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m e REUAN B HEET S, AE AT 5] A
b [ N7, 72 A4 7 % (Malondialdehyde, MDA), Jiil &
Y B S I AR, R W H 2R A0 P 2 v M B A
(Reactive oxygen species, ROS)HJ X5 F£E, M1 [8]
R LR ST A A R R gs" . b 63 (Aci-
penser sinensis)Fifi 4 KR I =, MDA & &
ZTh, SROSEEE B EMHE™, waEmRE
B 2 WL R AR B B 12 (UCP2) FT kD ROS 1 7= 2K,
10 o 42 ) AR A P AN H A T T ROS Y 77 AR, WEHF 2
A H LA PRI R, SR il (5 16 O A e s 4k
A R AR i A ks
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1.1 SE3esrst

A S I6 BT FH 800 8 A6 = R K 7R ROl A R 2
A, 3E500)2, MRS I 51 ST, PRI, P34 T &
4(0.2£0.06) g, “FHIARK N (2+0.23) cm. 7ESLIGFF
GEHT, 85 %) 1 7E = N FRFEEL(60 cm*30 cmx35 cm)
o, R K IR 5 40 8 97 14d, 7K IR 4ER7 72 (28+
0.2)°C, JemE 121, 27 7% 1 R A S48 1 18] DLE 1119
{1 B R AERL, B R AR LU, B VR HR M A 5 £ 1
BN S 0 B E RS . SEIR H K AR S
48h LA 1) H SR K, 24hAS [A] W 22 S48 41, 8 77 S 5K
B AR R EF KR A & =K T-6 mg/L. pH 7.0—
7.5,
1.2 LWt

ERFRE NG, A — 3. R
AN SL 8 8 %)) #1802, BEMLAR N f il . T
TR TS0 A I, TR IR I 36.5 C Y, SL5G
%)) e AR B, T 48h N A0, &5 & AT A
FERIN25—35°C J 05 1 Bk Y P8 3 P>, e s
IV E N28°C. 35°C. 36°CHIMNEE KT, BL28C

R, AR A B E 3T, BASPAT IR
202, KA HEECL S MX-1032, 800W, I H
i [E WEIPRO/ 1 )% 25 Ab 2 28 i #4, #3665 &
RE0.2°C o (ESRIGFF AR 1T AT & AL 4L DL 1°C/12h 1)
Th I Z0F 0 TR, A TE 2 TR B I, I 46 S
5o SEEG W v60d, SEERI ] E T WIS R4, 1R
KRS B e REHZEARRL0.2TC.
1.3 MALESHREELE

TE S B0 45 AR, X6 BT S 56 85 D1 1k Ak 24 h,
BIFCRAK SR R0.1 cm) SR EGETHE0.1 g),
KA RAE, THN9S5% LT ORAT & FH, T Y0 %
SE o 3ZH SEIG BRI I 245 A B R 6 )
RS TAric e, BURAF I 1 R A, 3 & 2
Fh$R v 1R R £ 41 2L IR 41 DNA, 3T PCRY ™1,
PCRJ% N.A& 420 uL: 2xT5 Super PCR Mix (4t 5
BRAEY AT 10 L, E&R G041 ul, DNAKLR
1 uL, ddH,0 7 pL, X N2 7 : 94°C 1 42 1% 4min,
94°C A5 1%:35s, 54°C 35s, 72°C ZEAH140s, 72°C & 4L fif
10min, 32ME3R . EPCRY 8 58 il Jim, BU3 pLyy 14
P, A58 1.5%55 G B ¢ 112 2k 47 FR Uk, LA Trans 2K
Pluss 11 DNA Maker (At 5 4 IR& M AR KA H
BRAFDIE NS, f il B R, o S e, )
Togk, WS A HERE, ] DRI H — 2% 71, 267 AL
BE1E250—500 bp. 1E%ELE WG, fERH FRENLIE
I3 3 2 A 5 3 2 o (1) 1)k A7 BT 75 B SR B, A
FH50 mg/L MS-222fK I, #17K, B f5 & T 0K F=%
SE T W 2H 23, 156 A B0 G 1 26 B K e e, 4
Y1 — 35 4 48 A Bouin’s [l 52 ¥1 & & A T HEHL 4 Al
AT gLt — 30 TREGE % 5 TN—80°C UK 1R 17
%H.
1.4 RFRELHALERINE

H4 18] 72 24h DL L 1) S5 06 6 I 25 2343 R 1 3
Gre —EBOIPIRERRFE K, B, A,
IR WUESY A, HEGe o, R IS Bo — 855
MG, AT Yot B B Wei 25, Y1 A

K1 = HER AL 12 5E PCR ALK A

Fig. 1 Genetic sex identification of three groups of Siniperca

chuatsi by PCR electrophoresis

1—3. 7—9F113—15. HEPE; 4—6. 10—12F116—18. H#fEtE; M.
DNA Marker (DL 8000)

1—3,7—9, and 13—15. male; 4—6, 10—12, and 16—18. female;
M. DNA Marker (DL 8000)
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B G0 )5, 2260%5 Y B ph bk, P FH 25 AR &2
Geo FTAFA LAY AL KBRS 4 H s B0 37 4
1 (Aperio VERSA 8, 7 [ ) {9 i M 5% .
1.5 FFRREALIBFRNE

JRIEH Tl =BR(TG) A BALEE(SOD).
BB (CAT)FI A B (MDA P30 & BT 5 1)
For i R, S0 B e e AR AR AT, B
0.1 gfFFJIEAE St DN Ofs A4 AR B T A= B K, £E 0K
RS i ZHZA 5397, 4°C TR 3000 r/min 25402 10min, HX
TE A, B 42 RN S U W A 1R 96 FLAG R AR
A I AH AR, A58 H B AR A (Tecan, Hi -t )il &
WROGAE, AR b v il 2 it S MR TG SOD.
CATHIMDA® &, &M dh R I E3 .
1.6 R EEPCR

K H TRIzolv% $i2 B 55 56 6 I I 2H 234 A A
RNA, {# FiNanophotometer N50 (Implen, 72 &)l i2
RNAJWK B2 5 2052, [ I A FH 350 AR 46 g Fi i A
RNASE % 4% , #4E TransScript” First-Strand cDNA
Synthesis Super Mix 28 & (b 50 & K& AR
A A R 22 w1 Ui B s e 5% & il CDNA, —20°C fR 77
%M. MRIENCBIEUIE FER1Fhsp70+ hsp90. ucp2.
sod- cat. ins pckl. gbpcla.2~ srebfl. scdMcptlb
SR P, Lhrpll3ay N2 A, T8I NCBIEUHE 2
fIPrimer-BLASTHE ¥ B 11 51 ¥ (3% 1), BHE IR
— WL AR IR A RS G SER O E
EPCRS MK %20 pL: 2xTransStart Tip Green gPCR

1 LA EEPCRIESIMFIIER
Tab. 1 Real-time fluorescence quantitative PCR amplification
primer sequence information

SEP 44T 51l AR,
. V ar Primer
Gene name Primer sequence (5'—3") .
size (bp)
rpll3a CACCCTATGACAAGAGGAAGC 100
TGTGCCAGACGCCCAAG
hsp70 CGCTGAGACAAGAAAACTGACG 106

CTTGGTTGTTTTGAATTTGTGTCC
hsp90 CGACTTAGAAACGACTACCACACG 121
CAGCCTGGAATGCAAAGGTCT

ucp2 CATCCGTTACAGAGGG 201
GATACAAAGTGGCAAGGC

sod ATGCTTTGCAGAGTCGGTCA 120
GGCGCCATAGTCGTATGTCA

cat CCCGATATGGTGTGGGACTT 126
GAAGGTGTGAGAGCCGTAGC

ins CGACGCCCTCTATCTGGTTTG 186
TCCACGATGCCTCGCTTCAC

pckl GTCGGCTGTCCTCTACCACTCA 190
CCTCCTCCTTGGCAATACGC3

gopcla.2 AATGGATGCCATGCAGGGTT 138
CAAAGCGGGAAGAAGATGAAAA

srebf] GCCAGGGTGAAGGGGAGTAT 129
CACAGCCAGTCACAGTAGCCAT

scd CTTGCTTTGGTCCGCACTTT 183
TGGTGAACCCTGTGGTCTCG

cptlb TGGGCTCAGGCTCGGATTA 161
TGAAGCAGGGACTTGGCGTA

Super Mix 10 pL, CDNARER 1 uL, IER 519051 pL,
Nuclease-free water 7 uL. PCRJ N £ 7 N 94°C il
A5 14 Smin, 94°C 10s, 60°C 15s, 72°C 15s, #4740/
TEH
1.7 HEALE

AR DL R A St S A K 1 fg:

14 5 K (Weight gain rate, WGR, %)=(Z& K& -
WIGRI )/ E < 100

RK K (Length gain rate, LGR, %)=(Z4AK 1
K- WIaH KA UG K < 100

Hr 52 A K K (Specific growth rate, SGR, %)=(In
LRI E-In )63 )/ FRFE R E <100

S KA 8 F Excel 202 1882, SR P4 {E +45
Y 7 Lo, 18 I SPSS 27.053 47 S K & 7 2 43 #r,
Duncan’s % 5 PR i 8 4 18] 22 7 (1) B 3 1k, P<
0.058[ )y 22 57 {2 2% ; JIg ¥ AH KT 11 AR ) Imaged 1E 4T
5E Bty SEIN 9O R BPCRAM M i SR FH 2 kit 51
H 2 X R I & . {4 GraphPad Prism 9.0.0
il e o

2 #R

2.1 SiRFFE NHEETRAEKIER

Wi 2FR, SCISAIAR, & 4 MRS KB AR 1R K
kR 8L R E %2 7 (P>0.05). 2/KIEFE28°CHf,
MEBFAWGR . LGRAISGRYY i 2 5 T-HEBH(P<0.05),
T 24 7K IR 76 35°C I, e 2 85 /) WGRART SGRAH LE
28°C & 2 F+ 15 (P<0.05), FAE R 25 Mt k2 i
AR FRESH T WGR M SGR ) 3 & T M6 (P<0.05),
TE36°C F2HH 26 140 T, MHE B 5% (1) WGR % 28°C F135°C
PEFEIN(P<0.05) . FE3FNFRIEIURE T, 35 C I HERRE]
FISGREK, 7351 24(10.53+0.38)%A1(11.18+0.20)%,
Wi B B8 7 F(P<0.05), TSR 275 THE . 36°C
I M 2k 8% SGRA T X [ 4 0k A 850, 43~ 731 SN (9.05+
0.38)%F1(9.26+0.35)%, P o . 3 2 7:(P>0.05).
22 SRFFE THELESRRT AR LE R EHIFNRE A & =
AL

HEJ% 8,45 B (B 2) 7, X 1L 2E I e 5 110 - 28
SN B IR BRI, 17 L 40 B A% AR Ak T4 i v o,
YT 25 A4 JC IR S AR T, /D A PN A A /D B S i
o U 77 L M AT A L AR R . AR
FEFERIRAS . S HEZHAR L, 35°C A B s o 6 A
A UGN P B v A, 4 A A, A7 LE BT R
i KPS — R YRR 36°C Ab3E 5 A4
IR R RS, R L5 7K i 4515 L B R 4
%o MESF H IR IR . S HER .45 A XS B
FR) I 2T e e 25 (P 3)JE 7, X R 2L M e 0 T O 20
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Tab.2 Comparison of growth performance of male and female Siniperca chuatsi at different culture temperatures

- 28°C 35C 36°C
fi#RIndex 5 - X - N N
i i3 M i3 L i3

WIEEIBW (g) 0.25+0.03 0.25+0.02 0.23+0.03 0.23+0.01 0.26+0.02 0.26+0.03
WHAAKIBL (cm) 2.43+0.21 2.48+0.15 2.54+0.10 2.49+0.07 2.59+0.17 2.5140.15
FIKEFBW (g) 96.91:+3.55° 75.1342.50° 126.82+24.97°  187.38+25.06°  60.38+16.16°  67.92+15.18°
ARAEKFBL (cm) 14.86+1.14° 14.34+0.58° 17.19+1.53° 18.80+0.80" 12.60+1.17* 12.93+0.95"
W E R WGR (%) 396.09+63.62°  309.24+37.46°  568.32+126.72°  821.49+9821°  233.84+53.04°  263.58+52.87°
PRI KR LGR (%) 5.16+0.82% 4.81+0.43% 5.76+0.60° 6.56+0.44" 3.88+0.47° 4.16+0.40*
FE A K &SGR (%) 9.95+0.26° 9.55+0.21° 10.53+0.38" 11.18+0.20° 9.05+0.38° 9.26+0.35%

T R HE T P E AR HE 2 (n=9); [AIAT E A R /NG - BERITC 7 BEROR PR L IR B0 B35 72 57 (P>0.05), NRVNE FRER IR

Z£ 7 3 (P<0.05)

Note: The data in the table are meantstandard deviation (#=9); The same lowercase letter and no letter in the same row indicate no
significant difference (P>0.05), and different lowercase letters indicate significant differences (P<0.05)
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Fig. 2 Observations on the liver organization of male and female
Siniperca chuatsi at different culture temperatures

CV. i Je i fik; HC. A4 M; BC. M40 MI; AB. A IM; Oe. K fif';
VD. i

CV. central vein; HC. hepatocyte; BC. blood cell; AB. bruise; Oe.
oedema; VD. vacuole
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Fig. 3 Effects of lipid droplets in the liver of male and female
Siniperca chuatsi at different culture temperatures
Ld. figi#lipid droplet

SUIGTH 2L, AT I 5D ; 1 i 77 5 2 M e
JEF I i 37 0 R ) T R A B S B TS R BR
AL (B 4). 1E35C IR, e 69 1T i i
T A0 AF X TR A M Bt I8 2 T T (P<0.05), X LT
WETG &0 5, K IR Ak 34 5 g 35 10 FF 0 T A7
AR —B, 35 C &M, WA TG S &8
B E E T HER(E 4; P<0.05). N THREK35C F I
PR PR AR A LS AR 1 o) — 2 PR LR, St
—IBAGMI28 C IS CIRFASA: T, IOk & 2% i
iR Klins 3L K. Wi R AR K pekl s gbpela.2 N
Il A 1 5% B 5 R srebfl  scd ) g Wi PR AL 5 R
cptlb, RIAEISCIRFAZKAT T, 5 MESFAH LU, HESH g
7 i 35 [R] R0 BRI, 1L TE 68 25 1 22 7 (P>0.05), i
115 BEE AL I R 55 3 T 155 (P<0.05), Bl S R R 2 ik BB
= Tt 1 (P<0.05), J 5 2 R 4 B 25 TH] ins B TR T
BTG B3 1 2 7 (P>0.05; &1 5).
2.3 SIRFFE NEEFITIEME LN Liass

WK 6fT 7, S FEZEAH bb, vy il 77 B M A 695 P
JESOD. CATHIMDA S &R T REZ, HEDH
SODMICATIH f1 84k L I N BE %%, MDA
A R R 2 T (P<0.05), 1E36°C B ik 21 fe KAH,
T 8 CATIS 71 AIMDA &5 5845 4k e 34 55 e i — 3%,
{HSODE 7 kit A5 I £ B T+ =i i % b F+(P<0.05).
24 SRFETHEFGIRNESCERRIEANT
fkiazs

o UL 7 M O P AR R R . R R AR
1 A TR 0 6 TR 1 AR G R IE 23 03 Rk,
H5FREAR A< R 7R] %0, w5 e e
B RE hsp 70~ hsp90~ ucp2 sodFcatH [F (A X
KIFEHRELW. S5XF RGN L, b5 B
BTt 51, hsp 70K hsp 90K PR FH X 3R 1A & 5 FRAR J5 T+
T, TE35°C A f AR AE, Bk b 52 025 N s,
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ucp2~ sod K car BRI AHN ik & B LR 2 FRIKE
(P<0.05), 7E36°C I A SR ARAE; 8] 79w, AN A3 B
IR 358 v HE 85 IE hsp 70 hsp90~ ucp2F catE K AH
X RIB AR LR T RS, 1Msodk PKAH X R IA
BHEEE ETHEAY(P<0.05). E35°CHE, hsp70.
hsp90. ucp2 }% catkk RIS 2k 545 i KT X R
Y HESH (P<0.05), sodkE PRIAH X 221k & 5 2 T & (P<
0.05), 1% Bl =, HBEERET &, hsp70 hsp90.
ucp2 J catidt — 30 8.3 K (P<0.05), 7£36°C B 1A Bt
fIRAE, sod: KA X 25 B 1536 °C I 2 3% PR, {54
B3 T FR AL, (P<0.05)
3 iR
3.1 SRFEXMFE A EMER =S MR
TR RE AL 1 28 A KA G B, 5 B T
7 S AR 5 B AR RERERS I, 5 — b
AT DA HE A AN RE RS AR K e, BRI,
U¢ 5 i (Chromileptes altivelis) %)) #0.7E 7K il 28 C B
R BT, B Ak T E(47.22—540.15) gt 8 35

20 .
128°C &
S 335°C
g 15t E236%C
X &
‘@% a
——
Zz= 1.0} i c —_—
2% - <
<
iz
o
Z 05¢
=
[}
=4
0 n\ 1.
i3 Vi3

FE25—35°C B FE A, HURR i A K 2R B IR R 1 T
i T 4 K, 3 B 25—35°C S Bt 10 gt 0 UL v
FEARTF A, 24/KIRAE3S CIE, Wk ta P WGRIISGR
5228°C i T+ 151 (P<0.05), T E36°C B T, WL 1)
WGR#:28°C F135°C i 3 BFAIK, R BH35°C & B AR £F
TE A A I B PR

i EL A BE S R A K ) S, 2 TR T R
W B A R AT A P B TR . (EAE A
WE 5T, K28 CHY, M FJWGR. LGRFISGR
YR EE T, XA LiRgE e, 135°C i
KAL) ST R AR BE AR, i PWGR. LGR
FISGRIZ) I 3 5 M £, 3R 0 1y R 6 51 e M e g
Kl B R AR . B AR VD B 68 (Bostrychus sinen-
sis) 7y B E24.8°C F132.4°C (1) % F=FH 60d, K I
24.8°C FEHE I A LU M f KA P, Ti32.4°CFRFH T
£ LLAfE K AR ZERRR IR R, AR K
551752 B, K e 51 AR AR 2L TT g
Bk ASFETR R, B AT, A IR B A 6
ST ML IR 75 Bk — PR .

20, )
128C
335C
15| EA36C a
= -
i 2
4 5
=3
I &
=E ,
e 2 T
S5t b c
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0 .~ .»
i3 1

P4 SR 7R L FEE T B T M A o T AN TG 2 AR 1K

Fig. 4 Changes in the relative area of liver lipid droplets and triglyceride content of male and female Siniperca chuatsi at different culture

temperatures

B EAR T BE@. by o) & & A 2 ) B A 23 25 57(P<0.05); A

Different letters on the graph (a, b, ¢) indicate significant differences between treatment groups (P<0.05); The same applies below

28°C
6
L |
ERRISSE i
Q
g4t
<z
a
g
EE2 a b
= aﬁ aa aa a a a 2
< Iof a8 g ad A Ag
srebfl ~ scd  cptlb  pckl gbpcla.? ins

35°C

20

" 1t b

° 3 4%
H_315-
rE=
mglo-
&5 b
m o
|

% b a
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Fig. 5

Expression levels of hepatic fat metabolism-related genes in male and female Siniperca chuatsi at 28°C versus 35°C
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3.2 =i A X M R BT Bt 2B 4R 25 ¥ A0 A R X 34
Al

JHF BIEATE g 8285 G 3258 7 400 119 S5 P AR, 0 o R
S oL 7 A T A WA S B Y W
I, i A8 RS Bt SIS TH I A 2S5 ) LR B AT,
T P40 7 A B, A P %) A AR U ) e 2
WEIR, 31 RHURARS AL, fa B mE™ . Nk
1 (Larimichthys polyactis)=y i b ¥ 96h 5 JH IE Hi L
GBI O ved A S e R P PASC g
ey O O SR S S Y SER AN E Y C R
PR AR A8 1 . KAt . P bR oE Y, 76
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Fig. 6 Changes in antioxidant indices of male and female Siniperca chuatsi at different culture temperatures
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WATER TEMPERATURE ON GROWTH AND LIPID METABOLISM IN
CHINESE MANDARIN FISH

CHEN Xing"?, LOU Qi-Yong’, ZHAI Gang’, WANG Zhong-Bo" >, CHEN Gang', WEI Hui-Jie', YIN Zhan’,
GAO Yin-Ai', SHEN Zhi-Gang’, TONG Jin-Gou’ and YANG Kai'
(1. Wuhan Academy of Agricultural Sciences, Wuhan 430072, China; 2. School of Aquatic Sciences, College of Fisheries, Huazhong

Agricultural University, Wuhan 430072, China; 3. Institute of Aquatic Biology, Chinese Academy of Sciences,
Wuhan 430072, China)

Abstract: In order to analyze the differences in growth and metabolism of Siniperca chuatsi under different culture
temperatures, the present experiment was conducted to investigate the effects of growth, liver fat metabolism, and
oxidative stress in male and female S. chuatsi at different temperatures (28°C, 35°C, and 36°C). The results showed that
female S. chuatsi grew faster than that of male at 28°C; at 35°C, the growth of both male and female S. chuatsi was
significantly higher than that of 28°C, with males growing faster than females, indicating a sex-dependent growth shift
under high temperature; the growth was seriously inhibited at 36°C, identifying this as the critical temperature for
normal survival. Hepatic lipid droplet number and triglyceride (TG) content in both male and female showed an overall
trend of first increasing and then decreasing with temperature, while male S. chuatsi upregulated hepatic genes related
to insulin, gluconeogenesis at 35°C. the SOD activities of male and female Siniperca chuatsi were reversed, with
female SOD decreased, whereas male SOD increased significantly; Asp70, hsp90, ucp2, sod and cat genes in the liver
of female S. chuatsi upregulated at 35°C, while male livers showed consistent expression with females except for signifi-
cantly elevated sod. The present study demonstrates that the growth of S. chuatsi correlates positively with the fat
utilization, and the metabolic rate growth of male was significantly higher than that of female under high temperature;
the long-term high-temperature culture induces sex-reversed growth patterns, highlighting the potential of all-male
populations under high-temperature culture conditions.

Key words: Sexual dimorphism; High-temperature environment; Growth differences; Lipid metabolism; Anti-oxidiza-
tion; Siniperca chuatsi
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