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SUMMARY

Rice black-streaked dwarf virus (RBSDV), a member of the genus Fijivirus within the family
Reoviridae, is the causative agent of maize rough dwarf and rice black-streaked dwarf
diseases, both of which can lead to severe yield losses in east Asia. Although molecular
approaches such as RT-PCR have potential for detection and diagnosis of this virus
infections, their impact on high throughput certification is still limited. Therefore, the
development of an antibody-based assay for rapid and effective diagnosis of RBSDV is
preferable. In this study, we collected RBSDV from rice with rough dwarf disease and
its complete nucleotide sequences of 10 genomic segments encoding 12
non-overlapping ORFs were determined. Among 12 ORFs, ORF1, 2, 9 and 12 showed
high level of similarities with the RdRp, major core protein, core protein and major
outer shell protein, respectively. These ORFs were expressed as polyhedrin fusion
protein or full-length soluble protein using baculovirus expression system for the
preparation of specific antibody against RBSDV, which could be useful for the
detection and diagnosis of this virus.

Rice stripe virus (RSV) is one of serious epidemic pathogens for rice species grown
in mostly Asia. Therefore, it is necessary to produce a diagnostic detection kit
applicable in fields for RSV detection. For that, antibodies for RSV were generated on
the basis of recombinant proteins and synthetic polypeptides as antigens. In prior to
select RSV proteins for anti-body production, we first screened various RSV isolates
from the RSV infected rice plants during 2008 and 2009 in Korea. And then, we
analyzed whole genome sequences of RNA2 and RNA3 for collected Korean RSV
isolates. Based on complete nucleotide sequences of RNA2 and RNA3, phylogenetic
tree was constructed showing that the Korean RSV isolates were grouped together
with RSV isolates derived from China and Japan. Furthermore, we developed
RT-PCR/Restriction enzyme technique to reveal the genetic recombination between
Korean RSV isolates and Chinese or Japanese RSV isolates. Bioinformatic analysis
identified specific enzyme sites in RNA2 (EcoR1) and RNA3 (Ndel and Asel).
Using newly developed RT-PCR/Restriction enzyme technique, we could divide the
Asian RSV isolates into several groups. Based on genome sequence data, we selected

two proteins (NCP and NS3 proteins) among seven proteins in RSV for production of



recombinant proteins. Genes encoding NCP and NS3 proteins were cloned into the
expression vector carrying His-tag after RT-PCR amplification. Consequently, we
obtained purified His-tagged recombinant proteins which were produced in E. coli.
Alternately, we also applied synthetic polypeptides of RSV proteins which are suitable
to raise antiserum for antibody production. A total of six polyclonal antibodies
consisted of two recombinant proteins and four synthetic polypeptides were raised in
rabbits. Of two recombinant proteins, only anti-NCP displayed stable hybridization
signals in western blot analysis. In case of synthetic polypeptides, antibodies for CP
and NCP were very effective to detect RSV in both RSV infected rice and weed
plants. However, antibodies for NS3 and NSvc4 showed weak specific bands as well
as strong non-specific background. In summary, the antibodies successfully generated
for RSV in this study can be practically applied for various assays such as RSV
diagnostic detection, immunoprecipitation, protein purification, and western blot
analysis.

To get the specific antibody from crude serum, column chromatography was
performed. First, desalting from crude serum, second, separating the specific antibody
from crude serum, third, desalting of purified antibody. We selected the best one
which had highest OD value and adjusted it, 1 mg/ml. We did focused on adjusting
proper amount of ligand. However the result of the tests was not that good, so we
added 20% more antibody to the test. And we tested the various range of pH to set.
When we performed the experiment after setting in detail, we got a nonspecific
response, showing positive response from both of positive sample and negative
sample. To correct this, we took more reaction time (from 30 min to 16 h) for
gold-antibody conjugation and added blocking buffer. We tested immuno-strip
manufacturing with polyester ribbon which was dried after absorbing gold conjugate
solution. We got a non-specific result from first experiment from RBSDV and RSV. It
showed positive reaction both secondary line and antibody line. However, we got a
specific result from second experiment from RBSDV and RSV which showed a
remarkable contrast between negative and positive samples. If we set more details by

several experiments, we could make commercial production.
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webd @ 100 9 FEd AAEE FAE FIFEA FA A2
(2,000~5,0009] )= 50% A= o3 £ Qoky AR, Ul 1ASE =7
2 A AL

3
Immuno-strip2] 4+

Azl F7h2 Eo] Jhsstd, #BEvle] s dEor Iy WH 7
S0 7142 = A=
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M 3 & dAgdsd s 2 At
Al 1A ompole 2 A o QAL
1. Rice black streaked dwarf virus (RBSDV)9] /A 32 EA
2 AFddA EeEstd gESn e =W #ZF RBSDVE  genomic
segment cloneo] 3] GrIAES EA3 Z3}, RBSDVE 107] genomeo= =

1271¢] ORFs7} ZA3tF o™, segment 73} 9ofl= Z+z+ 270e] ORFs7} U A
871 €] segmentoll = 4z} 17§¢] ORF7} EAste A2 eyttt 12704 ORFs
97§ ¢] ORFsoll tisted 2 7]50] Bumdch 1). w3k, ) £z 3 RBSDVY]
genome2 7|=o| B E RBSDVE genomed} Z} segment H=Z  90.1~98.1% 2
AEAAE HYozmx J|Ed Rud AF}E 2 genomic informationg 7FA|E=
MZE isolated& AAFEFH S, codingdt Qe @Al amino acid A¥
FF Ao WHole OatA =LA g AHAew FUH AU (Fang et al, 2001; Isogai

T

-
-
(_—]_IL_

T

T

et al., 1998; Qu et al., 1997, Wang et al., 2003; Zhang et al., 2001).

3 1. 7] 25 RBSDV &l ORFs¢] BLAST 74

Seg. ORF Amino o )
. name Database similarity (Protein ID) (% aa identity)
No. No. acids
3] | 1464 R_NA-dependent RNA Mal de Rio Cuarto virus (AAO73182)
polymerase (76-77% in 1464aa)
0 ) 1226 possible major core Mal de Rio Cuarto virus (AAO73185)
protein (83-84% in 1224aa)
Rice black streaked dwarf virus (AAL27009)
S3 3 1146 unknown .
(97% in 1146aa)
. . Fiji disease virus (NP620461)
S4 4 1170 B' spike structural protein .
(37% in 1173aa)
. Rice black streaked dwarf virus (NP620462)
S5 5 937 PS5 protein .
(98% in 937aa)
) Rice black streaked dwarf virus (AAMO00194)
S6 6 793 P6 protein )
(31% in 358aa)
7 163 Probable non-structural Maize rough dwarf virus (CAA39227)
<7 41.0 kDa protein (91-92% in 362aa)
g 310 Probable non-structural Maize rough dwarf virus (CAA39227)
36.3 kDa protein (91-92% in 362aa)
. Fiji disease virus (AAD04815)
S8 9 591 core protein .
(97-100% in 591aa)
) Fiji disease virus (AAD04815)
10 348 structural protein .
S0 (36-37% in 348aa)
Rice black streaked dwarf virus (BAA25082)
11 209 P9-2 )
(97-99% in 209aa)
) ) Rice black streaked dwarf virus (AAL66346)
S10 12 558 capsid protein

(99% in 558aa)
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12711¢] RBSDV ORFs % RNA dependent RNA polymerase (RdRp)9} =&
FEHE 7HAE A2 Uit ORFIL AAFHo 2 14647019 amino acidZ
TAE da, 7] Eid oE AEutolg] 29 RdRp FHAEZ AW 76~77% 9]
amino acid sequence’d2l FEAL HYY. 53], RBSDV ORF19] amino acid
sequence 22HA|FEE 787X 9] F 57/ UE A Ewlo|ElAE9 AFwu Ay
35~17.5%2 A= @*e AEHL R (2@ 1). 38, RBSDV ORF1e] AA|
amino acid sequenceZ THAC 2 Koo S(2008)¢] WrHel wa@} antibody epitope
prediction (http:/ /tools.immuneepitope.org/tools/beell/iedb_input)-& 433+ 27},

o] @M Aol amino acid sequence & predicted epitopestE Aol EAH

Sol¥23 Adl AAste Ao vEEn (21 2).

1.RESDY RdRp NMYVEREKFSRSAEICLEKFESIQQFROERUOQEASTDESHSQNEERKTE 45
Z.MRCV RdRp en e, B W G ate ¥ T i v w & KQ..KHETEQELEKNLIEEIEKTTNGETS3Q 45
Jucypovirus RdRp . TTD . YTTCGYV¥DT. YVSKDPRRGSESDGDNEKSNYENSASEKEHWG.D¥ 45
4. FDV RdRp IV.TVC.AK.K..E.YKN. LS EUCE GRS DO E N DTN 5 4as
1.RFBSDV RdRp SPGPRTSDSEKEDS STRONENSFECSPNFOUOOUOAKDEYIQLLHSKDYV A 90
2.MRCV RdRp HER.FGKVYTA.EEFLDIEKLK.QVLQ.Q0A.SES..ASK.LL. 5. 90
S.cypovirus RdRp N G H ¥ . ¥C . TDD SHYDDSTHADDHDD YRNCKVSSNAGTREKAKNTAEK 9
4. FDV RdRp SN EP.NFER,. TEVOR ., THRY SIDEEKEVAEYEKILNDKVNMNI.AT 9
1.RESDY RdRp LDLIIEKAEDIRNVFIGELPLTOQEVIENNLNDVAVYLNNASDLIF 135
2.MRCV RdRp H.G..ANW. By & TL wis & = R.I - SK.K.1 R T L 135
3.cYpDv11:uSRd.RpHCTRVA.VUKVVKTDDAKTKYRYACRG.YKRGRHT.STDV SVTY 135
4, FDV RdRp FNEAREKIRDLFIGTEPLTRKE . IKNELQVYGAIVLNRASDLILAFAD 135
1.RESDV RdRp KLFQSDNGILQECVVPVHVIQKDIFPVLHPSEIFDYI\TGFGIDETNlBD
2.MRCV RdRp ite a BRL B5 JEBEIFITIGES vEBL G v B & o5 T 6 arh oo e v & w5 w v 160
3.cypuv11ustRpTCI‘ISGTAMTGVSH.SV.AMNNMI‘IARTSVDKKYKSAR.UTAHNGDTlBD
4. FOV RdRp NNEPREPEFVLNTDHMNI .DLEKPLLH TRIFDYSSFGFDDVYNEKLAT 1680
1.RBSDV RdARp NLAISPTIRYLPNWNVOQKIRSTIDLLENDSTVVEARNLASDFGLTI 225
2.MRCV RdRp Bis Floowrs e womes w oensis m @ D K o B -5Y. K35.8SK.Y.IvV 225
S.EypnvlrusﬂdkpVHNA.I}DRSTVHKNTNSAV..ADRKR..SV]‘[TAYL"HVSKENSYDS 225
4. FDV RdRp .PRE.RYLPNUWSI.YIRKC Q.FFTSNS . IEVONLENYSNHYDHNER. 225

a9 1. =] E2]5 RBSDV ORF12] amino acid sequence & E-o]f-2

Bepipred Linear Epitope Prediction

 Threshold = 0.350

O R ST

KR PNFQQAKD 54

171 171 v 1

score.

176 179 IDET

z

o

3

200 400 600 800 1000 1200 1400 1600 IS = e,
position

a9 2. =] E25 RBSDV ORF19] antibody epitope prediction

RBSDV<S] ORF2%Q!l major core protein®] 7-$- AHeozw 1,22671¢] amino
acid®2 A=l 9la, 7] Eid t& A EnHlolzx %4 aR7 Hrh 83~84%9
amino acid sequence’d2l FEAL HYY. 53], RBSDV ORF29] amino acid
sequence 10HAHE-E 47H71x]e] & 387 amino acid sequence= UTE
A Enlolg A5 AFuwW Az} 53~316%2 Ho AFAS RIgY (2" 3).
o]8{ gk ORF29] Eo|FEL2 antibody epitope predictions F3] A% predicted
epitopes$t= Aol AR st= Aoz YEIGT (I € 4).
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1.RBSDV 52
2.MRCY 53
3.FDV 352

1.RB3SDV 352
2.MRCY 53
3.FDV 352

1.RBSDY 52
Z.MRCV §3
3.FDV 52

1.RB3SDV 32
2.MRCV 53
3.FDV 52

1.RBSDY 52
Z.MRCV 53
3.FDV 52

mom
=27

=]

L]

- =

w Lo B

.y

R
m=RO
oo

<A o ow
=

o R -
- uw

(LR

o w

NKEPDEKEEERQEESKDEEKKEKNQSETEQTS 45
D.DQTDKT.N.NK..NFE.DE.KN.5.P 45
ETNEKEQNEPEK.IDSKTEQEAKQEEKVSE 45

A QLYP 135
s s s s e sD 0 T o o 138
] IPYY 135

LFCFNTFYNOQYYDTDHNTTFESKRYFEIF 130

V@ « X . ] T e v & w2 a s 180
FET.VYNEYYGTDLLTYENEKF.THENCDH 130
TEKYVSVGUNGNSFAPEITDPTHIGDVYSLI 225
s o a8 s o s s a s s s s s v e B ae s ¥Foouaae o 225
SIKWT.ETF.PSIGDPSNIGTTSLIKN. 225

a7 3. = #2]5 RBSDV ORF22] amino acid sequence 2 E-o] -2

Bepipred Linear Epitope Prediction

B Threshold = 0.350

score

200 400

600

position

1200

14

e e S [y
ey e :

10 267 267 T 1

a9 4 = E2]5 RBSDV ORF29] antibody epitope prediction

NTP binding protein¥}
59170 2] amino acidZ T43% o] 913, deduced amino acid sequence “goflA 7|
Are e AEAHs HYt (Z¥ 5). Antibody

ps

Hug Aeauida 42%

epitope predictiono] A= ©]

amino acid sequence”} epitope

(2" 6).

-

«RBADV H8
Z.MRCV

i

BESDV 38
2.MRCV

=

.RBSDV 58
2.MRCV

-

.BEBSDV 33
2.MRCV

i

.REBSDV 58
2.MRCV

-

SBBSDV 33
Z.MRCV

i

.RBSDV 58
Z.MRCV

-

-RBIDV 38
Z.MRCVW

e

.BBSDV 38
2.MRCV

=

«RBADV H8
Z.MRCV

-

.RBSDV 38
2.MRCV

=

.RBSDV 58
JMRCV

I

=
k=4
a5
SRS}

=
=
C e
- ow
RS}
=
=

=
o
1oy
fa
@
==

=l
-
=
o
==

= =

s m

o

@
=

= m
=

==

o

=

-

El

w

==

El

ERs)
==

-
-
==

=

==

= e

RS

=

==

E
CR]

==

=

R

]

<

==

==

£

=

=2 AEAdLe HE<Q RBSDVE ORF9= AHAHO=Z

AA] amino acid sequence & 1¥H~165W
oz A8 JP54el 1R Be Ace BARAY

¥PDLF 100
. T.DLF 100

o
[
-
o
=
=
SRS}
=
=
o

SFDELQSNLTSR 150
150

-
=
w o
ER
mm
=
b |
=
o
s
w

RTAIVRFEFL3YEY 200
R A R ¥ . ¥ 200

L 250
250

==
e
=
H
-
B
=)
oo
=
]
-
<=
e

300
. L N 300

SRS}
o
i
)
-
5
=
-
I
=
=
w
=
a
a
=
@

=
o
=

o
-
=
=

EG QD 350

T W R K W K
.L.L..TGLSPLDD.V¥V.IRLEDL..VFEK.G.D 350

ARYPHLLYYD3IDDYGRFLYVHMLLNLYFSLFEN 400
T H W ' R M K

P L L DsSDD G ol . L L L P.LF 400
SDFIKARKQTEDVSLOQTIFEYVYHMHEGIILPNTTI 450
i FI Ev v v v v v n v 0 F M L PET. 450
SINGHREFIGYRKFMNIEYTRLEYTHNFNESGQTC 3500
I G5 . LY « KiFe I E T TR WY T WFE.,. ¥, 0T 500
TLYSSYNSAVLNVVPRNGQVECS SSKNNANT 550
TL. GG 08 .VLH .o R v v v v T 530
LFSYFFGLTEGLNVLEASSTIIV 591
LF.Y FGLTEGLNVY. .A48. ... 591

a9 5. =] #2]5 RBSDV ORF92] amino acid sequence
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1 1 6 MTGTHD 6
2 2 50 KKRPNDPINHRKTKKKLKPQTANPTSNPIL 30

3 55 68 ITDYAEQISDEFAK 14

Bepipred Linear Epitope Prediction 4 o3 £ TGSYPDL 7

s 119 127 HLDPPTVDH °

B Threshold =0.350 . - s EmLA .

25 7 176 179 RCER 4

2 8 205 207 ™ 3

15 ° 209 209 R 1

i 10 239 241 NP 3

08 1 255 258 ™ 4

2 g 12 287 292 NSVITA 6
e 13 300 311 FaF 3
i 14 38 320 £ 2
1 15 357 362 KGVGKS 6
i 16 381 382 oD 2
25 17 426 431 KQTEDV 6
2 18 440 456 TIESGEAN 8
100 200 300 400 500 E 19 496 496 K 1

postid] 20 535 541 RNGQUEC 7

21 560 565 TSNMNP 5

a9 6. =] E2]5 RBSDV ORF99] antibody epitope prediction

S B¢l ORFI29 AHSd=
AA A e 2 55879 amino acid® FAEY 91, 7] RoE Az dat 92.8% 9]
amino acid sequence 49 AEAL EIYY (Z¥ 7). ¥, RBSDV ORF129]

amino acid sequenceE ™ AC & antibody epitope predictiong 33+ Az} A

X3, major outer shell protein®} =& AEAHES

amino acid sequence F 219¥~372%¥ amino acid sequence”} epitopel @ =83
7hsAdo] 7M=L Aoz EAEHAY (2" 8).

3T

1.RESDY 510 MADIRLDIAPDLIHNGVPOQRLSDTIILNNRPTITLLSHFNNLFHELNIGR 50
MDY i na = ek 6 beeni w Bfa © MO % niak x ben % Bani @ Liten @ boe s Biei & bie V. so

1.RESDY §10 S PHVASSQTTVNLYIRKHELLTRLHDRLOTVETSTLPNITQLKDHIRSFFQ 100
2.1V Biw evimin v wdEtn w edElh ow viEte w viEDe v edEtn v elEry v edele v elEle ow olEle ow edEdh v edEl e 100

1.RESDY 510 HNEH QP IFQTLTHNNDLSEEFVGYTTFGLSLFATSKLDAEQIERVQIETLTE 150
RV s D e el e 150

1.RESD¥ §10 GN ITLEPFSADGLEVILDDSVIGIVGEEIPGLEVHKLLDECCREVPAQHNGI 200
2.1% s eWE U SRR U AR U RRENT ORER U N Tas T WD U R L siam U s T R D 200

1.FBSDY 510 LTDEVELIMRTGELRIDGGYDFNCPASTTDVTHYGGYDQFSRQNFERLNL 250
2.mv ... B iapres + ouee « oM e G3MEs ¢ 3RS © GSMEL & SNMEE SN | GOMlEs 6 SRR+ eSMEE s 250

1.RESDY 10 FYN IS LSIIPVSALKTVHLFEKELSVLDADKSLLEQTWSAVASFYETWOV 300

T e S 300
1.RE3DY 10 K3 EVKADD PDEYELTSLSTLRTNYDGTSASSP FTDERFIDWYIKTFSKTE 350
2.1V 2 T sy B @ aRRE @ Fing ¥ R T SN W RS % SR Lin v B8 DAT bR PRS. 350

1.RESDV 510 KG S S LRRNELEERKSATSTSTTYVEREVEIHFSVQYFDEFKYNGHERS VVV QT 400

2,107 o B ummna o emmme s uhege s Tl wd BV o admios 60 ahiie S wlefie B smde o vhehs 6 e I.... 400
1.RESD¥ §10 HEGEMTLD YYREIGEVLS AIWEKERGKSLAVPCFDYIKLGYEKAFHLAPVIL 450
2,107 N P8 g womewniw ieEia L Snieno LU gnl o ogann o gwEnn O dleeno e D oofae g M 450

1.PBSDY 510 KEYNLTIDDIINFIDKGPSYLAKLDEIDDUSILISKLIITSVILPNIIQAYVY 500

2. v esEre ow el ow e Lorw wimton w viEie v edEte v elEry e efEle ow viEle @ vlEie v @ B v egimin v 500
1.RESDY 510 KTD PSNNVMNSVIISRANNLLESDRDRLLEKALSANASSSHNTSSHEHV QR 550
T R s IT..T.TSK...D.... 550
1.RE3DY¥ §10 IVLNKVTR 558
gerth 1 N R+ 558

a9 7. = 225 RBSDV ORF122] amino acid sequence

2 53 8 HUASSQ 6
3 79 80 v 2

4 82 s6 e s

5 108 105 @ 2

6 12 115 NNDL 4

7 13 138 Loae 4

Bepipred Linear Epitope Prediction e 148 148 L 1

B Threshold =0.350 2 150 e E

10 153 153 1 1

2 1 1ss 158 £ 1
15 12 160 160 A 1
2 13 2 215 R 1
: A P — ;
15 210 239 GYDFNCPASTIDVIHYGGYDQ 2

8 05 17 322 333 TNYDGTSASIPF 12
4 18 347 355 SKTEKGSSL °
5 19 360 372 LEEKSAASTSTTV 13
20 38 392 NGH 4

i 21 402 402 K 1
=5 22 404 404 E 1
100 200 300 400 500 0 = = ] E 1

aeiion 24 aes 470 psv 3

25 500 s08 YKTDPSNNY °

2 536 547 NUSSSNTSSHEH 2

a9 8. =) E2]5 RBSDV ORF12¢] antibody epitope prediction
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2. thzhAlehu A3} RBSDV EA e Solnie] ggud 2 9a A%
RBSDVE] genomic segment @74 d3t 7| E1E o7 4 Fufolz] 29
H71AME7te] v - A4S 3 22 RNA dependent RNA polymerase (RdRp)
2 major core protein®} T FFAL A= ALZ et ORF1¥ 29 of )
7] BRag A Euloly 29 AFEHW A deduced amino acid sequences9}o]
HaE Edte 714 e zo|FHL Hol: amino acid sequence Eo|RES
HE2uteolgls /3R Axg  BIAEES ol&ste]  THAIG E It

o de] P2 g DAA7 A ST

RBSDVE] A RNAE FFo =2 ORFlo 5o]&<Ql forward primer, anti 1-F
(5-GCAATTTAGACAAAAGAGACAAC-3)$} translation stop codon % A|&HE 4
Xbal <A2M o] E3E reverse primer, anti 1-R (5-GCGTCTAGATTAATCTTTG
GCTTGTTGAAAATTT-3)& Zz Ask & RT-PCR ¥goz FH3 T
baculovirus®] polyhedrin-fusion vectorQl pBac9-PolnEKAS] A|$+a 4 Box I 7}
Xba 12l 91A)o Agdste] HoldE pOBI-RBSDV1S AlZatdt (2@ 9). oA
AZE pOBI-RBSDVIS wZznfolel el thbAlea  promoter  3hol A

A T A 3 RBSDV ORF19] Solf-io] 85 e Fxo|th

*
B, RBSDY ORF1
b A (a.a.22-78)

pBac9-PolhEAK  [eum sov1 I 51

PCR amplified frag.

Amp®

6332bp
SN EEA
M13 ori \J
3 HR
BoxT & Xbal I I.BoxI & Xbal
pUC ori ] 5' HR
) — 4 PR
- pOBI-RBSDV1

6449bp Polh

EKA

RBSDV ORF1
Xbal
W13 ori

19 9. Ao]uE poBI-RBSDVm R B e

RBSDVE] A RNAE F3o 2 ORF29 5o]&<Ql forward primer, anti 2-F
(5-GAACGCTAACCAAAACGA-3)9} translation stop codon 2 Adtas Xbal
Adado]l EZE reverse primer, anti 2-R (5-GCGTCTAGATTAGGGTGATGAC
GTTTGTTCT-3)& Zzt A|Z3 & RT-PCR ®hgo2 ZZ3 ¥ baculovirus?
polyhedrin-fusion vectorQ! pBac9-PolhnEKA2] A3t& A Box I ¥ Xbal 2 9]0
Adste]  AolwlE pOBI-RBSDV2E  Alzatdtt (2@ 10). olgA A==
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pOB I -RBSDV2=  Wlg=Zutolej2e] T AITg® A promoter Z&  shofl A
ThZhA el A 7k RBSDVE] ORF29] Eo]F-Eo] §3E ] e FZFolth

5' HR
‘l P RESDV ORF2

(a.a. 10-47)

Amp®
Xbal

BoxI
pBac9-PolhEAK Polh POR amplified frag,

6332bp
SN EEA
MI3 ori \J
¥ HR
BoxI & Xbal I IBoxI & Xbal

!

pUC ori ] 5" HR
/Pmm'

pOBI-RBSDV2
6394bp Polh

S EKA
BoxI
REBSDV ORF2
Xbal
13 ori
3 HR

29 10. AolwE pOBI-RBSDV29] A&t = G-z

Amp*

b e A3 RBSDV ORF1 E+= ORF29] Eo|REo (3 wwzas zhz)

Bl Az wFZvlo]3 2 ApPolhEKA-RBSDV13} ApPolhEKA-RBSDV2E

A zpst7] flsted, Mel¥E pOBI-RBSDV1 % pOBI-RBSDV2 DNA 5 ug2 2tz 1
189 bApGOZA genomic DNAS} A 20 w9l Cellfectin (Invitrogen, USA)E
o] g3t A xAlel Wl wal Sf9 M EFo| Ztzt co-transfection 3l plaque
assayS E3le] 54 AQxFulolsl2E £FEY MY (Je et al, 2001; O'Reilly
et al., 1992).

o] g Al =} | & 2 njolg] & ApPolhEKA-RBSDV1
ApPolhEKA-RBSDV2E  Sf9 A Zo] HFsta, HF 3~4d Fol #A4E Al
S8t Laemmli (1970)2] #Wyeoe=z A7Y9FE FHsdt. o2 2,
AEZeREH oA @2z RBSDV ORFsel §od#do] ddFlen, E3
HdE ggeudo]l Az wWERutoleArt Adste dAAl e midES
gog £ YA (g 11). $EE RBSDVE ORFse Sggwae tjzhy
A 9k electroelution 7| o2 golstA AAT 4+ AUt (2 12).

7o KO
o 1@ rr
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Total cell lysate Purified polyhedra

M 1 2 3 4 M 2 3 4

o

a9 11, AFulo]l# 2~ ApPolhEKA-RBSDV1 R+ ApPolhEKA-RBSDV2 = 5
B 2dE thztAgel Ay RBSDV ORF1 i 2 EolRii o] §3 o
o] SDS-PAGE. Lanes: M, Protein molecular weight marker
(Invtrogen, USA); 1, mock-infected 5f9; 2, Sf9 infected with
AcMNPV; 3, 519 infected with ApPolhEKA-RBSDV1; 4, Sf9 infected
with ApPolhEKA-RBSDV2.

188
98

62
49

38

28

17
14

1% 12 thzbaleel s RBSDV ORF1 Wi 2 Solife] g3t whuldel
ZA|. Lanes: M, Protein molecular weight marker (Invtrogen, USA);
1, fusion protein expressed by ApPolhEKA-RBSDV1; 2, fusion
protein expressed by ApPolhEKA-RBSDV1.

Electro-elution WH o 2 E2]3k thzhA ol A3t RBSDV ORF1 = 2 o] FE 9]

S @ AS FHoll FAlste] A ARES
polyclonal A& 247} A4ttt A = Sol FEH 4nl2] HolA > FH2
Hpolz 2o AR ¢Fe SO AX ©uld FEE = ¥-3etA] il wild-type
AcMNPVel e SO Alxze] wuid F gzAgds) zzte g3auds
AHsE AZE WE2utoleizo THE SO AET wuld F oAwdd 2
S Ao gt ghg0 24 polyclonal A7} HAEAS-S AT (2LH 13,
14). 23, o] 5 WA EH-E 1:30000 =l AE S e Ak oh 2} thzbA v A
3 e A ste AL R EAFH AT

tA
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< Polyhedrin + RBSDV ORF1
(37.1kDa)

< Polyhedrin (28.6 kDa)

219 13. RBSDV ORF1 polyclonal &5 ©]-8-gF Western blot #4]. Lanes: 1,
mock-infected Sf9; 2, Sf9 infected with AcMNPV; 3, Sf9 infected
with ApPolhEKA-RBSDV1.

« Polyhedrin + RBSDV ORF2
(35.1kDa)
< Polyhedrin (28.6 kDa)

19 14. RBSDV ORF2 polyclonal &5 ©]-8-gF Western blot #4]. Lanes: 1,
mock-infected Sf9; 2, Sf9 infected with AcMNPV; 3, Sf9 infected
with ApPolhEKA-RBSDV2.
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3. RBSDV X x| ttal 7

Ui Th AT
st A" WY 2
H|FolHol, g ela s o] gsto] Az FA= 5
o == A

metA], U E3F RBSDVE ORFs F Hio|g{ 9] EA|o] H5ZF o]
TrEHAR Ao BugorH FAGNAZY o]grtsHel T =5
FAEE ORFl, 2, 9 & 12¢] ™3] predicted epitoped FAo g2 z o
Eo| RS HF2utolgl =g o] &35t oA st sk

o]2 93 ORF1¢9] 3¢ Agtas BamHI1 A2 Ldo] E3H forward primer,
RBSDV-Spel-BamHF  (5-CGCGGATCCATGGTGGAACGAAAGTTCA-3" )9} wuiz
AAE <%+ Histidine-tag A o] XFH reverse primer, RBSDV-Spel-6HisR
(- ATGGTGATGGTGATGACTAGCTAAATTTCTTGCTTTGACAACTG-3') il
translation stop codon¥ A|3EA Xbal <A4Ado] EFH reverse primer,
RBSDV-Spel-StopXbaR  (5-GCGTCTAGATCAGTGATGGTGATGGTGATGACTAGC
TAAATT-3)2 Ztz} Azstth o] primerE ©|83te] RBSDVE A RNAES
Fgo7 RIPCR ¥Hgoz ORF1Y So|RES Ui FAsy Atas
BamH 17 XbalS A3 T Ho|#WE pDualBac®] T Asas 99
Abqlsle]l  Mol#E]  pDualBac-RBSDVISPE  AZstgct (2™ 15). ol 3%
pDualBac-RBSDV1SP+= H| E&Zufo|ei 29 Tz el A promotere] ZZ  slofl A
RBSDV ORF1 ©@®#lz & 1H~220¥H amino acid sequence regions W&3s}H,
UdE el ES C-terminaldl] 6His-tagging® -3 o]t}

1=
i
&
=3
=
7]
|
<
A b o
N
L
1=
i
Am
o,
r
Hr
o
ao
ol
L
-
i
[ dlo
%
rio,

RBSDV ORF1
BamHI specific region Xbal
T pDualBac | B
5964bp PCR amplified frag.

663 bp

BamHI & Xbal

BamHI & Xbal 1

Amp’ pDualBac oy
-RBSDV1SP RBSDV ORF1

MI13 ori

19 15. Fo]®E] pDualBac-RBSDV1ISP] | 2tijA @ 1z
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ORF2¢] 749-ol=  BamH 1 QA A L o] ¥g®  forward  primer,
RBSDV-5pe2-BamHF (5'-CGCGGATCCATGAATTCTGAGGAGAAACGA-3') 9}
Histidine-tag Aol z3H reverse primer, RBSDV-Spe2-6HisR
(5"-ATGGTGATGGTGATGTGTGGGGTCTGTAATCTCAGGA-3’) % translation stop
codonz} Xbal <4 Fo] XEFE reverse primer, RBSDV-Spe2-StopXbaR
(5'-GCGTCTAGATCAGTGATGGTGATGGTGATGTGTGG-3)E  Z+Z} A Z}sha,
o] 5 primerE ©|&3le] RBSDVE HA RNAE FFo 2 RT-PCR #§°2=Z ORF

29] Eo|RES o Fgstdt olFA S ORF2¢ Solfio| BamHI 7%
Xba1& Agd ¥ HAo|¥¥ pDualBac®] &Y AFEA X0l AUstd HolwH
pDualBac-RBSDV2SPE A=ty (2@ 16).  pDualBac-RBSDV2SPE

H E2nrlo]g] 29 A el A promotere] & 3dlo|A] RBSDV ORF2 whufz =
1#H~217¥  amino acid sequence regionS R, WIHH gGuwALS
C-terminal®l] 6His-tagging® -z o]t}

RBSDV ORF2
BamHI specific region Xbal

pDualBac |

Amp” i
5964bp PCR amplified frag.
654 bp

BamHI & Xbal

BamHI & Xbal 1

Amp’ pDualBac oy
-RBSDV2SP RBSDV ORF2

MI13 ori

19 16. Fo]WE] pDualBac-RBSDV2SP2] | 2twA @ 1z

ORF9 Eo|F R =g S QsAs BamHI1 AAxFo] ETH forward
primer, RBSDV-Spe9-BamHF  (5-CGCGGATCCATGACTGGCACCCATGA-3")<}
Histidine-tag Aol z3H reverse primer, RBSDV-Spe9-6HisR
(5'-ATGGTGATGGTGATGAACAGGTAATTTTTCACGTTCTGTCA-3) il
translation  stop  codon¥}  Xbal Adaxdoe]  EFFE  reverse primer,
RBSDV-5Spe9-StopXbaR  (5'-GCGTCTAGATCAGTGATGGTGATGGTGATGAACAGG
T3)2 Zzt 2 &shth oS primerS o] &5ke] RBSDVE] A# RNAS Zgo =
RT-PCR ®+2-0 7 ORF92 Eo|RES v}k AT ASEA BamH I I Xbal S
AYs & HMol#E pDualBac®] FY AFaL X AFYste  HoldH
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pDualBac-RBSDV1SPE Al &5ttt (28 17). o8} 2L pDualBac-RBSDVISP=
H E2nrlolg] 29 A el A promotere] & oA RBSDV ORF9 w2 =
1#H~214¥  amino acid sequence regionS R, WIHH gGwALS

C-terminal®l] 6His-tagging® -z o]t}

RBSDV ORF9
BamHI specific region Xbal
T pDualBac | B
5964bp PCR amplified frag.

645 bp

BamHI & Xbal

BamHI & Xbal 1

Amp’ pDualBac oy
-RBSDVISP RBSDV ORF9

MI13 ori

19 17. Fo]WE] pDualBac-RBSDVISP] | 2twjA @ 1z

ORF129] A% BamHI1 A2 A <d3} translation start codono] E3tF forward
primer, RBSDV-Spel2-BamHF (5'-CGCGGATCCATGGGTTACGATTTTAATTGTCC
TGCA-3')9} Histidine-tag Al&o] X3E reverse primer, RBSDV-Spel2-6HisR
(5'-ATGGTGATGGTGATGAATGTAATCAAAACAAGGTACAGCCA-3) a2l
translation  stop  codon¥}  Xbal Adaxdoe]  EFFE  reverse primer,
RBSDV-Spel2-StopXbaR  (5-GCGTCTAGATCAGTGATGGTGATGGTGATGAATGT
AATCA-3)Z Zzt A %33, o5 primer2 o]-&3te] RBSDVS] H# RNAS
FHLE RT-PCR §h-go 2 ORFI29] SolR-gS& thaF &/dsidirh olgA FZ=
ORF 12¢] Eo]REo] BamHI 3 Xbal & 23 & Ao|#WE pDualBaco] TY
AgEAL o] Atelate] AolwE pDualBac-RBSDVI2SPE A Zstth (28 18).
olgA  AZE  pDualBac-RBSDVI2ZSPE  Hl|E=nlo|3 29  thzhdghdd
promotere] Z4d 3lo4] RBSDV ORF12 ©@¥l& F 2198H~435¥H amino acid
sequence regions s, AFE @A Cterminale] 6His-tagging®

TZo|th.
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RBSDV ORF12

BamHL specific region Xbal
G pDualBac o
- Xba
5964bp PCR amplified frag.
657 bp
BamHI & Xbal

BamHI & Xbal l

pUC ori

pDualBac
-RBSDV12SP
6619bp

Amp”

RBSDV ORF12
specific region

Xbal

Ml3ori attl2

19 18. H oW E] pDualBac-RBSDV12SPo] A|&bwlgd @

RBSDV¢] ORF1, 2, 9 ¥ 129 Eo|F B S WH3= QX wWEZvlo|lg|A~25L
A 2451 7] 25}, Ho|HH pDualBac-RBSDV1SP, pDualBac-RBSDV2SP,
pDualBac-RBSDV9SP 2 pDualBac-RBSDV12SP DNA 150 ng2 Z+z} 150 ng<]
bEasyBac genomic DNA$} LR Clonase (Invitrogen, USA)E ©]-&3le] in vitro
transposition A]7]a, o|& 10 9] Cellfectin (Invitrogen, USA)S ©]-&35}¢]
A ZALe]  HbHO wel S99 M|EFo]  transfection St ZHZpe]  EF
Azgtoleizg AR Stk oPA AFE 2zl wWFzuloldzE SO
Axo] HE3S A}, AcBasy-RBSDV2SPYl 7 ¥ A E2HEE RBSDV ORF2
EolfEo HHS AT + gller}, RBSDV ORF1, 9 2 129 A= oF
250 kDa AEe EAwMAS 2z PHHgod, UHE =ZAtwae
insoluble fractionol] Zxj52 A& 4 AATH (2™ 19, 20, 21).

@pa) M 1 2 3 4 5

140 —
100 —

= (|

‘ bl < RBSDV ORF1
1 ! specific region (25.0 kDa)

30 —

20 —
[ - | |

15—

¥ 19, AxFvlel# 2 AcEasy-RBSDVISP=H-E] 23 ¥ RBSDV ORF1
Eo]fE 9 SDS-PAGE. Lanes: M, Protein molecular weight

marker (Novagen, USA); 1, mock-infected S5f9; 2, Sf9 infected with
AcMNPV; 3, Sf9 infected with AcEasy-RBSDV1SP (soluble
fraction); 4, Sf9 infected with AcEasy-RBSDV1SP (insoluble

fraction).
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(kDa) M 1 2 3 4 5

140 —
100 —

50 —
40 —

30—
< RBSDV ORF?

specific region (25.1 kDa)
20 —

a9 20, AxFvlel® 2 AcEasy-RBSDVISP= 4B Waw RBSDV  ORF9
Eo]fE 9 SDS-PAGE. Lanes: M, Protein molecular weight
marker (Novagen, USA); 1, mock-infected S5f9; 2, Sf9 infected with
AcMNPV; 3, Sf9 infected with AcEasy-RBSDVISP (soluble
fraction); 4, Sf9 infected with AcEasy-RBSDVISP (insoluble

fraction).

(kDa) M 1 2 3 4 5

140 —
100 —

70 —
50 —

40 —

30— < RBSDV ORF12
specific region (25.0 kDa)

20 —

Z3nlo]l8 2 AcEasy-RBSDV1SP= 78 wWas RBSDV ORF12
o] -89 SDS-PAGE. Lanes: M, Protein molecular weight
marker (Novagen, USA); 1, mock-infected S5f9; 2, Sf9 infected with
AcMNPV; 3, Sf9 infected with AcEasy-RBSDV12SP (soluble
fraction); 4, Sf9 infected with AcEasy-RBSDV125SP (insoluble

fraction).

&
o
N
=
Jn 2

ol #el®l ORFL, 9 ¥ 12 Ho|§Ed dste], Zze Az
HlEZulolg 2ol 4 SO AEE Y 49 Fol dAEHR 5% F, PBSE
13] A"t 343t M|EZE Buffer B (8 M Urea, 100 mM sodium phosphate,
100 mM Tris-Cl, pH 8.0)2 783 AFHth 7l&3lE A& d4AEF 5t
FE5AS #H3 T, Ni-NTA Superflow Cartridge (Qiagen, Germany)e} FPLC (GE
Healthcare, USA)S ol&3te] AlzAle] wie uwe} ¢s2e) @ A, oF 250
kDa¢] ORF1¢] st 24 4 AMed, ORI 31 129

E oN
= T
SolHES TFEYE & T AT (TH 22 23).
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19 22. Ni-NTA Superflow Cartriges RBSDV ORF1 5-o]H-£ 9]

iz
&

&Da) M 1 2 3 4 5 6 7 8 9

140 —
100 —

70 — . — -
50 —

40 —

30— ' €RBSDV ORF1

5 specific region (25.0 kDa)

15 — ..
a9 23, o 28 % RBSDV ORF1 Eo]R-R-¢] SDS-PAGE. Lanes: M, Protein
molecular weight marker (Novagen, USA); 1~5, BSA 1, 2, 3, 4, 5
ug;, 6, Sf9 cells infected with AcEasy-RBSDV1SP;, 7~9, FPLC
fractions of RBSDV ORF1 specific region purified using Ni-NTA
Superflow Cartrige.

S o|8-5te] £33 RBSDV ORF19| So|RES 2nte]9 E
FAlstel WuleS GEA 7oz RBSDVS ORF14] thdk polyclonal 3
Abstdth. dAugo] fEE E7A A dHL vloleizdd TAFEA &
wild-type AcMNPVe] " SO AT vwWlzd FZEe §h3617
AcEasy-RBSDV1SPdl| 7+ ¥ Sf9 A L o] thil A 2 ORF19] So|FEof gk k330
polyclonal A7t BATE A 5& FAsHATH (T H 24).

His-tag column<-

«RBSDV
ORF1
Specific region
(25.0kDa)

19 24. RBSDV ORF1 polyclonal &5 ©]-8-3F Western blot #4]. Lanes: 1,
mock-infected Sf9; 2, Sf9 infected with AcMNPV; 3, Sf9 infected
with AcEasy-RBSDV1SP.
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olgA F rigle E72FH ozl RBSDV  ORFle] AE 47
AbRBSDV-ORF1SP-R17} AbRBSDV-ORFISP-R22 ™™ &}x, immuno-strip A%
Age flste] AT SHA 7718 (F)71itetel g E¥stA
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EA il A o] molecular weight7} 45 Yolx= Hko

g de ARY diF 2dES Jidstr] e AR dEA v A =
25 RBSDVE ORFs F ZAGWMARS] o]f7tsdo] 7M =& Zo=
F45+= ORFL, 2, 9 & 120] s Fo|FEg thAgudate] g dony
gEdde] FeE w28y, o] F ORF1F 298] Z¢ Agd# Al
A717F 100 kDa o]%elr] w&eo] £ AFdAs ORFI 1258 THo=

| ol

ol Al £ ¥ RBSDVE ORFIZ Tdste A2 wlE=zulolz 29 AzE
13 Heol¥ ¥ pDualBac-RBSDV9S] A zt#t F+x+= 29 257 Z Tk RBSDVe| ORF
92 HE AFTaA Xhol AXMFo] £ H forward primer, RBSDV ORF9-XholF
(5'-CGCCTCGAGATGACTGGCACCCATGA-3)9}  histidine-tag A do] 2 3+=
reverse primer, RBSDV ORF9-6HisR (5-ATGGTGATGGTGATGTACAATAATCGA
GGAAGCTTTTAG-3") 2 translation stop codon¥} A& A Kpnl <4 A{do]
E3E reverse primer, RBSDV ORF9-StopKpnl (5'-GCGGGTACCTCAGTGATGGT
GATGGTGATGTA-3)& Zz+ #AslYth. o5 primersE® ©o]&3le] RBSDVE)
AA RNAS FHo=Z ORFI FHAE RT-PCR ¥hgo 2 v FAsta Agas
Xho 13} Kpn1 & A2 & Ho|¥H pDualBac®] T AFEAL Aol AHSdste]
Aol¥lE pDualBac-RBSDVIE A &5ttt ©]#@A A ZE  pDualBac-RBSDVI=
W Z&Zntolg] 29 TOZAEH A promoter d}ollA]  Cterminalell 6His-tagging ¥
ORF9 AATHA S wHst= TFo|th

B

\_ attll RBSDV ORF9
Ampr pDualBac Pl Xhol Kpnl
5964bp g e;‘r{LCIS PCR amplified frag.
Mi3ori AIHE
Xhol & Kpnl I IXTtoI & Kpnl

|

pUC ? 5'HR
attL1
%
Amp"

‘polh.
Xhol

pDualBac-RBSDV9
\ 7740bp

Bl on RBSDV ORF9

3'HR attL2
Kpnl

1% 25. Ho]WE] pDualBac-RBSDV99] A|&twlgd @
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RBSDVS] ORFI2E &dst= A2 WEZulolei2o AZHE 918 Ho|wE 9
ZA9olE, ORFI2 d7|AE=2RH AZFEL Xl AdxAdel ZTIFH forward
primer, RBSDV ORF12-XholF (5'-CGCCTCGAGATGGCTGACATAAGACTCG-3') 9}
Histidine-tag 4] o] E3¥ reverse primer, RBSDV ORF12-6HisR (5-ATGGTGAT
GGTGATGTCTTGTCACTTTGTTTAATACTATCTTC-3) 2 translation  stop
codon¥} A|gFE4L  Kpnl ol xdo]l  EFE  reverse primer, RBSDV
ORF12-StopKpnl  (5-GCGGGTACCTCAGTGATGGTGATGGTGATGTC-3')S  Z7}
F4stdth. o] primersE o|835le] RBSDVE A RNAES FHo=z ORFI2
FHAE RT-PCR ¥hgo = thek Al Adtas Xl # Km S HEs &
AolWEl pDualBac®] Agt&EA XholZ Kpnl o fIXol] AFgste] HoldH
pDualBac-RBSDV12E A Zst4dtt (2™ 26). o2 A A ZE pDualBac-RBSDV12E
HFZnlolg 29 A Fd® A promoter dloll 4] C-terminale] 6His-tagging ¥l
ORF12 AW ds ddst= Fxo|th

\_ atill RBSDV ORF12
ez

Ampr pDualBac - Frons. Xhol Kpnl
5964bp ; :;\I‘{EZS PCR amplified frag.
M13 ori J‘R
Xhol & Kpnl I IYhoI & Kpnl

pUC ori 5"HR
attL1
Poom.

‘»1 ;hol

pDualBac-RBSDV12
7641bp

M13 nr‘ RBSDV ORF12

e

3'HR attl2p,7

19 26. AolWE pDualBac-RBSDV12¢] Al #xbd = 1z

Amp*

RBSDVe] ORF9 % 12 ARgwAdS Wdste AxF wHEFZdlolgx
AcEasy-RBSDV9 AcEasy-RBSDV12E A 2451 7] s, Z o] W) E
pDualBac-RBSDV9 2 pDualBac-RBSDV12 DNA 150 ng2 2tz 150 ng<9l
bEasyBac genomic DNA$} LR Clonase (Invitrogen, USA)E ©]-&3le] in vitro
transposition A]7]a, o|& 10 9] Cellfectin (Invitrogen, USA)S ©]-&35}¢]
A zALe] wWrgoll mhel Sf9 M EFol| ZkZ} transfection st HA A zFufolei =5
Az sk

o8 AzE HlFZnvlo]zl2 AcEasy-RBSDV9 T AcEasy-RBSDV12E  Sf9

g

Azl HES Z3, AcEasy-RBSDV9d Z® AXzHEHE= RBSDV ORF9
Adedel dds g 4 glglert, RBSDV ORF129] 7-¢o= <F 632
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kDa¢] =4 dyggido] 2tdge &AL <+ UAAH (TH 27).

kDa)y M 1 2 3

2z0 i ‘

150 = 3

100 = |
75— »
50— < RBSDV ORF12 (63.2 kDa)
35—

25— < Polyhedrin (28.6 kDa)
15— - e
1= i

18 27, AlxFwlola]l~  AcEasy-RBSDVI2ZRE] walsl RBSDV ORFI2
Al Aol SDS-PAGE. Lanes: M, Protein molecular weight
marker (Novagen, USA); 1, mock-infected S5f9; 2, Sf9 infected with
AcMNPV; 3, 5f9 infected with AcEasy-RBSDV12.

weo] Fol¥ ORFI12 Wgwwdo] thste], AcEasy-RBSDV12e] 7 Sf9

AZE #A9E 4d Fol dAEIRE 353 F, PBSE 13 AHsidnh. 33
MEZE NPI-10 binding/lysis buffer (50 mM sodium phosphate, 0.3 M NaCl, 10

mM imidazole, 1% Igepal CA-630, pH 8.0)2 7}83 Attt 7183lH AES
AAaEZ sl AFHE HAI ¥, Ni-NTA Superflow Cartridge (Qiagen,
Germany)e} FPLC (GE Healthcare, USA)E o] &3} AlxAle] wHH S uie}
ORF12 A4ehude =517 319t (18 28, 29).

1000

500

i
Tt Waste
3

200 300 350 ml

19 28. Ni-NTA Superflow CartrigeS RBSDV ORF12 74 ghuld o] 2 g,

iz
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kDa} np 1 2 3 4 5
220 o
150 —
100 —
5=
50 —

35—

< RBSDV ORF12 (63.2 kDa)

25 =

15—
10—
a9 29, <4 Eol® RBSDV ORF12 dAdkumlde]l SDS-PAGE. Lanes: M,
Protein molecular weight marker (Novagen, USA); 1, Sf9 cells
infected with AcEasy-RBSDV12; 2-5, FPLC fractions of RBSDV
ORF12 protein purified using Ni-NTA Superflow Cartrige.

His-tag columng o]&3te] 223k RBSDV ORFI12 ARkl A-g o] FAlsle]
S fEA e 2ZH RBSDVE ORF12¢] th3k polyclonal 3412 A4kt
o] =¥ 157t FHellA 42 A2 vlolg 2o A A AL wild-type
AcMINPVel ZH4 € Sf9 Al E o] i d F2Ed= w8514 &3l AcEasy-RBSDV129]
Zd® s AMxe] T d F ORF12 A Aozt whg-3ko 2 4 polyclonal 347}
AREGLS FQ1sga (2 30), ©] FFAS AbDRBSDV-ORFI22 HHa =
immuno-strip A2} AFPS st A1FFA AF7|EA (F)714Hao] 2. 9
filacisei=

o

“w «RBESDVORFI12(63.2kDa)

19 30. RBSDV ORF12 polyclonal A5 ©]-8-3F Western blot £4]. Lanes:
1, mock-infected Sf9; 2, Sf9 infected with AcMNPV; 3, Sf9 infected
with AcEasy-RBSDV12.
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5. RBSDV atA|¢] H7tA A& 9 EolA HA3}

kA A|ZtEl RBSDV ORF1 Eo|BE(ORFISP) 2 ORF12 ARl Ao o gk
gAY s dotR 7] flste] Zbzhe] FgAddHAS 100 ng/well2 coating 3
% serial dilutiondt FAE HH-gA|F)Z 22 FAHEZ mouce T rabbit IgG-HRPE
0|83}t 450 nmol| A ELISA assayE 3ttt (2@ 31). 2 23 F 34 25
1/100,000 dilution| A=  Z4zhe] Ak isf = ¥gFS AP F
AR

(A) ° 5 (8) *
—e- pre-immune seru m —e pre-immune serum
o anti-RBSDV ORF1 serum © anti-RBSDV ORF12 serum

o

Optical Density(450nm)
Optical Density(450nm)
[}

=
*

Dilution Fold 1/1,000  1/5,000  1/10.000 1/50,000 /100, 000 Dilution Fold 1/1,000 /5000 1/10,000 1/50.000 1/100,000

Serum dilution Serum dilution

“1% 31. RBSDV ORFISP (A) % ORF 12 (B) polyclonal 3}4¢] t]gh ELISA -]

Ot

=3, RBSDV ORFISP ¥ ORF126] th3h @Ale] Sol4dL H23A7]7] 915t
Zrzve] Ao s wild-type ACMNPVe] TEE AIXE matrixZ 5l
pre-absorption2 A A5}, pre—absorption HAHL AR A thal HF A
il ATE FYsHT. ¢4 A blocking solution FEE golH 7] ¢35}
BSAel %7} Z+z}; 5, 10, 15 % 20%<] blocking solutions F4H|3+ & Z+z}e]
A S o]&3le] Western blotS F3stgtt (2@ 32). 2 Z3}, BSAY F=7}
745 background= T4ASHE A2 YENEOL positive controlZ AFE-3E
% 2w gAvudne] we FnE neY u 0% BSA 57 HH
Ao

?Lﬂll

M1 2 3 4 M1 2 3 4 M12 3 4 M1 2 3 4

5% 10% 15% 20%
0 M1 2 3 4 M1 2 3 4 M1 2 3 4 M1 2 3 4
5% 10% 15% 20%
219 32. RBSDV ORF1SP (A) 2 ORF12 polyclonal &]<] blocking solution

T #HA s}
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Blocking solution] %:‘:

dol® 7] fl5td z+z} 05,
AT AR T Piﬂ
background= Z43ste AEFS
7V elgA Aoz AEEHAT (27 ).

BSA 10%=%2 A3t HAZF blocking Al 7H&
o

, 2 2 3A17HEQF blocking2 A A]3F & Western blot
HET

Fol A blockings F33  A|7ro] FIIHALE

Hgoen, 147 % blockingg Fdst= Ho

ook

—_

rlr

A4)
M1234 MI1234 M1234 M1234

“‘1 e 1 -
0.5Hr 1Hr 2 Hrs 3 Hrs
0 M1 2 3 4 M1 2 3 4 M12 3 4 M1 2 3 4
0.5 Hr 1Hr 2 Hrs 3 Hrs
19 33. RBSDV ORFISP (A) 2 ORF12 polyclonal &-A]2] blocking 4|3t

473},

BSA 10%<¢] blocking solutionol] s pHE Z}z} 7, 8, 9 & 102 A3l
1A 7H5 < blocking-g AAJste] 2 A <9] blocking solution pHE &olR tt (2 ¥
34). 7 7T}, ORFISP &AE= pH 90014 7b¢ 953 ZA7=

A= pH 80414 71 o1 4AQ Aoz AT AT (1Y 34).

HYgen, ORF12

M12 3 4 M1 23 4 M12 3 4

@ M1 2 3 4
pH 7.0 pHS.0 pH 9.0 pH 10.0
(B)M1234 M1 2 3 4 M1 2 3 4 M1 2 3 4
pH7.0 pH 8.0 pH 9.0 pH 10.0
219 34. RBSDV ORF1SP (A) 2 ORF12 polyclonal &]<] blocking soultion
pH A3}
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Al 2Ad W omloly] s Fo|gA G 1dE g A

1. 8 ¥ vlo]z 2~ (RSV) F-HAE gx
2008 B 20099 W uielElz o|WE B Hrt AAUE HE FF, oA,
A AdF A 1%, 7o, A%, 9% 2 2 g, AH 99 Rice stripe
virus (RSV) ol 3aj7} Az3 I F8 ol W A E5EF W3 Hiolz =
Zde gAstgd (2 1),

" 1. RSVe) gHd W Ade] Abxl

Iy 204 He vfe} o] RSV olHIs|7t A3 ZF A= Hio|z 29
o 7§ =21 small brown plant hopper (SBPH)7} th#ez HAEow oz A3
oA gdel AAE WA AT e FAY + AT

% 2. RSV 79 s)7t 41k 2o A £3] A== wislE<l SBPH.
RSVE= Maize stripe virus (MStV), Rice hoja blanca virus (RHBV), Z3]3 Rice

grassy stunt virus (RGSV)<} 7l Tenuivirus<:oll £3h= nvlo]#l2=2 A RNA1, 2, 3,
and 4 & F 4719 RNA segmentZ o] F |zl ulo]g| o]t} (Kakutani ef al., 1990;
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Falk

and Tsai, 1998; Haenni et al., 2005, Koganezawa, 1977) (1™ 3).

(A RMAL
;.5?[ RORp 337 kDa }—3
BT (251%) o
(B) RMNAZ

5 ws2 Glycopratein 54k0s | 3
3

(D) RNAG

2 e
: ¥
S5 —— 51

37178 BA1 (286)

= $es——

1% 3. RSV RNA1, 2, 3, & 49] AlE F-#%. Schematic representation of the

genomic organization of RSV RNA1 (A), RNA2 (B), RNA3, (C),
RNA4 (D). Rectangular boxes indicate ORFs, showing the reported
encoded genes with corresponding size in kilo-dalton (kDa). RNA
dependent RNA polymerase (RdRp); Nonstuctural 2 (NS2);
Post-transcriptional gene silencing (PTGS); Coat protein (CP);
Noncapsid protein (NCP); and Movement protein (MP). The line
that connects the 2 rectangular boxes is the IGR. Only the value of
RNA2 IGR was shown since IGR in RNAs 3 and 4 varied
significantly among the 13 Korean-RSV isolates as shown in Table 5.
The white and gray arrows indicate the direction of protein
translation in the viral and viral complementary strands, respectively.
The values below are the number of nucleotides and amino acids

(enclosed) in each region in the RNA genome.
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2. ujole)

22 (RSV)e] RNA2 g RNA3Y| #5354
2 AFE AFe 7R gl A] E8 " RSVE genomeF Ee QI TH A
(coat protein)s UHF FHA Fol I BERE Adstis, H
2 wpolglass
T

il

Base]l A FAr] wWEdd, HA FQo oI A
ez A Aws 437 flete] 9, AE Ad B} AF AHY F8
o oA wtole 2 EFES BTt (2E 4).

o] 835t 471¢9] RNA segmentEs 5 RNA29F RNA3<9

Nt ol

AsEAE B8 AYstr] st 28 59 vehd AAE 7] Ru® FG7|ME
HREL o]g3sle o] Zgto|HEL AZSte] o|HARA FZF AA RNAS
o]&3le] RT-PCRo ¢J3] DNA ZHHE =Z3gen FZ3 DNA EHEQ

~—r

A7) EE Ao o5t RNA2 2 RNA3S d4 ABLHe dasidn (28 5).

¥ 4. v wlo]lzlx (RSV) AFAe). Korea map showing the 13 RSV
isolates in the 4 major provinces collected in 2007 and * 2008.
Chungnam (CN) province includes Chongyang (CY), Seochon (SC);
Jeonbuk (JB) includes lksan (IS), Gunsan (GS), Buanl (BA1), Buan2
(BA2), and Gochang (GC); Jenonnam (JN) includes Yeoggwang
(YG), Muan (MA), Wando, (WD), Jindo (JD), and Shinan (SA); and
andeok (AD) in Jeju (J]).

R52-17 RS52-19 R52-21
L ] 1

T 3.5Kb

RNAZ T T
R52-18 RS2-20 RS52-22

. R53-23  RS3-25
LU LG FE F— 25Kk

-~ — -—
— — —p

- -
— —»
a9 5. RSV AlFEAle] o]§H xzloln]. RNAs 2 and 3 segments and
the strategy of sequence determination. Direction of arrows indicate

the position of each fragments with specific primers sets.
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3. ¥ Hholz|~ (RSV) RNA2 2 RNA39 AEHx3td £5

24 ¢5% RSV RNA2 2 RNA3¢ ﬂli BEE T3 5 dECAM 7] Eud
RSV  d7|ME HEES ol&sted AFRATH EFRAAES B4
(Felsenstein, 1993; Hall, 1999; Saitou and Nei, 1987' Thompson et al.,, 1994). 19

| VERd BRe} Zo]l ZF RNAES E/RAAEAN Z3= A9 2 RNA segment
ol weEk Soloer e IFeE EHHA 4 dE ¥ Fx IF TH=
A5l EEEHE Zig gelg 4= A%t} (Hibino, 1996; Toriyama, 2000). °]=

ZUYE A =R 5t= RS g FE0] oln] ¥ 77t B} AH #F FH EA
o3l A3 Hol7l A3 }4 919SS At AFEA ATgA ZZ9 Auje
9% wholels Wel sl Al ol APAL FHaE A2 WolFe] FA
g8 AE F dee A }-‘E Z3}olt} (Garcial-Arenal and Fraile, 2003; Jeger et
al., 2006; Wei et al., 2009).

Elﬂr{u:

Olt

2. AMAZ b. RMNAS
DN 1 Typel China-I¥
—l 55 Ma-IN
China-H%FOT J
e BAZ-IB
100 L —
-] Ching-I¥ L=l
- Japan-T Type Il 518
G5-18 AD-
— BAL-IB " WE-IN L Typel
CY-CN Sa-IN
China-J¥Co7 Ching-Z
WE-IN G3-18
¥iG-IM gA1-18
AN CY-CN
SA-M Type Il VG-I
L [as
= - GC-B
1518 e Japan-M
=4 100
ALl SCON = Typell
Chins-ABEAT China-Y
China-Z

1% 6. Phylogenetic trees constructed based on complete genomic sequences
of RNA2 (a) and RNA3 (b) of the 13 Korean, 1 Japanese and 5
Chinese isolates. Phylogenetic comparisons of the sequences were
done with PHYLIP, version 3.5, using the neighbor joining method
with a boostrap value for each internal node, using 1,000 random
replications. Isolates in box with same color denote different groups

with similar RNA genome segment.
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AAH9) RSV RNA AAES #47 A2¢e 27 A% RIPCR# AT ALE
o1GT B W A

=
71E AFE FE =9 RSVZE Ay e aFeE UFoAe A
gelstRa, F=x7 & RSV vlma] EYS wf RNAEH Afold] {34
A z3Fo] dojd 7HeALS &5 H Tt (Hamamatsu ef al., 1993; Toriyama ef al.,
1994; Zhang et al, 2007). =] RSV7l 2 m: dHe RSVEEE HAA
ANzxFol dojxteA Fstry] fste RT-PCR#FA AFEALZ o]&F 7es
7Nkt

RSVE] RNA2¢ RNA3E] Ag G4 A2 &7 s 7180 2xE 13749
3 RSV 7] AEL uvlete 2 RNA29| EcR I I RNA3Y= Ndel 3} Asel
Ak @4 Yx7F = A& NEBcutter v. 2.0 (http://tools.neb.com/NEBcutter2/
index.php) QEY Zeame ol &3t sHlstdnt (Y 7).

AFEHZ AF" AT 5L AIEEZ syl st obefob 22 RNA29}
RNA3 Zglo]HE (RNA2 fragment: RS2-17F 5-ACACAAAGTCCTGGGTATATAA
G-3 and RS2-18R 5-GAGGGATTGGCAGTTTGCCCTAT-3" with 1.3-kb product;
RNA3 genome: RS3-23F 5-ACACAAAGTCCTGGGTAAAATAG-3" and RS3-26R
5-ACACAAAGTCWGGGTAATAAAAT-3" with a 25-kb product) ©]|&3}<]
RT-PCRE F3 RNAEHAE FZaqrk. FFE PCR  products  Z4zte
AdEaALE o]&sle AHsHTh A L= FHF PCR productE: FH7|
2 2Esd ZiE Fdsidn. 3 Z2F 7jE ATY A7 v
o

L " 1 A 1 i 3514

EcoRl cuts at 495 nt
S cpP
RNA3 PO P TP
— i i

Ndel cuts at 373 nt Asel cuts at 1089 nt

2494

19 7. Schematic representation of the genome organization of Rice stripe virus
(RSV). The graduated lines represent the RNA segments, the rectangular
arrowed boxes represent the gene encoded, and the values enclosed are
the number of amino acid at viral and viral complementary-sense RNAs.
Bar-ended lines in RNAs 2 -3 show the specific region/genome amplified,
and triangles point to the location of differentiating restrictions enzymes
used to differentiate RSV subtypes. RNA1 fragment (nt 7413 -8970)
contained a part of the 5-terminal region of the RdRp gene and the
complete 3’ -terminal noncoding region. RNA2 fragment (nt 1 -1333)
contained the 5’ noncoding region, NS2 protein, and an intergenic

region; the 3’-terminal region of Nvc2 codes for a membrane protein.
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dg EW 7IE dF st RNA2E AAlY 2§E 7HAE Aoz

LRFGA T ATdaL B Spel AT G4 A &) &A F Al aFo=

Urolxle AL gastant (2 8A, E1). IIC 1ICY <3 ©

Dral AdaEL HAE 7HAZ A &AW 7EX A" (3™ 8A).
3

RNAZZHEEH F 7l Ag G4 A= LAJYPY. 55 S #F9 2ES o]
3= RSVeE] 7% Asel 9F Ndel F 719 A &4 YIS Al 7HA
AR} FA T B Moy THEFS] A Ak a4 AAE 7HAZ JA &kt

g
(2" 8B, El). od3 2 TR FI TF 21§
T2 Yol GAR S @37} HkEithe A9E Ak

14 1z
T 1T 1
25230332228 mz,
g ¢ R
wigpgieisdddags
A
-
e = [€—1.3Kb
14 1B 1A
m = |
H%;%gﬂ%%g%j%qzjﬁ
M = 1 J - i i d C
& @0 28 225 232 3 8
: = '
=
- — st 2 5kb
A 1 — e e — |
sel

19 8. Restriction enzymes analyses of different Korean Rice stripe virus
(RSV) isolates RNA2 (A) and RNA3 (B) digested with EcoRT and
Ase 1 /Nde 1, respectively.

RSVe] RNA3E Adta4z Ak Ay gofst a5oz Us o 7] wEd

o] 7l&& MEE RSVAZ X—‘Iﬁé}‘}iﬂ. F=e] 4xdoRHE T RSV
49" A4E MZ2HH RNAS #3442 FZ59t £ 1449 H94L 7HAE
AMEE 20071 A0l 4] 20097b2] AHHSAT AFELZE AEF AR FH= RSV
SAA Tzt toks RSV 89 oz TAR s AL Zwsgct
(" 9)
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3 1. Reassortment of RNA’s 2-3 of the RSV-Korean isolates

based on sequence, phylogenetic and RE analyses showing

its distinctive ancestors®.

Isolates -~ RNA2 ~ RNA3

“Isolates collected in 2007-2009.

"Each type represents as follows: IA , Eastern China; IB , South Western
China; ITA , Japan -M and -T; IIB, Japan -M; IIC, Japan T and 1A;
shaded subtype showed the predominant subtype found in Korea.

M1234567C M8910111213C

Ndel

19 9. Restriction enzyme analysis of amplified RNA3 from viruliferous
insects. Total RNA was extracted from Rice stripe virus
(RSV)-infected individual small brown planthoppers caught by
aerial net traps in Buan, Jeonbuk (insects no. 1-7) and Taean,
Chungnam (insects no. 8-13) provinces in early June 2009 and
their amplified PCR product digested with AseI and Ndel. M
and C represent the HindIll-digested lambda DNA size marker
and the 25-kbp wundigested PCR amplified RNA3 genomic
DNA(arrow), respectively.

Agas AL ENE A4 aFd &5t tE o7& Hddstd 2359
As @71 AES BAsth A4 379 A2 tE FES B4ty d7] Ade
AAsAT AEEH HEER AL FFELS BAJB16, JDJN6 (subtype IA)o|x
TA-CNE H9A ZFo=2 dojyx, SC-CN6, SC-CN70, and JD-JN4 (subtype
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By Z3°= dojHth BAJBoE &5 MEZ2HE dojF L, GSIB16 (subtype
e Zde AEEZRH dojxith A3t £4 27 Hde® RSVE o8 250 =

Jrolxe Ae Sdsad (@2 10).
AME AAAQA AES59 RT-PCR/RE 249 AF}E HolF1 Qrh

A7 k=] RSVE A 53 e Rz fHAFdtgsE R

248 Fh=e] RSVeE Bl 7Rel 2Fo 2 vrofAe AL

Chinese (IA) ¥ Southwestern Chinese (IB), 3t Type II&=

ST
4

o

o

s

%

o)

3

mixture (ITA), Japanese M (IIB), Japanese T <2}Eastern Chinese €] mixture (IIC)%

z

Al 22 oAt olEd Ade oirt: FEolu JdEoRREH
HETEHEE AREHATE S F5E F AUth

JD-JNE
TA-CNS
China-Z
BA-JB16
China-JYCO7]
China-ABBO7]
BA-JBE
SC-CN6
JO-UN4
SC-CNT70
China-JY
China-HKF07|
GS-JB16

E

Japan-M
100 Japan-T

EE B

chinay |

0.020 0.015 0.010 0,005 0.000

19 10. Phylogenetic tree based on RNA3 nucleotide sequences of the new Korean Rice
stripe virus (RSV) samples collected during 2007 -2009, including Chinese and
Japanese isolates. The clustering obtained from phylogenetic analysis corresponds
to the subtypes identified by RE analysis. The tree was constructed with the
neighbor-joining algorithm and a bootstrap value for each internal node based
on 1,000 random replications using the Kimura two-parameter model
implemented in MEGA version 4. Of eight Korean isolates, only two samples
were obtained from insects (TA-CN5 and BA-JB6); the rest were all obtained
from RSV-infected rice plant samples. Included in the analysis were 5 Eastern
China- (Z, JY, JYCO7, ABBO7, and HKFO7), 1 Southwestern China-Y and 2
Japan- (M and T) RSV isolates.
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. Immuno-strip A Z}tel] Q3 A S
FEHS HFez Aikstr] -?45}04 o|HE AEoA nlolE 2o HA
83 ol8E 4 U= NS2, NS3, NCP & CP 59
F2Y st & fdAe 27 & o]RE AFdaL Foll tE BEE ot
20 ViERG uvhel

3¥2. FA P & A A, A7) 2 o8 Algas
Segment Protein Mol Mass  Product size RE sites
kDa (bp) (pET vector)
RMNAZ M52 22.8 600 EcoR | fHind I
MSvc2-N terml 21.0 S48 EcaR | fHind Il
RNA3 CcpP 35.0 969 Xbalf Hind 1l
MNS53 24.0 636 EcoR | fHind Il
RMNAZ NCP 21.0 536 EcoR | fHind lll
MNSwvcd 32.5 861 EcoR | fHind Il

o7 wHEr] 98t pET vectorE
I IES fFEske diEEd AFHO
NS3¢} NCP f-AAtEo] o=

Ol

A)ME3 -23.9 kDa + HIS tag B) NCP-21.54010 + Histag
#1 iz f9 L0 KA1
Wa 1 2 3 4 & e 1 2.3 8.5 6 7
A ———— T — -
173 : 175 =
— e ! = 1 - =
B0 e = e &0 h B
.rIR L i 53 r
Py =¥ — 5 E
- - )
-
3 - — — 0
= 3
= ol _
17 - 17
-— - T TS W—_y

% 11. Expression of pET-28-NS3 (A) and pET-GB-NCP (B) recombinant
clones. Lanes 1, Marker; 2, 4, 6, 8 IPTG uninduced 3, 5, 7, 9,
IPTG induced. All 5 clones tested for NS3 were expressed and

only 1 clone for NCP out of 4 clones tested was expressed.

H TFES o]gste] thEAAd HR3T HAH wd AL A
sty AT Hjdexs AL 25T, 30C % 37C 5 Al ZAANA u)



S RSt Ay Z Aoyt HAFHAE &Fdot, 25T ZHANA Ay z
k9] soluble proteing & & A< &

o

sttt (29 12, 13).

A MS3 -23.9 kDa + HIS tag B) NCP-21.5kDa + His tag

37C 30C 250C
'_l |—| |—-I I7C I0c 25C
3 4 5 B T 8 "
kDai 2 3 4 5 & T B
e e [ 175 B
i 1 3 - |
. SD -—
- - 58°
L e — — -— —
iy — N — a6 #
- —— * 30 por -
25
E—
17 —— e D 17 b — -
TF 5 F 5 [ 5 F

% 12, Solubilization test of pET-28-NS3 (A) and pet-BG-NCP (B)

recombinant clone under different temperature. Lanes 1, Marker;

2, Uninduced total fraction (TF); 3, 5, 7, induced supernatant (S);
4, 6, 8, induced pellet.

pET-f B-MCF pailza. NE3

| W | [ ]

e

—

——e
Mr TF 5 F T

L e

P

217 13. Solubilization test of pET-28-NS3 (clone #1) and pet-BG-NCP (clone

#11) recombinant clones under 25T temperature. Mr, protein

marker; TF, total fraction (IPTG uninduced), S, supernatant, P, pellet
(IPTG induced).

fle] A7 23} webx NS3sk NCP o2 tisfez 2y
= F 25CoA wdgste A4 @idSe dFe

85tal watste] FAstint. 27 14914 FAL
Hde d¥ez =3 £ AU ol T
85t 2 5ol 58 FUdstin

571 sl W
His GraviTrap column£
J=

A= AAE soluble & 7}
dHAES FEA A F
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2ama. B

Purifcation of pET-28-NS3 (A) and pET-GB-NCP (B)
histidine-tagged proteins with His GraviTrap. (A) Lanes 1,
Marker; 2, Total fraction: 3, Flow through; 4, Wash sample; 5 to
10 eluted sample (B) Lanes 1, Marker; 2, Total fraction: 3, Flow
through; 4, Wash sample; 5 to 8 eluted sample
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m

o

71% AT RSV w@dlds Aakstr] flste Azxg dHEs vhe
o7 o]gsted FAE Astdrh ®3, VT Axd

[RRLE ‘E‘Jé‘. 2ol T4 HE)=EE  antigen® 2 AFESIY FAIES A EA
Arralger. & 4719 RSV @A 9] amino acid sequenceE EAdle] 1 Fof A
z g Es ﬂ%%%‘ T A= F NS peptideE& Adste] dAE Aikstr] <AF
antigen® 2 ARSI T (R 3).
AAE FASe FEAL U7 $59] Western blotdd & a5yt 13
15 M= Az @lldS ol&std RSV NCP @l do] thgt A& Aiksto]
Western blotg 35}tk A2 & RSVY ZEE B whlzAS SDS-PAGESHS
blotting® NCP Eo]Z2l A4S o] &35t 6WT 8 glo)A 21.5 kDa Alo|=2E

o 2

7H7 el AL e £ Junk (2 15-A). BE#g olygt T Jfe AME g
Fz2 MEZ2HEH d8de do 48S FH% Ay RSV AEE HolAEdAE
aeFor dsts guldS g & UAH (3" 15-B). HF 2 Fo HA
g EE Western blot d3ol] AREFAIT uviolz{x @A A E o] &s)

Hopth wEE AYEe T3 €A vHEY w2 FAE 4 A7l FH delA
Zo] RSV HAEE Het Al T/ F2=2REH @l AS FZ319 Western blot
E I Az, NS3H#dg AQslis EE Hlo]H
ot .

kv
o
T

immunoprec1p1tat10n, L‘ﬂ,l%jj AA gzl T~
82 F vk 3W, o] F &L &
CP-2+5-R2E 4ldtste] RSV 7 #ES 93
o] &3ttt
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¥ 3. List of RSV peptides identified by bioinformatic program for antibody

production.
Protein No. Peptide sequences Positiona Length Antibody
NCP 1 TLADLQKAINDISKD-C 8-22 16
2 KDKGGDTLAKDMTM-C 56-70 15
3 FVRDVTKKVKVAAGS-C 81-95 16
4 C-KKTMPEGKKKERGLTK 199-214 17
5 C-KKKEDGRKKVLDEF 237-251 16 o
6 C-LVKEFFEDEAEGADD 308-322 16 o
NS3 1 MNVFTSSVGSVEFD-C 1-14 15
2 C-YIYDIHSSRHPSIDEHQ 41-58 18
3 C-SHDKNLPEEYRLPT 84-97 15 o
4 C-DNRKTLYRSPSKKRHK 162-177 17 o]
5 C-KYVDSSALEPSPGSSP 193-208 17
cP 1 MQDVQRTIEVSVGP-C 1-14 15
2 C-PDLKDPERVTEDTKK 38-52 16 o]
3 GGEDDDNALIDIG 93-105 13
4 KNFLRHPNRMSKDQIK-C 121-136 17
5 C-KAESSDTEEYEKVWKK 147-162 17 o]
NSved 1 C-DLSEESQKRVDNKNRK 18-33 17 o
2 KQDYSVKAHRKATEN-C 77-91 16
3 KSYVNSSDQVEVEVR-C 136-150 16
4 C-EFEPLEDKAINHLSS 218-232 16
5 C-KQPKKIPITKKSKSEVS 267-283 18 o
A B
2 w1 2 3 4 5 6 7 8 kba M 1 2 3 4 5 6 7 8
176 —
80 — 175 =—
58 — 80 —
46 — 58 =
gg : 21.5kDa * :z :
- 28 — 21.5kDa
17—
7 17—

% 15. Western blot analysis to detect Rice strip virus (RSV) using recombinant
protein-antibodies. Proteins extracted from RSV infected rice and weeds
were separated on SDS-PAGE gel. After blotting on the PVDF
membrane, two protein-antibodies were applied for western blot analysis.
Detection RSV in RSV infected rice (A) and weeds (B) by western blot
analyses using anti-NCP antibody derived from the His-tag recombinant
protein. (A) The rice samples were collected from Kimje (line 1-4) and
Seocheon (line 5-6). Except sample 1 and 5, all samples were positive to
RSV by RT-PCR detection. The weeds samples line 1-3 from green bristle
grass (Setaria viridis) and line 4-6 from crabgrass (Digitaria sanguinalis)
were collected from Anheung. And weed samples line 7-8 barnyardgrass
(Echinochloa crus-galli) were collected in Seosan. Except samples line 1
and 4, all samples were positive to RSV by RT-PCR detection. Anti-NCP
antibody was diluted to 1:20000.
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A kba M 1 2 3 4 5 6 7 8

?2_ :'_—‘-.-"“.F-'-.'
wm ol i
28— - = B R
- —
17 = — c—— - —
B 21.5kDa
28— 4 v ¥
17—
c 35.1kDa
36— v v ¥
28—
D 3. 28 kDa
v
28—
E 32.4kDa
36— v
28—

% 16. Western blot analysis to detect RSV using peptide-antibodies.
Proteins extracted from RSV infected rice and weeds were
separated on SDS-PAGE gel. To visualize separated proteins,
SDS-PAGE gel was stained with Commasie Brilliant Blue (A). The
blot on PVDF membrane was probed with peptide-antibody for
NCP (B), CP (C), NS3 (D), and NSvc4 (E) proteins, respectively.
Individual RSV viral protein was detected after reaction with
freshly prepared NBT-BCIP substrate. M: Molecular marker. Lanes
1-4, rice samples collected from Seocheon region; Lanes 5-7, green
bristle grass (Sefarin wviridis) samples collected from Anheung
region; and Lane 8, crabgrass (Digitaria Sanguinalis) samples
collected from Anheung region. Antibody dilution rates for NCP,
CP, NS3, and NSvc4 proteins were 1: 50,000 titer, 1: 10,000 titer,
1: 1,000 titer, and 1: 1,000 titer, respectively.
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A 3 4  Immuno-strip A2 2 Eo|A H7}

1. a4 A=54Y (ELISA)

UukA <l DAS 2 compound 3

A, RBSDVE dubzQl DAS W3 compound WHoz A3
O‘HW—‘]?_] DAS A& ey Zo] Syttt A ZS coating buffero] 1:200
2 3 A3te, ZF wello] 100 w2 AK[T. o]AHAE 4TCoAA  overnights}e
coatmg‘?} % wash buffer2 A& 3sIYt} _IE] 1 RBSDVE] positiveg} negative
sampleS extraction buffere] Wi ZolA FL A FHoll ZF wello] 100 w2 ¥l
ALoA 247t incubationdlH Tt (AB - blank, CDE - negative, FGH -
positive). Incubationo] £1}7] 108 Ao conjugate Abs} ECI bufferE 1:2002]
H &2 3X4A17] FH, washingo] €E % plateo] 100 p 2 EF3}o] AL2of A
2A]17F incubationd}$ Tl Incubation®] E1}™ washingS 3} mlx|=e & PNP
solutiong 100 w2 YLoja, AdA 308 HE FUu7l ELISA readerE
o] &3kl 405 nmelX ODg-& F4 stdlen, 2 Zie otgst o] F3i3

2 gl gl

0

! I

| A @2 22 |

| B | ©.193 | @, 209 |

| €| ©.219 | 0,196 |

| D] @.248 | ©.235 |

| E| @.252 | ©.242 |

| F | ©.341 | 0.297 |

| 6| © 330 | ©.283 |

| H| ©.303 | 0.257 |

cv = 17.6%

o _ o e ] .
3+, dWrAQl compound HF-S whEI Fo] £ stk FAE coating

bufferel]l 1:200 ®H]E& =2 3FAsted ZF welle] 100 w3 XH—,—_]_, ]Zig 4T A
overnight3}¢] coatingdt ¥, wash buffer2 A3t J.E]_T_’ RBSDV €]
positive$} negative sample2 extraction buffero]] Wi Zolxd FL W Heo Z
welle]l 100 w02 Wi A2o|A 2A]7F incubation 3}¥ T (AB - blank, CD,E -
negative, F,GH - positive). Incubationo] £1}7] 10& o] ECI buffers} Ab,
283 secondary AbS 1:2009] W& 2 3]AA]Z] F washinge] &EH plated]
100 g A EF3te] ALlox 2A7F incubationdt T Incubationo] Ei}wH
washingg 3}3 mlx|2te @ PNP solution 100 u# Bol&F %, AL x| 30&
Ax Tt ELISA reader® 405 nmollA] O.DZFE =A stgew, 1 Aye

[}

DAS A%t shavbAe] Ane Aqn

JIN' ol
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t}. compound AF 4
Ad 33 T3 Agoz Abo} secondary Abelel H]-& 2 buffers} Z+ Ab<l
| AHES 77 23 stgen, E3] Abs} secondary$be] HE 1:1, 1:0.75, 1.05%

RBSDV

Ll 1l |l 1l
1| 1l | ul | Ll
Ll ol | onr |1l

1:0.75 | 1:0.75 | 1:0.75 | 1:0.75
1:05 | 1:0.5 | 1:0.5 | 1:0.5
Ll 1l |l 1l
1:0.75 | 1:0.75 | 1:0.75 | 1:0.75
1:05 | 1:0.5 | 1:0.5 | 1:0.5

1:500 1:200 1:500 1:200 « secondary &]AH]-&

| 1 2 3 |
| A | ©.358 | 0.634 | ©.379 | 0.448 |
| B | ©.316 | ©.57¢ | ©.342 | @.415 |
| C| ©.389 | 0.682 | 0.429 | 0.502 |
| D] ¢.321 | ¢.632 | @.267 | 0.569 |
| E| 9.368 | 0.447 | ©.314 | @.431 |
| F| 0.606 | ©.945 | ©.609 | 0.789 |
| 6| ©.431 | 0.890 | ©.405 | 0.767 |
| H] ©.449 | 0.595 | ©.397 | 0.611 |
cV = 33.2%

ol =29 © =4 v,

B AgoAs 1:5008 T 12002 343k #o] O.D
=7 vl = 1:200001 4 1:1¢] 7}&

secondary®] F%7} ES4E OD %ol ©

FEAYS 49 F U+

2} compound A ¥ 5
RBSDVe] 0Dz oF 192 2|3, secondary® ¢F 192 FAs}A =3 4 ECI
buffere} Abs} secondary] H]-&-S 1:20002 A3 3T}

| 1 Syie
| A ] 1.563 | 1.511 |
| B | 1.783 | 1.658 |
[P ] Asacdsy 1.822 |
| D| 1.637 | 1.666 |
| E| 1.656 | 1.553 |
| F | 2.466 | 2.612 |
| 6| 2.559 | 2.898 |
| H| 2.604 | 2.750 |
cv = 24.7%
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Ao A JeRtE AXHE Abs} secondary?] O.DFHS & ¢
EA A7 blank$} negative®= Zro] =4 vEhtes AL AT 4 AAT

it
o

u}. compound H3F 6
AY 59 AE 7|22 dlo, B AFdAE RBSDVE OD#S <o 04=
Y23, secondary® °F 042 FU3A w3 A ECI bufferst Abg} secondary €]
Hl&L 1:20002 A%t

| A | ©.299 | 0.233 |
| B | ©.342 | ©.161 |
| C | ©.494 | ©.377 |
| D | ©0.550 | 0.386 |
| E| ©.530 | ©.306 |
| F| ©.853 | 0.616 |
| 6| ©.842 | ©.575 |
| H| ©.800 | 0.577 |
cv = 41.5%

Ay 7§JJr Zt Ab9l Fx7} YobH 7] W&o positivest negativee] O.D Zkho]
AA Aoz BF o }53\'%% g 4 AT

vl compound A3¥ 7
B A3¥L coating Fo] A-2oA blockingsS ¢ 1AHHE 3 Aoz PBS
bufferol] 5%2] BSAES 3JFAAAH ZF welld] 220 wA EF393, RBSDVE
O.DZt#} secondarye] ODZE2 ¢F 042 FUstAl Z3HA ECI buffers}l Abse}
secondary 2] H]-&-2 1:20002 A3

1 1 2 |
| A | ©.464 | ©. 405 |
| B | ©@.371 | ©.354 |
| €| ©.348 | @.245 |
| D | ©.357 | @. 320 |
| E| @377 | @.219 |
| F| ©.787 | @.641 |
| 6| 0.800 | @. 609 |
| H| ©.786 | @.730 |
cV = 40.5x%

43 Z3, BSAR blockinge MTAE AT, Zzke] OD Fhol] YobA
positive$} negative Afolol]l Z4FF zol= AT AAAHJI ZAup Fho]l oA

gt

AL compound 23 8
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Ay 730 FUF HAFSZ coating T blockingsS oF A HAE AlFHoH,
RBSDVZ Ag3ct Abe = 142 3%, 1H-E secondary FE7F 1.3,
2H-E 0.06, 3H-& 0.07°]t}.

| 1 2 3 |
| A | ©.432 | ©.034 | ©.015 |
| B | 9.414 | ©.033 | 0.026 |
| C| 9.301 | ©.003 |-0.005 |
| D] ©.343 | 0.041 | ©.037 |
| E| 9.313 | 0.038 | ©.029 |
| F | 2.170 | 0.120 | @.167 |
| G| 2.346 | ©.115 | ©.174 |
] H] 2.3%5 | ©.113 | @. 186 |
cw = 17 &%

Al

A 23 1H, & Ab9 F%7F 14U o secondary =7} 1.3%0 Ho| 714
Ggro.

o}, compound A 3¥ 9
o] A3 coatingd blocking solutiong @A ¢31, ECI bufferof A4 2] BSA
FTEE 2EMA AFsAth 1ME d#@e] ECI bufferd A9 BSA9 &<
02%°]al 2¥HL BSA H|Eo] 2%, 3HLE 5%=2 AYsH e, Ab= RBSDVE
Mg e,

|
| A1 1.962 | 1.501 | 1.364 |
| B | 1.684 | 1,443 | 1.231 |
| €] 1.608 | 1.136 | 0.944 |
| D] 1.595 | 1.090 | 0.894 |
| E| 1.581 | 1.142 | 0.899 |
| F| 3.133 | 2.832 | 2.656 |
| G| 3.200 | 2.899 | 2.857 |
| H| 3.501 | 3.120 | 2.995 |

v = 43.8%

A3} 7+S 2w 382 ECI bufferol 4] BSA %7} 5%<Q Ao 713 & Ao R
UERA| 2 negativeo} blank Zhol AU = 73‘?%}0 VS-S A 5 AT

2} compound A3E 10
A% 95k BLF WP ECI bufferdl 49 BSA ¥E2 xEsA Agsact
192 ECI bufferd 4]¢] BSAS H]Eo] 3%, 2HL 4%, 3He 5%, 4ML 6%=
A¥stgen, Abe RBSDVE Al-&at 3t
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790

| A | ©.952 | ©. | o. | ©.852 |
| B | 0.952 | 0.587 | ©.721 | ©.820 |
| C| 0.776 | ©.453 | 0.601 | ©.547 |
| D] 0.795 | 0.519 | 0.574 | ©.506 |
| E| ©.818 | ©.502 | ©0.560 | 0.477 |
| F | 2.682 | 1.872 | 2.247 | 1.891 |
| 6| 2.849 | 1.961 | 2.311 | 1.982 |
| H| 3.079 | 2.189 | 2.661 | 2.041 |
= 65.2%

3~6% E5F positive A3} Zko] & UstAgh 4%2 P& u] blank®} negative
el 718 @A Yk

=}, compound Ag 11
AF7Ae] ABe weom, RBSDVE A82 od HF I A@stArk

AbZE coatingdt %] blocking solutionS #3354 1A]7FH = incubations}$.2. ™,

ECI bufferol /] BSAY 5 E 4% =2 w3 A] 2zt A sFYtT).
RBSDV
blank blank blank blank
blank blank blank blank
negative | negative | negative | negative
negative | negative | negative | negative
negative | negative | negative | negative
positive | positive | positive | positive
positive | positive | positive | positive
positive | positive | positive | positive
R R P R e e R
| A | 0.053 | 0.251 | 0.049 | 0.150 |
| B | 0.058 | 0.242 | 0.050 | 0.127 |
| C| 0.043 | 0.556 | 0.025 | 0.182 |
| D] ©.054 | 0.478 | 0.053 | 0.217 |
| E| ©.121 | 0.465 | 0.105 | 0.257 |
| F | 3.506 | 3.807 | 3.029 | 3.807 |
| 6| 3.652 | 3.652 | 3.351 | 3.652 |
| H |54.000 [>4.000 | 3.547 | 3.945 |
cV = 114.9%
A Aboa BHE AXHY BT positived] O.D gwk A4 e iy,
blank 9} negative?] O.DZt2 @A3] @A vebadS &A=+ AT
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2. Immuno-strip 7l A+

7F dubA el strip AlZ}F AF

A, B A7 BERFQd dub8<Ql protocolS ©] 8§35t stripg Al Zsla
2 EES B Bk sirp AZIHL e 2ok (2Y 1) Gold
solutiong tubeo] 500 wE Zzt Y& F, pH = buffers ¥olA pHE
5~107}4 H9z7 weEt. J3x 2~3%37F mixing dF2 ALR0lA 3087
incubation 3}, Incubationo] EuU™ 2zt tubed] MW3E A of =], <3k
purpleo]u} AW 3sL7L gle Zg AEste thg ©AE AT Tubes: HEHI %
blocking solutiong 50 u¢ ¥o]F3, Gold drying buffer 60 wE F7t2 Eo|&F
H padoll FFAIA 30~37ColA 447+ A= #Th Padr’t ml2W S5E=7
Bag PVC7l=o] padZ Eo|i, secondary Abst AbZs ztzt Hg T01% H
olAFE mAR FH=g BoFET 4" AL JAE ol&std A
tAHo 7 AHsle] positivedt negative sampled] HHA ZIE FAgc)

a7 1. Strip A% A

HAAA A= negativedl = secondary  line®r Aol 1}Ehi}ols)a,
positived] = secondary$} Ab F line 25 o] yehtol o B AL pHE
77 82 B A & AdFPo 2 RBSDVE o] -§-sk3ith

AR o] @1Zo] negative, L 2Z0| positiveo| ™, stripe] FEo] 2|7 lineo]
secondarye]il o} Zo] T linee] Abolt}l. Ay A3, pH 73 8 EF
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1
o] AgL pHE 7, 8 9, 102 w3Homw, blocking solutions ¥olF H
%’é%ﬂ% oF 587 3o ’}}% o % mA Wi, 2 ¢E oAl blocking
S 235

ol AL line B4l HE AolA e, 47 17 w72 AAHQ Aol

521 negatived & F lineo| 2% A Z T}
t}. RBSDVE o] &3 strip 271 A3 2

o] A3L blocking solution®] FEZ Ztzt th24 3to] AT Blocking
solution®] F=+= 5, 10, 15, 18, 20, 23% 2 ZHF o™, pHE= 82 AT}

Blocking 5% Blocking 8% Blocking 10%
Blocking 15% Blocking 20% Blocking 23%
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ol AFL 2o 27}x] AFHU} lined] UeEh}e Mo ¥ A&t A%
positive®} negative Z}zhe] Ao T3k lineo] EFEIA YERRA]  gkotth
Blocking solution &% 5~10% 7}*|= Ab<2] lineo| positive?} negative EF
YA VAT 15~23%0 A= positived] A Ab2] lineo] z2F A U} AL
E F AUk 5FA Tt negativedl Y= Ab9] lineo] s Al AH 7] wjoll o] F&of
st F71 B Ao Iads A & = U
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. RBSDV E-0|gA| & o]&3+ immuno-strip Az}

7}. Crude serum A

ALA -3 A 2 5-H TFEE Al TR RBSDV 5ol A
(AbRBSDV-ORF1SP-R1, ~ AbRBSDV-ORFISP-R2 % AbRBSDV-ORF12) & 5-H

immuno-strip A|Z}te]] Q3 FAE A7] #sld, 229 RBSDV crude serum-g-

&3l ZASAST (L9 2).

columng- 9]

<desalt1ng> <desalting>

a8 2. Columng ©]8-3t crude serum® 2 2E] 9] &-A ®i.

24, 001 M PBS (pH 74)E washing buffer2 A}83}o olg] D3I} Z&
WAl o 2 crude serum W& 712 A ASFAL o]|F A desalting® A S 0.01 M
PBS buffer2 washingdt thg, 0.1 M Glycine-HCl (pH 3.0) bufferE o]-&3}o] 1
M Trizma base (pH 9.0) 200 p7} H37 tubeol elutiondls] crude serumoi A
A uke- B33t Crude serumo A £ H Ao TS dolH 7] 95t z+

=

tube®] O.DFE ZHF ATE Uew B2

ADbRBSDV-ORF15P-R1 AbRBSDV-ORF15P-R2 ADbRBSDV-ORF12
O.D3k =9 O.D3k =9 O.D3k TEE
2.326 1 ml 2.308 1 ml 1941 1 ml
2.313 1 ml 2299 1 ml 1.058 1 ml
2.311 1 ml 0.802 1 ml 0.709 1 ml
0.737 1 ml 0.233 1 ml
0264 1T ml

otxgte 2 AAH FAE desaltingdl?] 915t crude serumS 2 H-E

s hl

G S desalting columnol loadingsdlil 1.5 ml tubeo] 1 ml¥ elutiond}t Yt}
olg A HASE A2

O.D3kol

g Ee

w2

rc =
o=

fractiong A El3le 0.01 M PBS (pH 74)Z

mg/mle g Tk T oold conjugationo]l AF-8-3}5 T}
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ADbRBSDV-ORF15P-R1 AbRBSDV-ORF15P-R2 ADbRBSDV-ORF12
OD#k =9 OD#k =9 OD#k TEE
2331 1T ml 2313 1 ml 1.592 1 ml
2.320 1 ml 2.298 1 ml 0977 1 ml
2.309 1 ml 2291 1 ml
2226 1 ml 1.733 1 ml
0977 1 ml 1.565 1 ml

1}. Gold conjugate 271 A3 [ ¥ immuno-strip A2}

Gold conjugate A3 4], gold YAFe] AHAHZ ligande] U¢& ZAHS= Ho|
asith BAMRCl AFgAE 500 ] gold &N FAS 14 wWE PedH, B
z71e vg=24 3y

= 2
AYoMes A &S 20% F7IsE 17 wE Eof Ay
Tyttt 3 pHE B} ARty HZEs

%A, 40 nm gold &H& 1070¢] 15 ml tubed] Z+zt 500 wX Y& th&
tubed] pHZE 5404 1017} A3tk 10709 pH7F 2 gold |99 F
FA(1 mg/m)E 7zt 17 WA Y3 AL vortex mixerE AREsle] FE 3
HolzE the, 308 AX vk AT, Gold solutione] 217+ W37} 017414 of
Hegpdlo]l s Fo] WY BMo {&3tnz, g Mol gogt A ME sty
blocking solutiong 50 u? F7}sle] w38 FZAIF

10, HE: A, B2

B3
S

fol

<Gold solution A W3} Ax}> (%
pH 54 6.6 7.3 7.8 8.2 8.4 8.8 96 | 10.1
ADbRBSDV-ORF1SP-R1 x X X X X A 0} 0} 0}

ADbRBSDV-ORF15P-R2 X X X x x A 1o
AbRBSD1SP-ORF12 X X X X X X O O O O

O
)

O
O
O

Goldg #¥zoz g7l 1A gold drying buffer 60u0S Yol FEST
#AolF L polyester g]Eo] HH3] LE2A FFAIZ F, 37T A olHd ¥
4 A S &) ZEA oo a”F ol stripg AFsIAH (2F 3).

e =

] Secondary Antibody (Anti-Rabbit IgG)
| [ __—» Antibody

| _» gold conjugate 2]

Y

1% 3. Polyester 2]E-& ©]-£3+ immuno-strip 2.

olgA AZHE strip E|AE3Z ZA¥, HAE linedl A positves} negativeo]] A]
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EF F4E& Hole H5o] ¥hE HAS ¥ F Utk (T 4, 5 6). Negative
control % strip buffer2+& EALS] RSV negative control (KS1233-N) = Rapid
strip sample buffer (KS3015-0500)2 A}-&3}%it}.

pH84 pH88 pH92 pH96 pH10.1
() G EEH ()G
Y 3 ¥ 1

il 11 NPT
i

‘ T, H- + éj

19 4. AbRBSDV-ORF1SP-R1 &Alje]l gk gold conjugate =71 23 1] strip test.

pH84 pH88 pH92 pH96 pH10.1
(;) (+) (!-) S:r,) 5;) (+) (;) +) ) )

grigie R &t LI IR

BOE gam e BB g b e e

19 5. AbRBSDV-ORF1SP-R2 &Alje]l gk gold conjugate =71 23 1] strip test.

pH88 pH92 pH9.6 pHI10.1
QRGN O RN CO RO RGO IO NG
il Al Y I
it woan

il iR

1% 6. AbRBSDV-ORF12 &-Alo] th3l gold conjugate %71 A3 12] strip test.

t}. Gold conjugate 271 A3 I ¥ immuno-strip #| &}
1ol =1 AY IollA v 5o ¥hgo] g e,
gold conjugate ¥H§- A|7H& 300l Al 164 7H( A 2) ¥ ¥ blocking bufferg
F7vsldch. 2 A3}, gold conjugated] M7 W3yl 2A AF 1RY Gzt

g 7).

20 BE 2 sm

lo
NI
I ﬂ][r it
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<16A]7F>
a9 7. gold conjugate WH-S- AlFtol] u}E WES- gold conjugatee] A7 W&}

Gold conjugate 23 A] gold &3} antibodye wHS-
1l6A17te2 ¥ & blocking  bufferg& 4o F  stripe A
ADRBSDV-ORF1SP-R1¥} AbRBSDV-ORF1ISP-R2¢j| A/|= negative®} positive EF
<4 ¥hgo]l UEo1}, ADRBSDV-ORFI2O|AE negativedl = &4 wkg-o],

positiveol A& /44 wh3-o] FEstA vElTE (28 8, 9, 10).

pH84 pH88 pH9.2 pH9.6 pH10.1
() (+) (O +#) () G )

19 8. AbRBSDV-ORF1SP-R1 &0 g+ gold conjugate 271 23 I19] strip test.

pH84 pH88 pH92 pH96 pHI10.1
) ) G EH OEH G EH () E

19 9. AbRBSDV-ORF1SP-R2 &Aoo t gl gold conjugate 571 2§ I19] strip test.

pH84 pH88 pH92 pH96 pHI10.1
() (+) () (+) () ) () () ¢

% 10. AbRBSDV-ORF12 gAle]l 3k gold conjugate =7 23 119 strip test.

_65_



olFe] A3, gold conjugate =7 A3 119 ADbRBSDV-ORFI12Z A =}gh
immuno-strip2] EB|2E ZA¥r} G5O M o] serum©| immuno-strip A Z o
AYgg zom JHEASH, xF gold conjugated] THEF =o|7] A% Aol
F7H o immuno-strip®] A F3t Bt ALte] 7heE e R J|tE T
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4. RSV Eo]gdA S o] &3 immuno-strip |2}

7}. Crude serum 73 A

AAFEARAZRE EFHe F FFHY RSV So|ghx (CP2+5-R2 ¥
NCP-5+6-R2) 2 - H immuno-strip Azl Q3 FAE A7) {5, Zzhe
RBSDV crude serum- columng ©]-83l] A 519}

24, 001 M PBS (pH 74)E washing buffer2 A}83}o olg] D3I} Z&
WAl o 2 crude serum W& 712 A ASFAL o]|F A desalting® A S 0.01 M
PBS buffer2 washingdt thg, 0.1 M Glycine-HCl (pH 3.0) bufferE o]-&3}o] 1
M Trizma base (pH 9.0) 200407} =71 tubeol] elutiond}e] crude serumo A
A grs 285t Crude serumoll A 22| E A9 FEF dolR 7] st Z
tube®] O.D3L-E A A¥= o7 Erh

CP-2+5-R2 NCP-2+5-R2
ODg | =% | ODgk | 5%
2349 | 1ml | 2290 | 1ml
2303 | 1ml | 2280 | 1ml
1077 | 1ml | 1317 | 1ml
0709 | 1ml | 0217 | 1ml
0644 | 1 ml

ntx o 2 AAH FA S desaltingsl 7] 95t crude serumO 2BHE Ea
G S desalting columnol loadingsdlil 1.5 ml tubeo] 1 ml¥ elutiond}t Yt}
olg Al FAlst A FEE dolr ] #ste] Z tubeo] ODLE FHHsIomH,
O.D3o] 7} =& fractionS A®3ste] 001 M PBS (pH 74)2 A9 == 1
mg/mle g Tk T oold conjugationo]l AF-8-3}5 T}

CP-2+5-R2 NCP-5+6-R2
oDyt | =% | OD#t | =%
2.285 1 ml 2.307 1 ml
2.280 1 ml 2.304 1 ml
2.189 1 ml 2011 1 ml
1.440 1 ml 1.325 1 ml
0.739 1 ml

1}, Gold conjugate 271 A3 I 2 immuno-strip A &}

43 Al gold YAkl AHAH3ZE ligande] *E& Z2As)
= A AP E 500 ] gold & FAZ 14 s ¥
Aol A %S 20% F7HE 17 WE 4o 43 e HEA St
-

ES

Yskich. w3 pHE Bk AR H2Es g
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%A, 40 nm gold 84S 1070¢] 1.5 ml tubed] Z+z} 500 wA 9o the, z+
tubed] pHZE 5404 1017t A3 10708 pH7F T & gold & A=
A1 mg/m)E ZH2 174 F3 A& vortex mixerE AlE-Sl FE3]
HolE o2, 308 HAZ ubSAIFTE Gold solutione] A7z WH3l7b AL <Fsh
BHepdo]l the Zlo] MY B fEstnz, &do Mol 45 Ay HEste
blocking solution€ 50 w2 F7}ste] W88 FEAIF U

<Gold solution A W3} Ax}> (F5:0, HE:A, E3Fx)
pH 54 6.6 7.3 7.8 8.2 8.4 8.8 9.2 9.6 | 101
CP-2+5-R2 x x x x x o) o) o) A A
NCP-5+6-R2 X X X X X A A A A A

GoldE #a#doz Zyl7] {34 gold drying buffer 60 w& Lo FESI]
4 o]Fa1 polyester 2]&o| M3 LE2A FFAIZ F, 37T AFHo|HA E1
4 A B A8 EHA stripe AlFeth ol¥A AFE stripg HZESH
A3, CP-2+5-R2 &A= pH 84045k H]5o] ukg-g HYH, U] pHoA=
A5t AFE AL F AN}, secondary antibody line¥}t B ~E lineo] 27Zo]
AstA vttt (2" 11). old] ¥ NCP-5+6-R2 &A= negatives} positive 25
FdE& Hole v 5] vhES Bt (¥ 12).

pH84 pH88 pH92 pH96 pHI10.1
G #H O (G (G

398
u{tﬁ‘

-

% 11, CP-2+5-R2 &Alo] th3l gold conjugate =71 A3 12 strip test.

pH88 pH92 pH9.6 pH10.1
() B 6@ 6@ 66
] §i) HiF W

138 am 0§

19 12, NCP-5+6-R2 @Al th3h gold conjugate =7 23] 19] strip test.
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th. Gold conjugate =7 A3 1I ¥ immuno-strip A2}
o] Z=A A IoA CP-2+5-R2 &A|9] 7% secondary antibody line¥}
H2E lined] MZo] AstA VoA vl So] ghgo] g ma, &g =1dd
BT ZA sla gold conjugate WHS A|ZFE 3024 16AIZHAR)Z E™
blocking bufferE F7}5t¥th. 2 A3, gold conjugated] 247 W37} 274 4
R k) 3 R
Gold conjugate A3 A] gold &3} antibodye] ¥ AJ7HES 302 A
16417t 2 5% ¥ blocking bufferg Yol & stripe] Z3, CP-2+5-R
negativedl M= &4 ¥HE-o|, positiveo| = &4 HEgo] Bu AWstA vElET
(2" 13).

)
i

N
)
__).4_[{4
fr

~

pH84 pH88 pH92 pH96 pHI10.1
G () E)EOEH M

29 13. CP-2+5-R2 Ao tgh gold conjugate 271 23 119] strip test.

olAe] A3, gold conjugate Z7 AFP M9l CP-2+45-R2 FAZ A Z3H
immuno-strip2] EB|2E ZA¥r} G5O M o] serum©| immuno-strip A Z o
Agst Aoz FFAHGLeH, AT gold conjugated] TEZE Fo|7] 93 3ol
F7FE T E immuno-stripe] AEF3s € ti®F Aito] 7hed Aoz J|tHh
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4 =ZEEHE 3 #EFo 2 7=

4 ATAL BE Wb Ay

7h 1A E ATl BR

O B nBlolE] A (RBSDV RSV, RDV) &, 54 2 A&
R nlole{ 2o {§AA Wol HA 3 FAA
RBSDV A &A=+ 2 conserved region T & I
RBSDV A4-#A A & conserved region a+A] Azt
RBSDV Ao ZAA 2 AL AA &7
RBSDV immuno strip A& & So| A/ AF

O O 0O O O

Vo 2apd e Aid 5

O RSV A ALE &34 T3t

O GH fHAe] Fd5E HA

O RSV AAFHA 2 conserved region Tz &3
O RSV AAFHA 2 conserved region 3+ A=}
O RSV &A¢] ZAl4 gLt AA &4

O RSV immuno strip A2}

O RSV immuno stripe] So]A 2 074 AA

O Immuno-strip &o]A4

- 7 Stripe] SolAd, @ &8 7l B AFANAE E4
O Immuno-strip ®17+43

- 1~5 pg/ ¢ NFE S Immuno-strip
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A2d AFANE Fxe 2R
=
(ZZ) FAEE = RNE

1Ad=

(2008

2009)

¥ Hlol3 & #H, B4 8

AE2A

20081 2 2009\ ¥ wlolz 2 TFEXF o A
RSV 2 RBSDV #dAEE 3HT

2008'd Ty x| Aol A &R E RSV
AZAES A

RBSDV a4 4HS £}
A

= &35 RBSDV<] 107] genomic segmento]
FrIMES BEAF

107} genomic segmentZF-H 127§2] ORFs&
dZstn 71E] Bud fHze vuy

RBSDV A&7} 2

conserved region U] #a-d

RBSDV ORF 1 ¥ 29] conserved region-S
A g Are] gHaw A Fej = o
[l ey
RBSDV ORF 9 % 129 AFAFAHAAES =
[l ey

RBSDV 754} 2

conserved region &+ A%

RBSDV ORF 1 2 29] conserved region¥}
oA Aol g A th3t FAE
Al =g

RBSDV ORF 12¢] 74/ x Ao gt
FAZ A2

PAE o8B

immuno-strip2] 7 A 4
= A A &Y

H owol2 s Aol g A A7E FIF
o] 2 o]&3l Immuno-strip A& 2 & HALS

Y
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2

KT Ao

AR ATEE

R R K

22 =

(2009

2010)

RBSDV H4-FAA 2

conserved region &}

A 2

RBSDV ORF 1, 2, 9 & 129] conserved regions-
e dde

RBSDV ORF 19¢] conserved regiond] Tj gk
FAE A

RSV #lolg| & gH g

AE2A

ZZug 23 2 20099 FAEFIA 2
RSV A3AES EAE

Y BelFo % 2 Y 2elF RV
#48 AZY BAE THE
RT-PCR/Restriction enzyme 7

Z] Eg]F RSVEEE 7709 ORFsE =35t
7120 R1E AR} vt

RSVe] NS2, NS3, NCP & CP $HAE
Adtste] F2Y3

RSV 24487 2
conserved region U] #a-d
2 A A2}

RSVE] NS3 gl NCP Adauide g 2dd
RSV4] NS3 gl NCP g o3t A&
A 2hg

RSVl NS2, NS3, NCP #
polypeptidesE 43
RSVl NS2, NS3, NCP #
3k dAE AR

CP2] polypeptidesel]

RBSDV A& 7|E Az}

RBSDV ORF 1¢] conserved region¥} ORF 129]
ARFAA dl e sk Ao IEAdES

ZER Ry

- RBSDV ORF 1¢] conserved region¥} ORF 129]

AAEAA el Ao 3tk akAlo] EolAE
A 3} 3
RBSDV ORF1 % 12¢] th3t A S o] &5}

immuno-strip& A 23

RSV ¢t 71 E A=z

RSV CP % NCPo| o3t Ao "7AS
AR

- RSV CP & NCPo] th3t 3A ¢ EojAL

AR
RSV CP & NCPo| th3t A= 0|83}

immuno-strip& A 23
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A3 A AR FEECk Vo R

1 7«4 54
F9 ¥ vlo]y 2 Yo DB 75 2 @A A
T vlel & FAAEe] EE L HolH
Genome) Project’ ol &] 552 o & 4]
F8 o Hloly 2 Aol it B4 A
T4 o dlolzix & #d A E W nlolz 2o i =

T8 ZE vlolz & WAl &8 7t TNrled AT
a4 55 A4 g4

dolEH o]~ 75 8l o] & 7|9t 75

O
O

AL

O o0 O O

_73_



i}
(@)
0
|'O
-
]
|l
0x
=
s
0x
=
o
ot
™
ol

1 =&AA

O Jonson, G. M., H. S. Choi, J. S. Kim, I. R. Choi and K. H. Kim. 2009.
Sequence and phylogenetic analysis of the RNA1 and RNA2 segments of
Korean Rice stripe virus isolates and comparison with those of China and
Japan. Archives of Virology 154: 1705-1708.

O Jonson, G. M., H. S. Choi, J. S. Kim, I. R. Choi and K. H. Kim. 2009.
Complete genome sequence of the RNAs 3 and 4 segments of Rice stripe
virus isolates in Korea and their phylogenetic relationships with Japan and
China isolates. Plant Pathology Journal 25(2): 142-150.

O Choi, J. Y., Y. Wang, J. Y. Roh, X. Tao, Liu, Q., ]J. B. Park, S. D. Woo, B. R.
Jin and Y. H. Je. 2010. Development of an specific antibodies for the
detection of Rice black-streaked dwarf virus using baculovirus expression
vectors. 20109 % =885 83 AXA Y 2 FAS=ERS, 5 FT4
R =3, 100 21-23.

3. 53 &4
O Ad=, A, =54, 48 A= Hhol 2 2=
o o] N o] A|-LH] e AT B ol 23] Bl o]F o] &3k HEZulolg|L WHHE
Al2="l 20101215, thgkRl= S5 &9 Al 10-2010-0127988 &
4 5349 5=
O Je, Y. H, J. Y. Choi, ]J. Y. Roh, Y. Wang, Rice black-streaked dwarf virus ORF 1
complete CDS. GenBank Accession No. H2670663
O Je, Y. H, J. Y. Choi, ]J. Y. Roh, Y. Wang, Rice black-streaked dwarf virus ORF 2
complete CDS. GenBank Accession No. H2670664
O Je, Y. H, J. Y. Choi, ]J. Y. Roh, Y. Wang, Rice black-streaked dwarf virus ORF 3
complete CDS. GenBank Accession No. H2670665
O Je, Y. H, J. Y. Choi, ]J. Y. Roh, Y. Wang, Rice black-streaked dwarf virus ORF 4
complete CDS. GenBank Accession No. H2670666
O Je, Y. H, J. Y. Choi, ]J. Y. Roh, Y. Wang, Rice black-streaked dwarf virus ORF 5
complete CDS. GenBank Accession No. H2670667
O Je, Y. H, J. Y. Choi, ]J. Y. Roh, Y. Wang, Rice black-streaked dwarf virus ORF 6
complete CDS. GenBank Accession No. H2670668

_74_



O Je, Y. H, J. Y. Choi, ]J. Y. Roh, Y. Wang, Rice black-streaked dwarf virus ORF 7
complete CDS. GenBank Accession No. H2670669

O Je, Y. H, J. Y. Choi, ]J. Y. Roh, Y. Wang, Rice black-streaked dwarf virus ORF 8
complete CDS. GenBank Accession No. H2670670

O Je, Y. H, J. Y. Choi, ]J. Y. Roh, Y. Wang, Rice black-streaked dwarf virus ORF 9
complete CDS. GenBank Accession No. H2670671

O Je, Y. H, J. Y. Choi, J. Y. Roh, Y. Wang, Rice black-streaked dwarf virus ORF
10 complete CDS. GenBank Accession No. H2670672

O Je, Y. H, J. Y. Choi, J. Y. Roh, Y. Wang, Rice black-streaked dwarf virus ORF
11 complete CDS. GenBank Accession No. H2670673

O Je, Y. H, J. Y. Choi, J. Y. Roh, Y. Wang, Rice black-streaked dwarf virus ORF
12 complete CDS. GenBank Accession No. H2670674

5. Al AIF Az}
ALz nvlol#l 2 (RBSDV) I &{ immuno-strip A A& A2}
Z7HYntEY dlol#] 2 (RSV) A& immuno-strip A| A1 E Azt

O H
O H

-

d

O E AFE T st s E e HiEoZ XA AdHdd A HIWHSHA
Qolpe W wloleiss Wolz ERHe FA.dZad Uwel BrE
S75He gddo]l =2 vlolg s oA S AUstal o4 R Jes
st FAE AATFOZN, AT TFAA W ovtelAE A&
Addd 4 = immuno-strip kitE AZFFL = UL Ao 7| E

O FQ vlolyA2EL Adstes #IE J&sL 27F1 immuno-strip

kite] ¢ oAl 2 AF AAH FERE I ol FEFH =l dAHIY
40 714 B =R 7|
O B AFE 53lod AZE immuno-strip kite JFEE AE 5L 55t #A
SRS WSSt EEFoEx w7t AL S 2 srket 38 ARG e
BAY Aadd 714 F Us AY
O #H 7= AFH Ad FE g FATGUARte]eE)o 2 8 TlmolH S
st Aldez  1riQl d1e]  immuno-strip kitell H|3] TIAAFAH S

matm, 74 W AATE BHOR FE0| 5T Ao d4Y

A3 A FrrASe HeA
0 B AT A FuelA 2 W FUSE HPLFOWW whold 2 (Rie

_75_



Al 44

black-streaked dwarf virus, RBSDV)$} W E&F | AnlE vlo|# 2 (Rice stripe virus,
RSV)E 4l&3tA Add 4 Y= immuno-stripS 7R3}, RNA
Hpo] 2] 2] ’—E.“” FAdzke] ®Wol7l mEA AYHL I 2HE ] Ho|F9
FA7HsAd £ wiAE 5 gl7]l wEel, oldl i &3 oSS 915k
ofeloll Al o]F miolz 28] Wolo] ThE A&A<Ql monitoringT} o4 7Hs3H
Holo] gt U-[F-AA} library clones] Az} & gH7} g5

NEHgel e AFevste] xTE AA AT At RGSV (Rice
grassy stunt virus), RTSV (Rice tungro spherical virus) % RRSV (Rice ragged
stunt virus) Fo] oldW AWl 2o T EEAGH EME Hivt
Ha e AAolx, AF fEuddME B ko] AAHER olF
Hpolgf 2o = %‘Q Al olg 27l Add = e AFE J1E JfEol

874

T8 AA Fzel W Hold A AE £ wWol dH FHE % dF
TAe A A A4

Hpolg{ A Wo] 71 g FHAAE AAZHR] o]&Lo R niolgli AP FF
THkel &-&

Aegoz A nlolzzd it
ALHA HE Blolg X
F7140 AA 3 AA
Az Blelg &9 £ElE

E
S AP FF B3
=

B . 248 E3 oz~ X Ao Ui

_76_



M 6

U9 vlolgiA A #H dAFe dHAE ddEAA

WA wHo} fHEtols AT 01% o] &3k kA A4

A& plolg 2o T3l ELISA 7]E % PCR X& 7|E A=

oA AL e, dA7EA] e WH e W wlole2E

b7t A gle A4

U vhold
1

Norovirus genogroup I
Az e de] SolH FAL o

B8 A%l 323

Hlo]H 25 21481 A AESHIS

n]=9o Agdia 2 9=9 Neogened 4]F Hlo|gi2of T3l ELISA 7]E<9} GMO Rt
2EYE st AAAC Fejsta e}, ofF Fujol] sk B vlolz{2of T
sk A7 AES Sl

_77_



N7y EHIZ

o

Falk, B. W. and J. H. Tsai. 1998. Biology and molecular biology of viruses in the
genus tenuiviruses. Annu. Rev. Phytopathol. 36: 139-163.

Fang, S, J. Yu, J. Feng, C. Han, D. Li and Y. Liu. 2001. Identification of rice
black-streaked dwarf fijivirus in maize with rough dwarf disease in China. Arch.
Virol. 146: 167-170.

Felsenstein, J. 1993. PHYLIP (Phylogeny Interference Package) 3.5. Department of

Genetics. University of Washington, Seattle

Fitch, W. M. 1971. Toward defining the course of evolution: minimal change for a

specific tree topology. Syst. Zool. 20: 406-416.

Garcial-Arenal, F. and A. Fraile. 2003. Variation and evolution of plant virus
populations. Int. Microbiol. 6: 225-232.

Haenni, A.-L., J. R. de Miranda, B. W. Falk, R. Goldbach, M. A. Mayo, Y. Shirako and
S. Toriyama. 2005. Tenuivirus. In: C. M. Fauquet, M. A. Mayo, J. Maniloff, U.
Desselberger, L. A. Ball (eds) Virus taxonomy: eighth report of the International

Committee on taxonomy of viruses. Elsevier, San Diego, pp 717-723.

Hall, T. A. 1999. BioEdit: a user-friendly biological sequence alignment editor and
analysis program for Windows 95/98/NT. Nucl. Acids Symp. Ser. 41: 95-98.

Hamamatsu, C., S. Toriyama, T. Toyoda and A. Ishihama. 1993. Ambisense coding
strategy of the rice stripe virus genome: in vitro translation studies. ]J. Gen. Virol.
74: 1125-1131.

Hibino, H. 1996. Biology and epidemiology of rice viruses. Annu. Rev. Phytopathol.
34: 249-274.

Isogai, M., I. Uyeda and B.-C. Lee. 1998. Detection and assignment of proteins
encoded by rice black streaked dwarf fijivirus S7, S8, S9 and S10. J. Gen. Virol.
79: 1487-1494.

Je, Y. H, J. H. Chang, J. Y. Choi, J. Y. Roh, B. R. Jin, D. R. O’Reilly and S. K. Kang.

2001. A defective viral genome maintained in Escherichia coli for the generation of

_78_



baculovirus expression vectors. Biotechnology Letters 23(8): 575-582.

Jeger, M. J., S. E. Seal and F. van den Bosch. 2006. Evolutionary epidemiology of
plant virus disease. Adv. Virus Res. 67: 163-203.

Kakutani, T., Y. Hayano, T. Hayashi and Y. Minobe. 1990. Ambisense segment 4 of
Rice stripe virus: Possible evolutionary relationship with phleboviruses and
uukuviruses (Bunyaviridae). J. Gen. Virol. 71: 1427-1432.

Koganezawa, H. 1977. Purification and properties of rice stripe virus. Trop. Agric. Res.
Ser. 10: 151-154.

Koo, H. N., J. M. Oh, J. K. Lee, J. Y. Choi, K. S. Lee, J. Y. Roh, Y. H. Je, B. R. Jin, S.
S. Yoo, J. S. Kim, Y. I. Kim, I. J. Yoon and S. D. Woo. 2008. Molecular
characterization of ORFs 2 to 7 of Korean porcine reproductive and respiratory
syndrome virus (CA) and its protein expression by recombinant baculoviruses.
Journal of Microbiology 46(6): 709-719.

Laemmli, U. K. 1970. Cleavage of structural proteins during assembly of the head of
bacteriophage T4. Nature 227: 680-685.

O'Reilly, D. R., L. K. Miller and V. A. Luckow. 1992. Baculovirus expression vectors:
A Laboratory Manual. W. H. Freeman & Co., New York.

Qu, Z., D. Liang, G. Harper and R. Hull. 1997. Comparison of Sequences of RNAs
3 and 4 of Rice Stripe Virus from China with those of Japanese Isolates. Virus
Genes 15: 99-103.

Saitou, N. and M. Nei. 1987. The neighbor-joining method: a new method for
reconstructing phylogenetic trees. Mol. Biol. Evol. 4: 406-425.

Thompson, J. D., D. G. Higgins and T. J. Gibson. 1994. CLUSTAL W: improving the
sensitivity of progressive multiple sequence alignment through sequence weighting,
position specific gap penalties and weight matrix choice. Nucleic Acids Res. 22:
4673-4680.

Toriyama, S., M. Takahashi, Y. Sano, T. Shimizu and A. Ishihama. 1994. Nucleotide

sequence of RNAI, the largest genomic segment of Rice stripe virus, the prototype
of the tenuivirus. J. Gen. Virol. 75: 3569-3579.

_79_



Toriyama, S. 2000. Rice stripe virus. CMI/AAB description of plant viruses. No. 375

Wang, Z., S. Fang, J. Sun, D. Li and J. Yu. 2003. Sequence analysis of the complete
genome of Rice black-streaked dwarf virus isolated from maize with Rough dwarf
disease. Virus Genes 27: 163-168.

Wei, T. Y, J. G. Yang, F. L. Liao, F. L. Gao, L. M. Lu, X. T. Zhang, F. Li, Z. ]J. Wu,
Q. Y. Lin, L. H. Xie and H. X. Lin. 2009. Genetic diversity and population
structure of rice stripe in China. J. Gen. Virol. 90: 1025-1034.

Zhang, H. M., J. P. Chen and M. J. Adams. 2001. Molecular characterization of
segments 1 to 6 of Rice black-streaked dwarf virus from China provides the
complete genome. Arch. Virol. 146: 2331-2339.

Zhang, H. M,, J. Yang, H. R. Sun, X. Xin, H. D. Wang, J. P. Chen and M. ]J. Adams.
2007. Genomic analysis of Rice stripe virus Zhejiang isolate shows the presence of
an OTU-like domain in the RNA1 protein and a novel sequence motif conserved
within the intergenic regions of ambisense segments of tenuiviruses. Arch. Virol.
152: 1917-1923.

_80_



7= AN & AT EALA

AU,

H

.

¥ o}

S
=

]

1A BARRIS] AT AHS

7l 8t

BT
[}

el

3. m7tet7lw 71

o) H Y.

L —
| -

A




	벼 바이러스 진단 기술개발 및 진단 키트 생산

	요약문

	목차

	제1장. 연구개발과제의 개요

	제1절. 연구개발의 목적

	제2절. 연구개발의 필요성

	제3절. 연구개발의 내용 및 범위

	1. 연구개발의 목표

	2. 연차별 연구개발 목표와 내용

	3. 연구추진 내용 및 계획

	가. 연구추진 전략

	나. 연구개발 내용




	제2장. 국내외 기술개발 현황

	제1절. 국내 기술현황

	제2절. 국외 기술현황

	제3절. 기술개발의 파급효과 및 금후의 전망


	제3장. 연구개발수행 내용 및 결과

	제1절. 벼 바이러스 항체 대량 생산

	제2절. 벼 바이러스 특이항체 생산용 고효율 유전자 선발

	제3절. Immuno-strip 제작 및 특이성 평가


	제4장. 목표달성도 및 관련분야에의 기여도

	제1절. 연구개발 목표와 평가의 착안점

	1. 연차별 연구개발의 목표

	2. 연구평가의 착안점


	제2절. 연구개발 목표의 달성도

	제3절. 연구개발의 관련분야 기여도

	1. 기술적 측면

	2. 경제·산업적 측면



	제5장. 연구개발 성과 및 성과활용 계획

	제1절. 정량적 성과

	제2절. 연구결과의 활용계획

	제3절. 추가연구의 필요성

	제4절. 타연구에의 응용성


	제6장. 연구개발과정에서 수집한 해외과학기술정보

	제7장. 참고문헌



