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HE ¥ 4% 7 3 88 (Odontobutis yaluensis) & — F 45 7= T Bl AR Jb o X oy AL AR & 25, H AR

BRBENBAEEENER, EERXEERFHNSEIAAERT, FHBLERT., YHRXEE
i G HEEDIEERT WAL BB A THFEE, AFRAE 3 AFREARAS T, 20 CH25C)T,
W 2-mE IR BIAT 24 hIBE LR, AU HARFERELLEEN, FHAMNHEA A X B F K
MAEKKBERREFRNREAT, ERERE T, £ 15°CR 20 CAR T W 4 05 8 7 1 IR R 7E
R R EEHT 25 CH(P<0.05), 15°CK 20 CKE TG F LFAMNAN(T-AOC) B E&H T 25°C4,
7 — B (MDA)#0 #8 4,1t 47 B (L. B (SOD) U & & 1% T 25 ‘C41; 15 CHE b+ it A (L A B (CAT)E 1 £ %
BT HAM 24, HKE25C, BEEHT 20°C (P<0.05), 7 15°CH 20 CARIE TR F de-bpl %
AAKFRERT25CH; 1ISCTHREF ccmye kKAXTFEEHTHMB 24, HAZ20C, BEZFT
25°C; 20 CHEJE H s6k1 A0 igf-1r ik KT B 2 & T HAM 2 41(P<0.05), % FFrik, # 15~20 CAM
BT, BEDERTIEELFTNREERE, BEA KT H R AR A
T BEDFEEENERL T HEMB AN E N REERERERTERAERTNIER, At
M RHERAEZEEMBG; B, yTHEZRERHETRELE, LOARKTERAE
EAARAREEGRAKT, BTWMELTEE RN RE LT HHAT,

KA

fESES S9174  XEkFRIREAD A

0 280 1 TR BT = A B BRBE S i R AL, X Al
BAA S 5% S5 B 520 (Burraco et al, 2020), iR
I B A 2 s TR EE Wt , AR AR P s B SRR
BEE 2 TR (Baker et al, 2020), 2R ICERH TS
B e 2 — R A R AR, iR A SR
LA PR B GE IR AR . A TE R IR AR, fa
AT TN PR & A T kAR, AR R iR RE R K F
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B S B 2 —(Rogers et al, 1981), MG & & T HI B
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FER IR, T E AR ALK IR T LG £ SRR A AL
WG ATNAE, 2023), & i E 2358 ARG 19 1E 5 &
H i FE(Dowling ef al, 2009).

AR SRR AN RS I BT, Bk
W= ROS BN IRMHT S Ak 22 45 2 i i
WO B E AL B3R 25 (Lushehak et al, 2021), ROS J&4F
YA N SRR R AR U S T (02) . Ha0,.
BHHBEMO) ., —HILAENO)EEEE A AWM
MR, 250Uk — AR5 4 BIE S, 4 BUKF ROS
A fE A AT . AR Ak, EIRIG R B SRR TR
HEBEWNESH TS 5WRAE (amil e al,
2020) A= A N 2L AT AR A TR 1 ST A R
g5, WAL ALEE(SOD), i AL A M (CAT), &
JeH ka8 Ak &V (GSH-Px) %, SOD J& sh# ik Pl i 3
B PUAALREE , BEXE OF%E LA HaO, FIl O el /D A=
A ROS B F 5473 (Fukai ef al, 2011), CAT 1F i&
NP S BT A AL, BE R AE IR N ) HL0,, FE4L
FALEE R G5 &k 1% 5 BAE FH (Glorieux et al, 2017).
GSH-Px JEAEWANT IZ AETER —Fh EE 2210 3 A
Sy, (A R N A A A TR TG B ) R AL A
Y, RO AN MR 2548 S DI fE (Deponte, 2013), 40l
RARN AR A, 330 ROS it A4:, Bl
T MBS RE Tt S AN B, S B T R
k. AiMfE 5 B R IE T, £ 2 530 DNA SEWTZ45E,
X A B A L B G 3 ™ B, AR T EIAAE, B
i 32K e M B% & & BH il (Dennery, 2007; Opuwari et al,
2016), & BHIH 2 S 2 R WG & & IS . S
To, ARG 2 BT R S B BRI v, S
KA MEITCE L 2RI (Mohebi et al, 2019).

W& 25 Vb B 8 (Odontobutis yaluensis), )& i E H
(Perciformes) . M j& 1 . H (Gobioidei) . ¥b 3 fi 7}
(Odontobutidae) . V> I8 J& (Odontobutis), 1534 T
rh ] AR b b XA IR SRR I B SRV R . K
PETRIL 2R B 35T (E BT 48, 2013b), SR &4
S SRV I 8 A A K IR — e 8~20 C, FAL/KIR
TE 16~20 ‘C(EH %, 2013a), AHFZE A AFERS 24 7h
SN T EFH SR ) B R B, HAR IR G & B i
FEXT AR BURR, e R TE R MR IRG & T &
RS BR RS T . AR WA,
R SR A i R X 0 S S R I A A B
sl KR % B 1 R I (K AR AL 4E, 2016; #RAKTTAE,
2023), NHE— 2 HRGT R 0T O S v I i A
R B R AT ) LA B, A BIE 5 3 e R TE
T 36 RS 2 v Ji i L IR G e R B Y S B

%, IR IR AT A A B P S e R Rk AR
RAR I g il 30 S SRR R AL TR TN, )
GIEARR A R EVNE TS E SNl K E SRR S P S
HE e /b St 053 1) LU IR I B W o S I BV Rl

1 #REFE
1.1 AI#EF

S T A T A G S Y R B8 DR AR B T T
IR RIS 1] 1 SR A1, ST 0 b, 5 A R - K el e S
AMRAF, BEIEKRM(ERE Sm, E/K 0.6 m)F K
(W4 8.0~9.5 mg/L, pH 7.0~7.5, & A 0.5~0.6 mg/L),
PSR [ R S (Misgurnus  anguillicaudatus)
% Mt (Pseudorasbora parva)].,

PP 25k PR N AR R B ER Ayt BRI
HoRKER , 78R 4 pg/kg+4 mg/kg (EFHREE, 2013a),
i 1 mL B S 8% T2 — I BE R IR T G, e falE
SRV, TSSO A AT Bt SR P
SRRkt P M LR 5 10 1,

2 7 B BT ) BLAE T B R X PR 30 em, B8
30 cm) - HERHLAT e , R —mIF ARt
Sy —uin TR e PEFE(E 1), FER 7R Lr Ay f 8
R AE R T (B4 2 m, UK 0.35 m), Wik
MWKk 14~16 °C o SR A RAZRAER AT, 2R 4
() PREE A58, Sk b 250 P 38 AR 534

BLH Tile

JEJER
Nylon mesh

K1 ATHaEEREE
Fig.1 Schematic diagram of the artificial fish nest

12 KEAEBERNBZRHEREE

WHE 15°C, 20 CHI 25°C 3 MREHGESR
7.0~7.5 mg/L)X IR #EA TR A , KR E 3
T4, FAL A 500 ki fa bl o S50 0k BP 24 4 (2-4h it
BDARRETEAT, B0 L3 A0 IR G T LA Sl B 32 0 i 4k
i, 3G B2 RS 2 O IR i T P R i BT S 45 S 1)
15 DL(RAR 2455, 2013); [a] A AE LS O 4 30 0F A 5] 9%
JiR 1 ) o A PR A R IR i & B BH i B 42 (Mohebi
etal, 2019), SEHG4 3 AHEKIEAT, Al A ) £ 0P %
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— TR, DIBRIET A IR AT 2-gn A, 2-
Y M A RR IR R AT 24 h AR BE AL BRI R 3 1R
JEY R E BRICEY B, LR UE SE 5 BT R R
1€ 24 h JEAREL o I 2 HE R .

WEE 3 AL T IRIR B & B G O, 4520 R ML %k B
30 KIRRG, {3 RS (Olympus CX21, HA)FIfk
MBS (Olympus CX21, H A MG X F &
Bl o SEEREE ISR G %, AL 15 KRG
PR AR, A RE(-196 C)f, JFH#
F|-80 CHEMRIKFR AT A7, DIMIbE 20, 52
5 v T 21 AN (Nohrman, 1953);

I 1537 =Rl R iR e R G A5 250 < 100% o

1.3 SFmGan

K S E AL 1 (T-A0C) . # E Ab ¥y B Ak i
(SOD) . T A LA M(CAT), N _EMDA). #ItH
JK it S Ak U (GSH-Px) i 50 & (R 5t g il A= ) TR 40T
FEFDFEATHEI . %580 C¥HARAT F R , 4
ZHECH 3 A IR AA A 7 il 005 0 o R A T o () - AR
(mL)=1:9 WEBIMA 9 FHARFA LR K@ CHi
%), IS KR F 359K 3~6 min, SJ3K G EAR
TR ELOHL 4 °C L 2 500~4 000 r/min £5.0> 10 min,
B SRR o 5 FE AR S AR5 Hh 1 1 A0 2 T 2 43 i)
X} T-AOC (Benzie et al, 1996), SOD (Beauchamp ef al,
1971). CAT (Aebi, 1984). MDA (Buege et al, 1978) .
GSH-Px (Paglia et al, 1967)#1 71 5E .

14 EFRHEE PCR KT

BARPUE 6 EIRMEEAMA] RNAiso Plus i)
(TaKaRa, H A) 7870 28 , % U W 45 20 BRI R RNA
RNA V& & 1 5 & 46 0 43 9 5 ] Biodrop uLite+

(Biochrom, JE[E)MI 1.0%E IR ALK, & RNA
() Asgo/Agso TE 1.8~2.0 Z[H], BEME 5 2 ARTH A
M sealy, T DAHEAT G SL S0 0 . He vk W A5 20 SR A
PrimeScript™ RT reagent kit with gDNA Eraser
(TaKaRa, HZA)¥ RNA 5 54595] cDNA. M5
SEALT S (NCBI %5k % : SAMN44679878), fii
Primer Premier 5 i1 3CHY 2% & PCR (RT-qPCR)
14, SER I EE 2 RS K I (GADPH F B-actin)if 47
FRoEMEE, fJaikst p-actin fENEE RN S A
Rl EAZ R IR T 4E 4558 1 (eukaryotic
translation initiation factor 4E binding protein 1,
4e-bpl). JFJEFEA MYC (proto-oncogene, c-myc).
AR S6 4 B 1 (ribosomal protein S6 kinase
B1,s6kl) Ji 5 Z ALK HF 1 521K (insulin like growth
factor 1 receptor, Igf-I1r)fJ mRNA 7K. Fr{fi K
RT-qPCR 5I¥ ¥ A TA Y TR (i) AR A BR A
A G BU(RT-qPCR 5 W15 B P 5 W3R 1),

1 Light Cycler® 48011 52762 # PCR R4
(Roche, Hijt)s PRGN, FRZINAAR: 10 pL 2x
SYBR Green Pro Tag HS premix (W X R4 1.
BARRAT]), 1 pL cDNA F1 0.4 pL R4 &%
8.2 uL RNase free water, S AFR 20 uL, PCR %4 .
95 CHiAE 1 3055 95 CAE 55, 60 ‘CiEk 30s, 3k
PEER 40 W JEfiiZE(LL 0.6 C/s HEFM 95 C R F|
56 C, T 6 s RE—WEIMES). ifi PCREIY
PR H N 95.0%5] 105.0% . F R AR X 2 35 7K P08
28T G vk 344 (Livak er al, 2001),

15 HiEE

S L ER 3K, FIH SPSS 25.0 #FiEAT
i34, {di ] GraphPad Prism 9.1 {EE . TA 5dE

R1 IRRNAEEZPCRIIWER

Tab.1 Primers used in RT-qPCR
S 44 B 5% izl K iR K
Gene Primers Sequence (5'~3") Length/bp T/ C

p-actin B-actin-F CGACCAAACGCCCAACAA 116 60
B-actin-R CGCCAAAAATAACTGAAGCCA

c-myc C-myc-F GACCTCTACCCTGCCTGAT 204 60
C-myc-R CTGGGATGAAGAAAACCGA

4e-bpl 4E-BP1-F CCAGGAGGAAGAGGGTG 91 60
4E-BPI1-R AACATTTGCCGAGTGACG

s6kl S6K1-F ATTGTCTTCTTTCGGTTTTCAC 154 60
S6K1-R ACACCTTCTGCGGCACTAT

Igf-1r IGFIR-F ATAAACTCAAACTCCCGCTCAG 117 60
IGF1R-R TCACCCACGCCGCAAC




%53 +

SIRUNEERE o NI 0 AT SO i N i D 1 & DS = X i 00
i FH BRI R 5 2243 #1 (one-way ANOVA) Al Duncan %
FEILEELZSE, Y P<0.05 NMEREASIH#E
Lo FrA BRI E PR R (MeantSE) R o

2 #R

21 ARKETREDVEREAKKLE

ANFIEAL R B S LR VD FEBE ARG 24 h (Y RS
VUL 2 T ey b 3k 8V S LIS 8 AE 20 C IR B A
HWRE 15 °C, &A% 25 °C . 15 “CHI1 20 ‘CH KR
TR B R0 R 25 R, ALK TR AR S R )
R (75.67£0.33)% (15 C)FI(77.67+0.88)% (20 C),
PR IR B & T 25 CF RGBS 2R [(49.00+
0.57)%] (P<0.05).

WX IRIG I R B iSRRI, 25 CF
Wk vb yE s I A B LR E S R R E KR
MG GIRERA/NAE, OFJE B AT B0 i (] 3A);
P BR M0 ES OP BN 5T A DN A B, B R
(K1 3B); BGE BRI, TN K2 K 5 BB T s
i, BRI B A KGR 2 (K 30), XEFHEEFMN
R ERTCTE kS & B BRI, S5k 25 C MLy
I 1 LR it R BB T

100 -

JIE % Survival rate/%

15 20 25
R Temperature/"C

B2 AN TR KR T T8 o 3 8 VR i i 5
Fig.2 Embryo survival rate of O. yaluensis at different
water temperatures

Bl DL 3 AT hR DR KR IR 22 BRI
FHE RN RN 4 2 B3 22 5 (P<0.05), A,

Data are presented as Mean+SE of three replicates. Different
letters indicate significant differences between groups

(P<0.05). The same below.

TG i R 30 X RS 2 v 3k 6 VL B i e ) M) 113
A
E#
Control
L
Abnormal

K3 MgskybyEag BRI R
Fig.3 Early embryonic abnormal
development of O. yaluensis

A A-Z0HI; B: 64-AHMU; C: ZANMUY .
A: 4-cell stage; B: 64-cell stage; C: Multicellular stage.

2.2 ARKETEHER MDA SERE L EEENE

TE A 8] KR T 15 2% vb 3% 88 IR JI6 o B9 MDA |
T-AOC. SOD. CAT. GSH-Px %R UL 4, MDA
g R, 25 CHRIR A MDA & & B & & T HAh 2
2H(P<0.05), 15 'C 5 20 ‘CHEfG ) MDA % 7 JC 3%
Z25(P>0.05) (Kl 4A), T-AOC 45K Wos, 25 CHE
i T-AOC & % T Hifth 2 41(P<0.05), 1fif 15 C5
20 TR T-AOC TG I 3 25 7 (P>0.05)(IX] 4B),CAT
LR ER, 15 CHRIRY CAT Ihtkim, B
THAB 2 20, Hiyk 2 25 °C L B3 T 20 'C(P<0.05)(&l
4C), SOD JEMEMEE R BN, 25 CIHGH SOD ih
e, W T AL 2 41, RO 15 °CL B R 20 C
(P<0.05) (&l 4D). 7E 3 4RN[RIZKIE T, B &g vb 4 fi
R JiG T GSH-Px 1 4 0 1 344 25 5:(P>0.05) (K] 4E),

2.3 AREIKERITRSER D EEE 2 AR RA B FE RiX B9 00

TE15 CIRJRH c-mye BIAIXT Fe 1k 5 2 2 w5 T HAb
24, HikdE 20 'C, BE 5T 25 C (P<0.05) (K 5A).
20 CHRBR Y igf-1r ATk B 2w T HAb 2 41
(P<0.05), 15 CAHl 25 CHMIXI REE L L E LR
(P>0.05)(/¥l 5B). 20 ‘CHRGT s6k1 HAHXT A i b 3
T HA 2 41, HkE 15 C, B E T 25 ‘C(P<0.05)
(Kl 5C), 25 CHRJIGH 4e-bpl WARXI A E B ES T
HiAth 2 4(P<0.05), 15 CH1 20 C MG AY AR 5w TC
i 225 5(P>0.05)(/# 5D),
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Fig.4 Changes in biochemical parameters of O. yaluensis early embryos under different temperatures
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Fig.5 Relative expression of genes related to early embryonic development of O. yaluensis under different water temperatures

AN P AN A B T R R ARG Y AR
IR Ak 7 A1 HE €009 BRI 196 o i v 41 52 300 1 B2
G (520 (Pankhurst ef al, 2011), AHFFE R, MLgvd
fr SEES IR SEToRT A 2 B0 S L ORERER AN

3 it

MG K& B 2 BN M IREE R 2 2, i
B IAEE K K 22— (Giiralp et al, 2017), &2
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FSEERBRL, mEAEA S SR LTINS
1 H B 3 AT RS BT e R A S BOW G & A AE AR
W, MR A b SRR DI RESZ 40, R T RS R R
BEZHICIGE M kT, WREL T LHF M
(Betts et al, 2008). A& & BH Y &A= IR IR o iF—
R B BRI, REURIRTE I S B R A
oo AWFFEH, 78 15 °C J 20 “C TG Lk Vb3 6 1) IR it
TG AR, X5 EHTREE(20132) TEMS S0 PR g A T
AR AR B R R Y AKIRAE 25 CRYIR
G S R, N 49% . ZEL Y 25 SRt A i 6
(Oncorhynchus mykiss) X . [1#E(Coregonus lavaretus)Hy
WF5E P & Pl (Melendez et al, 2021; Cingi et al, 2010), i
o AL IR B 25 S B PR T R = W 2

e N 23 5 | R IR IR IE AR, IR b A
ARG JMr, AN (Binie er al, 2017). MDA
FT-AOC J3 5l Sz Wl 1 A= Wy 1A P I I e 48 ) R 2 R
BAAALBE J1(Madeira er al, 2016), fEAWIFH,
15 CH1 20 ‘COKIET , MLk DIk 65 IR i N 9 MDA
S T-AOC LR ERS, WWIRkTE 15 CTH
20 TR T I A BV AR 7 . ThiAE 25 "CoK
M, FS LR VD yEES ARG N MDA & & W3 T,
[F] I BB AL RE T 1 3 T B S RLAY 45 SR AE VG TR
(Sparus aurata) % K112 (Micropterus salmoides)f)
WFFE TRl A I, E 3 I B 30 S v AR AR Y 1Y
MDA & & Fifi %5 i B 09 F+ 5 B (Madeira e al,
2016; Ma et al, 2025); = il 30 S BOW R N = A i
ROS, i i o7t S8 Ak S a4, 3t [R] B REAIG T
i B S B RE T o 7R SR N i B Hp, SOD | CAT
1 GSH-Px 3 Bt 48 b il 3= 2R H 73 i O2 A1 H,0, HY
YEH (Jimenez et al, 2019), A#FFEH, SOD 5 CAT
T PER A R B T Y R BT RS LT
25 CIEfifiHh SOD 5 CAT i PERY 4R i Je A 1 X I
KA BRI 2o v R BE S A B (Cyprinodon
variegatus)R N ) SOD {4 i 2 H2 T4 vy %o S8 Ak 1
(Jimenez er al, 2019); 7ERIEHE L[ Cromileptes altivelis
ValenciennesQ xEpinephelus lanceolatus3)H, CAT &%
HHEE VARG 3N, 28 18] TR HCAE A AN
A E— IR R 2, 2018), X ARG AL G,
X AT fig 2 T R W AE T i T 0 AR AR N BCPE B By
BOFARSHOGYUAMAR S, B 2R P9 0 S840 3
KB —E BER, ZEP RN PR R S A 21
WG, AR IR BT BR R B B Y o A2 B
B o Il U B s S B IS I AR AR L, R A
Rt E kiS5 MDA S EASHH R #H T

(Madeira et al, 2013),

S6K1 Fl 4E-BP1 J&1E mTOR ifli i mTORCI1 &
AR T WO P F . 4E-BP1 /EH mRNA HP% 46
AT T, 5 elF4E 4551 BL 1L eIF4F BIE AL, M
T 400 5 B S B (Fingar et al, 2002), S6K1 1] LI i
G % & S mRNA #PE8) J5 3l (Dorrello e al, 2006;
FLFES %, 2007), ARBFITAGLEREHT, MK iEE
20 CHIIRIG I s6k1 BYF B SR IR IR G & &
EEA R, MAE 25 CHE s6kl 126 1K FEAR 5 i TR IG
KB ME MG .. ¥t (Ctenopharyngodon idella) )
KR, RESEN s6kl 5 4e-bpl 5K F-,
T 3 R 2 B s6k ] FIRFEFEAN(Wu et al, 2024), iX
LR G4 B B 45 2 . de-bpl 7E 15 'CHI 20 “CK
R RIAAKE IR E A, KR TSR 25 TR
de-bpl FikE W ER S, XATREEM T 25 CKIET
JR G B AR A L 8, R U i A P R S22
i, S T AN RE A, AR EER AR R
15 52 24 i (Filomeni et al, 2015; Duan et al, 2015),

igf-1 SR RIG & A AL K A i 23
B, igf-lr & HAR 5 G i O 5 1 7 (Werner,
2023). ARWFGEH, AKIERTE 20 °C I Lk b il LA R
G igf-1r KoKV m T HA 2 41, Wi7E 25°C
i HAR IR IR dgf-1r RO 2URIBEAIK, X 0T e
F T TR 5 | & ) S R BT R BUM IR R A2 B,
Bi bk RIG Z W5l RSk E , MBI T
igl-Ir 3Rk IK VR Wk 2% & B ) #E 17 (Eivers et al,
2004); BEFEEBL, igf-1r TEFHESI Y0 BN B
Z 5B ER R EREE (&%, 2020, ZRE
A, 2024), X SRR, c-mye =S 5
REEZ i URTI SR 2 v R R v e o 1 i3 N 1 0
1k . 40 B A K R0 0 T % (Marandel et al, 2012); 7E
HHESI Y R LR B BB, S E R R AU
SR E c-mye #4775 (Hurlin ez al, 2013), A4
G, B TR ) T, Y Sk vb S ARG T c-mye
B 2R IR B W AR . TE FLYN XS BF (Penaeus vannamei)f)
TR B 525 TR 25U SE SR (Dong et al, 2022), AHF5E
H, 25 C oK I B BT S v 3 LI AR i
c-myc [R5 0 1) i 40 i 2 00 40 i iz
TR c-mye Fe3R K23 52 Wi R JG 40 3R 19 43 L g
51, ERMEIR R B 5% (Naz et al, 1994; Harmelink
etal,2013),

ST =R ) SEN A WA D= R A IR O
S SUE RN ) N SN AR5 AT R AR AR €3 =91
8 & Vb B 8 LA BRI R % R BEL , SECL R IR R
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Towk ks kT BAENC], SEmE T RIS Kk E
P B HBET o AT SRR LA 5 e e D S
TUIRIG & & B A LBLEAT Rt — ST

4 g

5 2t v 378 88 1 SR TR i & O R PO R IR
Bl A 15~20 °'C, 255, 15 ‘CHI 20 C/KIE T i &
PERIR G TS R, BN 5 52 B8 AL N B2 e . 7
25 “C i Wi 52 v TR0 30 52 0 B0 R B S R R, IR
WY T-AOC F#AIK, TLiEA RS 28 ROS, i
Sl R A s Bl Ak, 530 MDA & &7,
IR A O S o s TR BT & ) SR AR
S 3 BTG o v S R iR R AT B R 5 SRR
Mo FERM G I I BRI S, S BTN
JRICEIE® & BRI, I B PET- 4 .

AEBI H. Catalase in vitro. Methods in Enzymology, 1984, 105:
121-126

AN T H, HAN X X, LIU LY, et al. Effects of starter diets with
different NDF levels on the development of small intestine
and the expression of /GF-1 and /GF-1R genes in lambs.
Feed Industry, 2024, 45(10): 59-64 [% K&, #ilbeEE, Wiy
=, . A[F NDF AP IR 25/ Mg & 7 & IGE-1,
IGF-1R B[R ERIR M. et Tl 2024, 45(10): 59-64]

ANGILLETTA M J Jr. Thermal adaptation: A theoretical and
empirical synthesis. Oxford University Press, Oxford, 2009,
289

BAKER B P, WIE I V, BRAUN E, ef al. Thermal stability vs.
variability: Insights in oxidative stress from a eurytolerant
fish. Comparative Biochemistry and Physiology Part A:
Molecular & Integrative Physiology, 2020, 249: 110767

BEAUCHAMP C, FRIDOVICH 1.
Improved assays and an assay applicable to acrylamide gels.
Analytical Biochemistry, 1971, 44(1): 276-287

BENZIE I F F, STRAIN J J. The ferric reducing ability of
plasma (FRAP) as a measure of “antioxidant power”: The
FRAP assay. Analytical Biochemistry, 1996, 239(1): 70-76

BETTS D H, MADAN P. Permanent embryo arrest: Molecular
and cellular concepts. Molecular Human Reproduction,
2008, 14(8): 445-453

BIRNIE-GAUVIN K, COSTANTINI D, COOKE S J, et al. A
comparative and evolutionary approach to oxidative stress
in fish: A review. Fish and Fisheries, 2017, 18(5): 928-942

BLAXTER J H S. The effect of temperature on larval fishes.
Netherlands Journal of Zoology, 1991, 42(2/3): 336-357

BUEGE J A, AUST S D. Microsomal lipid peroxidation.
Methods in Enzymology, 1978, 52: 302-310

Superoxide dismutase:

BURRACO P, ORIZAOLA G, MONAGHAN P, ef al. Climate
change and ageing in ectotherms. Global Change Biology,
2020, 26(10): 5371-5381

CHEN W X, ZHENG J X, FAN Z T. Study on calculation
method of fertilized rate in Oncorhynchus mykiss. Journal of
Northeast Agricultural University, 2013, 44(9): 127-132 [}
2%, P4es, JUIKIE. WTES(Oncorhynchus mykiss)S% kg
FIFR IR, RALARM K24, 2013, 44(9):
127-132]

CINGI S, KEINANEN M, VUORINEN P J. Elevated water
temperature  impairs  fertilization and  embryonic
development of whitefish Coregonus lavaretus. Journal of
Fish Biology, 2010, 76(3): 502-521

DENNERY P A. Effects of oxidative stress on embryonic
development. Birth Defects Research Part C, Embryo
Today, 2007, 81(3): 155-162

DEPONTE M. Glutathione
mechanisms of glutathione-dependent enzymes. Biochimica
et Biophysica Acta (BBA) - General Subjects, 2013,
1830(5): 3217-3266

DONG W N, LIAO M Q, ZHUANG X Q, et al. MYC drives
autophagy to adapt to stress in Penaeus vannamei. Fish &
Shellfish Immunology, 2022, 126: 187-196

DORRELLO N V, PESCHIAROLI A, GUARDAVACCARO D,
et al. S6K1- and BTRCP-mediated degradation of PDCD4
promotes protein translation and cell growth. Science, 2006,
314(5798): 467471

DOWLING D K, SIMMONS L W. Reactive oxygen species as
universal constraints in life-history evolution. Proceedings
Biological Sciences, 2009, 276(1663): 1737-1745

DUAN Y H, LI F N, TAN K R, et al. Key mediators of
intracellular amino acids signaling to mTORCI activation.
Amino Acids, 2015, 47(5): 857-867

EIVERS E, MCCARTHY K, GLYNN C, et al. Insulin-like
growth factor (IGF) signalling is required for early

catalysis and the reaction

dorso-anterior development of the zebrafish embryo. The
International Journal of Developmental Biology, 2004,
48(10): 1131-1140

FILOMENI G, DE ZIO D, CECCONI F. Oxidative stress and
autophagy: The clash between damage and metabolic needs.
Cell Death and Differentiation, 2015, 22(3): 377-388

FINGAR D C, SALAMA S, TSOU C, et al. Mammalian cell size
is controlled by mTOR and its downstream targets S6K1
and 4EBP1/elF4E. Genes & Development, 2002, 16(12):

14721487
FUKAI T, USHIO-FUKAI M. Superoxide dismutases: Role in
redox signaling, vascular function, and diseases.

Antioxidants & Redox Signaling, 2011, 15(6): 1583-1606

GLORIEUX C, CALDERON P B. Catalase, a remarkable
enzyme: Targeting the oldest antioxidant enzyme to find a
new cancer treatment approach. Biological Chemistry, 2017,
398(10): 1095-1108



%5 o]

T A5 o UL R XS o b ik i SR I 2 ) R 117

GURALP H, POCHERNIAIEVA K, BLECHA M, et al.
Development, and effect of water temperature on
development rate, of pikeperch Sander lucioperca embryos.
Theriogenology, 2017, 104: 94-104

HARMELINK C, PENG Y, DEBENEDITTIS P, et al.
Myocardial Mycn is essential for mouse ventricular wall
morphogenesis. Developmental Biology, 2013, 373(1):
53-63

HURLIN P J. Control of vertebrate development by MYC. Cold
Spring Harbor Perspectives in Medicine, 2013, 3(9): a014332

JAMIL M, DEBBARH H, ABOULMAOUAHIB S, et al.
Reactive oxygen species in reproduction: Harmful, essential
or both? Zygote, 2020, 28(4): 255-269

JIMENEZ A G, BRAUN E, TOBIN K. How does chronic
temperature  exposure affect hypoxia tolerance in
sheepshead minnows' (Cyprinodon variegatus) ability to
tolerate oxidative stress? Fish Physiology and Biochemistry,
2019, 45(2): 499-510

KONG X H, WANG X Z, GAN X N, et al. Phylogenetic
relationship and intron 1Indel locus analysis of Cyprinidae
based on partial sequence of S6K1 gene. Science in China
(Series C Life Sciences), 2007, 37(4): 427-434 [fL#£Z, £
diwt, H/NE, 25 ST S6K1 JENH TS YR n
ARG KRB RAZAKNEF Undel (755047, 1 EBHAC
AR, 2007, 37(4): 427-434]

LIU L, CHEN C, L1 Y L, et al. Effects of short-term temperature
stress on antioxidant and digestive enzymes of hybrid

altivelis

progeny(Cromileptes Valenciennes @ X

Epinephelus lanceolatus 3). Progress in Fishery Sciences,
2018, 39(2): 5966 [XI¥, Wi, 25, 5. IR
JEXF BT (@)= el A0 B (O A ss TR T AR A
THALBERE P2 bRt R, 2018, 39(2): 59-66]

LIVAK K J, SCHMITTGEN T D. Analysis of relative gene
expression data using real-time quantitative PCR and the
2-AA°T method. Methods, 2001, 25(4): 402-408

LUSHCHAK V I, STOREY K B. Oxidative stress concept
updated:  Definitions, classifications, and regulatory
pathways implicated. EXCLI Journal, 2021, 20: 956-967

MA S B, LV Y B, HOU L, et al. Effect of acute temperature
stress on energy metabolism, immune performance and gut
microbiome of largemouth bass (Micropterus salmoides).
Aquaculture and Fisheries, 2025, 10(2): 260-270

MADEIRA D, NARCISO L, CABRAL H N, et al. Influence of
temperature in thermal and oxidative stress responses in
estuarine fish. Comparative Biochemistry and Physiology
Part A: Molecular & Integrative Physiology, 2013, 166(2):
237-243

MADEIRA D, VINAGRE C, DINIZ M S. Are fish in hot water?
Effects of warming on oxidative stress metabolism in the
commercial species Sparus aurata. Ecological Indicators,
2016, 63: 324-331

MARANDEL L, LABBE C, BOBE J, ef al. Evolutionary history

of c-myc in teleosts and characterization of the duplicated
c-myca genes in goldfish embryos. Molecular Reproduction
and Development, 2012, 79(2): 85-96

MELENDEZ C L, MUELLER C A. Effect of increased
embryonic temperature during developmental windows on
survival, morphology and oxygen consumption of rainbow
trout (Oncorhynchus mykiss). Comparative Biochemistry
and Physiology Part A: Molecular & Integrative Physiology,
2021, 252: 110834

MOHEBI M, GHAFOURI-FARD S. Embryo developmental
arrest: Review of genetic factors and pathways. Gene
Reports, 2019, 17: 100479

NAZ R K, KUMAR G, MINHAS B S. Expression and role of
c-myc protooncogene in murine preimplantation embryonic
development. Journal of Assisted Reproduction and
Genetics, 1994, 11(4): 208-216

NOHRMAN B A. Survival rate calculation. Acta Radiologica,
1953, 39(1): 78-82

OPUWARI C S, HENKEL R R. An update on oxidative damage
to spermatozoa and oocytes. BioMed Research
International, 2016(1): 9540142

PAGLIA D E, VALENTINE W N. Studies on the quantitative
and qualitative characterization of erythrocyte glutathione
peroxidase. The Journal of Laboratory and Clinical
Medicine, 1967, 70(1): 158-169

PANKHURST N W, MUNDAY P L. Effects of climate change
on fish reproduction and early life history stages. Marine
and Freshwater Research, 2011, 62(9): 1015

RITCHIE D J, FRIESEN C R. Invited review: Thermal effects
on oxidative stress in vertebrate ectotherms. Comparative
Biochemistry and Physiology Part A: Molecular &
Integrative Physiology, 2022, 263: 111082

ROGERS B A, WESTIN D T. Laboratory studies on effects of
temperature and delayed initial feeding on development of
striped bass larvae. Transactions of the American Fisheries
Society, 1981, 110(1): 100-110

SHENG Z W, JI G G, LIU Y F, et al. Study on mRNA expression
pattern of /GF-1R gene in chicken skeletal muscles during
early development. Acta Agriculturae Zhejiangensis, 2020,
32(7): 1160-1165 [E&rfh, Wi, X—il, &5 XER
KEH R HLIGFIR mRNA FRAHTTE. #iifl
2#4i, 2020, 32(7): 1160-1165]

WANG X R, XU Z Y, LUO X N, et al. Artificial propagation and
fry rearing of sleeper Odontobutis yalunensis. Fisheries
Science, 2013a, 32(11): 662-667 [EHo, HE, 4%/
AR, AF. MLRVb IS N T SR AN A . KR
2%, 2013a, 32(11): 662-667]

WANG X R, XU Z Y, LUO X N, et al. Study on biology of
Odontobutis anatipes. China Fisheries, 2013b(4): 70-72 [+
Bk, AR, BNE, G RS IEEE A Y g,
7K, 2013b(4): 70-72]

WERNER H. The IGF1 signaling pathway: From basic concepts



118 ook B

¥ B 546 4

to therapeutic opportunities. International Journal of
Molecular Sciences, 2023, 24(19): 14882

WU D, FAN Z, ZHENG X H, et al. Evaluation of four novel
non-grain protein sources completely replacing soybean
meal on growth performance, serum biochemistry, amino

carp

(Ctenopharyngodon idella) at different water temperatures.

Fish & Shellfish Immunology, 2024, 153: 109807

Y J, CUI A J, JIANG Y, et al. The ecological and

physiological responses of embryonic development and

acid transport and intestinal health of grass

XU

early larval growth of Seriola aureovittata to temperature
and salinity. Progress in Fishery Sciences, 2023, 44(4):
45-54 [RRTL, FEEAH, LM, . WA WG 4 7 A

Wt R R BRI DR, WL E I, 2023, 44(4):
45-54]

ZENG B H, GONG J H, LIU H P, et al. Suitable water
temperature for incubating Schizothorax waltoni eggs.
Journal of Hydroecology, 2023, 44(2): 96103 [R4AF, 3
B, XN, A RipE AU VR IR PR A K R ST
KA EAZR, 2023, 44(2): 96-103]

ZHANG T T, CHEN C, SHI Z H, et al. Effects of temperature on
the
Epinephelus moara. Progress in Fishery Sciences, 2016,
37(3): 28-33 [FKALIE, PR, MEJki, &5 WX =4
B0 (Epinephelus moara) W Jii & & FT-f0iE 15200, e
A RlEER, 2016, 37(3): 28-33]

embryonic development and larval activity of

(B8 B

Effects of Heat Stress on Early Embryonic
Development of Odontobutis yaluensis

WEI Yong'?, LI Jiao'*”, LUO Xiaonian'?, DUAN Youjian'?, FU Xianfei’, JIANG Xu®

(1. College of Fisheries and Life Sciences, Dalian Ocean University, Dalian 116023, China;
2. Key Laboratory of Fish Applied Biology and Aquaculture in North China, Dalian 116023, China;
3. Dalian Qishui Fisheries Development Co. Ltd, Dalian 116211, China)

Abstract
habitat, the fish breeds within a temperature range of 8 C to 20 C, with optimal embryo hatching

Odontobutis yaluensis is a small benthic fish endemic to northeastern China. In its natural

occurring at 16-20 C. The development and utilization of O. yaluensis fishery resources have faced
significant challenges due to the vulnerability of their fertilized eggs to external factors, leading to low
hatching rates. In previous artificial breeding experiments, we observed that excessively high water
temperatures caused substantial mortality before the embryos reached the gastrula stage, contributing to
low hatching rates. Elevated temperatures can impair tissue differentiation and organogenesis in a fish’s
early embryonic developmental stages, affecting physiological activity and development. When organisms
are subjected to environmental stress, excessive production of reactive oxygen species can surpass the
capacity of the antioxidant defense system, resulting in oxidative stress. This induces lipid peroxidation
and DNA damage. In vertebrates, oxidative stress has been implicated in embryonic damage and is
potentially associated with developmental arrest.

To further investigate the mechanisms underlying high-temperature stress-induced mass mortality of
early embryos in O. yaluensis, we examined the causes of high embryonic mortality by observing
abnormal development in early embryos under high-temperature stress and analyzing changes in
antioxidant enzyme activities and growth-related gene expression. The experiment was conducted using
three water temperatures (15 °C, 20 °C, and 25 ‘C). Embryos at the 2-cell stage were selected for a
24-hour temperature treatment. After the experiment, the embryonic development was monitored

microscopically for abnormalities, survival rates were recorded, and antioxidant-related enzyme activities
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were measured. Additionally, the mRNA levels of key growth-related genes, including the eukaryotic
translation initiation factor 4E binding protein 1 (4e-bpl), MYC proto-oncogene (c-myc), ribosomal
protein S6 kinase B1 (s6k1), and insulin-like growth factor 1 receptor (igf-1r), were quantified.

We found that O. yaluensis embryos were more prone to abnormal development at 25 C than at the
other temperatures. The observed abnormalities included uneven blastomere size, cytoplasmic extrusion
into the perivitelline space, blastomere detachment from the yolk, and cytoplasm filling the perivitelline
space as the eggs gradually turned opaque. Disruption of membrane permeability led to water absorption
and egg swelling, followed by cytoplasmic extrusion. These abnormally developed embryos failed to
progress to the blastocyst stage. The survival rate of O. yaluensis embryos was significantly higher at 15
and 20 C than at 25 C (P<0.05). Embryos at 15 ‘C and 20 ‘C had higher total antioxidant capacity and
lower malondialdehyde content and superoxide dismutase activity than those at 25 ‘C (P<0.05). The
catalase activity was in the order of 15 ‘C>25 ‘C>20 ‘C (P<0.05). Glutathione peroxidase activity did not
differ significantly among the three groups (P>0.05). Temperatures of 15-20 ‘C favored early embryonic
development in O. yaluensis. However, as temperature increased, oxidative stress occurred, activating the
embryonic antioxidant system and mitigating the damage caused by oxidative stress. The expression level
of 4e-bpl was significantly lower in embryos at 15 and 20 ‘C than at 25 ‘C, whereas c-myc expression
was highest at 15 C, followed by the 20 ‘C group, both significantly higher than at 25 ‘C (P<0.05). The
expression levels of s6k! and igf-1r were significantly higher in embryos at 20 ‘C than in the other two
groups (P<0.05). The genes s6kl and igf-1r are associated with accelerated development and improved
protein synthesis efficiency. Identified as a rapid-response gene during early embryogenesis, c-myc has
low expression levels that may lead to developmental arrest. Additionally, the increased expression of
4e-bp1 has been shown to inhibit the initiation of protein translation in embryos.

In summary, at 15-20 ‘C water temperatures, O. yaluensis embryos exhibited higher survival rates
and enhanced antioxidant capacity to regulate oxidative stress levels than at 25 “C. Oxidative stress
induced by high temperatures has been identified as a key factor causing oxidative damage to embryonic
cells and leading to abnormal development and significant mortality in O. yaluensis embryos.
Additionally, the expression of genes related to embryonic development and protein synthesis is
downregulated to prevent the progression of abnormal development in damaged embryos, thereby slowing
the developmental process and suppressing further abnormalities.

Key words Odontobutis yaluensis; Embryonic development; Temperature; Oxidative stress



