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HE 84 & 3 SIRMIES SR E B E AL R FANE R L

KT E, BRA, ES, AXE, REY, MER

LR, ARMRS IR A S IR IR E A ST L, A AR TR R 25 A IR AR A H T SR A, A AN
FRIRAKA T AL FIRE N S, B 201306

WE: N T T E L8 (Cyprinus carpio var. singuonensis)TEIN LT WA BLESERRE, A 788 i AR 30 = TR 3R 8
A URIREL, W58 T AE AR EE K28 CHI 38 “C) T 2% [ 41 i 4)y £ L 241 40 A0 AH S B 6 VEFE AR AN st 4l sk . il
WIS FREE B R, SRS B (MDA) & & B3 FTH(P<0.05), it AL E B (CAT)IE M .35 F 4 (P<0.05), &
Jbk B 5 S A 4 B (GSH-PX) A1 48016 4 1 b il (SOD) ¥ 1 6 8 3 22 5% (P>0.05); i )5, SOD &% i % T [
(P<0.05), JLARITC %22 5 (P>0.05), a5 AL T 438, LAl 5752 4~ 7 3RiA 5 (DEGs), KEGG 44T
7R X Be 5L N B R AR AR e MR TR DG B, SN N T, IL-17 {5 5@ % . NF«xB {558, p53 7
S AN PR TS AR R, BVK T B (HSPs) . AN K-18 (IL-18) . RN E-8 (IL-8). P53 i
MHIEE p53). R ERE AWM (Caspases) . BEEFHT-1a (HIF-10)% 8855 B T R AR B #k
P, WRIELERFRW], FEIRINET R, D4 LT 040 f0 (0 41 A s A0 JR TR, S EOR Bt Ak 0, JF B
SbFEECIRES . IR, FUARMERRBCECIRES, AL A AT, 4 S S5 48 TR IH gl . ko i R

IR I BRI Rl 1 e i PRE ) T L AR 4R B T B R

KRR MMELM; SRR, SN, FEatd; 6
FE %S 917 MERFRARAD: A

4 R I M 3 A% B BR AR AR 22 T
U IR BE A R K AR A U R T A
TN BEAAER) IR EEVE N IR I T
—, HAR AR A] 0 0 2 ) A AR S AN A 2 T RE 7
A F B WF5T R LT (Oncorhynchus nerka)
S PRI E b T SRR S R T S B A,
LA 3.2 CHFECR 1/3 K MAER
A S B A7 B B, XK 7 R ATl
JWE KATHT BB R 4P, B2
55 40 2 (I S AN Sy, SR R AR P
AR Ry A SRS R BE R, S HR A S
PR EE—E 2, o BB A0 A 4 A B
B Ik, AT PR AL S E N SRR,

Wim B 2024-06-14; 1&ITHHA: 2024-08-19.
HE£mAB:
EEREN:
BEEE:

XEHS: 1005-8737—(2024)11-1351-14

Xof #81 S IWORT g R PR 14 3 7 PR BIL AR R TF T
PLIE LI (Cyprinus carpio var. singuonensis)
J& )& (Cyprinidae), WEATAE R WE £, WalfE R
A, BAWRENET o, FEAERKEE
Moo BEIHRE I . YU OR AN A A R R A A A
R BT ZaE T A S R AR AP IR, DR
#f (Cyprinus carpio var. singdenensis) . =75 fifl
(Cyprinus carpio var. furongnensis) . F8(Cyprinus
carpio var. fengnensis). 58 HR(Carassius auratus
gibelio)ZEAN K fi i 5] L 2 [ £ 8 2 38 S AL,
PRI, % [ 208 7 e K ™7 3R s vh B A E
Mo SR, T 2% E L1 A 5T K 2202 X 4422
Pl i) B, 0 H v e 3 P AL A Y BIF 5 R X 4K

EZR HRBIAILET H (32172995); HIERHETRK = Mt E 8% & 54 W 2RGS0 50 = 9 B H (FW-2024-079).
RTEE(1999-), B, Wi-LwrsE, WF5EI7 I 2R TS N . E-mail: 18070222037@163.com
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= | PUAES EA N i = A e SR B -
18~32 “C, X Hodge e Bl FHE M4 Rl 01, A AR
W5 LA 5 8 (Cyprinus carpio var. qingtianensis)
ff KA BLE 38 CHZ Y, FIH RNA-Seq
B A FPHOR, R G E 7R 2% 20 B iR A R
I 18] B 5 s A28 Ak, B TEFR B DGRy JE P 3R 5k
PE M4, WA T S E L m R S ER T
18 8 PR AIL R o

1 #HEITE

11 LEHMRESEFRERE

Scuy A H L B T E BT R S &
GRS R, MRS AHIE, (K (74.2849.08) g,
R (13.5441.32) em, iy 77 BE % L B T4 . 1E
XELIFATEENS M PRI 14 d, B4 ELe
4 BT OKAE (250 L), AN /KAEIE P E B —
A~ 500 W IR AR, KR I 7E(28+1) C,
WARFE>5.5 mg/L, B RPEFT— K, 1E
AL — KA LM, 724/ H 9:00 1 19:00 43
STEES A K B 172 BIFRFK, RFEFR5E
FHZK B 58T
12 LRI MERRE

ARSI X 2 [ 41 i Ay fa AT R TR A 5 2 R
WA, VL HEE(Cyprinus carpio var. gingtianensis)
(R K IR L(E 38 C B %Y, e 3 i
e X428 C). miRdl(38 C). Hil4l
(28 C), TV 3 AR, BFE 14dJF,00 1 C/h
IR, FKIRNE FRIRE 28 CTHHZE 38 C,
e 6 ho WHEJE ARREIRZ 28 CIf4ERE 6 h.
KBRS, WEAEEELPkE 3 B, &
MR 9 B A, SR MS-222 (300 mg/L)
JR B B SR ZH A T A R SR, B T80 C
AR AP IR VKR R AR R H
1.3 SMFRLEESEH

URAF I BR 2 21 27 3% 2 g it AR ) TR ST
Br, iR A AL 4 AL B (SOD) | 73 bt H ki 4k 4
fiti (GSH-PX) . i %A 1k &0 Bl (CAT) 1 P F1 N %
(MDA) & st -1 74 I A1 70 B . #IH SPSS22.0 Siit
SRR X i A5 ) B R A T B R R T 22 40P
(one-way, ANOVA), iz F{X}#5 (Duncan) £ & L3

XTBMESEAT 22 5 B R, BEKPFRA P<
0.05, A3 80HE F T 28R 2 ( x:SD)FERR
1.4 RNA RE, XEH&FMNUF

=80 “CukAH B A i, e B2 Hi TV B
PRI AR RBTE SR, (1 Trizol ¥A#2HUE
RNA . iz H B i 0% &€ e H Uk (1% B R 0% ) il
NanoDrop2000 42 B 5 RNA #4758 8P | Wk
JEE Al B A T B A, A IR E R
3 20 A 2H ZURE R BRI TR 22 R, R
1 ug RNA HF cDNA SCFEME I Mlumina ¥ .
AU 5T H Y SCEEF AT Tllumina I 77 34 h 3655
AR A BR A E]SE R, # R A R R
Truseq'” RNA sample prep Kit (Illumina, CA,
USA), ¥ Z %t~ Illumina Novaseq 6000, |7
Bk 2%150,
1.5 FREEHFIF 53

i SeqPrep #1 Sickle A4 2= isi 7 4 v 31
(raw reads)HHE3k . A N (N: AEHRBEIE) A9 7 51 Al
b UL TT  J  (J5 A <20), 79 3 B 4% 5 v
2=l ¥ 751 (clean reads), il JFi#% )5 clean reads
A4S B 2R (error rate), Q20. Q30 Al GC & &, VA
TEAR I 7 BTt

FTF ) BWT (Burrows-heeler transform)
Bk, i HISAT2 v.2.1.0 #4% clean reads 5
2014 AEN A IR D 4145 BUIHEAT X 3R A5 L
X} %1 (mapped reads).
1.6 HEFREAHLHFLEMER

ISR LR 2 o = % F W, {6 Cufflinks
v.2.2.1 B 3RAS A mapped reads 1T PRE, %
LA 2% N S AR (unigene) . il it Gffcompare 1
AT R G AR 5 B SR A L3, BRI
MR, A5 A TF 58 P se v B . 1
BLAST+ v.2.9.0 A4 ARA5 10 i A ik R R SR A
5 Swiss-Port, Nr, Pfam, COG. GO #1 KEGG
Bl FEUEAT LU, R e S AR AT ) R DR R SRAR 11
DIRefs BT ge it e
1.7 ERERREREESN

fii ] RSEM1.3.1 {4k TPM (Transcripts
Per Million)E & hrifE, 3R K g7 — b5
XTI R B 4 — Ak, 8 — AN [l AE A 1 S 3R 58 1 AR
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3 read counts JMATREAS Z [A] [ JE H 25 57 Rk 1
i, f#iF DEGseq2 v.1.24.0 447 read counts
1) b 7 A Ak B - 0 % 2 S 3R 38 A (differentially
expressed genes, DEGs), VUfZIE P {H(P-adjust)<
0.05 H|logy(Fold Change)|=1 11y 25 5 2 1k Y 1
. FEESFRXIAVGEIHTE Y, RHZESZIT
Ko 6 A A I ik X P B TR IE, 193] P-adjust,
i [l Goatools v.0.6.5 FK - #1 KOBAS v.2.1 /¥,
iz F Fisher K456 43 7%t DEGs #47 GO DIhE s
ST KEGG Pathway XI5 B 51T & 55007
1.8 SERTZEEE PCR Wik

R W IN T SR A A SRS B, AR R AR S Y
RNA-Seq F#arEH 5 A~ ZE AR 0y FEH k17
RT-qPCR ik DA i#F — 20k 5 H e v . A
Primer 6.0 2 {F#E475191t, LA B-action FEH Ry
N2, 1ESEHT5EEE R PCR 1L (ABI7300, 35 [H)
L TR . BRI T 3 AR R
REE, M 272 5. flif SPSS 22.0
B AT R 25017

2 HREHH

21 ARBREZGTHMNRESLERNE

D[] 21 8 4 0 %] 7 I 38 0 A2 IR 2 S AR
B ERH 2GR AR UWLER 1o iR a6 6 [E 41
A ta PR AL R G AR T WE R TE P=0.05 11
BEKET, BAr MDA & 355 T % i
41 (P<0.05), CAT 4 & 2 Ik T XJ i 41 (P<0.05),

SOD } GSH-PX {47 b 3 2% 5 (P>0.05) . 535h,
SRR SOD T 4 1 25 1% %t R ZH Al e iR 41 (P<
0.05), H MDA & & & & & T i 41 (P<0.05),
CAT 1 GSH-PX {if 4 7C i 3 22 5 (P>0.05),,
F 1 34 LINLENE LT 68 4) f 68 40 40 v B L BT AR
Tab.1 Oxidative stressindicesin the gill tissues of

juvenile Xingguo red carp (Cyprinus carpio
var. singuonensis) in three experimental groups

n=3; xxSD

Y A WEH R FUE =K N/

bl B AT/ Akt ARt/ (nmol/
group (U/mgprot)  (U/mgprot)  (U/mg prot) mg prot)
SOD GSH-PX CAT MDA

XGSC  43.62+43.04"  56.99+5.73*  0.86+0.13" 5.25+1.19°
XGSH 39.92+£0.29"  49.53+4.26"  0.51£0.05° 9.31+1.06"
XGRW 33.14+0.79°  46.46+4.55°  0.77+£0.06"° 7.47+2.44°

¥ XGSC MM (28 C), XGSH K& ia41(38 C), XGRW H
HIA 8 C). [A—Fh, AR H 2 0 2 57 8% (P<
0.05).

Note: XGSC represents the control group (28 C); XGSH is the
high temperature group (38 ‘C), and XGRW is the recovery
temperature (28 C) group. In the same column, different letters
indicate significant differences between groups (P<0.05).

22 HEFANFHEHRETME

K H Hlumina Il 7 5 %3 3 41 9 4~ 37 cDNA
SCPESE MU SR Y, 2742 523189978 AN
U7 5 (Raw reads), U85 HH A 509446572 4~
FEpE i B dl . GC S 47.33%~48.64%,
Q20 {H T 97%, Q30 (H M1 94%, HHHL RN
A 0.024%~0.025%, R T, feagit—P
TERAH R AT . BARTENG Ik 2 B

R 2 MEOBELHAMEHL RNA-seq SCHEFIRF 5 R F 5 5 HE
Tab. 2 Statistics of the raw sequence and quality control sequences of RNA-seq libraries from the gill
tissues of juvenile Xingguo red carp (Cyprinus carpio var. singuonensis) in three experimental groups

SEHG2H el g2l clean bases/ HTC /% Q20/% Q30/% GC & /%

experimental group raw reads clean reads Gb error rate GC content
XGSC-repeat 1 53664986 52465922 7.28 0.024 98.08 94.51 47.54
XGSC-repeat 2 54225242 52943920 7.25 0.024 98.08 94.52 47.64
XGSC-repeat 3 58301810 56777482 7.75 0.024 98.05 94.52 47.33
XGSH-repeatl 58601646 56836386 7.81 0.025 97.97 94.19 48.57
XGSH-repeat2 60908802 59212988 8.11 0.025 97.97 94.23 48.29
XGSH-repeat3 61051104 59695998 8.19 0.024 98.13 94.63 48.24
XGRW-repeatl 60041018 58625966 8.04 0.024 98.09 94.47 48.34
XGRW-repeat2 56466466 55041908 7.61 0.025 98.01 94.27 48.48
XGRW-repeat3 59928904 57846002 7.97 0.025 97.96 94.20 48.64
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23 HRALFEMITRE

B g 86185 Fhlk sk A 6 A~/ IS
(GO, KEGG., COG, NR. Swiss-Prot, Pfam)
AT, 43 RS 5698061784 ,76440
81851.71513.55901 s&¥% kA, SR T 81883
SR L AR 69065 DRI 6 AN B IE
HATHRE, 43 LI ERES] 47112.49617.61010,
65233, 57099, 42984 FRHFESEA, iR 65263
HRIE A (R 3)0
24 EREF(DEG)RIEHNH

M 3 ANSEERATiE DEGs (differentially expressed
genes): XGSH vs XGSC. XGRW vs XGSC HI
XGRW vs XGSH, 1425 55K 17 RIS E B
5 AT (A 1) 3 Al BIASE T 2643,
908 F1 2396 1~ DEGs, H:H433lf14E T 1401, 300
1936 4~ L FRIBMEEA, LI 1242608 1 1460
AT IHRE W IEFE A 1, 2),
25 DEGsH] GO IREE&EN T

L Fisher K30 25 5 38 SR iE 47 & S 45
Bro 4 P-adjust<0.05 B}, A& DEGs 7EULHZE

a

{{f

KB EBENEENRSE . ¥ GO Tiien i1
fE(MF) . 4%y 7 (BP) FI4H il 41 43 (CC), HieE
RESE S Il

1£ XGSH vs XGSC 414 1931 4~ DEGs 7£ GO
b EEE, B 377 1 GO “HAH, i
BP 227 />, CC 55 4~ il MF 95 ~(& 3). £ XGRW
vs XGSH ZH, 4 1792 /> DEGs 3 #5478

®3 HRFMERTBRLGIT

Tab. 3 Satistics of annotation for unigenes and genes
R

HREE R

BB I 4, K R L% K H %
i number of perczr;tage number of percentage
database anr}otated annotation annotated of )
unigenes genes  annotation
GO 56980 66.11 47112 68.21
KEGG 61784 71.69 49617 71.84
COG 76440 88.69 61010 88.34
NR 81851 94.97 65233 94.45
Swiss-Prot 71513 82.98 57099 82.67
Pfam 55901 64.86 42984 62.24
RSB total 81883 95.01 65263 94.50

annotation

XGRW_vs_ XGSH

XGSH_vs_XGSC

1204
(28.08%)

XGRW _vs_XGSC

BT & SCI0 2 H] B [H] 22 55 R 35 (DEGs) 4t 1 &
a. FEHZERRIRBIME; b, FH 2R KK Venn [#.

Fig. 1  Statistical figure of differentially expressed genes among different experimental groups
a. The heat map of clustering analysis on DEGs among groups; b. The Veen diagram of DEGs among groups.
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XGRW_vs_XGSC volcano XGRW_vs XGSH volcano XGSH_vs_XGSC volcano
457 . 240 1 . 1601
ERFRER 220 ERFEEH ERFRFEH
40 1 e |3 up(300) I o 3 up(936) 1401 o I up(1401)
35| JoE 5 NS 200 ToE SR NS T2 5 NS
o T8 down(608) | . 180 o T down(1460) 1201 o g down(1242)
2 30 4% 160 2
2 . . 2 | 2 1007
g 25t g 140 g
R 20 8120 S 80y
& 2V & 100 & .l
T oI5t " T 80 ', = 60 ’
10t 3 60y o 40r ..
: 401 20 : -
| - 20} .

0 C ;
PVSEY S A NG

log, FC

0 bedooccbooo -
AR oo N DY b QAN
log, FC

AAD o XY DY d o DO
log, FC

K2 3 HERERBENGITE
Fig. 2 Volcano plot of DEGs in 3 groups

GOEH/3#Hr (XGSH_vs_XGSC)
GO enrichment analysis (XGSH_vs XGSC)

A 42 52 A 440 %% pre-replicative complex assembly | ®
ML FIIDNAE i cell cycle DNA replication - ®
% ¢ i FE IDN A ] nuclear cell cycle DNA replication - ®
B Z A1 condensin complex - Y
FK 5064547 FK506 binding |- .
KIFNERSS & macrolide binding - .
21 B IDNA K il J5 3l cell cycle DNA replication initiation |- )
ZAHMIDNAZ il nuclear cell cycle DNA replication initiation |- P Pl P-adjust
A 224354 DNAZE il )& 3 mitotic DNA replication initiation |- )
DNA#5#EK DNA strand elongation involved in DNA replication - o igg::i
B E A% R & i deoxyribonucleotide biosynthetic process |- ® 1.34e—4
HENFEH TR ‘de novo’ post-translational protein folding | (] %3(2)6:2
TBE T R G AR YR meiotic chromosome condensation - o 1:28:—4
EH R TS protein refolding - ° 1.26e—4
£k 184 F /58 H 418 chaperone-mediated protein folding - o
DNAZX #)3 3l DNA replication initiation - ] ¥ number
S AR YT B Y S response to unfolded protein |- ° ; fz
DNA ##%EH DNA strand elongation - o @ i3
PR P endoplasmic reticulum lumen - ® . 25
MCMZE 4 f& MCM complex - | .9 | | | | | 1
01 02 03 04 05 06 07 08 09 1.0 1.1
B4 KT enrichment factor

3 XGSH vs XGSC 41 GO &4 5 (s S HEA 1 20)
Fig. 3 Results of GO function enrichment analysis in XGSH vs XGSC groups (top20)

GO IhE I, HPa&T 1994 GO — 24 H,
}% BP 103 > .CC 27 4~ .MF 69 (/& 4).7fE XGRW
vs XGSC 447 645 /> DEGs 7£ GO Mfigh B & &
£ Hd A 150 4 GO — 444 H, 3% BP 92 4.
CC 34 1>, MF 24 (Kl 5). AW BEZEW K&
DNA & il . AT, BT ANEES, 5T
UIhE £ 20 SAMMAE 5 5% T . SsE iy s 4n i iy
EHBRNITSBE S, MR 5 2 A
AR AR FEHRE,

2.6 DEGSH) KEGG BHREEHNT

TE XGSH vs XGSC 414 2016 4~ DEGs 7£
KEGG i % i & 5 4, ARE%H] 53 4 KEGG #
% I, Hrh FE AR DNA Z (36 M) . Mk
D e R BN T(84 AN JERD) | 4l SR T (61 3
() p53 15 5l (38 L) L TL-17 15 538 B (38
AL EEEEUE (76 ) . REMATERIE
(52 MDA, FEW K AN 18 2R G A i
T2 T (B 6),
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GO HT (XGRW_vs_XGSH)
GO enrichment analysis (XGRW_vs_XGSH)

1At MAPKKK% P obsoleteactivation of MAPKKK activity - )
FK506%5457] FK506 binding - °
KIFNERLE A macrolide binding |- .
TR ER ¥21L peptidyl-proline hydroxylation - °
R & B #2 4k peptidyl-proline hydroxylation - °
REAHE PR E M peptidyl-proline modification |- °®
JBE JE 2 BR — 4B procollag en-proline dioxygenase activity |- )
HH Wi HIEEE P protein disulfide isomerase activity [
F AR EFTE I intramolecular oxidoreductase activity - ) Pl P-adjust
JKIL A Z ER4- % B} peptidyl-proline 4-dioxygenase |- [ 3.00e—4
JB2 SR I R R 4- — 4 i procollagen-proline 4-dioxygenase |- ) 2.80e—4
FEHREYTE cofactor-dependent protein refolding |- Y %?182:1
Hsp90 & 454 Hsp90 protein binding - ™) 2.20e—4
HRIREE S carboxylic acid binding - o %(8)8::2
ﬂ(ﬁﬂﬁﬁfﬁ:ﬁ% p?eptidyliproline dioxyge'na.se = ) ¥ number
AL JFFRE M oxidoreductase activity | ) ° 5

A HLERES A organic acid binding o ® 2

L-HiR 1 R%5 4 L-ascorbic acid binding | ® ® 2

S FNEALR JE R intramolecular oxidoreductase | () ‘ 27

{8454 chaperone binding |- @ | | | | | |

=4 [NF enrichment factor

Kl 4 XGRW vs XGSH 41 GO & #2430 Hr (& 44 i 20)
Fig. 4 GO function enrichment analysis in XGRW vs XGSH groups (top20)

GOFELHT (XGRW_vs_XGSC)
GO enrichment analysis (XGRW_vs_XGSC)

TR EAZFH LS Y deoxynucleoside kinase activity

BH Ik G £ B4 43 BS mitotic sister chromatid segregation - e
Yefa R E AR Z Ak chromosome passenger complex - .
FHhIX spindle midzone |- ® Pl P-adjust
BT HEJEFE circadian regulation of gene expression |- ®
A5 B 154 regulation of circadian thythm - * %282:3
fH kY BA 4B sister chromatid segregation ® %gg?—;‘
AR 432 cell division |- o %(8)8:—2
TS 4 412X microtubule cytoskeleton organization - @ 1.600—4
£ 424334 mitotic cytokinesis - [
ZRHLE cell cycle ® %8 number
2 1 R 19 471 458 negative regulation of cell cycle ® ; f 8
21 i A8 2H 21 57 IR negative regulation of organization - [ @ 3!

Yk 4127 spindle organization - ® @ s

1 1
01 02 03 04 05 06 07 08 09 1.0 1.1

T
*

0.7

Yuta {A 4B chromosome segregation |- ®
YRS Bh#% %8 spindle microtubules to kinetochore - .

A7 40 EI 13 72 regulation of cell cycle process |- ®
JE5 4o I A regulation of cell cycle - .

K 245y 45 2H 2N mitotic spindle organization - ®

G0 /R 4B nuclear chromosome segregation - | | L, . | | | 1
-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6
‘B4 AT enrichment factor

K5 XGRW vs XGSC 41t GO & #4345 R (& FH 4 i 20)
Fig. 5 Results of GO function enrichment analysis in XGRW vs XGSC groups (top20)
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DNAZ ] DNA replication

FE R T protein processing

ZRHJE cell cycle

YR FEBUR: viral carcinogenesis

p5315 518 % p53 signaling pathway

REGNELL BRI systemic lupus erythematosus
IL-17{55-18 # IL-17 signaling pathway

AfI5E# cellular senescence

9K 2 alcoholism

K% necroptosis

JE 5 circadian thythm

PRI AR S neutrophil extracellular trap formation
4EWE {552 mismatch repair

WER (55 estrogen signaling pathway
NGRS small cell lung cancer

TNF{5 51l B TNF signaling pathway
YiJRAL S B antigen processing and presentation
WENESCE pyrimidine metabolism

155 sk RERELL lipid and atherosclerosis
A A spliceosome

KEGG j#E % KEGG pathway

0

KEGGHE £/ (XGSH_vs_XGSC)
KEGG enrichment analysis (XGSH_vs_XGSC)

—log,o (P-adjust)
5 10 15 20 25

m —log;, (P-adjust)
number

20 30 40 50 60 70 80 90 100
FEFFE number of genes

Bl 6 XGSH vs XGSC #H'" KEGG pathway & 47045 B (5 £ HE4 T 20)

Fig. 6

7E XGRW vs XGSH 2 2 [H]3L 4 1786 /1> DEGs
£ KEGG #gw R & & 4R, AEED 41
% KEGG i@ [, Hrh FEa8mN M EA
B T.(89 MEER) . BT A9 MR . Pili
REFRATE B (41 ADFEED . 4B 1249 AR
REVELATERA (53 DA TL-17 5530 (28
ANJERNAE, 3 S [ 32 B K BTR YT R OB T
(&l 7),

£ XGRW vs XGSC HZHKMA 675 1
DEGs 1t KEGG il % i & & 4, HHh A0 2
15 4 KEGG i, FEAFEE R T A (Circadian
rhythm, 16 HEE) . AL A(Cell cycle, 25 4
[R) B REA0 s A 7324 (Oocyte meiosis, 22 PNJE[H]) |
23 Z A 5 19 90 R 41 R A (Progesterone-mediated
oocyte maturation, 17 N3E[H) . p53 15 53 I (p53
signaling pathway, 13 “N5E[R]) | 3T #h /N 9 0 icik
iR £k (Proximal tubule bicarbonate reclamation, 9 >3
PR, X S5 % 3 2200 K BINA YT PR LA SR DGR
AT (1A 8)o

Results of KEGG pathway function enrichment analysis in XGSH vs XGSC groups (top20)

2.7 RT-qPCR i RNA-seq &R

7£ XGSH vs XGSC 4 #EH T 5 4~ DEGs
(HSP90a . HIF-la. IL-1f. CASP3 F1 IL8)HEAT
RT-qPCR i ¥ K KA RNA-seq HYERRME . X463
PRI 1 2R 38 5 7 si 2L D P AR A I 285 SR SR 1 AR RLY
TR KV H TR Ar R, 2 W 5E S 41 iy 25 %
HER AT 5 (2] 9),

3 itig

31 SEMEEERME TENMHIERTH
Billard Z5USVR 3, WRE Ky —Fh A8 sh, wf
PITEREIE 0 CEIMET 30 CHY % i B v BBl N A=
7. Vinagre 5/ RIF g 45 R p R, 02K G IR
Tk AR AR OF R IR R AR R, IR R — o
T ek AR O I AT 5T S B a0
[ 21 il 4y £ 1) AL R SEOK F B B, TE
R A B B, MEL L) MDA R
. MDA J2& 5 Bt A e =, aIE &
AR 0k 7Y/ R el B = R A [VR ik S = R T L=
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FH H BN T protein processing in endoplasmic reticulum
JE 5 circadian thythm

RGP PRI systemic lupus erythematosus
PUFALBIAIE B antigen processing and presentation
A A spliceosome

R UM #R#S neutrophil extracellular trap formation
X R AN Z AR arginine and proline metabolism
ZHHYE T apoptosis

VEKE HH 3 alcoholism

JRAE % 52 transcriptional misregulation in cancer
A6 PUJEER RIS arachidonic acid metabolism

IL-17{5 518 # IL-17 signaling pathway

KEGG j#E % KEGG pathway

$RFE necroptosis

B -k circadian thythm-fly

2B DNANIAY) chemical carcinogenesis-DNA adducts
WIS YIfIR 32 H. viral protein interaction with cytokine
YR TR viral carcinogenesis

eI Z {5 S B estrogen signaling pathway

JNGH M fiiEE small cell lung cancer
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Analysis of oxidative stress and acclimatization mechanism of gill
tissues of Xingguo red carp juvenile fish (Cyprinus carpio var.
singuonensis) by high temperatur e stress and cooling recovery

YU Zihao, LU Junjie, SUN Jiamin, HU Wenjing, XU Yetong, LIU Qigen

Shanghai Ocean University; Centre for Research on Environmental Ecology and Fish Nutrition of the Ministry of
Agriculture and Rural Affours; Key Laboratory of Integrated Rice-fish Farming, Ministry of Agriculture and Rural
Affairs; Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs, Shanghai
201306, China

Abstract: Increasing global temperature is causing water temperatures to increase, potentially leading to metabolic
disorders in fish. The Xingguo red carp (Cyprinus carpio var. singuonensis) is an economically important fish in
China; however, studies on its adaptation mechanism to high temperatures are relatively few. To analyze the
changes in physiological regulation under heat stress, the present study simulated an acute high-temperature
environment and cooling environment, and gill tissues of Xingguo red carp at different temperature levels (28 C
and 38 C) were examined. The results of enzyme activity indices showed that malondialdehyde (MDA) increased
significantly and catalase (CAT) content decreased significantly after high temperature stress, whereas no
significant difference was observed in glutathione peroxidase (GSH-PX) and superoxide dismutase (SOD). The
SOD content decreased significantly after cooling, and the rest of the indicators were not significantly different.
Using transcriptome sequencing analysis, 2643 differentially expressed genes (DEGs) were screened for
differential genes between the high- and normal-temperature groups, of which 1,401 DEGs were upregulated and
1,242 were downregulated in Xingguo Red Carp. A total of 2396 DEGs were screened to compare the cooled and
high-temperature groups, including 936 upregulated DEGs and 1460 downregulated DEGs. In comparing the
cooled and normal-temperature groups, a total of 908 DEGs were screened, of which 300 DEGs were upregulated
and 608 DEGs were downregulated. Meanwhile, the activation and involvement of DEGs in immune and
apoptosis-related pathways were identified using the Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis, such as endoplasmic reticulum protein processing, IL-17 signaling pathway, NF-«B signaling
pathway, p53 signaling pathway, and apoptosis. Within these pathways, key signaling factors such as HSPs, IL-1p,
IL-8, p53, Caspase-3, and HIF-1o showed different expression trends. The results showed that Xingguo red carp
responds to high-temperature stress stimuli during high temperature stress by positively upregulating gene
expression. However, the expression of Xingguo red carp immune-related genes and pathways were downregulated or
suppressed, leading to suppression of the immune system, while apoptosis regulation was blocked, preventing the
effective removal of abnormal and damaged cells. Furthermore, no signs of hypoxia existed. Following cooling
recovery, the stress of the Xingguo red carp decreased. The immune response of Xingguo red carp was activated,
and the inflammatory symptoms were reduced, but they did not recover completely. The symptoms of hypoxia
returned to normal. These two levels were used to systematically investigate the physiological regulation
mechanism of Xingguo red carp in high temperature environment. This study provides valuable information on
how aquatic species adapt to high-temperature environments.

Key words: Cyprinus carpio var. singuonensis; heat stress; oxidative stress; transcriptomics; gill
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