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ZoIStAC M, O F0ilM 880712 F7t5t= FTIRIQL 486712 St FTXE 2HIBHAULC
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Variations in water temperature are known to affect almost every part of fish physiology.
The rise in water temperature due to climate change can physically damage fish. This
study was conducted to evaluate the health status of the Atlantic salmon (Sa/mo salan at
high water temperature (20°C) than the optimum water temperature (15°C). Liver tissue
exerts important metabolic functions in thermal adaptation. Therefore, liver tissue was
used in this study. The evaluation method is to develop the biomarker gene using NGS
RNAseq analysis and to examine the expression pattern using RT-qPCR analysis. The NGS
RNAseq analysis revealed 1,366 differentially expressed genes, among which 880 genes
were increase expressed and 486 genes were decrease expressed. The biomarker genes
are such as heat shock protein 90 alpha (Hsp90a), heat shock protein 90 beta (Hsp90p)
and cytochrome P450 1A (CYP1A). The selected genes are sensitive to changes in water
temperature through NGS RNAseq analysis. Expression patterns of these genes through
RT-gPCR were similar to those of NGS RNAseq analysis. The results of this study can be
applied to other fish species and it is considered to be useful industrially.

Keywords: Salmo salafTHM & S10), Water temperature(=), Biomarker gene(§*|X]|
HEFTX, NGS RNAseq(AHMICH 7 M2 44 & RNAseq), RT-qPCR(ATAL-HAIZFEEH
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(Somero, 2004; Evans et al, 2011; Quinn et
al, 2011a, 2011b), M2 A &= M4 O{F(Thome et al, 2010;
Windisch et al, 2011) & 0{&F(Kassahn et al, 2007; Healy et al,
2010; Logan and Somero, 2017; Liu et al, 2013) 52 CH&2=Z =+
oo, A Zu g &2 CH A (heat shock proteins) (Healy
et al, 2010; Evans et al, 2011; Logan and Somero, 2011; Quinn et
al, 2011a), A=A (cell growth) (Kassahn et al, 2007), MZF7|
X MZAE(cell cycle and apoptosis) (Logan and Somero, 2011),
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Fig. 1. Image of Atlantic salmon (Salmo sala).
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Table 1. Analysis of blood characteristics for selection of experimental fishes

Experimental group
Cortisol (ng/ml)

Experimental group
Glucose (mg/ml)

NO Control group Control group
Cortisol (ng/ml) Glucose (mg/ml)

1 37.22005 190

2 4266850 227

3 374779 202

4 441955 248

5 36.09055 175

6 42.15502 171

7 4481720 231

67.28551 237
66.86995 263
69.52877 259
59.03915 288
7157715 218
69.58723 202
56.0154 267

of A2 AojE Z+Zt 7022 A CHET S HE oA 22t
JHHIES 1, 2,3, 4,5 6 X 7H JHE NEsY AMHHO| AR
RChTable 1). MHE HHOO|N 22+ 7t ZEZ +ETH 20 A
HEAE 0|8310] 52 ™ X2| = -80°C X2 4510 2

5t 2ACHKang et al, 2018).
2. Total RNA F&
grinder® O3 2 RiboEx (1 ml/100 mg)

5t & Al XIOFO“EF Chloroform 0.2 ml
XSt FMREE

Total RNA =ZE2 GeneAll RiboEx kitE AF3IQLCE M =2
7 (=}
=

2 ool = A20|M 527t
£ 20iF1 =28 = H20|M 22
Al WS MEL tubel] & 1 E.*_T'_ isopropy! alcohol
H20M A SIACE. AHEEE Al
04 pelletS SGAIZI 2, SSAHS FMAHSILL 75% EtOHZ MIKTH
$ DEPC-waterZ =0 -80°C ZX2 dE1n0| ESIACE RNA
quality 2212 AgilentAt2| Bioanalyzer RiboPico 6000 chip2 O|&
5t0f 185/28S HIE X RIN (RNA Integration Number)2 AL
Ch i & AT 2420 WMo M FE3 total RNAE S
2 g2 2, &AM L0 AH8SAUTHKang et al, 2018).
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DiET(15°0) 2 AT 0OA S 2t =5
total RNA= DNase 3 Ribo-zero rRNA remove kitE O]
mRNA 3! non-coding RNAS E%st total RNAS HHsIS
HH Z RNAE short readZ sequencingdt?| 2I8ll random 6P71
fragmentation A7l 2, XA IP4S S DNAE BHdSHAUL
%t DNA fragment &% 0| MZ CHE adapterg 292 2,
ligation A|ZICt CHE2E sequencing2 {5t PCR $52 &9
L2 BTEAMTI Z, size selection Y2 Sl 200~400 bp2| insert
sizeE SHBt [}, paired-end sequencingE ¢DNA fragment|
YR LHOZRE read?| lengthTtE
Sequencing= &5 ZO0IZ! raw reads?| quality control 2412 7
aH5t0] MM read9| quality@t total bases, total reads, GC (%)
S 718 SAKIE Y5t ALy. 24 A1e| biasE £0[7| 23l
low-qualityE 7FX|7{L} adaptor sequence, contaminant DNA, PCR
duplicates?t 22 artifacts= J(1|7‘|°f" HXE| S =JRACE
HMAE| 2 HE readsE2 AL E spliceE 12{3H HISAT2
Z2IHZ 0|85] reference genomeli| mapping?t 2, aligned
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Table 2. PCR assays, including primers sequences and amplicon sizes

Gene Forward primer Reverse primer Size (bp)
Hsp90a 5-CAGAGACCTTTGCCTTCCAG-3 5-GGGAATGACCTCGATCTTCA-3 197 bp
Hsp90p 5-CCACCATGGGCTACATGATG-3 5-CCTTCACCGCCTTGTCATTC-3 114 bp
CYP1A 5-GAGAATGCCAACATCCAGGT-3 5-GATGAAGGCTTCCAGCAGAG-3 231 bp
ACTB 5-CCAAAGCCAACAGGGAGAA-3 5-AGGGACAACACTGCCTGGAT-3 102 bp
Table 3. Statistics of raw and mapped data method)2 0|&3%0] RHAIL| woigs ZMSIAULE. WHEER

e P G0 e e e e e am 21

reads (%) (%) reads (%) SAZFS normalization A|ZACh Z2t0|0 FI7|ME2 Chaat 2ot
(Table 2). HAIZH Bt mAAMEIS 2 53| Bt= HABIALH

15°C liver 18,919,020 48.64 94.66 96.91
20°C liver 17,603,894 4939 94.89 96.70

5. 7B 2

TGC (%) : GC content ratio

2Q30 (%): Ratio with Phred quality score >30 CIXEZa ASDT0] So|M HMS Sudents ttest2 HmSHY
7

o
o, p7t 001 O[3FQ! AT FOIGH A2 = BIAL,.

|o

QCh =T S A 24240l 7 I3 transcript quantificationS a9 nE
Sl Y2 LUAHZTS transcript length X depth of coverageS 124
8t normalization 222 AHAMSHRICE FPKM (Fragments Per Kilo- CHA Y O|E CHACZ NGS RNAseq 24 @19l S2XL2 &
base of transcript per Million mapped reads) 2t2 2 within normal- 29| Hotol| 20t 2EX0|0, CIASHA HHE35t= AR (trans-
izationg &S0 expression profiles FESIFICEL LIS E4 criptome)E Ch= 2SN O F0|M WYX EFHAE MHS
Mol 7HHAS S S0 At wdlst= WAL K= transcriptsE Xt SH= HO|CE OIS 2 15°C W 20°CO|A] TH7| 3A17H =
MESH0] WHXERHAE MYSHRACHKang et al, 2018). E AMEAZ T 7t RS YR FETH total RNAE 0|83}
0] NGS RNAseq &M & ot AUtz M AEH HAKE Ci=
4. 3T A HMUEZ(RT-qPCR) SEBIACE £2 15°C AFS A0 ZF X0 A 18919,0207H reads
7t 9o, & Zo[9l g2 19G bpE MAE[UCE GC con-

= [
cDNA g2 et ITAL HBhg(Reverse Transcription, RT)2 tent (%)7} 4864%% 20, H7|FEE$ 30 Old= A= E7(9
iScript cDNA synthesis kit (Biorad Co.)& 0|83}t ICt. Total RNA H|E(Q30, %)= 94.66%0|% 10 TAH| mapping &2 9691%%
1 ug, iScript 5xMaster mix 4 pl, iScript reverse transcriptase 1 pl Ct =2 20°C AFR 90| 78 ZE0| M= 17,603,8947l reads”?t A4
% DEPC-water2 H0] Z[Z HHS &N 20 plg X0 42°COIM de|on, & 20|29l g2 1.8G bpE MAHZ[RAC GC content
1AIZH HE-3310] (DNAE SHISIAULCE HAIZH SRS %)7t 4939% %20, H7|EHTEs 30 Ol&dE Z= Y9 HE

(realtime-qPCR)2 iQ SYBR Green Supermix kit (BioRad)S 0| &3}

—_ o~

A
SBSHACE cDNA 1 pl, primer 2t2H 1 ul, iQ SYBR Green 3). T [fe]>=2 ZUS UESH= AHEH L [T 136674
Supermix (2x) 10 yl % DEPC-water2 20 %|ZF Hr-S-2H 20 i [ oM 57+ LA FTX 8807H, A4 UHE FHX}
| A S 20 real-time PCR machine (CFX96, Biorad)S 0|-&3}0] 48670 RACHFig. 2). A7 ALt SOM BRSO F= 2OSH=
SESHD dEYS ZHOIULL FTKE SZAFII| e B YR FEXE0| ishM= O E I (Kang et al, 2018)5tR 20,
ZUE 95°COIM 327 RX|, 01T 95°COIlA 30, 55°COA 30, 2 dis dFMYoR AERA G A 205t RTAE
72°COIM 30EE 35 cyclesE HHESIICM, OMX|LLR 72°COi|Af o| ¢t ZA1tolct,
527H S XISHAULE Melting curvel| M2 05°C ZHH 22 55°C 2 dFoMe "7t oY EHXERERE @ Hsp0a, @

Ol M SE 95°CTHA| &SAIZICHE, O|F 30°CO|A 527 FXISHR Hsp90B ® CYPIAE MASHRACHTable 4). O|F FHAIE2 NGS
H S

Ch MCHA Ol S AL HHZO| AYR 24 HH(comparative Ct RNAseq 242 SdliA UH0| SIIStALE Zast SHXE0|LH.



15 December 2018; 3(2): 51-58

UP, DOWN regulated count

(|Fc|>=2)
oupP
880 = DOWN
3H20_Liver
/3H15_Liver
486
r_r T T T 1
0 200 400 600 800 1000

Count of genes

Fig. 2. Number of transcriptome by increased and decreased
expression by NGS RNAseq analysis.

Table 4. Expression of biomarker genes by analysis of NGS RNAseq
and RT-gPCR

Fold change
(NGS RNAseq)

Fold change

Gene name (RT-qPCR)

Heat shock protein 90-alpha,

Hsp90a 12.93 3.81

Heat shock protein 90-beta,
Hsp90B

Cytochrome P4501A, CYP1A -2.57 -3.12

215 2.12
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Fig. 3. Verification and evaluation of biomarker genes through
RT-gqPCR. A: Hsp90c, B: Hsp90B, C: CYP1A. 15: 15°C, 20: 20°C.
*Significant different from control by Student's #test (**p<0.01).
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