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Xof £ AT I 38 3 07 R R FHAIL A B A B AR 4,
Ay HERA PEAS 4 75 S XM IR e T 2 A A 4
(1852 e i (At B At R Al

1 #MHEFE

1.1 WG REARRE

S RE (AR 48.92 g+3.62 g)K [ HIE K
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BT ARG IRFEAR AL A 2 46 Hl/dl), 4
R AR M E R 0 F1 10 pg/L i I K 285 14 d,
JKIEH 20 °C .10 pug Cu/L 5 [ SR8 1 i 15 Yy vk
JEHRIT . B8 Zeng %UIRA] CuSO,-5H,0(EZY
SR T2 3R 2 W) C I 3R 8 T K B R R4
FRER I, SR AR IR AR AE 20 CoR)E
T A BRL AR MR B RS AT T, FF 3 AN IR
WK IR AR SR AE R ZE 20 °C, W4 3 ANFEBmRmIK
IRLL 2 °C/d HEREE 8 °C, IFRkiagEfs 24 h, I
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TR (L 20) Fn 9IAk IR IR 40 (Cul 4H), HA~4ab3E
H 3 APATE 1), HAK iS5 #2612+
0.52). pH (7.54+0.31), ¥ fi#%(7.43+0.36) mg/L .
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WG, REARRELE 4 B T A F 15 PE A (reactive
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peroxidation, LPO)Zr#r, 3 1 R FIEN T
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Fig.1 Schematic diagram of experimental groups

1.2 ROS#1LPO &E#il

Z IR 5T BB 58 5 1Y, SR 2% v
[80 mmol Tris. 1 mmol Z&H k. 1 mmol 4-(2-Z H
F R BEIRER L . 2 mmol DTT F1 5 mmol EDTA,
pH7.610 AL A AT A1 3K, S VW - AR5
FHFA & (Rt )R 46 B2 el & ROS Al
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S8 Zeng S AR BUFE RNA, SR AR

OB BE I FEL UK VR R A RNA ) 58 Pk, SR

Nanodrop A RNA B4l vk, /] Tru-
SeqTM RNA sample preparation Kit (Illumina, San
Diego, FEFE)RFN&IHIT cDNA SCEMIE , 78 5 il
%4 Tllumina Hiseq 2500 [ #E4T45 5400 ¥
1.4 BRLBFS M

fdiFH SeqPrepv1.3.2 {44} i i 24 (Raw Date)
AT UE, A5 5 TR (clean reads), SRR
F HISAT2 ¥ 4¥5 32 38 J5 clean reads 53R ATTIHRA
AR Bt S DR LB A T Hex S R A,

{5 Fl DESeq2 #f4->% FH FPKM 115 77244 clean
data pRifEfl, DIZESEA5%Log, fold change|=1 H
P<0.05 b i U 4 22 7 3% 3k £ I (differentially

expressed genes, DEGs) !, $RJ5 /3 IR ] Goatools
1 KOBAS3.0 # ¥ DEGs 5 GO $i4f %2 fll KEGG
BRI T X, IS GO TRk BFI KEGG
e T
1.5 RT-gPCR @i

BEHLPEIEH 10 ASHEH, 208 Zeng %5k
4T RT-qPCR A5 . {8 F Trizol (Invitrogen)ix 5
EARBUFIE S RNA, /] first-strand ¢cDNA syn-
thesis kit (Fermentas)i % cDNA SCZE ., M4 R
1 e PR B 8 v %) 35 DR P 3 8 T 52 I O e
2 DM, 1] 2xQuantiFast SYBR Green
Master Mix 5 & (Qiagen)fE5 &= PCR ¥ I
(Applied Biosystems Prism 7500 Sequence Detection
System)i 17 RT-qPCR Kl . SR ] 2744 Jy gk xf H
() 3 B 2 38 K P HEA T GE T4 B2 £ SPSS 18.0
A AT BN FR 5 22531 (P<0.05)

*F1 ELHRFAELEE PCR 5|

Tab.1 Primersused for real-time PCR analysis

H AR gene name

E B #(5'-3") forward primer (5'-3")

IR B #9)(5'-3") reverse primer (5'-3")

c-jun CTGGAGACGCAGGAACGAAT GGCTCTTCAGGACCTTCACC
mdm?2 TAGACGCCGTGCATGGATT CCAGTTTGTTGTCATCGGCG
tir8 CCATCATCAATCAATCCACCTTCC ACGCCTCGCTGTCATTTACACACT
tir3 AGCACCGACTTCATCTGCTTTG TGGTCTTCCTGCTCGCATAGATG
ill7a GCGGCCAATCGAAACACT GACAGCATGGGAGGGAAGAG
slc20a2 AACTCCCCGACACCCATTTG ACAGATCCCACCTTGCAGTG
elovls ATCACCTTCCTTCACATCTATCACC GAGGCACCGAAGTACGAATGG
foxo3b GACGAGGTGCCCGATGACGA AACCCTGAGGAACCATTTGGAGTG
fas CAGCCACAGTGAGGTCATCC TGAGGACATTGAGCCAGACAC
il10 AGTCGGTTACTTTCTGTGGTG TGTATGACGCAATATGGTCTG
p-actin TCGTCGGTCGTCCCAGGCAT ATGGCGTGGGGCAGAGCGT

2 #HR5HH 5, W TIRSHT

21 ROS#LPO&E

RIRZHAY ROS F1 LPO & 2 i 25 5 T 4l
(P<0.05). SXIE4IAHE, KERYIfL4Lry ROS I
LPO & A8 fb R b 25, (IR R 9 Ak -+ 1% I 4 1Y
ROS 1 LPO % & i3 5 TR (18] 2).
22 EHRANFHER

m#k 2 PR, MEREREA 2 i sy . R
IR DB 5 AR5 A R (clean  reads) i 3.88x
107 2%, AR BRI 5Y O BITE 96.19 LU E,
GC F A 47.13~49.32, & WA s 4 I e 5 T

23 EREESH

L 140X C 4I5S 1425 223k A, Hip |-
WZESFRE 793 A4S, TZEF R 632 4~ Cu 414H
X C 41755 2288 22 AL A, Hor [ 2 S =L 1A
1294 4, TIHZEFHEE 994 4, CuL AN L 43t
P 1382 AR AL, Horh Fi2E R 369 1,
TZESERE 1013 4o KR XI5 22 5 5L A
HEFTE AT (K 3), £ 44 NES N RFRIKLH;
L ZIAAX) C 4. Cu dAHXF C 41F Cul 44X L 41
R SR 25 SRR A0 740 A4S 1717 ASF1 836 4
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Fig. 2 Effects of Cu and cold stress on ROS and LPO content in the liver of Larimichthys crocea
Different letters denote significant differences (P<0.05).
*2 NFEHESHIT CuL vs L CuvsC
Tab.2 Statistics of sequencing data 194
R 836  (4.7%) 1717
B BesdE  nmse DR G %) (41.2%)
K/NGb  Ox/% u
sample rawreads clean reads GC content
clean bases
Cl1 45762318 45762310 6.90  96.65 4838 D
C2 42384 340 42384 324 639 9647  48.56 740
c3 39173056 39 173 038 5.91 96.38  49.32 (17.7%)
CuLl 48330554 48330550 729  97.02  47.68 -
VS
Cul2 38840 548 38 840 542 586  96.84  47.82
Cul3 35257604 35257598 589 9658  48.19 Bl 3 sl e 5t Rk RN 55 S A
L1 39 027 048 39 027 042 5.89 96.19 48.28 Flg 3 Venn dlagram of dlfferentlally expressed
L2 50268836 50268820  7.58  96.81  48.34 genes in the transcriptome
L3 39421162 39421 147 595 9729  47.19 .
24 GO IJEEE
Cul 50764720 50764700 7.61 96.74  48.08 IR R
= 4 oy 2y
Cu2 49528748 49528 720 742 9659  47.42 XA 2R AR NPT T GO TREE A,
Cud 50037190 50037164 750  97.21  47.13 WA 4 firzs, LA C 5 510 22 5 2k N W 3 v a7

—logl0P

—logl0P

15

10

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20|21 22 23 24 25 26 27 28 29 30
H Y 2 biology process 43T IhfE molecular function M 2H AR, cellular component

CuvsC

5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20|21 22 23 24 25 26 27 28 29 30

4
H Y23 2 biology process 4T IhE molecular function A I2H AR, cellular component
(4 #5%L Fig. 4 to be continued)
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(£ continued)

—logl0P

1 2 3 4 5 6 7 8 9 10(11 12 13 14 15 16 17 18 19 20|21 22 23 24 25 26 27 28 29 30
H: Y1 2 biology process 4T IhEE molecular function 2 AR, cellular component

K4 B2z RN B GO 20 #r
(a) 1. FEHFFRXWERTHIT; 2. RNA REH 153 TR R, 3. BRI, 4. RNA RA 0 1A 3 71 = E R
5. RNA REGHE 1S 2 TRF SR 6. BT E; 7. XU RN 8. H3EANa sk, 9. SERIIX A M Bh sz m; 10. 2
POEREAR; 11, BRI FA5 A 12, B KT 90 R 5 DNA 254 13, &)@ &SRS #E; 14. DNA 254 15. RNA K45 1T
bR 3 T X7 51045 vk DNA 254G 16, BCURBOE )7 5145 vk DNA 254G RNA GG 1% W T 17, mamisy
5 18, BEIEAE A 19, BB T4 200 B-box 9B5E; 21. #%; 22. KX 23, ANMANR; 24. 7 WARURLAR Ik, 25, SIMIES; 26. PR
IR A, 27. DUKMES, 28. AL 5T, 29. AR sM A, 30. SEMHER IR 9. (b) 1. TR TIN5
IRV IZ; 2. PR AR 3. TSI 4. L R IRIAG B UG 5. RNA B 6. T 200 S 6 200 2 67 s
7. IR ARG 2 BRI TR 1 A AR R 8. R REE A TE A 9. TR Rz A M T 1 G A A R 1
510, BRI, 11, BGOSR A - R RS R E 12, SR E L IKEEETE; 13 RNA 2545 14, 8BRS ATP JHE
15, JREFRA A IKEEG P 16, ZBE-(RNA GG 1E; 17, MRS 18, RITRHE LS, 19. 7S RNA 254 20. A E AL
5 21 NBEREE 22, ARMIANBEIL MBI, 23, NI, 24, Zokifh; 250 MIBUAS 26. MZLEAE AW, 27 S5 GRE M ML
HAEZEY; 28, WIRM-E /R 29, LRI IE; 30. COPI #315M25. (c) 1. RNA BA WG 11 b 8 F M s m i 2. =
RIS R 3. HIEAL; 4. KA/ INEBUE, 5. sifbBaft, ALY AL RS 6. S BIBERIL; 7. Rho HEH
(55 8. WIB/NERA T 9. MRIiR (LB FL 10, RNA B4R 11 2h T 0056 3 60, 11, ALPRW 077 515 5t DNA 25
4 RNA REH IS 7T 12, HEARZE /A ZRRIMMGE; 13, BEHBE-CoA /KRG L, 14, K BEARE A K
Tk 15, MARES G 16, A NG, 17, BB RZREE G 18, ALEE; 19, HAMARE G ; 20. DNA(EIERE-5-)- 1 5L 4%
FomEEE, VR T CoNJRWI: 21. MIBT L, 22. A IS4 & AN As: 23. AM B 24, A5 25, s AL IA; 26, & R JEAA
27. MMEIALTR X 28, LR R IE T, 29. i 30. AORifA.
Fig. 4 Gene ontology analyses of differentially expressed genes in the transcriptome

(a): 1. circadian regulation of gene expression; 2. negative regulation of transcription from RNA polymerase II promoter; 3. circadian
rhythm; 4. positive regulation of transcription from RNA polymerase II promoter; 5. regulation of transcription from RNA polymerase
II promoter; 6. protein folding; 7. response to light stimulus; 8. myeloid cell differentiation; 9. entrainment of circadian clock by
photoperiod; 10. canonical glycolysis; 11. transcription factor binding; 12. Transcription regulatory region sequence-specific DNA
binding; 13. metalloaminopeptidase activity; 14. DNA binding; 15. RNA polymerase II core promoter proximal region
sequence-specific DNA binding; 16. ligand-activated sequence-specific DNA binding RNA polymerase I transcription factor activity;
17. glucose binding; 18. zymogen binding; 19. manganese ion binding; 20. E-box binding; 21. nucleus; 22. nucleoplasm; 23. cytoplasm;
24. secretory granule lumen; 25. endoplasmic reticulum lumen; 26. endoplasmic reticulum chaperone complex; 27. sarcoplasmic
reticulum lumen; 28. nuclear chromatin; 29. extracellular vesicular exosome; 30. oligosaccharyltransferase complex. (b), 1. ER to
Golgi vesicle-mediated transport; 2. neutrophil degranulation; 3. innate immune response; 4. protein targeting to ER; 5. RNA splicing;
6. negative regulation of T cell mediated cytotoxicity; 7. ER-associated ubiquitin-dependent protein catabolic process; 8. regulation of
viral entry into host cell; 9. regulation of proteasomal ubiquitin-dependent protein catabolic process; 10. intraciliary transport; 11. tubulin-
glutamic acid ligase activity; 12. metalloaminopeptidase activity; 13. RNA binding; 14. proteasome-activating ATPase activity;
15. threonine-type endopeptidase activity; 16. aminoacyl-tRNA editing activity; 17. heme binding; 18. unfolded protein binding;
19. 7S RNA binding; 20. tubulin binding; 21. endoplasmic reticulum membrane; 22. extracellular vesicular exosome; 23. endoplasmic
reticulum; 24. mitochondrion; 25. cytosol; 26. hemoglobin complex; 27. haptoglobin-hemoglobin complex; 28. endoplasmic
reticulum-Golgi intermediate compartment; 29. mitochondrial inner membrane; 30. COPI vesicle coat. (c), 1. positive regulation of
transcription from RNA polymerase II promoter; 2. dicarboxylic acid catabolic process; 3. methylation; 4. synaptic vesicle uncoating;
5. sulfide oxidation, using sulfide:quinone oxidoreductase; 6. protein phosphorylation; 7. Rho protein signal transduction; 8. pronephric
glomerulus development; 9. fatty acid metabolic process; 10. negative regulation of transcription from RNA polymerase Il promoter;
11. ligand-activated sequence-specific DNA binding RNA polymerase II transcription factor activity; 12. protein serine/threonine
kinase activity; 13. succinyl-CoA hydrolase activity; 14. glutaryl-CoA hydrolase activity; 15. heme binding; 16. oxygen transporter
activity; 17. insulin receptor binding; 18. oxygen binding; 19. protein kinase binding; 20. DNA (cytosine-5-)-methyltransferase
activity, acting on CpN substrates; 21. cytosol; 22. intracellular membrane-bounded organelle; 23. cytoplasm; 24. nucleoplasm;
25. peroxisome; 26. Golgi apparatus; 27. perinuclear region of cytoplasm; 28. mitochondrial matrix; 29. membrane; 30. mitochondrion.
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RNA AT )G 87 19 5 08 5 RUS 71 3
&, T IIREEMN T TG L
X794 1t DNA 254 Fl 4 Ja 28 L I 7% 1 45,
DL AL A 2 A% . R L 5 o Cu
HARXT C 4015 FH0 22 T W AR A
PR PN 5 0 28] o R e R B 38 L v PR 0 i O A
RAAPERN L, TR s &EA-5
IR IGE 4 R ARG D RNA 2545
S, DL S0 B 2 3 00 v 1 N T DL i o
W HNIBARFIPY BT 45, Cul 4ARN) L 45312
SN R Y BRI RNA RE
ity 11 )53 80 F (3G S B RHE . ZOR IR 7 A Gl e
AL AE, 43 FDRe ] b i B AR S0 19 751
FE5EPE DNA 454 RNA RARE %52 H 1
A 22 SR 75 2 TR A TG 4 AR I E-CoA /K
it BTG PR AT, D K A A 4 2 ) R A R G
S i PN S 245 5 24 i # R A48 i B 4
25 KEGG B&EBEAHT

X T A 2 3N AT T KEGG & 4638 J 43,
W 5 s, Cu A C His TRy 22 S A T 3%
BN RN I T.(43 ). WHEERQRT AN).
WEHEARQ20 ). AALBERRIE(19 1), BRI
AN) HTZ0 AR R -4 R P 2 AR AR AR (18 )
%o LAY CiERa2E Rk A B2 5 £ 7F MAPK
5518 (28 1) . FoxO {5 5 (22 14~) . Wi K
EEMT(9 4. BEESRFEZERKAT 4. AL
P16 ) AP T(15 M) H mTOR {5 518 i
(15 ™%, CuL X L iS5 N B E
£ MAPK 15538 #% (38 1) . WHEMEHGB6 1), JE
SRGETEHEE3 ). A3 4). mTOR
{E5 B0 M)F FoxO {55819 1M)%%,
26 BESW

kT VR ) bt T AR Dk %o R AR
TELT A2 P (A S M), SIS — S S 3 % P 1 25 S
JEH AT TR0, PPAR (55 0. ISR
FEA AN 10 003 5 TR ) A 4004 I 3 I v A R 40
LR R IK AR Z Cu #IXT C 52 L AHXS C Rl T
XL P R A BRI R AR, Cul AHXT LT M
T3 3 i Y R 43 5 R Rk (] 6). LAHXT C

TV TR O A AR T RS D TR
38 P P Y RS 4 B R K38 Cu AHXT C il Cul A
XF LR T I S B R A S R Rk . LA
XFC LT ABME T, . FoxO {5538 # |
FI W1 . MAPK 5538 % R0 4H M8 738 2 i)
KEBorFE IR, Cu AHXT C T T PSR IEE
TR WA Y 38 P R A SRR $R ik, Cul A
XF LR IR T s g KR A B R R A
2.7 qRT-PCR I&iE

Wk qQRT-PCR AR AR E LA T 10 4~
SEILPRTE Cul HXT L A7k, Wil 7 B
N, IX I R ) IR S 5 i S A R4S 1 4
IR —F, PRSI 5 3 BT 4R A5 1 45 SR AH SC1E
(RN 0.9765, 5B %% S 28 I 2% SR v ] £ o

3 itig

ROS i1 LPO 1M Ak it tibr iy, (R a
FHOKE i ROS A LPO K& /=4, RUMKIE G
7 ARSI I A S 1 ROS I LPO
T, R RHE M A 3E I N R N I R
N7 R VAT SR NI T[4 : ) | A9 17))
18K Y ROS A LPO & i, FHAH YAk ]
TG 38 X HLAR A E AR . FRATT T B F 5
SEILFUA, IR AR T R A A AR
Y 7= A B R R Y B AT I AR DAL S T — &
B ) R 3 R 5 30 1 1 2B 2= T g, T 2K
R8BI TRL O A I 2 P A . T, FRATTAI
RNA-Seq $ AR ML AIKF- R FR R4 YAk X R 2 £
AR 7 1 1 5 i B LT HIL AR o

VTR0 1) 200 6 (8 ) FE P 9 st e, LA
SE AR I BE & 15, TR 52 i i P Ah 5 0 o A2
e, e L5 A0 S (AR IR M AE TR 2Pk o 40 R Y
L Sk 5 8 R HR A S T R B R O H R K A
ARG D7 R ) & 25 DA Y AN 0B I R A
W, YIRS R AR, LA X
C 25 7 AL 0 2 o SETE I D7 4t i A 71 = 3l
PR I 25 500 B PPAR {5 5 8% (18] 5); Cul
FEXT LAY 25 5 3 8 I 2 5 4 7R IR D R ARl 7
(B 4), B RGE @K . BIRBEE S REM
JE 107 A ML X 715 il B (B 5). AR ER,
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PPAR fEfEHENE BLE A, NG NITRAY B-4 b5 H T AR TR B4 A 5 B M R fip
7 T AR, HEH)‘?ZH}H@?%‘(%%J‘%%’E I R A DR 23 R R 3R 3k Cu AR C X i 2638
fr 5 10 B R B AR I, AR 2E NG S S A B I ORER M SR RIS A AR RN, Cul AR L
B BB R TR BER B ILEE-3- /%i@@fnvu% T E BRI T X S P R S R Rk, X R
R UEREIE . BRI A A, SORIAR AR B- PR AR ek £ A TN s T R i A T P
ST FER IS E P (E 6), L HIXE C 4275 T PPAR  B-%4k, AT i 5 AS 10 Al 0 R 14 5 f5t Sk g %A1

12 @ LvsC 1- b CuvsC @ 1F ¢ CuLvs L °

2r @ log10P 2r 2r °

3F ° ~log 3F 3r [}

4+ o 4+ _IOgIOP 4+ [ _IOgIOP

6F L 6+ n Sf ° !

Tr 3 Tr 7r ° 4

8h 8- 8 8r

9r [ 2 9r 4 9r N 3
10 < 10 - | 10

ERHE
11 111+ ¢ 11
L gene iun;l())er el ge%ﬁ?;n%er 12k FEFEH
13 - 13 @ ® 10 13 gene number
14 - ®20 gy 14 ® 10
1s - 15 - ® 20 15 F ® 20
16 - 17 ® 3 6} "
17 16 ; @ 4 17 L
18 18 - 18 -
19 ¢ 19 - e 19 -
20 il 1 1 1 1 20 ¢ L 1 1 1 I 20 Ch 1 1 1
0.1 0.2 0.3 0.4 0.5 0.10 0.15 020 025 0.30 0.08 0.12 0.16 0.20
B HEHF rich factor B #E K Frich factor B HEHF rich factor

&5 2z aRIAFEFE ERET 20 & KEGG # 1%

1. FoxO {5 53l i%; 2. WIRME AT, 3. LRMCE 4. IRIFA0ME FF 5@, 5. MM/ RA; 6. BSR(F5WEg;
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Fig. 5 Top 20 KEGG enriched pathway of differential expressed genes

(a) 1. FoxO signaling pathway; 2. Protein processing in endoplasmic reticulum; 3. Galactose metabolism; 4. Adipocytokine signaling
pathway; 5. Glycolysis / Gluconeogenesis; 6. Insulin signaling pathway; 7. Fructose and mannose metabolism; 8. Regulation of
autophagy; 9. Amino sugar and nucleotide sugar metabolism; 10. MAPK signaling pathway; 11. TGF-beta signaling pathway;
12. Apoptosis; 13. Glutathione metabolism; 14. Cell cycle; 15. Butirosin and neomycin biosynthesis; 16. mTOR signaling pathway;
17. Pentose phosphate pathway; 18. PPAR signaling pathway; 19. Glycine, serine and threonine metabolism; 20. p53 signaling
pathway. (b) 1. Protein processing in endoplasmic reticulum; 2. Proteasome; 3. Aminoacyl-tRNA biosynthesis; 4. Oxidative
phosphorylation; 5. N-Glycan biosynthesis; 6. Protein export; 7. Amino sugar and nucleotide sugar metabolism; 8. Lysosome;
9. Fanconi anemia pathway; 10. Porphyrin and chlorophyll metabolism; 11. Phagosome; 12. Purine metabolism; 13. Endocytosis;
14. Galactose metabolism; 15. Sulfur metabolism; 16. Fructose and mannose metabolism; 17. Glyoxylate and dicarboxylate
metabolism; 18. Glutathione metabolism; 19. Drug metabolism - cytochrome P450; 20. Cytokine-cytokine receptor interaction. (c)
1. Metabolism of xenobiotics by cytochrome P450; 2. Propanoate metabolism; 3. Endocytosis; 4. ErbB signaling pathway; 5. Insulin
signaling pathway; 6. Regulation of autophagy; 7. Drug metabolism - cytochrome P450; 8. MAPK signaling pathway; 9. Glycolysis /
Gluconeogenesis; 10. VEGF signaling pathway; 11. Glyoxylate and dicarboxylate metabolism; 12. Phosphatidylinositol signaling
system; 13. Glutathione metabolism; 14. mTOR signaling pathway; 15. FoxO signaling pathway; 16. Adipocytokine signaling
pathway; 17. Progesterone-mediated oocyte maturation; 18. Regulation of actin cytoskeleton; 19. Sulfur metabolism; 20. Valine,
leucine and isoleucine degradation.
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plin2: NG A 2; acslla: BEIEGEE A A UBHS BE 0L 1a; ppara: 138 AL Y BEIARSE T W05 21K a; fhp3: RIFERES &
B 3, WUAFLCHE; elovis: ELOVL IR FRIE MR 5; adh8a: LFELANG 8a; hacd3: 3-¥2MEHe-CoA Jii/K 3; elovi8h: ELOVL
NG R AE MR 8b; zgc:92749: MBI AENR TR 2 (LM ; acotl6: BEIEHIEG A BRERHEE 16; aldh9alb: BERLANE 9 ZiE, Wb
Alb; pfkla: BERRFNELES, B a; pdhala: TNERIRIEEE E1 WIE ala; cox6bl: g E ¢ AL IE 6B1; ap6v0bh: ATPase
H+ #42 VO W3 b; ndufs4: NADH: ZFREALIA RGN 3 S4; sdhda: BEIAMRMEREE &Y, Wik D, BEMEN a; anpepa:
PIZ B () 2 B IKEAE b; zge:152830: KEAFAY LOCL04921637; mgsr2: WORARIH Ik S-5:HM1E 2; gpxdb: B H T A
LY 4b; canx: FEEEE I, calr3b: F5ME L 3b; atxn3: ataxin 3; skp2: S WIIKEFAH G M 2, E3 2 R E HIEERE,; mdm2:
MDM2 J5 g3 agap2: HA GTPase 45t . HEEAE R M PH 25495 2 1 ArfGAP; kif2b: Kruppel #£HF 2b; atgddb:
FAWEAHE 4D, EREEARRIKEE b, prkaal: A, AMP BOEH, o 1| MALW I, pik3rl: BERR NLEE-3-BEE, WA A
1 (alpha); rps6kal: BMEAE [ S6 WM a, WI; vegfaa: MBNEAEKET Aa; duspd: WHEEEVEBRIRTG 4; mych: & B840 %
FEHEFEIRY; ern2: WRMBIMIAZES 2; ctsh: HLVEABE H; jun: Jun JFIEIEH, AP-1 4 5 HF 3.
Fig. 6 Changes in the gene expressions involved in key pathway

Genes shown in red are up-regulated, and those shown in green are down-regulated. plin2: perilipin 2; ppara: peroxisome
proliferator-activated receptor alpha a; acs/la: acyl-CoA synthetase long chain family member la; ppara: peroxisome
proliferator-activated receptor a; fabp3: fatty acid binding protein 3, muscle and heart; elov/5: ELOVL fatty acid elongase 5; adh8a:
alcohol dehydrogenase 8a; hacd3: 3-hydroxyacyl-CoA dehydratase 3; elovi8h: ELOVL fatty acid elongase 8b; zgc:92749: elongation
of very long chain fatty acids protein; acot16: acyl-CoA thioesterase 16; aldh9alb: aldehyde dehydrogenase 9 family, member Alb;
pfkla: phosphofructokinase, liver a; pdhala: pyruvate dehydrogenase E1 subunit alpha 1a; cox6b1: cytochrome ¢ oxidase subunit 6B1;
atp6v0b: ATPase H+ transporting VO subunit b ; ndufs4: NADH:ubiquinone oxidoreductase subunit S4; sdhda: succinate
dehydrogenase complex, subunit D, integral membrane protein a; anpepa: alanyl (membrane) aminopeptidase-like b; zgc:152830:
uncharacterized LOC104921637; mgst2: microsomal glutathione S-transferase 2; gpx4b: glutathione peroxidase 4b; canx: calnexin;
calr3b: calreticulin 3b; atxn3: ataxin 3; skp2: S-phase kinase-associated protein 2, E3 ubiquitin protein ligase; mdm2: MDM2
proto-oncogene; agap2: ArfGAP with GTPase domain, ankyrin repeat and PH domain 2; klf2b: Kruppel-like factor 2b; atg4db:
autophagy related 4D, cysteine peptidase b; prkaal: protein kinase, AMP-activated, alpha 1 catalytic subunit; pik3rl:
phosphoinositide-3-kinase, regulatory subunit 1 (alpha); rps6kal: ribosomal protein S6 kinase a, like; vegfaa: vascular endothelial
growth factor Aa; dusp4: dual specificity phosphatase 4; mych: myelocytomatosis oncogene homolog; ern2: endoplasmic reticulum to
nucleus signaling 2; ctsh: cathepsin H; jun: Jun proto-oncogene, AP-1 transcription factor subunit.
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Effects of Cu acclimation on oxidative damage in the large yelow
croaker under cold stress based on transcriptome analysis
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Abstract: The large yellow croaker Larimichthys crocea is an important marine fish species. The output of this
fish is the highest among the sea cage-cultured fishes in recent years in China, however, this species is susceptible
to Cryptocaryon irritans, which causes a high death rate. Although CuSQ, is currently the best treatment for C.
irritans, it can lead to Cu pollution in aquaculture water bodies. At the same time, low temperatures have resulted
in mass mortality during overwintering. To evaluate the effects of Cu acclimation on oxidative damage and gene
expression in the liver of large yellow croaker under cold stress, fish (74.6 = 4.2 g) were pre-exposed to 0 and
10 pg Cu/L for 14 d and subsequently subjected to cold stress (8 “C) for 24 h. The results indicated that cold stress
enhanced reactive oxygen species (ROS) and lipid peroxidation (LPO), indicating that cold stress had a negative
effect on fish. Although Cu acclimation had no effect on ROS and LPO, Cu acclimation with cold stress increased
ROS and LPO compared with cold stress alone, suggesting that Cu acclimation exacerbated cold stress-induced
oxidative damage. A total of 2288, 1425, and 1382 differentially expressed genes (DEGs) were obtained from the
Cu acclimation group vs. control, cold stress group vs. control, and Cu acclimation with cold stress group vs. cold
stress group, respectively. The results of GO functional enrichment and KEGG pathway enrichment showed that
DEGs were significantly enriched in the PPAR signaling pathway, fatty acid elongation, unsaturated fatty acid
biosynthesis, glycolysis/gluconeogenesis, oxidative phosphorylation, glutathione metabolism, endoplasmic
reticulum protein processing, FoxO signaling pathway, regulation of autophagy, MAPK signaling pathway, and
apoptosis, highlighting the adaptive mechanism of fish in response to Cu and cold stresses involved in fatty acid
metabolism, energy metabolism, antioxidant, endoplasmic reticulum stress, autophagy, and apoptosis. Cluster
analysis showed that cold stress upregulated the majority of gene expression related to unsaturated fatty acid
synthesis, endoplasmic reticulum stress, autophagy, and apoptosis. However, Cu acclimation had an antagonistic
effect on the regulation of these genes under cold stress, indicating that Cu acclimation reduced the cold stress
tolerance of the large yellow croaker by inhibiting unsaturated fatty acid synthesis, endoplasmic reticulum stress,
autophagy, and apoptosis. These results provide a scientific basis for the study of the effects of Cu contamination
on cold stress tolerance in the large yellow croaker and the underlying molecular mechanism.
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