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PR B, FR A AR 7 o X 3R T g R B R A
K H ZE e EZE, 2013), Bokh, RS TAYF
FBr, PRI RS G PR 1 2> FALEIAF AT, %t
TR B e R R SR A A BOR X

B SR 2] SR 4 AR W AR 1 200 0 S 2H AR R E RS
L DR H G S 4 mRNA, S T KL e A [A) A4
B AR | BRI DL AR SR N RIE
TP HELE, 2015). WYLtz 25 55 3
FRyREs, W8 2 I P A 2R (B U AR, 2017),
PRt , R 2 SR AL 43 BT, O 8 D B A5 3 B % 2
L€ PSINE S S e NPT P S e P e E e
FRARE 24Dy Rl 5L R 2 10 R 4 o A0 2R LR i ot
JE—FEE R AR IR AR, W SRR
G3ATT AR PR BB JBIR AT %) 43— o IO AL T ) A S A 5
DR E  AngeE K AW, Bilyk 55(2014) ) F % s 4l
WF 5 8, B E T MK E K (Pagothenia
borchgrevi nki) i X i EE W38 1443 FAL] , I8 U
P 3] 5 i 8 2 g o ek Pl B 3 PR A % 5 5 Huang
85 (2018) 7E #4 I 3 4% 18 F X aL i £ (Oncorhynchus
mykiss)Sk B HEAT T 4% S FRIEE ST, (HAUT R T %
MRA(18), FE4L(24) 2 AR E S A LB AT

ARBFGE R T IR AT RETERE | 7R 58 b AR A BN SO0 K
Z2 6 5 JUE S e R A A S, R R A, xSk
A GUIEAT e S UL AR A B2 W, AR SR R o)
AEIERE . SSR(MATFREH )P I Hras, #Rit2E 55 H
PRI OL , A HE ST K EE BTN AR T i A
AR, WS S R R ki ) T L 3 R
PEAE—E W %

1 MRIERFE
11 FETLERHEMEE

SCUS FH R ZE BE IR E T L0 AR A R 5 T I & X R R
KPR, BN T BB EEREY fa, 2hh b
MLk, SEXEARE H(100£12.3) g, T 283K
BL(l m BAR, 1 mBEFR 7 do WIELHLK, g
TS AT . (13+1)C(H IR CT). 20°C(T1), 23°C
(T2). 25°C(T3)F1 28°C(T4). JHE %S M Diegane
Z22007) Ak . MR IR(13£1)CHedE 12 h#n 1°C
) B T v 2B S K, RN B B 3 AT AL,
R B 15 RBAREE 4 fa, YIFR S50, & H
LB A PR 1 R A RN TR, IRk 1R SR
KL, A SRR IR 258 ST IR T Ay
12h )5, BAFAT4LE 3 R Ak S g g, BaEi-kb
FHAAIEE 9 Bahfa, ¥ 9 MEAIA 1.5 ml EP &

WAL, &T-80°CIHRAr#&H.
1.2 RNA EH

Wt BEZH S AR BRA v B RS TAT ALY 3 AMEEAR
IREWAE, $REURES S RNA, BG4 3 (4
Y E A BT BUE IE A 207 R I
K, HEhPa 218 RNA S0 & CRIRAE LB A
PR, JbEO)FEEUE RNA, ] NanoDrop 2000 4% &
KA (Thermo 23 A, 3&E)KEI RNA 46, HR
ST Agilent2100 (ZHERFHEAF], 55 FE)R M &
RNA i & RNA Jfife

1.3 SH¥EREAIERERNEF

RNA-Seq ST il #8 B I iy 7 e ek 38 A 4
HFABRA R SER, MFF G 4 llumina HiSeq™2500,
R FHORGR i 0 7 1%

14 FI#HZESHGEEIR. BEE

F B0 R PP 9 s vh S 1 Sk SR B Y R 8
J&, 33| Clean reads, Jfi47 De novo ZH%% . {fi %
reads A1 25 FF Trinity 455 St 4 M SK 2124 A Unigenes
BE4E ., Wid blastx ¥ Unigenes ¥4I LT %] Nr.
SwissProt, KEGG Il COG, 5%/ Unigenes A% 13
RETER(E B XA Unigenes #17 GO IIfig4r254t
i1, KEGG Pathway {1 B Kl [ & 42 707 o

1.5 WMHBEQEMEREF

i Nr. Swiss-Prot. KEGG 1 COG/KOG 115
¥ K Unigenes J¥ %15 LA b 8 H 7 5 blastx FE X (B
{li<1x107), HIff] Hmmsearch $ Unigenes f{) ORF [t
Xt 5| TF (4% (Animal TFdb)T TF, 65l )
TF #& BRI 4325

1.6 I ESSR)SH

fij B85 & J¥ %)) (Simple sequence repeat, SSR) X Fi
fl DA DNA, FIH MISA {5 X% 5% 41 ) T A
Unigenes #1718 %K, Ak SSR. #RIRUMEN : H, — |
=L WL L SEHTR AT (Motif) B0 E E R
51010, 8.5, 4. 3. 3, XFAHKM SSR KA
FRIE BT (BT F-4, 2014).
1.7 BERREERSW

Unigene 3% ik 1318 H RPKM 7% (Reads Per
kb per Million reads)i13., RPKM ¥k BE I bRJE A K &
FNI it 2 S XL I A R s e, AR B 1y 5
PRI 2% 35 18 ] B FH T EL A [l A ot ) %) 25 PR 3R 58 22



88 ool B o R 41 %
o AHZ A ES IS, FH FDR 45 log2FC Fe B ZR F 5 ) Clean reads (% 1), 1% 1 a LA H,

ik, kst FDR<0.05 H.|log2FC>1, Hr,
FC (Fold Change, FC)Fr7R Wi i 1] e 35 1 (1 LU . 15
FZEFRIEAZ G, X2ERFBENITT GO Uik
BT, KEGG Pathway 1B Sl i & 47047

HRESH

HRAMIEALE
HIFH Tllumina Hiseq 2500 7 38 f2 0 7 5 AR % K22

2

2.1

1551 224,473,610 > Clean reads /i B, f37% 1 99.7 Gb
FINER, GC% & F-¥MER 51.05%. FEIT 5
GG T, BREE Q30 J 88.65%, HiLL 1%L
WA, I S I B R N BT AR R, AT R
S 1) A B BRI T A 1Y) J 4R B

KM Trintiy #X{FX} Clean reads ZH%%, kA%
Unigenes &40 H b 68525, K BEVEH A 201~23456 bp,
K 1124 bp, NSO K 2316 bp., 4L KIES T
3% 2, Unigenes K EMEIWLE 1, 458w, 4

P AS [ B2 30 25 N B R B UT SR s AL P 7 Szt ME A, M O S S0 2 v T % 22 R Y
Br, 1/PXTHRAYS 4 DSCEiE A A RS Raw reads k2 73l
x1 XEHSEMHBERANFEERIT
Tab.1 Statistics of transcriptome sequencing data of heat stress of turbot
FEEh A PR Raw reads &K Clean reads &5 GC & Q20 Q30
Sample Total raw reads Total clean reads GC percentage(%) Q20 percentage(%) Q30 percentage(%)
CK 42,653,941 41,620,119 50.7 95.6 89.1
T1 42,406,232 41,045,886 51.2 95.3 88.4
T2 43,270,232 42,340,163 50.7 95.8 89.3
T3 44,316,876 43,130,094 51.1 95.5 88.5
T4 57,697,730 56,337,348 51.2 95.6 88.9
*2 XEWHEMBHERABREERIT
Tab.2 Statistics of transcriptome assembly data of heat stress of turbot
Unigene &4 Unigene & KK & Unigene /M JE Unigene F44 K i N50 £
Unigene total number Unigene max-length (bp)  Unigene min-length (bp) Unigene average length (bp) NS50 length (bp)
68525 23456 201 1124 2316
100000 — . N . .
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Fig.1

The statistics of sequence length of unigenes
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2.2 KEHEAFF R A Unigenes BITHAEFRE., 9%
MR FHRE S
2.2.1 Unigenes #9E8 & 5 3| 4800 M o 47 4
Unigenes 43 | 7£ Nr, Swissprot, KEGG. KOG, GO
B PEAEAT P9 LE X R REE R, LR 25498 5%
Unigenes, 1, Nr #8821 B 2|1 Unigenes it
%, HRGERN M. Nr J&# 25442 4%, Swissprot
JE 21179 45, KEGG J%E 15488 45, KOG J&E 17111 4%,
Go J# 12760 2k(F 3).

% 3 Unigene BI;ERRER
Tab.3 The result of Unigene’s annotation

1 FE Unigene U H FF¢ Unigene A 47 L

Diftﬁie Number qf Percentage of

annotated Unigene annotated Unigene(%)
Nr 25442 37.1
Swissprot 21179 30.9
KOG 17111 24.9
GO 12760 18.6
Kegg 15488 22.6
Annotation genes 25498 37.2
Total unigenes 68525 100

FIH Blastx i 41%¢ 1K 1Y Unigene /7515 Nr %k
PEEEFEATIOXS, S5 R WoR, TIRETERICEC YA,
K # ff(Larimichthys crocea) T i (1) Ho 1l 5 19 (29.2%)
Bifi J 55 R 2 42 8 (Stegastes partitus) (23.1%). %kt
(Oreochromis niloticus) (5.3%). %+ 14 Mt fa(Notothenia
coriiceps) (4.7%). -1 % fi5(Cynoglossus semilaevis)
(4.7%) 5 Fh
2.2.2  Unigenes #J GO 4% ¥ 11 Blast2Go 3/,
2545 GO Bt e X KZEWER) Unigene 1T IIRE /2,
PN b3 B RS2 B AN A0 I Tk BRI g T g 43
TAFHIE, 7E Go /rZERF, HA 3 4 Ontology, 437
AL A 19 A= W27 3 B2 (Biological process) . 4l MU 2H 73
(Cellular component) 43T IjfiE(Molecular function),
ZEIRFEH, A 12760 4% Unigenes $i7% GO 118,
X153k 56 TR, IEXF B DIRE AL I 1) Unigene
HATE (8 2). 1 BEF] Molecular function | A9
FFBHEZ , 7 10053 4>, HIKJE Biological process
9644 1, Cellular component 6270 >, FH:H7, A
T 6041 4>, B YR FE 5240 4>, AR 4842
A, HEAETE TR 4681 4>, 4 3874 4>, MY 3535
A, RN 1840 ASFIE S5 5 1334 A Ihfgd
J ) Unigenes 3%, X —/rRE5 5 R T R EE ST

P AR PO P Rk i Y S O

2.2.3 Unigenes # KOG 7 #t o % BT A A
U5 5045 2 (COG/KOG) % 5 A 7= Wy it 47 B & [) U 43
X MR R, KEEOEE G sk 2l R4S 17111 AN
RS, AR T 25 28, JEXFEE2E Unigenes HEATSE
oabr. H, G556 8661 4>, —B kg
K 6528 A, BHREE &M . A TS M T
180 3346 4>, HE5th 2435 4, AN EEis . Jr WAl
NS 2174 4, dHMOR SR 1925 4>, HABZE 5
1) R 2R 3k T2 BE B 4% AN A R (181 3)

2.2.4 Unigenes # KEGG »# 454 KEGG $it
FEERBRE R, #E—2 K RKEMEEAE Unigenes #17T
Pathway 7ERB, Hi, 15 15488 4~ Unigenes #A5 X} i/
f Ko 4’5, HIET 218 S&ACHE K, 2Ih 5 2%
KEGG it : fRHRE . s (s S0P . 40 e |
WEEERMEY RS, Kb, QR 2 aREikoK
A ARIEHE H . ZOEFR A B . BB
BEZSACIE B . AT MR S, PR KO TR
Unigenes [ 25.4%(3941 2%); istf& {5 BAL B R 24055
B, IrS . A EAER, i, EHEE %,
HIFBF] 1907 4% Unigenes, & 12.3%; il &
B s MACGIPER, g K 558, Bkt
W, AERE AN, HLE RS 2927 4% Unigenes,

07 18.9%; MR FREFEESHS, F5o+5
MEAE, 1B 3230 45 Unigenes, 5 20.8%; It
A 2161 2k Unigenes #{iERREY R4, Unigenes
B 2 20 MUEHARILE 4, 3 XAENE .

RS . R, RS . MMERES.

2.3 CDS &#r

Wit Blast X153 CDS %R FE L/ T 5 4
A6, ESTscan T 2 A DX 14 A% R A1 22 152 7 %71 1) 4
S35 (K 5),

2.4 Unigenes B X EF 0

Sk TR R 45 & 7R FE I LR S i A% 1T e
FEH) A EE BT, AR RS O R R A A S o X R 6T
B WE UnigenesiE 178 5% [H 40 By, A I 51 6528 5 5%
R Hor, C2H24F8 8 F R A B A8 H 5ok,
iK #4291 Unigenes; Wi ERK AT . WM 5
Jofr 38 A O ) Homeobox [A I S 7 FE T, 1014~
Unigenes; 5BhIhZ %M A4 861 Unigenes; £ 15
Ui 7 (9 TF-Bzip K % AH & B Unigenes £ 831~ 2 5
HABOMEE . METES . B4 S aH#EENHMG
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Fig.5 CDS analysis
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FLHA 55 4 Unigenes; MYB Zji% 42 4>, ZBTB &
% 38 1~ ; Fork-head ZJi% 34 >, THR-like % Ji&% 33 1;
HARF I B H X
2.5 SSR &o#F

N REZEOE S EE 40 Y 68525 4% Unigenes #EAT
SSR i 4%, LA 21177 4 SSR fii ki, SSR
KM FE, H, O et . S, DUt A
BRSNS AT, 45 B A AE 43 o 1100,

7604, 1941, 393 Fl 231 4>,
2.6 EEEXEGAEIREMIEFRETH

X5 ARIE R A FREE(CT: #iE, T1: 20C,
T2: 23°C, T3: 25°C, T4: 28°C)AY L K #E47T 335 Hh i 4y
Mr, R ER(E 6), CT 4R 4 iR %
Keyz5, mH EJEIER SERKE; T145 T4 4H
TR KN 2ZES, ZRHEHLT 4734 4, He,
WHEEH 3386 4>, FIHILIA 1348 4~; T1 5 T3 4157
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Fig.6 Statistics of different expression genes

TR 163 4, Ho, BIEEER 1314, FHREER
324 T2 5 T4 HERHK 4157 4, Hep, B
K 2691 4>, TN 1466 4 T3 5 T4 HERHEKK
FH 2501 4>, Ho, AR 1673 4>, FIHIER
828 ~; 1M T1 5 T24H . T2 5 T3 H2ZEFRIAHN
B, Srnlh 25 #1336,

3 g

YE R AR E Sh ¥, A0 285 BB T B AR HR AR R 4
Fe, Horp, PN IO R R AR KR ™ B R
JoipaE (R AR A, 2018), HZSHE K HTE fb it A% o X 34
IO S e BT B T — 22 57 B N DR AL, R
oy 7R FLAAN 30 B 43T ML, B R R T i e 4 T
Pl 7E HAT BRSNS 5 R A8 I0 hia Y,

M S vl T R D RE S A Y B —
B ARTFE, B BN ERERE AR, 7T LA
ML KB B B RGE BE aa 14 25 S5 Rk A
PRSI K, 7E T RERE P 4 24 B 5 O T IEAE K AE
FENET(EH B4, 2016), ZHAR BRETEAK> )
YRR R R, s . . EK.
Uil . R Gk R A 4 7 R AR R MBS T (R 9
HBA R CHS B (FRBREE, 2014; BRZALEE, 2017), AR
AT BESEHE . 2R 8 M ARAS TN T TR 322 6 B O 52 i )
SEABIRAE B, ARBFFTIEEL 5 AN [R) A8 T B R b
M, TR T RS GT E RE i s 4 A T

T A X AN [ L BE ol 3 T 5 PR 3R Gk i 25 SR E AT 4y
Br, AR EHZ AR & 25, JUHUE CT.
T1., T3 R T4 4, 4 MEEHANEFREENKZL,
M T2 5 T1. T3 A2 zEREEFENEE D, A
M, Bl R AT, R A BEAILAE A A AN IR

AR A DT IE N 38, 24 313k B AR DR, ALk
Wb TF AP, HUARAREART /I, (G0 S et B 4k
SETtEn, WFTH X — A, dkSeyase, M v i .

WEEAAE T, V8 22 a0 AH DG R AE 7 SR 2
A TR, H TR R R R A S R AR 3 R
R AR F TR R S 25 (RN AR 55, 2016). B
FENF R ZE G 55 JE AR P S R 716 AT T 4007, A
F| 65 FHEEH T, NIRAMIGE K ZE BFIN 4GS R L
HlEE o> I A AR SR . P, C2H2 BHE R AR K
FIREHEH %, H PR TFIIA 2880 1845 8 A
(TFIIIA A& RNA R4 R 111 7% 5% 5S rRNA [ B
W), FEEAZHM ) B R BEE B 1 2 — (Laity
etal, 2001), fEMEY TR KZ, FES 5 N%
S SR SR R, A ZAT7 PR EER M T a3
A FEAEM AP A TR (Yilmaz et al, 2007); TFITA %Y
PHEH I SCOF-1, fE A& 8% H K (Cold-regulated,
COR) W IEJE 159y, 3 3k 5 18 7% R 850 7 A4 AH AR
K COR, H8 38 A M) A TR 9 5 J1 (Kim et al, 2001);
MEEA AP B EEFR R 1 ZPT2-3, HAEY AN
() 1k R 3K AT U3 5 i FE 52 /7 (Sugano et al, 2003), 7£
N EHIR 7 T A A AR 4R, X {5 5 B )
UL R A A A B R AR VE R, T LRSS A
PSR RORRGE R, AR B R T
E(CEME, 2010), (HAEKALEY PP HR D, &
SRR R, miRPEE AT, C2H2 FHEEA
FK % Unigene £t H it 7 T HAMFE Z A 7, Hrp, 22
FERIRFEPFECH 108 4>, KW C2H2 FHEHE H K
5 3 PR 7E K ZE BE I b 38 S5 ke A R IR UK Y AR
b, WP 358 PR 55 BN SR DG 7 3k BB R PR ANl 2 5 i
WA S SR BT, EE KR IR
T, AR AE A G B 5E FR 4RSI ATFIE .

ARSI Tllumina Hiseq /5 i 52 00 P AR
X K EEOF B L ZUAE 5 A ASRITRLEE Wit 252 T 1) cDNA
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Transcriptome Study of Kidney of Turbot under High-Temperature Stress
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Abstract In order to explore the molecular mechanism of high-temperature tolerance in turbot,
Scophthalmus maximus L., and to screen heat tolerance related genes, the IlluminaHiSeq-2500 platform
was used to sequence the transcriptome of five turbot kidneys from five different heat treatments, through
bioinformatics analysis, including GO (gene function annotation), SSR (simple repeat sequence) analysis,
etc. The main results obtained were as follows: the total number of Unigenes obtained by assembly was
68525, the length range was 201~23456 bp, the average length was 1124 bp, and the length of N50 was
2316 bp. Sequence alignment and function annotation of Unigenes was conducted in Nr, Swissprot,
KEGG, KOG, and GO databases. A total of 25,498 clusters were obtained, of which the Nr database noted
the most Unigenes; and according to GO function classification, had three kinds of cell components,
molecular functions, and biological processes, including 56 functional groups. A large number of
Unigenes were related to cell processes, metabolic processes, catalytic activities, biological regulation,
and stress response. Further, Unigenes were classified into 218 metabolic pathways and five KEGG
pathways: metabolic pathway, genetic information processing, cellular processes, environmental
information, and biological systems. A total of 65 transcription factors were detected by transcription
factor analysis, with the C2H2 Zn finger protein family having the highest number of genes. Through the
analysis of gene expression profiles under different temperature stress, there were significant differences
among different temperature groups, In the 20°C and 28°C groups, the difference was the largest; 4734
genes, of which 3386 were up-regulated and 1348 were down-regulated. In this study, we established a
database of renal transcriptional groups in turbot under heat stress, which provides abundant data for the
study of molecular mechanisms of heat stress in turbot.
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