BHEAT : b— b A FHEIREILY 4 V2 (BNYVV) RNA OS5 & UBETARA L 2W iR Bd 3015 49

6T

F YA IZACHERE TR 7 ha iR X, MIfEDE
BEYE LTEBETH D, 7oV A4 F3RBIET
YA DEBHRED—DTH D, HATIE 1965FIZH]
WUHERI N, BE, 20%DBESERINTHNS
(FIEE, 1987) o RIRT YA AR HES DD
L, BLWEGERELLBT2E0, 709140
RELERZEEL TV, ZRMFIE BNYVVIC
Lo TR BT A IWVRKT, TIBE Polymyxa betae
WL o TN I N D7D DBREE T, EyukimiE
DEEFSESED SN TS (Asher, 1993 ) ,
BNYVVIL, % 4 DRNA (RNA-1~RNA-4) »
5D, RNA-LIZHESR, RNA2ISK PR, Bk
M HIERESYT, RNASIIREN, RNA-4IZEER
MICBEES L TWSZEBHELPIIINTVS (
Richards and Tamada, 1992 ) . HA&, HilE, 752X
D—EDOHUHD BRI L RNASHEFh TV S (
Kiguchi et al. 1996 ; Koenig et al. 1997b ; Miyanishi et
al. 1999) o KT, HARESHGOERTHE
RN, 752 AESBERE DI, RREEKOD
fRIT 24T\, EE PR Z I X G O/E
A, 5T, BNYVVODRNA-3, RNA4,
RNASZEWET 2 -0 0E s FRWiEZEiEL U,

E3EPEIAITIE, ALEES R (BNYVV-S)
I2& £ 1 %5 RNA-1~RNA-4, BNYVV-D-5, -R83,
-S44, K795 HERRIC S F 1 D RNA-S DIG ARSI 2
FEL, SRNADBGEFHEEEZHSLMPIZL, THET
CREIN-EERN B L=, BAEE 7S
2PE (BNYVVEF2) &2 UEFER, RNA-1I~
RNAADEEDOBWNEIZNZN, 1.7%, 4.1%,
2.9%, 3.6% T, 73 /BOBEBROEEIL05~7.0%
&, ORFZCLIZIEFIETH o0 Koenigh DYV
J—7" (Kruse et al. 1994 ; Koenig et al. 1995) 13,
RFLP & SSCPEATIZ & » THAZHIIH /TS
BNYVWEKE L 22D 7 )V —7 (AR EBE) 24
e ZRICLZEREBREIZBL, 2—d25 ¢
TESEN (BNYVV-Yu2) ZARICET %, A
5, SHERIL, F2L hYIZERTH D, AR
B 3LEL 5N, EEOSBERE T LR
FEICDWT, AR BRI DA ER OIEETH D&
WEILE T2 &, CPEIETT3.5%, TGBHEIKT3.2
~3.7%, RNA-3T27~29%, RNA-4T15~34%T
Holz. NI LT, ARIZET 2 0HkEDIE

AP
ves 1 Al ok

HEF D@L, CPEBIETT0.7~1.4%, TGBHEIH
T1.6%, RNA-3C1.5%, RNA-4T3.0%TH>7,

I—0 v ISOHEHRRDZNZND T NV— 7RO
HEFIOZBIZIEEITHIND, ZRICHE~RD L,
B UARICE T 2 BNYVV-S  BNYVV-Yu2, FIEHPE
SEERR (BNYVV-NM ) & DCPHEIEF, BNYVVSE
BNYVV-Yu2 & D TGBHEIHDFHEF| DB NI K=

<, BNYVVS& RA VESEE (BNYVV-GL) &
DRNA-4 DFENIAK & B & DBENIILHT 51F

EREDPDE, RNAAD T IN—Y 2 FIZDONWTIEX
LI Z2ET %, HRTIE, %5 196561
MSHTHERRIN, ZOHBIEBEOEERT Y1 &
B IZIE S o T B (B8R, 1987) o At
i, CPOEREIINSLBRIZETZEEZIOND D
MRk S FE7E L (Miyanishi eral. 1999) , 512, H
KPESBERED RNA-5 I, IREEF DEND 5Dk <
LH2ODTN—TWIHT BN, 7T APES
DRNA-5 & 1£572 % (Miyanishi et al. 1999) o
BNYVV O 53 Bk OB OB WS EE 2 S
WPICT D010, SERI SIS L OHEkOEE
BS DRNT, EENRILEBLETH S,

IO CId, REEEIIDWTUHRITEIT>
7=o BNYVViX, HRRTIL Polymyxa betae \Z & > T
ES N 2D, HIc X ZHMNOBREERERT &
RNA-2, RNA-3, RNA-4, RNA-5IZIZHERRKE R
M4 U % (Richards and Tamada, 1992 ) o ARAFZET
i, 9, 2HORNA2KRKEE (S-0a, G-0b)
(Tamada and Kusume, 1991 ) {ZDOWTEBIT L& 2
%, WG CPaA BRI LY /S 7E O CRIEHEE
124808 L USTIEEDREDRDONZ. T HIE
BEEDSRIIL Tz, I BT, WERAZRED
ANZALBRTT D728, BASERICDONTH
W X DA ZITV, REEBHERDOHIE L REHE
BICOWTHRE Uiz, ZOEER, 408k DB MRk
D> HDR2EERD HRNAIDEED, 1308 D
SRNAADERDPHRHEINE, £/, RNASEZD
115 8RR D 5 B D 250 BfRK D> © RNA-5 DA EE DS
ANz, IS DERITNTHERET, REIE
ORFIRIZEEZ 5 TWz. —F4, H—EERMsEE
7o TIE = IE# D RNA3Z S 80 Bikk 2 10~ 15[E 4k
REIPTHRKFEI ST, RREEDRLZ 2HE
F@E kol (KM, RIER) oo, HumE
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FCEONEREERIE, B 608 L =545
HERICDES FNTO S ODSHEMARERE 28I X
NizbDEHEZ 5%, Bouzoubaa et al. (1991)1,
BNYVVODREGHE 7 0 — 2 D6 QEEBENE X ) 7
W L, RNA-3 L RNA4ADKREERDHEEIZ DN
THET LERER, 105 5 WIZEE O T RNA3
» RNAADOREEREDPHRHEIWEEHBEL TNV,
COED, REEEDPLZEENSSVWOHEETIE
ZBMPIZDNTIEL, SHIIEBIDPDBETH B,
AR THEO NN REERTIE, REOY ¥
Yo avhEHEUESERYES D, EROESRL
T B 58I hot spot' R IR BLH| DA DR & i>
D, Turnip crincle virus (TCV) IZHBNBZEF—7
Be%] (Cascone etal., 1990 5 1993) , R 7oA Y
T4 b0 TR ES ( Brown, 1986) 72
EOBEERFHIEIZD 5N o=, BNYVVT
&, RNAOHBIDRICY v v 7Y a v ORIEERSR
ERREIC K D HEBEBEDY ¥ > 7 (template
switching) DI >=EHFEZ N, EERDANZX
A TERICOaE—F 34 2] ( Simon and
Bujarski, 1994 ) T#$H 2 Z L DBRRI N5, BNYVV
TRREEEPLEL TV, JOHREOEYE
KIBBIITHETH DD, 7 L0HEREESAR
BHERATERMEZHRE > TVWEEEZOND,
FJz, RNA3DRKERIL, P betae BT O
IN, ERODAIVREERRICT VY A 10 LY
T B EMTEDN, ZIRERITRE RN (
Tamada et al. 1999) o & HIT, R RNA-3ILEFA Rk
KN UTTFBIEROH 22 & BRONTHED,
RNA3DREEZIZFTHEI AN L L CHEET 2T
REMEDRH b, ICHIHBIN S,

BAETIL, A IVRIBFMEMY 25279,
BNYVVORffaEBATIC BS54 2 TGBO&E T
5, 6FEMDEE T ZMHEEE U T Nicotiana benthamiana
WWEAL, EEERAORENR (RHR) ova
IV 2B B EREIC L D IRE L. P13E P15
BEFBILUPRICERZEALZBEETFL PISE
BALUEEMO—IORM (M13152, 4,
MI315M-1, 2, 7) &, FEEEERIRIZ bR T AL
ETOUANWAMBEIMEL, BHMEZRLUE, 2
NI LT, P42, P13, PISEIET, PA20EHRE
EFEEALEMTETME RS b >, At
JWTHELNEETWER YA WV ABITOBETH 5,
HERE B FEE D N. benthamiana O£ HRRNL#40

HTdHh, 20~30HD DA )V ABITOEER, K
e LTHATH2EEZ ND, TUoVALIIZD
BEFE2EALBRIEEGACABORE S
B E SO SRR,

BiTH N BRIETFEREA L EEERREY O
AV ZIEFEL, WL DOBPD RNAY A )V 212 D0
TRESIN TS (Malyshenko ef al. 1993 ;5 Lapidot
etal. 1993 ; Beck et al. 1994 ; Seppaenen et al. 1997
) o IHBDEEERATIE, Z2REAOKEITS VI8
2B BEROBITY VN H CAFIF R BEE
THEDPRID, 2EADIAINVADBITHHEX
n, FONRNTBELVARNVTHEFMESEZ > T L%
25N T3 (Lapidot et al. 1993 ; Seppaenen et al.
1997) o TGBE HDMD I A N R TCiL, 3HBDODSY
N BEITIETWEICEE S L Cwniznds, BNYVVT
&, 3BHOY VISV EPISHPHEHMICKEL<EE L
TW3EEZHND, BNYVDPIS ZBE I FILX
5 e TN AOMIAMBITHEEX N, PI5D%
FIIHFED D A )V 2T complement I MR o 7= (
Bleykasten-Grosshans et al. 1997) . ZhiZik, AU
YT ARNADP SEEI NS P13 L PISD# T
DR OB DS LTnW3EEZ ST WD (
Lauber etal 1998) o« COLIRBEL LA D L,
AW T PIS M O BRI X v IKFMEDS BN T
HLNWETTH D, LI L, EEIL PISHMCIZIE
PRI S NT, PI3EPISOBESHREZEAL=TE
BEHMAROAPIRTIMEZR Uz, BiTY VU HEE
EFEALDETMEDOA DXL EZHSPICT 2
O, X512, B TEWS QMR D5
BThHb.

HSETIE, BETFRMNEICOVTHRE L,
BNYVV 2T 2 4 DRNAIZE R 286E2 & > T
BY, EEEICERLZERNSERDPSIEIhSD
RNADRKEEDMEEI N2 (Richards and Tamada,
1992) o F7z, BEDIEFEDORNAIZIZ TRNA-S
B OOERKIE, BEOSERE D S ITEEMEDS
B8L) (Tamada ef al. 1996a) o RNAFEZIRIET 2728
DOEEFWIE, BBV TOEEFRITICBY
THEETH 5,

9, BSsEEIHTE, BEr2WEeEIT2
&, N7V A =y aickzmie LT,
BNYVV DRNA-1~RNA-5DDNAY O —> %5 U 4
T 5 4 13 (Feinberg and Vogenstain, 1983 5 1984
) WEO VORI VERBL, Y1)V Z RNAERK
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H9 2 A2 RE Lz, BNYVVOSHEEDRNAK,
IHhBDDNATE—TEHANT ./ =¥y - 7oy
b NA TV AL - a il & b BEEICRE, [
ETE, U4 IVAHHRD RNADOITICAND Z &
BT X, BNYVWDRNA-3, RNA-4, RNA-SDET
E, M TV 4P¥—varvoFEtickoTro
2 NATNFAL =V arhBREI 2D, Ih
i3, 3CRBEEOR 200 OIEEEF DM EM:

(F70%) CEBbDeEZSNE, /=Y T
vk -NATNFAE—~aribh Ry b7
Owh - NATNVFAL - arsPEETS
W LT3 (Miller and Martin, 1988 ) , BNYVV
DESIZIERY S T7av b N TNV AL —
aVvTCRIOANA TV A=Y a s BEd
b, 5, ERENRTSZADY T FIVHBRES
1, RNAHOBRHIZEY ClERP oz, TOICD
WTIRE S ICREPRETH 2,

BNYVV D )L FREGE L & B H U =8
ENA T B—varoy 7 ubhEshk
D, T oY A ORD S EHFR LB S IEIER
BNV RO E R, BRE TN REPTHT
HHh, FLACEEINZP o, JThiE, TV
YA DIRDTAIWZED DRV, HE0IE, B
ZIETZHEIZENTVWDEHEEL SN,
F T, AR TIE, BEOICX D IR LR
EHBAETRTZ I LT L D RIDSTERE L 2 o 72,
RO SEEHMB LYY TV TCE, N TUFA
=2 a CORENELIREINTED ( Bora
and Ponz, 1992) , ZNEWRET 2HBABEOR
HELETH S,

AFETESRERY - 7Ov s - NLTVUF
£ ¥—3 3V TCDOBNYVVDORNADK R X 10pg
THole TOREE, MYRNATA IR, U110
4 RTHREINTVWAIRELASED, DULE>E.
FUYABOTOIAINWVAREITEE DR, AN
2R ER O — I BET S0, REFETIE,
1~10ng ODRNA T+ RERDBES NIz, TORE
EHERRBHICETATH B, TP DIRD
59 A VARNAZMT 256, DA INWVREREET
LZRENRH Y, BETERDEDPMLD, YL TLE
RETDHIENTERNDT, X 5ICMEFETEER
RTFROHEBPNETH D,

ZF T, HSEEUNTIE, SRKINIEDTEER
RT-PCRIZ & b BNYVVORNAZ W % Fik 2 et

L7z RNA-3, RNA-4, RNASZRIET 2D
FAT—BFEL, ZOFHITOVWTHRE L, 7
VYA OIRICIEPCROAEMESZENTED, H
EE DB R IR L 72D DR OFEIE OME D%
BeHol, £z, TI74 T—DERIIMH DR
&, HEREMICEREREFTHEEEIONE, &35
I, BB U4 BRBE LTS VAERHIRT S
A (REFS, 1990 ; FIEES, 1991) &b, 7
B A DIRDPSELISAL HEULORETD A IV
RNAZMH T &, LEm2IPaELRok,

KG9 TR B N = RT-PCRIC & 2 BNYVVDRNAD
MR, RNABIZNT 2754 v —3BAD%E A
WS, IpgTHole TORKEL, BNYVVTH
HXINTWAEE (Henry, 1995 ; Fenby ef al. 1995)
CIEERUTH o, LL, LOHEY RNAD A L
2T DWW T Wetzel et al. (1991), Kohnen et al. (1992)

, Lim etal. (199K > THEINTNWS 1-10fgD
HHEEL DS o=,

H-FEZWER, BNYVVOBE TS & &
D, AFOERERIIET D LTHARARZENTTH
%, RT-PCRIE, VIF¥FI V= VEHRTO—-TE2H
WENA TDE A B =S a ik aREEL b EBiE
TIFERIGHZL, BREFPFED, BNYVWOE
FRRB I FREEE LTRYTH 5. A TH
SNEMEREREL, thoWEICHEASEEH TR
Mot HYVREEHEE, MBESEEHAGDE
20T, REMERELZXSIZEDD Z &P EE
THh, ISR DPLETH D,
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1. Beet necrotice yellow vein virus  (BNYVV) &7
VA ZIREDIBIR D A VAT, Polymyxa betae
WL THENETN D, BNYVVOHEERRIL 4~SHEEE D
RNAY ) LD BRI T3S, BNYVVOHAPE
SEER (BNYVV-S) DRNA-1~RNA-4B LV
BNYVV-D-5, -R83, -S44, -K79DEERRIZEZENT
W= RNA-S DLIERE 2 IE LTz, ZDFER,
RNA-11X6746185 T, 237kdaD¥ > ISVE (P237)
2 —RT5—DODORFZH LTWE, P237ITIEN
KM EAF N ETI VAT 2T—H « RAA Y,
ANTPES - RAAL Y, RUASZ—F - FAS Y
D, TANWRT ) AOEBITHEET 2 N AL V2 F
LT RNA-2IX460918H T, 6/[HDOORFZH

L, 55R#iD 5 ORF1IE21kdaDAEE Y > 230 (
CP) , ORF2IZIECPOY R b1y D7 »N—f& k0
RYDSZDEHIBET LY VI EE LT S4kdah®
a—RENhTW3, X CPLDREGY VIV HE
75kda (P75) & UTHIERE N %, ORF3, 4, 5IC
ik, Zh®h42kda (P42) , 13kda (P13) , 15kda
P15) @, FMUTN V=2 - Taws (TGB) &
FRZNBH LISV ERO— RIS TWiz, ORF6IZ
&, YAFA VEBER4kdaDY ISV 'HE (P14) B
Od—RINTWE, RNA3IE1774382 T, 25kdad
&V ISZE (P25) , RNA-4IL14651EH T, 31kdaD
&2 I\7E (P331) , RNA-SIE1347~ 1342185 T,
26kdaD ¥ >INV 'E (P26) ZZhZhI—FLTH
o LLEDRNA-1~-4DBETHEEIL, T CICHE
DHBT7T L AESERF2OZFNEELL TV,

2.BNYVVS & RIS 2T 2 &,
RNA-1T14%, RNA2T4.1%, RNA-3T2.9%,
RNA-4T3/6% DENBH SN, FORFOT I/
DiENE, P2B37T14%, CPT21%, P42T05%,
P13 T1.7%, P15T3.0%, P14T7.0%, P25T6.4%,
P31TC35%BH o7, FRIIHRN LTStk 2 —TR5

Y7 (Yu2) OCPETGBOEAEL ~IVDENLZF
NZN07%, 10%THD7me DI DT SKRILF2Ek
L O YRRISEBGTH DL & DBhHP oz, Koenig e
al. (1995) OFERNIHES & FEIBIIZIE T2 DITxt
LT, SHoOBRkid Ytk Ak, AMICEBT 2252
Bz, BAPS SN AFEDRNASICIE, D
THhOE (03~09%) BHALNEN, 757D
SIS NERNAS I, BEL )V T35~3.6%

51005

£

» T3 /BL ARIVT3.9~4,8%DENWHBH BN,

3. VR RE CAEUIERRIC X D £ U= BNYVV DR
RABBRRIZDWTERIT Uz. 2FEDORNA2E B (
480~579HEFRIS) DRIGEBIZ DWW TN L7=#S
B, WTFhd CPEHRABI LY VISV ED CRISEE,
WREMBELTWE I Dbl o, 40DB4E 98
B B MRS L o T U 13D RNAIE R
Pk, 13FEMDRNA-4E LR, 3HORNA-SEREKIZD
WTEIT UL 25, TXCT ORFWIZREDE L
TV, REGIEFEHIIL, RNAITIL69~60716E,
RNA-4 ClE303~549155, RNA-5TIX303~36615H:
THole REFEHOY ¥ 7Y 3y BEOERE
BeHhbE, WL DODPDOREERIC 4~168EFD—5
R RIERFIBRDO SN, T, REOY vy
o ay OERLTWBEEND >N, (hoks
IIXBEE RSO b e oz, BEDEL D
ANZZXNE LT, A8—Faf2ABEZS5ND,

4 BRI K D A OV RIETM Y 2 5 2
%, BNYVVORNA2IZI— RE N TW53DDTGB

BT (P42, P13, P15) 2Zh 2N EM, £iE
HAGDET, 77Ny 5F LI Y Nicotiana
benthamiana WE A LU=, FOFER, P13LPIsDi#E
EFEOR\WEBRERT, PI3OEEELT L PISHE
EF Lo WEBETFE2EAN LR N. benthamiana
D—EBDRRT, BHEEPS LAEADTAL NV AD
BATH RN ZIEASRD S h, EMESERIh

2o UL, P42, PI3BLUPISEZNZNHEIT
AL YRR RIS R o,

5. BNYVVODSHEFEDRNADCDNAY 01— % VT
oo VES L T —T UTHYL, J—H
ey bk o NATNFA L=V aiiibhEY
A IVARNAZRBRNHRIET 22 B TERE, Fv
FeTow b oNnNgTNEALE—2a T 10pgD
RNADKRHIDSHEEETH o120 T T A BD S EEK
BRI UGS I IIERERIS B A B 1, MDD
T+ THoED, YU TNVEERETLILICLD
VD EHBEE IR > 72,

6. RT-PCRIZ & > TBNYVVODRNA-3, RNA-4,
RNASEME T2 EODOTI4 v —5RE L,
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HEE X 1pg TH oz, TUH A DRI HEIELL
W9 2D OMEMEEERE U, LIER2%EE
f#ENL U7z RT-PCROMHIEEIXELISA & F% £ 7=
EEFNLULETCH o= ZOFEEHNTILEERNIC
BT BRNASDAHEHSIZ Uz,
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Summary

Sequence analysis of Japanese isolates of
BNYVV and comparison with European
isolates

Beet necrotic yellow vein virus (BNYVV)is a
causal agent of rhizomania of sugarbeet and is
transmitted by Polymyxa betae . Isolates of BNYVV
contain four or five RNA species. Complete
nucleotide sequences of RNA-1,-2,-3 and -4 of a
Japanese isolate (BNYVV-S) and RNA-5 of three
Japanese isolates were determined. RNA-1 (6746
nucleotides (nts) ) encoded one open reading frame
(ORF) of 237kDa polypeptide (P237). P237
possessed domains needed for virus genome
replication. RNA-2 (4609 nts) encoded six ORFs.
ORF1, 5' -proximal OREF, is the coat protein of
22kDa, followed by an in-phase 54k ORF (ORF2),
which is expressed by translational readthrough of
the CP cistron amber termination codon (readthrough
protein, P75). ORF3, 4 and 5 encoded three
proteins, 42kDa (P42), 13kDa (P13) and 15kDa
(P15) known as the triple gene block (TGB). ORF6
encoded cystein-rich 14kDa protein (P14). RNA-3
(1774 nts) and RNA-4 (1465 nts) encoded 25kDa
protein (P25) and 31kDa protein (P31), respectively.
RNA-5 species were between 1342 and 1347 nts
long and encoded 26kDa protein (P26).

Nucleotide sequence differences between BNYVV
-S and the French isolate (BNYVV-F2) were 1.4%
(RNA 1), 4.1% (RNA-2), 2.9% (RNA-3) and 3.6%
(RNA-4). Amino acid sequence differences between
them were 1.4% (P237), 2.1% (CP), 0.5% (P42),
1.7%(P13), 3.0% (P15), 7.0% (P14), 6.4% (P25)
and 3.5% (P31). There were 0.3-0.9% sequence
differences in RNA-5 of four Japanese isolates and
3.5-3.6% between the Japanese and French P
isolates. Nucleotide sequence differences of CP and
TGB regions between BNYVV-S and Yugoslavian
isolate (BNYVV-Yu2) were 0.7% and 1.0%,
respectively, indicating that BNYVV-S is more
closely related to Yu2 than to F2. Based on sequence
differences, BNYVV-S and Yu2 belong to the A
type, whereas BNYVV-F2 belongs to the B type.

Sequence analysis of spontaneous deletion
mutants of BNYVV

Deletion mutants generated during serial passages
of BNYVV by mechanical inoculation on Zetragonia
expansa leaves were analyzed. Two mutants of
RNA-2 lacked 480 and 579 nts of the readthrough
region of P75. Internal deletions with various sizes
from 69 to 607 nts were found in each ORF of
RNA-3 (11 isolates), RNA-4 (13 isolates) and RNA-
5 (2 isolates) in 40 field isolates. In some mutamtns,
deletion junction sites were very close. In some other
mutants, repeated sequences of 4 to 16 nts, some of
which were incomplete, were found in deletion
junctions, suggesting that these mutations would
occur by a copy choice mechanism.

Production of virus resistant plants by gene
transformation

TGB genes encoded by RNA-2 were introduced
into Nicotiana benthamiana using Agrobacterium,
and virus resistance was tested by mechanical
inoculation on leaves. Some plants transformed with
P13 and P15 or mutated P13 and wild-type P15,
showed resistance, but plants transformed with each
of P42, P13 and P15 were susceptible. Symptom
development in resistant plants was delayed as
compared with control non-transformed plants.

Diagnosis of BNYVV by nucleic acid
hybridization and RT-PCR

¢DNA clones corresponding to five RNAs of
BNYVV were used as digoxigenin-labeled probes.
Suitable conditions for detection of each RNA in
leaves and roots of sugarbeet were examined. The
limit of detection was about 10pg of RNA by dot
blot hybridization. Each RNA present in BNYVV
isolates was easily detected by northern blot
hybridization.

To detect RNA-3, RNA-4 and RNA-5 of BNYVV
by RT-PCR, primer combinations and sample
preparation methods were examined. The limit of
detection was about 1pg RNA. Sensitivity of
detection by RT-PCR is similar or higher than that of
ELISA. Smaller RNA species were detected from
roots of sugarbeet seedlings grown in infested soils.
Geographical distribution of BNYVYV containing
RNA-5 in Hokkaido was surveyed by RT-PCR.
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