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Abstract

Abstract

White Spot syndrome virus (WSSV) is the major viral pathogen of shrimp
industry, which is kind of enveloped, no inclusion stage, rod-shaped, double-strand
DNA virus. During viral infection, viral immediate-early (IE) genes encode regulatory
proteins critical for the viral life cycle. This thesis demonstrated WSSV genes’
expression and genome replication in primary cultured crayfish hemocyte in vitrol.
In our previous study, we established successfully a viral infected model based on
primary culture of crayfish hemocyte in vitrol and screened white spot syndrome virus
(WSSV) IE genes with cycloheximide (CHX)-treated primary culture of crayfish
hemocyte and a WSSV genome tiling microarray. In this dissertation, Sixteen ORFs,
including a known WSSV IE gene (iel/wsv069), were identified and confirmed by
RT-PCR and time course studies. 12 of the identified WSSV IE genes cluster in a 14
kb genomic region (WSSV China isolate: 36,052 to 50,300 bp). This type of
arrangement may facilitate the coordinate control and rapid expression of IE genes.
According to the alignment of nucleotide and deduced amino sequence, we found
another WSSV gene-wsv056 exhibited high similarity with wsv069. By RT-PCR and
time course studies, we confirmed it as an IE gene which was missed in microarray
hybridization. Using wsv056 and wsv069 dsRNA, we completely inhibited their
transcription and expression in High-five cells and primary cultured crayfish hemocyte.
Furthermore, by injecting their dsRNA into the crayfish body, these dsSRNA-treated
crayfish were able to inhibit the viral genome replication. Though the stability of
dsRNA transfection into primary cultured crayfish hemocyte and the specific
inhibition of dsRNA in crayfish’s body is not as good as we expected, we contributed a
good method to the further research which are able to focuse on the downstream genes
which are regulated by wsv056 or wsv069 encoded proteins and enlighten the

mechanism of WSSV infection.
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1.1 JFHRFEFEELR

XM B i LA e . A2 7028 LR IE WIS, A Nr T,
H5ed, BTN, +H2H, WKW H, SRR, SERIER, iR«

XU NAT e e KR B i 2 —, IR SR R B (& S il 1
FERMRIRIEME N 50 EARTTAS, W LABE N B BE TG, TR Dle i B A 4
X ARIRIENY B — A EA R R, B E R IR iR BB E K
PR o FRE S HT IR TR AR T A BE IR (Penaeus monodon). 3
FXHF (Litopenaeus vannamei). H'[EXJIF (Penaeus chinensis) FH H A< %X} ik
(Marsupenaeus japonicus) 25121,

XPUNFRIA MV AE A B (R A I, [N ol 1 MR SR FABEEAL, Pl YR
., BN RE — R A P, 1993-1994 4F, P HRR REME B 0 B0, S
FRINVD N TARAR , FRBEDRTER ™ B GUR) Fo A 1993 4R (1 8.7 JTWET 451 1994
EI 5.5 N, ST HUIE R HAG. IR, ERBURERN TR A A
Wt 3 SR URFRIE SR AT 5T, 1996 4FLLS, XU 5 AR TAERAT T Fr B
PER R RE, AMEFFRIENIT AR TR, FRI™ IR H T LAE N AT )
TRk, BTN FRAA T 9 TR, oFUFFRFA D T 2 SR

T3 T AR ) T T RAT 0 AL A PN AR T N SR B b AR A7 R R R A 5L I )
Al CARTE RGO R A B R, s aE . 0wk, FLRE. #
AR SIS HErPE . Imdt. HA SIS — LR
AT TUMREE R B R AR K oS W T, I B T —
SE HIRERE, AHIEBAT T W90 A R TS AR S 52

N LFRFEA AN R T2 AN B A B 5 1S . BRI TR T T p A R4,
EREAT PR, AT SEENE A GU2irE, T HE r iR 5 5 %% )
IR o [N, R REIR H T M JCRFIRIA T 5% I A AR A X W9 3 b R
(7252 < LABI O 327, JEARAS H 2 Tl i my 0 B B G0 58 ) LIS 9 3L 500



WSSV -5 AL DR () %5 e MU BE VTP 5T

T30 PISEHESE 7R I e e pLa, AT RS b SA S (RIPURE T, 2 ok
T R A ARE A RN IR . B 60 ALK, B, SCH, HIARSEEE
KT KREMRIERLE, s e LIS R AT 74T 2t MR R . 1A
SN R A AR 2903 F 7, RPN 1 SR A AT R BE 22 415 [H X R SR A
BRI B,

1.2 M ERESEFRFEEHRER

SR B2 hE AR 2 (white spot syndrome virus, WSSV) J&— g ZE i
HIXEEIR DNA i 8i. J& T Whispovirus J&, £ H 2 Nimaviridae FrR - H i
—[H . WSSV HT LU S 24 U, ARG, BUtERm, 2 H AT ET
R KB RE L — o WS 58T, T 152947 180 NI TS B HE
(open reading frames, ORFs), {Hi& K2 % ORF's Zhth ) £ AN E s 2 b 1 2
JUT-HA TSN, RMESE SR B EARATBLR LR 2 . A /D HOE D 5 I
b 7 BAE IR U0 B 1 B AT B 1 R, G — 8 S AL T IR A
1 DNA &7 5% 1 g,

UERT, WSSV [ R IT R m RN sk 45 i s B VP28 /& WSSV
SERFENSWENZ —, 5 Van Hulten 2544k 035 40 5 % 5,

Western blot 437 i/~ VP28 sEAL T WSSV [HFENE 4y . SR, WSSV

FERIPIER T, ISt I o0 UE I A e s R IR e (IE1), B 5z %&b
PEFEAHIC (WSV249)., HETIIWFFTRN WSSV UM, 452 WSSV [T HL1
W, PASZI B 548 AR B A FHEE B T i, 5 WSSV KB 16 B = A5 2018 725

121 MFEMSSEMRBEHNLN

1992 4F, G¥EFRFAMBE IR KBXUF H AR 746 H AR5 I ) K
GETCIILER, R SRR U Sk B R AL T WK . 5 e B e AE XS R
TR A% T IR BT AR AT IR 55 . MW sl A BT R, B il
MFERIEER, FPELREAETT IR A X MR G T o KR H 2. 1993 4£4%,
HAFRIO IR KR AR A REEEERETTAE T[4 5-8 1, [EIVEHE RS 26 (0]
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URFRIE S B A s A KB A R G, TR ™ BBk S F LR G RETT
G A 30 NV YH AN SRR X (R 26 K 2 HOMIER R . 1995 4F 10 H, PEFBkR
BT BN A B . HHT, XEN A BEEEAAE (WSSV) e AR [l A BRI 7R
Wb A IR fe A2 EE N 3. WSSV I T o, AL IR X R AE — J N AT R
90-100%. Xk A BEFFIIp s fa T AR, IS DR 1K= FREE RN BT 2 5%
A,

1.2.2 FF AR S EME R FILA R IR F 45

TEIRE WSSV (KL, Jupiiil & 56 B0 IR . /b B AT 2ioh s gkim s 4xfse
Ik, BITERKIE, TESER P d5 5 B BOR AR Al Il 1A LL 2 25 73R
BB, WRURAET . RGN URAE H5E B4 L B BE £, PR BE AU R 1A O
B AR MR FIU W, R B LEARE 1 SRR AET T R o A P 2 3
M. Me2s. WERAEIERE TR 3R AL, S HLAE L B I wssv m Bl
Z I AR AR DA B P R R ALER, ALV A ORI, AR RF R B84 2R
SR 7Y W& A A EAN NG =N 151 5] ) NIY N 05 T IN
S AR TR R R T ORFIRRIE (A b plz 2 SPURIES I 2H 2 R0 R AR e A2
SR, HL AR SR A S T 2 B 1 R A RN 1 b R A Pt S A B, B b
UM i I 45 2 2123 R L e R 45 4 21 2 WSSV USRI T Ik 41 21
[14-1710

HUBE T 2], LRI AT, AR AR AL IR, %A R, ARSI,
Gty UL INIA S A, WL, AR A ST v, Sekntai i, mi/R
AR, VERRRAEAL: G, RERL AR AR N OR R, A
BN, A RAZAZ I R TR A A s R, R, LT AR AR
AR RS FEIR, MR I RERE LG R 2, AN MRS R, M shag e kU5,

1.2.3 MEF AR S ER SR E EFEHRE

WSSV EZURQH el 2 HRIshH, LR T, JLT-Pra xS iR ae
ol WSSV By, . BEYI PR CHITR) (Penaeus monodon). H ASGHER(P. japonics)-
JIBGHT R EF CHPER ) (Metapenaeus ensis) H E XTER(P. chinensis)« B[ EEER(P. indicus)
25 TR (P. merguiensis). B XTIR(P. penicillatius). REUR(P. semisulcatus). S&[H
IR (P. setiferus)®. 1A WSSV QLB AT EMT K K, BLACK UK

3



WSSV I3 [A] () 4 5 D RE AL B 5

e, Hlansar. &, Jeir, %78, DG H, fyh, 2EBm, Hp—it
KA B 20220 o — s g WSSV R IEA—E R, AR
WSSV EGLTURF TR 1 1.

TERIRZAET, WSSV afLUB VG YK HEltd), DURRIRRAASE, 158
HCRr, SR RT AR 2 B PR e i S5 I AR R AT AP AL B ARSI S 400 il
ARl S I A2 0 nl LA s % 85 WSSV Ik nJ LI o 31 AL A R e 1
R IWHATEIE KRG, ABEZEAIEN R A S SRR 06, i HLAZ
WEEETT. 16 FE R SRR RS A I . AN BT AR RS, R
T FL DN U SRR JEAR K, T PR ok, — ELHEL WSSV SR 5
ST R A2 B, MELAE
1.2.4 P AR ESERSHERMER

WSSV & —Floli B4 (K AR AR 1 XUEE DNA FRART 85, S8 B 2R T 44
260-350 nmx110-130nm, J§ #E AL IR Ah 22 i 2 J2 B I 2H R RO s, PRS2
(A7 2650 5 e PO TR B s SRR ) N JRAZ AR 72, A A e K DR R F1k 471 14 0 567 T
JREREAR, P35 — R G, — S A B IBE I, 53— =S %
WRAFAE TARZACE R o I3 BER T 1 BA7 A TR R 41 A% Fp 24200, Rt A7 i 38 MAe
PH b DX 529 280 1) 1 BEAS 2 O A 76 T4l i rp 7

HAET 3 Pk WSSV Zr Rk SR 4P 5 Cille . old: (1D dhE K
(WSSV-CN, Accession No. AF332093)™®); 355 #8523 B 14 7 [E KBl (1) H A xR (Penaeus
japonicus), [FFI4K: 305,107 bp. JERIA A 97% &5 7 1. BAIER LI H G+ C
ST 1% JEA TR SE R LA 531 AN TR SHE(ORFs),  HoH 181 4
ORFs ] e LAT b e A I D Be, AHR AR LA KR 1.7 kb, 3lid cDNA 3¢
JPE S5 e R, A 36 A ORFs HIE S H A 4t Dh RE R 1 IRE JJ, 73 4MA 52 /> ORFs
Hl L RT-PCR (K5 VEM N AT 55 Thfig . £F 181 /> ORFs 1, 80% Fijif L AT poly(A)
45y, (2) ZREFR(WSSV-TH, Accession No. AF369029), % 70 B H 2= [ ()3
X (Penaeus monodon), F e FZ IR (Procambarus clarkia) {15 12 4L 1451 WSSV
-0y, 704K 292,967 bp. 4 ORF J7 5 S fe 1 5, /- Hrik i 184
A~ ORFs, T &JEA) 92%. oI RILAAT 6%11) ORFs 5%k 2 B K 2 A
AIRVEYE, T2 KRG DNA 125, EABMmNEE. & 184 4
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ORFs H, 72%H EAZEYIFH I UG Kozak 45, 46%[1 )8 3h 74 TATA fE. 9
AT S X AT TN R DRI A, A T DX ek R A 250 %1 R A2 SR R Ik
M. (3) BEM(WSSV-TW, Accession No. AF440570): J #5455 [ G 1 (B
SR (Penaeus monodon), 744K 307,287 bp, & 3 ¥k WSSV 43 B #k Hh 5 K1) .
3 ¥k WSSV 7 BAR IR EE A W3R 11

* 1-1: 3 Bk WSSV 4> B dk i iR
Table 1-1 Characterization of 3 isolates of WSSV

SRIEEEYS 7% [ SIS PR(WSSV-TW)
(WSSV-CN) (WSSV-TH)
S NAN()9)) 305,107 292,967 307,287
G+C FE(%) 41.0 41.1 41.0
T AT £ I ] 1996 £E 10 J] 1996 4 5 J 1994 ££ 11 J]
EEAEN Penaeus japonicus  Penaeus monodon Penaeus monodon

HE¥ WSSV 45T Whispovirus J&, ‘& /& Nimaviridae B & IEME— 1 B A

1.2.5 FFARE S EPR R H R EE B

H AR WSSV AR RS RN IE A 7635, O MDA S A TP e 7 23 0
RLAE B ER 73 o WSSV ISR ZH R Ar A ANz W HEAT B, T A gL S 36
W95 510 505 B AE 24 /NI Y SERC— AN L. FUER ] WSSV IS R AE R
HALHE 7 LUF LA B 0,

(1) EJR R G (1 0T, I 4 0 1) 40 P EH AR MK, R 353 1) 2 1
TE BRI LT YEAR S A AL R IR B A% /DR I . 40 IR A B B RZ R, H BV 22 30 1)
R A o

(2) 4 A% A I AR SRR PR 5 TR TGS KT TE B, 03 25 (R A Lo B B
SRR R KRS B R 1 RS ORI S G i [ UL T Crowdry A K
BR. AR, AR .



WSSV -5 AL DR () %5 e MU BE VTP 5T

(3D W RFAZA S I 1 — 3 21 o — S A2, [A) I E R A AL A TE . BB,
AN Crowdry A [RELRARAR /DN, LRGN R, B, i ipas hole

e

o

(4) JHBAZACTCTE RS, Bl G %A Fe i B e 2

(5) BB ORI L . TERRARGE R, HEHT R AZ A 72 4E DNA 5 VP15
FIALBENE F T 8 R 46 A0 %

(6) PN #5500k AR, ANE S I BE IR A IR G5 0, P 2 g A
Too LEA LRGN FIRZ A T T e BB T, AR B a P BOR 48— Hh 25
HHTOHE . RN i o I B, 4l Il 2, B0 st A 73 R
A O FEdE, BT WSSVl e A 0GB ST T #EM, 24T WSSV
SR R ERE, (HEEHhe WSSV i3k NG i, FHhlis 06 2040 f k% 1)
TFE SR EFEATERE (K 1-1).

o WSSV DNA
e .. .
= injeded ing

Bl 1-1 WSSV 4% s !
Fig. 1-1 A model of the replication cycle of white spot syndrome virus
-3 B IR AR S 1 E 4 iR Unl 2 5 i A A 2 A\ 4 i
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J; 4-6. LB R A SEHE AN AR AR [N 4] DNA
IFHEAT A 7.0 MR P B DR R 0, et O SR
TP ST RIZ K s 8 A SR AL I St i e A2 0y v s B AVIR I, R
A B O B BE VAN AR IR o 35 A% MATE 18 908 73 4
PAZMEIEL, AR 10,40 fil A4, o s R

1.2.6 MFEMEGSEMRBEZORSE U R EFAZHRER

WSSV @& — AR 0 A AL WA AR B o 58 200 R URLZY 210-380nm 1K,
70-167nm 5. RIS ER BN, AR5E. AP E Z AR R . A
BeAl £ [R s #ERURL b BAT— AN RIRZE M), e AT RS R B T (s o T (AR A
FAL TR A, KA 180-420nm, i 54-85nm, J5 6nm. HH 14-19 AN
RPN AR ST, RS BICL R 23nm 5, PRS2 T4 4 6nm 1K) [H] B .
BN G B0 — S NV T e, B — AN PIFPATHES I 12-14
ANHAR 8-10nm [FERIRER (W IEA 8, IXLERRIRY L T B 2 VP664 B 1
K SENER R L LI XA, Hh R 2L 41 DNA AT DNA 4558 1 VP15 1
180 A TE AR R BRIR P L 1R 41 2007 e , A4 54T T RN [ P A2 ] 1102
JE7RT WSSV Ji B [H 4544«

Nucleocapsid proteins:
VP664, VPGOA,
VP160B, VP51C,
Tegument proteins: hnoe VP15
VP95, VP39A,
VP36A, VP26,
VP24

Envelope proteins:
VP53A, VP51B,
VP38A, VP36B,
VP31, VP28,

VP19

B 1-2 XU BSR4 RE S B 4 A
Fig. 1-2 The structure of white spot syndrome virus
a SERRTERRL; b AZAK TS cIRTES MR A

WSSV JEHA A5 — 2 F 5T X . DL E A 1™, WSSV SERALH 3% 42
i1 9 /M [A]Y5 B & [X (homologous region, hr)Z41j&, H'E 97%E4F M. IXLEE X



WSSV -5 AL DR () %5 e MU BE VTP 5T

Byspoy e iR b, BE 47 ASNWES B Kb BRI L R S n)
L UEAEARMWEISOTES . AR X R G w7, FEY
FUASE RS il . DNA RHIR AT 6. (Hi2 WSSV [ EE X Wit H ik AiE
REo AN, WSSVIRTAEAE—C MR ME, 71X 3 BRINF 1 8577 51 A7 AE 5 2K
BRI (1) WSSV ZREFEPAEAE A 13kb LK (2) WSSV ZR[EFEH {7
E—A KL 750bp [T AR X s (3) WSSV &8 MR A7A4E—A 1337bp IHL R T (4)
WSSV S A2 G X AR EE A AR . (5) HABKIRI A, A F54d
A R DLRCRTTIR Z A, fErp kR, 5 13kb BeSu R IR DEf fr
13 /> ORF, X285 X it ()8 (A% T WSSV (A a REA LA, (HEE
A 1508 B 14 8 A7 AE A DGR,

WSSV & H i Ol 7 it KM ah i di 2 —. SR 5 5 B AT IR 25
FETEZS BARARL, (HE (¥ 35 DRI 4L 81 R0 F0000 1 25 11 77 41 5 250 1 B JURF IR
W58 LT BT AR E o AR5 B2 BT IWSSY It AT ORFs, R IR 4> ORFs
G i (10 B 1 RN e b N B LR AT A TR, AUE D BULA SRR L
E BE AR IK C AN T A A AT R v K R, ORI R S S
WAL AT DNA I L MREDSE. WSSV 3 K 4 Hhid 40 & — A IR LR 1
(Collagen)JE[H, iXJ2 WSSV - NEEHMEF B, A7 LT A I BT A 9 25
AN L R Rl TR AR A 1 A e [ YR PE TR ORFs. K& WSSV ik
LR AR P, By 5 20 KRB I 88 8 A& 4 WSSV IH 2 £ T8 i 2 B
(Nimaviridae) (-1 55 75 J& (Whispovirus), ‘& & TRk ik — [ plg R 14244,

LA, —S6hifF 5T 3 A DNA %51 (Microarray) i AR 6T WSSV 3L A 2 58
AR FIHE R e e AT T IRAR R - Lan 2580 YE WSSV A3 N41P 331 T 190 Xt
S, R T E AR A 4K 2 BN ) ORFse B ILIX 265 [ H 0  HEAH
LR Bl 46 7 DNA microarray, FEAEIGIEAE Fo3 4T T WSSV 2 A ) 3 5 [ o o
WU I 81.7%[¥) WSSV ORFs {EE Qi FEh 45, H ) 47 4~ ORFs 71 /&%
6 /NI sk, I S N T e e FUMAEDR . #EREAT microarray MR STIS R
IR I R AN ) R Y P o B A A R DR AL ) ] — DX Al 8 A DR /N AN [ PR e 2
FH 2R P BRI AR S 753 TR L R BT, 55 AR 1 S R IR B R AT L, A7 N W) 2
waR, DLW BB I FE N R B, AT RSS9 #1040 K. Marks 5 AL
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