AA2E o[ Ay HHA WEHE S5t Hlo[R{A
LY =l 2 2fAE JReE

Development of virus-resistant tobacco and potato by
expression of Phytolacca antiviral protein

Hqa A3 B2 Y 3
(=2Fera+v4 g=394 AERE3ZEH)

A =

o8 AEolA Fulole|adyd wide] Fexded AN RAOF Ricinus
communiso| Al 2e|§t  Ricin(9), Mirabilis jalapaold S=%t Mirabilis
antiviral protein(MAP, 16), Trichosanthes kirilowiio] 2L d-trichosanthin
(33) Z8laL ofA}e|®2] Phytolacca antiviral protein(PAP, 12) S-o|t}. o|& &}
Hio| 2] A4 AL RIP(ribosome-inactivating protein)?] <«UFESE RNA
N-glycosidase activity?} 9l 2oz a3 QvH(5).

Pl o F2Ae TE AEAY o Euﬂoﬂ Azjsta uoldag JFsha ul
oldz e oMt Ao guA QUTh3). WxeBeld BeH Yutole A
Al whalzl el PAP-‘—'— PAP, PAP-II 12|31 PAP-SE 37]-71] FHLR red, ol&ES
ALH R e ZAFLE vI=2A YHHE A2 oA vHil). PAPE ¥
AE T MR UA] ¢ cell wall matrix® o|FEE= Aoz alFATH(25).
o¥zlg] Z2] glo|BEE PAPS] RNA AM-glycosidase activitye] 23] depurination
H: Zio® K3 orH(15). PAPE} (D4 FEL CDI9e] coigt wrelakaitzte)
immunoconjugatei= immunodeficiency virus type 128] HFHE oA} 2oz 1}

ebutTh(14, 17, 24, 32).
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Z] 2ol PAP cDNAS] H7|A "o vls R onm(20, 22), genomic libaryolx &2
3t PAPS] @AM AR WS R B(15), PAPo| thgl ExAEA A7 UsHA
APF L 9l MAo|rt olef whal PAPo th3t Mol FET 7122 olF
o] 23 FAAMTA A2 HZ 9 immunoconjugateo]?] o]-&Alo] T Filo] I
ZE 3 gt

Hlo] g Aof 28t ztEe HE FAAZCRE FHelstd EI AT HFo]
th weld o #rix] HLo T niojglse] HEE AWl HAAH A EA AR
2 AF7t o] Fol =3 Urh(28, 31). T H= ‘3}0131"‘4 2]y et a & o] &3}
WhH (19, 29), wlo]2lA replicased o]-&3h= WHE(2), nielzA 2]y e
a3 35l Ae -%’-1'11}2] antisense RNAS o]&-3}= WhH(29), satellite RNA
ol-gste Y (10), ulolgl2 oy T o3t YAE o] &3t= HUEB0)S
A EE A glon, °l~§r WHES 7t nlolgiAe] tiE Holdo® st ¥AE
AH A EA ) Pl vlolg A AP Fojol= TATL gith

§-2l& PAP7} wio|gjAe] ZARE AARITH: Aldel FESle, PAP FHARE
2elsle] T2 A Zof Tty Asto, UxtelEs P2 2HE cDNA librarys
Z|Z3}3 anti-PAP antibody& o|&3le] PAP HAXE st en(22), g
fAH=2S CaMV 358 promoterdtol]l WASteF UPHEE A=l ofF o] &5l
w2 s gAABsigdon, HAARA gl I s oy ulojgid
A¥4E& Role Zlog eyt

in o o

L

= W wgHY

A =5

oz} 2| g (Phytolacca americana L. )& ol§ &7 Wo] FFHAZ v}, &
S $Hsto] -70°Co] JFRAtA ALgsdTh. Ao AT AGES Sigma*}
ASL 8 Apastgen, o] AFAA 9 DNA HEFELAEL Promegart AF
AMe-5t e, cDNA library A|Zojl&= ZAP-cDNA systhesis kit& Stratagenek}i—r
B P43t AE-SHYTL.
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o (Nicotiana tabacum cv, Xanthi)AM|Xe] BZAAMHo| gl E£2}S 70% o
Dgol 5EZ AT ¥, 505 AU Fualo] 2087 WAste] FAMBL B
2 ZR5E 35 AFstel MS 7] 2ulx|(23)004 ol Zirh AL 1Y 5
¢t A5 A& AT AVE JAUE V5o YujAze] HyAATE ER
xHgstalry.

72} (Solanum tuberosum cv. Daeji)AM e HFAABL E2ME AMgshAC).
2t FNE 70% olEhgol SR AR F 50x A8 Eaa|(fEets)el 208
Z HAste] A, e FR4E 3 Aystdct, EdAdTE 2HE A
1 co®] 23 Kol o]-&dle] AWyt A2 AWML whEo] ZAlMEe] HAA
#g 22 AMgsi),

Agrobacterium tumefaciens LBA4404%= LBujx]ojjA] 28°C, 200 rpme E 18] 7t
Aetujerste] whal 8l Zxte] FaAAH Ag-stact,

Anti-PAP antibody?] ==&

480 pg PAPE E7|o] T&T-AISte], 35 Fof A A S WoHihyow
anti-PAP antibody®] #H4d& ¥#<elsta, 750 pg?] PAPE boostingdle] 2183}
tl E2|3 $EH o FHE Protein-A agarose column chromatographyS o]-&5}to]
anti-PAP antibodyS 2&|%l3, A7|GFo8 514 E2]¥ anti-PAP antibody
2 ¥olstdr}t. E2]%t anti-PAP antibodyE Western bloto] A}&3tarc}.

Ale FAATE Y A2

=8| % PAP cDNA(22)E CaMV 35S promoterdlollx] wWHA|F|7] ¢]5to], Sacll2}
BanH1 2. 2 o]|5 A3} 5l Erase-a-base system(Promegail)S o]-&3%te] W A 3HA
(ATG)Z7}x] #3] deletion¥t ¥, BamHI linker& A7}%}od ligationdtcl),
Deletion FHWA2 Sanger WH(27)L2 HJMEL AASI Falstdrh AE
UHINE pBI1212 Sacl2Z AwISt3 BarHl linkerS A7}t ligationdleic).
PAP RAAE AW ZAE 1 kb BasHl FHWE, Z2HE pBI1212] BasHl F$lof &
ZYste] AE PAARE UHEHE pIMCI02E #4835t
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Agrobacterium tumefaciens LBA 44042] transformation % transformant?] 419

PAP R =}7} CaMV 35S promoterdiollA] Wlado] RAHEE 23, AE HyAH
| WHAE pIMC1025 Agrobacterium tumefaciens LBA 44042 transformationd}
7] #1319 freeze-thaw WHH(1)& AHEstQTh pIMC1027t 9 Agrobacterium
tumefaciens LBA44045 218 38}7] 9|81, Agrobacterium plasmid quick-screen
wWH(1)e2 zkz}2] DNAE H2]8la, BaHI© 2 Axlsled transformation of B2

Helsteich

gl Ee] AR

el QAMS pJRMI02E XUl Q= Agrobacterium tumefaciens LBA 44047
F Lo 3027 AHzslel HF T, 1.0 ng/L BAPE} 0.1 mg/L NAAS 2 7}8t MS
TulRol X4dstd 26°C, Yaold 48A7t FRuIstUT BERAY T 1.0
mg/L BAP, 500 mg/L carbenicillinZ} 100 mg/L kanamycing 7}t MS A uluj=]of
2|48t shootE RESHECE vjRZAL 2=71 26°C, FEL 3000 Lux, AZ-e
16412 F7|18 slgon, UAMHoA E£3}F shoot= 250 mg/L carbenicillinz}
100 mg/L kanamycin o] H7}EH MS 7]=uj=|o] o]Alsle] 2z HMSE L.x5lgo
W, Pt P48 WAL whls TS| oAst] w37 The SHA BA
o uolala A5 2ol Mgt

A 2] FAAH

72} A EHE pIMC102E AL 5l Q= Agrobacterium tumefaciens LBA 4404
o 2o 3027 HElste] HFI F, 1.0 mg/L zeatinZ} 0.5 mg/L 1AAS A7}
gt MS S gufx]of X]|Atste] 20°C, ol 48417 Fxujokstydtt. Fzuwjek F
1.0 mg/L zeatin, 0.5 mg/L IAA, 500 mg/L carbenicillin®} 100 mg/L kanamycing
H71 MS AtufRlol X AFsted 20°C, 3000 Lux, 16A]3%F F=7]& wjerstod shoot
E #x3tdrl. 553 shootE 250 mg/L carbenicillinz} 100 mg/L kanamycin®]
H7HE MS 7]2ul=lof  o]2lste RE] FAEE Fxstden, Hst FAE A
AEH IAbs EEo] o]Alste &AL thE FAlA 24 9 dlolH A A FHA

Aol AHgstict.
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PCRoY 2|3t HAAY ol W ZAte] [FAz 24

FAAHE ol U AXNSHE A DNAE F$&313, PR WHLo=® PAP 3
274 whul @ 7k} genome %28 T oE Q=& @olRgitt, N-terminal primer
A 5’-CCAAGCTTGTGAATACAATCATCTAC-3'2} C-terminal primer®A] 5’'-GGAAGC
TTTGATCAGAATCCTTCAAA-3’S DNA synthesizer(ABIA}E o]|83te] ¥4}z, DNA
Thermal Cycler(Cetus/Perkin-ElmerA})E Ap2-8te] denaturation(95°C, 1),
annealing(60°C, 2%&), extension(72°C, 2%-)& 40 cycle® 3} Vent™ DNA
polymerase(NEBAN 2 E%1% PAP §-Ax}E Z&s3514c].

Southern blot

PCR 9} 02 2¢1H PAP SMAIS 223 3, PAP cDNA2] 0.6kb FcoRI W2
DIG-labelling & Detection Kit(B.M A})& ©]8-3}od labellingdlil @3 o% A&
sty EFH(26) 2.8 Southern blot-S =3331¢iTt

Western blot

AR ALY dA ehyAE FEelste] 15% SDS-PAGER ¥,
Hybond-C extra(Amershamr})Z %7 -F, 0.1% Tween 203} 2% BSAo] ¥{F-¥ PBS
buffer(0.0IM NaHP0;, 0.15M NaCl, pH 7.4)8 blockingd}¢ir}. Washing
buffer(0.1% Tween 20 %%t PBS buffer)® 527t 23] MFsli, 2 pg/ml
anti-PAP antibody& Al2ojlA] 1A]ZF A g|&lgtt. Washing buffer® 2% A3t
% rabbit peroxidase-conjugated 2nd antibodyE Al-2of A 1A ZF Az,
washing buffer® 23] |23t t}e., 4-chloro-l-naphthol 2 A1},

HAAHHE ghflg vpolgja AP IH

ATCCERE 3 ZSHAAZY TMV o] H =& PBS bufferd o]&3toe] npajdt
4742 AZE 4% vlelgA FEAE 4-69712 wefo] carborundums HH
of Ax3 o}, YA|Hoz gduS EAYA AEstA ulolgls ALAAFE HA
st T},
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FAFAHRH ALY upoleja XYY A

HRAMHH ZIxlo] zZHzZb potato virus X(PVX), potato virus Y(PVY) 12|31
potato leafroll virus(PLRV)E #A&3}¥ctl. PVX2} PVY: carborundumS o
ARE Ty dlel4dS YxHeR duE EHeA JFotdon, PLRVY] 7
= Egol ZATE(Myzus persicae)d PLRVY| ZIEH o]¥ zixjolM 2-3d7t
HSEEAD F, 1074 E o&sle] 2-3d7 AF3t AFHE AMgst U
& AAstgct. FE F 159, 304, 459 tFo g FFRA A4 o4 st
o Clark3(4)2] ¥ or7h ¥i¥st ELISAH O.2 njolg|Ae] F2& H3stort
Mz 98 well plated coating buffer[carbonate-bicarbonate(pH 9.6) : 0.2 g/L
sodium azide, 2.93 g/L NaHCOs, 1.5 g/L NayCO3) = PVX, PVY &3 PLRV Z}z}oj
th¥t polyclonal antibody(BIOREBA AGAF)E 1:10002.% ¥|A3}o], Z} wellw 200
n1 ALg-3te] 37°CofAl 4A| 7t coatingdtgith. Coating¥t ¥ 3¥|of HA washing
buffer(0.05% Tween 20°] %8 PBS buffer)® MA3lz, Zzie] HAAR Z=}
glogrE FoA2 F&ZFlo], PBS bufferE 1:200% E A3l 7} wellw 200 ul
2 6°Col A 1647 A spdA 8hA|Zich 3% M3 ¥ PVX, PVY 8] PLRV 2z}
Ztoll th¥l polyclonal alkaline phosphatase-conjugated IgG(BIOREBA AGA})E
1:10002.2 3|2 &}o] A e]5}3L 1 mg/ml p-nitrophenyl-phosphateE 2} well®™ 200
uld AMelste] wAxzom, 304 F 405 noold FHEE FH St vlo]a{of

oigh el g gotugich

d24 2 2

PAP cDNA 4|

oFa}2|-Z cDNA libraryojjx 2|3t PAP cDNA: #zjzlz] 4@ RIP[Abrin A
chain(7), Luffin-a(13), MAP(8), Ricin A chain(18), Trichosanthin(33), 2|
PIP(Phytolacca insularis antiviral protein, unpublished result)olA]l & 4= ¢l
t ojulxal Hedg AU U o 4 2lom(Id 1), o $4i7} RIP Fa

A BY4E& Ushie 84742 ¥ 2ck6).
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PROTEINS AMINO ACID SEQUENCE

PIP AL QMUY SEAARTFEKY!
CPAP AT @MV S E A AR P K Y
o -PAP AT QMVSEAAEREEKEYI
PAP-S Al aMyVvs E N ARTF K REH
MAP A1 QMUSEA‘KRFE K YL
Abrin A L1 g MV oA E A-A R.F R Y.I
Ricin A C1aM 1S EAARFQYI
506 A1 QMTAEANRFREYI
Trichosanthin L 1 @ 8 T S E'A A R Y K F I
Luffin-a I LOTTAERSEEKTY.

Fig 1. Amino acid sequence comparision of putative active site shared by RIPs

Al HEHY pIMC1028] A2

E21 PAP cDNA R-8xhs 5' F9lol A ZH(ATG) 74 oF 30bp BES] &
2oy FFo| 9lomg o] g AHASs $5lo] deletiond =33 Az}, A
@3t 3 cloneE @S 5 UAUrh IF clone 145 Muidlo] HYFUH(TGA) 0=
FE| 48 bp Yol A Lo X% HindlIl siteE BamHl site® X| sl BaHI ST
gt F, A7LS3le] pBl121o] E23igct. A Yo AH AE FAA
#E& UHEAE S pIMC1022F EEstECH IR 2).

LB
Tnos —+4

A

Pros H NPTII Thos PCaMV 355 PAP

pJMC102

Fig. 2. Structure of the CaMV 35S-PAP chimeric gene., In order to express the
PAP gene in tobacco and potatoc cells, a chimeric gene between the
cauliflower mosaic virus 358 promoter and PAP cDNA was constructed. LB, the
left border of Ti-plasmid: NPTII, neomycin phosphotransferase II: PAP, cDNA
of Phytolacca antiviral protein: PCaMV35S, the promoter of the cauliflower
mosaic virus 35S promoter: Pnos, the promoter of the nopaline synthase gene:

RB, the right border of Ti-plasmid: Tnos, the terminator of the nopaline
synthase gene.
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Hijd 2] JYAAH 9l PCRYo 23 iR =¥ PAP {FA A

Agrobacterium tumefaciens LBA44042} whul Q1AM FZafekgt T MS Aut
wiRjoll Al efest Az, wief 159 F shoot7t FAAE7] AEBIGon, fFEIF
shootol A H2]F F-535}7] $15te] 100 mg/L kanamycin?} 250 mg/L carbenicillin
o] FH MS 7[Eufx|of XA Az, wj} 8d F Rzt PR dct

BAARAY el SE HA DNME 2e3ta PREYLE TYU¥ PAP FAHXE
5ot A/GFY A7 I Mol R ulel ol WAABY wujel
0.87kb A™o| R4} Lane 4= =}e|& cDNA library=H-E 223t PAP -8-# 2}
g 53 Zoln], lane 13} 2= FAARY 25y FZTH PAP SaAxlo|rl],
olF RFolM 0.87 kb H¥E & 5 gou}, HAABEX] o2 wuj(lane 3)of
A o] H¥o] Ro|x]| ¢lo} PAP F-AA}7L Wl genomeko® AMUE S-S o 4
olr}. PCRE F-3-3t 0.87 kb A o] PAP §-AA} Qx5 7AA5}7] 915te] PAP cDNA
2] 0.6kb EcoRl HAHL grEl 0¥ ALR3lo] Southern blotd 4=31%F Az}, HaA
#Y Hel(lane 1, 2)2} okx}e]F cDNA library2HE] £33 PAP SAAE S5
%t Zi(lane 4)of|A band7} Lle}L}, ZZFH DNAJE PAP {AXIQE Felstdci( gl
3B).

M 1 2 3 4

1.2 3. 4

Fig. 3. Southern hybridization of DNAs amplified from tobacco plants with
the DIG-labelled 0.6 kb EcoRI fragment of PAP ¢DNA as a probe, M,
HindIII-digested ADNA; lane 1-2, transgenic plants: lane 3, nontransgenic
plants: lane 4, DNA amplified from PAP cDNA clone(Moon et al,, 1993).
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HAAFE gule] wlol#A =g AF

IMVE carborundums o] AR ThE HiolBjAdS Wx|WHoZ WS
HelA PAARTE el FAAASA o2 gule] Azt FEI A, “‘37.%_1
HAl 92 ti2F (Y ) wbdoe] s v HaAHd (o
B)oll A= whEol FAEZR] okl

.u.rl"!i‘-[ﬂ

Zxte] BAAR

22 F4 dHES pIMCL02E AU 9l Agrobacterium tumefaciens LBA4404
T} FFEujFE 3, 1.0 mg/L zeatin, 0.5 mg/L IAA, 500 mg/L carbenicillin
3} 100 mg/L kanamycing 7}t MS Aubajx]of x]Atslo] shootE FX%t Az},
o 25¢ ujy Frol  shootE REYH = 92ch HX¥ shooti= 250 mg/L
carbenicillin 2} 100 mg/L kanamycino] E7}H MS 7]-Eujx]of o]alsle] 2z
4E& =3, tiE-22 shoot7t Al ele] ¥AS Hgon, Ryt
FEE PAAHE AR XEO o3t ¢HAIA A EA] 23] 15 (oo €3
& u] PCR ¥4, Western blot &4 2|3 PVX, PVY J&|3 PLRVE AHE3}lo] u}
olalA XS AAFsHt

Fig. 4. Comparision of symptom -dvelopment on leaves of a tansgenic tobacco
plant(A) and a nontransgenic control plant(B). Each plant was inoculated
with TMV and photographed after 25 days from the virus inoculation.

101



PCRYj o]l 2]%t ZExPA| o] =UH PAP F-HZA} 74

HAARH ZAx2HE A DNAE 22513 P(RYOE PAP RAAE FH3to
A7)4EY A2}, BT 0.87 kb AWE Horh. I35 4 cloned AHste] A7y
=¥ A7t 37 5A0|tl, Lane 6% %X}2]F cDNA library24-E] 2%t PAP -5
A=LE ZZF Zo|m, lane 2, 3, 4 123 5= FAARY Ax2HE FHH
PAP -§-Axloltt. o]5 BFoja 0.87 kb AW & 4 glor}, FAAHEz] ¢S
ZZH(lane 1)oA= o] Awo] KolZ| ¢fol, PAP |AA7t A} genomedr T 4}
AFUZS & 4 2rh PCRE Z-33t 0.87 kb FAwo] PAP RAXL AX|E AAFt
7] $15}o], PAP cDNA2] 0.6kb EcoRl MBS ®©X o7 AE3}o] Southern blotd
2% Az, FAAEY 7ZH=Hlane 2, 3, 4, 5)8 F=}E]F cDNA libraryZH-E|
283 PAP -FAAE F53 ZH(lane 6)olA band7} VR F-FH DNAZL PAP &
Az}l g Feolstd (2] 5B).

Fig. 5. Southern hybridization of DNAs amplified from potato plants with the
DIG-labelled 0.6 kb EcoRI fragment of PAP cDNA as a probe. M,
HindIII-digested ADNA; lane 1, nontransgenic plant: lane 2-5, transgenic
plants: lane 6, DNA amplified from PAP cDNA clone(Moon et al., 1993).
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Western blotoll 2|¥t VAMHE ZrxlojA] PAP Wy 714

EU®E PAP RARPIF LHEE o] PAPE B/E5H=X] dolR7] ¢35}, anti-PAP
antibody& ©|£3}o Western blotg ¢335lHC}. PCRH] 2]8] PAP |§Ax}7l &
UE clone 1, 2, 3 J¥|a 42F¥ &3 IS SDS-PAGER E¥3to
Western blot& 3% A3}, 1% 6ofM R ulsh go] YAAHY AReIME
30 kDA =2} band7} LIEIL}= ubd (lane 2, 3, 4, 5) VAABE =] o} 7tx}ejA
= UEeR}A] olglti(lane 1). PAPE 4 E o] cell wall matrix® o]F%icia B
aEe] glem(25) EE|H PAP RAAelE 227 oimx4to® FEH signal
peptide7} Ex|3tal Qltt. Lodge T (21)of &J3tH PAPY} s FAAHH
A& Western blot©2 FA315E o, JYAMRY =t o ehufolx F23F by
R} okxje|g o BN &% PAPZ} comigration®|m, ®¥} vacuum infiltration
Aoz HAHMHT gujol]r] PAPZ} apoplastic spaceo]] o] &zjgiciz .‘5!.3'_%]-
grh Eyt FAARHE ghulvh gjol A PAPZE ik WEE ol ZAAA AE
]3] o v]FAAe PHAo] et Aeg RAstet}. ul2lr] Western blot
S U 4, 30 kDY SdHET UElE Kol FHAMHHE ixjollM F LA
© 8 PAP7} compartmentationo] ofiute-& s olom, w3t |AAY zixjo
A PAP UE RS ELISAHLoE FF3 £ Az, Y2 & WAFZEE 2yct

(data not shown),

1 2 3 4 5

Fig. 6. Western blot analyses of total proteins extracted from potato plants
using anti-PAP antibody. 1, nontransgenic plant: 2-5, transgenic plants,
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ELISAY o] o]% FAATH 7Ztale] nlolaja Ay A

PCR W Vestern blot©.2 =¥ PAPZ} LWEE HAARH ZA 3 lined zt
2} line 1021, line 1022 2|3 line 102302 WH3lgc) ol& Zzh& FAAl
74 PVX, PVY, PLRVS] AFol 3 7iA4 Ahgsiact. z+ ulolgAE B ¥ 15
o, 302, 45¢¢] ELISAM o2 ulo]d A &S FASIAC

PVXE A2 FAAHRY lineES 4569 Fol ELISA o= AR A3}, line
10222 o] tjzPETh 1608 AE vlojF A HE7} yotom, t}E lineEE °]
W oojzel w3 sl Wtk ay 7). E3 Ao A dzIETE v
o)PA ¥yt W ZHow veh}, FAARY ixist PVXof o3 LB AR
S Az el: ZAeZ vElyrl PVXE mechanical transmissiond Sh=
potexvirus®] eEo g 7r@A WAL 7l WHE(mottle) S Uells Zo8 &
@A gldl, line 1021, 1022, 102301M& ol HAel uiehutx] ofgich EZ
Hel o PyAE A Zaet g2 s Hyrh

1.0 1
& Infected conirol
e ]
i
g o Healthy confrol
5
S)f 0.6 line 1021
~ RN
S line 1022
z
o 0-47 line 1023
o
@)
g
2
0.2
0.0 1

PLANTS

Fig. 7. Accumulation of particles of potato virus X(PVX) in potato plants
after 45 days from the virus inoculation. Leaves above the inoculated leaf
of each plant were removed and assayed for the concentration of PVX

particles by ELISA using anti-PVX antibody.
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PVY mechanical transmissionz} FGlEe] 93] AHSE potyvirus?] ¢Fog
ZHEAl oA rH(necrosis)& Mol uto]@j2olrt. FHAARY A} lineo] 717
2 ZES AJIS 45U Fof ELISA o= AR A2, line 102271 o'F tiz+
of ulsf of 4ou) 7t# mol A9 FEZF Hoon, Tl lineEE ¥ w2
Hfol# A FE& LERIITHIH 8).

0.8+

L]

nfected control

]

Healthy control

o
[8)]
1

N

line 1021

ABSORBANCE(405nWﬁ
o o
N =~
< <

0.0

PLANTS
Fig. 8. Accumulation of particles of potato virus Y(PVY) in potato plants
after 45 days from the virus inoculation. Leaves above the indculated leaf

of each plant were removed and assayed for the concentration of PVY
particles by ELISA using anti-PVY antibody.
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3 o] FAAHH linegolMs THY 4 &= Mol Vehx] o2 i
(2% 9B), ol viRF(¥ 9A)elM= gdw& what whgo] Ueht Al BAS
Boch wheha PAP7E BAART oA PVX, PVY Hio|glA FAlS HAHOS
A sted, olF Hiolg|Ad iyt MYES Foiste Ao velyic]

PLRVS] - G Eo o3 FE FAHGSHE Luteovirus?] UFoln], WAL
2™ 7R o] AlzE7E FAAstEA AEe] &AEI] ulEol Ao sHExle]
7t Y12 wele A4S Bo|n nlojgAL] Ao wll do] HEE AL Bolx]7]
T tich PIAAFYE AR lineES Egol FAUGEE PLRVE ZEAD T, 456Y
Fof ELISA Hof 2Jsf ATt Az, ol ti=7 Hries Hiojgls FEIT Hgle
U A3 &2 Hrhe w2 bloleis wES RAH (Y 10). 231 o] & line
SollA t}E FASE Rolx] ¢gdrt mebd PAPE FAAHF Zhxjol A PVX, PVY
of tisir Ayt A3dS AFsHA T PLRVojAE Hrjdeos b2 Hids
Hodl= RO 2 AR},

Multi-gene family= 4% PAPS] AMXufolrle] AL 7[ztat wHzd 73t
2 ol 7tA] B3] dA UA] ¢om, PAPZL oW Lol 2J3iA ujo]z o
A S FosteA] obF] duA x| ¢tk AWMAY sHs4d2 PAPFL HiolE A
2 A S5 AER S0 viral RNAY Y-S Uiy 7Mz/32}, PAP7L ulo]
229t AYste] dlolgl A7t HREQLE Eol& ZE& xpuhy 7HsAdelth

PAPY] RFHR}E CaMV 35S promoter ZA3lol, wujet Zrxto] UYHAIZZ uf
TMVLE PVX 2[5 PVYS] A 3do] 2l ZA& #estadis ul, PAPE o83 HAA
# AEA Az 7Y uFel A uiojajAa XA AEH AR o]§ 7Hed)
glel Bzt¥ ), RIPY 8 T{HEA 1 &8 o7t FH2 PAPo th3 A7t &
o2 ¥yste] et 2l
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Fig. 9. Comparision of symptom development on leaves of a transgenic potato
plant line 1022(A) and a nontransgenic control plant(B). Each plant was
inoculated with PVY and photographed afer 30 days from the virus inoculation

0.4+

fected control

=3

(=]
(€]
1
=

Healthy control

ABSORBANCE {405nm)
=

o
—
]

Steta
Sy

.

0.0
PLANTS

Fig. 10. Accumulation of particles of potato leafroll virus (PLRV) in potato
plants after 45 days from the virus inoculation. Leaves above the inoculated
leaf of each plant were removed and assayed for the concentration of PLRV
particles by ELISA using anti-PLRV antibody,
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