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% Soybean dwarf virus (SbDV) (ZHPiMEZ Fo@ a2 ¥4 ZOMEMR %47 > 720 ShDVOALE &
Y2 (CP) #IZT DM ARRLS & & >~ ASbDV CP#{ZT 2 HA L ¥ A X2 Z 21 L 6%
WAE U720 SbDV CP#@ARF O JAEALE] & B A L CHEH L 22 %% A0R# 1L SODV HIntt 2R L. &
OEYTHE LWL S AEEL S K @ short interfering RNA (siRNA) ICX ARNAYA L v ¥ v ZFiEREIC X
5b0DEEz 5N, £ ASHDV CPRIZTFEEALZT A X 6 /KD H. SHDV P H W &
# 2 SNSRI 6 OMAREEIZDOWT, FERNCShD VIRPUPERERE % AT L 720 BT 5 6 O T RIARRE
T, BABRLF OGNSR SN, 3005 MRMEER L. D 3 RO TAMAEREIL SODV HiHT
HERLEZD, 20550 1 RZHIEBHEETVICEZRNAY A L v ¥ v 7B X > T ShDV #KHitk
PG ShizbZzx bhiz, Dok iz, 2BEORL 2HEOBMETOEALITV, RNAYA L
YTV TR X 5 SODV S S A X 2R L7z,

X—T—K ¥4 X, ¥4 ZXbWLRKE. RNAYA LYY v 7, @fa iz, Kok
Production of Soybean dwarf virus-resistant transgenic soybeans : Makoto Toucou* "’

Abstract : In an attempt to generate soybean plants resistant to Soybean dwarf virus (SbDV), which
causes serious damage to soybean production in northern Japan, we transformed a construct con-
taining inverted repeat-SbDV coat protein (CP) genes spaced by f-glucuronidase (GUS) sequences
or sense CP gene into soybean somatic embryos via microprojectile bombardment. One and 6 inde-
pendent To plants were obtained, respectively. Former progenies exhibited SbDV resistance two
months after inoculation by aphid. It was considered that these plants acquired the resistance to SbDV
by an RNA-silencing-mediated process. Among the latter 6 transgenic lines, progenies of one line were
subjected to further extensive analysis of SbDV-resistant response. In T: plants, the segregation of
transgenes was confirmed, and three different lines were obtained. After inoculation of SbDV by the
aphids, most T: plants of these lines remained symptomless. One transgenic line among the three lines
acquired, presumably, resistance to SbDV by the RNA-silencing-mediated process from the threshold
model. We transformed two different constructs into soybeans and produced SbDV-resistant transgenic
soybeans mediated by RNA silencing.
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A X WAL IZdb B ARICB W TRAED MR S
, BRicdeiEE, HEHREB L e TR TERRHE
ZRIZLTWS (EH 1975). WEY £ Vv A1

Soybean dwarf virus (SbDV) THh V), EHL /2%
A4 X3tk bW b, b L ISR ONRE #
b7 EOIERE RS & & HICTEBEIE L L HE
SNTKRIBRIERE 20 Fz, PHEHENIZ %> T
LN ERS R WFLBHE RS (Fig. Do

Fig.1 Symptoms of SbDV infected soybean plants. Soybean plants ‘A’ were infected with SbDV Y
strain. Symptoms of ‘a’, ‘b’ and ‘¢’ were yellowing, shrinking and combination of yellowing and
shrinking, respectively. Soybean plants ‘B’ was infected with SbDV D strain and exhibited
symptoms of dwarfing. ‘C’ is appearance of SbDV infected soybean in the field.
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Fig. 2 Genome organization of ShDV

Open reading frames (ORFs) 1 and 2 encode replication-
related proteins, ORFs 3, 4, and 5 encode the coat protein,
a putative movement protein, and a readthrough domain
(RTD), respectively. gRNA, genomic RNA; L-sgRNA, large
subgenomic RNA; S-sgRNA, small subgenomic RNA. CP
probe and Y-3' probe (Yamagishi et al. 2003) specific for
CP region and 3' region of SbDV were used for Southern
and northern hybridization analysis.

SbDVIiZ V74 7 4 W AF} (Luteoviridae) VT %
7 A V)& (Luteovirus) \ZJ& L. 57~59 kbD 7
T AH—ARERNAT / 2 % FOHAK25 nmOERIK
TANVATHA (TFES 1968 FH 1975 Damsteegt
et al 1990; Rathjen et al 1994) (Fig. 2)o SbDVix
R L7257 A A DT L 16 EHPHOFFRED S YP,
YS. DP & DSR#IZ/HE S N5 (Terauchi et al
2001) (Table 1)o YP & YSHRHIE, &4 X ITHi%E
RIREFEL R EOWmBETISREIL, Yrr7o—N
(Trifolium repens L.) (&3 5037 H 7 a—N
Iz i!ﬁ.&ﬁ’eb&w (Em 1973 £M
1975; Damsteegt 1990; 7425  1991), DP&DS
RAEIE S A ZNTD WAL ZE D/ NI L 72 & D
ZHISRIL, TAHZ 0 —NIERT A as 0
TG L& (KW 1973 £H 1975 @i
5 1980; Damsteegt et al. 1990: #IF-4& 5  1991; A&
%5 1999). YSEDSRIRIEY ¥ A BT T AT
7" A ¥ (Aulacorthum solani) \2& > T, YPEDP
ZgE Ty Ky e s+ 47 75 LY (Acyrthosiphon
pisum) &£V X7 X=< )7 75 LY (Nearctaphis

(T. pretense L.) IZ

“—'/\
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DV Fagetd. 72, HEDT 77 24 VL
NOTTI LD Lo BEE M ST
BV, TOWMNTTIAVHEPHEICRES NS L
W WL, SODVSEEN LNV T 4 7 A VAR
A NWVADBEE S 72ROV &DTH S (Herrbach
1999) F 72, SbDVIE, 775 A VI X - Tkl

IR S B DS HURN CIE B 97, BEAREIE P8
BAICTHh 5 (Damsteegt et al 1990) . EIPNIZ5A¢
HSbDVD 4 Rt Z TR T B MR D 7/ 2
TR OFEFRICTE DL YS (BEM93-1, DDB]. accession
no. 038147) 158531 %, YP ([FIM94-1, 038148) i
584132, DS ([WIHS97-8, no.038147 I X UFHS99-
5, 076038) & DP ([{IM96-1, 038150) (5708 kD
77 ARNAZ ENZENFFOZ WL LR o7
(Terauchi et al 2001). SbDVIZ%7 / ARNAZAS5 D
OFFGRAILY #e (ORF) % 2— F LT\ 5 (Rathjen
et al 1994) (Fig. 2). SbDVIZESAMLIZBWTH
/ ARNA (gRNA) (2R TR 2 B OH 757
LRNA (L-sgRNA, SsgRNA) # &3 % (Yamagishi
et al 2003). L-sgRNAIZORF3., 4BXU3-5D
A% 47, S-sgRNAIZShDVIEHHEIZ B VTR
7w L CHEMT b0

SbDVAHI &2 235 4 b wbimizdb HARICE
FAREABEICERA L HEEEZRITL TS0, B
AREIEGEOBTRARO SNTnDE, TNET
. dLiBETIE (Y vaF il [VVARA] R
[VbhbWw{ ] v 72Tk MEE B - B3
NTE72A, WPIRE LT LIRS TE RV
B, BEHNIEAT 7T AT RS 708 ]
OIMER & EHPATPLETH 5. T, FHEER
Bilre LCT7 77 A ORKEHZ T 5T 72001
&3 575, JLHEEILEBCIRIFIHTE 2 WHMiTH
L7200k E LTRA T TH L, S5, %:ﬂ:
W TIEAER R T A4 X b WALREPUE: i R 725

bakeri) 12X o TRBEMIZIEIME NS (EH 1973; &S Twiwv, 22T, ¥4 AbW BRI LT,
FH 1975 TS 1991 A% 5 1999). Sb SELEIMELZFOBMBEEES RV ZIhTunidy
Table 1 Classification of SbDV strains distributed in Japan.
Host plants Aphid vector species
Symptoms Strain White clover Red clover Aul h Jani Acyrthosiphon pisum
(Trifolium repens)  (T. pratense) wacortium sotant Nearctaphis bakeni
. YS [ o
Yellowing vp ® °
DS [ o
Dwarfing DP ° °
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S72WE LD ARG I3 s TR 2 i 2 R
LTy ¥4 ANbWALHIILEN 5 o W ek % A
THIERHME L7,

K 7 A )V A DBART O —EEZHWIHEAT 5 2
X o TYA NV ARG OB AT T T
WZITbNTn2d, 20X RIRPUEA 5B B &
Pathogen-derived resistance (PDR) EIFIENTH
) (Sanford et al 1985). Powell-Abel et al. (1986)
MWEINTEF AL 774 VA (Tobacco mosaic virus,
TMV) o5 » 28278 (Coat protein, CP) #1x
FEERA LML R 7 N a2 DTMVIZH T 5 H85E
BoORIEZR Hiis LTk, B2 0w 4 v Ayt
ML Z WA SV ST & 720 Fitch et al (1992)
D73 XLy 4 WA (Papaya ring spot virus,
PRSV) $HiMEAMIR 2 78784 ¥, Tricoli et al. (1995)
DOF 27 ) EW AL 794 )VA (Cucumber mosaic
virus, CMV) IR 2 X 72 7 v ¥ 2. Wang et
al. (2000) O A F A XHEALEHM Y 4 VA (Barley
yellow dwarf virus, BYDV) 3&JUPEfHIR 2 4 4 &
F R Missiou et al (2004) DY ¥ H AL EYT A VA
(Potato virus Y, PVY) LA 2 ¥ v 74 €24
EVEREmORE LTETONS, TZOHTDH
PRSVIEHUHEAR 2 7384 X L CMVIEFUEA 7 7 v
Tl RS IS CRESERE SN B D BRI
77 AV AICPDRIC & o TP E 5T 52 L
WBAERTHLILRRDLNT VS,

PDRIC & V| KE¥id & > /37 B & Ahsr& L7z (pro-
tein-mediated) ¥f% (Beachy 1999) % % \»ix. RNA
Zfhsr& L7z (RNA-mediated) ##E. 45IZRNAY
4 L2 (Wang and Metzlaff 2005) & M:iZh
LRI L ) T ANV AMPEL BT LI LHNTE
BLEEZLNTWS, ¥ NI B LA
VAP DOFEL WA = X 2B ST RN
(Bazzini et al. 2006) %%, 7 A VADI: Y ¥ 87 H
BIAT 2 M LR Y, CPEIZFOHISK
Ehole A VAIEY RO LMo N TS
D TMV#HE, CMVIEHLTE (Cuozzo et al. 1988) .
PVYHE: (Hemenway et al 1988) D 2
NAZREITFH I LN TE D, —J7 RNAZfrE L
e ANV ABIEOMIEZ Y TIZ, A NVAD
7/ ARNAZ BRIV R IS B 720, v
AN AOBFADHH SN D, N5 ORI RAIE
LYk, BERBEY - AL DT
(post-transcriptional gene silencing, PTGS) 2 &

DHRL LU LB CL2b0THE LB
2127 o> Twb (Dougherty and Parks 1995;
Baulcombe 1996; Wang and Metzlaff 2005), PTGS
ot MDD 2RNADSREEREIZRNAY 1 L
YV TERBENT VD, DX T A VAR
YU A R AR A R PT M (homology-dependent
resistance) (Mueller et al. 1995) & LTd SN T
Wb, RNAFA Ly v 7k, ZofRe Lk
CHIANVAEPEEFHT B 72010, ZAKH
RNAWZ LB ETFTVMPRBINTED (Metzlaff et
al. 1997; Waterhouse et al. 1998; Bass 2000). Z#
BROLHICHHEI NS, Thbb, ZARHRNA
WRNAY A L > 2 v ZFEIC B TEZE 2 H 2
#H-5THBY., Dicer-like enzyme (DCL) (Carmell
and Hannon 2004) & M-EN 2 ZARGAFRI ) K X
LT —EIE o THW21A 5258F 50 ~ AR
RNAIZGH SN D, T OV ZAKFRNAIshort
interfering RNA (siRNA) &FEEN, RNAY-A L
VYV ITBAELTVwARELSA TS
(Hamilton and Baulcombe 1999; Zamore et al.
2000; Elbashir et al 2001), siRNAIZRNA-induced
silencing complex (RISC) (Hammond et al 2000)
EVWH Y FYRRXZ LT — XL ROy v 8
JHEOBEERICMY AT, MHALD D 5 —4H
RNAZYIWT T %o 7 4 L ZAHKDSIRNADRISCIC
TR AENTWAEEYIE. RNAY AV AHE
AT % &, RISCOHERL 227 A )V ARNAD I3 %
179720, THEZRTEZEZLN TV,

72, ZABRNABARERFELT, M
kD& 2 RNAGFEZGI SR TEHE 2o T
% (Voinnet et al1999; Bass 2000; Vaucheret and
Fagard 2001) o RNAY A )V 23 EGMLIC BT
TARPRNAZHRBHAE LOBRT 2720, 2
DEPPHHEAESRNATA LY V7D \ﬁzrﬁ a
vy hEBRY 2D, YANVADT ) LERE A
D@ HRNADEG I ABRNAIC % 5 X 9 %24
2RISR A UL, B ICRNAY A L > Y
Y ERREITIET, WHﬁm%éﬁfwxmm
ZRRIZOHL, WL 5T 5 2 LA
HbrLEZSNTWAS (Waterhouse et al. 1998) o
TARBRNAZ AR B M XA A (inverted
repeat , IR) Fc% & FEIXN 5, Wang et al (2000)
EBYDVOARY X7 —EHEBOIRMEE % 4 4+ A F
IZEBA L. RNAYA LY ¥ v 7 #HIC X 2BYDV
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EHEAF A F 2R L7z, ThE TILEE L O
PIZBWT, SOHEC L) IEGTPERLIR 2 R A3
LN TWwb (Smith et al 2000; Kalantidis et al.
2002; Chen et al. 2004; Missiou et al 2004)

L2 L. RNASA L oo v ZBIRIC X B A4 )V 23K
PEA A Z X LWL 2205 E T £ A
TANVACPBIZFOABEIEASNTE 0 ¢
bbb, CPEIZETAMAMICEAINS D, AT
BTl TRELRRNADVEKE S, B3
M ANV APV ERTE Do AT T v V2 E
YA 74 VA (Squash mosaic comovirus, SQMV)
D22 kDak 42 kDa® 2 Hiio CP#fafZHA L 72
Mz 2277 v ¥ 2k, RNAYA LV o v 7kt
12X Y SQMVEEPLlE & % - 72 (Jan et al 2000; Pang
et al 2000)o ZDHMHZ A7 T v ¥ 2K T, CP
BIZFOMRNADOERIID TN TH - 72205 ZETO
MRNADHGIZE L RV bITWn 5 Z & ATR
INh7z,

ShDV Izt L THBLME & oMt 2 7 1 X DWE
FINFE TRV EnbH, AL TIESHDVO S
J LARNATE#HZ D LI LT, BETHEEE 54 X
WEAT LI LIk o TShDVIRPIMEMIR 2 4 4 X
DOVEM R AM7zo B, SbDV CPEET DO IR
&t Y ZAP{SbDV CPEAZF D 2 MO R 7% 5385 A
HRT & —%#4 L. SbDVIEPLEMEZ 514 XD
TE 24T o722 &6, ARFZEIZ D F & WEIZHHT
THYT %0

AWFZEDIY T L OITBEL, ETFRFRFEE - &
MFABIZ, MEIAEEIERIZ. BATT R R A At
R - RHEATHEBOZ, IR RAER - BRI
FIZIE, MR CIRE L AT o #A, WK &
Wo7zo 7o, WALEFEMNE LYY — HE #iF
A IEEE 2RI b7 ) TR E T E 2 H
2o ey s — BifE aFRP) LELFiEL
AL AR T O Tk 0 THRE & ShD VB
REFEOMEIIR I 2 T2 F& > 7 —FRHRHE]
M R, SR ICIEShDVIC B
T RHEBMEICRIE TN Fer s — FEEY)
BB/ RIS EBSERIC TN, 25
2 EB IR M SR I I B & 2 5 REE
BEWZB L B oM EEICH I 2 THW 2, 72,
SURRH R SE BRI IE v & — I HFZEER - HAT
BEIES—F A Z VR N—F XY MZE B YA
ABIZTFEAFICE LT, FILEENS LY 5 —T
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D F A BT HAEBROMI IRE L THUR
FIHW, 512, My y— #IEHKICTE
MAKBEERMNETa Y = 7 Mg [l 570 2 5
5 I U 72 A AU O B 582 B3 2 FZE ] 12
B 250 & T 72 BREREMZERT A HIE
EHLICIZEBRB L LTHRA 2IEZ2HW 2 2
NOOJi %2 IEHOEE KT %,

I SbDV CPEEFHMRIEEFIEEAL /-
SbDVIEH S 1 X DER

1 & El

W TCHRAR_ZEY . YAV ADF ) A E IR
EREIEAT UL, IRMEEHRO Y A )V 2 Dk
Fe5l & A 72 ARG RNAADCLIC & » TH R S
M. siRNA % o 721412, RISCICELY A, M
FtEDdH 57 4 VARNAZEIW T2 & FHIN L,
ZH LT, EERBRY AV IR L. KRR
EHEENE5 T ENMETHLEEZOND,

AL TIZSbDV CPi#fznF#i % IRICHCHE L 72
Wi Z A AL, MM L2 8Is Rz 7 4
A @ ShDV #Hik % #iAE L 72,

AT DOWFFERE R O —FBIL BRI Periam LIS THFE
ENTEBY (Tougou et al 2006), AWFFETIILZE
W SINAT—2 2B T L7,

2 MEBLUHE

1) SbDV CPi#ARF M AERANFEB 7 7 A
I FoOREE

SbDV CPBIZT DX v AW &7 v FX v A
SR I & WA SIS LS § % 728, SbDV D YP %
D cDNA 27 1 — > (DDB]J accession No. AB038148)
(Terauchi et al 2001) & D PCREIGIZTENZEN
DM & WL 720 CPRIZ T2 32— F§ % 3
Ya LB A7 B 3035% H 4 5 3637% H TH %5, SbDV
CPEBIET 2V AL T v F X v AT oE#IC
WEHIREEE Sac I 8k A V2 &L 717 — K75
4 ~<— (5 -TTGAGCTCATGGTCGCGGTTAGCA
ATGT-3") LIRS Kpn 1 #8i#k¥ 1 b2 &TY
WN—=AT 54 <— (5-TTGGTACCCTATTTAGC
ATTCTGCGTTA-3") #&M\w7z, ShDV CP#EAT
v AW E T VT v ABEM D A R —H— i
FITd 5 GUSHEAEZT DM i (670 bp) DFERIZ I
MEES BamHIZ#Y A 2 &L 74+ 7 —F7 5
4 ~<— (5 -GGATCCGCAACGTCTGGATTCAGC
GC-3") CHilBREE® Kpn I 78a&k¥ 1 M2 &de) N—
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1 kb
HindIII Xbal H‘indHI BamHI Kpnl HindI‘H Sacl EcoRI
Y. P35S L SbDV CP > GUS dD AQGS el NOS e/
2.7 kb
L. ~
-~ Cd

Fig. 3 Structure of plasmid used for transformation of inverted repeat-SbDV coat protein gene.

Plasmid pCP/IR/G contains inverted repeat-SbDV-CP genes, which are spaced by a GUS sequence, and driven by the

35S CaMV promoter.

Induction Proliferation Bombardment Selection
“r B
v
3-4 months 3-4 months
Maturation Desiccation Germination Conditioning
2 o
o A, . S
7 T
1-2 months 1 week 1 months

1 months

Fig. 4 Process of production of transgenic soybeans.

AT 54 <%= (5-GGTACCACGGTTTGTGGTTT
AATCAGG-3") ZM\7z. ER L72PCRII}T %,
SbDV CP+t > A$H, GUS#EIE ALY & ShDV CP7 ~
F & ¥ AW i DNEZ Cauliflower mosaic virus
(CMV) »35870E—%—ENOSY —3I % —% —
#5075 A 3 FpBR322IZHfA L7z, SbDV CPt
v ABHI R O ADOBICIE, 57 KD Sacl kY
A4 e KD Kpnl Bkt A M &2BrELLFEE
YT % 35S 7 0 E— ¥ —d 3" KD Xbal FBikY
A b & GUSHEIET OWi R © 5 K Bam HI ik
A POMICHALZ ERLATIAI NI
pCP/IR/G & 4t 1F 72 (Fig. 3)o Y bd X 9 1fEH

EN/eTTAI FIERILREENEL Y ¥ —
B X D R L THW 2,
2) A AEIETEAS
A ZANDOBIETHEHAZS—T 4 7 VF /12 &
b F A AANERNDE A (Furutani and Hidaka
2004) A L7z (Fig. 4)o NEMREIEREATE W
i ‘Jack’ & AT AWMBISTHRY» SEHII2 T
THK L7z BIERMIOH O AIRIL ., K%
70% L% J —VTHBERE L, 7Y —YXVYFHT
FERIRIEIC X D RAFE 2 ML 720 RIS v —
L B CRMAE T O 2 B2 U IREERAL &2 YIBR L
2T ERS O % TS LA &R E A

H
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MSDA0RETEE# (MS fE#3E, B5 €4 I, v
Hu—2Z 30 g/l 24D 40 mg/l. VI 4 b 2g/1)
IR L7z 8528 3 RIS, ER L2 DX
A ERSTER S N5 720, Hifk 7 MSD 4055 #
WML 720 613, 3EMBZICHM L 72 Eh
ZMSD20RE R e (MS b, Bs €4 3~ +
vhua—2A 30 g/l. 24D 20 mg/l. VI 4 b+ 2
g/l) ICBHLL CHIH S 720 [MAROHIEL 3 HH
I ATV, BIETEANANERZ ML, ANEEN
DBIZFEAIZIEZS—F 4 7 VI~ (PDS 1000/
He particle gun (Bio-Rad)) # MW7z #EIZTEA
4 Furutani and Hidaka (2004) ®O4fi2Ht-
720 Thbb, 100 uloEk T (HE 1.0um)
Wik (60 mg/ml (50% 27"V ta—i)) 1205 Hghd
BAMNRZ 7 —pCP/IR/G & #k~— /1 — @i T L
LA 7ex A ¥ Vidth#EET (hygromycin

phosphotransferase, hpt) ®X2 % —pE2113-HPT
05 ug&a—7 4 ¥ 7 L7z, MSD20K;# % A7z
¥y — L oduLEksyr (ERER 5 cmBPLN) 1292018
DAERIZER L. NV 7 AFE1100 psis ¥ —7F
v MIEEE 9 cn TAEMRIRIZ 2 B O DBIEFHTH
ABREITS 720 FTHIAKR T HIZIZ, BIZTH HAAR
BlEZ L7z v — L2 S PROAERMZ . FNL
WkE . (FN v 27 a, MS~¥ A +—. Fe-EDTA,
B3I, vy Hpu—2 10 g/l. 24-D5 mg/l.
TANTE V1 g/l) B ANT=ANVF ¥ —FK VI
ALT, 80rpmTHks ) LTH#EL N O
AV /X B BIZTHBAANER ORI, AERI
DWW T 7 HIR L DB L. 7HIEITH
G 2 35 LA T~ A ¥ VIRE R R4 R
Twoize A2 FIH E TIE320 mg/l. KO 4
1230 mg/l. PABEIZ40 mg/IT, 13 & A EDOAREM
WA LT 2T, Rz ELINf 7Tax (v r
A ERBEAVE U % F TR 21T 5 720 N A
ravA Vi Bbn s REkiE 1 M3
0S3SGM ¥ fkEs#h (FN ¥ 2 1, MS~¥ A +—. Fe-
EDTA, B5 ¥% I, vy hu—2A 30 g/l. VIV
Eh— 30 g/l TARNTFY 1 g/l) IZHALSO
rpm TR E ) B L7z, AR 2 BRAIC 1 B
L7z, FREBMEAREZ, 25 20ED
W Y v — VIZER L, S8R L3 720 I H LBl
% 7 HHAT - 720 HoJB S8 70 AR & MSO B E;
HWIZHER UCTHMR - FEFS 8720 FMWR - FIFEL, &
B R LB AR I ML 2 AT eI

#1107 (2009)

PRSI THER L.
3) PCRIZ & %3 ABIET DR

Mz 54 2L MMz 74 X (nfl Jack) O
B (Y50 mg) X 0. I (1997) OJiE:% %
LM% 7/ sdliidi 2 wTs/ ADNAZ Hiif
L7z bbb, ¥4 ZHAEIZ800 uloihikER
(200 mM Tris-HCI (pH 7.5). 250 mM NaCl. 25
mM EDTA. 0.5% SDS) %Ml 2 TMicro Smash
MS-100 (TOMY) ZHWVCilikizz b £ TREeI
Wi L7zo mO0EE (15000 rpm. 30400, =iR)
ATV, BRI & ) R RRE 2 D B 7o BT
WHHETEfM 7=/ —vEizoofk sz Zne
250 Ul 2%ML, SEEITRM L7z, #0508
(15,000 rpm. 307;M. =iR) ZA7\. K% 58k
L. E512708Fk0A%500 ulimL. 242
RBAMU 720 08 (15000 rpm. 5 4. i)
L72RICKEIZB T, 7 a— ikl zirv,
RAIINIZ200 WIDTE MR L7z, SbDV CPilifz
TOBAZMMT 5720, BoNMBTr 2 2%
W1 ulzgHRleLTc7+7—-F794<— (5-
GGTCGCGGTTAGCAATGTCGCA-3") &Y N—=R7
74— (5 -ATTCTGCGTTAGGACATTGATC-
GA-3") IZX BPCRIUS Z 1T o 720 BUBSMIZ94T,
5 min®#%., 94C. 1 min; 58C. 1 min; 72C. 2
min%30% 4 7 )V 75 272C, 7 minTiT o 72,
WEEEY) (592 bp) 1X1.5%7 A0 — A7 IVELIKE)IC
IOHEL, TFYyATORA FEIZ X )R
L7

4) T ay MEN

Mz 74 A LI Z 74 ZOHEE (F50 mg)
%Micro Smash MS-100% FH\WTH#ft L. DNeasy
kit (Qiagen) # HWTHEBE~ =27 VIhE->TH )
LDNAZHIM L7z 5 ug®% / ADNA#%100 Unit
D REEE EcoRI TL6R LI L 7212, 0.8%D 7
AU =27 VELRKE 21T > 720 471 L72DNA% F
Afv>r X735 (Hybond-N*; GE Healthcare Bio
Sciences) (27 @ v b L7z, SbDV CPi&EfzTHiHH
»7a—712i%,. PCRIC X v #iE L 72SbDV CP#
=T OPCREY (592 bp, CP7u—7 (Fig. 2)) %
Hwize CPTu—T70OIX) 7 N T)FA
¥ — ¥ 3 YiZAlkPhos Direct labeling module
(GE Healthcare Bio Sciences) (2 THfo7ze NA T
V&4 E— a VEMIESSTTISH & L7z, A ¥
TINMNE LB Te—T%, 60CT 4~
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=%y 2Ny 77 —% T304 M T3 MmE,
FtH Y Pty 2Ny 77— HwT5 450
T 2 gk L7z BREROMIHIZIZCDP Star
Chemiluminescent Substrate (New England
Biolabs) I2& W B~ =27 WIZHto TiTo 720
LI AYT I Ty TTEATE— N FIFT
974 =Mty MZAN, Hyperfiim ECL (GE
Healthcare Bio Sciences) & X ¥ 77 Y IZ## S,
R T 2 BERIA S 12O S5 2 LI2 kY,
ANBET 2R L.
5) /—=#r7uy MIXZEARETORH
fHT

Mz 54 AL MR 54 XD EE (F950 mg)
% Micro Smash MS-100% v T L. Trizol
Reagent (Invitrogen) % Ji\>T total RNA #f})8~
2T IVIZHE> T L7z SbDV CPEET Dz
BEMRT 5720, total RNAS ug&. 22%Fk )V
ATIVFE FE T XMOPS (002 M 3- (N-ELFKY
) TSy Ak g, 5 mMEEERF MU T AL
mM EDTA - 2Na. pH 7.0) 2&&15%7 A a—
ANV TERAKBZIT, FAT AT T IT
Oy L7z, SbDV CP mRNAKIH O 7a—70
TR YT NAT)VFTAL ¥ = a v EEROB
I > 7 ay Mg & RO FEE M2 v
726

6) /—%r7uav MIXBShDVIFEMRNA
DR

BB 27 7T L VI X BRI NT, ShDV
RO EE T A VRS ) ARNA LRV TS
b7:0, /—Fr7avy ML BSHDVERNRNA
DM %47 5 720 Trizol ReagentZ W THIH L7z
SbDV YPHi#HM B L IRz 54 X &
AR R &4 ADOFFE (#9950 mg) PDtotal RNAZ,
J =Ty MK DEAEES ORI & [H
Mo e W TEKKE, 70y 714 ¥ 7BXY
WA TN FALX =23 V& To72. SbDV YPR#H
BRI 7 2 — 71213 Yamagishi et al. (2003)
I2&5Y3 Tu—7%Hw7 (Fig 2),

7) K5 FRNAEHT
Tk & FAERICHIH L 72 total RNA 15 U g% 15%%
TR T ZUNT I REVTERKKISW L, A4
OryAY7I5 27 turz7uy b L7z, ShDV
CPERTHESIRNAMB DIz TF v =

(DIG) HEHMRNAT B —7%T D & 9 IS L 72,
pBluescript SK (—) (Stratagene) ® HincII ¥ A
MZT ¥ F ¥ ASbDV CP#fETAEA S N7
A3 K (pSV-CP4) #EcoRVMLHE L, in vitroiiz
BHOSHR 2 E# L 72, Fi\v> T, Megascript T7 kit
(Ambion) &DIG RNA Labeling Mix (Roche
Diagnostics) & HW78EE RIS L ). DIGEEq#
SbDV CP7 v Ft Y ARNA &K L7z, 7V
71 ) IARGR & D FET70A 510080 L72d o
ETOU—TE LT AVTIZ U ENTYETALE—
v 3 Vi (50% formamide, 2.5%SSC, 2% blocking
reagent [Roche Diagnostics], 0.1% sarcosyl, 0.02%
SDS) HT40C, 2T LA T ¥4 ¥—T 3
VL7t ERTU—TEMAIFH LN, T &
A ¥ =2 a3 YIS, 40T T2HEMNA 7)) &
A €=V arazffolco MTVFAE—V 3 V%
T, 1 (2 xSSC. 0.1% SDS) T 5 45
(i) % 2 b, #EFE 2 (0.1xSSC. 0.1% SDS)
TI550H (40C) % 2BPEHL. 2 ¥ 7T VITHH
L7l 270 —T72kE L. RIS, AYT T
#2Ny77—1 (1M <L A Y, 015 M NaCl,
pH 75) T5 A MEHRMM L 72, 70y F v 7N
v 7 7 — (Blocking reagent : Xy 77 —1=1:9)
TASFERUILL 70y F ¥ Fafiofc, 77Uy F
YT, A Y7 F vidAnti-Digoxigenin. AP.
Fab fragments (Roche Diagnostics) =70 v ¥
7Ny 7 7 —"T1/200001Z 7B L 7= ek i T305+
(iR RS SE7, RIS TH., 277
CERE 3 (045% Tween-20% &t/Ny 77—
1) T2047R (i) 3MEEHL, S 5I1TNy 77—
4 (0.1 M Tris-HCIL, 0.1 M NaCl, 50 mM MgClL. pH
95) T3 oM (Filh) L7, HivT1/15012
A L 72CDP-Star Chemiluminescent Substrate
A TG Y LTSRS EE, AV TT %y
FZ@H&, Hyper film ECLIZ3055 HIEG X €72,
8) T 7T AL BEAEAER

TANAEZRFEFL TRV (74 VA7) —) T
YRYCrFHT T LAY (L - FERM) %
SbDV YPR#M A MR L7z b 7 0 — N3E RICiE &
15CT 5 H R Skl eY 73 AT
LT15C. 7 HFWit &€, SbDV YP Rty
T A EMEHR L7z 2O ShDV YPRMEG Y 7 <
AZTANVAT)—DLY RO T FHT7TT I8y
ZR L. 15CT7 HHM LRI S TR#SE72,



208 HALEENE Y v ¥ — ey

Soybean plants were inoculated with SbDVYP strain
viruliferous aphids (A. pisum)

1

‘ 15T, 10 days inoculation feeding H

!

‘ Spraying insecticide H

!

‘ 25T, 3 weeks growing H

1

‘ RNA extraction from upper leaves H

!

Detection of SbDV specific RNAs
+

Observation of SbhDV symptoms

Fig. 5 Flow chart of testing soybean plants for
SbDV resistance.

XIZ. SbDV YPR#EL Y Ko e sy 4777
A V108 %, RHEAN 1AM oMz 54 X L IEM
Wz A ZADFEZ KL TI5C TIOH Bkt 2 &
720 HHEMIRIHE TR O 5 4 X3 2 1R A %
L2, Wi AR%E25TC. 10,000 lux. 16HEE L/
SIFMIRICREL 727 T — A F ¥ U= 12BNV T
HH S, 74 VARGEOHEIZ, EEIIBITS
WBORIL ) =% 7uy ML AShbDV HIR
RNAOKIIZ L W IT o720 77T A VICE DA
RO 70 —F ¥ — h & Fig. 518 L7z
3 S
1) #2574 ol
N2 & —pCP/IR/G D ¥ A4 AAEMADE A ke
Z70[M (1 [ E A/ IR 20l DA RS~ 2
BRI N—=FX ¥ MIHY) 7w, 3K
{Lfiifk (To) %1572 CPEIETDEAZ, PCRTCP
BIETRA ZMIES 52 L ICX VERL: (F—
5 ) o 135 N7z 3 O P LA % PSR
LIZTHERLA2S 2 BEIIHE L, 1RO HD
ST TSNz BHRLZT ¥4 XOMR
=B 5 AEFRR % Fig 618 L7z,
2) 7Oy b —FrTuy MILD
Tl 2 74 X DR
N7 % —pCP/IR/G ZEALTH LN/ T HF
EREEBRLEZT VA X2 L7z, 56MEkD T,

#1107 (2009)

&

Fig.6 Growing appearance of a transgenic soy-
bean with the inverted repeat-coat protein

genes of SbDV in glasshouse.

¥4 XD 538K TPCRIFHT I T CPii s T 0
ADHER S N7z 3EAKRDPCRE T T 4 T ThH o7z
ko5 5 3MEAETCPTu—T &2 W7
Oy MIXBZEABEFOMHREZITo2 IEKD
EcoRIWiH (32, 35, 4. 44. 49. 52, 55, 6, 7
kb) 2 E N, FELZ 3EEKROT &4 24T
TR NS F8% — v &R L7 (Fig. 7)o
7Oy FEToRT A X LR UHAEICE
WTCCPTu—7zHw/i/—¥r7uy MILb
CPHEAE T OFRBIMERZIT - 72 (Fig. 8)o ZDHGHE.
CPHEAE T OEHNI AR 2 RNADER IZ D S e
Mole —H. RYF4 73> a—THsSbDV
YPRBIEGARED L — > Tld, 6 kbfHEizsr /&
RNA L 3 kbfTIZE T3 77 7 ARNADHHE S
7z,
3) Tu TARKIC BT % SbD VI ER

PCRIAHTIZ & Y SbDV CPH#fzE 1AM iERE X 7238
HAERDTIF 4 XD 9 B, 2600KIZSbDV YPH#H 7
TIAYEREMLz, 8 KIESODVORi# %R S
Lo fzle T2 L 720 —F RIT 47
ary bu—k LTHERDIFRIEZ D5 A X2
SbDV YPRR#HET 75 A &ML 25, 30M
fKASSbDV IR RN Wi 2 R L7z 7 ay
M —FrTuy MRS T ¥4 XTI
SbDV YP#R#ET 75 & Y HEMIfTOTER L. T:
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T, transgenic

soybean
1 2 3 N P
e N
PCR analysis * & #* =
10 kb—
8 kb—
6 kb—
5 kb—
4 kb—
3 kb—
2 kb—

Fig. 7 Southern blot hybridization analysis of T:
soybean plants.
Genomic DNA (5ug) was digested with
EcoRI, separated in 0.8% agarose gel, blot-
ted onto membrane, and hybridized with CP
gene probe. ‘N’, non-transformed soybean
(cv. Jack); ‘P’, positive control (pCP/IR/G
digested with EcoRI).‘PCR analysis’ shows
the presence or absence of amplified, 592-
bp, SbDV-CP transgene PCR product.

2L 72, Fig. 8 DAL S 1 OT. 54 h
SLERIL 72T T & 0 HRk L7z 9fifkizowC, PCR
TShDV CPEIZFOEMERHEL /-2 AH, T
RIZDWT SHDV CPERT DIRFENTER S N7,
INS TRERD T4 AERY T4 Ty bu—
V& LT 7RI ZhD 5 4 X12ShbDV YP
BT 79 LV M L7z, B 1 » H#%I2SbDV
HRMRNAOERZ / —F 70y MITHRITL
720 THEARDT:Z A4 ZXvh 3 ERIC I\ T ShDV 4R
HRNAIIMB SN o7z (Fig. 9 Ao ZhH D
TR 2 » AICB W T ShDV BRI %
REF, ELISAREIZE DI ANVAY Y7 EDE
bR TELho7: (F—FIEBW. —H. F
Mz 74 X TIid, 7 kT 6 iR\ T, SbDV
FERNREBIE SN, HRLEH» o7

—AR$ACP RNAZT O —T 2T/ =7y
MZ X 5ShbDV CPEIRFHERWSIRNADKRI % 17

T, transgenic
soybean N I

+ + + - PCR analysis

ERES SR
3

Fig.8 Northern blot hybridization analysis of T:
soybean plants.
Total RNA (5ug) was used for northern
blots, separated in denaturing 1.5% agarose
gels with formaldehyde, blotted onto mem-
brane, and hybridized with CP gene probe.
‘N’, non-transformed soybean (cv. Jack);
‘T’, infected soybean plant. gRNA, genomic
RNA; L-sgRNA, large subgenomic RNA.
‘PCR analysis’ shows the presence or absence
of amplified, 592-bp, SbDV-CP transgene
PCR products. ‘TRNA’ shows equal loading
from corresponding plant samples.

-7z (Fig. 9 B)o SbDVIZI&H: L 72 % 4 Z1213SbDV
FRMRNA & SbDV CPEAZ T EMSIRNA D )7
PERL TWze —F. ShDVICEG L h o723
RO T, 5 4 X TIEShDVARIRNA I S e
Ho72h5, SbDV CPEARFHEFRIsIRNAIZEHR L
TW/z,
4) TsMERIC 31T % SbD VAT AR

SbDV YPR# 7 7 F & T Hfits. ShbDV itk
ZRLZISEEKRO T 54 X BH LT, S HIH
M &E1T->72 (Fig. 10)0 ZN5D T35 A4 & T4
THHFr7ay Mg e ) =7y MEN, T
AL TShD VEM G ER % 17 o 72 iR e & 13242 D |
BN PSR THA 2 R S & 5 72D 1 Sz
LOTH D, 13MEARDOSODVIEFIET: 7 4 X D% X
D total RNA % SbDVHEARIRT & Heflitk 1 - A HIZHh
Wl7ze SRHDOTY A XIZBWCEHME% 1 » HH
TIXSbDVAFERMRNA I S L h 5 725 (Fig.
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T, transgenic soybeans Non-transgenic soybeans

N r N

-4+ 4+ 4+ 4+ 4+ 4+ 4+ = = = PCRanalysis
4 —gRNA
—L-sgRNA

(A)

“—S-sgRNA
L

| - ] siRNA

- sz & g «—5S and rRNA

- = = -4+ + ++ ++ Sympoms

Fig.9 Detection of SbDV virion by northern blot hybridization analysis with Y-3' probe and accumulation

of SbDV-CP homologous siRNA.

(A) Detection of SbDV specific RNAs. Total RNA (10 g) inoculated with ShDV was used for
northern blot hybridization using Y-3' probe to detect the SbDV virion.

(B) Detection of SbDV- CP homologous siRNA. Total RNA (151 g) inoculated with SbDV was
used to detect the accumulation of siRNA. Hybridization was performed with single-stranded CP
RNA probe, which was hydrolyzed to lengths averaging 100 nt.

‘N’, non-inoculated soybean (cv. Jack). gRNA, genomic RNA; L-sgRNA, large subgenomic RNA;
S-sgRNA, small subgenomic RNA. ‘5S and rRNA’ shows equal loading across the lanes. ‘PCR analysis’
and ‘Symptoms’ show the presence or absence of amplified, 592-bp, SbDV-CP transgene PCR
products and severity of viral symptoms in mature plants from corresponding plant samples.

T; transgenic soybeans

-
9 10 11 12 13 N 1
+ + + + + o+ o+ o+ o+ + + o+ o+ - - PCR analysis

[— gRNA
— L-sgRNA

(5]
w
'S
w
(=
~
o

(A)

( B) E B 30nt
" : 24m
20nt

©fF

- = = = = = = = = = = = = Symptoms

Fig.10 Detection of SbDV virion in Ts soybean plants by northern blot hybridization analysis with the CP

probe and accumulation of SbDV-CP homologous siRNA before and after inoculation with SbDV.

(A) Detection of SbDV specific RNAs. Total RNA (10 g) inoculated with SbDV was used for
northern blot hybridization using the CP probe to detect the SbDV virion.

(B) Detection of SbDV-CP homologous siRNA after inoculation.

(C) Detection of SbDV-CP homologous siRNA before inoculation.

Total RNA (15U g) inoculated with SbDV was used to detect the accumulation of siRNA.
Hybridization was performed with single-stranded CP RNA probe, which was hydrolyzed to lengths
averaging 100 nt.

‘N’, non-inoculated soybean (cv. Jack). ‘T’ infected soybean plant. gRNA, genomic RNA; L-sgRNA,
large subgenomic RNA. ‘PCR analysis’ and ‘Symptoms’ show the presence or absence of amplified,
592-bp, SbDV-CP transgene PCR products and severity of viral symptoms in mature plants from
corresponding plant samples.
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10 A). SbDV CPEIZFHRRIYSIRNAIZER L TV
7z (Fig. 10 B)o —75 . $HERTICHhI L TH 272 total
RNA%HWT, SbDV CPEE THFRIsiRNA DR
Mailiizb 2h, HE MRS N (Fig 100,
4 = =
1) SbDV CPEfn{ ¥ AR SIEA 5 4 X
D BIRFFHT

T.# 4 X56MkIZoW T, PCRIZ L W SbDV CP
BIZFEHIEL72E 2 A, BIEFHREYNY A
et S 7k & i S e 2o 72 R 0 Je s,
3818 TH o720 TOHBELIZOWTH A 2 FelE
Bifolzl A, =152 (03>p>01) &%,
3 1OFBERISEMLCWi, T2 e XY, W
Fr7ay MEFIZ X DR S 7AW I — G
fufk FICHAEL, HEBIL T L EZ bh7z,

HAL7SbDV CP#fzToe&Ex &is, 35587
OE—%—5 KD HindIIIH 4 205 NOS ¥ —
IA =% =3 KMDEcORIY A M F TOHEBOH
#3927 kbTH D, —F. ##HN72SbDV CPi#t
ZFIRBLYE A 5 4 XD 9 RO EcoRIWi i i
$27 kbPAETH B720, BEABETOHWHE 2
LENBH0D, WIFRrOWH X357 0 E— % —
HHENOSY — I A =% —F TOREDOEAHAA
HEINTWHEEZOND,

FH 70y MEN TSbDV CP#E{ET OB AN
RSN 3MEAEDTF 4 2BV T, J—HF
70y M X 5EEET O mRNA OFIBEHAT -
e ZA, 3MHEAEETmRNADERIRD Sk
Molze TOFREBHENZ. SbDV CPiifz T % IR B
Hle LTEATAIEICE), HEYRNAY A
LYYy IHRELIRRTH D0 HEHIE BA
BIET DA FMUIZ X o TEHEDHE S NIRRT
LA D D, L L. BEABETORRLR
V7LV A POMBEDBETE RV, =7
47 NVRYN=F AL ML BEETEAINGTS
A X FEEFFIAS, BWEIETL &b ITR/TR
Ry F =Ny 7 R—VOEHIS R NMEWD T I L
DNAIZEBA XS (Fu et al 2000; Reddy et al.
2003) 0 N2 & =3y 7 K— U RHNIEAEIET O
VTV IRA Y MEGIERIT, £/ N—T4 7
WARYIIN=FR XY ML ABIETEATIE, —HY
W2, BAEGETSTY /AR aE—#EAShD,
FL7aE— —HHErLa—EAshs L, 7
O — % — R X F AL, BG R F O & L E,

7 uaxF UEOEALLEICL Y, LIFLITIRER
V—=r¥%4 L7 (transcriptional gene
silencing, TGS) 2522 0, & AEIET D mRNA 2%
IEE XN %5 (Ng and Bird 1999; Matzke et
al. 2000; Vaucheret and Fagard 2001) . A2 CTH
Yrray b —Frray M T TS
4 XTiE. SbDVERET 7' T A T HEHRTOSbDV CP
B THRERISIRNA ORI Z FEIT L TR 0nd, 2
NOONTZ L7zTh¥ A AL IZNCER LT &
T: 5 A4 A 655N 72T:5 4 XI2TB T ShDV R
T 77 5 EMEENCH L 22total RNAZ H T,
SbDV CP#EI&THEFM sSiIRNA Ot &2 il Az & &
5, BRIFEREINIZ, TOZEICEY ., AhfgET
A 5N 72SbDV CPRIZFIRELHIEA 7 4 Xid, H
ABIEZTHRORNAZHCAHMIIANT ¥ Rk
ZIWD . “ABRNA L), RNARA LYV
ZHFEL TV B RMEAUR SN2,
2) SbDV CP#fnf ¥ ARRCHEA 7 A X

DOShDV HEHHEIZ BT 5 siRNA DR 5-

YA Ly v 7 ENTEET OIFIEBRCH R R
72217 5233 H D sSIRNA D AEFEIF. RNAY A L >
Y TOWEETH B, SDDVIZES L 72 4 KD T,
54 X Tid, SbDV H#5#HRNA & ShDV CP#(E T
FRELHY SIRNA 2SEFE L Tz, —J. ShbDV HsL
W E RS o 72 3MEAEDT.Z A4 X TId, ShDV
FRERMWRNAIZMM 19’ SbDV CPEfATHREMN
SIRNAD A D ERE L TW7ze 7 A VAR OBIET
A LRW O AV AEPuE . RNAY A L
YV TS EREREEHERZLTBY), b
DIBUERPNZ B\ TER L 72siRNAZ B L T
% (Vazquez Rovere et al 2001; Kalantidis et al
2002) o pCP/IR/G Z3HA L7z T4 4 XIZRNAH A
LYy ZIZ X BShDVIRFIE 2 R L2 2 E 2 5
n7z. L2L, ¥¥r7uy b/ —HFr7ay b
fE#NT 24T 5 72T % 4 X Tl&. SbDVIRET 7T & ¥
FEETT 0 SbDV CP@ 1R T4# 1Y siRNA ORH % 52
TLTW R olz 6o T OIS RNA H
AVYY U 7ICEbbDTH LM RRH 72012,
SbDV YPR#ET 77 & T Hitk, SbDV ik %
R LTZIMEERDT: 7 4 X% @K LT & I %
fTolze THHDOTH A X, HHH# T SbDV
CPEETH RN SIRNA BER L THB Y, Hilfk 1
7 A B TIZSbDV AR RNA I S e h o 72,
CHOZE LY, RIFFETHR 5N/ SHDV CP#EfET
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IRELHIEA ¥ 4 ik, RNAYA L v ¥ v 7
L% ShDV#BiEAZ R Lz E 2 b5,
3) SbDV CP#fnF-#ifi KARRHIEA ¥ 4 X
® SbDV &b D F A ] 2
VT ANVRIEDT A IV A FBIE TR X
LA G- HEETH B L bl Tw b (Barker
and Waterhouse 1999), Wang et al (2000) &7
Fany 7 AEICED) VTATANVRETH
% BYDV R X T —VFIHO ZARHERNA 2 155
T AR EA LM A AFEERL, 20
FHROMH T, 1 2 ¥ —DEABEFHBYDV
P52 22 HOEMILTWD, —H, 75—
T4 7RV IN=F AV NCIE L 72 a7 2
FYNEEEFOEHIEASNE ZEPHONTH
D, BHIERICBWTH, BABEFIEETNRTNS
LEZBND 9RO ECORI R 25 & 7z, PCR
f#EHT 12 TSHDV CP# LT DEFADFER S Lz 7 1
BOTZ A XD H 5 4 fifkiE, BABMETZRFFL
TWAIZL»hb 53 ShDVIRET 77 & ¥ HHR
BRIZEB W T ShDV R E R L7z bbb,
ToAR TIEAEPUHE AR & R RS IRAE L Tw
oo N—=F A4 ZVEIN—FA L MEIZEYS Y
—DOGUSHEEFIEAINIAMBEZ 574 XDOTAM
KHIZB W T, GUSEIZTFORBICHE L EDD
D, ZOEIITOE—F—, HDHWVIIa— FHEED
AFMEDORBREIZL > TERLELZZ EHPEINL T
% (Reddy et al 2003), ARHFFEIZBVTH, EA
L 7:SbDV CPHEAZFIREES] D X F VAL DFEEE A
RS LICRL ), AESINBSRNAORITEEZ K
BFLTWAI LR EZLNS, 5#I133BSTOE—
¥ —#HIH R ShDV CP#EIATF IR FLFI D 2 F VLo Fe
%R, SODVIEHEO A OB 2 HET 5
VDD 5,
5T, AWFETSODVIRET 77 A T AL
72SbDV CP#&{nFIRBCHIEAMMARE L, HAEIE
FARE EANIOREIRIE L7 TH S, E
ABETOREREND L, 77 2O HNEET
B2 5720, NI kL mRNA OlRE &
WCEBELSZ A% X bILb, Aida and Shibata
(1998) 1. GUSHIZFZBEAL P L =T 2/EI L,
GUSHEIETHANIREDO ML= TI1ZGUS S FEH L
TWBY, FEIRBIZES L, 5 EN5mRNAE
Bard b2l L2 %L, mRNA GO
JFENCE) X ¥, BMEE )V (Smith et al 1994) |2

LFBRNAYA LY U 7HI Y, GUS 5H L
Bl B EWME LTV L, o T HABIETAF
EHLVIEANIREOVWTNTD 5D0H, RNA
YA LYYy I L HShDV RIS KT L
TWw3EEZLND,

KAWL TS N72SbDV CP#E{n T IR BlFEA &
A ZDOTAHACLEDO AT, SODVIRET 75 A ¥
AR X B IPIEBOE 2 kT 5 & L BT, EhD
OREIZ BV TEARIETF O5HEE X F VLD 2 5
WZOWTECIT 52 2 12& 5T, SbDV CP
BIZTF IREH 2> 5 %% L7z siRNA DA FED T
. RNASA L vy v ZEIC & 5 ShbDV itk
REOBIZTHIIRZ 74 AR/ E D 2 EHT
EprLEZHN5,

Il +>ZSbDV CPEEF%EAL -SbDV
B4 1 XO@ER

1 &

I #(Z3B T ShbDV #Hitk o SbDV CP#EIZF IR
R AMI 2 54 AEfEH L7z L2 L, #aC
WAz Y . MW CRNAYA LYY v 78
BIZE BT ANV ZEBEA = X LW SR D
FTIH, B RABDOT A NVACPEETDOAIBEI
BASINTELRENXD S, ThbEH. CPEIET
ABBFBT S LI L o TERK % RNAEES & 32
SN, HREIICIRNAY A L v v I FHE SR,
ANV AP TE D, B LIE BALL
CPEAZTF & ) mRNADHZE S 1, CP~EFER S 11,
5 N7 B ERAE LRI XD 7 A OV Z3RBUTE
AERTLILDEZLND,

M Tid+t » A DSHDV O CPHEfE 15 2 8 A
L7zlfn 4l 2 4 X2 EH L. ZOSbDVEHL
P& R L 72,

ARIFFEDKEF D —FRIT B PR am LIS TRE S I
THH (Tougou et al 2007). AHFIETIILZEN
i s NzT—y 2Bl TR L7z,

2 MHEBLUHE

1) &Y ASbDV CP#IzFHHEIHTIAI N
DR

I #ENSbDV CPEGTIREFIHER T I A I FD
HESERE & FBRIZ, SBDV @ YP R4t cDNA 7 1 —
v XD HIBREEE Xbal Bk A M2 EL T+ T —F
754 <— (5 -TTTCTAGAATGGTCGCGGT-
TAGCAATGT-3") & llBREEH Sacl B+ 1 M %

]
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HHIUN=AFF 43— (5 -TTTTTGAGCTC-
TATTTAGCATTCTGCGTTA-3") % H\w7-PCR
FJBIZ T, ShDV CP#EfnT % I — 9 5% 5
WG L. 755N 7z PCREW & Xbal & SacT THLELL ,
pE2113 (Mitsuhara et al 1996) o [7)#lREEZE Y 1
MIEA L7, pE21131335S 7HE— ¥ — D ik
WICZ N =D DA EI2 2R, TitEh
WCQEHIZ b OEEII A TORT ¥ —Th b, 1F
L7799 ZX3 N%pEI2Q-SbDVCP & #ftiF7
(Fig. 11)o M ED LI IR ENAT S 23 Fi
RALEFENZE Y > ¥ — HE HELICXDo3EL
TIHWZ,

2) A ABIETEAB
A ZANOBETFEAE, DTEEFAMO/S—T 4
IWH N LB F A TAGERNDE A% HIV, pEI2
Q-SbDVCP & pE2113-HPT % Co-transformationiZ &
D BIZTHEAZITo 720

3) PCRIC & % E ABIET DOHERE
D& & kDL Hv, B LB 52
¥4 ZOPCRIZL 5ShDV CPEET DEAFERZ
To72

4) ¥ rTay MEN
EM L7z 8IB TR 2 & 4 X3ED 7 7 ADNA % il
FREEFE Sacl TYIWTT 5 DAME. D& & MO )
EHCT MM TY T4 =Y g VICXBEA#E
F oMM EIT o720

5) RNAH
RNA#iH lZacid-guanidium-phenol-chloroform
method (AGPC{%) (van den Heuvel et al 1999)
Wz, Thbb, Mz VA XEIMBR 74
ZOHFE (50 mg) 12750 UlDOGTCHEMH (4 M
FT=Y Uy FAYT VEE, 26 mM 7 T VBT
b AKEH. 05% V3 T b, 100 mM 2-4 )V

HindIlI

AT by =) EHZTMicro Smash MS-100
HVTHIRIC % 2 F TRAIEM L7z BRI
75 ulo2 M BiEEF M) v A (pH 40) 22T
BLSHHL, STk EM 7=/ —2750 ul
MAZTHLUSHEBELAE, 150 uloraakibh
ZMATHEL B L TRECRE Lz, Kkhic
HE L 72048k (15,000 rpm. 15530, 4 C)
AT, RNAZ &K 2 I L 72, BILL 727K
BlIZE&ERED 2- T8 —VEMATHEEL., kK
HS 1 A L 7o E 2ol 050 (15,000 rpm,
105, 4TC) 12X D {572RNADLEZ100 ulo
WA A L7 (RNAHEN ) . RNAKL
M L D . EAEET OEGEWRSbDV Y/ 4
RNA% &t 5T ERNA (high-molecular-weight
RNA, HMW-RNA) &siRNAZ & 45T ERNA
(low-molecular-weight RNA, LMW-RNA) % 41
T 572012, 50 UlD24%RYY T FL 7)) a—)b
6000 - 22 M NaCUETZ @M L. KK A IS 1iRg R
#L72c HMW-RNAZ & Eibkid20 pulowmad
KRICHER L, /=¥ 7oy MFHH L7, LMW-
RNAZ &G LiE 3Ty J —VikB %47 72, 12
W1 DR AR KR L. sSIRNADRHTIZH 720

6) /—¥r7ay MIkbEABGET DR

fiEtdr
ERICE D ESNAHMW-RNABEO PR TH S
10 w1 %M T, ShDV CP#IET- DG % B L 72,
70— TN MAR G IR % 4T b e AR — A
DIGEE#%SbDV CP7 ¥ 7+t~ ARNAZ v, /A
TNVFALE¥ =g v EPEE3ST TIT - 22 DAL,
IEELFABOFEEH O, N T FLE—-Ta v
LT FNOMMELT 5 72,

7) K5 FRNASEHT
FRCE 5212 ulo LMW-RNA % %

A

1 kb
EcoRV SnaBI Xbal I‘LIindHI Sacl EcoRI
EI2 i P35S l SbDV CP i NOS Jv//
14 kb
&L ~
- C

Fig. 11

Structure of plasmid used for transformation of sense SbDV-CP gene.

Plasmid pEI2Q-SbDVCP contains the sense SbDV-CP gene. ‘El2', 5' upstream sequence of the CaMV 35S promoter
x2; P35S, CaMV 35S promoter; ‘Q’,5' untranslated sequence of TMV.
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W CSbDV CP#EET L #FEMED B 5 siRNA DR
BT olzo WA TV FALE— 3 v e E35CT
fro DA T # & FfEDO T EZ W, N 7Y 5
A= ar, Y7FVOBMELT -7,
8) 77 5L UICE HEMRER
SbDV YPHR#ET 75 & L O & 74 X~DH
i, AT TV ATHFRZNT T T A
PEMVEZEDUAMI T EE Mk KR W,
T ANV ZEGEOHE L, M 3 M EORNA R v b
78y ML % ShbDV HERNA Ol & #
2 r Ao EEICBT 2RO BIBEIC L 01T
277,
9) RNAFv b7y I X 2SbDVHREK
RNA DK
T 7T AV X B EMREBIC BT, ShDVIEG:
DA MEZHEIZY £ VA5 7 ARNA L X)L TR
954728, Yamagishi et al (2006) 12X ARNAF
v 78y M X 5ShbDVIFRMRNADKH %17 -
720 ThbbH, BIROKPEIZL Y #2SHDV YPH#
Fi - IR ORI Z 574 X L IR A 5 A4 XD
(#7150 mg) @ total RNA % %40 ulo RNA M
o9 H, 10 ul%30 plOE®ER (10 xSSC,
18.6% KV ATV Tk Fifl) M TRML, 65CT
205 L 72h &, KAKHIZTRHL, Fy b7
oy Mt AT VE LA RNARY b7 ey
MEIXDEYIT o720 20xSSCTRMHEL 72
Hybond-N*% Immnodot AE-6190 dot blotting appa-
ratus
(ATTO) 2ty b L. 7 2 b %10xSSCTHLEH L.
RNAZ T =z VIZT 7 I4 L7z T, 7o b%k
10X SSCTHEH L. Wik D X > 7T » %220xSSC
TWB L 7288, XR—=F v 7 %47\, RNAZ A VT
FSUICEELZe AV TIFTVONLTYFAL ¥ =
3 VBICY I VoOBRBIITEE [ EEOFEEH
w7z,
3 % S
1) Mz 54 XofEH
N2 % —pEI2Q-SbDVCPD ¥ £ AAE D E
ABME % 204I4T v, 10RO FEREAE (T) %
8720 SbDV CP#ifn ¥ ®#E AL, PCRTCPHEIET
A Z MBS LI LICX VAL (F—2 I8
#0) o 45 N 10RO F L R % PSR =12 T
B L7725 4 EEIEASE L. 6 kA S T+
PR E N7z ENENOFHSLBEERIE, 2725

A 70 VBRI NF Yy —R MV X YAELD
D OPOBIZTFEAEAKRTD 5. Tl LA
Er oo N THFEIC, ELZNAIC1 225 6
T ORMGHE T2 L7,
2) Ti T2 A4 XIZBUF B ShDV M A5k

SbDV CP#Azf35 AMEARED SbDV el ik B O#
FK%&Table 218 L7zo HEABIET OMEZRIESOHDV
BT 79 5 R BT % HICPCRIFNTIC TIT - 72
(7= ) . SODVIR#HET 7T A 82 » H
BRI REBEZ R LD D2 SHDVIERG S 4 X &
g Lze BBES 1 0T 4 X3 11EAEH 8 itk
AISODVIZIEH L e o 7228, Th& T4 4 XD 4
TUE 34 AR A 208K A ShD VAR IR 2 o8 L 72D
T, ShDVIRBLHE IR W& Z 2 bz, REES 2
DT & TAEREEIMAILAD T As, AEF TR
8 A ASSbD VR M & /R L 72D T, SbDV
TN E 2 S/, RHES 3 OT Ak
BEFAA L7z 9 R4 TASSODVICIES L = 2o 72
A5, ToAEARIEC 3B C26M iR T 18E R ASShD V iF 52
MR % R L7220 T, ShDVIRHIME IRV 2 % 2 5
N7z Zis 4 &5 Tld, T M2 7%
Moz, Ti¥ A XA TIESODVHEM % %4787,
To5 4 AT HEMMBAREAD %728, ShDVIEST
HEHT 2 IC@IA TG TH o720 RFEFS 6 OT
74 X% 3 R4 TShbDVICEGE 3, T4 4 i
39 A H 10E K CSbD VA SR & /R L 720 L
L6, T84 XD Y O298K13ShD VALY
WEAERST, EFEOREERL. ZROMET %
ORI R AR L DEFICERE RS i olzl &
BB RATET 6 OAREEZ SbDVIEBLIE O FH 70 7

Table 2 Infection rates of transgenic soybean
lines with SbDV-CP transgene inoculated
with SbDV by aphid.

Line T To Total
1 17/232(14/15)b  3/11( 7/ 8)  20/34(21/23)
2 0/1(16/20) 8/10(11/13) 8/11(27/33)
3 0/9(29/34) 18/26(14/16)  18/35(43/50)
4  nte 4/ 7(10/10) 4/ 7(10/10)
5 nt 1/11(12/12) 1/11(12/12)
6 0/3(5/6) 10/39(16/16)  10/42(21/22)

Number of infected transgenic soybeans/total number
of inoculated transgenic soybeans

Number of infected non-transgenic soybeans (cv. Jack) /
total number of inoculated non-transgenic soybeans
(cv. Jack)

¢ Infection rate was not tested
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FricftaR L7z,
3) Y Tay MIXBRMET 6 DR Z
¥ 4 X OFNT

FFES 6 12DV T, PCRIFNTIZTSbDV CPi#
T OBEADPHR S N2 1IEEKOT. 4 A TCP 7
U—7 %Mz Fr7ay MIXBEABETO

BafTo720 TNHIMEEROT ¥ 4 XITEAER
FORY B85 =2k ) SHEEICHE SN2 (Fig.
12 Too 1MEKIZ27 kb 1 KD Sacl Wil %, 2
fEfA1206, 1.9, 22, 3. 4. 4.6 kb® 6 & ® SacIlif
B, 2L T8 MAkIZ06. 1.9, 22. 3. 4. 46 kb
D TARD SacT Wi & ke L T\ 7o ARBFZE TR
.27 kbD 1 KD Saclliiv % [Al A » 4 — b, 06,
19, 22, 3. 4. 46 kb® 6 KD SacIliF % B 4
Y=t EGF Lz, ZLT, 06, 19, 22, 27,
3\ 4. 46 kb®D 7 KD Sacl Wik &2 F2 T4 4 X,
Al & [Bl A vyH—1PMlilixd> (A+B) &
PKENMED Ny 87— X RIS, AL B
EA+BA U — M ERFEOTF A AEMAKD SR L
B L 72T AT, Eheh 4 ik z ez o8
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Ol L, EEICCPTu— 72wy rray
MI X BBABRTOMERET 7. MELIZH
ZNAROT. 4 XZ&T, BTHHT ¥4 X
AREFUNY 37— %R L72 (Fig. 12 T2,
SolC, Ty MENETTb R o720 O
T.% 4 X & PCRIFHTIZTSHDV CPiif5 138 A A
RI N (F— I . 1o T, AITIZHEA
T & Ty A AMfRIEZENZEh DA % — F2SKE
ILL7-BERETHD I ERDD o770 TRLHEDA,
B A+BA ¥4 — MR EALL 228 TH 5 6 DRk
ZTA XL, ENZEhRHHF T 6 A, 6BL 6 AB
LR T 5 2720 B L72RHES 6 DT
74 ZOMBRIREICB T 5 AT RN % Fig. 131058

L7
4) J=Fr7ay ML ERHEES 6 DOT:

¥ A X DK

REFE T 6 A, 6BE 6 ABOT.¥ 4 X2BWT
CPFu—7%MHw/i/—%>r7uay MIXASbDV
CPEIZFO5RIMER %L, SODVIRET 77 45V %
AT 5124772 (Fig. 14 A)o R#FES 6 AD

N P
(T)) t.gh—-—' ™
*H - < 3 -
< B
3 kb~ 33 -
-es A
2 kb L $2 b1
o B -B
1.5 kb &
1 kb—|
-d - <
0.5 kb—

0.5 kb—|

€ L3
& b -
& <
| €A
B LB
|
ra - aae e
|

Fig.12 Southern blot hybridization analysis of T: and T: soybean plants in line 6.

Genomic DNA (5 ug) was digested with Sacl, separated in 1 % agarose gel, blotted onto membrane

and hybridized with a CP probe. ‘N’, non-transgenic soybean (cv. Jack); ‘P’, positive control

(pE12 Q-SbDVCP digested with Sacl). The transgene insertions in this line were grouped into

two fragments, ‘A’ and ‘B’

The upper panel (T:) shows the insertion patterns of three representative T: plants which contain

different fragments.

The bottom panel (T:) shows the insertion patterns of the T: progenies of each T: plant. The

arrows connecting (T1) to (T:) show that all four T plants were progenies of the original T: plant.
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Fig.13 Growing appearance of transgenic soybeans with the SbDV-CP gene in glasshouse.
Left panel, ‘A’, middle panel, ‘B’, and right, ‘A+B’, show T: soybean plants (line 6) that had the
A, B and A+B transgene insertion patterns, respectively,

R & . ' ~—SbDV CP
‘ - - siRNA

| ] <58 and rRNA

Fig.14 Detection of mRNA derived from the SbDV-CP transgene and the SbDV-CP homologous siRNA

in T: soybean plants (line 6) prior to inoculation with SbDV.

(A) Northern blot hybridization analysis of SbDV-CP mRNA in T: plants.
HMW-RNA was used for northern blots, separated in denaturing 1.5% agarose gels with
formaldehyde, blotted onto membrane and hybridized with a CP probe. ‘A’, ‘B’ and ‘A+B’, T:
plants that had the A, B and A+B transgene insertion patterns, respectively. ‘N’, non-transgenic
soybean (cv. Jack); ‘T’ infected soybean plant. gRNA, genomic RNA; L-sgRNA, large subgenomic
RNA.

(B) Detection of SbDV-CP homologous siRNA in T: plants.
HMW-RNA was used to detect the accumulation of siRNA. Hybridization was performed with a
single-stranded CP RNA probe, which was hydrolyzed to lengths averaging 100 nt.
The bottom panel of ‘5S and rRNA’ shows loading control across the lanes. ‘R’ and ‘S’ indicate
resistant and sensitive response to SbDV two months after inoculation, respectively.



TR BIETHIRZICK 2

T.% 4 ZIZBWTSbDV CPEIET OmRNA (%
600 bp) DEHEMEAHER SNz R#HFES 6BL 6
ABOT: ¥ 4 A CIRERITEOONL W, LR
BMHBEAL T CTH 720 (Fig 14 A)e SNEDTS
A ZZBWT, SODVIRET 77 A ¥ 2T 00
\2SbDV CP#AZ T4 R IYsIRNA DR % 3 7z
(Fig. 14 B)o RHFET 6 ADT5 4 AITB VT
SbDV CPi#ifn 74551 siNRA O ERE DR S h
oo — . BHFET 6BE 6 ABOT5 4 XA Tl
SIRNADOZERIZZRD v, b L IIMI RS
TTHo7 (Fig. 14 B)o

5) JHES 6 DT.5 4 XI2B1F 5SbDVIKHT

A XbVALHIEILE S A XD 217

BT T 6 ADT.F 4 L L Tid. 14412
fEARASODVIRBIETH > 72 (Fig. 15 Ao ZNH
128 Tid. ShDVAFRMWRNAIME &N, b
LI Lrmtdhirosz, LLLED
—Ji\ REFET 6 AOT5 4 X4k ) 5SbDV CP
BIETHRMSRNAIMRE S N7z, ORI,
NS 12MERDTF 4 ZIIRNAY A LY v 72k b
ShDVRHLME 2 B L 722 2 2R LTWwh, SbDV
DRNA Ny b7ay MENIZE Y, MEEDT.5 A
2 (EAEFET 5. 9. 100 14) IZBWTHTFRIC
ShDVIFEURNADEFATED S 17z (Fig. 156 A,
INLD 4 kD) B 2 ik (5. 10) A3

-
[

T & AR RIIRNA DR IZShbDVIF SRR A M 2 » ARBRIOR L7z, 3R

A 1 2 3 4 5 6 7 8 9 10 11 12 13 14 infection rate
RNA dot blot )
phenotype R R R R S R R R R S R R R 2414
SRNA . + + i + o+ +
after inoculation

B 1 2 3 4 5 6 7 8 9 10 infection rate
RNA dot blot & e 9
phenotype R R S R R R S S R R 3 / 1 O
siRNA
after inoculation + t . > n.t n.t = Tk - -

A+B 1 2 3 4 5 6 7 8 9 infection rate
RNA dot blot o 0
phenotype R R R R R R R S S
siRNA 2 / 9
after inoculation t > - * x E < + * ++ ++

Control soybeans inoculated with SbDV N
Control soybeans

it @ @ @ @ © O 0 9 0O total infection rate 10/10
phenotype  § S S S S S S S S S

Fig.15 Testing for SbDV resistance in T: plants (line 6) by RNA dot-blot analysis.

The upper panel, ‘A’, second panel, ‘B’,

and third panel, ‘A+B’, show the results of T: plants

(line 6) that had the A, B and A+B transgene insertion patterns, respectively, as confirmed by

Southern hybridization analysis when digested with Sacl. Image films of ‘RNA dot-blot’ show
the results of detection of SbDV-YP strain RNAs by RNA dot-blot hybridization analysis with a
Y-3' probe. One-fourth volume of total RNA extracted from a soybean plant leaf (80 mg) three

weeks after inoculation with SbDV-YP strain was dot-blotted onto membrane and hybridized with

a Y-3 probe. ‘R" and ‘S’ indicate resistant and sensitive response to SbDV two months after

inoculation, respectively, judged visually based on the appearance or lack of appearance of SbhDV-

specific symptoms. The accumulation levels of SbDV-CP homologous siRNA in soybean plants

one month after inoculation are discriminated with ‘+’ high, ‘“++  very high,

not detectable and ‘n.t’, not tested in this

‘=’ weak, ‘—

plant. The bottom panel shows a sample image figure

of RNA dot-blot analysis in the control ShDV-YP strain-infected non-transgenic soybean (cv. Jack).

‘N’, non-inoculated soybean.
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o2tk (F9. 14) 3EFHBICBWTHSHDV
FRRIGHENIR S o 72,

BT 6 BOT.4 4 X2 LTid, 10k 7
TERASOD VRS TdH - 72 (Fig. 15 B), ShDVIK
PUE 7T WADS B, 3MEAEDT. 4 X (EHE >
1. 2. 4) TSbDV CP#fzT4FEIsiRNADHR
. 2k (M9, 100 TSN Aeh o7z,
BOo 2 Ak (A5, 6) I22WTiE, siRNADHKE
MEBRZ TR h o7z Bl 2 » H#IZSbDVAER
Mz R LTz 3EROT.44 X (M3, 7.
8) Tix. SbDV RNAF v b7 a v MENIZ X )
Fi 3 A H T, FERICH LV TShD VAR IRNA
MBEE LT (Fig 15B).

FHES 6 ABOT:7 4 XL Tid. 9 ks
7 ERAShD VI TH - 72 (Fig. 15 A+B)s Z
NS 7RO T 7 4 X TIEShbD VAR RNA T
Ehd, SbDV CPH#AZTIFEM sIRNA 25 S
7z BEfE 2 4 A12ICShD VIR 2 ik & 78 L 725%
DO 2EDT:S A X (EfEES 8. 9) Tid, SbDV
RNAFy b7 ay MEFICK ) EHE 3 EME T, JE
W2 LV T ShDV AR RNA 2384t L T 7,
ShDVEREA & 3 % ORNAK v b 71y M
HrZ & ) SODVAFEIRNADE L NV ICH S vz
Mz &4 03, HH2 » A#IZBWTHShDVEE
RO AR Lize —, el 3 ER#%IZSbDVEE
FBIYRNAD DT HIH Szl 2 574 XTI,
A 2 » A ICSbDV OB /R L 7=k & s
RERWERIC PN, —H, RYTF4 73y b
a—)v & LTI 2R 5 4 XIZSbDVIRFHET 7
SAYEEML, S(DVORNA K b 71y MEN
LI BLOMER ATV, BRREE WAL, €
DGR A L 72108 R4 THShD VI FF 51 20 9%
BAERL, HHRFIZ100%TH - 72 (Fig. 15).

4 % %

1) RHEFET 6 DW=

RFFRICB VT, £ ASHDV CPEET-FEA
L. ShDVIKPLtE# 15 L2zMIR 2 5 4 Z&fEH L
720 BT T 6 DT F A XIZBNWT, ¥ r7ay
M2 X 5SbDV CP#fn T OB AMEREZFT, 3 RS
DBANT — V2R LT2e TWFA ADH¥F 70
Y NDINY FIRF = b, ToF 4 XTI/ S—F 4
IIVKYN—=FKRXAYMIZEosT1aE¥—nSbhDV
CPHEMETNH D Ytufk Lz (AL % —1), 63
¥'—® ShDV CP#EET M oGtk (BA v

#1107 (2009)

— ) ICEASRAEHERN SN, Ty 4 XLD
BONLRZMET 6AL 6BOT 1 Xk, Thb
2004 V=D HLEL LMD HEIEL. RHEF
56 ABOTF 4 REW DA ¥ — M #fa L7z e
EZ oMb, BABEGTOHNEBO S B, 3587
OE—%—5 KO Hind[II %4 4 5SbDV CPi#&
=T O3 K ®D SacIH 4 + T TOHBEIZH14 kb
ThbIehb, BARETOHMGEZ SN 5205
KIFGETH LN RHTHE S 6 ADTAMED2.7 kbD
SacTWiF 12 1%, SbDV CPilifz T ® mRNA % fiz’5
ELEREHEFEINDLLEEZOND, FHES 6
BOT:# 4 X130.6. 1.9, 2.2, 3. 4, 4.6 kb®D 6 KD
SaclliFr 2 #H. 14 kbl LD 2 & A TWS 72
B, HR#ES 6 AL AR ShDV CPi#ifs x5 9
WafotEzohb, LaL. ShbDV CPi#ifs T
OmRNADERITED LN h ol F72. Tk
F5 6 ABOT: 4 ATh, ZiFE 5 6 ADMkE
{412 SbDV CPH#{ET OmRNAFHICE Db S & &
AONDZAL VH— b EFEDZL DL T.
mRNADERIIFED N oz,
INBHDOTF A XIZBWT, SOhDVIRET 75 4
B P AR ShDV CP# Az 745 54 siRNA D
B AR A7z RHBF T 6ADT: 44 XITBWT
SbDV CPi#ifzn 745 siNRA OB HER S h
oo TORERIE. BRI LZSiRNAIZEAL
SbDV CP#IzTHETH-> T, TOMEKIZBNT
RNAHA LYYV PRI > TnwH I EERLT
Wb, M L7z siRNA (Z#F 531 L 72 SbDV CPi
ZTFOmMRNADGIHRLIZEM THL EEZ LN S,
—Ji. RHES 6BE 6 ABOT.4 4 X TlksiRNA
OEBIEDSNL o727, SbDV CP#EfaT
OmRNADEEHSRIITbR Ty, HLL
EHRHERALDTEEZONS, INHDRFERNS,
BA % — M2 FESMMHEIESBDV CPEET D
mRNAFEBL &8 ABIR T HK D sIRNA O FER{AM
LHIOBERICI)HEIN-LEZEZ NS,
2) RFfHFT 6 OMEIIBTHEENS
ShD VI HTH: btk

KZFOTF A4 RNZBWT, EFE 4 ShD VIR
MEIZE Sz, $:12. ShDV#EHERTIZShDV CPE(E
THKDSIRNADVERE L TV B RMES 6 ADT.%
A ZXVIARAARTE 0 v -C g BE B I RBU PR AR AR 23 A A L
720 SbDV % A3 % Hif & # TSbDV CPER 4¢3
HISIRNADHH S -2 &0 s, REiEFS 6 AT
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BABRTABEFEI L. mRNADSHE S5
EEFVICEBRNASA LY Y v I HFFEENT
WwWpeEZbNh, SO(DVEGMEIN T, ZHEFES 6
ADT:¥ A XIZSODVIRHIHEAMS G- SNz L F 2 5
n7z.

— T, RZHFE T 6BL 6 ABOT.# 4 XDIEk A
EHShDVIEHIETH - 72%% RNAFA LV v
WCEBIPMETH B L ORI EED 2 &R
T& G ol 512, 2S5 DK TIZSHDV CP
BMETOMRNAREH L ThARnWZ &b, & 2%
7 E 24 L7z (protein-mediated) HEHEIZ X 5
EIEOWEER R WEEZ NS, T, 2D
M TOSO D VIR OB IHALED & T A KW
Th 5D KFETHOERTETORBRR
UTobT2eEOSBDV CPEfsaT-HEDsiRNA
A RNAY A L ¥y v 712 X AShDVIEUH: % 7
LCW2hEED H %,

TS 6 ABOBKIZAS v H— 2o TWnD
22 0b 59, ShDV CPitfz T OmRNA B siRNA
bEMLTHESHT, R 6 BE BB %2R
LTz, RS 6 BE 6 ABOEKTIEZ, TGSH
FHEINTOLEEMNEDD 5. TGSL L 744k
Fou—hAHRFLTFOE— ¥ — 2 FHEOMOBELET
ZRIBICTCHLT A Z s TRy (Park
et al 1996; Mourrain et al 2007). ABFZETD Flkk
IZRBETES 6 ABOMKIZB VT, TGSILLZ2BA ~
H— FAAAL V¥ — F ETGSL L TShDV CPiifz T
OmRNAFEEA#HELCWa b Lk v, ThF
TIZ TGSH T A N AP ZFEL T D L)
WEFE BN &P, KT 6BL 6 ABTHERS
N7zShDVIEHLE IR e F TI2i S T iE
THEINEIMETH 203 Lk, 2O
TMGET 2720128 5% A F VLN 2 ERE 2
e % ki3 5 LE2H 5,

3) FHFES 6 OMEREICB ) 5 ShDVIkPLTE
DFEEEDE N

FEFS 6 1B VT, SODVIESHED B - 7= T-MH
REF CEABRTEZRHOICL 22D 5T, ShDV
R VEDMURATEAE U720 TS 6 A, 6B& 6 AB
TIPEABETREEL TV 5D, fEo Ty TARKR
B BBABETOREEANIIL ZEEEDE
DO REMIIHERT & 5,

AWFGE L FEEIZ, 7 A NV 2O ILEF O —ER % il
WIWEA L7722 ZA, 74V APk %E 157

A3, RIS O MR S AEAE L JERIC BT
HAGEEFOTHE— S —% 3 — FHEBODNA X F
WALIEWDSBRE S N385 %5 (Sijen et al
1996; Ingelbrecht et al. 1999) . EAERT D X F IV
bl AV AP O 2 BAREEEH S Tz
WS, PTGSIZEABIR T DLl 2 ZALICIEH 125
B %%} (English and Baulcombe 1997) % Z & 7>
B A Z WY OBARET O A F VALIZ X 5 L4
BEALIZ. RNAYA LY v v BRI 27 4 VA
EHMEICEEL RIZ T2 Lhv, 5612, #fa
TEAM A OEENE R, RERNSEE
AF—VHPRNAYFA L YT v 712X B A VAR
PRI EL2 RITT I RBEN TS (Pang
et al. 1996; Kalantidis et al 2002) , AHFZEIZHBIT S
FHFF6D € ASDDV CPEIETEAST A X12H
W, HABET O % 2 LR BB R AME A
WCTRED, EABEZETOWRERELSOD VP
BERPEL TV Lk,
4) RE L7=ShD VBRI 2 5 4 X % 15
T 572012
B L ORIV —T 035 4 Xz AR %2R S
Bl —F 4 Z VR N—F AV ML BEA
BEERHLTWwS, Zhiud, MRz 54 X%
572D HBRIRS R, v—F AMLEhTwb
NoTHb, —JH. T7aNy T AgIEHAAL
SN TR VEETPIPEEA SN AFERLTY
550D, WN=FT 4 ZJIVERIYN=FX VM2 HWwA
TEL D SBIETFEANENS L. L LR S,
WAERIFRN L 7 7anN7 7Y T AL B 54 A
a2 RDOFER A ST b (Olhoft et al 2003;
Zeng et al 2004; Paz et al. 2006) , AW TIZ, £
HOZMERDHI2DIT, /=T 4 7 VRV N—=F 2R
v ML o> TSbDV CPEET- %5 A4 AIZEA L7z,
BALZZBIZTFO) B, wWOMETTE—F —H
Wasgkbih, WiHbL., ZOkE, EABETI%
HBLTwZwiigtkbd b, /20 2ROBETD
BASIDE, BABETFOVTL Y I AT FRA
FAk, SHITIITCSZFIS I T E VbR T
e HEARBTORBTPMIIES TE RV, L
L. A NVRBEE 55 5 By TR 2 K %
fEli§ % BTk, £FLdTOE—5 -5, S 5
— IR = —HEHEGALEEHSAEAL, HIY
Y OMRNAZIEE S5 BEERWEEZ bNd,
BEMICIRE LTEASNT, BE I N/ TAREHE
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RNARBRIFEHIZ X 5 RE ZRNADRNAY A L~
YUTRFELTIANAEBME R R E LTS
THREEDH S, LaL, 7 AV AEHEICE S
T HBABBTF AT MEEN, TGSHFHEE NS
AN AP EE RIZTTHr D Lk v, &
RIZEABET ORXF LR BREERNOEE 2 2T
12 WShDVIRPT MR 2 7 4 X% KL T &
PN b,

N #62%

AW Tld. JLHARIZBT S 5 4 ZEPEICED 2
WELE BITLTWD 5 A ZDWLIH ISP % #5o
BIZFHERZ 74 Ao % kAT, ZORZEICE
W, SbDV D CPitfx 1% Wiy FAEEHNZEA L7z
FAREX Y AHNEALI2F 4 A &2/EH L T,
ENFNORMEOVRNATA L Vv v 7FEIC X %
ShD VPR Z 1720 RNAY A L ¥ > v 7 H
2 X BRI D T AV ABHUEA G5, FEERAY) T
HBHIOA XFAFRI NI THEL L7 TH Y,
FEREWTHDLI A4 AT, ZOBRETALIVATH
% ShDVIZH 3 % HHutk 2 4 5- L 72446 2 iy % 18
WL AR D T TH b S DOWFEE B
15 L7220014E DR R TlE. 74 b Wbg Ik
EROY A ARIZERIIFTEL BV EvbhiTwiz,
o Ty EAR TR 2 BT & % ShDVIRHUHEAS 5
BEMEFETHLEEZLONTW, L2LED
o, ALl 37 g R SERRER OWETE 7V — TH A
VRAYTIHED T A4 X 5EE [WILIS] ##i7:% %
A AbhWALRIRPIE R ER & LT ALZERIC X
O BT E R [HOR325 ] 2FR L7z (H
o 2005). 4. [WILIS) %M L CHEM M
DERIFTbID EEZ bNb, HARENO#EET
ML 2 AVEM AV ORI A 5. SbDVIRBUHEMIE 2 4
A XL SEPEBIEZEFROFHICL 254 b
LIRS A XD MEERDSENTHDEEZEZ D
N5, L2l EPEETHEIC, SO
Ofth-&. ENEFHET 2 HEARRTOLBLE Dk
WTH Do WEERIT ANV ATHLGEIIE, &Y
L 7P RN CREZE IS S 5 & & 10 & ) LR
FIDOZALAE LR T Vo 2 OMBERHOZLIZ LD .
BEAT OB AR 2 TR % 7 4 v A RAE AT BL$
LR LD B, BIZIE. P FEFAL T AL NR
(Tomato mosaic virus, ToMV) \Z&Pttt % 7R3 Tm-
28n T2 RPN = M. MRREBAT

#1107 (2009)

¥ URT BT X BRERDED SN TMVA R
MRLtbLC & F BYed 5 2 L E T b (Meshi
et al 1989), fit-> T, BIZEFROFHDOAL ST,
AWFGED & 9 (MR F-RHR 2 Bt 2 FUH L 72 30Burk
£ 5- Wi DMk b Witk O I3 5. faki
WO ETHEETH L, T2 74 VAP
B 2 ROVENCIE, BARIGIS Y £V R AR LR
AADUEE INB2D, T4 NVADWETEF DS
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