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Abstract: [ Objective ] This study aimed to establish a hypoxia stress model for Pelteobagrus vachelli, clarify the re-
sponse mechanism of related genes in the gill tissue to hypoxia stress, providing data support for further exploration of its
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gill tissue hypoxia adaptive regulation and theoretical basis for screening highly adaptive populations of Pelteobagrus
vachelli. [Method] One-year-old Pelteobagrus vachelli were used as research subjects, and three treatment groups were
set [ control group (C: dissolved oxygen content of 6.50 + 0.10 mg/L) , hypoxia group (H: dissolved oxygen content of
0.75 + 0.10 mg/L, 6 h), and recovery group (R: dissolved oxygen content of 6.50 + 0.10 mg/L, 6 h) ]. Gill tissue
samples were collected to extract RNA , and differentially expressed genes (DEGs) were screened by transcriptome
sequencing. GO functional annotation analysis and KEGG signaling pathway enrichment analysis were performed, and
real-time fluorescence quantitative PCR was used for verification. [Result] The results showed that raw data of 57.72 Gb
were detected through sequencing nine samples from Group C, Group H, and Group R. According to the reference ge-
nome, a total of 22116 genes were annotated and 1824 new genes were found. For the Group C vs Group H, 554 DEGs
were detected, in which 270 were up-regulated and 284 were down-regulated; for the Group C vs Group R, 42 DEGs
were detected, in which 12 were up-regulated and 30 were down-regulated ; for the Group H vs Group R, 993 DEGs
were detected, in which 470 were up-regulated and 523 were down-regulated. DEGs were mainly annotated to GO func-
tional items such as cellular process, single-organism process, metabolic process, binding, catalytic activity, nucleic
acid binding transcription factor activity, signal transducer activity, cell part, membrane, and cell. KEGG signaling path-
way enrichment analysis found that DEGs were mainly enriched in signaling pathways such as breast cancer, pathways in
cancer, basal cell carcinoma, cytokine-cytokine receptor interaction, chemical carcinogenesis-DNA adducts, and metabo-
lism of xenobiotics by cytochrome P450. The real-time fluorescence quantitative PCR detection results showed that the ex-
pression trends of partial DEGs between groups were overall consistent with the transcriptome sequencing results. [ Con-
clusion JHypoxia stress inhibits the cell proliferation and signaling pathways of Pelteobagrus vachelli to some extent, lea-
ding to inhibition of the tricarboxylic acid cycle and anaerobic respiration activation, and gill tissue up-regulates expres-
sion of glycometabolism gene to promote glucose breakdown to produce energy. Activation of the glycolytic pathway
leads to pyruvate accumulation, meanwhile, pyruvate kinase expression is inhibited at the transcriptional level, accompa-
nied by a partial activation of gluconeogenesis pathway. Changes in heat shock protein gene expression may counteract hy-
poxic stress by inhibiting the autophagy pathway to reduce energy consumption.
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HA KR 48 (DO) & il 29/ REZBOKAEAY)
A=A (R, 2021 5 5K BF4E, 2025) o Bl SAUAE A
SRR A5 E RIS A6 (Mariu et al., 2023)
R A R 00, (H KR i S & A f
58 K HE (Filbrun et al., 2013) . 7K (Lau et al.,
2021) S A58 4k (Yaghouti et al., 2023) 45 [K £ 5%
M, AR BB A KRR Z M e 1 T
R B R AE T ) B B R A P 3 DR (2= 7 6
2025) , R HR G FA IS 1o 0t 0 107 0 A i 1 BT, %o
BRFPEAG 0 A IR I SR £ S il Al oy 4 S A
PRI SRR R HLA R S [ AT AR 2 R ] AR
A 3 3 75 S A4 A B0 5 i 7 40 ) 200 2 5 ( Druker
et al.,2021) , QN ¥t 5 LR il (Ictalurus punctatus ) it
U HNLETAERG 5 2 ] (Xiao et al.,2023) , BPJE AR
% ( Trachinotus ovatus) Tt S B4 6 h 5 AT IE 48
fit 5391 G1 A G2 A2 BH ¥ (Wang et al., 2024) , Bl 4
6 h 210 QI AR M A0 B A 4 RS 0 S RT 1, 7
MBSt AT, BeAh, SRR MR Y e A
S R AR A DR A T BORE T A R 1Y

% ) (Sun et al., 2021a) , [A] B #4 4K 52 2 [ (Heat
shock proteins, HSPs ) 5 % 1 Sl &8 B 9% 3506 , LAAIRHT
ML JA T (Wang et al., 2024) K F W #E# (Kobayashi
etal.,2021), B MOZIREE LML T OIS, KH
BT SE VB SR | MIRZ I 9 H 52% . ITAOR,
BEE A LT A FRFEEOR AHET , B SR
JE R, SRR BURL H & & e R E
S PRI B 731  TEAE R B i A 4, Rk
F14) R N7 KT o 00 £ A A A BRI R S L 2F 1T T 2
FLFEFE L W fidt i & J/& (Moulton et al.,2020) , PR it i
FRARZR B 0] B A8 8 A aE N AL . 24 A G
AV 4 B P i %o 4 285 £ 5 W (R BIF Y L B 4R
o KR A I T 4.0 mg/L I 8 A H 3
WY Sl PP S R SR (7, 2023 ), A 4 i R 22
2.5 mg/L B v U AR R SZ A ] (Wang et al., 2025a) .
Pei 45 (2021) R GEAF 5T 1 K48 W 38 XoF 4 52 4 3 £
(Pelteobagrus fulvidraco @ x Pelteobagrus vachelli &)
JHF TP 60 1 20 23 v S A SRt P W AR B S A I 1Y)
SR 5 Tao 45 (2021) X 2% 28 ¥ i t0. ( Tachysurus fulvi-
draco @ x Pseudobagrus vachellii & ) 858 J5 AR PN
CETNAM I T LRI T T AR A ; Wang 55 (2022,
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2024,2025a) RERI T HEXT B aAERET A
PR LA A | e 2 385 A I A Bl T i 52
M, BLAh, A W5 N U0 A AL 1 (Wang et
al., 2021) . 7 iB 1 15 W) B 75 45 ¥4 (Zheng et al.,
2021) JILAZ 412 (Li et al., 2022) K et AL fiE
71 (Wang et al., 2023 ) 55 2214k B fif M e S0 2 i 11
FEZ I o [ ARWF TV S | BB 1 28 5 A L1 7R
A B AR, R B R AR R A
(Tiedke et al.,2015; 252945 2025) , i 1T 21
TR S U P HE M Y 2 T BB (Evans et
al.,2005) . H4E 5 JCWEE: (Gymnocypris przewalskii)
i ] O N IS A N R R
St il S5 SR (1) 19 22 K T3 il (Chen et all., 2022) ; fill
(Carassius auratus ) (1) 58 )% 7] 28 ji 141 S 7 B 420U 4
/N B8R b R A AR R B HHE S A B (Xing et al.,
2025) . IO, SREA LU SRS SR E , 2
TR 80T BT 24 Bl PR S S Y 2 —
i B 2 A G 2BV IR B I i (Pelteo-
bagrus vachelli) 8820 ZIAH AT 538 % S - p 1Rk

S (R BI040 A8 2 ) G B TR ] DAL 1 o
FLER B ISR 5, 4 2B E N 3 6 h TPk A
B4 6 hm , UH R ZH U A I 22 S5 e ik SE A (Dif-
ferentially expressed genes, DEGs) 1 &AL , & 7E
B G 2 300 £ i A0 0 O I B A, ] il 2H 21
] DX 35 R X a4 087 985 P e 12 AL R, A TR AR Y L
20 2R AR T I R 4R e A S SRy R TG B
0 fe A o PR R O 1 B (AR
1 #Rl5R*®
1.1 iRIewrat

19 FL LG 5 £0 i DU 48 Rk B2 B K 7= i 5%

BF (DU A K =G T ) Bt , B 9% 2 JA I A ot
T 51.04+3.31 g KK 15.66£0.58 cm [ {g HE FL G i
Fith AT 2B R U, DURH A2 Bk AT 52 240
MK PR S S BN 2.00 mg/L B£8R B Sk PR
G KRG A & i N R 22 0.55 mg/L B fafRk i =
BIG Ok AR il 48 & 50 0.75 mg/L, LABA
PRI B] (A RE E 8 A0 o 10023 3 b P
SRR BRZH (C: W4 & i 6.50+0.10 mg/L) Lk
A (H R 8 5 B2 0.7540.10 mg/L, 6 h) SR
ZH (R MR &8 6.50£0.10 mg/L, 6 h) . FMAb
PR 347, B P47 (100 cmx50 em*35 em 1Y
YIS HED) A 12 R L IR B, 3 1o S ORI /L
IR A S A TR o IR R AR T, A MS-222
JBR A BL G B 301 £, SR 4 HLB0 20 SURE AR (B4 P47

2 ), ARG E T -80 °CCUKF IR . ARG n)
KR FE RS T AL B, 2 h PR KR i A o e
BT R 220,75 mg/L, 7EBEN 3 6 h 5 R AL AR AT 41
FEAS s R AT ENR S KRS i S & it 6 h SR AE . 3
Vi i U148 AR B B K P W 53 i S 55 s 46
P 23 AT LS 20240527002A
1.2 RNAREUK X EHE

B AL PR VE#E 3 MR SRR AR, il 3 TRIzol
PEHUAEZH 21 RNA J5 W3R & 5 mRNA, Bk A4 5
4 mRNA ST 7 Be AL AR 3L ; 7 300 5 S i TR 5 AR &
£ 1 cDNA 55 —4% , &5 L cDNA 55 — 5% (1) [F] B 52 1
R I poly (A) @ Mo He 3k , 4lifk Hbr A Bt
Je #E4F PCR SCJFEY 14 ; 52 J 18 7 Tllumina NovaSeq™
X Plus - 15 5¢ B iy 18 0 7 o
1.3 THHEFRESERTR

K H Fastp v0.20.0 X5 I ¥ 4845 19 5 46 77 51] (Raw
reads ) #FA T BT i ], 1 DA T S 00 5 15 24 507
51| (Clean reads) . J& T IR FT AN R 19275 3
ZH 80P , A1) FH HISAT2 %} Clean reads #£47 Fb X3 #7 o
i 13 StringTie TG A, 0k HY AR 9 2% FL I 4.
e s ) B 2L R (Novel gene) ; 28 i M 88 HISAT2 L X
SATEE AL, A RSEM 1545 FE AR rp BT A5 35k A 1) A
X A IFTHSRAREAR AN 1) Pearson AHOC R 4L
1.4 HBEERSH

1 F DESeq2 #£474H [8] 22 5 43 #71 , % Clean reads
HATHREI S TR B R S 3 (P) , £ 2 E R
A IEJE 195 FDR, & T4 0] 22 S Ir s AL | i ik
FDR<0.05 H.|log, Fold Change[>1 )3 [} El ) DEGs;
SRIG 3T GO(http://www.geneontology.org/) FIKEGG
(https://www.genome. jp/kegg/) K4 & 43 W #E 1T GO
Ui B A X KEGG {55 % & 5 i (Rl 155
4,2025)
1.5 DEGsKiE55#r

NS 200 45 2 v i 35 AR VL Y DEGs #1738
IKEE, Forr, C 241 vs HA#E R il1b \notchla slc2al |
hkl hk2 .ccndl .hsp70 I hspa8 55 8 KK ,H41 vs R
2H BE WU il8 | hifla . slc2al . hkl . hk2 . ccndl | hsp70 J
hspa8 %5 8 NFEH , C 4 vs R 1E W sledal cypla.
slc2al \hkl . hk2 .ccndl  hsp70 Fl hspa8 55 8 A~ 3 [H
K I DNAMAN 6.0 /4 DEGs J¥ 8115352 i 2 i
HPCRYM I (R D, IFRIEAETAY TRE(E
) A A1 BRA B A s, B DR L 38 RORTE 95%~
105%. i i RR047 177 & (TaKaRa) #% 1.2 42 HL i
fif 2 21 RNA B 5 7 il cDNA L S22l 7
PCR ¥ ##4{& % 20.0 pL: TB Green® Premix Ex Tag™ II
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F1 EHEAEEPCRYESIMFIIER
Table 1 Information of amplification primer sequences of real-time fluorescence quantitative PCR

JE[H Gene 514 Forward primer T UiF5 14 Reverse primer

cendl 5'-AATGAAGGAAACGGTGCC-3' 5'-TTGGTGCTCTGGTGAATG-3'
cypla 5'-ACACATCAGCAAAGAGGGC-3' 5'-TTGGTTGAACTCGTCGCT-3'
hifla 5'-GGAGTCAGGAAACAGAGGTG-3' 5'-GTGATGCCGATAAACTTGCT-3'
hsp70 5'-CGAGGGCATCTTTGAAGTG-3' 5'-GGTTCTCTTGGCTCTCTCACA-3'
hspa8 5'-GGAAACAGAACTACGCCCA-3' 5'-GTCAAATCGCCGACCAAT-3'
illb 5'-GTCACCAAGGAGCCTCTTAG-3' 5'-CTCTGGGATTCACTACACTTCA-3'
il8 5'-TTCTAACCTGTGCTCTCTTGG-3' 5'-TTTGAACCCACTCGTCTTC-3'
notchla 5'-GCGTTATTGCCAACTTCC-3' 5'-TGTAGCCCGATTCCTGATTA-3'
slc2al 5'-CCGTTGGTCTCTTTGTCAA-3' 5'-CTGTGCTATCAGGATGCCTA-3'
slcdal 5'-TGGTGATGGACGGGATTAT-3' 5'-TTGGAAGCGGATGATTGG-3'
hkl 5'-GGAGGCACAAACTTTAGGGT-3' 5'-CTTGCGTTCTTCATTCCCAT-3'
hk2 5'-CGCTGAATGTTTGGCTAAC-3' 5'-CCTCTCCTCTTGATGGCTT-3'
18S rRNA 5'-CCTGAGAAACGGCTACCACATCC-3' 5'-AGCAACTTTAATATACGCTATTGGAG-3'

(Tli RNaseH Plus) 10.0 pL, b . Fii#5144% 0.5 uL,
cDNA #47 2.0 uL,ddH,0 7.0 uL. ¥ #4F%)% .98 °C
AP 2 min; 98 °C 55,57.1 °C 105,72 °C 15 s, ¥F
1740 MEFF (SRR 2025), LL18S rRNA K
S @it 2229 A DEGs FUAHRT R Ik i, IFR
HISPSS 22.0 AT, FEAS 4G 55
2 ZFER5HMH
2.1 BRANFHHTER

M CH HAL RAIL AN 7345 57.72
Gb B A s (Raw data) , 28 Jfi 24 8 )5 e 445 3]
56.99 Gb ) Clean data, FH32 I, BE HL X B BER 21
fi*) Clean reads (55 Clean reads 5119 93.37%~95.21%,
Horp ) F X6 81 ME— 1 B 11 Clean reads & Clean reads
SLELIR) 85.09%~88.03%, b Xt 21| 2 A~ {3 A Clean
reads 1'f Clean reads s AU 6.08%~8.55%. It7h,Clean
reads M X322 B K 40 A9 X 35 404 17 00 2 B R <
P X 71.57%~74.02% , N85 T IX 8 12.97%~
15.06% , HE R E]BE X 5 12.30%~13.64% (& 1-A) . 4
StringTie B H% SEA , e M EAT 22116 P IEHES:

2 EIEEIERE Clean reads 552 E E A LE XHiE R

IR A5 2R (15 92.38%) , R A &% #1 1824 4
B (5 7.62%) o
2.2 DEGsTHIELER

T FDR<0.05 H.|log, Fold Change[>1 i i
e, N C 41 vs HA H %5 i 5541 DEGs, Hir1270 4~
DEGs &t [k 284 1> DEGs & T I8k (& 2-A
FIE 2-D) ; A C 4 vs RAIH LS ) 424 DEGs,
1124~ DEGs £ [k (30 1> DEGs & T 3k ik
( 2-B F1E 2-D) ; W H 4] vs R 4] H A% 5 1 993 4
DEGs, H: 71 470 4~ DEGs & | ### 34 . 523 /> DEGs
B (E 2-C M 2-D).,
2.3 DEGsHIGOIBEEFRESITER

GO VJRETERE T4 R W n : C 4l vs HALIW)
DEGs (8] 3-A) W4 43 1> DEGs (23 1~ 5 i3k,
21N ERIN) HOR B A P 1 7 (Biological pro-
cess) 5], FEW M AN ML FE (Cellular process) .
A W) 1K 3 2 (Single-organism process) . 10 #Hf i 72
(Metabolic process) 5¢ GO W RE Sk H ;7 22 > DEGs
(1245 FIHZGE, 1012 FIRZ6E) BRI TI6E
(Molecular function) 285, 32 ¥ X 2454 (Binding) |

Table 2 Mapping of clean reads and reference genome after quality control and filtration

FEA HBUTH Clean reads FL X1 Mapping of clean reads
Sample Clean reads R HATE LR AL Ho Moy AR 2R R AL
Unmapped reads Uniquely mapped reads Multiple-mapped reads Total mapped reads
Cl1 35837926 1904024(5.31%) 31387663(87.58%) 2546239(7.10%) 33933902(94.69%)
Cc2 43067322 2586968(6.01%) 37304974(86.62%) 3175380(7.37%) 40480354(93.99%)
C3 51352416 3075666(5.99%) 44723866(87.09%) 3552884(6.92%) 48276750(94.01%)
H1 37636524 2308488(6.13%) 33039542(87.79%) 2288494(6.08%) 35328036(93.87%)
H2 41599246 2756148(6.63%) 36055150(86.67%) 2787948(6.70%) 38843098(93.37%)
H3 42468160 2699639(6.36%) 36137696(85.09%) 3630825(8.55%) 39768521(93.64% )
R1 41687930 2554150(6.13%) 36398787(87.31%) 2734993(6.56%) 39133780(93.87%)
R2 42326010 2027476(4.79%) 37259813(88.03%) 3038721(7.18%) 40298534(95.21%)
R3 45777604 2376435(5.19%) 39918668(87.20% ) 3482501(7.61%) 43401169(94.81%)

55 N B A Clean reads 11 FL X5

The data in parentheses indicated mapping rates of clean reads
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AL 1% P (Catalytic activity ) 4% R 254 5 5% [N 135
4 (Nucleic acid binding transcription factor activity) |

& 55 75 PE (Signal transducer activity ) 55 GO T g
ZH ;A 311 DEGs (15112 BiZRIA, 1615 T4
21K ERERI A A ZH 57 (Cellular component ) 2851, 3

0 JEH AR Intergenic region
7% F Intron
W 5h T Exon

T S A ER 3 (Cell part) 4 A i (Membrane ) | 4H
L. (Cell) (2L 2% (Organelle ) 25 GO BhRESS H .

H 41 vs R 4111 DEGs ([¥] 3-B) 1 f5 46 1~ DEGs
(23452 BAERIN 2342 NI ER) R4y
PRI, BV R A B2 | R At B AR

W B Annotation gene

0 B 3EH Novel gene

1 Clean reads bk 3B SZEFAMX B miER(A) RERFFREILE(B)

Regional distribution (A) and gene annotation ratio (B) of clean reads mapped with reference genomes
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P45 GOIREAc H A 2341 DEGs (11 5 BRIk,
125 RO RS I RESE A, W R 4h
A METEY: G5 R RS A S
P55 GO ThHE 4% H s A 351 DEGs (15 4~ 2 [ {3
I8, 20 2 NIRRT R R M2 43 2, FEW
SRR AR 53 A A GO ISR H .

C % vs R 41 19 DEGs (4] 3-C) F 47 29 /1> DEGs
(14752 LIFRE, IS 2 N RERE) ERRIEY
TR, F BV S B A R A R AR
TS GOMIRESR H A 81 DEGs (512 FifFRIA, 34~
S NARIR) TRR S IIRESE ], 2 SR
P A AT I RS A SR I TS
GOIIfE4 H ;A 141 DEGs(6 & iRk, 81
SRR ) E R R ML 3 2R, 3 KA
JE . 41 fifa f5S5 43 (Membrane part) 2 it 40t 53 40
ME#55E GO UIRESR H -

2.4 DEGsHKEGGESHEBEENNER

KEGG {55 & Eras R s . C4lvs HAL
1 DEGs & % & 1815 5 %% 5 (Signal transduction)
JEIE « £ 3A (Cancer: Overview ) M [N 43 2 45 (Endo-
crine system) %52 51 I, & 42 DEGs % H HE44 71 3 11
15 = 30 % 53 591l & FL W i (Breast cancer) | I iE i 12
(Pathways in cancer ) Fl13EJi¢ 2l g Jiwi (Basal cell carci-
noma) (& 4-A) . H# vs R 4| #) DEGs - & & £ 1

TS AT : 2558 M2 R B VS RT3 (Global and
overview maps) 552391 I, & 4 DEGs 5% H HE &4 i 3
(4 A5 5 38 I 43 ) 2 FL IR 9 RE 3 A% 4 g
F —4il il A ¥ 32 7R A1 5 E H (Cytokine-cytokine
receptor interaction)([¥]4-B), CZvs RZH\JDEGs %
B AEAEEIE SRR A R B S R L R

55 S AR B it (Lipid metabolism) , & 4 DEGs
B H HE 4 HT 3 1945 5 38 B4 2 Ak 27 B —DNA
Jin& % (Chemical carcinogenesis-DNA adducts ) . Zff]
Jii €5, 2R P450 XS NEA) BTG (Metabolism of xeno-
biotics by cytochrome P450) F11 B AL i} (Porphyrin
metabolism) (& 4-C) .

2.5 DEGsHIHIEZR

AT S 4 00 5 S R A L SR FH S
P E ft PCR XA [ £ 18] ) 78 73 DEGs #EA T
ZER (18] 5) R, % 41 8] R 7> DEGs [ Rk 55
SEAL I 45 AR FEA — B, R W38 o 5 S 2 D Ty 345
(1) DEGs 5 3 Al 4, A T 5 22 1 2 R D g i o2 &
ST FREI A .

3 i
3.1 RENHRREMEXEIKES &R HLN M
FEVHRAE S B [F Rk Ry 2 i

Wt {5 538 #% AT 8 45 4 Jf 3 0 2% 5 e ik
(Niu et al.,2019) , id i P9 5T 00 o 11 fzd S0 52 14 552
IE 5143 (Funa et al.,2024) , 180G cednl FE N5
5% (Katoh and Katoh,2007) . Cyclin D ZZJi% (cendl |
cend2 Fl cend3 ) & —Ff 40 i Jis] 199 2 1, 6 40 ] 1
G178 9 2253 2 AL AR , 5 cdk4 5 cdk6 255
TR 52 4 Wy i 2R 240 g 19 5 (Sherr et al., 2016) .
Cyclin G2 RE i 4H MU 3G 5 , 2 240 S5 30 1) £ 4 1A
T (Liu et al.,2004) . SR ANHUS , FUEC 230 84
AU wntdb | fzd2 | fzd7a . fzd8 . fzd9 . fzd10b . ccnd] J%
cend2 FER A IR B & T, T ceng2 FEH ) 223k i
F LR (GR3) , UL AN IS 82 2L A 3 A 52
S 5 YK B LRSS wne2b fzd2 fed7a fzd8 fzd9 .
Szd10b e cendl FER IR 02 I, cong2 FE A
FEIRW 25T IR (R 4) , 10 I S8 2 4 i 1 1 7 D e
PRI IEH o
3.2 REMHEREREXNEREHEGHLA hifla
HXERRIEH I

Bl 47 5 R -1 (HIF-1) J2 30 9 41 i 35 1 A1 4
PRI A0 G B % S R 52 9 5~ (Mandic et al., 2021) , 1M
B AL 2 A L (GLUT L) 20271 3014 40 e 4 7
s W B FEBUEAR T HIF-1 il A 2 Fh
YA P Y gluel FEPH 35 S B %2 (Chen et al.,
2001) , MEEZRORL A I B 15 4 14 [ IR (Minchenko
etal.,2003) . SPEN AT 3E FR H AR IR (Mac-
robrachium nipponense) hifl o F glut1 3% K 3% 3% (Sun
et al.,2023) , 7£ K 1 22 &5 (Micropterus salmoides ) 1
HIEE i 2H 2 A A AL A 98 (Rl 45, 2021) 5 %
(Hypophthalmichthys molitrixs) glutl 3£ [F (/] 32 1k 5%
hif o458, ELE GRS 1F T G0 0 1 0 7 4 e 12 LA
YA FFRE 57 1H (Zhang et al., 2023 ) . ASHFSY & R, i
SNV IO AR 5 | B I 7 500 €0 B2 4 hif 1o 55 R 3R A
AR B glut] R hifl o FE R B9k K EE BV E G
WE T, 5 Li4E(2017) % % 4k 11 (Oreochromis
niloticus ) IR A5 AL, BSR4 36 .12 .24 h 5
BHZH LAY hifl o B hiflon K2 DH 2638 7KSE 4 T, AT
e TR XS hifla i RFH(Sun et al., 20165 #2242,
2022), MAM, fEH 4 vs R 4014 DEGs P glutl . hifla
H hiflon FEPH B 3635 835 0, 50 hiflo 3N S5
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T BC PR 0 £ i 2H 2 i AR R
3.3 RENHRMREHRENEREFARALNE
KGR B F RiE RN

TESASRME T, BB A BE L 2P 1 glue] &
PRI A F 0, I 7 8 20 2 rb AT R AEAE 30T BRI AR
RN o PR T R T (PO S W T i 11%) PR S i , 7] o0s:
AR A R T A B -6- W52 (Wilson, 2003 5 PR S
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&3 CHAvs HAS DEGs FRIZEH
Table 3 Expression trend of partial DEGs in Group C vs Group H

DEGs C 4 Group C H# Group H FDR Zeik 4% Expression trend
HSPs 2 ik HSPs family
hsp70 5.671 36.369 0.0011 i
hspa8 163.549 50.152 0.0007 T
HEC T Glycometabolism
hil 21.714 88.562 0.0000 !
hk2 35.477 71.421 0.0007 A
pfk 8.500 43.893 0.0000 e
pek 48.289 98.050 0.0015 I
Idh 183.895 717.955 0.0006 s
pfkfb3 17.613 39.877 0.0342 |
pk 370.288 117.811 0.0160 A
glutl 67.012 392.794 0.0000 I
ZHREEHR Cell cycle
cendl 17.887 5211 0.0006 T
cend? 24.155 11.892 0.0053 T
ceng? 25.986 127.722 0.0000 !
Wnt {55 Wnt signaling
Sfzd10b 8.648 2337 0.0035 T
fed2 46.711 18.103 0.0000 T
fed7a 22.746 9.801 0.0000 T
fzdS 27.695 4745 0.0000 T
Fzd9 76.908 21.275 0.0000 T
wnt2b 4.340 1313 0.0052 T
H Al Others
hiflan 21.279 180.497 0.0000 !
F4 HEHvs REAFRS DEGs KRz FE
Table 4 Expression trend of partial DEGs in Group H vs Group R
DEGs H#H Group H R4H Group R FDR Fik#a¥ Expression trend
HSPs 2 ik HSPs family
hsp70 36.369 7.952 0.0000 T
hspa8 50.152 110.984 0.0000 s
HEC T Glycometabolism
pek 98.050 43.698 0.0000 T
Idh 717.955 211.087 0.0000 T
pfkfb3 39.877 11.585 0.0000 T
pk 43.893 3.068 0.0000 L
hil 88.562 25.834 0.0000 T
hk2 71.421 33.009 0.0000 T
glutl 392.794 69.296 0.0000 L
ZHREEHR Cell cycle
cendl 5211 18.859 0.0000 A
ceng? 127.722 17.647 0.0000 T
Wnt {5 Wnt signaling
Sfzd10b 2.337 7.526 0.0009 i
fed2 18.103 54.931 0.0000 B
fed7a 9.801 38.071 0.0000 i
f2d8 4.745 28.628 0.0000 -
fzd9 21.275 99.979 0.0000 !
wnt2b 1313 3.132 0.0251 A
HAtl Others
hifla 400.715 171.056 0.0000 T
hiflan 180.497 25.928 0.0000 TR

S R SRR AL . 6-B R LB (PFK) J&
RN T At o 2 (1) S S 2L W g, L MR 2 A IR T
il , WAL S — SRR I R b (] ™= 8. 6-f
i SFL -2 - il W -2, 6- — WA I 3 (PFKFB3 )2 6-f
i WA - 1 (PFK-1) A5 RS A TR 15570, [ At e

il SRR -1,2- — % 2 B (FBP) f%) 7 7 (Minchenko et
al.,2003) , (Al It prkfb3 J PR 3k b I G 8 fif A FX
AR, I A R . s N, B
I8 390 £ B8 21 209 19 pfk F pfkfb3 JE IR 38 1 3 1
A, LIRS R DR RG22, 5 I [H]
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Ao A S A 32 B . PR WH IR R vp ) 28 — B
U, ZEPR AR N A R 0 A . FLIR M B (LDH)
S TN R R TE TS A8 S5 T e A8 L A7 . Qin
8 (2023) W98 R W, R S S80I Bt A B R IR S T
[Pt (Sebastes schlegelii) 1 HEHT Y pfkfb3  glut ] Fil
ldh FE PR IR R B AR, SRS T R
G #5 50f0 5 20 200 e 1) phe B PR 3R 305 W 25 R U8, 17T U
R W2 LM, BB =R IRIE IR Z i, (HIE A
I 1% B 354 1% (Chen et al., 2025) . LAk, i W %5 5]
Tt T s s DS T P PR VA B 2 TR (pck ) TE SRR R AR T i
# FH3IK, 5 Le Moullac %5 (2007) X A P4 W5
(Crassostrea gigas) . Han 55 (2022) X} 4T £ ( Onco-
rhynchus mykiss ) B 5T 25 S AL, BOCHED pok 5
VAR RN T 3k G AR LR A B[R] A SR
NRIERE R EERS — R (NADY ) B4 . 7EH4L vs R4L
) DEGs 11, pck . Idh .pfkfb3 . pfk k1 F1l hic2 55 [H %
TR, UK A A AU T TG S M ZH 2 b iy
IS B
3.4 BREMFRREHEITERIREFTAEIHL HSPs
FRE EFRIEHI N

HSPs X 4 457 2 1 AR A B 4% Fofvadh 58 368 I 1 24
ALK A2 28 e % (Sun et al., 2021b) . hsp70 Kk 43
75 3 80 hsp70 FT 4L B 7 hsc70 (hspa8) (Kampinga
etal.,2009) . Fir1, hsp70 X 4k 55 20 i 48 Ak 8 S A&
A& S AP AL B 2 O H 32 U N 5
(Franzellitti and Fabbri, 2005; Luo et al., 2021) ., 7E
KA W8T, 245 (Acanthopagrus schlegelii) (Shi
et al.,2020) . 7= 11 (Rachycentron canadum) ( .4k
H,2021) MK ¥ f1 (Larimichthys crocea) (Luo et al.,
2021) FBEH Y hsp70 LRI 25 FIRIE . Ak,
PN ] G 5 | LG D (Mytilus galloprovincialis ) 1Y
hsp70 3 FIEZE55 (B hspad Fe K B 7215 7K - JC
754k (Franzellitti and Fabbri, 2005) . A58 % 31,
LR B U B2 2L P Y hsp70 F1 hspa8 FE PRI E B4R
SEMETN RIS FEIR A , 5 Franzellitti Fl Fabbri
(2005)XF M DL A FoE 25 RARML . B T2 57 E
1 & Hb , hspa8 it ¥ $% H W I G (Stricher et al.,
2013) . EVABFTIESE , hspa8 T L5045 4 hifla,
IF ¥ Hodz 3% 2 U W AR rh F 47 B f# (Hubbi et al.,
2013;Kobayashi et al.,2021), X4 BRAERE T LA
FAE T FUECHE A 0 2H 2 hspa S FER 463k I 25 T
IS , RSN FLREID ] hifla W REARE KT

4 it
B — R R AR TR I 2 Y A

BE5H K HAR Tl i, S BCORMRIE IR Z ], (HICA
I W82 T, B ZE 2 Ao B DA I R D ek DL A
ok T 22 A 2 0 Ak L BE 5 IR AR AR 1 1k 5 D TN
i SRR, S PR R R A e S K AT Al Al 5 A
PR T s PR TE R 2R B SRk s A vl fiE 2
) W e A L D/ RE VR A, R ITT X AR AR
[/IS1ER
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