernicus.eu) W 3 /Y F 43 By B4, o4k R Wk
(chlorophyll-a, Chl-a)¥{#i >k H https://coastwatch.pfeg.
noaa.gov/erddap/griddap/index.html [ ¥} ) Aqua TV &,
B IS 2019—2020 4, LA, SST 5 SSH 1)
ZZ W r RN 0.25°%0.25°, Chl-a Z5 [ HER N
0.025°%0.025°, {fiJf] ArcGIS10.6 {47 H REE,
W23 [0 43 HER A 0.025°%0.025° (1) FREE K45 (Chl-a) 5%
oy 0.25°%0.25° 14 75 0] 4> B &, ffi i MATLAB
2020(a) 4K 4 0.25°%0.25° 1 HilL B 5 R 5 B0
1TBFZS LR,

12 HEESWAE

121 FlaHHHHhekE IR LR 0.250%
0.25° 423 [ 43 BEHIT A 2019—2020 4EIE R UV T £
1 37 1) B A7 A B7 4% 0 i 3R & (catch per unit effort,
CPUE)W HEME, THH A X (B IE RS, 2010):
C

CPUE == (D
A, Ch 0.25°x0.25°MIF& N 2019—2020 4 4—11
H 4 H Bk (t), E 4 0.25°x0.25° Rk 4 A 1R
E K (M), CPUE Bfily /K, HL3k4% CPUE
FEAE = 766 4~

122 &g EFOHHE RN R VAN O R L A D

i S O R i, Ha A A A HIEESE, 2014;
LR A5, 2014):

N

45°

40°

35°

—— EEZ4 EEZ line
——> ¥ Oyashio
SRWNAE(H X Kuroshio extension area
__~% B4 Kuroshio spindle
@  #uiZfELIX Fishery operation area
I

140° 145°

150° 155° E

BT JERSFPR AR T el i

Fig.1

Range of Sardinops sagax operation in the North Pacific
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XZZiCiXXi. v ZiCiXX"

I W

A, X UEREONEE, YIRERG RO
JE5 X ORES | MU I E R, YAREREE @ MUK
WIRFAIZERE s C o5 @ BIRAY CPUE, n AR T MY
SARBL # ] ArcGIS 10.6 3122 i a3 5043 A 1 o
123 #¥%5iE TRFEK N SST. Chl-a. SSH
5 CPUE (W23 A2 AL A ArcGIS 10.6 #F22
A3 B SR AT, Hodil R S HGE S R T 5 4%
R REU(ECDF)f4 3, mif CPUE 5 HEZ
BB X AR ZAESE T ME, RHIESH
%t 11 K-S (Kolmogorov-Smirnov)As; 46 7 47 b &
K o K560 7 2 R Ay 5 3 A2 BB AR B 0
#13%(CPUE>10 /M () ¥38) CPUE R4 dh<k, K
H K-S KBS & D, 5 Dyos=0.07 (HEFEAEL
766, BEHUE F KN 0.05 ATAR )M A, WEEHE
o EA A, Rt th & Mg it it
AN BT R (Perry et al, 1994)

)

Lo
[ = ;;l<xi) 3)

o, MBI RkER
l(xi>={1’ N (4)

0, HAth
1< Vi

g(t)—;é;l(x,-) (5)
D =max|g(t)- f(1)| (6)

Kb, @) BEESEL I BRR S R 5L, 1(x)
T BLREL, g(nieHb Yy CPUE AUE 25 SR
B n NEERAEG ¢ MOHREERTE, x A
55 i HRERZFHESBUE ; p: 8% | A1 H 734 CPUE;
v HH ¥ CPUE F-¥ME; D R K-S Ko A i il A
H; A8 E K o, R K-S KEEKSITH.
B3 H 438 ] MATLAB 2020(a)4i 14 K AH X T B A,
124 GAM #: A # & i T SCwT A A
(generalized additive model, GAM)X} It Z5 L V0 T 1 K2
s m K1 6 REAT 08T, BARMEAL G Y T
CPUE 1k Jymi )3 25 &, SST. SSH. Chl-a # % . Lon.
Lat Fl month 1F R B g & GAM AR, Zr st
23 FIREE % 2019—2020 4FIE A7 T i CPUE
AR 28 43 A6 OS2 . GAM BIFRIEA N
log(CPUE)+1~S(SST)+S(SSH)+ o
S(Lon)+S(Lat)+S(Chl-a)+S(month)+e
S M H 8k 7 BE 4 - W (natural cube  spline

smoother), & NIRZEI, TEALHE GAM BiRIRS, “AkE
HHh CPUE HIEAEHAES, WA Ab Bt i brife
CPUE Jil 1 J5 FALHE, H GAM R 4025 5 vh 1
T 95%E A DX (0] HE 4k 125 S0 4k A #2230 14 IX () 7 Sy i
Yyt B R R F ISR, F RGO R A 52 e PR 1)
FM. GAM BIRCRH R 1E T MAHR T HA P,

2019 47, AR T A8 N 237516 t,
5—9 A& A PR RRE 3 000 t 245 B3R K, 5
H R Rk, A 3877.8t (K 2), 2020 4F, it
ZRAUVP T f B Rk S 87 384.47 t, i 2019 AEHEIE
H268%, T—8 H it ERFTER = /KT (£ 20 000 t),
7 AP B iAEIE(, S 20 074.45t, 2019 4F CPUE 14
W/, 6 H CPUE {HAM(11.25 /M), 2020 4F
CPUE fH7EA PRI s R, FEA4 7 I 2K
BTRE, 5 H CPUE i (24.61 ) (K 2).

22000 [ = 20197 & Production 743
20000 M = 20207%% Production |40 ~

18 000 | 2019 CPUE {35 =
5 16000 -e— 2020 CPUE |, B
2 14000} 130 §

12 000
£ 10000

O
b I |
€ 8000t
6000 |
4000 |
2000 | 1
0

4 5 6 7 8 9 10 11
A 1> Month
K2 20192020 4EJLKFHEE RIS T 10
J - ¥y 7= 5 Fl CPUE CF-Y¥I{E AR EIR)
Fig.2 Average monthly S. sagax production and CPUE
in the North Pacific in 2019-2020 (Mean+SE)

22 #EIFELTHL

TEHEFA—S5 H)ME 68 H), 2019 4Fix 44
VT it O A (R AR AR LA S 2020 AEFEAR—F,
P 147~148°E . 39~40°N VHIBIF AR, FlJS 4R
J7 8% 3h 2 AR (152~153°E . 42~43°N), 7EfkZ
(O—11 1), 2020 4 bz 8.0 1a] P4 g J7 1] 47 3% 2
152°E., 42°N, 149°E. 41°N, [t 2019 4E8 fRdb(& 3).

23 EFEIDT EEGEEFREHXR

231 ZAMITaeEHEBEMEZ  JLRF
PR AR PAVD T 0 037 0 A5 S B B A 25 22 () 4),
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23] b, At g X 2R T AR AR i e AL S
AR L, AN TR A Hh ot Y3 0 IO 19 33 ‘0 R S
AR ; 6 A #ady X & SST il 14.0~16.0 'C,
7—9 A4 18.0~20.0 °C, 11 AN 11.0~13.0 C, 14t,
=18 CPUE 2t BUAE S (H L0 5 4R () 38

42°

41°

40° PO B () Sa)fs i, IR0 T fa iz i) SST
22019 RIS 11~20 °C, VRV R B H 1% v
39°t . . . . . (9%~11%)a 373 B SST Ju Ny 10.9~17.9 “C (¥ 5b),

147°  148°  149° 150°  151°  152° E

B3 2019—2020 4FEILR R ARUD T thifagmc A 2240
Fig.3 Monthly changes of S. sagax fishing ground center

Zi4y SST 2= Al K (&l 4) 5 SST S 54k 43 Hr &
(B SR Mras 43, CPUE & {E X B 7E il 3 B IR

in the North Pacific in 2019-2020 FEVEIA 10.0~18.0 C,
N L, E . N Tl > 3
agof . 453 April | 4gol 2“ , Sl 5H May
46° b ! 1 46° : «,\ e \ rh,,x/'
440 44°r
42° =N o 420r
40° & 3 . w 40°} °‘u
3801 ¢ 38°ps/
N se°f & ;
36 ‘ L s Ve f{'.’.\ A 5
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460t 46°p
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N W N G N 7. F T <
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460} DG =
A aacr =0 ..8*'
+-J) w 420 L S W.Qs .
40°L o 008
L) ..000
38°}
L 0L PR > . 36° \ T .
LR sl el . . VAT T e Yy . . DN P T e oy . A
138°140°142°144°146°148°150°152°154°156°158°160°E  138°140°142°144°146°148°150°152°154°156° 158°160° E
N — N ——
I ‘ ‘;.IQFJ October | 4gol .~ L/ _11./] November
e T o 2
440t : .
40°} 282 o
¥
g 4 38°L 4, ¢
. N » ~ ‘7“
3ok 8 : 6oL ¢
Woln'd . N

138°140°142°144°146°148°150°152°154°156°158°160°E 138°140°142°144°146°148°150°152°154°156°158°160°E
CPUE/(t/™) <5 @5~10 @ 10~15 @ >15

Kl 4 2019—2020 AFIERFFEIZ AR UV T fa 3 -F- 1) CPUE A1t 2 i 32 75 1] i
Fig.4 Stack distribution of SST and CPUE of §. sagax in the North Pacific in 2019-2020
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Scatter plot between S. sagax CPUE and SST (a), and frequency plot of proportion of catch nets and SST (b)

in the North Pacific in 2019-2020

232 @AM T &8 E5rHEEMEE LK
SEVEIE R VD T 3035 5 Chl-a [R)RES PLES R B 2 1)
ifla) 523 0] 22 5%, @33 Chl-a #5585 CPUE &
LA (B 6), RfE T HAE ML, Chl-a ¥ BEAEZS [H]
b kA, BAREKIAE 4—6 H mE1X (0.8~
1.2 mg/m*)Zs Al 43 A48, 6 A 2 J5 2 i 1) vG A6 77 15
Wi, 10—11 H AWM A BERBAK . B AR MR EE 7
f s ROEE ARk, HMEAENL IR E | iR
V> T A S/ = CPUE X [ feod 4 R MR
9 0.3~0.5 mg/m® (& 6).

S B (& 7a)f5 4, AR T b ifadgis
B A Chl-a #EEJELE A 0.2~0.5 mg/m®, VB MR AL 1
138 R . (15%~26%) [ 0 3736 B, Chl-a JEH R 0.2~
0.6 mg/m’ (I 8b), Zi# Chl-a 25 [A]ZhnE (K 6)FIHL
SRR AT 7)RI T, CPUE o (B S8 )3 B
WE N 0.2~0.6 mg/m’,
233 ZAMYTEE LS EERZHENXE it
KAV 328 AR LD T i A A = 4 ] Vg T v e
IR FALH(E 8), M 36°N BT Ny B 2B [X, Vi
A1 BE A o 4B & i AR Y, MU CPUE &
8 X I N 0.3~0.7 mo MeAh, 7E9—11 A, &
B CPUE DX JUr XoJ [0 4 v 358 Ay e 1T 5 2 S (B 2R B A IX

S B (B 9a)f3 H, AR VD T fa ot i dgid
B SSH JEF A 0.2~0.7 m, VRV MUE H 048 s (E
(12%~19%) 14343738 B SSH 4 0.2~0.5 m ([&] 10b),
254 SSH =5 [a) 2 in &1 (141 8) 5 18 59 ALk 3 A 141 (141 9)
FIZ5 A5, CPUE B e (i IX T 8 T 355 19 38 BV LA
0.2~0.7 m,
2.3.4 K-Sty 1E 0=0.05 W EVERKF T,
SST. Chl-a 1 SSH 3 N ZSHUXT R 9 D {43514 0.03

0.01 F1 0.03, ¥J/NT Dy s=0.07, Wi CPUE #il 3 4~
SR RN T Fl—246, B EE CPUE iy
Chl-a. SSH. SST HJfAHVIXFR, &l 5rilh
0.2~0.6 mg/m®. 0.2~0.7 m 1 10.9~18.9 ‘C([& 11),
2.35 GAM #A 57 GAM AL 73 BRI A 1
A28 U AT 2019—2020 b AP Tt 45 40 70
Tt CPUE RYZ5 S LA 11, E{H CPUE BYfi& SST
M 11~17 C, i Chl-a 4 0.3~0.8 mg/m’, #ifi SSH
H0.1~0.4 m, TRV T M A1E s £ B R TE
149°~153°E, 40°N~42°N, GAM Z51%M, 5—7 A
() CPUE {8425, 8—10 A &I, CPUE {HAHIL,
10 A ZJ5 S IEME, CPUE {H27F, M R T
1Y CPUE 5 FR85 A 1 525 719 GAM #il | £
F R E33(F 1), SST. SSH. Chl-a. Lat 223V
5.3 (P<0.001), month, Lon 225 i} 3 (P<0.05),

R 1 2019—2020 FIAFFZFBD T BEFERF
5ig3kE GAM Eilie e REEM T ZEHE
Tab.1 Test coefficient values and significance of GAM

simulations of environmental factors and S. sagax fishery in
the North Pacific in 2019-2020

HEE N F FECA
Environment  Effective degrees  F P

factor of freedom
TR SST 8.673 8.969  <2x1071¢"""
T SSH 5.501 3.870 4.910x107*""
44 % a Chl-a 8.239 28.680  <2x107'*
A £ month 4.897 3.108  7.478x107"
Z ¥ Lon 9.017 2407  6.285x107"
4 Lat 8.396 6.812  <2x107'""

TE UK 1% EHIRF  +++03R 0.1% 535 PRk P
Note: ** represents 1% significance level, and ***
represents 0.1% significance level.
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Bl 6 2019—2020 4FJL KPP ARV T 1 V-2 CPUE R4 39k B 25 18] 45
Fig.6  Stack distribution of Chl-a and CPUE of S. sagax in the North Pacific in 2019-2020

4R GAM BRI TR S8 K 73] h itz s . 3 Wik
KA, A HEWR KIS SST 5 Chl-a L, SSH X} *s ‘ o
R IR % 25 F e, Aoy o1 T =~ CPUE BaFELHTH
M BsEm R T2, i RBEE FkE, 5—7 H CPUE 2019 4F CPUE MAE =AML w1 (4 H)ZARWI10,
ALFEE . 8101 CPUE fitffit. 1 A)MEEIRA, AR 10 vd 247, 2020 4EAEzE 7
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Fig.7 Relationship between S. sagax CPUE and Chl-a (a), proportion of catch nets and Chl-a (b) in the North Pacific in 2019-2020

a: BUAIE; b ORI
a: Scatter plot; b: Frequency plot

VeI AT TR ] CPUE i shdg K, #1i(s AHis
(24.61 t/d), HI(7—8 A)HEFiLE 20 v/d 247, K
(9—11 A)4ERs7E 15 vd /247, CPUE {EAYAEfb 1T LIAR
S b AR VD T el () SR AR By, FESN AR
FHAREEN T, 2020 4F CPUE {HIWTF RS ALK
PR AR PLVD T 8 I AR U A B Rk Mg O 1)
ALTEAE AR R, S ARV T g O T
147.9°E, 39.2°N B, Z 5wty m&sh,
AR PR R A B AR AL (151.99E L 42.3°N), A7 E
MY I F ) P R MR I(149.4°E . 41.1°N)rikk , Hizs (i) as
5 2 AR UV T a1 3 5 48 Ak — 3 (Okunishi e al,
2009), 5 2016—2017 AEJ6 AT 2N i ) 32 23t 3R
Fb 24 i 37 10 5 R 8E TR 1 19 0 B 65 SR TR) R A A (T Tl
45 2020),

EHRIDT &35 55 FRENXR

AR T i H A ES R & h 12 a2, HA
SIMEZERL, R, BTR H A, 1 o037 5 i R
B P10 56 Z 000 H e AR VD T (BSR4, 2018)6
Wt E W], SST. SSH. Chl-a XLEIFVERRES H % H
A L ¥ 37 1A 2 e (/M AR, 2016) 0 A
LEAWIK ST . ECDF ik, K-S RKIesrtr 5 n]
JINELAL GAM %5 4 RO A5, JU R R T 4
137 138 LI PR IR R T A Y L, SST Ry 11~18 C,
Chl-a } 0.2~0.6 mg/m®, SSH 4 0.2~0.7 m.

B MG LEARBE A T 2Z R34 5 % V) 56 R (R 451
4,2021), FFHXHE ARV T @ agimiE . A 5E A= o
A AR H E AR, AU RE R R R R & b
BBV AR R TS AL S, hao g ik

3.2

LA AR AL T RS B, ) A PR A D A 1 1) VY RS AT
R, PLFR 11~18 °C i il A il g IR B 8 . 6K
PRI IR ERR T 32 T 22 A0, A SZ R i
oMk, MALIRIE AL L B A 2 iR
B 10 I L5 i 25 b KO PE A9 3% (Watanabe et al,
1995), 7F S 4E i [X 8 A VD T 409 [ SR AET R AL
5% . &R S W% EAE(Noto er al, 1999).
X TV T gy, S R I TR T
TAR SR ) A A7 TR B U5 = B 7 32 22 [F 2% (Kawasaki
et al, 2010), WGP REREZFIFHEY AR D
() —AN T bR, Hoo A S W T i K VR A ) B
R B B ARG AR LR (XTI, 2014), AP
VBT A I R G R IR R SRR R
FLE R 1) A8 A 5 PR A5 AR Bl S 00 B 2SORN TR Ui
T AL A AAEH W) & (Kawasaki ef al, 1984), JbK
SRS AAYD T () fie i 4 R R 0.3~0.6 mg/m’,
LR R IR EAIE AT, Wk A A D AR AR DG
TR T S RIS B (7—8 H), Ml it
T 5 PR S T P VA A5 I R R B A v I (4—
6 H.10—11 H), Bt RIREE R (7—8 H)
1%, BERH S AR PUVD T f X S Rk B A B AR L
B A S 2 TR T R A R A B i A i e R T
THRIF B, T i i 37 DX B (AR 42 3245, 2005; Wang
et al, 2021) o J6IF-H 1 R LB DX A7 B B i) SSH 4%
B AR IEIH(Bo e al, 2000), AR H I 5 0
TR0 S 0 9 32 0 A 56 (Imawaki ef al, 2001), Hruta3%
KE A AE R X AL —, 5 2 4 {4 (% b
T 53 SO S (B 1), BRI SE (T R 1 R
BEFREYIRM CO, B 24 /K H (Sakamoto et al, 2005;
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Nakano ez al, 2011), Hi I AFIE BAY ERIR 1 T IR 55 (i 15
AL R T I RV T iy, [R5
i . HARESEE Z 0 2 A i (B 4, 2012,

1997; f#BHPHEE, 2021),

AR HE AR AUV Tt ¥ 5 B 0 A BR T 5
R B PRIE K TARSCAE , TR AR YD T AT S
(8 AR AL AR B P AL B R — AR B A R, K
AR A 2 R W TR PR 0 X T Y 2 By (Allheit ez al,

2012; Kaplan ez al, 2016), #FiREGL R T M
il B 1 i =2 75 4k (Urias-Sotomayor et al, 2018), H i,
B R F AR AT R P T far s, |
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A I 1, A

48° A S kd 4}5_' A’pnl 48° | = - Sﬁ May
”,:' - S B —" f;" ’ ]
46° 46° b ’

44°
42°
40°
38°
36°

a4
| 4
: s 40°
38° 47
36°

°1

50°152°154°156°158°160° E

VB
138°140° 142°144° 146° 148
N [ARI
sl 7S
aot
440 |
4°
40°
38° ¢,
2 WanZ s

N
- /6HJune | 40
~| 46°
44°
42°
40°
38° ¢/
36° |

138°140°142°144°146°148°150°152°154°156°158°160° E

N — N — e —
Pl SN i 7. Ea
sl L 48° i 91 September
46° _// 16° —% )
440 44°
42° 42°
40° - 40°
3802 38°
—~ |
KL 36° - {
4/?:?(1{" - -4/()/?;‘?()" i i L N i I I 1

138°140°142°144°146°148°150°152°154°156°158°160° E

138°140°142°144°146°148°150°152°154°156°158°160° E

N 7/ / N
48° L )l

46°
44°
42°
40°
38°

a e

a’
WOA'S

Galteis

bl

. * TOf Oclober | 4g0
NPT
44°
40|
40° |

./
3ge o
36° |

s

WU ) 1

3

[avass ——— A1 e
L 1 I L | 1

138°140°142°144°146°148°150°152°154°156°158°160° E  138°140°142°144° 146° 148°150°152°154°156°158°160° E

CPUE/(/M]) @<5 @5~10 @ 10~15 @>15

B8 2019—2020 4FAL PRI AR VD T f3 F- 24 CPUE A1 1T 25 3 25 8] 2 i
Fig.8 Stack distribution of SSH and CPUE of S. sagax in the North Pacific in 2019-2020

B AR T, 2020 45 CPUE A KR
2T, FEOZBME MR RARE , T ZEREE
Z W AR PIVD T ol B , S T R AR Y R
A TIZIG A K58 .



%4 ¥ A AURCPRET AR T f g i 25 53 A B L il RS R AIE 107
701 a 20r b
S
60 g
B 15t
50 Ei
Gy
—_ ]
£ 40 8
E g 10r
5 30 £
E
20 0
X 57
10 2
o £
0 L 0
1.5 0 0.5 1.0 1.5
SSH/m
B9 2019—2020 AEJbARFVEE AR AV T 0 CPUE 5591 55 B () S VR M 190 Y L f81) 5 98 T 15 32 (b) 1 0% 3R
Fig.9 Relationship between S. sagax CPUE and SSH (a), proportion of catch nets and SSH (b)
in the North Pacific in 2019-2020
a: BAIE; b SRIE
a: Scatter plot; b: Frequency plot
Lor T9 010 107 1010 107 0.10
. 0.3 +ZSE Difference 008 & 08| 1008 & 508 008 &
go7p PO=IA=0) 007 8 £07¢ 1007 5 207} 0.07 5
206 0.06 3 2.0.6 1006 € 206} ~ SSH 0.06 £
205t 0.05 g gost 1005 2 E 05} = Effort 10.05 @
S 8"3‘ [ g‘gg B 8"3‘ I -+ 254 Difference | 8-8‘3‘ WK 8-‘3‘ i ~ 25§ Difference 8-8‘31 )
R oal 00233 S 02| DOZ A0l 1o0p B3 % g2 ] POl 002 B
0.1¢ 10.01 0.1+ 10.01 # 0.1+ 0.01 m
0 1 1 0 0 L L 1 L 1 0 0 1 1 1 0
5 10 15 20 25 0 02 04 06 08 1.0 12 0 0204060810121416
SST/'C Chl-a/(mg/m?) SSH/m

S(SST, 8.67)

s(Chl, 8.24)

K10 2019—2020 4FJE R AUV T 1 CPUE 45 SST., Chl-a, SSH KK H&
Fig.10 Relationship between the S. sagax CPUE and SST, Chl-a and SSH in the North Pacific in 2019-2020

:
ds s e

5 10
SST/'C

T TR T TR T T

2.0

0.5 1.0 1.5 2.5
Chl-a/(mg/m?)
B 11

Fig.11

S(SSH, 5.5)

s(Lon, 9.02)

s(Month, 4.9)

1 iy L 1 |
u y T

02 04 06 08 1.0 12 14

SSH/m
2 -
1r <
ol <
1t é
2} @
_3 .
146 148 150 152 154 156
Lon/°E Lat/°N

in the North Pacific in 2019-2020

2019—2020 4FJL K- AV T AR T 5 ik GAM R4

GAM simulation results of environmental factors and catch of S. sagax




108 ook B

5 44 4

ALHEIT J, POHLMANN T, CASINI M, et al. Climate
variability drives anchovies and sardines into the North and
Baltic Seas. Progress in Oceanography, 2012, 96(1): 128-139

BO Q. Interannual variability of the Kuroshio extension system
and its impact on the wintertime SST field. Journal of
Physical Oceanography, 2000, 30(6): 1486—-1502

CHEN X J, LU H J, LIU B L, et al. Current exploitation and
some scientific issues in the sustainable utilization of
Ommastrephidae. Journal of Shanghai Ocean University,
2012, 21(5): 831-840 [BR#i %, AL, XUk, . Kit
PR SR A S BT A PR S TS T b ). it
VETE 2RS4, 2012, 21(5): 831-840]

CHEN X J. An Analysis on marine environmental factors of

fishing ground of Ommastrephes bartrami in northwestern

Pacific. Journal of Shanghai Fisheries University, 1997, 6(4):

263-267 [BRHTZE. KT PHAL RV i a7 0 iy it
TEMSE TR, KR AR, 1997, 6(4): 263-
267]

DAI S W. Basic biological property and spatiotemporal
dynamics in fishing ground of scomber japonicas in North
Pacific high seas. Master's Thesis of Shanghai Ocean
University, 2018 [FE R, JLREFRAME H AE SR B
SRR M I 23 BhA, LRI R T A 2
HE 3, 2018]

GUAN X D. Sardinops sagax from the coast of Japan. Marine
Fisheries, 1985(4): 187-189 [#8}as. H A&l Ay
APV T o, WD, 1985(4): 187-189]

HU Y Z, QIAN S Q. A study on the age and growth of Sardinops
melanotictus (Temminck et Schlegel) in off-sea waters of
the East China Sea. Fishery Information and Strategy,
1993(7): 16-19 [WIHERT, ERILE). RSN T
FIAERS FIA R RS, AL B, 1993(7): 16-19]

HUA C J, ZHANG H, WU Y M, et al. Spatiotemporal patterns of
fishing grounds of tuna longline fishery in the mid-eastern
Pacific Ocean. Chinese Journal of Ecology, 2014, 33(5):
12431247 [LHCH, 5Kk, LM, 55 HARKFERR
ISR LI 2 AR, ARk, 2014, 33(5):
1243-1247]

IMAWAKI S, UCHIDA H, ICHIKAWA H, et al. Satellite
altimeter monitoring the Kuroshio transport south of Japan.
Geophysical Research Letters, 2001, 28(1): 17-20

KAPLAN I C, WILLIAMS G D, BOND N A, et al. Cloudy with
a chance of sardines: Forecasting sardine distributions using
regional climate models. Fisheries Oceanography, 2016,
25(1): 15-27

KAWASAKI T, KUMAGAI A. Food habits of the far eastern
sardine and their implication in the fluctuation pattern of the

sardine stocks. Nihon-Suisan-Gakkai-Shi, 1984, 50(10):
1657-1663
KAWASAKI T. Recovery and collapse of the Far Eastern sardine.
Fisheries Oceanography, 2010, 2(3/4): 244-253
LIR,ZHANG HL, LI X Y, et al. Umami substances comparison
of Sardinops three

sagax fish sauces prepared by

fermentation processes. Food and Fermentation Industries,
2019, 45(22): 143-149 [£8i, KGR, 20, 5 —Fb
KRBT A I AR T g b BER Y AR B
i 5 & BT, 2019, 45(22): 143-149]

LI Y H, LTI J H, I HW, et al. Isolation, purification and
structural analysis of antioxidant peptides from Sardinops
sagax. Chinese Journal of Food, 2021, 21(2): 229-238 [Z%
gz, RV, HRR, & LRI T abi A km 5
Baie AR, hEE RS, 2021, 21(2): 229-238]

LIU G P. Spatial and temporal variability of chlorophyll-a
patterns and its mechanisms off the Yangtze River estuary.
Master’s Thesis of East China Normal University, 2014 X1
UG RV B I8 A B 5 3R I 4 AR A K S B
ARG R WA A 2 A8 3, 2014]

LIU J L, CHEN X J. Research progress and hotspots of marine
biodiversity: Based on bibliometrics and knowledge
mapping analysis. Progress in Fishery Sciences, 2021, 42(1):
201-213 [XUS74x, BRBTZE. WEEA Y 2 REVERIT ST IR K
S, ol RHEIE R, 2021, 42(1): 201-213]

MA C, ZHUANG Z D, LIU Y, et al. Preliminary study on catch
composition and biological characteristics of light-liftnet in
the Northwest Pacific Ocean. Journal of Fisheries Research,
40(2): 141-147 [HH#8, FEZAR, XIHE, . PILREFEL
TEEIT DGR I 3 AR 2 B S 32 A2l AR ) R TS
HLHTFSE, 2018, 40(2): 141-147]

NAKANO H, TSUJINO H, HIRABARA M, et al. Uptake
mechanism of anthropogenic CO, in the Kuroshio extension
region in an ocean general circulation model. Journal of
Oceanography, 2011, 67(6): 765-783

NIPPON SUISAN GAKKAISHI. JbAEFE#ZEZ B 4:(NPEC)
I2DWTC, 2016, 82

NOTO I M. Population decline of the Japanese sardine,
Sardinops melanostictus, in relation to sea surface
temperature in the Kuroshio extension. Canadian Journal of
Fisheries and Aquatic Sciences, 1999, 56(6): 973-983

OKUNISHI T, YAMANAKA'Y, ITO S I. A simulation model for
Japanese sardine (Sardinops melanostictus) migrations in
the western North Pacific. Ecological Modelling, 2009,
220(4): 462-479

PERRY R I, SMITH S J. Identifying habitat associations of
marine fishes using survey data: An application to the
Northwest Atlantic. Canadian Journal of Fisheries and
Aquatic Sciences, 1994, 51(3): 589-602

SAKAMOTO T T, HASUMI H, ISHII M, et al. Responses of the



B MEE JEACT PRI AR YD T i g i 23 53 A0 B f i P8 R AIE 109

Kuroshio and the Kuroshio extension to global warming in a
high-resolution climate model. Geophysical Research
Letters, 2005, 32(14): 337-349

SHAO Q Q, MA W W, CHEN Z Q, et al. Relationship between
Kuroshio meander pattern and Ommastrephes bartrami
CPUE in Northwest Pacific Ocean. Oceanologia et Limnologia
Sinica, 2005, 36(2): 111-122 [AB4:3E, Db, WReiar,
8. UL R kA2 28 5 M CPUE BYSCRBIA.
TSI, 2005, 36(2): 111-122]

TANG F H, CUI X S, YANG S L, et al. GIS analysis on effect of
temporal and spatial patterns of marine environment on
purse seine fishery in the western and central Pacific. South
China Fisheries Science, 2014, 10(2): 18-26 [fHigfE, £
A&, MM, S5, WTERREERT b P R AR £ 19 e 7
SR 1Y) GIS 254347, B /KF=Rl2E, 2014, 10(2): 18-26]

TIAN S Q, CHEN X J, et al. Impacts of different calculating
methods for nominal CPUE on CPUE standardization. Journal
of Shanghai Ocean University, 2010, 19(2): 240-245 [H &
R, MO, AR X CPUE 3%} CPUE fRifEfL R
W, EMERERE RS, 2010, 19(2): 240-245)

URIAS-SOTOMAYOR R, RIVERA-PARRA G I, MARTINEZ-
CORDERO F J, et al. Stock assessment of jumbo squid
Dosidicus gigas in northwest Mexico. Latin American
Journal of Aquatic Research, 2018, 46(2): 330-336

WANG M Y, DONG W D. Development and utilization of the
Sardinops sagax in the Far East. Fisheries Science, 1992(7):
14-16 [EWIE, #CHE. AR T Mang I LR HIBR.
KPR, 1992(7): 14-16]

WANG Y T, TANG R, YU Y, ef al. Variability in the sea surface

temperature gradient and its impacts on oceanic features in

the Kuroshio extension. Remote Sensing, 2021, 13(5): 888

WATANABE Y, ZENITANI H, KIMURA R. Population decline
of the Japanese sardine Sardinops melanostictus owing to
recruitment failures. Journal Canadien Des Sciences
Halieutiques et Aquatiques, 1995, 52(8): 973-983

WEI S, CHEN Y Z, ZHOU B B, et al. Identification of sardine
Sardinops melanostictus (temmincket schrdinops) populations
in Yellow Sea. Marine Science, 1989(4): 55-60 [T 5%, Bl
B, JEMEME, . ROV T AR TS, i
HERIE, 1989(4): 55-60]

XIE M Y, CHEN X J. Analysis of the fishing seasons
characteristics of Ommastrephes bartramii and prediction of
the main fishing seasons based on the grey system theory.
Progress in Fishery Sciences, 2021, 42(4): 1-8 [f#BIH, %
B BT IR RGN AL R 22 i TVRAAE 23T 2 I
WU, ol Rk e, 2021, 42(4): 1-8]

XU B, ZHANG H, TANG F H, et al. Relationship between
center of gravity and environmental factors of main catches
of purse seine fisheries in North Pacific high seas based on
GAM. South China Fisheries Science, 2020, 16(5): 60-70
[PRTH, sk, FEIEAE, 45, T GAM MLV
[EE SRR IR B R/ RN S A S R R BT ¢
IKFERRE, 2020, 16(5): 60-70]

YUAN X N, CHEN X J, LI G, et al. Annual change of fishing
ground gravity for Scomber japonicas by large light seine
fishery and their relationship with environmental factors in
the East China Sea and Yellow Sea. Journal of Guangdong
Ocean University, 2016, 36(3): 110-114 [#/Mifi, FMHr4s,
RN, ZR T HASEEXT G 9 i 37 E O AR PR AR A
R FRR. TR R2A], 2016, 36(3): 110-114]

b mAE)



110 b /A - =

-
el

o 44

Spatio-Temporal Distribution of Sardinops sagax in the North Pacific:
Optimal Environmental Characteristics

YANG Chao'?, ZHANG Heng"**", HAN Haibin'?, ZHAO Guoqing'?,
SHI Yongchuang'?, XU Bo®, JIANG Peiwen™’, YAN Yunzhi’, GE Yali’

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Oceanic and Polar Fisheries, Ministry of Agriculture and Rural Affairs;
East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China;
3. Yangtze Delta Estuarine Wetland Ecosystem Observation and Research Station, Ministry of Education & Shanghai
Science and Technology Committee, Shanghai 202162, China; 4. Polar Research Institute of China, Shanghai 201209, China,
5. School of Ecology and Environment, Anhui Normal University, Wuhu 241000, China)

Abstract Sea surface temperature (SST) and chlorophyll concentration in the North Pacific in
2019-2020 were analyzed based on the data of light net fertilization fisheries, including chlorophyll-a, sea
surface height (SSH), and data regarding other environmental factors. The spatial and temporal
distribution characteristics of catch per unit effort (CPUE) and its relationship with key environmental
factors of Sardinops sagax fishery in the Far East were analyzed by spatial superposition map and
frequency analysis, empirical cumulative distribution function, K-S test, and GAM model. The results
showed that the geographical fishery center ranges from 147°-153°E and 39°-43°N and moves to the
northeast from April to August, returning to the southwest from September to November. According to the
frequency analysis and empirical cumulative distribution function, the optimal SST and chlorophyll
concentration in the central fishing area were10.0-18.0 ‘C and 0.2-0.6 mg/m’, while the optimal sea level
was 0.2-0.7 m. The K-S test showed that high CPUE was closely related to SST, chlorophyll
concentration, and sea surface height, and the optimal ranges were 10.9-18.9 ‘C, 0.2-0.6 mg/m’, and
0.2-0.7 m, respectively. The GAM model simulation results showed that the optimal SST of high CPUE
was 11.0-17.0 °C, the optimal chlorophyll concentration was 0.3—0.8 mg/m’, and the optimal sea surface
height was 0.1-0.4 m. Overall, the results showed that the optimal SST, chlorophyll concentration, and
sea surface height were 11.0-18.0 °C, 0.2-0.6 mg/m’, and 0.2-0.7 m, respectively.

Key words North Pacific high seas; Sardinops sagax; Environmental factors; GAM
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A RS H 0 25 55 ik 25 (P<0.05), RISk
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JWHIN 3.57~12.52 mg/L, Tk Hl R
4.02~11.59 mg/L (/& 2b).
212 FHa#H O WHEREFTZEMTEIR, HEEEERIEA
%t 4 BUEFFERFEPRATSEN I i 25 (P<0.01) 5 TEFSSURIER
FEA R AEHRNRT PO -P Fl NO3-N AR i 25 (P<
0.01), X} NO,-N I NH, N FEZIA 235 (P>0.05) (£ 2).

12 A 20755, PO;-P HeE i K TH: 7356
B(P<0.05), HAth# ARG S TH 7%k
B, Br 1 A6 ALISMYA 25 W3 (P<0.05);
[R]85 A (1 PO3 -P R 22 5 1t 3 (P<0.05), #& 1k %
PR T G LT R H((A 3a),

HEF IR NOL-N MR EEREAR S TRINEIFIX, BR
3 H . 6 AUSMA A h25 8% P<0.05); HHFNEES H
NO,-N k253 B3 (P<0.05), A% FaEE 3b).
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WERHAESNER
Tab.2 Two-way ANOVA analysis of the influence of sea

area and month on the environmental factors

IMEHF P {8 P value
a3CY BREA Y < BURE A 4

Sea area Month Sea area x month
Chl-a 0.163 <0.001"" 0.019"
POM 0.590 <0.001"" <0.001""
PO -P <0.001""  <0.001"" <0.001""
NO3-N <0.001""  <0.001"" 0.109
NO3-N <0.001"  <0.001" <0.001""
NH;-N <0.001"  <0.001" 0.107
. o**. P<0.01, *:. 0.01<P<0.05, F[d.

Note: ** represents P<0.01, * represents 0.01<P<0.05,
the same as below.
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Fig.2 Variation of Chlorophyll a content and POM content in experimental sea areas

AR 75 R S0 AN [ A 00 58l 22 53 (0.3 (P<0.05) ;. ARG “FRRR 7 S U R A 03 8cd
225 L (P<0.05); *Ro AT A [A) i kB 22 5 1 2% (P<0.05), T,
Different capital letters indicate significant differences (P<0.05) among different months in Sanggou Bay, and

Different lowercase letters indicate significant differences (P<0.05) among different months in Guazichang.
* indicates significant differences (P<0.05) between sea areas in the same month, the same as below.

SVNTE MR NO3-N Wk B3I 5 TH: 41k,
B 4 HA 6 HUSMYH 2557 5.3 (P<0.05);  FHI]TAR
A H A3 NO3-N #2255 1 3 (P<0.05), BARFRIN TR
& 3c)s

ZIVEWGEY NHy-N Ve B & T T i,
B2 AF S A LAMG A 22 573 8% (P<0.05); HIIFE
W45 H 0y NHy-N ¥R 22 57 8 35 (P<0.05), AR5
7E (] 3d).

22 KM HERISHERK

221 kUGB ETRGRAALE —HE 257
Mrid (G2 3), F55H #8525 1 %05 ) 2 R0 K A s

B R B A 2 (P<0.01), TR N b3
(P>0.05); T K 258 5 AE FXH5 300 2 B B E 2 AN
B35 (P>0.05), X405 B8 S FE B2 ) 25 (P<0.05);
= N2 A AR R ) 2 o R R O (P>
0.05), i 4t i B8 i Fi 52 1 I 3 (P<0.05)

AH R SR E £ 29 BE AT, W2 R J2 b3
AN [7) ¥ 35 22 [) K 05 R L A A R 25 S (P<
0.05), HoAth 45 Ab ¥ 4L A [) g 3 22 1) 35 6 0 3% 25 %
(P>0.05), HIFNEFHANGS BT, BN 1 /4%
B, W RN J AbFRAL 25 T P AR (P<0.05), #H[H]
MRSURFRFE AN, Y300 2 38 5751 Ak (PR
2 LA MIALFEA 2E  T 1 S/ AL BRZH (P<0.05), 5
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4 /TR AL PRAE 25 S A B35 (P>0.05) (5] 4a),
i [ FR A L FNE 250 BE AR, 45 Ak B AN ¥

1 Sk/25% 0 A BL2E 07 30 2 A7 R B B 8 K, HAt Ak
PR R A T (A 4b),

Bz R 2 R S T 22 5 (P>0.05), MHIF] 222 HRAMARERAEE —“HRIT 25y
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Fig.3 Variation of nutrient contents in experimental sea areas
*3 B, FEENMESEENKEFERAHANSERERNZEAZAESRER

Tab.3 Three-way ANOVA analysis of the influence of sea area, aquaculture plate, and sea cucumber density
on the growth index of the C. gigas and A. japonicus

H: K F8F1 Growth index

EES RS HRELE KAGRELSE HRSMMEE RSEEER KAGRRE KA
Factor Total weight of Total weight of Sea cucumber Survival rate of Oyster Condition
sea cucumber oysters weight sea cucumber weight index
A 0.343 0.537 <0.001" 0.100 0.834 0.186
B 0.005™ <0.001™ 0.131 0.161 0.969 0.529
C <0.001"" <0.001" <0.001" <0.001"" 0.682 0.578
AxB 0.622 0.007" 0.213 0.148 0.991 0.679
AxC 0.277 0.026" 0.028" 0.432 0.996 0.938
BxC 0.057 <0.001" 0.093 0.737 0.990 0.090
AxBxC 0.301 0.031" 0.011" 0.430 0.996 0.688

W AR, B RRKHE, CRRBSHIE.

Note: A represents sea area, B represents aquaculture plate, and C represents sea cucumber density.
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T 2 %% B 28 B AR RO 0 i 24 AR A 5 52 ) B 2 (P<
0.05), HoAth 9 X 22 A2 HAR AT WG 48 A 52 ) 240 Bk 2
(P>0.05); —PHIZ 28 HAE X0 il 24 AR FE 52 )
F(P<0.05), XFHAIEHFZMA L E(P>0.05),

AH IR I3 58 £ FNE S 9% FE 25T, B W1, J1 Fil P4
Ab 3 2H 7 30 R S AR R T R
T LLANP<0.05), HoAh A% b BELH A [ R 2 (] 35 G
W EEF(P>0.05), RN FGESEE LM,
T W1 I T1 AL BRLELOT R S A R 5
T P1 AbFHA(P<0.05). HH[EEIR A SR AT,
BEER 1 Sk AR BT 2 M 4 S/ AabFEg]
(P<0.05); [FEE, AT FRIR SRR E, UF
WERE N 1 Sk/A AL BRZH Fe I B, At A R AL PR
BRI A T IE(A Sa).

FHIR RGBS % AR T, 45 BRAUAS [ ifg
2 B0 5 TG R TG i 35 25 5 (P>0.05) o A W] ik
FGSE LR, UG RIS W2 dh B i 2
KT P2 1 J2 Kb FEZH (P<0.05), Jifihs 42 6] TG i &
Z5(P>0.05). MR FFE LT, BSEE
1SR/ AR PR 3 i 2 A4 Sk /AR FILA (P<0.05)
(K 5b),
223 KT/ RKE Fo e ih “HWERTES
Mrigos, 3 PR 2R g A A A i R HC R ¥4 G

O #A1AE Initial weight
[ &R Sanggou Bay * *

—
R

B #T3% Guazichang —‘
T B Bb Bbb Bb
B Abb b b
6 A ab a
o Aa ab a a
S5T
i 5
i) g 4
"7
23
82
Hg2r
5
1 =
0
Pl W1 J1 P2 W2 J2 P4 W4 J4

4324 Groups

PiRlS RS E

2R (P>0.05); PRI R T =K R3¢ BAR X P4
BRI TC 25 510 (P>0.05) (35 3).

TERTA L5 v, A A (A B 44 2 () 34 G W 2%
£ 5 (P>0.05) (Kl 6a).

AH R FRE £ N S 9% BE A5, A& b BRA AN [R) Vi
S 2 TR g L i 3% TG i 2 2% 5 (P>0.05) . AH [R] 1
WS B EAMET, AUA RIETETEE W2 kB K
SRR B E R T P2 ALBR4L(P<0.05), H A4S
5] TGt 3 25 5+ (P>0.05) . AH VISR B4 T,
A Z TR W2 A B 2H K A s AT 36 B . BT
W1 Fil W4 ZbFEZH (P<0.05), HAh4%4H A #2457
(P>0.05) (I 6b).

3 i
31 SEIEEKRE T HIEHRENE TR

ST 15 BT 47 A Iy ok
FeTE, P TR R TR A Ll
DU W7 S FR Ao B AL 2 % 9 35 % (Fang
etal, 2016; ARG, 2019) HIT, fRK—H 415
A8 F K R T U R, 638 LR e
HETT R AR SRR, 06 VA1 2 7 S P AT ety T 3Ll
K TR L 5% 0V Y T 00 K 250 (P

(b) 800 T AT mitial weight M M M
w0 [ %9 Sanggou Bay

% B #:T% Guazichang -

s 600 c b ||, D
2 Ab lAc
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Fig.4 Comparison of total weight of C. gigas and A. japonicusin a single aquaculture cage

P UK SR A AL B AL, W AR ICALIRS AL AL, T AARASINTCT ML FRAL 5 H0w 1. 2. 4 0K 2R B0k
WD 1, 2, 4 3K/4; AFRIRS FRE R A R SR T 28 B2 26 AF 1 A ) 97 98 S 4 K8 22 53¢ 18 35 (P<0.05) 5
ANTR) /N SR 705 R [ T ol R R 9 28 2% P A [ ¥ 25 4 R 2R 50 22 5 1 3 (P<<0.05) 5
*F N AR AR BEAS 1 T A [ Rl 22 53¢ 1 35 (P<0.05), Rl
P represents the common aquaculture plate treatment group, W represents the holeless aquaculture plate treatment group, and J
represents the treatment group of adding non-knot net. Numbers 1, 2, and 4 represent the density of sea cucumbers treated as 1, 2,
and 4 ind./plate. Different capital letters indicate significant differences of different aquaculture plate groups in the same sea area
and sea cucumber density (P<0.05). Different lowercase letters indicate significant differences of different sea cucumber density

groups in the same sea area and using the same kind of aquaculture plate (P<0.05).
* indicate significant differences (P<0.05) between different sea areas in the same treatment group, the same as below.
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Fig.5 Comparison of individual weight and survival rate of A. japonicus
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Fig.6 Comparison of individual weight and condition index of C. gigas
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Abstract

production and area, especially oyster aquaculture which accounts for 80% of the global production.

China is a major aquaculture country, with both the world’s largest aquaculture

However, its ascent has had numerous negative implications, requiring the development of more
environmentally friendly aquaculture methods. The ecological farming model is gradually being
acknowledged and encouraged as it is the result of in-depth investigations of marine ecosystems.
"Integrated Multi-trophic Aquaculture" is a well-known environmentally friendly aquaculture model.
The application effects have been outstanding, as it boosts high output per unit area, improves the
marine environment, and improves material utilization. Filter-feeding shellfish are raised at levels
that create considerable biodeposition. Particulate matter is transferred from the upper to the lower
layers of the water body. Organic matter accumulates on the seafloor in the form of biological
sediments, which badly influences the substrate environment, including releasing ammonia nitrogen,
increasing dissolved oxygen consumption, and altering seabed biodiversity. Previous research
suggests sea cucumbers absorb large amounts of organic matter-rich sediments, reducing the nutrient
load caused by coastal shellfish and fish aquaculture. Therefore, a novel sustainable farming model
based on the principle of multi-trophic integrated farming could be developed by using sedimentary
sea cucumbers to feed on the biological sediments produced by filter-feeding shellfish. The purpose
of this study was to investigate the possibility of an oyster-sea cucumber raft integrated culture. Sea
cucumbers were stocked in oyster breeding cages. A raft-style integrated oyster-sea cucumber culture

D Corresponding author: FANG Jinghui, E-mail: fangjh@ysfri.ac.cn
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was attempted to improve the breeding method. This method allows oyster biological sediments to be
utilized in situ, reducing oyster breeding density and maintaining economic benefits. This
comparative culture experiment of integrated oyster (Crassostrea gigas)-sea cucumber (Apostichopus
japonicus) raft culture utilized Sanggou Bay and Guazichang as representative oyster farming
locations. We stocked C. gigas in the odd-numbered layers and A. japonicus in the even-numbered
layers of the oyster cages in polyculture. Even-numbered layers had three levels of chassis: common
aquaculture plate, holeless aquaculture plate, and holeless aquaculture plate with non-knot nets. The
aquaculture plate was the first variable in the experiment. The stocking density of A. japonicus in
each of the even-numbered layers were separated into three levels, 1, 2, and 4 ind./plate. The second
variable in the experiment was stocking density of sea cucumbers. The experiment was
simultaneously conducted at both sea locations. Therefore, the experimental design consisted of a
three-factor and three-level experiment with a total of 18 treatment groups. During the experiment,
we examined to content of: chlorophyll a, particulate organic matter, POi_-P, NO>-N, NO3-N, and
NH;-N in both sea locations. The survival rate, growth performance, and condition of C. gigas and
A. japonicus were compared. There was no significant difference in the contents of chlorophyll a or
particle organic matter between the two marine areas (P>0.05). There were significant differences in
the four nutrient salt contents between the two locations (P<0.05). There were no significant
differences in the individual oyster weight or condition between the two locations (P>0.05). Only the
low-stocking density sea cucumbers grew, with individual weights over 25% higher than that of the
high-density individuals. Individual sea cucumber weights and survival rates in the low density
treatment groups were considerably higher than those in the high density treatment groups (P<0.05).
The performance of the holeless aquaculture plate considerably exceeded the common treatment
group (P<0.05). The holeless aquaculture plates with sea cucumbers at a density of 1 ind./plate
achieved the highest results in this study. The chlorophyll in the sea area of Sanggou Bay remained
mostly unchanged in this experiment. However, the chlorophyll in the water region of Guazichang
reduced when compared with that of previous data. With the recent rapid growth in the oyster
industry in Rushan City, the oyster output may have reached or possibly exceeds the area’s
aquaculture capacity. We advise the oyster breeding density in the Rushan sea area to be reduced to
lower the breeding risk for farmers while also promoting the breeding industry’s long-term viability.
In this experiment, there was no significant difference in oyster growth across the treatment groups,
indicating that the integrated oyster-sea cucumber raft culture mode can lower oyster density and
reduce environmental impacts. Simultaneously, breeding high-value sea cucumbers compensates for
the loss of breeding income induced by the lower oyster breeding density. When compared to
bottom-seeded sea cucumbers, this raft cage mode has a higher level of safety and ease of harvest.
This method can be used to replenish oyster growing zones with a high density of oysters to boost the
aquaculture industry’s health and long-term development.

Key words Apostichopus japonicus, Crassostrea gigas; Integrated multi-trophic aquaculture; Growth;
Nutrient; Water environment
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P A EA R S 7R JH M YR T AR M I A S A HRE
REZEMEZR

Eak' EAE' X ' EXAE' MERA' T EY ¥FTF'
(1. KREWFERF ARSI WK R RS LE LT KiE 116023,
2. MRS S TR REEZRE( M) TR T 511458)

HE KA 5 DR E b 7 s A 2 FE 2k I k| £ (Apostichopus japonicus) 7= 78 3 A 3 £, A &
M T AR R R S IR A TR 4 WA 16S rRNA 2B 7 &, AT HHuk . sk
MK SR AFE TR EREMRE, AEAY I HENNERTREE T, £RETF, &
AR S RAAMBEN R DEAFEEMLFERERANEERTEEAY, ARAVHERNEZ MR
(P<0.05). Hat RS REMBEAPYEHENEREERZT, Fokil, sokiifthki 27 H
B0 7 & T B B W |1 (Firmicutes) . & #F % |1 (Acidobacteria)#1 2% & 1 | ] (Tenericutes), /2% 7 [& fir
Bk At EE RO AR, 2% —R%HE 135 FETEHHE |1 (Proteobacteria), 48+ + & & T
49.04%; REHE TN ZI W BF MR A, Hd, HKkH LA E [T(Bacteroidetes), & 7k 1 4%
Z & '] (Chloroflexi) 7 # %4 1 |1 (Actinobacteria), ft.uk i # i% % H | 1(Planctomycetes), 1% H F 5 &
BAXEMIKRA, KRR SR AE TR EHFEM ST E T EH B F X EP<0.05), &
BL.HE. REMEANRENRYEBENESIEREF, AARXK IR SR MER D VEER
BEH IR AR

KBRS Al RS gEEN)T; EEEN

FESES S966.9 XEKFRIEES A XEHS  2095-9869(2023)04-0121-14

3l 2 (Apostichopus japonicus) 2 A % & 1) 28 55 I 1 VK2 Ak B — BORR IR B o R A vk 2 i Rl fk
{8, STk L7 B A K FR 58 S Fl(Roggatz etal, {1 37 FE L 30 /K R PR 855y o P4 IR 25528 7 4 73 kg b ok 38
2018). FEAEBIZSFI WAL, BHHECEE HoRE, mtbs R IR KA B BURER)Z | 3hERZE
PA A Tt B SR 0 N I S 1 SR A i E R (Yuan PV IR0 2 S 4 (Giliehinsky et al, 2002), 184t i
et al, 2007). 7, VK2 Rl S B0 3 R )2 255 R It IS K B
i U R B 1 b M DX R ) AR [l S 2 b KR B TR R e, I 6 5 R 0 A ) I R AR A

* [ K A ARHA 42 (31902395) . [ 5 E L& TR (2018 YFD0901604) . K% i # 4F B4 2 S 70 H (2020RQ115) F1
TR S TR RAE L E( M)A BN 5] 38 KL I (GML2019ZD0402)3: [[ % B .
LT, B-mail: 897544591@qq.com

O #EfEFEE: £ 22, B, E-mail: dlouwangluo@sina.com

Wk B 91: 2022-03-22, WE RS H 1H: 2022-04-14
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&%, 2011), 1 HRER
UL B A F A 2 5 R G 4 T Tab 1 Sampling information

ML, SR KB . S5 Y Bs b %ﬁﬁiﬁﬁ. ﬁ@%‘%‘ .
15 25 )y T ¥ % 1 % T B 4E JH (Deng et al, 2009: Sampling period Sample information

) o $+ Kk Icebound period C-1, C-2, C-3
Michaud et al, 2009; Blancheton et al, 2013; {57 R, WK 1 F RLL. RI2. RI3
2015; EHEE, 2022), AHHEQ015)FIFEEYT, MIF filk A BUKE 3 E  R31. R32. R33
T 3% 5w UE DU W vh A B 0 B 0y 3 R Melting period FIVKHS 5 F RS-1. R5-2. R5-3
(Halomonas) At it 35 FR A B% . 7 R % it 55 B 21 355 vk fbvks 7% R7-1. R7-2. R7-3
FYZ SR 7 L RS i A R A 5 | RS SR AR ) R Ablation period  fLPK%5 14 KX R14-1. R14-2. R14-3

W, HEABEASS Y6, PS50 it 5T
W43 549 30 1Y 45 4 T AR YQ-2 Fll DY-6 REAT 2K
4510 580 299 Jit B —— b 2 IR (Vibrio - splendidus) Fl
1% 2 s 5. iy 5 (Psedoalteromonas  nigrifaciens) (it 4: 1
Bh(HAE S, 2017, E4M5E, 2018), K10, FRAH
WAEBRGEW G Z RIS EA N FR R, A58
B | E SR T SRS ALY T 3 T I 3R A PR B TR
FP2EAN FE B B BCAE (Bentzon-Tilia et al, 2016; #/\Af
SE,2021). BN, iR AR 1 BEAR A A TN A S
ML BRI W AREKOE A ML A, R AR
HEFRTH AR B A (ZE AR, 2010), KRB B B
PO e G B GT AE AKIAR B R B , ] T K R A
P0G VE PR, 08 TN ok 70 SR 3 R B ) ST R R S
(GRIREF, 2013), pH J& A& Wy R i 46 119 o 28 4 1A
T, BEMEE I VA BT K P R 4 A
FHR AT B A8 AR 2% (Lindstom et al, 2012), 4k
5 B b P 5 DR 722 b T B0 ) R A R R S ft R AR
B 1) SR BB DT, (FL DG T SR A b 0 R A R 2 A
THT 1) BF 5 3 6 A 4138

PR, B  DA v by R 2 Bl T O 2 55
B b 3 S X 5, R P o 3 0 B AR A T R o =
FE M ORI R RS P R IE S R R, BAEN
I 2 77 G RS 0 1045 PR HE AR

1 #wRERF=E
1.1 R&EHR

A5 5 [ b Dy R P T ORI 2 3R 5
i3 (40°37'46"N; 122°8'59"E) Xt 4, FIH R 45 5
SR A B K] | Al vk A RNk vk R — 2 52 5 i e R
JZ 3~5 em UURRWIRE AL, RFEEE LR 1. HEAEA
TWEOE R, 80 CUKFER A, TR
DNA m#H, FraFesh R A A —h 5 IF s e 3
17, MWIEHRLA N 0.07 km?, KIELH 4 m, filS5%
JEL N 5 Se/m?, SAFEARAE LY

TE: BV AR IZRAME RIS 5 Rl s R 48 0k 2
THR AL 2 VK2 58 A Rl R I s AL VKB R 48 UK )2 58 40
K B3

Note: Icebound period refer to the period when the ice
does not melt. Melting period refers to the period from the
beginning of melting to the complete melting of ice. Ablation
period refers to the period after the complete disappearance of
ice.

1.2 HFERFUE

¥ HACH (HQd)ZK 5T 73 Hr i 48 (HACH A+,
FE), BIE IR K (IR B (T) . £ (S MR B
JE (pH), Ho Al 3816 2 55000 2 354K 8 rp Ao R i
CHEEPETURRY) TR ME(GB18668-2002) ) #E4T . TTAHR
Y A ML (TOC) 14 5 R FH 2 4% i 4 4 fb—3d8 it 2%
%, BA(TNR S m e A b, BB (TP)RH
BB, FA(NHL-NR YRR L E Ak
W, SRR (NOS-N)R ISR 5, T AR R (NO3-N)
FKHZEC R O, BEIRER (PO5-P) R FH #5 4H
WA ECREL, BALY R W F S e

1.3 DNA EEL., ¥ ig@fninF

1l OMEGA Soil DNA {71 &/(D5625) 2 BT FL
Y1 DNA, $#2H# DNA i NanoDrop2000 43¢
TG e B2 A4, A% DNA JCFE i JGT5 4, DNA
e JEER =50 ng/pL, 4l ODago nm/ODaso nm=1.8~2.0,
FIFH 1% R A E I FL UK ASHI DNA JFi i, DNA 457115
B LR R SE R T RIS, R T4 DNA B TS

I 16S rRNA [ V3~V4 | BL 341F (5°-CCT
ACGGGNGGCWGCAG-3")H1 805R(5'-GACTACHVG
GGTATCTAATCC-3")/E AT #5447 PCR §73,
{#i FH77 barcode 4557514 , TaKaRa 23 &) 1Y Tks Gflex
DNA RAEETT PCR, Y BERCRFIMERIE .

W 3R PCR Y™ 1Y J5 3145 B4 B 16S rRNA 3 [H 7=
WikAETAY TR RBEARAR, RH
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[lumina Miseq 2x300 bp )77 &5 247 /5 38 2 )7 o
1.4 HIELEESH

JH FASTP (JiiAs 0.18.0) (Guo et al, 2017)%f Illumina
V5 R R BRI T, AR AR . RBRE A AR
HHMRIN)=10%HY reads; ZFR phred BiiE i1 <20
FIBEIE = 50% 1) reads; MHBR 423K reads, XML
1w tag 1 €15 3 clean tag (Bokulich et al, 2013), =R
QIIME (Caporaso et al, 2010)f tags Jii 1 4% Hil i 2 o
fdi i} UCHIME %% (Edgar et al, 2011)i#£47 tag f % &
Rk . 1 UEiR ARG 1321 effective tag #E1T OTU
FEG RS0, EREE R AT tag )75
Y M > 52 4F 43 28 PR JT (operational  taxonomic units,
OTUs)AR 51, R Usearch (8.1.1831)%k {4, F#&
WP SIARIE R 97%0 BIE#EFT OTUs BRI, RH
Mothur (1.30. D)3RPEXTEE ST IIHETT o 20T
K RDP Classifier (2.12)8FXHEEM A #5751 0817
YIRh e, BEEE N 0.8, (IR TIZBIEM432555

RBIIAN unclassified —25 . 1 H R i#EF (A 2.5.3)
HEATEREE R AR SRS, LA B A4 DX 3 0P R 2
B, PFAFAEIKE4 rank FFEMH. MRHEERS
YrFhZ 18] Pearson AHC R AU R 15 psych A(h
7 1.8.4) 1 (Revelle et al, 2010). {411 SPSS19.0 #f4:
XPREAR 4T B K 7 22 73 T (one-way ANOVA),

2 R

2.1 HREERFIEN

AT 5 %o Hp [ b AR R R 2 T ORI 2 3R B
BT K L oK RN E P DR 3 85 A IR T A T
WK 2). AR WoR, Bk LR FnEh B 2 80 b 5
T+ (P<0.05), TOC 7 Rl vk IS 1 Kk #] ik, TOC
eSS 3 RIFR W TR, 2 mhvkI ik 85K a5 (P<
0.05), Bh/FfR-+FFE. TP, NOs-N Hl PO;-P & 1
VR A ) ST AR B TR UKS IR EE I Tk 3h
BN, RN AR AR

R2 FRBRNSFEMETRYAEECET
Tab.2 Environment factors of the sediment of ponds for culturing sea cucumber during ice-melting period
HKi LY ! ki
) WEHT Icebound period Melting period Ablation period
Environmental factor
C R1 R3 RS R7 R14
JIRJZ7K I T/°C 5.60+0.09° 7.50+0.40° 6.90£0.07"  8.30+0.21°  8.10+0.13° 8.00+0.10°
HES 28.80+2.11° 30.80+0.52% 33.80+0.62° 33.20+0.74*  31.30+0.26° 31.30+0.13%
WA IE DO/(mg/L) 12.75+0.11° 12.92+0.48°  12.87+0.25°  12.94+0.27°  13.30+£0.53°  10.62+0.62°
FR1E % pH 7.79+0.20% 7.79+0.15% 7.82+0.04% 7.85+0.11° 7.43+0.09* 7.74+0.03*

SA TN/(mg/kg)

S TP/(mg/kg)

A NH;-N/(mg/kg)
fili B2 & NO3-N/(mg/kg)
WEEREL PO3 /(mg/kg)
ALY Sulfide/(mg/kg)
RAHLIK TOC/(mg/kg)

AL HL L ORP/(mV)

1.650+0.131%
0.047+0.001°
0.046+0.010"
2.550+0.540"
1.927+0.012°
0.008+0.000°
7.855+0.032°
—62+3°

1.732+0.032°
0.0330.000°
0.0330.000°
0.353+0.012°
1.164+0.071°
0.020+0.012°
8.949+0.143°
—121+7°

1.195+0.053°
0.031+0.011°
0.036+0.001°
0.374+0.102°
1.080+0.034°
0.008+0.000"
3.37240.924°
—127+3°

1.427+0.242%
0.0030.000°
0.030+0.001°
0.139+0.193°
0.239+0.143°
0.0070.000°
4.487+0.571°
—93+1%

1.512+0.108*
0.036+0.012°
0.037+0.000"
0.501£0.232°
0.249+0.031°
4.637+1.376"
0.014+0.572°
—95+1%

1.244+0.241°
0.024+0.044
0.043+0.023°
0.293+0.171°
0.196+0.011°
5.269+0.835°
0.0050.000°
—-101£2%

T R R AR 22 5 R T AN [R) F BR 7R AN [m] i 400 1) 22 e 3k 31 2 25 7K1 (P<0.05)
Note: Data in the table are Mean+SD; Data with different superscripts in the same row are significantly different (P<0.05).

2.2

SEENFER

2.3 o ZEESH

AR TR B Bt 18 ANRE S B4 IR LA T 7 51
h 45 106~79 040 2%, JRLRFANL R E S A Ak
AR X B8 L bR J5, iR 20T 58 42 993~
76 635 25(3% 3).

I B R AR A o ZFEPEFR B (B 1),
) 2 57 B o 398 5 il ) ) AR ) TR B RN 2 A
SV B Rl DK AN &2 25 3 (P<0.05),
i DI SOY TR R 22 Il TR, A DKZ 58 4 O i AL vk A
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Tab.3 High throughput sequencing results of bacteria in the sediment of ponds for culturing sea cucumber
T ¥ als 2l i cc=ibhadl JEHE X751 AT AHRBUTH OTU % H
Sample Original sequence Quality control sequence Not target sequence Chimeric sequence Effective sequence OTU number

C-1 53771 53492 14 433 53 045 4042
C-2 54 122 53 851 8 452 53391 4289
C-3 47 742 47 502 17 664 46 821 3956
R1-1 66 119 65 745 17 282 65 446 3728
R1-2 52576 52337 35 756 51 546 3200
RI1-3 59108 58 705 12 1327 57 366 4 068
R3-1 79 040 78 919 34 2250 76 635 5297
R3-2 64 976 64 942 28 674 64 240 4707
R3-3 47 306 47267 18 497 46 752 4399
R5-1 77 450 77 336 48 2 994 74 294 4 580
R5-2 47 175 47137 19 2252 44 866 3546
R5-3 68 082 67993 15 1883 66 095 4313
R7-1 57 329 57 247 25 5763 51459 3808
R7-2 46 641 46 596 30 3305 43 261 3323
R7-3 54 086 54 021 4262 49 755 3688
R14-1 45106 45077 2077 42 993 3751
R14-2 64018 63 988 19 2674 61295 4430
R14-3 55559 55508 15 1623 53 870 3 866

P AR R R 2 RE P PR R
24 B SEMESH

£ OTU ZKF- b, MR HEINAY Unifrac 55 A [a) %) 5f
UKL B UK AL DKIIREAS AT E Lo e i (B 2).
Hrf, PCA1 (principal component analysis) ., PCA2
PCA3 M TTHR R B0 94% . 2%F01 1%, EITEREN
97%. AT EERIRESE PCAL, om0 L)
23 0K A N [ B = T s s G L 2 A T e 3
ML
2.5 HEHEWBESH

1K B (18 3a), AEXS F=BEHER T 5 AT 20531
HARIE ] (Proteobacteria) . #UFTF A ] (Bacteroidetes) .
TR 1] (Actinobacteria) . ¥22£ k| ] (Planctomycetes) .
PRI ] (Acidobacteria). il i ) 2 37 4 i U AR
Y38 — RSB T 1Y AR TE B T T (R A 3 8 >49.04%)
ARSI TAETE R E 25, Hod, BRI E
T AUFF B T (X £ BE>6.80%) , Al KU 34V i 1)
ML E ] (Chloroflexi) ML B 15 AL vkIH IR AL 4
B T B R R o ]

JEAKF E (K 3b), Sk R 2R R T
e K i BK i (Halioglobus) . i 51 i J& (Sulfurovum) |
Desulfopila, Lutimonas. {71 1% J& (Thioprofundum) ;

Al KIS = ZE SR8 T Sulfurovum, Thioprofundum,
Desulfopila; fL kL #p Ja £ 25 Jm T Sulfurovum,
Desulfopila. Thioprofundum, {E15 1 &2, 767K Rl
9 Ta) A 0 R 2 4% 0 S0 TR R 3 B B AT A
(Pseudoalteromonas) (A% 45 4 0.9%).

LA 5 LEfSe 4301 2R (Bl 4), ARIHK
RS 244 AU RS BETE VR AU AE 22 5 Bk
2 255 PR DU 22 5 A T R 2R R TR RE AT T,
HAR Z 15 & k£ IR AU FF B (Hal anaerobi um) 18 45 B
J& (Halocella), vk TR )22 520 1T 1SR I8 T IR AT I
'], HARRMEZE R EEr% 0 GP7. GP17 #l GP26,
A VKITTRR ) 22 S T TR 8 T-4XBE T [ ] (Tenericutes),
HACFRME 2= 7 1 8 4 Haloplasma.

2.6 COG IhEETRM 4 #r

BT COG B FE(E 5), X 25 AITfEE A,
2 FR M SE DU Y A RETE VR A AT 18 ZH e
AR R B TR 2 57(P<0.05) SEFKIIALL, Rk
TR FEE— B DI RE Tl (general function prediction
only) [R], RAMEW A= YE . 12 i F00 fifg AC 5%
(secondary metabolites biosynthesis, transport, and
catabolism) [Q], *H MYz i AL (coenzyme
transport and metabolism) [H], oK A A 1 B3z B A
{1} (carbohydrate transport and metabolism) [G], %
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Fig.1 o Diversity index in sea cucumber culture pond during ice-melting period

PCA2(4%)

0.2

S-R1. S-R3. S-R5 %

531 Rl A 14 5

V305K,

S-R7. S-R14 735 Lk Es 7. 14 K.

S-R1, S-R3, and S-R5 indicate the f1rst, third and fifth day of the melting period, respectively;
S-R7 and S-R14 indicate the 7th and 14th day of the ablation period.
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Fig.2 PCA analysis diagram in sea cucumber culture

pond during ice-melting period

i 1Y 32 i A1 AL (nucleotide transport and metabolism)
[F], AetEr=A:5%%1k(energy production and conversion)
[C], & il . T A& K (replication, recombination and
5 (transcription) [K], Y0 54548 S AR
77 i (chromatin structure and dynamics) [B], RNA
Jin T 5 &1 (RNA processing and modification) [A], 4fl
M Zh 25 F5 T BE (extracellular structures) [W], 40 fd-E 42
1, BifEIHL (defense mechanisms) [V ]
& B S L (51gna1 transduction mechanisms) [T], 4

MR . 4f Mo BE | LI AR W & 2 (cell wall/membrane/
envelope biogenesis) [M], 4 JE A4S . 4552
Yeft {43 X (cell cycle control, cell division, chromosome
partitioning) [D] 16 /N5 I 23 H &M 1 #(P<0.05)

repair) [L],

(cytoskeleton) [Z
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a4t

ok Y, DR W T B TR g 6 5T 45 4 AR O 5K
(chromatin structure and dynamics) [B], RNA Jl1T. 5
&1 (RNA processing and modification) [A], #k/KAL&
Yyiyiz ki AL} (carbohydrate transport and metabolism)
[G], 4R = L 4R o2 | G EqR 53 IX (cell cycle
control, cell division, chromosome partitioning) [D], 4
it /025 ¥4 T E (extracellular structures) [W], {5 B S
HLiil (signal transduction mechanisms) [T], —/ T 5E T
il (general function prediction only) [R], %% 3
(transcription) [K], W ARG . 125 M55
fiftfX.1%f (secondary metabolites biosynthesis, transport,
and catabolism) [Q] 9 HIIfEHE PRI N B EMET
J(P<0.05).

27 HEEHSREETFHEIEST
R R 3 R 2 5% BRI U AR TR R S R R TN

(a) "J7K3F At phylum level
100

60

40

X} BE Relative abundance/%

S-C S-R1 S-R3 S-R5

£ Sample

S-R7

level
100 (b) JB7KF At genus leve

CCA HHras T ILIE 6. anfE 6 fran, Bkl 2558
b TR TR B 2R Ry — 2, Rl vk A AR oK B TR
YITEREN RN o — 28 . MIEABE N 77k 55 S E L
PR BERT N, 255 58 S O R REHE A4 T 4 19 3=
FIEEH TR IR . R . TN Ml TOC, Hor,
T E FNER 5 B UK TR R R S R G, 5 kb
DUBRYI RS IEAH S, TOC F1 TN 5 £k TR Y
AT 32 B S IE A G

R B 2 FE R ORI SR T 1S B R
e P A ST s R L% 4. Hoh, SUFFEE T 154
i 5L 0 B 97 R 56(P<0.001), Z2 W BIFT B T 132 W)
R RES MR o SR T T e RN B A I 3 I A
K(P<0.001), 5 TOC ¥ & S i 2 11 AH 5 (P<0.001),
TR DA ] SRR R R AR AR T R R
FHOEME (P>0.05) 0 BER B 1] 5 3k B 52 W 8 38 1 A G
(P<0.01), 5 TOC & it S ik 2% H A 5&(P<0.01).

m Proteobacteria
Bacteroidetes
Actinobacteria
Planctomycetes
unclassified
Acidobacteria
Verrucomicrobia
Chloroflexi
Firmicutes
Others

S-R14

e
[=]

(=)
[=

FEXF=EE Relative abundance/%
S
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LEfSe analysis of the sediment bacterial community in sea cucumber culture pond during ice-melting period

() 75 Ak A B i R R M (- 8k F9 48, 2010; Bell et al,
2013; 286455, 2014; Yang et al, 2015; Amabebe
etal, 2020), AFFEFRM, VREHIHE 2 258 it DT
VIR BE = B Z e SR R E R vk 3 )
I U B AT E KN, IRER)Z KRR B
5| A RS K 2 I8 K 1 e A T B0 AR A (22 AR A4
2015), JEE R THE A B 2 R MRt T R A
RE N B SN, 2E AR E T AR 9 AR (Tang et al,
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2014; Cardona et al, 2016), & AV vk ] 30 B 1 = B &
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Fig.5 Function abundances of sediment bacterial based on COG database

] — 4L LR AN ) B 37 P F R ) 22 57 8.3 (P<0.05), 4% 41 FbgoA [ 7 B3R /R 401 10) 22 5 | 35 (P>0.05) .
In the same group, there is a significant difference between the mean values indicated by different superscripts (P<0.05), while
there is no significant difference between groups indicated by the same superscripts (P>0.05).
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Fig.6 CCA analysis of sediment bacterial community and
environmental factors

R BE Z AR IR TR, & ISR A it R /K AR e
RV X AN [R) 8 8 il DA AN TR R 8 P R o v R
A LB I A A 1 K R AT S (Ram et al, 1982),
AHFGEH, ARKIVIEY TOC & i W TR R
0.014 mg/kg). TOC & i IR T A ERK
B, o R T 0 R 2R, AT RE RS
A AL VKA W 3 B T 2o R R B 1R A S AL

*x4a

32 FRHARNSHREMELRYEHEAFERE
FIMEER

AHIRGE R, VR bR 2 35 3 5 OB ) B 4 A
S E R, AR BT TR 2N VR Al TR
WS —RBTET] AR T BT TR Ry o 2 35 3 3 = e
EEBE(T BT 4, 2019; (ERI4EEE, 2015; S04,
2016), FEEHEAEEZEY T EYSF KT
o WL BT P SE 19 (Gupta, 2000), Auguet 25(2009)HF
RKEW, o BEHNEL AR AR, HTE
KARE . CO, Fl N B[ E . IRAEKMT, —2y -7
JE TR AT LURN R R IR B v i sh = e S AR e R, W 8
Hif) C. N IS fEI R %5 B 2 4E H(Olav et al, 1989;
Bakunina et al, 2000; Manzoni €t al, 2008),

AN, AR B BA R BEAEAE B S 22 5, HLAA
22 SRR S HA IR N - 2 0] S A G 1EIE A
QOINHIFFE R, MAWE AT R, 5H5EH
o o % VAR 56 AR B RR g e b, Bk =
FRE S DU 22 5 7R LA BEBR [ 1o AR 3 o JRBE T ]
AT DB RGP e 25, EAa s f SR e i v, TR
RIS, JEERETR TR = BE B R CRIRFF 55, 2015, 5
BV A IR A AR AT o BRAT AT IV Ry il kU1 e S 1k
WA ER, 5 pH HEVIH ., Jones 4¢(2009)%dL
FRFE I 87 A HIRE R KRB Hr & B, TRAT

MRYMABERSESHEEFHEIES T

Tab.4 Correlation analysis between dominant bacterial community and environment factors in sediment

s e 1% K ¥ Environment factors
Dominant bacterial community HEET BA TN IS MAPUE TOC Bt Sulfide  FRBIE pH
HIFF ] Bacteroidetes -0.515" 0.375" —0.634"" 0.452" —0.120 0.341
42547 Chloroflexi 0.596""  -0.550"" 0.607"" —0.668""" 0.453" 0.241
P W] Planctomycetes ~0.040 0.221 0.845 0.062 -0.151 -0.251
T2 #1177 Actinobacteria 0.425" -0.299 0.550"" —0.494" 0.194 -0.016

W RSN PRE R 22 TR B 35 (P<0.001); **F R 25 13 (P<0.01); *FR/pRZERF B E(0.01<P<0.05); Jobrid: Wy

£ H AR E(P>0.05),

Note: In the same column, *** indicates extremely significant difference (P<0.001), ** indicates highly significant
difference (P<0.01), * indicates significant difference (0.01<P<0.05), and no marked indicates no significant difference (P>0.05).

H 9 GP7 Al GP17 A% £ 5 pH 2 W & 1IEA &
KFR GiAAERTEE, Sk pH
FRAFAAAT o ALKV 2 5 5 1t TR A 22 5 1 DA 30
BTN, T H BT S T AREE T IR i A
A8 o (AT R A, VR Rl [ 2 25 5 o 3 DT AR

W BRSBTS RN 0.9%, X2
RIS 8 2 2R A AR R EEBUR I (R AE, 2013), K
BFASET =0T 35 90%. Rt , VR Al IR 78 A B 45 B 1

YRR, UCE MK R BOROK B AR, B kK R
AL o RIS A 08 5 5 At 34 7 2 i 2 Bl S
BRI S PURRE S o

3.3 ARHARISHREMETRYER COG RN

WMEMZ S Z MY, S5
S B A BROK AR MR da A RE
ek 5 5 RNA N 581506 E A
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