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SUMMARY

I. Title

Generation and characterization of CMV resistant transgenic plants by means

of scFv antibody gene transplantation

II. Objectives and Necessity of the Project

1. Objectives of the Project

D Research of the function of RNA3 CP gene that encodes the coat protein
through full length ¢cDNA synthesis of CMV-Mf RNAI, 2 and 3 genome,
cloning, and construction of transcription system.

@ Setting an evaluation standard protocol on viral resistance of transgenic
plants producing anti-CMV-Mf antibody through antibody production, in
vitro examination of neutralization reaction of antibody with CMV-Mf and
examination of the critical point of neutralization reaction.

@ Evaluation of neutralization ability with other CMV family that has
different amino acid sequences in CP.

@ Evaluation of the value of a resistant plant and searching for the practical



use of the transgenic plant.

® Development and accumulation of techniques for antibody gene
manipulation.

® Development of phage display library technique for the isolation of scFv
antibody gene.

(@ Presentation of a new research direction in the field of genetic
transformation technique in plant biology or agricultural biotechnology.

Protoplast cultivation and regeneration system establishment of
Cucurbitaceae, tobacco and tomato

© Establishment of regeneration and transformation system of Cucurbitaceae,
tobacco and tomato by means of tissue culture.

(0 Establishment of virus neutralization reaction measurement system using
protoplast cultivation.

@ Introduction of gene identification, acclimation and field test of transgenic
plants.

@ Field stability test and using in cross breeding with CMV specific antibody

producing transgenic plants.

2. Necessity of Research

Ga. Technical aspects

The proportion of special quality of commercialized transgenic plants

categorized by cultivation area(based upon 1996 data) was 40% of virus resistant

plant, 37% of vermin resistant, 23% of herbicide resistant and less than 1% of

quality improvement, indicating the commercial importance of the development of

virus resistant plants. however, the development of virus resistant plants has

,10,



restricted in several plant species so far, and experimental approach was also
limited to the introduction and expression of viral coat protein gene into plants for
the generation of virus resistant plants. Those transgenic plants were finally
commercialized without fully understanding of resistant mechanism so the
application into variety of crop species has known to possess many potential
problems. But recently, reports published in Science and Nature demonstrated the
successful production of anti-viral tobacco plants by expressing virus—specific
antibodies in plants, further suggesting that the use of antibody could be the
hopeful method in the production of anti-viral plants.

CMV, the model of this project, infects around 450 plant species and spreads
worldwide causing enormous economical damages, but virus resistant transgenic
plants that using single chain variable region fragment (scFv) antibody gene has
not produced yet. Therefore, in this project, we will develop transplantation
technology of scFv antibody gene into plants for the production of CMV resistant

crops and this system will be apply to production of another virus resistant plant.

Na. Economical and industrial aspects

It is estimated that morbidity rate of watermelon, Chinese cabbage, tomato is
5%, 15%, 30%, respectively and later term infection causes over 35% decrease in
yvield. If we compare this numbers with seed cost, CMV makes severe damages
about 1,580,000,000 won per year and if it converts into the amount of money of
farm products or manufactured products, the crop loss is about 50,000,000,000 won
per year. As the seed market become internationalize, vegetable markets are
increasing consequently, and the economical benefit from development of virus
resistant crop will become enlarge much more. Therefore, in the view of
economical efficiency, the development of anti-virus plant through scFv antibody

gene transplantation is imperative.

,11,



The international economical and industrial aspects about genetically modified
plant development was under $500,000,000 in 1996 but in the year 2000, it had
grown $2,000,000,000 to $3,000,000,000 and it will grow $20,000,000,000 in 2010. In
the case of domestically imported genetically modified plant, transgenic corn was
account for $50,000,000 of total imported amount, transgenic soybean was account
for $60,000,000 of total imported amount in 1998, and, in the future, another
transgenic vegetable seeds including Chinese cabbage will be on domestic market
soon. Consequently, development of domestic genetic transformation technique will
protect our market as well as open up the export market to abroad, and
therefore, contribute to farmhouse by increasing incomes and elevate competence

of domestic agriculture in international market.

Da. Social and cultural aspects

To overcome the shortage of food crops (or vegetables) and to carry out
environmentally friendly agriculture, we have been forced to use genetic technology
in plants. But domestically and internationally also, the stability of genetically
modified plants is considered seriously by public as shown in Cartagena protocol,
although the situation is may not necessarily be applied domestically since there are
a few trensgenic plants in our country.

On the other hand, many foreign companies including the United States have
succeeded in commercialization of GMO (genetically modified organism) one by one
and these transgenic plants are imported now. For instance, the amount of imported
transgenic corn from the United States was 1,000,000 tons that was 12.6% of total
imported amount in 1997. In the case of soybean, the imported soybean from
America was 700,000 tons that was 97% of total imported amount and among these
210,000 tons was presumed transgenic soybean. It is shown that genetically modified

crops penetrated deeply in our foodstuff culture. Certain environmental groups or

,12,



Bio-safety Morals Solidarity Party are opposed to the use of genetically modified
crops but practically transgenic plants or industrial products from them are already
closely linked with our everyday life.

Since the development of GMO may continue in the future and our society has to
end up accepting the reality in international agriculture, the production of virus

resistant plant of important crops is earnestly needed immediately in our country.

,13,



IM. Scopes of Research

1. The 1°° Project : Obtaining CMV specific scFv antibody

gene and expression investigation in transgenic plants

(1) Antibody Production
@ Mouse Immunization
@ Antibody gene amplification from spleen
@ Producing phage display library of scFv antibody gene
(2) Isolation and production of anti-virus scFv antibody
(3) Examination of neutralization ability of CMV-Mf scFv antibody
(4) Affinity determination of scFv
(5) Gene manipulation of anti-virus scFv antibody
(6) Investigation of antibody production in transgenic plants
(D Production of anti-virus scFv antibody specific polyclonal antibody
@ Investigation of anti-virus scFv antibody that expressed and produced in

plant cells

2. The 2™ Project : Analysis of pathogenic gene of CMV and

reaction mechanism in scFv antibody producing plant

(1) Public announcement of virus and virus multiplication
(2) Host reaction experiment of CMV-Mf
(3) Analysis of CMV-Mf CP gene

(D Virus acclimation and RNA purification

@ RNA3-cDNA synthesis and cloning

@ Base pair order analysis

,14,



@ Variant subtype production and ability analysis of CMV-Mf CP gene
(4) Virus acclimation for the production of CMV-MI{ antibody
(5) Anti CMV-Mf serum examination
(6) Contamination tendency investigation using protoplast of transgenic plants
(7) Reaction of transgenic plants to CMV-Mf
(8) Reaction of transgenic plants to CMV-Mf RNA3 variant subtype

(9) Reaction of transgenic plants to another CMV family or another viruses

3. The 3% Project : Development of scFv antibody producing
CMV resistant plant

(1) Development of plant regeneration and transformation system
(D Regeneration system establishment of Cucurbitaceae, tobacco, tomato
@ Establishment of effective transformation system
(2) Production of genetically modified plant
@D Vector development
(3) Plant transformation with recombinant vector that already introduced into
Agrobacterium
(4) Establishment of protoplast isolation and culture system for the virus
neutralization reaction
(D Establishment of protoplast isolation condition
(5) Field adaptation and genetic stability test of transgenic plants
D Seed production of transgenic plants by cross—fertilization and selfing in
green house and field

@ Genetic stability test of seed by posterity examination

@ The relation of virus resistant limit with crop yield and quality

,15,



IV. Suggestion of the research result and its

application

In the 1% year, we produced anti-CMV antibody by hybridoma fusion and a
scFv antibody gene by phage display library, and investigated the biological
characteristics of CMV-M{f family, that was isolated from native plants, by means
of host reaction experiment of CMV-Mf and analysis of CMV-Mf CP gene.
Especially, we attained our object related with pathogenesis. The results from this
biological basic study of CMV can be used as a milestone of the study of another
plant virus. We also established the regeneration and transformation system of
tobacco, tomato and Cucurbitaceae plants.

In the 2™ year, we finished the determination of the affinity and gene
manipulation of anti-virus scFv antibody gene. We also analyzed the pathogenesis
related CMV-Mf gene, and discovered novel finding that the new area of CP is
related to pathogenesis. These results may contribute for the understanding of
pathogenesis related gene of CMV. Through the production of virus-specific
antibody and serological characterization, following experiments were completed:
@ determination the CMV-Mf serotype, @ neutralization reaction process against
virus specific antibody, @ introduction of protoplast system to interpret
antigen—antibody reaction process in vivo. Those results may contribute to various
researches for serological study of virus. And we had produced transgenic plants
with CMV-Mf scFv gene insertion in tobacco, tomato and Cucurbitaceae.

In the 3™ year, production of polyclonal anti—scFv antibody was completed and
used to search plant cells expressing anti-virus scFv antibody, that has
progressed 50%. In order to analyze viral behaviour in plants expressing scEFv
antibody, we determined resistant rate distinction from seedlings of transgenic R1
generation. The results was not quite satisfactory since we could not make fully

resistant transgenic plants against CMYV, but establishment of resistant

,16,



examination method can be applied in related research areas. The most

disappointing result was that, although we could confirm the introduction of

CMV-Mf specific scFv gene, we couldn’t detect scFv gene expression in

transgenic plants. Consequently, continuous research including construction of new

vector systems are needed.

,1’77



CONTENTS

Proposition writings

Summary

I. Title

II. Objectives and Necessity of the Project

1. Objectives of the Project

2. Necessity of Research

Ka. Technical aspects

Na. Economical and industrial aspects

Da. Social and cultural aspects

IM. Scopes of Research
1. The 1™ Project : Obtaining CMV specific scFv antibody gene

and expression investigation in transgenic plants
2. The 2™ Project : Analysis of pathogenic gene of CMV
and reaction mechanism in scFv antibody producing plant -

3. The 3™ Project : Development of scFv antibody producing

CMV resistant plant

IV. Suggestion of the research result and its application

SUMMARY (In English)
I. Title

IT. Objectives and Necessity of the Project

1. Objectives of the Project

2. Necessity of Research

M. Scopes of Research

,18,

D O s W W NN NN

© © © O



1. The 1*" Project : Obtaining CMV specific scFv antibody gene

and expression investigation in transgenic plants

2. The 2™ Project : Analysis of pathogenic gene of CMV

and reaction mechanism in scFv antibody producing plant

3. The 3™ Project : Development of scFv antibody producing

CMV resistant plant

IV. Suggestion of the research result and its application

CONTENTS(In English)

Contents

Chapter I Outline of research project

Section 1. Backgrounds and objectives of research project

1. Backgrounds of research project

2. Objectives of research project

Section 2. Necessity and scopes of research project

1. Necessity of research project

Ka. Technical aspects

Na. Economical and industrial aspects

Da. Social and cultural aspects

2. Contents and extent of research project

Chapter 2 The present technique development situation inside and

outside of the country

Chapter 3 Contents and Results of the research

Section 1. Research substances in order by year

1. The 1% year

2. The 2" vyear

,19,

14

14

15
16

18

23

28
28
28
30
31
31
31
33
35
37

38

40
40
40
41



3. The 3™ vyear

Section 2. Research results and analysis

1. The 1* Project : Obtaining CMV specific scFv antibody gene

and expression investigation in transgenic plants

Ka. Process of anti-CMV antibody production

Na. Productnon of phage display library of scFv antibody gene -
Da. Isolation and production of anti-virus scFv antibody -

Ra. Base pair order analysis of CMV-Mf specific scFv antibody -

Ma. Affinity determination of scFv

Ba. Anti-virus scFv antibody gene manipulation

Sa. Positive clone searching of single cell antibody
Aa. Pho A color system development that conjugated with

CMVscFv-AP

Ja. Anti-virus scFv antibody specific polyclonal antibody production -

2. The 2™ Project : Analysis of pathogenic gene of CMV

and reaction mechanism in scFv antibody producing plant -

Ka. Background of research

Na. Virus purification for biological characteristics of CMV-Mf family

and antibody production

1) Propagation of virus

2) Host reaction of CMV-Mf

3) Analysis of CMV-Mf CP gene

4) Virus acclimation for the CMV-MIf antibody production -~

Da. CMV-Mf gene analysis related with pathogenesis

Ra. Serological character of CMV-Mf and in vitro reaction

with scFv antibody

1) Virus multiplication

2) Anti CMV-Mf serum production and titer examination ——

3) Neutralization ability examination of CMV-Mf scFv antibody

,20,

42
44

44
44
46
48
50
52
54
56

57
58

59
59

61
61
62
64
70
71



Ma. Reaction of CMV-Mf CP protein in scFv antibody expressed

transgenic plants 80
1) Contamination analysis of transgenic plants using protoplast - 80

2) CMV contamination reaction of scFv antibody produced

transgenic plants 81

3) Reaction research of transgenic plants to CMV RNA 3

mutation virus 81

4) Reaction reaction of transgenic plants to another

CMV family or another viruses 82

3. The 3™ Project : Development of scFv antibody producing

CMV resistant plant 86
Ka. Tobacco 36
1) Development of tobacco regeneration system 86
Ka) Hormone mixing experiment 86

Na) Analysis of hormone mixing experiment 87

2) Establishment and results of tobacco

(Nicotiana tabaccum. cv. Xanti nc) transformation system - 38
Ka) Experimental procedure and condition 88
Na) Results of transformation 39
Na. Tomato 93

1) Experimental procedure and condition for the establishment of

tomato regeneration and transformation system 93

2) Results of tomato transformation system establishment

using L3 gene 93
3) Results of tomato transformation using CMV scFv gene - 96
Da. Cucurbitaceae(cucumber, water melon) 100

1) Experimental situation for Cucurbitaceae regeneration

and transformation system establishment 100

2) Experimental methods of Cucurbitaceae regeneration

,21,



and transformation

3) Results of Cucurbitaceae transformation

Ra. Establishment of protoplast isolation condition of each plant

1) Materials

2) Procedure of protoplast isolation

3) Establishment of protoplast isolation

Chapter 4 Objective achievement and contribution level

to related field

Section 1. Objective achievement level

Section 2. Contribution level to related field

1. Technical aspects

2. Economical and Economical aspects

Chapter 5 Application plan of research results

1. Necessity of additional research

2. Practical application to other research

3. Industralization plan

Chapter 6 Foreign countries scientific technique information

collected during research

Chapter 7 Literature cited

,22,

100
103
107
107
108
109

110
110
111
111
112

113

113

113

114

115

117



A& 1
L[ oFF 2
I. A& 2
o, A7ide] 524 3 deAd 2
1 Ag7de] 534 2
2. Ao deAd 3
7h 7lsA 59 3
g AA - E Ew 4
ok AR - E3kA S 5
M. A7 e 3 e 6
L ALAF-3A 0 CMV 5o]4 scFv @Al fdzke] 85 2

P A=A W A A} 6

2. A2AF-A C CMVe] MU Fd2 £4 2 oscFv &4 2d
AzollAe] wkg 7] 6
3. ABAF-FA ¢ scFv A 2d CMV A4 A=A A 7
V. A7 A3 5 &gl g e 8
SUMMARY (%9 & £ 9F) 9
[. Title 9
II. Objectives and Necessity of the Project 9
1. Objectives of the Project 9
2. Necessity of Research 10
M. Scopes of Research 14
1. The 1% Project 14

,23,



2. The 2™ Project

3. The 3 Project

IV. Suggestion of the research result and its application

CONTENTS(% & 2x})

23

A1g ATFALHA L ML
Ad A w7 52 5
1. A7 WA
2. AT e 5A
A2 AdAEe] 2a4d 9 W9

R T

7b 71eH &9

v A -kl =9

o A - 25

X_—]l
2. ATsluel e 2 e

A2 e ZeAd AR

A3F AFAL +9 Y 2 A
o

A1d Axd

e

L 1% © CMV-Mfe] BE3HH 5724 9 CP gene? w4, T4 A& 3
=

cEEEE P E!

A4 ATAT R B

1. A1 AEA 0 CMV So]4 scFv &4 F+4z9 g5 2

,24,

14
15
16

18

23

28
28
28
30
31
31
31
33
35
37

38

40
40

40

41

42
44



94

=

3 Ay

2

AW R xA
7b. F-CMV A A= 27
1} scFv &4 53 phage display library A%t
ol @ufolel 2~ scFv A 8 2 ALk
gt. CMV-Mf 5014 scFv @Ae] 47|44 &4
vl scFvel s HA
H}, 3ulolg] 2~ scFv @A 42 =%
Al A A EA A9 positive clone] 72
o}l. CMVscFv-AP7} conjugation® Pho A color system®] 7J& -

Z}, grupol ) A~ scFv A Eo]4 polyclonal 3A A=+

-

v

A2 AFTA  CMV Y] BAAFAAE A G scFvE3 A A B A
Hke-7) 2
7F Ao w7
U CMV-MfAlEe AESA 44 9 FAALS 9eh vpoje] =] A —
1) FAupo] e 29 F2
2) CMV-Mfe] 7]5RkS
3) CMV-Mf CP gene? 4]
4) CMV-Mfe] A A 2E 93 vpole] =9 3}
. CMV-Mfe] B4 #A fdxte] 4]
2. CMV-Mf9] dde4 54 9 scFvaAete] in vitroWr-g e
1) FAupo] e 29 F2
2) ICMV-MfEH ] Az 94 o471 A4
3) CMV-Mf scFv@Alel 352 A4
ul, CMV-Mf CPe9] A o] scFvalalldd & 27 g4 of A 2]
CMV-Mfe] =k

@
O
=<
<
=
Z,
>
w
o
rE
o
=
o
Ay
[>
=2
R e
o
of!t
i)
2
riet
é
o
rE
oo
N
>

44
44
46
48
50
52
54
56
57
58

59
59
61
61
62
64
70
71
75
75
75
76



3. A3 AEAA  scFv @A BE CMV A AR AL 86

7h. Sl 86
D Eue] st Al g 86
7h wefe] AEs 21 AAS g s=28 2% HAE 86
) e AEsE gk s28 20 9ty A A 87
2) vl (Nicotiana tabaccum. cv. Xanti nc)2] 327 %
AA gy g2 Az 88
7h A 2 =4 88
) Fdds A3 89
v EntE(ISGEIS A3F) 93
) EvtES AiEst @ JFAAS AA S g Ay 2 =10 — 93
2) L3 FAAE o] &3 EvtE FAAS AA g9 A4} 93
3) CMV scFv Fd75 o &3 EntE(3E)Y 448 A3 96
ot v A& (0], FEb) 100
D v A= Afs 9 FAHE 240 dHs A A4 =2 100
2) Btat #me] AEs B FEAE AU 100
3) W A= FAHE A A 103
ozt A=) dPdAA By 21 g9 107
) AdA= 107
2) 9FAA e AA 108
3 dFHA Fe =21 g9 109
A4 ExDX 2 FHFoR 9 JAE 110
Ald HEREAdE 110
A2 R sEdele 7o 11
1. 714 59 111
2. A - A 4 112
A5 ATMEZAFAe] E&AY 113
1. #7179 284 113

,26,



,2’77

113
114

115

117



5 e

F

ol

1 L7}

o

1

|

r
Hr

mK

ATAL W7

A1 4

A7) w7

Darwinismel] 2] 7

A ke

=
T

o} <17+ A A el A ol

oF
=
Q9102 7}

|

2o

&=

7

&

Rl

5

d

o
T

oy

el
T
Jjo
)

—

A %

E
==

ol

o))

o]

oy

o)
T
Jo

2l

A=

o ol e

0]
AN

dE REEER

A o

=
transgenic plantt® <

ol A
A

oz A&

A= el

o

I
—_

LRI

3|

-
it

transgenic plant9]

il

3}+= transgenic plant®] Ed 3

A

Ik

£ 94 A

Tob gAE Fue AA AT A

A Azl A Hel

B

.

e I R

=
-

Fol @A

Aol A

U EESER R

} =4, wf

ar

3}o] tobacco mosaic

Bl

ar
=

transgenic tobacco plant (Nicotiana Xanthi D8 NN)oi|

virus®t Ob tobamovirus®l

,28,



transgenic plant®] infection A]Z uw o+ non-trnasgenic control plant2} & =}o]7}

o] HuEAt (Ares et al, 1998). sHH Hlolgl~ Eo]x A {FHAE HH3}

s

HHH © 2 = plant icosahedral tombusvirus artichoke mottled crinkle virusel %¥F%
3} single chain variable fragment (scFv) 3] 4 A}& transgenic tobaccool] 2
AA o =A infection A8tk SAH LA AAE F=
kA A AR el e 7]s A FH o] o] FolA qUthy upol o] whd
FAAE Tdsts WHETE nlolgl s 5ol A FAAE Tdds ol
AEd A8 7S o] &3 nfold2uid AEAS el o ZF ol HEAQ
A Wlol ° £ 98-S o £ vt (Tavladoraki %, 1993). 3-A4= 50 kDa =7]
o Td% 2719 heavy chain® 25 kDa =7]¢] L% 2709 light chain®] &3
disulfide bondE @830 mA ofFojx lom FAd= Fda 294 = U= F
97t % #d EA8=d 449 heavy chain® light chain® variable $¢7} ©] 3
Adow FHeEol whuys Aoty weba A HA FUAYE F-91= heavy
chain®] variable A9 (Vm)¢ light chain® variable A9 (Vi)S A& linker
peptide® ZAstA|Z oz AZE 4 d+=d ©]F single chain variable fragment
(scFv)et dA =t} scFv @Al s Jefo] dARny a77F A (B4 349
1/6 =7]), heavy chain¥ light chain®] o|3ZAgte] R glo] A EA A A4E7] 7}
AR e Aoz delx vk (Tavladoraki 5, 1993).
AA oo o] AFZE 93] scFv A A4S AEAd THAA A=
3 A 9] transgenic plantE A&t A7 &ate] A g 1 HEE
3] A# XA transgenic tobacco plantoll A TdF scFv &A= E. coli®] periplasm
oA BArE scFv Ak & wkg Solide] Zrha wrsl ol uwel A& Al A 9
A Aate] T3 F8Ao] =HEHAJ L Bruyns 5, 1996), tobaccool A seed-specific
promoterS A}-g3l¢] abscisic acid (ABA)e] Eo]x o g Ht33l= scFv #3422
3o 2 A ABAVF FAF9 8] Ao m X &= 9¥S seed maturation programme?]
g2 ZHS Folo] AW EoFA A transgenic plant’} A& Ao ®] 2o =
A oA dyAew AHEHE F deeol $8HAT (Phillps 7,
1997). B3k AEAWelA e FAFAAe] dd dHS FEA77] AT AT
ToxEe] Ha Qledl scFv ZAFAAE A E2AWedA Edstaa @ wl ER

retention signalS A & @A+l C-terminaldl] FFA o= A o vz 4-6.8%,
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tobacco seed T A ] 3-4%F scFv &A] @ Aol AA| =& Wb 5 lgo] Hil
o (Fiedler 5, 1997), 98 o2 WAXE (immunotherapy)S ¢ 3te] Z&
Fo] FAE AT GrtR kst Aol wig fElgd A=A 53] IgAst &
< 9 et 7lso FAE e sAGE ANE F Joerng 1 &8 Tt
so] mig A elsttE Abdo]l A A H YR st (Ma &, 1995a; Ma ‘5, 1995b).
a8y g A= ol #7kA] scFv & A transgenic plantE #|2Hetd & A&7 W H

A e I F8 Yo 2eE A FHAE A3 scFv -3 AE gene cloning

o°“

2 Fste] AFY 5+ Qe 7124 know-how7t b7 L ol FHHA 297 )
Foltt,

AR A i) o] AEAMES Popd] WAsPolt WEHoA §
484 A 7122 ol4% HB Te FPAPITRECY M2 AT FFo]
AND 5 ks ARS FAsok & glolth whelA B Apde] AL gl #4
4 A4 71%ee BUR A L ARRA 2 A 2 AR A v

o]
-1
HEAL B dRol FA FAA BAL B vlole 2y HEAY 4

@O CMV-Mfe] Al RNAIL, 2% 3ol tigh A% cDNA9S ¢4, S2d, HdAAl=
g 5 AANE A x2Fe] 02 V) s AY ToE uuwEds 3= 3
RNA32] CP gene?l 715 ©A1.

@ CMV-Mf5ol% &aAAz, A9 CMV-Mf9 F3W8< in vitro A4, &
3 Fahwr&e SARS AAst FAAYN FAARA ] wlo]Y o vl A
F4 58 Bk VE whd.

® CPol opulabA o] ThE A% CMVE e £ wholesd W@ F3

rr
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TE (A7 5% AFNYE YE 2 W
(1) &Aalol gl 29} 54
(2) CMV-Mfe] 7]Fukg A3
(3) CMV-Mf CP gened &4
_ @O wlolH =9 31 X RNAS A
CMV-MESL | ) RNAS-cDNAS A o Z2y
AE e ® A7NADEA
54 A @ CMV-Mf CP gene®| WolF |2t} 7]% 54
12hd x| CP gene®l | (4) CMV-Mfe] A A 2S 93 npole] 29 3}
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A Az 2 @ Immunization
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o e ® scFv @A 32 phage display library # 2}
AARH | 6) EA AR @ FAAE A8 AL
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o, o5 RNAE 3F¢ nfolgj=fixtel o] #FESFAL (tripartite genomic
virus), 3 @9 & (coat protein gene, CP gene)S ZE= 3= A EAE RNA
(RNA4) 7} EA8tH o]5 Al RNAF RNAL (°F 3400 base)?t RNA2 (°F 3,200
base)v HAEA FHALY 7]5ES 7FAH, RNA3 (¢F 2,200 base)oll&= AE ol A
A9 wol#f 29l HMEZ olFo] #oldi= 30kD @A (3a gene) E o]y ghul A

(25 kD)& ZE=3ta vk AF7HA] CMVE B Also] #e F4%o gloy, o
S& dA dHegH o IA 2 PCR 5ol 93 fAxs]dd 2ste] subgroup I
= subgroup M= 2531 glov, dAate] mebM = 7]5 wkgol ofsiy t5 Al
B aFow EFSH|E X9 CMVE subgroup I ¥ subgroup H7tdE E&

olal 2L I Wl Folh= whol# Azt V5 Azl mEpA = Ao Aols

SEUE AAge B e dEel CMVel og A8 wel @Ak v o

H o] o3 BFAES Ay A N xAFEA ¥ 2 A 5 4F
B Bolsl= CMV FAAHe] o] hdalA MHEa glon E3] hiolglx
o] full-length ¢cDNA®] A, F24YS 93 FTHZHA 7]&9 MY == IJAH

cDNAE o] &3} in vitro transcription system® 7@ wlo]lgl 2~ FHA9 7|5&
At Ed 2 =2 de &85 Q) olgst g CMVell digh AlAA <]
AT ZF2 CMVHE O a32Ql WAl & /sty 9sk Fa3sk 7|hke] o g)

ou], 53] Foke] Abgel BT E AE whols e BANAL A5 A%

NaE ovtolgl e ZAEe] R do AF FFS HAH, ofF AT A5 FAEY
AES A8t "ol uf mpolgl 24 ZEe] JIEs 98 B2 A Wl
o] Al=% At} F satellite RNAs HE+ viral positive-sense sequencesel] X %
°] antisense RNAs, ribozymes, CMV 2a replicase ©¥aAS& wt=x= {42 (Carr
5, 1996), CMV movement proteins (MPs) %=} (Cooper %, 1996), CMV 3a +#
2} (Kaplane %, 1995), ¢|¥dW =z 4=} (viral coat protein gene)? =Y &

N
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TAEE A el ARSI TF 7P dol ol &Ha v ey 7t

3t H o] @AlE 71 A A (single-chain Fv antibody — scFv) &4
245 o] &3 FAAI AEA o AZo] RuHAI 3+ o & Nature Ao 1993d¢ 2
#¥ AMCV(Artichoke Mottled Crinkle Virus)el 5©°]# ¢l single-chain Fv 34

AAE =AA oA BAANDeRA Sof wolela AL A ] AEA
Mol QEAAL olel @ SEEopRT o WA BeE A% AF 24T
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A1d dE AFUHE

L 193 @ CMV-Mfe] &5ty 54 % CP gene®l w4, &4 A=t 5t F27dgA

A

(1) & A|ntole] 2=t F2
vlolgl A= AR ZHE B3 CMV-Mf 4)E FA38+a, N. tabacum cv.
Xanthi nc =¥ N. glutinosa®] FH HZE3te] =2 A1t}
(2) CMV-Mf9] 7|59k A3
CMV-Mfell th&sh= scFva A #3d45 =dA717] 918 448 g 4
EEolAe MfZF Uetll= 7IFRkee 545 HAS7] skl N tabacum cv.
Xanthi nc, Capsicum annuum 2 Spinacia oleraceaS =X o7 FH HES 2 A3
aL, olE Aol YedE 7F &
AAst=d ZzARE 47 flete AR CMV-MfE olefd t& 7lEs2 CMV
2 olE AEe FAAE Ze g2 Fo wiol# 2 (o : Tobacco Mosaic Virus;
TMV, Broad Bean Wilt Virus; BBWV)® HEA A Falo] o5 3F9 A EdA
et = w89 zolE HA g
(3) CMV-Mf CP gene® #4
A. vtole 9] =31 9 RNAS AA|
B. RNA3-cDNASY 4 £=24

C. 0-37]}\10:13/\4

=2

HkS-S zAbelth e PAATA Y AIY HAEES

D. CMV-Mf CP gened] ®Wo|F A3 7%
(4) CMV-Mfe] A A2e 913 vlol# 9] &3}
CMV-Mfell &3#9¢l F3a8S 2= scFva Al S Azttt glojA Ze

3k S Av] 9Jste] wioly A& =33ttt FA] CMV-MfE N. glutinosa®l 52

M
4
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@ Immunization
7F. CMV £ Freund’s complete adjuvant$} 43¢ ICR moused| &7FA} Fof
L}, booster injection AA] (2] &EnW}o]# 2 + Freund's incomplete adjuvant)
th -2 Eutolef = A A 97 £ mouse=FH M| (spleen) 1A
@ Spleeno 2 H-E A Fd2 FF
7}. Mouse spleen® Z5-E total RNA #2]3F & 1st strand cDNA &4
. Mouse IgG-specific PCR primer®} Tag polymeraseZ Ab&3to] Vy 429t
Vo #42 &% g5
@ scFv @A A= phage display library A 2F
6) AEA AE3 L FAAAG A2 sk
@© BFa 2= w3, EvfE( B A9)E SAHcE AEs A Y

@ Z&AY A AASH

[»

2. 293 : CMV-Mf Eo]2 &9 Aa 2@ njo|g
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(1) & CMV-Mf24 <] 7174

scEv@Als A8l oA, &3 CMV-MfE  ol&3ste]  Azd FdH
(polyclonal antibody)¢] CMV-Mfe] that 97} @ ¢ EAS AR

(2) gnpolg 2 scFv A &g 92 AAt

1A AZE scFv &4 gol28g]E CMV-MfE A}83}9] panning WHo=Z
AMEo gZA CMV-Eo0|3 scFv SaAE 2 s

(3) A"l CMV-Mf scFvaAle F3tse AA
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T AE =

= o

W Sl Al A
(4) scFve] std A

CMV-Mf Eol3 scFvaAlel 234 4
ako] Z135HA ¢

AE=E

L
e

AL, scFv7F 719 dde] A vl
stk aA o] Bk CMV-ME #boll tisk ZA3gho
50% 23} vEE 7ITo

2 scFv &4
ER retention signal 4%

5) 7 2ke] 3° terminalell 2] E 9]
= iﬂ Ag X}

O AEelX THAZ

6) FAA% A

=
scFv &4 FHdxE

&~ ZElA pBluescrip-KS
pBI1219l ligation A]#

subcloning 3 %
drd W e A2k Promotert Cauliflower mosaic virus 35S
(CaMV 355)% A&, A F A F4A+E kanamycin? hygromycin<

o] Abgat,
(7) A= | ME 9 Agrobacterium. 22 =9 2 A=A A%
O Agrobacterium tumefaciens LBA 4404= electroporation transformation
@ FAAS AEA A 2 &3}
® FAHAs A=A HA
(8) vlolg = F3hwhg-S 9l AFAA &
D dol, w42, Evbee] 993
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(1) FAdeA

A8 ol&g A ZA
scFvaA At fAd25 =PAz AASRAZ ALEAE o, o5 AER
FE AP AAE At o5 o & wielelxe] AANS AAst FAHAIA ]
HpolE 2~ A H S AA T FAAA AFLHS JellA 7]1Ed scFva Al o] whol
2 F3hedE A4 @dAr 28l et 2 AR oRE AA
(2) CMV-Mfol] tjgt JAHZA & g
CMV-Mfell t&3tE= 5ol4 scFvadA fFdx7F B9id A e
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A2A ATAT L 24

LAl ARSA  CMV 5ol schv &4 fd7e 85 2 3848 484 U

PEEN

7t @-CMV A A& #A

1) CMVZ Freund's complete adjuvant®} 43¢} ICR mouse®] E7FFAF 5o

2) booster injection A A (A& Hlo]#] 2~ + Freund’'s incomplete adjuvant)

3) -2 Entolzlx Ao dH A7 HL mouseRHE M F(spleen) S A A

4) Monoclonal antibody(Mab)#] 2} (Spleen®] AW AE} FFFAEE fusion
gto] steolB g m=nl )

5 CMVel| So]%2l Mab A
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29 1. Screening of positive clones from hybridomas
A: ELISA with CMV antigen
B: ELISA with BSA for negative control

a7 2. ELISA of MAb in CMV mf & other plant viruses

,45,



(A) (B)

29 3. Binding specificity of mAbs to CMV mf & other plant virus determined by

western blotting

A 12% SDS-gel electrophoresis
Lane 1 : M.W. marker
Lane 2 : CMV mf
Lane 3 : CMV233
Lane 4 : TMV
Lane 5 : PVY

B: Western blot
Pannel 1 : MAb 2-B7
Pannel 2 : MAb4-A5
Pnnnel 3 : MAb mHSP65-negative control

Y. scFv &A §A A phage display library A3}

CMV 849 °2 immunization® mouse? spleend % &3l RNAE &3 & RT-
PCRE o] &3t cDNAE #&A43st Vet Vi FAAE 5%, linker PCR¥} pull-throug
h PCRY #}A4S A oF 700 bpel scFv fragmentE &S0 AEstgdct 289 scF

d
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v fragmentZ A& A sfi 13} Not 1= A3 & e Adasrz 22 pCANTAB
5E vector®} ligationdte] TGl cellsoll transformation AlA <F 4x10'¢] libraryS

Faqh

1 2 3 4

13 4. Vg, VL PCR % assembly PCR (1% agarose gel A 7|9 %)
Lane 1 : 1kb ladder
Lane 2 : Vy
Lane 3 : Vi
Lane 4 : scFv fragment(~700bp)

,4’77



19 5. Identification of a scFv insert by Sfi I - Not I digestion of miniprep
plasmid isolated from the mouse scFv E. coli clone (1% agarose 7] %)

Lane 1 : 1kb ladder

Arrow indicates 700 bp of scFv fragment in pCANTABSE vector

o} gvtelgl 2 scFv A £33 2 A4t

12 A% F5% libraryE 7FA32 52 panning@ 8-S AA Ao]F phageE
HB2151 cellel infectionA]#1 IPTG induction A& A A soluble scFv A& Ait
sto] g9y ELISAE 8l A3 wES Hol= clones & F A%t ke
soluble scFv S Hasle] &Y EolA #HZ=L 98] dd NEA A9}
np A 2 o7kl A& dlo]#] A9t western blotS A AEe] SolA S 7 F 5o

CMV-Mfe} whe5 Holi gl&s AT 5 AT

,48,



<—
pCANTAB 5E(4.5kb)

<+——cFv(700bp)

9 6 . Anti-CMV positive clone DNA
Lanel : kb ladder
Lane2 : DNA Sfi I-Not 1 digestion
Lane3 : pull-through primer ©]&3%F PCR

,49,



A) (B)

19 7. Identification of soluble scFv antibody by western blot
A Anti-CMV scFv &Aol tjgh 23
Lanel : CMV-Mf
Lane2 : CMV233
Lane3 : TMV
Laned : PVY
B : Anti-DerP 1 scFv A 3+ A3} (negative control)

2. CMV-Mf 59°]4 scFv &A¢ A7 ¥ E4 (Generation of a Murine Single
Chain Fv(scFv) Antibody Specific for Cucumber Mosaic Virus(CMV) Using a
Phage Display Library Mol.Cells, Vol. 11, No. 1, pp. 7-12 3%)

scFv @A plasmid+ Qiagen Plasmid kit(QIAGEN)S ©]-&3le] CMYV-specific
scFv &A1& AA4bstE HB2151 cells24-E 250, scFv &4 fuate] el
&l Sfi 13 Not 1 AFEALE Ao 1% agarose gel A7 % o2 3l th.
scFv &A1 A7 dE BX3617] 9l pCANTAB 5E vectorel Hind 119+ Not 1
Agste] dAS el thS pBlueScript SK-vectorell subcloningdlith. PCR

[e]
=
KX
-

cydTM AutoCycleTM Sequencing Kit (Pharmacia Biotech)S ©]-&3}o] 43

,50,



%13 sequencing gel Long RangerTM Gel solution (FMC Corp.)& ©] &3}
8% Q3 automatic DNA sequencingS AlLFexpress Sequencers (Pharmacia

Biotech)& ©o]-&3dto] @Al 42 A7IES E4 A

(A) ¢cDNA sequence

- Vu
ATGGCCCAGGGCAAACTGCAGCAGTCAGGGGCTGAGCTTGTGAGGCCAGGGGC
CDR1

CTCAGTCAAGTTGTCCTGCACAGCTTCTGGCTTTTACATTAAAGACGACTAT

CDR2
ATGCACTGGGTGAAGCAGAGGCCTGAACAGGGCCTGGAGTGGATTGGATGG
ATTGATCCTGAGAATGGTGATACTGAATATGCCTCGAAGTTCCAGGGCAA
GGCCACTATAACAGCAGACACATCCTCCAACACAGCCTACCTGCAGCTCAGCA

CDR3
GCCTGACATCTGAGGACACTGCCGTCTATTATTGTACTATGCTGGGACCGGC
TTACTGGGGCCAAGGGA

- Vix
GACATCGAGCTCACTCAGTCTCCAGCAATCATGTCTGCATCTCCAGGGGAGAA
CDR1
GGTCACCATAACCTGCAGTGCCAGCTCAAGTGTAAGTTACATGCACTGGT
CDR2
TCCAGCAGAAGCCAGGCACTTCTCCCAAACTCTGGATTTATAGCACATCCAA
CCTGGCTTCTGGAGTCCCTGCTCGCTTCAGTGGCAGTGGATCTGGGACCTCT
TACTCTCTCACAATCAGCCGAATGGAGGCTGAAGATGTTGCCACTTATTACT
CDR3

GCCAGCAAAGGAGTAGTTACCCATTCACGTTCGGCTCGGGGACCAAGCTGG
AAATAAAACGGGCGGCC

,51,



(B) Deduced amino acid sequence

- Vg
FR1 CDR1 FR2
MAQGKLQQSGAELVRPGASVKLSCTASGFYIKDDYMHW VKQRPEQGLEWIGWI
CDR2 FR3 CDR3

DPENGDTEYASKFQGKATITADTSSNTAYLQLSSLTSEDTAVYYCTMLGPAY
FR4

WGQGTTVTVSS

— VL

FR1 CDRI1 FR2 CDR2

DIELTQSPAIMSASPGEKVTITCSASSSVSYMHWFQQKPGTSPKLWIYSTSNLA
FR3 CDR3 FR4

SGVPARFSGSGSGTSYSLTISRMEAEDVATYYCQQRSSYPFTFGSGTKLEIKRAA

a9 8. DNA sequencing analysis.
(A) Nucleotide sequences of heavy(GenBank accession number AF193443
(B) Deduced amino acid sequences. Complementarity determining regions

(CDRs) were shown in boldface.

ul, scFve std AA

CMV-Mf 5ol scFv &A9 st4d A2 soluble scFv dA|E o] &3to] scFv
7b w71E e Aok wluste] st FRE Wl HAEAT. CMV-MfS
soluble scFv &Ao] st AAe A WA FAo] F=& AAsI= Aol 78
F 2t} Microtiter plated] CMV-Mf &9 10pg/mle] FE 2 coating buffer(0.05M
NaHCOs;, pH 9.6)& ol&3te] 4ColA O/Natith 1% BSAZE blocking(37TC, 1417}

,52,



AS 19% BSA9} serial dilutiondte] ZF welloll 50l 7F3F & 37T A

}3 scFv &
59k WES-3A Y. PBS-Tween(0.1%) 2.2 A& 3t & galkaline phophatase’} 2
T 37T A 1AIZH
A

ol

N

—_

Al
¥ anti-mouse IgG(Fab specific)E 1:50000.2 3]st 73k
¢t W&t PBS-Tweeno®  AlHE 5 50 71" p-Nitrophenyl

ELISA reader& A}-&3Fe] 405nmolAl &3

offt ot

phosphate(pNPP)E % 7}38} ¢
AL 4). o] FA 2AE FA e s&=E ol&dto] FA-FA Wi A
C @A ks CMV-MIgatel] o

sk Aol P 9l

X3t FEE VTR At

o 1=

b

19 9. Determination of scFv antibody concentration
(3] Anl o=~ 12w} 8] 4), 2(48)), 3(8=]), 4(16#8)), 5(32#8)), 6(648)), 7(128H}),

8(2564H), 9(5004H), 10(1000HH), 11(2000H), 12(50004)]

,53,



uh gulole s scFv B4 §44 23

CMV-Mfel thgh 5o]3 scFvad Al AEAolA FAFHdxe] duld s
A7) 7] Y3te] 4 E 2§ promoter?] CaMv 35S promoterZ pBI 121 vectorell
A Hind MI/BamH 122 2% o3& pCAMBIA 2300 vectoro] 22 Astaiz
T-DNA <9l cloningstil scFv &A FdA%E PCR WHoz FE3to Xba
I/Kpn 102 A& &dE& vectordl Aiatadct. A& 2dE vectord! pCAMBIA
23009 poly-A tailS WESF7] ¢34 Nos promoterE SZ3} 1% agarose gel
2 3holste] B3 S Kpn /EcoR 122 T-DNA 999 cloningdtitl. o] 27
A2 AEUdE MNEHE colonyE 53] DNAE #3213 th clonging® A|d+&
22 xg)sle] agarose gel A7) 5O 2 ligations 25ttt AA A A By g

MEe] BARE Bt 2ol AAsHer

Hind///

CaMV35S P

29 10. Map of pCAMBIA 2300 for scFv expression in plant



(A) (B)

29 11. PCR of CMVscFv(A) and Nos terminator gene(B)

(A) (B) ©)

—
pCAMBIA
2300

250bp

29 12. Identification of a CaMv35S promoter insert(A), CMV-scFv(B) and

Tnos(C) of recombinant plasmid by 1% agarose gel
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A G A A EA A ¢ positive cloned] HA

1IApd oA GAdA 2N FAE A2, S Esto] positive clones ¥ 533+
d 223 == ¢ ZE positive cloneES FR3E7] 3 AIFS AP35
Fusion& §38to] AJsta gl cellgol Abal Sl well -8 10009 &5 e
&tol CMV-Mf #-€°] coating(10ug/me) ¥ ©171 ELISA plated] il 37°Coll4 1413t
Fob W37l PBS(0.1% Tween-20)buffer® 4|23 % anti-mouse IgG(Fab
specific, AP conjugated, 1:5000 dilution)&AE 7}gk & 37CAA 1A7F &<k HESA|
#A 714 (NPP)¥#e] wkgo= 4719 positive clone(19-A-7, 42-A-9, 26-D-3,
46-C-4)& 2zt

19 13. selection of positive clone from hybridoma



o}, CMVscFv-AP(Alkaline phosphatase)”} conjugation® Pho A color system
o A

T8 F-wlolg] A FAFHAAZ Sfi I/Not I AFFE A7l A& primerE o] &3}
of PCR WHo=z FX390. oldA FZ£H FHAE low-melting agarose® &
sto] e A a ¥ pQUANTabody vectore] T4 DNA ligaseZS ©]&3}o]
16ColA  O/N ligationstitl. ligation mixtureE XL-1 Blue E.coli hostel
transformation 3% transformantE LB/Amp(50ug/ml) ® Al 714 OD=057} &
A 1ImM IPTGE %olA 30TelA 447F 52t indutionst vt HAlielE o] &3t
cell pellet2 223 2X sample buffer® 3] 3}e] 12% SDS-PAGE A7]|9 & 3}¢

CMVscFv-AP recombinant clone® &g 3hels}sich.

o8
it
i)
v

(A) (B)

I3 14, 12% SDS-PAGE(A) and immuno blot(B) of CMVscFv in Pho A vector
M : Molecular marker
Lanel : control (without IPTG)

Lane2-4 : induction

,5’77



A}, @dulo]l Yy 2 scFv & A 5] 3 polyclonal &4 A2}

4749 CMVscFv @Al A5 2dAIZ £ 74M Guanidinum .2 proteins
denature A]Z t}. His-tag resin(probond resin, Invitrogen)< pH 7.4 8M UreaZ A A
AZ1% FH]E sample 1mlS loading 3 % pH 6.0, 8M Urea, pH 54, 8M Urea =
wash % pH 40 8M Urea® CMV scFvE £&AAT. 1 ¥ SDS-PAGE =
CMVscFv &4 oJFE &923 & 6M Ureat-E 0.5M UreaZ}A| stepwise dialysis 3
o AAE FA FAAE AL FHo el dAVIZre® 3xk# FAMste] ELISA
2 AYurs Felsk & FHo Ao 2ZRE CMVscFv &4 5o]4 polyclonal A&

o]ZA Ado]A polyclonal FAZS 7FA 1L scFv &4 A7 28 ¥ Ecoli lysateE
12% SDS-PAGE3}3 nitrocellulose membrane®] transferste] westrn bloto =

polyclonal &A|¢] EolAS A=3d )

(A) (B)

a9 15. 12% SDS-PAGE of purified CMVscEFv(A) and specificity of CMVscFv
polyclonla antibody to CMVscFv by western blot(B)

,58,



2. A2 AF-IA - CMV e HAdFAA £4 B scFv@ Al d A Eol e wkg7) =)

7h Aol w7

Qo] XExjo]la wlol# X~ (Cucumber mosaic virus; CMV)E  Bromoviridae®
Cucumovirus & (genus)ol &3, o] 152 thEnrolg =0t (Murphy, 1995). #}
olf ~dAE A 30 nme T3 (isometric) .2, 3% Ed® 97lg AE RNA
(single strand RNA; ssRNA)¢F 129 AMBE A% RNAEZE 7FX32 Uttt (Peden™
Symons, 1973). CMVeE HYE Ady 71414 dde=z Asgdr  (Van
Regenmortel, 1989).

CMV+ 19161 Doolittle, 28]l 22 3 Jaggerol] 3 20|} waawZof
s HaHdTh 2% o] npeleas AAHer e Exsta, 7bE W2 7154

AE 7ML = T mlolyaz dEAA HAew, AEntold s T b ol

AFH L Qi vhele sl sipelth E@ @HHo 4% Aol T sE Fu
= Fo WAAIIE Stk CMVE SlA AR vhsh ol We AFHAE 7
A2 9tk Wellman (1935)¢] Aglgk CMVY 75+ 91&, 1 % 19664 191,

al

2lan 1969l = 470F o2 S7EE AT 7 H 715E CMVel 71 flel g
ol 853 3655 775F ] AEo getal vtk (Douine &, 1979). ol# g 7|EE
2 Hol CMVE Aok 1000F oo AEEs 7IFHHAE 7HAL vt Azte
ot ol9} o] A Ay wEIE CMVE B2 Als & FEFE0] &A8
H, o]52 F& WAl 7IFHY Aold osiA FEE ATk 22y CMVE
FHsd [FATA, vlo]y 2~ QWA (coat protein)e] HEIE map E AlE9
hybridization analysis 5o &34 AE1Fo] Ae il Qo™ (Devergned} Cardin,
1973; Gonda$®} Symons, 1978; Piazolla &, 1979), A Ao welA o8 7IA =2 &7
Y olE AMBIE WAL HZ subgroup I ¥ subgroup [IE FEEH, HZod=
subgroup IS thA] 1A ¥ IBE F&3 12 9t} (Owen¥ Palukaitis, 1988).

vpolg] =¢8] Al I outely 2o §H4 5EA4E M AAer T 0

BA dholel o] ARS BAT F Ak oY 7 sMEe] wole s AEH Y4

,59,



S gl olgH i, CMVelA = RNA-RNA hybridization (Piazolla 5, 1979;
Owen¥} Palukaitis, 1988)c1y} 7 AX=ZFFH HFH Hol#xx Awel EAFHS
double strand RNA (dsRNA)E &8 W Eo] &&= AY (Morris®t Dodds,
1979). Eg CMV  AEEY  TE d7IAEE o€ reverse
transcription-polymerase chain reaction (RT-PCR)71#H <] 7j¥e CMVE S5AS 1
S w23 AIsA AT 5 e FHoR @ol] o]&u¥ 1 glen o] RT-PCRA

de A 288 Fa

K

ES o] &% Adas ddy e volgl =9 AlSt 5

(Singh &, 1995; Choi &, 1998). gt Al RNAZF =4 5o = CMVE 4§ &
JdS de3t= AE7 ZF RNA9 pseudorecombination®] &o]s}7] wj&oll, z} H}o]
g 27b R e FARY AEA SAS st 2R 9F3S dAFAT
(Mossop¥ Francki, 1977; Rao®} Francki, 1982; Lakshman¥ Gonsalves, 1985).

H A=A 71 BHI gEo] wtolE 29 Aol g &4 AEol
ol Hixi dtk. CMVel oA w2 Alesed tigk d |79 Aws+=x
7F 938 A3 (Daves®} Symons, 1988; Nitta &, 1988; Rizzo®} Palukaitis, 1988;
Palukaitis &, 1992), e°l¥3 A#HEL wlold s FHA75o 4oy 7|52 &3
o s HAE BAFFAA oldst=d Fod 4TS T vk CMVeY 4§,
RNA13} RNA2E #Hbel2]2~ RNA9 HAlo] 24 #edstil, RNA3H IZ=xo] gle
3a @ g ojmawdo] wlole] o] AEZAZE o]Fo Fogitte= Ao] ¥ ATt
(Gould®} Symons, 1978; Daves® Symons, 1988; Nitta 5, 1988).

CMV?e Frdel wE AE9 WAL B2 AEoA Exolas 95&

Zlol dnkA oA vt 5o weba = kg A A A RY FRAZFH o] =27
74A w hFeAl vEbd Tt 3 old CMVAE (& €W M-CMVY Y-CMV
) Y 7IFA =) chlorosisE st wHajA], ol Al S5 dREA<]
E2Fol A (green mosaic)WHS EAAFow LHE 7| E st} (Kaper®t Waterworth,
1981). g1 CMVe A2 satellite RNAQ| F3-ol whebA = A #at= 457 o
Efubm (Francki, 1985), CMV 9] @57t o A= vfg- oFgt xjolaE b %
te wpolyze 3 HAEomEA A Eolam Wate s A& (severe
synergy)s 97| A$% At} (Francki &, 1979).

Ag7tA BE CMVAEEdA 7]Folo] WAooy WAS AAs= FAA7)

Al RNA9] pseudorecombination 28-S F3te] AAHAT. ol AFE9 2y

o

O

=



= CMVe Al RNAZ & 71 o]/de] RNAZF 583 HAdde] FuAdxzA 2§
e AS YeEhd A Aot (Palukaitis 5, 1992). 28y HU4d 9 kol oA =
9] RNA7} #ddy A, 54420 ¥AS Fxdts CMVY 9714495 14
st=d dojAE A AV HAE gk dF W M-CMVell g8l f&=
= Hulel A el MA1A chlorosist= RNA32l 54 714
o] gts] M A vk RNA2%E #olstil = A o= s =il 3t (Rizzo, 1989).

o] Aol $g udgtlAd B3 CMVE 3 AES o]&3le] o] npo]g 29
WA ddE FAAE B45aL, 53] o] Hieolgze] ejydmA (coat protein,
CP)e] E4S& =ZAbste], CPol Wgdte FAFdA v 724 J4dS AA4e.
LE CMVY scFvaAE A zslg <
atal scFVEAl & Hdsts A8 A= ALHAS v, CMVE vH&7] 45 A}
sto] o] FAASAZE CMV e ol e AFAdS detd 7S Ak nf

olej o] AEAe A%

1l

ne
=2
lo
2
X
i)
rlr
>~
>
i1t

filo
Jo
k1
_0|L
rlr
P
o
Bjie
ax
o
i
11
>
ol
R
v

U CMV-MfAlZel A=st4] 44 3 A Az-S 913 vhelef o] A

) FAHkolH20] A

B AFo A FAE CMV (Cucumber mosaic virus, CMV)2] MfA &2 199384
BhE AT gBHFA G A= FFA (Melandryum firmum) 258 2] gk
CMVel 3 (Choi &, 1998)2.%, Tz &€ CMV-Mfi= CaClol HEHol 919
t}h. ®HEF CMV-MfZ 5-69719 Nicotiana glutinosa® SR HE31 HE 7 - 10
A F mxiolm WHol ddH dS AH3Fe], 0.01 M potassium phosphate buffer
(pH 7.0)° v}2j3t F AL Chenopodium amaranticolor®] A7NGol] HFEsle] 5 - 7Y
o PAdE WyEres dd #3838t N tabacum cv. Xanthi ncoll FHF3A
CMV-Mf& H&Fate] Expol=rt Hdd vl (Xanthi nc)® 92 HE 109 Fol
gefo], & A9 FAAMRER FASATE olu FF o P 70T HEskH
A Ao AEE ALEsHAT
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2) CMV-Mfe] 7154H$
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£39tk. CMV-MfE F57)dd H=3%

.
AR RESGUA BAHE $42 AAdon gt AR 74 )FATeA
SERE CMV-MEI 5l 84 S4e thee) ¥ 34 9 59 2t

b
w
N
ko
2
=
LS
il
o
>
e
e
i
O
=
T
=
1o
N
N
r]I,
olo

Nz Control CMV Control CMV
(subgroup I (subgroup II)
CMV-Mf CMV-Fny CMV-LS

Nicotiana tabacum M M M
Capsicum annuum M M M
Lycopersicon esculentum mM M sM
Cucumis sativus mM M M
C. pepo M M sM
Raphanus sativus - - -
Brassica pekinensis - - -
Phaseolus unguiculata L L L

Abbreviations : M = mosaic, mM = mild mosaic, sM = severe mosaic,

L = local lesions, - = not infection.
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¥ 4 CMVe F8 AEA

Eo| Ao CMV-Mfe 7]Fu<

w7l A=

e

Control CMV
(subgroup 1)

Control CMV
(subgroup II)

CMV-Mf CMV-Fny CMV-LS
Nicotiana glutinosa M M M
N. tabacum 'Xanthi nc’ M M M
N. tabacum 'Burley 21’ YM M M
Chenopodium amaranticolor L L L
C. pepo M M sM
Raphanus sativus - - -
Vicia faba L L L
Zea mays =(+) - -
Abbreviations : M = mosaic, mM = mild mosaic, sM = severe mosaic,

YM = yellow mosaic, L = local lesions, — = not infection.

3E 5 CMVel 387F5 2+

Zzol el CMV-Mfel th& npo]# =9 7] RS

7T A E CMV-Mf TMV PVY
Nicotiana tabacum M M CS)N
Capsicum annuum M mM M,N
Lycopersicon esculentum mM M M
Cucumis sativus mM - -
C. pepo M - -
Raphanus sativus - - -
Brassica pekinensis - - -
Phaseolus unguiculata L - M

Abbreviations : M = mosaic, mM = mild mosaic, N = necrosis,
CS = chlorotic spot, L = local lesions, - = not infection.
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3) CMV-Mf CP gene?] #4

(

CMV¢ CP gene (S]9eW A {212)& RNA 39 3'ddad o] EAgch. CP
genes ATshe B woly 29 FqAAE zha l7] wiitol CMV-Mfe scFva
Ae AAeti, 1 FARE FAARA A E o] frdztel gk £4o] da
sy

CMV RNA 39 CP gene 9 intergenic region® 3° non-coding region®l <
EE CMVY F% A7l &A%t} o] 5 sequences ©]-8319] primer pairs ¢
2kl 8} 3L (UP : 5'-TA GTTTTGAGGTTCAATTCC-3’ DP
5 -CGGCTAAAATGGTCAGTC-3'), o|&% °]&3te] RT -PCRell ¢]gt CP gene®l
cDNAgA o o] &3t = A3 oAE CP gened full-length® 33 2 900

bpe cDNAZF §AHA T (29 16), o]& F=24Y3lY] sequences ZAAst Ut)

[ea
e
oz

N
~

]

7 CMV-Mf RNA 32] cDNASHA 2 F2Y

CMVE CP gene (3 ghmia §21x21)& RNA 39 3@ go] Ex3tt. CP gene
= dATtske HA S vpole 29 FAAS ZEa Q7] wiEol CMV-Mf9 scFVEaA &
Azetar, 2rAAE ARSI 7] feiM = o] FA Al tigk E£4)o] F sttt
CMV RNA 3¢ CP gene 49 intergenic region® 3‘ non-coding regiondl= EE
CMVe &% d71-doe] &A%t} o]5 sequenceE ©| 8319 primer pairs Tt A<l
33 (UP:5'-TAGTTT TGAGGTTCAATTCC-3’ DP:
5 -CGGCTAAAATGGTCAGTC-3'), ¢]&< o]&3te] RT-PCRel| ¢g CP gene®l
cDNAgA o] o] g3ttt = A3 oA CP gene? full-lengthE %33 2F 954 bp
°] cDNAZ} 45 A3 (227 16), ©] & pUCIZ Z =433
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Mf Fny LS

1% 16. CMV-Mf9] CP genes X33t cDNASES 7|9+

) CP gened] ¥97] ¥ o=k E &

1%

CMV-Mf RNA 3l s=# ojued {34 (CP gene)] f7IME& 483
1 A3 CMV-Mfe CP gene< 657 nucleotide® T4 ¥ ORFZ, & uvlo]g] A& o]
43 subgroup 19 FnyAlE 3 985%¢ homologyS X 1L, subgroup n¢l LSHA %3}
= 789%9 homologyE UEIHOZA FAZ MIAIEL FnyAlEd wd7A=
subgroup I°l &3t CMVZ #aE . CMV-Mf CP gene® |71A44S 7] B
¥ Fny % LSAE ¥ vlwg A3 (29 17), FnyAlS 3 10329 d71X3ke] YElyo
W, ol& FollA ofn|i=ike] XFow olojA= §@r]e] A2 218 ofrwAtE o 1
X o7 995%2 homologyE Rt (19 18).

) CMV-Mf CP gene?] WolF A|zt3} 7]5 84

CMV-Mf A%< 9wl (Nicotiana tabacum cv. Burley 21)o] HE3t3 S w], ofZ=n}
olg] 2w o] g3t FnyAlEoly LSAEHAE Ey A3 Exlo]aE ddstuAr 544
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32
i
u

o7 HE AYgd wl$ #& chlorosis (necrotic spot)E dAst= A4
2 19). o]9} & CMV-Mf AlEo] CP gene? 7|53 ##Ho] J=AZ FAuslar, o
& 7)ol o] A9 H3Ql scFvE AT A EoA o e ojud JaFs v
AdA el gk 71229 A2 S A7) f5te], CP genedl ®Wo|FE& Al&ete] 1 7
S BA35T. = o] Hlol# 29 Burley 219149 chlorosis @& #ojsts= FdA}
= gE7] 95te] Fny-CMVel cDNAZE o] &3k chimeric cloneg %31 in
vitro transcriptionel ©]¥ WA FHE [FHAE FASATH o5 AT 7wt
RNA3¢] cDNA¢ Fny-CMV RNAl1 % cDNA clonel 2% E TT/RNATZIAE 9]
€3t in vitro transcripts® WE3 Burley 219 #Zsdch 2 A3 Mf-CMVY
RNA3F oA ouduld fzte] ofi-iEeo] £33 AS vl chlorosis7h & H AT
Mf-CMV 9] ojuatid {Fxxt= A7IA oA 10871, ofnl =ik delx 13H7]7}F
Fny-CMV$t kel & uepdith (29 17). 22y As7h4 CMVe] BHA3 #dd
domain®.® Ry gl 129U A ofn] =2k Pro—Leu (% Ser)e] Wol7}
EAHA eal, ME-CMV Fnyek w742 Pros =383 wepd Mf-CMV 9
uldtd {FHxtE FU AlEAIZ Az 7IHE cDNAE F-Fsta @l JF s
Aok (29 20). 2 Z¥ Mf-CMV RNA39| HX fragment (HindIll- Xhol site)& *
grabi= ZlMlel RNA3ol 23d ZFolAl chlorosis7t H@AE AL ©] fragmentol =
Fny-CMV e} Mf-CMV Alolo] 1379H A o}v] =AF alanine—threonine (Ala—Thr)2] X
o] EAsA Lt oledt AZHE CMVY #HARHAY Ao AF704 LA
1299 o =4k o] 9]e]l & thE domaine] o § WA WIE AALSIATE 5% ©]
9} & CMV-Mf CP gene®] EAo] o] nlo]g] 29 scFvalAwa 2 EoAe E4

A9l markerz #82 F S Aoz AIHAY

b
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Mf  ATGOACAAATCTUAATCAACCAOTOCTOOTCOTAACCOTCOACTT 45
S T
L G- - ~TC-==A====A==A-A-C-TOC--0~~-- 45

Mf CGTC CROGTOOTEGTTOOOECTOOGCTOOCTOCTODROGGAT 87
[P Qi Mt ——
LE ====GOC- === A=l =T el === ==TOET == ==== &

MP  COTAACTTTAGAGTOT TOTOGCAGCAGOTTTOOCGACTTAATAMG 132
P ———— — e e R 132
LE =--AGGG--GC-T-CT---A-T-----= A-GET-AA--=-O----GA 13%

MIf  ADGTTAGCAGCTGOTOG TREAACTAT TANMDCADDCAADCTTIGTA 177
S ——————————————— . e A ——
LE --CC-C--CAT--======eCr=emmmmmmmmnmmee==eC== 17T

M  GOGAGTGAADGCTGTAGADCTOGATACADG TTCACATCTATTADE 227

Fiy ——————===a- ——c=au i ———— 22z
-, S Y W T S, S

M CTAAAGCCACCAAAAATAGACOGOGGETCTTAT TACGETAAMAGL 26T

2 R ——— | ——— mmmmmmmm—m——— 267
LS --G--A-—G—-TG--—-T--GAAA--T--A=~—-TT--——G---- 38T

M  TTGTTACTACCTGAT TCAGTCACGHGAATATGATAAGAAGCTTGTT 312

ey S P P 3z
L8 TP Ao e e e 312

M mmmmmmmmm 35T

Fry —————====s=ma=scsc=a====s e an7
(- T —— CA-GA= === = = e e as57

Mt mmMnmmmn 4z

A S i 402
LS oo Aem e oG A T-A—A-—C--TE-T 402

M TORGTTACCGOCATCTCTGCTATG TTTGOGEADEEAGOCTCADOE 447

Fry ------ R ——— - M— B T,
L8 --=-- P —GC--T--TAA--————— 447

Mf GTACTGGTTTATCAGTATGOCGCATCTGGAGTCCAAGCTAACAAC 492
[ IR —— mmm e ——————————— e T
LS --TT--—-—-————-m-m =T~ =mm-T=~ff--C--==-T 432

MT  AAATTGTTGTATGATCTTTOGGOGATGOFGCTGATATARGTOAL 537
Fii¥ ==aCesassssssssssssssss e s e s s e e 53T
LS --BT-AC-T--—-—C-—G--C-A-—-m--To-m-—e—C--C-- 537

MF  ATGAGAAAGTACGCCGTCCTCGTGTATTCAAAAGACGATOOGCTE 582
FY —---—m—mmmmmm e e e e o 582

LS

MF  GAGACGGACGAGCTAGTACTTCATGTTGACATCGAGCACCAACGT EE?
PnY —————————————==c=ca====- St s ey —— 7
18 ——-—h-————- A-T-—mmmmmmm G T-—--A BT
T
Fry
LS

ATTOCTACGTCTGGGETGCTCOCAGTCTOA 657
T T ———— 657
E—— S ———— GACT-AG 657

19 17. CMV-Mf CP gene?] 971443 Fny ¥ LSAS 2] vl
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Mf  MDKSESTSAGR NRRRRPRRGSRSAPSSADANFRVLSQOLSRLNK 44

L i e e maeesLe Lt 44
LS  ===-G-PN-8-T§----=--————— _SG——-#]-A---MK--R 44

Mf  TLAAGRPTINHPTFVGSERCRPGYTFTSITLKPPKIDRGSYYGKR 89
Py ——————-———mmmemmmcmece e 89
TR GRS, R N S— -1 B

Mf  LLLPDSVTEYDKKLVSRIQIRVNPLPKFDSTVWVTVRKVPASSDL 134

Fy =-==-=secee e e e e 134
P | S— ) R —— §---- 134

Mf  SVTAISAMFADGASPVLVYQYAASGVQANNKLLYDLSAMRADIGD 218

LS —----e--- ettt L Eemmeeee 218
Mf  MRKYAVLVYSKDDALETDELVLHVDIEHQRIPTSGVLPV 218
FIy ==ssssssssssssccsccmmmmreesesse——————— 218
- L e Vomomee I-RM--T 218

a% 18, CMV-Mf CP¢ ofrxAitb s CMV-Fny (subgroup I) ¥ CMV-LS
(subgroup II)¢] CP<}2] H] L,
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a9 19. CMV-MfE 4 (Nicotiana tabacum cv. Burley 21)°] &

’d¥ chlorosis WA (). 2= AH&3 FnyAls (9)2 EXolaE

<
T

gl o
uHE 319 T}
S
pPFM(SF) —
PFM(HX) —

7]l 2} RNA3<]
= ).

A =

ey s si)

pFM(HX)®] Z]vlgtell X} CMV-Mf7} 23

pu

219 20. CMV-Mf RNA3 (M)2 CMV-Fny RNA3 ()] cDNAE ol-gato] 443
CES

Aol Ae
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4) CMV-Mfe] A4 2< 93t ulole] ~9] 43}

ABSORBANCE
-\""-\-\.\_\
1
.o-"FFFFF-

WAYELENGTH nen

a9 21, w3 CMV-Mf9] #9jd F3= 3¢

R4

:E

CMV-Mfe] scFv& A& #Al#at7] gk nlojg] = s A7) 9] =35 A
AT FA MfAISS N. glutinosa =% N. tabacum cv. Xanthi ncoll % & 10¥
Aol FEgk QS o] 83t Takanami (1981)°] WH o=z GASHATE A g nlo] g
2o AAEn 4 32 2 FFE F5 9 €S contamination©] §li= whol#] 9] A A
21, 19 22). o] WL o]&3te] o¥E ) o
17-22 mg/100g (extinction coefficient 5.0;
Franki, 1966)°] 1t}
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a9 22. 3} CMV-Mfe] Axsn 7 AR

o CMV-Mfe] B4 #a el 24

Aol A el Mf-CMV (Choi &, 1998)% w4l Burley2lol HEsdS o,
A&l chlorosis (XF7H4] ®a¥ Y-CMVY M-CMV<e] 3338 chlorosis 2 Th=
A= chlorosis) & LdFo=ZA & A5 CMVEY FRET 18y Burley2l
ol¢le thE FFo wWulel HITSAS wWes dWrH <l matolaE wHdEste thE
CMVAEE A FEHA gk o] upo]#] 29 Burley2lol 49l chlorosis @
o BTl FAAES GG Y3t Fny-CMV e pseudorecombination 2 cDNA
= o] 83t chimeric clone® =3} in vitro transcription®] 2|3+ chlorosis ¥ 74 3}
de FAAE gAY M-CMVS Fny-CMVe] 7+ 7l RNAS A5 aga
1 pseudorecombination ¢S E3}o] chlorosisE Mf-CMV e RNA3o] x| ujshct
AFRE AT (& 6). F Am RNAE T4 Mf-CMVe RNA3¢] EofiF 3
Burley219ll chlorosis7} & =itk o] Ao =R E Mf-CMV RNA3¢] chlorosis®l

A

i

N
rr

¢

flo
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#Holste G7IAEe] FAAR] domaing #213817] £3589 Fny-CMV RNA39] cDNA
(Rizzo®} Palukaitis, 1990)¢t Mf-CMV RNA3e] djg cDNAE o] &3te] 7]w e}
RNA3S Al#stal (27 20), oI5 AxF 7lvlel RNA39 cDNA¢H Fny-CMV
RNA1 % RNA2° cDNAZFEo2ZHE T7 RNA FTHaEALE o83t in vitro
transcriptsE WTHE3l Burley2lol] HEFskAvh. 1 A3 1 5049k o] Mf-CMV e
RNA3 FollA &aeuld fxdxte] gifito] X35 3AS W chlorosis7t & = At}
Mf-CMV 9] &FaiAfHdx = A71A Dol 1397], ol oAl 2%7]7}
Fny-CMV<$} 2ol & uebdct (g 23). z28u AF7k4 CMVE chlorosiset ##
¥ domain® 2 Hig &I e] 129 ofw] =4k Pro—Leu (& Ser)o] ¥
ol7}b EAEA i, Mf-CMVE Fny9t vhd7hA 2 Prog X dsta Aok webA
Mf-CMVe] ej9gld {25 Fo AEA Az 71Het cDNAS 5ot &
Hjo] HE3dk, = A3 Mf-CMV RNA3¢ HX fragment (Hindlll - Xhol site)Z
¥stelE 71Wg RNA3e] ¥£3% Z3o A chlorosis7t & E AL, o] fragmentoll =
Fny-CMV e} Mf-CMV Atole]l 137:H A o} 1] =4k alanine—threonine (Ala—Thr)2] X
Zto] EAstt. ol# 3 AFZHE CMV chlorosis @z s o] A g704] &
A7 129914 ofn] =4t o] &fe] E thE domaindl 2|3 chlorosis?] TS AJAFSFS
th o} e Ade uumde] 129MA9F 2 5 ofnxAike]l Wo] AA|7L
AR Aoz WA AAH7| BT, ofn ke X ghe] whE ojuduide] A W
37 B TodAE REY AARZ Suzuki T (1995)2 129HA4 2329 I 9

3] gl A 9] 2o A B-sheete] A AlO EAES dod JtsAol EA3TE=
o
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6. CMV-Mf2] 13 RS £487] 93 CMV-Fny £2]pseudorecombnation
Reconstituted RNAs Symptoms on Burley 21
FFF Green mosaic
MMM Chlorosis
FMF Green mosaic
FMM Chlorosis
FFM Chlorosis
MFM Chlorosis
MFF Green mosaic
MMF Green mosaic

NZHRNAE 7159 A&EH

F= 78t o=

rr

B RNAIL, 2 % 3& %38,
£W FMF+ Fny-RNA1# 3 2 {-RNA2¢| 23S on]gio}

Z RNAS Mf&#ls MO 2, Fny+2)

3E 7. CMV-Mf 9 CMV-Fny RNA3¢] cDNAE o|&¢t CPHxate] 7]d}t vlolef~E5 HE
sS4 wAn WA ug

Reconstituted RNAs

Symptoms on Burley 21

F1F2F3 (parental)

Green mosaic

F1F2M3 (pesudorecombinant)

Chlorosis

F1F2F2-M(5N)

Green mosaic

F1F2F3-M(NS)

Green mosaic

F1F2F3-M(S3)

Chlorosis

F1F2F3-M(SH)

Green mosaic

F1F2F3-M(HX)

Chlorosis

7} 7)vlg} transcript® HE3 10Y

% Burley 219149 #HA.

Recombinations €] 3} restriction enzyme sites: 5 = 5 end, N=Nhe I, S=Sd/ I,

H = Hind Il, X=Xho I, 3 = 3 end
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Fny ATGGACAAATCTAOAATCAACCAQTGCTAATCAQTAACCGTGCOGACAT
M -

135

180

K 270
____________________ B e

315

360

405

Ala
450

495

540

630
657
oy 23 CMV-Mf % CMV-Fnye| <j3jetild §734442] nucleotide sequence alignment.
CMV-Fny¢] CP gene sequencer dash line®& 7|89tk Box: chlorosis®t  ##E ==

Aoz F49 Hind II-Xho I fragmentE 58t} CMV-Mf} Fny9] ofv]iit AE FollA

ZFol7} 9l HE-S underline 2 %7138+
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2. CMV-Mfe] &3tz =

o
g

D scFvaA 99 in vitrogh-g

CMV-Mfe] drtAel dHAdE vpotatal scFvadAlel dgh whg-712s HA
&t7] ffste] CPeidel wisiA A12eE polyclonal@ Al B AN 1A]F-aF Aol 4 A 2} 3t
CMV-Mf2] monoclonal & A Zkzkol whggkA (97hE AL, o A
H2HE FAgE CMV-Mfo] dH 3 54 A8 o A7&85e] A%e 5
T CMV scFvE AL AFAE vt5o] A&38 of vlo]e]xd gk A3 7] %9
7]

ZARE 0|88 A& BAoR AN,
=

Nlﬂl
%
ol
s
)

g ASAEZY protoplastE A 2L

2o gk FIRES in vitroolA FAAZsAT. T AN ARS F3H9 protoplast

of T2H CMVY sxeot #HaAdS 5y 5

How HAS Ad, scFvdAle] CMVell gk sshyhdo] 37 44 5% o9
2 A2

E

FE YEs ] wiel w5 A4
_}'\‘

CMV-Mf Sd98ZFHow 9ol (V. fabacum cv. Xanthi nc)olA Z213F a1, &
Zo Ra® M{-CMVe 540 §FA=HIL deA AFE HY 7|F2 59 nt
S E3le] FHedrt. E3] satellite RNAZF S dH % &2 317] 93t 44
Hholg & Al W3] dsRNA¥A S %3to] satellite RNA EAo]82 xA}sta
satellite RNA7} &91€ 499 A5+ #7]sdth

2) GCMV-MfEH e A% 2 47k 44

AA CMV-MfZ o] &3 polyclonal@d A o] A 23k Mfol] tf gt ¥k-& 9 71E agar gel
diffusion test® 783t CMV-MAE2 IS 7| Biud CMVAEET 4
w5 CMV-Mfoll Wi FEH o Axe= sautold L mg/m)E 10%
tAo 2 E7d AWMFAL 33], o]o]A Freund adjuvant® £33 39S 23] 285+

[e]
Abstar, A dEste] A S CMV-Mf polyclonal &A= o] &3t3itt. o]

(v}
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A2 Aol II7LE tube precipitin testE E38to] AAI} A3 CMV-Mf ==
FA% CMV-Fnyt CMV-LSell tis]A g 4n)4 512 - 1024<]
Wk ol#d g7k fAE WMo AzE 7R CMVAEES] 3
A grtel AolE Holx gdrt. mEkA CMV-Mfe 7]Edd 48z CMVAEE
W Ak FAFAL TS ML dE AR BaEH

e

o

CMV-Mf2] &9 54 (serotype)2S AE&A ZALsH7] $18te] Al2HE polyclonal 3
A& o] &3 agar gel diffusion testE AASFA Y. Mfo] 89U #3lufolg] =5 o
3l o olu] serotypes HATHZ] % xR vloly A& 7|H ¥ subgroup 19
CMV-Ly2 % subgroup I¢] CMV-LS &<¢ (£3hefe]ei»)S o] &8y, o1 A3
CMV-Mfe] Mfaa Ao th3dt 828 subgroup Io] €3t CMV-Fny$t §&3= 1
F9] A7 (precipitin band)S A3 o™ subgroup 19 %3= CMV-LSe &
A= spurE FASAT (2™ 24). o]= CMV-Mf7F CMV Y subgroup I 43}
T 3Hgor FEHYH, olyd Ay 2 Y EEs= CMVE diF-Eo]
subgroup Il %3}7] wiZol, CMV-Mfe] scFv FxA47F =98 FHARE 2ES o

|37l AAg dAHTA AAS 7HAAL de AowE ddEH

kA CMV-Mfol W3 monoclonal®d#| S #| 2l o] & o] -83Fe] agar gel double
diffusion testE AAlstA . A ZE o8 FFH serotypes YE = monoclonal 3
A FolA YW spectrum® serotypes AEEe] AFo] FAFAY. o] A
A s NS o] &3 agar gel diffusion testZ2I+= 3 CMV-Mfol]l taiA 1283]
A AA WS YErl (29 25).

3 gAZA%E AW (ELISA)S o] 83 A%¥ monoclonal@d A 2 polyclonal 3
WAFE CMV-Mfel 7rdd g@ujsle] 59985 o] &ate] AAstnt
7 Az CMV-Mfoll i3t A #3F monoclonal @A 7} polyclonald A B.o} <l wb
S HEWomA (£ 8), =& A sRolA AR&e] 7hsatal, v 5o]A whgo] A

Aoz el ol#d Ad= scFvE3AlE o] &3 CMVAEA Fdd3 A&
o] g8A4° =& FHog FAHHIAG

—

-

3) CMV-Mf scFv&A2] F3tsd #HA

CMV-Mf scFv@aAe =859 44 : In vitroolAY =3 598 AR 7] Y5t
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ol
>
ol
Y,
l‘_>i

3 A AE = g9 protoplastE A ZEt scFvar Al S H7Fs A
A9-9] CMV-Mfe] 794 2 Axd F25S AT ol 7
L Vigna unguiculata®] ZAJS o] &3k R MM oz FAEG o A
W Z4] wlol#j 9] s RT-PCRO 9lair Al

Protoplast= 4l (F% Xanthi nc)¥ el ASAXEZEE Takebe and Otsuki (1969)
o] WS V22 AFsYPrt. HEA o AAWE protoplasts 0.6 M manitolol] &
g3l o, A2 protoplaste] dF= AN scFvEA (1/8, 1/16, 1/32, 1/64,

=7

o
&2
rlo

2 L
3

!

1/128, 1/216 @A 384)e] EFAE AxsArh. olE scFvE3AE F2HAIR
protoplaste} A E F2A|7|A] & Aol 7 vlo]lHA2H TN (58 CMV-MI,
poly—L-ornitine, 0.5 M phosphate buffer % 0.6 M manitol) S &3 38l A4 10
B AR so] wpol#] 29 HFEE AASA Y. Protoplasto] A E mlolg 2o A E

S5 vtolel a7 AEE 72 A dgdE 25T A 4A 7 Wi -, A E

H
A )
ok

8
Y2 AAZ gS nAste], 79XL Vigna unguiculata®l A EE o] &3k
o Ao s ARSI A, MEW F4E vlold 2o FE+E RT-PCR (Choi &,
1998)ell olaiA HAstArk EFe 2AANA AZg CMV-Mfe] =53 i P45
< FAE A2 protoplastell A A 2]skA] &2 Zo] Hlste] WykgErE 3RSl o
gk Ao s sl wel WRkee] HAVE v Eskes S vERET (G 9).
$kH CMV coat protein gene®| 3'g 9l t]-8-3F primer (Choi &, 1993)& o] &
5to] RT-PCRZ scEvEAE AT gk & nlo|g 25 HE3 protoplastoll A HA s 2
3 Vigna unguiculatal X 7783 558 453 FAE 235 vedlon, 1/16
%9 scFvaAE #23 protoplastZ}A] PCR product’t AZEE At (2 9 2 19
26).

’
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¥ 8 CMV-Mf9 monoclonal@ A ¢} polyclonald A o] wk$-A v

Al = polyclonal 3} A monoclonal & A
258 F 1243 % 258 % 1243 %
CMV-Mf{7+<9 44 1.48 >2.0 1.58 >2.0
CMV-LS#9 4 1.23 1.80 1.34 >2.0
Ad4 0.18 0.98 0.16 0.23

1) DAS-ELISAH o2 HA

2) polyclonal CMV-Mf&A|, 4433 1/1,0008] 4

3) monoclonaldA|, &4Z23aA 1/10,0008] 4

£ 9. ¥l protoplastZ ©]-§3F scFvaA o] CMV-Mfol that £33

e = -k RT-PCR
scEvaAl (1/8)*1 8] protoplast 7.6 -
scFvaA] (1/16)3 2] protoplast 18.9 +
scFvE&A (1/32)* ] protoplast 51.0 +
scFvatA] (1/64)21 2] protoplast 78.6 +
scFvaA] (1/128)*1 8] protoplast 1324 +
scFva& A (1/216)# 2] protoplast 128.7 +
28] protoplast 134.0 +

1) HE vlolg 29 H% : 0.05 mg/ml

2) ITRHe] A& 0 ZF A Vigna unguiculata®l A 4o FAE Hure s
3) RT-PCRS CMV CP gene®| 3'9elel tj@ primerE ol &3to] Choi 5 (1998)¢] W o=
PCRE a3ttt

ofl,
»
iy
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a% 24, CMV-Mfe] polyclonalgA o] gk CMV-Mfe] agar gel diffusion?t-g-.

CMV 9 subgroup I % subgroup II1¢] thx3dadoz CMV-Ly2 @ CMV-LSe 3¢

S ol g3tk MfY &Aoo dhste] CMV-MfE= Ly2¢ §&3ta, LS9 spurs &

Qe AL AAsAT

i

& © C O 00

‘XA XEXXX.

¥ 25, CMV-Mf9 monoclonald- Ao thdt CMV-Mf&<d (53} vlolg]~)e] &

W 8]kl 9] agar gel diffusion¥Hs. A9 3 v IFERH 1/8, 1/16, 1/32,

1/64, 1/128, 1/216 % 1/512% 1/1283] A ol A ¥-3-¢] SAE LHERHT
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a8 26, scFvaAE 24171 @l protoplaste]l CMV-MfZ %% % RT-PCR=Z
AR Fars-o] Al A2 laneF-E FAE, scFvaA 1/216, 1/128, 1/64, 1/32,
1/16 2 1/838]4 A 2] protoplast.

vl CMV-Mf CPe¥ A o] scFvalA|ita oA dstA o) Ao CMV-Mfe] ¥

_‘d
oo

¢

D

ofl
_

229 protoplastE ©] 88 CMV e HdAd A

CMV-Mfe] CPetii el st scFvEaA FHAE =43 Tl (Nicotiana tabacum
cv. Xanthi nc ¥ N tabacum cv. Samsun)ZFE 22 FAE AFedct. AFE
RiAA e F2E5 stFetal, 50¢ A= A 2k A48 @ 2 v dds =
o] &S o] &3l protoplastE A ZsFATE. 7 A EA Q] protoplastAl 2 e 4
FAEZFH Takebe and Otsuki (1969)°] WH S 7|22 AAstdt. HF4o
A A% protoplast® 0.6 M manitolel] dEsIG o, o] A A ZE protoplastd EH
of ztzt mpolglaHEN (3 CMV-MSf, poly-L-ornitine, 0.5 M phosphate buffer
2 0.6 M manito)% 1 ug / 10° protoplast®] v &2 &gsta, AeolA 1087 A
sto] wlolel el HES AAISATE Protoplastel 7HAE wholg 29 AXu F4%F
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< vloj2rt HEE 2 A dAg A S 25TolA 4841%F &b ul st A
tAo R dARE R AAS thg vpdste], 9 Vigna unguiculata®l =39 <
o] &% WY Ao R AL, AEW FAE Hlo]Y 29 Fe R
(Choi &, 1998)°ll o]al| A 43t

a1 Ay scFvE3AE 2dsteE @ul Xanthi ne =+ Samsun)2 58 A #Fgh
protoplaste]l CMV-MfE FHZF38}o] 48A1F o A nlolg] 29 &S 23 -
53%% YA dUetwth (29 27). oldg A FAAE Tuje] FFol #ARlol
FAHE AntE 2ol a8y 22 Yo R AlFse] CMV-MfE HEd ngdd
A protoplastell A1l FAAE I wlaEdS W FHHA protoplast®] Hio]# 2
g Sohede & Aol7t AFH A FUTh

2

2) scFv@AE Hdsts A=A CMVE el gk vbg

O

scEv@AlE Tdshs FEASA "ol el CMV-Mfe] ZddE 2Akst7] 918t
o FAAZ @l Xanthi ncZ5%E 1 line ¥ Samsun® ZHE 2 line (Xn 42, Ss
1106 % Ss 6)° AEAE Adste] 7 FAHEA ] CMV-Mfe] el gk A3
d ARE AAsAr. 5 7 Ade FAASA A aFAdds #@a (Samsun) o
el CMV-MfgE HEste] ZAA Aoz nrolg] 2o A, 524 2 ¥HA] od 55
RT-PCR, northern blot ¥ western bloto. 2 Z=A}s}%

a2 A3 FAE 3T scFvE A Hd FAds @i v A A o] vaEfA
H4E 5 109 BE7tA+= EF CMV-Mfo] HFol disix WA ddo] vehtA

golth. ey HE 159 FHHE RE A AEAdA mAola FAdo]l wy
o}

i)

(@)
o]
it
i
i
ol
ol
a8
£
@)
2]
(@]
=
=)
=5
@]
Q
(e}
i
o
o
&
iR
B
iy
o\
—{ U
>
)
o
o
B
fo
1
)
uv
=
i)
o

CMV-Mfe ®AS Aujst= Fd2 RNA 30 thsh Wo|F&5 A #ste], o] njo]
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H2g HEs9S Aol scFvaA A FAARAE] Faeo] Ut wgEs
ZAMF o2 A CMVE g WolFo gt FAdsA ] wgS HESAY. 5 ¥
A& A¥letE CMV-Mfe] aaa {29 HX fragment (H.

£ CMV-Fny®2 A%A)zl 7]lvlg}l RNA3S Az#ste] (29 20 #F), in vitro
transcriptionA] 7] 2 CMV-Mf RNA 13 RNA 2=25F¥ HAAAIZ] RNASF &3H3k 3¢
2 ol wlolY 25 AFsIA T o9 2 Wo] CMVE HulolA CMV-Mf7} &
dki= chlorosis® RAbe]l= WA o] greenk Aol 28] A o] WAHH. o ZEY
A& vlol Y 25 scFvE A 2d FAdE Fjel HEd A3, CMV-MfE HE3d
S ASEY 2d AR =A WA wdEE A9Es ZIv olyd A= WA

=
o wolol wel FAABAL FFH W B AGY Wo] WA 5 vk

A&
A AFsESL T
4 e ASe CMV E= vE F9] vrolu s did AFAY A4
CMV-Mf o]sjell th2 7Al%5e] CMV Ei= tg o wolg=s HTae 4+

o scEv@A gLt Az Fstsol i WstE A=A GE Hioly
2 e AlEel U dEAEA ] AP Akl A8 HAAS AT o AR
te Alse CMVE HJF3 d5olre CMV-Mfs HF3 Aot FAsHA 104
-12¢ Ao WA AdZHE vHEWoy, TMV E= PVYE HE3 45%ol=
HEAdgA o vp7A 2 1S & HAEH Aol AolE ®olA @kskth o]
A= CMV CP9 scFvEaA 23 FdHgA = CMV o] 29| uto]e] 2o thafA =
Agds ddsA BE o AU
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15 1

2k
=
[eZ]
a
=
= 10
X
~
5 +

12 24 36 48
A2t (hrs)

18 27. CMV-Mf CP9 scFvatA #2422 =dAzl ddAAS Nicotiana tabacum

cv. Samsun (0-0) % HF A3 Samsun (e - )2 protoplaste]l CMVE &3l
Ao s B CMV 4 E.
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a9 28. CMV-Mf CP9| scFvadAl a5 =94A1zl 2 H3 Nicotiana tabacum
cv. Samsun, Xanthi nc ¥ ¥ 8 A A3 Samsune] R1MW X2 CMV-MfE % %3}
3159 = #Esk HA, 9o A=25YH FEAE line Ss1106, Ss 6, Xn 42 2 v
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80 1

Mo =020y
o)
S

|

\

=

40 T

(%)

20

19 29. CMV-Mf CP9 scFvaAl FAxE =X FAAS Nicotiana tabacum

cv. Samsun (0-0) % HHAHMZ Samsun (e -e)9 A EA ] CMVE H=E3st 1

=
ArHo 7 #EIT CMVY 79 &

,85,



3. A3 MFFA : scFv &4 #d CMV A3 A=A 7

7}, Sl

D) saje] A2 sk Al=g sh

7h el el ALs =

N
i

2
o

BA9} NAAS] 16 2oz AR 23S 1331921 selection B A] ]

A7k 45 Foll AL | iAok AR EE dEste] r sl

310, wHefe] AEs A¥

- - s @ Aaa &
ot Y () oe Ae 2w 4
BAP NAA 9] Qe H] 3
(ppm) | (opm) | 714 %(10) |2z qe| FEE0 | 20
05 0 7 10 20(2H) 9
1 0 8 10 20(&H) 10
15 0 10 10 2002 H) 10(2)
> 0 10 o | 2002w | 702w
2.5 0 9 10 16(Z&+%) 5(Z9)
3 0 6 9 19(4%) 10
05 | 02 10 10 20 10 | 100%
0.5 05 9 10 20 10
1 0.2 9 10 18 9
1 05 10 10 18 9
15 | 02 10 10 20 10 | 100%
15 05 10 10 20 9
2 0.2 10 9 18 10
2 05 10 9 20 9
2.5 0.2 9 10 19 10
2.5 05 9 9 2002 H) 8

,86,




o] 2ol A 50% ol e =2 AEsES HUth BAPWS dRow
A

A e A 2R BRI HoldSs AWM BWsn ARGEE A}
A%EA E3 FA4E wglon BAPS NAAZ w7 A9@ 4$olE FEs}

mobd a5 At WASol HAetA ki

]
ol gy e A¥e E3te] BAP 05 NAA 02 %33 BAP

Fig. 30. Regeneration of Nicotiana tabacum cv. Samsun

BAP 0.5 ppm, NAA 0.2 ppm
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Fig. 31. Regeneration of Nicotiana tabacum cv. Samsun.

BAP 15 ppm, NAA 0.2 ppm.

ot
o
)
oy
%

2) =l (Nicotiana tabaccum. cv. Xanti nc)9 A AS A A &gy 2

b ARy 2 24

(1) 2842 443 71A
A EA o] dES AR (3% MS)oll Hol mjgidadl Al overnight incubation

Eig=
— AA A o] Y] overnignt incubation 3 F UdtE FHAAIE B0 A=
agrobacterium®} 103+ &< ¥ u] g3l blotting 3t X] /st

— AAWAE Wl T oo A 10& 3t blotting St
— coculture mediumol| 27 3to] 9 AFEjol 2¢zt Frt.
— 29 % selection mediumol % 7], 35 IHHA A el 3o},
(2) wA =3 (mg/D)
coculture medium ; BAP 0.5 mg/l
NAA 0.2 mg/l

cefotaxime 250 mg/1

,88,



selection medium : BAP 0.5 mg/1
NAA 0.2 mg/l
cefotaxime 250 mg/1

kanamycin 100 mg/1
(3) 3= : CMVscFv

Agrobacterium strain - AGLI

oy 32 w@uje] YA 34
A. Callusel A shooting® L S+ JHl B. £2& a]X] o4 ¢] shooting
C. 3dASAZ FH5E shoote] FAA] iAo A selection

D. 1212 A A platecl A selection® 7WAZS A vix|7}F Eogd+=
ik ol A 23} selection

,89,



(2) <3} #A4

YA A A 13FE selection o] FAHMFAZ FAHE MAES SH4Z &
A w=3atdnh. 27)dE 23 atge GuEty] skl 4
CA) AR At 95 #A o A gol

4 =
AAEe &2 8744 & Aeete] A4 ez ALY . B).

it ot

19 33. Putative transgenic tobacco 7§ A ¢ <3}
A. 71l A 3AA selection B MANES 22 A potol] &4 AEAE
AYJA st B

B. £3}9 putative transformant

(3) FAA =¢EgAS fgk PCR A3
2l AN DNAZS FZ3ko] NPTI primer® PCR & 2 Z3 23 3}
7o A3E AQY Positive control Al A += A3k bandE AU ™ control plants=

band”7} WERUA] eFgkeh. el o 16709 JRACI A= &8sk A R0, 16¥) 25 band
E e i ke sEE A = AAAlES BEF CMV scbFv #8#47F 4

,90,



e FAAINAZ FFEY. 2™y ¢ Ak A9 E A7) Y84+ 2 Northern
7} Southern blotting= A A|s}ojof & Aoz Kt}

M+ C 1 23 4 B T7TH8 % 10111213 14 1516

METI prmer
= E70 b

% 34. Putative transformant®] PCR 23}

M : 100 bp Size marker

+ @ positive control
C ' control plant

1 - 16 : putative transgenic plant

4) 342 =dFAS 93 Southern Blotting 2 7}

i

O

PCR A#75 EUZ fFHdAe =¢g& gdst7] 918kl Southern Blotting S
stk 2 A APS HAAZ 10709 AN B bandE gelE & AATH
< @l AEAY] genome £o® ke FAAIE S8 AdEH AT

= Aolth, 2y o] FHA7E HAE =R of = A5 Northern Blotting<
3 Flstolof 3 Aow HErt

i
>

o
P

r

(e}
= AsE T

)

=z

-

=
()

,91,



c 1 2 3 4 5 6 7 8 9 10

ot " URELISS

19 35. Putative transformant®] Southern Blotting 2 =}
C : Negative control

1 - 10 : Putative transgenic tobacco plant

(5) Northern Blotting 2 3}

FAzLe] wte 8o1S 93 Northern Blotting 23 BandS &¢lst 4= gldt. o]

Qe s 1 oFd vt AdHA grs 4

¢

AL fAAT = 2 W R
Aolml o] faAtel WAL AL WH 2L FA% constructiono] T 5]
A77h o Basria A

,92,



. EvtE( S 20F)

s

D EvhEe] ARS 2 gAAH AA FYL 9

&4 At A

)
A=A AEE HAA (3% MS)ell ol wi g

=
i1t
el
yus)
z
e
W
BN
N,

Aol A overnight incubation

— A A2 W o Hxo] A 1027 blotting .

— tomato coculture mediume®ll *]/g3}e] 24 3F Fu}.

— 29 3 tomato selection mediumel & 7]

) AE3Fe R =4
(1) coculture medium ; zeatin 2 mg/l
TAA 05 mg/l
AgNO3 1 mg/1

ar, 35l A Al g

cefotaxime 250 mg/1

(2) selection medium : zeatin 2 mg/l
IAA 0.5 mg/l
AgNO3 1 mg/l

cefotaxime 250 mg/],

kanamycine 50 mg/1

7

rﬂ
BN

o) FAHA3 A
A v x| o] @] overnignt incubation 3+ F

agrobacterium¥} 3A|7F <t &) &5 blotting

Ak FAAT ol Qe
spel A 4ach,

2) L3 s o] &3 EntE JAAS AA oy dF A%

,93,



7H i3 EvtEe] dHAAS A g9 47 A4 ¢ A

Fig. 36. Regeneration of Th(t}#3) plant.
A. Differentiation of shoots
B. Calli and shoot around the plantlet
C. Root induction from the regenerated shoot

D. Putative transgenic plant in a pot

,94,



Fig. 37. Regeneration of Tm(A¥}) plant
A. Differentiation of shoot

B. Putative transgenic plant in a pot

o dAde AHeA gdde A% PCR 23

Fig. 38. PCR analysis of putatively transgenic tomato.
Lane 1-6, L3 gene introduced into inbreed line Th(t]3}%).

Lane 7, L0 gene introduced into inbreed line Tm(43}%).
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AEA e AdAEE HA A (3% MS)oll go] Ao overnight incubation

— AA ]| o] o] overnignt incubation ¥ ¥ Y= FHAIE o A=
agrobacterium¥} 3A|7F 5t FE vl $5aL blotting o] X] 3%k}

— AAMAE W F JFHH oA 10# 7 blotting g}

— tomato coculture mediumell */¢3ste] 297 F}

— 29 & tomato selection medium®l %73, 350 AR A 3}
(2) vjA =4

(7F) coculture medium ; zeatin 2 mg/l
TAA 05 mg/l
AgNO3 1mg/1
cefotaxime 250 mg/],
(1}) selection medium : zeatin 2 mg/]
IAA 0.5 mg/l
AgNO3 1Img/l
cefotaxime 250 mg/],
kanamycine 50 mg/1
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(th) A : CMVscFv

Agrobacterium strain — AGLI

) CMV scFv §AAE o] 43 EnlEo &

gt

1;{3:]_ :ﬂ].

(1) g2 9 w3} 34

a8 39, U#E EvfEe] FAAZ A

A, ZHA oM callus 4 B. callusol A 2] shooting

C. FAA wjA A 9] selection D. =2 A2 =3}

(2) %44 =12 9% PCR A

38 8 /Aol A DNAZ F=3}o] NPTI primer® PCR & 2 Az a1d3 2

o121t} Positive control oA+ A3 bandS AA 2™ control plants=

,97,



band”’} WEFUA] ekkrh. zElx 8709l JHAl S 4, 5 I 7, 80 A bandE olE
T ARt wEbA w=3tEL e JHAE T ool Wl R A=Al CMV scFv i3t
7 A E dEASA R FAEY gy JA o g 2345 47 HEiA e @
-9 mR7EA 2 23 Northern¥}t Southern blottingS A A|dFejof & A ola}
Zr g o},

el 7

=
033
N

NETI primer
= E670hp

1% 40. Putative transformant®] 32} =9 &<21& 93 PCR
M : 100 bp size marker
+ ! positive control
C : control plant

1 - 8 : putative transfrmant

(3) 42 =& 2 93 Southern Blotting 2 3}

PCR A3&E EUY R FAAL =4S F21387] 9ste] Southern Blottings 4 A]
s9tl. 1 A7 PCRojA M=2 3 4788 A NA EF bandE AT F 9
At o] AL EvtE AEA9 genome £Oo = Ast= FHAAIE g4ds] A H A=
oty ey o] FHATE HAHE=A 9] ofF= ZF-o Northern
olslo]or & AHo=Z Hr)

H
o] 3}
R 6l

[e}
RNe &

N
rle
Y

BlottingS =3

J&.‘l

,98,



19 41. Putative transformant® Southern Blotting 2 ¥}
C : Negative control

1 - 4 : Putative transgenic tobacco plant

(3) Northern Blotting 2 ¥}

=

S 93 Northern Blotting 23 BandE &<l& 4 gl o
AL FAAZE 292 HAoy 1 oo GAVE A FeErhe AS I

e e D F429] constructiono] thdF %

X
rlr

lo

po
o
B
o,
Ho
[
)
lo,
e
med
tlo
Ao

,99,



@0 - AW (5 $uto] 2)

7 FAAE

Ho
;OL
-
o

w7

1o

(=3

5}3

DA

o]

Fol MS, 1/2%0°l

9

70% EtOH, 22(1%),¢ "= T4

5
T

S

HA ARE

7]
=

, AW
uh) §A2F : CMVscFv (L0 Eafo] = rto] 8] A~ thA}

ol
H

=

i

—
1o

’

Ba

m

ol

—

<

%

A

5}

o

il

al

7

7hd

e
bl

7+ MS 3%(pH5.6) A8 =], i

oA 7]+

J

S
™

)

[e]

o]
: MS, 3% (pH 5.6~5.8, Agar 0.8~1.0%)

Aol Agrobacterium< % 1, agcetosyringon 20 mg/l
\

5, 28T & AEelA 3413 wkE

BAP 5 mg/17}

3

}

ko)
pil

713
: B39 filterpaperol tF 541 7+ E<F =}

3|

%
h=

Ao A 2¢d
Al Aol A

=

Agrobacterium strain - AGLI

R

il

- WA 27

e A & 3

o A

ToR
Nd

]
ol
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O~
-

2°] - BAP 5 mg/l

Table 11. 4 24

BAP 5 mg/l

IAA 05/ 1/ 2 mg/l

NAA 05/ 1/ 2 mg/l

24D 0.5/ 1 mg/l

IAA 05/ 1/ 2 mg/l

- A FZ(mg/l) : cefotaxim 300 mg/l

kanamycin 100 mg/l

o

o] &% ATt A (AT

45 F)

Plant Seeds | Wang-Jang | Gum-Cheon| Rabbit Bitna

rowth

%egulators Cotyledon Cotyledon Cotyledon Cotyledon

BAP 5 38/50 - - 21/50

NAA/BAP 1/5 12/49 5/50 - -
2/5 5/50 * 10/50 -
5/5 - * 5/42 -

IAA/BAP 0.5/5 10/50 * * -
1/5 45/48 30/45 40/50 -
2/5 12/37 * * -
3/5 2/20 - - -

2,4D/BAP 0.5/5 - - - -
1/5 - * - -
2/5 - - 20/50 -
3/5 - - - -

F 2 AHAS

el = 50714

- 101 -




Fig. 42. SuF Agozi e o 224 AE3t 5mg/L BAP, Img/L IAA
(1, 3 : Rabbit 4 : <44
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Yo apqdola BAAE F AR He 97

A selection MA], #} d}u]Z=0] A shooting®] Hi S
CuA e Erkel 2)
H

=

=

U kg E)

: BAP 5(mg/1)¢ TAA 05~2(mg/1)e] Z§olA &3} =

o] &
AT .
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S 44 guvy) B FAAE 49 F ARE HE9

A & FAA selection HIA], EHlA shooting ¥ U5

- % 2 et ) (F-9-ake] L)
- 2% %% : BAP 5(mg/D9 NAA 05~2(mg/De Zgolr A3t =1
A
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3 ddgAe] PCR 43

NPT primer
=
= B70 bp
a9 45 93 Qo]e] PCR A
M : 100 bp size marker
1 -3: 54
4-6: 209]
shooting ¥ 93 Q0] Z}7} 3 7RA| oA DNAE FZ3}o] NPTI primer® PCR
d B A% 29 209 2e 2RE QAT A7 F Al AAdA WMEE g 5
A}t wekA o] vl el AEAE CMV scFv 3271 4w dadsigz 4

gk a8y g gAg A3E A7) 9eiA = ZF Northern¥} Southern blotting <

Anskelok & Aoleta Azt
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) Fut FA A3 CMVscFv Zeto]w & A48k PCR #4]

M P N 1 2 3 4 5 6 7

CMVscFv gene
760bp

500bp

Fig. 46. CMVscFv ZztolM & AL&3 uF 2484 PCR #4
M : 100bp ladder(Bioneer)
lane 1~2 @ <%
lane 3 : Y4

lane 4~7 : Rabbit
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ul) CMVscFv probeZE A}

3l s=1ule] Genomic Southern Hybridization

CMVscFv probeE AF&3F Genomic Southern Hybridization

760Dp w—
500bp m—
N
Fig. 47.
N : Negative
1 : Rabbit
2 ~ 3 9%
2. 7 Age 9WAA ve) 27 99
) AdA=

APFAA &

cv. Samsun ©]3, 2.9]

2 98 A E whle

p
.

N. tabacum cv. Xanthi nc ¢ N. tabacum

(F)EReEedA 24 T2 selunr] eole (F)F
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Hpol @ ol A £ w2 AMugrr] Qols ARE ARSI EF EviEs diF

AYAA RIS sl MA Zze] AYARE WA sl BFL o]

o,

ofo
o

}_

oty

N
N
N
N
1o,
>,
o
:é
mlm

7} 7} preplasmamolysis &4 <Q TVLE A A ZA 22 F A
o Aol A 1AIZE viFet itk 1A17F & TVL €985 ¥l enzyme &4
B SFEA 16~20 AlZF enzymeS A 23Tt

2 3sto] Adetgit. @, S0], EvlES]

Lo

~

a1

=5
[
[\
ot
i)
)
Mo
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