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(16°C, 6d) ~ B g I /NRNAZEAT I 7, FFi2 H
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AR, PLETREW) D T miRNASTE LN X R
T3 B R (1 o IR L .

1 #RERZE

1.1 REMESE RIS

B 8 7K 77 77 B M 3R A5 L 40 i 6 0 B
10BN H K, RE10—15 g), 7 FUK Bl wt
FUBE ARV AR 27, AR S50 AT — 1L & Ri28°C K
I, 30%—35%#h B 12k 1. SRat 4 LA 2/ NEF1°C
(P PR, HR16°C. KA E16CKIRYERR6d,
FEARIR20IK0. 24h. 72hF1144h I 5 1) K AE X
UFHFEARAE A . X IR ZHK IR 4ERFTE28°C, I HL AL
B340 (16°C)TE [FIARE R B 8] A3 AT R . SREEHIAE
S B ORAFTE T R B RN A PR (L FE 3 T, 5 5%
22 -80°C R IRIKAH .
1.2 /NRNAJNF 3T EE A8 38 K Fr

R AR A BN HURE AR RR3 RAF, 430
HiTrizol reagent (Invitrogen)$i& BT g iR [T L RNA,
SEEVRA S, K B 16—30 ntff) /N> T RNA, #
17Solexa =B &M . /PRNA X EHISolexalll 7
B b B R B A 7 56 -
1.3 £MERFESN

TR 5E G, 1 50 KBRSk P 5 B AR &7
51|, Fbowtie¥s K B i 1%t J5 [FIsRNA JE AL B FLAhTEE
ST F 6 M2 5 L, SR IG % L idmapped 2|2

% 7% I #reads, 5 Rfam database (11.0, http://
Rfam.sanger.ac.uk/) 845 FE 47 LU XL, R 25snRNA
snoRNA. rRNA. tRNAFIEGFF5, bl T 1751
fEmiRBase (version18.0, http://www.mirbase.org/)
BEAT EEXE, 584 UL HC 1) 9 2 AN A miRNA 7 1
iﬁ*%/Fié}ﬂmiREvo[m]?‘FDmirdeepfl A S TR 7
fJmiRNA (novel miRNAs).
14 EEZSZmiRNAMRIESH

FEREAT 22 R miRNA FKIE 73 AT, X & FE A
CAIAHT I mIRNABEAT RIS E Gt it, T TPMEEAT
KiLEH— LA . I DEGseq (http:/www.
bioconductor.org/packages/release/bioc/html/DEG-
seq.html) X & L AR iR 2H I miRNAsi#ET 22 7 Rk
3T ik — B RAIE SRR ) 2 7 2 E miRNAsH) &
IEFE, K ZEIFRT-qPCRXT FLANTEE XS MR 7 5 iR A
ARG ABOHR 25 A R B TR R 4T T ARG 08 &
FRAS DU 3 A, B TR TR R ) S B B E N .
A LI G 3 R R E A P EE . 2
HRT-qPCRATE A B 510402 1R
1.5 miRNAZEBEERRIA S

N1 0 I 2 e R A miRNAs ) A9 i
A A BRI RE, X % 5 0K I miRN A s 47 # 2k
ToOmll, P AR AR miRNA S5 H A I PR 8] 06 979K R, %)
FE2H 7 7 R IE miRNA W 2L ] 1 4 & 20 0l iR AT
Gene Ontology(GO)MKEGG & & #1. H4 Tl
AT 22 57 R 1A miRNAs [ # 2E [R] 5 PR @ 20 i SIS
5% s 20 93 A R4S IR 2 35 72 e R R R AT
EEXE, N3 B A 1 DR A b Pk H 4 SR, D
nuclear export mediator factor Nemf-lik. synapse-as-
sociated protein. seleno proteins UL &ZDEAD-box
RNA helicase Variant 1, iz qRT-PCREG{E HAE 1K

# 1 RT-qPCRIGIEEFFTIEmiRNASERASI4IF5

Tab. 1

Primer sequences used for RT-qPCR

miRNAsH] % Fx miRNAsH] 24 F F1|Mature miRNAs . o
Names of miRNAs sequence (5'—3") 51Y0F5 5 Primer sequences (5'—3')
mja-miR-6491  GCGGUAGCCCGGGGAAGA Fwd ACACTCCAGCTGGG GCGGTAGCCCGG

mja-miR-6494 AGGGCGCGGUGGUGAGCGUA

CGGCAUCUGUUGGAGUACAGUA

novel 5

B-actin

Universal

Stem
Fwd
Stem
Fwd
Stem

Fwd
Rev
Rev

CTCACAGTACGTTGGTATCCTTGTGATGTCGATGCCAT
ATTGTACTGTGAGTCTTCCCC

ACACTCCAGCTGGGAGGGCGCGGTGGTG

CTCACAGTACGTTGGTATCCTTGTGATGTCGATGCCAT
ATTGTACTGTGAG TACGCTCA

ACACTCCAGCTGGG CGGCATCTGTTGGA

CTCACAGTACGTTGGTATCCTTGTGATGTTCGATGCCAT
ATTGTACTGTGAGTACTGTAC

GGACTTCGAGCAGGAGATGACCAC
ACGTCGCACTTCATGATGGAGTTG
CTCACAGTACGTTGGTATCCTTGTG

VE: Fwd (IE A 51#); Stem (ZEIF5]4); Rev (S I 51 4)

Note: Fwd (Forward); Stem (Stem-loop); Rev (Reverse) primers
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2.1 BFEBR PR EAImiRNAsHIE R4FE

43 0 MW R 2E R ARG IR 4 X R R R R IR /N
RNA T ZE 381514754823 114945246 % J5 14
Hlo LBRRFRTH Bk T AR T 515, 756
%5128 1 18—32 ntff1 10690259 18587144 %% = Jit & 5
BIBEATE— B 1 04T
2.2 EHmiRNAsHIEE

Fbowtield K B 7 1% J5 IRIsRNA & 7 2| FLYHIE
SR S5 2 2 2% e 5 L, 4 58 S EN I 41 5 Rfam
database & B #EAT LL X, B J5tRNAs. rRNAs.
snRNABnoRNAsHIE &[5 4], M i A I 46
0N R B IR /N RNACSC E o 43 3 3K 15 892001 46 5
8582374 miRNAs. ¥ 3R miRNAsT 7 1E
miRBase " #E47 Ll X, I A1 IR 20 43 1 % 5
57 Fe 48 CLAT B HmiRNAs -
2.3 REmiRNAsEIFN

iZ FlmiREvo! "Fimirdeep2" "5 {43k 75 Il 37 111
miRNAs, M & IR AR 4R B B AR N RN A S 2

73 354538 K 46%novel miRNAs. X L6 K F1H)
miRNASTERIEKF EAEAERR I 2 57, W L1F
JLTAZ(TPM).
2.4 miRNASHIZEFRIE7THRIGUE

i 2 5 B 7 IR 25 MG SRR T 225
7 RIE M miRNAs, KGO MR EE Fif, 24K
BRI 2).

N T BRI IX EmiRNAsH R IAF R, iz
FH S B 5% 5% 8 B PCRXT JH g i 3k AT A Rk & 1
Rl EE 245 CL A1 miRNAs (mja-miR-6494 .
mja-miR-6491) f 12% K A1 miRNAs (novel 5)iE4T
IAF. 45 B E W, mja-mir-6491. mja-mir-6494 fll
novel STEARIRARXS T4 i 28 LR A A . H,
mja-miR-6494 5 mja-miR-649 1 7E{i iR 07615 /K it
I, R BEAE, 2 5B ER . Tinovel SN
FE AR IR 0K /K- FF AR G n, 7£ 72hik B 0 {5
(K 1.
2.5 EFRIZmiRNAsHIHE E T

X} 22 5 22 7K AImiR N A s 33k A7 #05 [R P, 7 %
40 7 57 3R IA miRN A 80 3 K] (1 48 6 43 ol it AT
GOMKEGGE %0 #1. GORIL A3 KINAES, 4

&2 miRNASEZRIEAEREH DGR
Tab. 2 The fold-change of significantly differentially expressed miRNAs

miRNAs) 4 F{Names of Il 2H [ 2215 & Expression level of cold- W 2H B ik B Expression 2 B R (IR 4L/ I
miRNAs acclimated team (TPM) level of control #H)log2.Fold change
mja-miR-6489-5p 3047.708 368.2083566 3.0491
novel 5 11625.39 1596.136456 2.8646
mja-miR-6491 304.0797 47.6204803 2.6748
novel 37 189.7357 29.76280019 2.6724
novel 54 87.95694 20.40877727 2.1076
bta-miR-2478 15.07833 62.92706325 —2.0612
mja-miR-6494 15.07833 1.700731439 3.1482
novel 20 11.30875 0 3.7332
novel 68 1.256528 12.75548579 —3.3436
novel 40 10.05222 1.700731439 2.5633
novel 41 7.539167 0 3.9144
VE: 45 F 3 0 A
Note: TPM, transcripts per million
14 Mja-miR-6494 14 Mja-miR-6491 12 Novel 5 a
= a a
g 12 12 10 .
I® 210 10 X a
Ha g ] a
® S b 6
22 ¢ 6
= E g c ’_L‘ c ;1 b b b 3 b
o} c
~ o0 L1 1 =, o LM |—L| 1, 0 1
Hi IR IR IR IR Wi RE IR IR IR Wi KA IRl IR TR
0 24h 72h  144h 0 24h 72h  144h 0 24h 72h  144h
1 s % 6 2 mRT-PCRAG M miRNASTE 7 iR 5 AN MR #: 55 1F T RIS R
Fig. 1 The relative expression of miRNAs under normal and cold-acclimated conditions assayed by qRT-PCR
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A 3 R 1) 231 T BE (Molecular function). Frit
40 fa Az B (Cellular component) 12 5 {1 A W) i 72
(Biological process). GO T HIZ5 LK, X LL 7
S ARIEmIRNAsRIFEIE K] 1 298 APl #(BP) H
H1 44k i FE (Biological process). 4l i #2(Cellu-
lar process)~ X1 £ (Metabolic process); 4H A7
E(CO)H 141 o 2H 73 (Cellular component); A4t
F2(BP)H 1) 4> ¥ T fiE(Molecular funcion). 54
(Binding). 7 [145 4 (Protein binding). M1k i 1
(Catalytic activity)Z5%5 . KEGGEEFid 40+
SR 4 1 T e DA R 5k BT = 0 1 A ELAE FH X 2%
O #E B E MWKEGGIHE 7% M Ig 17 B2 (1) B# fif (Fatty
acid degradation) & H i EEfX i (Glycerolipid meta-
bolism, & 2).
2.6 EFRRIEmiRNAsHIFRE FEIEUE

B 338 AT % 6 8 S PCRIG IE AH X 260K & 1
4/MFEH]: synapse-associated protein. nuclear export
mediator factor. seleno proteinsfIDEAD-box RNA
helicase Variant 13 47 7 1K 5 50 = JmiRNAs

(R R, [ A R 2 H AR e S L o A 3R AR
PG 2 3% 2 R RIEFERH . Mo EEERKE
miRNAsHEREF 5 £ a3 3F7s . %€ #PCR
151 P75 W3k 4. a0l 37, synapse-associated
protein A& nuclear export mediator factor NI T 1
FH:[H, Tfiiseleno proteins X DEAD-box RNA helicase
Variant 1 91K F %A . synapse-associated pro-
tein [ 3218 B AE KR 72hik B 5K, nuclear export
mediator factor/E{K i 24hik F| i fk. MDEAD-box
RNA helicase Variant 1 X seleno proteins )3 i& &7
R 72hiA B
3 itig

H20014E 1 A B miRNAs LK, ¥ 21 72 A
ROAIUESE T miRNASTE 2 Fhsh¥) N R8T 77 T
MVER . FElEfAT, —EmiRNAs, @ f5tsc-miR-
20afltsc-miR-21, AJ LA 7 R S A s S 48 i
g A, fE B, miR-1-3pflmiR-284-
3p il AR S R b R AR T AR,

Statistics of pathway enrichment

Vitamin digestion and absorption |-
Valine, leucine and isoleucine degradation |
Ras signaling pathway |

Peroxisome |

Nicotinate and nicotinamide metabolism |
Mineral absorption

Hippo signaling pathway-fly

Hippo signaling pathway

Hepatitis C |

Hedgehog signaling pathway-fly
Glycerophospholipid metabolism |
Glycerolipid metabolism -

Fatty acid degradation [

Fatty acid biosynthesis

Fat digestion and absorption |

Cysteine and methionine metabolism
Arginine and proline metabolism
Apoptosis-fly |

Adipocytokine signaling pathway |

ABC transporters

Qvalue
1.00

= =075
- -0.50
- -025
=0
Gene number
° - 50

° » 100

e 150
® 200

0.45

0.50 0.55 0.60
Rich factor

2 ZEFRIEmiRNAsHERE K KEGGH # Tl Il
Fig.2 Prediction of target gene KEGG pathway for differentially expressed miRNAs
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Tab. 3 Partially significant differential expression of target genes

for miRNAs

miRNAsH %
Names of miRNAs

mja-miR-6491
tca-miR-750-3p
dme-miR-315-5p
mja-miR-6489-5p

FRIED 1K

Names of target genes
DEAD-box RNA helicase Variant 1

Nuclear export mediator factor

Ribosomal protein

DEAD-box RNA helicase Variant 1

Protein histidine kinase

mja-miR-6494 complex//nucleus

novel 20 Seleno proteins
novel 20 Synapse-associated protein
novel 5 Caspase

Protein tyrosine phosphatase
novel 68 CDC14
novel_40 Threonine protein kinase

LA T MR L S W miR N A s i 588 41 98 + 40 [
Z .. &4 NIE, LYREXTIFmiRNAs i 78 5 B4E
HE G B E7 . S T HFFEmiRNASTE FLAYVE T
IR B R IAE F, JRATT T TR IR AR SL 3G .
T I I, BRATT AN R R iR 2 X P R AR
/NRNASCJE AR % 58 H T miRNAs. Rk Hr &,
25 miRNASTERIR FAEREFEN ERRKIE, %
JE H ) 2 7 KX miRNAsH, mja-miR-6494flimja-
miR-6491 CL i 3E 5 F AR 13 25 ik ge g o<
IHEAP, bta-miR-2478 EL kR I8 5 24 (1 B g iy 1,
DAT S FRATTHE M miRN AFE 22 B e mg 32 Hh B 5 9%

R AR o

mja-miR-6491. mja-miR-6494Fnovel STEAK
5 ZEL T W FE J R P 0 /KT 3 v T IR A . T
FEFRATTZ AT BB 5 v, ARG B 3B R R L GR T R I,
EL45 B R A B R B AE K B LE N R VH AL B
()37 PEA Ak 7R H 5 IR e B 2, B IR i 2
24hJ5, JH BB E i T8 rh o 3 A4 i 3 1T 4G
G R SRAUI BT 5t 2 IR 2 B miRN A

®4 ERFTIAmRNAsHEEF R EEPCRY 1311

Tab. 4 Primer sequences used for RT-qPCR of the targets of
differentially expressed miRNA

HEHED B 2R
Names of target 5% % %|Primer sequences (5'—3")
genes
Synapse- Fwd TTACGCTTACACTCGCCATCAC
associated protein CCCACATAATCCCTCCTCCAAA
ev
TAC

Nuclear export Fwd ACAATGGCGAGCAGGTCAAC

mediator factor  p 0 CGAGGAGGTGGAGGGAAAGG

Fwd GCTCTCTGCTTTGGGCTATTTC

TTATGTAACTCTGCTGCTTCTT
Rev GG
GATGTGTAGATGTGGATGATG
TGAAG
GTCTGCTGTGAAGAATGTGTAT
Rev GC
GGACTTCGAGCAGGAGATGAC
CAC
ACGTCGCACTTCATGATGGAGT

Rev
TG

vE: Fwd (IEF 5149); Rev (= [7 5] 4)

Note: Fwd (Forward); Rev (Reverse) primers

Seleno proteins

DEAD-box RNA
helicase Variant 1

Fwd

B-actin Fwd

12 r Seleno protein 4 30 DEAD-box RNA helicase Variant 1
210t ] a
3 25t b
g 2 L
g 4 8 2.0 b
KE 6 b L5
E
£ 47 1.0
5 c
M 2L ¢ c I 0.5
0 0
i 0 24 72 144 Wi 72 144
iR Time (h)
12 - Synapse-associated protein 1.2 Nuclear export mediator factor
a
g0t 1 10 ¢
| % 08 | 0.8 |
X & b
K506 c 0.6 |+ c .
oy o
EE o4} 04 | c
& 02 | 02 |
0 0
i 0 24 72 144 iR 0 24 72 144
I} if] Time (h)
P 3 s s 9¢ i g SR T-PCRAS M 483 (R 72 35 IR X A RMIGIR SRR AR T i R ik AR =X

Fig. 3

The relative expression of target genes under normal and cold-acclimated conditions assayed by qRT-PCR
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e WERSET AR ARG R & . A
o, T 7 R D i AR A i A R A AR D T i sh
FO T EE SEMLAR o LRV, K I 0 R A fe
76 (elov16) CLUEIE /LS (i 7 T 3 B4R A
AR ZH B 38 FH SSHUA #% 55 2H W 7 3k HH
R 2 7 RIAF FIDEAD-box RNA helicase Variant
(1738 744 - LvDDXS5A, JF4aIE H H 3R IA B O 7E
18°C. 15°C. 13°CHITCAGIR M IE36h 1% 3%
2, FHBREAE 15°CHI 13 CAR IR B e 8] 5 hn 525 B
THE TR Rk, fE4snik g™ . FEAHE
FOERAIE ) 22 S+ miRNASEEE K ', DEAD-box RNA
helicase Variant 1ARIR _Fif3E K, RIZEE16CIK
T BB 72k B g, A5 IR 5 PR ZH T B 7T A
o HAN3AZ FmiRNAF#EFE K] -synapse-associa-
ted protein. nuclear export mediator factor /2 seleno
proteins & 5 H 25 /i W E AT IR % s 4 I e v o
EH R E E RN, B, X4MERZE R
miRNAs 58 JE P AR 7T 58 9 FLYATE XS R iR 5 AH 5%
B AT B IR IEmiRN A s X # I R () 1 4%,
B TR 2 FIRNA 4 JLyTiE CLIP-Seq $
ARXSmiRNAs J SLRLIE AT 30T -
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IDENTIFICATION AND ANALYSIS OF DIFFERENTIALLY EXPRESSED MIRNA
UNDER LOW TEMPERATURE AND VALIDATION OF TARGET GENES IN
LITOPENAEUS VANNAMEI

ZHUO Xiao-Fei', HE Ping-Ping’, WEI Pin-Yuan’, CHEN Xiao-Han’ and PENG Jin-Xia’

(1. College of Animal Science and Technology, Guangxi University, Nanning 530004, China; 2. Guangxi Academy of Fisheries
Science, Guangxi Key Laboratory of Aquatic Genetic Breeding and Healthy Aquaculture, Nanning 530021, China)

Abstract: To examine the molecular regulatory mechanism of microRNAs and target genes in Lifopenaeus vannamei
during cold adaptation, we conducted microRNAs (miRNAs) analysis on the hepatopancreas of L. vannamei under nor-
mal temperature of 28°C and cold acclimation (16°C for 6 days) by using Solexa sequencing. In total, 10690259 and
8587144 unique sequences of 18—32 nt length were obtained from small RNA libraries at room temperature and low
temperature, including 57 and 48 known mature miRNAs, respectively. Expression analysis revealed 25 significantly
differential expressed miRNAs between groups, and three of them were further confirmed by PCR. Moreover, we also
observed that cold regulated target genes of significantly differential expressed miRNAs including the nuclear export
mediator factor Nemf-lik, synapse-associated protein, seleno proteins and DEAD-box RNA helicase Variant 1. These
results suggest that miRNAs and their target genes may mediate the cold adaption in L. vannamei.
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