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P, MEHTAEYIE N R B E L0 FOLE, 2
BCR RTE ST B S . Smith %51 i 5 S5
JF5rAT, WP E] T — 2 5k QAT AR I A (Melan-
otaenia duboulayi) 5 i 36 N P4 AH 5 8 i 28 3L [
PRER T 1% 0 2 A8 1 N 2 7 AR IR 1) 040 A 45 HL i
KB AR . Linfs "8 o 3% 4l
WF 38, KIT 8(Silurus asotus)FE 1= i N L
TiHEFREN—RIEN, FHEIT TKEGGHH
HEBEBTEARTE . B, G0 g
W B I3 RN 2 R AR TR AR A e R K
Uy REFr & o Bilyk &8 UURH e s A1 i Iy 43 A
¥R T 19 KR VK (Pagothenia borchgrevinki) b %t
T B 38 0 43 HLRL T UHE DU A ) 25 52 e
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TEK P IR A P e e, RN 2
PR 300 %) 55 e i A L s N N AR AR
KW, T2 e R ECH AR, a2 -
AR5 (] 20 Sl 25 AR TR OR A R
R, T B0k B A0 M R R A
B, FERERCENM I AT R o R R R R
ZHRE WS, HRIAMEEN, B _F
1R 2 5 25 A 3 HE 2 I DNA X 38 (L7 B A F B Fr
FER A 2 X)), TR R . s
BN R BEHE AH DG HE R ) e s s =X, AT R4 £
UNIEE= S A0 (i R ot e R = b1 ) S LR A IR e
MYAR Z2 HE P Ik 20 P DA AR B S Y
W 5% T s R W 5% v Tl N AL AR ME R R, 4
G B 2 07 X, BN e SR 4 2 2 T iR AT
WF5ElRY,
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R e s A%, XTI R o ol AL B A
HENSHEEL, AT L E R
RS TR
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PR/l FRF S it AT, EHCT 8 = AR 1L
HE 7] — P A RLAS 25— | fd R T i R B 302
[1A i 2 (88.45+5.62) g, KK (18.53+0.64) cm,
10H BT THET &8 K HRAA B BE
KPRt (3 mx3 mx1 m)H %8 35— & J5 P 1k 52
By, T FE WA K (25.0+0.2) °C, IF % M
RE, BERIRK 1K
1.2 SRZLE

SEIG 4 A L6 2H R IR 40 [(25.0+0.3) °C],
R 1SR, LA NWILR KR 25 °Cie 3 K
FhiE1 CCHy BB T, FH 232 oCb & Ik T, 7K
WAE32 °CHERF14 dJF HURE . SEl e, ELR
R, IEE MR, BRI K 1K, KRR B
IR TR R SRR . X B AL K TR 4E R AE (25.0+
0.3)°C, IE®HIK., i, 5950 [F— [ ER
FE o SC50 2RI IR H i) KB 45 BEALIRO R, /i
FIBCHLAFEH 2, SRV E TRA P HEE, KRG
TE-80 °CUKFATRAE, #&H,

1.3 RNAIZHEL. XEEMEFNF

W —80 °CRAF M T HELLZURE S, #2100 mg
ZHZ /N A 1 mL Trizol reagent (Invitrogen, USA){R 2]
2%, LUH L Trizollk S U HEZH ZUERNA .
HiDNase | (TaKaRa Biotechnology, China)%:37 °C
K330 mini AL B RNAH 5% 7 IIDNA, - Bl ik i
JE L K A 0 G S P, 5E AR A3 ot B A
Gl B N VR BE o v T 7 AR R IR SR AR A K
Z: 7% LinS5 Ul 1 TR A 19 07 000 BR AR Z TRl i 22
5o N REZH RISE IR 2 45 O I ERNAKE &, R34
HmERRGTE—’E, WlEHE3I N EYrE
SR, e IR AL g A rh R B2 2R A OC &R
BOAF R A )2 E AR G TP AG R bR, A OCPE
GEitF DLRMAF 1, A5 IR R R0 S 56 2H 45 34>
A 2R PR T0.93, UAUTAE
vt (B AR RH DGR #8050 A1 I TluminaZy 7] 7Y TruSeq™
RNA sample preparation kit5¢ il cDNA S J& [ ¥4
#, Jf38 3 Hlumina Hiseq 2 5000 %7 & (9125
paired-end & =X AT 5 S LH I P (A6 52 DL EG AR
14 ERREEETHRINEELRE

W 2 B Sk R B 5 81 5 45 B ) clean
readsFl| Fi Bowtie 25K 4 tL X K 8 1 5 H 5 Sk 47

F1)23 3 P FPKMP)(fragments per kilobase of exon
model per million mapped reads)fE A 11 = & 2H FXT
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MRZH LR Rk i . I edgeRAR AR ) 2 S5
FIREEN, H{E % N |logy(FC)>2HIFDR<0.05, i#
1 GSEAFR %t 25 53 3 4 14T GO R 1 FE Al
KEGGi# % & £ 5017 -

1.5 EREEEPCRIH

W12 Z R FTIRFK, FPrimer Premier
SEF TSI (FR ), #EAT SR PO iEPCRAY

BT o W45 AF 3L 2% F A RN AR 5 — 4
cDNAS WK H) & (Promega/ 7], 36 [H) [ 5 5% N
cDNA, DLREE =Y i . LiB-actinly
%, KM TaKaRa/\ 7] ) SYBR Green RT-PCRixt 7
&, M LightCycler 480(Roche/y ), Hii+)iEAT
WA . AR EE IR,
2 AR E B VA HEA T TS AR X R A

®1 ZRATAKSY

Tab.1 Primers used in the experiments

ZERARIL R 15 M 51(5-3") RIS 51(5-3")
DEGs forward (5'-3") reverse (5'-3")
P-actin TTATGAAGGCTATGCCCTGCC TGAAGGAGTAGCCACGCTCTGT
stoml2 GCTTCCCTCGTCCCTTC ATCCGCTGCCTTCGTTA
chacl AGAGGTTGTGTTGGGAGG GGGTTGTCAGAAGTAGCG
bhmt TCTGCTGCCAGGTCTGAAGATGA GCCACCTCTCAGGATCAACTCAAG
cyp26al ACTCCTGCGTGCTGGTCTATCC TGCTCGTCGGTCCTGATCTGTT
ndufaf4 CCATACTACACAGGCGTGACACTG GCTCAGAGGTCCAAACAAGGTTGA
timm44 AGGAGGTGAGTCGTACTGAGATTGG AGCAGAGTGCATGGCTGTCTTG
dnaja3 TCTGTCGGTCAGTGTCTTTGGTA GGGAAGGGTATCGCTCGTATT
hsp27 GTCCTCAGAAACCACGATACCT ACTGTGCTGCTTGTCCTCCTACT
plekha4 GGAGCTGAATTTGCTGCTGTTG GCCTCTTGGTCGTCCATCTCAT
Jtl5 GGAGCAAGGTAGTTGTGGTCGT ACAGAGTCATAGAGTGCCAGGGT

loc104928179

hamp

GAGATGCTCGGGAAGTGTAGGA

TTCTGTGCCAAGTGTTCATCCC

GCTGTTGTCTTGAAGCGTTTATGTC

CAAAGTAAGTGTAGCCCAAACTCATT

2 4

2.1 mRNAF#3E

H ] lumina Hiseq 2 500/ 125PE =L,
A3 X K B £ X6 B ZH RN i Ak BR A R AT T R
ST o % HEZH 0 g i Ak B 2 43 S AR AT 1528
13.92 Gbill P ¥t . bRz ke . L & 75
J&, 953 14.85F113.47Gb clean data, B 3L i
LT R, B GCE & X [H] 8 51.32%~
51.99%, £5FF i Q30MY B 5 i1 it Lb i 34 A /N T
92.18%(F2).

22 HREEREERAKSH

TR £0 H X R ZE RN e v A B A 1A ) HE A
RE ST THE JE IR R AT b A 22 7 (K 1-a),
FEE RS R R — 2, Phlogo(FPKM)-
control’ K& AL F . log,o(FPKM)-heat 2\ Ak bt H:

Y X E B, B RIA S8 5. 7EFDR<0.05F
log2(FC)>2451FF , =i AL FAH 55 IR AL,
HARIF1 259 2 F KRB HH, Kha@ @
R ARA BEERILZE RN, g
HEEERETH, aafERIEHERLRE LW,
B SRR EEREEZROER, Hip
HRINZEFIEN L, 438422 5L N IE (& 1-b),

23 RIEEXSDH

PIAS [RS8 260 R 1 2594 22 55 5 [ i FP-
KM{E B R IEK, 52K % ZE (hierarchical clus-
tering) /34T, AN [F] A9 0 €8 X B4R R [A) A SR 2 4
HEFER, AR RiEEmMER, SEFKR
FIN A EE A (1K12) . X S LD A RS 45 R 1
T, e A B2 R X B 2 2% S O DR R R AR XA
ZEREK, AL A TR 25 R R D] R A AR A
Lo MERELE LT LA S50, 76 & i b 28
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Tab.2 Statistic summary of the sequencing data
B XA X2 xRS i1 i 42 i3
samples control 1 control 2 control 3 heat 1 heat 2 heat 3

raw reads 40376718 43 740 896 38 183 996 35579074 41076914 34 759 306
raw bases/bp 5047 089 750 5467 612 000 4772 999 500 4447 384 250 5134614 250 4344913 250
clean reads 40118 930 43427210 38 145284 35340334 40 836 130 34527 144
clean reads ratio/% 99.36 99.28 99.90 99.33 99.41 99.33

clean bases/bp

4 879 475 846

5276 683 699

4696 031 255

4295361 468

4975388611

4195515422

clean bases ratio/% 96.68 96.51 98.39 96.58 96.90 96.56
average reads length/bp 107.07 114.57 109.99 138.07 129.22 136.01
Q30/% 94.63 94.32 92.18 94.52 94.99 94.48
GC content/% 51.41 51.32 51.87 51.54 51.99 51.74
6 4
o 800 1
'.'\"
Fan
I junng ]
& E 44 = g 600
2L E8
i 2 ' 2 438
9 ¥ b B2 400 -
) ] D Pt ©
= =29 . o K g
2 IR o 2
Iy i / i
I HI i Down
q T# 5 No
04 —"
i 0 1
0 2 4 6 ] i
X R ZH 2RIk = 1 log 1H up down
log,, (FPKM)—control
(a) (b)

El1 SERLEAMMREEERIEERMER
(a) 3 DRk AR QAL TP I LU (b) 2 5 ek DR o B VAR 90 5 R ) 0l

Fig.1 Comparison of gene expression value (FPKM) between heat and

control samples for detecting differently expressed genes (DEGs)

(a) FPKM value comparison. (b) The number of up-regulation and down-regulation DEGs

S, KREFEEEXEEWBNZMA, FEHSPK
LEERERENBEREZ, TS5 KM
o iR oy 2 B A 3

24 EREFAGOFMKEGGTF#HE

FIHRIE F 1 GSEA R A X 22 S5 e ik 5
Wi TGO #4341, GOMILA 34 ontology, 43
T4 R 3 9 43 F D) BB (molecular function), 4
ML 2H 43 (cellular component) . 44 i F2 (biological
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process). TEGOTIRESFKIR R T, 1259542 7%
IRFEH LA R 116 -GOTIRETERE . 1 18 3 R e B
F60 GO i, T I 2 KIS ] 561 GO £ o
AR S HBE 30 B 3 W RGO AR (KI3), fE
S FIIRER A 10T 2800, o KBk R
FRWE A WG PE, BT EUATEN:, RITSEAY
G, AR R ILEEE M, 28k 26 BELS A )
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Fig.2 Heatmap analysis of DEGs between heat and control samples

Different columns represent different samples, and different rows represent different genes
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F R WKt AEAE S 8 R R A T
K2 5 s

KEGGHE & S th fE s AL B , R B
REZFOQG®RE, b oy ZHRGER
KRIEZJGHIPE. O, FomzEimRikmkN
TE 12 18 % P B AR B R M R o T A B 4 R
0 PR ZH 19 22 S R RN TE R B T 5155 E 1Y

FOHE #E, RBP4 %, IR AR
TR T OB, AL 71942 EEEN
R B 4). R ERAEY A W, H&Q
L AN RS, R, HEmR . 2%
M. e R A, BT B A
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3 HB0NEEEHEMGO terms
Fig.3 The most enriched top 30 GO terms and corresponding DEGs numbers of each term

2.5 RN EEPCRER

EE SR S T4 Rrp B Pk k1255 22 7 3R
iKW SR, 38 5 2¢Ot 2 S PCR(qRT-PCR)AH
Xof S G TN 1 TR Ak B ZH 5 0 A 2H 3 DN A S
£, ISR R T LB (ES), 4
SRR, I PR Y 2Rk a5 5 B Sk 2 i ]
FIRTHTEE R —2, UEBH T 5% 34l o b 45 2R 1)
TEEE
3 e

EERAIRTEE RS R, PR
T AR R B IR EE AR AR . Wb

TN e e R R A 2 — R 5 g AR S
g AR 7 AT R Y A, R R
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carbon metabolism - ‘
glutathione metabolism { @
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glycine, serine and threonine metabolism { @ S
protein processing in endoplasmic reticulum { @ count
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Eé ‘% PPAR signaling pathway {1 @ giue
S spliceosome - @ I 0.04
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rich factor

4 REHBEKEGGEEEEER
HYhFoR A, MR R EREEEE, SRR RER P ZERERNNLZ D, SRS RROBEME . FEH R b 25 40 B
AR e I
Fig. 4 The significantly enriched pathways and corresponding DEGs number of each pathway
The vertical axis refers to pathways, horizontal axis rich factor. The size of the dot refers to the number differential expression genes in this pathway. The

color of the dot refers to correspond to the scope of Q value. The color gradient is from red to green and the corresponding enrichment is high to low
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Fig.5 Comparison of twelve DEGs by qRT-PCR and transcriptome analysis
1. fsstls, 2. bhmt, 3. pleakha4, 4. loc104928179, 5. hamp, 6. chacl, 7. dnaja3, 8. stom12, 9. hsp27, 10. timm44, 11. ndufaf4, 12. cypzb6al
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BF, AR 2 00 il A0 25 0 R 1 AR 2 52 B 45 R R ) e
ECAE , PEE PR SR R Ak, ok
PRPHLR BB, ARSg, KRE s
i Ak P R I IR 2H 2% S 3R GRS I I KEGGH#
FEVERE S KBS 5 P T AR T T B
e 22 o P3R5 RN T 42 b b 3 6 R 52
fU4%Sec61, PDIs, NEF, Hsp70FIHsp90, Sec6l
O VR 32 B Me R A 1 R R T B A
PR 1 K BE B A A0 R B T AT 1 R AL R AR
PDISWI XA /b 2 &, DIREAERE L K 41 il
T T 1 A o e T AR Y AR FTHS P70
HSPOO L) K 4™ 3 il 2 A (NEF) 9 . % L JE & W]
T PG (52 W IR0 B Ok Rk R, X
SR A S E A A E/EN, Bk R
EMESIRYTE, 0 LU AR 0T R R 4 i R
R 155

B AN SRR A0, BE 2 I R] R A AR
T (S AH B 1 A [ N T e i A . FRATT R R
115k 2 5 AP I8 2 & 4L B PPARSE 5 38 i
(P<0.001), #F5EKW, PPARTS 5l 5 3h¥
RE B B AP R 7 1A &, PPARa T K FR M K
HE N i R AR A AR, R B A, FE A
0 KA kv LA SR Y. dl A
A S h R AT SRR BT R BT R . R
THAEINSR ; B PRI . M S AEEHBGR, &
R RSzt g R MR . Be A AL, e
PETIF B I FEURZ MR EHE RN,
1) 4n7F KEG G f#% h 1 3 &% 48 09 AR S M B iy vk
JHF (NAFLD), R ARPERE RIS, T30, BEE
A WE T BRAC B B, B RS A,
VB 2 DR 4 40 e e i S i 5, oA A 5 40 i 1Y)
PR EE SR AL JF P Y, AR i

4 ZEig

F| H 1llumina Hiseq 2 50000 /5 F &, ASLZH
RO R B o e U A B2 RO BR A AT T SR
HWFF . DL R AR 21, miRahm A
D BL1 25955 22 S 3RIN BN, Horh 82155 A
i E R R IR, 4385 LA WA AR R .
XERE AT ARG 22 S I R IME, R
1 Ul A B A RN X IR A 2 [ R IA B A2 R E R,
T 2H PN RE i (] e A B AR Bl . % 22 S 3R 3k Ay S
PR 3k — 25 #E AT GO fiE T B FIKEGG Y it ' 4K 43

http://www.scxuebao.cn

Y-S AR DS PN R b W N g = D)
B YRS s i DL B S O B Rk A R
FHRW o ABIEFEEE R T RS O g i
BLEE B T e LT i Rl i T 2%

SE M

(11 Jhamar, WRIZ . R YA oxd K3 a0 B8 47 5 1)

ST, KR, 2007, 27(6): 47-48.
Shen A L, Chen Y Q. Effects of low salinity domestica-
tion on the survival of Pseudosciaena crocea and Sparus
macrocephalus[J]. Reservoir Fisheries, 2007, 27(6): 47-
48(in Chinese).

[2]  AdEpdlk ). EE S E%2017[M]. JbET:
FE A H p A, 2017
Bureau of Fisheries. Ministry of Agriculture of the
People’s Republic of China. China fisheries yearbook
2017[M]. Beijing: China Agriculture Press, 2017(in
Chinese).

[31 fRig)L, THR. MFE7E K& f(Pseudosciaena

crocea) I 5 IR EE IR 7 196 R[], IR 5198, 2009,
40(1): 72-77.
Ni H E, Wang G L. Relationship between diseases in
large yellow croaker Pseudosciaena crocea marine cage
culture and environmental factors[J]. Oceanologia et
Limnologia Sinica, 2009, 40(1): 72-77(in Chinese).

[4]1 &M, EER, BER, 55 KM FRE K A
IR IIIAT I = T[], AK =R, 2005, 24(1): 17-19.
Jin S, Wang G L, Zhao Q S, et al. Epidemiology of vi-
briosis in large yellow croaker Pseudosciaena crocea
(Richardson) in marine cage culture[J]. Fisheries Sci-
ence, 2005, 24(1): 17-19(in Chinese).

[5] JiaQJ,FanZJ, Yao C L. Identification and expression
profiles of ERK2 and ERKS5 in large yellow croaker
(Larimichthys crocea) after temperature stress and im-
mune challenge[J]. Fish& Shellfish Immunology, 2015,
44(2): 410-419.

(61  FEAERL, RHNI, dvFe, 55 WT6)HE R G H L0

R[] HR A K44, 2013, 48(1): 31-36.
Huang B M, Yuan L G, Qu Y L, ef al. The morphology
study of rainbow trout (Oncorhynchus mykiss) liver[J].
Journal of Gansu Agricultural University, 2013, 48(1):
31-36(in Chinese).

(71 S, X, BN, &5 45 S RSO o o - 28
GUES SRR, Bl R R 224), 2017,


http://www.scxuebao.cn

11 4] ABF T, A R R RIS O B SR 2 2 A T 1681
52(6): 1-5. in Megalobrama amblycephala[J]. Journal of Fisheries

[10]

(1]

[12]

[13]

[14]

[15]

[16]

Zhou'Y J, Liu Z, Xia B P, et al. Effect of continuing heat
stress on the liver tissue morphology of rainbow trout
(Oncorhynchus mykiss)[J]. Journal of Gansu Agricultur-
al University, 2017, 52(6): 1-5(in Chinese).

LiZ, Liu Z, Wang Y N, et al. Effects of heat stress on
serum cortisol, alkaline phosphatase activity and heat
shock protein 40 and 908 mRNA expression in rainbow
trout Oncorhynchus mykiss[J]. Biologia, 2016, 71(1):
109-115.

Jia Y D, Cavileer T D, Nagler J J. Acute hyperthermic
responses of heat shock protein and estrogen receptor
mRNAs in rainbow trout hepatocytes[J]. Comparative
Biochemistry and Physiology-Part A: Molecular & In-
tegrative Physiology, 2016, 201: 156-161.

Shi HN, Liu Z, Zhang J P, et al. Effect of heat stress on
heat-shock protein (Hsp60) mRNA expression in rain-
bow trout Oncorhynchus mykiss[J]. Genetics and Mo-
lecular Research, 2015, 14(2): 5280-5286.

Wang Y N, Liu Z, Li Z, et al. Effects of heat stress on
respiratory burst, oxidative damage and SERPINH I
(HSP47) mRNA expression in rainbow trout Onco-
rhynchus mykiss[J]. Fish Physiology and Biochemistry,
2016, 42(2): 701-710.

Li E C, Li C. Use of RNA-seq in aquaculture research[J].
Poultry, Fisheries & Wildlife Sciences, 2014, 2: ¢108.
Smith S, Bernatchez L, Beheregaray L B. RNA-seq ana-
lysis reveals extensive transcriptional plasticity to tem-
perature stress in a freshwater fish species[J]. BMC Gen-
omics, 2013, 14(1): 375.

Liu SK, Wang X L, Sun F Y, ef al. RNA-Seq reveals
expression signatures of genes involved in oxygen trans-
port, protein synthesis, folding, and degradation in re-
sponse to heat stress in catfish[J]. Physiological Genom-
ics, 2013, 45(12): 462-476.

Bilyk K T, Cheng C H C. RNA-seq analyses of cellular
responses to elevated body temperature in the high Ant-
arctic cryopelagic nototheniid fish Pagothenia borch-
grevinki[J]. Marine Genomics, 2014, 18: 163-171.
wah, SIS, B, AL SR B L AR
Fe H AR R FRIX IR IRT]. /K75 23], 2017, 41(10):
1562-1570.

GaoJ W, Xi B W, Teng T, et al. Effects of acute stress

on iron homeostasis and iron homeostasis related genes

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

(23]

[26]

[27]

of China, 2017, 41(10): 1562-1570(in Chinese).

Janey Z, Jeney G, Maule A G. Cortisol measurements in
fish[M]//Stolen J S, Fletcher T C, Anderson D P, et al.
Techniques in Fish Immunology. Fair Haven, NJ: SOS
Publications, 1992: 157-166.

Aluru N, Vijayan M M. Stress transcriptomics in fish: A
role for genomic cortisol signaling[J]. General and Com-
parative Endocrinology, 2009, 164(2-3): 142-150.
Jaxion-Harm J, Ladich F. Effects of temperature change
on cortisol release by common carp Cyprinus carpio[J].
Journal of Fish Biology, 2014, 84(4): 1221-1227.

Jeffries K M, Hinch S G, Sierocinski T, et al. Transcrip-
tomic responses to high water temperature in two spe-
cies of Pacific salmon[J]. Evolutionary Applications,
2014, 7(2): 286-300.

Ozsolak F. Milos P M RNA sequencing: Advances, chal-
lenges and opportunities[J]. Nature Reviews Genetics,
2011, 12(2): 87-98.

Chen X M, LiJ K, Wang Z Y, et al. Thermal tolerance
evaluation and related microsatellite marker screening
and identification in the large yellow croaker Larimich-
thys crocea[J]. Chinese Journal of Oceanology and Lim-
nology, 2017, 35(3): 566-571.

B B, ZFEEL, EEH, & T RERAN R
R i i v MR 4 B R 2 ORI A AT [, K A AR 2
#k, 2017, 41(4): 735-740.

Chen X M, LiJ K, Wang Z Y, et al. Genome-wide asso-
ciation study of thermal tolerance in large yellow croak-
er Larimichthys crocea based on slaf-seq technology[J].
Acta Hydrobiologica Sinica, 2017, 41(4): 735-740(in
Chinese).

Robles J A, Qureshi S E, Stephen S J, ef al. Efficient ex-
perimental design and analysis strategies for the detec-
tion of differential expression using RNA-Sequencing[J].
BMC Genomics, 2012, 13: 484.

Xiao S J, Han Z F, Wang P P, et al. Functional marker
detection and analysis on a comprehensive transcrip-
tome of large yellow croaker by next generation sequen-
cing[J]. PLoS ONE, 2015, 10(4): ¢0124432.

Mortazavi A, Williams B A, McCue K, ef al. Mapping
and quantifying mammalian transcriptomes by RNA-
Seq[J]. Nature Methods, 2008, 5(7): 621-628.

Robinson M D, McCarthy D J, Smyth G K. edgeR: A

http://www.scxuebao.cn


http://www.scxuebao.cn

1682

Ko AR

0 E

(28]

[29]

[30]

Bioconductor package for differential expression analys-
is of digital gene expression data[J]. Bioinformatics,
2010, 26(1): 139-140.

Subramanian A, Tamayo P, Mootha V K, et al. Gene set
enrichment analysis: a knowledge-based approach for in-
terpreting genome-wide expression profiles[J]. Proceed-
ings of the National Academy of Sciences, 2005,
102(43): 15545-15550.

Brander K M. Global fish production and climate
change[J]. Proceedings of the National Academy of Sci-
ences of the United States of America, 2007, 104(50):
19709-19714.

Parsell D A, Lindquist S. The function of heat-shock

proteins in stress tolerance: Degradation and reactiva-

http://www.scxuebao.cn

[31]

[32]

[33]

tion of damaged proteins[J]. Annual Review of Genetics,
1993, 27(1): 437-496.

XU 26 . e il 38 T = 28 00 4 7 s L ) 5 4
BT[D]. J7H: IR, 2017,

Liu Z D. Transcriptome sequencing and analysis of
Wedelia trilobata under high temperature stress[D].
Guangzhou: Guangzhou University, 2017(in Chinese).
Adeghate E, Adem A, Hasan M Y, et al. Medicinal
chemistry and actions of dual and pan PPAR modulat-
ors[J]. Open Medicinal Chemistry Journal, 2011, 5(2):
93-98.

Tate S S, Meister A. gamma-Glutamyl transpeptidase:
catalytic, structural and functional aspects[J]. Molecu-

lar& Cellular Biochemistry, 1981, 39(1): 357-368.


http://www.scxuebao.cn

11 4] BRI, G R AR IE Y i S AL h 1683

Transcriptome analysis of high-temperature adaptation in
large yellow croaker (Larimichthys crocea)

DENG Suzhen, HAN Zhaofang, CHEN Xiaoming, LI Qingchang,
XIAO Shijun, LI Jiakai, LIU Xiande "

(Key Laboratory of Mariculture for the East China Sea, Minstry of Agriculture,
Fisheries College, Jimei University, Xiamen 361021, China)

Abstract: In order to investigate the variations of gene expression of Larimichthys crocea under high temperature
stress, two libraries of high temperature treatment group and control group were constructed and sequenced using
the Illumina HiSeq 2500 platform (paired-end). High temperature treatment group (heatl, heat2, heat3) and con-
trol group (controll, control2, control3 ) obtained 15.28 Gb and 13.92 Gb raw data respectively, and the average
GC content of each library was 51%. After strict filtering, clean reads were then mapped to the Larimichthys
crocea reference transcriptome using the Bowtie 2 software, the amount of gene expression were also estimated ac-
cording to the reads mapped to genes. EdgeR software package was then used to determine the differential gene
expression of 2 groups of samples with a threshold criteria FDR<0.05 and |log2(FC)|> 2. Totally 1259 differen-
tially expressed genes (DEGs) were identified under high temperature stress, among which 821 genes were up-reg-
ulated and 438 genes were down-regulated. Twelve DEGs were random selected for quantitative RT-PCR (qRT-
PCR) analysis, and the results confirmed that the transcriptome analysis was reliable. Furthermore, the DEGs were
subject to GO and KEGG enrichment analysis, the results showed that most of the DEGs were involved in oxida-
tion-reduction, reduction reactions, protein folding and defolding, glucose and lipid metabolism, and the occur-
rence of certain diseases. The results above mentioned provide foundation information for further study on the mo-

lecular mechanism of high temperature tolerance in Larimichthys crocea.
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