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At (Acipenser baeriiQxAcipenser schrenckii)
KA, Wit b AL S R AR

Wit o ey 20 O R AR B B ARR, R e
PR ARG T 2% G TR 3 1 17 e L0
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FRiE e, W IR AR FAE(18£0.5) °C . B 55 MSL i 1)
], &ERT 8:00 #7K 1 YK, 9:00 Fl 18:00 43 il # i
1 ¥R, FRIHHKEfE =7.5 mg/L, pH 7.8~8.2,
HRZ&AE R F AR

MERAINF] 27 CIFOREE S d 5, miRgm
WIRH B HEE YL 3 B, F4I 9 B, K
Mg MS-222 JRIRSE, HUEE . E R E 414
—80 CHRAEHT RNA 2L, HAEEM 3 B

) — SR — DR

12 HAFHFEAXEMERINF

W AL BIRE S AT R B AE R A R A
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(False discovery rate, 45ix & FL%)<0.05 MHriE,
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Premier 5.0 %% 11 PCR 514, A T AW T
PRI A BR A F A U 1), BRI E 3
A, 27 5 ok e b S A AR X R ok B
(P<0.05),
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21 BERANFEEBS
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Tab.1 Primersused inthe experiments
L SL U 159781 (5=3") B 51 P51 (5=3")

DEGs forward (5'-3") reverse (5'-3")

serph CCGCTCATTAACCGTTGC CCAGGCGATTCAGGGACT

perl CTACCCGTTTCGCCTCAC GGTTCCCACCAAATCCTG

cryl GCGGTTCCAGACCCTCAT ACGCCAAACTTGTCATCG

trbrl GATGCCAAGAAGAAGACC TTCAGTATCCGTCCCATT

hsp90a CAACGATGACGAGCAGTA AAGAGCGTGATGGGATAG

hnrpc TCTCCAAGTACGGCAAGG TCTGTGAGGTTTCGGCTC

cxxcl GTAGTCATCCCGTCAACCC CTCCTGTCGGCTCAAAGA

srsf3 CTACTATGGTCCGCTCCG CAACGTCCTTCCGTCAAG

if44l TTCACCAAACAACCCTTCA TTCCTGGACTGCTATACACTA

stxb AACTGCCTCACTCTGTCTG CATTCCACTCTACCTCCC

18S CCTGAGAAACGGCTACCATC CCAATTACAGGGCCTCGAAAG

*2 ERNESSEMETFRFGHESANFHEESIT
Tab. 2 Satistics of transcriptome sequencing data of black rockfish at normal and high temperature
2R raw reads SLEX clean reads & 4% Q20/% Q30/% GC #H/%
sample total raw reads total clean reads Q20 percentage Q30 percentage GC percentage
[ 46087140 41964372 98.36 96.75 49.73
A8 2 46597748 42961316 98.37 96.76 49.7
il B3 43285926 40903462 98.34 96.79 49.98
iR 39570960 39480032 98.54 97.03 51.53
il AT 2 45072988 40687194 98.48 96.98 51.22
i AT 3 43523622 40780314 98.49 96.9 50.68
1 40078924 40028862 98.65 97.16 51.2
i 2 48744630 47391490 99.36 97.97 49.73
il M3 42801018 42704056 98.38 96.94 50.74
HR M1 47842118 47746394 98.54 95.89 47.9
R 2 50305382 50230260 97.98 94.46 47.63
3 47373202 47257350 98.3 95.46 44.52
HI_AF 1 48594022 48486922 98.59 96 49.91
I 2 48544558 43723756 98.61 96.04 49.47
TR AT 3 51822644 46644644 98.6 95.93 50.39
w_ 1 55112834 49759484 98.51 95.81 51.39
W _ 2 51762064 51655494 98.56 95.92 49.49
TWE_ 3 52992098 52852714 98.45 95.66 51.28
N, SFERIEIE Q30 N 94.46%~97.97%Z (8], UL ZERFRIKFEAE 3 ANALF, FIEHRIBEFEEY
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Fig. 1 Venn diagram of DEGs in the transcriptome of
black rockfish at normal and high temperature
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(82 2 Fig. 2 continued)
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K2 HIERPRE S R0 R IR il SR 2 vh 22 S R IB R Y GO 2 #r
() 1. AYLAE T4z, 2. SRR, 3. SR EKIIER 4. ORMELIE; 5. AHLIRYGZ; 6. RIRFLiz; 7. TBENIAE; 8.k
RO 9. BIBS 754425 10, RO 11, JEARNIX; 12, Zokilh; 13, BUEMLDRE > 14 EABHA O EEY); 15, B
BEEY); 16. FskEZEY); 17. EARMAESY); 18. WIKRER G, 19. QORI 20, BUBREA I, 21, AHH TG
22, MMM RS I 0Y; 23, S ARG A 24, SUGIE RGNS 1, VRIT T LA R R AIE AT 25, S5 TR 26, AL
RV, VRN SZ AR A ;s 27, BUELTEE; 28, SZARTENIE M 29, AR 30. &R NIKERE M. (b) 1. R
AP RHE R, 2. rRNA T 3. rRNA QAR 4. S EIERRICINE AR, 5. IRBCSHE R, 6. RS SITORE; 7. 4
IR SO 8. (5 SRR, 9. AW R 10, BRI SO 11 RS 12, 40T 13, A 14, dIEZ)R; 15,
ML R 16 HENIX, 17. BFERGEAE GY); 18. BRIRE G, 19. Tl AR G4, 20. ENCILABEE 1K 21. RNA
WISERERE BEG 1E 22. FEREMEIG 1, BERSBAGRIEIAL; 23, WISLHERE MG I, 24, SLIEIRBHE 1 25, SeABEEIE; 26, BkEg 745
G527, HilGH A5G 28 BRI TE G 29 AR R G 30, UMLK EE G (o) 1. ARBERNIE; 2. S R G A, 3. AR
iH%; 4. DNA 45 5. SALBEUERE; 6. LB R, 7. APURRMA YT R, 8. ANz £1L; 9. /My TEH B iEk
EMiEF DG 10, ¥, DNA 4S5 11 MAMX; 12, Z/hMA; 13, EFAB-DNA Z459); 14. DNA @351 15 B,
16, Ye@ikisr; 17. EEAMAZOEEY; 18, MAMXFSY; 19. Yk, 20. & AMKE 5Y; 21. WlEH T 45, 22. M F
454 23, VURRREAS 6 24, LNl bE; 25, BN T2 4K45 5 26. G SRR IREE &5 27, AP 7% 1 28, 4l 1
ARG G5 29, AKARBEIEE, 1E T S B 14 Bk U AN 2 IR EE); 30. JKARBEIG A, 7F T o A BE((HA 2 IR,
FERY P b B A3 g AR BB AR Y 22 S BE AL
Fig. 2 Gene ontology analyses of DEGs in the transcriptome of black rockfish at normal and high temperature
(a) 1. Organic anion transport; 2. Response to oxidative stress; 3. Proteolysis; 4. Monocarboxylic acid transport; 5. Organic acid
transport; 6. Carboxylic acid transport; 7. Immune response; 8. Immune system process; 9. Anion transport; 10. Response to stress;
11. Extracellular region; 12. Mitochondrion; 13. Integral component of plasma membrane; 14. Proteasome core complex;
15. Transmembrane transporter complex; 16. Transporter complex; 17. Proteasome complex; 18. Endopeptidase complex;
19. Mitochondrial inner membrane; 20. Intrinsic component of plasma membrane; 21. Cytokine activity; 22. Extracellular matrix
structural constituent; 23. Peroxidase activity; 24. Oxidoreductase activity, acting on the aldehyde or oxo group of donors;
25. Structural molecule activity; 26. Oxidoreductase activity, acting on peroxide as acceptor; 27. Antioxidant activity; 28. Receptor
regulator activity; 29. Receptor ligand activity; 30. metalloendopeptidase activity. (b) 1. Sulfur compound metabolic process; 2. rRNA
processing; 3. rRNA metabolic process; 4. Cellular amino acid metabolic process; 5. Lipid metabolic process; 6. Negative regulation
of signal transduction; 7. Negative regulation of cell communication; 8. Negative regulation of signaling; 9. Multi-organism process;
10. Negative regulation of response to stimulus; 11. Ribosome; 12. Cytoplasm; 13. Exocyst;14. Cell cortex; 15. Cell cortex part;
16. Cytoplasmic region; 17. Ribonucleoprotein complex; 18. Tethering complex; 19. Non-membrane-bounded organelle; 20.
Intracellular non-membrane-bounded organelle; 21. RNA methyltransferase activity; 22. Transferase activity, transferring one-carbon
groups; 23. Methyltransferase activity; 24. Oxidoreductase activity; 25. Isomerase activity; 26. Iron ion binding; 27. Cofactor binding;
28. Transcription factor binding; 29. Vitamin binding; 30. Tetrapyrrole binding. (c¢) 1. Immune response; 2. Immune system process;
3. Steroid metabolic process; 4. DNA integration; 5. Oxidation-reduction process; 6. Alcohol metabolic process; 7. Organic hydroxy
compound metabolic process; 8. Protein ubiquitination; 9. Protein modification by small protein conjugation; 10. Transposition,
DNA-mediated; 11. Extracellular region; 12. Nucleosome; 13. Protein-DNA complex; 14. DNA packaging complex; 15. Chromatin;
16. Chromosomal part; 17. Proteasome core complex; 18. Extracellular region part; 19. Chromosome; 20. Proteasome complex;
21. Cofactor binding; 22. heme binding; 23. Tetrapyrrole binding; 24. Chemokine activity; 25. Chemokine receptor binding; 26. G
protein-coupled receptor binding; 27. Cytokine activity; 28. Cytokine receptor binding; 29. Hydrolase activity, acting on carbon-nitrogen
(but not peptide) bonds, in linear amides; 30. Hydrolase activity, acting on carbon-nitrogen (but not peptide) bonds.
The numbers on the bars indicate the number of the differentially expressed genes enriched to each GO function.
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K3 RS 0 R 1 TGP il s 2 22 S R IA L N 9 KEGG B #0 i
(a) 1. MRRARICHE; 2. PPAR (5 S@ K 3. M A/ mefe; 4. SRR 5. 259 R-JbEG; 6. RIbammiEdm
7. ARG TR, 8. UM BT DNA BN E B%; 9. TNERR . RAZMMA RIS 10, 0BREF 27 11, sARs 12, KR
HR . B AR AR ALY G 13, OILIAE; 14, EREESER AW 15, WIEMEI T, 16. QA T2 A EAE; 17. 2
PRS- (3R P450; 18. AL (43R P450 XFAMEEZS Wy s AR, 19, ARt 200 954k, (b) 1. RCTFRRARES 2. AR
3. ENARNSS 4. KEREY G 5. PPAR 5538 6. 259 Cl-A0li 43R P450; 7. Hmsis Qs 8. axefligh; 9. Wilmz
R 10, SRR 45 BRI IR 2Z (A A0 AH B Ak 11, CRERRER RN 3R MR ERACI, 12, WHRR—fiJEE; 13. PRt alm A =M
14, AR PASO XTIME P25 W i ARBHVE T, 15, 104 DORTR IR, 16. AW P IR IEAEY & A4 17, EEER N AEY A1
18. WEREACIHE; 19, BRI 20. W T840 A . (o) 1. BERACHE; 2. 7B A4 PR Ui, 3. ]E{H%@M’mﬂf 4. o-MEFRAR PRI
5. BEARJSACHE 6. mEREARHE; 7. RS, 8. EEEMRICH 9. AMEHANACH 10, AU 11, Z9WRI- 4R P450;
12. PPAR {5 S #; 13. H&MR . @A, 14 HMISICH; 15, FRNEARRICH; 16. &ﬁﬁﬁﬁiﬁi; 17. BENS A
18. BYHEIAR; 19. BAARZ i B, 20. 254 AU Ho M it
Fig.3 KEGG enrichment analysis of DEGs in the transcriptome of black rockfish at normal and high temperature
(a) 1. Alpha-Linolenic acid metabolism; 2. PPAR signaling pathway; 3. Glycolysis / Gluconeogenesis; 4. Phenylalanine metabolism;
5. Drug metabolism-other enzymes; 6. Cysteine and methionine metabolism; 7. Herpes simplex virus 1 infection; 8. Cytosolic
DNA-sensing pathway; 9. Alanine, aspartate and glutamate metabolism; 10. Cell adhesion molecules; 11. Sulfur metabolism;
12. Phenylalanine, tyrosine and tryptophan biosynthesis; 13. Cardiac muscle contraction; 14. Steroid hormone biosynthesis;
15. Necroptosis; 16. Cytokine-cytokine receptor interaction; 17. Drug metabolism-cytochrome P450; 18. Metabolism of xenobiotics
by cytochrome P450; 19. Carbon metabolism; 20. Spliceosome. (b) 1. Nucleotide metabolism; 2. Nitrogen metabolism;
3. Phenylalanine metabolism; 4. Arginine biosynthesis; 5. PPAR signaling pathway; 6. Drug metabolism-cytochrome P450;
7. Glycerophospholipid metabolism; 8. Carbon metabolism; 9. Linoleic acid metabolism; 10. Pentose and glucuronate
interconversions; 11. Glyoxylate and dicarboxylate metabolism; 12. One carbon pool by folate; 13. Cysteine and methionine
metabolism; 14. Metabolism of xenobiotics by cytochrome P450; 15. Arachidonic acid metabolism; 16. Ribosome biogenesis in
eukaryotes; 17. Biosynthesis of amino acids; 18. Pyrimidine metabolism; 19. Tyrosine metabolism; 20. Biosynthesis of cofactors.
(c) 1. Purine metabolism; 2. Arachidonic acid metabolism; 3. Linoleic acid metabolism; 4. alpha-Linolenic acid metabolism;
5. Sphingolipid metabolism; 6. Pyrimidine metabolism; 7. Phagosome; 8. Tyrosine metabolism; 9. Glutathione metabolism;
10. Histidine metabolism; 11. Drug metabolism-cytochrome P450; 12. PPAR signaling pathway; 13. Glycine, serine and threonine
metabolism; 14. Glycerolipid metabolism; 15. Phenylalanine metabolism; 16. Nucleotide metabolism; 17. Ether lipid metabolism;
18. Spliceosome; 19. Herpes simplex virus 1 infection; 20. Drug metabolism-other enzymes.
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Tab.3 Key genesthat respond to high temperature stressin black rockfish

2y iy
e i B vs R MR

eI vs BRI

i vs ®E_W

gene name high temperature_gill vs high temperatureillve'r vs  high temperatureimt?stme' Vs annotation
normal temperature gill normal temperature liver = normal temperature_intestine
serph 2.828 3.250 3.732 22 SR EE R0 57 H1
perl —1.465 -2.026 —2.540 BRI 1
cryl 1.499 -1.771 -1.829 FfEtREN 1
trbrl -5.838 -4.761 —4.944 T 4132 14 B 5
hsp90a 2.522 1.893 2.467 PARFEE I 90a
hnrpe 2.191 1.468 1.576 S E A
cxxel 1.517 1.476 1.977 cxxe MEHEEH 1
srsf3 1.066 1.254 1.606 W22 ARG R R DT HH T 3
if441 1.353 1.430 3.809 TMRFETEN 44
stxb -3.648 1.332 —4.094 AE MR LI

T JEAR3E i 7 ) DG BEEBE A
26 SEBHEEE PCRER

G S A a5 R LR IE 10 KRR
IRFEDR, SR S SE A9t 2 & PCR (RT-qPCR)
AR R o Yo ARG 0 v YL iR A 2 55 0 R 3 A2 4
FE G SR ) 22 5, OF S5 AL o0 B R AT 1L
B RMNE 4 iR, serph  hsp90a. ., hnrpe | cxxcl |
srsf3.if441 SR NAE 3 A LUP R L IRER IR, perl
trbrl 78 3 LA T IR IR, cryl TEMEH
Feak, FEJH RN 8 R R R GE, soxb FE SR E
PRI, FEFNE LR IA, RT-qPCR %Kik
G5 IR 5 SR H RIR T A R — B

3 it

BEREZWARERNEREARAERERERZ —,
AN E TR R A E . R B a R A
F HAEEW BFESPE 4073 CRIKIESMET
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Transcriptomic responses to chronic heat stress in black rockfish
(Sebastes schlegelii)
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Abstract: Black rockfish (Sebastes schlegelii) inhabit the coastal regions of the northwestern Pacific Ocean,
including the East China Sea, Yellow Sea, and the coastal areas of Korea and Japan. It is highly favored by
consumers because of its delicate flavor and high nutritional content. Black rockfish is among the most
economically cultivated marine species in northern China. The juveniles were raised in offshore net cages. The
optimum temperature for black rockfish growth ranges from 18 ‘C to 24 ‘C. In summer, the seawater tem-
perature sometimes exceeds 28 “C in black rockfish farms. As global warming intensifies, long-term exposure to
high temperatures in summer will affect the growth and survival of black rockfish cultured in net cages, indicating
that the effects of chronic heat stress on black rockfish merit further research. However, the molecular mechanisms
underlying the responses of black rockfish to chronic heat stress remain largely unknown. Understanding these
mechanisms will improve fish welfare and farm production. Marker genes to monitor heat stress are required to
identify heat-resistant fish. In this study, we conducted RNA-seq analysis to characterize the genes and pathways
involved in chronic thermal stress responses in the gills, liver, and intestines of black rockfish. Healthy black
rockfishes were cultured at a normal temperature (18 ‘C) and a high temperature (27 °C). For the chronic heat
stress treatment, water temperature was increased from 18 ‘C to 27 ‘C at a constant rate of 1 C per day, and
maintained for 10 days. The gill, liver, and intestinal tissues were used as experimental materials in both the heat
stress and normal groups. Total RNA was extracted, and 18 mRNA libraries were constructed and sequenced using
the Illumina HiSeq-4000 technology platform. Differentially expressed genes were analyzed using edgeR.
Bioinformatic analysis was performed on the GO and KEGG functions of the differentially expressed genes, and
the key differentially expressed genes were further validated using RT-qPCR. In total, 306 annotated differentially
expressed genes (DEGs) were identified in the gill, of which 96 and 210 were up- and downregulated, respectively.
In total, 806 annotated differentially expressed genes (DEGs) were identified in the liver, of which 382 were
upregulated and 424 were downregulated. A total of 343 annotated differentially expressed genes (DEGs) were
identified in the intestine, among which 162 and 181 were up- and downregulated, respectively. A Venn diagram
showed that 12 DEGs were shared among three tissues. And 40, 53, and 49 DEGs were shared between liver and
gill, liver and intestine, gill and intestine, respectively. Furthermore, GO functional enrichment analysis revealed
that the DEGs were mainly enriched in proteolysis, extracellular region, structural molecule activity, receptor
regulator activity, and receptor-ligand activity in the gill; in lipid metabolic process, cellular amino acid metabolic
process, cytoplasm, and oxidoreductase activity in the liver; and in oxidation-reduction process, extracellular
region, and cofactor binding in the intestine. Among the up-regulated genes under heat stress included the heat
shock proteins 90a, period circadian protein homolog 2, serpin H1, and the down-regulated genes included period
circadian protein homolog 1. Ten DEGs were subjected to reverse transcription quantitative PCR (RT-qPCR) for
relative quantification to assess the differences in gene expression between the normal and high temperature
groups. The expression trends observed in the RT-qPCR analysis were consistent with those identified in the RNA-
seq data, which confirmed the reliability of the transcriptomic sequencing results. These results provide abundant
data for further studies on the molecular mechanisms of the chronic heat stress response in Sebastes schlegelii.
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