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Abstract : Viral coat protein (CP) encoding ¢DNA with artificial start and stop codons was synthesized
by reverse-transcriptase polymerase chain reaction (RT-PCR) from the Korean isolate of potato virus
Y-vein nectrosis strain (PVY-VN). To make PVY CP ¢DNA to untranslatable form, three stop codons
were inserted near the start codon by "megaprimer-PCR” method. The untranslatable CP ¢DNA was
subcloned to plant expression vector and transferred to N. tabacum cv. NCS2 by Agrobacterium-mediated
transformation. Highly resistant plants to PVY infection were screened, based on symptom development
after mechanical virus inoculation. By genomic PCR and Southern blot analysis, one or more copies of
the untranslatable CP gene were found in all transformants. From northern blot analysis, highly resis-
tant transgenic lines had very low level of CP transcript but susceptible lines had high level, suggesting
resistance to PVY infection should be related to RNA-mediated mechanism.
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of] wroledA wHell W&t X3S A =l B
o] A£5)9jv} (Tumer %, 1987; Loesch-Fries %,
1987; Van Dun -5, 1987; Cuozzo 5, 1988). ¥
U 298 vlel#A {AA ol 2)slod transcompli-
mentation, transencapsidation % recombination®]
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2 oulg AL oko) AAAT) AE FHEdE
Zeo] 42z} (Smith &, 1994 Goodwin 5, 1996).
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PVY-VN Alg-Z 3 BallellA Zeld 28 3§
A wlelgl&z Agsedd (dF 5, 1984). o¥F
nlolt] AZRE] guanidium isothiocyanate 54
(Chomeynski 2, 1987)-& o|&sked total
Felalgich oF 100 wge] 3k wlel2lA 100 £
o] 9 ¥2l acid phenold #H7lelz & 442
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7tere] PAE cDNA synthesis kit (Boehringer
Mannheim, Germany)Z o]-g#13ich 1429 total
RNAoY 4402) bufferg A7}tz 25 unit®) RNase
inhibitor, Z+ZF 10 nMe] dANTP mixture, 5 pM]
PCP 2primer(5'-GCA-GGA-TCC-GTC-CGG-AGA
-GAC-ACT-ACA-TCA-3') ZL8]aL 20 unit®] AMV
reverse transcriptase® E7lsled Ral Fuzb 20
@7t EA g F 42TAA 147 B¢ vkgslsd
o} qhgol ¥t & o] dh-gelell 10X Tag. buffer
1042, 100 x M2] dNTP, 2 unit®] Tag. polymerase,
PCP1 primer(5’'-GCA-GGA~TCC-GAC-AAT-GGG
-AAA-TGA-CAC-AAT-CGA-TGC-A-3") =
PCP2 primer 10 pM#-S X713t & polymerase
chain reaction (PCR)-Z =3y319ich. o]ul] 35 cycle
2] PCR =72 94T 30&%, 55C 1%, 72T 1%
30253},

O|mcHl & cDNAQ| site specific mutagenesis

A4 2|7k cDNAS] vlHol4dege] Zzh
< megaprimer PCR¥gell 2j3}e] o] Foizleh (Sarkar
5, 1990). £]=|glulA cDNAS] FFoll AL
PCP!  primer®t <" oz  3709]  termination
codone] 4FEA=x 2+ PCPm primer (5'-ATC-
TTA-CTT-AGT-GCT-TCA-TCA-3')2 o|-&3lo]
PCR ¥h2ol 28] megaprimers =%, g o}
S 100ClA 1087 denaturation A1 & 2k 10
pM<] megaprimerS- PCP2 primers} €7 22} PCR
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T, DNA ligaseZ- ol-83}o] 2381931 (Sambrook
&, 1989), T7 sequencing kit (Parmacia, U.S.A)S
o]£sto] dideoxy chain terminationell £l 7]
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2] S-AA= pre-proteine 2 2T E post-tran-
slational cleavageol] &]slo] Z+ztbe] wlwjzlz 1]y
olAuZ lFchide Il {FAATL start
codong Z3 YA Yt wehd RT-PCR el
A 21939 start codon (ATG)E Adsbsict &
Z.5 DNA %¥HH2 pBluescriptll SK- #E]Z )2
dtElgl o LacZ promoterel] thaled Aubeko]l &

2% p25022 Hslech Fig. 1BE p25029] A
&4 BamHI X2l & A7|9% ZnE HodFE
7122 841 bpel PVY-VN CP ¢DNA®| BamHI &
Hol 481so] & EUE 5 AN

PVY CP ¢DNAZ| site directed mutagenesis

Fig. 1C¥ PCPm¥ PCP1 primerell &J8f ZZ=
58 bp2l megaprimer S Hol Fi gluh
megaprimer®} PCP2 primers olg3}o] AAMzQ)
)ulehial f-47te] PCR ZAbet UG =79
(847 hp) B %14 PVY CP cDNAS| wHHo| 2%
e (Fig. 1D), ¢] ©Re] A=Y i3 &
28 p25058); WslichFig. 1E). Fig. 2% p2502
9} p2505 22 PVY CP cDNAe) tigk DNA o
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Fig. 1. Agarose gel electrophoretic hand patierns
of (A) 847bp PCR product of PYY-VN CP en-
coding fragment which have artificial start and
stop codons; (B) restriction enzyme (BamHI) di-
gestion pattern of p2502 (PVY-VN CP gene fr-
agment was subcloned to pBSIl SK-); (C) 58bp
of first round PCR product (megaprimer) for si-
te~directed mutagenesis; (I)) untranslatable PVY-
VN CP gene fragment by second round PCR;
(E) restriction enzyme (BamHI) digestion pattern
of p2505 (site-directed mutated PVY-VN CP
gene fragment was subcloned to pBSII SK-).
PCP-PVY CP c¢DNA; PCPm-untranslatable PVY
CP ¢DNA.
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Fig. 2. Comparison of sequences between PVY-
VN CP cDNA (p2502) and site—directed mutated
PVY-VN CP cDNA (p2505). Arrows indicate
converted nucleotide sequences.
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region (3'UTR}S E3el v} (Fig. 3A). ¢] =2
HWedF Agrobacteriume wiMZ slo] A& (N
tabacum cv. NC82)ol| #AAZ3t & =zAulekS
Folo] Z7he] SRE HAHIAE A% T AU
ch & 1072 gAARAT} (25071-250710) HA4
NC82¢} 5Ug AAE HoiFglon Pydoz

% Aol e A ¥ 4 giglch
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PAAR =A% A4 NC82°l PVYE AHF
¥ F 45 Bof] wiA)-2 &)l A1) veinal necrosis
2} leaf chlorosis symptomrg HolFglz Azl
AE L PSS ¢ T Ao, ol WAL
ABZI7AA] BE Q9 E7]00A4 HoiFglch 17
vl AR 1059 PAARkA F 8325071, 25072,
25073, 25074, 25076, 25078, 25079, 250710)7} wlo]
B AF 4F IR A4 A ERolxn
ojw]gt WA% JehtA ¢kokem (Fig. 3B), ol
3k PVY-VNell tigt 9] A3hd-e Fxb A3
AR fAE et WA HEA vehle A

A9 AYY BRATAE gglan, 239 oYy
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Fig. 3. Plant expression casette (A) and symp-
tom severity of non-transgenic (Right) and tran-
sgenic (Left) tobacco (N, tabacum cv. NC82) (B).
Photos were taken 4 weeks after mechanical in-
oculation with PVY-VN,
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o] Zred=l NCR2¢| wAM ez FUsigirh
Genomic PCR#} Southermn blot hybridization 23
Aol AW 10572 FRARA ZF 847hp
9] PVY-VN CP ¢DNA AEHE ¥l g2
o} o~ olgdul (Fig. 4). =3t #2R3kAel] PVY-
VN CP cDNA7} Eagkclys 712 Eals] genomic

23 4567 8910Mm
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Fig. 4. Electrophoretic band pattern of PCR with
genomic DNA of tobacco plants (A) and Sou-
thern blot analysis of genomic-PCR products(B).
PCR were performed to the PVY CP gene. Con-
trol(+); p2507 (PCPm fragment inserted plant
expression vector, which contains NPTII and di-
sarmed Ti border sequences), control(-); PCR
product from nomal tobacco plant, lane 1-10;
PCR products of transgenic plants, Plants are
noted as resistant (R) or susceptible (S) to PVY-
VN infection,

DNAZRE] BamHI& *gldk ¥ Southern blot
hybridizationg ¥ ZAllA% &4 5 o} (Fig.
5A). A= HEARAFANA 2H AR copy
numbere Sall *21%¥ genomic DNA2] Southern
blot hybridization ZTelld 17Hell4] 8H7Hx] Eal
g Aog Jehger} (Fig 5B), e #AA3
Alol] =4H F42+2] copy numberst o84 4
ZgkAlel] =118 #3218 copy number oA &
%k ApolHo] WARA Faeh. ol AlEA
735, A4 2] FE71 dosage-dependentslA] =]
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Fig. 5. Southern blot analysis of genomic DNA
of transgenic tobacco plants. BamHI (A) and Sall
(B) digested individual line of genomic DNA
were hyhridized with PVY-VN CP cDNA probe.
Control (+); PCR product of PVY-VN CP cDNA,
control (-); nomal tobacco plant, lane 1-10; tran-
sgenic plants, which were noted as resistant (R)
or susceptible ($) to PVY-VN infection.

F32+8] copy numberell A¥g WeohE Hu
(Goodwin &, 1996)¢k= ¥A)8}A] gkskth. Northern
blot hybridization 747, oA A HZA= =)
T+ F AAAS H4¢ HdFa glo), nEHA
B A e @2 AAAY HHG HolFg
t} (Fig. 6). o] 23 Smith (1994)0] B g}
RN FARA Y el 2ol WiF A s
< AAE ¥3 (post-transcriptional modification)
ofl 2|4 2l #-#H442] specific gene degradation
of 7IQlse Zelgle ARE Shdsie Aeg
Atggch 28122 PVY-VNel| oigl 34 713
2 RNA- mediated resistance? 7oz F&x|o]
A, FF vlolgl HFAZY, FE2A71" RNA
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Fig. 6. Northern blot analysis of transgenic plant
lines. Total RNA of individual line of transgenic
plants were hybridized with PVY-VN CP ¢DNA
probe. Lane 1-10; transgenic plants, which were
noted as resistant (R) or susceptible (S) to PVY-
VN infection.
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