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AR S B e S8 () ML R A T T DA A T S5 ot o ) 3%
BieMEHIRIE T

R SURREK A S8 T A2 IR, HpLk
R AR 7K P R AR B 15 AL ) B 4 52 3 7K 1) 5
P i e = A P /R N L AR ERE R s SN W R Y VA
B ity S5 AH G 5 R R 238, 1 T FELAS 1E 5 AR,
SR AR g BARE KT A R 40 4%
(R AN Tift 90 & BTy F4.(Danio rerio) \28°C ¥%
2 12°C 7K, AR 5 55 2 T SB0M 5 44 4 240 i
(RSB, 75T P BB 8 T A B A 5%
FEH Rt A ARG I R FEoh N =i 3Rk, = AR PLA L
YEFY™ . L6 (Oncorhynchus mykiss)1E4°C FIEIR IR
BF, 25 & A A RO A SR R 2 R
B R R T 5 R B B B AE i (Oreochromis
niloticus) A& P 5 AT AT G 2 FH 5 5 BRI 1) J 285 v 3R
1, W /AR 240 1L 2R B 0 368 B T e T2 A O B
5 R R A T B T £ 4 £ e SR 2 S W 4
REW, SAThRE /- R F i B AEARIER N H
T EERIL TNTBTEMA . OB, AR
) A 4 0% FIRINA 32 4 6 ) 2 1R B e 3k
Y88 (Cyprinus carpio) B EAGIRIA T H, 71 H L
252 FE R B, W ARNALER . B AS
SRR L i A T e A T S5 A e A4k 1)
B g A AE N, RIS R T K E R A R
SRR R R AT RN X R (Litope-
naeus vannamei) (EAREMNE T, NIRHLR HH 724
72 AR HE DR, AE A AT PR A A G 1 % S5 et P
U R B k", TR b S AL 5 AT 54 Y
B RERE,

X}k Z 56 B L R 2 AE B AER X A1, d e 2
LU G A HAE 7 T T 345 2 5 R e A iR
FIThREFERME B, WTEERBE D (Pinctada margariti-
Sera). % IRV MR AT 65y 14 i b, BT s 2H 40 #r
PRI T VELE PR T 4 A N 1 ke A S R
FIHRNA-seqfi AR, i 70 #& KB H A VBN (Macro-
brachium nipponense) S AR HriE48h 5, HIH i
fik o G6PDAN PKEE ] (238 7K 1M, HE T AL %
PEWERR A 1842, 4478 &1 R 1R 9 PUE Be JETH #E, 724
B2 HIRE R LLIENUARAR . 75 IE R BRI (Rudita-
pes philippinarum)H 2T ¥ 5 H o3 #r, RIMAECIR
T, B H RS- H# M (GST) 5 i it & A it
AN (TPX) Rk FiR, R TAEEE
SRR N I AME, B R AR N AMAZ ) T
EZOERIATY - N

7K i B e B 7 % 3 0 ) A 0 SRR S, A 4
FONME ., SRR TR T LA N IR AR A

iy, s HRE BACI A e T Re 5, HE = S8
WR R EAETS, BRI G ik . H Al A%
% IR SRR N B 2 R AN TS A,
ARG T S PR 56 B i 6 R 2 3 i O 78 4 R DL A
B A, ARWEFUR 2R RRER T 3, X2 A AR
FEAR IR il 38 AN [ IR 8] £ PR I i 2H 2R AT e o
o, SRR A S IR R R 1] . AR
T A BRI A TA] JH e AR AL 2R B D R IA A, LY
15 HY 2 ECVH AN S AL TS e A 5K Y SR B A S
B SCBESE R, Dyt R TE R S MR N i
PSR e NS A I SE AR N T ES
Brin Ak E R AR .
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1.1 LR

SEIG BT B VAR >R E B Bl VT 55 £ =E K
FERL A BRAF] o Bhi R R I AMG B {4
{8 R 1) R 3260 FEAE N SR BGHF o PR 2P IRV 0 g iR
AFAE B B M 2, BRIV ) 4 ) M 2 A 1]
AR RESR . NG I ) 22 7 0 A S8 45 11
SR, ASHIT 70 4 1 ME I U oA 11, o e A A A [ e
HATARIR MM o HERR P 244K (14.63+1.02) cm, *F
Ik 5 (92.82+5.19) g, HERF-F35)1AK:(12.49+1.78) cm,
SFHIIA H(46.98+5.68) g.
1.2 LIt

W B S AR IR A, S 2 (T FRMAL ) 58
KR A16°C, X FRAL (R AR CAL) (R 7 2 IR R IE B
IFEHE K IL(24°C) oSG ZH AT HE 2H 75 30 2 0T,
SHMERRE LA 11, PRZH 50 BT PN 150 emx100 cm
7 TR AR R, R FE KR N25 emo MZL A
24°CTFUE R F vk (1 B 75 =0, A2 °C/h )38 R fE
1, K TP A16°C R I 8] 55 B N0, fRFF16C
KiR24h)5, F4id 6hZg 18 Al 24°C .
13 HmXRE&E

X 8 2H A 3k B3 R A v IR, W BN CO4H. .
ESLIHIAF16°CJa I 1hy 3h. 6h. 12h. 24h %
[ 5 &35 SRR, AN IS (8] A 0 S0 B3 B A7 4 0
M EAML. M2, M3. M4, M5SFIM64L. AR
S o e ) 2 S R IR 3 PR, A R A
20 UMV, SE3REBEAL, RS AR IR 2, &
T IERNAMG (1R A7 HH A7, TN A IRIR IR AT
G, ¥ 2 BAGRIKA (-80°C)h, {5 4ERNA
5.
14 HFANFRFIERSERE

V4R AL B (12 1R 1 J B 2 A 4T b i
RECGEADE BRI A A IR A 7 2T RNA K2
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HU5 5 4% . SO #3E (NEBNext” Ultra RNA Lib-
rary Prep Kit for Illumina®, NEB, USA) X 3 7,
M F>F- £ Alllumina NovaSeq 6000 (Illumina, USA).
W FE SR 06 5 51 48 Trinity B2 " BEAT 455, BUAEA
FE IR P i K [ % e AAE A Unigenes. ff I BUSCO
(Benchmarking Universal Single-Copy Orthologs)X}
O O S A B R AT VR AT o A SR TN R 51 43
7| 55 NCBI Nt (non-redundant nucleotide sequences)+
NCBI Nr (non-redundant protein sequences). Pfam
(Protein family). KOG/COG (Clusters of Ortholo-
gous Groups of proteins/Clusters of Orthologous
Groups of prot). Swiss-prot. KEGG (Kyoto Encyc-
lopaedia of Genes and Genomes). GO (Gene Onto-
logy) k74~ A SEHE AT sk VR, e
(43 3 M9 diamond™ (Nr. KOG/COG- Swiss-
Prot). NCBI Blast 2.2.28+ (Nt). KAAS"”" (KEGG)-
hmmscan"” (Pfam). Blast2Go"” (GO).
15 ERERRENMRERTREERBESH
AW 5K HHFPKM (Fragments Per Kilobase of
exon model per Million mapped fragments) /5 V2 11 57
JER R IA R, FERII % S R A FE K (Differen-

tially expressed genes, DEGs)H, ik #x i NFDR
(False discovery rate, 4 1%/ 91%)<0.05"" il log,|fold
change[>1. f#HGOSeq(1.10.0)F1topGO(2.10.0)
HATGOE 4 H", KOBAS(v2.0.12)#/TKEGG
RS,
1.6 HFJAERMES S

TE & LB R i ik 34T DEGs 264 |, 5
T G 41 18] 5 (I DEGs, FIIIR(R version 3.6.0)
Hh R AN B 25 DR 3L R TA N 2% 73 #fT (Weighted gene co-
expression network analysis, WGCNA )i #4) 3 5 [X]
JLRIK M 2% @It B A 73 I F%(Cutree dynamic)
TR D e PR IE KT 1, A2 7 52450.1),
W BAA AR R A R R R 23— A,
BT RLYURHIE ) & TSR S ] () 22 7
WAL G IF, FEEAT WGCNAK: K D e E
FIRE AR AE 22 1) (R S 6 20 B
1.7 qRT-PCRISIE

M i 2 FIDEGs 1 BEHLE A 101>, A F Primer
6.0 AR IR R BIM(FK 1), UK — it 3 A
BHEARA A AR RNATRITEEF TAEG bt
1T, ¥ 5 M TRIzoli%(TaKaRa, H [ K% ) HE B #

#1 BATFRBIFRMEREMEQPCRHTHIERE 5|4

Tab. 1 Gene primers for qPCR analysis of acute low temperature stress in M. rosenbergii
Bk /BN FER 2R FEP K e 3
Primer name Gene name Product length (bp) Sequence (5—3")

Cluster-33315.45697F E®EH: LOC113813141

ACACAAGCAGGTCGCATAGAGC

Cluster-33315.45697R Uncharacterized protein: LOC113813141 160 CGCCAAATCCACAGTCCAGGTA
Cluster-33315.46133F B-N- . Tk S A 4 i 85 TCCTCCAGTTCATCTGCGGTTG
Cluster-33315.46133R Beta-N-acetylglucosaminidase TCGTCGCTGCTCCACTTATCTG
Cluster-33315.45505F v AMP 51455 121 S0 7 5 104 TGTCCTTGGTCCTGCTGGTGAA
Cluster-33315.45505R y AMP-activated protein kinase subunit gamma CGTGCTTGGTGGGTAGTTCTCC
Cluster-33315.44357F . _ CGTTGGCGAACAATACGAGGAG
4f it £ 2 P450 211 FECytochrome P450 2L1-like 160

Cluster-33315.44357R GATGGCGTAGCTCTGTGTCTGT
Cluster-33315.43475F KA1, 2- A1, 2o AR 50 CCAGTTTCGGGCAGCCAATAGG
Cluster-33315.43475R ~ Trans-1, 2-dihydrobenzene-1, 2-diol dehydrogenase GACCACCACCCACAACCTTCAC
Cluster-33315.43078F BWCH K S-EER MG 1 B 108 TGCCTTTGCTGGAAGCCTTCAT
Cluster-33315.43078R Glutathione S-transferase  1-like CGAGGTATCCTGCTAGGTGGGT
Cluster-33315.44900F Y1 G2 83 CATTGGCAACTTGGGCGTCATC
Cluster-33315.44900R Cyclin G2 GCTGGTATCTCCGAAGGCTTCA
Cluster-33315.44571F T o il 32K 140 CGCTGCTTGAAGGTGTGGTATG
Cluster-33315.44571R Alcohol dehydrogenase class-3 CAGGACAGATGGAAGGCACTCA
Cluster-33315.42081F Ras 125 C3 PISS G B 2R | R X5 136 CGCAGGCGACCAATACTGTGAA
Cluster-33315.42081R Ras-related C3 botulinum toxin substrate 1-like isoform X5 GTGGCTTGAACGGCTTCTGAGA
Cluster-33315.45323F KT 1470 120 ACTCTGTCAGCCTCTGCCCAAG

Cluster-33315.45323R
18SF
18SR

Heat shock protein 70

ACCACGGAACAAGTCACCACAC
TATACGCTAGTGGAGCTGGAA
GGGGAGGTAGTGACGAAAAAT
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AHFEARH LA RNA . 831 %35 FE B B i FL Sk A
Nanodrop ND-1000 (Thermo, 3 [E) £ lIRNA i £ %
W . qRT-PCRFHISYBR PreMix Ex Tagqitil &
(TaKaRa, H1E Ki#%), LL18S rRNANHN S H N, F4
BER B3N BOREE, i FICFX96 Touch '™ Real-
time PCR{X(Bio-Rad, 3& [F)#EAT I, I 24
VRS T SR R P AN 0k &, 5 e s Al e s 2R AT
FLB AT

2 4R

2.1 HEHRABHERFIERE

5 AR SEIR ZH(M T M2, M3. M4, M5
M6) ks B8 ZH (CO) JH i i 2H 230 AT e sk 4L e,
2INFEA ML 4% 5 33815 142.38 Gb clean data,
FFEA K clean data’)i25.90 GbLL I, Q306# 3 43
LU B S94.49%, 7 B SR AS 1) i S5 4L 2540 I o=
BT, B R SR B MR o W P R AR B R VR
2. PHEEILH5252,123 5654 5% 7 A B (Transcript
fragments), A E N301—35558 bp, FIIKEN
1381 bp, KJE K T2 kb1 477265, 295 4 k5%
AI19% o WA T HI R L TUR 51551135239

R2 MR TS RIBINEREN

2% K] (Unigenes), HHHEK B 9301—35558 bp,
K EA1055 bp, NS0 N1737 bp, HiF K& KT
2 kbMIH 154574, 15 B EERFHI11%. BUSCO
PPl 27 58 B S AN 7 51 4H 25 58 B % (Complete-
ness)N97.2%, ® HEIE AL HOR B LF . Wit
Nt. Nr. KOG. GO. KEGG. Pfam#ISwiss-Prot
S E A PR AT Lox, SR e AR RE 1402360
R, 5 EBU29.75% . S EE TR R ) L K]
B 7 S RO B A LR 3
22 ERFTEEATHEE

X% VAR AE SR IR N B (16°C) R FFZETh,
3h. 6h. 12h. 24h. [IiE%24°CJ5(M1-M64H)A
X W4 (24°C) 4 R (COH) (IDEGSIEAT 0. 45
RE DER, P IRB MRS hE X ZH K DE-
GsH 1702/N(M1 vs. CO); Fifi 5 B3 R] O SE K, 5%
IS 7] 25 5 0 IR ZH O DEG & 184 1, 7E 6hitt ik 31 %
2 (M3 vs. CO, $£2899/), Fifi J& iZ M FAAIK, 31 %
24hi 27417 (M5 vs. CO), AR R R IR N R
(1) zh 2 ~F 145 ; El/mFDEGsEﬁéﬁzi(Mé vs. CO,
1969V 52 2| LhiSF (7K F, B 3T i 3L 20 7 P47
FIAR, PRI AN [FI B 8] 430 5 el R 2224 °C e

FiEARE

Tab. 2 Quality of transcriptome sequencing samples of M. rosenbergii under acute low temperature stress

pok  RITAEC IEIET A BURI =R ES i MiRE  JEEFYIRERT L‘l};$3gg,}]ﬁ GCE &
Sample Raw reads Clean reads Clean bases number Err(f]r rate 20 ﬁ’]ﬁ}ﬁ%‘)ﬁ LE#1Q20 AL LL1Q30 GC coontent
number number (G) (%) (%) (%) (%)
C01 23379568 22914824 6.87 0.02 98.32 94.77 43.96
C02 24029340 23579291 7.07 0.02 98.18 94.49 43.52
Co03 22762946 22231559 6.67 0.02 98.37 9491 4421
MIl1 21914577 21483440 6.45 0.02 98.27 94.68 44.48
M12 21644434 21168961 6.35 0.02 98.3 94.78 44.01
M13 22306861 21293606 6.39 0.02 98.37 94.93 42.54
M21 22883453 22485963 6.75 0.02 98.36 94.92 44.03
M22 24879818 24430082 7.33 0.02 98.19 94.61 44.06
M23 23238852 22813033 6.84 0.02 98.36 94.93 44.00
M31 22300014 21601471 6.48 0.02 98.29 94.74 43.60
M32 24747603 24102025 7.23 0.02 98.48 95.23 4491
M33 23994465 23409040 7.02 0.02 98.43 95.09 43.81
M41 22713387 22016757 6.61 0.02 98.32 94.80 43.41
M42 23362302 22918846 6.88 0.02 98.41 95.08 4436
M43 22886282 22288783 6.69 0.02 98.19 94.56 43.52
M51 26245158 25593705 7.68 0.02 98.33 94.87 44.20
M52 20118392 19681489 5.90 0.02 98.29 94.78 43.89
M53 22748600 22240274 6.67 0.02 98.37 94.93 44.30
M61 22978816 22475617 6.74 0.02 98.42 95.05 43.95
M62 24801163 24256681 7.28 0.02 98.16 94.50 43.24
M63 22036666 21596237 6.48 0.02 98.26 94.73 43.98
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HHAT EOBR, R BRI M3 h 5 BRSO DEGs ¥ &
(M2 vs. M6, 50621 L°F-72& Th 5 [R5 1 1.5f5(M1 vs.
M6, 351671); Bt S 1] (1 ZE 4K, 5[] A 55 [
It J5 FIDEGs#U B IR (M4 vs. M6, 365571 M5 vs.

R 3 BFRIREIRINS KBTS CRRHER ST
Tab. 3 Statistics on the success rate of gene annotation of acute
low temperature stress in M. rosenbergii

E?‘ﬁ-i&ﬂé% RS [ LL A3
Nasb s a==p IR % if‘# I ‘1Aﬁ %
VR i . Number of  Percentage of annotated
Database for annotation ;

annotated unigenes (%)

unigenes
FERR B 7 BhdE )
Annotated in all 2037 1.50
Databases
2R BN
Annotated in at least one 40236 29.75
Database
R B GOX
Annotated in GO 27044 19.99
R FIKOBIE E
Annotated in KO 8410 6.21
FRBFIKOGEE JE
Annotated in KOG 6837 5.05
TR BINTE S 2
Annotated in Nr 24826 18.35
VR BINGEE 2R
Annotated in Nt 8089 5.98
BB Pfam B HE )
Annotated in Pfam 27052 20.00
VERE B SwissProtA 4 i
Annotated in SwissProt 13446 9.94
GIKEES
Total Unigenes 135239 100.00
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Fig. 1 Statistics of differentially expressed genes in M. rosen-
bergii with acute low temperature stress
Bl A 4 A BE 4T 25 S5 2 35 IR 75 26 4 B W DESeq” pval<0.05
[log,FoldChange[>0
The threshold for the differential gene screening of the comparison
combination is DESeq2 pval<0.05 [log,FoldChange[>0

M6, 29894) . [AIET A B, R 12h5 [R5 A 1
DEGs¥{&:(M4 vs. M6, 36551N) & N 4 12h 5 24h ]
(M4 vs. M5, 17061215 . B 1h7 5l 5 12h &
24h|7] IDEGsE & A 227002 1~ (M1 vs. M4, 30557;
MI vs. M5, 23914, 1M N3 3h 43 1) 5 12h f2 24hE] f)
DEGs¥U& JL M [F(M2 vs. M4, 27544 ; M2 vs. M5,
282171,

Nt — PR G AV IR RO I & &
AN ) ARG R R et K i) 2 (R 3R A e A, AR
W 505 % LR AR BRI N BT 1 35 DEGs i
PCHEAT LA, Zehil A, TR FEAE S AR IR ST 3
HDEGsHIREEH . wE 27K, K% HDEGSTE
MASLIHATHREEAFAEHEER,
MAZH (%3 B 1 2h A ) 5 At SR 56 2H I DEGs R 1A
B AR ZER . Bk b, SR04 G 7 2 b
SRR ZH FRA TR, JEHAEMIZH (KT R B h) R I a5
R B R 8 S DR S 6 2E KR o o R AL SRR
Wiy-2 e /K B (Gamma-glutamyl hydrolase) =53
DRITE S 4 Hh (R8T 0 R, FL7E seae 4
SIS S Uk, AR 120 Ik B oK T
Wi -6-15 1R & M (Trehalose-6-phosphate synthase)<
BEPRIFE SR I 2 i I8 B AR T R ZH, HL7ESRIa 4l
HH ) 20 B 2 S R Dk ) Y, E 1 2hIN R B 5K .

CO Ml M2 M3 M4 M5 M6
K2 2RI SRR IR B2 5 R A 5 R A

Fig. 2 Heatmap of differentially expressed genes in M.
rosenbergii with acute low temperature stress
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23 ERFTEEEGOEES

X A PEAGIR ST FIDEGs GO T e 43 4 4t
if, B 3R R TR hS [R5 (M1 vs. M6)Z[H]
DEGsH) 7t ai . 45 R BIR, 701 DhRe b i fiE
1k 3% PE (Catalytic activity) /& & DEGs# £ 255,
HIRIEA AL J5 B 1 (Oxidoreductase activity)s
AL JF7 i 72 (Oxidation-reduction process). 1%
Wi FE (Carbohydrate metabolic process)Fl 7K fif B G
P (Hydrolase activity) 5 AE P D e KA A Mt #2286
24 ERFTIEEFEKEGGESES

M LR TAIKEGG & & 43 Bt Hh ik U s 4
235 (120X i # (pathway), IKEGG & 5518
BG4 R 1] 4FT7R, M1 vs. M4). 275 % LU
Him g R EoR, B L2 WDEGs £ AR
WA (Lysosome) &A% Al AR A f (Starch and sucrose
metabolism). $i 5N T 5 2 (Antigen processing
and presentation)i&ZfEH . A HAHKEGGE &l
B EoR, EERES0% L, LB R EIERE
PE(Focal adhesion). ECM-324& H./f(ECM-receptor

Catalytic activity [ . FDR
Oxidoreductase activity [ ] w 0.05
Oxidation-reduction process [ [ ] |5 0.04
0.03
Carbohydrate metabolic process | [}
0.02
Hydrolase activity | [ ] 0.01
Heme binding [ [ ] 0
Tetrapyrrole binding e
Oxidoreductase activity, acting on paired donors, with | - Number
incorporation or reduction of molecular oxygen o8
Hydrolase activity, acting on glycosyl bonds | [ ] ® 254
Hydrolase activity, hydrolyzing | °
O-glycosyl compounds . 501
Iron ion binding ) . 747
Beta-galactosidase activity | e
Beta-galactosidase complex | e
Galactosidase activity e
Glycosaminoglycan catabolic process e
Oxidoreductase activity, acting on the CH-OH |
group of donors, NAD or NADP as acceptor
Oxidoreductase activity, acting on |
CH-OH group of donors
Glycosphingolipid metabolic process |
Sulfuric ester hydrolase activity
Aminoglycan catabolic process -
0 0.2 0.4

K3 %R SRR RO R RIS RGO & R T U
Fig. 3 Bubble diagram of GO enrichment analysis of
differentially expressed genes in M. rosenbergii with acute low
temperature stress

FDRIWIR /N s B R 22 7%, FDRGBE /N T 23 6 bk e 107 41
FAGO term F L& B 72 RIE R H ) 2 /0 B0 R/ R R

The size of FDR is represented by the color of dots. The smaller
the FDR, the closer the color is to red. The number of
differentially expressed genes contained in each GO term is
represented by the size of dots
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Fig. 5 Clustering and gene module heatmap of public differen-
tially expressed genes in M. rosenbergii under acute cold stress
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Tab. 4 Differentially expressed genes and QRT-PCR results for
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Fig. 6 qRT-PCR verification of differentially expressed genes in
M. rosenbergii under low temperature
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TRANSCTIPTOMIC RESPONSES TO ACUTE LOW TEMPERATURE STRESS IN
GIANT FRESHWATER PRAWN MACROBRACHIUM ROSENBERGII

YANG Min-Min', TU Hai-Hui', XING Qian-Qian', TANG Qiong-Ying', YI Shao-Kui', XIA Zheng-Long’,
CAI Miao-Ying’, CHEN Guo-Zhu', LAN Xuan', ZHONG Zhen-Xiao', HUANG Xiao',
GAO Quan—Xinl and YANG Guo-Liangl’ :
(1. Zhejiang Provincial Key Laboratory of Aquatic Resources Conservation and Development;, Key Laboratory of Aquatic Animal

Genetic Breeding and Nutrition, Chinese Academy of Fishery Sciences; College of Life Sciences, Huzhou University,
Huzhou 313000, China; 2. Jiangsu Shufeng Prawn Breeding Co. LTD, Gaoyou 225654, China)

Abstract: The giant freshwater prawn (GFP) Macrobrachium rosenbergii is one of the important economically fresh-
water shrimp species, and its annual production in China is dominant in the world. However, its tolerance to low tem-
peratures is extremely poor, and acute low temperatures can lead to large-scale deaths and cause huge economic losses.
In order to explore genes related to the GFP response to acute low temperature, comparative transcriptomic analyses
were performed for the hepatopancreas of adult GFPs exposed to low temperature. The low temperature stress group
(16C) and the control group (24°C) were set up. The water temperature of the stress group was decreased from 24°C to
16°C at a rate of around 2°C/h through adding ice cubes. The hepatopancreas were collected for transcriptomic ana-
lyses from exposed shrimps respectively at 1h, 3h, 6h, 12h, 24h after acute cooling at 16°C, rewarming to 24°C and
control group. The results of differentially expressed genes (DEGs) showed that 1702 DEGs were identified between
samples of cooling for 1h and the control group (M1 vs. C0); the number of DEGs between the stress group and the
control group began to increase gradually with stress time, and reached the maximum at 6h (M3 vs. CO0, a total of 2899),
then gradually decreased, maintaining the homeostasis under low temperature stress. After rewarming to 24°C, the
number of DEGs (M6 vs. C0, 1969) returned to the level of 1h stress. Additionally, the DEGs number (5062) between
samples of stress for 3h and rewarming to 24°C (M2 vs. M6) was almost 1.5 times of that (3516) between samples of
stress for 1h and rewarming (M1 vs. M6). With the extension of time, the number of DEGs decreased gradually, sug-
gesting that the homeostasis of the GFP had drastic changes in the first 3h of acute low temperature stress, but the adap-
tability to low temperature gradually increased with stress time, and a steady state under low temperature was estab-
lished probably after being stressed from 3h to 6h, and after rewarming, the homeostasis returned to the equilibrium of
short-term cold stress. KEGG enrichment analysis showed that DEGs was enriched in lysosome, starch and sucrose
metabolism, antigen processing and presentation. Adhesion spots, ECM-receptor interaction, metabolism of cyto-
chrome P450 to isobiotic substances, glutathione metabolism, oxidative phosphorylation, and p53 signaling pathway
were also involved in the regulation of acute cold stress in the GFP. The common DEGs among all groups were
clustered as the cell function and immunity modules and energy metabolism modules. In addition, the up-regulated
cytochrome P450 2L1-like gene in the arachidonic acid metabolic signaling pathway was screened, and its expression
increased firstly and then decreased with the increase of cold stress time. NADP-specific isocitrate dehydrogenase, an
upregulated gene in glutathione metabolic signaling pathway, was firstly reduced and then increased with time. Expres-
sion of hexokinase, a down-regulated gene in starch and sucrose metabolic signaling pathways, increased and then de-
creased over time. The above mentioned enriched pathways indicated that the metabolic function of the GFP might
have been seriously affected under acute low temperature stress, with a large amount of reactive oxygen species being
produced, the balance of energy circulation being disrupted, and the immune system being also damaged, which was
corroborated with the phenomena of fasting, slow movement, susceptibility to diseases and even death of the GFP un-
der acute low temperature. Consequently, these screened pathways and genes may play important roles in energy meta-
bolism and immune regulation during acute cold stress in the GFP. The present study provides basic data for revealing
the molecular regulatory mechanism of the response of the GFP to acute low temperature stress, also provides a theoreti-
cal basis for the selective breeding of new cold-tolerant GFP varieties.

Key words: Acute cold stress; Hepatopancreas; RNA-seq; Differentially expressed genes; Energy metabolism; Immune
regulation; Macrobrachium rosenbergii
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