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& 2| 47 243 694 134 A raw reads, Fr A 5 Q30 3 # it 94%, GC £ 47.65%~48.16% 3 B N . 3 i it
Ha362 MERRAER, HF 2793 MNEE L, 1569 A2 F TH . KEGG # % & %/\a‘ﬁﬁ%ir,
ERARE T, AEZREAFEEEFRHAL R BRAED AR H sk E R A2 8RN
AR ol R R AL 2 % £ A AR o, PPAR 5 5 B ¥ ppara. pparf. scdl . cptl F cpt2 % % A g K
BWHEXEEANET ey s Nt REBEEAXRERE ERRA T, AEEAE S ETHEE/ERE.
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FEaha N REMERZEETERTIER.
SRR KR il B @ oA AR R R
FESES: Q9594 XHkIRERG: A

1 515

IR A A fE N B AR P2 —,

VR 258 ) 5 02 (0 Z R A s B . RIER R P fh 2
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A A P A S e IR IR A8 X R 2 Y
JE A 1 B 2 2 5, N He S A 5T R, AR IR
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Y #5 B H#3: 2024-01-15; 1817 H#A: 2024-11-11,

XERS: 0253-4193(2025)01-0063—11
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BEL i Rl B R A R B R O B R O
g — 7 1) T B K O A 7R B0 B 22—, (L X I
i 140 T I BE ) R 22, T R A ot o BE A 2 i
FH A0 B TR IELRE 0 o TR IR A S A Y
T EAYE, I o T £ 28 A PR B2 Al i Y R A
N0, AW LA A0 4 £ T Sy S 06 B R R AT B S
AP, T A0 20 Hr 45 8 40 4 40 7E 20°C IR 25 F R
JHF U R 05 3 3 90 2%, Sy 4 W i 1o o R Tt i K e
DR 42 4 R (ER L i R O B 4R B 2%

2 MRPRT

21 XRHPEERE

LW N AR R A R TR S SR
SEER N T B A 4 H M4 (21117 £9.51) g, ¥
90 J& 4= f1 4y £ B AIL 34 43 A T O6E BEZH ORI IR 2
B2 3 P AT, B3 R B AR R T IR (08: 00 F1 16: 00),
BT dJE TR IER SR . F R R KR A 2R KR
[(30.5 % 1.0) °C, I I 32 56 2H SR FH % 11 25 vk He 4 i
0.5°C/h 5)ER IR, I 4EFELE(20.0 +£0.5) °C, [A]F 30 min
R — YR K IR, K 77 58 HL A R T e 50% 45 3R B i
VEK o TS e R v R A A 4 AR 20°C B 58 4
TCEBK, A bt G % Ay 1)L TS Yt K R MG R 2 AR 4R
Xof FRZH DR 7 B R PR UK IE 5 MR . IR 2 R ox R 4 R
P 5 3 Y R K A7 AR5 £ %% A — B, H 24
WA AE 5 mg/L UL b, pHAETE 7.4~ 7.8 WFE N, A&/
T 0.02 mg/L, WARPRE: /N T 0.01 mg/L.
22 H@mESE

H TS 56 45 S ), A2 0 4 £ AE 20°C IR
EFBEHTE S 7 d, BT LAZESS 7 K BE PR AR AR 4
HUE TR B2 45 3 R &) 0 1 I A O 2 S 4 o0 BT A
i, SR I 2 A T TR B RR IS K 29 100 mg (1)
JHBIEAE i A R A8 T OO IR R R o SRR RS
W BT A AR b DR A7 T —80°C VKA T
2.3 RNA $2E{#0 cDNA X EHE

KA 4 X G A Y B AR A PR F 1) RNA $2 1
i 7 £ ( TransZOL Up Plus RNA Kit) £ B A 1 d 79
B RNA, #21E 1 5 42 BRI 5 E 77 . RNA 42 B
Jii 2R 1% 35 R W 6 2 P, UK G 35 RINA 1) 6 ffe 2 2
RNA & % JH Nano Drop 2000 43 5% 6 B2 % RNA 1§
#1349 M -4 FH Agilent 2100 RNA 6000 Nano kit {5
0BT A RNA $2 U5 R FH 8 FLal ) & 25 R rRNA,
FHAF Oligo(dT) BY % Ek % mRNA #E47 & 5. K& 15
1 mRNA F 75 3 AT W S B, Bl AL 4 17 R
YR 519, A H M-MuLV 1% % 5 B i 22 45 08 — 4

cDNA. F#ff RNA £ J5 LSS — 5 Wik, DL ANTP 2y
4 R, F FH DNA polymerase 448 2 4 55 — 4%
cDNA. &% 5% cDNA K %, il L Poly A J& FiIil ¢
$3k, Fl AMPure XP beads {8 200 bp 7£ 47 1Y) cDNA i
& i ok 34T PCR Y™, & J& % I F 1] AMPure XP
beads 4l {k =4y, 56 M SCEAEHE .
24 HRAHERESSEEEALLS

H4 7 adapter, & N LR T 10%. 29K A Gk
FBT il Q<20 A9 Bl FEH 4 % 2% read 19 50% LA 1Y
reads & AR B EHE, XF F HLAY raw reads FI| FH fastp
HEAT B, o DEAR T 505 159 2 clean reads, FiE1 70
FE A1 RN T A 43 A5 4 BT, R bowtie2 R4 clean
reads FbXT B3 1) Fb 10 R W A 8080 T2, 25 R Eb X B
WA 1Y reads, FEF ] HISAT2 $k 44, JF & 5L T 5 2% 3k
A CRAE) B XT38 . 2% ZE R 41 (575.35 Mb)
B AR KA 2K b 7 TR S R L R =
Pt
25 BERERZESH

MR 5 HISAT2 5114 14 Lo X &5 3, ) Stringtie B
Pt s AR, IF I RSEM 3 BEANREAS i BF AT JE 1K (1)
Feikd o X PR | B SR A K B AT AL GE S5 15 3
FE ) FPKM H, FilE— 20 73 1 45 S BRI 335 40 1 1%
B o HLIE PR 2 TR KT 43 A v A5 30 11 2% 3 A I 8 A
FH DESeq2 3R #EAT 25 I 00T . 3T 22 5 0 Hrddh
SR, % % FDR < 0.05 H.|log,FC|> 1 8 3£ R 1E i & 2%
SR
26 E=RERE GO EEMKEGGEESM

22 57 B ) GO %5 95 & (hitp://www.geneonto-
logy.org/) B 4% H WL 5T, G115 4> term A9 22 5 56 R 5
i, TR UM 50 4 B 40 GO & H . ¥
25 5 3 T B 3 KEGG 0 245 30 1 B s B, U
KEGG Pathway 2 B0, [R] B 5 FH 88 JL AT K 56 56 1%
Pathway {2 3 M & 80 M7 o %R K K 19 p-value T

FAKN
(DG

(V)
K. NI AFREADEA GO TN HE K
Hin AN ESRBIEANEE MATAHE RE
R B R GO term BB FIECH s m HERE R
HAPE GO term WY 22 7 RIKEHBH .
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A, G 28 AT JLAS & [ 4T qRT-PCR Sl . MR 45
acc. cptl. fas. hsl. mgl. ppara %5 K MWL E H (B-
actin) K, H primer 5.0 W& A EEH 519 G149

*1

FANEE 1 ), - SE 98 )% 2 B PCR U I 3%
RNEEE, U PacinBERNEXEEINSMFEH
2 coc A SL IR A X Tk i

2 PCR 5| #1575

Table 1 Primer sequences of genes used for RT-qPCR

FERF R S 5 L5 1953 TUETIHI(-37
acc Rca011875 TCGCCAGTCTCCCAACTCCTAT ACCTGTCCACCTCCTCCTTCAT
fas Rca019519 AGCATCCTGTATCGCCCGTTTGA GTCGGTCCTGTGGGTCTCCTTGT
hsl Rca015361 AGCAGTCTGGTTTGGGTTTGGC AGGTTCTGGGTAATGCGTTCA
cptl Rca009591 TACCGCTTGGCTATGACTGGAC TTGCTGGAGATGTGGAAGTTGATG
mgl Rca013017 CACTGCGACCTTTGACCTCTTTG AACCATCCTTCTGGGCGTAATC

ppara. Rca010067 GAGTTCTCATCTTCCTCCTCATCGC GGCACTTGTTGCGGTTCTTCTTT
p-actin GU584189 AGGGAAATTGTGCGTGAC AGGCAGCTCGTAGCTCTT

¥ accFrRacetyl-CoA carboxylase, Z.BLiliiE AR L fus# R fatty acid synthase, i R & J8; s/ /Rhormone-sensitive triglyceride lipase, 15 ¢ {2
PEREWiE; cpt ] F R carnitine palmityl transferase 1, ABRASEEFFEME 1 ; mgi# R monoacylglycerol lipase, Bt H i BE ifil; pparaRperoxisome

proliferators-activated receptor, i3 ALY B SEYIITE 52 R o

3 45

31 BHFRANF S5t

38 o X AL 0 E R AT B S 2, 6 S RE
CH X A AR 0 4% 3 M AEW#E R ) 1 T AL raw
datas M o 8 5 4% T 46 AR W16 2 BTOR, & HEd clean
reads U 7 raw reads [ 98% LA I, & JE J5 & FE 5 GC

e

A 47.65%~ 48.16% Z [8], B —F, Q20 H i
98%, Q30 1T 94%, F& WA Y I 25 L i A 08
b R 315 89 clean reads 25 B HE X
MR RNAGRNA) J& , #1755 LR 4 X, 45
W 3 TR, 45 FF & reads 78 3 R 21 1 19 B FE X R 3
e 92% LA b, HXE S AE A [6) 4b B 21 2 ] G B 3 2 5
H#ER—3.

HadRENFRETGSEITER

Table 2 Statistical table of sequencing quality evaluation after sample filtering

AbEg FE Raw reads Clean reads (Ratio) Clean data/bp GC/% Q20/% Q30/%

payils GC-1 41052 194 40 443 694 (98.52%) 6 033 805 581 4791 98.36 94.96
GC-2 39 405 242 38 872 552 (98.65%) 5802 795 648 47.66 98.24 94.66
GC-3 38277454 37 694 004 (98.48%) 5623 819 502 48.03 98.30 94.85

R LG-1 41764 832 41 190 146 (98.62%) 6148 615 460 47.65 98.23 94.74
LG-2 42025 156 41 532498 (98.83%) 6206 078 195 47.94 98.19 94.63
LG-3 41169 256 40 660 388 (98.76%) 6075783071 48.16 98.33 94.90

32 ERRIESW

R T A S R R R R R 25 Sk A b A
FIR B, SR AL B FPKM ARG A [ RE 5 1) Y
R ik 22 S ML TR . ST 22 R i s 1, i ik
MEFRIRIN, ZREBESPERWE 1R, A
WA AT AL AT 4 362 25 S RIK N, Hp 2 793 4
FERFRIE LA, 1569 MFIEFFRIET A,

3.3 ERRIZEEER GO 1 KEGG B&E S

Gene Ontology(GO) #: 4 3 4~ ontology( A< £ ), 43
Sl 18 JE DA B 231 2 BE (molecular function) . 2 fifd 41
43 (cellular component) , 2 5 1 £k #) F #2 ( biological
process) . Kf & £ 1 20 1Y) GO term ¥E 47 4 1 (K 2),
RIA 44 term J& T4 F UGBS H, 74 term J& T4
MLZH 5325 H L 9 term J& TAEM ARG H . £ T3
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Table 3 Statistics table of sequencing results compared to the genome

Unique Mapped (Ratio)

Multiple Mapped (Ratio)

Total Mapped (Ratio)

35435211 (87.67%)

34013 307 (87.56%)
32773 501 (87.02%)
36 014 174 (87.60%)
36329 768 (87.62%)

35571 430 (87.60%)

2477732 (6.13%)

2154 317 (5.55%)
2103 880 (5.59%)
2177 240 (5.30%)
2440 121 (5.89%)

2875 492 (7.08%)

37912 943 (93.80%)

36 167 624 (93.11%)
34 877 381 (92.61%)
38 191 414 (92.90%)
38 769 889 (93.51%)

38 446 922 (94.68%)

66
szl FEfh Unmapped (Ratio)
Xif GC-1 2505 363 (6.20%)
GC-2 2 677 482 (6.89%)
GC-3 2784 477 (7.39%)
IR LG-1 2918 520 (7.10%)
LG-2 2690 715 (6.49%)
LG-3 2159 254 (5.32%)
150
100
g o Lif§
=) o LXER
2 o T
|

-20 -10 0 10 20
log,(FC)

K1 CGvsLG kil
Fig. 1 CG vs LG volcano plot

Aesc B, 22 A 8 AR AR LS 1 (GO:0003824 ),
RNA %54 (G0:0003723) . /N5 F 45 4 (GO:0036094) |
Bt 454 (GO:0001882); TE4H 4L 7 45 H v, 22 3 5k
DR & 45 7 40 i 25 358 40 ( GO:0044422) | I 45 4 41 it 7
(GO:0043227) . 2 g P4 JE 45 45 40 i 2% ( GO:0043231)
4113 P9 40 25 3 43 ( GO:0044446) . 411 i 2% i ( GO:
0031090). 4 il &% (GO:0043226). 24 s P 40 it % ( GO:
0043229); FEA Wit A H b, 25 N F 2 E A7
FPR AR FE (GO:0043436) . A7 LR AL 5 3 72 (GO:
0006082). & R % i1t 72 (G0:0019752) . B A 4C ifff
it 2 (GO:0044710) . /N3 F R ik # ( GO:0044281)
2 6 1 4G 3 AR (GO:0042180) ., 3 15 248 i B A% 1 1ot
T2 (GO:0010565)., 41 fitg i 1 i Bt ( GO:0022403 ), —JT
R AT FE (GO:0032787) ., 4t & 4 #4541 term
) 5 DR 3R 5 O & B, 7E & BT 20 19 term H | 9
PR B3 21 F IR SE R 0 (UL IR 2 55 =181,
KEGG J&fi & Pathway [ 32 228 JU 508 2, 38 i
T Ak e = R S 5 R E A
RPFFEZESHFERE., FiTEEERENKE

FR T 20 /38 B (1L 3), 32 28 & 46 1038 I AT 2R 1 A
(ko03050). 1% i 42 (ko01100). P 5 M v Y 7 14
TN T (ko04141), & BER (ko04145), 25 [ B A= 9 A AR
(ko00100), 745 R 76 31 (ko00020) B0 4% A= 4 4% i 1A
AWy & (ko03008) . ik AR i (ko01200) ., fig s i [ fif
(ko00071). PPAR 15 *5- i #% (ko03320) . 13 ¥ 1 #j %
Y T2 6 19 R B 7% 16 (ko00040) 55
34 BEREHEXEHTRSIER

SR AR AR Sk o B S R AR A Rk 4
JIE 7, AT 6 7 A 1) 22 5 i P 2 B AR B g AR i
1 (GO:0006629)., 4 i A B 72 (GO:0044255)

&5 AR WA i AR (GO:0008610) %5 A= 1o 72 LA b 5

2 [ 1 A= W4 1 (ko00100) . IS 7 2 [ 7 (ko00071)
2 [F B 38 K 05 1 (ko00140) . 7 2% IH 31 R 4= ) 45 1
(ko00120). i i 2 A= ¥ & 1 (ko00061 ) 5538 % I .
35 PPAREEEREELRE

43 HT KEGG & £ 11 20 (1938 [, PPAR 1553 %
(ko03320) X 25 £ i AC s 76 IR A5 14 T A5 B
FEEAER (INE 4 JT7R ). 7E1%38 B b A8 I ) 83 4~
FEIH, Hodh 36 AN SE kW . A £ AR A
% % IR 8 H VLDL., FLEE R chylomicron i 13 g fifi
MR 15 86 1 fap $415 T 1% 338 B IR Wi TR 45 & & 1 fabp,
AL J5 /Y iR 105 R 45 & 25 1 fabp 16 40 M A% N £2 it
ppary % 5% 3 35 [R5 0] ppara &3k, T i 3 B
scdl . fabp3. Ipl. pgar. cptl. cpt2 F R L, cyp7al .
cyp27. ap2 LT
3.6 HEREHEXEYTRESIER

SRR G AE Y o B S B AR A R kR S
ST, AT ol A0 7 A ) 2 S i R B A B SRR 05
i & (GO:0005996) . C ¥ A i i 7 (GO:0019318) 55
A g 3k A LA RN T it A4 5 44 (ko00010)., = ZLBE AR 54
(ko00052) . JiE F53 F1 I A 1K 36 (ko00500) , 13 4% i1 4 %
TP IR T8 19 FH 5L 5% 1k (k000040 ) %53 % I .
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Fig.2 The first 20 enriched GO terms
T8l W HEHT 20 (9 GO term, [ 414y Bk B H 9 A b R, ASTR] 9 251 €2, 1R R ASTH] (9 Ontology; 45 —18l: 15 53 K 1 i% GO term B AL H LA K O i,
SERBE 2 AT A, O (/NGB 2L 38 =18 bR IR AR IR e ) AR TR 1B, TR 5 (AR R L TR L A9, v SR G AR T IR (R L 49, Oy R
FLAA R HUE; 55 4R : 45 GO term [ RichFactor {H (1% GO term 125 5 3k B H0ik B DL T A7 £, 35 St MM R — A 3R 0.1

The first circle: the first 20 enriched GO terms, outside the circle is the coordinate ruler of gene number, and different colors represent different Ontology. The

second circle: the number and Q value of the GO term in the background gene, the more genes, the longer the bars, and the smaller the Q value, the redder the

color. The third circle: bar chart of the proportion of up and down genes, dark purple represents the proportion of up genes, light purple represents the propor-

tion of down genes, and specific values are displayed below. The fourth circle: RichFactor value of each GO term (the number of differential genes in the GO

term divided by all the numbers), and each grid line of the background represents 0.1

37 BRALRWIE

KT B UE R s AR, T ace. cptl. fas.
hsl. mgl. ppara 6 > FEH 1T qRT-PCR &, I M %
ST 2L v R L AR R DR A A I A SR AT e, S5 AR
& 5 T, 45 3 7E QRT-PCR 5 5t 21 1) 38 3k A8
ot —2, LI S5 R T 5

4 g

B SRR AR BASE | A U M R I S
FME T TR F R =5 2, e R A B AN RE RS

s A AE AR TR S 19 431 0R 1 AILEE, o e e 5%
IR 43 1 e PR ) 25 A AN DI RO AT 5 38 2 X
T S A RV A5 1 22 W 0 JTE IR (9 5 S 4 20, 3R A5
TR 22 5 BRI, O DRI I T 4 XK
TR O AL B B T BERE, Sh aE E A f i ARR  Rh
BEE TS
4.1 BRI
4.1.1  JRACIHHAE G A Wy i 7 22 S R IR B

P A ST, IR D I 2 AL AR B G B 1) B R
T8, A2 4 %A 20 RS 1 i TR, X A A2 )
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DB B BR A ELA% A
[HER 248 HEBRRH)
R R R A
A H A

DNA % %1

R AR AR
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40 e 28 P40 5 A2 0 R AR
B0k

38
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B
e 100

® 200
® 300
@ 400
e @ 500

—log,,(Q value)
e 12.5

- 7.5

2.5

0.4 0.6 0.8
AL LA

P13 B4R 20 Y38 B%
Fig. 3  The first 20 enriched pathways

e 4% AR HCHT IR R PR 58 2 2 /E ), (3 H i
0 AR T e AR OC 43 I AL A DGR SRR
6% T o A BIF 50 3 3 o0 2 T P R A AT O R R AR
T 0 22 5 R L HEA T 8 B 400, 45 R K LA 294
A28 5 56 R AR B 1 AR AT A2 (GO:0006629), 7 HH
IR 2 25 S 35 5 i 2 £ 40y £ U R A RIS B0 .
BT RBIENRM S RAREZEFN gD EFEZ
Hb, 3 I 20 B AR A AR (218) . AR BT AR W) G AR
b 2 (82) H i Bg A i #2 (79) Fn @l B 10
(82) W EER K M EFILH . JRTZEDIEN =
KEFRMTZ—, BT PRSI GE & 5h, 8 &5
YIRE 43 094 LR, i BT AR W) B i AR Bl ) 3
wAEFRRIR A AR UR TR A, IFE SRR R
AR08 B RAS TR, 10 52 =5 A T A W B A 6 3k
PRI ) 238 ] DA — 8 PR BE b M AR BT B8 AR 2D B 4 o
B Bl o A 455 A I A 8N W T T 2 e
PR 5, T it B A R e T i 2R A %)

200 H TE 5 D) RE B AT ARORE E AR AL (R 2 A, B AL 2
BLAA P IR 2 A o A v iy sl 22 B, H A 2R
PRy RS RO AR IR 37500, BAT B 144 N B8 7K 20 HE G
S5 &, X AERHIRIR A5 O R MR R A B e R A BRI
YRR,

AT R, WS KEGG & %5 i 4 2R i
71N, ZE [ B A ) IR 28 T B 3R 5 A M S i A 00
Sl RN L 2 BN . SRR AR Y R R, Iss.
ebp. hsd17b7. dhcr24. fdfil ., sqle %535 R AEAR IR P55
W R MR ERE R A RaE R T ugr2a2. ugt2bl
akrldl. dhrsll. cyp7al. comtb. cyp3a27 %55 % B A
BE TV, LB sult2b] | cypl1b %3 AR 55
o NZEH o G S 21 D 7 45 51 1R, IR B AR 2
HE TS B A W6 i, (R TR BB R A S
Mo TER B (Larimichthy crocea) WA i 38 19 AT
JIE 5% S I 48 R b e B, 26 TR R AR 0 6 A
O 1 e PR 3R 0k B 2 T A0S, SR SR A R — B, K
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Table 4 Differential gene enrichment analysis of lipid metabolism-related biological processes and pathways

Hdli % Lyhe /A8 i L% i
GO NE AT (lipid metabolic process) 294 GO0:0006629
2R A Gt R (cellular lipid metabolic process) 218 G0:0044255
B E A=A G AR (lipid biosynthetic process) 82 G0:0008610
AR AR AR R (cellular lipid catabolic process) 26 G0:0044242
&R AR AR (lipid catabolic process) 30 GO:0016042
PR BRI AR (neutral lipid metabolic process) 38 G0:0006638
f A4S (lipid homeostasis) 23 GO:0055088
5 JFisE v (lipid localization) 60 GO0:0010876
EHA-TREE AT HA L (protein-lipid complex subunit organization) 11 GO0:0071825
BRI AR A Y (positive regulation of lipid storage) 7 G0:0010884
JI§ B AERITH Y (regulation of lipid storage) 14 GO0:0010883
A7 (lipid storage) 15 GO:0019915
A AR A IE 7P (positive regulation of lipid metabolic process) 13 GO:0045834
KA AR AT (regulation of lipid metabolic process) 55 G0:0019216
HihARICHHS AR (glycerolipid metabolic process) 79 GO:0046486
Wil it 72 (phospholipid metabolic process) 82 G0:0006644
M Bi%%3z (lipid transport) 48 GO:0006869
Re it A AL S L (response to lipid hydroperoxide ) 2 G0:0006982
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Transcriptome analysis of liver of juvenile Rachycentron canadum
under low temperature stress

Tang Baogui"?, Cai Runjia', Zhang Jing"?

(1. Fishery College, Guangdong Ocean University, Zhanjiang 524088, China; 2. Guangdong Provincial Key Laboratory of Pathogenic Bio-
logy and Epidemiology for Aquatic Economic Animals, Zhanjiang 524088, China)

Abstract: To investigate the effect of low temperature stress on juvenile cobia (Rachycentron canadum), the fish
were reared under normal temperature [(30.5 = 1.0)°C] and low temperature [(20.0 + 0.5)°C] for 7 days, followed by
genome-based transcriptome sequencing of there liver tissues. Each group included 3 biological replicates. The res-
ults showed that a total of approximately 243 694 134 raw reads were obtained from the 6 sequencing samples, with
Q30 scores exceeding 94% for all samples and GC content raging between 47.65% and 48.16%. A total of 4 362 dif-
ferentially expressed genes (DEGs) were identified, including 2 793 up-regulated and 1 569 down-regulated genes.
KEGG pathway enrichment analysis revealed that in lipid metabolism, a significant number of DEGs were enriched
in biological processes such as lipid metabolism, lipid biosynthesis, glycerophospholipid metabolism, phospholipid
metabolism and glycerideid metabolism. Key lipid metabolism-related genes, including ppara, pparp, scdl, cptl,
and cpt2 in the PPAR signaling pathway, played crucial roles in the response of juvenile cobia to low temperature
stress. In glucose metabolism, numerous genes were enriched in pathways such as glycolysis/gluconeogenesis,
galactose metabolism, starch and sucrose metabolism, and pentose and glucuronate interconversions. Among these,
genes such as g6pc and eno were found to play important roles in the adaptation of juvenile cobia to low temperat-

ure stress.

Key words: low temperature stress; Rachycentron canadum; transcriptome; lipid metabolism; glucose metabolism
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