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ARG SRALF S, LAz IR 14767 KM
%1 (simple sequence repeats, SSR), H. SSR HFAY
WK 16.76%. Huang 25" FIH] RNA-seq A,
SR T LGNS ERIR IR 41 (13 CH) AT IR 4H(28°C)
e SR, 193] 72 MEFFRIBEN, HEH
22 R /73 A R 1 BT 5 38 B AE ¥4 3 Ny Hh AT
Rede 2R .

UGS B B8 AR R B ) 25~35°C, X
IR B TR 22 P4 22, KT 18°C I 452 1l 4 i P,
PG FR ) 1 ML T XoT 0 1) 5 5 2 45 RN bk, 5 g
X HRFRHH 9 22 5528 5« ASBEFE A A Tllumina Hiseq
2500 HsE PR, LLE 53T FLGAIEE X MR8 iR
4124 °C) I TR 41 (18 °C ) Y JIF JBE R e SR 4L 15 )4,
i 6 PR I B 3 T 2 S e R Y R IR S 5 IR TR A DG 1Y
R EAR . BAERA ST 25 3 S 48 7 FLAA T X AR i i
R s> AL R AL IR B s, s T E
AR 3 B AR IR B ot 2 R AR A

1 HRE5HE

1.1 EIgHHH

SIS BT LA X R IR T K T R S
B BT K R 5 T RO AR K st B R b (G 5
RPEE T %1 TLAE)2014 4E5E 1) G3 B FEEIAR,
1.2 {KiRFrEXLE

SCHT 2014 4F 10 H, B FLANEXTIRK 5 3
A, R K(11.8500+2.3850) g 5 PG, BEPLEL
3NPARC I NLNET IR R R, BHAK R 48 )8,
B AR IR 30 4 (LT) A B 4H (CK),  [R) A 4 2H 35
HI3IMPAITHEHBNER 8 R), /45l T 6 4>
FHIFE (81 cmx59 cmx51 cm) R G A E 7. 1K
B AE 2R FH VKR BRI I 7 v, KT 24 CHF IR
DIER 2°CHYSR R, EHE/KEMEE 18CH4E
F5(18.0£0.5)°C & 48 h P HUEE; X IR 4 /K IR 4 F5 7
(24.0+0.5)°C, SALIE P10 41 [A] B HORE o AIRTE 38
XTI B AR RS H 3 RBEFGET 18 &), I
P At ) BT JBE A 1 4057 B B TR A R, SR e
Ji—80 C UKFEIRAF 75 H
1.3 RNA 2E R % 4H Nlumina Hiseq 2500 7|7

Fie i AL Trizol ik £ HURE 2 0 1) e i 2 41
Total RNA, i) 1%Z5 5 W EE K Fi Uk Fll Nanodrop

ND-1000 spectrophotometer (Thermo, 3% [ )£l
RNA Jfi it WK . Total RNA Mk JEZ KT
250 ng/uL, ODy0/ODago 41" T 1.8~2.2 Z [1H], ODag/
ODa3o [ K T55F 2.0, LIAA{E RNA Jof%f#, Jo
5. FkE Total RNA 365840 5 i AR S0 A= )
F B BT R R
14 BHRAFFAERER

Iy J 06 B 2 0 o o B, ZRBRA Rk
I BT & A N(ER 78 T 25 0 0 B A 15 ) be R T
10% 9751, Bids 5 B9)7 50 Trinity 4424770
Z PP, B HE R LA A5 2 Y B K 91 D %
[H 51 (unigene), BIZ2% 51 % 3L 59 43
51l 5 NCBI Nt, NCBI Nr, Pfam (http://pfam.sanger.
ac.uk/), KOG/COG (http://www.ncbi.nlm.nih.gov/CO/),
Swiss-prot (http://www.ebi.ac.uk/uniprot/), KEGG (http://
www.genome.jp/kegg/), GO (http://www.geneontol ogy.
org/) 7 KA R #EAT HEXS 1R
1.5 ERRESHREREREESN

A5ERH FPKM (expected number of fragments

per kilobase of transcript sequence per millions base
pairs sequenced) J5 443 P 1 s U0 EEA
Jl DEGseq {46 e 22 5 iR B [, i 6 i (L
A Fold change>2 Fl Q-value<0.05, H. Q-value
INEEDH A B s Sl E T BRI
GOseq R il KOBAS # Ak 1722 7 3Rk HE A Y
GO Fll KEGG & £ /7 #1 (false discovery rate, FDR<
0.05)118191
1.6 Real time RT-PCR I&iF

BEALI 10 4> 22 5 Rk Be ], Hoh & 54 B
PR S AT IERRMEEN . FIH Primer 5.0 34
VORISR 1), B TAEY TR R
e A PR T4 M. Real time RT-PCR I5iiF 5256
K] TaKaRa X520 B85 &, LA 18S rRNA
MBI, AR 3 WRER, FEAH 2%
SHT L DA R ek RO, 0 R R A T A
o3p s

2 ZERE5HW

21 RHFAHHE
ARWFFEXT Mlumina Hiseq 2500 I ¥ 45 2 49 J5
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WHEER AT OHE, S5 INE 2 iR, PHEE IS
F| 61098 254 A (Transcripts), HHHE VL H
fE 200~37499 bp, KN 1000 bp, N50 K
2043 bp, K& KT 2000 bp BIF 8569 &5, 454
#R Transcript B 14%, [RIFHFS3] 50921 %A
(unigenes), HPFHEKEERIFE 200~37499 bp, F
PR H 828 bp, N50 4 1589 bp, HpKERKT
2000 bp A 5130 2%, 247 55 (unigene) Y
10% . DF42 45 S Ui W )5 af Bt DR 4 B e i ma, T
F IR SL T RETE BRI 25 57 ek L A HT
22 BRAFIFERE

FIFH Nr. Nt., Pfam. KOG/COG. Swiss-prot.
KEGG . GO b KB 12 X FLgh i xof w5 3% 20 $
PP\ Dy AR R, 25 DLER 3. HXT R I 14329
LA Nr Bl E A ERE, S 28.13%;
18988 Z% A7 = /b Hov — N85 e rh iR A5 1 RS,
h B 37.28%; 1573 4L RITE kB R B %
H B RAR R, (AT 3.08%.
23 ERERRKE

T 3 AR RERIRPHE(18°C)FHTRQ28C)
ST B 25 S 3R 0K B IR A A 4 S 2 1 (1
Do ZRER, EMREMEZRMNT, XR 1A 641
ANFER BRI, A 1036 MER FHER, &
2 630 NI LRI, 1343 PNEHE T IR,
KR 3A 212K IR, 475 BB T RRIL,

R T HEBR AN [ 38t 4% T 5 %05 52 50 45 L 1) 52
AR 3 AR RIEAGRME T 255 Rk 5K
W T s, SmgeRE, FREMEMGE T
HHMEFEEREEN, WK 2 R, fEREDG
U, 3 ANKARNA 243 MEFEHZEF TR ILRH,

Hor 89 AMNEE Ik, 154 DMER RS, X
243 ANJE[E] (1Y) 22 57 3R LA W] BB 5 LRI X
R ] 7 T AE TP 388 1) T BIL A 6

AHEFE R T 32 0 e A5 3 5 LG X i
R RA S FE N, KR Q-value /), 25
FRM L E W EI, N 3 ANFRIERE G T 3
)22 St 3aR 0 243 MR, Gk S22 5 Rk i
WEERT 10 NEEH, Nk 4 iR,

®1 RATHEREARERIENSY
Tab.1 Genes and specific primers used for validation of
RNA-seq data by real time PCR

5| ¥ £ FR primer name JF751(5'-3") sequence (5'-3")

c11627_glF CGGCATCCCACCTGAATTAT
c11627_gIR ATATGGCAGCCAGGACAACAT
26036_glF GAGTCCCCTTTGTCGATGCA
26036 _gIR GACGTCCACGGTTGCTCAT
21423 glF GCTGCTGGACGTCGAACTC
21423 gIR CGTGATTCGGTCTCCGTAGAA
24044 glF TGGGCACGTGATTGTATTTG
24044 gIR ACGACCTGAAAATGCCACAT
27619 _g2F TCAGACAAAGAACCGATCCAAAC
27619 g2R GTCTGTCAGCATTTTGGCAAAG
24517 glF CCGGACACAGCACCAGACT
24517 gIR CCGTGGGTGCAAGTGAAAG
6363 _glF TACGGCTCCGTCATGCACTAC
6363 gIR TCCTCCGTGACGATGGTCTT
26712 _glF CCCATCACGAGGGCATCA
26712_gIR CCCAGATGGTTCGGATTTTG
28803 glF GAGAGCCAGAATAGGGTTGCA
28803 _glIR TGCCCTCTCGACCTTTGG

22778 _g2F CACACCGCTCTTGGCAATG
22778 g2R GTCCTCGTGCAACATCTTCAGTA
18S F TATACGCTAGTGGAGCTGGAA
18S R GGGGAGGTAGTGACGAAAAAT

w2 HRERER

Tab. 2 Assembly statistic of transcripts and unigenes

#¢/ME/bp min length -4 {E/bp mean length H[A]{E/bp median length % K{E/bp max length N50 NOO &L total

1 %A transcripts 201 1000

FE [ unigenes 201 828

451 37499 2043 346 61098

393 37499 1589 296 50921

TE: NS0 F1 NOO 235 Ayt B He e SRAS R M IS, RN SRAS B BB, A/ T B 50%F0 90% YD e e SRA I

Note: N50 and N90 are the lengths of the spliced transcripts from long to short, and the length of the transcripts is increased to not less than

the length of the spliced transcript of 50% and 90% of the total length.
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Tab.3 The success rate of note records of Litopenaeus vannamei transcriptome data in the seven databases

WiH item FEHEH number of unigenes L H1l/% percentage

Nr = F¢ annotated in Nr 14329 28.13

Nt {3 annotated in Nt 2707 5.31

KOG ¥ annotated in KOG 6810 13.37

Swiss-prot {£ ¥ annotated in Swiss-Prot 11741 23.05

Pfam {3 F¢ annotated in Pfam 14992 29.44

GO 7% annotated in GO 15373 30.18

KOG ¥ annotated in KOG 8733 17.15

F B 544 7 R annotated in all databases 1573 3.08

B/ — B A 1B annotated in at least one database 18988 37.28

unigenes /4] total unigenes 50921 100

LT 1vsCK 1 LT 2vs CK 2 LT 3vsCK 3
v 2 FHEF(DEG)1977 b #Z5HER(DEG)1973 c 2 5HE I (DEG)687
o I-up: 641 o L¥dup: 630 o L#lup: 212
- i 1056 2 20 . ?ﬁdoyn. 1343 S 1a o Fifldown: 475
g < 2
g’ 12t %D %D
1(.)3 = . . 7T
0 5 0 5 10
log, (515550 log, (55550 log(Z 550
log, (fold change) log; (fold change) log »(fold change)

1 AR MRE T PN MR 22 S ek B A A Sl 18173 A
a. KA1 ZFFEFKNE; b, KR 2 25 KINE; ¢ KA 3 ZRBER KA. EHREZ Q<0.05 HIfH,
I BRI A DB I A R 2 e R 3. R P 2L (3 G R AR 8 i R B ], (0 5 ) R IR
JE R R SR R RE R, R R R FR A 2 S R A

Fig. 1 The ‘volcano plot’ picture of differentially expressed genes of Litopenaeus vannamei under cold challenge
a. The volcanic plot of the family 1 differential gene; b.The volcanic plot of the family 2 differential gene; c. The volcanic plot of the
family 3 differential gene. The horizontal line in the figure shows the Q<0.05 threshold, and the closer the point to the left or the right

is, the more significant the difference is. In the figure, the red dot indicates the up-regulated gene, the green dot indicates the
down-regulated gene, and the blue dot indicates the non-differentially expressed gene.

24 RiRH
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EZRFRIRFRM GO Thagn2git, d5LuE 3
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FUReR A A, UAYSREERZ ., A
YRR, AR AE . gl & AR DL SR LR
RS E R RN EZN 3 28 25
SR AP R4 E B B 0T S 1R e e
fedirh, W24 G TR E X RS T RE
125 3L

BTANENITERREERGOE

2.5 {RiER
BEESW
M KEGG &8 Hr b b U S B35 Y 20
&R (pathway), 8 KEGG & & #0m E(E 4).
EHEY, KEGG &SR E T Rich factor, Q-value
I ERIGER FrEEEA SRR, Q-value 1
BUEFE A0, 1], B2 T%, FoneE Sl E,
RS LI, 227 RR N F 2 P e A e
(peroxisome) . ¥ {4 (lysosome) . A& 2 R Al i &
2 ¥ 4% (arginine and proline metabolism)lA J 24 3
PR 1Y 4= )& Al (biosynthesis of amino acid)i& 48 1,

BT AMEMMMERRIEZERE KEGG
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LT 1vsCK 1 LT 2vsCK 2
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LT 3vsCK 3

B2 ARIRMEE T FLAEXTIE 3 R R 2 30 R B N E R A
Pl AN ] 6 Y IR 43 B 38R 3 AR R, EE T
FoRR RN ILFE R 2RI H, RESTOIETFRREHK
FRINA 2 BRI .
Fig.2 Venn diagram of differentially expressd genes of Lito-
penaeus vannamei under cold stress
Circles of different colors indicate three different families, the
overlapping part number indicates the number of  differential
genes common among families, while the non-overlapping part
number indicates the number of differential genes unique to
each family.

2.6 FRAEIEH real time RT-PCR IFiF

M3 A FLANERT IR K R B0 243 4L
SERIBFEE A, FEHLIEI 10 22 FRAEH, H
th c21423_g1.c11627_gl.c24044_gl.c27619_g2.
€26036_g1 ixX 5 /AR RN A T 2 F Rk,
€c6363 gl. ¢c28803 gl. c26712 gl. c22778 g2.
€24517_g1iX 5 AN 2 T3R5 . FI A real time
RT-PCR X% S 2l I 45 SRt A T B0 AIE . 3 Sk 21 45
R R 5 A R IE S SR B ARk,
SR A5 R I MR 5 S R 2 R
R FRIE, F WL T S 2 A ) SR R 2
SRR TEE R TER(E S5),
3 iFig
3.1 AMEXNIMERFEREASW

SRR 0 ) JH g i 2 202 — AR5 B2

WE, BAMEE . A RE A E IR Y B A T
AE. CA T3 IR 380 R 52 ) LA 75 ok A T

x4 REMETNAWREMNITESRREZEZMA 10 NMEE
Tab. 4 The top 10 differentially expressed genes of Litopenaeus vannamei under cold challenge

JE 1D NR 1 g 5AiM) kb
gene ID annotated in NR log,(fold change) regulation
c27619_g2 AT &) URF S MR IKBE R BCS-2 5.62 19 up
28389 g2 AHIFELH unknown gene 3.97 5 up
26629 gl (B ZEHE: DAPPUDRAFT 305386 hypothetical protein: DAPPUDRAFT 305386 -3.36 T down
c19076_gl C HEEERK C type lectin -3.78 T down
c4419 gl {BEHEH:DAPPUDRAFT 207173 hypothetical protein: DAPPUDRAFT_207173 -3.37 T4 down
26837 gl KFNEH unknown gene 4.26 L8 up
c23354 gl ATP 454 & B WK% 6 ¥4i5 8 1 ATP-binding cassette sub-family B member 6, ABCB6 -2.48 T down
28638 gl A A Ml glutamine synthetase, GS -2.39 T down
27619 gl KFIEH unknown gene 5.92 L8 up
c28803_gl Z AW H% [ serine hydroxymethyltransferase, SHMT -3.03 T & down

R 2L 28 1 e AR AR il A A Bl 1, A B AR AR
A AR QIR R A ST AR T LN 3
Xof TR A B AR 2EL 2 S Aot e 3
e AR AT HAEACIR W 38 FE R AT e ST
E5 N TR AL 2SS R, RT3
ARG R HLG S 2l 25 S kAT g, kAR
50921 5% A (unigenes), H:H128.13% N B AIFE A,
IFERZ 1. 2. 3 o jliiiLs] 1677, 1973, 687
MEFIGBEEA, Hif 243 MEEE 3 MR A

AL RIE, XTE—ERE LFE T NPT IR
SR BAR IR . RN EELSR BN, IGRMH
TERRIRENZ T EEL A DEG . HEHA . A
T P 2R ) A D S R 1 AR W B i 1R
1, A B R BRI AT 520 ¢ %7 %4 #1(Oreochromis
niloticus) . %% &% (Scylla serrata)., s F £
(Sganus guttatas) . 1t 5 ff(Barchydanio rerio var)
ALt (Haliotis discus hannai)ZE /K i sl 4 i
ARG PR, AR DU A 3R 5 5 1 40 i
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@ E - H: #1332 biological process 40384 cellular component 4 fIThAE molecular function
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&
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P03 AR A T LRI X IR 22 57 Rk B N GO & B M A AR A

Fig. 3 GO enrichment results of differentially expressed genes of Litopenaeus vannamei under cold challenge

PP PEAE T Hth 4 AR PO, gk, IR
el SEREE ST UE N N0 28-S D S: ) | E: i D5 iR7id
FE, B AR K, KA X AL 1 5 272,
XS5 T OEIRATE ST . A T LU % B
FATRAE P A VK BE T FE ML v & 4538 B AR .
P H A D AP 85 260 25 | A ML 98 Y %o R 4 e 9 1

S YU A A RS0 . N 2R RN 2 R A Qs S
IR AW o
3.2 FLEIFERAHRREREXER

TE 25 & B RS PT% &E M (antifreeze protein,

AFP)/$L A M 2 1 (antifreeze glycoprotein, AFGP)
S S A R A 5 TR IR A DG A 26 R B0 i S
HR 2 3 114 5 LA T X6 B IR ARG T P R R O A 2 R 3=
A AREE AL (HSPBL, HSP10, TCP-
1-Beta), 4 @i I HE (MT), Shgk 2 A
(COPE), DEAD-box RNA i iefL i, it iRk
BBE(ANT2)P' 20 Horfr ANT2 JE R FIHA 58 24 1
FEPRTE L7 % (Scylla paramamosain) . F it 5 7%
fi% (Dissostichus mawsoni). # & % JE 1 (GIFT
Oreochromis niloticus)%s £ 7K 7= sl ) v s 38 9
A SR & A P70, AR 243 32

SRBIER P E 10 PM2EF R B R ENRE
R, A4 B A 4h He e S vk e ik 2L (BCS-2) . C-#Y
HEHE K I F (C-type lectin), ATP 454 &8 B2
S I(ABCB6) . 2 W& il LR (GS) . 224
Mg 2 AL I(SHMT) | e & 1H: DAPPUDRAFT
305386 . fREH 1: DAPPUDRAFT 207173 Al 3
ARAFEA . Hh ABCB6 JE[H 4 ABC #5154
H, Z250UKNK ABC #Hablil, AR AR
ABC iz A Sk 2 A £ )
5 J U1 (Patinopecten yessoensis) i )i £ 38 1 43
TFHLHIAT Y, C-RIEESE KA —Fh S 77
Fe R MR D h &G AR, JF O sE
Tk B2 BB 52 ) L 7R K 22 6F (Psetta maxi may) 1 SC i
(Meretrix meretrix) /A& 4 i Feik 8125 Gs & 514
WY A AW, AR, BT
S0 FLA I A 2 AR, ELA SOk iR
JERER M KRG GS RYIEHENT . ARFSE &
ABCB6., C-EUIEEHEZR VLK GS 78 MLANUE XTI 37 5]
ARG A0 s 347 2 RN TR I kAR 2, R A R
TR AT 20 FLAN TR ER A ABC #iz WL | Se iy
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542 & BB statistics of pathway enrichment

ETFLINE Y vibrio cholerae infection
S fFEIIAEIR synaptic vesicle cycle
RIBH: 154 rheumatoid arthritis

F WA phagosome

e
T E ALYl peroxisome |- Y O-value
S ALBEAR L oxidative phosphorylation | . 1.00
HAt ZWES# other glycan degradation |- 0.75
AR nitrogen metabolism |- 0.50
414 methane metabolism |- 0.25
VAT lysosome | @) 0

ZEER A —FRIRARI glyoxylate and dicarboxylate metabolism

JERH (gene_number)

« 3
HER ., 28 MM=%HI i glycine, serine and threonine metabolism - . e 4
o5
HhEgC glycerolipid metabolism |« 6
°
GABAfREZ it GABA ergic synapse |- ° ;

W VSR YR I R S SR

epithelial cell signaling in Helicobacter pylori infection
A BRI collecting duct acid secretion - o

AR carbon metabolism |- @
F IR YA R biosynthesis of amino acids - @
KRR AR BRI arginine and proline metabolism - Y
AEH: PUETR arachidonic acid metabolism - o
Ol.l 0I.2 0I.3

rich factor
K4 RIEEE T FLAA X IR 22 5 Rk B K KEGG & 4240 A ius K
Q- RN AR R, Q-value /MU B (AT 21 (5,
BN TR W2 R EE R 20 S R/NERR.
Fig. 4 KEGG enrichment results of differentially expressed genes of Litopenaeus vannamei under cold challenge

The size of Q-value is represented by the color of dots. The smaller the Q-value, the closer the color is to red.
The number of differential genes contained in each pathway is represented by the size of dots.

4l
2 L
0
21423 gl c11627 gl c24044_gl c26036_gl c27619 g2 c 1 ¢ 1 ¢ 1 c 2 ¢ 1
_2 L

_4_

M real time RT-PCR
l RNA-seq

2 FEE fold change

6" A gene

Bl s ARl T PLAA X IR 22 57 215 B Y Real time RT-PCR Bilk
A bR E D, YAALAR N 22 5247 L (Fold change).
Fig. 5 Validation of differentially expressed genes of Litopenaeus vannamei using real time RT-PCR
The abscissa is gene ID, the ordinate is the fold change value.
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Screening of differentially expressed genes related to the cold tolerance
in Litopenaeus vannamei based on high-throughput transcriptome se-
quencing
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Abstract: Litopenaeus vannamei is native to the northern waters from the Pacific West Coast to Sonora, Mexico.
Since its introduction to China from Hawaii in 1998, its area and product have increased every year and have be-
come one of the most widely produced shrimp species in China. It is suitable for growth at temperatures of 25-35°C;
below 18°C, it stops feeding. Low temperature limits the farming season and area of L. vannamei, thus affecting
the economic benefits. In order to explore the genes related to the low temperature tolerance of L. vannamei,
hepatopancreases were chosen from the low temperature stress group (18°C) and the normal temperature group (24°C)
of three families to conduct Illumina HiSeq 2500 sequencing. The analysis of the sequencing data via splicing,
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annotation, and differential expression revealed that a total of 214.6 million clean reads were obtained and assem-
bled into 50921 final unigenes with an average length of 828 bp (N50=1534 bp). The assembled unigenes con-
tained 14329 significant unigenes (28.13% of all unigenes) after BLASTX against the Nr database (E-value cut-off
of 10_5). Seven databases, Nr, Nt, GO, KEGG, Swiss-prot, KOG, and Pfam, were used to annotate 1573 unigenes,
accounting for 3.08% of all unigenes. The results comparing the digital gene expression data between the chal-
lenged and control shrimp showed that under low temperature stress, the expression of 641 genes was up-regulated
and 1036 genes were down-regulated in family 1; 630 genes were up-regulated and 1343 genes were
down-regulated in family 2; and 212 genes were up-regulated and 475 genes were down-regulated in family 3.
Furthermore, 243 genes were differentially expressed in all three families, including 89 and 154 genes whose ex-
pressions were up- and down-regulated, respectively, under low temperature stress. The functional enrichment
analysis revealed that the differentially expressed genes were more abundant during binding, catalytic activity, the
biosynthesis of amino acids, and peroxisome, lysosome, arginine, and proline metabolism. According to the
Q-value, three of the top 10 genes included the ATP-binding cassette subfamily B member 6 (ABCB6), C-type
lectin, and glutamine synthetase (GS). The ABCB6 gene encodes the ABC transporter and participates in the ABC
transport mechanism. It has been found that the ABC transporter is involved in many abiotic stresses in plants.
C-type lectin, as an immunological factor, plays an important role in the innate immune defense, and it has been
demonstrated that temperature can affect its expression in both Psetta maxima and Meretrix meretrix. Glutamine
synthase (GS) is involved in the regulation of ammonia nitrogen metabolism in crustaceans. Studies have shown
that temperature can affect the metabolism of ammonia nitrogen in L. vannamei. C-type lectin and GS are both
down-regulated under low temperature stress, so they may participate in the low temperature response mechanisms
of L. vannamei, but further verification is needed. In this study, we selected 10 genes from 243 differentially ex-
pressed genes; five of the genes were up-regulated and five were down-regulated. Real time RT-PCR was used to
verify the transcriptome sequencing results. The results showed that RNA-seq and real time RT-PCR produced
similar expression patterns for the 10 different genes, which indicates that the differential gene expression results
based on the transcriptome sequencing were credible. This study laid the foundation for the discovery of low
temperature-related genes and molecular markers. It also provides a theoretical basis for in-depth discussion on the
molecular determinant mechanism of low temperature resistance in L. vannamei and may guide the molecular
breeding of L. vannamei in future studies.

Key words: Litopenaeus vannamei; transcriptome; low temperature stress; differentially expressed genes
Corresponding author: MENG Xianhong. E-mail: mengxianhong@ysfri.ac.cn



