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Abstract

w =

SR BE 54 0T 2 (White Spot Syndromic Virus, WSSV), J&— ™ 5 /s 3 4}
URIFRHO I W, H RER AR BABIBf 702 . microRNA (miRNA) & E A%
PRI —RKEL) 21 MR IR R B RA R AR IS /N RNA. BFER
miRNA 7ERH S5l B RAEEEAE R, A 5 EEEAN G miRNA HF5E H T
Wb Bk, A SRR R T ER 5 WSSV A OE ) miRNA, #7559 2R
A miRNA, - [7]F A 69 55 57 76 B LA 4l o

AN HASTHER 5 WSSV HAT K 1 miRNA ZE4T 1% K] WSSV g
SR, FERG RIS AN 1E] (Oh, 6h, 24h M148h), LIKTHRZEH BT 40K, 4>
BIRIE /N RNA ¢cDNA SCFE, FEHMTRn@ sy, s i A 3 K R i At
IS LA A TS [ AR B b /N RNA 17 S FIZIL7KF, A 22 40T miRNA (1)
RILHAE WSSV BRI R P AFAE 2257 2, DX LS miRNA 7] G855 28 i L 8O0
YU B %, L NCBI blast 2347, &I 22 425 miRNA 5 24011 miRNA BA A
Yk, XEEZERN) miRNA 1, A3 L5, 11 REREAL, 1 &5R0E
AR, 145 0BG, 1 4B A DG BATMBE S 4 m i/ RNA
TEXTHRRST WSSV A2 G b f 4 FH B B2 T JEAit

Drosha #& miRNA BEGERE PP CHE ST o FRATTAORUR b v B 45 21 Drosha JE A,
34T IR Drosha &% (5 3l (D. Melanogaster) [ Drosha &% (43 1K i ) 7]
JEPE, GHIF Drosha % A {5 ) RNaselll 15 dsRBD £5#4J3,, RT-PCR &5 %1,
Drosha FEIFEX AN ZUT A RIE, JFAE WSSV GG RN B _EIHERIE, 3
U Drosha 155 25 (1) & YL O IR T 25 %« R FH 477 siRNA JUER Drosha 5E R 15K
ik, AWEIR, 2 Drosha [3RIE%Z %] siRNA #IHJ5, WSSV # IR FTF. X4k
I 4 W, Drosha 7EXMF RGNS #3422 Qe b R 4% T 4> L MVER] .

REEIE. XTUF, HPTZES SRR, miRNA, Drosha



Abstract

Abstract

White spot syndrome virus is a major pathogen of shrimp, which makes serious
economic loss in shrimp aquaculture. However, no effective strategy is available to control
the virus at present. microRNAs are a class of non-coding RNAs about 21 nucleotides in
length in eukaryotes, which function in the regulates of gene expression. Studies have
revealed that miRNAs play key roles in development and immunity. But so far the roles of
miRNAs involved in virus infection are seldom addressed. Therefore in this study,
miRNAs related to WSSV infection were screened and analyzed to reveal the miRNAs
involved in virus infection. Our study would be helpful for the control of shrimp deseases.

In our study, to obtain miRNAs involved in WSSV infection, shrimp was infected
with WSSV. At various time postinfection (Oh, 6h, 24h and 48h), the lymphoid organs of
shrimp were collected and subjected to the construction of small RNA ¢cDNA libraries. In
these assays, the shrimp injected with physiological saline was used as control. The
samples were subjected to high-throughput sequencing. By comparing and analyzing small
RNA sequences and expression levels of small RNAs from different libraries, 22 miRNAs
were found to be significantly up- or down-regulated in response to WSSV challenge,
suggesting that they were involved in virus infection or antiviral immunity. Based on NCBI
blast analyses, 22 miRNAs shared high homologies with known miRNAs, which were
related to tumor (3 miRNAs), development (11 miRNAs), metabolism (1 miRNA), immune
(1 miRNA) and differentiation (1 miRNA) . The results would be helpful to reveal the roles
of miRNAs in shrimp against virus infection.

The Drosha plays very important roles in the biogenesis of miRNAs. The shrimp
Drosha gene was cloned. The sequence analysis showed that the shrimp Drosha, with
conserved RNaselll and dsRBD domains, shared high homology with that of fruitfly. As
revealed by RT-PCR, Drosha was expressed in all tissues, and exhibited up-regulation in
response to WSSV infection, indicating that it was involved in virus infection or antiviral
immunity. RNA1 assays indicated that the silencing of Drosha led to the significant increase

of WSSV copies. The data showed that the Drosha gene took effects in antiviral immunity.

Key words: shrimp, WSSV, miRNA, Drosha
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1.1 miRNA BYRER. THEEREE
1.1.1 miRNA ByE{E
1993 Llee % NTEWFFUT WB/IMFE R BT R T lind KR, &
SN 220t [FIRNA , It RNA NG AT 8 (1, HAE PG 5 i & &t
2000 4, Reinhart % ATEZE dUrp SORIL T3 AR OGIE D Let-7, & M43~
A& 21nt IRNA 2 7B, etk i & R . BlJE ATEZk e, i, A%
S5 20 Ph AR A M P R B T AN AL /N FRNAMSL IR I8N 5y RNA 4k A
miRNA. miRNA | Z A TAEY 15 54 g sh 0 B2 R, e 1Rk 5 185
AR ST A E B IR R A R AR A KR E A,
) miRNA(microRNA) &K 241 22nt [IHBERNA, RIS L& AR, i
K700t 1R I ST I T Mok, AEfE IR BIEE 10 mRNA 55 3 o g ) [X 45k
(UTR)ELAMEEXS, $801% mRNA 2> 7832 23075, miRNATEL dt. g, A
FI 7L BN 5 B AZ A rh A T IR, AR JSUZ AR e ok AR DGR IE . miRNA 7ERIL
R A GURST 7 (R S 0 DA i BB DR ST, 2 1 T i D s 1 T B 42
¥, TEAI A AR A AR T R AR
1.1.1.1 miRNA ZEERFH FHIEL

(a) Independent promoter

QP : _ miR-1-1
@) @R MR1-1  miR-13%-2 [ I %O Qo  mm
. — P i —
; V— miR-133a-2
 omm
(b) Intronic
| QY Qp |
miR-208 P A miR-208
- —_ e o — M o —
Exon 27 Exon 28
(c) Exonic
miR-198 Q0 qg miR-198
B ——> ﬂﬁ s > —
Exon 10 Exon 11 g

KI1.miRNAFE R ZH EREfr (51 E3CHk10)

Fig.1 Genomic organization of miRNAs (from ref 10)

miRNA 7ERERH ERGEAEA R 22500 T, miRNA FEERAEATA O
WSR3 F S8, WimiR-1-1 5 miR-133a-27] LI #45%KFSRF 5 MyoD i
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o ENS T, 411540%1) miRNA A7 T8 H ARG i X 0 A 251 X Bl gt 2 1 ) e
AT BN E XU, RS T miRNA BiAS S AT TR DXk ) 3 R LA
AR R s J7 10, DRI JE T RNA FUARI — 370 o A 78 AR B /0 JIE P s e AR IA T
miR-208"", f7 T a-myosin FAEH N 28X LA 10%EN TANE T X, 4
30%I] miRNA A HE KA, HRRsk A TR EZ X, KA 50%0H)
miRNA A7 T2 7 H557 Y1) miRNA f&E, I8P %% FimiRNA

1.1.1.2 miRNA B4R

miRNA gene
a
|
d
MiRNA biogenesis
Pri-miRNA
RISC complex RISC complex
|
L oood™ ™ songnnnnene Target mRNA i@ L ITT
Pre-miRNA -
mRNA cleavage Translation inhibition
Nucleus
Cytoplasm c l | Dicer U
: FTEE T Mature miRNA strand
miRNA duplex incorporated into RISC

Unwind / cleavage

412, miRNA {17/ Ei#A42 (5] B SCHR10)
Fig.2 miRNA biogenesis (from ref 10)

2N P miRNA R AR R W E 278 o S i miRNA I ] FTRNAZR A ML EH
RNAEAEE IS HA K2R pri-miRNA, 4K 5 7F RNaselll Droshalf)J{/FH T 8Y
DI 60-70nt A & 45 14 ¥ pre-miRNA(miRNA PRI A),  AMLEA BEARmiIRNAK 3 K, 1
FLALE3 A i H A 20t 5 i . Drosha 55 DGCR8/Pasha i 414 Bl — AN /NRNA - 4b 21 3%
(microprocessor) [ & 514, DGCR8/Pasha £ [ il|pri-miRNA K 2 45 1) [¥)ssRNA-dsRNA
454 A (S-D junction) 455 )5, Drosha & [ LIPS RNaselll %5443 61 57 85 U] .
Drosha ) B UIAL fUA, T RFAS 220 S5 K A0 (0 25850, HLG W AH TR T PRI A% H IR
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pre-miRNA [¥)35 2ntf{ 5L 4% Ran-GTP/Exportin 5T, MANHUAZ 2 FI40 i i,
X Jopre-miRNA fEDicer EEfI1E T, # V)1 BimiRNA: miRNA* IR, &AL 5 pliid
[(JmiRNA F1'E [F) B 4MiEmiRNA* . miRNA* J&pre-miRNA _E[—BRNA, 5z
miRNA H AN, miRNA*ENGE AR, A miRNA §UEE AT DLIEFE: 45 & FIRISC
(RNA-induced Silencing Complex) 2, MMEKIEXFRIERISCE A&, e i
A HEZAEY)FN I mIRNA. miRNA — H 5 RISC4S & Ja il ig 5t 56 4 5 A e 4
HAMICA 4R PG A SHmRNA Z5, (TS mRNAG BTV AR, DBz 21906 .
F59 EmiRNAFHIERIBEX 2R AP UUR, AR R P miRNAE P BB R 4G,
Ty A — S 4 3 B B IRTRE PR LB . Ago 2R (145 A miRNAJFAHEmRNA — i R 7E
LA (processing bodies , P-bodies) 1] JimRNA [#f# . P-bodies HEFAZRHIA TR 4 H
] e A mRNA RS 37 1. P-bodies 465, WIGWI182, Dcpl/Dep2 LIMEE
14, RCK/p54 f#iehs, BE5Ago HE 4SS IMhiEEE.

FEYmMIRNA (¥ 72 5 W) A RN, D A4 3% 45 Drosha. 1 A1 5 240
Yy, AERLY) b AR AER I B pre-miRNA . DCLI ZAEYmiRNA 3G f b 25T
Dicer % A B, 7 T 40 N, 254l Drosha I fg i B 1L pri-miRNA %% 4% 1§
pre-miRNA, X5 7EDCL1 FIHABRALE FAEH T, 8% pre-miRNA ZXIA 458411 BY
P), 1640 A% P9 2E B A P2 A miRNA : miRNA* HE 4K, 7825l Exportin-5 L HE
HASTY P A1 M A% e ds B4R o, B BRAE IR BSGHmiRNA o

1.1.1.3 miRNAF# RS 5ER

EmiRNA [V G FE G VF 2 A% IRBEIIL (Ribonuclease T , RNase 1D (15
5, RNasellI7E WA T TEALARTE, 7 ST fERNARTAIN LA DIBERIRNA, 7E8 A B
RNA-F4I (RNA interference, RNAD) AN HABAN Ty RE P A 3G EEAEH . ZRZIR
B 2% U S B A A0 45 K AT B (Escherichiacoli ) RNaselll. Rntl. Dicer 5Drosha,
CATTI IR [ A B DR S M 7 2 57 1 9T B DIWUERNA (double strands
RNA, ds RNA) o« RNATHAE N AE bl 2% U B s 3 T R 2 —, L Robi A R Il
I 7 Dicer fl Drosha YEmiRNA FIsiRNAW =4 b B vh &5 FEEAEH, (A% B A% 1%
WELILIY 25 K A FI LRI B OB A ]
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I I I |
0 500 1000 1500 2000

BMase |1l dsRBD amino acid
Class 1 — QDD
HMase HMase
Class 2 Polyproline 1IE! b dsRBD
(Drosha) —B b e
DUF RMase FMasa
Class 3 DExD helicase 283 L Mz b dsRED
Dicery DD D —UANNN

Current Opindon in Streciural Biclogy

413 RNABEIT S (5] H3CHk13)
Fig.3 RNase III family (from ref 13)

RZBE R IR B K 5 72 L T 1 BT V) SUEERNA HIAZ 1R A V)i, T AR A 19 B LT 25 R 4
HAAT B S ) S5 A —— R R AL TR I 485 ) 4 I 5 Dl A2 A% B B LI A 4580 o XUEERNA
SRR IREIUIN TS, B RS BEIREE B3 W ANE R o iR a5 My s 4l e, T
IHERZ IR IR BGIIL ) g =28, 28— RAZHIAL IR B LU 5 1 d Ty B, U035 — M B A% IR 5
P AU RN A S & 45 K38, (dsRNA binding domain, dsRBD); &5 - 284E 55— (Rl
RN T AR IR B £ AL Sk, T HS 40 ) A 44 W RNase Illa FIRNase Ilb; 25 =282
RZBE R IR B 7T AR S MO AR08, W BT T PSR IR g 45 R
— N XUFERNAZE & 45 F 8, N S iR DEXD/H AR B2 Jiré i 45 #4938, (N-terminal DEXD/H-box
helicase domain), —/NARENIIAENIZ54438 (unknown function ,DUF283) Fl—/"PAZ 4
M35 (PAZ domain), 1% KLHK A Dicer 1,

Drosha 1 5ipri-miRNAM NN T, J& T RNase I FIEH W55 1 —FP,
HAEFAE ZE Cu A2 /NRNaselll 45 #4458 1 1 4~ dsRNA 45 & 45 #4 1 (double strands RNA
binding domain, dsRBD), N4 —K kB, 7EM P54 {4 Drosha A AEHs
pri-miRNA 1 T3%70 nt 7547 Ipre-miRNA, [ 4y Droshalt]dsRBD %5 314 AN GE 58 4> f
IERE SRS G, LA DGCRSE A PUIEN 25 4 #8147 . DGCR8 7EDiGeorge
RO AE(— MR A PR S TOIE , LR TG« FHR 55 I R 9 1B R0 I Bk ) k2K
TG HE 3 ) b 9 R Pashal'”! . DGCR8/pasha il Drosha #H Ji Microprocessor X
pri-miRNAJI .. DGCR8A 1~ dsRBDs HEpri-miRNAIRAE, BPA & 4 B =5

N ZEPIN A2 FREERNA . DGCR8E # pasha i DT IR, 4l € fEssRNA-dsRNAZE & kb It
10
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H.51FDroshafE B 455 4b11bp, BEH22bpab 1], I H =K b A 2bp I . b4k,
A ZFRNA Zia 8, WHRNA fER. dsRNA 254680 &k —Sxams, it
2 5 Hipri-miRNA [##% P fn 11820,

Dicer/EATP/EH T, #2dsRNAD pre-miRNA I L85 i b BARFE « 3" b a3, HLA2
NG AL TFR (2 LT R 247 (1 TDicerZE 5, 4 BOR/NIEA Z2 5 /N B, BRI i
K A BtdsRNA = AE 1)/ Fr BERNAFK M siRNA(Small interfering RNA), fiy f 2L A7 & e &5
#. K B4 60-70bp [ pre-microRNA 7= 4 [ /NRNAFK A microRNA . 1X 28/ J5 BRRNATE
Dicer/W4ilh F 5 —MxBM S &M G, TEMRNAT FIUTERE G444 (RNA induced
silencing complex, RISC) , [i#£4> AsiRISC FmiRISC. Dicerst: % 4> T i 4
200 000112 45 Kyt ik 11 5P, BH S 6N Mtk: 1RNA f#iEli—DEXD/H T+
I 45 dsRNA T8 HIDUF283. 11454 dsRNA K [IPAZ, 2 4 RNaesIll F11 A4
dsRNA g5& 8530 KZHCEMESNY . RN FIE L4 A6 11 Dicer, %
HRES 537 £ /N T-HERNA(siIRNA), AT A DRNA(mMIRNA), 177 4 FCHEFIAE
WITEHAT Z A Dicer[f] ZRYPT . FERR A BIFG I b, QORI T A7 7654 DRI Dicer B4
(Dicer-like protein,DCL) ,DCL-1,DCL-2,DCL-3FIDCL-4. i $142 / Dicer: Der-1 Al
Der-2, 43541 5tmiRNA FIsiRNA [{I4E &2 5 7 n T 2E %/ PRNA 4h, Dicer fERNA
YUER AL A Wit b th B A P, —2UdsRNA 4548 H SDicer — L #EmiRNA 1)
I LT R S Y30 . Loquacious & H M Der-1 A imiRNA 1) 4l Bh & i+
BL32I dsSRNA 454 R FAR2D25 RlfDer-2 HIH AR, fEHESIRNA L ] Ago2’l, TRBP
f&Loquacious M AJRIA &Y, AN S5Dicer fMAgo2 M EHAEH, El— N =84&, A~
M miRNA (0T, i A&t = 49 RISC %R &0, 55— A AU
[FIPACT, 28l FTRBP, AER MM BAMIRNA IR ZAISIRNA 5] ZRNAL {1355

[35,36]

Ago FHREHFUERNA FFUIELE A YI(RNA-induced silencing complex, RISC)
A% L5, 1 ANPAZ S5kt 1 > HARNaseH 4R A VIS PEPIWT 4541071,
PAZ ZifIHERXUEE miRNA ARm2bp Y5 H 350,  BEFHEER AR NRNATE AT
BRI P . PIWL Sk Agot A REBT VIR SR W) . Argonaut i H K G )2 EAEA)
R EL, #HATPAZ (Piwi-Argonaute-Zwille)FTPIWI £5#43k. Ago & FAZEY Rl IR) A& = &
TR, T HR 2 B A 2 i Ago KRR, ANFAgo % BATANF K Th

BEPS. Ago R ML N A R BE (Schizosaccharomyces pombe ) Hjt—Flr, R4k

11
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