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201306)
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T AR FHME N 0.74~1.02, BABASE TGS BT, KB, BEATRZEZE WL
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W F Z X R A 807 (S, 2020), L
H, T XA R (generalized additive model, GAM)
PR 45 0E L B R, B 1z i Tl 228 5
FREE H 110 96 A WF5T (Piet, 2002), 1245 75 52 B g ]
AR, REERIAAURE E , AR X 5 i A 1Y
I 7 EA T R PR BB PR 5T, S — PR R T AR
MY AHERZEERCRWARTH, GAM M %
Giiinl, BEAAREEE S . 38 RN LA (CE 1R R4,
2017), CAE P 5 M S RE I 2R P 00 (5 5,
2019; Ji 54, 2020) . ol BEUE 5> 5 B N oG R
(M %24, 2007; FI%%, 2008; Li et al, 2015; 4
&5, 2020) % 7 A BN . WF5EE M GAM TEWTL
R TR I B T 8k fi(Harpodon nehereus) (1155,
2018) Ml /N5 1 (Larimichthys polyactis) (3 25 55,
2018) 53 A7 KL B s R A 5E, K e Sk fa ) 43
1 52 KRN pH B YA G, i ZINE 53 1 5 1)
K FAE AR 25 AR AR R R 22 57 o (R DI £ SRR
Ry X G Y A 28GR 43 A MU 5 PR B D 22 IR A G
FANFRE— S HRTT .

ol B2 IR I 25 2 A5 B3R BT N F 1 56 R — E R e
My AR S 2E BRI AR A, AN KR f S i o A AR
KEEHAEEZW (BRI, 2014), HEEGAELY
A A K T A A B A 2k R 1
(EnIgE, 2002), 1% 2ot n T A2 o A i
HURURE S, NI B8 5 LTI . AP ML AF Y | il S
PR T A E SR IE B S, R, MERR
PR AGEIRAT 2 A B, X TR S AS | ol PER
WAL SEHIRMOTE I HA EEE L, 5T 2016—2020
AR BRI ST PR A R, ARG GAM 5 T
WL R BT g R IR SRS I F I C R, TRy
AR L S B sh 2, LAY oA W VT e 8 30 1 £ 28 U
OB akE RSIES A L IDREE /Y e 2

1 #wREFE
1.1 #HIEFRIR

BRI T 2016—2020 4F-7E#i V1.7 3BT 145 16 A
(F 1), FEAFEKSCAZE A ESE, AR
R 2 H(%Z). 5 H(EZE). 8 H(E )M 11 H (fk
Z), AN WM 10109 57, Emifz 800t, JiE
Hi (K2 95m, MIO5E 40m, & 7.5m), JEHNH
TETF KN 80 m, MAEX H N 2 om, #i ol 2~4 kn,
AR Sl AR ]y 1 h 22y . RESEOSRAE .
JE RS TR 58 Qg e IR A I Ve AR e )

(GBIT 12763.6-2007) F1 { i 1 Wi U FL1E ) (GB 17378.3-
1998)#1 7,

W T 32 B2 KA B RS ST BT A
R, FRA AT B A A NS R REFT R, FR Ik
D[R 7K SCER B A0H 38 S AR OC R R, 2017 4F 2 H |
5 H M 11 H LK 2018 4 5 H 1 8 H Y pH {E 5 d %
H T8 11 JE 1 55 J5 9 34 (https://marine.coperni cus.eu) ,
R H R, A5 A HERR Ol 0.25°%0.25° 1
A i 57 1 I S 2R BOHE O T 5 I [ A VE AR AU
PR 5 W3 (https://www.noaa.gov) , %% di k H
PIBOE , 25 18] 73 9K A 0.05°%0.05° . 37 8 el 8 17 =2 i,
2020 4F 2 H (& ZF) AR iR 4r, %21 R
K BT R G o R TR Gk 1 PR A 5 a2 Y
VR REA—2, B, 38 v B 44 (B VA1 AR
(7K SCERBE R 73 PR 5 — {2 0.25°%0.25°,

29°00'N

>z

28°30' |
28°00' - KRifg
East China Sea
27°30'
27°00' « Ui )5 Stations
121°00’ 122°00’ 123°00'E

B 1 WL R T 0 S BE IR R ALl o5 4 AT
Fig.1 Distribution of sampling stations in offshore
waters south of Zhejiang

1.2 WRFE

121 HEHH PN Hif 5 %% 77 it i 3K 4 (catch
per unit effort, CPUE) R A4 i 1 Jiz i iy ¢ 1R o
IR B AT RN, e, ABFSTEEH CPUE 1E A
1 BE YR = B AH X 48 AR (Maunder et al, 2004),
CPUE 5 S Ay Jt il i B Fsf 1] PN 345 2t AR i it
HARF RN -

Wk

k

K, CPUE N E kANl (5 1 (a2 8 IR FEFR B (g/h) 5
W NE kANl St iRk Bt (g); T WA k Ak
SRS (h) .

122 #HAwES GAM BEFLL5 e 1 722 155 ik A6
g Z M AELPE R R, HEREA N



%3 o RASE WV L I A 2 TR A AR A S R IR 2 3
r S P I 52 B UL (2 o 0 2 e R
Y :“;ff“(f)” @ ek HZEMER, FARIF .

A, o HUEHER R, 7, 0 R R (R
F-¥ ek loess Vi), X, MHER, KX e=0’H
E(g)=0,

S5 AR Mg v RS AR A5 (I 25 R AT 4y o AN T
() 4= WU E TR R RL I BIF 9T 45 R (2 2% 1455, 2005), £
25 B FNER FEAE Ry (0 200 IR 25 [B) 43 A W RE I PR 1o 361
At 2 D K HAth 7K A Az 9 56t TR I B A 38 1 AN TR
(B2 7k5, 2007), M52 0 £ 25 0 43 A FLAE D)
[FIES, SR pH 7E45 70Kl T M 2R TE i i) 2
ARSI, 2012), UL, KR, #HE . rhak
FM pH 1E R fa 2oy A A R R . R AR
(FaR TR ) 4 AR AT M 5, iy S A e Ar
(SR F)Z BRI R, HiR2EB0E N &l
I3, R, AHIF5E R 5 AR R A i 2 M A 28 BAE o
HAS R S B B 1) GAM BAR KRR .

IN(CPUE) = s(Lat) + s(Lon) + s(T') + s(Chl-a) +

s(8) + s(pH) + &, family = gaussian 3)

A, s WEHARRESOEN, Lat HEEEE, Lon NAJE,
T hKiE, Chl-a FF4RE, S AHEREE, pH A/KER
FROREE , & MAHNTRZE, family g3k 0t P
123 JAEMSER L FR LI 4L A o5 i
175 22 2 K K T (variance inflation factor, VIF)H i #5i
AR [ 2 BAFE AL M. 2 VIFS3 B, A iz Al
7 e 5 4 100 AR 5 AF 7E 2L 2k M (Sagarese et al,
2014); AT 1 ASFINAR R VIF>3 B, B BR 1%
DR B, LA 0 TR0 A B A T IR MR B0 Y VIF
¥1<3, WA T AR & [0 AN A7 AE L2t 5 2 24 F
R VIF>3 B, R — Al AR 5 5 VIF<3
) TN A B PR A T IR R BG, AN VIF $5<3, A
Shy TR AR 2 A AFAE SR 2Rk o X 8 3k O 4o 11 A o R
HATHES AL, il 5 CPUE Z[H Y GAM,

ARt {7 S Ui W] (akaike information criterion, AIC)
A DL R s it 22 A SR (%) U145 f B2 (Benjamin et al,
2007), AIC {E#/N, BRI AFE BB . ARBFSE
WK AR S EAEN], XA 7 1 GAM 7% —
KB, EIBCARIZES T AIC (E i/ MBI 3% 2
H AL AR, IAh, ARWFFTE L F R AR Ti0m
7L b % i AL e P R ) B S R

FIH 2016—2019 4F F £ 37 GAM, I X EA
ZE S U G T 8 ) 64T 28 LR IE . 2R Diego
25(2010) /0 J7 A T S Pr A8 LR, JFE A 100 Ik,

InNY=a+bxlny (4
AP,y AR AT, Y AR ) SEBR A, a
b S B0 R0 S BRI IAE 2 [B) A 22, 24 @=0. b=1
B, TR TN A% 0 028 R S o L 5 38 1 0 %
(B st ) A AR s X, IF oz st a5
KB PR RE (Li et al, 2015) .

13 BXFEFTENS BTN

FIF 2020 WV R FRIT R 4 205 B ul A
BEURAT BN , B R A X 34 BE L 0.05°%0.05° K /M A%
HEAT A4y, T RS R A M 0 s R A R, I
{68 FH v L A A (R VA R A WA v a5 7K SCIAR B 4
o DARREEECE A i, (R 45 2 S A A )
2020 4 4 A4~ Z5 B W1 g S v fa 0 5 8 B A T T

ARG GEi T ITE R 15 5 8 (V3.6.0)
AT, GAM @it “mgev” AP, S TE M 1K
TE Arcmap 10.2 A itk A 144 .

2 #R

21 HmMEFHEMERE

ARWFFEREIC 6 A P, 442 G
SN VIF (>3, K $h B SE A 4 520 R 5
() VIF {HY5<3, 5 BIRSBR 4B AR L, X 2R 5% A
T IR E S VIF ¥1<3(3k 1),

F1 TNEEHLMREBER
Tab.1 Collinearity test for predictor variables

Jr 2K T VIF

.
coson AHE HFE KR 4L UPEE mBE
Lon Lat T S Chl-a pH
K7 995 11.09 1.38 1.65 1.78 1.43
Spring — 1.22 1.38 1.36 151 1.42
1.09 - 1.37 1.31 1.37 1.43
ES 7.88 9.35 1.15 1.70 1.12 1.18
Summer - 134 115 1.46 1.06 1.18
1.13 - 1.15 1.23 1.08 1.00
TR 12.84 10.92 1.89 2.24 153 1.46
Autumn - 1.29 1.80 1.94 134 1.94
1.52 - 1.82 2.13 1.25 1.46
L& 18.38 17.47 312 1.04 1.82 1.04
Winter - 1.02 2.31 1.23 1.23 2.43
1.07 - 2.29 2.30 1.24 1.04
W 7 RARBEREZERE T

Note: the “—" denotes the removed factor
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22 EBETREER

A A X AN A FE SR M O R i PR 8 R T 2R AT HE B
HE, Al GAM, 25k 2 iR, &k
R AR A Lon+T+S+Chl-a, #5751 AIC {iH
171.59, fFeR N 47.9%, MLZE N B EHm AT,
HLA R 2 /K- (P<0.01) . B e fe A5 () A8 B 2]
AN Lat+T+S+Chl-a+pH, #5# AIC {Hh 182.97, fi#
Fe% Tl 68.0%, MERE . K. SR pH kiR
i X F- (P<0.05),  HL/K 5 F11 45 B 1 5 i 3k B0 . 2K
F-(P<0.01), FkFHAEMBAI AR R4 AR T+S+Chl-a

+Lon, il AIC {2y 179.24, f#FE% K 56.6%, 7K
L FR RIS EE Oy i 25 KT (P<0.05),  HKR
IR FE 4 5 e ik B B 2 UK (P<0.01) . & ZE i fE:
FERI AR B4 50 Lat+S+T, BRI AIC (N 132.59,
ff RN 45.6%, 4R RIEREE N W E R, Hk
P K (P<0.01), BbAh, XA BL, fEAR
[ BTk R de R P A 22 5%, $h 1 K
WM E RS HE . KBTI b
AR BT RRR B K, 20514 64.23% . 46.87% ., 44.63%
1 53.25%.

*2 EFTREMSEESY
Tab.2 Parameters of the optimal model in each season

27y NI P{a AR A B E it 22 il R ARXS BTk %
Season Optimal model P vaue AlC Deviance explained /%  Relative contribution rate /%
HE HhE s 0.110 171.59 47.9 64.23
Spring Kig T 0.079 18.32
M4t Chl-a 0.003 17.00
Z B Lon 0.270 0.45
g K T 0.001 181.97 68.0 46.87
Summer 4% % Chl-a 0.038 26.94
FR BB pH 0.024 14.08
i Lat 0.007 9.68
HhEs 0.320 2.43
®ZE HheE s 1.43x107° 179.24 56.6 44.63
Autumn K T 3.66x107 41.85
M4EE Chl-a 0.018 8.09
ZF Lon 0.222 5.43
&= i) Lat 4.80x107 132.59 45.6 53.25
Winter Kig T 0.076 27.59
HhE s 4.40x107 19.16

23 BEFFRFESHERFZHEPXR
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Distribution Characteristics and Influencing Factor s of Fish Resources
in the Offshore Waters South of Zhegjiang

MA Wen', QIN Song’, ZHAO Jing"**"

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Zhejiang Mariculture Research Institute, Wenzhou, Zhejiang 325005, China;
3. National Engineering Research Center for Oceanic Fisheries, Shanghai 201306, China;
4. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306, China)

Abstract Based on fishery-independent survey datafrom 2016 to 2020 in the offshore waters south of
Zhegjiang, the relationship between fish resource density and environmental factors was explored using a
generalized additive model, and the spatial and temporal distribution of fish resource density was
predicted using the optimal models and environmental data of 2020. The results showed that the optimal
models had deviances of 47.9%, 68.0%, 56.6% and 45.6% in spring, summer, autumn, and winter,
respectively. The average dope of the cross-validation regression line was 0.74-1.02, and the model had
good fitting and prediction abilities. Water temperature, salinity, and chlorophyll were significant factors
that affected fish resource density in the offshore waters south of Zhejiang, and they had different
influencing mechanisms in different seasons. In general, in summer and autumn, water temperature had a
significant impact on fish resource density (P<0.01). And there is a negative correlation between water
temperature and fish resource density in autumn (= —0.225, P<0.05). In autumn, fish density increased
with an increase in salinity, and in winter, fish density first increased and then decreased, reaching the
maximum value at a salinity of 31.5. In spring, summer and autumn, chlorophyll was significantly
correlated with fish resource density (P<0.05). Overall, the results showed that the fish resource density in
autumn and winter was relatively lower than that in spring and summer in 2020. In spring, the fish
resources in Wentai fishing ground were significantly greater than those in Yushan fishing ground. In
summer, fish resources in Wentai and Yushan fishing grounds were relatively concentrated, primarily
distributed at 27.8°~28.4°N, 121.7°~122.9°E and at 28.9°N, 122°E, respectively.

Key words Generalized additive models; Fishery resources; Resource distribution; Environmental
factor; Offshore south of Zhejiang
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ZHANG Z H, FENG B, ZHU T F, HAO X C, WANG Q, SHAO C W, WANG H Y. Expression and regulation analysis of the p35a

and p40c subunits of interleukin 12 in Cynoglossus semilaevis infected by Vibrio harveyi. Progress in Fishery Sciences, 2022,
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FEEEHRAMAMmATE 12 89 p35a 0 p40c WE
FEMS 4 FCINE B TR IEFEIE 94

k&R B WY KRBT Mt
T OB OBKET EHREY
(1. LHRGTERYK™ A LW 2013065 2. KR4I B # K > B 52 B
R ER S SRR A ER LR SRR S EY g BRI S 266071)

HE ARHF R LK IR 58 & 2K 3 08 F 45 (Cynoglossus semilaevis) 1T R 3t %, Wk T AHAN&
12 (IL-12)#9 p35a L FEF0 p40c T FE 0y F g K )7 7], 2545 XK £ 5] A7 651 bp #1 984 bp, # 4t
AR BT, I E RN p35a F0 pd0c A5 Hth s KXt K EH R — 7, AR F IR
MR, p35a 5 418 R J7 i (Takifugu rubripes) 8 & & , p40c 5§ = B # (Gasterosteus aculeatus)
MRS, 2588 52.04%H0 48.67%. HLAKKEMN LT, p3Sa FEE . I, LM EFRKLER
B, pd0c FEFT, J. A FRAER G, BIL% % KINE (Vibrio harveyi) B3 524y, o4 T 08
F 8 p35a, p40c B HA < FEEH (ifn-y F2 il-10)E % RN H R it 2 PR A X, p3Sa EEF,
48 h £ ik i F FF(P<0.05), ZJaRIAZH TWH; EMAFE, 12h kKB F L, pd0c #£1E . T
F, 6h kK BF LA, £EF, 48h & Fifl; £d, 6h s Hifl, HFE48h EAERE A
ifn-y AT, A p35akik LIRZ MR EFE, EBRFRT p3sa LKL il-10 £, R
B PRk BTG pd0c hkFBH AR . B IFEH M T @I &3k p35a Fn p40c HH 5,
He il T % R B R E FE £ KE(LPS)RIMUE T3t & (ifn-y) . BR8I350 B F (tnf-o £ tnf-B) % R A8 X 40 o B
FHRELM, ERET, p35a. p40c #4% 8 E AR mf-a &£ LPS A TR KT, FRERRK
W, IL-12 By p35a T 350 p40c T2 3 66 45 F B o6 2 BN X F 08 & 85 0 R, 5% 3k p35a. p40c &
BRAE R mfa HEWERERSGHERE BENE, FRERTH IL-12 X FEESETBEK
AT 2 v G T R AR 3R A

KR O FEES; AENE; AARNF 12; BERIHE

hESES S941.42+4  TEAARIRED A XEHRES  2095-9869(2022)03-0012-12
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40 1425 12 (interleukin 12, IL-12)& —Fh 75 4%
TR T Ry P A g5 7 2 v B 22 3800 1 4 i PR T
(Watford et al, 2003), 1L-12 75 1 /21 P35 W3 H1 P40
P 3 sk B A 3 4P B S IR R AR (Jones
etal, 2011), FZ WP 58 40 M (antigen-presenting
cells, APC)FIFF g4 il 7= = (Vignali et al, 2012), Toll
FEZ K (toll-like receptor, TLR)PH FIl¥p JFAH 3¢ 43145
AT IL-12 YA MR . FERESORAN A, )
A o 455 TLR JROR 28R 40 e 7> AR 90 h 1Y) TL-12,
I FE B4l R, IL-12 M 7F= A i T4 & -y
(interferon-y, IFN-y) Fl i J8% 3K %€ [ F -a  (tumor
necrosis factor-a, TNF-o)%4#H B 40 X 71925 5 (Gee
et al, 2009), WFFEFHH, P35 WILAN P40 W FE7E 6] —
MRk, AREr A BA LY F IR IL-12 5798
T {K(Schoenhaut et al, 1992), FE=Z P35 W ILAT,
P40 DL R RIARIE A, JF S IL-12
SZARZE S, AN IL-12 MG, P35S WIEARfE A
Mo I A, REEE S P40 W 3ELE A 5 A RESL ] 4
W, T P35 WM mRNA FE RN, Bl AR
IL-12 508 = AR TE 1 BR il H 2 (Gillessen et al,
1995), HiATFEE, CD4™ T 41l5 APCs 455 ) ,
IL-12 E R FEAMAE 7, A5 CD4™ T 4iffi[7 Thl
4 i1 431k (Manetti et al, 1993), 1 IL-10 g H| Thi
Y5k (Hsieh et al, 1993). %5 FRT&, TL-12 B G
KNG 2R3 P PSR, 25 1 1 320 i A 22 ] 1Y
AHE AR, 72V B 40 0 9 J5t iR o BA7 B 2R
(Prochazkova et al, 2012),

U HE S 32 B AR SR I, 7 06 A0 B A Y
IL-12 R T T 455 e e i, A2 i 4 TFN-y |
TNF-o Ml TNF-B 2 40 Ml A 5, 39 5% 4 % fE
(Kobayashi et al, 1989). a4 R JE IR A EHESIY)
A& R LS WAL S RSE, Yoshiura 55(2003)
TE X 21 868 7R 7 i (Takifugu rubripes)3& R 4L 09 50 #r b,
KRBT AU IL-12 1) p35 F p40, ZJ5, TEUT 6
(Oncorhynchus mykiss) . 4t (Cyprinus carpio). fififti
(Dicentrarchus labrax) . B 5 ff(Danio rerio)Fl1Je % % 4k
i1 (Oreochromis niloticus)F I LY p35a Fl p35b
WiFh p35 FH WAL, pd0a. p40b F p40c —Fi p40 F
[X V. Y (Huising et al, 2006; Nascimento et al, 2007). Hi
WA LB, MR, ST . BR 2 HLPS)EL
JIGEH A J¥ 5 Huising et al, 2006; Nascimento
et al, 2007; Arts et al, 2010), ") p35 Fl p40 1)
mRNA RIS FL SR, XKW IL-12 7Eff
£ A 92 1 25 T A A R L Sl 0 10 R T R A 4
ML E FH (@vergard et al, 2012), {HAS ] 37 4 1] i) %

IHHEES FEAIENR P LR, ARfmEdg
TL-12 AR Ay B 1] 928 7 A9 470 700 o] ARG SR e 2%, .
A L AR5 . S mfra FEIR R A (Tsai
et al, 2014); FAHE(Seriola dumerili) T4 TL-12 5%
R R (Nocardia seriolae) s /I By MR I3 %8 i H ] 1
), 5 B AR TQ TR A 7R S MO I 2 1 AH L, Thi
TG 2 I A RN, B T e PRBIXT i TG 1Y) S e e
(Matsumoto et al, 2017)., HFIt, B4 IL-12 GEBAE R
925 VT A2 79 H0E K 88 T T i TR TR 1) SR A

0 5 R O A K 37 5 f4 2K (Song,
2016), T.J A% R, Dis 4k RN
(Vibrio harveyi) ki 3= () 40 b& s 76 SR R p v Bl T
R AT %, YT I R PR 5T, 2
o e T e A IR 1 BT ) o AR IR B 58
G T A B R ZH N (Chen et al, 2014), R
FH 4 35 PR 2 3o 36 8 R 0 20+ XoF s 2 ECI R Be i
EHISE(Liu eral, 2018); FEFESHT T dems .
sta5bl ., rspo2l, pkca. plgR 55221505 Yk R i A
KM R ERE (LD et al, 2020; Wang et al, 2019; Wei
et al,2018a,2018b,2019), AMF57 72 B2 1 1 85 p35a
1 p40c WARTSIFF, 0 p3sa. p40c BMIF Ay
P (ifin-y 1 il-10)7E V- 18 T B0 4k FCO B B g i At rp
() FEE B AT, ) FH 2 0 5 5 0 L 400 e 3 3k
p35a Fl p40c, FF#E4T LPS FIL, #4571 0% 8 1L-12
Z 5B NI AT RE RS IR AR , DU R ) o o
Wy 24 IR 11438 1 A0 791 25 0 B0 Al

1 #MRE5FE
1.1 SLIgH&

A S0 T 2 v B35 5 B K SR A
(IZR3EM) o BEMLEL 3 2% fa B A9 o 5 B A, BRI
JEr RIS . . BRAE . ORFAE. ODHE. EAE. PERR.
8 AN, 535 EHAEE R IR R A PR TR,
BUHE, RAFT-80°CHAGTRIKAR o Mh 2 FR I B 5K
Y 40 Scfde e & iy, RK M (41.0£2.7) cm,
1AH S (438.4+53.0) g, HAASLI 7 RS M Ri#AES
BR(Wei et al, 2018b), M = 5t A nG 4k [ PR v B2 A
1x10* CFU/mL, {51540 4 pL/g. 50 BIAET: S i)
6. 16, 48, 72 Fi1 96 h #HATHESL KA, BB ] 553
BIBEALEE 5 45, K mpREE, RAEMFME . BFIE. Mg
IE . W 4 N pl el 40, REEMFERS A )5
MH AR AT, ZJ5 R T80 CBARIR KA

1.2 RNA $2EUE cDNA &
K Trizol 4R HEIE & B34 4H 2L A RNA, %



14 W R

543 %

FABUIEREE I FEL TR RNA A 52380, 2 )Rl iR
T RNA AW SalifE, Mnifiis
AL ZRE RNA, fiiH] cDNA S skl il &
(TaKaRa), %MEULHI45E1T cDNA A5 A,

1.3 p35a 0 p40c BEFEHBEX £ cDNA HIE[E

FRAE L & 22 12 0 7 i 2 L L L7 51 3K 15 p33a
1 p40c I 51, AR P57 51 68 F Primer Premier 5.0
BRI ER 1), DR 4 2% cDNA iR i
1T PCR ¥ B4 55 UE 4 5% X ¥ 51, PCR WK R : LaTaq
fifi(TaKaRa) 0.5 uL, dNTP 8 pL, 10xbuffer 5 pL, K
W EBE T K 33.5 ul, BRI 1 pl, BIFR 1 uL;
FWFER: 94°C 1 min, 36 MEHO8C 125, 65C
30s, 72°C 2 min), 72°C 10 min, ZJ5X} PCR ;=¥
AT R MEEE R UK B, I N B —45A1F W PCR ™
Y, (e R GR ) £ (Vazyme) AT 1 alifk, 54l
1bJ5 B PCR 77 )% 3 3 pEASY-T1 (TIANGEN)ZE 44 ,
Fie BRG] A5 E 47 J5 S L DR e e S 5, S5 BRHRPH 1 e
B 22 AR R B R A PR Rl AT I o

14 £MESTRHUMEE

I I 1 45 508 Ff DNAMAN F1 SnapGene #E47
FE TR0, 4520 B 5 R A 2K 5 R EY p35a Fl p40c

MGt 51, A 4 i X 5114 ExPASy (http://web.

expasy.org/compute_pi/) U &5 H 431 S S HL

FIH SMART (http://smart.emblheidelberg.de/) 5 il
F &5 kel s (i F PyMOL i IL-12 Y25 1 i = 4k
SERREHY 5 22 7 5 L R A ) A BT A 0 2 R
HI KT Ensemble Fl NCBI 45 /% ; ifid MEGA
7.0, #4844 (neighbor joining, NIMJHE R Sk
F (bootstrap = 1000).

1.5 p35a A p40c B BRXEERIEE N

I UL 1 ng B RNA, ] Prime Script RT
reagent i) & (TaKaRa, H ) f45%4 i cDNA, iEid
p35a-qF/R Fl p40c-qF/R 514)(F% 1), FIH Quantinova
SYBR Green PCR {71 (QiaQen)it 1T RT-qPCR, S i
WZE N 20 L, ZB143E 1 L cDNA. 10 pL SYBR
Green PCR Master Mix (2x). 2 uL ROX Reference
Dye. 0.7 umol/L [ ¥ AR 514 LA J 5.6 L o
7K o S TE ABI StepOnePlus Real-Time PCR System
(Applied Biosystems, EE) 17, RMNFEF: 95C
2min; 95°C 55,60C 10s, 340 4MEH; 95C 155,
60°C 1 min, +1°C/min, 95°C 15 s, {{iJf] f-actin Vg Ky N2
(B-actin-qF/R) (£ 1), BNIVKRERL 3K, ]
2 AN HT p35a. p40c N HAR S FL I 2 1 7 5
L e 2 TN T SRR e 1Y) S 3 2H 2 R A M o v Y
RIBAKFV-o ] SPSS R F#EAT B K Jr 2 40 M
(one-way ANOVA), B P<0.05 257 HE

x1 XBHAMSIY

Tab.1 Primers used in the experiments

5|4 Primer ¥4 Sequence (5'~3') i Utilization
p35a-F GCCATGGCTGATATCGGATCCATGAACACACTTCGATTGTACCCG CDS fragment PCR
p35a-R GTGGTGGTGGTGGTGCTCGAGCGGCTTCCTGTGCTCTCCTGAGG CDS fragment PCR
p40c-F GCCATGGCTGATATCGGATCCATGACTGCGACTCAGTGGATGG CDS fragment PCR
p40c-R GTGGTGGTGGTGGTGCTCGAGCGGGATCCTCTTTTCCTTCTGTTTC CDS fragment PCR
p35a-qF ACACTTCGATTGTACCCGTCA qRT-PCR

p35a-qR CTCCGTCTGACTCTTCACCAC gRT-PCR

p40c-qF TGGGCCCTGAATGCACTAAA qRT-PCR

p40c-qR AGACGATCGTGGGGATACCA gRT-PCR
B-actin-qF GCTGTGCTGTCCCTGTA gRT-PCR
p-actin-qR GAGTAGCCACGCTCTGTC qRT-PCR

il-10-qF GTCCGGCTGAAGAAGCTC qRT-PCR

il-10-qR GAAAGAGTCCTCGATGCTG qRT-PCR

ifn-y-qF CTTGTCAGGTCTTGACCCTG qRT-PCR

ifn-y-qR GTAACAGCAGGTTTTGGATGG qRT-PCR

inf-a-qF GCTCACCTCAAGAAGAAGAC gRT-PCR

inf-a-qR CCATTCCACCGAGTTGGTC gRT-PCR

inf-p-qF GAAATGCAGCCCAGCCAC gRT-PCR

inf-B-qR CAAATGGATGGCCGCTTG gRT-PCR
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1.6 FBEHER p35a N p40c T RIEHFRIHE

ffi/fl ClonExpress II One Step cloning kit-C112
(Vazyme) X} pHAGE AL p35a. p40c W% X T 5]
ST E 4, 5% pHAGE-p35a Hl pHAGE-p40c
FLA B R LS B P NS A, Bk
BATEREIE T PCR Y5 o X 4E5E Y B T Vs 04T
J, DABA DR A3 AR A ) A 1 O 8 Y A ) BP0 D 5
AR ATRE 3%, {8 EndoFree mini plasmid kit I
(TIANGEN), R3PS0 p35a Fl p40c %Kik
QNS

L7 $BESERMMES, B3R5 LPS L8

7 B A 24 9 B85 55 T 18°C ~20°C i XU 11 7
K(1000 pg/mL HEFEZE, 1000 TU/mL 5 R) P
12~24 h J& , ZESLI PR A 75%BPR5 2 1~2 min,
T TAEG D, F S per i & Sem v, i
SAHPUEERIY PBS EAEAIM, 1T 40 pm AUARGH, FH
PBS {5k 3 i, WEUTIE . Z )5, M 5% FBS-DMEM/
F12 8530 o0 BRI ¥ 50 8 Fh 1 T25 Ko, if
PO, TN B 22 2x10°4~/mL, 7E 24°C
B b R sh BRI R . 24 h T, B R T 8 5R TR
W45 DMEM/F12, 73 5 A 10%)6 4 137 (FBS)
100 pg/mL 455 % .100 1U/mL 75 %% % .40 ng/mL EGF .
10 ng/mL bFGF #il 40 ng/mL IGF-I. {#i[i] Lipo2000
(Invitrogen) AT A MIFE Yy, BALESIN 2.5 pg B O
HRAH AN I zs k), Ul BB EAT 5 Sede e . o il A
ANFEHEER LPS (0. 1. 10 mg/L)#ATALEE, 7£24 h
AN B T-80°CYKAA, BETRIG LA .

2 RS9

2.1 p35a®0psoc ERRBXEE, FHSHMER
B = 4 S B T

SERL T 21 8 p35a M p40c FH g X 51 Y
ik, H, p35a 9 ORF 4 651 bp, 4t 216 P&
SR, TN AR B 5 TN 24.11 kDa, BHSSFHLT
(PN 7.49 (K 1); p40c [¥) ORF 4 984 bp, %ty 327 4>
MR, WA A A SrFiRh 37.78 kDa, pl A
6.57(& 2) ¥ p35a F1 p40c [¥) cDNA X[ 41 DNA,
IR p35a Ml p40c #RELE T AHMNE T

i3t SMART FATORSFEEHE 30T o Z55R 7, P35a
HEAPALE 1A IL-12 A S5 P40c f77E 3 3R
FI 5, 43 ) S e BR AR 1 45 /3R (1G) L IL-12p40_c
SERBICRN T 2 R 32 AR 2 b Sl (d 1£42a3) . Hor,

P40c i HA 1 AMES KA 3). i PyMOL [R5
R T 5 P35a Fl P40c (R (B = 2Lahi), 4550 18
N, RGN P35Sa A EAKREZN o 85E, h P35
B PUSBRE PR 5 0 B P40c B A A 8K
L) B I1E; P35a H A1 P40c £ 11 LA F e A4 A
ZIRGE G R, MG IR RIR(E 4),

lmATLRLYPSSSALLPLLLPL

1 CACACTTCGATTGTACCCGTCAAGCAGTGCTCTGCTCCCGCTGCTGCTGCCGCTG
2L L Q L Q LLTLTCPSATSALTPTLR R

61 CTGTTGCAGCTCCAACTCCTGACCCTCTGTCCCAGTGCTACCTCGGCGCTGCCACTGAGA
41A G D S GCAQCSLLTFRNLTLTLNYV

121 GCAGGGGACAGCGGCTGTGCTCAGTGCTCTCTGCTCTTCAGGAATCTGCTGCTCAACGTC
61T D LLQSDNLTGCTPFGTITSTDTEKAVY

181 ACCGATCTCCTCCAAAGTGACAACTTGTGTTTTGGAATCACATCTGATAAAGCAGTGGTG
81K S Q TETLTLTTCTZPPILTAI QNTPSC

241 AAGAGTCAGACGGAGACACTACTGACCTGTACCCCCCCACTGACACAGAACCCAAGCTGC
101N L Q RNV SFSERUDT CTLT RNTIMEKTD

301 AATCTGCAGAGAAATGTATCTTTCAGTGAGAGGGACTGTCTGAGGAACATCATGAAGGAC
121L L Y Y E A AI K SYTIHSPLTRSTPE

361 CTGCTCTACTATGAAGCTGCCATTAAATCCTACATCCACTCCCCTCTCAGAAGCCCTGAA
141E E VA LLSPTLGYTIESTLTE KTNTCS

421 GAGGAGGTGGCTCTTCTCAGCCCGACTCTGGGGGTAATTGAGAGCCTGAAGAACTGCTCC
161L L K S ED I KY SEDVAQMWGSTD

481 CTGTTGAAGAGTGAGGATATCAAATATTCAGAGGACGTTGCTCAAATGTGGGGTAGCGAC
181T Y T N R Q EM C KMMRGT FYVRATI

541 ACCTACACCAACAGACAGGAGATGTGCAAGATGATGAGGGGCTTCTACGTACGAGCCATC
200T I NR A MG Y I S S G EHTR RKFH

601 ACCATCAACCGAGCCATGGGCTACATCTCCTCAGGAGAGCACAGGAA

BT P05 5 p35a FEPIRH B 5 51 KA ) 28 S 12 7 51
Fig.1 Nucleotide sequence and deduced amino acid
sequence of p35a gene in C. semilaevis

TTREWN LG ST LKL K 2 [H]

The box contains start codon and stop codon. The same as in Fig.2

1 AT Q WMV GFLTLMMALTYEATHA
1 CTGCGACTCAGTGGATGGTTGGGTTCCTGCTCATGGCTCTCTATGAAGCACATGCT
2L NHFPENFVVVNRNNEKNPTUV
61 CTAAACCACTTTCCAGAAAACTTTGTTGTGGTCAATAGAAATAACAAGAACCCAACCGTG
41 L T C S TE®PVNGSTITWTHDSATE
121 CTGACCTGCAGCACGGAGCCGGTTAATGGATCGATCACATGGACACATGACAGTGCAGAG
611 EI DHVDYQQNGGNTLTTLSYYV
181 ATAGAAATCGATCATGTTGATTATCAGCAGAACGGTGGAAATTTAACTCTGTCATATGTT
81E TPEV GKYTCWSGNUHETLSST
241 GAAACACCTGAAGTGGGGAAATACACCTGCTGGAGCGGAAACCATGAGTTGTCATCCACC
101 Y L LLEVYQRETZ KD SDS ST FTLSTCTUVWA
301 TACCTGCTGCTGGAGGTCCAGAGGGAGAAAGATTCAGACTCATTCCTCAGCTGTTGGGCA
121E S YH CRF S CKWNNNETYTAV R
361 GAGTCGTATCACTGTAGATTCAGTTGTAAATGGAACAACAACGAATACACGGCTGTGCGT
141V 6 L 6 P ECTZKGETZ KS ST CHWYVDGS
421 GTCGGACTGGGCCCTGAATGCACTAAAGGTGAAAAGTCCTGCCACTGGGTCGACGGCAGC
61 R P TS NGETFHTFETLUHHTTLSTPTFA
481 CGTCCAACCTCAAATGGGGAATTCCACTTTGAGCTGCATCACACACTGTCGCCCTTTGCA
18 E E T NRLETITAEATINEG QFMLTR
541 GAGGAAACCAACAGGCTTGAAATCACTGCTGAGGCCATCAATGAGCAGTTCATGCTCAGA
200L T K K FYLRDTIVAQPGIPTTIUVS
601 CTCACCAAGAAATTTTATCTCCGAGACATAGTTCAACCTGGTATCCCCACGATCGTCTCC
221 C N K VKQ NLSVTTIAPTPANUVWST
661 TGTAACAAGGTGAAACAGAACCTGAGTGTGACCATCGCACCACCAGCCAACTGGTCCACT
241 P H S FFCLEHA QTIETYTITLUGQDDGT
721 CCCCACAGTTTCTTCTGTCTGGAGCATCAGATTGAATACATTCTGCAAGATGATGGCACG
261 S R F S L SHVY IPQGTIDAG QLT RYVTR RS
781 AGCCGATTCTCGTTGTCTCACGTGATACCGCAGGGCATCGATCAGCTAAGAGTCCGCTCC
28R D S L L M S NUWS QWS HWEKNVMT
841 AGAGATTCGCTGTTGATGTCCAACTGGAGCCAGTGGTCTCATTGGAAAAATGTGATGACA
301R R X KHSF QELPANVYVTLNTCY KK
901 AGGAGAAAGAAACACAGCTTTCAGGAGTTACCCGCCAACGTCTTGAACTGCTACAAGAAG

321 K Q K E K R I E
961 AAACAGAAGGAAAAGAGGAT(IGA

K2 P p40c SRR H R T 51 B e D ) = R 1Ry 51
Fig.2 Nucleotide sequence and deduced amino acid
sequence of p40c gene in C. semilaevis
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Fig.3  Gene structure and protein prediction of p35a and p40c in C. semilaevis
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Fig.4 Three dimensional structure prediction of P35a,
P40c and IL-12 protein

A: P35a; B: P40c; C: IL-12

22 RGHURIANZ F 5 LL Xt 54

RIS R, P35 5 P40 BBl 4 37, H
o, P35 4r A P35a, P35b, 2504 P35 ML 5h
Y P35 (K SA), P40 435l h #2%) P40a. P40b,
P40c UK S FIEFL A9 P40 (& SB). -5 i
f) P35 1 P40 4351 5 25 %) P35a Fl P40c A — L,
VLR eI L SC R L

-3 5 5 P35a Fl P40c 5 H 7 41 5 HAh W #h i
FEH B HE X BT S WL 2 (T F A R & 3R R 51 )
ARG LW T AR P 5 —30) ., P35a 5406
7Y P35a 2 AR, N 52.04%. P40c EH
5 = Ul fi(Gasterosteus aculeatus)i P40c 5 11 1Y 75
AP =, A 48.67%

2.3 HARIEERX

p35a T p40c 1211 5 B R (R 42 ik s
p35a FERTEER | O IATEP B AE A ZUR PR T35,
TEHAMH L g —E R RIL; pd0c FEHTERFH
TR, FENREE A S Rk, 7E00E . K
HOME p g — @ R WSS, e s LA LT
ARIK(A 6),

24 p35aF0p40c FTEMG LRI E BRI R RIRIE ST

M YE GO LIS, p35a Fl p40c TR . . B
F v 404 3 ik 22 5 o e MELAIE R IR O o %) 2k
ML, TE R, p40c 7E 6 h W ETHR, 25Kk
BHEAR; p35a fF 48 h WETHE, ZJ5FRikBHE
K. 7EHFR, p40c [FIFETE 6 h BET & H p35a 1E
T2h A WETHE . EEMET, p35a il p40c W2
5 2 AR AR TE |, p40c RAETE 6 h i,
ZIRFREE LM E] 48 h FKikfem, dEFEERIAE 72 h,
ZJGTE 96 h 5 p35a — T, p3safE 6 h Fhi,
(B FR G, T 48 h Rikfum, ZaREEZEH
;s p40c 7F 48 h BETHE, ZJFEHIFEALE 7).
25 IL-12 HXEE (ifn-y. il-10)7E 0G4 RN E AR

LI R RIES T

Wy 2 FQ I B 1 S ifin-y 6 A AN A 3 PP A 26 5
FEHAL, ifn-y FIBTE 6 h IFEATHE, 76 16 h iK% %
W, ZIRRIRBHET PR, i-10 fEFH, 16 h FI5TT A
I, A ifn-y TR R R SR ROSE 48 /N EI R, 2
Ja RIRBW N 2= RSB/ ifn-y B il-10
FE B R AU o 9 A AL, ifn-y B0 d1-10 ¥97E
6 h i L, ZJG7EMrhRBB W il-10 SHE
JFH ) 16 h didF—E 1S RIE, EHE 48 h A F ifn-y
— BT N RE(E 8).

26 ¥ EEHHEXEREKEHBEPITRIE
pHAGE- p35a #1 pHAGE-p40c FHIRIEER

e AR X BEA p35a 1 p40c FEHFik i
AR, HIEARMEEER LPS HNME, FAEAH T
FES, ¥y pHAGE-p35a Hl pHAGE-p40c # 1Ay
T, p3Sa Al p40c FENFA R B EH T X IEH
(1 9).
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A P35a 9 WG H 5 Cynoglossus semilaevis-P35 *
—E LRIl Tetraodon nigroviridis-P35a
10 9 LI4E R )78 Takifugu rubripes-P35a
49 FHi Oryzias latipes-P35a P35a
— =8 Gasterosteus aculeatus-P35a
39 I 1| 4. Xiphophorus maculatus-P35a
100

B et Oreochromis niloticus-P35a
100] S| B 4 Xiphophorus maculatus-P35b

=51 Gasterosteus aculeatus-P35b P35b
\—SSE LRyl Tetraodon nigroviridis-P35b
42 Fi Oryzias latipes-P35b
100 — %%3Kk%8 Anas platyrhynchos-P35 J 5 Bird
L kXY Meleagris gallopavo-P35

100 /N Mus musculus-P35
% I, Equus caballus-P35 B
100 N\ Homo sapiens-P35 I#%].2% Mammal
52 K4 Susscrofa domestica-P35
68 K4 Bos taurus-P35
B Page 100 W45 Cynoglossus semilaevis-P40 * ]
FH#E Oryzias latipes-P40c
) B e Oreochromis niloticus-P40c P40c
42 =1H . Gasterosteus aculeatus-P40c
44 J§18 Hippoglossus hippoglossus-P40c ]
49 =K Gasterosteus aculeatus-P40a
100 — 1 W48 Dicentrarchus labrax-P40a
B k4 Oreochromis niloticus-p40a
45 479|:§§1§ Oryzias latipes-P40a P40a
$E 54l Danio rerio-P40a
100 —1()(): {455 Cyprinus carpio-P40a
100 PEI 44 Danio rerio-P40b oy
L {45 Cyprinus carpio-P40b
91 =it Gasterosteus aculeatus-P40b | P40b
100 Fi¥ Oryzias latipes-P40b
57 Bk Oreochromis niloticus-P40b
¥ Gallus gallus-P40
100 /N Mus musculus-P40
99 N Homo sapiens-P40 ] A2 Mammal
100 K4 Bos taurus-P40
K5 P35a(A)FI P40c (B) RSk &M
Fig.5 Phylogenetic analysis of P35a (A) and P40c (B) proteins
AIERITHS
P35a: L[Ai(H3CTF9); ZL6EZ Jy fili(H2S185); i (XP_004075675.1); =il ffi(G3P753); &R ffi(XP_023207637.1);
% [ 11 (13J6P0)

P35b: L4 #fi(Q6UALY); FHE(XP_004079386.2); — Ml ffi(G3PKZ2); &IFEfi(XP_023190996.1),

P35: HY(U3IER1); XE(GINDR2); /Ni(P43431); H(Q9XSQ6); A(P29459); (Q29053); 4-(P54349),

P40c: FFi(H2L9T4); B IEMI3KATS); =il (G3NJZ0); JHE(DOQTFS).,

P40b: BELhfi(ASWHI5); A (Q2PCT1); —Ufilfi(G3QAY2); T Hf(H2LAT4); B EH(I3JPNI),

P40a: B (Q6F3Q9); Mlffi(Q2PD23); FHM(H2LTF6); %Ak (I3KMB3); S (QIKX13); =Jifi]fi(G3Q3E4),

P40: #(Q6X0K9); FR(P43432); A(P29460); 4 (P46282)

Amino acid sequence number:

P35a: Tetraodon nigroviridis (H3CTF9); Takifugu rubripes (H2S185); Oryzias latipes (XP_004075675.1); Gasterosteus
aculeatus (G3P753); Xiphophorus maculatus (XP_023207637.1); Oreochromis niloticus (13J6P0).

P35b: Tetraodon nigroviridis (QQUALDY); Oryzias latipes (XP_004079386.2); Gasterosteus aculeatus (G3PKZ2);
Xiphophorus maculatus (XP_023190996.1).

P35: Anas platyrhynchos (U31ER1); Meleagris gallopavo (GINDR2); Mus musculus (P43431); Equus caballus (Q9XSQ6);
Homo sapiens (P29459); Susscrofa domestica (Q29053); Bos taurus (P54349).

P40c: Oryzias latipes (H21L9T4); Oreochromis niloticus (I3KA75); Gasterosteus aculeatus (G3NJZ0);
Hippoglossus hippoglossus (DOQTEFS).

P40b: Danio rerio (A8WH95); Cyprinus carpio (Q2PCT1); Gasterosteus aculeatus (G3QAY2); Oryzias latipes (H2LA74);
Oreochromis niloticus (I13JPN9).

P40a: Danio rerio (Q6F3Q9); Cyprinus carpio (Q2PD23); Oryzias latipes (H2LTF6); Oreochromis niloticus (I3KMB3);
Dicentrarchus labrax (Q1KX13); Gasterosteus aculeatus (G3Q3E4).

P40: Gallus gallus (Q6X0K9); Mus musculus (P43432); Homo sapiens (P29460); Bos taurus (P46282)
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Tab.2 Similarity of P35a and P40C protein sequences
between C. semilaevis and other species

HH Wb BT AR
Gene Species Alignment. of prgtein
sequence similarity/%
p35a Z8EZRTJrtE T rubripes 52.04
Lrl il T, nigroviridis 48.11
Hif O. latipes 43.41
=W G. aculeatus 42.51
PR X maculatus 45.68
FHEfa O. niloticus 48.81
p40c i O. latipes 41.90
% 4Ef O. niloticus 48.66
=R G. aculeatus 48.67
% H. hippoglossus 46.84
FHRL infa FSTAERFVRIER) LPS BT, B

& LPS WREERIGN, Fakmi BTbEs, SRl
Yy p35a Fil p40c Wit RIRBAKSG | inf-a WKL ETH
R W BB TR IRAL . B ifn-y M il-10 FEH Ay
TR BN S B AL h B AR (R 10),

3 it

AMWFFRARAT T 208 5 85 p35 WEEH p40 T IEFEH
PGt 7 5], AR o3 A R B e A5 &8 T H0.2K p35a
H1 p40c WAL, Z5RI TN 7R, p35a Fl p40c FEHHD

40 p3sa

— o

30t be
20F 3 b

iy 10+ ab ab

FEXTFIA R Relative expression

<o

5 | o
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o

“
L e
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I

ZH#H Tissue

FA BRI TL-12 PGSR, ELARAS 3 5 g fy 3k
p40c i EAT p40 W HEHHAT 1 e 3R 1454938 (1G)
T 240 M PR 7 52 AR 25 K 38 (d 1 £42a3) o AT S AF 5 4%
., 5 p40c HATHIL GRS I 15 i 40 i X T 22 1A 5K
JE W51 TL-6 Z AR (IL-6Ra), W LA 3 48 5 7K fife o ok
PEPE B 12 04y =X LA R R TR =X (e = 1885 45 4 380) M4
JL ORI, SR TV TL-6R 1 IL-6 1EVA TR 454
BEW, N TGS AJE$% (Collison ef al, 2012,
Vignali et al, 2012), P, A LIE IL-12 BEf# AL p35
R 15 p40 AT PRI FZ RSN 25 B TE U 2
Y. HAFIRGERER, p35a TEIEH . . O
IR S BBk, pd0c TEAENT . 88, O
PR ERIL, p35a Al p40c YTERR P ERIA,
A B R R SRR AR 1 e R A AR
ARWFFEAHT T 235 5 85 p35a M p40c 12 4E G
BRI 5 R B 25 FR R . S Y p35a AN
p40c B FEIEN (ifn-y TN il-10)FFAER 28 ik 22 Fak
TENRFIATF S, p35a Ml p40c NTEIR]—Hf Rl &£k, H
p35 W I 2 DL e T 41+ (D' Andrea
etal, 1992), HHj, CYEW f(Ctenopharyngodon
idella) . KVGHESEE(Salmo salar)ZFWE FRP KT
p35a WHFN p40c IR Z 4B (Pandit et al, 2015;
Wang et al, 2014b), FU: 8% 55 Al GEiA A p40
Y3 B AR, p40 3 B[] PR SR AT DL i 2
& TL-12 ZZRFMmE 1L-12 #9774 (Heinzel et al,
1997), {HZ55 ifn-y 7RI Hp 0 235820, p40c T
SRR RS p35 W FHA R AR IL-12 #E s
TR RIEREER . U, S W R A A

500 ¢
- p40c
8
z d
§ 400 d
I
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2300}
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q |, e .
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Fig.6 Tissue expression analysis of p35a and p40c in C. semilaevis

Bl T 3 AL A BEAR E R R IR (n=3) 0 AN [A]FB) A] 32718 22 53¢ 1. 35 (P<0.05)

Data were the Mean+SE of three independent individuals (n=3). Different letters represent significant difference (P<0.05)
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Fig.7 Expression patterns of p35a and p40c mRNA in C. semilaevis immune tissues after V. harveyi infection
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The case labeling of letters is only used to distinguish the significance between different genes, and the
difference with different letters was significant (P<0.05). The same as below
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Fig.8 Expression patterns of ifn-y and il-10 mRNA in C. semilaevis immune tissues after V. harveyi infection
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Fig.9 Expression patterns of p35a and p40c
genes in cell overexpression assay

AR
oN Ao

XRAL(C): Fees sl SCRUL(P): p35a Tl p40c ILH%,
¥JH 0. 1. 10 ng/L {4y LPS #4703
5448 Co. Cl1, C10, PO, P1 Fl P10, T
Control group (C): Transfected with empty vector;
Experimental group (P): Co-transfected with p35a and p40c.

Stimulated with 0, 1, 10 ng/L LPS. The groups were named
as C0, C1, C10, PO, P1, and P10. The same as below

ZA~ p35 WHH p40 WHEWEHL, FEfmH, p35a F
p40c R GH—F, RVPLETEH IL-12 1
p35alp40c NV FIAE R X W 2 FC I BR R GL B o] BE AE i Hh
BAEABAE . WTE B, TR AR B
A B TR BN, BFER—PEIR p35a Fl p40c
TE B I R 75 e O I A CC PR R . iRl R R,
TL-12 BN [R] S0 Y AT G 78 AN 5] A G2 4% B P & 4% AR TR
() S BE DI RE

I 2 EC I PR R S50 o A T -y A il-10
T 1 5 SRR [R) G L 4P B Rk s, FEfR v, 2
IR H A Y TL-12 PR (Wang ez al, 2014a), p40c

20

10 c

ARtk & Relative expression
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M5 ifn-y 76 16 h B EThim 5 il-10 7F 48 h ST
W, I IL-12 =, IBE p35a Fl p40c 7 48 h
Z G BFRIRIBHIRME . MR, ifn-y 78 TL-12 Rk TH
FATR R, ZJE TR, IFRA N p3sa #ikETHE
M AE R E— R K, XGRS ifn-y TE P e
BRIEPLE IL-12 4= A i Y)fie(Zhang et al,
2008). i il-10 VE> Th2 Huyse I 28 i 2 22 4 i H 5,
HARIR TR IL-12 m R e, Fabmi=Umm &k 4
T RER N B —, X AT REJEH T Tho 401 Thl 41
MIEE Th2 4 A i) 43k 48 AH X 8 h f-~F (Collison e al,
2012). fERY5 IL-12 MHRMLIIEN T, ifn-y ZIED)
BEE I I 28 2R, MEAE T 1L-12 7] REFEAS[H]
A B O A S B S A B 25 SRR AR, X R
IL-12 Wy T aedc h B 2. B HATA IR, 1L-12
ZRAEAI PR E, WIS IL-12 2Z T
1L 2 MR, B TSI A B R, ek
HE DR (CH0 R DXL 7 N 40 PR 1 32 ) o DA 2 A DL TR
A AFAE(Husain et al, 2012), 1L-12 BRI 2 R 847
IZREEA A, HE— U2 IL-12 AE RGN R
Febko L, TL-12 406 R 77 £ 28 v it 2 In] IR
FEP Y3, LR AZ A A 3, ] RE A AR
Wt &% =R S N R S I G 7 S o N (WS oS
SV o

16 LPS Sl o 5 Sk A S2 e, mffa 1Y
FIRFIAR T LPS HIBL, p35a Fl p40c Fih 7 A8 L %}
LPS FIP 0 ma i A 2 . FTRE R p35a/p40c WERIAS
SR ARG FE B3 B 40 e b SR B Y LPS A G B 1 o
TEZ AT ST, WS [R] S 78 9 TL-12 49 B XA
) () A DR G B 40 P AN AT A ) R B R [R) A e 3k
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Fig.10 Gene expression patterns of over-expressed p35a and p40c lymphocytes stimulated by LPS in C. semilaevis
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BB R O (1 0 e B O S vl o P N2
(Wang et al, 2014b). TEit KL p35a Fl p40c J5, 25
H tnfo BIFEIRT R LPS HIKAY b TR 2 B s T
XTHRAH, FW IL-12 B9 p35alp40c WHIRENSE 1115 T
tnfa FEHPFRIL, S50 5 EkE 40 LPS
S, TR A G0 N A 7K

ZE LR, TL-12 J2&2 W % 5 1y iy 24 FC I RR s
5 5 G R L TH G I 25 7KV (1) FE B AN R o
K, w] DU EZH A9 TL-12 VE N2 8 5 BR Y va 4k X
SRR W e 22—, Hi TR0 E 8 IL-12 258
GoREN B AR R A, T it — 2B 1 e 1L-12 19
A 2 A 3, RIS RI LAY TL-12 f 25 A0 R AiE A
GoRE WA, DT B8 5 2 0 75 B Y TL-12 A e i
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Expression and Regulation Analysis of the p35a and p40c¢ Subunits of
Interleukin 12 in Cynoglossus semilaevis | nfected by Vibrio harveyi

ZHANG Zhihua'?, FENG Bo'?, ZHU Tengfei’, HAO Xiancai’,
WANG Qian’, SHAO Changwei’, WANG Hongyan>"

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

Abstract Interleukin 12 (IL-12), a key molecular switch in the immune response, is a pleiotropic
cytokine composed of the p35a and p40c subunits. It has been proven that IL-12 can be used as a vaccine
adjuvant to enhance the immune response level of fish, and is used in the development of vaccines against
pathogen infection. In this study, we cloned the coding regions of the p35a subunit and p40c subunit of
IL-12 in Chinese tongue sole (Cynoglossus semilaevis), with a length of 651 bp and 984 bp, respectively.
The phylogenetic analysis showed that the p35a and p40c of C. semilaevis were clustered with the
corresponding genes in other fishes. The sequence of amino acid homology analysis showed that p35a and
p40c of C. semilaevis had the highest similarity with Takifugu rubripes (52.04%) and Gasterosteus
aculeatus (48.67%), respectively. The tissue expression analysis showed that p35a was highly expressed
in the gill, brain, heart, and ovary, and p40c was highly expressed in the liver, spleen, gill, and heart. We
further analyzed the expression patterns of p35a, p40c, and their related genes (ifn-y and il-10) after
infection with Vibrio harveyi. The expression of p35a increased significantly at 48 h (P<0.05), and then
gradually decreased in the spleen, and its expression increased significantly at 72 h in the liver and
intestine. The expression of p40c increased significantly at 6 h in spleen and liver, and at 48 h in kidney.
Its expression also began to increase at 6 h and peaked at 48 h in the intestine. The expression of ifn-y
increased significantly before the upregulated expression of p35a in the liver and intestine, and later than
p35a in the spleen. The expression of il-10 was opposite to that of p40c in the liver, spleen, kidney, and
intestine. The expression of the immune related cytokines (¢nf-a, tnf-f, ifn-y, and il-10) in the lymphocytes
of C. semilaevis was detected after the overexpression of the p35a and p40c genes. The results showed
that p35a and p40c could significantly increase the expression of tnf-a under lipopolysaccharide
stimulation. The results indicate that the p35a and p40c subunits of IL-12 respond to stimulation by
V. harveyi in C. semilaevis, and then participate in the immune response by inducing the expression of the
tnf-o. gene, which provides a theoretical basis for the development of IL-12 as an adjuvant for the
C. semilaevis vaccine against V. harveyi.

Key words Cynoglossus semilaevis; Immune response; Interleukin 12; Vibrio harveyi
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KT 55 B trim25 2295 D13k R E A0 A S 8 R 25

% (Micaleet al, 2016), TRIM # K h—HK &
B E3Z RN, S 5FESHS. WEMAT. &
FA 5 T Rz i LA K HLAA X6 5 114 197 250 45 B B A A
il . FEARBE S R, BTS2 R
PRI 1 & AR B DIAOG , Ik B A | b 2R TR0
I3 7 [ L A kR (Tocchini et al, 2015).

FEME 2, TRIM 8 76 KR 5 g R 40 [
FEREEEREN . B, CIEHEDSfi(Danio rerio)
FEH Y g B 208 A4 trim 3K, 7E WK
(Tetraodontidae) JE F A & B T 66 4~ trim J&
(Boudinot et al, 2011), fif AZSIEHH 5 T 754
trim JE£[K (Versteeg et al, 2013), 5 A HLff | 1126
) trim S5 R GG AR T b, BLAT TR I SR
16 trim L FE K, trim25 R AEH EEN R A2 —.
IUAE, FEA M KRR e RE M5 h K3, TRIM25
EHAEZADEHERHAA, WP HE f (Oreochromis
mossambicus), fif | K& ffi (Larimichthys crocea) . f1
Bt 11 (Epinephelinae) % T s A b & 4% 1 H1 24 I
(Manokaran et al, 2015). Ji . H %5 (2019) 38 i 5L} 5
J6E R PCR & B, TRIM25 {6 RH AR E . k. &b
Ja . R . Rz Rk WLIR . Sk A RUFE L2
Ak, Hr, FEFNERFRIBKCOFRem ;. SRR E M
WS Poly (I:C)&, TEAMEIL . S . AR A e
PRI E] trim25 P ek i 3 R, BRI
IR FRER S $25 trim25 3 K 7E K B A0 5
G SN L 2 FEEAE A . Jin 45 (2019)fF 58 & PR, B
It TRIM25 38 i 5 ) 45 RIG-1 #E 1Y 2CARD #l
RD Z5F938 1) K63 12 24k, & B i X 21 15 41 B
(Epinephelus guttatus) fill £ YK 58 55 B B 4 1) 6 K Ha 3%
N2 . Yang 45 (2016) 0175 K B, 7E A1 B o AT 4 At o
iRk TRIM25 n il EE 2 il , 2 & TH R 58
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B 1 £ X B B 1) 5 R G g B 28 v R T R EEAE
Mo 7E Ross A AT & 1 4096929 5 QTL M5,
FENL T 44 5 g @ fR T Aok SNP, 1 trim25 JE A4
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2020), [ W] Hy F PR AR S 5] 2 A OAR 1 A F HIL T o
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A AE K PG P (Salmo salar)(Aslam et al, 2020) . # it
ff (Jacobs et al, 2020) %5 JLA- W F A i fitGE
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Fig.1 Protein domain prediction of TRIM25 in Cyprinus carpio
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Fig.3 Alignment of TRIM25 among C. carpio and other species



28 N

FA

= i

5 43 %

100
100
50

NP_005073.2 Homo sapiens A\
NP_033572.2 Mus musculus /N5,
NP _001305387.1 Gallus gallus JEX%

73

96

XP_005999986.1 Latimeria chalumnae JfE k£
QGQ60787.1 Larimichthys crocea K&

94

ANN12588.1 Epinephelus coioides £15E £
XP_029706118.1 Takifugu rubripe £18& 7R 77 il

951

NP_956469.1 Danio rerio B f

59 _ _99: XP_016136696.1 Sinocyclocheilus grahami x4

HHLG11g0652 Cyprinus carpio #
HHLG12g0509 Cyprinus carpio #

XP_007909819.1 Callorhinchus milii 552

HHLG13g0902 Cyprinus carpio #

NP_001084882.2 Xenopus laevis )T

HHLG29g0701 Cyprinus carpio #

HHLG6g0789 Cyprinus carpio

HHLG16g0672 Cyprinus carpio

76

HHLG3g0722 Cyprinus carpio

HHLG4g0919 Cyprinus carpio i

94— HHLG37g0859 Cyprinus carpio #i
L HHLG38g0859 Cyprinus carpio #

65

81

HHLG46g0068 Cyprinus carpio #

—51: HHLG14g0181 Cyprinus carpio #
HHLG5g0226 Cyprinus carpio

HHLG13g0878 Cyprinus carpio
ﬁ HHLG10g1061 Cyprinus carpio
93 HHLG9g1073 Cyprinus carpio fif

Kl 4 TRIM25 & ) R G
Fig.4 Phylogenetic tree of TRIM25 proteins

1 #BuimbERCERFR
Tab.1 Location information of trim25 genein C. carpio

HHEFAID Rtk RERGE KibE
Gene ID Chromosome Start End
HHLG10g1061 LG10 28 463 278 28 464 093
HHL G11g0652 LG11 19 734 938 19 745 074
HHL G12g0509 LG12 12 763 606 12 773 301
HHLG13g0878 LG13 29 994 196 30 002 309
HHLG13g0902 LG13 30318614 30323840
HHLG14g0181 LG14 5 309 992 5315 952
HHLG16g0672 LG16 16 800 988 16 805 042
HHLG29g0701 LG29 21 206 550 21212 314
HHLG3790859 LG37 24 227 230 24 240 878
HHL G38g0859 LG38 24 205 967 24 218 593
HHLG3g0722 LG3 20144 774 20 154 144
HHL G4690068 LG46 1324110 1 324 622
HHL G4g0919 LG4 24 390 833 24 398 746
HHL G5g0226 LG5 6 475 495 6 476 125
HHLG690789 LG6 19 687 942 19 688 835
HHLG9g1073 LG9 30 777 527 30 780 651
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BORAZ S FEINFE UL, al fE MUHAB ) Rl R 21—

2.5 trim25 7£ 35 A 68 K% $5 68 BT AR A0 A 42 2R R B R GA

TE B BN R R A I v, AR iR Y 5 48 DL
—%, 45 HHLG10g1061 . HHLG11g0652 .
HHLG12g0509, HHLG13g0878 il HHLG16g0672, H:
Ay 10 AN DA B ] A58 P T O 2 20 rpr ik
AR S TLF-ANFRIE o A B Il R 45 0 g g 21 2
TR 5 A DU, 4r)& HHLG10g1061.
HHLG11g0652 . HHLG12g0509 . HHLG13g0878 il
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ML, TS 6, 11 F1 13 Siefaik -, Hi,



%3 AT 4 B rim25 248 D1 EL IR AL RN 3R 5 TR R TR 29
A B
ags HHLG10g1061 i B3 HHLG37g0859 a B3 HHLG10g1061 i &8 HHLG37g0859
bes HHLG11g0652 g B3 HHLG38g0859 20 b B3 HHLG11g0652 g &3 HHLG38g0859
5 10} cEs HHLG12g0509 k Ea HHLG3g0722 5 ¢ B3 HHLG12g0509 k B8 HHLG3g0722
R dEs HHLG13g0878 1 B3 HHLG46g0068 | 24 d B3 HHLG13g0878 | Ea HHLGA46g0068
= eEs HHLG13g0902 mEs HHLG4g0919 | ¢ g3 HHLG13g0902 m & HHLG4g0919
e . f#a HHLG14g0181 n B4 HHLG5g0226 | ymt f B3 HHLG14g0181 n g8 HHLG5g0226
: 2E8 HHLG16g0672 o E8 HHLG6g0789 X & B HHLG16g0672 o ga HHLG6g0789
ﬁ 5t : hes HHLG29g0701 p E8 HHLGYg1073 w‘*k‘ 10 . h g8 HHLG29g0701  p g8 HHLG9g1073
abcdef ghigkImnoop abcdef ghigkImnoop
FHFF5 Gene ID FHFF1S Gene ID
E 5 trim25 Jk K 75 B T 6 (A) A G5 0 (B) T I 41 4 b 1y e 3k
Fig.5 Expression of trim25 genes of Yellow River carp (A) and Mirror carp (B) in liver tissue
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Fig.6 Expression of trim25 genes of Yellow River carp (A) and Mirror carp (B) in brain tissue
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Tab.2 SNPIloci in cis-regulation of trim25 genesin liver of C. carpio

NP5 1D SNP #Ric TR R PH FDR fZIE{H
Gene ID SNPID beta P-value FDR

HHL G12g0509 LG12:12157279 4.68 9.14x 108 5.68x 107

HHL G13g0878 L G13:30607588 1.16 7.52x 107 5.06 x 107

HHL G37g0859 L G37:24669903 0.05 1.08x 10°° 1.51x 1073

HHL G4g0919 L G4:23513641 0.18 9.75x 107 5.91x 107

HHL G6g0789 L G6:20084751 0.03 3.13x10° 2.96x 107

¥ HHLG6g0789 JEH A 1 4~ SNP fii s, i
HHLG11g0652 K 1A 9 4~ SNP fi s,
HHLG13g0878 F: K WA 6 4~ SNP i s, 4%
HHLG13g0902 A 14~ SNP i /5 (% 2 fil# 3).
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H 208 4~ trim Z: X (Boudinot et al, 2011), UiHH trim

FIEERAEAR R AP 2SR K, HE5 AL,
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HEHART TRIM KR 20, Wil i m £y 5
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Tab.3 SNPIloci in cis-regulation of trim25 genesin brain of Cyprinus carpio

FH 75 1D SNP #ric AHIC R B P& FDR % IEH
Gene ID SNPID beta P-value FDR
HHL G11g0652 LG11:19043364 -3.38 2.89x 107 1.60x 107
HHL G11g0652 L G11:19043382 -3.25 6.61x 107 2.75x 107
HHL G11g0652 L G11:19044277 -3.61 6.43x 107 5.82x 107
HHL G11g0652 L G11:19050242 -3.22 7.62x 107 3.01x107
HHLG11g0652 LG11:19221844 2.74 8.09x 107 6.80x 107
HHL G11g0652 LG11:20221841 -3.25 6.67 x 107 2.76x 107
HHL G11g0652 L G11:20262339 3.33 6.05x 107 2.59x 107
HHL G11g0652 L G11:20429556 —3.44 1.78x 10°° 1.16x 1073
HHLG11g0652 LG11:20548776 -3.26 6.62x10°° 2.75x% 107
HHL G13g0878 L G13:29061261 2.01 9.81x 107 354x 107
HHL G13g0878 LG13:29111379 2.06 5.87x 107 2.54x 107
HHL G13g0878 L G13:29430220 2.04 3.28x10° 1.74x 1078
HHL G13g0878 L G13:29906806 1.74 1.82x 107° 1.18x 1073
HHL G13g0878 L G13:30254648 2.62 3.35x10° 1.76x 107
HHLG13g0878 L G13:30810530 3.21 6.15x 107 5.64x 107
HHL G13g0902 L G13:29851998 0.18 5.11x 107 2.32x107
HHLG6g0789 L G6:20260054 0.33 1.10x 108 3.32x107°
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Gene Evolution and Expression Regulation of Multiple
Copies of trim25 in Common Carp, Cyprinus carpio

ZHU Youxiu™?, JANG Yanliang®, ZHANG Qin®, FENG Jianxin’,
ZHANG Hanyuan®, WU Biyin*?, XU Jian®”

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306,
China; 2. Key Laboratory of Aquatic Genomics, Ministry of Agriculture and Rural Affairs,
Beijing Key Laboratory of Fishery Biotechnology, Chinese Academy of Fishery Sciences, Beijing 100141, China;
3. Henan Academy of Fishery Sciences, Zhengzhou, Henan 450044, China)

Abstract The innate immune system is the main defense against viral infections in teleost fish. Asan
important part of the innate immune system, the TRIM protein family participates in the regulation of the
immune network during virus infection. Among such proteins, TRIM25 has been reported to play an
important role in the immune response of many types of fish. In this study, 16 copies of the trim25 genein
common carp (Cyprinus carpio) were compared with those of other species by phylogenetic and syntenic
analyses. Functional domain structures for 16 copies of the TRIM25 protein were predicted, and the
expression and cis-regulatory network in tissues for each gene copy were compared. Sequence aignment
and phylogenetic analysis showed that the TRIM25 protein structure of C. carpio was highly similar to
that of Snocyclocheilus grahami and Danio rerio, but distinct from that of other species beyond
Cyprinidae. The results of gene synteny indicated that the upstream and downstream genes of trim25 were
relatively conserved in the evolution of different species. Structural analysis of TRIM25 showed that six
of the sixteen copies in C. carpio had complete functional domains; five of these copies were highly
expressed in liver and brain tissue. In the expression quantitative trait loci (eQTL) regulatory network for
trim25, 5 and 17 SNPs were determined to regulate trim25 expression in liver and brain tissue,
respectively. In this study, the sequence differences of multiple copies of trim25 in common carp were
compared, and the evolutionary relationship and synteny of trim25 were identified. The diversity of the
structure and tissue expression of trim25 genes in the common carp were revealed, and the SNP sites that
may regulate trim25 gene expression were identified, providing a reference for future research on trim25
related regulation and disease resistance in the C. carpio.

Key words Cyprinus carpio; TRIM25; Protein structure; Phylogenetic tree; eQTL
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i A ARAT BT EAR KB E A e, U R PR AR R E R K E, £ AR &k
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(creatine) . £ %2 (polyamines) ., — %A fbL & (NO)%
Yy ) 0T ) BT A, ARG K . VA R
i 6 52 Pl AR (Luo, 2004), BIFFE R, Rk
I U ORG24 R BB 3 B R K 0 B 5 (Micropterus
salmoides) (JElTE 7K, 2011) . £ K i £ (Oncorhynchus
kisutch)(Luzzana et al, 1998) {38 8 4 | 4 52 A K KA
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I 37 A BE A S — S AR A B8 (TNOS) Fil i T i
(LZM)ItE, LA I (Lin et al, 2015), A5
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SRy iRSR PR BT SE AR O SR 22 A S T T A
A DI, BRI AR R W R S AR R A AN i
T 5 B BRI K (A Rh 2 — o HET, XA ECAT- i
W AR A AT AL PR T 2 R (" 4 AR 4, 2006) Fl
MM (Yan et al, 2007) AHFFE I8 o 72 mEHP IS A
A & A AR, WFoT HOWAF R i gh fa 2 K | PR AR
g3 MU AH G AE AL A T AR SC BTG 52, B
VI LG fil 407 00 %00 KG 280 2 19 i 7 oK o, A HEC 45 ket
IF RIS

1 #MRl5F*®
1.1 LR

ARLE DA . ERE A EEEATE, D
W EZRE IR, I 2 50%, HARITZH
10% Ay 5 fifl 45 BL BC J7 (Kim et al, 2001; Lee et al,
2002) . IR A i VAR 22 F5 R 1 A e %) 2 5 R A1 A L
151 51 DG Y- il &0y £ UL PR) 2 56 1 4 ol L 461 — 35 OFS 24 R
BRAM) o FEREAR AR 23 BT 0. 0.6% . 1.2% ., 1.8% .
2.4%FN 3.0%I1) L-A5 &R (ZhE R 98%, I H g2 7
MAABHE A BRA A, Bl 6 4R &0 5N
1.39%. 1.83%. 2.34%. 2.80%. 3.39%7%1 4.08% 52
BiEEHEE 1), 2%l D1, D2, D3, D4, D5 fl
D6 2, I TR I R A R WL 2,

& A FR 2 By et 80 HARMESS , W AR E

Ja . R RFIRA AT, U INAah FE B0 2518
K, BHRIEAHA, /NIRRT LT SRR A
2 mm 4 mm BPRAEEL, 60°CHET, FHERIAE%
5 F-20C kR

12 TBABERAFEE

S BT O/ G- fih 40 £ 0 ) 1L 2R S R TR 7K
FER R ] o IEUSERRAT, Bhadk (A5 R 9 14 BT fir
Y S T HARIEFREMER RN 80 ecm, HAEH
70 cm, JKIZEA 50 cm), FHE D1 AAKIfE, 14 d
Ja Pk 540 ALK 1A B TG filh 4 £ [(12.03+
0.03) g], BEMLATFEEE 18 M4, A4 30 B, IERXFE
FESZES T 2019 4F 11 H 15 H—20204F 1 A 11 HAEI
IRAB PR GE IR 5 IR 9T B % IR A /K 3R 0 R e it
AT o FRFE I 6] 43 K 22 B (08:00 1 16:00)7E 4% ML 2 7k,
WAL R N AR TR 1%, T8 £ il S i o
B, A HIC SRt AR A FRAE I AR AR K
R A LLUR &M KR 16TCT~18°C, ¥4 (DO)>
8.0 mg/L, pH N 7.5~8.2, #hJFH 27~28, A MY
A%<0.05 mg/L,

13 HEmRERSH

FEI LI EE S, A5 24 h, 0 SRR A A B
IFFREE, AR 6 F& T fa A H AR 2 5
L8 Rl A E MRS, R Rk, A 5B
PUE, 43 BIFRE N IEA R BRI . &M E T
20°CHRAT, AL FF IR IR A2 M35 6 B T80 C -7,
RIS

S5 DR SRR SR K A3 SR 105 °C fE E R I
(GB/T 6435-2014) , & FH >R B K2 &0 2 (GB/T
6432-2018) , M A5 Wi &R H & [C il £2 3% 00 % (GB/T
6433-2006) , HL K 7+ K F 550 °C 2k & % I %€ (GB/T
6438-2007) , fig & >k FBR B ik I 5E (IKA, C6000,
), IR R HIR /K5 (GB/T 18246-2019),
fifi 4 A 2h & SR I 2 {L (HITACHI, L-8900, H 7#%)
ME

ML A N FE W (ALT) . R HEFL A [RAST). HE
H(Alb), NO. JREZ(BUN). HFHE#E ALY L
(SOD). N (MDA). W HEE(LZM). & N5 2 i
(ALT)., BAHEHZEAST), RITEAYEH(T-AOC).
BV W R Il (AKP) . BRPEBEIR MF(ACP). —H LA G
fitf (TNOS) Fli75 3 A — S AL & A i (iINOS) ¥4 2R H /e it
A T AR 7T PR S o 1 AR S R
(TP) & & R % Hh s 5 v o I 7 1k B e
Ly 2 B & UL A5
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Tab.1 Formulation and nutritional composition of the experimental diets (% air-dry basis)

i H 1% Groups
Items D1 D2 D3 D4 D5 D6
JEUE Ingredients
FifiAs White fish meal 25.00 25.00 25.00 25.00 25.00 25.00
EKFEHH Corn gluten meal 15.00 15.00 15.00 15.00 15.00 15.00
f&&H Casein 5.00 5.00 5.00 5.00 5.00 5.00
IREHE I Amino acid mixture® 15.00 15.00 15.00 15.00 15.00 15.00
L-AGA MR L-Arg 0.00 0.60 1.20 1.80 2.40 3.00
L-H4&® L-Gly 3.00 2.40 1.80 1.20 0.60 0.00
f1Ji Fish oil 8.50 8.50 8.50 8.50 8.50 8.50
4k FIRAY Vitamins premix® 1.00 1.00 1.00 1.00 1.00 1.00
Y RIR A% Minerals premix® 1.00 1.00 1.00 1.00 1.00 1.00
iR — 45 Ca(H,PO,), 1.00 1.00 1.00 1.00 1.00 1.00
PiEALF Antioxidant 0.10 0.10 0.10 0.10 0.10 0.10
ZALNEHE Choline chloride 0.50 0.50 0.50 0.50 0.50 0.50
it Betaine 1.00 1.00 1.00 1.00 1.00 1.00
a-TEH a-Starch 13.00 13.00 13.00 13.00 13.00 13.00
RPRL 4 K CMC-Na 10.9 10.9 10.9 10.9 10.9 10.9
41t Total 100.00 100.00 100.00 100.00 100.00 100.00
EFALR, Nutrient composition

7K%Y Moisture 6.94 7.65 7.02 7.23 7.51 7.28
MIZEH Crude protein 50.67 50.99 50.67 50.82 50.63 50.78
HMLARWG Crude lipid 10.45 10.24 10.06 10.43 10.41 10.13
LK/ Crude ash 12.23 12.21 12.22 12.17 12.16 12.19
MBE Gross energy/(kJ/g) 20.39 20.38 20.44 20.34 20.45 20.43

e oar IRAEHEMR (ke Tk : RAEMR 2148 g; HEAMR8.09g; ZEM 5.18 g; AR 19.08 g; HER 17.48 g;
R 8.37 g5 &I 5.75 g; HEM 6.36 g; HEAM 3.82 g; FAEMR 4.90 g; FEMR 13.96 g; BEEIR 5.07 g5 KNE
R 7.64 g; MiEAR 19.87 g; HER 2.95 ¢

b: 4E: TR (g/kg kL. 44 FE A LRI 0.73 g5 442 B, 0.003 g; 4E4 % C 121.2 g; 4E4:=% D, 0.003 g;
DL 44K EE B M CMRIG 188 g5 AR K 1.8 g; hMBIMEER 2.7 g5 hIRMLSEE 1.8 g5 MR 27.8 g5 MHR(98%)0.68 g;
B 9.1 g5 1ZMRES 12.7 g5 JLEF 181.8 g5 AW FK 027 ¢

o WY BUR R g/kg fikl): BRFREE 80 g; BRER AU4N 370 g5 SUILHH 130 g; AFEBEIREK 40 g5 BRFR%E 20 g5 AL
H10.2.g; HALER 0.15 g; BULER 0.15 g5 WANRREN 0.01 g; HERHE 2.0 g3 #ILHi 1.0¢g

Note: a: Amino acid mixture (g/kg diet): Aspartic acid 21.48 g; threonine 8.09 g; serine 5.18 g; glutamic acid 19.08 g;
glycine 17.48 g; alanine 8.37 g; cysteine 5.75 g; valine 6.36 g; methionine 3.82 g; isoleucine 4.90 g; leucine 13.96 g; tyrosine
5.07 g; phenylalanine 7.64 g; lysine 19.87 g; histidine 2.95 g

b: Vitamin premix (g/kg diet): Vitamin A acetate 0.73 g; vitamin By, 0.003 g; vitamin C 121.2 g; vitamin D3 0.003 g; DL
vitamin E tocopherol 18.8 g; vitamin K 1.8 g, thiamine hydrochloride 2.7 g; pyridoxine hydrochloride 1.8 g; niacin acid 27.8 g;
folic acid (98%) 0.68 g; riboflavin 9.1 g; calcium pantothenate 12.7 g; inositol 181.8 g; biotin 0.27 g

¢: Mineral premix (g/kg diet): Magnesium sulfate 80 g; sodium dihydrogen phosphate 370 g; potassium chloride 130 g;
ferric citrate 40 g; zinc sulfate 20 g; cuprous chloride 0.2 g; aluminum chloride 0.15 g; potassium iodide 0.15 g; sodium selenite
0.01 g; manganese methionine 2.0 g; cobalt chloride 1.0 g

FE FUTICR (protein efficiency ratio, PER, %)=(fafAA

AR )/(BR AR A HR oL Y 5 ) < 1005
£ % (daily feed intake, DFI, %/d)=1% £ {7k} 2/

14 fEWRitE
34 H K (weight gain rate, WGR, %)=(fafk K &

R )/ A <1005
i A K F (specific growth rate, SGR, %/d)=(In
1 PROR E—In £ 1K) 8 )/FR 58 JE 31 < 100 ;
Tk} Z ¥ (feed conversion ratio, FCR)=1% £ 1a) %}
/(AR E- AP E);

(oA B + 40 fA R 8 )/2 % FR 58 K AL %1005
ﬂEﬁStK(viscerosomtic index, VSI, %)= i Hl5E/
AR Ex100;
JIFAA B (hepatosomatic index, HSI, %)=/1T g i 5/
AR H %1005
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Tab.2 Amino acid profiles of the experimental diets (% dry diet)

AHR 205 Groups L PN 42 0 4,
Amino acids DI D2 D3 D4 D5 D6 Muscle amino acids profiles
T R Essential amino acids
KRR Arg 1.39 1.83 2.34 2.80 3.39 4.08 2.44
PR R Thr 1.97 2.03 2.03 2.05 2.00 2.02 2.19
W BR Val 1.91 1.88 1.95 1.98 1.96 1.90 1.75
T E W Met 0.68 0.66 0.65 0.65 0.61 0.61 1.03
S AR e 1.50 1.53 1.50 1.51 1.50 1.53 1.52
S EIR Leu 432 432 4.42 425 429 434 3.49
HKNZER Phe 3.24 3.2 3.13 3.16 3.26 3.25 1.73
i %R Lys 3.29 3.29 3.25 3.35 3.31 3.31 3.87
ZH %82 His 0.85 0.86 0.86 0.85 0.85 0.86 1.08
JE D FF E FR Non-essential amino acids
fi& 2R Tyr 2.27 2.18 2.23 2.33 2.55 2.49 1.71
LR Cys 1.75 1.71 1.79 1.80 1.83 1.81 1.06
ffi & /2 Pro 1.88 1.84 1.85 1.83 1.85 1.92 0.99
KA Asp 423 4.43 4.48 4.44 4.33 4.30 4.72
HRE Glu 7.90 7.94 7.95 8.09 7.91 7.91 6.35
225 1R Ser 2.00 2.09 2.12 2.12 2.08 2.10 1.92
H&BR Gly 5.85 5.29 4.75 4.18 3.61 3.07 2.16
NER Ala 2.89 2.79 2.85 2.82 2.83 2.83 2.67

JEHE (condition factor, CF)=fa{AA H/AK: *x100;
ﬁ?ﬁ%(survival rate, SR,%)=24 K 1t /%) 1k 10
FE%>100,

15 HiBHRITESH

fii ] SPSS 18.0 ZEitAKk kAT i IN R 2250 Hr
(one-way ANOVA), =57 I 2 (P<0.05)A} A Duncan’s
o 4 #E AT 2 R AT, R O Y E A o 2

*3 HBERBMITKFEhEERMBERER

(Mean=SD)Z /R, R JH—JI0 WK [IA4MHT, BisE 1 G
P e X o R O O R B

2 #R
21 FBEEBEMIFRESpEER, @RFAMPE
it A

ik 3 Fon, BEEAR AR S RIS, S
ARME(N=3, VI (EEPRERE)

Tab.3 Effects of dietary arginine on growth performance and body indices of juvenile S. schlegelii (n=3, Mean+SD)

RN e 205 Groups

Growth performances DI D2 D3 D4 D5 D6
wﬂ_ﬁ\ﬁgﬁi i 12.01£0.05 12.04+0.00 12.03+0.02 12.00+0.03 12.0420.04 12.02+0.03
Initial body weight/g
%*ﬁgﬁ% ) 17.9940.01°  19.26+0.81°°  20.43+0.16°  19.91+0.50°°  18.71+0.64™  18.67+0.46"
Final body weight/g
HEH R WGR/% 49.244+0.36°  60.48+1.74°  70.72+1.36%  68.34+0.03¢  55.72+1.56°  54.91+0.76°
B K ZR SGR/(%/d) 0.69+0.01° 0.81+0.02°  0.92+0.02° 0.90+0.00" 0.76+0.03% 0.75+0.03%
ikl 2% FCR 1.40+0.02¢ 1.22+0.04% 1.08+0.03° 1.17+0.04% 1.23+0.07% 1.29+0.02¢
& 2% DFI/(%/d) 0.88+0.00 0.90+0.01 0.890.01 0.88+0.03 0.87+0.02 0.88+0.01
A EACR PER/% 1.35+0.06° 1.64+0.11° 1.86+0.10¢ 1.78+0.00° 1.7540.04% 1.74+0.06"
HEREE VST/% 10.41+0.03 10.58+0.26 10.67+0.11 10.79+0.29 10.33+0.15 10.28+0.12
A HSI/% 3.34+0.03 3.42+0.03 3.44+0.13 3.39+0.18 3.23+0.12 3.21£0.16
NS FE CF 2.61+0.02° 2.66+0.07% 2.83+0.02¢ 2.74+0.06" 2.65+0.07%° 2.67+0.04%°
115 % SR/% 97.78+2.22 97.78+2.22 98.89+1.17 97.78+2.22 96.67+1.93 96.67+1.93

W FAT O TR B R b A R 7R R 22 58 8.3 (P>0.05), AEV/INEG 7R 22 57 1.3 (P<0.05), F[H

Note: In the same row, values with no letter or the same letter superscripts mean no significant difference (P>0.05), while

with different small letter superscripts mean significant difference (P<0.05). The same as below
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WGR. SGR #J%eHm G REA%, 75 D3 i sl K(E
H W # 5T HAh4H (P<0.05), FCR JGf#K)5 T+, D3
2H 4 I T HAh 41 (P<0.05), PER 71 5 Ffa,

D3~D6 4 i # =T D1 41(P<0.05), VSI 1 HSI G &
FPE2R(P>0.05), CF JeThm/aR#fk, D3~D4 43
=T D1 41(P<0.05), £ RE%J0 i35 2% 5 (P>0.05)

LI WGR APEM 88, 4—J0 R EEME 7,

VF G fill 4y £0 5% ) ) rb ok 240 IR 1 B il 75 oK 1o
2.78% 1A RH(S.56% R HE F1 (] 1),

75
70t

X 65+

&

g 60

@' 55t

5ol ¢ y= 879694 +48.956X~0.3597

R=0.814

45} Xovax=2.78

1.0 1.5 20 25 30 35 40 45
TBHE & BR & B Dietary arginine contents/%

B VR I-Pfil )y £ o 48 S AaDRPRE 2R & B R AH DG 23 Hr
Fig.1 Relationship between dietary
arginine contents and weight gain rate of S. schlegelii

22 FEREIIFRTEhL & E RSB0

R 4 FrR, ARk ORS 2R B i X e Ky
FLAEE . AHRRITFTRL K 535 534 0 i 2 PR 52 R (P>0.05)
WLPHHEE 1 & f e TR a BRI, D3 41 5 2 T HHAh 2l
(P<0.05), WLAIZK 4y HHLAR W5 AR K 20 5 B35 00 . 3
P22 5% (P>0.05),

23 FEREBEMTRTHpeasaRINIERHAN
Al

mFE s Fiw, BE DR ORI & B, 4
AR R (Val) . HZ IR (Met), 5% M (Leu), S5
FR(Ile) . Hi2d R (Lys). K& Z MR (Asp). Sdhis 2 TR
(CEAA)FLE E R (CAA) P e TH s 5 FRAG, KSR
(Arg) & e T e Pha, HAh &R & 2 R 2 1 k)
H SR 50

MR 6 Frox, W& RO 200 & it i3 m, Wl
N TR & TR (Met) 5 &R (Arg) . S 75 KR (ZEAA)
LB IR (SAA) e TH = IS BRI, H20R (Lys)
AR (Leu) . 4 AW (Glu)FI K & Z R (Asp) &
Thm e P ha, HoAh Z R & i R Z RS &R & i
) 52 1] ¢

x4 ARPRBERAKENFRFESLYEEMRDBOZE(N=3, FEHEbRMEE, %R E)

Tab.4 Effect of dietary arginine on the conventional compositions of juvenile S. schlegelii (n=3, Mean+SD, % wet weight)

28 %, 5] Groups
Body composition D1 D2 D3 D4 D5 D6

41 Whole body

7K 4> Moisture/% 72.54+0.00  71.96+0.01 72.56+0.01 71.90+0.12  71.90£0.05 72.66+0.01

HLZE 1 Crude protein/%  15.17+0.08 15.05+0.15 15.33+0.27 15.29+0.35 15.58+0.50 15.50+0.62

HLAE 5 Crude lipid/% 6.26+0.31 6.49+0.38 6.41+0.15 6.57+0.29 6.64+0.23 5.90+0.26

MK 4y Crude ash/% 4.63+0.05 4.62+0.03 4.65+0.02 4.78+0.03 4.51£0.07 4.88+0.03
HWLP Muscle

7K4> Moisture/% 74.69+0.09  74.56+1.40  75.47+0.28 75.00+0.41 75.40£0.27  75.50+0.35

HL#E 1 Crude protein/%  20.26£0.01°  20.33£0.12°  21.19£0.03°  20.09£0.08°  20.03£0.19%  19.71+0.34"

HLAE 5 Crude lipid/% 2.47+0.32 2.4840.27 2.77+0.30 2.71+0.18 2.57+0.27 2.56+0.18

HL K 4Y Crude ash/% 1.34+0.02 1.33£0.00 1.36+0.08 1.35+0.03 1.36+0.03 1.3740.041

2.4 FEEEIITR T804 & M iEE LB

R 7 FR, B DBDRS 2008 & i3, 1
BN Z W (ALT) (K 2)36 J15e ARG THE, D3 4l
E/NT HABL (P<0.05) ; 75 HL 5% 2 B (AST) I J1 45 4 )
TR FEMEZES; AEAAD)(K 3)F NO(E 4) 555
THE R BEAG; IREZERBUNYKE )& ELTHERET
V2%, D3~D6 4135 T D1 41(P<0.05),

25 FEREEXIT KT &h4h & BT AEE X EE 1 BRI

W 8 i, Bl RIS 2R & /= iy 3 m, AFE
B ALY AL (SOD)( 6) . IRHBH(LZM) . 7 Hkk
AM(AST) . BPLALYE(T-AOC) Bl Pk 85 1R
(AKP), B—% LA AEE(TNOS) (K 8)Fif T Al —4
LA A HEGANOS) (B 9 1Tt m e ek . TN
(MDA)(K 7) & & kRS THR, D2~D4 4 E KT
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x5

FAH PSR B K FE TR T ihsh a2 o SERAMM M (N=3, FEIEIRER)

Tab.5 Effect of dietary arginine on amino acid profiles of whole fish of juvenile S. schlegelii (n=3, Mean+SD)

AR 1% Groups
Amino acids D1 D2 D3 D4 D5 D6
W FE . Essential amino acids
AR Val 2.27+0.05° 2.35+0.05"  2.36+0.05" 2.41£0.02¢ 2.34+0.02%%  2.29+0.05%
EHAR Met 0.60+0.04% 0.81+0.03¢ 0.85+0.01° 0.83+0.03¢ 0.83+0.04°¢ 0.72+0.03"
SRR Tle 1.53+0.05° 1.64+0.04° 1.63+0.05° 1.67+0.01° 1.48+0.04° 1.54+0.06°
S AR Leu 3.50+0.07% 3.73+0.04° 3.67+0.06° 3.76+0.07° 3.54+0.06" 3.51£0.04%
HHE R Lys 3.70+0.12% 3.94+0.08° 3.95+0.95° 3.91+0.04° 3.68+0.05° 3.74+0.12%
R Arg 3.03+£0.09° 3.18+0.05% 3.18+0.02% 3.24+0.10° 3.08+0.06%° 3.11+0.10%
1R His 0.99+0.01 1.07+0.01 1.06+0.02 1.07+0.03 0.98+0.06 1.05+0.04
KN & R Phe 2.99+0.01 3.14+0.06 3.10+£0.07 3.10+£0.04 2.95+0.07 3.11£0.11
J 2R Thr 2.26+0.10 2.40+0.02 2.41£0.03 2.38+0.06 2.29+0.14 2.26+0.13
BT E IR SEAA 20.86+0.33%  22.27+0.27°  22.35+0.21°  22.38+0.27°  21.37+0.31*  21.34+0.67°
Ik 75 2 FEER Non-essential amino acids
KA R Asp 4.81+0.20° 5.14+0.06° 5.13+0.08° 5.12+0.12° 4.99+0.12° 4.97+0.11°
2 Z R Ser 2.61£0.12 2.73+0.09 2.69+0.06 2.68+0.10 2.76+0.05 2.67+0.10
HE B Glu 6.73+0.11 7.00£0.04 6.98+0.17 6.99+0.02 6.81+0.14 6.97+0.14
&R Pro 2.21+0.10 2.26+0.19 2.33+0.04 2.32+0.07 2.29+0.13 2.19+0.08
H4&m Gly 4.18+0.15 4.33+0.18 4.21£0.07 4.3240.09 4.43+0.13 4.18+0.14
NER Ala 3.33+0.06 3.50+0.03 3.4240.09 3.50+0.07 3.44+0.14 3.41+0.14
LB R Cys 1.9240.03 1.93+0.09 1.90+1.87 1.86+0.04 1.88+0.09 1.97+0.05
Wik BR Tyr 2.42+0.01 2.58+0.02 2.4240.08 2.3840.02 2.42+0.00 2.514+0.03
BAELTRE IR INEAA  28.2240.51 28.97+0.31 29.26+0.17 28.95+0.38 28.38+0.38 26.68+0.45
HEIR TAA 49.08+0.83*  51.23+0.09° 51.61+0.39¢  50.32+0.49°  50.21+1.04°® 48.02+0.14%

x6

TR} o A R R K T 3T R T 4h & AL A SEER A M B R (n=3, VX EERIER)

Tab.6 Effect of dietary arginine on amino acid profiles of dorsal muscle of juvenile S. schlegelii (n=3, Mean+SD)

TR 2 %) Groups
Amino acids Dl D2 D3 D4 D5 D6
Va5 3 LR Essential amino acids
HE R Val 3.70+0.08 3.67+0.10 3.63+0.03 3.67+0.09 3.71+0.05 3.60+0.00
HATR Met 1.70+0.42° 1.7340.08* 1.88+0.06° 2.20+0.11¢ 2.05+0.11¢ 1.9240.08°
KINERR Phe 4.63+0.02 4.58+0.10 4.67+0.16 4.66+0.05 4.55+0.07 4.52+0.00
i Lys 6.83+0.06° 6.81+0.21% 6.94+0.08° 6.94+0.10° 7.17+0.10° 6.93+0.12°
AR Arg 4.2140.10° 4.19+0.06° 4.31£0.01° 4.35+0.10° 4.38+0.12° 4.19+0.10°
ZH &R His 1.64+0.05 1.59+0.07 1.63+0.05 0.65+0.06 1.65+0.08 1.59+0.00
SRR leu 6.24+0.17° 6.18+0.22% 6.28+0.06" 6.24+0.07* 6.60+0.19° 6.41+0.16™
SR AR e 2.88+0.01 2.80+0.09 2.77+0.05 2.88+0.10 2.82+0.21 2.79+0.10
& Thr 3.67+0.09 3.63+0.13 3.74+0.07 3.64+0.11 3.75+0.05 3.64+0.18
BT AR SEAA 35.51+0.48%  35.18+0.66°  35.85+0.29°"  36.24+0.40°  36.69+0.82°  35.50:+0.44°
R A7 2 LR Non-essential amino acids
i &R Pro 2.23+0.10 2.16+0.06 2.23+0.05 2.29+0.03 2.36+0.05 2.25+0.04
B BR Tyr 3.96+0.14 3.99+0.05 4.09+0.10 4.06+0.16 4.05+0.12 3.96+0.03
22 H R Ser 3.67+0.13 3.63+0.07 3.76+0.15 3.61+0.12 3.82+0.05 3.64+0.10
BER Glu 11.48+0.30°  11.81+£0.10®  11.55+0.22°  12.00+0.84°  12.2240.20°  12.2040.17°
HZA®R Gly 3.93+0.10 3.96+0.07 4.00+0.08 3.88+0.02 3.86+0.03 4.02+0.02
NER Ala 4.82+0.15 4.83+0.09 4.89+0.10 4.8240.16 5.07+0.12 4.92+0.14
£ &R Cys 2.72+0.18 2.71+0.19 2.73+0.06 2.71+0.07 2.62+0.04 2.814+0.07
KA R Asp 8.07+0.17° 8.11+0.20% 8.2640.19%  8.29+0.10°™  8.44+0.06° 8.40+0.16
AR E LR INEAA  40.88+1.16°  41.1940.54*  41.77+0.80°°  41.67+0.31%°  42.45+0.45°  42.17+0.41°
BEHR TAA 76.39+1.57*  76.37+1.14°  77.63+1.04®  77.91+0.56°  78.39+0.02°  77.44+0.49%°
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Tab.7 Effects of dietary arginine on serum biochemical parameters of juvenile S. schlegelii (n=6, Mean+SD)

2H %1 Groups

M35 A fE F8 AR
Serum biochemical parameters D1 D2 D3 D4 D5 D6
B B ALT/(U/L) 16.42+£0.30°  15.13+£0.60°  8.13+0.81*  12.15+0.48"  14.51+0.45°  15.92+0.40°
A B E M AST/(U/L) 10.91£0.10  12.25+1.10  12.07+1.10  11.22+0.85  12.2440.45  11.80=1.19
H 3 H Alb/(g/L 10.20+£0.73*  11.58+1.05°  13.92+0.81°  10.62+0.92*® 10.43+0.88%° 10.28+0.88"
g
—%ALA NO/(umol/L) 4.82+0.42°  14.45+0.21° 18.83+0.62¢ 19.26+0.62¢  13.68+0.24°  7.88+0.42"
JR %A BUN/(mmol/L) 422+0.43"  4.98+0.21%° 5294026  5.29+0.54>  5.53+0.13"  6.06+0.77°
E 20 R 18r c
g 16 od - e
RE g b
B89 b =3 12 a T %
gzp 2 & g
WE2 a T
HLE 3 L
i E*g oy 6r
€z” g
.9 B 3t
g 2
= 0
G} 1.39 1.83 234 2.80 339  4.08 1.39 1.83 234 2.80 339 4.08

ARG &R & & Dietary arginine contents/%
B2 AT

Fig.2 Activities of glutamic pyruvic transaminase (ALT) in serum
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Fig.4 Contents of NO in serum
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Fig.3 Contents of albumin (Alb) in serum
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Fig.5 Contents of blood urea nitrogen (BUN) in serum
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Tab.8 Effects of dietary arginine on liver enzyme activities of juvenile S. schlegelii (n=6, Mean+SD)

JHPRERE S 71

2} 5] Groups

D5 D6

Liver enzyme activities

D1

D2

D3

D4

B ALY LG SOD /(U/mg prot) 3756.61+£61.38%4503.34+79.20° 5602.27+64.45% 5395.70+64.45% 5034.56::84.57° 4924.36:£94.83°

9% MDA /(nmol/mg prot) 0.91+0.02°  0.46£0.02"  0.42+£0.02°  0.46+0.01°  0.55:0.03°  0.59+0.02°
Y5 EF LZM/(U/mg prot) 4520+1.91°  48.58+3.84°  78.75+2.39%  62.22+0.63°  60.35+£0.63°  40.50+0.07°
RINEEHF ALT/(U/g prot) 68.6312.04  67.68+321  67.11+2.16  67.01£2.34  69.06£2.13  69.80+2.47
AR EME AST/(U/g prot) 144.96+5.69° 144.80+5.62° 156.20+7.28° 110.31+2.31* 110.09+3.90° 113.09+5.27°
B ALTE 0.81£0.05*  0.87+0.53*  1.02+0.05¢  0.98+0.03°Y  0.96+0.03"  0.84:+0.06™
T-AOC (nmol/L/mg prot)
TR AKP (U/g prot) 14.49+0.98°  20.55+0.63°  29.64+1.74°  22.77+0.83°  14.71+1.10°  14.30+1.13°
TR VERERRE ACP (U/g prot) 200.01£10.15 196.41+8.33  203.65+9.68  209.89+13.49 209.37£9.70  195.08+6.02
M LA SH TNOS (U/mg prot)  1.39£0.03%  1.45£0.03%°  1.48+0.08° 1.38+0.03*  1.30+0.16®  1.19+0.02°
1.10+0.01° 1.09+0.02° 1.14+0.01° 1.24+0.03° 1.16+0.11%  0.74+0.03"

A RGN
iNOS (U/mg prot)
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P B4 R X8 1 25 14 N (Tibaldi et al, 1994; Alam et al,
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U BB 1% (6.32%~6.35% 1R BL 8 1) Fil 2 6 (6.25% 1) L 2
PR FE 45 B (Lin et al, 2015; 5 RUREE, 2016;
Han et al, 2013), & T Eff(Pagrus major)(4.74% %}
EH), BHAGC2S% B EA)., RSB A

(Oncorhynchus kisutch) (4.90%/f#%l & ) (Klein, 1970;

Fournier et al, 2003; Rahimnejad et al, 2014), {XF2
f# (Sparus macrocephalus) (7.74%REHE ). T4 BEfA
(Epinephelus awoara) (6.5% 1t & 1) (Zhou et al,
2010, 2012). AS[Alfa R0 XK AR 75 K R AFE2E R
Al Re S A | PR R | DB FOKOF L SRR IR |
T % 07 SORVPAR AR 5 A G .

3.2 fRARHE FER /K T X4 1F BS T ik 4h £ K B 43 B 2 i

AT, GRS E R KX 4 o L LS
17 KK 5 FK A TG 5 mi . SARME A B, KD
MayE(JEfE K, 2011), Z068 7R Jrfifi(Takifugu rubripes)
(KT, 2019)IBFFEEs SR —50. B RS 20 &
AR, SCE LA S EETHERIRAL, 5
= % A 1 (Oreochromis niloticus) (i 3C—, 2016)Y
WFFEEE R — 20 K SR B2 =i WLPR 2 11 075 a1 Dt sl ]
RSl TR R A A = BEE A NO mTTE AL
R IR R F1(mTOR)(F Fi&4% , mTOR i 5 &
I TE B TR TR AZME A S6 28 11 I (p70s6 Tt R EAZ D)
BT 4B-Z5 AR 1 (eIFAE-BPDBE R 1L, BT T2

JIRE A IR S 258, et 50 B (Pervin et al,

2007), #HiRUERSFEQ2016)BFFE A B, BEE RV 2R &
SEBEIN, B A B 4 0 UL R 43 i
St s T g, MRS EE TRER, mEE
S0 SR AT BB R SR R AN RS TR G 9
WESE, BEE RS 2R & w i, 2 mE RN A
BUSCR AU R A 25 i 5, TENS RS I it i
HEGET R EZ G, HA A AR TR R 3
TR, X R R i e R R S O A R Y R i
JIERe, TR AR 9 3 A R, {HAE 42 #(Rachycentron
canadum) 1 & B, 25 faD RIS 220 R 1 e A H Rl T oK
i, A R O RRUR A7 B 3 R e (Y 21 1 A
2007), X W] RESRE D SOLRAR AN A R BN 2 5
R X6 T 2 A 0B R 3 e AR R R e
YOk I (PR PRI, 2019), BFSER IR, SEHFIR
1R i L PR A TR P it B TR R 2 R 45 A 1Y
W £ - FH(Zhou et al, 2010; JTEK, 2011), AHFFE
VRGPl 4 £ 4 fORTRIL IR Y DO 55 A R IR 7 it b
TR 2 R B i RGN e T i J5 B AT . A 2 iR 1A 3
HFli 7 SR i, bk p 45 MR 3 s 2P A, b

S AR I A R R L e R B AR A T LA 1 Y
B MARAMRISR)G, BEMRTFERITE, 2R
TR B A o i, TRIINERERE , A5 4= AL Y
W B R T R o Xl H g B RN AR 1 A
R,

3.3 (ARHE BT X F K Tk 4h f i 5 E LR
kA

2B L A A TS PR A — 8 R BE b e T ik
14 A BE A f R 0 (BRAE T A5, 2016), FEMEH a2,
PRE 77 A e R T A 11 ol 2 B 1) 0 A Al
175 PR 2 AU A SE TR A B =0, n A ) e ik
A PN B 1A R 2 R A A S-SR T o B R
L, IR I3 PR 3 A i AR ORS 2R Y T
iM% E A TR E (Alam et al, 2002), HTHEF1IAR
5% 0 1M1 375 PR 2R 00 o FE FTHLAA R A IS R K S
FA7E IEAH 2 56 & (Fournier et al, 2003), AR H, 1K
K&K, M RER S EIRAL, A R 2
MRS g, MIEIRRA S W EW N, RVIME
K&KV BT 2 RS TR i, 2 LR A 21 Atk
&, K &R S E R ER P /R G5, B s
IR, AR R A S w3 LT, AR
It i Tl 7 R B, SRR T TR, BRI T
HAh Z TR 1A R, 243 0 2 BE 1R 28 i 2 Fn e 24
PERIBE Y AE AR TS AR, DT3B T 2 B R F %
T RN HE MG S A PR G A R S NS TN
SR 1) 106 A5 00 0 B A P 2 T O S R AR 1) 2 2
1, fEEEFE SR b AR, Mz 3R
RSB LV b G R o B ey e sl o A L A ol 1
H [ A8 2 S il RS DN e R T It 3 o AR
w2 PN S T B TR RRR SR B 3 n S
REARS TH i, 5 WU ft 0 L9 F A 5% &85 R — 3K (Peress
et al, 2007; Zhou et al, 2010)., {H7EBH IR 65 1 AF 5%
KB, GRDRRS SR K R I 4 A B A N
MG 10 MY M RVINAT, 2015) BRAfaRh2ER:,
— LB FE A Sy £ 2K 0 3 A A e B Y AR AT 2 1 0
VR 7 S i R o NO 2 — i 4 Sk i & B EE 1Y
GagZE PR R, AEAR S LA R T bk B 4 4 5 A e
P AR g2 b 285 N AR FH o RS 2R AE ) NO & BU I
KYIR, 2 NO A G NO, i 54 & R 7E o 15 I
07 B A —E R IIfE., Buentello %5 (19990 5% %&
B, FEBE S ORI R SR 2 M (LPS) )R, EE
WEAHML NO A A T B ) bR 202 1%t 138 o i 14
% ., 15 %E NN JR 85 (Solea senegalensis)fa #} H i il
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Dietary Arginine Requirement of Juvenile Rockfish (Sebastes schlegelii)

SHEN Yubo'?, WANG Jiying®”, LI Baoshan®, LIU Caili'?, WANG Xiaoyan®,
HUANG Bingshan®, WANG Shixin®, SUN Yongzhi®

(1. National Demonstration Center for Experimental Fisheries Science Education, Centre for Research on Environmental Ecology
and Fish Nutrition (CREEFN) of Ministry of Agriculture and Rural Affairs, Shanghai Collaborative Innovation for Aquatic Animal
Genetics and Breeding, Shanghai Ocean University, Shanghai 201306, China; 2. Shandong Key Laboratory of Marine
Ecological Restoration, Shandong Marine Resource and Environment Research Institute, Yantai, Shandong 264006, China)

Abstract

An eight week experiment was conducted to investigate the effects of dietary arginine on

the growth performance, body composition, serum biochemical parameters, and liver enzyme activities of

juvenile Korean rockfish (Sebastes schlegelii) and to determine the dietary arginine requirement. Six

isonitrogenous and isolipidic diets were formulated to contain graded dietary arginine (1.5%, 1.0%, 2.0%,

2.5%, 3.5%, and 4.5% dry diet). The crystalline amino acid mixture was supplemented in the test diets to

simulate the amino acid profile of the juvenile S. schlegelii muscle protein, except for arginine. The initial
average body weight of the juvenile S. schlegelii was (12.03+0.03) g. The results showed that, with
increasing dietary arginine, the weight gain rate (WGR), specific growth rate, and protein efficiency ratio

significantly increased at first and then decreased; these were significantly higher in the 2.34% and 2.80%

arginine diets than the 1.39% arginine diet, but the feed conversion ratio showed the opposite trend. The

crude protein content of the muscle was significantly affected by dietary arginine levels and was

significantly higher in the 2.34% arginine diet than the other groups. The concentrations of both total

essential amino acids and total amino acids first increased and then decreased in the whole fish and

muscle tissues. The levels of albumin and nitrogen oxide in the serum significantly increased first and

then decreased (P<0.05), whereas the serum blood urea nitrogen content first increased and then plateaued.

However, the glutamic pyruvic transaminase in the serum significantly decreased at first and then

increased, and was significantly lower in the 2.34% arginine diet than in other groups. The activities of

superoxide dismutase, lysozyme, aspartate aminotransferase, total antioxidant enzymes, alkaline

phosphatase, total nitric oxide synthase, and inducible nitric oxide synthase in the liver first significantly

increased and then decreased, whereas the content of malonaldehyde first significantly decreased and then

increased. With WGR as an evaluation index, the optimal arginine requirement of juvenile S schlegelii

was 2.78% (5.56% dietary protein).
Key words

Juvenile Korean rockfish (Sebastes schlegelii); Arginine; Requirement; Growth
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TR, TERDBCIRAS T Sy bk — R IV , AL 45 Ffh
WG« A SRR B S, R SRR A P ™
AR (PRAERESE, 2020), T EEMPUERSZ
Py PR, 3 a0 fRDRL R A B i R A LA
I 1 0 AR R M R e 1) EE 7 1]

TE AR, Bt A KRR E G (5.5 om Z247)
Je LA Fh R ZEAE S & ) B R R (He et al, 2015),
A BER T, 5 RSB 2OR B A 6 R0
Fets K HA 5 TR e pLAE R S kIR, SR, 4
IR FH 2 A0 0 5 AR b L AN 0 7 5 2 e DR
(Mot 1%, 2013), APFFERY], Lo FRHBA TR
FH PR A TS OB R s, Bl R i e A
FNIE /X = R N ) | BT R & Ve Y
(R HERAE, 2007, B4R, 2008; ARPRLLAE, 2009;
ZEDEAE, 2012) fEHABAZE T, andaek i s in K
(Allium sativum L.)ZE¥) 4= 2 (Origanum vulgare L.)
B REHE B BB (Cyprinus carpio) Il 175 V6 B BEHS 7
C3 il C4 {HPESEARR S P MERE (TR 75 A58, 2010),
FERFR AN 7.5% K (Eucommia ulmoides Oliver)
MRy e W R A AR R VERE , TR SR
HH M AMA C3 S5ERR 5 oy ik K 1 3k (V7 A 45,
2015), XLEZEREEIR, ARSI FLE AR
Air TR, HXTI PR A ka2 )
MR TR IE I RCR o I 5 A58 A 45 TR
BEAERPICUENSE, 2020), ML, 7F@ampRLI1ER
R, W R FRERL SN, S —JrT, BiE
FREE 0 A Je LA S AR B 10 52 2 IR, 4 e 2
T RS 110 B A R 2 A DR Y — S
Peo AR, BT H D NIRZHIZE, P BRI
LRI RIAE T 2 A7 AR 22 57, AR ME IR b 35 2 2 1)
BHA 5 TR AR IFE T ek, Bk, KM
KA TAE R AR TIT .

A ¥ (Pennisetum sinese Roxb) N ZAFEH RAR}
HYy, H%E (Pennisetum purpereum)F3E M IR B &
(Pennisetum americanumxP. purpure)2<38 % & 1M AL,
J& VU (L SEIA, 1999), BA =i . e IR .
SR ERM PSRRI R E SR, T
oA TR 5T, TETAR L TV TR SR X
PR (Y ERESE, 2019), W T EATRIM IR,
ANt AL, FTHEZ M gE .
X oRG SE)RERE, R IR B A R %
(TR, 2013), —FH AR A TAEY), $E
HhOCHEEZET (ERREE, 2006). AR, 24T
T 19 MR, Hrb, B . 7Y R R
AR Er i i, PRI R MR R A B ST R AR,

2008; Xk, 2018) 4P B (2003)45 H , NS S ff 7
T IBORTIN TR FA , AT AR 2 ] R 4 P
BRI, AS A BAETI A I, BRAl4R I AT
)R B R RV S (B AR AR AR,
2018). FEJ AR, T4 A SLAT R B Rk 7E £
TR N, SR, ST ey XoF £ 14 £t R 5 i o
H AT AS B o It , ASIF 5T DA fa gl f o Ao 6 42
FE PR i GRDR ) R Aty b DAl BT R R X R A A K
KRR sZ ), SO R AL S W AE fd B AR G R
b, R BT B R K = AR R Y 4R L R e
A4l R R B SR o

1 #RE5FE
1.1 g

SCE R ATEOR I A AR AL S L R
B 2% Lovell (1989) I RIEHAC 7, LA & (1
RS R 26 IR, Fa i AR S AR R, & 3 AR
H UK R 33% . A ZKF-2h 9% 55 2055 RE 1A il
Tk, X REZH(C)ANALEE, ARBRAL BRI 10%F0
20% ST RN (P F1 P2), FHEHTRIN 0.1% T It
HORAVE BT EAR R (GR 1) fRHl 5 i e bkt Uk
e, of 60 Hifi. % b BIMERFREUE RO, iR
B DN I SR R GO A, SR 5 F-KE B i U Rk
SEANRA, PEAT KRGS 0y o RDRHR R LB
AL 2.0 mm RLAR A ORI, AE B A AT R R
—20°CHi#f7 55 H

1.2 RAHFEE5EHE

S A )T AR L T e T K R A
BN, 3758 523 A v B K = B0 5% Be Bk VLK ™= 0F
FEFT SR FE M AT LR A0 ST 4.5 mx4.5 mx1.1 m
AR e BT FE 14 d, LAXT B4 AapRl % 5 ik 47
B BRENE, ks — . gt fa
198 J2[(28.5120.04) g]5rFic 3 9 MFFFHEL(1.2 mx0.6 mx
0.5 m)"H, FFAFEFEMEL 22 B, AR iR AL %R
3ANFEAEEL, LW 56 d, FEK 08:30 F1 16:30
A 1R, FRAEE], fRECR M B R, ARl
SRR KR . RAASET B, WIRIZKIR pH R
6.5~7.8, EHEDO)N 5.7~7.6 mg/L, BAME <
0.20 mg/L, 7K 28.0°C~33.0C,

1.3 XES543E

FIHLE AT 24 h, SHITA AT RRE o SRFE
260 MS222 B, 3 I 4k 1A 8 A
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Tab.l1 Formulation and chemical composition of the experimental diets

2l 5] Groups

i H Items

C Pl P2

% % 1 Casein 320 308 300
B Gelatin 80 77 75
HWIAE Dextrin 280 280 280
T LT 4E & Microcrystalline cellulose 189 106 18
EATEH Grass meal 0 100 200
11y Fish oil 40 40 40
K3 Soybean oil 40 38 36
FR B4 2 Z 4l Carboxymethycellulose 30 30 30
Z T KFHH 2 Butylated hydroxytoluene' 1 1 1
IR 4 4 Z ICHLY Mixed vitamin inorganics? 20 20 20
&t Total 1000 1000 1000
#4043 Conventional components

7K 43 Moisture/% 9.10 9.30 9.70

M A Crude protein/% (Nx6.25) 33.09 33.50 33.98

HLIE i Crude fat/% 9.40 9.40 9.20

KK 53 Ash/% 1.90 2.80 3.70

HLEF 4 Fiber/% 18.90 12.45 5.50

T 1n SRS WK BHT, $UAMGN; 20 A4 RO : MR 1.59 gkg, WIRES 181.01 gk, Wk
R %45 116.01 g/kg, FALES 0.7 g/kg, BRAREE 52.16 g/kg, BRMHE 0.07 ghkg, AL 165.53 gkg, MLHR 0.14 g/kg, Bk
MR%E 1.92 g/kg, WEMR 240 136.05 g/kg, MIREN 0.06 g/kg, Bl 0.75 g/kg, FrEEMRYk 13.38 g/kg; BilEE 50 mg/kg, #%
T 50 mg/kg, 44 A 25000 TU/kg, 464 % E 400 1U/kg, 44 % D5 24 000 TU/kg, F 250 40 mg/kg, SRARME S B 40 mg/kg,
FEE 0.1 mg/kg, HWE 6 mg/kg, TS 100 mg/kg, MR 15 mg/kg, MR 200 mg/kg, HLEE 2000 mg/kg

Note: 1: Dibutyl hydroxytoluene: BHT for short, antioxidant; 2: Mixed vitamin inorganics: Aluminium potassium sulfate
1.59 g/kg, calcium carbonate 181.01 g/kg, calcium dihydrogen phosphate 116.01 g/kg, cobalt chloride 0.7 g/kg, magnesium sulfate
52.16 g/kg, manganese sulfate 0.07 g/kg, potassium chloride 165.53 g/kg, potassium iodide 0.14 g/kg, zinc carbonate 1.92 g/kg,
sodium dihydrogen phosphate 136.05 g/kg, sodium selenate 0.06 g/kg, copper sulfate 0.75 g/kg, citric acid Iron 13.38 g/kg; thiamine
50 mg/kg, riboflavin 50 mg/kg, vitamin A 25 000 IU/kg, vitamin E 400 IU/kg, vitamin D; 24 000 IU/kg, menadione 40 mg/kg,
hydrochloric acid Pyridoxine 40 mg/kg, cyanocobalamin 0.1 mg/kg, biotin 6 mg/kg, calcium pantothenate 100 mg/kg, folic acid
15 mg/kg, nicotinic acid 200 mg/kg, and inositol 2000 mg/kg

WA s dLEER 6 BiMA, fET/EGE, M SR=100%N,/N,;

1 mL JC PR 5 AR FE KM, 2T 1.5 mL JoR &S
ODEH, 4CHFEZRS 3500 r/min Z.0 10 min, W
BCETEW, 3T 1.5 mL BRE L&, JHATELE
—80°CYKAR, M T MIEFERINE . J)FEHLE 9 BRifa
HEATARE o b, v R TR R P R
HET 7% 3 -80°C AR IR VKR v R ORAF , T T4
AEAE RN ZE FI RNA $2I0, FELPkIE 3 BaRERKE
25 1 em B, BET 4% L2 BHEBEER T, HTH
LY R o S8 £ ) 34 8 % (weight gain rate, WGR, %) .
A% 7% R (survival rate, SR, %) . 1l B R % (feed
conversion ratio, FCR) . $ & *(feeding ratio, FR, %/d)
HRAXT
WGR=100x(WrWy)/Wp;

FCR=F/(W~W,);
FR=100xF/(Wy/2+W,2)/t;
Kef, W IR (g): W, WAKRIKTE (2); N WA
KBHG Ny MRS FOBEAGR SR () ¢ N
T 5 KA(d) o

1.4 5 SRFREE XIS AR FIERE R E

Il 3 " 4 TN % % ¥ (alanine aminotransferase,
ALT). 4 %%; 5 fifi (aspartate aminotransferase, AST) .
N % (malondialdehyde, MAD) . #MA& 3(complement 3,
C3). #MA 4(complement 4, C4)%5F8FrIN & 5 FHIA 5]
SR (R a EEBUAE R FRA FD, AR R
HRGRGR & U6 k1 7

JHFIE %) £ 32 MR A it A I S (fish 3-hydroxyacyl-
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CoA dehydrogenase, HOAD)fIfai il (4 & C HALE
(fish cytochrome c oxidase, COX)H & fft F ik 5 &
#AT, JFS U] B T B AH#R4E, HOAD #1 COX
A& T E I AR WA PR A F

1.5 ARYK

4 131 2 1) i 1B A AR L AE R K TR e 12 h, 2R
JEAE— RPNV E LB AT K (30% . 50%., 70%.
80%. 90%. 95%F1 100%PIIK). HHfE S il i i dn
HAUFRAR,, B W RO s e A B
(Yuetal,2017), FIBER: YT HLGE K RM2235, fE[H)
YIEI R S wm Y1 R IR A LSRR AKRS AL
(hematoxylin- eosin staining, H&E)4e {1 . fi FH 37 20 {2 ik
% (Leica biosystems, Wetzlar, 75 [E )W %4 241=4E 5,

BAE S
16 BEARGEEBEXEERREIENE

1.6.1 ¥ RNA #3# IR A IEH 25 RNA R
FH TRIZOL &7 & (TaKaRa, HA)FEE, FFH 1%3
PR S P J5e ST ARG ) A RN B i B0 R o v, o
£ B RNA H11#) DNA Ji, FIH PrimeScript™ Ji2 % 5%
X & (TaKaRa, HZ), L 1 ug & RNA B, 37°C
15 min, 85 CR N 5s, 4CLEH, [hk 4l cDNA,
cDNA {RFFFE-20°C HI T Z A

162 SBEFPCR  SLATZEOGE i PCR(QRT-PCR)
JEil it LightCycler®96—TimePCR Detection System
(Roche, %)M SEMAT, PR qRT-PCR K7 /&
Power SYBR™Green PCR Master Mix (Thermo
Scientific, J%[), qRT-PCR I i BTN 20 uL,

45 BRSP4 0.6 uL, 1.0 pL FBeRys —i%
cDNA 749, 10 uL 2xPower SYBR™Green PCR
Master Mix Fl 7.8 uL K BRI K . THEASEANT
50°C 2 min, 95C 2 min, 5 95C 15 s, 60C
1 min, 40 MEH. PCR JNiJE, Wizl 72°C~95C
B3 Bl HEAT AT (LL 1°C/20 s 895 KO LA BN 72
¥ o QRT-PCR H RGN () 56 PR A 51 9 il ik B2 48 ke 3R i
it B-NLshHE F (B-actin) . IR IRSEE T o (tnfa) F 41
M2 1B (il- 1) 5 el BT, A T A T2

(T8 )R R FA LR 2) o A I EE PR AR B 7K
JELL B-actin FEKAYRIE NS, B CT Jrik
(2 MY L K 3A M8 (Livaka et al, 2001), FTA
RNA FE SR 8 3 AN TR

1.7 HIEBTESHH

BT B E R DL 24 {47 1 22 (Mean+SD) % i
SCIG P R AS 45 R s R SPSS 22.0 B4 T BRI &
77 2 (one-way ANOVA)r#r, 25 B EK, XKH
Duncan’s #1172 HE b, P<0.05 BREREEH,

2 HR

21 AREMEMERNESLY S ERIEERAR
I F B9 =2 i

2556 d MYFRFHIEE, DRk I S AT RO ) R
f A KAERE BRI L 3. 450 s, 5 REL(C 4)
Fos, 10% STk 2H(P1 2H) 5 20% 547 500y 4 (P2
)Y R B R T 10.85%H1 17.18% (P<0.05),
ORI E T 19.50%F1 23.69% (P<0.05), Tkl 2500
BIFEAR 10.69%H1 12.07%, $& B R 5 55 6.25%H1 4.86%,
B4 70 B 22 5 (P>0.05),

22 EAMAMEMEMMEEHENFTENL. T
L F0 S 18 K AR R R R0

M 1a, & 1o AF%0, fah spoas n B4 RO
RAAR B A0 LT P AST A ALT B35 1 (P<0.05), P2 4
) MDA &+ KT C 41(P<0.05)(& 1c), P1 44H
P2 HAMAE C3 FI C4 S EEESET C 4(P<0.05)
(Bl 1d. H 1e),

2.3 {ARRMETEB X E & %) & BT A4 e iE 11
ES oA

WK 2a. E2b s, 5 C4AHEL, PLATP2 45
RN T B4R P E HOAD 1 COX Y3 1 (P<0.05).,

24 AMFMEERNEEYEFERHEAFNE

M s (18 3yl LI, XTI,
TR IS AT EOR R T EAR TN AT,

K2 ZERRNEE PCR BHEEHSIY

Tab.2 Primers used in quantitative real-time PCR

AL LN Target genes %% 5% Accession No.

1EM 5% Forward (5'~3")

JZ 751 %) Reverse (5'~3")

Tumour necrosis

factora (tnfa) JQ670915
Interleukin-1f (il-18) I1X014320
B-actin DQ211096

AACCAGGACCAGGCTTTCT

GCCAAGTAGCCGAATCACAGA
TCCACCTTCCAGCAGATGTGGATT AGTTTGAGTCGGCGTGAAGTGGTA

GCATAACTGCGTGGCTCATA
AAGCCCAAGATATGCAGGAGTC
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Tab.3 Effects of diets supplemented with P. sinese Roxb meal on growth
performance and feed utilization of juvenile grass carp (n=3)
WA 2 %) Groups
Items C Pl P2
Y IBW/g 28.50+0.11 28.52+0.14 28.47+0.60
K FBW/g 38.46+0.14° 39.57+0.25° 40.12+0.48°
HEHE WGR/% 34.93+0.38° 38.7241.39% 40.93+1.38°
L% R SR/ % 72.27+4.55° 86.36+4.55° 89.39+2.63°
Tk 2% FCR 2.72+0.16 2.59+0.20 2.55+0.04
HEH FR/% 1.44+0.07 1.53+0.07 1.51£0.04

e SRR R/NG TR ROR 225 8.3 (P<0.05), b AR 78 0 7 - 3R 22 574 B3 (P>0.05), T IF]
Note: In the same column, values with different small letter superscripts are significantly different (P<0.05), while with
same small letter or no superscripts mean no significant difference (P>0.05), the same as below

3100_ i ECOPIOP2 O mCOPLOP2 257 ECOPIOP2
= 80F =40+ =0k a
fraS) b - S} b b omE ab b
& 360t & 530r alist
"5 K2 $E |
& g Ao0r ®g20r 1% 10
%5 200 E5 10l S sl
=< @< %
0 Pl P2 0 Pl P2 0—%¢ P1 )
(a) 4153 Group (b) 4151 Group () 4131 Group
S o07r 2 0201 a
<06l WcopiOP2 2 ECOPIOP2
=] =1
2 05f a g 015 a
S 04l g b
S oal 5 oo
1 o] |
(ﬁn} o1l b é,.rﬂ 0.05F
£ e . B . . .
* C Pl P2 = C Pl P2
(d) 4451 Group (e) 425 Group
1 RDEE AR S AT EOR X A0 &) £ i3 A B AL AR 0 R (n=3)

Fig.1 Effects of the diets supplemented with P. sinese Roxb meal on serum physiological and

biochemical indexes of juvenile grass carp (n=3)

RIFNE FEEFom Bl [0 5 W GE 1T 22 5 (P<0.05); C: XTHE4L; Pl: 10%2ATHAL; P2: 20% 2 H4l, TR
Different lowercase letters indicate statistically significant differences between the data (P<0.05); C: Control group;
P1: 10% grass meal group; P2: 20% grass meal group, the same as below

YT SRR A TR, (BAUZREA TR
2 4 BN, TRk B AT RO g S R g i
18 9% B = BE RN AR R, RRAR T B B L2 R
(P<0.05).

25 EEREEEHH
Tl A I AT R o Ao v g 4 0 A O 3 A
REWEmWMWLAE 4, 5 CAMEL, P14 P2 4 H{E

KT fo N il-14 B FE P B AT 3k K B FEAR
(P<0.05).,

3 it
31 fARFMEMEMNEALEERKERNRETE

AHIESE H DR I ST RO R v T R A AR K
PERE, W] REFL O AR ) PR DR EORHE SRR R BiF
G IR, T WA W) PE VR P (Lemna minor L)) H.£f
A R R W T i I M TR i 4y
(Chironomid)) ¥4 (AT I 45, 2012), H KAF(2008)
o ta i, ®mal{edtmiEkE, FAUmIE pH A,
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Tab.4 Effects of diets supplemented with P. sinese Roxb meal on intestinal morphology of juvenile grass carp (n=3)
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Effects of Pennisetum sinese Roxb Meal on Growth, Antioxidant Response, and
Intestinal Health of Juvenile Grass Carp (Ctenopharyngodon idella)

LI Yuping'”, TIAN Jingjing’, ZHANG Kai’, XIA Yun’, WANG Guangjun’,
YU Ermengz, LI Zhifei’, GONG Wangbaoz, XIE Jun”

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306,
China; 2. Pearl River Fishery Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Tropical & Subtropical
Fishery Resource Application and Cultivation, Ministry of Agriculture and Rural Affairs, Guangzhou, Guangdong 510380, China)

Abstract The purpose of this study was to evaluate the effects of dietary Pennisetum sinese Roxb
meal on the growth, antioxidant response, and intestinal health of juvenile grass carp (Ctenopharyngodon
idellus). Three isonitrogenous and isoenergetic semi-purified diets containing 0% (control group C), 10%,
and 20% P. sinese Roxb meal (P1 and P2) were designed (protein level 36%, fat level 9%) and fed to
juvenile grass carp (28.51+£0.04) g for 8 weeks. The results showed that the weight gain rate and survival
rate of fish in the P1 and P2 groups were significantly higher than those in the C group (P<0.05). Serum
malondialdehyde (MDA) levels in the P2 group were significantly lower than those in the C group
(P<0.05). The serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels of the
P1 and P2 groups were significantly lower than those of the C group (P<0.05). Fish in the P1 and P2
groups significantly increased their complement of C3 and C4 contents in the serum compared to those in
the C group (P<0.05). Meanwhile, these two groups also showed increased hepatic 3-hydroxyacyl-CoA
dehydrogenase and cytochrome C oxidase activities (P<0.05). The intestinal microstructure showed that
the intestinal villus height and fold depth in the P1 and P2 groups were significantly increased compared
with those in the C group, but the thickness of the muscle layer was reduced (P<0.05). In terms of
transcripts, the relative gene expression of intestinal pro-inflammatory cytokine tumor necrosis factor
alpha (nf-a) and interleukin 1B (il-15) were significantly down-regulated in the P1 and P2 groups
compared with those in the C group. In conclusion, our data showed that 10% and 20% Pennisetum sinese
Roxb meal dietary supplementation could enhance the growth, reduce the oxidative response, and
improve the health status of the intestine in juvenile grass carp.

Key words Grass carp; Pennisetum sinese Roxb; Growth performance; Intestinal development;
Enteritis
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KRG 1L 38 B T AR 5

LAY EEEY KEHK FRE EFA R OR BEHR
LR K RIS BRI ARl IR B2 0 5230 3
MR OK = S SRITASRE T 330039)

M= H T f KR (Mastacembelus armatus)iH L8 A R EhiE 5 B RN R £, UXHER
AR AR K RSN AR AT &, KRS, . HE L2 emEayaotiE %, #AR7T
RAHHENREF, ALFEMBEEFE FREF, KASHHE GO EE, £, §f
Fargek; AvEEEE ., WEAMEE; CHERE LA AEERT LA, EHFENMRAENL, WER
PATHFEAR G, MEERBESNAFENER AL, BEMGREAHEEE . BFETE. ILE
AR R A, HLENFIRAL, 2 NFENAYN; BE VA, 2HFITI. @RI, w1#H 34
o, BEAWMALEREEALLZR T FP<0.05), FIIHEFERPZAGH, AATREME, W
TN ER A KL, BRGITEAN; E, E—ANEd, BERAH8 0.325£0.050, R EF
B, W, F At R E AR £ R B (P<0.05); el I AnRT g E R 2 T E &
AR g, P LSe st kEBd, #X 8 Iy E 6 KREL, Ben
EMAZEHREHERN; 2O 5 FEIEERE)Y 2.19, F# BRI, HRAHHEHD)N 033, &
HERE, RN ARG EERY, AN EEZEBTE 2 IRI%). FTE T 2 (W) &
B (N%) 2 F 7 97.75% ., 92.29%7F1 73.07%. FFR KW, KAISMEAN e L, LHEBAM
ARFEMKRIANH G B EAEN WL, ZHARTHARHA TRBEARTAREELSE,
KA KAH G FHE; BAYE; A48%; &k

FESES Q955 XEkFRIRE A XEHRS  2095-9869(2022)03-0056-08

KRNk (Mastacembelus armatus){GFRIERRYE . T] fREE ARG BRI Rk E) R A T AR T A B
ik, FE AR ER L LR KR, Bk W& sk, JFe)a ST T ROk 5K R T 0 IR AR
5 (Nelson, 2006; RIS, 2017), KRk Ay o 55 | X, FE— B FEBE B AR T Rk 7% o 50 o 0 B A
BRI, & W LR AN AR AR D R (B VP T (] R84, 2015),

4,2018), A EMATTMEHNE, T KA BN T F258 77 Ml ¥ A T A B B, © A Bt
o B ARG IR B BB . MR AR A2 B R FRAS RN AH OC AR 5 Jie HL 57 5 i 9 0 A B B
Mg, R fifK B A 58 ) ™ i IR (R EE, 2020) 874 S| = I~ i o S R e I B A N e S B e
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FEAR BRI, A58 b A 572 FE RSN = i AN, B
5 NATRE P Fh 2 22 R A0 RN S o4 T B B R, R ol ik
MO MR RE T R T T B, ARk, KORI SRR DG 58
FREPIEIRE A E RS, 2019; FFIESE, 2017).
W) (Verma et al, 2015; BRJTEEE, 2015, BEE,
2018). i ZHEMEMH IR, 2016; DrtHALAE, 2018)
FRD BT HEIR(Wu et al, 2019; FRAIEHRAE, 2020)5 )7,
Mt FokR A, KO 8 6% (Monopteru albus)i)
Z W NHEE (Tian et al, 2021), JF &4 Ak 38 45 ko A v
A ST S T A AR T 10 28 T A IRl A= SBIL ) 7 2
W ELSE, 2019), O RHEFARERY . R
N T FRp R e SR R & i i wrd, Har, E
PRI A DL 2 S R R 56K A T 454 5 PR A G
FIBIFFE 2 TE o AHIFZ X 35 r b DX AR 55K 1) 1 F b 3 T 2
SR I BRI IRIE R, LU Sy ORIk 5% U AR 4 R T
FIHE LIS S

1 #wRERE
11 HmXRE

2018 4= 3 H—2020 4F 9 H, 4 3. 6. 9 Al
12 A 5 B F P94 5 N T 45 = Bk VK 80 g B
IRUT K S5 T b S A Al XRS5 309
], MOREEKANEK 278 B, AKH 9.26~42.78 cm,
PRI =20.00 em , R T0A | (EEHE 15 A% R,
X H A HAEAR T RIS S A 212 MR, 2 B REAR IE
FrEtEsrdr, B EEm i K BORE [ /€ .

1.2 HRFE

121 HEFAMBRFEIE 2% K i fifk o1 2 T
A, MEAECETE 0.01 g). KK, WK, ORK
KGR E] 0.01 em), B35 LSS AL 18 TR 2485
M ik o BUzs B ORI T 4182 E T, RAETEALIE %
ZH U4y ) e P R R R TR, AT R
AIEY) R HIE . HE Jefa, R0 T I FE(NIKON
Eclipse Ci, HA), &akd) kit 3 MEF AT,
FrRR IS LR A ST A LT PR AR 5K IR R T
96—, )0 FH Image-Pro Plus 6.0 #{40 e BE 2 |
BT . WUZ . SR8 S5 A0 48 A 1Y BUE OFS i 2]
0.01 pm),

122 fWsy EHBSYSNE I ENAE
YR B, PRI B E BT 5% R Bk
SRR IR, e SR = AT AT . RS
FE B /N TG, AN TR RMK I QB IR | AhoesE
FRAFHO 2% B R T %58 (B 3L, 2005) . S IR 25 45(2019)

P 7 A 2 B R B e SR R e
ALY BT T 23 e (%)« B 73 LU (V%) H B
F(F%)(Hysolp et al, 1980)FIAHX} & E 18 50H 7 e
(IR1%)(Pinkas et al, 197 1)JIFA KA Bkes THAL 40 )
HEM:, R Shannon-Wiener(H") 2 R H8 BURE B}
DESBFEEU(D) S e B A 28 T8 BE (PR 5 15 4%, 2012),

fi%7318 % % (intestinal coefficient)=f7 /1 K&

23 K (empty stomach rate, %)=25 K0/ H K<
100

5 1% 75 %X (gastric fullness index, %)=H N EY)
J £ (g)/ AR K (cm) % 100

F%= LR A W 1Y) B Bi/S2 B 80 100

NY%=HEER A 014550 8 & Wy oR A ) A~ E
100

W%=E A= W 1 S B i 1 (g)/ 18 2 ) B T i
(g)x100

IRI = (N% + W %) x F%x10 000 (1)
IRI% = IRIi/ (ZIRI:’JX 100 2)
H' :—ZP;’ log, Pi 3)

D= iPiz (4)

o, Pi e —TERELE K 60k 7 P PEOREZE R e e o
W ELB , FETTE ) Z AR e SR RHL 35 Bt R
i N%.,

123 H#ELE S5 00 B SR T 4 {8 A o 22
(Means+SD) %/, 4t i1-fdi [l SPSS 17.0 F Excel
2010 A4, R LR 2 )5 2% (one-way ANOVA) /- H1ik
HEAT 1 2 M 53 4T (P<0.05)

2 #R

2.1 HESH

211 HALEB S FHE KA 7S B KB A
10 B, FHEK KH(29.91£7.34) cm, FEKEH K
(60.51+32.52) g, KPEKIEILIER O, &, 8
FUBA R, TEARPE “Z” BUHESI (& 1), 15 R s
Y TR AR R AR . R
DAERSAN RS, DT, BRE, OHK/WK
A 0.763+0.065, i TR, R RER
ve; FEUE AR BT, AT, 885 5 X,
55 5 X8 S KL S R B 5 AT A — X Gh1a) S A
IR, R oAy 2 TRDAELARE 10 6 (B0 #f o Rl 4 03 o 4%



58 ook B

543 %

M SE, &1 RES, WEEA KBTS,
B V7R, NBREEREAE, A Ruti . BRSO
HAT TR 3 ANEB o BEI 1 EB ) B RSB A, W 1] 35
WUZHEIE, B BN . RS’ 2 AR R )
HATTE 2, M 0 46 ity 0 ol 1) o 1050 22 A A i, 2 A
HREM P RYE S5m0 EEa 14
i, BT OFRils, Hhama /N FRiG RS,
JE R EIERTTT, Wil 250k 0.325+0.050,

B R LB S

Morphological observation of digestive
tract in M. armatus

Fig.1

E: Bifi; C: #tl]; G: Bk; P: W4]; F: "ilp;
M: ¥%; H: J5%; PC: M4l TEZE; L. AT
E: Esophagus; C: Cardia; G: Gastric body; P: Pylorus;
F: Foregut; M: Midgut; H: Hindgut;
PC: Pyloric caeca; L: Liver

2.1.2 hALiE AR LM PN . 1 RRE =2 G
B2 . T 2 MULUZI 0. B2 P EE R
(104.71+4.66) pm, FhfE )= I J & )7 ¥ L R 4,
R A A RS RN BV . BT R AR
SRR RN . B A R SR L
WUZ B (] 2A),

il IR AN . B TR U2
SRR S R V)R8 (107.46+11.19) pum,
PIREDN )R8 B & 3K, AT AERE 4 S, RRARTE I R
=) i O A W A i P S N e R S
RS AR LRI, V3R (40.43+7.54) pm,
BT )ZAN S HUZHE , 18 hHILZ R SUIURTRE
MWL R A M2 R AR E , YR
(23.70+6.17) um, =B 2546 12U (& 2B).

B BRI e KRSy, HREH Ak
WUCHFREZE L ZE T 2 UZ L PNUZ R EE)Z .
R0 L2 10 DY s R T B R PR 40, 1A R B A
AR R, FRE bR R JE AR AN M BE TR S S
B v BERCS, b B A IR TR B /N M, A
SRS TR ) ) O i o AN LI I 5 7738713
(K 2C); B IR A ZE 568 4 s BE IR ) B i e Rl ,
Ji 200 B B i 3 2, E RGN )Z R A R L

(11 2D); W 1] 200 M5 408 A g B A A, 1A T G 1 R
AN, REREALEINE 2E) Bl T IRAEAFAHL, 7
i BAMAE . HEEPNUZ 0 AB 0L, FRIUZ
JETHNUZ ; FPURGNUSBELEBETTHR . HRHS
FIER IO R (R 1), S7Ed ]k 2 S i ok
{6, FFIE L RN, (45 B 5 0 % A SR IR 4
H—A/ILo B BRI IRARN, 2O BN ES ARH

. WABERIREM B . R TR U= A
WUZ TS IEAG I . IR JZ A0k, 1l i N S JE
ARG, o FZAER b B R AT AL -
Bt AR, AR A L T, 90 B S
Rk, ARPRANM 7 HOTE b B 2RI 5 AR a0 25 il i
Gl 7R NANEES Wk )7 I ol 7N =0 7 E 1) 7E S 53 S i
W, BB AR IR B RO, LR R TR
(%1 2G); WHLE IR b A EEAERT M . P
Gl 3 IR (R 2H FIE 21), Bl F 2N
BRI ZE AR H AL, A FE B . SIS I
A JEEJE 22 S 0 WAL /I 5 LR R BEAE I i v B2 S T I
FEARRE S, PIUZRE R WiERBER B0,
F ROy R BE A — B (3R 2) HAT T BRI I o 1
A AL SRR, BB, PIETE Tk
B BB R 4 (18] 2F).

22 |MSH

221 BEBEARY SHME SEU ], HoRAR
FIRK =20 cm KM 213 B, Hid, STHEAR
56 B, HHA157TRE, 8% 73.71%. 56 BLH
MEBIRET 6 AM 9 A, FHEK K 2632+
6.18) cm. AT J(51.64+27.35) g, F-44 B 1550
(2.86£1.69)%, H"A4 2.19, D} 0.33,

222 RHUR AN VE ) A ) 3 RS K
AR S IR RIS 6 KO NN
2 MR ALTE H AVB AR (Macrobrachium nipponense)
75 0 F ER(Exopalaemon modestus); 7Kz B R AL$E K
1% (Corixidae) FIM 3k ¥ (Notonectidae) , ¥ 723 H
(Hemiptera) ; ¥ AR /KFE 3 (Limnoperna fortunei) FIE 75
Y2 (Pomacea canaliculata). EWA N, HATEER
W% . N% . F%Hl IRI%% i, 239k 72.23% .

51.92%. 67.86%H1 81.99%., F5 i FAEFH) W% . N%.

F%F1 IRI% %3 % A 20.06% . 21.15% . 39.29% #iI
15.76% , #THARARURK T HAVRER, HEESS 2 i M
TEEYIE W%. N%. F%H IRI%ZMHT, ol
FEHRIS RN IRSS , F A RS Y B A X A1
(# 3).
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Histological structure of digestive tract in M. armatus

AR DD 2: FOBEREY); 30 BEIIREYD; 40 BREEDD; 50 BTl
6: WU VHEERY); 7 BiARAYD; 8 MAMEYI; 9 JEMakED)

MC: AN MU: B2 TB: K7 SKM: BESUIL; SMM: FHEL GC: FRIRAING; MF: Bt
MFD: FhlR8 45y 35 SSE: RJZ M F LR SE: BLR; SU: B FZE; TP: B CM: 3L; LM: 4UiL;
GG: H¢; GP: BH/NM; SCE: HUZHRIR Bz MM: BBUUL; BC: BANMES; BB: SUk%; IV: AT
1: Cross-section of oropharyngeal cavity; 2: Cross-section of esophagus; 3: Cross-section of cardia;

4: Cross-section of gastric body; 5: Longitudinal-section pylorus; 6: Cross-section of pyloric caeca;
7: Cross-section of foregut; 8: Cross-section of midgut; 9: Cross-section of hindgut
MC: Mucous cell; MU: Mucosa; TB: Taste bud; SKM: Skeletal muscle; SMM: Smooth muscle; GC: Goblet cell;
MF: Mucosal fold; MFD: Mucosal fold branch; SSE: Stratified squamous epithelium; SE: Serosa; SU: Submucosa;
TP: Tunica propria; CM: Circular muscle; LM: Longitudinal muscle; GG: Gastric gland; GP: Gastric pit; SCE: Single columnar
epithelium; MM: Muscularis mucousa; BC: Blood capillary; BB: Brush border; IV: Intestinal villus

Fig 2.
1:

x1 KRHEZTHRAEH LR (um)

Tab.1 Comparison of various tissue structures of the stomach in M. armatus (um)

JE 2538 %% Morphological index TEITHR Cardia H K8 Gastric body #4113 Pylorus
FEIERE 4% Spiral valve height 405.76+77.78° 599.72462.13° 345.12428.84°
FFJZE  Submucosa thick 25.00+2.62° 367.95+43.23° 338.74+6.10°

FFWUZE  Circular muscle thick 227.02+11.79° 368.50+15.51° 1301.34+28.44°
HWLZE  Longitudinal muscle thick 33.70+7.43% 76.55+7.16° 212.21£16.79°
WHELZJE  Serosa thick 21.15+1.82° 84.33+7.50° 15.98+3.00°

T R RARI PR e 2 s A AT PR 7R B RN 2257 135 (P<0.05), T IA]

Note: Values presented as Mean+SD; The data with different superscripts in the same row are significantly different
(P<0.05), the same as below
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Tab.2 Comparison of various tissue structures of the intestine in M. armatus (um)

JEAF8%% Morphological index Hif% Foregut Fi% Midgut J& % Hindgut
FEREFE 4% Spiral valve height 1 254.96+67.18° 391.26+43.19° 617.52+£59.28"
FRZE  Submucosa thick 56.93+7.28" 51.68+12.68" 62.04+16.00°
HWLZJE  Circular muscle thick 82.87+9.09* 171.86+18.36° 116.65+7.42°
HYNUZ)E  Longitudinal muscle thick 42.75+4.22° 100.36+11.04° 78.30+8.41°
WHEZJE  Serosa thick 37.16+6.06* 30.13+5.85" 28.71+5.79*
FENEAE 4% 55 Spiral valve width 100.33+12.85° 75.88+22.61% 56.29+£19.72°
4B Epithelial cell height 33.21+2.63° 19.49+3.78° 18.51+1.49°
F 3 KFEIHIEMHERK
Tab.3 Food composition of M. armatus
B A2 ﬁ’ﬁ%ﬁﬁth iﬂz%ﬁﬁﬂ: e ifﬁﬁﬁ?ﬁ?‘é%ﬁtﬁﬁth
Food contents Quality Numerical Occurrence/(F%) Relative importance index
percentage/(W%)  percentage/(N%) percentage/(IR1%)
HAHRIEF M. nipponense 72.23 51.92 67.86 81.99
FHMHLF  E. modestus 20.06 21.15 39.29 15.76
yki%  Notonectidae 0.77 5.77 7.14 0.45
XI4%  Corixidae 0.74 3.85 3.57 0.16
3L41 Belontiidae 4.86 1.92 3.57 0.24
RKFEH  Limnoperna fortunei 0.98 1.92 3.57 0.10
WA P canaliculata 0.12 1.92 3.57 0.07
Y9 Eggs 0.19 5.77 10.71 0.62
W#EE  Plant detritus 0.05 5.77 10.71 0.61
o Xifh, HBEE RIS IE A, RIS
3 Wik EANER AL S RO B e, FLAE

31 XRMHEWAERSERIME

MEYAL R, KRk sh Pk R %
NY%7r 510 99.95%F1 94.23%, P YIREE F% N
10.71%, {H Wo%{LH 0.05%, EFETimks)N, S HH
25 (2015) X} 6 P8 B i £ (Pelteobagrus  nitidus) i i 58
Ty i, HEIAR P g TT fE  RR kC7E 5 1 sh P TR
AR AN SR, A KR E TR Bk
2, X SITIK ISR B (K, 199975 45
M. 58 WY%. N%. F%H IRI%EE, A5+
ORI R RS RS | KA B ORI 2
TEFINE S P AT AE 2, KNSR AT L5 . B
I B B A Ll KOk PR 77 e 1 IR K e 5
K, KA A 2 MK 5] i 25 30 LA B, Bk
ik Fe s r N

KOk TR S, Bl KiR S 201C~29°C,
MK TRBARIS K 28 W B kR (O RS,
2016), SRAFEITRE HPREAS TE M 8 P9 A7 B 0 IR ) AN
—, OIS B oR e, HICHEREARETRE6 H .9 A,
A B2 A2 B 281 AL B ARl 77 =X A s e R k) o4

HTEBARTS, Bt E W Bk, B iR ES
AR AL BUF . Xue (2005)0F55 450, fakiEy
Jo e 5 AR 22 0] B AH S 1 H A A 22 (] B A S
L SO N S R S N B M= KON E =3 G A N
Sk PR i 7 AT RR B s e T S B
FATIR 11.39%, B R RISHRAE B 78 R0, AR &
PEHATRE AR, TE WS, W] B A AR 4
o, KBk E Y 2SR R PN 2419,
JB TR HRMERAEE D S 0.33, SR
PR PR GRS 55, 2012), X HHEAEY
() IRI%AHAT 4

32 KRREHULELHRENEXR

THALIE & A2 B YIS AL 223 0, /250
HP KNG HEEHEUMC, KFskvgK, S50
SR W KB R 0.763+£0.065, | R AA: A 40%%
/N, AT LA 2 B9, B kRS e I o i s vp
BirA I, BCARE I, AR TS EY
FESGAE B IE . B A e e R RSO,
WEE S K I TRE S, A B Fhk a9 ; iR
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JERE RV LR, B SARKEMRAM; 22
i V- 1 e A0 LA AR 0 PR AB SRR T, X EE R R
Vit 32 B8 158 s MR AN T o3I F R R4S v,
FRE I BT W GBI 2245, 2018; ARAK RS, 2020), Xf
FRAHGHEEANEY, AR & BV
05 4 1 (Cinar ef al, 2006), X 5 K HIEHE &9 A
22 N 3 5 WA ) 8 1 >0 M AR

R KRB L B A E A, BT E
T ARER Ry R A R G5 4 L T IR
FEMR; B REMIAUE R, A BT 0 i 4 44
FFeE v BE B AL AR R, ImIE, 97K T B A,
B — AR B RN A, 2015), BIAEHY
FhIRE A i HLEVA 2 &1k, KRR T 5 8%
fl AR, IR A R IR, AR Y R T Ak
CEUAE, 2018). HATTHEZINL % 15 5 W i 38 1
N, AR IE 22 1 TN R ) BE AT HE 2 T LR A
W =5, 2019) FIPAESE(2009) % B P 7K 5 A5
BRI AL R G 2T S T Ml R IR, HoaT ]
BB —A o AR A, KASER 2 1 Hal)
HiE, WRREESMEEARE, 2 MHTTHERERD.
KHEAA—, EAFEARANKREITTHRTESEA
JIT 2 S, S ET A ZOR 1A BN T A
J WA, TREE RIS 2 S b BRI R A7 25 5 . WA
ITERMWIEASSE 5 AERL, &0 T80z iE D 6e
PEALAYIE N PEL5H4 (Khayyami e al, 2015), HATEH
Y. WA PR

i 2 A Bk 0 7 SR M) R B I, i R AR
MBI B FHEESHZ —, Albrecht %(2001)ff
AR, RS HEWEESEIM R — B
&, ORI 2SI RGN, MEHEAZEN G
HRBEK, REMAEN T FZE(Davis et al,
2013), ORI AY i 4R TR SR — A2
S 2R B0k 0.325+0.050, /N T # i | 68 (Channa
argus). Wk (Siniperca chuatsi). KI5 (Microperus
salmoides) 5 N B MHEAIROE B AL, 1996). KM
O BAC R = S AR B I ARG, wTR . R A
Jei W B 1 0T v B AP AR 2 25 5 A v 2 A ks
I TEREAL K A B R R B R R, A B TR
TH AL W2 AT (3 35 4%, 1998)

E2 S T N1 QW SN = - o
AR, BIE N EE TR GO R B S R A,
ARTFRHENREN, SEENUZER, &6 F N9,
HA BRI EY AN E RSN HEASCE; il
g, A, o EmK Mg, BRI
) EZ I, RIS A B2, IRJE HR %

BY) . RIEBLTHACER S | 4558 I TEA
T I AR A o AR N T IR G AP A3 OB Bl 0 P R LA
YR AR, EREUD R 2R A PR

2 £ X
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Research on Structure of Digestive Tract and
Feeding Habits in Mastacembelus armatus

MA Benhe, WANG Haihua®, XU Xiandong, LI Yanhua, WANG Mengjie, WU Bin, TAO Zhiying

(Jiangxi Fisheries Research Institute, Experimental Station of Lake Fishery Resources and Environment, Ministry of Agriculture and
Rural Affairs, Nanchang Key Laboratory of Special Aquactic Breeding and Healthy Aquaculture, Nanchang, Jiangxi 330039, China)

Abstract Mastacembelus armatus is primarily distributed in the Yangtze River and aquatic systems
in the south of China, and is affiliated with Mastacembelus, Mastacembelidae, and Symbranchiformes. It
has great economic value and breeding prospects owing to its high meat quality and balanced nutritional
content. However, with overfishing and human influences on its habitat, the population of M. armatus has
gradually decreased. We characterized the morphology and histology of the M. armatus digestive tract,
aiming to investigate the relationship between the morphological and histological features of the digestive
tract and its feeding behavior. Anatomy, paraffin sections, HE staining, and stomach content analysis
were used to study samples collected from the Dongjiang River and Taojiang River in Ganzhou, Jiangxi
Province. The results indicated that the digestive tract was composed of the oropharyngeal cavity,
esophagus, stomach, and intestine. The oropharyngeal cavity contained the tongue, pharyngeal bone, and
callous pad. The mucosal surface of the esophagus was covered with squamous epithelial cells, and the
inner wall was full of longitudinal folds and secondary branches. The muscle layer consisted of striated
and smooth muscles. The gastric wall and intestinal wall were composed of the mucosal layer, submucosa,
muscle layer, and serosal layer. The mucosal layer was a single layer of the columnar epithelium, and the
muscle layer was a smooth muscle that was divided into circular and longitudinal muscles. The
“V-shaped” stomach was divided into the cardia, gastric body, and pylorus. The thickness of the muscular
layer in each part was significantly different. There were no goblet cells in the mucosa, but many glands
were located in the cardia or body of the stomach. The gastric pylorus muscle layer was extremely
developed. There were two pyloric caeca between the stomach and intestine. The intestine had a curve and
included three parts: The foregut, midgut, and hindgut. The average intestinal coefficient of M. armatus
was 0.325+0.050. There were significant differences among the anterior, middle, and posterior intestinal
villi. Nine prey items were identified in the digestive tract of M. armatus, including shrimp, aquatic
insects, fish, snails, eggs, and plant detritus. The average percentage of the stomach fullness index was
2.86%. The prey diversity H’ was 2.19, and prey dominance D was 0.33. Shrimp were dominant in the
stomach contents, accounting for the relative importance index percentage of 97.75%, numerical
percentage of 92.29%, and quality percentage of 73.07%. In conclusion, the histological structure of the
digestive system of M. armatus is related to its function and feeding habits. This study provides a
theoretical basis for wild resource conservation and nutrition research on M. armatus.

Key words Mastacembelus armatus; Digestive tract; Morphology; Histology; Feeding habits
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MR RIIRKEFR Z —, FBAMAERMET . 7
] R R B R M L 38 1A 7K B iR 7K K 3k (¥R T 22,
1981), K% [RIBIFAEY AR R, HIFRFEA R W]
i, W B B 2 SR XA R 32 IR OK SR i
HATIREE . H 1976 FHHIAKRE LK, P IGIHIFSE
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DU R BRI A K G218 O S ELRRAE A0 8K R 25 1iF (iron
prawn syndrome, IPS)[HJf(FMER, 2013), FriF “4k
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(Life Technologies, 3&E)# il RNA 4li & fiykfE,
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(protein family), KOG (eukaryotic ortholog groups).
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5 SR % AR R R

14 ZERRIESH
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Xf IPS WY 4 > A= 42 B 52 FIE H IR AY 3 A9 2
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HE— 2 FH GOseq (Young et al, 2010)/4-7E GO % ¥
FEoxf 22 SRR LN AT R T KOBAS
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i id RNA-Seq, AW B T 5 IPS 2 [GiH
WRANIE 5 % IR HFAR AR Y cDNA SCZE, 76 3 HIE# IR
H1 4 H 1PS MFHE AR H 3845 1 raw reads M clean reads
w1 Fﬁ No H Trinity B 3RAFHY clean reads 2
3, HAE 221901 FPIERHFFA, XN 578 702 4>
FesfAs, KIEEHIN 201~30 985 bp(18 1), K

SARAS AT B Dy g5 S, T Nr Nt Pfam,
KOG, Swiss-prot., KEGG Fl GO % % % 15 2] 1)
221901 ZRBAFEIN P 4T L R ShREVERE, ol F
69 094, 26 846, 78 844, 30 744. 55540, 30 354 Fl
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Tab.1 Statistics of transcriptome sequencing data
FEAR Raw reads &L4( Clean reads &%k Q20/% Q30/% GC/%
Sample Total raw reads Total clean reads
Cl1 54 197 532 52726292 96.81 92.27 46.41
C2 50 760 528 48 434 636 96.64 91.99 45.74
C3 58 555 480 56 911 338 96.67 92.01 45.56
T1 57 446 544 55158 724 96.36 91.13 45.85
T2 60 265 154 54 384 118 96.63 91.88 46.16
T3 54 337 372 51 460 866 97.08 92.74 45.45
T4 59 451 926 56 990 332 96.87 92.39 45.56

. Q20. Q30 45 Phred FUE KT 20. 30 fUBRIE 5 BAATRILH G40 s GC F8HAEE G+C MBS 5 S AL S0

INEpigid

Note: Q20 and Q30 refer to the percentage of bases with a Phred value greater than 20 and 30, respectively, to the total base;
GC refers to the percentage of the total number of bases G + C to the total number of bases
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Enriched GO terms (TvsC)
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Fig. 5 GO assignment of differentially expressed genes

2253 N KEGG &4 R s, 516 125+
SCR RS 242 4 KEGG i, b B0b ik
(ribosome) . 4x B {5 %5 3K 74 J&k Yt (Saphylococcus
aureus infection) . fg Jifi 4 4k W Y& (fat digestion and
absorption) ., [ IR/ WY (pancreatic secretion). 4
WZ U (mineral absorption). F=/f IgA AYi%iH G X 2%
(intestinal immune network for IgA production) 6 % [
BEES. 6 KEGG 5 Kmpgrh, BiFEQD. 794
S(56)FIGLE R LE(55) B AR 122 S BB A |2 (4 6)

24 HEMGBEHEXBEBRRERREIEFELERE

Y5 KEGG Hifig s 4 Hrdh R S & & 3 STk,
242 2% KEGG i ¢ 1 5 A 2R O 1 e B 0 45 25 [
P8 % A W) & i (steroid biosynthesis) . #FL & 5 518
i# (prolactin signaling pathway) . M # & {5 5 i ¥
(estrogen signaling pathway) . & 2 {5 51 [ (insulin
signaling pathway) . & I i 28 RO 215 538 i
(GnRH signaling pathway) . H R iR i & 5 5 8 5%

(thyroid hormone signaling pathway) . il & LB & (5 5
18 % (glucagon signaling pathway). =% {55 #
(oxytocin signaling pathway). HRARILZE A A (thyroid
hormone synthesis) . % % MR fE % fill (glutamatergic
synapse) . IML1E % BEZE fifl(serotonergic synapse)3f. MixX4t
Y E T C4 I B LER(C-4 sterol methyl
oxidase) . UDP-#ij % t# 4- 2 ] 5% 4 Jif (UDP-glucose
4-epimerase). Ras fH¢ GTPase (Ras-related GTPase). fIH
W% iz A (choline transporter), 70 kDa #YAKTE 7 H(heat
shock 70 kDa protein) . M3 AH C3Z /48K 1 (estrogen-
related receptor protein)ZFHEH FHZFEL, L-Jna& R 3-it
Sl (L-threonine 3- dehydrogenase) . #¥+45 % [ (zinc finger
protein) . FIA%REZ I 5 (target of rapamycin), NAD i
P22 0] SEFIEF(NAD dependent epimerase) . 90kDa #YAR 77
FEF B (heat shock protein 90kDa beta). 7%k it FRTf
(glutamate decarboxylase). 1% ZARIANHIAF 1 (nuclear
receptor corepressor 1) . 75 & k& 32 MK Fz iz 1K (aryl-
hydrocarbon receptor nuclear translocator) 55 5E A FIHFIA



FEEWSE: BERIFEEIESD TR IR 4% SR AT ST 69

R, & PRABEAR (lysosome) . iR AL Bl 5 5
(antigen processing and presentation). 7 WA
(phagosome) . 4 T=(apoptosis). id E ALY {A
(peroxisome). B ZNIEZIA(E 5B cell receptor

Sensory system m 2

signaling pathway). Toll F£3Z&(5 5 18 H (toll-like
receptor signaling pathway)%5 £ 255 9058 AH 5 Y %
(F 2)o MIXBEZRAR R A Py R AR R 324K 1,
22 TR FABHDHIF 6. C BUIEEHER 2 (C-type lectin2)

KEGG classification
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Fig. 6 KEGG assignment of differentially expressed genes
®2 EREMEXHKEGG #Ei
Tab. 2 KEGG pathways associated with immune
i i A4 B 25 S Rk R K
Pathway ID Pathway name Number of DEGs
ko04142 AR Lysosome 17
ko04151 PI3K-Akt {55 #% PI3K-Akt signaling pathway 17
ko04145 HFIEK Phagosome 15
ko04210 HMPIT: Apoptosis 14
ko04066 HIF-1 {55 # HIF-1 signaling pathway 14
ko04144 WN#AEH Endocytosis 13
k004612 PR BRI Antigen processing and presentation 11
ko04014 Ras 55 i# % Ras signaling pathway 11
ko04015 Rapl 55 % Rapl signaling pathway 9
ko04146 T E ALY EHA Peroxisome 6
ko04120 ZENFWEAFUK#E Ubiquitin mediated proteolysis 6
ko04010 MAPK {55 # MAPK signaling pathway 6
ko04152 AMPK {5 5 ¢ AMPK signaling pathway 6
ko04062 #afbH 7558 ¥ Chemokine signaling pathway 5
ko04022 cGMP-PKG {5 5ifi [t ¢GMP-PKG signaling pathway 5
k004630 Jak-STAT {55 #% Jak-STAT signaling pathway 4
ko04650 AR S 0 40 Natural killer cell mediated cytotoxicity 4
ko04068 FoxO {5 5@ #% FoxO signaling pathway 4
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gR2
I % 2 i % 44 25 RIBEER B
Pathway ID Pathway name Number of DEGs
k004020 555 Calcium signaling pathway 4
k004662 B i Z AR5 5 # B cell receptor signaling pathway 3
k004666 FeyR S M0AWEVER Fc gamma R-mediated phagocytosis 3
ko04215 FAT--Z ¥ Apoptosis-multiple species 2
ko04150 mTOR {558 % mTOR signaling pathway 2
k004623 H%% DNA 1542 Cytosolic DNA-sensing pathway 2
k004640 W MLANAE & Hematopoietic cell lineage 2
ko04370 13 W KR FES#EE VEGF signaling pathway 2
ko04620 Toll FEZR{F S % Toll-like receptor signaling pathway 1
k004660 T 400 Z K155 T cell receptor signaling pathway 1
ko04621 NOD HZ K5 5@ H NOD-like receptor signaling pathway 1
ko04064 NF-xB {5 5i# [ NF-kappa B signaling pathway 1

J7 FEBLR IR B, AZUE H M B (cathepsin B), 152
FPUHAK 4 (crustin 4). 4§ CCCH MBiREEE A 1
¥ (zinc finger CCCH-type antiviral protein 1-like). M
A AL B JF 15 B 2a (prophenoloxidase-activating
enzyme 2a)5 22 TE H % S HH ke J EEATE T Y 22 S 3%
IREENAE TIPS HRFAYHRAR o bRk (3 3).

3 e

HIRRE [CTHIF IPS (50 FHLE, AFFEX &
IPS % [C A MR A IE & 2 FC IR MR IR AR A 7 5 ;e L)
KEGG W& Irai R IR, TERPER G 2 7 RIAW
B B ALK T BRI E S5 5 0 iR E kRN
BRFI KEGG &£ aHrahi R, %E i KiE7edL ik i
S5 H ke i A P ) B R DA R AT R AR AR R
ARG . [FRE, KEGG il GO & &0 Hras R &
WY, TEHHRFD IPS MR HR A o i 25 Al i 3R Fn A 2234 3 1)
B AT 22 57

1998 4 H AT BRI T % [T IR A7 78 P 52
B804 £E 1 2218 (Hien et al, 1998), 7E 2008 4FE[1 5k
i IE Wt TR A (G AR AR K G218 ny ), AT g
WA IPS (2SI I (Paulraj et al, 2008). [ P} 7k 24
A1 BAST 2 FG I MR R AR TF J AH SE AT 9T, Kutty 55£(2001)
F1 Banu 4£(2015)if 3 — RYNBE AT A, KB
SR ) W JTCRE MR s 2 JTCRE AR S AR A/ N )/ INIE R 3
TR A i DR A B b 1) 22 Sk 5 SR S (20 1) SRR B
T FE | b B RN 7 5 2 B T 2 B TR M ) A K R
PEMR BB o MR AT 520 2 [T MR AR AW rp B 3 R
2235 (Qiao et al, 2015) ; %5 B 30 1 2 52 0 v 5 %o AR
(Penaeus chinensis) 4= K J Hit A AL BE 1 (5K 15 BB 4%,

2020), AR %2017 e 2R L KR L R
PR DL S B G AER BE (WSS V)R YL S, H480)
W% ST MR A 2% i B DA, I K BT | oot 22
SR SE AR L, RGeS IR IR A
KZE M REMET K. Gao ZFQ021)AFFE & H, —Fk
FH 15 4 #T 7 (Enterobacter cloacae) 5 % (A B4 K 2%
A K, AT AT A LB, IR AR TR
A IPS BN IR 5 2 B IPS Sk, $27R 1PS HA f&
PE, HED IPS 7T RS ik R g 5

72 B0 1) S BEAR AR 6 R S P8 3 40 K AR i ik
AR, e 2 B U R PR R I L, i
M7 184 2 ML 8 4928 % (Wang et al, 2013), C HBU%ELE
RMEEER ERE AR, TEAME S, X241
FEHFE 1PS BRHRAR i R ah 1 i 3N . Z A7 A5
WREIARLEE R, B IR AR YL & FCVH HF B A
WEEMINV)., BT REIE, C BIBHERM RIS
4 2 I T+ (Pasookhush et al, 2019; Gao et al, 2020),
AR A WA 5B CH) KEGG J8 i H s 5
FERRBENBHERZM 2 5k, A4UE A B
FALUE A L 75X 2 S e s 2 /E o 440
P T — b Vs A PN IR, R 0 i 4 A i Ah R
JoT, e S g% SO Hh kS E A ] (Turk et al, 2001), #k
B2 BT FEIEN , HEVE U L A2 58 3h W) S B 1
HOEVER, % RIEEFFEIRYE MINV, WSSV | FE/K
S, L Jifd I (Aeromonas hydrophila) 1 4k [C 3 B (Vibrio
harveyi)Jm, #H41%E A L 7RI E P AY 358 B 2
HA4 TN (Arockiaraj et al, 2013b), H /R4 E M (Eriocheir
sinensis) 7EJR YL 58 9 (V. anguillarum) i , 20 21755 1 i
L 7 gk 0 A i) 22 8 et o 25 1S i (Li et al, 2010), H
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Tab.3 Immune-related DEGs up-regulated significantly
5k BeSRAS 1D Fold Yyl
Gene Transcript ID change Species
_ Cluster-17476.63251 23732 FFUF
2H 41 H
MAEFIfl B Cathepsin B Macrobrachium nipponense
_ Cluster-17476.49977 73152 W RBIF
2H 41 =}
MAEFIFE L Cathepsin L Macrobrachium rosenbergii
. Cluster-17476.83082 1.232 6 Hitegy B g
H 1
HLUE 1M A Cathepsin A Eriocheir sinensis
g J— Cluster-17476.91956 7.886 3 %25 B4k
5 BB IR RS B Arylsulfatase B Segodyphus mimosarum
Ras FE GTP 45 47 [ RhoL Cluster-17476.36127  1.873 6  H. % flff Mk MY
Ras-like GTP-binding protein RhoL Cerapachys biroi
L& N B2 2B K TR 52 R i Cluster-17476.124116 1.5852  JLYXJHFR
Vascular endothelial growth factor receptor precursor Penaeus vannamei
LA P 12 KPR 1R X Cluster-17476.124408  9.814 6 [ 4 % /1
Vascular endothelial growth factor receptor 1-like isoform X1 Nasonia vitripennis
#fe CCCH BBk S E R 1AL Cluster-17476.122639  3.172 9 43LH8
Zinc finger CCCH-type antiviral protein 1-like Anas platyrhynchos
KT HRPUR 7 A Cluster-17476.109130  7.3359 4 9% B4k
Sperm-associated antigen 7-like protein Segodyphus mimosarum
ORI . Cluster-17476.2778 2.886 0 FHIplF
Ak H
HISEYURIK 4 Crustin 4 Panulirus japonicus
. ) Cluster-17476.124399  7.969 4 75 X uF
7 B oS
C BB R 5 C-type lectin 5 Penaeus merguiensis
w . Cluster-17476.30627 5.6356 7 FHEME
Bixl] -
C BRI R 4 C-type lectin 4 Danaus plexippus
- . Cluster-17476.20352 3.540 7 HAXFHF
pidl} -
C RIBEER 2 C-type lectin 2 Penaeus japonicus
13 48 A T D BT I 2a Cluster-17476.133530  4.7222 B4 xfF
Prophenoloxidase-activating enzyme 2a Penaeus monodon
o . o Cluster-17476.17621  8.0822 KEHi X
24 R 51
22 SR B A BN 157 6 Serine proteinase inhibitor 6 Penaeus monodon
S Y . . Cluster-17476.102420  7.564 4 PAeikiy A
QQ/_‘ 7 +1& 5 .
2 B IR TR FLIH Serine proteinase stubble Zootermopsis nevadensis
I \ L . Cluster-17476.89007 7.802 0 % A i ek
20 -
Lt A B AL A 1 Ficolin-like protein 1 Pacifastacus leniuscul us
T ZEIBES B K GTPasel FEEH Cluster-17476.17550 53840 g3k
Interferon-induced very large GTPase 1-like Haliaeetus leucocephalus
Y0 dEsE FE I AR G Cluster-17476.118036  4.814 0 Ao 4k
Up-regulator of cell proliferation-like Clupea harengus
M4n i fa S+ E H Cluster-17476.119332  7.448 8 4 J& A -ty
Hemocyte homeostasis-associated protein Pacifastacus leniusculus
Cluster-17476.81152 1.6802 Hi[EXHHF

HIHEEZE AR Target of rapamycin

Fenneropenaeus chinensis

SERPUR K 4 S BT RRA—Fh, AT RH kAP R B i A
YIRIAAR , T TCH HESh W 5 K He v B 8 v e 22
YEHI(Tincu et al , 2004), & [CIAAF7EREY WSSV, 1%
YL Pk Bz T FA I A4 VR FE 9 1 (THHNV) B W 7K <
MLTE JS gk T A 2 e A RK A 3R S 1
(Arockiaraj et al, 2013a). H 4<% #F (Penaeus japonicus)
FNBE X #F (Penaeus monodon)7E /& WSSV J5 th4:
IR 45 B (Hipolito et al, 2014, Antony et al, 2011),
F WP 58 B0 TR BRI 5 AR A — 2 BHRBTAEH]

T MR 2 S 58 M v gk S0 AR AR U1 B3k R 412 1 2 U

MR & B OKHESE, 2013), VIBRIRARIS, GIH %5
R N AL R SRR R . % IR TR AR AR
HEMRIF IR K F R, e ETEARK L, MRS
EBIG, Worie e R SRR & T, dEms Ak
Ko AWM KEGG @M e £ R Bor, KEBEI
EOMAR . HME . REREERIME . ESE.
I35 2 (5-F2 (1) 55 Z Fh R PR IR & B IR 1A iR
fRTE TIPS IR 5 IE & IR e B 25 5%, SR, 7 ik
WY 27 DR RIBER S, U 8 MFE IPS HFIR
HA Hp A 8 0 . X P RE R TIPS SR PEIR R F
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543 %

T2 M ], FOE R URAH E, XX 63 R 1 oK 1
N, WETT R ZA N R R B ZH =00, LLUTEG ik
FIRAE 1PS R AYAE AL o

AMFFERT R IPS B LI IR FIIE 5 %[GR A R
WHEAT 1 e s A0 Hr , BR M8 0E 5 A B A R G 1) 22
S RIBFEH SRR, ik RIRZATER FZE s Se K e
925 oy H S T AR A BRI AR R TIPS 2 TQYE R AR AW
i RsE I, RUITTREA R EUAR R IR YL, #E—20
e 2 S 2R A, L1 8 Fh IR 2R B g [ S AN 2 &
QYR AR TIPS BURHR L, 17— A& B 14 e v 5 20
##(infectious precocity virus, IPV)5 IPS )k 4 2% 1)
FHX(Dong et al, 2021), ABFR ZFFX —FREE L.
AHISE R i BT & QTR MR BR R 255 A0 9 a8 DXL AR 4L
I BEE 1ALl
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Sudy on the Eyestalk Transcriptome of Macrobrachium rosenbergii
Suffering from Iron Prawn Syndrome

WANG Guohao'?, DONG Xuan2®, WANG Yiting2’3, GUO Xiaomeng2’4,

WANG Dehao”’, MENG Fanzeng"?, HUANG Jie'**’
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2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Laboratory for Marine Fisheries Science
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Key Laboratory of Maricultural Organism Disease Control, Ministry of Agriculture and Rural Affairs;
Qingdao Key Laboratory of Mariculture Epidemiology and Biosecurity, Qingdao, Shandong 266071, China;
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4. College of Marine Science and Engineering, Qingdao Agricultural University, Qingdao, Shandong 266109, China;
5. College of Animal Technology, Shandong Agricultural University, Tai"an, Shandong 271000, China;
6. Network of Aquaculture Centres in Asia-Pacific, Bangkok 10900, Thailand;
7. Jiangsu Shufeng Aquatic Seed Industry Co., Ltd., Gaoyou, Jiangsu 255654, China)

Abstract Since 2010, iron prawn syndrome (IPS), characterized by sexual precocity and slow growth,
has seriously affected the development of Macrobrachium rosenbergii aquaculture. To investigate the
molecular mechanism of IPS, we performed transcriptome sequencing of M. rosenbergii with and without
IPS using next-generation sequencing technology. This resulted in a total of 56.42 G of high-quality data
being obtained. A total of 221 901 unigenes were obtained, and the length range was 201~30 985 bp. The
average length was 1572 bp. The length of N50 was 2867 bp, and the length of N90 was 646 bp.
Sequence alignment and functional annotation of the unigenes were conducted in the Nr, Nt, Swissprot,
KEGG, KOG, GO, and PFAM databases. A total of 103 570 unigenes were annotated, and the GO
database had the most annotated unigenes. The differential expression analysis revealed that 2003 genes,
including 1209 upregulated genes and 794 downregulated genes, were differentially expressed in the
eyestalks of M. rosenbergii with IPS. Consequently, 516 genes were mapped into 242 KEGG pathways,
and the number of differentially expressed genes in translation, signal transduction, and the immune
system was the largest. Many reproduction-related pathways were identified, including prolactin, estrogen,
insulin, gonadotropin-releasing hormone (GnRH), glucagon, oxytocin, glutamatergic synapses,
serotonergic synapses, and other metabolic processes related to reproductive regulation. In addition, some
differentially expressed genes that have been proven to play an essential role in the immune response were
upregulated in the eyestalks of M. rosenbergii with IPS, such as vascular endothelial growth factor
receptor 1, serine proteinase inhibitor 6, C-type lectin, arylsulfatase B, prophenoloxidase-activating
enzyme 2a, cathepsin B, cathepsin L, and crustin 4. At the same time, several immune-related pathways,
such as lysosome, phagosome, antigen processing and presentation, apoptosis, endocytosis, and many
others, were annotated. These results support the conclusion from the recent study that a pathogen is
associated with IPS in M. rosenbergii. This study provides a foundation for understanding the causes and
molecular mechanisms of IPS in M. rosenbergii.

Key words Macrobrachium rosenbergii; Iron prawn syndrome; Eyestalk; Transcriptome
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WRATRZRE BT S E A E E AR

Baw ' WEH hEm' YaE' 7w R
B o kEEt FH R
(1. TLINERERSAIG R F 5K 20 VLAY AR SRS LJF X 222005;
2. TLAEWEEAEY L FE AR O T Exd 222005; 3. TLAERA R IREY 5 R HF 4
TLIR mRL 210014; 4. ERBEAEFEATFRAGRAF 19 Es#s 222100)

W= K ¥ % U BT % M % (Enterocytozoon hepatopenaei, EHP) & %t %t 4 & @ 4F (Exopalaemon
carinicauda) /7 B A B vl , AR T 16S rRNA FEE thil 545 %, R EHP th34 R & i
HMHEBHTT 0. EREF, RENSRENHERBRZRRA, DL EABHEN L FELE
KT g, AR KA, @A F V3 B T % 1 |'1(Proteobacteria) By it 5 9 # #H(Desulfovibrionaceae) |
I H FH(Vibrionaceae) . & 22k 1 48 1 £ (unidentified Cyanobacteria), % J& f& #+(Mycoplasmataceae)#H
42 o % # % FH(unidentified Alphaproteobacteria) y ff: % & , T 3 )& F &2 % | 1(Firmicutes) 89 7L 4T
& FH(Lactobacillaceae) . W 3 #F @ £H(Bifidobacteriaceae) . # #4T # £ (Bacillaceae) & "z JL T AT # £
(Chitinophagaceae) 48 T 75 f# & 21 F 5 F540 % L. BHP {2 4t 5 B 4 o 7 38 78 7 BOR 1 2 35 3 e
(P<0.05), #¥in 7 HMRFH M, Wb, @it Tax4Fun e TN, KINRE Lo 8 B A3 = & A
THERM, AWK EHP 2%, ERINEEF a8, BERITFEEHFNZH T MEKEHE
FRAE, #MERIELEKEFE, AARXNEHEEBAEM T BT, #—FHKRXT EHP At
BRAITpEEHNZ®, A EHP 0176 38= 44 B .

KR WM BR A, MEWaHSFE; ek TN

FESES S917.4 XEERIEEG A XEHS  2095-9869(2022)03-0075-09

Jo T A W AE X IR AR KR B R T R AR R T
FEFAU S IO I R R S0V, (R
IHE th A F E 2 (Rungrassamee et al, 2016). M5 &
TAE P AR G T 2 8 0 B 8 TR R 5 4, LT B
W, G| & AR . WEFERI, il A A5 S

HAR U 0 AR 5 H ST B A K RN A DIk
F, ASTRVAE A G BRI [R] 4t BREBR A 1 S 44 g 1 71 3
JE 5 2R AE— 8 25 5, IR R i 1 T I 2 A
18355 TR (Xiong et al, 2015; Zheng et al, 2016;
Gao et al, 2019),
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¥ ) 11 R (Exopalaemon  carinicauda) & 3¢ [ 1t 5
PSRRI R SR AR L — PN e iR 2,
G3 AR T B VRO R K, BT TR
IRBEIE N R . ZHARE SR A K RAE L (Zhang et al,
2015), SR, BEA w8 IRl 5 IR & FR A A s
IR, WENRER LS, AEf2) T IRER
FREFIEBA(Xu et al, 2010; Z=Hi&4F, 2012; £
45 2013), MR A7 it B (Enterocytozoon hepatopenaei,
EHP)J& —Fh s G e M4 i N 2F AE i+ e, R
2 A TR A IR RN i 1 v, PTE  BR HUAE S A
B ATP 3£17 %4 (Santhoshkumar et al, 2017; Boakye
et al, 2017; Aranguren et al, 2017; FZRL5E, 2018),
EHP ¥ RIRAT UL, J&G EHP #9419 JC W 2
ARG IR, FEUR J 300 AT 2 BB A g R A6 R /N AR
—, BRAERKIRZE B R KRS, 2017,
Singh et al, 2018), T4k, 7EH R HIFFRGHE LR T
WA K EHP By, X AR FRGE S B T —
SOEG PN

TIF 5 i BF A 199 A iz 1 A RE 235 4 =22 ] ) 22 5
IReA BT i B i Som AL, 8 R TE R a R
A CHRAEIRAE, 2018) A FH i 12t 0 4 A 6T 1 1)
JV T A ) TN G e B TR 437, T DA A )2 £ FE X i
TH TR R L5 P | BB A5 LA R MR A K 22 () B AH AR
BT B (Zhou et al, 2019). #4 5 45(2019)1F 57 %
Wi, [ 2Pk 9 SR FE A% (acute  hepatopancreatic
necrosis disease, AHPND)[#) FL4H i X} #F (Litopenaeus
vannamei )7 18 B E 25 14 B — , SICTR J& 41 T 759 IR
RS . AP HSR A Hlumina MiSeq (5
WA FE A, *HEY EHP (¥ R I 5 fd B i
ERRFHAT 16S IRNA BRI, HA il WSS
t 2R 5 R 22 5, JFAI T Tax4Fun X 738 fE v 2
REMEAT IO, PE—HR5T BHP JERY X R T iE
ERERYSZI, LAIh EHP (B iR 4R AL Bl

1 MRS
1.1 #H&AXES EHP A T3

felt FRE MR ER F V19578 Rl 17 A AR B SR R, (R
H9(4.5£0.3) cm, AE K (1.3£0.3) g, & [FILKE R,
BEPLIEH 3 B, FIFHHEZ PCR J7 ik 2 45 ke
EHP, 7E/Kii 24°C . 5% 28, pH 7.9+0.2 Hy 5 R %F
F& 1, BFRMAES RS, B H KRN 5% R
2 WA TECA ARG RKERNE IR, I IS bRE%
PANHE Y, B IRES R E YU 24 he

REMLAMEL 60 FEflt A T AN Ty, filtR4]
Y4145 30 B0 ET 50 L sk, KR
Sk 24°C, ERFEH 28, pH N 7.9+0.2, BRG] LE
MR fa R AL IE H B T RS DRl JER e 20 43
(%) EHP 55 BF AT BRAR S LA L ZY . g SRR IR F 5056
EP KRB Y EHP B RE AT, KWK N @.8+
0.5) cm, VK M (1.7£0.6) g, BEMRRTEGEF W IE % B,
SYREFRERR RO 0 ZY, FEFemiRAT, HIRER 5%
BEH B 2 %, 0 2 h 5 S BRI R R, A
B 2 d 3K 1R, #oKEh BB 1/3, ESLEYE 10d
J& . BEMLGEEU AR SRR 45 9 B, 7E L FREE
MW ] 7 S5 BIBCL I i fizm i 2y, 3 2
WREHSUR N 1 ANEE, 3 /\qzﬁ‘ R AL
PCR #&:l] %‘fﬁjﬁuﬁx}fﬁ Y, FESET-80C
PRAEEH .

1.2 EHP &3 PCR #&illl

B 25 mg HRATREARLLEY, $%HR Bzup X Bh 3L A
2 DNA i &4 T A TR FRA F)
DLA453E1T DNA 42, DNA YA fitf5 T-20 CIRA7 .

4 GenBank KF362130.1 #it 4= PCR 5|9
(JM51%1. EX-F: AAA AGC CAT TGA GTT TGT TG,
EX-R: TTG CCT TCT CCC TCC TGT; N5I#¥: In-F:
TAG CGG AAC GGA TAG GGA, In-R: CCA GCA
TTG TCG GCA TAG) (E B uEREF14) ; PCR KW & £
(A BCIEMERE) R 10 uL, A2 7% 3.8 pl ddH,0 .5 uL 2xTaq
Mix II . EX-F/In-F fl EX-R/In-R 4% 0.4 pL. 0.4 uL
DNA ., PCR JZ % F2FF : 94°C 257 5 min, 94°C 45 s,
55C 45s, 72°C 1min, 3£ 354MEH, &5 72°CHE
i 7 min, %5 2 % PCR MUK 1 5729, (KRF
TP 555 1 5 H11R o PCR 7290 FH 1% A 5 e H 3k
R, 26 A= T A9 TR (R ) B A BRA w147 7571
ME o

1.3 f7iE & DNA 2E(5 PCR ¥ 1

K CTAB JLAREUE R 4 FERYLIRNG 41)
73l B DNA, ZJ5 F 1 %3N Wi e e fL Uk 5 40 e 6
THEI DNA 2l 5B, Beke s SRR B 2
1 ng/uL £ DNA 4z, ] Phusion® High-Fidelity PCR
Master Mix with GC Buffer (New England Biolabs)#l
e R PR L, PCR 973859128 « 515-F (5-GTG CCA
GCM CCG CGG TAA-3)Fl 806-R (5'-GGA CTA CHV
GGG TWT CTA AT-3"). firf% PCR ;=¥ 2%35 R HEEE
Jg e kARG, SR QIAquick i IR &1 (QIAGEN,
D R H B 25
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1.4 LA 5 R iR A 2

i H TruSeq DNA PCR-Free Sample Preparation
Kit (Mumina)fg #E 30, SCHEBTR A5 4% 58 NovaSeq
6000 A7 EALI P (AL 5t iE R BOE A Y115 B RHA R
28] o X N LB {f F FLASH (V1.2.7, http://ccb.jhu.
edu/software/FLASH/) X} #£ 5 1Y) reads HEATHHE i2IE,
135 =5 i Tags, 2R QIIME (quantitative insights into
microbial ecology, V1.7.0, http:/qiime.org/) ifi F2£ X}
Tags HEATHCHE, ZBRR G W5 )5 15 2040 2080
(Caporaso et al, 2010),

1.5 OTU BEIBRSEZHEMEST

FIH Uparse #AF(V7.0.1001, http://www.drive5.
com)XJ A i i 4238 Tags L 97% ) — B 7 51 B 2%
J{ OTUs (operational taxonomic units)(Haas et al,
2011). MRPERELER, Gl OTUs b i R i
= P8 B AREIT S, 2% Mothur 7% 5 SILVA132
(http://www.arb-silva.de/)#) SSUrRNA %§#i& 114
Fh B M (€ M 0.8~1) (Wang et al, 2007;
Edgar, 2013),

FIH QUME (V1.9.1)43 4115 Observed-OTUs .
Chaol . Shannon, Simpson F1 ACE Z5+45%k, ffifl R
(V2.15.3) 844 il 7 BE i 2 Il Rank abundance 12k, Jf:
1T Alpha ZFEEFI Beta ZHEPEFE B 0] 22 750 H7 o

1.6 BFEEELThEETAN

K H Tax4Fun X} iz 18 & D) REVEA T IO, 5% T fx
/I 16S tRNA 31 AR B e T 4R JB vk Sl . 84 L
KEGG $# e 5z A W 4 3L 4 16S rRNA FE A 751
5 SILVA SSU Ref NR $#i 247 Ho Xt If EE sr i
., K KEGG ¥ R I A% A= 1y 4 3 R 4l D) e 5 B 3E
i UProC Ml PAUDA WiFhJy i it 47 10 B 3 XJ hz 3]
SILVA $¢#8 1%, S2¥l SILVA Bl FESh e #e . BlJS
DL SILVA ¥4l B 7 9 h 2% P 9 R 25 OTU, i
PRET HEE B (5 B (ABhauer et al, 2015),

2 HBRE5HH

2.1 EHP B4R

X AT 5 B YL iR i 7 525X PCR AU, PCR ™~
W2 1 % B N E e F DK B0 (] 1), B [RDise ™=
J5 i@ it GenBank BLAST [Al VR KM, 4595
GenBank KF362130.1 J£51—%¢

K1 K EHP A
Fig.1 EHP detection of samples

M: DL 2000 DNA 43 #dnife; 1: BIHEXTIE;
2~4: fEFEER; 5. PHYEXTHE; 6~8: JRRYLIF
M: DL 2000 DNA marker; 1: Negative control; 2~4: Healthy
shrimp; 5: Positive control; 6~8: Diseased shrimp

2.2 MEEBEESN

SEYGHR A B TR IR A A 9T % AR K P 1 3
3RS 2314 4~ OTUs (472 451 4> reads). HJE T 35417 .
5548, 12240 H . 233 MFE 5424V 318 Ml
mE 2a fros, BEGIRd ELEE N ZILE]
(Proteobacteria) . J& BE B [ ] (Firmicutes) . %K 5% 1 |]
(Tenericutes) . L #F B '] (Bacteroidetes) 1 it £k B[]
(Actinobacteria), HAFXT =405 8 92.64% . 2.39%
1.88% . 0.88%F1 0.24%, % 27 5 ) 98%. BEHLIF
AR IE T S AT ) R W R T R AT
(P<0.05), TJERETR T, UFFE T AR Ze i 1] F B 2
R TE R IR (P<0.05) .

WP 2b FIPE 2¢ Fs , JERGLER b O 3 o 07 2%
J& (Lawsonia) . & 6T & (Photobacterium) , 4433
o ZZ T2 #i & (unidentified Alphaproteobacteria), AN zlifT
I & (Acinetobacter) il b 8 [ I J& (Serratia) 55, %
9 J& T Wi 5% 9K & B} (Desulfovibrionaceae) . K & F}
(Vibrionaceae) . 130 FF(Moraxellaceae) Fl 17 #T &
%l (Enterobacteriaceae), 43l IHJE TAS LB 1] F1JERE
WAL o B ASE )  BE 2  TE R AT (P<0.05),
111 JEEBE TR ] 2 U A IR T B U (P<0.05)

WA BT A HEARTERKCE A B S EEEF R,
PEHCE B HEATT 35 R, RIEHAEG M AT E
FEAE R, WIRAREA 2 D2 T RS, 2 ik
EI(E 3), Gt 5 AMER R, @RI IR 30 4>
MRAER, 2BHETF 7 AT fREERE 30 MLH
WE LA 4 MR, AR I R
(Lactobacillaceae) . X7 #T £ (Bifidobacteriaceae) .
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1.00 - HoA Others

B #4751 Fusobacteria

I 5% 4532540 8] unidentified Bacteria
ERAFEI] Acidobacteria
PEI# ] Verrucomicrobia
540 Cyanobacteria

B 54271 Actinobacteria

[0 #KEEPE ] Tenericutes
AT ] Bacteroidetes

[ /5554 (] Firmicutes

I 7% ] Proteobacteria

FH%t B Relative abundance

iz LI T
Healthy  Infected
shrimp shrimp

23] Group

1.00T HAth Others

B =5 {RRE Mycoplasmataceae
B #1322 HF) Erysipelotrichaceae
m R LBRERE

unidentified Clostridiales

A7 A} Burkholderiaceae

BEHI Bl Moraxellaceae
[ TR} Enterobacteriaceae
[0 =£121#} Lachnospiraceae

Koy Ko R

unidentified Alphaproteobacteria

I 1%} Vibrionaceae
I 5530 R Desulfovibrionaceae

0757

0.50

025

FHXF=EBE Relative abundance

0
fRRAF
Healthy  Infected
shrimp shrimp
25! Group

JRYLIF

1.00 - HAth Others

B XU TR Bifidobacterium

Bl V1 RER Salmonella
] RAPAREITE

unidentified Cyanobacteria
FUKT B4R Bacteroides
ROEREH

unidentified Clostridiales

B V5 KER Serratia

W REITHE Acinetobacter
FoyFo IR
unidentified Alphaproteobacteria

I % 64T R Photobacterium
I 37758 Lawsonia

0.751

0.50

025

HH%TEEBE Relative abundance

JHREIT AR

Healthy Infected
shrimp  shrimp

205 Group
i R 5 SR R i 3 3 20 A ) A X
(n=3,X£SD)
Fig.2 Relative abundance of intestinal bacteria in healthy
and infected shrimp (n=3, X +SD)

& 2

a: HETTACE LY R b dERKF LY A
YR o ANEEJE K L WA 2 B
a: Relative abundance of species at bacterial phylum level;
b: Relative abundance of species at bacterial family level;
c: Relative abundance of species at bacterial genus level

ZEAUAT B FIE L T JBUFF BB Chitinophagaceae) » /8
Jeprp 5 AMEAGER BB IR . IR oK
025 ¥ 4 18 B (unidentified Cyanobacteria) . 7 JF{AF}
(Mycoplasmataceae)FI A 712 o ZFJE B FH(unidentified

Alphaproteobacteria),
2.3 MEEBEEHSEESN

XEARTERESAE 97%— BB T 1 ZREHE 0T
FEEGHEIT T GR 1), SRR, HMERRER
T 99%. X} Shannon #§%§ . Simpson #§%5. Chaol ¥
O ACE F8EGHAT e, B YL 445 15 BOD AR T il 5
2o, I T O T A B, R g A A 14 i R
2R I T R R (P<0.05)

i Ty 82 0 S8 2 2R 2% iy 4 T e el 7 A S Y
G EEME, VLR B RE o R S R RN A
(Lundberg et al, 2013)., & 4a AEEMFRRMZ, hK
4a AIUL, FEBEMZE TOP28, UL R s A R,
Kl 4b WEEMSEIERAEINZ, AR+
BER R, ORI S A AT AR 5T B 4b AT,
LY RA L, (IR I S . EP R, X5 «
R HT A SR — B, 1T DB AR B B T R 2 R S
F= 5 B IR TR R (P<0.05).

2.4 BREEEIIEETN

TIRE T B IE (Level 1)AY4E R (K 5), fi
FRATR 738 R R E DI RE AR AN R . R I
B G R GRS S, BB F R )
REALFE B PRACT . A Fs AL (5 B AL B . T-test
K R W , 42 W0 2 25 57 (P>0.05).

3 itig
3.1 UREAEE BT

o 3 TR R AE M R B A K R B S AR R S e
PR A e 0 T A 0, IR RO R I IR
KOR AT, A AU F 1R 22 $E L 5 R (Nie et al,
2017; Libertucci et al, 2018), WFFTFE, FLA4EX} IR
B R E RS R N AIE T SRR TR
JERETR ], EZAHEINEJE (Mbrio) . &0 3 &
(Pseudomonas) . Ul #T B J& (Bacteroides) I i 40
(Cyanobacteria) 5 , [F] B 55 WF 44 A 7] £ FRECIR 00 A ¢
(Zheng et al, 2016; Landsman et al, 2019; Zeng et al,
2020), XEHARMFREE R AR, RYIRS
(R U i 18 TR 22 R, IR IR B A R £
HJE TAE R T SHAT R, H R W TR
W, Tt R A R R TR [ S R ) 2 e TR AR, A
FERM, A R R I LR BN AT ] RIEERE B
I, HbhFEEERamaRELAKEE . WitTHE
(Enterobater) . 5 J& . 27FF 7 & (Erythrobacter) 55 (DL #E
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JLERl Vibrionaceae
FK432 e B AL unidentified Alphaproteobacteria 1 0.6
R IEYNE unidentified Cyanobacteria 8;
BB aN R Desulfovibrionaceae 0
AR Mycoplasmataceae -0.2
T FT R} Rhodobacteraceae | :82'
[%#TE R+ Enterobacteriaceae
H ¥R Xanthomonadaceae B! Phyl@ ) _
1A 72 K #} Burkholderiaceae JRERIAT] Actinobacteria

TP fReR
Phylum Healthy shrimp

JERYLAR
Infected shrimp

P3RS R A i F B2 SR 2K P (BHK ) (n=3, X £SD)
Fig.3 Cluster heatmap of healthy shrimp and infected shrimp (Family level)(n=3, X +SD)

b1 B R Moraxellaceae

W)L T FATHE Rl Chitinophagaceae
HIRE R} Micrococcaceae

o3RS TR G H unidentified Rickettsiales
IRl Rhizobiaceae

5EBRE Rl Streptococcaceae

J% H %} Ruminococcaceae

BIZHEBL Lachnospiraceae
RIrFy I Bl unidentified Gammaproteobacteria
ZEAIFF PR} Bacillaceae

FLFFERL Lactobacillaceae

R EF) unidentified Clostridiales
WLEEER R} Peptostreptococcaceae
FEE 22 %R} Erysipelotrichaceae
73Kk # P} Enterococcaceae

HB Rl Rikenellaceae

P 555 Rk Akkermansiaceae
ZhERE Rl Planococcaceae

BYJEFF Rl Sphingobacteriaceae

H 5 ® ARl Sphingomonadaceae
MuriB A} Muribaculaceae

HUFFERL Bacteroidaceae

WiHF# Rl Caulobacteraceae
HZER A AL Staphylococcaceae
MUSTFFE R} Bifidobacteriaceae

R R} Pseudomonadaceae

#IFFE ] Bacteroidetes
5405 Cyanobacteria
JEEE ] Firmicutes

AFFE 1] Proteobacteria
BREEH ] Tenericutes
PEWME 1] Verrucomicrobia

x1 o SEMEZITR@N=3;X+SD)
Tab.1 Alpha diversity indices table (n=3; X £SD)

. ] F-H{E Mean FrifE2Z Standard deviation .
o SRR " ey " e st
Alpha diversity index A AR R R SRS Significance
Healthy shrimp Infected shrimp Healthy shrimp Infected shrimp

UHmE 1 347.000 651.667 33.941 44.837 0
Observed species

Shannon 6.430 1.739 1.255 0.358 0.007
Simpson 0.925 0.347 0.059 0.061 0.002
Chaol 1403.138 824.373 13.359 52.378 0.001
ACE 1412.952 867.725 4.806 57.204 0.001

4, 2015), ABFRH, INEEHCSTE B A9) F B 7R R g
R TR, SRR W] X2 7 AR SR 1 155
MR LA, 38 AR S 1k S g% 5 AR D g

[, SHCKEIET:(Khimmakthong et al, 2017).

Xiong %F(2014)iF58 R, MRHKF Lol i B
RO A e R IR A T T AR 5T X RRK S OTUS 433
IR ST T, 2 BRIER YL B o O AV AR B0 1 M AR
IREERE . IR, KRR EMERL . SRR Ay
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1500

) a b

= o 01F

g 2] — {@FRYF Healthy shrimp

a _g .

8 2 — JRYLHEF Infected shrimp

&é 1000 "8 0.01 F

5 g

E 5

2 & 0.001

o 500 i

H ¥
ﬁ < f#FRIF Healthy shrimp % le-04 F

R - JERIYLHF Infected shrimp

0[S L | | L | ] | | )
0 10000 20000 30000 40000 0 500 1000 1500 2000
3% Sequences number YIFh4E4 Species rank

Bl 4 BRI L MR R i ) o 2P 28 (n=3, X&:SD)

Fig.4 Species diversity curve of healthy and infected shrimp samples (n=3, X £SD)

a: FEAMFEEIIZ; b SRHRA L

a: Rarefaction curve of sample; b: Rank abundance of sample

RI=I=1=
COL o

Ui RIS
Genetic information processing

NRBA

Human diseases

R
Metabolism

HYLRLE

Organismal systems
E78: AEPSY L2

Environmental information processing

Kopk
Unclassified

) TP

Cellular processes

i ST

Infected
shrimp

Healthy
shrimp

/S Tax4Fun DAL RRAHE (Level 1)(n=3, X +SD)
Fig.5 Tax4Fun functional annotation cluster heatmap
(Level 1)(n=3, X +SD)

%o IR WAL, HOIE R R R W T AT
(P<0.05), "] AE/Z EHP BYRULMIR 1 MR 18 454
fit A2 AR AR D RESEBBR , LA T BUR IR S R
P, BN T IR B &R JLR (Zokaeifar et al, 2014;
Santhoshkumar et al, 2017; Aranguren et al, 2017). i
FEAF P A FLAF AL | 2R TR L U BR o S st
& ] 0t 22 Fop A RITE BTG, A AL AT 400 ) 50 1 %
B, BT E KT, AR K S W Y AR R S A
(Zokaeifar et al, 2014; Lugli et al, 2017), [, i
T EHP JEGLA7) 3 ) %GR /K (A AP b 8 i 26 25 4=

WA B S EHP ARG (TRHESE, 2020).

3.2 BEREMSEES T

Zhou (2019 5T & 3R, A ALAR > PLAN T X 1T g
T8 55 A 3 L A PR R o R T AR TR BT | ORE TR

IIRLLFT TR 1], fit B A fi 3 R R 2 A W 3 v TR AR
H, SRR RAL . 524 REF(2016)i i w8 il
JF AT FLARTE XS IR 38 B R TR A TR, TR
PRt BT 7 S T A W 22 R W s TR AR . TEAR SR
Hr, 3% EHP BRI E A Y 2 B E T
fREREANA, KU EHP BYRYXE RE H0F i 38 i 2
FEMETE B T — W52 . EHP 22 FH A 05 ] A&
W, WiEE A BRI, AR
I, JEREEGET R W AL, S BORAE BN T AR kL
AN, YL AR 45 b % R 9B 559549 (Aranguren
etal, 2017).

U g 30 TR R 22 A 1 DG R B i 1 BV A AT
RefRUE M, ZFEME S UL B T RS, DU RE
TR (AR, 2020), AT, EEFERIFGIE N
WA ZFMEFEBOR I, (HIF B LR AR, X
g BRE AT i 1 TR 45 A AR — K . d ek A R it
L GEYREME T LIE (@RI 78 Wi 2 Ak
T, X5 Shannon-Wiener 8401 Simpson F5%5F
ZREMIR BT RIR S Rt — 5, L, @R IR
TREAS T hoe#, X B0 e r 40 i 68 7 TR

3.3 BAiEThEETR

WRARJERYL EHP J5 BEAR AR 2 ek, A
KL B E RIS . @it Tax4Fun TIHETH
T,z PR R 4 iz 308 5 2 ) A A A AN 2895
5, AIREH TR AR ECE 2 1Y e & Tkt EHP
(AR G A , D8 T A KA SE O RE &5 1
R R B ShEE T Al LA, Hols o 2 i g
T AKX B AE N, AT PR IE % 4 73 5 20
(Zhou et al, 2019),
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W, EHP MR EEIN T # R AR 1 s S5 1, S8
TR B0 T = B R
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Effect of Enterocytozoon hepatopenael Infection on the Intestinal
Microflora of Exopalaemon carinicauda

DUAN Jiancheng', HU Jihui', SHEN Yuhang', DENG Gaowei', GAO Wei',
MU Hua'**, ZHANG Qingqi*, GAO Huan"**"

(1. School of Marine Science and Fisheries, Jiangsu Ocean University, Jiangsu Key Laboratory of Marine Biotechnology,
Lianyungang, Jiangsu 222005, China; 2. Jiangsu Marine Biological Industry Technology Collaborative Innovation Center,
Lianyungang, Jiangsu 222005, China; 3. Jiangsu Provincial Platform for Conservation and Utilization of
Agricultural Germplasm, Nanjing, Jiangsu 210014, China; 4. Lianyungang Ganyu Jiaxin Aquatic Products
Development Co., Ltd., Lianyungang, Jiangsu 222100, China)

Abstract Enterocytozoon hepatopenaei (EHP) is a highly infectious intracellular parasite that
primarily parasitizes the hepatopancreas, intestine, and muscle of shrimp. It can reproduce by
consuming ATP from the host cells, resulting in growth retardation or even growth cessation of the
host and increasing individual differences within a population. In recent years, we discovered EHP
infection in the breeding process of Exopalaemon carinicauda culture, which has caused losses to the
E. carinicauda culture industry. Intestinal microorganisms, which play a very important role in the
growth and development of shrimp, can regulate nutritional metabolism, resist pathogen infection,
and also have an important impact on the host immune function. Therefore, it is helpful to clarify the
pathogenesis of EHP by exploring the differences and functions of the intestinal microflora between
healthy and diseased shrimp. To screen potential probiotics for inhibiting or slowing down the spread
of EHP, this study analyzed the intestinal microflora structure of shrimp based on 16s rRNA gene
sequencing, and further explored the effect of EHP infection on the intestinal microflora of E. carinicauda.
The results showed that the intestinal microflora of infected shrimp was significantly different from
that of healthy individuals, and the structural diversity of the intestinal microflora was significantly
lower than that of the healthy shrimp. Proteobacteria, including Desulfovibrionaceae, Vibrionaceae,
unidentified Cyanobacteria, Mycoplasmataceae, and unidentified Alphaproteobacteria were the
dominant bacteria in diseased shrimp, whereas Firmicutes including Lactobacillaceae, Bifidobacteria,
Bacillaceae, and Chitinophagaceac were dominant in healthy shrimp. Infection with EHP
significantly increased the potential pathogenic bacteria level in the intestines of the infected shrimp
(P<0.05), and increased their susceptibility to other diseases. In addition, through the Tax4Fun
function prediction, we found that the primary function of the intestinal microflora in infected shrimp
was metabolism to resist EHP infection, whereas the intestinal microflora of healthy shrimp was
primarily involved in individual growth and environmental information processing to ensure growth
and survival.

Key words Enterocytozoon hepatopenaei; Exopalaemon carinicauda; Intestinal microflora diversity;
Function prediction
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WEIW,HEY Y,LIZX,ZHOU Y X, LI J, XIE Y J. Cloning of ATG5 gene of Fenneropenaeus chinensis and expression analysis
under pH and carbonate alkalinity stress. Progress in Fishery Sciences, 2022, 43(3): 84-94

th [E X HR ATGS EF KT E R EHTE pH.
IRER TR ERME TR RES T
#OoR'"Y FEE? ZHE' FEWK® = @#2 sHE"

(1. FRHRANKEEER S5 TR IR HE  266237; 2. HEUKZRLEIRSE B &K 7= 0 58 B
A AT W RS RS E IR FE 2660715 3. KRN E R IR F R TE O
RS B 201306; 4. LA K RS L IR I AR B B Ak A KE 050011)

E R cDNA R ¥ (RACE)& Ak 4% E %t #F (Fenneropenaeus chinensis) ATG5 #t [
cDNA 2K, #r % K FCATGS, Fl| f| 52 bt 5 ot & EH AT T FCATGS By 41 4k ik K H 7 pH Mk
HAE M TRy R A RAE, EAE RNAI B ARBIEHE b, 2 H 94 &, FCATGS cDNA 4K %
2225 bp, FFACIAEAE A 810 bp, i 269 MAKE, FNHEEGWE GRS FEHN 31.103 kDa,
TS A 559, WIAKEEA, B4 1 MNAPGS B x B ASME, REESEH, Ta46E
G Ko FlR A R Gat oA B, FCATGS B4 & AR F M, & FL45% % T (Litopenaeus vannamei)
IR P 5% 5 (98.14%), A KK QM BT, FCATGS ZEFEMITA AL P HHE KA, AT ERELE
& 5 (P<0.05), ik B 48 j o 5 (K (P<0.05), pH it & 48 h, FCATGS 7 #2H th £k B &K, Wt
Py 1.68 125 ME)E 96 h s, hat B 2.67 f, B E e )E 12 h, FCATGS & 81 v
KA ERE, HXBEALW 277 ME)E 96 h &K, HATEAHN 130 F, FHREBRLERE R, pH
ok ER h W E M T, Bk FCATGS Bl & fF o E X S % B F H 5 (P<0.05), £HAZEHEE %
HrEME, KA THENTFE, Lo EEREY, FCATGS & pH. BB e THWERKEY
% 75 (P<0.05), I 8% 55 o B F B AF A 4 e R 4R . ARHE R G R K A B A
NEFZ P AR REREENELEENL, Ao THI:FEXTRBMARANTF LR,
KiEIA B [E] 4T 5 FCATGS; pH il i BR 2h 5 fhil ; RNAI

hESES S917.4  XHEERAEE A XEHS  2095-9869(2022)03-0084-11

T [ R B8 K Y T FH R 3k 4.6 X 107 hm? (27 D045, WA LR, IWARRERMK pH K 8.5~9.5, HkRLLHH
2020), = pH RSB R S Bl K 5 B Y 2 NRRE FER 1.4~8.0; yufdbig M ERmE/K pH A 8.3~9.2, KR

* ERK AARFLF R ST H (31772842) . W B A MY LA B G BN 7 M FARAR R | A K R 20 5 B A
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B OEAE: PRI ER ATGE K Y sE b B AR pH . Bk FRER BR0RE B8 T Y 338 70 B 85

ERBHEE Ny 3.5~13.0 (Ge et al, 2019), %I F & AL B
IKEEANBE R T AB U, AREH T HER . K,
ERTROK IR T & ER oK T & A A RGE#E . pH (H 2
FEIE KR B EE 48 bR, KK pH KA AR fb 235 i il 2
(Oplopanax elatus Nakai) . ¥ 7 ki Dl (Argopecten
irradians) N L, PEEEMEARK AT, B2
BUKA Y HET (#7545, 2018; Liu et al, 2020), £h
K1) pH EAE &5 T 1E 7 FRFE KR (pH 4 7.5~8.5) (i I 4,
2021), 7EFRFHE AR = Az 0 5 P RN R Rk A 2 {5 K R
wEFR, W SBFRFE KA pH {E 5 (Lucia et al,
2013; ZHuEAF, 2015). /=0y pH 236 b i ) 5 20
g1, [dHAE R E, CE ] SECE AR, AR
R REDIRE T I, B Esm AR | BhE At
AALSFRE T (AR AE, 2019; @XSEERAE, 2011, F254%,
2013)o KRB E — 25 7K A v BB 5 5 R kA R
RN, EEH HCO;. CO3 AL, FRoMk
P R B EE (MR AR, 2016) . By SCLLAF(2000)WF 52 W
KARBE R 5 pH 2 i o [E Xf #F (Fenneropenaeus
chinensis) &I iR A AF16 %, 15 Ak iR 8 B 5 2 2 1) v [0 o)
PR A K . KB MEG . AR H U (Exopalaemon
carinicauda) {38 U1 % | SRk R AL 1A G R A5 2 Bl
B I T FEAR (A SRS, 2010, 2012; MTEAE,
2016), iRbFR R, ERAAK A pH s e B e
T KA A A AR I FE 2R A ARk, L9
7% % MR (Litopenaeus vannamei) . % HEF . # 3k
(Oreochromis mossambicus) &5 28 i 2 4F £5 Bl 7k 77 F 15
KMBEANKE, CEALHEEWAKTRE, KRS
TEBUK R R, Qi TR KM Z T MEENE R,
2018; HFALAE, 2020), Rk, AFSE I A i &R
DML, A P S PR 5 %) 338 7 4 R e avf P i 1k 3
WARYE, XL H SB[ X SR R R oK R E o
H I (autophagy) A2 21 ifd 2 45 1F 57 A5 BYE 8l S Y
PRSI — QG 30, AR AL 38R 38 o il A
AR R B S8 41 S B3 3 O R A 1) B 2 55 R
HRAN L 3% 5 2 (1) 1) i (Matsushita et al, 2007). A7,
ERERE T 2RI T 40 4> H WEAH CHE K (autophagy-
related gene, ATG)( LIV, 2016), k2 H WEAHICIER
Hr, ATGS #CIE BH 2 3 W A EL F W Y B 22 AR A5
(Mizushima et al, 1999; F#KIf5E, 2018), 5 ATG12
LSS IR T IR AR R, J5 X5 ATG16 M4 G,
R Z4 6 725, LR %is 8 [k kRE -
(Matsushita et al, 2007; P& 724, 2017), =5 H WK
FES P A2 o RN 5K DL K e 246 28 N S O B 1 e R 1)
i #2 (Klionsky et al, 2003), W AR R A WEAT N

#Yy X+ 4 (Simonsen et al, 2008; Egan et al, 2011; Wei et al,
2016), EAWIFEFEY, ATGS 7EShAH 4 0 % 335 55 i3
Af Rk m e B, SEAERAEL, O RKIRF
(Solanum lycopersi curm) i) il = ik . it 52 A = 45 55 P
REXA BT 4 i (RS 4%, 2017; BEHT, 2018). FEMHFL
ZYh , ATG5-ATG12 H:8i )2 5 /)Nl (Mus musculus)
FRIUw R, RN REERN; ATGE 25
¥E4(Bos grunniens) e o # Hh R BRI A F LIk
PR IE G #9 % T (Jounai et al, 2007; T3 5 45,
2019), T, ATGS ik ITE M &R FI S KA
N RAERN, Hid Rk S2H A3 (Hu etal,
2017; Chu et al, 2019); ¥ 15 X%} #F(Penaeus monodon)
TE W 4E [CIR B (Mibrio harvey) It i T, A8 2 T4
ATG5., ATG12 HANSEH G 2 AR [FR T4, H
H WKV 3496 B T (4, 2018).

AR 7 rh DS R S 2 v R B, AR AR ikaa
T AR N Z R RIBCR K R), BT HIRIEHNLE
HA Yy Fh b (R S, A5 X R AE P Iaa T B b
AHOCHE KT A AR A FHEA T 360 00E o A B9 38 2ok o e v
[EXTIR ATGS K I, /AT AR 2P Y Rk FE
I S FLAE pH JPhE | iR R B WhE T 1Y 25 5 R IR
LB UE LTI RE , S X AR A A B TR AT
PMAESH | B HE S P EDS RPN R Rk E R
HEHLS AR

1 #RE5FE
1.1 SEIgHE

S AR AR B BB IFK = 385 0\, e
R ICHG . KIAK B S5 | 3% I IR A v [ X R kAT pHL
TRTRLL BUEE W38 & siRNA T3 525 , 7 F X IR Ay
(11.59+0.96) cm, 1KH }(21.29+2.47) g S8 K Myt
UEJS ML R HEK , IRE RN 20°C~22°C, RN 26~28,
pH 8.14~8.20, SCHGHPKF AR B T I8 Hh 8 5% 3~5 d.
BRI, WrPoKIR N 30~40 cm, BERHK 1/3, ¥
WELPEARL Sy v FE X I B 1Y) 5%, 7 LAl N R B8 J5 T R

12 HAFRE

VR 9 B oA 28 Ah B A { B v [ P, G | A
JHRAR . HRAR . WLIA . B . ORI bk L A0
3EN LA, MAGEET, REMARARSE, H
TIRZEE RNA Y5 S A BUERB AT

1.3 FIH*E

1.3.1 pH. #%88 #h#% Wi £ 3 R 4 100 552 56 45
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J, pH WA szse by ok 2 46, pH 8.2 (M 4R MEK) M %T
HE4H, pH 9.0 Mt dl, FABE 3 1~ F17, BT
FIHUA 30 J2H FEXTEF , 2 B2 LI (201 8) FlIG AR 55
(2009)AY L3, ] NaOH, HCI Al NaHCO;
KK pH {H . WrASLEGAE 60 L (3L BRAS B 4T, 52
YT HA T 48 h A KAK pH (H, Mk AR s, BIF
A BEAE TP IR LR 0 SE8G . pH Wl SEIS T 4R )5 56
0. 3. 6. 12, 24, 48, 72. 96 h 43 N8 4H
FEALPkIE 9 FEUT, HUOLHE A 21, U il AR PR A,
FHF G 225250 B RNA 4R, SE8 PRI, 4 3 h
I— YRR pH EIFAZIE

HR AR T30S 56 45 S, 0 ik TR 8 ok B 3 S 56 43 Ky
2, BRE 3.2 (HARMEEK) AR IRA, B80% 11 J9iia
M, mARE 31T, BTN 30 B E X
R 2 BEMI R (2016) Fl D5 SCLL A5 (2000) Y 5L B0 i 11,
T P s 6k B W3 S 56 ) Na,CO;5 il NaHCO; 85 52
KRB, FI 0.1 mol/L ) NaOH 1 0.1 mol/L (¥
HCI #4700, SCI6TE 60 L AR IAR rhiE4T, 5080
FFUATT 48 h VAL ARBEEE , YK B B o Ja i iR
JICAEE BRAE P T 4R 0 S o R R R W38 SR T IR e
0. 3.6, 12, 24, 48, 72, 96 /A4 BN SE
A BEYLECE 9 iR, BOHERAH 2L, M B AR A T
PR1E, TR L2 dh B RNA B EL. SCE TR )
B30I 1 URAKIRBRE FFALIE, SR FHRHE 7R 57103 2
(P TR AT R A AR Ay 48 7 751 )i i
1.3.2 ¥ RNA #9323 A& cDNA % —4% 894 %, %
BRI RO RE S PEA T AR B, PRRRAES KRG, anfiLp . AF
JBER , SR FH TR R B 1 b 3, A AR A /N AR
MRIRSIIEMLAL BT, Ab PR AT BB & 2335 20 RNA il
BB E T, BERAES 80~100 mg, MIA 1 mL
TransZol Up, HRANZIZUIC 1 48 705 4 A RE S B
RNA #EBORH & (24, JLaDREUE RNA, H#ik
B L RNA A -80°C - A7 H o M B il 5540 )

YT (Thermo, JE[FE)IE RNA i FIkE, i
1 B R AR M P R R L e M . ] SMARTer®
RACE 573" (F4EW), Kif )il & & mih E X iE 37,
S'RACE f5itl, FTHMH 7R, —80CHR-AT,

1.3.3 T ExHF ATGS £ H % NGRSO NS
SEAH e A AR SEHE I ATGS B EST JE51, ffi ]
Primer Premier 5.0 B iHFe s ES I M 1), #Had
PCR #3415 3| FCATGS i) B, Ff#i F§ DNAMAN
B LIRAE . LASS RS 09 5 51 AR, 3511 RACE
519, #47 RACE ¥4, 1 RACE ¥ $4 /=¥ 5
T1 #Hifk(&N4, L) H1L 5] DHSo fb22 B2 540
M4, dbat)H, PRECR ve b AR T B e b
YeE, L EW PCR Y RIBRERS LTRSS, kB
PR IEATINR . i %4 Contig Express PF
PS5, 155 5F 365 175 ; [ HEL K+ ORF
Finder (https://www.ncbi.nlm.nih.gov/orffinder/) # %
FCATG5 11 1 i el 2 HE .

1.34 AYEEFEIMN I NCBI 1Ay Blast
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) X3k , X} FCATG5
AR5 TR 5 et , {fiF Protein Blast Fb Xt
FCATGS 5 A4 A WEAHSCHEN ATGS By [RIJEM:, i
F DNAMAN {447 22 4= W s L ¥ 5 % HE o 1
MEGA 7 84 F9% N-J J-4b R . ff F SMART %4 7
AR F R/, (i TMHMM Server v. 2.0 Hcf4:i
WA H LA s s+, ffiH ExPASy 1 ProtParam
tool T K 4 4t , 8] ExPASy ' ProtScale #El
HEEFEKYE, ] SignalP 4.1 Server HNAE S ik,
1.35 FCcATGS5 A siRNA F4#5% Mg FCATGS
FEH cDNA B, %3t 3 TS, alas N
ATG5-1. ATG5-2 Fl ATG5-3 (3 2), #HA7HSLE, L
AT IO UWEE siRNA-NC N BATEXTREZH , L2 i
S} ATG5-1. ATG5-2 Fil ATG5-3 fE T4, ik
B 3AEAT, BT 10 BEF, ST siRNA fif

&1 AHARFASY

Tab.1

The primers used in this research

5|4%) Primer

5|¥) %) Primer sequence (5'~3")

34 Purpose

FcATG5-F CAGAGTTGCTGTTTGCGTGC PCR

FcATGS5-R TAAAGAGAAGAGCAGAAGGG PCR

FcATG5-5' CAAAGGAGTGCCATCGGATTCCAACC TiF% FCATGS Cloning FCATG5
FCcATG5-3' TGAAGGAGACCGCATAGTGATCCAGGGG TiF% FCATGS Cloning FCATG5
FcATG5-F1 CGCCCAGACCCTTACTACCT SE R Quantitative

FcATG5-R1 TGCCATCGGATTCCAACC SE R Quantitative

18S-F TATACGCTAGTGGAGCTGGAA FEHENZ Quantitative internal
18S-R GGGGAGGTAGTGACGAAAAAT FEHENZ Quantitative internal
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®2 ZEWMRA SRNA F35 NC K7l
Tab.2 The sequences of siRNA and NC used in this research

%5 No. J¥%1 Sequence (5'~3") FA#E Purpose
ATGS-1 Forward: GCUGAGAUGUGGUUGGAAUTT RNA T+
Reverse: AUUCCAACCACAUCUCAGCTT RNA interference
ATG5-2 Forward: CCAUUAAUCGGAAGCUUAUTT RNA T+
Reverse: AUAAGCUUCCGAUUAAUGGTT RNA interference
ATGS5-3 Forward: CCAUUCUAGCUUGUAGAAATT RNA T
Reverse: UUUCUACAAGCUAGAAUGGTT RNA interference
NC Forward: UUCUCCGAACGUGUCACGUTT 31 % R

Reverse: ACGUGA CACGUUCGGAGAATT

Negative control

FREUFAYEE &, MRPRIMAT R B ES B0 ng/e),
TSR R 2 B LA, 5 58 R O A IE 5
KA 60 LAEHA . VRS 24 h, B4R
3 AR, K TR 5 FCATGS i PR 7 il b iy ik 28 4k,
TE TP S 1 8 S AT IE NS0 . siRNA TR
IEAL T E 4 AN 7F pH 9.0, BRERELIRE
11.0 {AF, HSF 0 X AUk siRNA-NC 1E ) 2 4%
MRH, DA SRR S A SAE R 2 TR . S
TR JE et ha 48 h FET- 3%,

1.3.6 FCATGS A& I & ik 4 5 B € & 547 FIH
Primer Premier 5.0 {5 i1 52 B 56 )6 % &2 51 ¥
FcATGS-F1 1 FcATGS-R1(5 1), i H s % k57 &
HiScript® II Q RT SuperMix for qPCR (+gDNA wiper)
(EMERE, RO FFIUER f RNA 55153 cDNA,
i ChamQ™ SYBR™ Color qPCR master mix i 7] &
(VEMERE, B§ET)HI1 7500 Real Time PCR System {¥#%
(ABI, 2 [E)AI 4 EXTHF FCATGS &4 4UR K01
KHAE pH Wil . R FRER BB TBhaE T B35 . SERTI
JEE AR 27 AAC‘ﬁ/zafr;%;ﬁ%Hj FCATG5 #HXf %
ki, i SPSS #EAT L K Jr 22 4 #T (one-way
ANOVA), izl Duncan £ HAHEAT i E KK,
fdi 1] OriginPro 2018 #AF/EK .

2 ZER59H

2.1 FcATGS EARFF4SHh

i1t RACE $ARTE 2 E X R ATGS FE K 741,
K H 2224 bp, FHARZ A FCATGS (GenBank % 5%
51 MW426527), FFREIGERE A 810 bp, 5/
X 107 bp, 37AE4RAS X 307 bp, Zwfh 269 2 IR
(B 1) o 55 BE T 25 3 57K , FeATGS ML & 15 S K.
T H 2 A5 0 2 4> 1 31.103 kDa, BRI S5EHL A5
H5.59, FEAKMETFHMHEK-0.407, NREHERE N
43.43, FUWIRFEEH H5S 00 5 A M sK A REE A,
SMART # i g5  won, HEA 14 APGS HIE
AR AS5 ML, N B LA

2.2 FCATGS ERFRIEMES TR RGHL DT

{il F DNAMAN #( /¥ FeATGS Z LR 751 5 H
R AT FIR XS . SRR, HEXSEF FCATGS
5L X ARRY R IR R, T 98.14%, S BETT XS
R [ IR PN 97.77% ., 5 = 9E & T % (Portunus
trituberculatus) H A 7 %F (Macrobrachium
nipponense) . % % (Callinectes sapidus) i [l Y5453 51 4
85.50%. 81.04%. 78.32%(&l 2)

ffi A F MEGA 7.0 #3%E Neighbor-Joining 1k
RE(E 3). ML 3 WTLIE Y, S AR, 5
— N Eh 1] (Arthropoda), 2 % HE RV
I'J(Chordata), Hr, [ XfRsR &5 BeshidiT. W
e (Crustacea), J& T5—32, SEEXEF, LI
XPHRE e RN —3, HRCh =it 7 | Wk,

2.3 FCATGS EFARRIESH

FI I SE I 9 508 B 1 7 vE A I FCATGS 78 H [E X
AR LR AT, S50 R, FCATGS L 78
H RN G A 3R B AE AR R 2
Tk AR, FEMAP RS R, HRES . B
WP R, A IR B A0 P ek R R IR (] 4).

2.4 pH. WEEEFHEMNIET FCATGS EEEHE X
HRERE R RIE S

BEAE R K AR S G2 B, 5 IR K AR B 4
filk, SZ7KAR pH . WU S /K AR AR AR AR AL R
27K AL S W R Y R B 35 TR R4 FE S AR A 1
BT E o I, AHEST LA E X R A2 2k
SO0

pH 36 3 h, FCATGS HE [H 75 Hh [ % R 20 41
Ak i 2w TR R4 (P<0.05) ; 7E B8 )5 96 h 14,
FCATGS )RR LA k. M5 96 h,
FCATG5 fi 5, AXT LAY 2.67 % ; 7F 48 h Fik i
XAk, MXFREL Y 1.68 £5(& 5).
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Ji

543 %

a atttattgaa
W v
ATG GCT GAA GAC AGG GAG ATC TTG CGT GAA GTG TGG GAT GGC AGA GTIT GCT GIT TGC GTG CAG CTT
S AP D P Y YL MV P RL S Y F P L V T D K
AGC GCC CCA GAC CCT TAC TAC CTC ATG GTA CCA AGA CTA TCC TAC TTC CCT CTA GTT ACA GAT AAG
1 T T E L N D A E M WL E S D G T P L K W H
ATC ACA ACA GAA CTT AAT GAT GCT GAG ATG TGG TTG GAA TCC GAT GGC ACT CCT TTG AAA TGG CAT
L H ¢C 6 G A S L P W N L T A H F S H F P E Q
CTT CAT TGT GGT GGC GCT TCC CTA CCT TGG AAC CTC ACA GCC CAC TTC TCC CAC TTC CCA GAG CAG
E VvV VvV E S H F L § S L K E A D G L K H R G Q@
GAG GTT GTA GAG TCC CAT TTC CTT TCA TCC TTA AAA GAA GCT GAT GGT CTG AAG CAC AGA GGG CAG
D H K Qq L w M G L C N D K F D Q F W A I N R
GAT CAC AAG CAA CTA TGG ATG GGA CTT TGT AAT GAT AAG TTT GAT CAA TTT TGG GCC ATT AAT CGG
E 6 F X H 1T P F R L H S P C Q@ P P I Q@ R L I
GAA GGC TTT AAA CAC ATT CCC TTC CGT CTG CAC TCG CCC TGC CAG CCC CCA ATT CAG AGG CTT ATC
K v T™ 1L G D L L Q E F L P D S N N E G D R I
AAG GTG ACA TTG GGT GAC CTC CTG CAA GAG TTT TTG CCT GAT TCC AAT AAT GAA GGA GAC CGC ATA
R E T P L Q W L S E H L S H P D N F L H I C
CGA GAG ACT CCA TTA CAG TGG CTT AGT GAA CAT CTC AGT CAC CCA GAT AAT TIT CTT CAT ATT TGT
ccagtgtact tcagtcacat agcttcagga tgtacacttt ttagcatatt tgcttcattg acagtatgtt gaggattaca
gcataagaaa aacctgttgt gtatgatctt gcagaaaatg ttttgtgage tgtctttatt aaagttgeca tccataaage
gttgttetgt taccattcta gcttgtagaa agtgtctgta acatgactct ccctctacaa tttgtgtaaa ctcagcatat
ttcatgctta gtttgtaaaa gcatatataa aattgtatge atgtgttttt tgggtataaa tgtttttget tgtgttgatg
agctatataa gtgaatgaaa gcataactca tctetgtgtt tgcactgtaa geagtgeaag ttaattcttt tctctcttta
tgaaatgtge taagcattcc cagggaatge ttttgttcac atcattattt tatcttattg aaatactgac acttctetge
aatttctgaa gtgttcttat ttgttttttg taaaacattt ccagtagaat ctacatagaa tatttatcca ttacccatca
aattaaacaa cttaaaaatg ttcccaattt ccagttgaat taaatgtttt agagaaaata catatgcaac tacattgaat
gtatttttge catacgaggt tagtgtaaaa gtatattatg atgatattga atgggcataa aaaagtcttt ttgaaaatta
acattttgtt tatttaaagt attgagccca tatttgttta tctgaatttg aaatttaatt ttgtataata gattaagtgt
atgacagatg gctgattttt taagttttta tcttgtttaa ttgtaaaaga attcagaaaa agtcctattg tacaccagca
caggaacaag tcattattaa gatgtgatat atttatgtac agaatatgat taatattata tccaagacca aaaaaaaaaa

K1

acgtgggggce tgactgtgge gagecttgtt gttgttgacg aaatttgaca agagggagea aaatattggg
M A E D R E / RV AV

Fig.1

agtgtagatt gaatttcaaa atcagcc
A D N L
GCA AGT GAA GAT TGC AAC ACA CTG
V R K H F L R F
GTA CGA AAA CAT TTT CTC CGC TTC
y P V G V L F D
TAT CCT GTT GGT GTT TTG TTT GAC
E L I K C S S R
GAG CTC ATC AAG TGC TCT TCC AGA
I T T N M Q@ S K
ATC ATT ACC AAT ATG CAA AGC AAG
K L M D S T P E
AAG CTT ATG GAT AGT ACC CCA GAG
R P L S D D G R
AGA CCT CTC TCA GAT GAC GGA AGG
v I @ 6 I E A P
GTG ATC CAG GGG ATT GAG GCC CCA
Y V. P T Q M S =
TAT GTC CCT ACT CAG ATG TCA TGA
agtgaatgtt acaagttttc tttgegtaat
aattcaaatg actggaatgg tattgcatct
ttcattgcag gtgaatgttt taccatgeat
aatatctgtg ttagagaaag aaagataaaa
tttataactt ttcttgttat aaaatcaatg
ttatttacat ttacatgttt tatatatgaa
aattatcata gggtttttca agttactaaa
aatagtattt tatgtccatc aagaagattg
cataaaatca gatttttcaa ttttgattct
ccaactacaa aaatctgtgt tataaataac
tgggttteee ttetgetett ctetttacaa
aaaaaaaaaa aaaaaaa

=

FCATG5 JE [ ¢cDNA J7 41 F T I 11 2 FE 1R 7 471
c¢DNA sequence and predicted amino acid sequence of FCATG5 gene

PO ) TE B AR N IR F SR E 53R, L TR 75 T 5 5
EIRF T (ATG) N T I RIS, A& IR# T (TGA) LI bnAr 5 (%)

Nucleotide sequences in the predicted open reading frame are represented in capital letters below the amino acid sequence.

The start codon (ATQ) is the red line below, and the stop codon (TGA) is marke

MAEDREILRENYWDGR
MAEDREILRE‘WDGR AVCVQLASEDCNTLSAPDIFYYLMVPRLSYFPL
IMAEDREILRE]

Fenneropenaeus_chinensis
Penaeus_monodon
Penaeus_vannamei
Callinectes_sapidus
Macrobrachium_nipponense
Portunus_trituberculatus
Consensus

(WDGR
IMAEDREILRENYWDGR
MAEDRET LREEWDGR

Fenneropenaeus_chinensis
Penaeus_monodon
Penaeus_vannamei
Callinectes_sapidus
Macrobrachium_nipponense
Portunus_trituberculatus
Consensus

g ogmhwnonn

e dg plkwhypvgvlfdlhcgg 1lpw tahfshfpe 1i ¢
Fenneropenaeus_chinensis
Penaeus_monodon
Penaeus_vannamei
Callinectes_sapidus
Macrobrachium_nipponense
Portunus_trituberculatus

Consensus ipfrlh

OWLSEHLSHPDNF'
OQWLSEHLSHPDNF
OWLSEHLSHPDNF'
OWLSEHLSHPDNF'
OWLSEHLSHPDNEF'
QWLSEHLSHPDNEF
qwlsehlshpdnfl

Fenneropenaeus_chinensis
Penaeus_monodon
Penaeus_vannamei
Callinectes_sapidus
Macrobrachium_nipponense
Portunus_trituberculatus
Consensus

1 egdr viggie p tp

Bl 2 FCcATGb #:[H 5 £ Fh A= Wy & F 8 5 51 L xF

Fig.2 Aligning of multi-biological amino acid sequence of F

d with an asterisk (*) above it

VOO Z 22
[SHEFSH=SRSH=]

2
2
2
2
2
A A, 2
pig 11 pl dgr vtl d

CATG5 gene

107
197
287
371
467
557
647
737
827

917

1027
1137
1247
1357
1467
1577
1687
1797
1907
2017
2127
2224

72
72
72
72
72
72

16
16
16
16
16
16

269
269
269
285
268
267
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S8BEFIXTHR Penaeus monodon (NC_051422.1)
1001 NLYHBEXTEF Litopenaeus vannamei (MH797023.1)
78 A P EXHEF Fenneropenaeus chinensis (MW426527)
100 W5 Callinectes sapidus (CAJ31266.1)
99 =R T Portunus trituberculatus (MPC14799.1)
L HAIBYF Macrobrachium nipponense (MK296401.1)
4 FRUNEE 1 Apis mellifera (XM_623453.4)
BIE KB Acyrthosiphon pisum (NM_001163207.1)
S dedes albopictus (XM_029875665.1)
MG IRMR Drosophila melanogaster (NC_004354.4)
55 B XK Spodoptera frugiperda (XP_035429947.1)
100 FK & Bombyx mori (NM_001142487.1)
99— BE 5 Danio rerio (HQ450378.1)
81 W #8 Cyprinus carpio (NW_017538281.1)
KPS Gadus morhua (NC_044058.1)
40 ¥E4F Bos grunniens (MK531791.1)
95 A Homo sapiens (JQ924061.1)
KZK R Rattus norvegicus (NM_001014250.1)
H ABELE Gekko japonicus (NW_015168714.1)
BT IEM T Xenopus tropicalis (NM_001016445.2)
T KW Pantherophis guttatus (NW_023010703.1)
23KH8 Anas platyrhynchos (XM_027454762.2)
ot|r F2k¥BME Haliaeetus leucocephalus (NW_010972820.1)
5oL JEIX8, Gallus gallus (NM_001006409.1)

E 3 HT P EXTIF FCATGS & 3R ¥ 5 # ##Y Neighbor-Joining #F fL

Fig.3 Neighbor-Joining tree constructed from amino acid sequence of FCATGS5 of F. chinensis

72 67

100

0.050
—

70r n=3; x +SD 307 n=3; % +Sp 1 X141 Control

I pHOO *

a

(=

W
N
W

g
=)

W
FcATGS BEH AN FREE
Relative expression of FcATGS
5 G

FcATGS BHEARMN RE R
Relative expression of FcATGS
\g
o
(%]

HL 0 3 6 12 24 48 72 9
Fif 1] Time/h

G HE ET M S H 1
ZH 4 Tissues

Kl 4 FCATGS 1 H [0 R 45 21 U i 2 ik
Fig.4 Expression of FCATGS5 in the tissues of F. chinensis

G: f; HE: JFJEMR; ET: MRAH; M: JA; S: B;
H: OfE; 1. B; HL. MARE g0,
FEEARRI R R R L E R B E (P<0.05), T
G: Gill; HE: Hepatopancreas; ET: Eye stalk; M: Muscle;
S: Stomach; H: Heart; I: Intestines; HL: Hemolymph cells.

Different letters on the column represent significant
differences (P<0.05). The same as below

EXTREAIAR L, iR EL B A T FCATGS 7 il
H A ) F IR AL 2 2 TR H(P<0.05), . BB S
96 h N, FCATGS ik FA e 1 LT I8 I A8 1k
R FEMHEJE 12 h kB em, XTI 2.77 £%;
TE 96 h FIFE/RAL, MXFTIRAAY 1.30 54 6).

Bl 5 pHMHE T FCATGS KPR 7E 6 rp Y AH XS 215
Fig.5 Relative expression of FCATGS gene in gills
under high pH stress

*o GXHHEALL, FRIKZES W (P<0.05). T
*: Significant difference compared with control (P<0.05).
The same as below

2.5 FcATG5 EEMIINEEIRIE 5 #7

251 siRNA Fit¥e b b ik siRNA Tit)5,
FCATGS ik [F 75 H [ X B 8 o () ARG e 38 B an &1 7 JoF
o XA, EHARTIELF 24 b B
FCATGS 3 [A 7F il v 1 32 3k 12 5 W 3% PR AIK A0 #a 3
(P<0.05). {4 ATGS-1 24 hif, FERFRE R RN E
1 0.516 1%; 15T ATGS-2 24 h i, FEHF LR N
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g3
N
|

a3

YRR 0.617 %5 ST ATGS-3 24 h if, LA
HONXT IR 0.174 15, &8, ATGS-3 TH%UR &

i, TSR AR 82.6%, TEFETHLH S ATGS-3 i
TSR3 .

3.0 . [ IX$H& Control
n=3; x+SD 3.2 mmol/L
25 [ B Alkalinity
' 11.0 mmol/L

FcATGS R FFEXTRK &
Relative expression of FcATGS
5 G

e
n

0 3 6 12 24 48 72 96
A& Time/h
BRI AR DA 38 T FCATGS J& A 7 i v 1) 35
Fig.6 Expression of FCATG5 gene in gills
under carbonate alkalinity stress

&l 6

._.
»
1

n=3; x+SD

—
S

—
(=]

g
=

FcATGS B:F xRS R
Relative expression of FcATGS
= =
N oo

<
)

=B

ATGS-3

0
P8 NC ATGS-1  ATGS-2
§B45 Target
ESF ATGS-1, ATG5-2 Fll ATGS-3 24 h B}
FCATGS & [ 7 i H (1) e 35

Fig.7 Expression of FCATGS gene in gill after ATGS5-1,
ATGS5-2 and ATGS5-3 injection in 24 h

& 7

252 pH.#% 8 3% pria F T4 FCATGS & B F B xf 5F
T F fi1] 7 [ %R VE S FCATGS JE:[H siRNA T
YLl ATGS-3, Fxd Htt 4T pH Wrift, Geit I 0~48 h
WEIFET- %, S5 8 Fin. THAHAE 0~48 h Y
RT3 (50%) i 3 = T3 HR41(33.33%) (P<0.05).
Horf, 0~12 h FHLAIET- %N 8.33%, XFHRZL N 0;
12~24 h THIAHIET RN 25%, XIELLH 8.33%.

fi1] o RV S FCATGS #: 14 siRNA iR
ATGS-3, FFXHIEAT R e, St H 0~48 h Y
FIFET %, 25K 9 i . THLALTE 0~48 h 19 it
FET=3R(59.09%) ' 2 = T R 20 (41.18%) (P<0.05), H:

—=—[BAMERT B NC
- —e— ATGS5-3

n=3; x+SD

W
(=

S 40t
#3
ﬁé 2 30t
£ 2
B = 20}
g
10+
0 24 36 48
It [E] Time/h

K8 pH 9.0 Bl FES TR B9 R X IR R FE T4
Fig.8 Cumulative mortality of F. chinensis after pH stress
(pH 9.0) and siRNA interference

ol ™ FApEXT B NC
—o—ATGS-3 n=3; x +SD

B %]
(=3 (=3
T T

FHFErR
Cumulative mortality/%
W
<)

20
10+
0 12 24 36 48
fi[E] Time/h

9 BRIRERRUE 11 Wac V5T A v DR R SE T AR
Fig.9 Cumulative mortality of F. chinensis after carbonate
alkalinity (11.0 mmol/L) stress and siRNA interference

1, 0~12 h THAHIETZH 9.09%, FTHEAH K 11.76%;
12~24 h THRAHIETF K 31.82%, XA K 17.65%.

3 itig

AAFFEiE Al RACE R T IR S kEqs ) v [ X iF
FCATGS K ¢cDNA 21, JfFXf HikE 7408, 4538
7, FCATGS BEH 5 HAbY AN, 4 K73 % (Gadus
macrocephalus)(FMIt 4, 2015) ., B3 4R £, 2018)
) ATGS i [H] A Tt 45 SR AH [ s ALl . FCATGS FFik
I5e) TS ATE 2t A 1) S BE R P 91 5 ML I X IR A5 P L
R R, HAE 1A A WA B 45 I
APG5, X FHH FCATGS kK F g tith (1) 85 11 2 A v

r [ X R FCATGS 5 X 1 21 245 S M 3Rk o A 45
KR, FCATGS HEHNAEA UL A RL, TTHH
Fesetk, HESHS PRI EZERERE, i, 7
LA sp ik i f i, 7R MR L AIE h A Ak, X5
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XA (2018) M 78 45 R — 3, BEIE KA s A T I 2%
B, SIEUKIRE M, 2K pH. B KK
FEARAR A A, WK A SR RN B A
FEMAERF RS EE AT . 16 pH AR SR
B R0 T, BEAE A BRI R AR T, FEAERRLIAR A
PRI RE & R AR VE A, I 20 A 1 W 2 A 4
S ER 1 1% AN 0 2RI 7/ VS ) S TE i W e R (S |
(5K/NW, 2018; Li, 2018; i/ AESE, 2019; V£, 2019),
R, #EW FCATGS 7EH EIXTHRFA X pH . Bk FR E: i
A R PR EEAEH . Y B LR FCATGS 78 [ X
U R XoF SR B AR AIL B, X6 S v D X R 0 ok
Joip e SR A YL R EE

R, ATGS JE N BEAE UE 4 M 3 W5 1) B
B, T ELRT ORI A R T, FESh R e R g . ph
P AR A E i R T & ¥ EEAE M (Jounai et al,
2007; F3ETREE, 2019), ATGS 1E K 40 [ W it g 5
bR (Mizushima et al,1999; T kIS4, 2018), HRHEH:
&A1) 78 Ak o] HE 0 A1 1 K OF AR AL . AR IT 4G
RBIR, pH ERFRERIE a T, th EXTHREE T FCATGS
TR WA TR, pH WRAJE 96 h ik Ef s, RIR
RO A S 12 h iR E R, X5 R OB
T, BEVXFUR A ATGS Fik it B, 78 72 h ik El i
HIBFSE 45 BABRL A, 2018), HY ke, SR
WBEE . FRARNRRESN FERE, FEmL pH.
T IR 6 Bk 2 Jolp i s, HL A 1 W 3% B3, HL 430l
B 5 96 h A1 12 h iA 3 i = 7K

RNA T A RN dsRNA S5 H TR I
%, W A GUEE A RNA T8 AR 736 K o BE
PIRE . CAMEERY, T ATGS & 241 A Wi
KR, X ATGS 54738 2 308 40 B I 25 41 1 241 it
W, XA T ATGS X 40 [ WG 8 72 178 F (ol s,
2018; Chu et al, 2019) W58 KW, LB 41 il o ATGS
FE AT LA 5 A7 25 0 X E I R T 2R (Egan et al,
2011; Simonsen et al, 2008; Wei et al, 2016); X} K &
(Danio rerio)itfT ATGS i FRikAbBE, AT LI 4L sk ¥
JEREA 4 7R FCRG B RG FEARAE (Hu et al, 2017); JLEREE
FIXFIR T ATGS 23 (HBE X RZ0 A [ 1K R,
2018). RNA THE45 R R, ViBk FCATGS & ffi v
XPURAET T, RWITE pH. BRFRERGIEE Ma T,
FCATGS ik Ak, [ e s Xt A A= 4 Filp e %) it 52
JIR 2%, FLAFTE R AN, HED R R UTER FCATGS
Ja, HERkm TR, SEmIE T 400 A WK, FRAG
T E R G Bt o X — 25 SRS AR TR
Y A D ATGS B AE SERF 9 45 AR

|2t 7)) ST AL I ES PO NN A N i e

MPI(ROS), EAFHLIASZ B L5, FEE R A
PR B A Sz 205, 77 B D REPEBE A (Li et al,
2021), [ A 5 3 PR3 A 9045 40 i 11 gt A R T B
RN Z /A AR gl | sERIT R E A, ]
A I R 1 B AL R R I R SR A ), Ay
PR PR XA A (R 1845, 2018), HHULHEN , FCATGS
T Ao O 4 200 R KT Sk i B T AR AR W 3t A2
P B B R T B A B A o e, I e X
PR B | W T e DX Bk il RN 2 s 1) R 2k 2 5 A Gl
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Cloning of ATG5 Gene of Fenneropenaeus chinensis and Expression
Analysisunder pH and Carbonate Alkalinity Stress

WEI Wei'?, HE Yuying®, LI Zhaoxia'", ZHOU Yuxin®, LI Jian’, XIE Yongjun®

(1. School of Marine Science and Engineering, Qingdao Agricultural University, Qingdao, Shandong 266237, Ching;

2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Devel opment of
Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao, Shandong 266071, China; 3. National Demonstration
Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China;

4. Hebei Provincial General Sation of Aquatic Products and Fishery Environmental Monitoring and Protection,
Shijiazhuang, Hebei 050011, China)

Abstract The full-length ¢cDNA of ATG5 in Fenneropenaeus chinensis was cloned using rapid
amplification of cDNA end (RACE) technology and named FCATGDS. The tissue expression of FCATGS
and its expression characteristics under pH and carbonate alkalinity stress were analyzed using
quantitative PCR. The function of ATG5 was verified using RNAi. Gene analysis showed that the FCATG5
gene cDNA consisted of 2225 bp with an open reading frame of 810 bp, encoding 269 amino acids, and
has a predicted protein molecular weight of 31.103 kDa and a theoretical isoelectric point of 5.59. It is a
hydrophobin, contains an autophagy-related protein domain (APGS), has no transmembrane structure, and
does not contain signal peptides. The homology and phylogenetic analysis showed that FCATGS was
highly conserved and had the highest homology with Litopenaeus vannamei, reaching 98.14%. The tissue
expression analysis showed that FCATGS was expressed in all tissues of F. chinensis, with the highest
expression in muscle, and the lowest expression in blood lymphocyte (P<0.05). The expression level of
FCATGS in the gill tissue was the highest at 96 h after pH stress, 2.67 times higher than that of the control
group, and was the lowest at 48 h, which was 1.68 times higher than that of the control group. The
expression level of FCATGS in the gill tissue was the highest at 12 h after the carbonate alkalinity stress,
2.77 times higher than that of the control group, and was the lowest at 96 h, which was 1.30 times higher
than that of the control group. The results of the interference experiments showed that under pH and
carbonate alkalinity stress, silencing the FCATGS gene significantly increased the mortality of F. chinensis
(P<0.05), indicating that the higher the expression of this gene, the higher the survival rate of F. chinensis.
The results of the study showed that the expression of FCATG5 was significantly increased under pH and
carbonate stress (P<0.05). It is speculated that autophagy may be involved in the regulation of F. chinensis
in response to abiotic stress. The results of this study are an important reference for the study of
autophagy in aquatic animals, especially crustaceans, and will help advance the research of Chinese
shrimp in saline-alkaline aquaculture systems.

Key words Fenneropenaeus chinensis; FCATGS; pH stress; Carbonate alkalinity stress; RNAi
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REESHRENEI

AER E AL BE% Hhes’
FAEG mRe” x&pK2

(1. R RAFHFEERE M W 507228;
2. MR FERIEAAEZESLRE R wH  507228)

WE 8T BT EE A GOR A 4 % T (Cherax quadricarinatus) # 4, % (Ro) 5 HE & % (Ry) 1Y
o, R B E R LR RN RE AR ACE SN T A RREMERRESET, 3 BTN
AN SH, FHAEAM AMAMER L 4A) Rofm RyWEMAMHE, EREFR, REMTEEIT
Ro f1 Ry %1 2. % (P<0.05), 7 /& N 15°C~35CHt, RolfiEE A& Mg, 35°CH, o Hirn

Roik Z| & AfH; £, S4H Ro ¥ 0.777 mg/(g-h), TF AT HAM 2 44 (P<0.05), 1 #IT Ry
HEEABEL EAE T ES, 30CHKF HAM; HF, St Ry W 0.061 mg/(g-h), T#&
KT H A 2 A4 (P<0.05). i & X 21 % % 4T 1 F A L (OIN) B B 2 % 9 (P<0.05)., & &K L xf 21 %
A Rofn Ry ®7 2 3% (P<0.05), @& AKE N 0~16 mg/L i, —HHMA A REZN EAE R E
FriE THm#ES;, SEAREN 8 mol B, aEHEITN RyAZE| R AM, S. M AL 4 RofE 27
% 0.663, 0.332 F1 0.195mg/(g-h); YA R KE K 12mg/L i, RykE| & AE, S. M F1 L 4 Ry &
27 % 0123, 0.049 F1 0.034 mg/(g-h), L% 35 T H b4t 32 4 (P<0.05), & &K E X 3 M Al
ZATH) OIN E 78 B % % (P<0.05), B iR E &4 T, LT Rofr Ry By Q10 & 38 B 24l &
1.102~3.361 #1 0.346~3.417, E 777 25°C~30°C#rn 30°C~35°C fit 3£ 2| & /1.
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41 B4 LR (Cherax quadricarinatus) {4 FR 8 1% 7k
Je iR, B A BRRNE, (RBIK, PRIBTEESE, R4
(8 %5 s G B S AP (Jones et al, 1994; 8 EB %,
2000; Vanzquez et al, 2007), IT4-k, 21 EELIF S5
FUBAEFRE A L VL95 FITE pe 45 g 7 458 IR AEHS
AEP RT3k 3000t (Yuan et al, 2019; 2[4, 2020).
TELT BRI FRA AR T, 208 45 W BT BE AR Tk DA Bt
B T B SR AR R R S R A S S PR R) R,
RN 2T B AR A 7235 B (Liane et al, 2011, 2015),
Cui %(1988). =% {5 % (2007) . Z=hi JL% (2014) F1
IR PAE(020) 5 R, K-S KA A Z
H B R sl . MEAR/NER S, £ 5K . &
RKF | EEEINT AR R RO, Bar, BN
SPEAVFZ K T UL S5 e iR (Panulirus ornatus) |
75 W 1 U (Exopalaemon modestus) Fl L 44 ¥ X o
(Litopenaeus Vannamei)] . D1 2 A1 1 248 67K A& 3l 4 1)
AR AH OC 9 WF 58 CR i ik 5, 2009; X1 EIL4%, 2010;
Giacomin et al, 2019; %' 5 {2 5%, 2020)., Ifii 4} T 21 %
R E L TR L SR BURRE )y (Liu et al,
2020; Lu et al, 2020; & 3Cf545F, 2020), 7EWFm kM y
T i A7 A o AR SR T 2% AT /K, B B N
RO FE XA [F) B A% £1 B B IR FE 4 3 (Oxygen
consumption rate, Ro) FllH 2 % (Ammonia remoral rate,
RIS, 5 7E 53 BT 2L B BRI WA B A,
BRI FR B AR B R =% .

1 M5
1.1 St

CTECECUT I [ W 4G T B DU ZR FR A 3, R L f
JRTCIR AR, B 3R T R 2R B S & 5
FEARGEN . BFRWIA], AR 2K, #H)52 h
oK 12 . 375 K 4K K 3 A (30.0£0.5) C , pH A
7.81+0.18, #fit%A(DO)H(7.09+0.28) mg/L . 3FhHi%
ST BB PR AR R L3R 1,

x1 ABBENEYMFERE
Tab.1 Biological characteristics of C. quadricarinatus

205 Groups &K Body length/cm {ATE Body weight/g

/NS S 4.361+0.151° 1.912+0.1522
FRELHE M 8.510+0.223" 13.853+1.251°
KHAE L 14.623+0.591° 62.354+6.282°

TE: ARVING SF R R R 22 57 i 3 (P<0.05)
Note: Different small letters indicated significant
difference at 0.05 level

1.2 FEBHE

1.2.1 BEARRE A LAEHIT Rod» Ry %h
BWE 15C, 20C, 25C, 30°Cfil 35°C4t: 5 /il
FERERE . SELEWT 4R 7K IR R (30.0£0.5)°C . 4% TR L 4R
FHUKAS R AR P 7 2L B P 5K, & 12 h F+
FRIE 1°C, RBBE KR, R BEIREN 2 d S
FRIEAT Ro Ml Ry A2 . SEHR AT 24 h,
1.2.2 R FGRE AR R A L0 3 H 9T RoAe Ry #9 % 7R
HAWERLE 0, 4. 8, 12 fil 16 mg/L 3L 54~k
e, IR K A4l AL NHLCLBCHIM R ; & 12 h
FHE Lmg/L, BEIE AW, AEEIFIEN 2d
Ja FEATSN . SRS 24 h,

1.3 Ro 1 Ry BIME

ARAFFEH, Ro R Loligo systems 7K A= A= 4 I 1
A 5E o i 00 21 B8 B8 R R 7 7K L 1 e B 7K
I R 22 85 PRIV 2 T (AR 1.6 L) 5 h i —4
W2 2 DA %o B, HL P 0 st A () K s R 2 Rk B
PIRIK, AHCE LB AR, WFIRAGEST 1.5 h, HH[E
KL R 5 Limin, [ 3 5EA kKK & DO, 5L 56
TR 525 005 43 W48 50 mL /KA, T2 Ak
DGE o ARG IR L5, AP BRCE /N .
R AR LT B MR 5 L 2 HAN L H, AKIRHEEA
e FEAd FH DeChem-Tech(f ) 4= F 8l 1k 2% 43 7 A3
FE, JrikZ RERRL(GBT7148-81),

1.4 IEHRITE
Ro. Ry« E A H(O/INYEFIEE Z2E0(Qu)iTE AR :

Ro=[(DOy—DOy) x V]/(W x t) (1)
Rn = [(N;=Ng) x V]/(W x t) (2
O/N = Ro/Ry ()

X, Ro. Ry AR EFE AR AR Mg/ ()],
DO, Ml DO 431l A S 46 FF 1y S 98 45 SRS 7K 1) DO
Erag(mg/L), V IEIEE KR BI(L), W L%k
WFEEHE(Q), t A SLIRFFLERTE](h), No A1 Ny 4331 h S04
FFUE AN 28 o K P S R (/L)
R R AR
Quo= (RS Rl)lO/(T2 -T) 4
2, Ry AT Ry 43 SEBG HBE T I T P21 BB (1Y
Ro = Ry[mg/(g-h)] .

1.5 HESH

S 6 504 R 1T 9 45 1 22 (Mean+SD) 1k
K Ml SPSS 23.0 #k 4 i 17 B A K Jr % (one-way
ANOVA) 1, P<0.05 K EEXEF,
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2 H#R

21 BEMNAFMBIZEEZEIL Ros RyvFI O:NEE

A

2RI LA Y, AN [) B S 41 B B RS2
Wi i % (P<0.05) ., 7E¥RJ¥ H15°C~35CH, FHE#E
JERBGIN, LEEARAH Ro ¥R IS, HAE
5CHIAEI e . EAMHFNREERT, S AL ZEEIF Ry
BT M AL 2H(P<0.05) , 15 BE % A [) BiA% 21 2 5%
IR Ry JRA 25 50 (P<0.05) , 1[5 I 8 48 fin 52 56 7
Jo FRER S, TETREE Ky 30°CHY, 3 Fh A 21 B AL i

=2

Ry ik 8l i =i, S. M Fll L 2B IR Ry 439l
J7 0.061. 0.034 F1 0.018 mg/(g-h), HALHAALLZ R
3 % (P<0.05).,

TP X6 AN [R) I 21 25 B T O/N {HAY B2 3% 3.
M 3F LA, fEHE R 15°C~35C KT, 218
AR O:N {H N 8.636~20.899, [f]— K& £1 B B MR A
ANFEREER, OINHZE%E TG G, H&R
JERMT, ON {EAF7E B &2 5 (P<0.05), FEiRE
Sy 20°CHT, L 41LT#EIF OIN (&5, & 20.830,
i T HA 2 4N2H (P<0.05),  Hith i B8 AN [R1 AR 21
FEFLUF O:N {EAH H ¥4 6 8 3% 22 57 (P>0.05)

IR

BEX AR LLEE Ro M Ry

Tab.2 Effects of temperature on the oxygen consumption and ammonia excretion rates in C. quadricarinatus

L #E42R Oxygen consumption rate/[mg/(g-h)] HEZ Z Ammonia excretion rate/[mg/(g-h)]
Temperature/ C JNELAE S AL M KHAE L /N S AL M KEHE L
15 0.329+0.059%°  0.136+0.020%¢  0.084+0.020%¢  0.018+0.002*¢  0.010+0.001%¢  0.005+0.001°¢
20 0.386+0.010°°  0.197+0.012%  0.153+0.010°  0.027+0.002*°  0.018+0.002%°  0.007+0.001°°
25 0.500£0.063%°  0.275+0.010%°°  0.163+0.019%°  0.033+0.006"*°  0.024+0.005"°  0.011+0.002°°
30 0.525+0.060°°  0.314+0.009%°  0.173+0.021°°  0.061+0.005"*  0.034+0.003%*  0.018+0.002°2
35 0.777£0.150"*  0.420+0.060%%  0.286+0.045°%  0.041+0.013"°  0.020+0.002%°  0.016+0.00252

I ARAKREFRFRFIREH Ro(Ry)ZE 5+ 3% (P<0.05); AFI/NGFHE FAR RN FHURS 41 25 57 . 3 (P<0.05), T
Note: Different capital lettersin the same row indicated significant difference at 0.05 level at the same temperature; different
lowercase letters in the same column indicate significant difference at 0.05 level at the same size, the same as below

£3 REMELEEINERRRETHRAL

Tab.3 OI/N rations of different size C. quadricarinatus under different temperature levels

I Temperature/'C /NG S FELAE M KHHE L
15 18.432+2.448"3 14.164+1.217°P 16.832+1.888"®
20 14.155+1.2175% 10.733+1.440%° 20.830+2.25472
25 15.822+4.454°® 11.948+1.737°P 14.252+1.2337°
30 8.636+1.300°° 9.359+0.912P 9.442+0.485°°
35 19.477+4.890"2 20.899+4.121A2 18.846+3.702"®

22 FRAREMAEMBLEENS Roy RyF O:N
LR

MR ATTLUE Y, 2 AR EE XA [] B 21 2 B AR
Ro 5% 18 3 (P<0.05) , 7EZ AV ¥} 0~16 mg/L K,
BEE A AW BT, FHBEL ETHE T RERE
P HAEREWKE N 8 mo/ll k5w, EHIFZ A
WM, SHABEEIF R BESTS M AL 4
(P<0.05) . 22 ZL R B X AN [ WA 21 B BT Ry IR AT i 3
SN (P<0.05), 49 Fifi 2 AUk B2 1 e 2 28 S TR
fkas, TER AR R 12 mo/L B, 3 FhHis 21 Bk
IF Ry BB B . TEZEARERMT, SCMH
L 4141 SR Ry 43714 0.123.,0.049 11 0.034 mg/g-h,
H 45 A ) AH b 22 57 I 2 (P<0.05)

SRR B X AS (R R 21 B S U O:N A 11 52 1 i

# 5, NFE 5 ALLEW, FEZAAWKE R 0~16 mg/L
W}, 21U O:N {H 2l 3.729~9.442, [a]—FiA% 2T
BEAERNAZARESLT, ON HEXTHE
FHE raA, H A5 A 22 57 B 2 (P<0.05) . 7F 2 A
W PE R 0~8 mg/L I, N [F] B 21 B LR O:N HAH L
o W # 2 5 (P>0.05), Hifth ik BE 40 AH b 2 S W
(P<0.05),

2.3 BENAEMIZLIEEIR QnEA I

M 6 ATLLE 1, 7ESLEIRE R 15°C~35CHT,
LT EEFENF Ro 1 Quofiih 1.102~3.361, ¥ 1.820,
S LT ELHELIF Ro 1Y Quofl 55 ETHE F RIS,
M Fl L @R TG LR aEEIF Ry
() Quo fHi N 0.346~3.417, F-¥{Hly 1.819. 3 FhALHE
R [ Quo fE 7E 30°C ~35°C i #4735 2 1%
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Tab. 4 Effect of ammonia on the oxygen consumption and ammonia excretion rates in C. quadricarinatus
SR #E4.% Oxygen consumption rate/[mg/(g-h)] HE& % Ammonia excretion rate/[mg/(g-h)]
concentrationnglLy /ML S L M SRS L MRS e M SRS L
0 0.525+0.060°®  0.314+0.0095® 0.173+0.021°® 0.061+0.005"° 0.034+0.003%°  0.018+0.002°°
4 0.643+0.048"%  0.319+0.003%%® 0.187+0.017°®  0.070+0.006"° 0.035+0.002%°  0.021+0.004%°
8 0.663+0.108"%  0.332+0.006%%  0.195+0.00852  0.087+0.002*° 0.038+0.0025% 0.025+0.002°"
12 0.457+0.069""  0.283+0.048°% 0.146+0.012°*° 0.123+0.005"* 0.049+0.002%%  0.034+0.001%*
16 0.348+0.017"  0.225+0.0645°  0.133+0.006°¢  0.093+0.003*° 0.032+0.010%°  0.029+0.0025%
x5 AEAMBROCBEEREFARIERERETHERLI(ON)
Tab.5 O:N rations of different size C. quadricarinatus under different ammonia concentrations
A MSE Ammonia/(mg/L) NRAE S RS M KA L
0 8.636+1.300"? 9.359+0.91242 9.442+0.485"2
4 9.143+0.135"2 9.066+0.543%2 8.869+0.654"%
8 7.614+1.435%2 8.848+0.3752 7.822+0.695""
12 3.729+0.687°° 5.754+1.063"° 4.292+0.5024B¢
16 3.735+0.264" 6.957+0.066"" 4.540+0.438°5¢

F6 FEBETLEESR RoM RK Qo

Tab.6 Qg values of oxygen consumption and ammonia excretion rates underdifferent temperature levelsin C. quadricarinatus

IR B #E4E % Qq0 Oxygen consumption rate Qyo HEE % Q.0 Ammonia excretion rate Qo
Temperature/'C /NEILAR S AL M KHAE L /NELAR S FHLAE M KHAE L
15~20 1.377 2.098 3.361 2.250 3.240 1.960
20~25 1.678 1.948 1.135 1.493 1.778 2.469
25~30 1.102 1.304 1.126 3.417 2.007 1.636
30~35 2.190 1.789 2.733 0.452 0.346 0.790
A 1) Quo fEII /N, U B S Y B3 B, X 2 B
3 ik I 0 AR ke RS 384 45, 2007). 17 7 T 38 L
. IH 4T X F 3 H H: AN 3
31 REXTEEIR Rofn Ry KIS S LT EELIF Ry ) Quo fH B K, Hifth 2 44 Ry B9 Qo

Tk 5 R 5 ) K A 22 B B A AR Y B A
K. Rt RY, FEEEREn, KEIY Ro
1 Ry Bif I B2 B FF v TG I (F vl 4, 2018) 41 45 Je i
FLER X MR A MR 2R 765 X — AR (R Pk 45, 2009;
TR 5, 2020), HoAhoK AR 28 5% 3l ) i vy B o
(Pseudopleuronectes yokohamae) 41 11, . JLfLfifI(Haliotis
diversicolor) St /2 W bt (f2 AT 2E 55, 2018; T 52865,
2020), AWFFELER WoR, TR 15°C~35°CHT, 41
FEFENP Ro BETRLEE TH i3 ;. Ry 7E 15°C~30°C i il
WA, 76 35°C B R, 2128 B IR 1Y fid
A KK 24°C~32°C (ALY 4%, 2020), T 32TC
SN AR = A — s BRI, AR Ry BRI
Quo A2 S W BEXoF 7K AR A= W AR S e iy e, ARFSE
H, TEIRE N 25°C~30°CHY, 3 FhELKE 2L BT Ro

(ELE A 3R I i e, U6 I AR 1) 210225 i U T
T IR AR

32 FREREMNIEER R RyHIF M

AR % (2019) . P BH JE 45 (2020) 1 B 5 B S
(2020)fF 52 R W1, K7 B Ry AN S R} | R Fnh
FEAF R UIROC , IRAZ 7K AR T SRR BE I RE I, KA
W Rk m ), &S8R4I ETL .
PR ZEE R ICT, WP (Paa spinosa) i)
TER ALt 14.70 mo/L Ji , Ho Bz R AL U R b 2
TR KO 2 A5 (Micropterus salmoides) 75 24 &k #
i 4.31 mg/L & H IR (2242655, 2004; B4 PRE
%, 2016; FHEKE, 2019; T HLAE, 2019; #IR4E,
2020), K, A w255 i AR 9T L1 B B AR AE A [A) 2 A&
R S5 T W WA 3 R i e L A AR AU 32 v el 7R
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ST BT RN, LLEERITEY Ro H4E L THE TR
s, AR 12 mo/L B AR, X5
SR 5N (2017)WF 5 45 R . X2 H R 2K
SRR R A i N G AR = RS PR AR & L NiD) 8
ALARPY, i s B8R, FE I AR T 4T BB MR AR g
PR, PRk RS YK AR AR Ak S T
BE—EWER, XA e HEE, R, d il
I AR (B fd 22 45, 2014; 4FZERI4E, 2015),

33 BE. SERENIEELR O:N B

O:N {H WK = sh A KA — A H S
B, HR/NoRz AW IRNE AR SR . ok s
Y143 AR B9 =R (Torres et al, 2002; Zheng et al,
2008; LM&UhaE, 2017, Xei§i4%, 2017), 4 O:N{H
BN R 7 EDES, IR Y RN 2 LLE A A
BN, W O:N N 24 F, WFRATI%AE Wik 8
VIR e A B A AR 32 AR A 15°C~35°C
I, Z1EEFIF A O:N i 4 8.636~20.899, Ui HATEIZ i
FEU I, AR Y BE 5 32 2 B BRI M
(F & 5%, 2021), TAE 2 RMRE N 0~8 mg/L N, 41
FEECUFIY) O:N H Ky 7.614~9.442, & LI 21 B FHF
AR A 3= A 17 A AR 1 B R R L (HER R E iR
B YR AN E N 8~16 mo/L I, L ELEKIR ) O:N fH
J 3.729~6.957, BLET, Z7EES AR LA (L
fit h F(XIMS L4, 2020; 2 B, 2021),

ZE LTI R RE RN G R X AN TR 2T BB 11
Ro il Ry P52t 3, 7EFRFt it i, S dler B HIp
e AR KR 25°C~30°C 5 AHEST SZHAMA, M AL
YH LT BEFL N S R AE R, (BB ANEBE 35°C, A
WA, BB AR 2R 8~12 mg/L .
FELLEE AR FRA T, D™ M K IR AR e, IF HLAg
g H BT W 3l e PRI A (AR Hp 2 R0 S v T 5
HA KA

2 % X M
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Effects of Temperature and Ammonia on Oxygen Consumption and Ammonia
Excretion Rates of Cherax quadricarinatus with Different Sizes

ZHOU Jiancong’, CAI Li*, YANG Jingru', LIN Xianxin',
GU Zhifeng*?, SHI Yaohua'”, LIU Chunsheng**"

(1. Ocean College, Hainan University, Haikou, Hainan 507228, China; 2. Sate Key Laboratory of Marine Resource
Utilization in South China Sea, Hainan University, Haikou, Hainan 507228, China)

Abstract To determine the influence of temperature and ammonia on the oxygen consumption rate
and ammonia excretion rate of the red claw crayfish (Cherax quadricarinatus), a single factor
experimental design and closed flow method were used to analyze the influence of temperature and
ammonia concentration on the oxygen consumption and ammonia excretion rates of crayfish of three sizes
(S, M, and L representing small, medium, and large crayfish, respectively). The results were as follows.
Temperature had significant effects on the oxygen consumption and ammonia excretion rates of crayfish.
The oxygen consumption rate increased with the increase in temperature (15°C~35C), and at 35C, the
oxygen consumption rate reached the maximum, wherein the rate of the S group was 0.777 mg/(g-h),
significantly higher than that of the other two size classes. The ammonia excretion rate of the crayfish
increased first and then decreased with increasing temperature, and reached a maximum at 30°C; among
the size classes, the ammonia excretion rate of the S group was 0.061 mg/(g-h) and was significantly
higher than the other two sizes. Temperature had a significant effect on the oxygen/nitrogen ratio of the
crayfish. 2 The level of ammonia significantly affected the oxygen consumption and ammonia excretion
rates of the crayfish. The oxygen consumption and ammonia excretion rates increased with an increase in
the ammonia concentration, and then decreased. The oxygen consumption rate reached a maximum at an
ammonia concentration of 8 mg/L, which was 0.663, 0.332, and 0.195 mg/(g-h) inthe S, M, and L groups,
respectively, whereas the ammonia excretion rate reached a maximum at an ammonia concentration of
12 mg/L, which was 0.123, 0.049, and 0.034 mg/(g-h) in the S, M, and L groups, respectively, and was
significantly higher than those of the other groups. Furthermore, the ammonia concentration had a
significant effect on the oxygen/nitrogen ratio of the crayfish. The Qqo values for the oxygen consumption
and ammonia excretion rates ranged from 1.102~3.361 and 0.346~3.417, and at the minimum values were
at 25°C~30°C and 30°C~35°C, respectively.

Key words Cherax quadricarinatus; Temperature; Ammonia; Oxygen consumption rate; Ammonia
excretion rate
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T KIBURE HRp SR ARA 5 4

AN K M R Tai’
OB Xmi#’ Az

(1. WL R AR A S22 be Wi Sl
P ARFS AT N TR SR E JRE WS E AR R M

316022; 2. KR ek 5

510300)

FE AR % 8 W AR B K B #F(Macrobrachium rosenbergii) # 7 37 % & 7 & HUAG SRR R, 4
B, WAL ALA R EE . WA & IR 2 4 200 = 2 3k (semicarbazide, SEM), # % H 7 7 i #L A&
FRESARALFWNAREE, THELX2RERBERALE., £REF, PREILTELUAR T
SEM -F3# 4 & ¥ (12.90+2.47) pgkg, H£ &, SHFBER . SsRFEE)FHFHEELH A
(33.2943.06) . (29.00+5.67)77(28.10+7.08) ng/kg, & & EH 77.9%. ALK F SEM 4 E& K, THHE
#7(1.83£0.24) pgkg, FEALF SEM 4 & A& KA K 4 G IR>50 72> B> >8> LA & K &>
>SN A A TEHAMTHEARFRAEURX 2 KBIEAA SEM By R IF 2 AR EE 2SN E%,
E, ZPRERTEFRZ KRB PRy ERA Y 2N, £REE SEM WRESE, U

BRRAFHIWA L,
eS|

hESEE 065763 XHELFRIRED A

R IENR (semicarbazide, SEM) X 44 & Jk FH Bk ik, J&
—FE PG BERL, ARG s A, BT
AT P ARSE 25 o R PR AR LA )BT R AR
X R 28 2 TQPAPR T L =2 [T . L8 LR
J A AR KA (A, 2002). (HIZ25W80A v A
WEREUE MBS AEER, hE . HASHRRE % 5
B X 8 A A SRR Y i X S 2 ) (Park et al,
2017; Shendy et al, 2016). W P4 HR7E F 25550/ Nt Py
AR N 5-AY 3L-2-BH 8% (5-nitro-2-furaldehyde, NF)
1 SEM (Wang et al, 2019), Hif, SEM nJ 54H41%%

ZRBI; AR, k@A oA AFAE
XEHS 2095-9869(2022)03-0103-07

A, YR NRREEEEE, R (L et al,
2010; Tang et al, 2018; B ARZESE, 2012), H1E R kg
PRI 5% B2 FR 4 (Zhang et al, 2016), B HLE sh#
TR i b SEM B IR B 225K 4 1 pg/kg (Shendy
etal, 2016; Wang et al, 2019),

X SEM WK 5 %4 %2 (Du et al, 2014; Li
et al, 2017; Zhang et al, 2016), ., BAHE S B
JB 37 (LC-MS/MS) F T . 28 58 08 R ofie i 5 v o
R, S H TR S IR PR SEM BR B Y A
R o R IE TR . X Sl TR T A 2 I i S
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) SEM HEATRTAE AR N , P48 m S fb e 4 b )5 I
PLIE (Wang et al, 2019; T EI4H4E, 2012). 4Rl , SEM
AT A 9 mT B SHe R 10— PP IR M R DR 26 S, X
ey oo T & i AR A7 (Calle et al, 2005; Kwon
etal,2017), IL4h, SEM 7E HAyA ¥ (Macrobrachium
nipponense) . %' [ 73 ¥ (Macrobrachium rosenbergii)
FiyAl 8 (Eriocheir sinensis) & H1 7628 K 7= il o 42 8 G
th, HANEH SEM & a2 = T LA (McCracken et al,
2013; EAhm4E, 2016), RUITH FE KSR N SEM 3k
Uz, MEDIERA X o3 RAE 2 2R L BRI A SR
Pefdi R VMR AT E0%E, H SEM 7E H Fe 2R sh Wik iy
H LU A RRAE AN B A , Bl D A DG SRR RE, X 4
P THER,

AHIE 5T LA A A 0k g PG AR ) 2 TG TR IR S A 58 %
%, REMMMMEFES, FEARALDNE SEM &
i, A FIRERAERRRE . KR TR SR R il fn
(Carassius auratus)ff i BRI 25 5, F5F SEM £ %
[CTRARAR N R LH LU A REAE 4R HA IR & 1K,
TEEAT R TQTH A vk i VG AR AR 490 4 5 B8 Al i, Ay
X A3 LG 38 2 PR 1 7= AR A & AN IR Bl R
HERL2A A, Ry ikt f0 T 2 4 WA R HIE B 10 kA
e 2%, AAEENATLE L,

1 #wRERE
11 HmXRE

B IR R A R A8 SR B R 1 %[GR AR
FEIAERL, FEA AL BRI TR IR XI5 6 KI5
i, B 57 T A T R ot B £ O AR A A A
3kg, [FMF, SREMMIRIE . FRAEK . R IR IR M)
B AR SR % G T R AT 5 2 A g SS9 A
(21.00+2.21) g F1(48.00£10.20) g, “F-I4LE 24K A3 )
9(9.93+£0.31) cm F1(11.90+0.47) cm.,,

PR AE IR T S RS, BUILIA . Shse (i
FERSkMSE) . WIRREZE . F. ZIRARERFRAR) |
AFERRCRE SO SR ) | B A FDB R R/ A, R
S5 L /NSURIEE 2 /NS, 2 1~3 SR, B 1S3 R, 5
1~2 i Je S e a5, BIVBR A 7 1k a7 b 1) e A1
R ) AURE o K LIRS R BL IR BE L Ahse
JHE AR 43 R ) B T B/ NBORL, LR 2% B2 2 248 LA
55 H0FE R bR 0 50 ok WL PR S 1) 2 2 e, el oy LR
FHEC & 18] B 1 5 B 3 1 % IR (Litopenaeus  vanname)
Be A ik 2 B, A AVERE IR [RIB IR R, T
A I HORE 20 CHR- TR, .

12 #ZEm5iLH

HE . MR B8 635 46 (Sigma, 3£
E); faibal 2-as 3 R s . R A ZK (EgRTRL T
HEABE A RAR); Bk omek . —H IR
R L (R W Nk S s = /N D FR s
gl IR A 40 (H 2 L= A R AR 37%%
MRER R (Merck, f5[E); 60 mg/3 mL HLB [&AHAEHUR:
(Waters, JE[E);0.22 pum A3 HLAHJE RO HE T HUE S5
WA RAH.

K P ARBRAE A (LR R 99.0%)Fil SEM. A i fih
(4L 4 99.85%) (Dr. Ehrenstorfer, f[E); SEM iR
YIARUE S (LB 99.8%) (Sigma, E[E) 7K A HE4lK
13 U=/EH

W AH (i Waters ACQUITY UPLC I-Class, [t
BRE S . OUIERIE AR . TSN Xevo
TQ-S = PUMATBIEX, B miZ (ESHE TR, fif
FHAL BSR4 () MassLynx 4.1 3044035 Bods R4 740 38 ; 7
OB (5,3 HPLC, Waters 2695 Bt 2998PDA A& £ ;
Anke DL-600B #2505 L (i 22 S Bl 2FAUER ) )
ZHWY-200D 7 22 % 36 18 Y 4% 35 7% (9 5 3k 0 B
v/~ dl); MS3 basic BUJE B YR A (IKA, FEE);
DTA-3 B A3 PEAL (7 MM BLTEA A5 BR 2 /) 5
N-EVAP12 & MW AY (Organomation A&, FE[E); JI300
RV K- (BRI AR ) ) s XS204 BT 432
— L, F K- (Mettler, Fit:); FWI100 5 &5 3 J7 REH)
MLOR R RS A PR A A

1.4 WMF*E

% G VH R R e 25 AR A O A T AL B S 2
i 783 S H-1-2006, FEHEAT THRAL, B4R .
HCI BT S mL 3402 10 mL, ¥ 0.2 mol/L
FEEE 0.5 mol/L, LR LBEFHERNFEES, F40C
TRSWKT, R 2 mL 10%H BEERER, B4
5 mL IEC g G . S HLB /MEA 3 mL H
FEF 3 mL /Ki&fL, SR)G, B EEWLL 1 mL/min 3%
R, FER W, 3 mL 40% H BRI VESS , BF T/
R, B 3 mL HEEPERL, UCEEVERE ., 40°C AR
WL, HVREAIMRAIHERE 1| mL, i
0.22 um A HLFHUEME, FFil, (A )ik 2% 90
RN IN T R(B AR S5, 2016),

L3 JEC U RN SR BE K AR T ek P AR ). SEML R A
M, 53512 % E A (2016) IR SLEAE(2013) 1 5 1255
TR IR PE AR S SEM BRI, ZEAR0LF 1486 =
IN-8-2010 Mz Tslam %5 (2014) 8 512 .
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2 HRE5HH

21 ERRRFMEIMRAL

AL B FE S RS 783 5/ 45-1-2006, %
B 32 B XoF B A2 K it TP A i R ok g 2%
IR I E . 2 g HEAKRH S mL 0.2 mol/L HCI
KA, HE TR SEARMES, ETH
DI B 85 2-fif 388 AT A b o (B il iz r o v i
KAMFERR A g B A5 H th & A 1) CaCO; 22 5 HCI
KRN, SFEUAZS HCLKRE %, pH e, &
ST A A S N B AR, 85 T IR R AR (T 2 R 45,
2012), AR ERMRACR, HEFEL RS AR EE, %
W5 HCL AR R 5 mL 35 % 10 mL, [R]AT,
SRAESN R 20K I PU AR 200 5 1 2 IRTR AR ALY, X
Fe 10 mL AS[RIHRFE B HC 1 X 1 2R il iR K fi sk
He, IFSAY SEM S ULE 1. 24 HCl SR A =
F 0.5 mol/L B, LA AN B #HE  HH SEM & S48
PR, SUrANE SEM &8RS, B
10 mL 0.5 mol/L HCI % 7K it

~ 210 |
% 200 |

® 190 |

<180 |

3 170 f

m

% 160 |

—— LN Muscle
—— M4 Exoskeleton

0 0.10.20.3040.50.60.708091.01.1
LR B Concentration of HCl/(mol/L)
K1 ShEEs LA 2 A R HC ¥ 0K e
M3 SEM % i (n=5)
Fig.1 SEM concentrations in exoskeleton and muscle

after acid hydrolysis with different
concentrations of HCI (n=5)

2.2 EHEEREERMRKL

BT KRR RN LB 2, s AN TR A2
AWIRE SRR SEM 5 REINE BUREI BT AT RE L 22
MRf . fTAfl . $RECMIMSE)S , I HLB /MEEL
AR PC AN [5) L B3 P R K P ROE A T o At 5
5, DIBRASHAER A ERCR . 4R /R, 3 mL 40%
R AR ARG, 24 3 mL e b A
ML BIR 40%LL RS, SEM ANEBfit:lwsr; X4 H Ex
4 LE A3 I 2 50T, [T iz 54 bk e 92 BRIV e AG 0 3] 2>
i H Y. AR ATREZ Pk 2528 0, HARK HARY)

BB KRN 3 mL 40% FF EE I . N 2 AT LA
¥ SEM M HLB /M |58 @R 2 3 mL HEE, #K
iff 2 LAy [ AH A% BT R DRI LAk s T vkis 2 %
[CIA IR | fill fa 25 2R AL SRR 5 b SEM A7 2R 0 B AE B

= 20+ S S

10} /

O o

0 10 20 30 40 50 60 70 80 90 100
PR AR AR 3L

The percentage of methanol solution/%

¥ 2  SEM 7E 60 mg/3 mL f HLB /I B BEM 2k (n=5)
Fig.2 Elution curve of SEM performed on HLB
cartridge (60 mg/3 mL) (n=5)

23 AEREET

T2 75 EEAR I AR S BR T 2 ECIR R Y R [R] 4
2V, ISEFRIERYE . FEAHK . TR R R I £
AN TRV RR SR TR R AN s o T Hud, 7R 1
B AN T RGN 7 A ) 3 R v ) B e A I 45 L A
FRLEPEVEIR . kg [EDSCR FNA A7 O 22 (RSD), I
AL 3 A5 R 10 A545 1 Fb (SINY T 45 T 2k B 4G HE BR
e, W 1T LU, (R ARy ik 35 RE 1l
FE RS ER, bR FICRAE 70%~120%3E [F
N, RSD<15%, W] LIHHT ZHPFE S BRI .

24 FRAGHFmGNLER

B IR AR T A 2R S IR R F & 9 SEM
(1 3), RNFELLLH SEM & i i 2 B IR >4h5e>
Ji2 >R >8> L PR 38 B2 J2 > > AR B R > WLIAL o AN [R) 4
ZURE i SEM (T34 2 4(12.90+2.47) pg/kg, Hrr,
HHRH SEM riEf i, i530(33.29+3.06) pg/kg; H
R A FE 1 (29.00+5.67) pg/kg FRE 2 Y (28.10+
7.08) ng/kg; WL SEM EX& &AL, H(1.83+
0.24) ng/kg. ZHRH SEM & ENLA Y 18.20 fi5, 4b
Fo MR 2 52 LA Y 15.85 £5 A1 15.35 £5. B .
A 55 F1E A2 #B 0T LA e B EC IR I ) A1 B
(FLARSE, 2018; E3eAT, 2002), —=FHG1H P IAER
SEM & 81 77.9%. HMiiJE SEM & & AR AL
FESL, T B A BRI 2K 1 pg/kg, (L SEM )
R 235 SR W 2 QIR MR T Wk E AR, W 5 5 B0
FIETE B L
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Tab.1 Method quality control
v b LA LEBS %14 [m] i < AFXS A 1 fi 22 K 1 R JE it R
FE i . . . o . - o
Sample Linear range  Correlation Recovery  Relative standard  Limit of detection Limit of quantitation
/(ng/L) coefficient (r) 1% deviation/% /(ng/L or ng/kg) /(ng/L or pg/kg)
He WRE 0.10~100 >0.999 82.4~107.0 0.678~8.670 0.25 0.50
Biological sample
JKUE Sediment 2~2.0x10° >0.999 96.1~102.0 0.921~8.530 0.25 0.50
FH K 2~2.0x10 >0.999 86.1~105.0 0.850~9.130 0.25 0.50
Culture water
Pkl Feed 50~2.0x10* >0.998 78.8~80.4 1.240~5.820 300.00 1.0x10°
sl [ #51 Farm | HRAOAMERE | o OB AE 4180 SEM 77k 185 T i
3 L 2 Farm 2 S
35| FeR3 Farm 3 R, TEEAFILP R R OB SR AAILA T SEM

(=]
T
T

254 3%5 Farm 5
F53%6 Farm 6

I A B 5#%63%4 Farm 4
B P 49{H Average

N W
w

—_
wn
| e s s s
ron

e FE Concentration/(pg/kg)
= S

S W
T

EW@%W@W

CE S LF I G ME L
ZH 4] Tissue

B3 %R A RIA LA SEM 5 i
Fig.3 SEM concentrations in different
tissues of adult M. rosenbergii
CE: &H¥; S: A8, LF: BE; 1. B; G: fi;
ME: WIAZERREZ; L: IF; GO: AEFHMR: M: LA
CE: Compound eyes; S: Shell; LF: Limbs and feet;
I: Intestine; G: Gills; ME: Muscle epidermis; L: Liver;
GO: Gonad; M: Muscle

M E 3 AT, AhEES (R IR . Ahse R 2 ) SEM
i, AP SRR, IARLZNEEST
LA, AhEES % [RTR IR 5 & 48 SEM ALY, i
WA 2R B2 JIRAE R B a8 FOL A Bl £F i, SEM F-
B0 (5.41£1.40) pg/kg, NN & 2.96 15,
MBI 5T )G, 3R B2 (5 BUB 886 B8
fEot b, WAEAEN b, S SEUTFILA R K ZFALA
1) H SR SEM JK-FANA] o 7R J 2 v & B SEM ¥k BE
SICTENLA T R IR B s 3 A% LA | (McCracken
etal, 2013), ik, YL [CTHE R b ki Pu AR my 5%
RSN BT, A 2k A e /N0 o B LR 28 1 2%, AR
WLAFR Y

25 FRBERH SEM R 5317
WERRFMERR A R ZHZUT ) SEM 75 WLIET 4. fE

iU W R TMERE 5 AU L, SIS SEM
1) P i 22 I B P PR ) o TE R, RS B S v
SEM & #4391 (2.77£0.72) pg/kg F1(2.55+0.92) pg/kg.
TEFTAREG D, KB 4 0y 2R BRAE i (REERHOFF ), H:
SEM A28 48 H(1.17£0.06) pg/kg. van Poucke %5
(2011 )¥s % [CTH IR AAZHKG BSR4k , A 28 10K IR VG AR 2455
FHTC 7 b 27 QR AR ME S 28 AT, AP SEAE it Hh il
4 SEM ()& Hh 25 ug/kg, [RIFEIER] SEM TR Al GE7E
%[GR AR RIRAFAE

50 -
?040_ D7) e Male
§) I «} T [=-1 3 Female
%;30- |
E 7 :
N it
S 20 WAV md:
Q Z B A" :
®] Wi-| v
iid 7Bl k
g0

781 Bl E Fﬁ—}i
N CHIZHIZRIZE A o

CE S LF I G ME L GO M

ZHZ Tissue

K14 M. HER CTRER SEM & & X)L
Fig.4 Comparison of SEM concentrations in
female and male M. rosenbergii

2.6 IMERIEANmEFMEEINLER

JEEVE . FRIE K R BEAE i SR IR 2 TR R 1) ) )
TSRS H R PE AR, IR AR 9 SEM P
TN (0.42+0.02) pg/kg. WFFERB, HRIRGE 00
TR FUKFE Th 8% B A 3= K F 1) SEM. (Islam
et al, 2014; Kwon et al, 2017; Tian et al, 2016), 3L
I, SEM SRRz, B, FRGEHK I FRHEBCR —
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TR FE), FEFKAERTEH SEM Al RIE T2 [%
AR B B SR T Ja T 8 HaR, FRp L fE vl
FABEA S AT REHF A SEM, ALHEARE R . K5 K7
FEE R IR VY AR 5 A 5 PR, TARARYE G AC 5ok &
BAAHE A HEA SEM FE A (Islam et al, 2014),

(HARE RS, SR IR SRR 0, FEMA
FERUFFHR AR SEM. MISERFFE R, f, IR
i ORI P MRS, 2 Ps AR ™= 42 SEM, 7E 60~90 d
THERZE R B LU @ ARFAE, 2015; X455 45, 2013;
XK %5, 2013; BAARSESE, 2012), SEM TEJEIRHIH
TN R 18 (R B84, 2013), 4k SEM #im T
K BRI BRIy, faR2sxt SEM B 4. Ah, B
AR5 TCIR AR A i gE I IR 5 1Y) SEM . (Islam et al,
2014), ULEAY [IBEFR AT BE F 4874 SEM,

2.7 FBRBIFAIEME SEM Xtk TRk B4 a0 2200
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PHRARE T 45 5 0 FH kg PO ARA S 77 2B 19 SEM S 4
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R IR SEM FYASEE & &84 (1.83+0.24) pg/kg, Al
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Distribution Characteristics of Semicarbazonein Adult
Macrobrachium rosenbergii

MO Mengsongl’z, CAI Nan®, LI Laihaoz‘@, WANG Xufengz, WANG Qiangz,
GUAN Wangqi’, ZHAO Donghaoz‘i}

(1. School of Food and Pharmacy of Zhejiang Ocean University, Zhoushan, Zhejiang 316022, Ching;
2. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Aquatic Products
Processing, Ministry of Agriculture and Rural Affairs, Guangdong Provincial Key Laboratory of Fishery Ecology and
Environment, Guangzhou, Guangdong 510300, China)

Abstract As the most stable metabolite of nitrofurazone (NFZ), semicarbazide (SEM) can be
determined after the administration of NFZ in aquatic animals within a few hours. Because of extensive
tissue distribution and a long residual period, SEM is used as the exclusive marker for NFZ. However,
SEM is naturally present in the shells of crustaceans, such as crayfish, shrimp, prawns, and soft-shell
crabs. To avoid false-positive results induced by SEM alone and to precisely identify the illegal use of
NFZ, further investigations on the distribution characteristics of SEM in crustaceans is essential. In the
present study, samples of shell, muscle, muscle epidermis, internal organs, and compound eye were
collected from Macrobrachium rosenbergii shrimp farms that were not exposed to nitrofural, and SEM
was determined in order to investigate the background concentrations in different tissues of the
commercial shrimp. Samples were evaluated in accordance with Announcement No.783-1-2006 of the
Ministry of Agriculture of the People’s Republic of China. As multiple tissue samples, including
compound eye, outer shell, limbs, feet, intestine, gill, muscle epidermis, liver, gonad, and muscle were
assessed, the method was suitable for monitoring the background concentration of SEM in different
tissues of M. rosenbergii. The average concentration of SEM across all tissues was (12.90+2.47) ug/kg.
The average concentrations of SEM in compound eyes, shells, and limbs were (33.2943.06), (29.00+£5.67),
and (28.10+7.08) pg/kg, respectively. The lowest concentration of SEM was found in muscle samples,
with an average value of (1.83+0.24) ug/kg. The concentration of SEM in commercial M. rosenbergii
tissues could be ordered as compound eye > outer shell > limbs and feet > intestine > gill > muscle
epidermis > liver > gonad > muscle. Considering that it was difficult to distinguish the source of SEM in
M. rosenbergii, the background concentration of SEM should be deducted when determining NFZ
residues in this species.

Key words Macrobrachium rosenbergii; Semicarbazide; Nitrofurazone; Distribution characteristics
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RSO S AR B2 A X0 I G W TR A /7 SR T S A R R S A A S T 8 (1 52 1) 111

B (IMTA) ] 3R 45 55 4 1) 28 5% F A2 25 30 4 (Chang
etal, 2020), HAr, DIZEANUneE LT B S IEKIEH
HAL K T (TS 4, 2020), HAEsh/E R ] DA
DL WORIR &, 228 UT AR W /K T ) it 58
e CFEACIF 5, 2004), ol UUR ) AR W BE VR 45
¥ (Lukwambe et al, 2018),

AW GE AN A0 1) S A 2 A A 5 5 3 % Ay
IO IS F Vel CI VAW N - R 7N BURYIN i\
VeI 35 37 52 0 F A e A7 Z Al , LU A8 7R
SR 2 A AT X 5 A L IE DT RR B /7K BT K A ) R
1k (Denitrification) 1 X %8 & & 4k 7 H (Anaerobic
ammonia oxidation) 52  bF 58 45 s A B F 41
THEEKIBE IMTA REGEARE SRR B
T, I R oK SR8 R 7K i A e A A R R K 4
(e = R Ei

1 #RERFE
1.1 LGS

AW AE L ZR A H IR R X G AR G H R
TF R 7K 72 A PR S 51 (35°19'18"N;  119°24'40"E) 1
fFo SZIMIERTHANZ 0.4 hm?, WIENBEK N
60 m. Ti5EH 1.5 m. /KIEH 0.5 m By ILE 104, DL
B 2 B AR, JARKIE N 1.0~1.2 m, 2020 4F
4 A, BP9 A0 A SRS N
4000~6000 *i/kg MIERZISAF, WA N, J5—
MBI, AR BRI (TE I IX),

1.2 EIRFH*

T 9, 10, 11, 12 A%BEA NIXA 6 401
&, TG SR B R e 4 R S DT
FIZ(10 c)BES, 2391454 B1. B2, B3, B4,
B5. B6., MIZKHEM Bl 5 B2, B3 5 B4, B5 5
B6 HATHIIR S, 193 3 A NIXAES, Bob, 1%k
PRI DL DX A g R G 3 1 A SR A TG DL DX 3 3 3y
IrlgRS C1, C2 Ml C3. UUFWIEE SIS [A] B 7k
5, BT IR R RS
1.3 (8 FgE 7k K B4

MRER YST 2240 48 2K BoAs SGH A TS
M, il BR £h (NOy) | fiE R £k (Si07 -Si) . & A
(NH;-N) ., filfR3h (NO3) LS B (TP) S5 Bifk 2 53R br
KRB FREL A 3143 HT{X (Skalar SANP™ Analyzer, i 22)

R, 2R 25 a e B 1 I o 2 BB 2 R A9 <2 (G
NG RE ) SL88-1994 ) )5,

14 RERIEBFII

EEAS H A DLIX R I DU X 0 R A i 24 43 1) B
60 g & T 250 mL BEFREL, i 100 mL Mo TR
BEOK, SRATCE B ISR HOE A B
JEAERAA ST L 48 ] He WX 30 mino Mt 36 4> 12 mL
525 JEFE (Labco Exetainer, Lampeter, J:[E), 43
A E ctrl \E_amox 1 E_denit 3 M3E5G4H , B34 24 1
Horb, E_ctel 5HI4E, W0 PNHE (99%°N), T
WA R b S A B R AR DS, DLRASIE R ''NO;3
BB O LINFESE ., E amox HFZ4, ¥in "NH;
(99%""N)+"*NO3, JII F i a2 R S A Ak O A7 7E
E_denit Jit34L, Wi NO5 (99.19%"°N), HIT
VIR A B2 1 TR S R R B A V(3 1)
S 4 mL YR SRAE SO A T2 SRR, R A He
K 30 min, PMEHEE AR o B 2SS G
TEREGAAF T HEFEH55% 5 d(180 r/min), i H 587334
FIRERE, HHRRIUBRY AR N0y, %
FAMAMA PNOs. PNHi. PNHi. "“NOstR
WEVA RO e e B 1R 2 100 pmol/L, 7EHN PN
FRCHIGRIEE 00 3. 6. 9 /NI, AANS2I2H 435
B3 ASFATEES:, JA 200 uL 1Y ZnCl 75 (7 mol/L)
2k, BT 36 MM, FEMET 4 CIURAR
FELAINRE Ny 0Ny B B GRIE, 2017) AR IR 20(1)
A 3 (2) 4 B E 5 R SRR A TR Ak R
(Thamdrup et al, 2002; Dalsgaard et al, 2002),

Py +2x(1-Fy)x PRy
otal — FN

(M

Diotal = Poo ¥ FN” )
K, Ao AREZAFEHEZ [umol/(kg'h)]; Diotal
N A E ZE [umol/(kg-h)]; Fy K SEHZH E_denit
H PNO; 5 B NOHI T 23 H 5 Pag Fl Pyg 23 B2 5256
A1 E_denit H N, 1 *Ny 9 42 i & [umol/(kg-h)].

1.5 N EBEHEEMNE

PR IEFRL AL 5, BOUERER, B 1 mL iz
UAEZ He (99.999%)K 475 B Labeo H 25 KA,
BT GasBench Il #£ i #rh, (AR R0 R g
1% (GasBench IT —253plus, 2&FE)IE PNy, N, iy
A
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Tab.1 "’N slurry incubation experiment groups
S [ 37 2% 24 i I EEVAES AW SE I 5E A1
Groups Isotope medicine Tracer added Final concentration/(pumol/L) Isotopes measured
E_ctrl SN NH,CI SNHS 100 PNy, N,
E_amox SN NH,CI+'*N NO3 NH;+'“NO3 100+100 N,, N,
E_denit 15N NO; NO;3 100 PNy, N,

1.6 HIEFZIt54bE

% FH Microsoft Excel 2016 & 4474835 2% B
I, R SPSS 25.0 H{FHEA T 2 2 4%
Hr (one-way ANOVA), P<0.05 N E %R, P<0.01
2R

2 4R

2.1 inARiE pE kIR FE AR

DU BUK AR R BT R I 2.0 AR 2
LU, AN IRAE ], A DT DRI DL XA B oK

LIS PRI 255 . Hid, AIIXI44% a,

NO; ., SiO3 -Si il NOs & #7E4& H MR T LN X, &
IIX A NH;-N, NO; . NO3HI SiO; -Si & = 7E 35t
[ B AR T T s, A DUX TP & 10 A
FArRRE, 11 A, 12 A XEERRKE,
TIIX TP @R Rl TR .

22 REUEREENREEER

221 ANK A UIX 2N, CONG A il LR 1,
M 1AL L E_ctrl 525040 4 4 H N, FON,
Bk B, RIAIRBIR A &M LA KA .
AR AR A S, TURMIAS I F Y N Oy SE 4T FESE .

&2 MRWERRKELIER

Tab.2 Physicochemical parameters of porewater at sampling sites

H e TR MakEa AR RERREL R S

Month Samples Temperature Chl-a NO; Si0j -Si NH-N NOs P
I /(mg/L) /(ug/L) /(ug/L) /(mg/L) /(ng/L) /(ng/L)

9 H Sep. YB 23.9 1.6 49.7 2134.6 3.2 455.8 8.8

WB 24.1 1.9 60.2 3203.1 2.6 600.5 10.1

10 A Oct. YB 16.8 1.5 17.0 1965.0 3.0 173.4 5.4

WB 16.9 2.4 79.3 3005.4 3.1 197.7 103

11 A Nov. YB 8.8 0.3 15.0 784.5 2.9 127.3 13.1

WB 8.7 0.6 24.9 2071.9 3.6 315.6 11.0

12 A Dec. YB 8.1 0.2 12.3 366.7 1.9 323 1.3

WB 7.9 0.3 28.3 1772.4 2.3 314.0 10.3

H: YBAANX, WB RN

Note: YB represents area with clams, and WB represents area without clams

E amox ZbHHZH . 9 A, PN, N, ¥R B,
¢ B35 B IR R A 1F HOR A7 78 IR R A AL S
10 AN, A B BR, R IA 2 B 5 IRE 41, PN,
AR R, RRFERAEARN; 11 H, PN,
2 2R, FIALAERE AN 12 A, PN,
NG R B, R K B R A S H AR AR
ALY

E_denit ZbBRZHH, 9 H, PNy RZEM, 1 *°N,
A B R BT, R R A A A AL H

A AL SRy, i BT 0, SR AL R
0.005 8 pmol/(kg-h); 10 F, 2N, Fl N, ¥4 BFHH.
ON B BT PN, R WA R A SRR S
RN, HIRAE R TR AR AR, 401
o, AL E S 0.003 9 pmol/(kg-h), KA
AL A 0.000 92 pmol/(kg-h); 11 1, PN, AT &
B, RIAFERAZ AN, i E I, KA
RAAAL RN 0.000 93 pmol/(kg-h), T N, A
fT B, RUAEAE AN, 23T, I Alfk
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_——E_ctrl®N, ——E_ctr®N, ——E_ctr®N, ——E_ctr®N,
—E—E:amox”Ni % Sep. —&-E_amox®N, 10 Oct. —8-E_amox*N, 114 Nov —-5-E_amox*N, 12 Dec.
0- 1 6 _e_E_an.lDXZ?}I2 YB 0. 1 2 —9—E_am0X29N2 YB O. 12 r _e_E_am0x29N YB 0- 12 +E7am°x29N2 YB
~ -— E_ctr¥N, ~ -— E_ctr®N, 2o~ -— E_ctr®N, A~ -— E_ctr¥N,
2 0.12 b E_denit™N, 2 - E_denit®N, g - E_denit®N, = % E_denit®N,
g —— E_denit¥N, g 0.08 | -4 E_denit*N, g 0.08 | —a E_denit™N, g 0.08 | —& E_denit*N,
= = = El
< 0.08 < < <
Z Z 0.04 2 0.04 Z 0.04
7 0.04 5= g I’ g o= ° I 2
B ek g ® &
0 1 1 ) 0 0 1 1 J 0
0 3 6 9 0 3 6 9 0 3 6 9 0 3 6 9
ffE] Time fifjE] Time ffE] Time fist &) Time
—o—E_ctr¥N, 9H Sep. —o—E_ctrN, 10H Oct. —o—E_ctrN, 114 Nov. —o—E_cti’N, 12 Dec.
0.15 [ = B amox’, WB 008 = Eamox'N, WB (.08 = Eamor'N, WB  0.08 = E_amox'N, WB
— : —e—E_amox®N, . - 0'07 —o—F_amox®N, - . —o—E_amox®N, —_ : —o—E_amox®N,
| -— E_ctrN, VI T -— E_ctr®N, A -— E_ctrl®N, -— E_ctrl®N,
% 0.12 -+ E_denit®N, % 0.06 I % E:denil"Nz % 0.06  -x- E_denit®N, o % 0.06 |- -5 E_denit”N,
E 0.09 | & E_denitN, 0,05 | & E_denit™N, g —— E_denit™N, g &~ E_denit"N,
< = < 0.04 < 0.04
2 0.06 Zz 0.04 2 z
¥ 003 o 1 0.03 o 17 0.02 gyt 8 17 0.028
g V0B = = & 0.02" = 1 K &
0 ' ' 001 : : : 0 0
0 3 6 9 0 3 6 9 0 3 6 9 0 3 6 9
ffE] Time fi5f[E] Time fif{&] Time B{E] Time
Bl 1 A DX (YB) 5 JE UL IX (WBRER Y 2PN, . 0N A i
Fig.1 The amount of N, and *°N, in samples obtained in the area with (YB) or without (WB) clams

2R 0.003 9 pmol/(kg-h); 12 A, PN, kK &
BT 2N, % 0 BB, R AR, 2831
SRTA, AR R 0.002 8 pmol/(kg-h).
222 RME  HIX PN, N, A LA 1,
ME 1 ATLLEH, E ctrl AFE4r, 4 4 HEES Y
PN HONG YRR, WA IR SA S A B S A
Y YNO AT RESE, O X B KA AL
JABAL BRSOV . E_amox AbPRZHH, 9—12 H
FEAREY 2N, A1 ON, # K BB, RMABIR A SAE,
HARLETE IR A A A ALY 5 E_denit A BEEAL A,
9 H, PNy ok BRI N, Bl R, RUAREAER
AAFALR N, (AAFTE RO AL N, ST A,
A AL 52 H %k 0.004 8 pmol/(kg-h); 10 A, *°N,

G BRI PN, KRB, R R S E A
RAF AN, SIFE T, A E RN
0.002 1 pmol/(kg-h); 11 J, N, RKEME EH, *N,
GRTE, RPARFAEDR AR AN, e
b N, i E A A, Ak N R N
0.001 9umol/(kg-h); 12 H, N, K2 N, £ i £
T, FIARTEE R R AN A A SR
AT, AR %R 0.001 4 pmol/(kg-h).

23 REUMRESENREERZMER

A DX U R AR A A S 3R | SR A B
JO7 3R (] B K BRAL S BN SR A 4 R L 36 3
MK 3 W LUE N, BEAFREE R, WY/

x3 MBRYHRBINRNEZRSNMERERFHEIESHT
Tab.3 Correlation analysis between nitrogen cycling reaction rates of sediment and environmental factors
. 4 s SR L A ]
HH Temperature/C Chl-a NO, NH,-N NO; TP/(ug/L)
Items /(mg/L) /(ug/L) /(mg/L) /(ug/L)
D A D A D A D A D A D A
[—] ok * ok * ok ok ok * *
il [Z, 0.9 -0.3 0.6 0.1 0.9 -0.5 0.8 0.9 0.9 -0.3 0.5 0.5
Area with clams
[—] ok * ok *
LR 09° — 05  — 04 — 02 — 097 — 05 —

Area without clams

T D: REHERHE R A RAZAM AR * oK 35 25 5(P<0.05); ** Rl ik 3% 225+ (P<0.01)

Note: D: Denitrification rates; A: Anammox rates; * indicates a significant correlation at the P<0.05 level; ** indicates a

significant correlation at the P<0.01 level
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K BT B A A R % TE] B K R . NO;
NH4-N. NO; & &M H HA B 8 35 2% 57 (P<0.01),
HitggEz alRE TP & A L 22 1 25 AH 5C(P<0.05),
PR EAL N 3 A NHE-N & A7 e H A )
FEF(P<0.01), 5 TP, NO, &AM L7722
F(P<0.05), SR, MK a WlE . NO; &&=
Lb e i 3 2% % (P>0.05),

Jo DU DX PL R B Al A s 1 o 58 5 ] Bt 7K B Ak
SRR R W 3. NR I WLUIEH, T
DU TTRR /7K ST %) S A s oy 3 46 5 ] B 7K i
FE . NO; & 240 L B A 2% 22 % (P<0.01), 5Hnt
4tk a. TP FEtflb B 325 5 (P<0.05), 5 NO,.
NH;-N &4 22 5 A8 22 (P>0.05).

3 g
KA 25 B G UL AR K B AR IR R R

HFE RS L (Nitrification) . SUAifb . IREAZE LS
B Ak 2 S AL A0 B 7R A R TR B R (NH et
NOFIl NO; W FE, BEA AL BRA VLY (R4,
2016). S il ARAE F 2 R AL 40 B 7E IR R F T
B NO3IARJF A i N,O Fll N, Ak B, 1 IR AR & A Ak
)2 IR S S AL i A IR AT, NOL A
NH R N, i, B, XTFKRKESRER
PGP AR BT 5% 32 2 AR AL A SR Ak s A 3, P
SOt H 145, 2020) ., Rl ml (g, 2017).
WA (L, 2017) . UK (G R, 2020) . FF
[ (Dien et al, 2019 =85 RS, KWLk, KM
bl 72— EBOA IR KA S R G AT B —i&
2. ¥ Tanaka %(2004)F1 Middleburg %5:(1996)%7} it
ORI AT R R S5 SR B, I e nT L bR
Hrh 67%~80% M) & AALA Y, A — LT
FTR VS X/ T R B, A AR 1T BR
20%~60% [ fili Y5 & 17 ff (Barnes et al, 1999), H
Mulder %5 (1995) 1 UCAE A= P i & A0 IR B2 b #5%
R, PREAEEAN LK, AR AEE 48
WAREE T AT EIE LGN, R
2 SSRGS

Thamdrup %5(2002)f F kB T ARAET RS
) R A RN, FF A R i 2 v —d i Ao O
WU R b ik 67%2 IR | & E Ak i
SERUI o LIS, 7E H A KB 2 2k T i DT R
(Fernandes et al, 2016). i [ X I 7T FR ) (Meyer

et al,2005) LA J Bl 4807 7K [X 38k (Kuypers et al, 2003)
N e ¥ Wl WINE - K A W S VA SE  SIEDN
WL RS R G VTR SE R A A AL R 9K
AT IR AR WAR P A 142552 (Fernandes et al,
2016), AR, FREBl A R AR A S R Gk i
ZZEEHT (Zhu et al, 2013), KAEH 158(Zhu et al,
201 1)FR /K 1 3% 58 M ¥ (Shen et al, 2016)%5 i /K
HEB RGP RGBT IR A& AL N E 50T
TP RGE R, (A DG K SR th I R 48 b
AT R IR A8 B S SO 0 AR WL ARGE . AHE9E & B,
JE A AT 7 A T EAE DL IX TR /K B T A e IR
AR, L FE T IR AESRER
PEI AR, X AT B2 TG IER R T80T
JRATE K S TR, R, SRR AT e 4%
Hedte NHy (B AT, 2011), ARAE A LS 4L T
FRLJEY) o IRAE B ATRSE , Z IR E 5
M Z (LN, 2017). ABFFEH, A W IXHALAE 10 H
A1 53X — D2 AR e i B 4 R B R A A
3 AN REN 3 VAT I TR A PR K e A

FEMRZE A 5 5 B8 AH S 98 2 80, th Faliak b
M e E IR, HREIR SRS IR B S, BB
B Ak B2 i #38 in (Dien et al, 2019), AR5,
A DU i 1 SR A s 8 8 T IEDLIX, AT RE T D
E AW FEOLRTURY AL & Ei e, W
i, D128 BRI o - 2CE AU R n, DR
T AR BOA A E(DO) & 1 19 R %, A UM
A S B T 22 RIS 7R A DLIX 5 T DL X il
A R ARSI R B, 9 A SRS AR S0 8 R 58 )
KAE, FIRE2 0 9 A SR T a4 % 5 3% v iR 32
WA RAE I RS 5 0 253201 7)WF R R, IR
0 R A b s I TR R R A n el 2
AL NG 3l , Ji5h, AR A, 9 H NOsHkE
B i, KA NOs & 1 7T A SO Ak B g 4t 5 1 i
Y, ARk RS Ak RN Y kA

AN, T AR IS A DU Th e 3l Y i
YER, & Ay LK A DT, AR DR
HIBRAK ) O, SriEH N, fRHERALIN, Mt
W AR HETE Z [ W RYI(NO; . NO3), [ENf, O, &
(3G I 23 B A AL RN, T3 S5 TR A
AW & A, SRR, AP A
SR FE R TR E BRK 1 DO, JE R SE A BT,
AR, A FITRAE AR N B & A, (HA ] BB R R il
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AL 2k TR R R o 73 Ak, A AR B N
IR S 48 Ak R g 78 2E 4T B 2 3R] R IE A
CREDLAE, 2016), KL, 780 fe it A7 e 4
AL

ARG LI, A UK JG0 X YU SO A
07 3 2% 5 e BE A B 3 A 06 (P<0.01), IR
W S A Al S N R K, X 525201 7) 52 45 SR A
— 3 A DX R A A ALV R S NHy 23 )
i PEA 2 (P<0.01), X AT RE/E FH T NH4-N /E KK
A EA Y B AR R YD, NHy-N ¥ B 538 ]
PR PR AR SR AR S B (R 2R AT o A DL X5 T DL X I i
LR R 4R a WoE R WA
K(P<0.05), MHakz a ik m I RR KR A fE R
WS, BEIERTOh SO Ak T B AL P (B U A
2021), fEE R AsfLan T sem, Wik, s s
o FE VTR Y SR AL 3 AT BT i . P &K i)
Yok T, IR S F ' 4B Fe
A P, FFEERF ARSI TR S HE A K
Ty DO HEA TR, HUE LA Fe® BALIK Fe' i
SiAWEEEZM) Py PR NAFIT P b, A
SHAEB > HAB AR Y T, Fe® S p T8kl
MU L3204, NIAEISS &%) P fEFAR IR AT
FREMIE, TP W IR A AL LA K S il fk
RN AR EZ —, ok, RS, 01K
AL N Xt NHy-N| NO3 . NO IR LI K TE I X 5
NO3 R B 1 B H A5G o L8R NHA-N 5 i fe
NAFTEIEM LB WAATE, 3 nl fe b a8 1 S 1Y
KA R RO R E T NOs FIl NOSJEY, i —
IGAFAE o PRAE AL S0 T NO, i NH,-N e L
AN, FFERER AR H N L

Zx LPTR gk g v IR A SRR R AR A T
R K 5T ) R AG A B AR T B s, A
FKERAUER TKRKESRZRERNGHEILE, BRI
Ji U 7K 5 58 R K A WAk T VRS T3 S

Z % x #

BARNES J, OWENS N J P. Denitrification and Nitrous Oxide
Concentrations in the Humber Estuary, UK, and Adjacent
Coastal Zones. Marine Pollution Bulletin, 1999, 37(3/4/5/6/
7): 247-260

Bureau of Fisheries, Ministry of Agriculture and Rural Affairs,
National Fisheries Technology Extension Center, China
Society of Fisheries. China fishery statistical yearbook

2020. Beijing: China Agriculture Press, 2020 [4&)V 4 #f

v P Ry, A KT EOR T R, I K
FRAEgy. 2020 thEH SIS, e TR EAOE
WAt 2020]

CHANG Z Q, NEORI A, HE Y Y, et al. Development and
current state of seawater shrimp farming, with an emphasis
on integrated multi-trophic pond aquaculture farms.
Reviews in Aquaculture, 2020, 12(4): 2544-2558

CHENG H H, ZHU J X, QU K M, et al. Effect of different
organic carbon sources and C/N on the bio-filter purification.
Progress in Fishery Sciences, 2016, 37(1): 127-134 [F£ifF1E,
AHpr, mhve, 55, AR UKD K C/N X Pk
RCR R, bR = 3R, 2016, 37(1): 127-134]

DALSGAARD T, THAMDRUP B. Factors controlling anaerobic
ammonium oxidation with nitrite in marine sediments.
Applied and Environmental Microbiology, 2002, 68(8):
3802-3808

DENG K. Nutrient exchange fluxes and biological disturbances
at sediment-water interface in typical coastal areas of my
country. Doctoral Dissertration of Ocean University of
China, 2011 [XBW]. 3 FE LAYV R TR — K A
Frh A ik S AW S s v RO
TR, 2011]

DIEN L D, SANG, N V, Faggotter, S J, et al. Seasonal nutrient
cycling in integrated rice-shrimp ponds. Marine Pollution
Bulletin, 2019, 149: 110647

DONG S P, LIN F, JIANG W W, et al. Estimation of carrying
capacity of Manila clam (Ruditapes philippinarum) in
Jiaozhou Bay based on spatial and temporal distribution of
chlorophyll a. Progress in Fishery Sciences, 2020, 41(6):
100-107 [FEMG, ML, 28R, 5 BT amf=s
I3 RN L IR B AR AP IR A A B Al . Wb B R,
2020, 41(6): 100-107]

DU Y F, ZHANG Z N. The effect of bioturbation of Philippine
clams on the vertical distribution of sediment particle.
Periodical of Ocean University of China (Natural Sciences),
2004, 34(6): 988-992 [#tiks¥, BKikrS. JEAEEIGATFINAE
Pyl xR ORL A L0 A B R R oA
(FSRBIEM), 2004, 34(6): 988-992]

FERNANDES S O, JAVANAUD C, MICHOTEY V D, ¢ al.
Couplingof bacterial nitrification with denitrification and
anammox supports N removal in intertidal sediments
(Arcachon Bay, France). Estuarine, Coastal and Shelf
Science, 2016, 179: 39-50

JIANG H Y. Study on nitrogen and carbon cycles in lakes in the
middle and late period of algal bloom outbreak. Doctoral
Dissertation of Yangzhou University, 2017 [YLIfF7. #EtE
R FIIIARR RO, MR AT
A2, 2017]

HUANG Y Q. Study on vertical distribution characteristics and
flux of N,O dissolved concentrations in the large and large
reservoirs of Lancang River. Master's Thesis of Xi’an
University of Technology, 2020 [# V.55, VLR KK



116 ook B

543 %

SR SR A e S PR 1) 3 A R A BOm IS P 2
TREAR AT A28, 2020]
KUYPERS M M M, SLIEKERS A O, LAVIK G, €t al. Anaerobic

ammonium oxidation by anammox bacteria in the Black Sea.

Nature, 2003, 422: 608-611

LI 'Y. Study on the effects of temperature on denitrification and
carbon releasing in constructed wetland filled with Bark.
Doctoral Dissertation of Wuhan University of Technology.
2017 [Z=FE. U BERIB B ORI S Gl AL FTRE Rk A4 52
MaBFSE. SO TR AR 20083, 2017]

LUKWAMBE B, YANG W, ZHENG Y, et al. Bioturbation by
the razor clam (Sinonovacula constricta) on the microbial
community and enzymatic activities in the sediment of an
ecological aquaculture wastewater treatment system. The
Science of the total environment, 2018, 643: 1098—-1107

LU SM, LU G Y, ZHANG L, et al. Comparison and analysis of
water quality between industrialized ecological pond
farming and traditional pond farming. Journal of Aquaculture.
2020, 41(8): 7-12, 25 [Fhim B, AO6T, kA0, 55 WyET
WAL A= BT S A ST b E FRFE K BT LU B BT, K™ 375,
2020, 41(8): 7-12, 25]

MEYER R L, RISGAARD-PETERSEN N, ALLEN D E.
Correlation between anammox activity and microscale
distribution of nitrite in a subtropical mangrove sediment.
Applied and Environmental Microbiology, 2005, 71: 6142—
6149

MIDDELBURG 1J J, SOETAERT K, HERMAN P M J, et al.
Denitrification in marine sediments: A model study. Global
Biogeochemical Cycles, 1996, 10(4): 661-673.

MULDER A, VANDEGRAAF A A, ROBERTSON L A, et al.
Anaerobic ammonium oxidation discovered in a denitrifying
fluidized-bed reactor. FEMS Microbiology Ecology, 1995,
16: 177-183

SHEN L, WU H, GAO Z, et al. Evidence for anaerobic ammonium
oxidation process in fresh water sediments of aquaculture
ponds. Environmental Science and Pollution Research, 2016,
23:1344-1352

SHI Q X, HAO G J, YE T, et al. Research on eutrophication and
its driving factors in reservoirs of the Quzhou area. Progress
in Fishery Sciences, 2021, 42(1): 18-28 [JiilFit, A5,
MRS, A5, T DX 3 K SRR K A B B R A KT
ISR FIFFE. ol R4k, 2021, 42(1): 18-28]

TANAKA T, GUO LD, DEAL C, et al. N deficiency in a
well-oxygenated cold bottom water over the Bering Sea
shelf influence of sedimentary denitrification. Continental
Shelf Research, 2004, 24: 1271-1283

THAMDRUP B, DALSGAARD T. Production of N, through
anaerobic ammonium oxidation coupled to nitrate reduction
in marine sediments. Applied and Environmental Microbiology,
2002, 68(3): 1312-1318

WANG G. Nitrogen removal of sludge liquor based on simultaneous
partial nitrification/anammox/denitrification (SNAD) process.
Doctoral Dissertation of Dalian University of Technology,
2017 [ERI. T[] e AR /R AR 48 A A AL (SNAD)
FARMW G VAR A T 2058, KM TR 2=+
FEHEAAIIEL, 2017]

YE M. Study of influence factors on ammonia Nitrogen removal
in Wenzhou typical rivers. Doctoral Dissertation of Lanzhou
University of Technology, 2017 [FF#f. &M MAIA]E 7K
BALRIEZMF RG22 N TR i 50 A 2
HEE 3, 2017]

ZHANG M P. Spatial ang temporal distribution of nitrite-
dependent anaerobic ammonium and methane oxidation
bacteria in mangrove wetland. Master's Thesis of Xiamen
University, 2017 [#I#F. Z0MHIR YRR LR BUR AR
AALTNIR A R e S AL U E i 25 0 A 1) R 2R AT
FEHE2ENIIR S, 2017]

ZHANG R Z, Li F R, YUAN Q Q, et al. Marine nitrogen cycle
and prediction based on genome-scale metabolic network
model. Acta Microbiologica Sinica, 2020, 60(6): 1130-1147
[k HAEI, 223E0K, 2ff5f, 55 AR R Sk T3k
DS 2E AR 0 £ ST RL Y S0 R 0 2E A, 2020, 60(6):
1130-1147]

ZHAO F, XU H, ZHAN X, et al. Spatial differences and
influencing factors of denitrification and anammox rates in
spring and summer in Lake Taihu. Environmental Science,
2021, 42(5): 2296-2302 [#Xl, ¥rifE, ZfE, & K#IEER
PRI A A5 DR AR S 3 1) 2 ) 22 S S FL R R K
BRI, 2021, 45(5): 2296-2302]

ZHU G, WANG S, WANG W, et al. Hots pots of anaerobic
ammonium oxidation at land-freshwater interfaces. Nature
Geoscience, 2013, 6: 103-107

ZHU G, WANG S, WANG Y, e al. Anaerobic ammonia
oxidation in a fertilized paddy soil. The ISME Journal, 2011,
5:1905-1912

ZHU Z Y, YU D S, Li J. Influence of C/N on nitrogen removal
performance and kinetics characteristics of ANAMMOX/
denitrification synergistic interaction. Chinese Journal of
Environmental Engineering, 2016, 10(6): 2813-2818 [43L,
FAige, Z2H C/N HA ANAMMOX 5 5 fiti fh 1 7] it 48
PERESZ IR KB T3, BREE TR =4I, 2016, 10(6): 2813
2818]

CI N



4] RSO S AR B2 A X0 I G W TR A /7 SR T S A R R S A A S T 8 (1 52 1)

117

Effects of Ruditapes philippinarum on Denitrification and
Anaerobic Ammonia Oxidation Rates of the Sediment/Water
Interface in Seawater Aquaculture Pond

ZHU Wenjun'”, YUAN Shengyi'?, LI Jian’, CHANG Zhigiang™"

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture and Rural Affairs, Laboratory for Marine Fisheries Science and Food Production
Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao, Shandong 266071, China)

Abstract The eutrophication problem caused by various reasons such as excessive nitrogen level in
aquaculture wastewater are the most critical obstacle to the sustainability of aquaculture industry in China
at present. Denitrification and anaerobic ammonium oxidation (Anammox) are important nitrogen cycling
processes in natural water ecosystems, which are the main nitrogen removal pathways in the sediments.
Clams could not only purify aquaculture water column by their water-filtering activities and wriggle
behaviors, but also change the material transportation which occurs in the sediment/water interface. In the
present study, the slurry incubation experiments using the sediment samples collected at the area with or
without Manila clam (Ruditapes philippinarum) in a biological wastewater treatment pond in Sept., Oct.,
Nov. and Dec., 2020 have been performed to investigate the potential denitrification and anammox
activity rate, and the relationship between the denitrification or anammox activity rate and the porewater
physicochemical parameters have also been analyzed. The results showed that the anammox was found in
the sediment of clam culture area in Oct. and Nov., and the denitrification-anammox coupling were also
found. The denitrification activity rate of sediments with clam culture in the four months were higher than
that of sediments without clam, and the highest rate (0.005 8 pmol/kg-h) was found in the sample of Sept.
There was a significant positive correlation (P<0.01) between the denitrification activity rate and
porewater temperature in clam culture area, and between the porewater NH; level and anammox activity
rate. The anammox has been found in the seawater aquaculture pond. The clam promoted denitrification
and anammox processes in sediment/water interface which showed a vital role in nitrogen removal in
sediment in the present study. The results will not only enrich the nitrogen cycling theory of aquaculture
ecosystem, but also provided insights to establishing new biological wastewater treatment measures.

Key words Ruditapes philippinarum; Denitrification; Anaerobic ammonia oxidation; Sediment
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AeEH? FRE? @ 7 AX#HT HEE
ML ¥ F? xlk#? Bz’
(1. W RSOK = S fraEbe B 2013065 2. R EDK R0 e B0 K BF 5T BT
TSR SRR E R LR F A S e RO sE IR HE 2660715
3. MEIFRXKRBEKHRAR WK ME 264006)

HZE  vasa 2 FH 41 E B & DEAD-box (Asp-Glu-Ala-Asp) & B F ik & 7, *F A% 4 4y A 58 48 Fe,
By T R EL AT KA B o AR5 F) cDNA Ao P 3 3 A (RACE) 7 [ 7 # 48 5 (Octopus sinensis)
vasa 3 H 2K, #£2438bp, HF, FkAEMEK 2067 bp, %A 688 NE LB, 5'-UTR K 128 bp,
3'-UTR K 244 bp (.4 A E B). 2T ExPASy. Signal 4.1, TMHMM . SMART 4 7 % # 14 % Os-vasa
HEWE G REMHATTN, FHEEELR > FEN 76580.53 Da, it % K% 589, 55K,
BREXREAEAENES, B, BN LV ENES, LB THEE A, %% AE%H DEXDc 1 HELICc
2 AN A, T E A 9 /> DEAD-box F k& A Wy B AR F K, k¥ Fi{F cDNA E T vasa #
B K ik, fEF qRT-PCR Xt F 48 & B- H ARG . AU 40 (R R 2 AN R & BE 3 oY 90 52 ROMEAE R [3] 40 40 1Y
RIERH#AT N, FREF, Osvasa EEAEMR TR FHERL, HENEFTNRAKRTHE,
O AR T ) vasa mRNA k3K, Hixm#AM KL ERS, Bk, #N Osvasa & H 7
RENEA R LB RERF T AR EEEA, AT EHFHEBLFTN K, HEpz
Osvasa #H#FA, 7 10d #BxE, NE 13 RIF4, XA EZH LA, T8 19 RAEHEH. &
WIS, Osvasa A% 8 A% 20 R AK KA R T RAE, AFRLERT b PR
AT AR IR T A R B INTOR, H B TR PRI E R FMI TR A SRR,
KA FAER; vasa; HE T Rk AT

FESZES S965 NEFRIEEE A XEHS  2095-9869(2022)03-0118-11

vasa it [H 45 1) & /& DEAD-box (Asp-Glu- Schiipbach 4 (1986) 1 X 7t 2 i % i (Drosophila
Ala-Asp) EAZRBEN G, ZEASS5ZMAIEIERE, melanogaster) 1 & 3 vasa HIFELE, iF B H S B 5 5
WM RNA #5515, RNA B5Y) . B AR, #% PR, A8 BT RTAR , 76 A 58 40 i o3k v A FEAE
M mRNA [1iz i S [ fi# %5 (Dehghani et al, 2015), (Hay et al, 1988), Jihf A= 5l 41 il (PGCs) 2 Hi 4Hi i 731k
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X% Al vasa 3 RN TE e & 68 00 119

Mk, KB P WM g, S 2t —R9E
RN TR A 567, RAETHR NGNS &
fift I s M RO B B 38 3 — R G Y 4 46 5 5 oAk
SRR, TEPE B B BRERRS S0 0 R 1 T
(B, 2015). JEAER, —L5rFhricny e T
PGCs B % & , i 11 PGCs (%5 1 > ThRiC & vasa
F[H (Olsen et al, 1997), vasa %K HA w5 FE A7,
Ak TE SR IR IR NP e JS |, TETCE HESh W B HES YA
Y RIFWFFT, WIZ A (Bombyx mori) (Cao et al, 2012) .
X (Gallus gallus) (Tsunekawa et al, 2000)F1/)NE (Mus
musculus)(Reunov et al, 2015)%%, vasa H:PAE N £ 5
PRI, FEAETH AR e RIS, B, PIRETEAE
PER B RE SRR R EEER . BET, CEZF0
Wi vasa J¥ AN AR LR PR, nBED
(Danio rerio)(Krovel et al, 2004), ##(Oryzias latipes)
(Herpin et al, 2007). 3¢ ffi(Branchiostoma belcheri)
(Wu et al, 2011)F1-LZ il £ (Symphysodon haraldi)
(REIBEE, 2017)%, JFRAMGE T vasa 76 R 1 HE: iR
S SR B R RN . AR WA AR
(Octopus sinensis) vasa %& K A3
ho4e B JE F A Wi H (Octopoda) . 1Y #}

(Octopodidae) . WJE@, FEWTIL . FEEM] ARELIFIX
BTz A . AR E R, RTEESE, RS E

W HE SR OB /NR A, 2011), AR, TG
Wt mT, BEE AT 5 AR R (92% LA 1), Hisz A
B PARIEE IR EE NS T, CHFET
XPH N T 3758 M EF M SRR A4, 2009; K3/NR
85, 2011), {H HEXT A Al ZE5 LG BT T4
A I E S SR ST S IRt 02 = N 1 P2 2 =5 i W 1
BT EE RN T RME, T IR R 5
J1o vasa e FHAM MY 7 FARiCY), T vasa B
SERERIRIAAGY, P oA AR N T F AR £ A R
WK . AW LIRS X 5, 35 cDNA Kbtk
Y W R (RACE) i 481 vasa B, Jfff ¢
JE5E i PCR AR (QRT-PCR)X H LI % 5 B BE K 4% 4%
BAHLURFBRO TR, B 765 % ey 14
R RASY = R e TR S IR WS M WA EY < 211 0 P
LA ) 5 B S e AL AR S A, S S T
B R RS

1 #wREFE
1.1 EIEHERFEE

S AR I SR R TE WV R R S T A A, K
s i 2R A M B T AR DR IR K™ A BRZ =]t

FFANTEEE, FRAE/KIR N 23.2°C~25.6°C, $hIE N 30~
32, H#/KiE 100%~200%. 433 HGE IR . AR5
oA 1.0~1.5 kg PYMERERUIA R ARIE 4 3 B2, WEEHA
MEFE 3 Z5anf e, 28 MgCly, (R EE M 20 g/L)JFRIEE
Jea AR, OO | RS L B R EE
JHFIBRRR . M . AR AN K ko i FHAZAE 0 L Ak i g
J5 SR YT R AR ARl F AR . N TR R R B
BIKIE N 23.8°C~26.0°C, HA> 5.0 mg/L, 25000
fb 27 d BRIEIR. Dtk E, ALK
it (6 mx2 mx1.5 m)o AR &) 1R % B AR/ NEIR A 16 %
JE 11 54 B (Artemia), FFELSE TR AR AT, AT 3 d
KT, £ 4 REAHRK, HKER 50%~
70%, FFHEATIR . HEVS o WA TR & IS IR] A A2 RS
BI(5. 10, 13, 16, 19, 21, 24 f127 d). SFfLH K
Jashtk@2. 5. 8. 11, 14, 17, 20, 23 f1 26 d)fk
B BRI OR AT, R BRI E S (182.31+
20.29) g, HEMRFEEL(GSI) N (0.55+0.22)%, BREEAN i
HEARTE 80~100 pm Z 1] ; AR H7(1326+100) g,
GSI H(5.19+0.81)%, JHHE4IE EAETE 400~500 um 2
B o JIrAFE S B PGHE A & RNA RAFHY 2.0 mL
TCHFE T, JFTE 4 CUKFRTE 12 h, PRIERARE 4
BAHLL, B RS AR, % A-80°CUKAE,
Bii 1k RNA BEff, T 5 2238 N s Rk 4047 o

1.2 EFEKH

SMART™ RACE c¢DNA amplification i7 & .
PrimeScript™ RT reagent with gDNA eraser J 5% 5% s
#)# . DNA Marker, Premix Taq'™ (TaKaRa Taq'™ V
2.0) K % #T i (Escherichia coli) DH5o [ Wk 857 25 2 iy
1 pMD™ 18T vector cloning X7 & #/Ilg H TaKaRa
NFl, SteadyPure DNA #EE ISR & ) B 3 70 B
8y, S ZUE RNA SR BUAGH & (DP43 1)I H AR
HALBHE A R F], ChamQ™ SYBR Color gPCR master
mix {5 G0 F v MERE AR RN R A BR 2 H

1.3 5 RNA I2EXE cDNA E—$# &M

ASIH AL RNA E IR FH 3 RNA 42 500
&(DP431), IS UL BRI IR AG . AL
RS 4R 2 A B I AR AR R ZH 2L S RNAL )
P B B 0 R FHAS [) ¥k B (1%~2%) 1Y 3 A B
i BCEES , SRR S R RNA 1 5T & (5500 2 I b,
{# | NanoDrop 2000 (Thermo Scientific, 3%[#)f# =7
FeEEE TR RNA i Wk BE (&= 1 ul).
S'RACE . 3'RACE # i 5% i1 i £ 4% #8 SMART™
RACE cDNA amplification kit i B 47 .



120 ook B

543 %

1.4 vasa EEZOFIITE

S S 06 2 b 1 o A Y B S5t 2 BN Y VR R A
B, e XT3 vasa LR AYES> cDNA 751, il
i Primer 5.0 AT 3 X5 B ESN(EE 1),
L rf ARy B BE2H 41 cDNA MR 43 B EA 74714
20 uL SWERZE : 10 pL Premix Taq™ (LA Tag™
V2.0), 1E[ 5[4 Os-vasa F (10 pmol/L) 0.8 uL, J2
11514 Os-vasa R (10 umol/L) 0.8 pL, cDNA Hi#x
(1 pg/uL) 1 uL, ddH,0 6.4 pL #h5%. JOWFERE: 94°C
5min; 94°C 30s, 60°C 40s, 72°C 1 min, 35 MEH;
72°CHE 10 min, =YY BESE RS, FEHLUKAR ORI
PR, VIR (DUT-48 8 H R T IS4 8 il 4&
17, JfH SteadyPure DNA [E]Yi DNA. 4li{LJ5 ) DNA
L F] pMDI18-T vector H', #HEIZIKZR . pMDIS-T
vector 1 pL, Solution I 5 pL A DNA 4ifk/=4)
4 pL), JFE T PCR WA N 3 h (167C). ZIF%e
AVK L RlAC ) DHS o 852 25 40 e 3 5% , O BE
PRI UEATR TS PCR %58, ¥ oA H LR
W (R R FE )
15 vasaBEREEKFEE

MF e, P Xl o ), &t
RACE %} % ¥ 51 % Osvasa 5'GSP-1 . Os-vasa
5'GSP-2, Os-vasa 3'GSP-1 Hll Os-vasa 3'GSP-2, fifiJf]
#2 PCR 47 3'H1 5' RACE ¥ 14, 534 14 . 5’RACE
cDNA WH#itl, Sef 5'GSP-1 5 RACE 514
UPM-long 204 58 AR 1 R0 #5465 1 IR
AREUHY B B B Je iR, 5'GSP-2 5 RACE i
514 UPM-short 5, NUP 2 & 5E M5 2 W . 3"
P 4%. 3'RACE cDNA mfifk, 3'GSP-1 5 RACE i
5149 UPM-long 204 5¢ MU 1 IR 5 AR 1 IR
I R E B 0R B J5 AR, Os-vasa 3'GSP-2 5
RACE jifi 11514 UPM-short 5 NUP 4144745 2 %
P,

PCR JZ W& % (20 uL): 10 pL Premix Tag™ (LA
Tag™ V 2.0), 380 S"HESMESI47(10 pmol/L) 0.8 pL,
UPM (& NUP) 0.8 pL, RACE-cDNA #i#z(1 pg/uL)
1 uL, ddH,0 6.4 pL #h5% o WP FE : 94°C 5 min;
94°C 30 s, 3'F1 s tEn B KIREE 30 s, 72°C
1 min, A 30 ¥; 72°C 10 min. ZRECE =Pk 5
AT, glifk, ZJE SRR, PR IHME AR
JF (R A ).

1.6 vasaEEFE o
e 58 B B B fdi ] Contig Express 9.1 3k {43

frPF4% . BAE, JFH BLAST T E(https:/blast.ncbi.
nlm.nih.gov/Blast.cgi)#47 [R1JE 1 LR, A SE 5015 5
f) cDNA J& DEAD-box Z 1) vasa F:[H . {fiJ1] OFR
Finder (http://www.ncbi.nlm.Nih.gov/projects/gorf/Orfig.
cgi) TELR T HE S vasa L A9 JF Al ) 52 HE , A
ExPASy (https://web.expasy.org/compute pi/) P i 43
Mror+i . BieSFr i, FIH Signald.l (http://www.
cbs.dtu.dk/services/SignalP/) Tl M {5 5 ik , 1 M
TMHMM 2.0 (http://www.cbs.dtu.dk/services/ TMHMMY/)
AT ES X M, Al SMART (http://smart.embl-
heidelberg.de/)Fll NCBI (http://www. ncbi.nlm.nih.gov/
Structure/cdd/wrpsb.cgi) il Il 25 44 1 D) 58 25 44 3 . K
Os-vasa 5 HAbC AP Y vasa 2 L )7 51 H
NCBI #EA7 [RI PR F Hexd, I H] DNAMAN X [a]
HHZELHE, FIH MEGA 5.2 #¢:# FH4RI L
(neighbor-joining) ¥ ## & 4t ¥ 1k #f (Koichiro et al,
2011).

1.7 EBWEHE= PCR

BORTE & BRFEIASG . b S 4k . 2 4>
IF 3 %) BN LA [R] H 29 5 RNA, #6547 ¢cDNA
B R BE N JC TR JC 7K 40 5F 2 50 ng/pL, MRE
Os-vasa 5K #0075, FIA Primer 5.0 ¥t 2 %)
P E mFE TG Os-vasa-RT-F/R, LA B-actin A
WZEN, ffifi] StepOne™ Real-time PCR system
(IBM, M), Fiil 20 uL A& : ChamQ™ SYBR
color qPCR master mix (2x) 10 uL, ROX reference dye
I (50%) 0.4 uL, Os-vasa-RT-F (10 umol/L) 0.4 puL,
Os-vasa-RT-R (10 pmol/L) 0.4 uL , cDNA #i #
(50 ng/uL) 2 uL, ddH,0 6.8 pL #h5%. KR 95T
30's (FAEME); (95C 10s;60°C 30s,9K/595C 15s;
60°C 60 s; 95°C 15s) 40 M. FrAREEAR 3 4~
HEYFEL, IFRE3IANEARER, RN REER
KR IR R IR . AR PTEGE, R 25
i Os-vasa FEHAIXFRIKEFRE, KLV ELbRMEDR
(Mean=SE), {fi[] SPSS 17.0 Hfhxf FKik #1724
Kri, P<0.05 gk hZER R

2 HERE5HW

2.1 Os-vasa ZEEFF 55

H AR vasa JE[H 44k 2438 bp, fif 44 O Os-vasa
H ORF KM 2067 bp, T A 688 I IEMR,
5-UTR £ 128 bp, 3'-UTR K 244 bp (25 A EE),
S TN 5.89, Z LR T it 76 580.53 Da,
A5 RE, B X A W A5 S, HEH A X
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Tab.l Names and sequences of primers used in this study

5|4 Primer J¥%1 Sequence (5'~3") H B9 Purpose
Os-vasa F1 CCCCACGAAAAGGAGCACG ¥ LB IE Core verification
Os-vasaR1 GGTGGTGGAGGGGGGATGT ¥ O BIE Core verification
Os-vasa F2 ATGGCACGGGGAAGAGGTC KL BIE Core verification
Os-vasa R2 GGAGGGGGGATGTATGGAG KD BIE Core verification
Os-vasa F3 GATTGTTGCCCCTACTCGTG KD BIE Core verification
Os-vasa R3 TCAATCACTTGTCTTGGGGG 1% 0> % 3IF Core verification

Os-vasa 5'GSP-1
Os-vasa 5'GSP-2
Os-vasa 3'GSP-1
Os-vasa 3'GSP-2

CTGGTGGTGGAGGGGGGATGTATGG
TGATTACTGTCACCTTGGTCTCTTCTA
GCATTGGCAGAACTGGTCGGTGTGGT
CAAATGGCACATACAATAGTGGACG

RACE
RACE
RACE
RACE

T 7% PCR Colony PCR
7% PCR Colony PCR
RACE il 15|% RACE universal primer

M13-F CGCCAGGGTTTTCCCAGTCACGAC
M13-R GAGCGGATAACAATTTCACACAGG
UPM-long CTAATACGACTCACTATAGGGCA
AGCAGTGGTATCAACGCAGAGT
UPM-short CTAATACGACTCACTATAGGGC

NUP AAGCAGTGGTATCAACGCAGAGT

B-actin-F TGATGGCCAAGTTATCACCA
B-actin-R TGGTCTCATGGATACCAGCA
Os-vasa-RT-F TACAAGTCTGGGGATGCTGG
Os-vasa-RT-R ACTCTCGTCTTCTGGTGGTG

RACE il 1514 RACE universal primer
RACE i@ H 5% RACE universal primer
qRT-PCR
qRT-PCR
qRT-PCR
gRT-PCR

EH, ANETEEA. BAf vasa 2K DEXDe #l
HELICc 2 NIIRESS M8, H 17 DEAD-box FKJ%HE
PG LS 5. 9 AN ST X35k, 43 531 A AQTGSGKT(T)
PVLTLLLQ (Q). PTRELA ( I a). TPGRI ( I b), DEAD
(). SAT (). RGLD (V). LVFVE (V)i
HRIGRTGR(VI). 734, A IER)ITH N i £
ARG EHE TS, C KuifE1E vasa F& K F UL A PR ~F 45
Fag €5 28 TR (W) 5% 5 AR 1k R JE R 7% S (EEEE), ¥4 h
FAEZ GG EEJFAI(E 1),

22 REBFIIZMMLX R REHLHEE

i 3 752 8 NCBI blastx Fl DNAMAN %44,

4 rh AR Os-vasa 24 518 751 5 oAb Fi 1) vasa i [
i R IE IR T L . R LI, AT I
T RUEE B (Octopus bi macul oi des) 7] 5 14 % 155 (98%) ,
HY S PR BE 1 i (Sepia pharaonis)(68.74%) . K V-V 4t
Iifi(Crassostrea gigas)(67.36%) . #F3% ki Il (Mizuhopecten
yessoensis)(66.12%) . 7 1% (Lottia gigantea)(65.15%)
i % (Aplysia californica)(63%) 1 45 ig U1 (Mytilus
galloprovincialis)(62%), 5 AZ5(Homo sapiens). /) i)
(Mus musculus)[E] VR ME#AE, 23318 54%F1 53%., 55
b, DEXDc Hil HELICc 2 >3 A& 45 #4381 S 3L R 7 )
PRAF PR R (B 2)0

T 53T vasa HERITEA R R b L OE R
FIH MEGA 5.2 Hffxtip gy & HAL 13 D4Feiy
DEAD-box # FF S R G #EALR (B 3), 2502
N, TSRS Y, BEHESIY AR —3C, H
e, AR SN R | PRRE S IR O — 3, X
T ENTIEL R, vasa BER7E 3k £ 2 rT fE
BORMARSY, MSEIE MUy 35 -5 AR sh i 1) 1 2 20
(Gastropoda) F11 7 il 44 (Lamellibranchia) & 8 — 3¢ ,
Os-vasa 7t &G HEALRY i B BLAY S5 R 5 rh ARl 7 4= 1
AR A A — 3

23 vasa EARLZFRHPRARARPHRESHT

TENEHE I QRT-PCR K45 R ANKl 4 s,
Os-vasa J:HN7E R BRI 10 d f55EL, MW 13 KIF
I, FEEZW LI, 28 19 RKAFIRE, ZER
s TP TR, — BRI, EAFES B, A
HBEF] 17 H i, Os-vasa i [H 2 ik 5 #f 48 H57E 8Lk
F, 8 HIBJL T RIA R ZRINE S, M 20~23 H 1]
kR, HAE 20 HiR Rk awE, FMH
B2 (26 F129 H i) XAEFRAE AR (E 5)

Hh A P A AORT I P AR 25 8L qRT-PCR
K45 K 6 firs, Os-vasa KD JCiE 78 M 1 b &
HEPEAS R IR 2L Rk E B, fE HAh 4l 21
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FOR R, JFEAEIPE P RS TR,

Eblihiz B D B FT RS ) Y B $3E 4T qRT-PCR

TN, {8 RACE f AR B RFEfE T vasa A
cDNA ¥4I, JfL)k Osvasafii4 . H4 K 2438 bp,

R, 25 RoR(E 7), RGN ERAE R E ST Yty 688 M FLMR, FRICEH TR 5.89, IR
BTN R (P<0.05), R B Y 2R 38 1 LN 1Y %}ﬁ%ﬁ 76 580.53 Da. vasa % [1/& T DEAD-box &
15.6 ffZE 47 I, Ta-Tb 1 T ~VI3X 9 AMESF X 35 /& DEAD-box
3 it F I AT 194 5 (Tanner et al, 2001), 7ERFH5
DEAD-box 4 15 M 5t RSP R IR o AWF5E1E 3]
ACHIF S0 2 B 3 A A A P AR PR R SR e T Os-vasa SEIMRIRE AL 13 9 MR BE T IO A1
e fE 3 vasa BRI BER 4 B, JfaE T NCBI BARSFR AT SRRk A By RE, Hid, Q
1  AAGCAGTGGTATCAACGCAGAGTACATGGGATCCGCCGGTCGAAAGTGCTTTTAACCATCAACTCTGACCTGCGACGTTTTGCATTCAGCGTTTCCCCCACGAAAAGGAGCACG
115 TGCATTCGCCAAGATGGCACGGGGAAGAGGTCGAGGACTTGCTTTCTTAGACTTCAATGAAAATGACAAAGTTACCAAACATTCAATTCCGCCTCCTTCCTCTGGCCAGTTTGA
MARGRGRGLAFLDTFNENDE KV VTEKHSTIPPPSSGQFTD
229  TGACGAGTGTTGGGACGATGACTATTCTGTAAATAACAATGTCACCAATGGTAACTGTGATAACAGCAGCAGCCCTTTATCAAATGCTACCTTTTACAATAATGTCCCAGTGAA
DECWDDDYSVNNNYTNGNCDNSSSPLSNATFTYNNVYTPVN
343  TAGTCACTCTGATTCAGTACCAAAAAAATTTTGGAGGCCAGACCAACAGAGAAAGCAGCCTGGTTGTAGAGGTTTCAGAAACCTGAATGCTGGGACGAGGAGAGACTCACCTAG
SHSDSV?PKKFWRPDOQQREKQPGCRGFRNLNAGTT RERDSTPS
457  TCCATCAATCAATAATTCAGAGGAAGATTGGAACTCTGATGCTGAACAAGAAAACAAATACCATAGTCGAAAGGAGTCCAAATTCAGTTCTAGAAGAGACCAAGGTGACAGTAA
PSINNSEEDTVW¥NSDAEGQENEKTYHSREKESEKTFSSRRDGO QGDSN
571 TCAAAGTAGACCAGGTAATGGTGCTCGCTACAAGTCTGGGGATGCTGGTTGTAATGTAAGGAATGCATCTCGATTTAATGTCAGTTCATATAAACGTTCAGATCCATTTGACAA
Q SRPGNGARYZXSGDAGCNVRNASRTFNYSSYEKRSDTPFDEK
685  AGTGCCTGACCATATGACATTAGGAGATGCTCAAGGTGGTGAAGCTCCATACATCCCCCCTCCACCACCAGAAGACGAGAGTGCAATCTTTCAGTCCATTCCAACGGGTATCAA
VPDHMTLGDAGQ[6GqEAPYIPPPPPEDESAIFQSTIPTGTIN
799  TTTTTCTAAGTATGATGATATTCCAGTCGAGATTTCTGGGCGAGCTGCTCCAAGCGGTTTAGTTGATTTTGAAGACGCGCAATTCCAGCAAAAGATAATGGAAAACATCTATCG
FSXKYDDIPYVEISGRAAPSGLVDTFEDAQFU QQEKTIMENTITYR
913 TGCCAAATTTGAAAAACCAACTCCAATCCAGAAAAATGCCATTCCAATTATACAAGCTGGTCGTGATCTAATGGCCTGTGCCCAGACTGGCTCTGGTAAAACAGCTGCCTTCCT
AKFEKPTPTIGQKNATIPTITIGQAGRTDTLUMACIREG QTGSGEKT|AAFTL
1027  ATTGCCAGTATTAACATTGTTGTTACAAAGAGGTGTGAAAAGATGTGAACAAAATCTTCCACAATACCCTGAAATTTTGATTGTTGCCCCTACTCGTGAACTTGCTGTACAGAT
L[PviTLLILJRGVEKRCE® QNTLPG QYPETILTIVAPTERETLAVAQTI
1141  ATTCATGGACACTCGCAAATTTGCCTATGGGACAAGCATACGATCTGCTGTTGTCTATGGTGGTACATCAGTTTCAAGCCAGATAAGAAATATTTCTTGTGGAGTTCATGTGTT
FMDTREKFAYGTSIRSAVVYLEG|TSVYSSQIRNTISCGUYHUVL
1255  AGTTGGAACTCCAGGTCGTCTACTTGATTTTATTCAGAAAAATACAGTGAATATATCTCAAGTGAAACATTTCATACTGGATGAAGCAGATCGAATGTTAGATATGGGATTTGA
VGIPG6GRINLDFTIQEKNTVYNTISG QV KHFTITL[DEATD|RMLDMGTEFGE
1369  GCCAGATATAAGGAGGTTGGTGGATGATCATGGAATGCCAGCAAAAACCCAAAGACAGACATTGATGTTCAGTGCTACATTTCCAGACAAAATTCAAGAATTAGCTGCTGATTT
PDIRRLVDDHGGMPAKTG QR QTTLMF[SATFPDEKTIGQETLAATDETF
1483  TCTTAATGATTATTTGTTTCTCACCATTGGCTTGGTGGGTGGTGCATGTTCTGATGTGGAACAGATTCTCTTAAAAGTATCAAGGCAGGAAAAAAGAGAGAAATTGTGCAGTTT
LNDVYLFLTTIGLUVY[6ACSDVEQILLEKVYVSRQEKREEKTLTCSTF
1597  TTTAGATGAATTTGGTTCAGATAAAACCCTAGTCTTTGTGGAACAAAAGAGGAATGCAGACTTTTTGGCATCCTACCTCTCACAAAATGATTACAAAACAACAAGTATTCATGG
LDEFGSDEKTILVEFEVE QEKRNADFTLASTYLSQNDYEKTTSTIHG
1711  AGACCGTCTTCAACGAGAAAGAGAAGAAGCCTTACAAGATTTCAAGACAGGAAGAATACCAGTGTTAATTGCAACTTCAGTGGCAGCTCGAGGACTTGATATTCCTAATGTCAG
DRLQREREG BALG QDTFEKTGRTIPVYVILTIATSVAARGLTIYTIPNYS
1825  CCAAGTTGTAAACTATGACCTTCCCAGCTCTGTTGATGAATATGTCCACCGCATTGGCAGAACTGGTCGGTGTGGTAATACAGGTCGTGCCATCAGCTTTTATTCCTCCGATTC
Q VVNYDLPSSVDEYV[HRIGRTGRTCGNTG GRAISTFTYSSDS
1939  AGACTCGAGTCTGGCAAAAGCCTTGACAAAGATATTGAGTGATGCTCAACAAAATGTCCCTGTTTGGTTAGAGGAAGAAGCAAAAATGGTAGGCCTTTCAAATGGCACATACAA
DSSLAKALTEKTILSDAQ QNVPVYWLEEEAKMYGLSNGTTVYN
2053  TAGTGGACGTTTTGGTGGCCGGGATCGGAGGAGAATTAGGAGCTGTGCACCAGAAATGGTTAATGATGGTTGTGGTTGGCAACCTATAAGCAGTGGAGCACCCCCAAGACAAGT
SGRF[6RDRRRIRSCAPEMYNDGCGWQPTISSGAPPRG QY
2167  GATTGAAGAGGAAGAGTTGTGGGAATAATTACTTTCCAACTGTGATAGTCATTCCATACCAAAAGTTTTCTATTTTTTCATTCAAAGACTATTTTCACTTGATACTGTTGGGTG
I LM B o«
2281  TTGATCCTTTTTTTTTTTCTTTTTTTTTTTTTAAAAATTTTCAATTGTGGAGAAAACAAAGATCTTGTTAAATAGTTTAATGTTTTTTTATAATTGCTTATTTGCTTTAAATAA
2395  ATTTGATTTTTGAGTTAAAAAAAGAAAAAAAAAAAAAAAAAAAA
11 Osvasa JEIK cDNA J351 4K il 4 i) 2 5L 7 5]
Fig.1 Nucleotide sequence and deduced amino acids sequence of Os-vasa
RIRHIE T ATG ML IEFILT TAA HHIK AR ; PolyA J:HXXT*ZIJQMTHj GG HE 7 . Btk & S0 0 2 1R

JTHEFRH ; DExDc Ml HELICe 2 N UJREI A T R 2645 H

52N 7 HEFR 7352 Os-vasa P57 5L P
Start codon (ATG) and stop codon (TAA) are marked with gray shadow, and PolyA is marked with
double underline; Nucleotide with a frame represents GG repeat sequence, acidic amino acid and
tryptophan; Open reading fragment; DExDc and HELICc functional domains are underlined;
Sequences in gray background and frame represents the Os-vasa conserved motifs
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motif HETE ATP WY45& 5K fid f vh R 45 s AR,
WRBEIRAE E N TS 5S8R, 56

Xb, TR LR X, Wy a) 2 B

BEQRSFIE, AUH
DR IR IATAE 2 57, K] vasa FEHTEHE (LT

PRI T gy 5Bk, filin, MEE 12 ATP, RNA  FEPECNEST. H4h, 78 Os-vasa FEH F g B T — it
P25 4 (Rocak et al, 2004), motif [ ~T1 X AJLIAHE.  vasa KK ()8 PERRAE , B4, fE7E24 GG BT

YEHIE —1 ATP K fif 1R 1 4%
2002), motif [ a Fl motif I b | 3325 5 RNA 454
oS, motif IV,
JE35 (Cordin et al, 2006). £t 5

Octopus_sinensis
Sepia_pharaonis
Octopus_bimaculoides
Crassostrea_gigas
Mizuhopecten_yessoensis
Lottia_gigantea
Aplysia_californica
Mpytilus_galloprovincialis
Consensus

Octopus_sinensis
Sepia_pharaonis
Octopus_bimaculoides
Crassostrea_gigas
Mizuhopecten_yessoensis
Lottia_gigantea
Aplysia_californica
Mytilus_galloprovincialis
Consensus

Octopus_sinensis
Sepia_pharaonis
Octopus_bimaculoides
Crassostrea_gigas
Mizuhopecten_yessoensis
Lottia_gigantea
Aplysia_californica
Mytilus_galloprovincialis
Consensus

Octopus_sinensis
Sepia_pharaonis
Octopus_bimaculoides
Crassostrea_gigas
Mizuhopecten_yessoensis
Lottia_gigantea
Aplysia_californica
Mytilus_galloprovincialis
Consensus

Octopus_sinensis
Sepia_pharaonis
Octopus_bimaculoides
Crassostrea_gigas
Mizuhopecten_yessoensis
Lottia_gigantea
Aplysia_californica
Mytilus_galloprovincialis
Consensus

Octopus_sinensis
Sepia_pharaonis
Octopus_bimaculoides
Crassostrea_gigas
Mizuhopecten_yessoensis
Lottia_gigantea
Aplysia_californica
Mytilus_galloprovincialis
Consensus

Octopus_sinensis
Sepia_pharaonis
Octopus_bimaculoides
Crassostrea_gigas
Mizuhopecten_yessoensis
Lottia_gigantea
Aplysia_californica
Mytilus_galloprovincialis
Consensus

$(Caruthers et al, G, FHERR C R 7E BRI 2 5

VHIVIZY ATP i i fig i ) 3
MR 2 751 H

..................................... MARGRGRGLAFLD. . .. FNE. . ...... NDKVTKHS. IPPPSS...... GQFDDE......... CUDDDYSVNNNV...... T
..................................... MARGRGRGLAFLE. . . . FNNSNDNGNNNNGQVI QRSPLPPTAS. .. ... SQFED.......... CUDDDCSSSAQVG.....
MTGRGRGI LGNKNGFGRGGFGRGAS SSSDAS GGAGRGFGRGVLRAGFT. . . . .. VNGNDDVS NGMADMS LNKP. GGTA. ... .. NGFGKS DNNS S S GGF GS KGGF GGGS S GGG.
MAAKR. GRGRGFGKGGFGDGG. . STGNT. . . . KGLGRGVLRAGFTAEVNGTTNGDS GLS GGFSNMSVSKSSFGGGESK. . . . . GGFRSKSSGGG. GGSGGGGGFGSKTQNG. . . . . R
............................................................................. GSS...... NGFGSS. ......GFGSKSGFGGNSDSV. ... ..

MDDWNDGAPASTSSDAPS AFSS GG. . GRGAVAKAF GEKVRGI GRGLGS S DS APQTNGF GQRGGRGGGF GGGRS RNENGDDDDEPRS NGFGS RNGGF G. GGRGGGGGF GSRGGGGGGFGGQ

MTAVE. . . . AQG. GFGRGGFGRGST. SSGSTSAPI PGFGRGVLREGFTTQAQ. . TNGFSDATEGVKDMSI SKPPAFGGKP. . . . . . GGFEGS QNGGGGFGSSGGGGGFGGNKSGG. . . . . D
m f g rg r ng s gs gfgs gg g gsfg g
NGNCDNSSSPLSNATFYNNVPVNSHSDSVPKKF. . . . WRPDQQRKQPGCRGFRN. . ... .......... ..o, LNAGTRRDSPSPSI NNSEEDWNSD. . ...... AEQENK
NSYGRATPDNFSYSPGETDSSLQLTGFSSSPTG. . . . VEDQASSSSSHYQNSNG. . .. .o\ v v viiv s YGNRADS SSSSHGFKRRERTTNGV. . ... ... DRTGGG
GGFGNKS DS NNNNGS RGGFGGGS S GGGFGGGSSG. . . . GGFGAKKEGGFGGGGF GSKNDGES S GF GGGF GGGDRPPRGG. GFG. . . . GGGGSG
GGFGGGES NGMTNGGGGGFGRG. . GGGF GKGS GDGGGFGS DRPPRGGGFGGGGGS SS GCHKCGEDGHFARECPTGGGGRGGGGGGKCHKCGEEGHFAR. ECPTG. G. GGG. . . . GGGDRS
SGFGGGGNSGFS. . GSKGFGGG. . GGGKGCFKCG. . . . QEGHMSRECPSGGGQS. . .. ... ..ovvvi i RGKG. CFKCGEEGHVMSR. ECPKG. . ........ GGGGRG
NGFGS SHGDDDEEGS SGGSS GFRS GGRGGGGS GG. . . FGGRGGRGGGGFGGGGGGREKRADDWICPDGDCG. . . . . . ANNFAYRRNCFKCDVAKPDDGGS S S GGGGS GFGRS GF GGGS GG
GGFGS. . KGGFGGGGGGGDGGF. . GGGFG. . .. ... .. GGDKPPRGGGFGGSGG. . . .......... .o GGKGNCFKCGESGHMSR. ECPSAEQ. GGG. . . . GGGNRN
sfg g gg g g8gg¢g g gsfgggse ckeg g rep g g ggg 8
YHSRKESK. . FSSRRDQG. DSNQSRPGNGARYKS GDAGCNVRNASRFNVSSYKR. . .. ... SDPFDKVPDHMTLGDAQGG. . . ....... EAPYI PPPPPEDESAI FQ. SI PTGI NFSKY
CFKCGDSG. . HFARECSS. TFSQSGSSSSGCYKCGES GHFARACP. . . . MSSND. SRTI DNQ. DQMTLGGSRR. . . . ... . EAAYI PPPPPEDEETI FK. CVPTGI NESKY
CRNCGEEG. . HFARECPEPRKGGGGGGDRGCRNCGEEGHF ARECPNPRKEGGGG. . KCFKCQEEGHVARDCPNAP. . . . PQDPDRPAPYVPPAPSEDEAEI FK. VI QKGI NFDSY
CFKCGEQG. . HMSRECPKGGGGGGGGGDRS CFKCGEQGHMS RECPS GAGGGGGG. . SGDRGCFKCGEQGHFSRECPNAEKS GI QLDPDRPAPYI PPAPSEDETEI FG. GI LKGI NFDKY
CFKCGEEG. . HMSRECPS. . . GGGQSRGKGCFKCGEEGHMSRECPNGS SGGSRS GFDSKGKGCFKCGEEGHMS RECPNQE. . . . NKDGEKREI YI PPEPSTDEDEI FK. ST EKGI NFNKY
GFGGGGGGGGGF GRRNDS GDS GGGGGGGGRERREGE. . . . . WTCPDASCGNNN. . . FSFRKVCQKCETP. . KPGGSPGGD. . . . GDGKPREAPYI PPAPSEKEEDI FS GAVQKGI NFDKY
CFKCNESG. . HMARECPNAEQGGGGGRS GNCFKCQES GHMARDCPNSDSKGN. . . . .. ... ACFKCNEGGHMARDCPKAE. . GLSLDKDRPPPYI PEAPSEDETEI FK. TI HAGI NFDKY
cfkcge g h recp 888888 ¢ kcge gh r cp g cfkc e ghmr cp d r apyippapsede eifk i kginfdky
DDI PVEI S GRAAPS GLVDFEDAQFQQKI MENI YRAKFEKPTPI QKNAI PI I QAGRDL MACAQTGS GKTAV.WLIMZVLTLLLQRGVKRCEQNLP| AYG
DEI PVEVS GRAAPANMLSFES. HFKGLLLTNI HRAKY DKPTPVQKNAI PI I HAGRDL MACAQTGS GKT/Y: IYVLNSLLKSDAQVCRESLP| AYG
................................................................... LIMZVLTLLLQRGVKRCEQNLP{Y, AYG
DKI PVEVTGRDPPS SI KNEDEAGLYEKFLENVRKAQYEKPTPVQKYSI PI VVAGRDL MACAQTGS GKTRY:NILIMZVL TGVMMKNGI SGSSFSE IAHG
EKI PVEVTGRGAPASI KSFEEAGI YEGFMKNLVKAHF EKPTPVQKYSI PI VVS GRDLMACAQTGS GKTAVWILIMZVL. TGMVKNGL TGS AFSEI (VE} SHG
DDI PVEVS GRS PVSFI TS FDEAGLRDS FLKNVRKAKYDRPTPVQKYAI PI I MAGRDLMACAQTGS GKTAY I3T] TAMMNDGLKSSRFSE [AHG
DDI PVEVS GRDQCCFI STFDEAGLYPTFLRNI KRAKYEKPTPI QKYSI PI I TAGRDLMACAQTGS GKTAVGWLIMYVL TS MVTS GLTTDKY QE SYE
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Fig.2 Homologous amino acid sequences ahgnment of Os-vasa with other species

I FRNBIEIRIFIR, 2R AR, ATl o Hox B S SR IR AL

E/j
}:‘r'/n
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WRFE B D1 (XP_021370694.1)

2 (XP_009057808.1). M (XP_005113588.2). 50 U1 (BAJ15435.1)
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9 AH HAE FH (Rogers et al, 2002), C A i Al iR 1t 42 FL 12
B H 5 RNA 455 1 F247 X (Fabioux et al, 2004),
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The shaded area indicates amino acid homology species. Species NCBI Login No: Octopus bimaculoides (KOF70288.1), Sepia
pharaonic (CAE1321294.1), Crassostrea gigas (XP_034310873.1), Mizuhopecten yessoensis (XP_021370694.1), Lottia
gigantean (XP_009057808.1), Aplysia californica (XP_005113588.2), Mytilus galloprovincialis (BAJ15435.1)
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95 R8I Pecten maximus
99 001 Mytilus galloprovincialis
K4 Crassostrea gigas
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4'— FHUZ Lottia gigantea
99 W4 Aplysia californica
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r T4 Octopus sinensis
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Fig.3 Phylogenetic analysis of vasa protein from different species

FF BB HFh vasa JE R F 818 565 . BFEE B DL(XP_021370694.1) . BRI KB DL (XP_033738811.1),

NI (BAJ15435.1) KFVHE4LIG(XP_034310873.1),

I [RERAE DL (BAMT5192.1)

F12,(XP_009057808.1).

TFA(XP_005113588.2) . FEHE M (CAE1321294.1) ., il BHERS (KOF70288.1) . AZE(CAB70750.1),

/NEU(NP_034159.1), FRECF K AAHH(XP_030008903.1), TRZLIESE 4 (XP_008278033.1)
The Accession number of vasa gene sequence were used: Mizuhopecten yessoensis (XP_021370694.1),

Pecten maximus (XP_033738811.1), Mytilus galloprovincialis (BAJ15435.1), Crassostrea gigas (XP_034310873.1),
Pinctada fucata (BAM75192.1), Lottia gigantean (XP_009057808.1), Aplysia californica (XP_005113588.2),
Sepia pharaonic (CAE1321294.1), Octopus bimacul oides (KOF70288.1), Homo sapiens (CAB70750.1), Mus musculus
(NP_034159.1), Sphaeramia orbicularis (XP_030008903.1), Segastes partitus (XP_008278033.1)
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Fig.4 Expression distribution of Os-vasa mRNA at
different development stages of the embryo
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Fig.5 Expression distribution of Os-vasa mRNA at the
different stages of the larvae
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Cloning and Expression of the vasa Gene in the Octopus sinensis

LIU Yuyan'?, LI Fenghui’, BIAN Li*, ZHU Wenjing?, CHEN Siqing®", QU Jiangbo®,
CHANG Qing’, LIU Changlin’, GE Jianlong®
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Laboratory for Marine Fisheries Science and Food Production

Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao, Shandong 266071, China;
3. Tianyuan Aquaculture Co., Ltd of Yantai Economic Development Zone, Yantai, Shandong 264006, China)

Abstract The vasa gene is a member of the DEAD-box family of proteins and plays a key role in the
formation of germ cells in eukaryotes. In this study, we cloned the full length (2438 bp) of Octopus
sinensis vasa cDNA (Os-vasa) via rapid amplification of cDNA end (RACE) methods. With an open
reading frame (ORF) of 2067 bp, encoding 688 amino acids, a 5S’UTR of 128 bp, a 3'UTR of 244 bp, and
included an A-tail. Based on ExPASy, Signal4.1, TMHMM, and SMART biological analysis, the ORF
encoded a putative protein, with a predicted molecular weight of 76 580.53 Da, and the theoretical
isoelectric point was 5.89. No signal peptide site was detected, and there was a significant signal in the
transmembrane region; therefore, it was presumed to be an intracellular protein, and not a membrane
protein. There were two domains, DEXDc and HELICc, and nine conserved motifs of the DEAD-box
family, indicating that the cDNA cloned in this study belonged to the family of vasa. Real-time
fluorescence quantitative PCR was used to analyze the expression patterns of the Os-vasa gene at
different stages of the embryo and larva, in the ovaries at two growth stages, and in specific tissues for
males and females. The results showed that the Os-vasa gene was especially expressed in the gonads, and
the expression level in the ovary was significantly higher than that in the testis; vasa mRNA was
expressed in both immature and mature ovaries, and the transcript level of the immature stage was
evidently higher than the mature stage, revealing that the Os-vasa gene might play an important role in the
development process and the maintenance of ovarian functions. Os-vasa gene transcripts were detected at
whole embryonic developmental stages, were weakly expressed first 10 days, and gradually increased
from the 13th day to the highest level on the 19th day. In the larval stages, vasa exhibited the lowest and
highest expression on the 8th day post-hatching and the 20th day, respectively. The findings of this study
can provide information for the study of primordial germ cell origin and migration and differentiation, and
can contribute to the understanding of ovarian development and oogenesis of O. sinensis.

Key words Octopus sinensis; vasa; Gene cloning; Expression analysis
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HF#SAHENES SSR S FHRieFE5EMN

mAEl F A aAE

(1. REARFEBEAK = 2B

2. WIZREHEFEMBIIE IR

ME

L4 AAE BRED

KEM KB NI E SR E K 300384;

#H5  266104)

AHF 5 3T % H(Scapharca subcrenata) iy 3 5% 41 #x4E , F| ] MISA 204 3t 2 vb ey 4% T & fir

BHATIZ4E . A 35 555 4 unigene F 3£ 3K 5 3987 /~ SSR, SSR M I F ik 11.21%, SSR EH £ A
FTEU_MEREL N E(58.06%), HAA=ZHHFREL(19.04%), L£H 182 ELZLT, FRHE
A SSR W EAE T A BMELRR, b, —HHFRELZLTF AC/GT £E W&, W 45.70%,
EMEFU T SSRELZARMFTEEFAS5~T R, SSRKEFTEEHAE 12~29 bp, FAMHE TS
PLEo IR ff 26 8 14 XF SSR Bl 478 L R 2 57 M B A B AR P SR AT R ST, £ R BT,
A B EMAIEE BN FHWMAEEEH,). FAMLLEEH) L AME L EEPIC)HF
H 154, 0.682. 0.852 #10.817, M PICH K&, KAARF KN 14 Ma L EMILHESE Z A HARD
(PIC=0.5), W4, H 7 MLE B F R & -5 {8 45 F # (Hardy-Weinberg equilibrium, HWE)
(P<0.05), &REW, XTEHHFAREFAM L ERREETATH, AREREE T EHE
AFARREE, CEHNFBEREFZON REEEWER P THBEHEAREAEEE L,

KA F 4 3k 4; SSR; wAE S EM
hESES S917  XEERIREE A

Ml (Scapharca kagoshimensis)fa B B4 . FRIA |
SRS (AN A 4E, 2008), J&) )T BRI,
BT AT RE . BA, WIEEEE, 0 E DK
M SRS | ALARTE | MRS SRR X SR
W(EREE, 2015), XFBUHPITE EEEPEES
S (BRASE, 2009; RAETESF, 2012) . HiFhEEH M
45 02010; = EREE, 2008) M 355 H R (F R 2%,
2015)%, KT RHARBL 22 I B G SCAE, 2011,

XEHE  2095-9869(2022)03-0129-09

M 5%, 2016). #EA 20 tHed 80 4R10, ZAENEHEIR
SOt FERIRS S I R A s2m, Bl AR GEIR B AR
FERRIE R T, DI AR R TR, BUfA
SRANRE (3845 PEAG N B IR . T AR B iR R A 7

M DRSS FhR i BAA A 2 st
. ZMEE N E G LSRR s, FERF ARG Z Rk
0T BB IR PPN | s R B A d SR T R oA T
fL# (Nikolic et al, 2009; Bao et al, 2016; Kewwuwan

UF S R AT FB: [ ZE IR 7l B AR AR FR (CARS-48) 111 A48 BRAR AR Y 77 b 4 AR A 22 15 4 101 9% 4 W% B o3 H
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etal, 2016), TN E M & 7 2 2A B SCFETiE
B (B ZRAE, 2008) . WER B H L CRPHTEE, 2019).

BUEER R EEL K N, 2015) ., FhlalF5 R4 1% (Lin
etal, 2007)5¢, HAT, BEfCH & BT Emd,
1 Feng %5 (2009)F G 2R & AR L0 3% 1 14 X BRI
RS, BRI Q015 FIHFIFE R 71531 41 X225
PEEF I DS, 5340, Li % (2012)38 13 76 b bif
(Scapharca broughtonii)F#4J % ¢cDNA CFE, 5437
25 Z5AE i A0 i op 238 9 EST-SSR 514 . Dong
££(2012)F1] 1Y it (Tegillarca granosa) (%4 5% 2H % 4,
FFET 62 4 EST-SSR #14¥), 7EBMf i H %K
25.81% . (H BRI 13 B AR ic B9 B0 38 I AN BE I 2 Hgt
Pk, GBIk 20 MM T AR id, T
ok, FIRHSEAM T T 51 & SSR 4 Fhric &
MRk Z N, AT s ik, BAEE
K JEHE . AR H S R e T e 5L A SC I 1Y
PEm (T2 IE5E, 2019),

A 5T T B M AR 2 2 ) e S AE B, X I Y
SSR 7 s A T4 ZR, W HA A R S e e JF
I FH BT 5 358 19 5 | 900 7 0k 7 6 i A 2 B A b e AT T st
B Z RS, B B T A AR A T R 42
BN A R I, BN R E 0T BRI
TR AR iC B B AR A O T

1 #Me5F*®
11 LHRHBRESANSE

S i B R S T 2017 4F 10 H R H KB i
B IX R R R, R R (26.19+1.46) mm, TEIAE Ky
(20.01+2.89) g, PEHUE S4Bl 3 H, BUOHLARZH 4L,
o gt v G e SR ZH W R SCE, I A Tlumina
HiSeq4000 - 5 (UM )1 A= P B AR e 4y A7 B2
DTN , L3543 93.57 Gb i, AT
AL Trinity #X /4 (http://trinityrnaseq.sourceforge.net/)
HBIFRBRIUARIG, R T PR 621.23 bp [

unigene 35 555 4%,
1.2 WIDEMRIZHERFSI gt

ol T2 3 3 R R A MIS A R 47
MISA I RSHLEIT : BEHR. R, =
B . WA R . KRS RN R ER
WEA IR 12, 6. 5. 5, 4 f1 4, B4 SSR i
5 JA] e K TR] PR BB R B0 B 100, 454 Primer 3 #04
{51 Y. EESHUEE 51K N 18~27 bp,
PCR #3471 7E 100~280 bp =[], 57°C <il iR B

(Tw)<63C, 20%<GC 7 # <80%, [FA], F|H NCBI
BRI T Y Primer-BLAST %45 Sk 173k — 2 B54IF

FES B E . Self complementarity<6, Self 3
complementarity <3, H_FiiF5 9 T HEE AR T
2°Co 1WA TAY TR R A A A A

13 WMIESHESW

RS2 LR 4] DNA HRBGAH &K
AR AR AL ) A RA v #EA T B ML 242! DNA
PRI, ZHEAE TAY) TR B A RA A A K
DEH1Y, AR R AR 30 A FEST STR £
W (3730XL W J¥ 4 M A, £ E ABI A HEl), FIH]
GeneMapper 3.2 B X 45 R AT 3L 437

G EEE(N,) B A% B (H) RO I 2 5 B
(H,) 1 Microsatellite Analyser (MSA) & 4 i1 &
(Dieringer et al, 2003), Z&{F E & & (polymorphism
information content, PIC)] PIC-CALC 0.6 #{}i1%.,
FIH Genepop 4.2 BA4FIEAT M 1 1R 4% - (Hardy-
Weinberg equilibrium, HWE)Z3#7 (http://genepop.curtin.
edu.au/), JFXF P {E# 47T Bonferroni & 1F .

2 RS9

2.1 FEiHEFRAD SSR PEENS TS

X B i S 4 R A1 K 22087 807 bp HY
35555 %% unigene J7FIHEAT SSR Kzill, F:A%3] 3987
A~ SSR (5EFEH SSR N 3074 1), SMAEAE 3162 4
unigene J¥F 2, SSR &AM (E SSR Y unigene
#/unigene E%E0) N 8.89%, SSR HEUSHAR 1 SSR iz
S B/unigene MEOK 11.21%, P4 5.54kb 54 14
SSR {i7 % (A= unigene 1 BEAE R Y SSR $iit). Hrr,
612 7% unigene %A 1 ™LA SSR fiifi, PIEAMI
BB SSR K H M 913 4~

2.2 FEMHEEREH SSR WEE BT LB 5T R4F4E

A E it SR 2H v i 25 31 1Y 3987 4~ SSR v i,
THATTRESE SSR IR, K 23154, H &
B 58.06%; HKJE=#HHMREKL SSR (759 1,
19.04%) M AL R E S SSR (696 1>, 17.46%); U
BAfie . IR RMSEAFRES SSR Tk tfil i
B A B 4.01% . 1.15%F1 0.28%.

3987 /> SSR A7 182 Fh i &2 JL A | AR o
e P BE T T U] 0 ] 52 A 46 A R Y 25 S (2R AR
&, 2007), X RERRS BE 2R AR B A B AT [ 2R 3R
HE, B, 0 =M, . AEHREZRECE
BNk 2. 4, 10, 18, 17 Al 8 Fh(FE 1), PR
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Tab.l1 The type and percentage of main repeat motif of SSR in transcriptome of S. kagoshimensis
HAE A ST Kt FIF i He A HAE A HZ ST Bt T i He i)
Type of SSR Repeat motif Number Ratio/% Repeat type Repeat motif Number Ratio/%
PR A/T 582 83.62 | —iirE AAC/GTT 119 15.68
Mononucleotide C/G 114 16.38 Trinucleotide ACC/GGT 54 7.11
TR AC/GT 1058 45.70 AAG/CTT 39 5.14
Binucleotide AG/CT 766 33.09 AGC/CTG 39 5.14
AT/AT 480 20.73 AGG/CCT 29 3.82
CG/CG 11 0.48 ACG/CGT 23 3.03
=R AAT/ATT 264 34.78 ACT/AGT 12 1.58
Trinucleotide ATC/ATG 171 22.53 CCG/CGG 9 1.19
R A ih R ST AR AVT, IR s1s00] A
HE R I 83.62%, B HRELZ P HAERZL 41600
Gy
ff) /& AC/GT il AG/CT 2671, (5 “ AT AR E 1Y It S o0l
G435 45.70%F1 33.09%, AAT/ATT 3:I67E = E 1000
P R AL 0P B R AR L o R R Y & 20 688
34.78%. 2 a0l »e1
. - @ 2001 22 sl
23 FEHERAR SSRKEREEXRHHH . . N
12~19 20~29 30~39 40~49 =50
ARG, B F4 P SSR(%% iﬁ){%ﬁﬁ SSRK & Length of SSRs/bp
12~84 bp Z[H), Hrp, KPEETE 12~19 bp Z[Hf SSR K1 BG4 SSR K RE A i
SR, S SSR BB 61.06%. K MK 20~ Fig.1 Length distribution of SSRs in

29 bp 19 SSR, 15 BRI 22.38%., K =50 bp 1 SSR
I BB 2.64%., SSR B BE /A AL LI 1,

LHHE S PR TR ZE R SSR K H A B/ A1
F2, hF 200, SSR IR HE A B T B4+
fE12~14 K, ZHHFREZ R EEENTE 6~8 1K,
AT TR R DUAZ Y R B B R AR P AR 5~6 IR, L
BAHRMAEHREZ KRB EZ RN 4K, BIRE,
HA 6 KM SSR i i, o 778 1~(19.51%), Hik
RHER S UM 7R, 5 488 1~(12.24%) il 423 4~
(10.61%), ERE X =15 K SSR 1 Hi3tA 803 14,
i 5 SSR MY 20.14% .

transcriptome of S. kagoshimensis

2.4 ZFEdf SSR 5| ¥i%it R B IEE S EE ST

i 08 43l T L T 3 A0 3 ) ) st e o A B 25 A
AIE SIS LASS, ] Primer 3 #fEx Hdh &4
SSR 11 3162 #5 /7 A t AT 51 Wit , feJa A 60 X514
e YRR e . 2SR E R 14 W58k 3).
FIHIX 14 %35 | 9 %6F T ik 15 B A BEAAR B 30 A ARE
Tt i Z R b o S0 FE A (N, XN 2% & B
(Ho). MBI EEH,) . 2805 B & & (PIC) MW it —
TRAR AR P A 56 (Prwe) S SRR L 4.

®2 EMERAPLAFELE SSREERMSH

Tab.2 Repeat number of SSR in transcriptome of S. kagoshimensis
e A & KK Repeat number

Type of SSR 4 5 6 7 8 9 10 11 12 13 14 =15
Fi%H 2 Mononucleotide - - - - - - - - 189 105 114 288
T #%H . Binucleotide - - 591 337 233 132 109 176 126 63 59 489
ZHZFFR Trinucleotide - 411 147 78 47 14 8 12 8 9 21
VOAZ TR Tetranucleotide - 72 38 8 11 6 3 5 5
H AR Pentanucleotide 34 5 2 - 3 - 1 - 1 - -
% H TR Hexanucleotide 11 - -
JELFT Total 45 488 778 423 294 152 121 193 329 180 181 803
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Tab.3 Information of SSR primers in S kagoshimensis
(A= HZ ST Bk 2] P K B R
Locus Repeat motif Primer sequences (5'~3") Mean product size /bp T./C
MHO09 (AT), F: ATTCGGCACACTTTTGAGGT 174 60
R: CCAATTTGGCAAGTGCTTTT
MH17 (TGA)s F: ACAATGCCAAGGAAGAATCG 272 60
R: CGGCTCATCAGCATACTCAA
BE02 (GA)» F: CGTCTTTTTGTGAAGATCCTTG 258 56
R: ACGAAAATCCAAAAGAGCGA
BE04 (ATA), F: TTGCCGAGAAGGTTTGTTTT 213 58
R: GCCCTACCTTGGAGTCGTAA
BEI10 (GGA)s F: TGTAGTGCAAGGTGGAGCTG 254 61
R: TGTCCAGTGCCATATCCAGA
BEI16 (GT)y, F: GGTACAGTGTGGGCCAAAAG 286 59
R: GAGTGGGGATGTTGGAGTGA
BE18 (TTC)s F: CACGCTGTTTTCACCTTTTG 267 61
R: GAATCTGTCAATCGGTCGGT
RCO02 (AC)), F: GGTTAATGACGCACACATGC 232 57
R: CTTTCAATGACCACTGGCAA
RCO06 (TG)12 F: TTGCTGCCAGTGTGTGTGTA 247 60
R: ACCAGTGAAAACCACCAAGC
RC15 (TAT), F: AACACAATGCCCTACTTGGC 194 60
R: AACACCCAACAAACCTCAGAA
RC20 (AG)1» F: TGGTGACTGCTTACTTGGGA 274 58
R: AGCGAAACGCTAAAAGCAAA
KTO05 (AC)), F: TTTATATGTGGCGGTCAGCA 159 60
R: GATGGGCTATCCAGATGTCCT
KTO09 (CAA)¢ F: TGCGTCAACAACAAAAGGAG 164 60
R: GGTACATTTCCAGCATTCCG
KT10 (TGA) F: CAGTACCAAAGACGGCCATT 237 60
R: TGAGGTACTTGGTTGGTCCAG
T4 ET 144 SSRUAM# EMHEBEEESFEESH
Tab.4  Genetic diversity of Weifang population in S. kagoshimensis at 14 SSR loci
MR BAIET O SOEREC WWEAE  WERAE  ZEREAR  R-ETHRE
Locus Repeat motif N, H, H. PIC Puwe
MHO09 (AT), 11 0.967 0.805 0.767 0.019 1
MH17 (TGA)s 6 0.533 0.771 0.719 0.009 9
BE02 (GA)1» 19 0.933 0.942 0.921 0.294 7
BE04 (ATA), 19 0.567 0.869 0.843 0.000 0"
BE10 (GGA); 9 0.500 0.780 0.735 0.000 0"
BE16 (G, 25 0.759 0.962 0.943 0.000 0"
BE18 (TTC)s 23 0.733 0.953 0.933 0.003 2"
RCO02 (AC)1» 26 0.793 0.953 0.933 0.0100
RC06 (TG)1» 17 0.577 0.930 0.905 0.000 0"
RCI15 (TAT), 4 0.567 0.623 0.549 0.249 8
RC20 (AG), 19 0.900 0.938 0.917 0.287 1
KTO05 (AC)1» 21 0.733 0.925 0.904 0.000 0"
KTO09 (CAA)g 8 0.600 0.669 0.600 0.129 0
KT10 (TGA)s 9 0.379 0.802 0.769 0.000 0"
-4 Mean 15.4 0.682 0.852 0.817 -

*Z%7R Bonferroni K 1F J& 5 25 i 25 152l -JRAF A% -7 (P<0.05)

* means significant deviation from Hardy-Weinberg equilibrium after Bonferroni correction (P<0.05)
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14 AR S BRI 3 216 AN I,
TS A ST A EON 4 451 26 DNANEE, SFHY
NFENEH 154 1~ Hy N 0.379~0.967, FI{H
7 0.682; H. A 0.623~0.962, “F¥J{E 4 0.852, PIC
9 0.817. %4 Bonferroni #Z1EJ5 &ZFL, 14 M EhA
7 Al 25 W 2k — TR AT A S

3 itig
3.1 FEhEEFRAE SSR XBMHHME

VAR, Ok 22 1 DL vh el 1 R TG sk 2 4
P R BRI, FE85V5 54 B3 UL (Argopecten
irradians concentricus) it % s 20 7 Aicdis . SSR 1Y
HEU N 10%RASSE, 2018), 5 [CBR A D1 (Pinctada
martensii) ) SSR B # 2l 13.34% (E B RAE,
2015), J %4 XU (Babylonia lutosa) ) SSR. H J A % Ky
13.62% (REHA4E, 2020) ABF5E T, B ML 4 SSR
H B 11.21%, MR RIEMAL, BT W
F 12 (Neverita didyma) ) 86.53% (F9ERK %, 2018), 15
HAh KB, Hesgddrh SSR HBUMR 25 Ak,
un F 9 (Paralichthys olivaceus) iy 43.24% (25845,
2015), K2 & (Micropterus salmoides)>y 11.30%
(FEH4E, 2019), 450 (Sepia esculenta)’y 90.66%
(K4 HAE, 2020), 2 [CE S (Sepiella japonica) i
48.70%( & 4, 2018), JL 4N & X} ¥F (Litopenaeus
vannamei)h 22.1% (#4464, 2017). 1£ SSR K &b ife
—HWIEH T, SSR B R R B 52 | 5t
IR YRS 2 S AN S S

FREAZH IR E AN, K280 2 0 25 74 55 B
DU B REREEDL . e 7R KUIR K JE AL i3 4 (Ruditapes
philippinarum)(iE A%, 2018; T E R4, 2015; A&
4§, 2020; FEE I, 2015)55 54l SSR #LL T
RER T, AR BSR4 SSR DL —H#
HREL E, MRS 3%, 2802, W
A ¥ J1#%(Coilia ectenes) ., % B il fifi (Diodon hystrix)
(ZEHAE, 2015, T=2IE5F, 2019; Sh44%, 2020)L0 )
WR 2K, L9y i X OEF . 40 #% X UF (Cherax
quadricarinatus) (#4445, 2017; ZE 8354, 2020)%,
B SR T SSR 2B A AT G X — AL .

AWFFE T TR EE UL R L, AC/GT #i
Z, HETREZN 45.70%, X5 G5B
(Pinctada fucata) . g 4< KU () BIF 57 45 SR — 2 (i 8 48,
2008; AEFNAE, 2020), HHEI, KZEMIEMBFFR LR
WEUE T X —45ie, WA sf ., T8 | A Sk
(Megalobrama amblycephala) Filff 4 (Miichthys miiuy)

R P AR EE KA, AC/GT HEHTT
O3Bl 75.25%. 71.89%. 65.39%F1 68.2% (255,
2015; FZWE4E, 2019; B HEAE, 2013; R4,
2015), Toth 55£(2000) X%} 224~ ELAZ A= 1) LR 21 AT 9T 45
SR, FHES YR B sh Wy SR 4 rh A R 2
RIZLL AC/GT R E., 5 LRI, 2 55(2008)
2R 7% 12 45 (2009) 38 2o 5 4 SC 1 75 45 2] 9 H L B DL
(Chlamys farreri)F1if3 % ki U1 (Argopecten irradians)
Kl AG/CT H 5 Hoohy I iliem T AC/GT. AN
DR R n R S R ERS, BRT SSR i
PE T ARTRI A1, 38 TT BE -5 AN 7] G A JE PA] A k58 2 i M
T Ko A PN R ST T P O (B BRAE:, 2013).

3.2 EMHFERE SSRPYKEMEE RH

SSR Hic 2 A M 11 e A2 0 U LA el FH M 1Y
FERHE . HHE Temnykh 25(2001)9BF5E, SSR K
JER/INEF M H 2 PSR R G &R, 4 SSR K
JE=20 bp if, REEZEM, 12 bp<sKE <20 bp
W, SPhEZEN,; fIEEASKELS, RFELE
IR BB AR L W B B IE A AR Y LR g (AR 2R AT
2018), AMFFEFE VL B ik SHT, TR T KELE
12 bp LA FHY SSR JFF1, 12~19 bp AL =20 bp (1)
FE5143 90 b SSR VBRI 66.23%F11 33.77%, TEILHE
il BT E1Y, BE TSI EA RN ZSE

ARG A 14 X ZBPEEAY SSR 514
, THEEREEZEE N 6K, S HREL EEN
7R, B AR BRI, A2 SSR A 1%
WA . A REGERIA SSR Hum AL AL Ak £
BRI —5 . M2 T, BRIR(2015)F1 Feng 4§
(2009) I RERR & 45 I & 1) Bl SSR H, HEE T
IR R, B R E R — R T
13~27 Ko X FP 25 5 RN, — T il T o
HAFF AR SSRH & AT AR ZAL T A4 P iy
SSR (Xia et al, 2018), Jj—J7 /& WEEK & 4R 1 22 55 1k
I8 5 A T B 8% K I IR 5 )T 9 R R (PR A,
2005), Schiotterer Z5(2000)iA Ny, # & KA 5 SSR i
SRARRAFAE— E R E IEA G . BARATF 78 % 4
I SSR HE A ATk, (H N B e A5
B2 BTN S R, AR BN TR I 28k
3.3 MU EMEBERESHEESN

AT 5% %o e TG S AL BCHE A B ik R S |
FE0t e , IS B ul B A R IR T T s A% 2R
I3, HOE R B BN« R 2445 BE (Ho) AT
LAZRAFE (He) 4 3R 15.4.0.682 F10.852, 5FER(2015)
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(Na: 15.2; Ho: 0.719; He: 0.856)1HFFT 45 R0,
F L Feng 2£(2009)(Na: 21.64;5 Ho: 0.798; He: 0.931)
ZEMEMAT . 14 DN D EN SR PIC {H5 RN
0.549~0.943, SFHI{E K 0.817, H4E Botstein %5(1980)
fbRifE, PIC=0.5, 0.25<PIC<0.5 Fl PIC<0.25 435I
RE®E BN P EZESENE 28N, Ng;
KF, AWFRITRE 14 AT Ebric R = 280,
REAS POt F o L (5 R, TEBMPARS L 22 5E |
12 1 )l B 5 2R A B s v LA v A S
3N, ARWICR LR I AR P AR BRI, it
B E AR SR DR B a8t A% 2Rk

% Bonferroni M 1IE )5 & B, 14 MR D EA S A
7 A I 2 A T R AR R T (P < 0.05), T PR
i 8 I e R 4 ST A ) B R 7 A SR T P R A
W, nfEERR R A AT (BB, 2015). I (O 424F,
2020) . H A7 fifh (Paraoncidium reevesii)(% fik 4%,
2016) il AE A< 41 15 (Crassostrea  sikamea)( & 5 i 45 |
2020) I HERBAZ AR T, TR 57 a5 O 25 M et —
ARSI EL 20 50 75% . 70.37% . 35.71%F1 20%.
— BRI, , AR e 25 S %) JE R R S A B A AE TG
R0 TR T B 48 R sl OB R AR B/
Horp, SRR IC HP AR ORI 3 PR — A o
WG, JCHETEHE T DL 1 (Reece et al, 2004).
AR A BIRER R B AR, DOT-34 45 0 R4
A EHEBRIESEORE, MR B SN 25, i
P00 B T3 12 v T Ak S5 o7 R PR I A R SRR AR A /N
T O 2 S 38— A A T A ) R LA

ARWFFELE R I, FF = S A Y O
B TR — P T AT R 7 vk . ISR S SR
TR M T RS, X B AR R (L2
Br L A5 B A S A AR ic i B & AR B 2
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Development and Evaluation of SSR Markers Based on
Transcriptome Sequencing in Scapharca kagoshimensis

CHEN Limei', LI Li?, SHI Xuwei', QIN Yiming', LIU Lihua', GUO Yongjun'"

(1. Tianjin Key Laboratory of Aqua-Ecology and Aquaculture, College of Fishery Science, Tianjin Agricultural University,
Tianjin 300384, China; 2. Marine Biology Institute of Shandong Province, Qingdao, Shandong 266104, China)

Abstract Scapharca kagoshimensis is a marine shellfish of great economic value. In recent decades,
populations of S kagoshimensis have declined due to environmental destruction and overfishing. To
enhance our understanding of the genetic diversity and population-level genetic structure of
S kagoshimensis, microsatellite loci were detected based on the transcriptome data of S kagoshimensis
using MISA software. A total of 3987 Single Sequence Repeats (SSRs) were identified from 35,555
unigenes and the frequency of their occurrence was 11.21%. The main types of repeats were dinucleotides
and trinucleotides, which accounted for 58.06% and 19.04%, respectively. A total of 182 types of repeat
motifs were classified in all SSRs, and AC/GT was the most abundant among dinucleotide repeats
(45.70%). The repeat numbers of SSRs primarily ranged between five and seven, and the number of SSRs
gradually decreased as repeat number increased. Motif length was predominantly between 12 and 29 bp,
and the SSR polymorphism level was above moderate. Among the 60 designed primer pairs, 14 pairs
proved to be polymorphic microsatellite markers and were amplified in 30 wild individuals sampled from
Weifang in Shandong Province. The results showed that the average number of alleles (N,), average
observed heterozygosity (H,), average expected heterozygosity (H.), and polymorphism information
content (PIC) were 15.4, 0.682, 0.852, and 0.817, respectively. All 14 loci were highly polymorphic (PIC
=(.5). After Bonferroni correction, seven of the 14 loci deviated significantly from the Hardy-Weinberg
equilibrium (P<0.05). These results indicate that it is feasible to develop microsatellite markers based on
the S kagoshimensis transcriptome. The polymorphic microsatellite loci obtained in this study will
facilitate further studies on population genetic management, genetic mapping, and molecular assisted
breeding of S. kagoshimensis.

Key words Scapharca kagoshimensis; Transcriptome; SSR; Genetic diversity
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HEJR, 2022, 43(3): 138-145

ZHAO D, ZHOU L Q, ZHENG Y X, SUN X J, WU B, LIU Z H, WU Z, WU L. Expression pattern of the Fox/2 gene in the scallop
Patinopecten yessoensis during development. Progress in Fishery Sciences, 2022, 43(3): 138-145

FoxI2 EEEIRRE NE B I RHHRIEEX D

HOAY EAmEYY BEES BART R OB
ANEE: 2 oH» 2 g
(1. B HERE  KrR#ERH SRR 0 B 201306;
2. HEDUKF=RIE ST B &K TS AT RO R A ERIE O AT RS B R S E IR HS 266071;
3. WL R E R R TREBRM R PO Wi Al 316022;
4. VTN R BRI 5K 2% 19 ER# 222005;
5. FEUKEBIAGT B A SeRR sy LR A 265800)

D Foxl2 /& X 30k # 5 H F (forkhead transcription factor, Fox) £ F R ik Y EE K R = —, & IF
ERBEMENEAESREEEEZEA . HIRA FoxI2 #£ 4F & B I (Patinopecten yessoensis) P & X
AW RBEAEER, AALENEEFTEMN T AR Foxi2 77| HE; XA+ EE
PCR(RT-PCR)#: il T Foxi2 7 1[5 41 44 ¥ By 5k ik 2 7 . L B 7t € & PCR(qRT-PCR)Fn & fiL 4% %
BAASH)E R T FoxI2 EMRA T 4 N HCEAT . A KM, RABAHE RN ZRET
o ERER, AR I Foxl2 FH A4 Fox XH X kLA N FH &3 % F)F 7 &4
2 or, B F B IE IR I (Chlamys farreri). BN K & I (Pecten maximus)t MR, 24
K 98%. 96%. RAHMMAONE R, EXEWMHURF MY LRY, Foxl2 3 HEA KRG MWK
T, EEMMMEMLRLERE T, RULXHEGEEEEMALHARNARTY. &
WE RIS, . R, HEF, BTNV E Foxl2 #FAthGLE, ENETLRLE
wE, AEWERAMKAEIRGE, MEERATARARNER b, Foxl2 WREXEET
B, XERMERNER -, ARKWH, Foxl2 EXEARINNEL TP THALEET LN
A, #MEZEMETERNERAFTRAE PN RERLRE, THS G WA LATHEE HE 2
HR PR EERKE.

KR I ERBI Foxl2; KN EEPCR; RA4x; BRAH

FESZES S917  XEFRIEEE A XEHS  2095-9869(2022)03-0138-08

FoxI2 J& S 3k R ¥ 5% H - (forkhead  transcription FeAk , A i SRR L B IR R ok L R RGE,
factor, Fox)EEIN A Z—, FEAERLA G H Z 5 E AN TE 5 oAk, TESIY 0 8% B M 4E Sy
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% 4% 5 E A (Uhlenhaut ez al, 2011), 550LAE5
2 B 4 A R B S DI R Y 447 25 D) AH G (Ellsworth. ef al,
2006; Boulanger et al, 2014),

15Nk, Foxi2 N IGe IR A 5L TR
MESh W) FER 20 TCHMESH Y, H 4540 BEORSF o FoxI2
2 HE B W B0 L o Ak B R S R AR AR ) (Alam et al,
2008), HEMRIE, FoxI2 7EW:(Rana rugosa)yp #5316 1)
R SCH8 4 FH (Oshima et al, 2008); & 1117 (Capra
hircus) Wi P P 51 P& %€ A+ (Boulanger et al, 2014);
FoxI2 RG2S FEUNR(Mus musculus) Wk G 7
H (Bscalier et al, 2002); IR}, REBE FoxI2 A1 WNT4
2 BN B Bl ME PR R Oy e PR Y AR AR
(Ottolenghi et al, 2008). FoxI2 TEMEM:XY(Gus gallus)
R P B TP B R SR R I T SR LR F B AR (Major
etal, 2019), LA EWFFERM, Foxi2 TE¥HES)H) o0
R SRS, XTI LR B E EEEM . AT
HHESHY), FoxI2 JEHTETCHHMES Y IO 5B . W
TR, Foxl2 EEAEFTFLE VL (Chlamys farreri)FlH
Wi (Crassostrea gigas)PERE R M Rk, Hr,
b FAAR BN S 8 i RAG HLHY 8 fE (I IHEE2, 20125
Naimi et al, 2009). 7 = fAWIE(Hyriopsis cumingii),
FoxI2 FERIK TR, 5FLE AL 2508
4 2018).

YR 38 B D1 (Patinopecten yessoensis) [ e 22 #¢ i) P
2R BUIE BN R 2 5 sh M 1] 20 A AH G A 1Y)
O AEWE S N S . MR R B IR R T O AR AN
(Lamellibranchia) . ¥ 2k Il H (Pterioida) . k3 Ul #}
(Pectinidae), 2R EIL FEENFHEATYM, OF
AR FE R, FoxI2 78 i DUMEPEVE R 5 5 4 6 (Li
et al, 2018), A] HEAE: Fe DU 71 DR RN o3 T0 Y DG B 1B
KI(Li et al, 2016). {HX] TR b DL Foxi2 JEPIFEVE AR
RE i s A AR WA TR A o Atk
T i FoxI2 AEMF 32 bpt DUPE R & & R [A] B A o g 323k
FHIE, ABF5E 5Ok 7R3 R DL Foxl2 cDNA it X 7
G, AT RSN, TP SR A A,
B 1E N FoxI2 7E MR8 i DUME IR & B 1 2 b i D) sE $2 41t
B2

1 #wRERE
1.1 SCIEH

SEEGFH UL A 2 WU B DL, g 3 IR AH A K A4
ETT S, PERR AR R I S R L AR R Al
FHERCON I 4 AP, AR E R(73.34+20.50) g BEHL

IR HEE AR, B DU PR 2 T
RNA RECA LU Aiks I, T8RS A AL

232 [ % W (Servicebio, W), LHLY) kg Ak
JRELSUE A e .

1.2 /2 RNA {2E{#0 cDNA &/

BURZy 50 mg ¥ VR PERRH L, FEOTER h FRA
FEor T o RH] Trizol IEARHUF B DI PERR S RNA,
I 1.5% B BRI R TR A I RNA A 56 B e
NanoDrop 2000 435631 (Thermo Scientific, € [E)k:
AL S, PEH ODago nmaso nm ETE 1.90~2.2 35
FEl. RNA #&EF>1000 ng/uL MIREARIEAT 455, RNA
WEAHKS )G, KH HiScriptll RT SuperMix for gPCR
(+gDNA wiper)if 5l & (Vazyme, H [E)IH-Z B UL 45
A cDNA, 20 CH-AF

1.3 FoxI2 BEMEHZENH

W5 Ja DL 2 St 28 55040 43 BT AR A 7 R TR G 5 ) 91
5 NCBI ¥4 Luxt, 259 oR, SUFFE LE Foxi2
CBS: XM_021497746)5E WA, 444 PyFoxI2,

%] ORF Finder (https://www.ncbi.nlm.nih.gov/
orffinder/)ifi x& PyFoxI2 W) FF I SEHE o 7E Lk 53 A FA:
SMART (http://smart.embl-heidelberg.de/smart/set_mode.
cgi?NORMAL=1) il 45 #4 Fn 2 g 3 . ffi 1] SignalP 5.0
Server (http://www.cbs.dtu.dk/services/SignalP/) i il
PyFoxI2 # HW{E 5 ik, Il /] TMHMM 2.0 (http:/
www.cbs.dtu.dk/services/ TMHMM/) Tl 5 5 [X 35, i
A BLAST #2 ¥ (https://blast.ncbi.nlm.nih.gov/Blast. cgi)
X} PyFoxI2 ATBIE R YE 20T, I 64T 8 1 )7 5]
AR ZR ., i swiss model (https://swissmodel.
expasy.org/) N | =454 . it Jalview HEXER
FIAR R Foxi2 fFF31, I8 MEGA 7.0 59
Neighbor-Joining(NJ) J5 ik #4) & PyFoxI2 REKE W o

1.4 #E= RT-PCR

M3 B 3R A5 PyFoxI2 mRNA 5 st F 3, %1t
> 5E B RT-PCR 5% FoxI2-F #l FoxI2-R (3 1), LUF
Febp VUK IAY cDNA AR, ffiH] 2xTag Master
Mix for PAGE i & (Vazyme, 1 E)XS H AYFEFE #H 17
PCR §" 34, ]2 ¥ 4644 : 95°C 3 min (FiZ8PE); 95°C 15°s,
60°C 15s GR2K), fE3A 35 ;5 72°C 5 min (i ZEfi)
P14 2.0% BEHEE R F DK R TN H A SR A
15 RAEE

PEIF R EHE ORF (open reading frame)i% it
PyFoxI2 7 1 qRT-PCR 5|%) : QFoxI2-F 1 QFoxI2-R.

] B-actin FE (BIAREISE, 201 D)FE R NS IE R E
cDNA FH (£ 1),
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Tab.1 Primers used in this experiment

5|#) Primer %1 Sequence (5'~3") Hi& Usage
FoxI2-F CGATGCTCCATTGGAAGAGT RT-PCR
FoxI2-R AAGTAGTCGTGGCGATCAGG RT-PCR
B-actin-F AGTCCCAATCTACGAAGGTTATG RT-PCR and qRT-PCR
B-actin-R CCAGTGATGAGGAGGAAGCAG RT-PCR and qRT-PCR
QFoxI2-F GGAAGAAAATGCCGATTTCA qRT-PCR
Q FoxI2-R ACTCCCAACATGCTGTTTCC qRT-PCR
Y FoxI2 ATAGGGACCGCAGTGGTTGTCAGCAAATAA JRA ZAZHRAL in situ hybridization probe

43 AR 3 B DUA ) & B BT PE R ¢cDNA 2
B H LR #4794 . ] ChamQ SYBR Color
gPCR master mix il & (Vazyme, " E)$ZHE T 5=
B QPCR J2i A& % : 2x ChamQ STBR Color qPCR
master mix 10 pL, [ FUESI44% 0.4 uL, cDNA itk
2 uL, 50x ROX reference dye 1 0.4 uL, KpEZ&1E /K
6.8 uLo R 4cPF: 95°C 30 s(WiAEME); 95°C 10s,
60°C 30 s GH-k), 75 40 ¥X; 7E StepOnePlus™ (3£
)i 4T qPCR [N, BRI 3 ANEE, £ FE 3
AFATIER . AR SLHEE R 2744 I35 PyFoxl2
FE YA Feik & . FIH Prism 5 80X 5L 50 £ B it
(Tl i

1.6 JRAIZ3%

WAE PyFoxI2 JENK) ORF X% it 5N 24 38 4T
YFox12, HGEBAPERRZHSY, VIEL 2 mm Z2 45 AR,
FA K B 587 B TR 25 W R R 2 24 h T
YR Ab B o B RN 28 s8 08 [ E 4L 8L 2 41 B )
FIEWREKIAZRZAET 15 min-—H 1 15 min—J
KEEET 5 min—G/KZEET 5 min—-85%ikE 5 min
~75%3 P9 K5 5 min-DEPC 7Kk F H & B AL B, 50

N~ B Wing
QB o-Helix _ &
# Wing \
- (: >

i

iR vV &
B-Pleated sheet By

B-Pleated sheet

Bl 1 PyFoxI2 Sk PRay X HEM A = 245 #
Fig.1 Schematic structure of PyFoxI2 forkhead domain

WiTR Fr B B 55, T02R A8 28 Wil (5 R4 i 1R 7 3R
HE37CHEE 1 h, EEEINESIRE A AesS i, 55°CHt
IR . FATARRE S 45 G ERET VR AIER X RNA 1
H1kJE , FH BSA(bovine serum albumin)3st A1 JF 45 54
Prik 1 h, 0BT S R IC 488 (anti-DIG-488) i
FFPUARMEE 37°C 40 min, %, fn W AR (DAP)
PTG, TRFEIEEZOCRME(HA) FWEEIRR
EE1E .

2 HR

2.1 PyFoxI2 F3I4#T

HYE B2 T 85 R 7R, PyFoxI2 ORF J¥ 41K
JE9 1107 bp, #ifh 368 DM . fFELRSFHY FH
45K430(128~218 bp); FH 5 8 AE 7 — A BEAUAZ & fif
1§ 5 % (nuclear localization signal sequence)
RRRRMRR, PyFoxI2 Z&HLIEFK, NFEFEHZH
PSR A, P, HE N — DN A, A TR
HH.

2.2 PyFoxI2 z= (8] & # i

I FH Swiss-Model [ A5 iz 55 5 $0l 1~ PyFox12
B YL . Z5R R, EARSF X EEH 34
o BEHE . 4 BITEA 2 NERE A (A 1),

2.3 PyFoxI2 S KB 5 E RS R #FLR S

M NCBI %4 e L £ 7 A~ Foxi2 ARFAEM Y Fh
() S LR PP 5 R4 T [R) IR e 6434 25 R &2 B, PyFoxI2
SRS AR T AR B R, o, 5L
B3 L. BRI K DL (Pecten maximus) W AR B e
AR 98% . 96% , 5 32N 4G (Crassostrea virginica)
AL R 73% (] 2).

J T T FoxI2 TEAF R iy i &, i H]
MEGA 7.0 #{'}: ) Neighbor-Joining %} 18 ¥ fh#
ARG, R TR, RIS RI—Z, TH
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190 270
C. farreri TRIP
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C. virginica sEp
P. maximus TRP
T
T
T
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) 280 200
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O. bimaculoides PSYAHQYSH - -TLNPSSNA - AG

P. yessoensis

A y PPP-YSQYS
H. discus_hannai Q

-PP-¥SQYS

- -ALTHNASAHQG:
- -SEAPNSSS- -NV

C. farreri --SGP GPYR| AFB35647.1

P. fucata PHGAS -PYR QBX88970.1

C. virginica --GTG -AYR XP_022345405.1
P. maximus --SGP SPYR XP_033724493.1
O. bimaculoides - -MSP TP-Q XP_014785648.1
P. yessoensis --SGP GP YR XP_021353421.1
H. discus_hannai - - SGP -PCR AWV50516.1

SQINNY.G

330
0
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PPGASLTQCSYN- AMQQAMQI SPPHAPSYT -AVPTP
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----- SINAYP - GMQSSMQISPSPSPYPH S---SVPGA

P2 BRI DU Foxi2 55 AW A 4 [R1 DR Fr 51 e Xof

Fig.2 Fox/2 homologous sequence alignment between yesso scallop and other species

LR A FH 25093, 20 G AYHE A% 2 (iR 5 7 5
YIFh NCBI %55, HifLh 1. AFB35647.1; &IHEREEIL: QBX88970.1; ZEMHWG: XP 022345405.1; BRI K UL .
XP_033724493.1; JnJHAUBERS . XP_014785648.1; WRZRJH U1 XP_021353421.1; 4S04kl AWV50516.1,
ik b DM Z5F93, 21 G AYHE A% 2 (il 5 7 51
Species NCBI Login No. C. farreri: AFB35647.1; P. fucata: QBX88970.1; C. virginica: XP_022345405.1; P. maximus:

XP _033724493.1; O. bimaculoides: XP_014785648.1; P. yessoensis: XP_021353421.1; H. discus hannai: AWV50516.1
The horizontal line is the forkhead domain, and the red box is the nuclear localization signal sequence

HE B W) R Sl W 3R Sy — S, 1 B sh i 11 B8 43 i —
Ko Horr, BREER DS S AL DL KA . AR
+}: U1 (Streptodera trachelostropha)5 % H—7 , X BR
ENTHSEGOC RBGE , BB 7 4 32 F 5 = A
RBRh—F, w5 5K (Rapana venosa) B h— 37,
HEARSH )1 ] (Mollusca)([& 3).

24 PyFoxI2 EEARFHRIE

RT-PCR Z3#7 PyFoxi2 7E3F 3 bei DU A= K IHAS TR 41
ZUhpy s, SRR, AR B AR AR AT A
W E) />4 PyFoxI2 ¥ AR MAFRAE,, (BAESMERE . M5
WU R WL 3R3E . PyFoxI2 TEIN b i ik i fiem, H
Tkt E S TR EE 4).

25 PyFoxI2 EMEREEARRBPHENREE
it iF qQRT-PCR 73 M # i T PyFoxi2 75 3T 3¢ Fif )L

PERR KB B 2 Rk BR . S5 R WKk, PyFoxI2 1
RSB PE IR A 7 TR op S R R B s 7 B0 B B
ETHE TR G, b, Tl Ik B B O (E
(#'5).

2.6 PyFoxl2 mRNA 7£1% iR 48 22 h i) 40 B 2 E AL

JARI AR A A R 7R, PyFoxI2 5EALT A HEFl 40
L AR BT . FEBR S, 5 EIPEXS B AR LY, PyFoxI2
mRNA 725 B PR 23 Ak 4 A A6 I 380 BE A5
o, O A ) BH A {5 5 5555 (] 6A1~A2) . PyFoxI2
W SRS 5 01 %) B 15 55 AR U A ] . 7R 3R
dr, SEAMEXTRRAUAR L, PyFoxi2 1EKE IR AAE R4 i
T FRIA R BHPE . FERCGAIIE b, PP S A
B 200 0 A T T S L R R A AT B A S
(Kl 6B1~B4),
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Gallus gallus (NP_001012630.1)
Oxyura jamaicensis (XP_035190394.1)
Gavialis gangeticus (XP_019358626.1)
Xenopus laevis (XP_004917868.1)
Amblyraja radiata (XP_032886991.1)
98  Macaca mulatta (XP_014987566.2) Chordata
Homo sapiens (NP_075555.1)
100| r Rattus norvegicus (XP_003754496.1)

97 Mus musculus (NP_036150.1)

Pantherophis guttatus (XP_034295351.1)

4100: Zootoca vivipara (XP_034989661.1)
Procambarus clarkii (QOD42465.1) | Arthropoda
Rapana venosa (AXF79607.1)
Hyriopsis cumingii (QOD42465.1)

51

100

100

L] 75 Pinctada fucata (QBX88970.1)
74 ol Crassostrea gigas (ACN80999.1) Mollusca
0.050 98  Chlamys farreri (AFB35647.1)
—_ 1001 A Patinopecten yessoensis (XP_021353421.1)

K3 AEYF Foxl2 ARG

Fig.3 Phylogenetic analysis of FoxI2 protein from different species
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S ZEG FH RSP G5 3807 SR . Fox FEIGHR &
H—1 L FE DNA 454 X3, i 30k 25 i 90 I~
FERRA (M b 4, 2006), HE 34 o BRIE. 4 1B
PrE M 2 AFORGEH . o BB SRS DNA BUZ

250 bp B-actin

K4 PyFoxi2 fERFAI41L 5k WERIWEE A, H B Y1 BN 5/NALE A (Fan et al, 2011),

Fig.4 The expression of PyFox/2 in different tissues PITHE LR B Rk o FoxI2 J&— " ek A T, %

DL 2000 markers 2. FEFoK: 3. By, g, PPV B A DI R , A A KA S

5. 5. 6. FEBEEE: 7. BN 8. BREL. 9. K HH, M E AT 5 7 912 4% N D e 8 1 3 A4 M A% )
1: DL 2000 marker; 2: Deionized water; 3: Gill; 4: Mantle; E LA, E—2 R A AR N AT R B,
5: Kidney; 6: Hepatopancreas; 7: Adductor muscle; SEFEBINE R TR, AR 0T 35 B DL R R 5 (DA s (A

8: Ovary; 9: Testis
74 RRRRRMRR, A [E#FH Fox12 B XKHERRF X

—— i Ovary HRAFAEIX %€ D AR 5 )7 51 . N (Homo sapiens) Fox12
= K5 Testis BAWMAERSF X C i AT — BORS 20 R 2R X
(RRRRRMKR), Bl FoxI2 &[40 & Nifs 5%
5, 25128 1 40T E 40 B ) 4% (Beysen
et al, 2008), Z XI5 Y 5 AR K T B Fox12 % 53¢ [
TANBEN A 647 A0 M s, R RE SR AR TR 40 A%
Hb, S H I RE ) IEH A4 . RS A DL Fox12 %% 5% [
T 1 BEAUAZ R A5 5 el 5 | 5 L A 48 M A% 9 O &

1.5

—
[=]
T

AHXTRIKE
Relative expression
o
(%]

o 1 |
R AR RB ARdE e . o
Proliferation Growing  Mature  Emission IR e 4 Ja b — 2R
stage stage stage stage XTI YA BRI, Foxl2 FEZAEIP R
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Fig.5 The expression pattern of PyFox/2 in gonadal R AE R (Alam et al, 2008; Wang et al,
development of P. yessoensis 2004), AHF5¢3E T RT-PCR 7EHF 3 bed DL B AT
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Fig.6  Cytological localization of PyFoxI2 at different stages of gonadal development in P. yessoensis
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A: Ovary; B: Testis; 1: Proliferation stage; 2: Growing stage; 3: Mature stage; 4: Negative control;
Mo: Mature eggs; Oc: Oocyte; Og: Oogonium; Sc: Spermatocyte; Sg: Spermatogonium; St: Sperm cells; Sz: Sperm
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Expression Pattern of the Foxl2 Genein the Scallop
Patinopecten yessoensis during Development

ZHAO Dan'? ZHOU Liqing"*”, ZHENG Yanxin’, SUN Xiujun’, WU Biao?,
LIU Zhihong®, WU Zhou™*, WU Lei**

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University,
Shanghai 201306, China; 2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of
Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao, Shandong 266071, China;
3. National Engineering Research Center for Marine Aquaculture, Zhejiang Ocean University, Zhoushan, Zhejiang 316022, China;
4. College of Marine Science and Fisheries, Jiangsu Ocean University, Lianyungang, Jiangsu 222005, China,

5. Changdao Enhancement and Experiment Station, Chinese Academy of Fishery Sciences, Yantai, Shandong 265800, China)

Abstract FoxlI2, an important member of the Fox (forkhead transcription factor) gene family, plays an
important role in ovarian development and sex regulation. To explore the mode of expression regulation in
the sex differentiation of the scallop Patinopecten yessoensis, we analyzed the FoxI2 gene sequence
characteristics of P. yessoensis using bioinformatics methods, and the expression of Fox/2 in different
tissues was detected via semi-quantitative real-time polymerase chain reaction (RT-PCR). Quantitative
RT-PCR and in situ hybridization revealed the temporal and spatial expression changes of Fox/2 in the
four stages of gonadal development (proliferation, growth, maturation, and emission stage). The results
showed that the Fox/2 sequence of P. yessoensis contains the FH domain shared by the Fox gene family,
and the multiple sequence comparison analysis showed that P. yessoensis has the highest similarity with
Chlamys farreri and Pecten maximus (98% and 96%, respectively). The phylogenetic tree analysis
showed that the Fox/2 gene is highly conserved in different species and in the process of evolution. The
results of the quantitative analysis and in situ hybridization showed that the positive signal of the in situ
hybridization was mainly located in the cytoplasm of the germ cells. A small amount of PyFoxI2
transcripts were detected in the gills, kidneys, hepatopancreas, and testes. The expression level of FoxI2
was the highest in the ovary and peaked in the mature stage of the ovary. In contrast, with the
development of the testis and the gradual differentiation of the male gametes, the expression of Fox/2
showed a declining trend, which is consistent with the results of the in situ hybridization. In conclusion,
FoxI2 may play a key role in the ovarian development of P. yessoensis. It is a key gene in the regulation of
sex differentiation in female P. yessoensis. This study provides a theoretical basis for advancing our
understanding of the sex differentiation and gonadal development of P. yessoensis.

Key words Patinopecten yessoensis; Foxl2; Real-time quantitative PCR; in situ hybridization;
Gonadal development
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2. HBWFERE S EARR S ER LR R S 'Y M BRI E IR HE 266071;
3. B REK HEMm¥EE B 201306)

WE AFRT220B8F9-1 AELRLEFHTERSERMET A& XMNE. TRKFN
(Pinctada martensi)#1 5 4% it i 3 (Eucheuma striatum) iy % & 7 B Wk % A4 F A (IMTAE &, TR I
SEIH R B, EE NN T DR IR I fe A fo e BUBUBE B R ORI F, AT
TIRGARBENNERARG AT AERR, GRET, TRALRAKFNTHRFEEKE
(SGRYAEZEF T HEE, KENH 050~0.62 m WE KK BN THEFEET THMAE, LhA
SABBE SN EREE THEE, KEY 0.60~090m i+ KHERRE,; £ 2445CHEET, &
K 2k B DU FR A LA (POM) B 48 & | ROl 3 R 3 3 218 2 7 7 (4.13+0.77) mg/(h-ind.) .
(1.04+0.24) mg/(h-ind.)F7(25.00+2.51)%, #] B % & T 20.74°C L4 41 ; £ 5250 06 2 56 B A, A it it
¥XN.P, SiEHRAENFREFHMAEREAGELAATHFRRERNAS, ZHEHNEI0C, *L
A, B Kk R A ARt POM 25 4 778.08 #1 144.47 g, A RLEEEHOLHy N, P, Si
RENHI N 855, 111 1 9.18¢g, HmTXHE A, ARKY, BE. REKE. POM X E KL KE
RRWMGRFKFIN RS E KR EERRNEERXK,

KR BAMERE; DRAFIN; REBBX; 2ERERESGRA

FESES S966 XEKERREE A XEHRS  2095-9869(2022)03-0146-10

ITAFESR | B 1 16 IR A F2 50 7= A IR R 8E 75 e Je AE TEANTR)E F2 A Wy B (A% 356 ARG 2R, [, ] v
AMEH M, 28 FRERRES TR AMTAE N — B BRCR, kB PE R IR K TR AR S
bt e v R &R i K FRBE BE S, ] SEELE SR 358 H 1Y (Chopin et al, 2001), FF S THE(2013)#F5%

* A AR ERANM F PR A VR AT H (i — e #el H 50K FR B RHL BB & 7E) (20180101) 1L AR 48 E KRB B BT
TR I ——{g e T B R A8 T (2018SDKI0501-3) il v [EI R~ e f s 1 e 5 b4 & T (A ) S v ] £ 25 S 4
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R, ZEFRIEZREEG KT IR NN 2 8 1 hia
T AES RS W E TN —KARGER . BT, %
FHBC AT AZAERCPE . gk, #E.
DA B S8z S0k, RIS T 18 2 R SCR (Neord
et al, 2004; Gui et al, 2018; Ashkenazi et al, 2019; FK4kZT
8%, 2013a), DADUSEE R FARAY IMTA 2K ™SR58 M 2%
o SR AR MR, 8 i 5 I A U8 D12 AR A i
25, FIH DU U8 8 B KA AR WS 78k
MIDIRE, 7T AU S R0 7 A R R T, BRI
PP FIE T Eh SU0 (SR AR LL4E, 2013b),

20 t2e 70 4FAC, FREC IR TifEK DR IR 1)
oY, FFES TR SRR, 2L TR
i D1 (Mytilus edulis) . 4t 47 (Ostrea gigas) 5 i #ff
(Laminaria japonica)%db J7 FRFE A 28 (L= F], 2001;
EHERG A, 2016), T [GBR B D1 (Pinctada martensi) UK
BIEREEDL, T2 40 A0 FE R BOT BT S, DL uE
TR K A CEE | TR Sl ) 4 HURINE K B A LR S
Fe N (B IEAESE, 2016) . BB =2 (Eucheuma
muricatum) & —Fp i B, 38 A e AT T I
PASCE RGP IR, i Btk U2 (Eucheuma. gelatianae)
1SR BB 32 (Eucheuma. striatum), 44 K0 R A EE
(Kappaphycus alvarezii), 23 [ 5 5 i X 5558 ) 325
TR (BREESE, 2018), £FXt IR E by 1440 D e g%
B JIT T I A Te) A, BB 2R K i ek e S SRS AL B DL
(Azumapecten farreri) . HF 3 B DI (Mizuhopecten
yessoensis) LT [T, =i T iR FRA RS
2 BRAE, H [OERBE DU S = 2 TT 58 DL 325 5 FR A 1Y)
PR Ge AP 2 At 22T | A S IRER B DL | SR L g
S A5 RE ORT ST R iR %) R A 28 B 36 O T ST e £ DL
HIMTA 85X, A5 &80 A 5 2230 Ty 1 0RR X 44 e 1)
KT AR R B TR A 7 B DX e T R R R R (R,
2001), R HAEIE 7 U Bk AT BB AL R 50 1Y v] BE 1
AR R A T i R R K SR A R R A i kh e . H
HII, T A R0 . 5 RER A DL 5 S A LB S 1)
TRIERCER I TR B R o AWFE LA AR T B B 2R 5
FEFRFHIE BN BT IR, A TS 2R AE . BT
BRAEE DL A S A O 2 09 IMTA #5208 17 DL
PRLEA IR XS AR TR X 7K BB R, DU &
T3 £0 D1 3 IMTA B2 g 7 S b BoE S0 9% .

1 MR57EE
11 IWIHARE
S 36 P A ERER A DU S A B IBA S 15K 1 T e

BEWH X, SiEEHSELREERT 5
SR 20184E9—11H 78 IR T 5 B % 5 g 1 ik 1 0
FEFRAIX (23 A5, 35°55'16.6"N, 120°13'04.1"E)FIdEF:
B X (W} IR 5, 35°55'27.6"N, 120°13'15.3"E), JF R |
DU 25 5 37 B 0 L S8 (IR 1) o 0 46 5% G X 1
(Lateolabrax japonicus) 77 %5 #710.8 & /m’ .,

35058’
N
35°56'F
. R
350557| Control station
Cage station
35054/
RIFEFREE X
e Cage area
35052' . . !
120°11"  120°12" 120°13" 120°14" 120°15'E

K1 LA IR SR vl
Fig.1 The station for field experiments of integrated
multi-trophic aquaculture

12 HEAREHERRE

121 HEF%E  SHBESCRESEE AR M
44 7 HR ) (DB46/T192-2010) , Pk €0 75 8 225 114 S A%
PR EATY0E , R4 KN 2.5 m, BN 30 cm,

R B EHE 7 RN EE ) A RS S I 4w,
S RRE IR IR, S0 AR BE SURI S R
R SR A 4 28RS . S IR IR BRSO 35 i A
T2 (5 7 44 1 7 A 1fE ) (DB46/T2862-2014) , Bhidk filt A7
WG [RBR ALV E TR M EN, BEE 31,

B S g, I S REREE DL PRI . oM. TEM
FAFRAIC, M AR 1 BBl Kk
2, SIREREEV SR EREHEKT 026 m &b, Wi
FFREHFE T vy 35k A A i B AT 7 Vg /K e B ST
R Lh [QBRBE DAY R SR R EE 20 91 0.26. 0.32, 0.38,
0.44. 0.50. 0.56 F10.62 m, SeAELEESER IR E
p 0. 0.3, 09, 1.2, 1.5, 1.8, 2.1 Al 2.4 m,
JF FRFE X O6F ISt [T AR 4R AE

122 H&REFNE FRIESLE T 2018 4F 9 H
21 H—11 H2 HFFE,IEF 10 A 15 HAT 11 A 2 HAr
SIAE S SRR B SORAERE S . JREE . $hE . pH &
IR SHI R 2 SH0K T (Y SI-EXO, B E .
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543 %

EIREORL Y (TPM) . BORLA HLYI(POM) . 5 R ERAE IR
5i 2 By R A KON 4R T € v I S )
(GBI17378.4-2007) 1) J5 %5 M4k & a >k Turner-
Designs Trilogy #¢6AX (35 E)#EAT I (5= 30 4%,
2018). i i L F K- (M4 5 -ME-2002, 36 [#) Bl FR
RN A B2 SRR N IR e SR
XRS5, Geit T FBRB: DU IR A8 58 N B2 B AE T A
B, DX N GRS, il T RO R R D R
KDL A A S 5 G TR, B e 24 e JE AL
WILERG , AEBE] 2 G S I T R LI AT

13 ERNEEXR

131 LAKFNBELAEEE Z Mgk gkar
F5(2013a, b)MY J5 1, SR 3 N K 0 5 5 [k B DL
B € 7K 3R (Clearance rate, CR), % & (Feeding rate,
FR). "% (Absorption rate) M W WS K (Absorption
efficiency) S5 A= HFR AR, B LIAWE 5 AT
3 ENT R, FAEATHUE | A S REREEDL, 52
WFFS 2 h 5, WOESSMEAMERES . LA RE, #N
Fo i E TR i AK T, HEZS 2 h, BRI ZEME,
DU S0 I LR e L TR S AR 2R AR AR, SR HK
RPIFE X R Z HARIEEIK
132 FHBEXEREOKSE R LD PRI
KOEH W AR, SR 7d 5 R,
FHE 7K R AR T (R 7K 20, 43 0 6 53 5 5
L SR AR, PR R (9.8240.51) g, SEURVE
KA FH A X 26 J2 SRR R A At 8, 180 3 AN 5K
AR 1A XA, SERmAS AR 12 L RS
Wbt TR BRAR , BRI AR ALK 10 L, 1%
FEARESE, MR E N 17°C . 20°C . 25T, 30C,
35°CH S AMBRE, HNEIERES RS, iR KT
2°C, FFRLEWEEI3 dIF, dEibiT F—4
TREERR LSS . SCYR I E], BEFRAE IS 12 h JGRER
12 h JBHE, BNRBERS R SC R HFLE 24 h, 2 1.2.2 fF
R IT VRN E SR AR R B
1.4 HEHZE

b PR DU S TR I S5 119 5 A= 4 % (specific
growth rate, SGR, %/d)iTH A .

SGR=100x(InW,>—InW,)/t

A, Wy o S5 A (2) 852 5 (mm) , Wy S ) BRI
T (g)m 5T B (mm), t SLE R A (d).

I PR BE DU B R AR AR AR ST A NS %
JEBAE (2002) FEK 4k 21 55(2013a, bYRY L.

S g L R 5 XoF % G R W R R S B
2008k, HHEAR:
C=(Ng-N)xV/(TxG)
X, C RHEFERMICHE R (umol/g-h), N I Ls
PRS2 X BE 2 0 4% 78 SR RV B (umol/L), N A 5K
B b AR A A BURE B R SR A I 3R AR vk B
(umol/L), V MSZ58 BT I K B BL(L), T Rsssnt
] (h), G5 ABEESR YT E (g).
S [CEREEDUGT POM AR S i i i X
Mpom=nXWxIxTpx 107
L, Mpom J 55 FCEREE DU POM A9 45613 B 1ol W i
M (g), n 5 REREEIURAF A S $(nd.), Wyl
I FCBR S D SR FH e A B R 21+ (g/ind.), |
N Bk AR DL X POM (R B R B Wl R
[mg/(h-g DW)], Ta KR5S ] (h),
SABUEESE N P oS HRRAETE AR,
R=G,xMxCxT,x10°
X, RASEABEEE T N P u Si (LB AR (),
Ga MR EREIT) (), M A N, P Ik
Si JLZE M /R B (g/moL), C H 20°C~25°CH}, Fkk
BESEXT NP Bk SiE IR AR i R ) 7 (A
[umol/(g-h)], T. AFEFHAET[H](h)

15 ¥iEAbE

SEEHPE K FH Microsoft Excel 2010, Surfer8.0 Fl1
Matlab GE i+ Mrdk A A5 3 Hr Je 222 B, >R 1 SPSS17.0
A AT IS AEAS t K50 20 B 4 R] 25 57 (P<0.05 2%
53, P<0.01 AZEFMRE), DIEEAY SGR 15 12T
F 18] 1Y 5% 2 % H I 4% %9 1 (redundancy  analysis,
RDA), 7 #rid ## FH Canoco for Windows 4.5 #{4-4#%
JHE I o 3 FH s o 50 (2R S04, 2018)

2 #R

2.1 IREBEHIELHF

TV AR TR SC I X SRR S B0 LR 1,
FJ5 253 M1 (one-way ANOVA)ZE ], ScibiiE), 5256
4 TPM., POM ., & (NH;-N) K% i JCHL A (DIN)Hk
JF 44 2 v TN TR A (P<0.05), 1T B B I T
MR BRER 1 OBREAh, S050 f iR 3R AL(NO5-N) Ik
JE . MR a B R E E T B A(P<0.05); FBRY)
WRICRESN , 5205 PO -P R 34 i 3 i T X IR S
(P<0.05); SiO3-Si ¥ & 7 9] Uiy URE B f 251K F X AR
R, MTER T RNER 2 URIBURE S TR 52 (P<0.05)
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Tab.1 The environmental parameters of experimental area in offshore fishcage farming
H #1 Date
R 2018-09-21 2018-10-15 2018-11-02
Environmental
parameters S S, ol HE i SEH S if SR A, of

Cagey Control, Cage, Control, Cage, Control,

KZRE T/C 24.75+0.17  24.75+0.13  21.24+0.15  21.05+0.19  18.24+0.11  17.46+0.12

e S 32.57+0.09  32.55+0.07 32.27+0.08  32.56+0.11  31.51+0.06  31.75+0.05

Y% DO/(mg/L) 6.89+0.37 6.83+0.41  7.35+0.24 7.23+0.31 7.46+0.22 7.39£0.27

pH 8.25+0.03 8.26£0.02  8.25+0.01 8.310.02 7.960.02 7.96+0.01

JKIE  Water depth/m 15224031 15514025 15.22+0.31  15.51£0.25 15224031  15.5140.25

HHIE TRA/m 1.13+0.11 1.5140.15"  1.30+0.13 1.91+0.21 1.73£0.15 2.14+0.22"

SETREURY TPM/(mg/L) 111.42£11.17°  86.68+9.57  60.42+7.62°  47.62+8.64  70.78+7.56"  45.20+9.11

WOk HLY POM/(mg/L) 22.04+2.12°  17.26+1.31  10.52+1.02°  7.98+0.67  11.34+1.13°  6.22+0.54

4% a Chl-a/(ug/L) 1.01£0.14"  0.89+0.09  0.83+0.06 0.97+0.05 1.12+0.11°  0.69+0.08

W ASAE EE A NO3-N/(umol/L) 0.07+0.02 0.09+0.03  0.07+0.03 0.07+0.02 1.27+0.07°  0.77+0.05

EARER A NO3-N/(umol/L) 1.48+0.14°  0.99+0.11 1.09+0.16 1.04£0.18 4.15+0.54"  2.97+0.37

A NH;-N/(umol/L) 3.66+0.14"  3.38+0.17  3.83:0.21°  3.25+0.16 1.77+0.33"  1.28+0.21

W ICHLA DIN/(pmol/L) 5.22+0.97°  4.46+0.44  5.00£0.54"  4.36%0.61 7.19+1.12°  5.01£0.99

Witk PO3I-P/(umol/L) 0.18+0.03 0.22£0.04  0.32+0.09°  0.22+0.07 0.44+0.11"  0.23+0.08

RERRER SiO3-Si/(umol/L)  5.27+1.12 8.05+1.45"  4.96+0.99"  4.03+0.57 4.63£0.73"  2.3420.66

T 6 —HORE IR R 5 b EARA 7 R 22 5% 135 (P<0.05), Cage,. Cage;. Cage, 73 BIMUERII fibIbh . &
LK. % 2 il ; Controly, Control;. Control, 7 FCFEX GRS . 85 1. 55 2 kill&E; TIHE

Note: “*” represented significant differences in the same sampling date, the same below, Cage,, Cage;, Cage, refers to the
initial, first and second shell height in fish cage area, respectively; Conctrol,. Conctrol;. Conctrol, refers to the initial, first and
second shell height in control area, the same as below

22 NEBEEEFEIRSW

221 LR FNA KR AT} ) A TE]
TR K R FE Y T G BR B DL 52 R R B A KR I L
FI2FE 3, 5 R L0, SE3REEERT, 25 5 XS

SCEG4H Experimental group

W R Th [CBR AR DL 7 5 AR 48 W 3 = T 0 4R
(P<0.05), L5558 5 [RERAED 72/ 7E0.38 mAl
0.50~0.62 m/K ¥ I8 3 & T HAh /K JZ2 (P<0.05), X ]
AL RERRE N SE R AE0.32H10.50 mAib Y W # (%

cage, cage, cage, control, control, control,
T T T T T T

-0.26 | 30 38 41 30 36 44
-0.32 30 39 40 30 37 35
g 0381 30 38 45 30 35 38
%% —0.44 30 37 38 30 34 40
A -0.50 |- 30 40 46 30 37 34
—0.56 - 30 39 45 30 36 39
-0.62 |- 30 36 45 30 34 41

P2 2 R B 5 T G BBk 5% 3 A IR B R K/ DU K 19575 5 fmom

Fig.2 The shell height of P. martensi in fish cage area and control area
(The size of the circle indicates the shell height of the shellfish)/mm

cageg. cage;. cage, /M AMRFLIE SIS, B 1k, 52 kil
conctroly. conctrol;. conctrol, 73 HIMCEN; MR SHIG . 55 1R, 2B 2 IRIN&; T
cageo, cage;, cage, refers to the initial, first and second shell height in fish cage area, respectively; conctrolg .

conctrol; ., conctrol, refers to the initial, first and second shell height in control area, the same as below
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SZ54H Experimental group
cage, cage, cage, control, control; control,
T T I I I I

—0.26 |- 5 5 9 5 5 9
-0.32 | 5 6 8 5 5 7

g —0.38 - 5 6 9 5 6 8
&g —0.44 5 5 7 5 5 8
R 050 5 6 9 5 6 6
—0.56 |- 5 7 8 5 6 7
—0.62 |- 5 6 8 5 6 9

P 3 St IR R D PR A DL A= ORI (RE 1Y R/ 37 DR B ) /g
Fig.3 The wet weight of P. martensi in fish cage area and control area
(The size of the circle indicates the wet weight of the shellfish)/g

THABKZ (P<0.05), S8 B IREKREE L p-F25e  KRER. &5t 43 d Ml BIRFISCE:, 5080 MR A
i FF X8 S i O (43.7143.64) mm T (8.42+ BRSOV 44 4 4 G Y B Dl (253.48+38.68) g, 0.6~
1.04) g, X BT S (R BE DL F B2 m AP IR E 0.9 m /KR VYR 40 4+ # (200.04+33.02) g, 1T
7391 49 (38.38+4.50) mmAl(7.83+1.80) g, J5 2243 #r R R - 34 g 200 G 4 B (211.09+43.42) g, 0.60~
KW, FIUCHCRERS, SCH T S FRER A DL 5 v
1 T BB L (P<0.05) R 2 TERELR SRS DKLRS R SGR (%/d)
L FG Bk BE UL 7E A [ 3 B 10 52 T 55 0 ) B A 10 Tab.2 The SGR of shell height and wet weight of

X . H’:‘ e P. martensi in fishcage area and control area in different depth

SGR #5320 R 2 W LI Y, J280 5 5 [RBRBE

LS5 SGR 7 0.50 m B kA fi(0.96), 7 0.44 m IR X} HE 45 Control area  SZ55: 5, Fish cage area
y Water depth == =r M A M
H/ME(0.53); T SGR A Hi BIAE 0.26 m, T JERi Shell BE Wet i Shell W Wet

height weight height weight

H1.66, H/MEHBIAETREE R 0.44 m (0.83); XFHE&5E

%5 SGR 7£ 0.26 m [ A#R KAE(0.86), 7E 0.50 m &b i giz 832 izz 22 1?:‘1
/ME(0.29); MH SGR e RfE L IAEREE N 0.62m 0.38 0.52 1.38 0.93 1.51
(1.58), H/MEHHEAEREE R 0.56 m (0.96), SLHi Y 0.44 0.63 1.37 0.53 0.83
L CERRE D72 R SGR V-IME 23 5 1% BR A (P<0.05). 0.50 0.29 0.77 0.96 1.45
222 JPHBLBEE A KR S R M S T S 0.56 0.58 0.96 0.92 1.37
SUFIXT BRSO [ IR 8 TR BE A AR AR B LI 4. AT 4 0.62 0.72 1.58 0.94 1.27
FTLAE ), SRR 7E KRN 0.60~0.90 m [1E K WMl 0.56+0.19 1.23£0.29 0.8140.16° 1.35+0.26
MR, FEA K TR BN, S5 RS Sk i ARV 2 64 Average value
SZ5%4H Experimental group
cageo cage; cage, controly control; control,
0F 54 ‘ 59 65 H O s
-3r 7@ e« 81 0 @ o
06 39 @ 109 165 50 @ 125
e 09F 48 @ o5 171 s6 @ 114
gg 12 8 @ e 78 v @ 65
B ast 3 @ a1 45 50 @ 3
-18F 59 @ o 1 @® 33 @® u ® n ©
21 F 37 @ 30 14 ® 38 @ #5 @ » @
24 70 ‘ 45 30 @ 68 . 3 @ 23 e

P 4 S0 0 IO IR A S SRR S 2B AR L (FE B /IR 78 BESR I T ) g

Fig.4 The growth of E. striatum in fishcage area and control area (The size of the circle indicates the wet weight of the algae)/g



%30 SO AR BRI K TR 7 B S DL 8 £ SR AR B i R 3R by 151
x3 FARRETIERAMGERS AR 2H B [QRREE DLXE POM Y 25BR S, SE30 A

S B EER SGR (%/d)
Tab.3 The SGR of E. striatum in fish cage area and
control area in different depth

e XEH ey
Water depth/m Conctrol area Fish cage area
0 0.52+0.10 0.46+0.22

0.3 0.71+0.59 0.90+0.69
0.6 2.60+0.27 3.210.57"
0.9 2.50+0.64 2.32+0.23
1.2 1.00+0.60 1.114+0.38
L5 ~0.12+1.00 0.59+0.01"
1.8 —-0.32+1.06 —1.10+0.33
2.1 —0.51+0.10 —1.03+0.10
2.4 —2.47+0.60 —2.88+0.16

0.90 m 7K 2 V-3 148 13 5 4 (106.87+25.96) g, Hi%
K S S R A g R I T R N
(P<0.05) . 58 IR A S5 S 50 o5 RGBS IB BE Y SGR 2
WWFE 3, NEITLELE, KEHN 0.60~0.90 m i,
SRR SGR W2 = T HAOKZ, HACH S
SEA LIS SF SGR 7E/K M 0.60 F1 1.50 m i i 2 = T
Xt B 15.(P<0.05).,

23 ORKBIWEELEE

I FCEREE DU A B S I0 ALK AR IR B S U &
TR R R LR 4. NFE 4 TLIEH, 10 H 15 H
SCIS AL KR ) TPM K Bk JCHLA (PIM) & 2 & T 9 A
21 HEZER4, 109 A 21 HS2B4l KRR EE M A WL
FREEEET 10 H 15 H 9284 (P<0.05), DREE
RN EYASHLE 5. R S ATRIEH, 2 kL
05 9T F 5 EQ Bk BF DU AR 9 24 38 A AR H 38 G W 3 22
(P>0.05)o ANFELEEAZMF T, FRBREE DX 52 56 X
H AR K I AR B PR LR 6. MR 6 TLIA
S RERBEDLTE 24.45CEMFT, LR X 7K POM 1)

FIXT B o5 T FCBRAE DL K o POM B s LR 7.
M T ATLLEH, %t 43 d W FIRR S, Sui
MG IREREEDUR) POM £ B S H FIXF POM. I W IST
T 778.08 Fl 144.47 g, HJuEn TR

24 REBEBENEFEWYER

AL Y S BB QR E )X N P Si
FRERRCHR L FE 8, MK 8 FTLIE I, SRR
N. P. Si EFERMIE A bl 5 T 2 e T
FEREARRE S, A BTE 30°C, 78 35CRE &4
T, X NL P Si RMISGHE R B, R X
ML IR 32 14) 5 FR R W™ A (35 5, A [R] S 56 1 5
FOBUEESEM N PL Si BBRCREEILE 9. NFE 9

R4 KIHEKEBIING SR B IF B B R i
Tab.4 The environmental parameters and characteristics of
suspended particles in experimental groups

B BR H #{ Date
Environmental parameters 2018-09-21 2018-10-15
RIZEE T/C 24.45+0.55"  20.74+0.37
A S 32.37+0.02  32.17+0.03
#iR4E DO/(mg/L) 6.86+0.16  7.48+0.11
pH 8.04+0.01  8.18+0.02
BEDEBURY TPM(/mg/L)  39.05£3.07  46.61+4.31"
WHRAHY) POM/(mg/L)  9.04x1.11 9.25+1.31
WORLICHLY PIM/(mg/L)  30.01+2.89  37.36+2.67
HHWILER 1% 23.15+2.84"  19.85+1.66

T« * R AR S5 FB TR — 47 Kol 22 57 1. 35 (P<0.05)
Note: “*” represented significant differences in the
different experiment sampling date (P<0.05)

*k5 TWRADRKRKSNNEYNESH
Tab.5 Shell length/height and weight of
P. martensi used in experiment

\ - s Fk MTE HRASTE
. . Groups . . .
(4.13+£0.77) mg/(h-ind.) . (1.04+0.24) mg/(h-ind.) F height/mm  length/mm  weight/g weight/g
(25.00+2.51)%, W FHET 20.74°C (P<0.05), #H 09-21 30.42+0.07 31.91£0.61 2.01+0.11  0.15=0.02
VEL S T [CBR U1 B B A B P A b S [T 10-15 31.14+0.64 32.60+1.43 2.03+0.14 0.14+0.01
*x6 AREBETIRHKEBINAREKNERERER
Tab.6 Feeding physiological index of P. martensi in different temperatures
eI IR A ARER TR RAMARIER BARERICR RAMARICR R
G - Clearance rate Ingestion rate Ingestion rate Absorption rate Absorption Absorption
roups /IL/(h'g DW)]  /[mg/(h-g DW))  /[mg/(h'ind.)]  /[mg/(h-g DW)] rate/[mg/(h-ind.)] efficiency/%
09-21 (24.45°C)  6.03%0.69" 28.02+5.01" 4.13+0.77" 7.05+1.63" 1.04+0.24" 25.00+2.51"
10-15 (20.74°C)  4.53+0.16 20.55+1.97 2.89+0.42 1.97+2.31 0.28+0.32 9.21+10.46
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Tab.7 Filtering effect of P. martensi from different experimental groups

weusgy PRI AR RERELTENE BRI BURA DL SRR B X UREAT BILH ) R A A
B i . . . .
Gro Total number of = Mean dry weight of  Filter-feeding  The ingested amount of The absorbed amount of
up /ind. soft tissue/g time/h particulate organic matter/g particulate organic matter/g
B 97 0.32 1032 778.08 144.47
Cage
station
X IR 95 0.25 1032 595.37 110.54
Control
station
*8 AREETHHEMBMEBEREMNR. 8. BEFRENBRBE
Tab.8 The nutrient absorption rate of E. striatum in different temperature
W Wi 3k 2 &% Temperature
Absorption rate/(pmol/g-h) 17°C 20C 25°C 30C 35C
WA JCHLA DIN 0.220+£0.090  0.450+0.130 0.720+0.240 0.700+0.021 —0.240+-0.012
Wik Lk PO3 -P 0.022+0.010  0.031+0.020 0.038+0.010 0.049+0.011 —-0.002 2+-0.001
TEMR LR Si03 -Si 0.080+0.030  0.250+0.130 0.380+0.120 0.530+0.170 -0.030+-0.010
®9 TEZHARKBBENN, P, S EBRMURILE 06 WhFaCllay | WRIALA
Tab.9 The removal amount of nutrient form E. striatum in : I
i i ! TRA
different experimental groups S NHE-N i
pm  AERER BERGR R TR !
S Added Total Total B EU e i : WASERA NO;-N
Grou weich removed removed Total DA e N
P / & nitrogen  phosphorus  removed BESi<e TERRER A NO;-N
g o .
/g /g siliconlg [
SLH L 1013.92 8.55 1.11 9.18 SH BETHERY
o |
Cage TPM ! g%
station —0.6 ! I : L DO
Xof B R 844.36 7.12 0.93 7.65 -1.5 1.0
Control _—-
station K5 DI SGR H5EA5EE T RDA HE¥

ARLAES, & 43 d 199 EIRESCE, S0 N SR
BEBESER) N P. Si EBREESH N 8.55. 1.11 1
9.18 g, Fyfm XA,

25 JUGREKBMERSH

I CEREE D5 A RSS2 19 SGR 5385 111
RDA HEJF WLE 5. MK S ATLLE W, PR F S04k
WiskFon, Dl SGR HEAH LkFw. MW TS
SGR Z [H]Je f 1 A5 sZ B AR LA M, RISl ff it/
HAHSCHE M . RDA 43817, . TPM. POM
Xif B FRERAE: UL A58 i AR EE Y SGR A W3 5my, 2 IE
FHF(P<0.05) ; T . SiO3-Si. pH. NH;-N F1 PO; -P
5 SRR S 1998 B SGR 2 3 1E A 5E(P<0.01),

3 it
31 &IRRFRGEFHIVEFEUREZMER
ACARSR, 7K AR FRBE 7 2 Y PR 5 R S R G )

Fig.5 RDA biplot of SGR from shellfish and algae

EU: SEBESEWE SGR; SH: HICERE)
V5Em SGR; SW: Hh[GEkEE DL H SGR
EU: Wet weight SGR of E. striatum;

SH: Shell height SGR of P. martensi ;
SW: Wet weight SGR of P. martensi,

BERAMTR R, FFRM . DU BEA) IMTA &%
X—HEE A SRR, HET, Bl EPrE
(I FRFE IR (SR AR LT 45, 2018), SR, FRAHMZENIHE
Bl FRAEEE | S0 X A B R 52 TT ) IMTA 1
P LR (L A4, 2000), AWFFRFRBT, SC00 D
ICERAE D158 8 & SGR ¥ & 3 = TR, HLSCH0
T RCER AR DL SE R 7E K IR N 0.5~0.62 m i i &5 T H
k)2 AL S AE KRN 0.60~0.90 m Ak A= K5k
R, HoS A IR 37 A 1 T e R T R
Mo 50 ERIFFAR IR ST 5T e (Qian et al,
1996; Wu et al, 2003), AAFFEIE 5] A 02 6 57 78
BATTRY 0 DL TR SR RO 3 AR FR A R AR
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RIFEGY, RARMRFFEA B, R
HhE A I 0 BRI | S SNSRI T A R
Ty FCEREE DL I, [AIE, 40 A o5 R BR A DAL
WIRELE N P Si AETCHLE SRR 1 5 A LI =5 iz g
IHEAAERR, JERL O, BZFE ARG, X
FhFal 7 LR Z A POM R FRdh, HE— 508
T EIEY) R = G A F F (Chopin et al, 2001; Hayashi,
etal, 2008; KAkLIZE, 2013a,b), A1}, ff U1 HEFRGH AR
B FRFEAOR B 3500 T D iR R

50U BEHIRAIL, i fa DL S IR AUR I &R
WIE TN 2% . AWFIE R, RIE . FREK)ZE . POM
N 7 R e B 2 5 ) T R BR R DL S I = 4E K
F A BRI ) 2 2R I B R R K SR AR A
KB EBEHNRZ — W REE, 2019), T4k, FRE
At 77 1 3 2 S BK R A S B0 DL S5 SR A A S At
TR | R TR R A B ) B PR AE, 2017).
AHFFE I L FBRAE DU | S AS MR S5 S5 A GT B i 5 7
B 2 B A 5 T B A T 82 ) 3R 0, 38 A A ORI H 2R
AW T3 v A XoF ¢ v 1140 7K Sk AR e, e T % B 1K 1 1)
BRI R EN, DICEREED | SRR SR
fiyi £ TR SR AR AT DA N b B R AR L, FRAEAL
RWE, FHKZURZMIEERNWERERNE, 5
PGB B DL 4l DU PR 35 1 11 9% R B3 % 7E 1.0~1.5 1§
2.0~3.0 m, BB M IRIRETE 20~40 cm Ju [, H
1 F7 TR 32 B B 3% 8 16 30 0% B 058 s M (77 0 55,
2001; FERAF, 2010), ABFITH, SCOH 8 5 REREE
Wl SR BORES  FR R E 20 IAE 0.5~0.62 m Fil
0.60~0.90 m () SGRRMLEMLF HALKZ, 7T REZ X
FIHR G T POM A etk | EIREHWE | B E
KoKl Jy 2SR R i dE e AR KoK E =4 T
S0 (Kasim et al, 2017), ASHF5Y RDA 45 R dK 0,
TR . FRPATRE . POM S8 SR dh vk i J2 52 i b [ R
B DUFILSE R B S SGR R BN E, Wik, fEfyfa
DU g TR, 2 T AR K2 POM
JOE SR ARV B A D R A o A R, EAT A BRI
M IMTA 3758 R 40 B A B & 2= ae i fn
SIEH T IR I A v R A o

32 &, N, BRARFHIIVEFRERE A

TR 7K 0 S R IR B — Fh = 2 | SRk 3R 5
HR, BFREEWREKREF . #2WEEFRE, *
6 BB AR T A A AT LIRS N P Si AR TEHLE
FEER U AN IE K, X IR B B T — % Y T
U N S C N A S E RS g R € S AR N
2013a, b), ALK KM, SCH 5 QR AL DL

3=

POM £ S FIXH POM B W2 AT e 24 15 % B
25 S R A N P Si Zel Bt Tt
R o I FRBRR): DL AT A by A M08 48 45 550 25 I I 4 77 4
FEAE AR AE . ZEME S EURAG ML, DR R DD 2% T
U B Oy B KRR S SR, il e
TR AR v 1 SR I L BT G e SR A AR, DT
FEAR T KR E =Y R B B, R, 40 T FRAH 16
BOA R, (HE A U128 K WA fa 2 A AR R
Hr, 2 R AR RS CO, A NH4-N, 7E IMTA
RGP A BRK R DO K- K THE DIN e, %
DU A0 2 0 A KPR A SRR I I AN ST 5 T A
SR T Sk — IR T, B AR ) Ay
Pk, WOHEF AR SR =B N P ST ETRER, I
BT R FRIIATIREE 1 7, e T A AL R Y A
BRI R TR K S A A= S I

TEIMTAZR G, KPOM., HFibfE il | 4
PN DL 2 8] BRI 5C R W A7 2 HE 1 (Hayashi
etal, 2008; KAKLI4E, 2013a,b; E HEMIZE, 2016), 1l
WA R ARG, BAHPEFRE oC(F B )=
AEROBRIE . S RN TR ER SR T T A AR R (O
PRV | 25 IR BT B R R IR (8 T4,
2013), AR, 5 EIRFMLL, MAX
I [ B B DL %] 35 58 1 X POM (14 45 £ 12 1 W g 5 44 42
B 30.69%, SIS N X DINGS 37 46 19 £ &
PEE T 12.64%, [FES, NEERENNEZRERY
A B B AR, B T IRAE R ) 2R
M2 TR AR, ANWFETE A HE S R DL IMTAR R 2
P67 HE RIS S

£ % X M
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Analysis of the Effectiveness of the Polyculture of Shellfish and Algae and
Influencing Factorsin the Xugjiadao Sea Cage AquacultureArea

WU Wenguang'~, ZHANG Jihong'*", LIU Yi', ZHAO Yunxia', ZHANG Kunyang', WANG Liangliang'

(1. Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao, Shandong 266071, China; 2. Laboratory for Marine Fisheries
Science and Food Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao,
Shandong 266071, China; 3. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China)

Abstract In recent years, environmental pollution and ecological problems caused by cage
aquaculture have become increasingly prominent in shallow seas. The cultivation technique of integrated
multi-trophic aquaculture (IMTA) can be applied to minimize the impact of nutrient enrichment from
organic fisheries. The IMTA mode was implemented in September to November 2018 in this study, which
included fish cage aquaculture, the shellfish Pinctada martensi, and the alga Eucheuma striatum. The
feeding physiology indicators of P. martensi and the nutrient uptake rate of E. striatum were measured at
different temperatures in the laboratory concurrent with conducting field experiments, and the
improvement of the water quality in the cage aquaculture area by IMTA of shellfish and algae were
compared and analyzed. The results showed that: (1) the specific growth rate (SGR) of P. martensi in the
marine fish cage area was significantly higher than that in control area, and the average shell height of
P. martensi in the 0.50~0.62 m water layer in the cage area was significantly higher than the other water
layers. (2) Eucheuma striatum had the fastest SGR in the 0.60~0.90 m water layer, and the net wet weight
gain of E. striatum was significantly higher than that in the control area. (3) At 24.45°C, the average
feeding rate, absorption rate, and absorption efficiency of P. martensi on particulate organic matter were,
respectively, (4.13+0.77) mg/h-ind., (1.04+0.24) mg/h-ind., and (25.00+2.51)%, which were significantly
higher than those at 20.74°C. Within the experimental temperature range, the absorption rates of nitrogen,
phosphorus, and silicon first increased then decreased with increasing temperature, and the maximum
values appeared at 30°C. (4) It is estimated that the total amount of filtered particulate organic matter and
the total amount of absorbed particulate organic matter by P. martensi in the marine fish cage area during
the culture experiment was 778.08 g and 144.47 g, respectively, and the total amount of nitrogen,
phosphorus, and silicon removed by E. striatum in the marine fish cage area was 8.55 g, 1.11 g, and 9.18 g,
respectively; all the above indicators were higher than those in the control area. Temperature, depth of
cultivation, particulate organic matter, and nutrient concentrations were the primary factors affecting the
growth and physiological metabolism of P. martensi and E. striatum. This study provides data and
theoretical support for the establishment of IMTA technology.

Key words Sea cage mariculture; Pinctada martensi; Eucheuma striatum; Integrated multi-trophic
aquaculture (IMTA)
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hESEE S968.42+1  SCEARRIDAD A

TR (Saccharina japonica) 2 X [ f 5 {9 5% 5 1
Wz —, B EEMAFIE. W e sl TrE
BERRL, UTAESR, FERGANML T, B2 R W RE IR S
AU o AR 2 12 o AT SR AT T R
PR RS AR IIRE, SRS T I 28 5
JE R EE A I3 8 BOR 437 2 B OB RESE, 2014), 3K
HOLEMERTET . B, 358, T 549
i TP R A — IR AL 7= b B GE /D 225, 2015; 2RI 4E,
2015; R AEAESE, 2020, SRS, 2009; 1RG5,
2019), 2019 4E4x [EIAFHF G ik 162.40 7 t, FRGHTH
FUR 4.45 J7 hm?® (Al A AT 30 b o B A P R 4%
2020), ALAER, TERERAMEARL . WKI5 Y R
TREZLEENT, VIKLZEEAESSCHER KT
SN AT I K AR 5 R T R WS, 3T R I R
TR X W B G . Ak, BEEE L R K R IR
Pk, T RS IR X A () A R, IR A S
K, FESEMEH M E R, XERHETE
VR R B 1) 8 TR X R R R B H 25 I B GBORAR
4:2007; XHEFIEE, 2019, 2020),

AT SR P AL S R R L TR FF
B B FRAE O A K, W5 XIAEE . X K/
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TR AT PR R B N R, KRB KB R A
T X AR TR AR A e BE /N B I RE L R K AR s e A
TR B HARIE S T e, R B R Y 7 R
S BR A, 1994, FEAR B, 2009; {4 R A,
2018; XUHEA%E, 2019). HEEEAGRK . WA E
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Multiple comparisons of the same month in different sea areas were marked with capital letters (upper label on the bar
chart), and multiple comparisons of different months in the same sea area were marked with lowercase letters (lower
label on the bar chart). Different letters in the same group showed significant differences at the level of P<0.05;

the numbers 1, 2 and 3 indicated length, width, and thickness respectively. The same as below
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Effects of Cultivation Area of Different Offshore Distances on the
Agronomic Traits and Breeding Rope Aging of Saccharina japonica

LIU Yi'?, LIANG Zhourui**, YU Wenwen*, CHANG Lirong’,
LU Longfei’, XIAO Luyang’, ZHENG Yanxin®, LIU Fuli>*"

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Key Laboratory of
Exploration and Utilization of Aquatic Genetic Resources (Shanghai Ocean University), Ministry of Education, Shanghai
Engineering Research Center of Aquaculture, Shanghai 201306, China; 2. Yellow Sea Fisheries Research Institute, Chinese
Academy of Fishery Sciences, Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural
Affairs, Qingdao, Shandong 266071, China; 3. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot
National Laboratory for Marine Science and Technology (Qingdao), Qingdao, Shandong 266071, China; 4. East China Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China; 5. Wethai Changging Ocean
Science Thechnology CO., LTD., Weihai, Shandong 264316, China; 6. Changdao Enhancement and Experiment Sation,
Chinese Academy of Fishery Sciences, Yantai, Shandong 265800, China)

Abstract The trend towards kelp Saccharina japonica cultivation in offshore areas is becoming
increasingly obvious, but there is no relevant research report on the influence of different offshore
distances on the agronomic traits of kelp aquaculture. The factors influencing the growth (length, width,
thickness, fresh weight, and dry weight) of kelp and the seedling drop rate were explored for different
kelp cultivars ("Xunshan No.2", "Xunshan No.3", kelp "205"), offshore sea areas (from far to near, defined
as offshore, middle area and inshore), and pitches of twist kelp breeding rope (80.8 mm, 65.6 mm, 61.1 mm,
53.4 mm, 48.3 mm); the mechanical properties and aging degree of the breeding rope were also
investigated. The results showed that: for the same kelp cultivar in different sea areas, the length, width,
and thickness properties of the blade were different. The cultivars "Xunshan 2" and "Xunshan 3" showed
better economic traits in the offshore area. The fresh and dry weights of the different cultivars were higher
in the offshore area, followed by the middle area, and were lowest in the inshore area; however, offshore
cultivation had different effects on the fresh and dry weight enhancement of the different cultivars.
Whether before or after use, the breaking strength of the special breeding rope was significantly higher
than that of the traditional breeding rope (P<0.05). After using a year, the strength retention rate of the
special breeding rope was 93.8%, whereas that of the traditional breeding rope was only 63.6%. The
seedling drop rate of the breeding ropes with a twist pitch of approximately 61.1 mm was the lowest, and
the seedling drop rate significantly increased if the pitch of twist of the breeding ropes was too large
(80.8 mm) or too small (=<53.4 mm). The molecular chain of the breeding rope used in the offshore was
oxidized more severely, and the degree of aging was higher. The above results showed that offshore
aquaculture can improve the yield of different kelp cultivars, but different cultivars have different
adaptabilities to different offshore distances; and controlling the pitch of twist of the culture rope can
effectively reduce the kelp seedling drop rate. For kelp culture under offshore sea conditions, a special
rope with aging resistance and a twist pitch of approximately 61.1 mm can prolong the use time and
reduce the rate of seedling drop. The results of this study can guide the development of the offshore kelp
culture industry.

Key words Saccharina japonica; Offshore distance; Breeding rope performance; Pitch of twist;
Seedling drop rate
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BT ER A EEREMEREHST

a2 1 1,2 v 1,23 10
B mEA mmE2 & KN
(1. FEUK=RH2ET B K TR SR 5 AR RN B RS =il g S
BY IR E AR IR AR ERESALEE IR HS  266071;
2. B HERYE KTFREERESER R B 2013065
3. PENGEHERSF = WIS PO R R A S5l TR W = 572024)

WE WL A H W (Oplidiopsis disease) & ¥ b # 3% % 3 (Porphyra sensu lato) i & F g 2 —, % 5|
MEXATARREAERTEZFH k. AARF A D b E WAL EX AL R EERASTHAIELR
¥ (Neopyropia yezoensis)[ & & £ 17 J7 }2 (PyOlpH) . #5504 3 & 4 77 2 (PyOlpM)Fr & 4 ™ & 7 J&
(PyOlpS)], T HM A HAL M, BESMMEEXHZ MNHEELER, ERE R, 3HEER
EHBE o U EAFEELEZF, EPyOIpM A5 m T H M4, 3 M EEMATEHLFTHE
{E 72 ¥ TG (operational taxonomic unit, OTU)#{X 5 & OTU # By 22.7%, HHZ | FHEL Z = 7(E
¥ % L Z 4T, R=0.405, P<0.05), %R ABREME, 5 PyOlpH 2 M2 R X BHEMR S, £
FEBEW 23 |7 208 &, o-& T X (a-Proteobacteria) . y-% 7 H 4 (y-Proteobacteria) 1 J& £ H |
(Firmicutes)7E FT A HF & 3 H AR %, AT FE AT 20 MNEF A 16 M T 3 NE#EF, HIEARK
FRE N B BB H RN EE ., EA, XA B (Cupriavidus) 0 8 28 % 0 H B
(Sphingomonas)& 3£ W 6 HHEFE R W AW KA, —H RKE EAH LR EHENAH L#HZH
FHESAEAER . ARG R T O B DLk a7 T BOR A9 ASALE BT R B a0 R — e B B 3

KA

hESEE $917.1  CEAFRIEED A

B

L3¢ (Porphyra sensu lato, JRFR laver)f&—FPiE
Z MR NREZ & E SRR TELLE, H) 2R,
FEEPESE, HEAMAARFEVMER ., kTR
TR IX K BEFERE . WIANGE . AKARTS Y RN
FRAHAE P Y SRR, AR 3R [ SRk 3 Ml 4 52 43
JIRE BRI GEARSE, 2000), #5504k 55 1 X0 9 2
A Al K 40%~50% (Yan et al, 2019; {a 4L 45 %,
2021), AT AT R (Oplidiopsis disease) &1 A% K54
SR Y EE B 2 —, AR R[] P A T S O T AR

FIEE; PUHE W R, MAWR,; @@ a1l
XEHS 2095-9869(2022)03-0165-11

Ji %= (Klochkova et al, 2016), B ix0mn i E T%&
P 200 B PN 2 A 1) B A 2R 4UL T A7 B & (Olpidiopsis) , E2 PR
B Olpidiopsis pyropiae . O. porphyrae. O. porphyrae var.
korenae. O. porphyrae var. scotiae. Olpidiopsis
bostrychiae . O. heterosiphoniae VI O. muelleri 55 7 Fif
PR BLAT R 53R RE 1 (West et al, 2006; Sekimoto
et al, 2008, 2009; Klochkova et al, 2016; Kwak et al,
2017; Badis ez al, 2019). FFEET 1992 SEFEVL A
B TP AR B 1Y SR BE L 3E (Neopyropia yezoensis, %
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Pyropia yezoensis [Yang et al, 2020])F &Pz (LK,
1992), Jf- 5 J5 76 % 55 4 B 48 58 Fll Iz 28 2% (Neoporphyra
haitanensis, 145 Porphyra haitanensis [Yang et al,
2020]) 1 & BB G 1 (B R AE, 2007; X — 4,
2012; fTALAR%E, 2021), $PLHI AT TR 2 %) 58 SR B L
Jolb B R B T 22—, [ TR D o AT AR A oy B 4
Y7 1 (Sekimoto et al, 2008), F I, X HBUHRHLHIE
Mz ik = XZR FRIWA ST, 2
227 P ) i B A% R AR 35 28 B8 | 73 T 1 D M R vk
A AR IR AR (Kim et al, 2014) HIL, WKWK
TR A BB S A W B 45 05 1 o A

UTAERE, B AR 200 TR 2 ¥ A HR 5 B 2 T R AE L
FHURI A= $y 1875 428 19 R e TR 0 3028 DT Sy 9 285 S A 20 R
bR 1 AR A AR B R S R BRI K 7
Bl e 58 UL i J] 3 45 B 24 I (Goecke et al, 2010;
Singh ez al, 2014), &5 EIFHIIMHL, —IriH,
R0 38 S5 AT s SIS B0 A Ak W ) A A R U R B
o T 11 IR RSO A M S R SO R T AR OG
14 D) g 5 RV REAE 32 3 AR R i s R T & 80w
(Egan et al, 2014, 2016), 7 — 71, BEASHAELA
I B8 1 43 WA BT TR 4 o B SRR AL N (quorum . sensing,
QS) 1 4t 51 55 U G A 7 W PE 0 HE AT B0 T 11 B
., PRI BN S IR o SR A AR Y 55 (Egan et all,
2014), 45501, WAHHEAE T A 12%~50% 1
PREAABURIE 7, A B R R0 4 5 17 E R A
(Singh et al, 2015),

AN, XA S P O TR B B BIF R AL FE A
TR AR . BT TR E A — 5,
4y 3 1B AR A0 TR AT 7 AR B TR R T 0 R AN TR B R
BICIE Ao TR G LT i B B 2800 e R 2R3k SR £ 3 O TR
RO T (Larousse et al, 2017). H— 510, B 405
FE A0 1) O TR 5 Jirt Frg R 508 AR R AL 7 40 ]
WA F Bk M 22 A . B, KPEFEE(Salmo
salar L)BYYRSZ /K BER AR YT, A &R R A0 A8 1 Kt
0 = 3 BE R T R (Frondihabitans) 41 1 B8 47 5%
95 BB B 35 (Liu et al, 2014); i B 14 5 #F
(Enterobacter cloacae) W REF| H fadB M fadlL 3 H %3k
) S AL AN 2R 5 2 B (Pythium . ultimum) 35 5+ FE
Y7 e AN R DT IR L DA 400 0 JE 2 8 W ik )
9 9% (van Dijk et al, 2000),

SRITIE A DAy 1k, B A= 48 T 15 52 4PN A1 T 18 5%
RHMAUIH, — e FREAT 1R AR . BT
I 7 THT PO F S 2R Jie o DAL, AR 5 5 B A 4 AT 5 8L
WM Z AR, X H AR A oy E
Y3 S o ARWESE ST T 52 ADL I AT TR S % ) AN [ fid

AR ISR B SR A AL, SO RSO F A A
1 fole A2 A5 AL S =0 A 2 B 20 T 2 P R 3 — RE Y
SRl

1 RS
11 HmAXE&E

PSR AR TR SR B SR N R BT X, (YL
I8 A8 E TR F XU R AR U 1X(121°03725.88"E,
33°20'11.28"N), X AIFAZH 1333 hm?, 2018 4F 10 H
—20194F 1 H %M X ABE L4 1 18 AL 2 333 hm?,
2019 4E 1 A 4 HITR, 29 133 hm?® KBBR8 & F
FRES, R FIE 40% 7547 o IZIX Sk 48 3 FfAS [i]
ARTE Y 5 HEA T AR BE SR SR - AT I 5830k R AEAT
] 5 #% (PyOlpH) . M 75 | &6 7 53 B &k A= 9 12
(PyOlpM) LA J M 7F | % 3% & & &k 4E ™ & k=
(PyOlpS)(H 1), HEFIZERIM AT YR 4E 3 MEYER
B R R AR R — AT A 3R S8 3L 1) 2 bk
(30~40 HR)FBELEBEAR, ARG G E TR KM
asrh, [A] I JC R R K A RAE RS T 310 SR 1 7K LA
TR BRAEAS P Y SRR o SRR T 1 SRR S AT LT
IR PR TELAS oty [l S0 = AT JR 8258 . TR A B
FHREPLPb L 5~6 FRABEER S, Ml B i AR L 1B
Mo R, R ALY EE T ERPLPEE 5~6 HREEE
FAK, TRA A TR R DNA $REUL A YR vs
30T o

1.2 RENERKFELE

o B¢ K I 265 7 1o 2 D ART AL AR 55 (2021) 0 ¥
SRR SR K ik 3~5 e KA BE L
BrEim 2, I )R VIBUR L R 1 em® (5%
B 5 SR LARN S A, FE AR TSRS L il SR
SR M LU IR AL o R AR A Y 52 S I A AL
IO [ T AR A 21 LR A 7 I Aol 4%

MHE KN4 DNA $2B00 & CERHE, Fi)
FEHL PyOlpM A1 PyOlpS 4L S FE K 41 DNA, F:43 51
FHECTH ITS 38 FH 514 1TSS F11TS4 (White et al, 1990)
J& % (Pythium) cox1 J¥ 5455514 coxl-pyth-F Fl
cox1-pyth-R (Lee et al, 2015)LA K347 7 cox1 Fi5
5|9 cox1-olpi-F Fl cox1-olpi-R (Kwak et al, 2017)i
11 PCR Y14, fie)ii, PCR F=HIHT 1%B Mg Wi g Hi Tk
HEATRIN , IR H 0 R B M, T gk 2 M 4k,
4 BV e RESEA T I T 43 B o B AR P SN HE NCBI Hif 47
BLAST [ LEXS , JEAE MEGA-X #H H4B 412
(Neighbor-Joining, N-Df 8 R4t &k B LM, BRI
4 Kimura2-paramete (Bootstrap % & & 1000),
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PyOlpH

1.3 MAEER DNAREL. PCRYEESEENF

SRR R A N BE Y% DNA RIS R
Burke “5(2009)/) L IFHGE &k . B EWESR
1) 5~6 Bk SE WA e T K TR KB B 3 T LA S BRAA
GG TR A R )G B BEAE T 15 mL CMFSW
2% WK (& 0.45 mol/L NaCl,10 mmol/L KC1,7 mmol/L
Na,SO, #l 0.5 mmol/L NaHCO-)H1, F:#5 Al 10 mmol/L
EDTA 1 150 pL i3 I8 bk B 9 s 2 B AL il (3 M, R
KA TR FE 2h; BEREERE, RSk
KB - G405 - RIS - 24« DAL« Sz
(24 = DA — B BB IA 3 AR ARFU TEK
SR 0.1 AR TR RS RRENA(3 mol/L, pH 5.2), &
EEAET-20C i I UTHE ;4°C 20000 X g 20> 30 min
319 DNA UUIEG , JH 70%H BRI VeSS 2 ;s &
J&i , F 200 L A4 JCHE R K % fifk DNA I FH B s e
Ji FL UK 5 DNAF B/ i

Ht 2 uL DNA, H] Q5 f=if& H DNA 54 i K b3k
ok A= Wy 40 11 Kl (Earth Microbiome Project) 71 16S
rRNA EEH#EMLIY 515F (5-GTGYCAGCMGCCGCG
GTAA-3") il 926R(5-CCGYCAATTYMTTTRAGTTT
-34S V4~V R AR [X (Walters et al, 2016) ., & FE &
PEATY R, S1SF 5149 5w 6 3L barcode
PAXEAS RIS o DL G o 9738 45 F . 98°C il A48 4
2 min; 98°CAEE 155, 55°CiHk 30s, 72°C4EAH 30 s,
I 25~27 MG 72°CJ5 LM S min. BEFEM H PCR
=W A AxyPrepDNA S8 [FISGAT & (Axygen, FE[E)
YIEI, F% A Quant-iT PicoGreen dsDNA Assay Kit
(ThermoFisher Scientific, F2[#)%} PCR ;=#i17 &
i, PCR Y1116 B IR AR 142\ v ] Ilumina MiSeq
SEA BEAT 2x300 BRI

' PyOlpM
1 R FERES TN B SR M 77 L4

Fig.1 Comparison of laver cultivation nets in different statuses

PyOlpS

1.4 HIESW

FEASFE S 90 T HLF 51 USEARCH 10.0.240
(Edgar, 2010)# AT HF% . 4% . LRk Gk, JfF4E
97% 1) AH LI BE 2R 25 mig W] #: E 43 2 B T (operational
taxonomic unit, OTU), & RDP classifier Il -5
¥ QIIME 1.9.1 (Caporaso et al, 2010) 1 3 F
SILVA132 ¥4l Xt OTU 13K 7312517432 (cutoff
{H1 M 0.8)IF 4B OTU 3%, #41EME N Unassignable
Unclassified .Chloroplast Pk & Mitochondria £ OTU
G BN OTU Fh LB, Frfd OTU RALITR o 24
P B ZREMEFIM A L% . B R (R core team,
2014)F1 Excel XA ¥ 2 REPE RBETR AT B 1150 4T,
WG BRAS FESIT . o ZHEEIEEIN R R
J7 225381 (one-way ANOVA) ., R, E-FRHT
(PCoA) S B4 25077 22 737 AT (PERMANOVA)

1.5 EREHSN

FH LEfSe [line discriminant analysis (LDA) effect
size] (Segata et al, 201 1)/ AT Al B YLFR B 555 5K
TR SR AR TR R TP 22 e E . Hoh, ARBESE
LEfSe M S H0 5 E H LDA score>2.5, a=0.05.

1.6 HIMMEDHH

FHARXS = BEHT 20 09 40 0 J A4 2 2k 30 I 4% (co-
occurrence network). i pysch fiH %) corr.test ()PEI%L
TE R 05 25 41 B g (0] B 6T Y Spearman AH 5K 2 BUSH
P4, JfJ1 Gephi 0.9.2 (Bastian ez al, 2009)% H: 3 % 2%
HEAT AT RRAL o 2 [T H 9 B — 19 S (node) S AR R B
AR JE , 19 A Z IR L (W P A3, edge) R 2 M4
& 7] B W 21 Spearman #H5&E(|7>0.6, H FDR
e IE Y P<0.01),
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2 gER R (B 3A), 2y oAl # N-J SEAE R K Bz I 5
O. pyropiae % h— 32 (K 3B), UtIH G K F M X 2857

21 FREWNERRFREEEER 9 42 1499 JER A UL A TR o

ANTRLAR I A5 53R 1 S O 25 R LI 2., 4
K 2 iR, PyOIlpH 4158 SEHF il A L5 B AT Jek e 305
% . 1 PyOlpM F1 PyOlpS #HKE 5 7 i i F W< 5|
55 S 2 A 2 A0 9 AT TR IR L S 2 30 A L R o A A R
TR taisk), HiG#EmERE e &S TS . HH
)95 UL E 48 3 K A B DL AT 4L AR 45 (2021) .

FIH ITS 51 . JBTE cox #5514 KAt
W coxl Fi 5| WXF B 538 DNA #EATAIN, A 3t
A ITS G ARAE R coxl F¢551 4 H MY 1

PyOlpH

& 2

PyOlpM

22 BEANFERZIT

AL 16S rRNA JE A & i i P 45 R 0L 3R 1.
k1 R, FHUPIISE P | s, It
PAFARUTH 283 911 4k, 4t OTU B2k | REF
G DL B bR RO 90 55, H4RAS 247 657 45
Y, BT 432 4 OTU, Xl F7E o #1140
i, ERER, £FAK Good's coverage FEEIY KT
0.99 (F& 1), RHZWFIRE RS AR KRR T et
AR TR B AR TR R

RIRIRAS 75 |- 4 BEAESE R 1 026

Fig.2 Microscopic observation of N. yezoensis on cultivation nets in different statuses

PyOlpS 41 4 B 535 W HON R 45 R 51 A T ALIA 45 (2021)

Microscopic observation of N. yezoensis in PyOlpS is a quotation from He et a/ (2021)

A M1 23 4 5 6 789 B

71 PyOlpS
PyOlpM
Olpidiopsis pyropiae (KY569075)

750 bp
500 bp

8
tod ] s
| Olpidiopsis porphyrae var. koreanae (KY569074)
Olpidiopsis sp. (KY403506)

Olpidiopsis feldmanni (KM210527)

—
0.05

K 3

Identification of pathogen causing N. yezoensis disease in Dafeng, Jiangsu Province

Fig.3

Olpidiopsis heterosiphoniae (MF838768)

TLIRAE KA I 2% B2 S0 i 2

A: ITS Fll coxl ZEEY G BEAEMEEEN K s B: BT coxl ZEEMEAY N-J R G0 (LA
A: Argarose gel elecgtrophoresis for the amplification of ITS and cox1;
B: N-J phylogenetic tree constructed based on cox1 gene sequences

M: DL2000 DNA 5-FHbbis 1. 2; P RRI SRR S ITS 05 3. 40 TR LRSS MR cox] 374
5. 6: JUHFI RS SR INMAE T coxl §7HE 5 7. 8 M9 41 ITS | JEH: coxl FHLIMAT I cox1 BIEXTBRCERKERAR)
M: DL 2000 DNA marker; 1, 2: ITS amplification for PyOlpS and PyOlpM; 3, 4: Pythium cox1 amplification for PyOlpS and
PyOIpM; 5, 6: Olpidiopsis cox1 amplification for PyOlpS and PyOIpM; 7, 8 and 9: Negative controls using sterilized water as
template for ITS, Pythium cox1 and Olpidiopsis cox1 amplification, respectively
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Tab.1 Statistics of the sequencing results of all samples

G J5L 46 Fr 57 P OTU % OTU £ H o4k Good’s
Sample ID Raw reads Merged OTU No. Sequence No. in OTU table coverage
PyOlpH1 31240 x2 30431 108 22 963 0.999
PyOlpH2 30832 x2 29 863 116 23 377 1.000
PyOlpH3 37366 x 2 35249 146 32 601 0.999
PyOIpM1 40 263 x 2 38 097 134 32430 1.000
PyOIpM2 39302 x2 37238 129 31060 0.999
PyOIpM3 39741 x 2 38 732 152 30 002 0.999
PyOlpS1 34329 x2 32 500 116 28 579 0.999
PyOlpS2 35833 x2 33815 150 21950 0.999
PyOlpS3 34855 x2 32 869 111 24 695 0.999

2.3 o SN P BHEME

FH Observed species (Obs), Chaol, PD whole tree
(PD)Fl Shannon 58 BORRME o ZFEME(A 4). &4
Z I 2 MM 22 B ORI 3 (P>0.05, ANOVA,
Tukey’'s HSD test), {H/&, PyOIpM ZFEMAY 4 4 o
ZREMEFE B (S0 B 133.00, 143.00, 11.01 F1 5.30)
1 F PyOlpH 41 (435124 122.00, 134.00, 10.40 A
5.26)F1 PyOlpS 2 (435247 125.00.132.00.9.91 F14.41),
ifii PyOlpS 414 T Obs =T PyOlpH 414h, HAxEHub
¥KT PyOIpH 41,

S A 5 20 [ BFE A= 1R % 45 4 22 REPE A B G RR

160

140 -[
120 +
8
5 100 |
&
- 80
(5]
E 60
B
O 40 -
20
0
PyOlpH PyOIpM PyOlpS
#H 5 Group
14
12
1
10
g
o 87
Q
e
8 a4t
Pas
0
PyOlpH PyOIlpM PyOlpS
#H 5| Group

1E OTU /KF b2l 7 H BIE (& 5A). 4k, 34
FEMARA ) OTU 43310 77, 86 F1 92 4~ 4 98 4~
OTU 7E 3 ke fELE, & OTU SBUW 22.7%.
3 QRS Z A AE A OTU, M, PyOlpH
F1 PyOlpM Z 6|34 31 4>, PyOlpM #il PyOlpS 22 ]
A 30 4~ OTU, i PyOlpH F1 PyOlpS Z [ ItA
18 /> OTU, JET Bray-Curtis fH 55 %) PCoA Brn, %5
K B AR AR T AR A% B 58 S Bl AR g 1 R R A O
(PCol ffRERE R 41.4%), 2 BN [A]IR A 58 50 I A A
ZIAAFAE I B 22 52 5B), 2T Bray-Curtis H 1Y
PERMANOVA %, XFh4l )22 5 HA B & MR-
0.405, P=0.042<0.05).

180
160 -
140 I
120
100
80 [
60
40
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Chaol

PyOlpH PyOlpM

2151 Group

PyOlpS

Shannon
w
T

PyOIpH PyOlpM

2051 Group

PyOlpS

Bl 4 AFPRES ORI RN o SRR

Fig.4

Comparison of o diversity indices of epiphytic microbial communities of N. yezoensis in different statuses
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a3

PyOlpS

K 5

Status

0.2 - ® PyOlpH
© PyOlpM
0.1 - ® PyOlpS

PCo 2 (14.17%)
(=]

-0.1

_0'2 C 1 1 1 1
0.4 -0.2 0 02
PCo 1 (41.4%)

FTF OTU [y BUE 73 (A) A A8 AR 23 #7 (B)

Fig.5 Venn diagram (A) and principal co-ordinates analysis (B) based on OTU

24 WEYEBEEARRERSW

SRt PN RE oy E B gt s sy 81
TR 23 177 208 J& o Hih, TR T ] (Proteobacteria)
) a- 748 JE 2K (a-Proteobacteria) Al y- 75 & B 4
(y-Proteobacteria) Ll M JEBE T | ] (Firmicutes) 78 BT A5 B i
s 3, 1E PyOlpH . PyOlpM £l PyOlpS 44 it
Irld 84.7%. 83.4%F1 88.0% (& 6). a-ZSIE 4
(PyOlpH: 26.91%; PyOIpM: 24.59%; PyOlpS: 20.44%)
FERER ] (PyOlpH: 17.29%; PyOlpM: 9.56%; PyOlpS:
5.95% ) FFT = J3E it 7 ok G A 8 448 o 2 B R L T y-
AR T AR AR X BE (PyOlpH: 40.5%; PyOlpM: 49.2%;
PyOlpS: 61.6% )W bifi 5 /8 YL i B 1 fin 52 336 1 R 4

100 ] — = Archaea

90 Acidobacteria
= . :
S Actinobacteria
s 80 = Armatimonadetes
-g 70 = Bacteroidetes
5 = Cyanobacteria
g 60 = Deinococcus-Thermus
2 50 = Firmicutes
B 40 = Planctomycetes
& = a-Proteobacteria
i 30 = 3-Proteobacteria
H 20 = y-Proteobacteria
= = Rokubacteria
= 10 = Unclassified
= = — = Other

0 PyOlpH PyOIM PyOlps
#H 5| Group

B 6 N[APRAS SR B 5 S0 I AR T AR T T (SR TR 4

TR B AR X 3 R AR AL

Fig.6 Changes in relative abundance of epiphytic microbial
communities of N. yezoensis in different statuses
at the phylum or Proteobacterial level

MANEEJE K-SR E, AR EBERT 20 (940 &
HA 16 MEIAT o-BIEH A . y-E I T AN F S RE
WIT(E 7). flhn, o788 64 i BB HF 1 )8
(Methylobacterium) . 5% B 5.5 17 J& (Sphingomonas)
FIARFT B I8 (Caulobacter), 1§ & FHXT 3 B bifi 4 Jak e

TR BE R3E IR AR, S AR y-22 TR R A9 )
A VR JE (Cupriavidus) . 1B 5. M 18 J& (Pseudomonas)
F Methyloversatilis & FARXT 3= F 24 Bifi JR L 2 2 48
midEhn; JEREE ]9 ) Kroppenstedtia J& WA XT3 B
i J% e L 18 A T UL

LefSe 792 22 57 W F4 R s, PyOIpM 5
PyOlpH MR ERHEZ A 16 DNBEAALEAXT
1) 22 5, Hrh s 5L P H (Sphigomonadales) 4 7
£ PyOlpH H i 2 5 4 , 17 85 iU 1 H (Xanthomonadales)
NI7E PyOlpM H i 3 & 4 (18l 8A). PyOlpS 5 PyOlpH
%) B A= TR = ) REDX 2 B ATt 35 22 S AR TR A A U
IKF) 37 4>, W PyOlpS H Ay A B H (Pseudomonadales)
FIARAT # H (Caulobacterales), 3% BHA T 2 1 41 B S i
Z 5 230 A i ) J5 1R P (K 8B).

2.5 MESEEHIANE SN

IR XS = BEHT 20 A9BSR A T — 10 ik
8. UK 27 BB, AT SR E R
3, TR MEIRERE 3 A HABL R E, 1EAE
TAEHMAE R 14 (51.85%), AMIEAEMRHECH
13 (48.15%). HHp, SUHI B i @®), HS
WFFEE . R 8 Methyloversatilis J& 2 6] 17
FEIEAH EAR (A 9) 5 H 2 B B M 1T I 1) BE IR 22.(7)
ZE S PR HEE . RITHEE (Acidibacter) . &
M T B J& (Ochrobactrum) Vi . /& i 2k H )&
(Thermoactinomyces)Z [AIfF{EIEM EAEH , HiX 4y
VA i 34 5 D0 TR AN A B O TR A T A AE L AR
B B A0 R SR Z [ B U BAE (A 9).

3 itig

A 5T LATE 548 R A= DX S AR 1 98 X 52 40l
TG I AR BESSO DTS 4, 7oA 1 A IRl GOIR 25
AR B SR B AR TR ) 2 AR PR AL 22 5 DA F2



3

Ve 7K 45 R DL o TR 4% BT 5 S5 i 2B T AR 20 A

a-Proteobacteria_Methylobacterium
a-Proteobacteria_Caulobacter
v-Proteobacteria_Cupriavidus
a-Proteobacteria_Sphingomonas
y-Proteobacteria_Pseudomonas
y-Proteobacteria_Methyloversatilis
Firmicutes_Kroppenstedtia
y-Proteobacteria_Herbaspirillum
a-Proteobacteria_Ochrobactrum
v-Proteobacteria_Acinetobacter
Deinococcus-Thermus_Thermus
v-Proteobacteria_Ralstonia
Firmicutes_Thermoactinomyces
Bacteroidetes_Vibrionimonas
Firmicutes_Geobacillus
y-Proteobacteria_Delftia
Actinobacteria_Rhodococcus
Cyanobacteria_Cyanobium PCC-6307
v-Proteobacteria_Acidibacter
Firmicutes_Lactobacillus
Firmicutes_Scopulibacillus
Firmicutes_Anoxybacillus
Firmicutes_Bacillus
Actinobacteria_Brevibacterium
o-Proteobacteria_Asticcacaulis
Firmicutes_Faecalibaculum
Deinococcus-Thermus_Deinococcus
Actinobacteria_Amycolatopsis
v-Proteobacteria_Stenotrophomonas
y-Proteobacteria_Polaromonas

PyOlpH
749%  1007%  9.97%
| 0.08%  4.14%  6.05%
266%  347%  2.83%
6.78%  927%  8.00%
0.88%  3.19%  2.70%
148% [001% 1 232%
444%  296% | 8.65%
5.13%  576%  1.89%
311%  397%  4.13%
223%  197%  3.50%
162%  1.59%
1.97% 0.63%
6.20% 3.41%
0.72%  199%  091%
000% 1 3.10% [1002%1
087%  178%  171%
226%  115% | 030%
1.64%
L16%  172%  0.93%
5.16% |0.00%  033%
129%  044%
149% [1000%  0.60%
201% | 0.36%
0.98%  2.31%

4.80%
0.44%
0.36%

0.68%

- 1.87% 2.20%

0.38%

1.83%
0.78%

171
PyOlpM PyOlpS
561%  515%  4.19%  5.03%  048%
795%  485%  536%
271%  466%  684%  T42%  149%
664%  561%  515%  3.69%  3.64%  162%
3.90%  2.67%  3.94%  532%  728%  8.01%
199%  333%  565%  370%  7.33%  8.64%
746%  329%  112%  148%  3.47%
253%  743%  2.53%  143%  461%
549%  2.62%  3.07%  248%  213%
481%  118%  200%  166%  173%  0.67%
036%  233%  092%  474%  123%  1.69%
L 001%  080%  443%  139%  123%  2.43%
2.00%
393%  094%  0.33% 1.82%
2.94% 1.97%
177% 0.82%
185%  1.48%  064%  134%
197%  1.72% 0.43%

0.77%
0.56%

| 000%  0.00%  000%
7 R IRIAR 25 A% B S e AR P T 30 2028 O AR 6 A

Fig.7 Relative abundance heatmap of the top 30 bacterial genera in epibacterial communities of N. yezoensis in different health statuses
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Epiphytic Microbial Communities Associated with
Neopyropia yezoensis with Olpidiopsis Disease

YAN Yongwei', YANG Huichao'?, MO Zhaolan'??, LI Jie'”

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Laboratory for Marine Fisheries Science and
Food Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Key Laboratory of
Maricultural Organism Disease Control, Ministry of Agriculture and Rural Affairs, Qingdao, Shandong 266071, China;

2. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306,
China; 3. Laboratory of Tropical Marine Germplasm Resources and Breeding Engineering, Sanya Oceanographic Institution,
Ocean University of China, Sanya, Hainan 572024, China)

Abstract Olpidiopsis disease is one of the main diseases affecting laver cultivation in the sea, often
causing large-scale rot and serious economic losses. Although the oomycetic genus Olpidiopsis has been
identified as the pathogen, little is known regarding its mechanisms, including its interaction with
epiphytic microbial communities. In the present study, diversities, structures, and major interactions of
epiphytic microbial communities were analyzed using Neopyropia yezoensis in sea infected by
Olpidiopsis. The N. yezoensis used in the experiment had different health statuses, including no infection
(PyOlpH), partial infection (PyOIpM), and serious infection (PyOlpS). The results showed that no
significant difference was observed for the a diversity indices among microbial communities associated
with the three groups of N. yezoensis, but those of PyOlpM were higher than the other two. Shared
operational taxonomic units (OTUs) among the three groups of communities only accounted for 22.7% of
the total OTUs, in addition to significant community dissimilarity (permutational multivariate analysis of
variance, R*=0.405 , P<0.05). More microbial taxa were obtained when communities associated with more
seriously infected N. yezoensis compared to those associated with PyOlpH. In total, 208 genera belonging
to 23 phyla were annotated, and a-Proteobacteria, y-Proteobacteria, and Firmicutes were dominant in all
samples. Sixteen of the top 20 genera were also assigned to the three groups, with their relative
abundances increasing or decreasing across the infection status from none to severe. Among them, genera
Cupriavidus and Sphingomonas were the most connected bacterial taxa in the co-occurrence network, and
negative interactions were determined between the two taxa and their positively interacting bacterial taxa.
This study provides primary datasets for clarifying the microbial ecological mechanisms and searching for
probiotics for Olpidiopsis disease.

Key words Neopyropia yezoensis; Olpidiopsis disease; Epiphytic microbial communities; Bacterial
interaction
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%31 ZRJRES S IS0 R SR = e A SE R 2 DNA R SETR KT A Sk 2 25 5 S HL G I 43 #r 177

TR AR TP 22—, H RGN A TR [ 1 ifg 26 U 45
Fag R 4% R i ES S IF R T — S%B i AR (E B PR AR,
2014), 7ENTFRFEAI S v, H 2 09 3 ) 8 1
R, ARISFRIE L L T E SRR,
il 29 7% b B R e & R o T IR S Hi g Ll f A ot
2 B E R E B s A B L. DNA 3
bR BALEM ) F 2, AN DNA 751
AITTHE T, WO 380 4% 38 070 1 s 35 TR 26 508 A e €2 Sy
G455 T KA EEAE ] (Moore et al, 2013), ffF5E3E
W, IS H A . AR, o Rt it i
LG, MO LU 3 A SE TR 4 R Al K S22
SR, eI H AL TR0 S S A P AR rp R 4 R
I YE#E ] (Yang et al, 2020; Zhao et al, 2015; Sun
etal, 2020; Han et al, 2021; 24, 2017; Z=WEle,
2018; Bk, 2015). AHFFE A28 Bz 254 fiF 5 L5
95 JE—— Al B2 SR (Vibrio  splendidus) > i J5 X o) 2
IR UEAT N TR Y 5080, DATCEE 5 R AR
T35 B A B A 1A BE 4 UM AREAS | SR FH 42 i R 41
FEARIN 7 £ AR (WGBS) R S 4l il s P AR, 4y
Ml 9T e R ) 21408 DNA 34k /K P28k &
TR F k22 AR, IR HE— 255 FE SRR A0 A RN SR 4
22 ST R, T OGRS SRR, Sy
it AT ) S e 7 A BT 52 % 19 4 Lo 4 5 it
Wi, WA BT RS IUREREE RS %,

1 #wRERE
1.1 SCIg#ed

A5 T At 5 7 e B L AR O B SR A
BRAE], PEEHCHE S RAF . fREEASS A, T RRELRE A
(50.0+2.0) g/ K, Hifpiz ML E R 3d, BHEK
T (13.040.5)°C, Frf AR E G HFIRELR,

T FH TR AR R A AT A S5 28 R A7 () 0 15 1 RS
B EEA AR R SR Bl A PR R (AJ-VB1801) o Xif
12 TR R FH 2 14 R K S PR 1 435 37 2 (TS B) [ {4 4% 37
A, SR TSB AR FREY KK 37

1.2 SISHEMBIRE

TSNP N TIE AR Y 5 BURE - AR5 5255 H 14y
SE R 2 4, BB 3 AT, B TAT IR R
Bl 30 3k, SCHUKIEAFR 50 Lo XfEZH(PT10H)
SHFEAK T R AR K T SR A R R, (e A
(PT16S ¥4 FEAK AR FRAE SRR /KA v 5 in 5 77 il e
R ELWSE 1x10° CFU/ML (2 B Rl i & o
RIS R EBOER ) . FRAE 551 T (13.0£0.5)C,
£R7(28.0+0.5), FFRH 1/3 /K, BesKJm KA AL R

W, HAER7E 1x10° CFU/mL, 4 KK )5 & it
PRI S ECA AR, RS RISHRREDR 2%,
FREH I R 70 SRR, B RS S AP )
AR, KT ISCEE R Y 4 & A AL B B IBE A A,
MARIC A PT16S1. PT16S2 H1 PT16S3, 7EAH [H] M} a]
ORI AR AR, 2 lbRiCs PTI0HT
PT10H2 Al PTI0H3. BT RAERE T A ARREL 2T,
BT 2 mL AR T s TR AR R 6 SR
—80°CH-AE, HT /51 DNA Fil RNA AYHEH,

1.3 DNA 1 RNA BJI2EL

DK REZH R YL 20 A AR BEZH 2R AL, 430 2R
Omega /A A Mollusc DNA kit fil QLAGEN RNeasy
mini kit $& AL G ARBERL K 2] DNA AT RNA, 1.5%
Br A B M L KR T DNA AT RNA 52441, NanoDrop
AR I 2 4S5 e 4 BBUR R ASE i ) 0 B, A 54 1Y)
FEG T80 CHR-TEA o

1.4 4£EREZ2 DNA BELNE

BT ERHUA 6 1~ DNA FE 5% ZE TN )1 A= P 47
AR B A BR 2 /] 3 ) 4 LA SCFE, I A
HiSeq4000 i 734 150PE _FHLAR WS AT .

1.5 #HFEAESLEI

DU 56 BUE X I 06 B 7 P A 3, SRR mT Be &
A0 422 3k P 0 RIARG BT S A 00 P 5080 (B A N1 LA
KF 5%, LR T A Q<10 MIBHIELL A read 1)
20%Lh 1Y reads), fHEIAREE, HTEL0EY
(E¥sS== e

DA [ A2 2585 1) o) 2 4 5 R A 90 (BB A5 e 39
B, R AL B S B A 00 Y £ A Bismark
(Krueger et al, 201 1)#17 2% LKA 75 LT, Fiit
FE R A HE X &

1.6 RISHEEFERZA DNA BENL S HEES T

MR A2 L o I 6 21, Geat P A ot 45 25 A
Ak C 75 (mCpG . mCHG il mCHH)W B H, &
AR A mC AL T o5 A L, T P o ) 4 3
K41 DNA H AL B RRE o

1.7 ERBRELREBLH

i R 185 72 P P A methylKit 5 € 24 5 H 5
1k [X 3 (differentially methylated regions, DMRs), #k7A
#1000 bp windows, 500 bp overlap, FDR<0.05
ZSIHEFEME, T DMR 408, GRS RIE0Hr
H R G 21 1% S Ak KT I 2 R BT AR A 3R I
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H o XHifiik 219 HA DMR (3P 7R, #IR3E
A2 ARG

1.8 HERAFTERRIEIBEHTGE

PR 6 AL EY RNA 2% ZH0NE) A9
FAR B A PR 2 6 3 G A cDNA SO, R
Ilumina Novaseq™ 6000 BEATIF, 24 Ry X
2x150 bp (PE150), fdi i String Tie H {435 A A AL &
] #5 FE R Ik g w4 R, DL FPKM (fragments per
kilobase of exon model per million mapped reads) A 5.
ALxf AL I GE T HAEA AR A 1 338 B, Fifi it
7553 22 3R HLH (different expression genes, DEGs).

1.9 DNA BEUASHRABREGH

Kol 2 53 2HL Ny AR 3k R R SRk e B i A TR A
53T, it DMRs Hil DEGs vERBRY A B, A iiix
ST R ) DMR HBE{E /K5 DEG RibKFZ
B AR, 4iit DMR HUE4L /K5 DEG FikK
SEAFTE AR, 7302k GOseq il KOBAS
A X o 3 B Y 22 5 IR AE 3R #E T GO Ml KEGG

pathway & 00T, KA ggplot2 #4422 5 H 3t
LI A B KEGG BlS

2 HR

21 REANFLEREI

X S B F5 A5 H XF BRZH (PT10H) FZ 4 2H (PT16S)
() 6 A~FE S Y WGBS 1l e FBE S A a SR L 1.
e 38 T U P AR PR 165 510 349 ARG
B, X RO BORE AT AL RS 82 K
JP 3 R L BRI it ) 858, A5 2I3E S 23.20 Gb
FIA BB, ARUFH) & HEFE 99.18%LA 1, Q30 LA
RS LR T 91.96%, A 37.31%~39.81%[%
mapped reads AJ L X E IS 1925 5L A, SRR
B 1 AT

22 ERARREMCRSIT

FR 4 3 PR 2L LT A M 28 31, 3% 2 G831 1 X IR 4L R
{RYLLH I SR BELH b C A 5 DL S AN R 2R3 (CG
CHG F1 CHH)FJ -2 H 3L Ak /K o 457 G 2 AR i F R 40

*®1 WGBSNEH#HESIT

Tab.1 Statistics of the WGBS sequencing data
21 3] ERRE E BT FECBAE Valid data AR e xR
Group Sample No. Raw data reads 5% g Pergentage of Q30/% Mapping rate /%
7Y% Reads  Bd5E4L Bases  valid data /%
XTHE4H PTIOH  PT10HI 176 325 924 176 033 898 2521G 99.83 92.26 37.31
PT10H2 161 152 798 160 856 756 2295G 99.82 92.14 37.46
PT10H3 166 891 706 166 500 024 23.53 G 99.77 92.67 38.28
12Y4] PT16S PTI16SI1 162 682 240 161 584 352 22.61 G 99.33 92.94 39.81
PT16S2 155 081 068 153 806 718 21.48 G 99.18 92.72 39.38
PT16S3 170 928 362 170 077 824 23.44 G 99.50 91.96 39.40
®2 AEHE CARENKE
Tab.2 Methylation level of different cytosine contexts
21 51 FE S g mC Ll mCpG 1] mCHG L 1) mCHH [ 1)
Group Sample No. mC percentage /% mCpG percentage /%  mCHG percentage /%  mCHH percentage /%
YHRZH PTIOH  PT10H-1 3.55 24.06 0.53 0.45
PT10H-2 3.57 24.13 0.54 0.46
PT10H-3 3.65 24.23 0.61 0.51
F-H{H Mean 3.59+0.04" 24.14+0.07 0.56£0.04 0.47+0.03"
f2Ye2H PT16S  PT16S-1 3.92 24.48 1.08 0.78
PT16S-2 4.17 24.88 1.32 0.96
PT16S-3 3.52 23.31 0.54 0.53
*F-H{EH Mean 3.87+0.27 24.2240.67 0.98+0.33 0.760.18

e MR W3 R (P<0.05), FIF

Note: * represents a significant difference (P<0.05). The same as below
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FAL C 175 5 43R C 1 4 (3.87+0.27) %, Xif H&
H M (3.59+0.04)%, VEWATERS ARG a T, BN
P AL C A7 H B 2 TR (P<0.05) . AN[R S
(CpG. CHG Fil CHH)Ry V-3 H FAb K- Ge 45 28
~, X4 mCpG. mCHG 1 mCHH (5 CpG. CHG
I CHH B L1535 R 24.14% . 0.56%F1 0.47%, i
12YH 1) mCpG . mCHG Hl mCHH 5§ CpG. CHG Fi
CHH 1Y He 153 3k 24.22% . 0.98%F1 0.76%., H1tL Al
UL, XFFRIZFE R AR, CpG v 5 kA B i L
) 2. % = T CHG Ml CHH, WX} BB 4 FIZ YL 4 AN TR] 2
IG5 H S4BT L5 BT AR 1, P4 mCHG
1 mCHH b i) 35 5 X B4

X BEZH Ff2 YL 40 B 4H DNA A [EFE R 54k C
PN R 3k C AL B B ILE 1, G 1 R,
TER mC L H, ARG N BRZH mCpG i He 4331
Jy 83.06%F1 81.91%, mCHH 5209k 13.41%F
14.28%, mCHG & 73524 3.53%F1 3.81%, BEHIH
FeAb A S FEAETNLE CpG R F 5 By i i |-
CpG H Ak JE: FZ A H A IE .

PT10H
m mCpG(81.91%)
= mCHH(14.28%)
» mCHG(3.81%)

PT16S
m mCpG(83.06%)
m mCHH(13.41%)
» mCHG(3.53%)

El 1 XERAL(PT10H) IR Y41 (PT16S) mCpG .
mCHG F1 mCHH 5 mC & 43 1k

Fig.1 Methylation percentage of mCpG, mCHG, and
mCHH to total mC in PT10H and PT16S groups

23 ERBREURESH

i [ R 18 5 A H 1) methylIKit 23 BT 5 X B4
F A G 20 FF o DU P 45 SR 0 ik B 626 677 A
DMRs. RG22 5 bias e, Xk A Il 2% B 3%
U S R B A g2 R LR 20 AT REZH AR e 4l
A% 35 B 1Y i3 35 7 X 48 DMRs 3H4 40 329 1~(6.44%),
Hop HEALKEFEA 22613 4, THEME

17 716 4~ 4 i F X I A7 FE 58 522 4~ DMRs (9.34%),
Hrp, FRE A 29731 4, FRERA 28 791 45
&7 X4 DMRs 34 109 635 ~(17.49%), Hrh, J+
A 56 603 4, FFRERA 53032 45 FERFEIEIX
DMRs 4 401 174 4~(64.02%), Hd, FHEmH
216 152 1, TREMIA 185022 4~; CGLCG 5 DMRs
A5 17017 1~(2.72%), Hrr, T4 8877 4,
FEIA 8140 /~o IS HEIH 0] X 1 22 53 Y L AL 3L 1A 1
Bilfer, CGLCG & X381 25 5 H 34k Eb B A1

DMRs of PT16S vs PT10H

216152

200 000 | m hyper-methylated
® hypo-methylated

150 000 -

100 000

Number of DMRs

50 000 [

Tntrol Xmet%e“‘ccGLcG.'\s\and'

PtomoteT Exon

B2 AFJEN D AEX A DMR #it
Fig.2 The number of DMRs in different gene
functional regions

24 HFRARZUERERRZESN

F X 8 L AR Y 2 5 S5 200 e o A G T
29290 ANHER, Xof BT AG f4) 3 TR e ik b A7 25 S
AT, L R 496 A 3 M 2% S R IE LN (DEGS),
Hop, EIEEIER 214 4, FIRHRERNA 282 (A 3).
R KA, FREENHEZT LREZEREE .

PT16S vs PT10H

oup
- no
[« down

log, (fold change)
€3 PT16S 5 PT10H 22 F A HRK k1L K

Fig.3 Valcano plot of DEGs between PT16S and PT10H
25 EFRHAREUSHRFAXKIN

X DMRs ik R B v 2] 59 23 706 4~ThE
JLF DEGs i e 2 HY 496 DINRERL P HEAT He X,
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1E%] DMRs Fil DEGs i B4 JE AT 261 A~(E 4).
XT3k 261 4~ FE K i) DMRs 22 5 FJE [H 6 1k 22 Stk A7 56
WM, 25503 3, L 2] 180 4> AH JC K I
AL, Horf, H A K S v 1 5 PR 858 T TR A B R OGO
ERIERA 58 A, F AL AP IG 3 R 655 R A 1
A SR FE AT 122 Ao X FIF 5 368 14 670 4 2 S B 6 A
22 AL XSk T GE 1T, 225 W 3 XA T 3h
T IX IR A S EE A 60 A

PT16S vs PT10H

DMR DEG

23 445 261 235

KBl 4 ZRFRIRFERZES H XS]
e B N B
Fig.4 Venn graph between the differentially expressed
genes and the differentially methylated regions

XoF B i 326 1) B A RN S A A Y 180 N3k
KT GO BHEs T, SR E/R(E 5), HEAKF
SRR AAEA 180 DR, A 124 I
FRBF] 896 4 GO terms, FH.H', 50 4> GO terms b
B AHE(P<0.05), BEREY IR GO terms EZEAALE
YN RF . DNA BEEii | e RN % . Ak
WHEGEFE . RNA RAEE AR i, &
SN A5 GO terms FZALFE AL R4 . 40

M AR A AN A2 4 5 A B4 T IRERY GO terms
FEAFERASLS SR E TG SETH A ATP
i PTG . DNA 454 . B EAmEE.
e 2 A DI RE R LG S BRI L B S e AR I &
SZIFHI(LRR) . A ML E T 552 I ZIK(OATP) .,
o < 4% Til 52 4 45 # 3 (CARD) . 5% 25 45 & B 46 il
(almA), CD36. IMZIRLEEEHE,

FIH KEGG $tls 0t 22 53 R A B K i 47 pathway
0T, ZERILE 6, HI ALK 5 3 P kK 2
FHOCHIA 180 AL, Hofr, 39 A~E 423 H R 5
112 4~ KEGG f55@, £ 20 /i & 5 4
(P<0.05), VN5 9 v 9 8 19 O n T L i A A oAk
SRR . e R RIX 4 -3 % B 3k PR o
%, WA 3 AT SCE L N & AR AH N 3 1, 0
e 2 Dy e H A1 45 hsp20 F1 CD36 % .

3 itig
3.1 FAEALAG I AN E B 2 I Xot 4G 0 38 SR ) 2 i

DNA WA E R MG AR EZENE, 2
H N4 DNA —MEEBH X, 5459k
L 14 A 3 2 1k 5 (Moore et al, 2013), 7K 2E A= W5 78 i
DERBE ORI R R R AR el R DNA
LAY &R T U (ISR, 2016, mA25%, 2017,
BiHGEESE 2019; Han et al, 2021; 254845, 2019),

HAT, K= shiirse b i) DNA B R LA
5 B AT F T R A D) AL B ) F AL SR &2
AR (MASP)FIE T 538 H 0 5 %) 7 A i S Ak 3
F4 SN2 DNA HIEEIFH AR (WGBS), MASP £
AREARE SRR SRR o AP A BRI Z AR
W T RIS ARBHARZEZ B4, 2016; ZEINAE, 2021),

*3 EEAREN DMRs 5 R4H DEGs XEH i it EE it
Tab.3 Statistics of gene number detected by association analysis between DMRs and DEGs

i H Items

F R H Number of genes

25 50 LN

Total genes selected by correlation analysis

DNA FSAb /K- T -3 PR 323k F B 3L R

261

58

Genes with higher DNA methylation level and decreased gene expression

DNA HUEAL KRR K 205 B T+

122

Genes with lower DNA methylation level and increased gene expression

Je 87 X DNA H AR 7K P T iR P 3R KR B 1)

25

Genes with higher DNA methylation level and decreased gene expression in promoter region

Je 87 X DNA H AL 7K P [ IR P 3 ik BT S A

35

Genes with lower DNA methylation level and increased gene expression in promoter region
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Fig.5 GO enrichment of negative correlated genes detected by association analysis between DMRs and DEGs

KEGG enrichment ScatterPlot
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Fig.6 KEGG enrichment of negative correlated genes detected by association analysis between DMRs and DEGs
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AR LU, 2013) . i ha (2 R 55, 2017)
SHRGRAO, 2015)FIfk B (A2 55, 2017) Y H ALK
5 0 MASP JG3k 58 4 i i (7R 3 R A v 3
A 50 14 4 3 B ELR 1 FR BB AR A B R 91 461 B o

Bifi 5 e 3 B DU P BRI R R, WGBS R
DNA H AR R TSR R 22—, %7775 7T DL B Y
4L 2] DNA AL TEgn{E B, o UL B e
PG H 0 057 25 B H B 9 B 81 Yang 45(2020)
iz B AR T 21 5 R R 219 DMR X IR CHE )
AEFEIA IR G55 (202 1) FIFH WGBS FR 581 T il =
TR R JE R 4] DNA Ik 7K P Kb o 1) 28 AL iF
5¥; Sun FF(2020)F %A ARG BE R T 5k BE AL 9K
FRY Tl 240k 4040 DMR X, 23K AF5E
B2TFE WBGS ##ri it % SR APHERN 5
X DMR X8k A1 7 5 A B ROR 7= A B RS
Zhang %5(2017)1 Li %£(2018)3k43 NCBI B4 % Fh 11
FIZHNAFME R, HA4E 3821 4> Scaffolds (N50
3 786 kb). Sun ZF(2020) A F = e B Al R IR B
(5%x10° CFU/mL) X 7 il & AL B S b4, FIF NCBI
HH ) A DR 2 B LU X B 2] 116 522 /) DMRs.,
AT 2020 4F R FH AR LI H AR F e sy 42
AT AR HI-C)JF & T il S IR 4K 40 E ik 2, PF
FEARAS 911 Mb I AR S 3L A, e
F| 23 ZLYLfafk, N50 K 39.61 Mb (FHEHIE AR &),
FEP A PR I A5 SRR T

AR ZE R F IS IR B 2 BOPE e (1% 10° CFU/mL)
il 55 A B SEI AR, ) Y G A K 7 56 DR 4 )7 37 i
53 DMRs $(HH 626 677 4, BEET Sun %
(2020)7EFI A 116 522 41~ DMRs, Jiffiikf) DMRs
)25 SRR T 5 500 45 1 25 S A DR A, R e ik
F S A PR e = A 2= R E B R 22—

32 RSEFEAEFENFER HEN R RHREREL

e A U AR AS ) T A ) 3 R A Ak K
RGN 25 SRS B, ARG T R B 3] S A RE 4] 4 3
HIKFEHN 3.52~4.17%, Yang Z5(2020) & 4 5 0K
2 5L K 4 R SR AE 3.5% 2547 5 Sun Z5(2020) K
AN S B RALKEAE 4% 44, WA R, RIS 5N
ZH AR IAL AR AR, X5 Tweedie 5(1997) % 1
1) T HE sh 4 55 R 4] Y 3k /KT 38 F AT B HE sh
P 45 SR A — 2

SRS ARSI C A7 5 B AL KOF 1 S it45
WA LIFE W, CG BN 5 0 B AL el B g, i
CHG £ CHH 137 5 B 34k L BIARA, 5 H A 2 e 1)
HAtb v PR IS B HMESH Y CG SR Ak /K -3 Rl (20%~

50%)F— B (E A S, 2009; T4, 2010; Sun et al,
2014), #E—XF LA R IAL C A5 IRl e
SR LIA Y, mCpG i F IR A7 5 1 Hef61)55 3] 80%
DL, W mCpG e EEMF R, 52 E5m
%:(2018)F] ] methylRAD-seq 3 A X 15 ] 2 1 B He 4k
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Genomic DNA Methylation Levels and Transcriptome
Differences of Apostichopus japonicusin Responseto Vibrio
splendidus I nfection and Their Association Analysis

LI Xinrong'?, LIAO Meijie**", LI Bin*}, RONG Xiaojun®’, CHANG Mengyang™”,
WANG Yingeng™®, YU Yongxiang™, ZHANG Zheng*’, FAN Ruiyong*, LIU Qingbing*
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of
Sustainable and Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Yellow Sea Fisheries Research
Ingtitute, Chinese Academy of Fishery Sciences, Qingdao, Shandong 266071, China; 3. Pilot National Laboratory for Marine

Science and Technology (Qingdao), Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao,
Shandong 266071, China; 4. Qingdao Ruizi Company, Qingdao, Shandong 266408, China)

Abstract DNA methylation is an important epigenetic modification that plays a key role in gene
expression regulation. In this study, two groups of sea cucumbers (Apostichopus japonicus) were prepared.
One group had skin ulceration syndrome body wall (PT16S) under stress from Mibrio splendidus infection
at a concentration of 1x10° CFU/mL (LDso); the other group had a healthy body wall (PT10H). Genomic
DNA methylation levels and gene expression differences between the two groups were detected using
whole-genome bisulfite sequencing (WGBS) and transcriptome sequencing. The key gene ontology (GO)
terms and KEGG terms engaged in the immune response were selected using association analysis. The
results showed that the total methylation levels of the A. japonicus genome of PT10H and PT16S were
(3.59+0.04)% and (3.87+0.27)%, respectively. The methylation levels of the A. japonicus genome under
pathogen challenge significantly increased; mCpG accounted for 83.06% and 81.91% of all the
methylated sites in PT16S and PT10H, respectively, indicating that mCpG was the most important
methylation form in the sea cucumber. A total of 626 677 differentially methylated regions (DMRs) were
screened and annotated into 23 706 functional genes. A total of 496 differentially expressed genes were
screened, including 214 up-regulated and 282 down-regulated genes. A total of 180 negatively correlated
genes were isolated using association analysis between genomic methylation and transcriptome, of which
60 genes had DMRs located in promoter regions. Based on GO and KEGG enrichment of the 180
negatively correlated genes, key genes such as LRR, H$p20, and CARD were selected to play a critical
role in the immune response. The results would provide primary data for the epigenetic regulatory
mechanisms of A. japonicus and provide a theoretical reference for A. japonicus breeding.

Key words Apostichopus japonicus; DNA methylation; Transcriptome; Association analysis
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BT, K BT BB L K fa kR S A e R R
P RR G, JF IR (0 S M 2T 0, i 2R PR AT Y67 0 ) 52
SS2HF) 11 H WORES PR B /N F 528041, B 0 e
IRECER (] 3) 5 X HEZH A fr Fra A i L PR R 088 A 3
ARG 5, T SR FE KT D5 A A1) S 396 2H R o PN 4 M IR
JIg W7 B A (] 4) . XFSEERI 3 Fhfa iR | iR E
FIAE S B E S5 R K 5, 18 6 FIK 7, ATLLAE .
Znk 5AH IR, K B fI B 6y 3 Fp el
HCIFEHGIK AT T , K513 i 4.83%.
24.94%F1 23.82%, AH /I K 2.69%. 58.97%F1
31.43%, JEil B 43l A1 23.08% . 17.69%7F1 29.51%);
FEE R SR ST, FRAE R B | i B Y
R IR AN 11.41% . 29.37%F1 29.36%, 1A 434l
K 52.11%. 105.85%F1 74.29%, A B4 5 54
1.3%. 2.76%F1-3.90%. LI, TELICIEHERE

IKMFFRFE SRR, FRFE A0 A AR TG i3y
TXPRRRIR, ELILHE R BRI

Fig.2 Comparison of body shape of P. crocea cultured in light trapping technology group and control group
(A: Control group; B: Treatment group)
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Fig.3 Comparison of liver of P. crocea cultured in light trapping technology group and control group
(A: Control group; B: Treatment group)
- 0 ‘u e
&4 KOG G F5 SIS Bt I iR e 107 LB (A S BR2H, B S S d2H)
Fig.4 Comparison of intraperitoneal fat of L. japonicus cultured in light trapping technology group and control group
(A: Control group; B: Treatment group)
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Fig.5 Increase of body length of the three test Fig.6 Increase of body weight of the three test

fish species during the experiment

22 STRFEXFEENARETSEHMN

it A AT LA T R AR IR ARy 3 Bl i LA
W& B ESS R WAL 10 iR LA RIAE N, S5XE
R N TR 4G 9R GE A B, SR AT OL

fish species during the experiment

VB R X 37 B 1) K o R L6 UL DAY %) O I 4 )
“41(2.60+0.03) F1(2.60+0.02) g/100 g, 4331l b A% 58 M 46
FEFH K AR ELER A 15 7 (K 75.24%7F1 46.81%, 2
SR R (P<0.01); i 2 A A =T 5 40 UL DA 14 g
i B 25 8 I 35 (P>0.05)
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Fig.7 Changes of fatness of the three test
fish species during the experiment

x1 FESXNANERSE

Tab.1 Intramuscular fat content of the cultured fishes
. 345 3R Test result/(g/100 g)
Fish species o JE2H S
Control group Treatment group
Kt 10.50.095 2.6£0.03"
P. crocea
. b @. 1.5+0.07 1.5+0.04
L. japonicus
i i
E‘_’E 4.7+0.04 2.5+0.02
P. major

TE = X R ZH A 5 AR Rl 2k, SR A A KT LI T
DK A FRFE 02 , * s S92 00 41 Rd 55 X MR 2 A0 L 22 57
#(P<0.05), ** 37 9256 2 40t 55 f IR 4 AH L 22 S i L I
#(P<0.01), T

Notes: In the control group, fish were cultured in
common cage. In the experimental group, fish were cultured
in deep water cage with light trapping. * indicates that there
are significant differences between the treatment group and
the control group (P<0.05); ** indicates that there are highly
significant differences between the treatment group and the
control group (P<0.01). The same as below

23 STRFEMNFEENAREHES M0

X 2 R SR Y 3T £ 14 g U TR A DN 25 S AL
3, KMl i fORT S A SR AR R 20, 14
18 Ff, 3 FhFRAA MR+ PURK R (C14:0, TL5ETR) .
TSR (C16:0, FREmR) . Mi-9-+ /\fk— I IR 1 ik
(C18:1n-9) it 4, 7, 10, 13, 16, 19, 17-—+ N H
fi2(C22:6n3, DHA) & i th B4 . 423 54 H 3741,
SO L R B A | £ R LR ) T SRR i Lo R
Iy AR 79%. 97%F1 75%, 225 i3 (P<0.01);

DHA &yl FE X BEZH FH 55 3.7, 24 Fil 10 £, 225+
e . 25 (P<0.01) ;5 LLHE T R &t Ho X BB 2 43 53] [ KK
51%. 87%F1 62%, 2% 5:H% 3 (P<0.01).,

24 STRFEMNFESIANSERS BN

X 2 PR FRAE Y 3 L R 1
gL 3. ARWFIEH, 3 Rl pg LA PO AL AG I £
16 FPa LR , SRR B B 5 R/IMR IR hy BB >t 1 >R
B0 LR N A5 S R 2 SRR 7 it DA e B R A 2
2 (Glu) . KA Z MR (Asp). WAL (AlQ) . FE2 IR (Arg).
HE&BR(Gly). &t 54 HBIFM, 3R LA A
PR . R EER A SEER | IR R . SR
AR DTG F IR & w Y T, Hoh AR A 2 R K
f, SCHRZH OO RA A SRR R | S R R
SR E IR A4 11.78%. 9.17%F1 19.57%,
25 9. 3% (P<0.05).

25 FREHEESHT

2 R R SR A 3 Fh A1 AR R X e 4 SR L3R 4
AT AE 5 H MRS A 0.50~0.75 kg A4 K & fi fo Fh
12 000 J£ | fififrfi Fh 6000 B2 . EL6H f0 P 6000 &, A
11 24 000 J&, AF 43l 724 8 35 50 A A O
R A FR8E . e 35k 48 Jtikg,
I TR AR T R A R A | B R BB 8 0 A% 0
60, 60 Fil 76 J/kg, ZliFiE 45k 13.15, 9.55 Fl
6.68 J1 JC o 1M AT S 175 AT XUIR 47 77 AR 5T T R 58
() £ 255l TR RN FLEI L T3 7 R a2
A s T s R SR AR K, R K A
0 R L 8 A 43 510 120, 100 F1 120 Jo/kg, 4liF]
15050 35.47, 23.21 Fl 23.64 Jiot., HULATIL, 7
ST ICFEPTAIR AR R AT 3 Fif i 2 B 3 2%
45 1o T 3 D A R A AR

3 ifip
31 KTHRBFESEERE R E XA S 4 KB R0

SRR, MRS | 08 S5 R R AE T
ELIRRBLA) S, 6 S Y IR R ) B A5t o
B R4 (2000)fF 5% A B, B AR KO fa A SR K i fa
PRI | H IR AE KB f0 ) AR b s B A R 0 i
K, X5 Mairesse %5 (2005) & IR 1) %5 45 B 558 440 F
i AR LA B 25 SR — 3R TR B4 (2017) A5
K, AR TR IR KR . FRAE A BRI . AR T FE
— R LR KA TE MR . A5,
3 Fhfa A R ER P RE K, R B A, 3A3 g
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MRAEA . KREif 11 A REISA TR, 8RR AT
REJE AW, TRt kb, T iR i
YBTEE D, AEEAE, % S FYURSCEIVRR
A, A 3 Fh A I BE R AR d ] f008 B )y, MR |-
RE AR R RS . fRRR L, KT OGS AL SR
F14) JF O 23 €20 R R/ N TE R, 0 BH KT Y375 1 7 5 T 3k A
PP A A K BRI, o ARG e B AR (ISR AT
JEHE MG ARk, BEgA RN, ARG
TR, LA S AR TE 220 . 2R 5% 5 (2016) B
TR, BOCHIEA R T 59 808 65 (Plectropomus
leopardus) 4l i HR B . AR K AT o XA 45 (2021)

RIN, L0 LED St % 21 6% 7R 7 fii (Takifugu rubripes)
it Kk H BA IR, S E6%Rm
RO LT 8 2R il A A EE | ARG £k SRR Ak e T
mTA B R FDGIE . P LA (2019) H G
WOt gl FOERMZOGIR LB, SN BRI & O
fifi(Dicentrarchus labrax)®s 75 & A &L HEEH, H
BEMi &, AERSE . Z AR . DHA
TR R TR (EPA) & i OGS AL, DL BB
FEULI, SIS REIE IRV K a2 I R 5 o . AT
FELR ST YEIFIH R ST BEXT 3 b Y R 78 5 B i
H R E —E R EE R

*k2 FEESNANERRSE
Tab.2 Fatty acid contents in muscle of cultured fishes

2% 5 Test results/(g/100 g)

MR FEFR K& P. crocea fififf1 L. japonicus H A P. major
Test items SR X B 2EL S| X AL SR X} HRZH
Treatment group Control group Treatment group Control group Treatment group Control group

+ PumRER C14:0 0.12+0.01 0.28+0.02 0.06+0.01 0.04+0.01  0.05"+0.01 0.13+0.01
+ H kAR C15:0 0.01+0.01 0.03+0.01 0.01+0.01 0.01+0.01  0.01+0.01 0.02+0.01
TS HR R (KA R) C16:0 0.61+0.02" 2.91+0.06 0.20+0.01"  10.22+0.03  0.20£0.01"  0.79+0.04
-9 7Sk —H R C16:1 0.44+0.11" 1.27+0.21 0.08+0.012 0.07+0.01  0.05+0.02° 0.20+0.03
+-LikER C17:0 0.030.01 0.04+0.01 0 0 0.01+0.01 0.02+0.01
Ji-10 4L ik — e C17:1 0.02+0.01 0.06+0.02 0 0 0 0.01+0.01
+/\ikf: C18:0 0.23+0.03 0.47+0.08 0.03+0.01 0.04+0.02  0.06+0.02" 0.25+0.04
-9 + Bk — IR C18:1 0.81+0.02" 0.20+0.03 0.17+0.03 0.2#0.01  0.18+0.02 0.81+0.05"
I 5 -9, 12-+ /\ B — 4 iR 0.19+0.02" 0.70+0.02 0.02+0.01 0.05+0.01  0.02+0.01 0.17+0.03"
C18:2n6¢
ZHHRER C20:0 0.01£0.01 0.030.01 0.02+0.01 0.01+0.01  0.01+0.01 0.01+0.01
Ji-11-— s — K R C20:1 0.08+0.02 0.10+0.02 0.03+0.01 0.01+0.01  0.03+0.01 0.04+0.01
: ”Dj“J W I-9, 12, 15 /\ e =Hs 0.10+0.03 0.12+0.02 0.01+0.01 0.02+0.01  0.01+0.01 0.10+0.02
fix C18:3n3
—+—RE C21.0 0.02+0.01 0.0520.01 0.02+0.01 0.01+0.01  0.02+0.01 0.02+0.01
“gzé'ﬁ“m'“' 14-Z B 0.02+0.01 0.02+0.01 0.02+0.01 0.01+0.01  0.02+0.01 0.02+0.01
Z ki@ C22:0 0.02+0.01 0.02+0.01 0 0.01+0.01  0.02+0.01 0.03+0.01
I 11, 14, 17-— 15 =K 0.05+0.01 0.05+0.01 0.01+0.01 0.02+0.01 0 0.07+0.02
C20:3n3
JIii 5,8,11,14,-—- 1 PUsss C20:4n6  0.07+0.01 0.17+0.03 0.01+0.01 0.02+0.01  0.01+0.01 0.04+0.01
—=mRr C23:.0 0.03+0.01 0.07+0.02 0 0.02+0.01  0.01+0.01 0.05+0.02
Wi 5, 8,11, 14, 17-—+B ik 0.24+0.05 0.41+0.11 0.08+0.02 0.06+0.02  0.05+0.01 0.23+0.05
fiz C20:5n3
Jifi 4,7, 10, 13, 16, 19, 17-—1  0.4370.03 0.09+0.01 0.51+0.05" 0.02+0.01  0.44+0.04"  0.04+0.02
TR SRR C22:6n3DHA
HE Wi & i 3.50"+0.52 7.09+0.76 1.33:t0.28"  10.78+1.67  1.14+0.13"  2.98+0.21

Total fatty acid content

TE: TR N EER, HNBRROA R, T 4,7, 10, 13, 16, 19, 17-—+ Bk SRR (C22:6n3) 5 DHA
Notes: Tetradecanoic acid is myristic, Hexadecenoic acid is palmitic acid, and cis-4, 7, 10, 13, 16, 19, 17-docosahexaenoic
acid (c22:6n3) isDHA
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Tab.3 Amino acid contents in muscle of cultured fishes

M3t 45 5L Test result/(g/100 g)

S bR K P. crocea fififfi L. japonicus HE 1 P. major
Testitems S04 Xt S04 Xt 4l 3041 X
Treatment group Control group Treatment group Control group Treatment group  Control group

REGR Asp 1.88+0.18 1.73+0.16 1.97+0.09 1.92+0.16 2.07+0.21 1.96+0.17
#E W Glu 3.000.10 2.74+0.21 3.21+0.16 3.13+0.21 3.16+0.32 2.98+0.20
H& R Gly 0.960.16 0.79+0.14 1.03+0.11 0.9+0.15 0.95+0.15 0.82+0.04
WA Ala 1.24%0.20 1.05+0.11 1.26+0.13 1.05+0.20 1.17+0.21 1.22+0.15
KA Arg 1.080.18 1.00+0.14 1.17+0.20 1.14+0.08 1.17+0.20 1.17+0.13
24 5 Ser 0.71+0.05 0.63+0.06 0.77+0.07 0.72+0.06 0.77+0.06 0.68+0.05
SRR Thr 0.82+0.09 0.7620.09 0.87+0.05 0.85+0.07 0.91%0.10 0.88+0.04
&R va 0.84+0.14 0.82+0.02 0.87+0.09 0.84+0.07 0.97+0.06 0.96+0.06

SILAR e 0.85+0.11 0.78+0.12 0.85+0.10 0.86+0.11 0.95+0.12 0.91+0.04
SEAMR Leu 1.38+0.20 1.29+0.10 1.45+0.14 1.44+0.15 1.53+0.21 1.51+0.13
KNAMR Phe 0.7+0.08 0.64+0.07 0.73+0.20 0.71+0.13 0.760.22 0.74%0.10
AR Lys 1.72+0.19 1.62+0.11 1.98+0.21 1.83+0.20 1.96+0.23 1.86+0.14
1% R Tyr 0.60+0.12 0.57+0.09 0.59+0.05 0.61+0.11 0.65+0.14 0.660.11
R His 0.43+0.08 0.41%0.08 0.53+0.12 0.45+0.15 0.54+0.05 0.53+0.02
&2 Pro 0.84+0.13 0.59+0.10 0.82+0.05 0.26+0.07 0.98+0.13 0.39+0.01
EH R Met 0.59+0.07 0.54+0.06 0.58+0.03 0.6+0.11 0.63+0.18 0.59+0.06
IR SRR UAA 4.88+0.30" 4.47+0.41 5.18+0.17 5.05+0.24 5.23+0.34 4.95+0.32
EHIREEERR SAA 2.20+0.20° 1.84+0.22 2.29+0.04 1.95+0.25 2.12+0.22 2.04+0.32
BRI FAA 8.16+0.48" 7.30+0.51 8.64+0.80 8.14+0.58 8.52+0.57 8.160.35
AR TAA 17.63+0.20" 15.96+0.56 18.68+1.02 17.3120.95 19.17+1.30° 17.87+1.32
AR EAA 6.31+1.0 5.92+0.73 6.75+0.70 6.53+1.35 7.08+1.52 6.86+0.92

JENTR E IR NEAA 11.02+0.69° 10.04+0.81 11.93+0.65 10.78+1.01 12.09+1.80" 11.01+1.06

e EREIEMREE Asp. Glu. Arg. Ala, Gly; 2EIREEERRH Glu fil Asp; 2 HIREIELRR N Gly fil Ala
Notes: Flavor amino acids include Asp, Glu, Arg, Alaand Gly; Umami amino acids include Glu and Asp; Sweet amino acids
include Gly and Ala

x4 2MRABRFBEHLEXT LR
Tab.4 Comparison of the profits of two fish farming patterns/RMB

. . K# 4 P. crocea fifitt L. japonicus L P. major
LA R
Treatment group Control group Treatment group Control group Treatment group Control group

A3 Fry cost 230 000 230 000 110 000 110 000 110 000 110 000
1Ak} 2% Feed cost 0 61710 0 59 677 0 41 527
N T.#% Labor cost 11 800 20730 11 800 20730 11 800 20730
WA IR 6100 2500 6100 2500 6100 2500
Equipment depreciation

B Toutal cost 247 900 314 940 127 900 192 907 127 900 174 757

BICA Total revenue 602 600 446 400 360 000 288 400 364 300 241 600
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32 MXFEMFEEINAEHSEXMEER
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BT U555 (2000) i Fe 2R B, %5 K B fa i A4 g 1
SRR RE MR 1.9 15, MR 45 (2019) 01
2, FRFH K O B 6 (Micropterus salmoides) LA A
FELAE 5 25 e d 3 v T M A o SR X 38 P 4 77 E A £
LR RE G & B8, X 5 R AR 75 5 1R R 1 2
o PR | RIS R B M OG . Watanabe
E(1982) AR, AR AR I — A 2 BE & TR D7
SR R . 5k AR A (2001) S L A B, AR
U B B I DR B B AR IR I S T, O — i fE
Ry VE R () i 7 /N % e T AR M R E LB T, IR AR
E MR AL S BOFAE R E, B LI, X
SEFRIH ISR T A R R R 22— o A K A
AVETET BRI, RIS /N, XONMUBIEE Y
BT EE RS, FLFR T TG ER A &G 30, B T RE T AE,
PRI I J 0 A2 P AR b, LD 05 5 2 I S BRI
BRI, KTOCHE R E AR N TR, Eid
KT 5] 2%t /NER 2] A Y, 5748 £ 20 o i g i 2
TG AR R, R — a2, AR R 5 0 AN
MR T B RRZE, [RIRHEEE T RER, W TR
AR, DRI R B £ B AL IR D9 g 5 B R b S
) 465 552 2 2% S B 2 (P<0.01) o T AR5 v 14 fofi £
LA P R 5 25 o el AR AN S 32, 43 D DR T i ' £ i
MR HERUE 2, FEEA TRV B fb o8 BB, 1 58N
FEME AR T, HARZE LA Rtk — 5% .

33 MAFENFHEEBEXIAEHRIELMRE
FE IR

NEWiRAEA 7o R E AL N LT, T &g
CO, il H,O, Bt Kitfett, VA EZREERIEZ
—. DHA E—FA AR, 3 2R IR T 5 A
0, SRR W By, R A 00 BT O
LB AE TS, TR PR sz E kit . ot
SERW, MR IRNTR & B8, B2 WA,
T ANEMBE IR ARIR Z — . WFRas R En, R
KTEE AR ) 3 Fh A RN IR I R 75tk
iR . +/\BRER K DHA & 5X B4 A 22 55 3%
(P<0.01), 5B U5(2000) . EifhE 55 (2015)WF 58 45 5
—F, HEM, X AT RE A P A AT IR T A N A fA RE S
LR 25 B 2 AR RS 105 2 A 0 TR, PRI
DHA ZFZ AN FIRE IR & 3 hn . EPA FIAEAE DU A%
BRI & B0 W 5 25 5, (0 3 b A X HE AL i 6 4= 1Y
Rl R =i L g 1) S I =il e e

BHRESIN T AEA VIR . AT LA Y, A Y
3 A FE T R B AR SR A AL 12 B35 B AT L
I B 2 )5, (RN DHA & B E 3 . bt
D AR IR SR AR AT Y £ 2 A S RN
PR, XA 5 Uk, K76 A IR e 2 —
A T AR B A SR 5H 5 2

34 A BFENFHEEINASERSEYMRESR

M

IR A T B AR AT, JE A b T R
FERR AR T IR . WFIR R, B I e S5 (R
JE i LR R E SR (B4 Asp. Glu, Arg. Alafil
Gly) B2 B & i fr e o IEAF SRR, AR I7
B R B A SR R R B AR B I T AR
KEMBEINE, 2015; BLaEEE, 2017), MI-EEE
WA TR e B R, DA, XG4
(2018)MF 5% A& B, WUk T %o K B 4y 1) S SR AT
IV R b i B T, B A e > A LR A 3 AT
AR WL R IR R FIIR T R &, el R i IR
JRURAS (1) K W o 3 8 S 565 21 R X BB A A HE 2 R S TR
EEER AR . B H R IR S S R Y
4R (P<0.05), ik J2 i T A 7T Hh i) 288 i AT 6
WHARBUG R EY), ARMEREEAR, T
PUBIRES, PTRE Sk AR L MR & & S AP 2S b,
T A L LRk, — 2 150 B 3ok o e A ] 4 v 7 5
(IRt R

35 ZFHEEHESHE

ABEFEE KT I B T 1%, SRR G R SR A
PR PR % £ AN E 5 AR ) FRFEAS, 55 33  A 77
SRR L, R0 28 A R A TR, (e
BORFEAR T RIEAAS, -5 T IRIH A AL, SREART
ity FLRG) B 0 5 o T B IR B Ak, T
I e rp AN EEN T, R AS I T A 2
WEEREAR, NI, ATEFE AR SR A ) 28 A i
REETEHWIREA, ENAS H AT g
MFRIH LS o R, R SRR S o R O 1 24
RSy, e IR RO Z o0tk | iR R, R
WA SO SR ,  E A RERIE ] R s 34k, FRAH AR
AR AR, G TR AR R A A A | ORI R
XF IR I DXL SR R IR T5 3%, A5 SRR K
FEIREBT B R R

L LR , R OK B REAT YEIA I K WA I7 FE A
AT O 7R 5 U A R Al RS . i TR A
ARG}, R P YLREF A &, ik ffh
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BB, EWEREREAR, MR & REFEAR, Bl e
R G . BWRAFEMR S REFIREER SR
REHREILR & = DHA S ThE; HEEETH,
SR M5 125 F7 58 10 40,28 il Jot s 1 3 1 AR SR A F26
FRPR A AR D AR T, A IR A M —Fhax
filt B IR AL AT HE)
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CHEN D H, HE G S, LIU Y H, et al. Comparison of muscle
nutrients between wild and cultured Micropterus salmoides.
Journal of Anhui Agricultural Sciences, 2019, 47(22): 94-96,
115 [BREEKE, f[EAR, XA, 55 B 5 FR0H 0 R
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DU FY, WANG L G WANG X H, et al. Effects of light trap on
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Effect of Light Trapping Technology on Fish Quality in
Deep Water Cage Fish Culture

L1 Jing, SHI Ying, HAN Bing”, ZHENG Jiong, FENG Ruoyan
(Qingdao Fishery Technology Extension Sation, Qingdao, Shandong 266071, China)

Abstract To study the influence of light trapping technology on the quality of fishes cultured in
deep-water cages, light trapping equipment was designed and installed in deep-water cages in Qingdao.
Light trapping equipment involves green LED light (wavelength 525~530 nm) installed on the cage to
attract live prey in the sea, providing natural food for the cultured fishes inside the cage. In this study,
three important fish species were selected: Pseudosciaena crocea, Lateolabrax japonicus, and
Pagrosomus major. Since there were no artificial feedings throughout the culture period, the fishes are in
a semi-wild growth state. The quality of the cultured fish was determined by measuring the fat, fatty acid,
and amino acid content of the specimens in the treatment cages (equipped with light trapping egquipment)
and traditional cages (with artificial feedings and without light trapping equipment) after a 5-months
culture period. The results showed that the sensory characteristics of P. crocea, L. japonicus, and P. major
in the treatment cages were significantly better than the fishes in traditional cages. The body fat of the
three fishes cultured by light trapping technology were significantly lower than those of the control groups
(P<0.05). The crude fat contents in the muscles of P. crocea and P. major cultured in treatment cages was
75.24% and 46.81%, which were significant lower than those of traditional cage culture fishes (P<0.01).
There was no significant difference in the crude fat content in the muscle of L. japonicus (P>0.05). The
docosahexaenoic acid content in the muscles of P. crocea, L. japonicus, and P. major in treatment cages
were extremely significant higher than those in fishes cultured in traditional cages (P<0.01). Moreover,
the total fatty acid content and palmitic acid content were significantly lower than those in fishes cultured
in traditional cages (P<0.01). Under the influence of light trapping equipment, the indices including the
contents of taste amino acids, umami amino acids, sweet amino acids, total amino acids, and non-essential
amino acids in the muscles of the three fish species in the treatment group were significantly higher than
those of the traditional groups (P<0.05). And the contents of flavored amino acids, umami flavored amino
acids and sweet flavored amino acids in P. crocea in the treatment groups increased 11.78%, 9.17%, and
19.57% than those in traditional groups. Moreover, the difference was significant. All the results show that
although the deep-water net cage fish culture technology with light trapping reduces the growth rate of
cultured fish, but it can improve the fish quality and increase output efficiency. The system could be used
to promote and apply a green and healthy aguaculture model.

Key words Light trapping system; Deep water cage; Fish; Fat; Fatty acid; Amino acid
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i yEFNFE AFEEEX R E SR

EWE " 54K LEKD Fae f og?
AR ElE o R®°
(1. iR B 2013065 2. PEKZRAFRBEAREK N L 2013065
3. VLPGAEKRIEDIR VIV R A 330039; 4. A ARFTERHI H  BE PR R O 5
VIVE BA 330039; 5. EATARROKTEE SEEFEELASEE (I MA  330039)

mE AT R FAE RN E B RN (Paramisgurnus dabryanus ssp.) 7 V& # (Misgurnus
anguillicaudatus)& 7= 5 U B8, KA R 0N T FEMGEHRAEXNT, 678 RS IR R4
K, BEREDFERER, FRTTXEEFANAEXE. $RXEr, 6ERHANEHFERETT
Jes, Heo, wERAE R T 4 B IRH(P dabryanus ssp. pond-cultivated, PPOC) /. i#% /Z (1.00+0.01)
B F 5 TR R T W R M (M. anguillicaudatus pond-cultivated, MPOC) (0.50+0.01) (P<0.05).
RHMHEEGERER T 6 ZRMP<0.05), THIENE&EREFRT & FRMP<0.05), HH+,
A H R A T B R S (M. anguillicaudatus paddy-cultivated, MPAC) ¥ & A & E & & , %
(21.09+0.57)%. B W RS, & 7B R 8l FA A5 b B 2 8 T IR MK (P<0.05); FR7EAHE R 3t 2 A R #ty
WHEUERARLZZ M, PPOC BHELERG TREFREAEX T 6 E RMEP dabryanus ssp.
paddy-cultivated, PPAC) (P<0.05), MPOC /B & & & [k T MPAC (P<0.05), #3745 A T 2 A V84
Bk 3 Jik 3 R G B0OFR A T R 48 B 2 K T A% B SR FE B AR [R] & AR (P<0.05), #EJE ppocy™>E JE (ppac) »
M mpocy<HE M mpac) (P<0.05), TEHRFAE NI 2 FRRM A EH . AR . 448, MaBmMmF
MARE THEEXNWHEE &M(TAV>D), ERIPAONMERE T, WERERGER SR BT X,
JEHE G AR KTt B A X (-0.996), 5MFME. MR 2 EEEMX, Ska. ko, HE
BeEEfitix, ETRHEE. FMEHESE, PPOC & & 18 R TR K

KA G ARG R FEERX; BEBME; TR

hESES TS2542 XHFRIBES A XEHEES  2095-9869(2022)03-0196-11

B 1S Ve (Paramisgurnus dabryanus ssp.)F1e fifk (Cobitinae), AZHERIEAERES, A “KPA
(Misgurnus anguillicaudatus) ¥ 3§ J§ T # ¥ H S A, T T E L H AR 45 b (Wang
(Cypriniformes) . #ft £} (Cobitidae) . & #f W Bl er al, 2018; 5KIEE, 2019), 1E LU RIR KI5

* [E 2 SR TTR(2018 YFD0901704)F1 [ 7K 7= FBF 24 B 5% B JE AR B 4% 2% (2020 TD68) L [F] % BY [This work was
supported by the National Key Research and Development Program of China (2018YFD0901704), and Central Public-Interest
Scientific Institution Basal Research Fund, CAFS (2020TD68)]. 25Wi#, E-mail: Leahclj@163.com
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25, Jehfk 2019 4EpE RN 35.69 7 t, Hoh, FREVLPY
PR Z, K 791 U7 t, A EVRTET 22.17%
(P A A B el it B B Ry, 2020). HAT, UL
gk ity A A R SRR (PR PR TR . TLUR ) . B ISR SRR AR
Yk (Botia superciliaris)3F(5RIREE, 2019), &5 ek
AR IEWE S, MREIATE RN EFRMER,
A IR E SR R

TR VI B2 AR S RO . HAT, TR
FEA ME . R RS GEREYE . P b 55
B (Yang e al, 2018, 2019), LAth 3 AR H 5% 5 45
KW FOREEE, 2019), Hr, FEHFRHEBXAE R H
IKAB A 2 F 3 A B AR ZE G FRE R G, S
B, R 5, SRS, AN
WL T B4 . Yang %2017, 2018)WF 55 £, FaH
FraE AT YR SR (A3 T 2 | Fi i Y e B Ak
fit 11 e i S R TS PR T M T AR BT R KT
e BRILZAL, ARSI A R R | 4K
AR B SR R S5 A7 7 2% 5 (Johnston et al, 2006;
KRB AE, 2020), HAGFQOISAFTR AN, 55 Ve
A KA REL T FL Y BRI R BRI Ve 8K (P. dabryanus). K
i B PR Wk E 27 . R EESE T IR EK(Misgurnus
bipartitus) R BT 40/ OCIESE, 2020), HET, 2%
T T B A VRO ISR, 2016) . SEAS 4252 YR Bk
OUZ4 4, 2017) . 3% 6 15 e Bk K i mi) e ik (i 't
B2, 2016; IS, 2021)% 5T 0 22 Sk, (H TR
figk | 5 VS Ve B E A [R) FRFE AT UL PR 97 % o o 2
fief A7 4

AHBFE LA 15 V8 e BRI U8 SRR X 52, o3 B A 3
FIFEH 2 PR SRR A E SR 22 5, JFR
Z TG BT AT LV AR B DR, LAY Sy 7 8 3 E A
o TR LR IR 55 TR Toll

1 #MRERF=E
1.1 KIewr#t

SRR B SIS e Bk(P. dabryanus ssp.
pond-cultivated mode, PPOC)i H Y1744 /K F=Fl 244
€ T U Rk B LA S 50 SE M, R FH SR FEAR S N I BT
JEBK(P. dabryanus ssp. paddy-cultivated, PPAC)Ji F
VPO K= SR AT FRA ], ISR e
# (M. anguillicaudatus pond-cultivated, MPOC)i H 71.
PO B Bl BBUL R gL, A SR AT 1Y
Vetfk(M. anguillicaudatus paddy-cultivated, MPAC)iE
ERANE R A R ER ] A N S g S = S

o B3R 4 FRES R 18 H IR EENE R iRk, %5 I 1A A
HPEE 2 RN TR, A3 H T3 v A 5 4 e 8k,
I 3% (M4 RSB OURE A k), 4 15 d
THAE . AAK B 1 RS HRE K, e
FERiiE, T 20204 11 A 1 Hiikiz ZE956% .,

1.2 FEHE

121 AR ARNZ P EE TS Je BkE AT 24 h LK
AEHRSE, IAGE B KR FIK, #E 15~20 min, Yk
HEARBCRS TG, WE AR R m A, K
K A4 o (ratio of body length to height, RLH) & I i
J# (condition factor, CF)(GB/T 18654.4-2008), W.z{(1)
M (2). TEHE 6k, BOFIHE.
RLH=L/H (1)
CF=(W/L*)*100 ()
K, LA (em); H WK RE (em); W hiKH(g).
122 Fiigirml e FEAE TR BN E < KGR
FH 105°CH 5 ¥ 5E (GB 5009.3-2016) 5 4K 23 5 5% F
i 550°C R iR KB (GB 5009.4-2016) ; HLEE 15
o W E R e LG e AT E (GB5009.5-
2016); AR & i 2 ok H R G274 (GB 5009.6-
2016), HEE 3K, BOFHIE,
BRI R S U SE MRS GB 5009.168-2016¢ & 5
e AR B 5 ) oK kAR I, IR 37 Fhiis DR
H R R Ar (Sigma A W], EEHAFH, #id Agilent
7890A SAHEIECEFERBIE (P EYARA ), WE
NRITIR R & &, 2%k REOTH A . WhiAS %
T BAE@EHEHR S 100 m, HFEH 0.25 mm,
JEIE R 0.2 pm); HEFESHIREE R 270°C, K IUASIREE A
280°C; FEREARUN 1 ul, ZFHN 100 : 1; THEFERF
WILRIEEE 3 100°C, 4245 13 min, DA 10°C/min JHE =
180°C, ##4F 6 min, FELA 1°C/min JHE = 2007C, £
¥ 20 min, 5 LL 4°C/min THEZE 230°C, {7+
10.5 min, & 2K, BCFHME.
123 SR4girml e TR . Ve 2k
EHe . RNMEE, BERUIRCE R RBRE 1), 530
B 10 mmx7 mmx 4 mm #1 30 mmx7 mmx4 mm K7
k5 FRALA () , 2R il TMS-PRO JFRAAAX(FTC 23,
3 ) #E AT A #1434 45 X (TPA) T 19 5% Hs #1841
I, FrRIKESE: WS 30 mm/min, JEAR
N 50%, [MIFREEES N 30 mm; STIHREE S8 Wi
HE N 30 mm/min, [PIFEEE N 30 mm. EE 6K,
HOF- 418 .
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HERHLA Dorsal muscle
R RS RN A

B AT =
(Misg anguillicaudatus in paddy-cultivated mode, MPAC)
1 PR B AL I s R
Fig.1 Schematic diagram of texture measured
positions of loach TPA

Ui 125 A BRI 3 2 7% A 4y 55 (2019) B T i, R

i 2.0 g, LA 15 mL Bt B0 5% = A LRI
JEAM, REMHE 5 min 5EEE 2 h, SRIFELO
(10000 r/min, 4°C. 10 min)JFFH FH W 5 mL T4
e, i 6 mol/L NaOH ¥ 1 1 mol/L NaOH ¥
T pHAE % 2.0, )i FHE 4K E A 2 10 mL, FH 0.22 pm
AKAHDE R U8 S5 FT A SERE AR LML E o >R ] Agilent
1260 = B0 6 R4 (L BER R (A7 B w1
WESHT . 7B HE4.6 mm=60.0 mm), 5k BHE
T Bg s AR S7°C; 1 WIE RN
0.4 mL/min; 2 il ##E N 0.35 mL/min; JishAl: pH
320 3.3, 4.0, 4.9 MITIERRIA R EIR IR A 2%
PR A B TR BUR 4% R0 B =B ZE v, R 2 IR,
BOF- 418 .
1.2.4 el kA B R ARG IR N 7 ik H 3k
s FEALFE L (index of atherogenic, 1A). [ TE MidE %L
(index of thrombogenic, IT) (#FFBH%E, 2016)H TF
Al 77 58 e BFOR N0 I P & B g, LR (3)
FX(4); 7EME E (H (taste activity value, TAV) (i %}
2, 2019 TR R VR SRk SR A PE . WLaR(5).

IA = (C12:0+ Cra:0+ Cie:0)/(EMUFA + SPUFA) (3)

IT = (Cia:0+ Cig0+ Cis:0)/[0.5 x EMUFA +

0.5 x n-6 SPUFA + 3 x n-3 SPUFA +
(n-3 SPUFA/n-6 SPUFA)] (4)
TAV(mg/mL)=C/T ®)
it':’:' ’ CIZ:O\ C14:O\ C16:0 ﬂ] C18:0 y‘jﬁ ﬁﬁ?ﬁ N WE%M N

PR . R R 43 0 o B R ) LB (%) 5

IMUFA S BRI 5 R o5 50 B R % o 1) S
(%); SPUFA JJy Z ARG I R 6T D5 TR 7 2 114
F1(%); n-3 SPUFA R Z AN MR TR - n-3 (LR

n-6 SPUFA i Z AR IR n-6 (EAT; C Mk
R W) 0 17 466 %5 5 B (mg/100 @) T Ak kW Joi ity ik
B % {H (mg/100 mL).

1.3 #HFAIE

BER AP EAbRME2E 08, B SPSS 22.0 K
PEHEAT G2 0 b, SR BRI 2R J7 22 53T (one-way
AVOVA)FI Duncan’s £ 8 H B 3 E 1T i 25 M PE A
(P<0.05); ¥ PPOC., PPAC. MPAC F1 MPOC [#J 12 4>
T bR bR AE AL AL B S AT R M (IR AE, 2013);
81 Graphpad Prism 7.0 FAF IR B 2 R #4E LA
J Origin 2021 Hcf4: il /f 27 I

2 ZERE5H5H

21 yEINTEE AR T &% T M S A 2 &
FHIE

M2 1 A%, BRI AIRSE AL, &I IR EHIE (4
FEbRI W KT YR, IR S AR K R R H & R
K, ATREL SRR FRIE S B R S YA G, 1D
PPOC B3t B f2 K (1.00+0.01), i 44 i M4 1 L B /)
(6.53+0.16), # kb MPOC JIE# K 2 £i5 . PPOC fAH |
A FIE G B 41 B T PPAC (P<0.05), R A4
FEARJZ 5 MPOC A 2 (0.50+0.01) i #IX T MPAC
(0.73+0.03) (P<0.05), MPOC {AKA{kE L& T
MPAC (P<0.05).

22 EMEHEFAERNTSERMMEMRNEF
=R

221 AREBIRRSEF b 35 ARG HH 5 E AR 2
BUEVEHK . Ye Bk IR 22 R ROV (R 2).
G YR HROK 4> . K4y RURLEE (o i R T e ik
(P<0.05), LA 5 W AH 52 (P<0.05), Hrb, MPAC H1%E
2 i s (21.0940.57)%, PPOC & A & = i ik
H(17.0040.28) %, MFRFEALX &, G5 RSHK IR HLAR
fioh, Hoksar . KaoMmBEEARTEBEE R
PPOC<PPAC (P<0.05), ifii J& fifk & 7K 43 1 K 43 Hk
(P>0.05), HLZE M & &5 MPAC<MPOC (P<0.05), #

AF et R Dl 8K 17 75 7 4 B 2 v Tt

222 MR E S i3 FRG B SR AR T B
Ye KRN e SRS 22 AR TR, Fd 8 At A
iBR(SFA) . 5 Fh B AR (MUFA) R 9 Fli 2 A4
FIIE MR (PUFA)(F 3). PPOC A X PUFA BFEET
MPOC (P<0.05), PPAC ) X PUFA & #{XT MPAC
(P<0.05), ANRFINEIIR & &t (UFA) W 5 IAH [F] 3
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x1 HEMEHREEXTEZ R RHMA A LR
Body comparison of P. dabryanus ssp. and M. anguillicaudatus respectively
pond-cultivated and paddy-cultivated

8471 Index

Tab.1

e 1
sfif;le i ek s ks I e e
Weight/g Length/cm Height/cm Ratio of body length to height Condition factor
PPOC 67.45+2.22° 18.47+0.62° 2.83£0.13° 6.53£0.16¢ 1.00+0.01°
PPAC 51.50+2.22° 18.50+0.50° 2.3440.11° 7.58+0.23¢ 0.84+0.03°
MPOC 8.66£0.69° 11.99£0.23° 1.150.06° 10.82+0.38° 0.50+0.01¢
MPAC 10.5240.26° 11.52+0.18° 1.3340.04° 8.65+0.32° 0.73+0.03¢

e RIZVECRE AR AS W) 22 7R 4 (B A2 78 I8 35 25 5(P<0.05), Tl

Note: Values in each column with different superscripts are significantly different (P<0.05), the same as below

®2 MEMEHFERKTEZRMMEMHNERERRSSERE, %)
Tab.2 Nutritional comparisons of muscle of P. dabryanus ssp. and M. anguillicaudatus
respectively pond-cultivated and paddy-cultivated (wet mass, %)

FE i f545 Index
Sample 7K 43 Moisture K4y Ash HE H Crude protein MG Crude fat
PPOC 70.90+0.55° 1.51+0.01° 17.00+0.28¢ 3.33+0.12°
PPAC 73.14+0.49" 1.87+0.08° 18.60+0.24° 3.43+0.10°
MPOC 77.21+0.21° 2.61+0.08° 19.67+0.68° 0.85+0.03°
MPAC 76.2340.44° 1.77+0.04° 21.09+0.57° 1.14+0.04°

PPOC fIgHilgFP25 R 18 F', PPAC fgHIERFIIE R
22 Ffr, MPOC gl Fh 2R 11 F, MPAC J5IiERFh
Ky 20 A, RUIFEH IR T 2 Fhe sk Bg iz
R Z T s SR R AH R & . PPOC 1Y TUFA I 3
T PPAC (P<0.05),MPOC [ TUFA . ik - MPAC
(P<0.05), PPOC #J EPA+DHA (9.69+0.09)% ‘& & &= T
PPAC (6.50+0.00)% (P<0.05), MPOC [ EPA+DHA
(13.76+0.12)% & =T MPAC(5.70£0.06)% (P<0.05);
PPAC A9 n-3 ZPUFA/n-6 ZPUFA J& PPOC ) 3.05 %,
MPOC f#] n-3 SPUFA/n-6 SPUFA /2 MPAC ¥ 1.37 1%
PPOC fJ TA A1 IT &K T PPAC (P<0.05), MPOC
1) TA FIT 2 (KT MPAC (P<0.05),

2.3 tiEMBEFEEERXT AT R R SRR
=5

231 MR EF 4 b HE RN HH 27 A A
SR 5 75 U k5 e SR AL PR SO AR R R i R PR SR
Ah, BIEUREKY S IR 4R bR X T U R
(P<0.05), PPOC RHEE . PIRMABNESE 6 N EIREY
WL#E T PPAC (P<0.05), 1fif MPOC itk | NELIEE |
PN ERPE R B U] J1 35 8 KT MPAC (P<0.05), R
HUHES 2 M (P<0.05). LAk, #fbE . MR PE R 8y 4)
J1 ) B — %, Bl PPOC>PPAC>MPAC>MPOC

(P<0.05) ; f# B 5 B &G PR AL — 3, Bl PPOC>
PPAC>MPOC=MPAC., #{ANKFE , FRHAAXT G55
fifk 2% 5 & 2, PPOC By iy 4¢Pk i 2 & T PPAC
(P<0.05), T ekt AR I+ AN B & .

232 HHBRALREF WK 2 fioR , RS
ARSI 17 P B SR, LA A R R
BHEE M MPAC>PPAC>MPOC>PPOC, #*M[F—
FRPARLT , VBT IR 3 B S LR & iR T RS
fifk 5 A FH A AR 2R 2 AhJRBROUL A U7 8 S 2R 7 v
Toth I 55 AR TR SRR SR, T RS A SRR O
AN — 3 X £ i O R T DR A, 3 R A i A
(TAV) 7R JE— 5 R W) Jo 0T % A8 R () DR AR . 24
BB E LRI TAV>1 W, FHZY A S
P, BT R EREA B3 TTER(R 40 4%, 2019; Chen
et al,2007), MPOC, MPAC. PPAC 5 PPOC 5 Ik
W5 5050 5 Fl 4 B, FBHUCHR %R TTER D)
i FEE ek, 4 FRe s Y P4 Glu,

Arg. His fl Met (TAV>1), HH, Glu i) TAV {ER K
(2.61~4.27)H S PR&EEMR, Arg. His Fl Met 5 Bl E

24 tiyESFEEFREERXT & Z T 6T 6B FHE
ERBSD

IR AL S, 4 2R BR ARk
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MEMEEFEEXTA

ERSFRME ERANESE

Tab.3 Amino acid composition of muscle of P. dabryanus ssp. and M. anguillicaudatus
respectively pond-cultivated and paddy-cultivated (%)

I8 IiER Fatty acid PPOC PPAC MPOC MPAC
C6:0 - - 1.83+0.07° 0.56+0.01°
C12:0 - 0.35+0.01 - -
C14:0 1.38+0.00° 3.43+0.04° - 1.46£0.01°
C15:0 0.35+0.00° 2.3240.01° - 0.93£0.00°
C16:0 15.74+0.01¢ 19.8740.05° 17.75+0.01¢ 18.93+0.12°
C17:0 - 2.27+0.08? - 0.83+0.01°
C18:0 2.54+0.00¢ 4.3840.02° 6.26+0.02° 4.02+0.05°
C23:0 0.92+0.00¢ 5.18+0.01% 4.20+0.01° 1.72+0.02¢
C16:1n7 7.67+0.02° 12.26+0.10* 3.38+0.02¢ 6.48+0.04°
C17:1n7 0.39+0.00° 2.60+0.00? - 0.63+0.00°
C18:1n9¢ 21.4140.03" 17.43+0.03¢ 19.26+0.15° 21.54+0.00°
C20:1 0.75+0.00° 0.44+0.01° - 1.41£0.05°
C22:1n9 0.42+0.00° - 1.2120.00° 0.96£0.01°
C18:2n6¢ 30.53+0.02° 10.20+0.06° 27.81+0.00° 25.48+0.29°
C18:3n6 0.99+0.01° 0.62+0.01° - 1.32£0.12°
C18:3n3 3.97+0.06° 7.79+0.01° 1.70+0.00¢ 5.15+0.08°
C20:3n6 2.01+0.01° 1.0740.00¢ 2.83+0.05° 1.5240.02°
C20:2 0.77+0.00¢ 1.34+0.00° - 0.92+0.01°
C20:3n3 - 0.59+0.01 - -
C22:2n6 0.47+0.01° 0.500.00° - -
C20:5n3(EPA) 1.79+0.01° 3.08+0.00° - 1.54+0.01°
C22:6n3(DHA) 7.90+0.08° 3.41+0.00¢ 13.76+0.12° 4.16£0.05°
EPA+DHA 9.69+0.09" 6.50£0.00° 13.76+0.12° 5.700.06¢
YSFA 20.93+0.00¢ 37.800.01° 30.04+0.07° 28.44+0.13°
IMUFA 30.63+0.03° 32.74+0.06 23.85+0.13¢ 31.01+0.10°
TPUFA 48.44+0.03° 28.62+0.07¢ 46.11+0.06° 40.10+0.23¢
n-3 TPUFA 13.67+0.03° 14.88+0.02° 15.46£0.12° 10.85+0.14¢
n-6 TPUFA 31.99+0.01° 11.33+0.05¢ 27.81+0.00° 26.80+0.41¢
n-3 XPUFA/n-6 YPUFA 0.43+0.00° 1.31£0.00° 0.56:0.00° 0.41£0.01¢
SUFA 79.07+0.00° 61.36+0.01¢ 69.96+0.07° 71.1120.13°
ks R4k 1A 0.27+0.00° 0.55+0.00" 0.25+0.00¢ 0.35+0.00°
M AT B AE 1T 0.27+0.00¢ 0.41%0.00? 0.33+0.00° 0.39+0.00°

e FATARRNG FEEFRR 3 25 5 (P<0.05)
Note: Different small letters in the same row denote significantly different (P<0.05)
DHUUABEAM R ZERTEbR, I 0T s e 2 0 [k g, VSRR ARMR | B R RS SR B AR A )

T fE B (S IB5E, 2013), HAET, EBS0H ke
iz FF 53 b 0 200 (R B8 5 0 () A DG, o B R A
(2016)is HiZ Tk &I, 12, 15, 18 H 4 K Pl
(Sebastes schlegeli)i 8 M IEARSEbrl] A % VIR .
EHZFAE(2011) R H 3 043 43 7 e 9 AN [R] 2215 1L
5 FPIR K F 1 KA R 5 BEAR B A3 ) AR St . AR

(R R S (HH 26 2R 84 XHE>0.5), B FR AR 2 A1 77
B LWES, S6HT 2R B 3 Tk
(Xo)TE PC1 I BA7 fe K88y, FARAEME (M) M 10.018
(N=1), JFZETTHCE N 83.485%, WERME(X,)TE PC2
L HEABRAES, FREEO) R 1143 (N =1), HZE
TR R 9.522%, —H BRI HETHE RN 93.01%
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Tab.4 Comparison of texture properties of P. dabryanus ssp. and M. anguillicaudatus
respectively pond-cultivated and paddy-cultivated

545 Index

¥ b
Sﬁﬁe 0Ly REL B eHit: ORI Cpy
Hardness/N Cohesivenes/Ratio  Springiness/mm  Gumminess/N Chewiness/mj Shear force/N
PPOC 40.00+1.16° 0.46+0.01* 0.97+0.02% 18.35+0.37° 18.32+0.26% 25.61+0.71%
PPAC 38.04+0.07° 0.27+0.00¢ 0.52+0.02° 11.45+0.24° 5.92+0.06" 22.47+0.82°
MPOC 17.85+0.25°¢ 0.31+0.01° 0.20+0.00¢ 5.39+0.14° 1.05+0.03¢ 8.09+0.37¢
MPAC 16.39+0.37¢ 0.35+0.01° 0.31+0.00° 5.81£0.11° 1.80+0.05°¢ 9.69+0.14°¢

Asp Glu Gly Ala Thr Pro Ser Tyr Cys Arg His Leu Val Lys Ile Phe Met

PPOC

PPAC

MPOC

MPAC

10 20 30 40 50 60 70 80 90 100 110 120 130 140

P2 kS R AR T £ 1 8 6 8 6K P 90 g S B 1R AL
Fig.2 Free amino acid heatmap of P. dabryanus ssp. and M. anguillicaudatus
pond-cultivated and paddy-cultivated

(>85%), by M S e T IRBORARVEAR 538 SR AL TIRI G B0 FE 0o ek ) e 1 A Ak LR 10 S Bl 3 (PCL

ZSE, AR REGE & R BRI K PCRRAE(EAY-F- 5 AR (S JE 5%, 2013) JLARHAE ] 4o

o TIELSRE | AL EE RIS AT 7 FEANCRRRE  XPARPR OO RTAY R, R URRAE 6] b5 bR e (L 5

i, KO Mikﬁimtt HE A LR MHFFIE  fekisa i, it £l F . ) 5050 12 4

FARRERE R, X & MAAEAASR(E 3). Bt ARlIAIRIEK(6)(7):
Fi=-0.30X,+ 0.30X, + 0.29X; + 0.19X, + 0.31.X; +

i i 0.31X5+ 0.30X;+ 0.31X5— 0.31.X5— 0.25X,—

10
8 r | ® M Cohesivenes 0.27X;;+ 0.29X, (6)
of ; | Fy= 004X, + 0.09X; — 0.36X; + 0.7X,+ 0.14Xs+
S 2} emmEe e m§§§§%§ft 0.02.X, + 0.2X; — 0.24X; + 0.07.X, —0.29.; 4+
S g SAAMebue o S Mokt Gunminess 0.18X- 0.37X), (7
N 5 | &KMEF L Ratio of body, length to height
O 2 . @ 57177 Shear force
Ay 4t ® JK/> Ash | @ )i Hardness 3 \_J_ A
-6 | HER; Crude fat vITe
-8+ 3
okl 31 SRR B R A RS R SO R 1
=30 —20 -10 0 10 20 30 $51E

PC1 (83.5%)
B3 R

Fig.3 Load of principal component analysis
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AT 157 g i it B0 654 780 R0 05 o O 780 R /N L Sk 39
WL R, A0S X, RERG RN, TGRS
DU IRV AS, A Tl R0 A~ A () A £ 25 S Aok, 15 7 DI
R Om BT, VRO IR ), IR BR RPN, I 5 AT
WA L (IkbEEE, 2019), EHZ LEEiG RN, A
TF 55 DN 45 £ V25 00 B8k A S 36 2 5 0 M M 552 (201 9) A 5%
3~6 H I GV R B — 2, (HHARK R (11.60+
1.68) cm. A% J(1.80+0.29) cm, SAHFST MG 50
22K, HIR T RE A B VS R Bk A: K, 7F 3~6 H
WA B R AR R, DI, FEE R . RS
B, B EE AR A A B . PPAC R KK KT
PPOC, #2551 13.85%, AlRESIX 2 FIFRFEANEY)
PE25 B A AR ME B B2 B R TR G, R FEAS X o O 3 B /4
RB%(Shin et al, 2018), /INER A4 T DR FH B 23R
s, MBS, mAHMEE ey eg, 17
i VR 32 B RE ) - BB IHAERS N, AT PPAC 1
KIE4 PPOC K, B0IF T 1 288 & 5328 sh Qi 71
AR o VeI HE 5 0 YR Bk /N i g 4%, 5 L e ik
UiF vk AE F1 A4 1 8 13458 T & V5 VR 64T 5&(Wang et al,
2018), ¥ 2E S (2015)WF 5% A L, FH e kAL I B A
0.63+0.01, SAHF 545 LA H 3 — 20058 1T 1
ik . R At ) e kA% 45 S e ARk A A K R S 3R 40 1]
FIFHOCH:, 3 FhURERES A B s mE, i, &
ek, B Te Bk IRAIC, (05 e sk 1k B
PRF 540 2 i, RBE FRME AL KM REAE7E N 7Rk
Fo U EFRW, ANEFFEEXAGEWIEA, HXH
B IR 1 B — RS o

32 EMBEAFERXTATRMEMNES

=R

WHEINK, IR KT o R B bR,
FHL AR 1 FIORLAG 7 5 2 mT s L8 A0 (B s AIK (o BB A
45, 2020), ABFFE T, G 75 P HHHL AR 117 AR T U 6
BB VR SRKAR 7 7 i b T 1E 3 B (2%~4%) (L 2 4+ 57,
2017; HEEAGAE, 2021), VAR I £(0.8%~1.5%)
5t 016)F 58 —2, 2 FHICHKILA K/ AR
BRWG Er s A OG, XS5 5 Tk AR 55 (2020)F 5% 25
F— 5, R TR] I g R A 2 o 0 R A T 22
(FRYERHAE, 2016), ABEFEH, BRAEAEHI4M, PPAC AL
KAy K4y KoM & i 8 35 5 T PPOC (P<0.05);
KRk 4y . HLAEW 4, MPAC HE I SR BEET
MPOC (P<0.05), JK4r 22 (P<0.05), VilHFE H R
FRFH IR O] B L B AR A e

R Wi & AR A BT B P, B X A A B AR
i, CHSEA M AR IGIR , HA BRAR & 2 5 s 2 A 1l

AR EER R, BE R RBERAR S I T . O . H XL
B e PRI R, IR A 32 R T R Z0 M 5%
2020), AR A, WK EZRSA Cl6:0.
C18:1n9c H1 C18:2n6¢c, 47 %ll/& SFA. MUFA Fil PUFA
R ER LS, IREE R SRR AE(2021) — 8. RS
FAO/WHO i1 H % i & n-3 TPUFA/n-6 ZPUFA {H
9 0.1~0.2 (X PRAEZE, 2017), ABFFEH, PPAC 1Y n-3
YPUFA/n-6 IPUFA (1.31+0.00)% i 3 & T MPAC
(0.41£0.01)% (P<0.05), PPOC ¥ n-3 SPUFA/n-6
TPUFA (0.43+0.00)% . Z il T MPOC (0.56+0.00)%
(P<0.05). 1A, IT {H/N, FEAMANG IR & &k
i, SRR 2R, WE AR IAL IT 20508 0.72,
1.06, FRM 1A, 1T 2514 1.00. 1.58 (BEFvI 4%,
2016), AH#FzEH, PPOC #1 MPOC 4 1A 433K
0.27+0.00, 0.25+0.00, FH| MPOC {4 my i 2h
ik sk kERE 4L ; PPOC 1 MPOC 1 IT 4351} 0.27+0.00
0.33+0.00, Z B PPOC RE S 47 BB 1E A2 T2 1 75 A1,
FE I FRA AT 2 FhUR BF IS 5 R Al S 22 13t 0 57 4
FAR TR S A, TTRE MR TR E T a2 B IR K f 2k
PPAC 1 MPAC B 5 A A Y, ki bk,
AR ZFAENIR . AT, n-3 TPUFA/n-6
SPUFA ppocy<n-3 EPUFA/n-6 SPUFA ppacy; n-3 EPUFA/n-6
YPUFA wpocy>n-3 ZPUFA/n-6 ZPUFA (pac), 1A
s PP U 5K T BB PR A A 9 5% BE A 4R AS [R) OT HE AL n-3
TPUFA/n-6 SPUFA {H2% 54Kk, DHA A B TH58 2%
> RURYERE 1, EPA HA — % BIPL R A g i 15 1E
(Johnston et al, 2006), [Hifii, EPA+DHA 1 i bk
HERFRIDIUBOERZ — AHFRPB,
EPA+DHA (wpocy>EPA+DHA ppocy>EPA+DHA (ppacy™

EPA+DHA (vpac)(P<0.05), 58 2555 (2015) 4518 A —
£, ML ATHEN, [F—3%5E EPA+DHA A5
BRRAFIS L MRS S 55, HOMFRIEA A ¢, Ryt o
FEHE AL AT RE T S & B EPA Al DHA . 1A ppacy™
IA(PPOC)a IA(MPAC)> IA(MPOC)a IT ﬂ”ji'@Z?Fﬁ[ﬁ], el
VS5 &S L, AN R 7 R P hit v, 6 9 Il A
00 ) 2 Jk o AR Rt A R BEL L 1t A T i A 38 R A o 5%
LR, VB E M E R T SIS, PPOC
MPOC LA™ % & i DHA . EPA,

33 tiEFNFEEFAERNX T &% M S A @ R
=7

TR R A 2 52 WL 2t 7 16 e S A D R 2 1Y
EWEEZ, lad TPA READLAE UL A4 W5 S A 0
PEAT 2 UK A LAFRITRE i B I ) A2 4K, 255 20 #r
B A B 8 IR O TR AR S, T RAN R E



%31 RN A R AN FH R RSO0 YR B R i SO 5 203

b

PE4 B9 A JE (Nishinari er al, 2018; Ma et al, 2020;
Larsen et al, 2016), A5, SIEEHK I | 5
PR BCEEYE . RH IR 5 D) 3 K T YR (P<0.05),
VLA 5 H SRR | 8L L BB ENERERER X
(Periago et al, 2005), Hrr, Ykt iy Sci s )5
I PHEF (201 7) B 25 R — 35, EL A B RN 5t 1 B FiE 5% el
4 (R K RESE, 2021), PPOC i B J& MPOC 11
2.24 %, PPOC 3ifE & MPOC f) 4.85 1f; PPAC fii &
J& MPAC 1) 2.32 %5, PPAC #9% 2 MPAC 1 1.68 1% .
PRAi Qo2 )G LB, sk S ik . BE
TEAE—E MM . SIS TRERePE LS, X586
TSR | RS L R TR G, g
5 Wang S5(2018) £ —3. LA, HEE ppocy>hl
J& ppacy (P<0.05), 1fii MPOC % KT MPAC (P>0.05),
SPE ppocy> T E (pracy (P<0.05), FE vpocy<HiPE wmpac)
(P<0.05), F M PPOC F1 MPAC 4K, kP
T AR NS ES B2 TR RN iDL W = Y
RS SE, THPENE, FURGE A,

Ui 125 2 R R 2 2 R R v — IS AT 38 iR 1 V% AR 1Y
YT, ARSI B R R, A R
WERR . SRR R (B 4545, 2019; Zhang et al, 2016).
AT LB, BRI A FE R # B A MPAC>PPAC,
MPOC>PPOC, X1 fE5IRHKE: L RE 1 omA &, ik
BKPE R A s, 7RI 2 T & B R,
B AL L BB, TG b R S T e Ak U 22
WY . MPOC 2BRY 5T 5 F, B Glu. Arg. His,
Val fil Met (TAV>1), 4354 3.12., 1.90, 1.98, 1.07.
2.44 f12.17 mg/mL, PPOC Y 4 #, B Glu,
Arg. His, Met (TAV>1), 2331k 2.16. 1.75. 2.37
F1 2.05 mg/mL, KU EEJRBAE L, T BT 2
FRETE W] W, ARG 2 RS 17 Fhiie s
UBLTR B 3 T I SR 0 A R R, SR A
FH SRR A e gk, AL PR XU L b 398 55 7 )
R, RGeSt E AR H SR R @R (Cyprinus
carpio var. jian)(BRAMI =45, 202 1) PR 45 R —3 .
FH A5 T DR B S R B 2 T (TAV>1), R
WA E MR, AR08 20 s 2 5k
M, PR, AU, 2 PR sk 32t
TR B EEIR 5 SN, Arg BRI, HEARD
SEWRE Ak S BERE (OAVE R, His 1T 365 5L 20 7= i o
PR A KU RRAE (TR 55 15 55, 2019), H. 2 Fijé ik w7
PR JEIR & it B, (PR A RS, 59t
IR B R My 5 RT HE 55 (J81 43 %5, 2019; Chen et al,
2007), AT fEELA B0 A SE TR FIAR N RRAE XU, ATy

J5 S SE B 2R 5 I R XU S
4 it

AW 5T Ll 3 5 08 SR AT 5 7 e BRORD 2
BRI TEXT S, A3 AT FORARERAE | 35 % B0 i I 22
SRR, GERARH AT Uk AE R T ek,
Hd, PPOC B ¥ B (1.00+0.01) i # % T MPOC
(0.50+0.01) (P<0.05), S5&EIEIRHAH L, JeHiEA
T, AN EREAL, Kb MPAC HEHS
HGE, 1K(21.09£0.57)%, BNRIESN, &5 IRk
FAb R 2 v TR ;. Ok, PPOC BN i 3
F PPAC, MPOC i i &I F MPAC, JthlfisR5H
BERR 2 FhURHAY TA . IT 3% TR H 3250 4 AH 7]
dn P, FE 5 U R AL PA) Lt 39 7 B e 6K %) JUL ) B
A EMREE . AN AT A 0 0 35 B A U BRom T Uk
PEAUEIERNEE

Z % x #
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Effects of Pond-Cultivation and Paddy-Cultivation
Modes on Nutritional Quality of L oach

CAI Lijun'?, GUO Quanyou®”, MA Donglin?, WANG Haihua®>*’, YANG Xu?,
MA Benhe™*”, HUANG Haichao®, ZHENG Yao®

(1. College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China;
2. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 201306, China,
3. Jiangxi Fisheries Research Institute, Nanchang, Jiangxi 330039, China; 4. Scientific Observing and Experimental Station of
Fishery Resources Environment in Poyang Lake, Ministry of Agriculture and Rural Affairs, Nanchang, Jiangxi 330039, China;
5. Nanchang Key Laboratory of Special Aquactic Breeding and Healthy Aquaculture, Nanchang, Jiangxi 330039, China)

Abstract To explore the effects of different culture mode on the nutritional quality of loaches,
differences in body characteristics, nutritional composition, and quality of Paramisgurnus dabryanus ssp.
and Misgurnus anguillicaudatus pond-cultivated and paddy-cultivated were evaluated, and the correlation
between body characteristics and nutritional quality were discussed. The results showed that the fatness of
P dabryanus ssp. pond-cultivated (PPOC) (1.00+0.01) was significantly higher than that of
M. anguillicaudatus pond-cultivated (MPOC) (0.50+0.01) (P<0.05). The crude protein content of
M. anguillicaudatus was significantly higher than that of P. dabryanus ssp. (P<0.05), while the crude fat
content of M. anguillicaudatus was significantly lower than that of P. dabryanus ssp. (P<0.05).
M. anguillicaudatus paddy-cultivated (MPAC) had the highest crude protein content (21.09+0.57)%. The
texture properties of P dabryanus ssp. were significantly better than those of M. anguillicaudatus
(P<0.05), except for cohesiveness. The culture model had a significant effect on the body characteristics
of loaches. The fatness of PPOC was significantly higher than that of PPAC (P<0.05), and the fatness of
MPOC was significantly lower than that of MPAC (P<0.05). The atherogenic and thrombogenic indices
of the two pond-cultivated loaches were significantly lower than those paddy-cultivated (P<0.05).
Hardnessppocy>hardnessppacy, and springinesspocy<springinessaeacy (P<0.05). Glutamate, arginine,
histidine, valine, and methionine levels were higher in paddy-cultivated mode than those of in
pond-cultivated mode (TAV>1). The results of principal component analysis showed that there was a close
relationship between body characteristics and nutritional quality. Fatness was negatively correlated with
the ratio of body length to height (-0.996), positively correlated with TPA characteristics and crude fat
content, and negatively correlated with moisture content, ash content, and crude protein content. Based on
the indexes of fatness and texture et al, PPOC is the most suitable raw material for loach processing.

Key words Paramisgurnus dabryanus ssp.; Misgurnus anguillicaudatus; Cultivation mode; Body
characteristics; Nutritional quality
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4 3E A XTI (Penaeus  vannamed ) FJECE i il 45 A, &
8T R URB R FZE B, W TR R A
(TVB-N) 3 AN ER 1 2 1 320 2R 24 0855(2014)
WS LB, —30°C K LA A T Fe Al i AR (Euphausia
superba) & [ 78 R I RRE P s B 2R F (2016)1F 5T
KB, H A 205 (Loligo japonica) JLE £ 45 1 & &
Wi 75 K o () P S PR T R E R, X 7K™ i ik
g B AR A B ST AR AT AL (Aydin et al, 2014), G
HR P VKARAE DA i A Py T A9 e T 70

ASHEFE LA LRI ST IR R BF S 642, 0 Sk vk A 20
FIXT B AE—20°C Ui A2 P ARk . Rl & &
P S5t 41 18 A K i o 8 A I 0 R AT A D 3 A, S 4G
A BT 2 B K b R AR A 0TS A R A S A 2
W, RS h FLYAE XS MRV R i B ES il $R i 5%

1 HREH %
1.1 ##

fief 1 PLAN TR IR A AR R (11.5040.28) em, AR
H7(14.60+1.20) g, WTFILARE T ST RAREET S,
FARTERM FEEL0E, P —2 BT
AR, INVKAEAE, PO FE4 L, EF-50C
AR VK AE PR R 2

AT [ i (TC) IR 7 & A H i = B8 (TG 7 & 1
T R BRI A &5, PR H
2. mAMR . IR . SRS . JOKERRREN . BEIRAR |
MERE | IEPERE . 95% M. AAfbEN . B . &
TRk A R R R 2 IR R RN EE . 1,1,3,4-
MU Z AL BE A Triton X-100 584 20 Hrati, T
B PHEUREMEARARAF .
12 FEMNHEEH

HH-4 AUECR E IR K A (AR L 2 A IR F)) 5
KQ-300V A P I 5% 13 eir (V150 B 1L 7l 75 A e A PR
NEl); N-1001 FUJie e 2% R AN (1 2 AL AR AT BR A
Fl); DS-1 B M U FEHL( LI AR AR BI) ;
CS110-4 IV VR T M ML (L 3k BB A BR A Al 5
UV-2802 #ULEAN/ AT UL A3 6L EE T+ O e i as A BRA
F]); IKA T18 B i HlHL(EE E IKA A+l); 5804
IV Uk 25 O HL(FEE Eppendorf 24 Fl).

1.3 EIEFE

131 RAAE R VR A8 L B9 FL A 50 SR B AL
2 L, —H B TR AR P A R AL, O
Hh—HIA B £ B KR G b, UKOKIR &9

TR EPEHITE 0~4°C, 2 10s, vRRKBEREHITE 10%4
f, BRI, srde TREMASThE Sk . 2 4
FESL BT -20COKFE N, HomET ]k 180 do 7EZRIK 0.
30, 60, 120 i1 180 d B, FifiAILide BURE i 358 2 TR i
e, TK SRR R HEA TR
132 fAEREFEMNZE T E W4 FLAN T X HRECH
FREM)), B TFRFEM(TCRGELL), TEIRAR
ff R 2~3 h, B BT REVKEREM,), D
/AN

IR R (%) = (M=M,)/M; x 100
133 ARABKFENEF & IBUH L& X R
mh, MEBRRRIEIFICSE My, MRRTERE, B TREN
BT, A 85°C/KIA 15 min JFHUL, IR HIE
YR TR KPR My, 2L R A5

FEFEWI (%) = (M — My)/M; x 100
1.3.4 BZgA o0 ik Z: M8 Vasta %(2012)1
vk B EEIRAISE, B 20 g #ESL, SIA 200 mL &5
I, RZEREE 2 h, INAGE SRR, IRAE
B WETEENZ, DIIOKRR T, e
Weds e, SRR, ERFRE, RIhER S,
135 EIEEE HimZggaEnlc SR H 5
PIEE—Triton X-100 (9 : 1, v/m)i& 1 B34 18 o BE
FEA ) G U TN A o v S L R — R
1.3.6 HElgA 20 E F ik FREGE 7 S e, H
MR- AR B4 < 1, VWIS 1L, 1L
FEATC A AE R I A2 55 o R FH AR Lt 2l 2 SR
Th PR
1.3.7 # &AW A e & K FHE B b ek
(TSR, 2006), K o Jgte i HE DTG I e s 2
50 mL, Jl—E mFER AR T, A 3 mL 1E BHEE
i, 3% 1 min JG A 1 mL 83850 (5% 2 B8 70
MEREVE pH 2 6.1), #E3% 2 min, # & 10 min J5H F
BEANAM, F 715 nm A WERES WOBE, VIR N
X RRZEhI AR e e, T B T BT B IR R 1
1.38 EM AV ZFiE  HKHE GB 5009.229-2016
(EMZ2EZRE SRPBRMIINE) , KRR
TSR R B, 45 RFR N me/g.
1.3.9 it & AL{E(POV) M & 7 % ¥ GB/T
5009.37-2003 & FHHEYH DAEARHER 8 ik ) h
Y He Bk X RE H S POV IE , 45 R 7R S meq/kg.
1310 #AKE LB A B AA(TBARS)M 2 5% 1K
& GB 5009.181-2016 { &% EEZRME BHHHA
TEERIE ), RHSCERNE, 45RFRR
mg/kg,
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22, BIREL 3 AEATRERE TN E , A5 R LI
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Fig.1 Changes in thawing loss rate and cooking
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**: Highly significant difference (P<0.01)

S W N O

fif VRad FE P B TR G, 3B 1 R A 37 AR AR PR B
[ 7K 4317 25 (Gokoglu et al, 2018), VKA 4 7R 60 d
T[] A AE i, 2R A A R Bt IR T X B
(P<0.01), it BB VKA AT DL v ML 752 XoF BR A A 75 ik
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PIBIFFE 45 SR B A — B,

22 HEHEEEREETWL

JLAA e R 5 i 2 A BB A AL LA 2,
R I S N 2,92 /100 g, X 525 Wi R 4%
(2015). EHr A Q015545 RIS A A F, X Al fg
LN ORI N =i e 1 if S S | S S
B VR [A] 1 A4, 2 ZHAE i A B 1 T AR A T R
X RAEFEQO1H) BTSSR —8 . KR BHES
g X IR, HIE R E 2 5 (P>0.05), BE S
)T T BE S5 I RGe BR R B kAR AR A .
Hb, VR, RPI R UK ARG R, BEIR TR AL
LR AEAREERY A R s R vb I AP B Y % i D
A E—EFRRE LR AR A (R 44, 2020),
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(Gallieer et al, 2013),
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FER b FE . R 180 d W, KRR VKLY AV
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Effect of Ice Glazing on the Lipid Stability of
Litopenaeus vannamei During Frozen Storage

WANG Shanyu'”, JIAN Chong’, WANG Lingzhao’, DU Yunjian>, CAO Rong""

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao, Shandong 266071, China;
2. College of Food Science and Engineering, Jiangsu Ocean University, Lianyungang, Jiangsu 222005, China)

Abstract Lipid changes during the freezing process is the primary reason for the deteriorating quality
of aquatic products. To explore the lipid changes in the shrimp Litopenaeus vannamei during frozen
storage and the effect of ice coating on lipids, the glazed shrimp were stored at —20°C for 180 d and
sampled regularly for the analysis of the thawing loss rate, cooking loss rate, total fat content, lipid
composition, acid value (AV), peroxide value (POV), and thiobarbituric acid reactive substances
(TBARS). The results showed that the thawing and cooking loss rates of shrimp increased during frozen
storage, which were significantly lower in the ice-coated group than in the control group (P<0.01),
indicating that ice coating can improve the water holding capacity of shrimp meat in frozen storage. The
total lipid content of the shrimp did not change substantially, but the lipid composition did. The
concentrations of phospholipids and triglycerides decreased, free fatty acids increased, and cholesterol
was relatively stable. The changes in the lipid oxidation indices of the two groups were similar. The AV
and TBARS levels increased continuously. The POV first increased and then decreased until 60 d, and
then slowly increased. However, the lipid oxidation indicators of the ice-coated group were lower than
those of the control group, indicating that ice coating is helpful for maintaining the lipid stability of
shrimp during frozen storage.

Key words Litopenaeus vannamei; Frozen storage; Ice glazing; Lipid; Water retention; Stability
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