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=2 syt M Yaske Fa o vlolg 228 A fARMYel gl EAA AR
FZo] §A49A B3t Y Ex29Y=H(Rice Black-Streaked Dwarf Virus, RBSDV)el| dj g
FAFR) P IFEFTE W5 BE JPFE o] &3} o|HFE AT vloj =

PAE 5823t A719E3 A3 10719 bandE <1813 th RBSDV RNAZHE HHA}
ZAE o|§ (DNAE §4% ¥ Agtllo] Alske] cDNA libraryE 2=} o] libraryo) Al
6702 e Awslgdon 15 3749 clone(pRV3)L hybridization2 E3] RBSDV Al
27 38 frEd AL FA3AAT pRV3Y 471D S 2T 2% 2709] ORFY AFEES
23 JRew oA wpolEa XA FEAE ol4E £ UL oz AZAHETHI94E

59 309 He, 19949 69 1Y ).

Al ARz deASE vtelH AW oF 6009
%9 o211 glon vlojg)2We gig slgf= FE ot
glol g AFFo wet xpol7} glont biole2ol ZEE
HEL AT Afole ABIAY A&EFo = 937t
ABED St X wAlsE F8 ¥ HlojgjaE
Z 2z 9= Rice Black-Streaked Dwarf Virus: RBSDV),
L ZM(Rice Dwarf Virus) ¥ &% YJulEHRice St-
ripe Virus) 5 3%°] 3low oWy 7Y dutE
He oW SFTAA o APY FFol {A4H
Qo ExSHNLE A FAA Kde] §lo &
AA A FFol SAHA Fpx Jok? 1973d
ZAE A Hzz BaE ZzYSHYuloldre
19840de] MFA oz WAlEle & HIHE FUL 53
Alg g S54 AuEA o] F7h3e) nbal R A
9] &4 HuAie] & Akaglel HuYrh?

A& nlo]2]2 Reoviridae? Fijivirus€ groupll2 £
5= RBSDVY= BiF(Laodelphax striatellus F.)o)
o Wi/l AE= BE HED FEF FE Z
HE T AYE? F29FW ylojaias ulolEX
AlEo] 1070¢] dsRNA ©Ho z gojgu® ol 23},
3xe) BERE T2E PAsA len uuwHe] of
£ dsRNAs ©HES Aigles Ho|AHAE olFx
Utk 53], zt RNATH 9] poly(A)7} §101A41” cDNA
o] oEE Aoz 4HA Utk

274 418 Reovirus ¥ Phytoreovirusell 43&}=
2 & nlole] 9] AlE AFE 3] AFo] HYA W
RBSDV7} &3l Fijivirus%o] tsisdE FDV(Fiji Di-
sease Virus), MRDV(Maize Rough Dwarf Virus) A|55 2]
d71Mgo] HEA oz gEAg 1 E3] RBSDVY 7
$= AlE 9 Foll 717 A2 7, 8, 1094 Al T
GANGT 7 BEe ¥ Bol BEHeR Ushie
47144 (5’ AAGUUUUU----GUC3")0] BaE 0|9l & o)
q,.9,16)

E AFdM= RBSDVE &8s &, wlolg)x
RNA®YE] cDNA libraryE 9Hea Agd
71ME-& 2A5Y EXHFY vlolg & AlEe] HE3
54< w3t sick

ME W

Ex=y vlojgA BEE W olHF Ml
2924 ulo]e]~RBSDV)E #A187] $istd 39
3 ERSE Ao A Ad B, AF, ¥4 F

A «3,UF A AAS JEFE AHESATH
A1 (Laodelphax striatellus F)y= A3Fo|A Atgk & 2
#Hol okFo] HAUL Wl ¥ ool 2UT FFAU F
3)43te] L5Y7] ¥ R HEdte 2~3F7 FEIE
A RESZS Fvagch vlojeix BEFS A5 &
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S5 o] yF e 1kgs HAZALE npfE § 28
B¢l 001 M MgCl,, 0.01 M phosphate buffer(pH 7.0)Z
Y3 Waring blender® 4J-& ¥ gauze2 LHPEL A|A
8l HFF=rt 20% H=E CCLE A7t 287 4
At} o] EFNL 6,000 rpmol| A 1587 AAE-2 8L
H5S Htel §9 3| HF 7} 27 6% polyeth-
ylene glycol, 3M NaCl, 1% Triton X-100°] &= 3
F 2A17F Bt 4T oA Z 43 6,000 rpmel A 1587
AAEEY AAES HQrh o] AFHAE 0.01M
MgCl;, 0.01M phosphate buffer(pH 7.0) 50 mio] ¥
A1Z1 F 4,000 rpmefiA] 1057 AR sl g
TFES A AT F5dl CFE 20% H =5
H7bste] e % 8,000 rpmol A 1087+ PAlRe] st
Azl e FHaba, thA] 22,000 rpmol A 1587 AR
3t HAES 001 M MgCl, 0.1 M Histidine buffer
(pH 7.0) 1 m/ol] A A3 F tissue grinder2 3] &
H3ta] Fo]ar 10~40% sucrose W=7 LA E 26,
000 rpmell A 1A 7t F<t AT dARe & AAL4E
virus band& 343} 0.01 M MgCl,, 0.1 M phosphate
buffer(pH 7.0)2 3 A3t3 37,500 rpmol| A 1A1ZF EoF
YR &AL AAES 200 W] 10 mM Tris-Cl, 1 mM
EDTA buffer(pH 8.0)¢] =91 % 260 nm oMol &
B2 A vholels $E2 34 sk

cDNA library H|%}

dpolel 2ol HRANE ResIIAskd W F2sE
vlo]# 24 ¢] double—stranded RNAZHE cDNA lib-
raryE A2} 8l th. RBSDV RNA 5 uge 100T ol 4 52
2 B’ F 0T oA 1083 WA B 0.5 pge] ran-
dom hexamer®} 1 mM CH;HgOHE # £33 ¥ #=F
%7} 242} 100 mM KCl, 50 mM Tris-HCI(pH 8.3), 10
mM MgCl,, 10mM DTT, 1.25mM dATP, 125 mM
dGTP, 125mM dTTP, 20 pCi[a®P-dCTP], 40 u/u
RNasin7} 574 4-& t}& reverse transcriptase(Perkin-
ElmenE ¥ ojA) HA-&30] 50 w7t = A&k} 2 431 37
TolA 158, 42T o)A 1A ¥H3-A17)3 EtOHZ A3
N7 ARES FF 20wl B3 A1H ) Second st-
rand 3412 5 W buffer(100 mM Tris-HCI pH 7.4, 25 mM

MgCl,, 0.5u RNaseH, 12.5u DNA polymerase D& 3
7¥8hed 15T o 4] 1A1ZY, 22T ol A 1AIZF ¥h-8-A121 F phe-
nol2 =231 4% (DNAZ EtOH= HAAF}
cDNA2] o}z 2h-S blunt endZ 7H59] EcoRI LinkerE
22317195 §44¥ cDNAS 10u T, DNA polyme-
rase, 1 mM dNTPs(3%5 %), 10X T, DNA polymerase
buffer(250 mM KCl, 500 mM- Tris-HCl pH 8.0, 10 mM
MgCl,, 10 mg/m! BSAYE<& H7}ata] 24 wh-g-olo] 50
A8 & 37C oA 3087 uH-&- A1 Fth EcoRI methyla-
tion< 1.5 u EcoRI methylase, 100 uM(3 %5 %) S-ade-
nosylmethionine, 100 mM(H%% =) Tris-HCl, 10 mM
(%% %) EDTA 52 #7sle AA&4& 100 Wt =
Aske 37C ol A 30%-7F Bh-AIZTh. 0|9} o] THEoiRl
cDNAd)| EcoRI linker& g24A17]E %¥H3-2 40 ng EcoRI
linker, 1 mM(# &% %) ATP, 20 mM(# %+ %) DTT, 10
mM(3£% %) MgCl,, 100 mM(#Z% %) Tris-HCl 5%
A7beta] HEukg-oo] 2007} HA B 15T o 4] 124]3F
w2 A7) (DNAol H#E EcoRI linker® AW3}7]
98)M H2¥ =7} 247t 100 mM Tris-HCL 50 mM NaCl,
5 mM MgCl,, 0.5/ EcoRI AgH A 52 H7H8 § 37
T oA 2X 7t ¥r-&-A17)3L sepharose CL-4B columnZ
235}od (DNAT A3+t EcoRl-digested cDNAS} la-
mda gt11 vector} ligationg A171 3 in vitro packaging-2
Packagene(Promega)E AF&-3}9t}.

RNA gel-blotting

Hho] 2] 2 RNA 10 ugE 10% formamide, 10% formal-
dehyde”} &9 14% agarose gelol X A7)95-& F3f
gt} o)u vho] 8]~ RNAE 50% formamide, 10% forma-
Idehyde<] sample bufferoll ol 65T of ] 587 €A
23} & agarose gelo] loading3l3 T 30 voltol| A 2447k
A71GE8Hh AHEE H1719F $F 8L 200 mM so-
dium MOPS, 50 mM sodium-acetate, 1 mM EDTA(pH 7.
O)olAtr #A71dFol B ¥ nitrocellulose filter2
RNAZ zolA|7]aL 2413 B4 80T oA A5 12=AZ)
t}-& hybridizationsl] AH-&3}53th. Hybridizationol] A8
probe¥ ¢DNAE &#3F %I E ZH nick translation

kit(Pharmacia 27-9250)& o]-&-3}e] A &8ttt

DNA ¥7|Me Z2F o REEE Y

DNA 971449 AAL Sequenase 2.0 Kit(USB)E A}
2319 3 Kit A A7 Afshe g o datqct. HA
pUC19 plasmido] 4t¢}¥ RBSDV ¢DNA 5ugg& 2M
NaOHZ 5327 Aedx dAgste agz A2
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& 2R 40 =X Sequenase, DTT, universal primer,

dNTPs & [a-*P]dATP 5-& o] vhgAIZl F 8% se-
quencing gelol A 3000VE 6412t A714%F 3tgct. 47
dE ¥ Zolgle gel& rape® A v A Xeray ¥
Eol ZHAII 1247 Foll BES B3 F714KE
= 2439

dn o g

Exol= dHl0|2|A(RBSDV) ESE U 0[EHF MAl
52915 vlol2 2RBSDV) w0l A8 A% U,
A%, 8¢ 2 A A, HF SANA AR B

ABFE BFA W FEU FAM 2~3F FFAA

BEFS AAsidt Tgu F295W ulolaag
EFRsleE o Relge] I35 ¥ERnE /)3
g2W 254 FFo2 27 4% 59 195
HEZE FFAA olWFE AVAAT. $55E I
23 199 S8/ 2998 7 sekely FEstdon

30~409 A F BFo] HEhte A& BFE 3
ArhFig 1. 2954 dlojgjxe] WL fgozs
HEEF dYon Brp F43 geg 3 dAd
uFez #d% Aol HA RBSDVYAE #A&3qch
(Data not shown).
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Fig. 1. Symptoms caused by Rice black-streaked
dwarf virus (RBSDV) on maize.
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Aoz Aztdn) ol¢h e ZIE FYIEY £ 4
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Fig. 2. Sedimentation pattern of RBSDV after centri-
fugation on 10~40% sucrose density gradient. Ar-
row indicates a band containing RBSDV particles.
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RBSDV cDNA library M=} 3 cDNA & 22|

utolg 2o WAtE FAAE #el3td A3Y #A
AR 018317 YA F29058 ulo])2: RNAS dig
¢cDNA libraryE AFsHed] S29059 nlojgixe
double stranded RNAZ TAE wlojgjr olm=z
cDNAE D&7|908) S8yt dastth S2959 v
olz]& RNATH L =77t & #9 ohel(1.7~4.3kb)
F2E e vt olde 23}, 33 5 EY zlo=
FAHL glomg Mgt whgol 7B Fadslen
A= At webd 2 Aol RBSDV RNAE 100
TolA 587 9423 ¥ 1mM CH;HgOH &2 3
7bete B3 W& £7AIZCE E3 RBSDV RNA
SGHES JAHE mRNASH=E 27 poly(A)7F fie
Aoz 4HA Yol @xslE ulo]d)2 RNAS ran-
dom primerE WA F2AIZ] 3 AL G4 E o] 8-Fo
cDNAZ T4t AFHoz AL DNA librarye]
phageFE 1X10* pfu/m! ©]P ¢k 60%AF =7t M)
plaqueE AP o IFoAM Tz 1070e] FA
plaqueE X23}e] phage DNAE 223} EcoRlo 2
A2 A3} 05~10kb =7]¢] (DNA ©HES 3
f3tar gk ololx] RBSDV ¢DNA ©H#o] A1¢l®

M RBSDV M

5.0kb
4.0 kb

3.0 kb

20 kb
1.6 kb

Fig. 3. Agarose gel electrophoresis of purified total
RBSDV genomic RNAs. M, 1 kb ladder marker; RB-
SDV, RBSDV genomic RNAs. 3rd and 7th band from
the top are double bands.

phageE A43l7198) vpo]d 2 Alx dsRNAZRH ra-
ndom primer WHo] o3l FAdE probeE o] &, ¢
oA wWEolR ¢DNA librarye] hybridizationgdt 23t
tiiiiel 34 plaqueSo] RBSDV cDNAS 438t
de Aow et Ad€ (DNA 94HES pUC 19
plasmid vectoro] AAAst] 8719 cloned AW
ol clone & 7M% & 7o) 1.0kb RAEE ZTZ9EY
ulol@) 2 AlE ©H 7)o HIF| Zopx RBSDV Alx
HAE ZF3l= full-length cDNAZF THEOIX]|A] ok
Aog A=A} o] RNAZHRE DNAE vl=&
oA DNA §Ado] FE3] o] FojAA 94 A 0.2
AAL D ojAe gA uloglx Aw 5H9 F2A
Fefo] 71203 ez APk L ¥ AFA
9HE0}X cDNA librarye RBSDV Ay 9HES £&
oz 3L E AL Fstn wHA FAYER
At cloneS FolA WA A77E & 3709 clone
(pRV3)& AHElste 47|14 E AF dES ARk

RBSDV s ©HHY cDNA 9Ix| &¢l % 67| MY
F=bs|

E2l¥ DNA FE8o] ExHYSY wtoleixe] o9
AsgdHozRe FHEAIAE A3t A4 RB-
SDV Az RNA$} cDNAE probe® Al&-3te] RNA gel-
blot A¥L AN cHFig 4). 28 AT Fig. 494 B
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Fig. 4. RNA gel-blot analysis of RBSDV genomic
RNAs with the pRV3 as a probe. Left and right pa-
nels are agarose gel and RNA gel-blot hybridization,
respectively. Lanes 1 and 3, 1kb ladder; lanes 2
and 4, RBSDV genomic RNAs.
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HEL 71FF 235 1HeEEA 2HE UNEE £

o2 Ehstt} o] 232 pRV3S 34 AE9H {99
cDNAY-S gA =z 19 Al dPelx FsiA
23 7€ homology7t W& A @74 de] 19
@] EAQAY, YT sequence’t ¥ AE ©H
Alolo] REFHoz FE EAFted JAE Hew &
A Ak

HAAY7tA] RBSDVAI® & 7, 8, 1081 RNAE A3}
= #4 AR A9 gedA ¥k wEka RBSDV
¢DNA libraryol 4] ¢jol2 MesT £ RNA gel-
bloto. 2 3 AlF dHA feld A2 F9ldE pRV3
9] E714EE AAHAKFig D). 288 ArNES
DNAsis program-S ©|-83}o] open reading frame (ORF)

GBT GCA CAT GTT TAT AAT GTA AAT CCT AST CTA 6TT GAT 6CC 6CT 608
Gly Ala His Val Tyr Asn Val Asn Pro Ser Leu Val Asp Ala Ala Ala
ACT 6CT ATT GST ATT CCC CAA GGA TTG CTC AAC CAC TAC AAA AAT TTA
Thr Ala Ile 61y Ile Pro 6ln 61y Leu Leu Asn His Tyr Lys Asn Leu
GTT AAT GCT TTT 678 ATO AAT AAT TIT AAT TTG AAA TAT CAT ICT ATC
Val Asn Ala Phe Val Met Asn Asun Phe Asn Leu Lys Tyr His Ser Ile
CTT TTA AAT GTG AAG TAC TTT 6GT CTA AAT GGA AGT TTA AAA CAT TIT
Leu Leu Asn Val Lys Tyr Phe 6ly Leu Asn Gly Ser Leu Lys His Phe
TCT CAS TAT GGT GAT TAC ICT AGT CST TTA GTT CST TCT GAT TCA ATA
Ser Gln Tyr 61y Asp Tyr Ser Ser Arg Leu Val Arg Ser Asp Ser Ile
AAC AAA TTA GAT AGA TAC CAT AAT 6TA TTC GTA ST GAT TIC ATT TTT
Asn Lys Len Asp Arg Tyr His Asn Val Phe Val Arg Asp Phe Ile Phe
6CT TAT ATT CAT GAA TTA AAT G6C C6T ASS STG TAT TTA GAT TAT AST
Ala Tyr Ile His 6lu Leu Asn 6ly Arg Arg Val Tyr Leu Asp Tyr Ser
ATT CAT AST CIT TT6 CTC 6TT AT@ TCC CGA GGT TCA ATT AAG TAC *IT
Ile His Ser Leu Leu Leu Val Met Ser Arg Gly Ser Ile Lys Tyr Phe
ACC TCT CAC CIC TCA CAS TTA TIC AAT CCC ATG CTT ACT CT6 6AS TTC
Thr Ser His Leu Ser 61n Leu Phe Asn Pro Met Leu Thr Leu 6lu Phe
BAT CT6 ATA ASS TST TIC CAA TIC TGA AAC TST 6CA GTT ASC 6T8 C8T
Asp Leu 1le Arg Cys Phe Bln Phe 3¢
T6A 6T6 TCT ATG ACS 606 TGG CCT TTA CAT AAT GAT TAT ACT CAA 6CA
Met Tur Gly Trp Pro Leu His Asn Asp Tyr Thr Gln Ala
GAT ACA AAT CBT CCC AAT CAT GCT AAT ATT CTT ASA AAC TTA GGT CAT
Asp Thr Asn Arg Pro Asn His Ala Asn Ile Leu Arg Asn Leu 6ly His
TTT GAC AAT BAA TTA GTT AGT ATT CAT TAT TAT CCT ACT TIT TIC TAC
Phe Asp Asn 61u Leu Val Ser Ile His Tyr Tyr Pro Thr Phe Phe Tyr
GAA CAT TAT TTG TAT TTT GAA ACA GTS CAA GAA TTG ATG AAA CAT CAA
Glu His Tyr Leu Tyr Phe Glu Thr Val 61n Glu Leu Met Lys Hia 6in
ATT TAT AAT GTT ATT CGA ACT TAT CGT GCT CAG TTA AAB TTS CAA GAC
Ile Tyr Asn Yal Ile Arg Tor Tyr Arg Ala 61n Leu Lys Leu G1n Asp
ART CTT 66T ACT AAT CGA TTG GAA AGA ABA 66T TAT TAT CTA ACA 6CB
Asn Leu Gly Tor Asn Arg Leu Slu Arg Arg Sy Tyr Tyt Leu Tor Ala
TAT AST CCC TIT TAT GAA TCA TTT ACT GAT BCA GTA GTC 8CA 6AB TIC
Tyr Ser Pro Phe Tyr 61u Ser Phe Thr Asp Ala Val Val Ala 6lu Phe
B6A GAA TT6 TAT TT6 TAT CTT CAS TT6 TIT 6GA TCA CTA CCC TTC ACT
61y Glu Leu Tyr Leu Tyr Leu Gln Leu Phe Gly Ser Leu Pro Phe Thr
AGC S6T AAT TTA AAT GTC ATT CCC AAC ACT TAC TCT CAG TIT SAC CTT
Ser Gly Asa Leu Asn Val Ile Pro Asn Thr Tyr Ser Gln Phe Asp Leu
TAT TAT CAT CAA AGA TIC 6GA CAT TTA
Tyr Tyr His Gln Arg Phe 81y His Leu
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Fig. 5. Nucleotide and predicted amino acid sequen-
ces of pRV3. The coding, untranslated regions (up-
per), and protein (lower) sequences are shown. The
triple-letter amino acid code is used. Arrows followed
by ORF1 and ORF2 indicate the end of ORF1 and
the start of ORF2, respectively.
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A Molecular Study of Rice Black-Streaked Dwarf Virus

Jong-Sug Park, Shin-Chyul Bae!, Young-Min Kim** Young-Ki Paik**, Ju-Kon Kim and
Young-Soo Hwang* (Department of Biochemistry, "Molecular Genetics, Agricultural Biotech-
nology Institute, Rural Development Administration, Suwon 441-707, Korea. **Department
of Biochemistry, Yonsei University, Seoul 120-749, Korea)

Abstract : Rice black-streaked dwarf virus (RBSDV), a member of the plant reoviridae
fijivirus group, causes a serious damage for rice production in Korea. To characterize the
RBSDV genome, virus particles were produced by feeding of planthopper (Laodelphax stria-
tellus F.) carring RBSDV to maize plants for 2 days. In 30~40 days after feeding, the
viral particles were purified from the infected maize roots by using 10~40% sucrose gra-
dient centrifugation. After treatment of 10% SDS to remove the viral coat proteins, ten
viral double-stranded RNAs were resolved in agrose gel electrophoresis. Total dsRNA was
then used to synthesize cDNA by reverse transcriptase and a ¢cDNA library was constructed ‘
in the Agtll vector. The phages that contain RBSDV cDNA fragments were selected by
hybridizing with the random-primed probe prepared from RBSDV dsRNAs. After subcloning
of several cDNA fragments into the pUC19 plasmid vector, one clone (pRV3) was chosen
for sequencing. The pRV3 clone was shown to be located on the RBSDV genome fragment
No.3 by RNA gel-blot analysis. Sequence analysis of the clone revealed that the pRV3

contains two partial open reading frames.



