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Current status and prospects for studies of
virus-resistant transgenic plants
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Hlo]# o] &3] of7|E= AEWE ZPo], AF L HFo] o) UAH:=
AEW de] ojYh ¥ vt WAzl dEA x| ki BREe] garer xS}
A EFF HE 5 st Autel] Mz & Fuh uloldA HiMogA ¥
A ARESEAL e Z2FBYE B virus-freedt R Aatoll} A3y EF9
ol 852 ulol# A MIE FEALE A E FIE Holu} ZEAY Wy
L2 AZto] "ol Ael=% W2 WA 4 EAFEES AU Ut} ole] tist =)
A Wte] shvE ZZu|Q3t Agrobacterium tumefaciensd o] &3t AERAAY
7NeMLZE FAAZZ S 8] AEA}A o] vlojALjAH S Foi¥o TN ulolaa
A FAES Nustaalste A 27} o] Fejx 2 glth 1986Wo] Hru)mx}eln}o]
2 (TMV) 2] I E-RAZLE o] &8 ulolalA A3 HAAH wujel 7woe] o
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¥ o] (Powell-Abel et al., 1986) F-AA}%EQ 7|&of 2j3] 2Eo] HlojajA ¥
& A = o= JHed & Folo] Ko Foluh. 1 g thodt vlolg A S F
Az} @ AEHN F2] 3R Phytolacca?] ribosome inactivating protein(RIP)
RH2}E o] &5t oln] W B HFAEZ dFEZ vk 2y,
L2 2UH HlolalA RAHA BA k&Y of A=Y AF N2 F72
glol g AE yhEo] W Jheido]l AAMElM L Q2 eSS A YR = ko
(Greene and Allison, 1994) FZel As AL Fx] deris AES Uduy)
A 48315 7|cte|3 gl

ol Ak 4-53 alojof RAALZZI Rdo) 3 AFAE FAART)
&2 TEFel Wit AL WolAe FaMdo] AAEHY SFUUYR &
213 AGAE BAAHEFopIANY Fa3 PAFSo] olFojA Aoy AWHC)
& AF7He s FuolAa &2 H o|ralYulojFA(CMV-K) W ZExlulo] 7
2 Y(PVY-WN) 2] RARE EA315 thofst whjog JAxE RAsle] F9 Yo
AHZo niolE A ANEAYE =Ysh= J7E I vk EF, SEielo
A GO0 o] &3l U= Wi (Amaranthus viridis)o[X PujojaiAy S B
2|3l5l o] & o] &-5te] BTl iy AIEAE ATt AFolu), wreps B
SolHe & dFEAN F2 AW ds dFE YHET LI)stazt ¥l

=
1. Agrobacterium tumefaciensS o] &3Ft 35, w32 FAAR

Felvtety] 2 Ho}EU 3F, wFSoA FAATo) ofF HrjE o] Fo]
A x| 7t kot L& AL XS FI AEF /e I Fojrt Ha glen u}
BtA olg¥t 7|&7ito] A E oo gt wiFe] -9, oilseed type?] Brassica
campestriso At AN 7L B aEo] 9l (Mukhopadhyay et al., 1992), 13
2] 7§ bell pepper(Capsicum annuum), sweet pepper(C. frutescens)Soldmt X
el 9l31 hot pepperoll A HIlE[e] 9lx] ¢ty 2 APMelME young
seedlings®] cotyledonary petiolesE explants® dlod wjde, 23 z}z2} HAAFH
HE Yil(lee et al., 1994: Pack et al., 1994) L progenyd &2 Fo|r}.
Fig. 12} Fig. 2o] A AN F4jo] EA|E o] gt}
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Fig. 1. (A) Development of shoots form C annuum cotyledon explants. a,
cotyledon explants: b, «calli and shoot-buds formation: ¢, shoot
regeneration: d, root establishment: e, a transformant bearing fruits. (B)
Agarose gel electrophoresis (a) and Southern blot analysis (b) of PCR
amplification products. m, BRL's 1 kb DNA ladder: lanes 1 and 8, amplified
product from plasmid pRokl/105: lane 2, amplified product from genomic DNA
of nontransformed hot pepper plant: lanes 3, 4, 5 6, and 7, amplified
products from genomic DNA of transgenic hot pepper plants transformed with
pRokl1/105. The arrow indicates approximately 0.7 kb of amplified nptll
product,
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Fig. 2. (A) Symptom development on the leaves of the transgenic tomato plant
inoculated with CMV-Y, Photographs were taken 2 weeks after inoculation. a,
a noninoculated nontransformed plant: b, an inoculated nontransformed plant:
¢, an inoculated transgenic plant, (B) Northern blot analysis for the
production of viral RNAs in CMV-Y inoculated transgenic tomato plants.
Probes were cDNA clones of CMV RNA 1 (a) and CMV RNA 4 (b). Lane 1, purified
CMV-Y  RNAs: lane 2, total RNA extracted from a noninoculated
nontransformant; lane 3, total RNA extracted from an inoculated
nontransformant: lane 4, total RNA extracted from a noninoculated transgenic
plant: lane 5, total RNA extracted from an inoculated transgenic plant, 50
ng of purified CMV-Y RNAs and 25 pg of total plant RNA were loaded on each
lane involved. RNA blots were exposed to X-ray film for various periods of
time to get appropriate exposure for each viral RNA. Upper bar indicates the
position of CMV RNA 3, lower bar RNA4 in (b).

78



2. Qolmxieluto] 2 A2l 914 RNAS o] &% nlo] A PYAAUAEN A

Lo|RztHlo| B AL cucumoviruse] <8} (Kurath and Palukaitis, 1987)
(+) sense single-strand®] tripartite genome Zl= RNA plant viruso|t}. IESF
LolExtgutol B A of 8004 F MNEAHES AEAA MARoR £20% A=A
= A3 gtk olE2 3FRY RNAE JIRIn F3F 330 Wiz 380 7o) dsAd
% Zts #14 RNAE EYSIZIE 3rh, 1973 Pedenzt Symonsol 2]3] Qo]mxjel
Hiol2|A2] 9]4] RNAZ} AR ol MVl o3t WHEE 7stA T oslA 5}
o2 CMVe] HF 94 RNAZE UAE g5 EF Z2YEc) o] HWE 94 RNA
CMVoll Z A= gE wfolnt BA 7Hsstn o] BAe] AAE cMvel 0% WuA
& ZYshe LR NI grh £ dA1ALS MZEFF IpNold Eel® ¢4
RNA®] cDNA(Baulcombe et al., 1986: Harrison and Baulcombe, 1987)Z o]-& 3}
Hel, HRFUol, EntE 9 uibo] HAABG A7 o] HAAH Ao 2
5 Ax 7 ASIA =R wE UHES PCREA, Southern blot, Northern
blot W Western blot, progeny analysis52.2 ¥<Qlslgcl(Table 1).

aronr

on ﬁafft'arﬁ of transformants on the medium
ing kanamycin (250ug/ml)

_ Noof t_ésteci-:iilélg __E ted 2

0.00

254
0.69

WwW3s: nontransfomed wild type tobacco plant (N, fabacum L. cv. Wisconsin 38)
VIR#: transformed tobacco plants with Rok1/105
VIR/W38: back-crossing tested
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E3 upold A PAUUS Eole] WAABANN PRI U thzFol
ujslo] WEo] WA APS A W A AW Fatel HAsterkFig. 3).

Fig. 3. (A) Symptom development pattern of T, transgenic tobacco plant 7
weeks postinoculation with CMV-Y. Left, uninoculated transgenic plant:
Middle, inoculated transgenic plant: Right, inoculated nontransformant. (B)
Northern blot analysis for the viral RNAs from T, transgenic tobacco plants.
Probes were cDNA clones of CMV RNA 1 (A), CMV RNA 4 (B), and CMV satellite
RNA (C). Lape 1, purified CMV-Y: 2, uninoculated W38 plant: 3, inoculated
W38 plant: 4, uninoculated T, trnsgenic plant: 5-9, inoculated individual Ty
transgenic plants. Samples were prepared after 20 days of virus inoculation,
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3. RolRatelutol YA FIAZT(MV-K)] ARENDT DN FEL o8¢
upolel & Ay AT

CMV-K®] cDNAZFA ol Bha

2ol efEUH (MV-KZFFE TMV-resistant ©W)(Nicotiana tabacum cv.
Xanthi)old That 2418 ¥ woldl2qiabe F&stainh AN A, sy
719 5TE ot v atd & Hasterh(Fig. 4).

A B

v ‘

Fig. 4. (A) Electron micrograph of purified CMV-K (X 150,000). (B) Western
blot analysis for the CMV-K inoculated tobacco plants. Proteins were
extracted from CMV-K inoculated and non-inoculated plants and dissolved in
phosphate sample buffer and run on a 10% SDS-polyacrylamide gel, Proteins
were blotted onto nitrocellulose membrane and hybridization was carried out
with anti-CMV-K polyclonal antibody, Hydrogen peroxidase was used as a
second antibody conjugate. Arrow indicates the position of CMV-K coat
protein. Lane 1, protein standard marker: Lane 2, 1.5 pg of purified CMV-K;
Lane 3, 1 pug of purified CMV-K: Lane 4, protein extracted from
non-inoculated tobacco plant.

81



o] MV a}ofra] RNAS $-&%t ¥ random primer W polyadenylationg ¥t F-
oligo dTE o]gste] cDNA IU4E Wstgdrh cMFHEE [0-PIE EASIA
Northern blot A& 33ro g4 (MV-K RNA®] Z} genomeoi T cDNA clone®-&
olstadct. ¥4 primeret RNA sequencingg ©]-83}e] CMV-K RNA32] H7|MEE
ARSI thE oW FFEZ] olFuhA gl yErhide] ofnkitHd S H|A
BEastdrH(Fig. 5). o] A2} C(MV-KE subgroup Iof %3l Zlo] #exdrt
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Fig. 5. Amino acid sequence comparison of CMV-K and other known CMV strains.
(A) movement protein aa sequence and (B) coat protein sequence.
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CMV-K cDNA cloneS2] =zt gl g, n3o22] £

Random primer® €& CK161%! CK230 cloneES Z}7} sense@ antisense WHEF
0.8 AlEB2A expression vectorql pMBP-19 subcloningd}git}. =EZF synthetic
primer& ARg38te] MP, ICRZ W CPol 3|3l #ARE PCRE YA SIHUCHFig.
6). °o|5F 4F+—= ©ul W o] FAARA I EM3tAT

Start of ANA4

CMV-K | A3 Prowin gene ' Caat Protein gene ]

_ R —

1 2 3 4
s T s
¥230 101 &0
ner 1=
#79 na 1740

PCH primers for CP, A3 proiein penas and ICRZ-lke saqusnce
1. ACGOABCTCTCTAGA GTAATCTAACCACTTGIOTG
CAGBAGCTUIGATCS TCAAAACTATGATGTTGAT
GOOGAGCTCTCTAGA GTTATIGICTACTGACTATA
CTAGAGCTUOGATIT ABCDSTAMACTGOATRBACAA

CAGEAGCTCTCTAGA CACTTTOGTOCUTATTAGTA
TAGGAGCTCUGATOC GCAA TCTTECBGAGAAGCAT

LU

Fig, 6. The cDNA clones of CMV-K RNA 3 obtained using random primers, The
clones are shown as long and thick bars. The locations of synthetic PCR
primers used for MP, CP and ICR2 synthesis are indicated as short bars, The
sequences of primers are shown in the box., The PCR products run on an
agarose gel are on the right side photograph,

83



CMV-K2] cDNA cloneo] =¥ HAAH whil &4

CK1619! CK230 clone©| senseB! antisense® % ¢UH HAAH ] 245 3
33l FEZL o] cloneS2] CMV BNA3 translation inhibition BEE in vitro 4§
2 Blo] TAEstgct. HAAF ghujjof (MV-KI CMV-YE ZEAA H3E A7 W
protection A4S wO 8 FTABIZ EF CMVE] local lesion hostQl Tolo
local lesion assayS 3}y OTH HE UHRHPAS IAYFHOE F4sqcl.

4. Vein-necrotic type?] potato virus Y(PVY-VN) A5, FAx22 g
dz AuEFezy =4

PiYs MAHCE RESol Qa1 A AT st AE ulolz|Ad
gt MM A9 o} 4B ANH= Ao YA Utk ©H, Lt
19929] B9 ARBAF PUYo] g WAL BHFY A9 2.1%, WS
o Aol 6.2%2) 41x] WHES Hols YrhHong et al., 1992). wepd £
AFoldE Ful Aelold Sel8 PY-We fAXNEAE Bstel PY Ax

3 #4%aA woh

0ligo dT primerd& o]-2%t PVY-UN&] cDNA cloning

el PVY-WNS Axt@nZz il A7 d5S Btod st RNAE
33 & oligo dT primerE& o]-&35}e] cDNAS #Ad5}edct. cDNA cloneEe] @|7]
Nzt ohulmal NS BNT A7 ANERARe AP THE PIYET 93-96%2)

2 ottt d fAbdE BAE Helsglrh(Fig. 7).

PCRE o] &3t B FAx}, ¥E[Ax Y, 23 A AQuFTA2e] =¢
BAFAXe} 8557z} zhzbe] 5 URHATG codonE¥H) W 3 wghe] sk
primer& A3t FHAE o3 o] -FHUAE expression vector(pMBP13}
pMBP2)of sense@ antisense W3Fe R AFUEH ¥ fEjvizie] AR ANEFAU
NC829} Burley2lol 2zt =13ttt 53], 7ZtdFo] RFEst diex FAAH

& A &L glrh
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PVY-WN
PVY-NI1
PVY-N2
PVY-N3
PVY-0
PY¥{CH)
PVY-H
PVY-¥N
PVY-NL
PVY-N2
PVY-N3
PyY-0
PVY(CH)
PVY-H
PVY-WN
PVY-N]
PVY-N2
PVY-N3
PVY-0
PVY(CH)
PVY-R

GNIT 1 DAGGSTKKDAKQEQGT | OPNPNKEK EKDVNVGTSGTHTVPRIKA I TSKMRMPTSKGATVLNLEHLLEYAPQQIVISNTRATQSQFDTRYEAVRMA
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........................................................................................
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GNDT I DAGGSTKKDAKQEQGS] %z#zzmxmegoﬂ SGTHTVPRIKAITSKMRMPK SKGAAVLNLKHLLEYAPQQI m~m2ﬂm>,_.om%3ﬂ<m>a__m;

YDIGETEMPTVMNGLMVRCT ENGTSPNVNGYRVMMDGNEQVE YPLKP Hszh,_au._,rmuH7_§c<>m>5§xmv§%m<mr IRNLRDVGLARYAF

YD1GETEMPTVMNGLMVRC I ENGTSPNINGYRVMMDGDEQVEYPLKP I VENAKPTLRQ IMAHFSDVAEAY I EMRNKKEPYMPRYGLVRNLRDGSLARYAF

DFYEVTSRTPVRAREAH] %irxm}%wrmmrcma_ STQEENSERHTTEDVSPSMHTLLGVKNM -267

DFYEVTSRTPVRAREAH1 QMKAAALKSAQSRLFGLDGG I STQEENTERHTTEDVSPSMHTLLGVKNM (93, 6% )

-100

-200

The overall amino acid homology comparison of PVY-VN with

other known PVY strains are designated as percentage (%) at the end of

sequence.

Fig. 7. Comparison of the deduced capsid protein amino acid sequences among
the PVY strains.

85



5. Hammerhead ribozyme o]|-£7]=

Hammerhead ribozyme& 41E viroids, virusoids % satellite DNAZ]
transcripto] Al WAE = RNARAZE FUEA] &5 53 GUC(or GUA) &7
A 3 &S Ayt mely 53 {32} target site?] 2@ A7M g2
FRASE frEd tlE Aol EAste 53 NUX(N=A,G,U,C, X=not G) E71A ¥
2 3FHE Aulste] 53 fdx1Y AHS A 5 vt waly oS o] &3t
afojejL AdatelAlAle] Fubgo] Jhesitl. £ AFEolAE ribozyme CMV-KE
replicase FHA}S targetC 2 3l st o]E o] B3t in vitrooA=
CMV-K RNAE cleavagedt=A] B3l Yolr}l in vivo AEE ghiSo] HRAAHAH
ribozymeo] 2[%t uiolg|A AAE =T ZS FEE drh. EI satellite RNA
2} ribozymeS ZA¥Ste] in vivo AH-E $8Fo|tHFig. 8).

6. Y5 (Amaranthus viridis)o 2] 3ujole A4 izl of 2

T2} 22 gl FEIR/E ol LY vpolHA AP AEMYL AEE F2 )
olgl& fref FAAE AHEIIAL glont o] WYE F2 53 upolsout Ay
= B 4 gk Eg wpolgA fE fAx 2UH AEAT AR BR =
EHUS W A=Yl 3] 22 HFEY ulegjart oA Tt E B
WA e grh. webd F2 SRRES sidste s AR AEFE uEg

MEA Y Yutol A YIS o] §Fax} = ko] o]Folxa Tk

H| Fol 2] utolgjAsd ehiidle] &, Fe| o N-wet g74d 2AH

$4d v g FNos TV tigk upolE Ay Tl BHS A9
T}, & TMVE] local lesion hostQl Nicotiana glutinosaZ ]3| le] midribS 7]
TR UFos v EY FI9& E2Usta e WFole tRIEEAM bufferhg
=gstgnt, ol ARAYL F ™MVE ZEA|#A Ltetthbs local lesion ®AME Z
Atstedct, ol A4 whlal Eel=, CM-sepharose column chromatography %

Mono-S columng o]&%} FPLCE] ZHZ} v}elyd fractiong RO} Sephadex G-50
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CMVFny2 7 ’GGUUUAUUUACAAGAGCGUACGGUUCAAUCCCUGCCUCC-'—
CWv @2 5‘m’GGUUUAUUCU(‘.AAGAGCGUAUGGUUCAAUCCCUGCCUCC—
CMYY?  5mGEUUUAUUUACAAGAGCGUACGGUUCAAUCCCUGCCUCT mmemm

CMY Fryl 5'm"GGUUUAUUUACAAGAGCGUACGGUUCAAUCCCUGCCUCC —
CMvQl ¥ m’GGUUUUAUUUACAAGAGCGUACGGUUCAAUCCCUGCCUCC —
CMYY! 5'TPGGUUUUAUUUACAAGAGCGUACGGUUGCAAUCCCUGCCUCE ==

S

UCUCGCA GCCMGUUGGGGACGGAGG\

AC
A GAA U
@ GGAC G
u ccue A
G AGU
» (leavage site
B A pBlueRS
Kpnl Smal gacl
—{TD=EHCS
B. pBlueRK
Kpnl acl
7
C. Rok1/105
we{ CaMV35S — ~{TF] SATELLITE | SATELLITE MNOST pee
D. Rok11105R Smal  sacl
~_
—{CaMv 155 >={TE[ _SATELLITE | SATELLITE PNOST b=
E pBIR Smal Saci
CaM? 355 Ribozyme MNOS 3
F.pBIR3

Sacl

= CaM¥ 355 >4Rmowmemeowme[Rmomme

NOS T f—

Fig. 8. (A) Expecting cleavage site in CMV RNA 1 and
ribozyme,
in vectors for in vivo and in vitro experiments,
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(B) Construction of CMV ribozyme and CMV satellite RNA ¢DNA clones



colum @& desaltingdto] TrlA LS A=A 3}51, o]Zoj ti¥t polyclonal ¥AHE &
7& ol-gste] A Astr(Fig. 9). ep=a] a2 protein blottings
-grete] ojuleat NES Agstedvy. EF ©]E2] cDNA libraryE A zsta
wolei 2 TP cloned RT-PCRE ol &5to] ArZel gtk
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Fig. 9. SDS-PAGE analysis (A) of fractions and FPLC-elution profile (B) of
Mono-S column,
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1. 99}

= Aol 82 AE aofsh
1) F2Liet 2 oz T30 v HAAR
2) Qo|Exjojulole|22] $]4 RNAE o3 HAAY g, slFUol, Eng,
T 5% LSt @i, mRUol, EntE SolA bioassayS $=3i5te] ujol
A Ed & Uehiles 21& ga
3) Fevelol A @2e " CMVK strain?] genome £4 g o]& o] &%t o]Eut
B FAR} M ER/-ARE 23St o2 g W 2do =4
4) fgvtel AX xfufEEQ] Burley2loflx E2]E PVY UN®| genomed EA35}a
S 72t B EFAAE 2a5to] NC82, Burley21?] A%
5) CMV-K&] B4 -§#=}5 tjat o8 3} ribozyme =2}
6) HlFo A8 Fulolal A Thalzl B ml R

al
Fal

2. =9

HZ ASAZALA 2 AZABEAM BY Ao w2l BASHAE,
R(erE AZAY 8 AF £5W F), RBZEIE) @ BEcikdgde 5 A
A=el 7183 A7 ZHED o] FUoE cijntgo] AF3t Ao},
wetd SZE7RA A, AeHRIAE 2 3 Fxie swo]l WeHHolth, £ ARal
Mz tiE HE¥Is "ol HehA wA st ojel Hlolg A tfdle] fAx}
ZA7le W BAARI=S Bole] fHAoE G vlolYdA MY AL
ol 7Fe®E HAFrh Uolrl FuielM w4-FeEld Hloly Al AREML B
st 2utete]l At utolajad] FE mhesta ol WAE A AL B
Astal glth. fHE vt Ao R o] &EE B SolA HulolzAy wh
AS FEIA FAst] SYZEY A S #3 dFE +¥Folnh

2 AT AFFEEE AL shdsior & A At gty $4d
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A2 0= o}A homologous recombinationd ©]-&3t targeted insertiono] &
7455t position effectTS Iad mf tigke] FAHABAE & 5 ojof &
v} I#o olF7ix] @elE A% ofE Fo FAE] ¥yAAYL JI3U=EI
o} o]& ol Zlo] M¥Eojo} Frh Wk ol TAMEE FE AE/E
ozt @ Ml AH GAZ gy FA W B nxes FAHA ¥ Fol
225 meigojo} gich uwheba] Ab-.dzie] ZIWI FRAA I AFY UEF
&g fsl "3 ol
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