BRERT O P AZHERE LY 1 v A BNYVV) RNAOHERIT S L CBETEHA LA BE EHiRicET 2815 25

AT PEERIC LB A U RIETHEE Y O PR

B9

F P A F SRR - HIRERBIR DS R B2
+iEmETH D (RIS, 1987 ; Asher,1993) o FOD
=8, BCEPHAR TS < ORGiEAEDSFEFE S
N, FRESCHERAERESREIATHS (
Asher, 1993 ) o 1EFMEREIC BT G OBEIL
BES D TIERWD, —kic, Bttt RTE
RADOY AN ZBEEBENLE ENTWS ( Kaufmann
etal., 1992 ; Scholten et al., 1994 ; Tamada ef al., 1999
) o LBL, BEOWLWE Z AT RES
FINT SREHIORBIEDNED RN BB D, &b
BWIRYIME REOBEENRO SN TS, TFE, #
EFLEWFRIC L D2EDAOEGHE O 5 D5EE
XhTHbh, BNYVWTi, INFETCPHERRTEE
AUETF YA DMESNT WD D, A OREIX
XEXFTHD (Bartsch etal, 1996 ; Mannerloef et
al.,1996) o 22T, CPEEFEEALMED (
Nicotiana benthamiana) ®{EH U708, EIMHEMEAKE
BreBTcERP o, RFFETIEK, V1 IVAD
BITH VS BIZHEE L (Beckeral, 1994 ;
Seppanen et al., 1997) , ¥ENEYIN. benthamiana %
WTTGBEGF DB AL X 2 S O 25
HT=o

HMEBLUHE
1) VA NVRBIRFOIO—Z0 T

N. benthamiana OB ELHIZ W 7z BNYVVEIGF
DOEEIL, Fig. 3-1I0R Lz, 2BETF (P42)
&, BNYVVDS-028E (RNA-142) 25, 754
< —2F42k/2R42k Z W TRT-PCRIZL DI8IE L
7= : 2F42k (5-agGAtccATGGTCCAAGTACAGCG-3'
, Bam HI +RNA-2® nt 2130-2149, I A< v F DIk
BTN XFETCRT, LUTFREEE) , 2R42k (5
Ceccggg TTATCTATCTTCGCAAAAAGT-3' , RNA-2
(Dnt 3284-3264 + Sma WZABRINK)) o £, BkEME
- F (P13) , 15kEETF (P15) , 13k&15k& 2 DR
WEBEF (1315) &, SHOEERDRNA-2D3 K
{12 & cDNAY O — 2 pMSD25 2 5, Zh 21,
7S 4 % —2F13k/2R13k, 2F15k/2R15k, 2F13k
PRTGB% FIWT PCRIZ & b 18| U7 @ 2F13k (5-
AggatccATGTCTAGGGAAATAAC-3"', Bam HI
+RNA-2D nt 3284-3300) , 2R13k (5-AgagctcTTAA
CCACAAGCACCATT-37, +Sac I+RNA-2 Dnt 3640-

3623 IZAHAT) , 2F15k (5-AggatccATGGTGCTTGT
GGTTAA-3', Bam HI +RNA-2 D nt 3624-3640) ,
2R15k (5-CgagctcTTATCTATGACACCAAAA-3' ,
Sac 1 +RNA-2 D nt 4022-40051ZA8#HK]) , 2RTGB (
5-aCcCggg TTATCTATGACACCAAAA-3' , Sma l
+RNA-2Dnt 4022-4005 12 AHAEH)) o PCREWIE,
Bam H1 / Sma 1F 7= (X Bam HI / Sac 1 THIHT LT
pUC119 D Bam HI / Sma 1 537 F 7z (L Bam HI / Sac 1EH
fLlc i A UC R E NM522 I e Bl L=, P42,
P13, P15, 13150%& 7 10— X, HAES 2R
L, ZNZ1, pMP42, pMP13, pMP15, pM1315
L&t . A2KBEFADTIL—LY 7 NERYE
A ("CTAG" 438E %) IZi&, B 5= pMP42
% Spe TCHIHT U C KlenowBERIZ K W REERIEE L

(Sambrook et al., 1989) , HFFEIEE, Bk
FADO7 I BROBHMERZEAICE, pM1315 %8
MY UT 7T 4 < —2F13kM /2R13kM I & % inverse-
PCRZ Wz 1 2F13kM  (5-GctGeag CAAGGTCAGC
TGAT-3', RNA-2(Dnt 3449-3469 , H=IZHA L=
Pst T EBALIXFHRC/RY) , 2R13kM (5-TGeigCagC
TCTGaATTTAgCAgCGTT-3', RNA-2(Dnt 3457-3431
IZHEREM)) o PCRIZ, 94°C-14>, 55°C-24%, 72°C-3
SOV A ZIVEISEIToE. 73 JBIE, Beck et
al. (1994) CEERICEH Uz, RERZEALTH
bhiz&r n— OFEES 2N, EROEAR
FER LTz 42kBERBERTOV 10— L pMP42S,
BISERERFDY O — ik pM1315M & & 1T
7z

2) WMFBART H — DR

AN F )AL Ti7Z7 A3 ROT-DNADT
WD EAERES 2 S TEMIEIIAR Y § — pBI121 (
Clontech ) % #IFRE# 3 Bam HI & Sac TCHINT LT GUS
BIEFEEROIBRVWEDD, HDVIEE 5T Sac THAL
EEERRLLUES OREMRBRORI I —L L
THWE. DA NVZEEFOEI O— 2% Bam HI/
Sac 1E7=1EBam H / Sma ITUMILTA VP —1 %
oL, BEAZYIZHEAL, KBEE NM5S2%
BEGRLE, EUFI0=—%, 70—V 002
FWET75 4 < —TPCRIZL D I8IE U TR ER#EE
MR U= BRZEALED—-VTR, TR
ErOo—VBEBIRLUETIAv—2AWE, JO¥
BRI -2 DO RBENMSRET 7N 7 )%
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Fig. 3-1. Schematic representation of the BNYVV RNA-2 and construction of the
virus genes. Genetic map of RNA-2 is shown above. Nucleotide substitution between
nucleotides 3431 and 3457 is shown. Mutated nucleotides are indicated by dots.
Additional nucleotides are indicated by bold italic and unique

underlined.

Pst 1 restriction site is
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LLBA4404 (Clontech) &ANWIIA—T75 I F .
pRK2013 (Clontech) % & D KBFH HB101& 2RA
L, PURPLUFIVALT 4T (Ditta etal.,
1980) WL b UM INWABEFET 70N T DL
WCEALRZ,

3) BEEDADER

025% WS4 NEELBHIVEY » 7 U—0D MSHEE
Hi (Murashige and Skoog, 1962 ) A D DFEBEULA
2, 70%T4 /=) e EHRRBE 1.5%D7 > F K
V3 VU TWE UTEN. benthamiona DYVETF RS, B
HEEEA (23°C, 168FHIBIE) TR LEME T
Tz ThERUEMICHAL, I5ICK SEEE
T, BETEAOEOOEREBEYMEE LTHWE,

4) EY~DORIZFEA
BELESRETFEEL 770N F IO LE
LBIEHICESR U, Benvenuto etal. (1991) - T
) —2F ¢ A7 I LD N. benthamiana OFEEREY)
BRIER (5~10mmfl) IZREEI S, HEEEE 23
CEEFTC2HRTW, ERZNFT<A 2 100 4 g/ml

EUTTIAT U250 ugmlBELFIVEVAD (
BAP (XY V)V - 73X/ - 7Y V) Img/ Bl v
MV, NAA(F 75 L VBEEE) 0.1mg / B5H11Y) v b
V) OMSEHIIZFE LT 23°C-16R IR T T/ 2
RIS L, XHICHE UL, 208 28/
%, V=0T 4 RV PSEEE U ESEYEE NS
A U100 Ugml BELTRIVE Y 7 1) —O MSH;
IR U TR S Bz TR 2~ 48 RIER I 2D
BEDFREBEICBEL, B CIREEBIHTTE
T, #¥REMBRICRETEARIIHLETUE, 2h
ZEMMGENR (RHR) U, BEETFZLD,
RE Lz, COBFEHEMLRIMA (RHMAR) &
U T LA DS IR I W,

5) BB FOENT

B LEERDED S ISOPLANT (Zw Ry Y —

V) BRWTHBERERL, 70—V OBICH
WETT4 Il LD PCRTUAIIVEBEFEIBIE
L, HHOBLEFDBEAINEPE D PEFAN,
75 4 10pmol 7z,

6) RO R T4 ¥ Uit ER DR
BEERERAIIAF AV (200ugml) EEFLE
WVEY - 7)) —DMSER (025% 754 V&g

L) 2OEL, 2hIZ, 0%y J—)VE15%7
FHRIWI VCHE LU EREBREREOE T (R
R) &2EE, BtERaan (23°C, 16KREE) <
KRB . IhER UEHICHk L, K 5ER-
BTl BRARZY —ZhF <A Y Uit En T2
BOo0T, WS FvL Y Uittt cHNIZEK
ETBBEFPEAINTWEEEZ, ZOhF~
AV UEESUEMTRE, FFLEAF A U
MK ZERERBRIC AW, MNBOEREEEGRRKY
UCEREYERE Wz,

7y A IV 2 DR & UE

A IWAOEME, BYOBEIE, BXEREN (
23°C, 1603RIFRAE) THEMEL =, 30mBEHRE F 2T
FRAERE (BRHER ) ICRERD (20~304 Y
va) BANh, ThICERERIZE TEN.
benthamiana %t (BHEH M) 2B LUE. 8
#E7 (Hoagland & Amon RGO R, pH7.0) (
Tamada et al., 1989) ZHH#EEL =, BNYVVf
BENo0.96 (RNA-1+2+3+4) ZITVEIERE L= )L+
HEER S, BIEEIHICHE>TUA VR EEH L
L CO0.1mg/mliZ AR L, HBHEEN7TEY (6~7%E)

. DIWEERAS LUNROFREERE (EEED

1K) OBBEIMMICH—RT V¥ LA BT HIRE
U7z, BHEEZ10A T2 L3 (0.1g) 2R
LU, ELISAIC X W oA W2 DOER BTN, BROH
mENEUE,.

8) FEEERIUA T OB AEE T DIBURNT
BISBLTBBISMBLRTFEZEA L ZETERO
DFM (M1315-2, M1315-5, M1315SM -1, M1315-7
) IZDoWT, BABGFORRMT 2T o, &#
GFEVIIAT 2RV E0, BB TFOR
Be/—vy -TJov bk N TYFL L~V a Y
WL DI Uize U A WA BEEBRICEITTD L,
4 )V 2 D RNASF D8 A IE T HEDEERE
) EMOBEIE (80.7kb) 2R LU THEHE DX
PR LIRS 728, A IV DB E % IR
U, ISOGEN (ZwhyY—V) 2HVWTELRNAZ
ML, 10 ugDERNAZ W, FSEHIFIC
P> TEZIKEIZ 1T, VacuGene XL blotting
system (pharmacia) ZFHWTHA QY - ATV
(Hybond N+, Amersham) ICHH L, 702D
71— (Stratagene) IC X DUVEE Lz, TDAVT
VY BN TVE A= a VB (50%75)V A7



28 JeimE L R BIG WY - 1005

IR, 5X88C, 0.1%N-ZoaA )¥FLrayy,
0.02% SDS, 5% 710w x> J¥EH) FT4°C, 1~4
B vFax—bL, COWBBT, MM TUY
A ¥—Ta BRI 7o —7 (01 4gml cDNAT

o—7) ZMAT42°C, —fA o Fa—b Uik,
TR T X7 R LTz pMSD25D
Eco RIfTH (RNA-2D2978-379018E 2 ET) = H

Wize U FIVIE, DIG Luminescent Detection Kit  (
Boeringer Mannheim ) BAWTEERIIC & DR
 Uize BEMEEICIECSPDEALY, 1~8IFRIXH
T4 (AFwY) KB LEBLE, A—0DX
VIVVERAWTY IFV T UERT 7 F 2 RNA
TR—=T (R=) U H—=) TEONATNFTAE—
vayveEiTy, BABETET7IFY - 70—-TL
DT FIIVELELT, BEAEETFOREEZ BT
L7

R

1) EEREYO/EL
BELEHEOY A NV B FE2 T TaNT 5
U LB BTN, benthamiana B A L=, Hoh
EEMEEERE, Zh2h, MP42A3{EIK, MP42S
P3ER, MP13DS4{ (A, MP1SHS3MEIK, M1315H35
B4R, MI31ISMDBHERT, BERERBICNT SR
B RIZ2.8~143% CTH o 2o ZHMUEKRD
ELLRR U EHBEEAWTPCRICZEDERE TS
BEFBEAINTWBIDPEIDPERFANEFER, T
NRTCOEMEEDI S HIE T2REZI DN R
BE iz, ZhsoEMEUR (ReER) 25
M Lzo

2) A IV RIS ORAE

Rt 22{AE (RE) OFEF (RyHR) H 53R
HBUERFA > R EERIC BNYVV Z H R
U, W0HZ LI LN ERELISABIC L D RELTY
AWV ABRDH ER2 T ~J= (Table3-1) o EERIXS
AT TIT o 72 TR, MP42, MPI3B LT
MP15SDE R, MI13158 L UMIIISMD—EBD R
# (M1315-1, -5, -6, M1315M-3) DITL A ¥ Of
RiZ, BHEOI1I0~20HBICHKREY A 7 E X
AZOERERL, LUERS DA IVIDE I N
(Table3-1) , Th b, EEEEGBREISD YA
WA REE SR TH o=, LI L, MI315E
MI131SM DBEWHATIX, T A IV Z2DOMHEIENS
OHBHoJe (Table3-1) o FHI, MIZISOH T2

EADRM, MIBISM DR TIE2E TDORMBD 7 A
WAMHEDEL (Table 3-1) , HEFMEDSHEEI L
TWBEEZBNE,

MI315 X MI3ISMIZDOWT, hF= A4 ¥ UiifED
DEEE BT ER, MI31S4 2RO TN B2
HONBLIZIEIE31TH o2 (Table32) » 2D
s, BALEBRGFDIARICHEAINEZES
Zohb, UL, MI3154iE, 20AFRLEIZH A
Shi=28t (10:1) Z2RULE (Table32) o &
nBDOEEKIZDONT, BT A IV ZAOEHERE
fFolb %, MI1315-1, -5, -6:BLUMI315M-1,
3, IDERMTIE, HHE20H0%~30A%IZIE, JE
TR ik & IRRIC KER A O{ERD S ™ A IV 2 D3
Hahiz (Table3-2) o ZHIZA LT, MI1315-2,
M1315-4 B L U'M1315M-2 D3R TIL, DA IV AD
KR HBE o= (Table3-2) o

3) B ARG TORBIT

M1315-2,, M1315-5, M1315M-1 38 L UM1315M-7
DARRIZONWT ) —T Y - 7avy b N4 TV
A ¥ =2 a L VB ABEGTORAEMBITL, &
5ICHFEORFE 21T o (Table3-3, Fig.3-2) o
DA NZADEEWOHEBEET, EEA EOREREK
DEERSIETA NZIDBREI R 5 ( Table
33) o UL, B 10BBOBMEED S T2
ToANVADBEINE. M13152, M1315-5,
M1315M-1, M1315M-7, FEFEEEBHUKRDERMD
HHRIEDELISA T ORS00 % ORLE (A405) D
SR, Fh2h, 0312, 0342, 0313, 0319,
0.447C, JEEEEBAR L LERRE ORI YAV
2BOERBRET P> BIE0HETIX, EE
BRI, FEGRKIZLERTEENL D ( Plate
1-A, B) , &Y (Plate 1-C) IZIERSNRWE
YA 2 (Plate 1-D) A% (Plate 1-E) OFEHFE
BoNE, /—HY 7Ry N NATVFALE—
v a v Tk, WHERRAD S DA ABLGETFICHA
H2M0Tkb DN Y K E iz (Fig.32) o &
DRNADFBREIIMKZ IRz =0, 7O F >
WEEKR1.8kbDY IV, 1T ACEVDR
hol, Ff, BBIBLT13ISMD2DDIT A b
727 b T, RNAOEBRBIZKRERET P o=, H
BFEFICE D BABEFOY T FINOERIET I F
VOV FNOBMI LR UERER, EARERTOD
FIEE, T4V EE L ITHEER P2 (
Table 3-3) o
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Table 3-1. Resistance to BNY VYV in self-polinated progenies of transgenic lines,

Days after inoculation

Experiment Construct  Line

10 20 30
I MP13 1 3/6 5/6 6/6
2 3/6 6/6 nt
4 2/6 5/6 6/6
5 0/6 6/6 nt
MP15 1 0/6 1/6 4/6
4 1/6 3/6 5/6
M1315 1 0/6 0/6 3/6
2 2/6 2/6 2/6
4 1/6 1/6 1/6
5 0/6 1/6 3/6
6 0/6 3/6 3/6
ceeeeeoo.o BOD-Uransgenic plant 16 306 A6
""" I Mp42 136 66t
2 3/6 6/6 nt
3 4/6 5/6 5/6
M1315M 1 0/6 0/6 1/6
2 0/6 0/6 2/6
non-transgenic plant . 6/6 nt nt
"""" mw o MPis 3 TTho g0 a0
MP428 1 0/2 0/2 22
3 1/3 2/3 3/3
eeeeeemmeeoo_... RON-transgenic plant | 040 910 10410
v MP42S8 5 4/10  10/10 nt
M1315 2 110 110 1/10
4 /10 1710 1/10
M1315M 1 2/7 217 4/7
2 110 110 2/10
7 0/10 - 0/10  0/10
non-transgenic plant 0/10  8/10 10/10
"""" v UUMIBISM 2 e o ong T
3 2/4 2/4 2/4
non-transgenic plant 519 - 16/19 - 19/19

Figures indicate number of plants infected / number of plants inoculated.

'nt' indicates 'not tested".
Vrirus infection of upper leaves was tested by ELISA.

Table 3-2. Resistance to BNYVV in self-polinated progenies of transgenic lines of M1315 and M1315M.

] Percentage of
Construct ~ Line  kanamycin-resistant

Days after inoculation

plants (%) 10 20 30 40
M1315 1 783 298 8 10
2 75.4 1 2 2 2
4 90.9 0 3 3 3
5 74.9 3 10 12 12
6 69.3 3 11 12 12
CMI31SM TR 755 TR 4T T
2 68.9 0 1 4 4
3 73.0 12 12 12 12
___________________ T 764 A6 T 10
non-transgenic plant 0 12 12 12

a) Percentage of kanamycin-resistant plants was calculated from sum

of two independent experiments.

b) Figures indicate the number of infected plants out of 12 plants onto

which the virus was inoculated.

¢) Virus infection of upper leaves was tested by ELISA.

29



30

dbiE s B BEE B8100%

Table 3-3. Analysis of R1 progenies of lines 1315-2, 1315-5, 1315M-1 and 1315M-7.

Plant line Number of mRNA expression Number of plants infected
plants tested  Level Number of plants 40 days post inoculation
M1315-2 11 + 1 0
++ 7 0
+++ 3 0
M1315-5 11 + 1 0
++ 8 2
+4++ 2 0
M1315M-1 10 + 4 1
++ 5 0
4+ 1 0
M1315M-7 11 + 4 1
++ 4 1
+++ 3 0
non-transgenic 10 - 2 o)
ot 8 8

'+, '++' and +++' indicate the intensity of signal of the transgene as compared to that of actin.
'nt' indicates not tested.
Virus infection of leaves was tested by ELISA.

Fig. 3-2. Northern blot.analysis of R 1 progenies of transgenic plants.
Total RNA was extracted from leaves before virus inoculation.

RNAs were hybridized with RNA-2 specific cDNA probe (A) or
actin RNA probe (B). Lanes M and N are molecular marker and non
transformed control plant, respectively. Lanes 1 to 4 are M1315M-1
plants and lanes 5 10 9 are 1315M-7 plants. Arrows indicate the
positions of each mRNA. +' and -'indicate infected and not

infected, respectively. ,
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Plate 1. (A)Transgenic plants of M1315M-7 at 30 days after
inoculation. (B) Nontransgenic control plants at 30 days
after inoculation. (C) non inoculated plant. (D) Plant
showing typical mosaic symptom. (E) Plant showing necrosis
symptom.
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B F

BNYVVOTGBDEILEFIZDWT, 6BIMEOHAE
DB DEIEFEEEL TN, benthamiana \ZE AL,
TEEEREORIA (RER) O A L 2EHiME
BHWERIC L DRE L. P42, P13, P15, P42S
DEBIEF2ENZNEALEMIL, JFREER
RERRRICT A VIR U7 (Table3-2) & 2h
IZRUT, PI3EPISE BORWEBET (1315)
EEAUEHEMO—EORE (M1315-2, 4,
M1315M-1, 2, 7) &, PB3OEEDEHEICEDS
T, EREGRAIIEART EMETO YAV 2
FHEL, EHiEZR U7 (Table 3-1, Table 3-2,
Table 3-3) o {EMABIZAS &, M1315-2 & M1315-4
DEHUEER B, 1315M1, 1BISM2BLY
1315M-7 DIESEIITLZE TH > 7= ( Table 3-1,
Table 3-2, Table 3-3) o EFUMEDIR S BEN=FRMT
b, —HOMKIEIETBEEIA L FEE Y A )V 2R
2T, BHE0H~30HBICEY MV
DERD D oz, BHEETOY A )V ABEEICIEE
ERsNhRk->E, itz ehs, TGBEEFOD
S BPI3EPISEETOEAIZL > T T A IVADIE
PRI, JORYIER, YAV ROLEB
TEELEZZLICLDbDEEZ SN, BHiMHE
M TIEERO T A IV ZBEIE L, MEH»S TR
ANDTANWZDHATHHEINDZ EZEZLNTNWS
8 (Kaufmann ef al., 1992 ; Scholten et al., 1994 ;
Tamada et al., 1999) -, AHFZETHE S N HPIMEE S
NERRD, DANVIABITORETH 5, N.
benthamiana DL EHAM GRRRE~OBAEEK 40H)
ZERTDHE, 20~300 DY A )V AT OEIEILIE
FMEE LTHaeEZ6N30, FroA4K ol
EFEEALRRI LGS EAOERIET %
PESIDIEDP SN,

BNYVVOTGBD1ERD D /37 H A2, ¥l
IHREET 2 E 2D ( Niesbach-Kloesgen ef al.,
1990) » TGBD2EH DY VISV EP131L, FDNK
& CRED1620{HD7 I VB BUKETH S (
Morozov et al., 1991 ; Richards and Tamada, 1992 )
 DBUKME DL, 'GXYR/K)DG(T/S)(R/K)' E
F—7EBEOFKECE T AV M koTHHTIS N
T3 (Morozov et al., 1991 ; Richards and Tamada,
1992) o TGBD3IBOHDH /37 E P15k, BktED
BT VNI ETH D, P13 & PA2TIRGEY D
BaESOESPOSBREI NS D, PISIEMED &
DEZ S B INT ( Niesbach-Kloesgen et al.,

1990) , P15i%, BEESERITDRVD 2 VILE
BRHADIERICE WL EZ bhd, PROT I
AL, EEBMEDH EFIERS =570,

DT EHSPI3DCKE L NAMOBKMEDOE W
i, Pa2LPISE DEAKRELET 2 DICHEDS

LKL, EADESICRKELFFS LTV 48BN
%0 £z, 3D0F VNV EORICIZHEK M

ERDH Y ZOMEEE I REMICEETHZ LD
WEDH D (Lauberetal, 1998) o

P42 L PIBDFRIRIL, FN 2N UTHEET S

TEMTEDLH, PISEHEBICHREAIEZ LA
2 DAAFERIRETHPHE X NS ( Bleykasten-Grosshans
etal,1997) o $72bHB, TGBD S bDPISE L TD
"replilcon" (P1SEIZTFOAPIEEIND L5 IC#KE
UEREREY)) #IEH O RNA-1B L URNA2 & EE
LT PIBR L2 L DR, &4 )L DM
DHEIN, 51T, PISOEREHEMDOY A )L
A1 complement X 172 D> > 7= ( Bleykasten-Grosshans
etal,1997) » ZOHRARIZIL, PI3EPISOBEETH
BUTTS /) ARNADPSEEIND =8 ( Morozov
et al., 1991 ; Bleykasten-Grosshans et al:, 1997 ), i

FOMMLEDOHIBEAPEE L TVBEEI S NTNS

(Lauber ef al., 1998) o Bleykasten-Grosshans efal. (

C1997) OFERICHEZE, KRIFET, PISEIMMOEE

U X D DB RNTE L WETTH 2, L

U, PI3LPISOEAKREEA L EELAD A

PIEAIMEE R Uz PI3EPISE DMBEAEHIX, cis
KWRELTWREEIIENZ L EZ B N5,
BNYVVODTGBD3 DD 337 B ORI XA
ERDH 5 DT (Laubereral., 1998) , 3DDTGBE
BFITRTEZEAUEEEERKIC DN T H R
DETH 5,

BATE VRV BB T EEA LR ESEREY O
DA N REHMEL, WL OPD RNAT A IV 2T DN
THEINTN S, Malyshenko eral. (1993) B &
ULapidot efal.  (1993) IZTMVODEREI0kY > 37
BB{T T, Becketal (1994) i&, White clover
mosaic virus (WCIMV) DTGBD 2% Dz T 13k D
ZFBRFT, Seppanen eral. (1997) i, Potato
virus X (PVX) D28 D5 F 12k DA B 5 F D&
ALY, TANVRBHEEN 2T TN S, 35
W, BEBITY VSNV BEERRBELT D E Y
3, 2250 DDPOT A IR U TR 2R
L7z (Lapidot et al., 1993 ; Beck ef al., 1994 ; Cooper
etal., 1995 ; Seppanen etal.,1997) o TN HDEE
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LB DS T2 8 A )V EF M 2 R T O DL IERE
I TR\, EREDRITY VWV ED
BAERMOBATY V) B L IZIZABRICEEE L THAE
BEID, 2EAOYAINVZAOBITHHEEIN, ¥
VB L ARJVTHEFAMDSREI o TnWEEEZI N
TW3 (Lapidot et al., 1993 ; Seppanen et al., 1997

) o EEE, WCMVBLUPVXTIL, TGBOE A
D2FED L I3BDDBEFERILT 5B N. benthamiana
A NWRIIEREZMTH o= (Beck etal., 1994 5
Seppanen et al., 1997) « TMVOIEGE S ERRT, 4
ROBTY VIS EEEA L R EEREEY IR
MERIT, LA, BEER2OOBITY VINVEE
complement U 7= (Lapidot et al., 1993 ; Cooper et al.,
1995) o L& L, BNYVVTiL, BEEDERET
MI315TH A VR T BEFMEER U ( Table
3-1, Table3-2, Table3-3) o £/, WCIMVDTGB
DIFDDH VIS EPT, PVXDTGBDIFKRDH DY
I8 B PSIEHEFIEIZBE D o Tz hS ( Beck et al.,
" 1994 ; Seppanen et al., 1997) , BNYVV T, 3&D
DY ST BEPISHESFMEICRESEELTWD L
EZOND, REZDLSHENDD 2 DMPIETES
T 5, Hobbsetal - (1993) DRLELDIRY —
VHA LYY UTILE B NI RV - OFEL,
Tibb I VRV -V OEBEBIGINEI > T»
BHELHEILOND, AIFETES N BNYVVD
TGBIZ & BEFWEICOWTIE, & 512, FEMREN
BRETH 5,
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H5E
B YOV o UEEREIC LB
™ £ )V ZRNADH,
B

FUHAZFSRRIE, TEBPICEETAE
Polymyxa betae \= & > THN I 2 T ERIERE
D=8, WKL, BHOLBEMPERETH
%o, ZORMICK Y RFRBORIHRR, &Lt
R, IR OEEMN TS, BNYVVE
FUY A ODIRICEET S, DA NWVRAERIZEEL
EIIBITLRWED, ARIZL S 74 )2 D2H NI
FEHICHETH D, W EMOBMIERDZ SBFED
BHHTH LD, hoRE, £HEEEr ORFIH DO
WD TIFHER Y 4 IV A DZETE ELISAYIZ L o
TIThbhTnwb, 2056, 7oA HilREY > 7
e UTHEET 2 FEDP—RRICHWS T\ 5,
F7, WEEYE D, 202 ELISARET S T
HWEMREDSBERINTNS (NEFS, 1990 ; FJLE
5, 1991) o

—%, BNYVVIZIZBHEAEBEORNA, VA VA5
HERRIC & > CIXSHEDORNAZE R, T HDRNA
i, Zh2NERoEBEEZR>Tn5, R, B
JRMEIZBES 9 % RNA-3 & RNA-S IR S kEIC 2
o REMERL, 23 RREIMERECBNT
ZOENDEHETH D (Tamada et al., 1990 ; 1996a
) > RNA-5 % &0 #ikk 308 % @ 4FE DRNA D A
EEOOERE D X SITRVWFERERMEZ S D ( Tamada
etal,1996a) o F7=, BEWENIHERE L =B NS HEE
Mo, B2 IS DRNADRKERNPHET S (
Richards and Tamada, 1992 ) - LLEDZ &5 5, RNA
HomBIEIEELDPOLEDLOTERETDH 5,
ELISAMETIEZ DL 7204 WA RNAZKFT 2 Z
EMTERNDT, FRNAZKRE T 2 =DIZIdER

PHEOHBPLETH 5, V1A NVADRIETZ
WHZIEEE LTINS TUF A ¥ =2 a vk e PCRIE
DH BN, KETIE, ERFAMEOYIFV T =48
I X B4 VA RNADKR S 2 RS Lz,

MHEBLUHE

1) DA VR 5Bk

BNYVVE NS S-0 (RNA-1+2) , S-3 (RNA-
14243) , S-4 (RNA-142+44) , S-34 (RNA-
1424344) , D-5 (RNA-1+2+5) B L UD-5a (RNA-
142+45a) Z2RAWE, I 6 DS, VIV

B2

ETOREHIMIC L o TEADHERE SE =D
PO/ NTSHRTH D (Tamada et al., 1989)
Fi=, ROBNTHEE DA IV ZRE Polymyxa
betaeZ FRNTT VU A DIRICEM L, RPS5DYA
JVARNADKMIBIZ W, 2, s OBAS
BREYNVFICHEELUTEP S DY A VR RNADKRH
ZHWE,

2) DA INVZOfL & RNADH
FEAEBIEICIBAT=H B ST, ULV RBH
L, RNAZHH L.

3) RNADY )VESIKE)

WA A VAP S Lz RNAZ 7 Ho—2
TNVELKIKE U T, SHRO RNAKEL, RNADS
FEBEZF V= (Tamada et al., 1989) ,

4) 1F#
DNAZO—2EELT7T I RDNA Bug) %

Y dF ¥ = (digoxigenin (DIG)-11-dUTP,

Boeringer Mannheim ) ZHWT S V¥ LT 54 Lk
(Feinberg and Vogelstein, 1983 ; 1984) 2 & h =i

L7zo cDNAZ — i, RNA-1HEDpMSD49,

RNA-2 R DpMSD25, RNA-3HXKDpMSC8, RNA-

4EHRDpMSDY6, RNA-SHEDpMSDS514 % /=
(Fig4-1) o

5y /=¥ - TavsFavy

RNAW, EaHEY A V2B D W IZEYHEED 5
FABILU =, Maniatis eral.  (1982) > TERIKE)
BTN, o0 —2 c AVT LV UIER LR
(Saito etal,1997) o T72bHH, RNAZFIILT)
VoW AT IR (50%HBINVAT IR, 6%7 4 WA
7ZIVFe b, 20mM MOPS (20mM ENVT7 A4V ./ -
TRy 2T F VB, SmM BT MU DA,
0.5mM EDTA-Na,, pH7.0) , 55°CTC15%) T&M:
LT15%7 Ho—2A 7 VEKIkE L, 20XSSC (
SMIEMEF N DA, 0O3M VBT MU L)
ERAVWC—M-bobLO—X - AV TV Y ECK
U, BZEA—7 ¢ 80°CT2RMERE Lo

6) Fvbh-7nvsrar7
mm&m@fmﬁm@bfm¢f%%bfﬁﬁﬁ
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L, = bl —2 - ATV VIZARY L,
B2 — 7 T S0°C2BE I [ Lo 8%, 1ul
B2 b Lk

N NATVFAL = ay

DIG labeling and detection kit nonradioactive  (
Boehringer Mannheim ) (> T, TUNA T VS A
PealEBTILNA T AL -2 a B (
50% IV 7 2 R, 5XSSC (1XS8SC : 03MiE LT
MDA, 003MZ =BT MDA, 10mMY >
B MUY A, SXFUNVNEK (1XF )0 b
B 2 0.02% 7 4 ), 0.02% B Y4 =)vED)
K>, 0.02%BSA) , 250 tg/ml> VHEFDNA) HT
42°C, 4B, N TN F A= aENLT)
AL ¥—a i@ (50%F)WVL7 IR, 4XSSC
, 10mMVU YEBF MU DA, IXTFUNVNEHR,
200 e g/ml = VFEFDNA, 0.1ug/ml 70—7) H
T42°C, —MfT >,

8) Falz LS
NATNFAL = avE, ATV EERL
(2X8SC, 0.1% SDSH1, ZEif, 542[A ; 0.1 XSSC
, 0.1% SDSH1, 42°C, 10433[H]) , PvIFT =
VZii% Uy s B I i S s A e BT
J— MBI T30S v Far— LR, IHE
0.05% N7 A b > X-1002ZLAP7.5 (100mM b )
238, 150mM 8 N DA, pHTS) THE
LU, 1ImlDAP9.5 (100mM k) RIEEE, 100mM 1§
e MY DL, SomM BILY 7R A, pHI.S)
H 7= D 4.5 L1DNBT(nitro blue tetrazolium) K (
75mg/ml 70%DMF (Y A F)VHRIVAT I F)) &35
1D BCIP(5-bromo-4-chloro-3 indolyl phosphate) B
(50mg/ml DMF ) ZhIZ CREI B,

9) Yo 7IVOFHE

TEHRERE D 5 1%, TS/Sw 77— (Habili et al.,
1987) ZHWS HETHBREZRAR U, $72bb,
#150~100mg DEF 2 IEHMRZE 1.5mlDOY A 7 07 R
NF2—TIZ AN, 04mIDTS/NY 77— (50mM
MU R, 2%SDS, pH75) HTEHL, 7=./—JV
il Okfafnr =/ —v) , Zaafiafit, ©
7 ) — Wik EITV, 0.1mM EDTA-Na ) lZ & U7z
(EfimgH = b1ul) o /—=Y> - TnvFa v
JBELURT-PCR T, AT A VBB S
BTSNy 77— AN HETHBREHAE L=,

Tibb, HoRLy AV ABEERICKEED TS
Ny 77—LBEUIZRALDIC NI G ( pHTS
) LSDSEMZCEY, MYMBE AR =/ —
VT OKEEFI 7 =/ —)) , Zoai)Vaih,
Ty ) —)VikEETV, 0.1mMEDTA-Na Il AfE L
7= (FEimgdH 7z b 1ul, RimgHzbo25ul) .

BR .
) /—=¥r-Toyh - NAT)FLE-Vay
IZ & B

pMSD49, pMSD25, pMSCS8, pMSDY6,
pMSD514 D& cDNA 7 1 — > % digoxigenin(DIG)-
dUTPZ FANWT T VA LTS A4 = —KIC & b

L, 70—7%¢ UTHWE (Fig.4-1) o BNYVVZ
HHRORNAZRENT 228, 5OO70—7 %8RS
LC/ =Ty -7avh N TUF4 ¥ -2 a3
ZiTo7=#%, RNA-1, RNA-2, RNA-3, RNA4,
RNA-SIZH Y T 2B ISR VUt x h iz
(Fig.4-2A) - BAHERS-34, S-3, S4, D5,
D-5a, S-ODORNAMELE RNADKE XL, 7 Hno—
2T IVELSIKEN X DT ORR E —BL TV,
IBIENRFRDY D»«‘/é7"m~7’<‘: LT T
¥4 —areiTofgR, &#7o0—-7iE,
RNA-1, RNA-2, RNA-3, RNA-4, RNA-5& Zh 2
NS L, MO RNAZIEREET, BNYVVDS5
M ODORNAZ ZN2hOY I¥ 20 = R cDNA
ra—7ick b, BEKICKRETEE (Fig 4-2B
) o FRNADEIZERICIZRED > TVRNDS,
5DDRNADIRE T 1~10ng, VIV F DEDLZEET
1~0.1mgD & &2, MBIc+aky 7rudhdsh
7

Ta—7 DREMEFRD D, SHEK S-342D-
SOESRNADE Z#8EIZ LT, RNA-3, RNA4,
RNA-SO 7 O—T2FWTNA TUF L ¥—=vay
#4707z (Fig.43A) o« RNA3O7TD—TIZL D,
RNA-4 & RNA-SIZF Y 3 B LB 5N RS
X7z (Fig. 4-3A) o [FIERIZRNA-43 W IERNA-S
D7O—TTHRNAI DT RICKIGE LR (Fig. 4-
3A) o 100ngDRNAZ WS L, 70— RNV K
PRI N (Fig.43A) o« Thid, 702 - A
TNV P—ayLEILERLTWS, ZOX
312, &RNAKK, FEDHRBRRNAIZENWY 7S
WERLUED, 10ngh DEVWRNAZFWS L, AT
O HZRRNAIZ S V7 FIVERLE (Fig.4-3A) o

RNA-3, RNA-4, RNA-5STIL, 3REFERSDH200
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RNA-1 > 237k L @
by i 1 = pMSD49 (probe 1)
) ShP P Sp E Sp A
RNA2 L CP1 54k | er 13L15 14] ayn

/7?"!‘{"'—" pMSD25 (probe 2)
HS P E X

RNA-3 A)n

I pMSCS8 (probe 3)

pMSC8HX (probe 3A)
=== pMSC8HP (probe3B)

RNA-4 *—1 31k |~ (A
e ——_ pMS D96 (probe 4)
Sc

B
RNA-5 *— 26k |~ (A)n
FETEIIIISIS=. pMSD514 (probe 5)
Sc

Fig. 4-1. Genetic map of the genome of BNYVYV and the location of cDNA fragments used as probes for the
detection of the RNAs. The boxes indicate the open reading frames. The solid circles indicate the cap structures at
the 5" end; (A)n indicates the poly (A) tails at the 3" end; and CP indicates coat protein. The cloned cDNA inserts
used as probes are represented as the thick lines and their names are shown at right side in the parentheses. The
vertical bars below the lines indicate the restriction enzyme sites. The following enzymes were used:

AAcc I; B Bam HLE Eco R H Hin cll; Ha Hap I P Pma CI; S Sac 1; Sc Sca L, Sh Sph 1;Sp Spe ; X Xba L

Fig. 4-2. (A) Northern blot hybridization for the detection of BNYVV RNAs of laboratory isolates containing
different RNA components. The virus isolates used were S-34 (lane 1), S-3 (lane 2), S-4 (lane3), D-5 (lane 4), D-6
(lane 5), S-0 (lane 6) and non-inoculated control sample (lane 7), each of which was hybridized with a mixture of five
probes (probes 1 1o 5). The RNA was prepared from partially purified virus particles of each BNYVV isolate. (B)
Northern blot hybridization for the detection of each BNYVV RNA in samples containing a mixture of five RNAs
(RNAs 1to 5). The RNA samples were obtained from a mixture of isolates S-3, S-4 and D-5, which were hybridized
with the probe 1 (lane 1), probe 2 (lane 2), probe 3 (lane 3), probe 4 (lane 4), probe 5 (lane 5) or non-labeled probe
(lane 6). The RNAs were prepared from partially purified particles.
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A probe3 probe 4 probe 5
123 123

G

probe 3A  probe 3B
1234 1234

Fig. 4-3. Specificity of the probes for the detection of BNYVV RNAs by Northern blot
hybridization. The RNA samples containing five RNAs (RNAs 1 to 5) were obtained from
a mixture of isolates S-3, S-4 and D-5. The RNAs were prepared from partially purified
particles. The arrowheads indicate the homologous signal and the asterisks indicate the
cross-hybridized signal. (A) Each of probes 3, 4 and 5 was hybridized wiht total RNAs of 2
0 ng (lane 1), 10 ng (Inae 2) and 5 ng (lane 3). (B) Each of probes 3, 3A and 3B was
hybridized with total RNAs of 100 ng (lane 1), 10 ng (lane 2) and 1 ng (lane 3).

probe 5

Fig. 4-4. (A) Detection of BNYVYV by dot blot hybridization in isolates containing different
RNA components. BNYVV isolates S-34 (a), S-3 (b) and S-0 (¢),and  Tobacco mosaic virus
(d) were used as samples. The RNA amounts of 10 ng (lane 1), 1 ng (lane 2), 0.1 ng (lane 3)
~and 0.01 ng (lane 4) were blotted on the membranes and were hybridized with a mixture of
four porbes (probes 1 to 4). (B) Specificity and sensitivity of dot blot hybridization for the
detection of RNAs 3, 4 and 5. RNAs 3, 4 and 5 prepared by eluting from agarose gel were
sampled from isolates S-3, S-4 and D-5, respectively. The RNA amounts of 100 ng (lane 1), 1
0 ng (lane 2), 1 ng (lane 3), 0.1 ng (lane 4) and 0.01 ng (lane 5) were blotted on the

membranes and hybridized with probe 3, probe 4 and probe 3.
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BRIIEVHEEESAS NS ( Bouzoubaa ef al.,
1985 ; Kiguchi ez al., 1996) o Z 2T, ZOMHEMHE
ERyWE7o—-7 e HEMoREWEREZSL 70—
TeBERLUE. TbbH, pMSC8%Xbalk Pst1
T LTI b U721 VY —N%& Hap TTYMT L
THESNE22D7 0— Y pMSC8HX (5l ZET:)
CpMSCSHP (3fllZzEd) 2V IF T = UiFH
L, 7a—73A¢3B& Lz (Fig.4-1) o 70—7
3BIE, KFXDHY2700p T, RNA3IDIKHHEI %
G&H, 70—73ALI KOG OMFEwEZ
2L EATVRN (Fig.4-1) o N TV FA ¥~
> ayvORER, 7O—73ARNA3EDHNA T
¥4 XL, RNA-4, RNA-S&IINA 7 )5 A4 XUk
o (Fig.4-3B) » L L, 71—73Bi,
RNA-3, RNA-4, RNA-SENA TUH A4 XL (
Fig.4-3B) o 512, 70—73BTIL, RNA-1&
RNAIZH S T2 M TN Y Rgiiahiz
(Fig. 4-3B) o

2) Rvbh-7ovh -NATVFLE—-Yay
Ry bh-ZOavbh -NATVFAE-T 3L
h, MHEREZF =, RNA-1, RNA2, RNA3,
RNA4D 7 O—T72BELUTHWE. 71 I)VA RNA
T BERRS-34, S3, SO SFNERFARL, EBFE
FREE>TZbOELO—Z T 4 VP —IZZARY
b Lo EODBEEEDRNATE, 100pghl L DRNA
T, YTFNDBELNE (Fig.4-4A) o TMVHS
FELL = RNASRKD B, VPt ahiz
o7 (Fig. 4-4A) »
IHIRELHFEMEFRERS =D, RNA3,
RNA-4, RNA-SZ 7 HO—Z7 )L 6 B LT B
FRLU, = bhokro—ECXRy ML, 70—
73, 7O0—74, 7O0—T5EHNTCRY N o T
Owh « N TVFAL¥—YarEiTok (Fig4-
4B) . #71—7l, 100pg (RNA-5Tidlng) LAF
DRNAT, HEMRY V)RR L (Fig. 4-4B
) o L’L, Ing (RNA-5Ti&10ng) LLLDORNAZ
Bnwd e, YTFNVEFOD, yaR N4 TVF
A4 ¥—>avhEI o (Fig.44B) o RNADKH
FRAIL, 10pgTH o7 (Fig.4-4B) o

3) BNYV DRSS HERR D> 5 D RNA-3, RNA-4,
RNA-5 DI
BNYVV OB EERKIZ & £ T 5 RNA3,
RNA-4, RNASZRH, BETZED, M TVF

4= ar®iTol (Fig.4-5A) . EHBEYIV
FOEPSHE LTINS TV IS E—Ya v IilAn
7zo 120D RO RNAIK, VIV DIEIZSEIO
MM SEREOBICEONEEISFRLE, Th?
N7 —77C, EEDREIDRNAICMZ TN L
DOPOIEERET NI R RNAD Y T F IV B oz (
Fig. 4-5A) o Zhid, ZERNA3, RNA4, RNA-S
BEENTWEIEERLTWS, £z, 5204
HEREICRNASSE ENTWB Z &b h o7 (Fig.
4-5A) o

BRI T U A OB ST UL AN T
=¥y -TJay b NATYFSfE¥—-Tarr
Fole FORR, Y7FIVE, EEAEHZNWIZ
BN, KL, ERENRRS TV BALNR
7z ELISATHNEHR, RTOUVA NVABRED
1/10~1/100CH 2 7=DT, TV AL DIRPS I A )V
2REAMAIZEDERL, RNAZHFARLE, 20
FEE, WY T FIUDES N, AV R RNADRH
Xhj= (Fig.4-5B) o Polymyxa betae &2 FINTT >
YA THIRE U = BERk D B A V2 RNADSRHH &
h, BEORP sV T7FHFVEESNGEPo T,
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12345678 9101112

probe L - - ( o

B 1 2 3 4 5 6 7 8
m

| ﬁ, %%

Fig. 4-5. Detection of RNAs 3,4 and 5 of BNY VYV field isolates by
Northern blot hybridization. Each of three probes (probe 3, 4 and 5) was
used. The arrowheads indicate the positions of individual normal-sized
RNAs. (A) Total nucleic acids were extracted from crude extracts of
inoculated leaves of T. expansa after fifth serial pasages. Lanes 1to 12
indicate different BNYVYV isolates. (B) The RNAs were prepared from
partially purified preparations of root of sugarbeet seedlings. Detection of
RNAs 3,4 and 5 of BNYVYV field isolates by Northern blot hybridization
in roots of sugarbeet seedlings inoculated by  P. betae . Lanes 1to 8
indicate ditferent BNYVYV field isolates. :
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EoF
BNYVVRNAD 6 G SN SFEDDNAY 11— 2
Z 2 T T A Lk (Feinberg and Vogenstain, 1983
51984) WX O VIR T UEEHL, Y1V 2R
RNAZMH T 2 AHEEMRET LZs BNYVV RNA
i, ThBHDDNATO—TZHANWT ) —Fy - 7
Owh - NLTNFAL =2 al itk hEEIcH
H, BETE, U1 I)VZHHRO RNADEEIIZ AW
%2 DT EJ- (Figd2B, Fig4-5A, Figd-5B)
JEREMAEER O — T, R, wEM, MR
oS »s, OROBMCERTH 2, £,
BNYVVDSHEFE D™ A )V X RNAZFE R T =
L2 eh5, BEFEMTENRTERTH D,
RNA-3 £ RNA-5{E T 2 A DR T ORBEAEIRICTHR
B> THB Y (Tamada efal, 1990 ; 1996a) , RNA-

4l&Polymyxa betae \= X B EIEKIRMGRICHHATH D

(Tamada and Abe, 1989) o MUEEY Y IV T ~HEFL )

WZVHRERRE U = BRI 51, A Zhb o
RNADREZEERPHIRT S (Tamada et al., 1989 ;
Richards and Tamada, 1992 ) o Z DL 5 IZ/h X LY RNA
FEOEREMRET D LIy A L2 ORIGEFRIFIC
BOWTLERARTH 5,

71 —73BiE, RNA3, RNA-4, RNASENA 7
&4 XL, RNA-1ZRNA2ICHIN T 2 EAIC 5
WY RO E N (Fig.4-5) o« SDE DD

2 eNAT)FA4 Y= avid, 3EREEEOK
20016 H DIEEESOMEME (K170%) ICL2dD
L%&Z 5%, Robinson and Romeo (1991) i
Luteovirus DM TlE 70— 7 OB H O R
MEICREE RIZL, SMEY RV BEE 7o —7
EUEGEICIMEZNERE B LEZ L 2HE
LTHBh, 7a—T7ONMITFEYE - REREICE
BRRFTH B,

R CBE R RNAOKIHIZ I, —iRiz, / —
yeT7awh o NLTNHFL L= ardh Ry
beZowh N TVEAL L= a3 DEDEE
T2WZ# LT W5 (Miller and Martin, 1988 ) o L
DL, BRAETIHIOaZNA T4 B— a0 B
Y (Fig.4-4B) , FRERNRKEGNEL D=
&, Fwb-7avbh NATVFLELE—-L a3 ik
RNAFEDOMIHIZH Y Tid R P o=, BNYVV T,
RRBEBERNALBHIhZ0DT, /—¥> - Tow
PN TV L= arBERTH =,
Ungeretal.  (1988) &, IMiEELDE % 3 bluetongue
vinsOMIHEE LT Ry b - 70w h e N 71 g

#1005

A B—vave/ =YL -Tavhk -NLTYFA
Y-vaLbREBEL, /=Y 70wk - NA
TNEFA =2 a7 EIZL D IERERIGD
HERBT .

BNYVV D W)U FEHEEE D & B U =488 b
BNATI)HFAL L= a0y THhEshE
B, TUUA ORD S EEFR U S eSS
BNy RS, BRE T2 Righeh
TH2h, FeALHBEIW Pk, Zhik, 7

VA OBROIAINWREDDIRNODKERERT

HBLEZONDD, MM TVFL¥—=varTo
HEWE b #MEIN TS ( Borja and Ponz, 1992
) o Singh and Singh (1995) &, FHEWEZHR =
WA U B REE R R LT WS, £
7= Roy et al. (1988) &, WYHIBOHHE M 2E
B F T LWBIC K DB TSE 2 20X b IER:
BIVRIGEIZ T3, RIFFE T, WMaowby
LIRS &@%ﬁ%?%u&u$b;ﬁﬁﬁjb
272> 7= (Fig.4-5B) o
KifzzcEohkzRky b 7Oy b e nNg T4
A ¥—=2a>TDTA IV RNADBRHEERE X 10pg
T, HERRBRBICE+2REBETH > 2. TDRK
&, O, JERCHMEERIC X 2 Y RNAD
ANVZ, D404 FTREINTWDEE ( Forster
et al., 1985 ; Habili et al., 1987 ; Kummert, 1993 ;
Fenby et al., 1995 ; Singh and Singh, 1995 ; Wesley et
al,1996) LHED, VL% >/, Kummert (1993
) i, BNYWEYIX IV Z UE#ET Ry b -
Taw ke NA TV AL L= aiZLhREL,
75-200pg 7 4 VR, 0.4-10pg RNADMIHHRE 218 T
W3, COBER, KR THRONEZD DL HEREE
PETHB, BNYVVIE, P. betaelZ &> TaiREh
EHE, BTOUAINZAEITEFE DR, 942
FAHRDFRO—EBICBET 2D T, ELISAIZL -
THRODANVZEZRBO ST E I N RE
fE, HornEEMLL, /—Y> 7oy h N
ATNVFTA L= a I EDFARB B L0, Kt
2T, 1~10ngDRNATHARERBELNE,
Zhid, DA NVZABs%DMEBEST L LGS,
20~200ng 7 A W RICHY T2, COREBIXHER
RPWIEH2THZIN, FUrHADRIPS YA
ARNAZM T 255, 714 VROt EE T
LT, SHETFEARIID, YTV ER
ETBIEMTERNDT, I 5IIHETCHEERNR
THOBEDLLETH D,
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B2 RT-PCRIEIZK BT A VR
RNA OF& H

By

HIEIo BN T, BNYVVRNADOKIHEE LT, JE
REMOY IX U o U@ 7o — 720N TN
4TV a itk iR T2 HEERBRREL
5o LIPL, TOHETIE, M7V FIE—-T3
VICREE PR, TUUA DIRZERAWES
HBIESRRISDE U A WA DB BB ER T
&, BROYVTINVENET BB TERNI L
REWLSOBPDRENE Uk. 22T, AT,
%Y TIVORENARETL WBIETREDOEWF
¥ & LT, RT-PCRIC & BMHEERE Uiz,
BNYVV RNA-3, RNA-45 L URNA-5EMH DG
L%,

HEBLUOHE

1) 74 )V
- EHOEX DRNAEZEE T BNYVV ORI 2 Mtk S

(RNA-142+43+4+5) , BN HEKRS-3 (RNA-14243
) 5 S-4 (RNA-142+44) , D-5 (RNA-1+2+5) ,
'RNA3DRKER 2 E L BNYVVERNIEERRS3c (
RNA-1+2+3¢c) , K52-3 (RNA-142+3k) , 5YS-4 (
RNA-142+43y) , RNA3DREEREZZL BNYVVE
MO EERET37 (RNA-1+24343t+4+4t ) , T4l (RNA-
14+243+3tt+4 ) , H45 (RNA-1+2+43+3h+4) , RNA-4
DRBIS R ST BNYVVERN Bk 142 (RNA-
1+2+4d) , RNA-4DRKERZZL BNYVVES
HERESS8 (RNA-142+3+4+44t) , RNA-SORKRERE
S BNYVVEAA D #ERES43 (RNA-14243+4445s) B
F TFR83 (RNA-14243+4+5r) ZHWE,

2) MBEOFH

754 2 —DRETIE, BT ANV SE
SESIH TR HERIZHE>TTSNY 7 7—2H
WBHEIZL DA IV A RNAZHH LTz,

FyY A OED S OB OFHEEOMRE T, #
SmgdDF VA HURDP S, TSNY 7 7—2HWSS
¥, HROF v FISOPLANT (Zv Ry Y—r) &
BWBHEBLOHIRDF Y b SepaGene (=64l
¥) BEWDHEREELUE, TSNy 7 7—2 [
WA HETR, BB AR tmgdh 7z D 1l DWEK
B L= (BB UTCHERRL) o ISOPLANT
&, 7O FVEVFEARL, MBEEZMR tmgHhz b
101 DWHEKICEE L= (BEEICHUT 10655

FR) o SepaGene Tl, HUIIIT DRI, i
F7obalE bR L, MEEMR ImgH = b 10
LIDWRE KB U7z (BEICN LT 1055

O o

3) RT-PCR

TP —=2ZPMRANT Y FERIKIERA =)= T VT
M (GIBCO-BRL) ZfV, HBIEIIHE> TRT-PCR
BITole 774 —DWMEHIIX, RNA3WIXLT
3A3E, 3B/AD, 3C/3D, RNA-4IZXf L T4A/4C,
4B/AC, RNA-SIZHFLTS5A/5C, 5B/SC, 5A/5D,
5B/5D, IMFHBINEDMETIX, RNA-50D728-1035
EE AT T 2 S5E/FD T 24 v —DAEDhE %
AW (Fig.2-1) :3A (5-TCTCTTTATTTATCAC
CAAC-3', nt212-231) , 3B (5-cgaatTC
ATGGGTGATATATTA-3', RNA-3(Dnt 445-459D |
W2 Eco RI RS20, I A~ w FIREAF/NIX
), 3C (5-TCTTAGCACAAATGG-3', RNA-3Dnt
528-542) , 3D (5-GTGATAACTCTAATC-3', RNA-
3Mnt 1099-1113 IZHFHK]) , 3E (5-TTTCACACCC
AGTCAGTACA-3', RNA-3Dnt 1716-1735 IZ#%H
#1) , 4A (5-CATGTATGCITGATCAGCTT-3',
RNA-4Dnt 80-99) , 4B (5-ACAACTAGTCGTGAA
CG-3', RNA-4Dnt 647-663) , 4C (5-CCACTAATC
GTGATA-3', RNA-4Dnt 1214-1228 IZAHMHIK]) , SA
(5-TGACGTAAGTGGGGTGTAGG-3' , RNA-5Dnt
49-68) , 5B (5-ATGAAGATTAAGACTAT-3',
RNA-5Dnt 635-651) , 5C (5-TCATCCACAATCAT
T-3', RNA-5Dnt 1121~11351ZAH##HH)) , 5D (5-
CGTCACAAACGATCA-3' , RNA-5®Dnt 1133-1147 IZ
F#E®) , SE (5-CCTCCTGTGTCTTCTTGGG3' ,
RNA-5Dnt 728-746) , 5F (5“TCGGACTGCAACAT
GAAAGC-3', nt 1016-1035 IZF#HK))  (Fig.2-1) o
75 4 —X3pmol W Zo

4 TEPSOTAINVADIHEERE

+igh e, HIEEYERWDHETIANVZES
w7 (NB 5, 1990 ; FIEES, 1991) o LEE A
B & 140EETH RS UTHEERN &5
BIREEIC Y, TUHS (RY—b)V) OH (4
) 2BEL, 25°C, 16WEBBAO /0 —2 % v
Pxyw hAT2REME CRBORERERY V7V
P UE. 10D TIBIIOE3IROH EHWE. ELISA
COREDOETIE, T4 NVRBEBEOEW L ( So4
), mAVRBEEOE WL (Bi6) , BEL (e
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+) 2RV, FERrERICEEAEDEREALT
FUBAHEBMEL, SHZLIZREYY 7Y LY
U, BEEST2OICHT, Fh2h%E ELISAERT-
PCRTCHIE LTzo

5) BRSO LIBOFEE RNASDHRE
1994~ 1995 E T AL E N 149 R DT > T A
5 HERIEE U=, RNASOREIZIE, e
W& W TR R T o . BIEHERRIC, TR
FUYA OHEBE LT 2~ERET T, W5
SepaGene & FAWV TG Z TR L, RT-PCREIT>
7o 74 v —iXSBADDMA T LR ER W,

R
1) 774 v —0DEt

T4 —ORENIE WY A V2B,
S-3, S3c, S-4, DSTH 53, SHERPSHHLE
RNAIZCKH L TERHER 74— GahbEERD
T2 ERETo 2,

RNABIIHR LT, E#HTI14<v—3A, 3BBL
W3C, FTRT A4 v —3DBLUBEDSHEED 7T A
v —%#&E L= (Fig 2-1) o 3A3E, 3B/3D, 3C
ADD 754 v —DiIHEHOE T, IEED RNA3H
L URERNA3 (RNA-3c, 725~1087 k%) H3 4R
SNz (Fig.5-1A) o 3ABEBLU3CADDT T A
T—TIXEEDRNAIDMIZE WY PRI R
=78, RNASBclZDWTIE, Hiffahd KxXoN
v ROABRHI NIz, 3BADTIZREDRNAZS
L URERNAZIDOW TN IHRFINEKEI DN
FOARBBREINEZ. £, EDT754 —DHHA
HDOETH, RNA4 (S-4) , RNAS (D-5) 28
SRR DRNATIBIB I Nizd o 7=. RNA3DMHIC
i, TheD3207 74 2—DHAEDLEDOHT
&, 3BADMBHZREBAL Tz,

RNA-4IZA LTI, LHR7TS A4 v—4AB L T4B
y FR7 74 ¥ —4CD3DD7 T4 T —BFKE L
(Fig.2-1) o 4A/4C, 4BACD T T4 7 —DMARE
DETHHHFIN 2 PCREYOREIIE, FhTh
114%p, 581bp TH %o 4BACTIL, S-4HEKD S
HE)E 5 RKREZIDPCREYMBEL D, HEK
DHTHIFRREKRE NN Y RBERHE I e ( Fig.
5-1B) o 4A/4CTIE, ZERKDATIEINY FiFHRH
INnehozhs, HELIDO DNADHEIEX L, HE
& T 2DNADBIREIL Mgz, £/, RNA-
aEEERNIEER (83, D-5) ICH/ 3 PR

Ihi= (Fig.5-1B) » Th 5 DIERKHEKZINY RO
B3k %30} 5 2 % RNA-4(DcDNA 77 11— > pMSD96 %
VAFI T UER -7 LTy T oy
M NATNFALB—areiTorbl s,
TNZREIDVTFIVOARDBBRHEEINZ. RNA-
40T, 754 Y —4BACO S DBAAACE D
LW,

RNASSIZH UTIE, ERT S A4 v —5ABLUSB
s TR 94— 5CD32D7 54 v —2#/E LT
(Fig.2-1) o 5A/5C, 5B/SCT7 o4 v—&HAWEE
5, WD 754 —TdH, RNASDDNA (
pMSD514) IR I =53, Lo 4 )L R RNAIK
BiERIhRPoE. 22T, 5SCLOIREHETHR
4 °—5DEERE L= (Fig.2-1) o 5A/5D, 5B/5D
T4 —THFI NS PCREYOREXE, Fh
Zh1103bp, 516bpTH 3. SA/SDTIL, HIE T
LZREXOMIZENWSY RBKREEh, ZEKDOA
THNY PRI N (Fig. 5-1C) » Zhik, 7
TAR—DEIBEICLDZbDEEZ SN, 5B
/DT, B & T35 AKEX D PCREYOHD KR
N, RNASESERWAEER (S-3, S-4) DRNA
TEEI hizh o7 (Fig. 5-1C) o RNA-SORHIC
&, BEMEISRTTI A — 5B/SDD S D5A/5D
LhHELTWE,

2) WMHRE

3BADD T T4 R—BHANT, SI3DEERDEIH
b4V 2H5F% U RNA 1ng, 100pg, 10pg,
1pg B L P 100fglZ DWW TRT-PCREfTo /22 2 3,
IpgBNYVVRNAIWCZEN 2D RNA3IZIMEH TS
EMTEE (Fig.5-24) o VA 7 I)VEUE 35545
FNZT BNy RIZELRSEDR, WTFhobA Y
VBT & 100fg DRNAIMI X hiz > 7= (Fig. 5-
2A) ©

Wiz, EHODRNAS &R L7ZRNA3 (RNA3C)
EDBELTND EXIZFNZND RNAZRINT &
LS EFEANE (Fig.5-2B) « 774 v—0#
HEDEE3BADEAVE, RNADRIE, oMk
O7HO—=RTNVEIIKETONY FOBI S
XTEE % & U RNA-3, RNABcOBZEH U=,
RNA-3D &% 5Sng (S350 MERDRNAZ 10ng) & —F
2L, IRETZRNA3DEERE X 251X RNA3C
Z20IngETHRIET B2 LD TEE (Fig. 5-2B) o
RNA-3cDE%2.5ng (S3cHEEKDRNAZ 10ng) &
—EIWZ L, BETASIRNADEEEZ G
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B (RNA-4)
-Mq_23545‘

A (RNA-3) |
M123456

C (RNA-5)
M 2 3 4 5

. : Primer |
Primer Primer .
3B/3D 4A/4C SASD ]

o - el

v 3 4.5 6 _ ;

Primer ' : Primer Primer

3C/3D 4B/4C 5B/5D
1232 ¢

Primer [ |

3A/3E
— '

Fig. 5-1. RT-PCR using different combination of primers for RNA-3 (A), RNA-4 (B) and
RNA-4 (C). Arrowheads indicate the positions of full length of each RNA species. (A) RNA-3
was detected by RT-PCR using primer combination 3B/3D, 3C/3D and 3A/3E. Lanes are: A
DNA/Hin dlII (lane M), RNA-3 cDNA clone pMSCS8 (lane 1), S-3 isolate (lane 2), S-3c
isolate (lane 3), S-4 isolate (lane 4), D-5 isolate (lane 5) and water control (lane 6),
respectively. (B), RNA-4 was detected by RT-PCR using primer combination 4A/4C and 4B/
4C. Lanes are: ADNA/Hin dIll (lane M), RNA-4 cDNA clone pMSD96 (lane 1), S-3 isolate
(lane 2), S-4 isolate (lane 3), D-5 isolate (lane 4) and water control (lane 5), respectively. (C)
RNA-5 was detected by RT-PCR using primer combination 5A/5D and 5B/5D. Lanes are: A
DNA/Hin dIII (lane M), water control (lane 1), S-3 isolate (lane 2), S-4 isolate (lane 3) D-5
isolate (lane 4) and RNA-5 cDNA clone pMSD514 (lane 5), respectively.
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A RNA content

1000 100 10 _1 0.1 _ pg

RNA-3 —&=
RNA-3¢c — %

RNA-3 (ng) g 5 5
RNA-3c (ng)

1 0.2 0.1 0.05 0

0 0.05 0.5 2.5 2.5
0.025 0.1 2.5 2.5 2.5

2.5

Fig. 5-2. (A) Sensitivity of RT-PCR. Total RNA extracted from partially purified virus
of BNYVV S-3isolate was amplified. RNA content of each lane was shown above.
Reaction cycles (35 or 45) are shown below. (B) Detection of normal and deleted RNA-
3 (RNA-3c) by RT-PCR. RNA content of each lane was shown below. Arrowheads
indicate the positions of each RNA species.

1 2 3 4 5 6789

A B
3A/3E —» E 4A/4C —
3B/3D —» [ 4B/4C —*

C

5B/5D —& |

Fig, 5-3. Detection of normal and deleted RNA-3 (A), RNA-4 (B) and RNA-5 (C) from BNYVYV field
isolates by RT-PCR. Arrowheads indicate the positions of full length of each RNA species detected by
each primer. Primer combinations were shown at left side. (A) Normal and deleted RNA-3 was

detected by RT-PCR. Lane 1is A DNA/ Hin dII, lanes 2 and 3 are RNA-3 cDNA clone pMSCS8, lanes
4 and 5 are K52-3, lane 6 is isolate 5YS-4,lane 7 is isolate T37, lane 8 is isolate T41 and lane 9 is

isolate H45. Primer combination used is 3A/3E (lanes 2 and 4) or 3B/3D (lanes 3, 5, 6, 7, 8 and 9). (B)
Normal and deleted RNA-4 was detected by RT-PCR. Lane 1 is A DNA/ Hin dIII, lanes 2 and 3 are
RNA-4 ¢cDNA clone pMSD96 and lanes 4 and 5 are isolate 142 and lane 6 is isolate S58. Primer
combination used is 4A/4C (lanes 2 and 4) or 4B/4C (lanes 3, 5 and 6).(C) Normal and deleted RNA-5
was detected by RT-PCR using primer combination SA/5D.Lane 1 is ADNA/Hin dIlI, lane 2 is RNA-5
cDNA clone pMSD514 and lanes 3 and 4 are isolates $43 and R83, respecitvely.
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RNA-3%0.IngE CHRIETHZ LB TEE (Fig.52B
) o

3) RERNADKH

BHERERNAZ SO AR EZANT TS =0
HASDEOME 217072,

RNA3IZDWTIE, SYS4IEENTVERER
HRNAZE3ZBADD 774 v —THIBI =, K523
DRERNA3IEIBADD T 74 v — TSI h §
3ABED T4 7 —TH0.6kbp D3> FHIEIR I
=0T (Fig.5:3A) 5 T DREERNA-3IEZ3IBADD T
SAR—ITHYTIMADRELTVWDEHEZ BN
Jzo SEERRT37, T41, H45DHIL, £RDRNA3H
L ORKEHERNAIDME I N (Fig. 5-3A) &
5YS-4, K523, T37, T4IBLUHASIZEFhT W3
RO RNADRKFEIRIL, 5YS-4755nt 732-800,
K52-3}hnt 381-1267, T377/5nt 715-913 & 712-1068 ,
T4175 nt 678-1085 , H45hnt 463-1035 T, PCREEY)
CPBPREIND REEEBEIFIE-BLUTZ,.

RNA-4IZDWTIZ4BACD 75 4 R —B TR
RABERREIIE U= (Fig. 5-3B) o 142(Z4B/A4CTN

VR EN T, 4A4CTHIOSkbDIN Y RO

&hiz (Fig.5-3B) o DEHRSSEP SIXERD
RNA-4 & REZERNA4APRIEI N (Fig. 5-3B

) o 142, SS8DREFEIKIL, Fh 2 nt559-1197,
nt725-1195 T, PCREEWIH b FHREX N5 REERH

CIFEE—B LT, ’

RNA-5IZDWTIESBADD 75 A v —% HWTH
HRRS43 38 L UR8IMDRNAZ G UFER, Wih
DT T4 — THEEEDRNAS L RELERNASH
BE iz (Fig.5-3C) o ThH20HRIZEEN

5 RIRNASDREEIFE, Fh2h, nt750-1115

, nt723-1047C, PCREWYD 6 PRI WD REEE
BEIFF—B Lz,

4) 7Y A OIRD B DO RNADKI

TUH A OIRD OB ERRT 2 HERREL
7zo RNA-SZEMIH T 2754 v— (5E/5F) (Fig.
2-1) ZAW, SHBEEE (RNA-1+2+43+4+5) (TR
UMD S &AETRNAZIE LTHE L (Fg.
54A) o TS)NY 7 P—RANSHETE, LB
FHUTHERLUZNGEEIN Y MBERE I ah o=
B, 10EHRT 2 LEEIhZRES DN ROl
BAASN, ISIHFRUEESS, 105EFRET
ISV RS I = (Fig. 5-4A) o ISOPLANT T

&, 10EFRTIINY FPREIhRbo =N, &
BICHIRT 5 LRI N HREI DNy ROHEIFEH
HoN, 10EFRET/NY KBREIhE (Fig.
5-4A) o SepaGene Tld, 10fZHID 5 106M5MH R E
THHFINZ KEXD/N Y RN (Fig. 5-
4A) o T U4 DR S OMBEFASIZIE, 3O
BHBE OB TIE, TSNy 77— AW
FREDPEETH > =75, SepaGene DF B HIRE
BEPS =,

W, SHBERRICRGL UMD & SepaGene lZ & 0
B EHRB L, RNA-3, RNA-4, RNA-5OMH %G
Hlzo B 7IWVIEI0TE CEBARL ORERE R
BT, ZOER, RNA3ITII0MERFR (R
xtEX0.1ng) , RNA-4TIH105EHT (RO &
iF10ng) , RNASTIRI107EHR (ROMENBIZ
0.1ng) ETHMHTEIEETH o= (Fig.54B) » HU
IR % ELISATHRAE U 72 5HE O BRI 1066575
(RO EIX 200ng) TH oo

5) iR L ALEE RIS BT D RNAS DA

HIECHEZ R EY R ORI L B A
JV ARNADHH R ZIRES Uz BEROE LW Bi-6k
BE ERVEREE OB So4 TIEEZHNT,
ELISA ¥ RT-PCRIZ & % TIRMBORE % ik L=
£Z 3, Bi-6D>5ik, ELISATHRT-PCRTHS5HE
PETA VIR E N~ (Table5-1) o So-4D>5
&, ELISAYRTIES~ISHBIZIE D A VAP X
hizho=h3, RT-PCRTIEY A VA RNAD I X
NAEEBA SN (Table5-1)e 2O &I,
RT-PCROBREILELISA L EREULETH LI L%
ARLTWE,

DD S OREDTREL R DT, &HD
Z 5 IR FR B ICEAE T 2 RNASERE T 228
HIERZERIT o=, BSOS LUELIBICT VY
A BMZ, 2BERBIZZOT YA OlRD 5 RT-PCR
WL DA I ZARNABKI U, ZOREE, BEL
149D TIED S B, TRTHH RNAIDBHRE X
h, £, 7658051, ISHIZRNASHKRE IR

(Fig.5-5) o FHLDRNA3, RNASIKIEZREXIDE
Wik d oo RNASOMHRIZ, #E - HFF -
IR - BEXFENTHRNE L, H - L)ISFE
WTE»P > 7= (Fig.5-5) o
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Fig. 5-4. (A) Detection of RNA-5 from root nucleic acid extracted by different methods using
primer combination SE/5F.(TS) TS buffer method, (IP) ISOPLANT, (SG) SepaGene.Lanes are:
109,101, 102,103, 104,105 and 10 © dilution of total RNA extracted from sugarbeet rootlet
infected with S isolate. (B) Sensitivity of detection of RNA-3, RNA-4 and RNA-5 from root
nucleic acid extracted using commercial kit(SepaGene). Lanes are: nucleic acid extracted from
patially purified virus of S isolate (S), nucleic acid extracted from sugarbeet rootlet inoculated
with virus-free  Polymyxa betae (H), 101,103,103, 107 dilution of total nucleic acid extracted
from sugarbeet rootlets infected with S isolate and water control (W), respectively.

Table 5-1. Detection of BNYVV RNA-3 and RNA-5 from bait plant

by ELISA and RT-PCR.
 davsaft | RT-PCR
soil traissplairting ELISA values 1) (virus detection) RNA-3 RNA-S
So-4 5 0.015 (—) N R
0.047 ) + +
0.018 =) - -
10 0.024 ) - -
0.025 ) - N
0.030 ) + +
15 0.042 ) - -
0.045 ) - N
0.056 (—) + +
20 0.028 (—) - B
0.037 ) - N
0.084 ) + +
Bi-6 5 0201 +) + +
0.298 (+) + +
0.337 +) + +
virus- 5 0.015 () o B
free 10 0.020 ) - B
15 0.015 () - -
20 0.040 ) - B

1) absorbance at 405 nm after 60 minutes.
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Abashiri
55 (64)

Kamikawa

Shiribeshi
62.5 (8)

Fig. 5-5. Distribution of BNYVV containing RNA-5 in Hokkaido. RNA-5
was detected by RT-PCR from bait plants on soil. Figures indicate percentage
of BNYVV isolates containing RNA-5 (number of isolates tested).
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EF
BNYVVDRBRTIZEE W 51T W% ELISATE
&, AEHDOY A2 RNADFOHRZHANT DT
EMTERN, BIEITHBAREY I T =k
LM TE, T4 0RO Y TIVIE
HBAMEBRBLETCH o, 72T, BELEX2S =
%, RT-PCRIZ & %BNYVV RNA OMHIE &S L
7o IE USIZRNA3, RNA4, RNASZRHI T2 7=
DDT T A e—HEEI U, W, TP A DRH

5 ORI OFIEHEIZ DOWTRE Uiz, DGR,
TSN 7 7, ISOPLANT, SepaGene 3 FLDIH H]
ETCHIERFERRIEDRL, T ORI SFHEL
BB B H ANV ZARNAZRE TR EHT
X, MERES I Vo VBB LV ED o
Fzo THBICF VA BBELTY A IV RIET S
ik (B S, 1990 ; FIEES, 1991) W2k b,
ELISA & A% F ORE CHtED PS5 DA VR
RNAZRIETZZ N TERE (Tables-1) o ZOF
WICL Y HERZ 2TV, RNARZHRETZZ
MEBET (Fig. 5-5, Fig.5-6) , Z S MIBHRmEL
POERLETEZHANVTRNAZREL, ERNDZ
S IRE R A I IEZ RNASHIAL A L TNWE T &
PEIS TR > 7= (Fig5-6) o RT-PCRILMEE TR
FEDEVBNYVV DRNADF R Bk e LT
FETEZZ DRIz,
PCR%@E{U?‘%E&)@%M‘T@, Kohnen et al.
(1992) B L UFenby etal. (1995) 12 & > TGS
NTNWB LI, 754 —IZMHORE, KRN
WCEHERRFTH o= (Fig.5-1) - Mo A2
%AW TBNYVVDRNA-3, RNA-4, RNA-SZMH T
LEDICBELETIAT—DS B, HRETS
RNADIEIESE DRI EN T T 12— o7 (
Fig.5-1A, B, C) . £/, #iffzh s Rgz &
BRDIEREN Y PPBREIN 2568 H o0,
HEJOPCREEY) & DX FIEFRETH o 7= (Fig. 5-1A
, B, C) o LDPL, RNAIDRELEERNA (RNA-
3c) OMETIEIOL I RIEFRENY FERTF IR
T (Fig.5-1A) , 794 v—OFREMEE, HHO
RNADIEREEINZ GBIz, SHEDORNAMT
MREOEHWEIRIZ 7 »—2 b - 287 REBA
DTIA4R—REETINE, 132 7D T 1
DT yp—A R« ATV RERTLIND, ZOHEE
WERRE UT2 7D A4 = — 3BIERNA-3 DIEIERh R H
{, Z77—2N - ZNTV REFDPHEIET S RNA
PRI BRRNRT T A T2 AN DREDH

#1005

7z (Fig.5-1A) o COEDIIT T4 7 —DFFEED
HizZDE, RNADERMIEIZ LBREPRKENE
BEZbHN5,

KRS CIF 5 NJZ RT-PCRIC K 5 BNYVVDRNAD
BIREIL, RNA3IZNT 2751 v —3B3D% A
WS, 1pgTh ol (Figs-2) « ZORER,
Bean yellow mosaic virus RNA #H DRKE 60pg (
Vunsh eral., 1990) L DE <, BNYVWWTHREI T
WA EE (Henry et al., 1995 ; Fenby et al., 1995) &
FEIERLTH o, LU, Lo RNAD A L2
THWEINTWAEFICEHOVRERE (1-10fg)  (
Wetzel et al., 1991 ; Kohnen ef al., 1992 ; Lim et al.,
1993) L bidg oz KEFF T Lizh o7
B, BEEZEDDEOICIE, PCROBIZYIXL T
ZUEBANTPIR E 2D IA Y, Lre 7oA
YRl Lo TR DRET ERHT 2 4% (
Holmstrom et al., 1993 ; Fenby et al., 1995) , PCRJE
MENA TIVFTA X =23 THRET2HE (
Vunsh ef al., 1990 ; Jones ef al., 1991 ; Hataya et al.,
1994) REDH S,

T YA OIRD & ORI HRIEL PCREILET
25805 % (Koenig etal.,1995) o #2°T, 3
DHBZDWTT VA ORD & OB DFEE %
M Uz FAEREIC L » T, JRBZH WS &G
BEOLNBRNZEDHH D, ZOHEITIE 105U Lo
FRBLECH o= (Fig. 5-3A) o BRHEFII Y
77— CEILIE T % /53 ( Thompson and Dietzgen,
1995) 7 VALEIC K 2 HREREE (
Sabanadzovic et al., 1996) 55 DHIE R IHEOE D H
INTWED, RIS TIMETZMZR» >, [
UMERREA D B 2 EYRICBAMATERn N
SHELH B (Ipach etal,1992) . 7=, (HEWHE
ERLEDINT LETHEETLIHELH D (
Korschineck et al., 1991 5 Vunsh et al, 1991 ; Kruse et
al,1994) , BEES SICHEMIZR 5, Koenig et al.
(1995) H¥ A7 immunocapture Y5 IIAE TR D 2
BEPRLBET, HEDEOREZST T, LI
BREEZEDLOIEMNREETH S ( Wetzel et
al., 1992 ; Nolasco et al., 1993 ; Weekes, 1996 ;
Mumford and Seal, 1997 ) o 47X, immunocapture-
RT-PCR U MBEFRE, RES 2D
BHILIELT, MEMLREZISIIEDD
EDAEEEEDNZDT, IBICINSDFEICD
WTOMEDBBETH D,
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