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(1. T7RIEGFER 2K 2588 T A& #T 524025;
2. A HRES TR AELBEGT) A& HIT  524025)

HE A3 B Y 7 R = B AT A (Oncorhynchus mykiss) 3= 78 4 75 B Bl ol & 3 |5] f 22
—o KRB E YA 4y &SN FBBEAL)FERRAKFER W, EARITTHE
MEXERAGEEIE . B8, 2AHREERGEE 28I 7 d FoF A FAFACGHE) A HETH
b 85 8% 4 4%, K A llumina HiSeq 4000 Il 7 F & BT #%2 3 411 7 (RNA-Seq). DA log,[fold change| =1
H P<0.05 /& % % 5 & ik L H(DEGs) ff # &+ tF, F:0fk il 1714 A~ DEGs, H ¥, 484 MNERE
F LM, 120N EEEFETHE. GO REBEMNMERE R, X DEGs T EWEEEMME, 4
MR, ., B, E5HE 2BERTEOM ATP £ 465tk +., KEGG A% g E0HER
# 7=, DEGs EA BB . AU RH-HEE PASO. & ABMAK, p53 &5 EEA MU L %A
Bh R g g, AL E B PCR (RT-qPCR)A M AL B #y 8 /N DEGs th &k EHATHIE, 4
2%, RT-qPCR 5 RNA-Seq %4 % — 3%, %W RNA-Seq #{iE 7%, B XKW, M 4/d wiERFA
RS AT R YL, ME Mmp-2. Mmp-9. Acp5b. Alpl. Osteocalcin, OPG #1 Coll2al %
B X 44 = 2 & NF-kB., MAPK-(JNK. p38. ERK1/2 f# STAT3). Wnt/B-catenin, BMP/Smads #¢
OPG-RANK-RANKL % & R#AH K F T HE ML LE, AR LRI RN S,
RFRERT AT R - LERRESE, IRBNEECE WA B AR T EEETN
IR AL F 2 2K F R R AL R R PRI R LBy E AR R A

KA WA, s HEYIM; #HRAMF; LR OEEE PCR

FESES S917.4 XEERIEEE A XEHS  2095-9869(2022)05-0168-11

BT R R AN B B AT ORI, 1986), A5 YRR TR EEE 68 . S 2U)
WCE L BEE AT T RE, RERBMOVE A BT OSSR 5E i (Loewenac et al, 2016).
KA (A . MmO Eo B R ERE AR A A RS JE I, AR L
BN IR ES I, T T AL 99%MIAG(Flik er al,  ZIUWIUKIFIE FP Y Ca® HEAT AN IE o FAARXT Ca® AW i
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BRI AZ BIER B o AN, 7E & SR (i K ) K 4
o, &3k (Sparus aurata)fiE R Ca®" W ISR 3
5 (Guerreiro, 2004), PFLLEESE(2010)0F 58 & B, iy il
(Oncorhynchus mykiss) Il Ca™ Vi B Bt £k B 1) TH i 5
SEREAR)E T AR fb a3, B AT L, R R AR A
RN RS AC T R A e 2 R,

figh 2 A0 R REAT ) EZ RR AT AR, R 0 A
T N, A M A A B AR L S N
AEARL o R S s 1 f 2% i 1) 5 5 o T IR PR R 1)
20%, SIS TE A5 16 A7 % (Persson et al, 1995), &
FWFFEFRE, Y R85 1 5 R 5 0 (A
AF 0 ) B84 ik = 5 22 HLAS fig 38 ook H A 34 452 15 21 4h 78
B, 2 Aok W WA v v 5 (B 335 A 1B 1 T 7R M (Guerreiro
et al,2002), il , 4 (Carassius auratus) g HT 5
M ES IR de A A T8, PO %, TNa# R
B &%k FE (Persson et al, 1997; Shinozaki et al, 2000),
FL AT UL, AHE T N, @%b i (055 31 5 w08
(Berg, 1968). A, S fFE O HHMEHE, HILRER
TARAEE A G T RE, nIE R B K2
A, W] Ry it — 24 sk B AR Al 0 28 B A Y 5 e
PR P AT A

I 4% & #:9E H (Salmoniformes) . #:F}(Salmonidae) .
KA g (R T 05 14 )& ) (Oncorhynchus), ZJR7=T
JC N — BV K Pk £ 8 (BT R S04, 2016), 4K,
A pR £ FRFE AR P RR T 200 U7 ¢ (P EAE, 2017),
o, fil R T[] 57 A 7 o e ey P RS 02 T 6
Ui bRk IREAE 35 g UL LR moKad IE
RIVRT 38 W TRE 7K AR 3, LR K SR A T S AE A K T | Bt
s 3 AN PR B A T B (IRLL B 4SS, 20105 BIER L
%,2016). FRE KIS E 0TS, S A
05 ) PO AR SR, T I B PR TR K T AR AL T A B
B, BRIBLIRAKIEN E(H#E5E, 2019), FIE,
T 5 1% 6 R Ik S A O 5 A I I Y 3 (R
2 — o WFGE R B YN T e e m AR A R T ML, AN
ACAT A 05 S 5 A 7 S BR AR R S % A T AR TR
10 25 5 AU A U8 4 LR HE 7 %o A AR A 7 v A RR
AR ALHT LA

AR, & XA HES AR R A9 2 T AL F 5T
O #E . MEESMA A RN R R, Fkds
(transcriptomics)HE AR P HAE K BREE I | A HRA% 45 5+
PR B 0 A T A% DR RN 9 S PR 5 58 R 4 T T o R
fRTBAA R, W2 R (Li et al, 2014), ARBF58H) 15
LT (RNA-Seq)H A i 6 5 £k 385 17 K B A SHAR
KIIREFEA , 4341 £ B2 YAk Xof e filf e 21 4L PR 3R k7K
PRSI o X 25 S AR IA LK (differentially expressed

genes, DEGs)#E 1T DI REVE B A I & 45, AR RS
HI DI RE 25 I B 2 s SR TR o A 45 R 5 SR 3B
Y6 E i PCR(RT-qPCR)H AT £ FE UL T e A 23k
ST, BOIE A S 4 B B T SR AH SGEE SR AT
Rt A A A AR O T RESE N A2 HR B (L SERE TR

1 #MR57EE
1.1 SEIesH#

S FHT #8401 3 180 B[R K (17.001.65) cm,
1AH(52.90+11.65) g], KT LA D il g B3R
K UL 68 5 5 R b, A3 DR BT B4 £ B 6 A SRR
91000 L (Ei 4% 1.6 m, & 0.6 m)AY PE #fi #1 (30 & /4H),
JKIRZ) A PE M EERY 172, WKEFE 3 d (RAK, K
o 14~16°C, KIARBEEE 228 35.75 mmol/L), & 1A
M 12 he12 h, 4K 08:00 F1 16:00 M il 4 1)k}
(R B2 o R 1Y 3%).

ARSI B K (BRFE 28) I fk4H (seawater group,
SW)HFIIH FIR K FEFHAL (TR, control group, CG) (7K
WERFEL N 3), B BE 3 N FAr. Hid, SW LL 4/d
(R B ST R0 i B A TR Ik, R TR 28
JEHEFEAAS . TR IR EE 1 KIEh 1 d, Yk
£ 7 d BT IURE S WK B K 2R (G 5 2 SRk G R
A RATHECH] o BAFPATH MR 2 3 i il fif
LU A G2 U G AR AR TR A, 3 i B
T ERMA, TRZ 1 em?), 7RI AR A 7,
TGRS B -80°C IKAE IR A7 5

1.2 X RNA 2L cDNA $£—#HE K

I s 20 40, FiZ B Trizol (Invitrogen, 3& [)H #i
RAREUR RNA, Gl 1.5%35 IR G I e v ORI AZ R
FEAXCAT B RS B RNA R 58 B M vk B, AR I
PrimeScript™ II 1st strand c¢cDNA synthesis i 7] &
(TaKaRa)UtPH 45, ¥5 1 pg B RNA S35 sA iss —4%
cDNA, A7 T-40Cuk4s, HT RT-qPCR Kk,
13 BRAXEHEERSEENRF

W TR B A% B9 RNA BE S 2% EATHIE) N A 4 AR
B A BRZS ] 58 i RNA-Seq SCHE & Ml . 6
AR FES TPAZER RNA 5, DL cDNA SCEE #7244
AR R 2x150 bp (PE 150) 8 HLI A7 SCERE 2 0%
A I SCZELE Tllumina HiSeq 4000 &5 b1 FR
AF A5 B SR A A T BC I
14 HRAFELESSH

# Illumina HiSeq 4000 -5 _F 75 21| /) I 4 PG 4L
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Y221t Base Calling F 46 b JFU G 0 5 e 50 558 o 6
Cutadpter V1.10 (Martin, 2011)% J5 4k BicH 35 17 i ik
i, I Fast QC (http://www.bioinformatics.babraham.
ac.uk/projects/fastqc/) 75 £k T H XA A i I ¢ 450 i o
AT AT RACPEAG o 8 I — R A Y B O, A5
FI| 155 i 9 clean data, P8 1 Bowtie 2 (Langmead et al,
2012)F1 Hisat 2 (Kim et al, 2015) 552 BURE P 41 %
W, BE HAREARRB EEAM ] StringTie 44
(Pertea et al, 2015)i# 1779 BHH: 5 61 . & PhE
GIFZ IR SR R TUR TG, BRI e Sk AAE
4 unigene, FJEANHE ST Y unigene .

15 =RRIAEAMFERE GO B KEGG E4&
S

K H Bowtie 2 (Langmead et al, 201241 745 5|
i) read 5 unigene FEFEATHEXT, FEP Rk H FPKM
(fragments per kilobase of exon per million fragments
mapped) AT E, A

FPKM=cDNA fragments/mapped fragments (millions)/
transcript lengths (kb)

g TR PRI R K K, R REE TY clean
TEEIC I 1) 2 2 %) e S 20 LAARAS B A~ R AR 13228 7
kit B, L logs/fold change|=1 fERAS[F 41 1]
DEGs Wik {E, P<0.05 HASGI¥#EX, fif
edgeR (Smyth, 2010) AT FEAS W P 22 [] 1Y 22 5 3R 3k
Br, 3K15 2 MFESLZ 1810 DEGs, A& AN
FIRAKT-S

M Blast2GO HAF(BUIASHO X742 i DEGs
i) GO (gene ontology)VE (5 5., J-XI DEGs #1417 GO
Titesr258tit. MR4E GO 1 3 4> ontology, XJJHEA Ay
S FUIRE . B AL D KRS 5 A Y BT T
iR (Zhu et al, 2016), ffiFH Cluster Profiler X} DEGs
#17 KEGG (Kyoto encyclopedia of genes and genomes)

W E T, UFIERR P<0.05 B, FRiZIhEE
TETE 3% 5 5 (Zhu et al, 2016),

1.6 EHWEHEE PCR 9T

T SW I CG T i g 20 20 3L P FPKM {28 b
5585, 1E logy|fold change|=1 H. P<0.05 fY&4F,
BEHLEL 8 4~ DEGs (3 1), i RT-qPCR £ A 5
SERAEIER TR . LUK 18S rRNA SERFE Y
%, f# ] Primer Premier 5.0 #f4:, WIEFF cDNA
FE 5043 TR L R SRS 1 (R 2), FFih A T4
Y TR B A PR AFA R, FIH LightCycler480
1T RUSEF 28 B PCR X, #34E SYBR™ Premix Ex
Tag™ (TliRNase H Plus)ififl & (TaKaRa) i B #E 174
1B, H£HEMIE 3ANER ., T 5B &ty HaeR
Kl (E>90%; R*>0.990), RT-qPCR 7= 2 ¥ 5 ik .

HRAEAT A C B, R 2R B AERSE, 2020)
THRAA SR A Rk i, BT8R 3 LLOE S 4
22 (¥:SD, n=3)%/x~, fiiH SPSS 19.0 Ay =Ty
#4387 (one-way ANOVA)E M Duncan’s Z 1 L, 43
B a5 FE R FRIB T AE 2 AR R BE S5 08 T 9 25 5K,
#r P<0.05, FoAREES; # P<0.01, W25
e

2 HBRE5HW

2.1 FEREMFrBIHE R X 4T

XF SW (SW-1,SW-2 1 SW-3)F1 CG (CG-1.CG-2
F1 CG-3) Ay T BB % 2H 21 £ 4T RNA-Seq, 2:3k445 75.1 Gb
clean data oI 746 & A0 55040 o i S U X 25 SR TE DL 3,
K HFESL Y clean data $43KF] 11.22 Gb, Q30 F&ALH 43
FEITE 97.99% LA I o ¥ &AL Y clean read 5 T 6l £
FLRHIEATFAN T, T RORITE 86.05%L) I .

*1 BATFRT-gPCRBIFMNZERRIEER

Tab.1 Differentially expressed genes for RT-qPCR verification

L ID Gene ID %[44 Gene name  Log, Z81Lf%%( Log,(fold change) FL[H 7 B¢ Gene annotation
MSTRG. 114849 HSP90a +2.94 (1) Heat shock protein HSP 90-alpha
MSTRG.4309 BAG3 +2.72(1) BAG family molecular chaperone regulator 3
MSTRG.21935 Mapkl 212 (1) Mitogen-activated protein kinase 1
MSTRG.97830 CA -3.04 () Carbonic anhydrase

MSTRG. 143385 CDH13 -4.37(1) Cadherin 13

MSTRG.25011 CRTACI —4.42 (1) Cartilage acidic protein 1
MSTRG41651 Syt2 -7.50 (1) Synaptotagmin 2

MSTRG.46492 Krt19 -13.21 (1) Keratin, type I cytoskeletal 19

e 17 L7 4rHIMER DEGs 3Ris BRI

Note: The symbols “ T 7

and “ | ” indicate the up-regulated and down-regulated EDGs.
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*k2 AXWFASIY
Tab.2 Primers used in this study
5|92 % Primer J¥%1 Sequence (5'~3")
18S-F CTTAGAGGGACAAGTGGCGTTCAGC

% Usage
WZ A

18S-R CACGAGTGGGGTTCATCGGGTT Internal control gene

Hsp90AAI1-F TGACAGACCCGACCAAGATG Hsp904A41 151k

Hsp90AAI-R GCGGAGTAGAAACCCACACC Expression of Hsp90AAl

BAG3-F AGACTGCCGCCATCCATATCC BAG3 32k

BAG3-R ATCTCCTGCTCCTGCTCCATTC Expression of BAG3

Mapk1-F TTTGGGCTGGCACGGATAG Mapkl Wik

Mapk1-R GAGCCAAGGATGCCCAGTATG Expression of Mapkl

CA-F AAAGGTTCTGGATGCTCTGGAG CA W3k

CA-R TGGGTAAGGCTGACACTGATTG Expression of CA

CDHI13-F CAACCATCTGCCTGTCTTCACT CDHI3 W3k

CDHI13-R GCCTCGTTCTCTACACTGACTG Expression of CDHI3

CRTACI-F AATCACTGGCTGCGTGTAATCC CRTACI W3k

CRTACI-R GCGACAGGCTCCATCTCACA Expression of CRTACI

Syt2-F GCAGCACAATGGGAAACGAATC Syt2 Wik

Syt2-R ACTCCTGTGGCACCGTAACC Expression of Syr2

Krt19-F TGTGGTGCTGTGAATGTGGAGA Krtl9 W3k

Krt19-R CTCTGTGGTGCTGGTGGTGAT Expression of Krt19

®k3 BHEFAEIENFHEER
Tab.3 Information of transcriptomic read of each sample

4151 KA BEBIE O BULRIE=30 FANE HOWEI B IEF AL E ) read 5
Group Total read Clean data /G Q30 /% Mapped read
CG-1 89 658 290 13.45 98.71 77 837 136 (86.82%)
CG-2 86 266 528 12.94 98.58 78 047 660 (90.47%)
CG-3 74 812 354 11.22 98.25 64 591 320 (86.34%)
SW-1 84319514 12.65 98.59 72 864 251 (86.41%)
SW-2 83 602 640 12.54 98.10 71937 217 (86.05%)
SW-3 82 017 856 12.30 97.99 71369 583 (87.02%)

22 ERREERSH

B2 T e 2H 4 I 2 SR AT g, TE
log,|fold change|=1 H. P<0.05 1FF, ffih 1714 4~
DEGs, H, [JH&KIAR DEGs £ h 484 4>, T
WEECE R 1230 4>, JEXT DEGs 43#r4h B2 il il
FI(E 1)

23 ERFRIZEFE GO EEEBRLM

X DEGs #47 GO T ##r, KA DEGs
F2EE] GO = Rr32: AWid#e . difedi o Fior -2
Ao FLAG 50 DIHRE/ANIE, W RRIAEYERA 151,
APy 154>, 7T IIEE 20 4>, Hir, AEYd R
syl DNA MR S s . s i s 55 55 2

REOME; AL LU AL o . iR
2R M o M R R S D RE N 5 T I RELA B R R TS
B ATP 25 G | BHRE S . Bl T4 G MR T4
o EE 2).

24 KEGG EBEBEEHSH

I KEGG @A, izl 21 DEGs
S3E R 0 Mt AR IAEE AR B AL AL E BN T
N . B RIA LIRS 6 32 (& 3), H
W, AT EEEEZH 2 DEGs 7RIS . S5 (E AL
APLRGEX 34— #5325 (KEGG main class) &
% KEGG 4l #5325 (KEGG subclass) & ££ 4%
RUIR, EESHS. G950 SMHEEAER. EfHm
o3 AR DA B A% A 0 400 JiE A % A5 i P s AR 1
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Fig.1 The volcano plot of differentially expressed genes
PRI P<0.05 BIfEL, JF HBUSE T 76 30 84 L Y
[l i Rs 22 S R 2 . BT 2L (] R R 2 EE DA 1
PHFRIREE, AR IR YIS TR A R IA R, K

B R R AR 22 S R IR
The horizontal line in the figure shows the P<0.05

threshold, and the closer the dot to the left or the right is, the

more significant the difference is. In the figure, the red dot

indicates the up-regulated gene, the green dot indicates the

down-regulated gene, and the gray dot indicates the
non-differentially expressed gene.

DEGs %% ; feResfCi . Ha & SEm T4y
AW 5 QA 5 SR Y DEGs Hufil4 & o
TEFH KEGG B FE Xt DEGs #4718 B% & 42 70 B ik,
LI P<0.05 A FI{H, HEHCT AT 20 4% 3 S AR HE
BR(E 4), WTESEEZHZ1) DEGs TEA LRI . 25
-4 R P450. A MEH KA . B A4 | p53
S . AR P4so XTSRRIt . A e
IR Ry | A . AR RRTE N (TCA TGN FLL
WL s &5 i b i 2 AR . b, S5 A BRIk
DEGs i H& £ (38 1), HIK NS5 p53 (5 5@ m
DEGs (33 ).
25 XHRNEE PCR WIE

JKIE RNA-Seq 25 S MERGPE, A58 R
RT-qPCR Xf BHL Pk LR 8 1~ DEGs 2 4 i F1 6 I~ F
PEFRIRFE PN B R IBACEHEA TR, S5 A 5 R,
I B FIAED S RNA-Seq 45 R —E,

3 ifip

A5 1 YOGS UL 8 % 2 2031 T RNA-Seq, 45
BN, Q30 FEEH /7 b &AL 97.99%, clean read 5
il 2 22 R IR 41 e 9 A9 L R SCR I HE 86.05% LA I

B 38 A i LA 21 21 RNA-Seq Z5 R+, Q30 il
el h 89.62%, clean read 5 M7 %52 FL K
Y X R RCRAE 66.17% L L (ZE7K AR, 2018; Kim,
2021; Cleveland et al, 2021), FHELZ T, AWFFT ol
f i 2 20 P B3R LU X AR A 1

ARMFFE TR LR ) DEGs EZ N HE ARl . LI
IS ESEY/NT R AW, [BUR - YNE. SR LIRS e PN =4
Ll AU R HiES 5 AR BE R A IR, (HEE
R0 25 ) B BRATT A W RN AN AR AP B B, 55 /K PR 2 ik
ALY, FEMT AR BEYIL A B R T BE R 45 T — 1k
o HBERTIL, SR EEXS &, TP AR
38 P A A BIL AR5

ARBEFEH, 5RO EB A OC SR, dndk
K3 % H 90a (heat shock protein HSP 90-alpha,
Hsp90a)F1 BAG K5 FHEARTE 75 3 (BAG family
molecular chaperone regulator 3, BAG3)%53L A 1) & 34
KT 522 . Hsp9O0 J2 4 AL R Py R AR 4 2R
A PIbR &I (Cqza et al, 2021), HRIXFOLNL T
AN TR, PRdRiE, SR AT B =R
FE& (Portunus trituberculatus) (Zhang et al, 2009), KX
P4 ¥ f# (Salmo salar) (Pan et al, 2000)F1 K 3 i
(Pseudosciaena crocea) (ZEW =4, 20155 WFh, H
HSP90a mRNA [k H 1 W28, b, =9
¥ HSP90a £ % A KMFF# (Escherichia coli)
A I 2 3 R KA T TR A BE T A2 M (RESE, 2012),
AWFFEH, HEM AT SEE A EE Hsp90a $i 8 HEh B iE
Btk . BAG3 VRN —FifERdH, 18 W e 2 24N
vl | R L A R AR, 1 T A o S B T
HEDAE £0 2858 1 #h BE AL i B b, BAG3 1y R AT
RE3E o 2 2 2 I O A s R s AL A i AR
P A FACEKSE (Minoia et al, 2014), 4, 51K%
VR R 2 () Bk R BT it (carbonic anhydrase, CA)JE[H &
ETW. CA R—RETEHLIRNE, HA M ax)
Na WS /R FH (B RUER 45, 2020) . BE 5 ffi (Danio rerio)
CA2a Fl CAI5a TEAik Na /KR Th 3Kk B T, #Em
Na 7K 3 ik 3 1, FBHAE SN X HILE
Sk B v oA] BB 45 HEEAT I (Tto er al, 2013),

TS AE IR K A Gt ) 2R K (R 28) Y i /2
i, 5 Ca¥ g AR AL, WASKEE EA 13
(Cadherin 13, CDH13) BB 2 (cartilage acidic
protein 1, CRTACI)FIZE %A #H 2 (Synaptotagmin
2, Sye2) 5555 A FRIR A o A LR, AT R
B SR Ca® UK THE B 3R, Ca® b T
BARAKE, HUA R AE R A S 0 -, Il 55
FRBHAR SC L A Y 3B (BRLL B 4%, 2010),
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HEFEHH
Number of genes
-2 E28TE8 R
PADNA AR f%% 57845 Regulation of transcription, DNA-templated - I 7; S
&4 Transport - 68
{55 %5 Signal transduction 60
AL Cell adhesion- 52 2
F AR JFE 72 Oxidation-reduction processr: 49 §
PADNA HASAR {55 5% Transcription, DNA-templated- 42 E
T H JE#$AR 1k Protein phosphorylation- 42 'gn
a1k Phosphorylation= 42 <2
EHFUKS#E Proteolysis- 42 m
LAY & & Multicellular organism development- 35 3@
RN {E 554 F Intracellular signal transduction- 32 g
FH%E Translation- 30 4
G HHBRZ 14{5 58 #% G protein-coupled receptor signaling pathway: | 29
[ J0 e 00 3 o 40 M SR 23 F- Kl B Homophilic cell adhesion via plasma membrane adhesion moleculesi 27
/NGTPase /S H9{5 5% T Small GTPase mediated signal transduction- 25
J£ Membrane - 347
BB 2H BEH4Y Integral component of membrane = 335
4HMI% Nucleus - 228 -
MR Cytoplasm - 216 §
#H MU Plasma membrane - 94 A
SRR A AL 4T Integral component of plasma membrane = 63 g =
g MiE4ha3 6] Extracellular space t 55 5 g
S 21 B AR X 38R, Extrac?llu!a:r region- 54 E g
o) MRS Cytosol =52 3 g
<) £RhIK Mitochondrion - 51 K| 9
HifLPY Intracellular & 47 S E
ZAMESNIBA Bxtracellular exosome = 43 % 8
20 B Cytoskeleton = 35
#%J5 Nucleoplasm - 34
P& M Endoplasmic reticulum - 28
4R BET454 Metal ion binding | 140
ATP %54 ATP binding 7 93
RS & Nucleotide binding - 90
FABBEG P Transferase activity - 82
FEBS 1454 Calcium ion binding - 81
BB T454 Zine ion binding ¢ 80 g
DNA%54 DNA binding 64 5
FK TG M4 Hydrolase activity |57 E
HBREE & Nucleic acid binding |57 %
T H 454 Protein binding | (48 3
EALE R Oxidoreductase activity F |45 g
DNA-Z545 5% R T1% M DNA-binding transcription factor activity |45 2
GTP%444 GTP binding 1142 =
PEE TS Kinase activity | 141 K
DNA %54 5472 Sequence-specific DNA binding - |40 |
RNA %54 RNA binding #7938
FEHEEETEPE Protein kinase activity & |35
WA B S 4 23 Structural constituent of ribosome 729
BRI 17 Peptidase activity #0126
WIEhE F454 Actin binding 126

Kl 2 #ZREEEN GO HEST

Fig.2 GO enrichment analysis of differentially expressed genes

AR N B R GO term, BEALKR % term 22 R IE N4 AFEBIEHDRIX A=Wl 72 . 40 HI 4 70 F oy 5 D AE
The ordinate is the enriched gene ontology (GO) term, and the abscissa is the number of differentially expressed genes in the term.
Different colors are used to distinguish biological processes, cellular components and molecular functions.
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KEGG Subclass

YARAE R B KEGG %402k,

KEGG Enrichment Bar Plot

BHIFS3fEACHT Transport and catabolism
HAZA YA Y% Cellular community-eukaryotes
YifA: & 5581 Cell growth and death

Mz 3 Cell motility

JE 2% Membrane transport
155% % Signal transduction
554 F5HHEVEMA Signaling molecules and interaction

EHIFMEE Replication and repair

BHPE Translation

5% Transcription

P& S3ISHM%ERE Folding, sorting and degradation

2847 MoK Neurodegenerative disease

FHAE: FEEZEA Cancer: specific types

Y1 FHRHR Substance dependence

FEEEKR Immune disease

FEYLRR: A4 1 Infectious disease: parasitic

P4 IR Endocrine and metabolic disease
154495 J% 5 Infectious disease: viral

JEHAE: ME3R Cancer: overview

1L YL35%: 4 Infectious disease: bacterial

LML PR Cardiovascular disease

TERANREL A7 H 0 Metabolism of terpenoids and polyketides
HAb A= B i £E )6 i, Biosynthesis of other secondary metabolites
AR Nucleotide metabolism

1 B DAk A= 2 B4R Metabolism of cofactors and vitamins

S YR B A Y REAR-S5 1 Xenobiotics biodegradation and metabolism
BWEN Y6 518 Glycan biosynthesis and metabolism
HABR IR A1 Metabolism of other amino acids

BE RS Energy metabolism

K& 911 Carbohydrate metabolism

2R Y E Global and overview maps

KA Amino acid metabolism

JEF A Lipid metabolism

I B55E N Environmental adaptation

HEM R4 Excretory system

B R4 Sensory system

#4k Aging

AL 2 4L Digestive system

2 RS Nervous system

% J&5F 4 Development and regeneration
IR FR 4 Circulatory system

WM &S Endocrine system

4 245 Immune system

KEGG Main Class

A

Cellular processes

TIER R
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Fig.3 KEGG pathway enrichment analysis of differentially expressed genes
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Statistics of Pathway Enrichment
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Fig.4 Top 20 KEGG pathways with significant enrichment of differentially expressed genes
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Analysis of the Transcriptomic Response to Salinity Acclimation
in the Scale of Rainbow Trout (Oncorhynchus mykiss)

ZHOU Qiling', MA Qian'*", MAO Feifan', YANG Erjun’,
WANG Liuyong', CHEN Gang'*

(1. College of Fisheries, Guangdong Ocean University, Zhanjiang, Guangdong 524025, China;
2. Southern Marine Science and Engineering Guangdong Laboratory (Zhanjiang), Zhanjiang, Guangdong 524025, China)

Abstract The reasonable selection of salinity acclimation is one of the most important problems in
Oncorhynchus mykiss culture. Calcium metabolism in fish varies with changing environmental salinity,
and is a crucial component of salt metabolism. The scale compartment constitutes a significant, readily
accessible calcium source in fish, as it can contain up to 20% of the body’s total calcium. In terms of
complexity, scales resemble bone better than cultured osteoblast or osteoclast cell lines. Therefore, scales
are ideal models for calcium metabolism and bone research. To provide more reliable data to decipher the
bone metabolism at the molecular level, an analysis of the transcriptomic response to salinity acclimation
was performed on rainbow trout scales. Fish were subjected to seawater (salinity 28) acclimation or
freshwater maintenance for seven days. RNA sequencing (RNA-Seq) was performed using the Illumina
HiSeq 4000 sequencing platform. By setting the screening conditions for the significant differentially
expressed genes (DEGs) as log,|fold change|=1 and P<0.05, 1714 DEGs were identified, whereof 484
and 1230 were significantly upregulated and downregulated, respectively. Gene Ontology function
annotation analysis showed that the DEGs were primarily annotated in biological functions such as cell
membrane, cytoplasm, nucleus, transportation, signal transduction, metal ion binding, and ATP binding.
Kyoto Encyclopedia of Genes and Genomes pathway enrichment analysis showed that the DEGs were
significantly enriched in pathways such as oxidative phosphorylation, drug metabolism-cytochrome P450,
proteasome, p53 signaling pathway, and myocardial contraction. Furthermore, quantitative real-time PCR
(RT-qPCR) was used to examine the expression of eight randomly-selected DEGs, and the results of the
RT-gPCR and RNA-Seq were consistent, indicating the reliability of the RNA-Seq data. Unigene in
rainbow trout scales are predominantly enriched in bone metabolism-related pathways, such as the MAPK,
Whnt, and calcium signaling pathways, indicating that scales can be used as a model for bone metabolism
research. The results of this study showed that the salinity acclimation of O. mykiss was carried out at a
rate of salinity 4 per day; bone metabolism-related genes, such as Mmp-2, Mmp-9, Acp5b, Alpl,
Osteocalcin, OPG and Coll2al; and bone metabolism-related signaling pathways, such as NF-kB,
MAPK-(INK, p38, ERK1/2, STAT3), Wnt/pB-catenin, BMP/Smads, and OPG-RANK-RANKL, did not
have a significant influence, indicating that the acclimation model adopted in this study was reasonable.
The results could help clarify the regulatory mechanism of O. mykiss bone metabolism in response to
altered salinity, and lay a theoretical foundation for aquaculture industry development.

Key words Oncorhynchus mykiss; Scales; Salinity acclimation, RNA sequencing; Quantitative
real-time PCR
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