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Development of New Selection Methods for
Disease Resistance Breeding using
Biotechnological Techniques in Solanaceae
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SUMMARY

I. Title

Development of new selection methods for disease resistance

breeding using biotechnological techniques in So/anaceae

II. Purposes and Importance of Study

This study has been conducted to develop a totally new
selection system in plant breeding programs for disease resistances
using Agrobacterium—mediated herbicide-resistant gene(s) as genetic
markers. At the beginning, we intended to develop this system for two
Solanaceae crops, namely hot pepper (Capsicum annuum) and tomato
(Lycopersicon esculentum), as experimental purpose, but this system
could be applied to any economical crops if once well established.

The final goal of this research is to replace the currently-
using phenotype-dependent screening method in disease resistance
breeding programs with a herbicide marker system, in which
spraying a specific herbicide (basta in the case of this study) would
eliminate the susceptible plants from the segregating populations
such as Fo's and thereafter. To achieve this goal, first we have to
introduce the herbicide-resistance gene (bar gene in the case of
this experiment) to a plant heterozygous for the disease resistance
locus (or loci), and after that, we have to find a plant (or plants)
having very close genetic linkage between the herbicide-resistance

gene(s) and the disease resistance gene(s).



Until now, the plant breeders for disease resistance have to
determine the susceptibility (or resistance) of individual plants in
segregating populations by phenotypical appearance of disease
symptoms, which have been very laborious, time-consuming, and
highly technical since plant breeders should prepare disease
inoculum, spray it, make decision and finally select out the each of
the susceptible individuals. The another serious problem in the
current screening method is inevitable occurrence of escapes, which
means the misjudgement of susceptible plants as being resistant or
vice versa.

Instead, the new technique will be very simple, easy,
economical, time-saving and highly free from misjudgement by
simply spraying the certain herbicide (basta in this study) on
segregating populations such as Fso's and thereafter, which would kill
all the susceptible individuals. And the breeders just harvest the
remaining and advance the generations by repeating the same
practice until to achieve necessary homozygousity for the disease
resistance locus (or loci).

If we would be successful in developing this totally new and
revolutional system, it will greatly help to strengthen the
international competitiveness of our seed industry in the coming

years.

III. Contents and Range of Study

1. Transformation of herbicide resistance gene into Solanaceae

We used F; hybrids of both hot peppers and tomatoes for the



Agrobacterium—mediated transformation of the herbicide resistance
gene, which should be heterozygous for the disease resistance loci,
because it would make possible for selecting plants having the
desirable linkage between the disease resistance and herbicide
genes at the later generations.

We were highly successful in Agrobacterium—mediated
transformation of bar gene(s) in case of the tomato F; hybrid. We
were able to establish regeneration as well as transformation
system In tomato resulting in having numerous To's and T: plants
by selfing To's. And we confirmed the insertion of the intended bar
gene by PCR analysis, Southern blot analysis, RT-PCR and finally
the herbicide bioassay.

In case of hot pepper, it has been very difficult to establish
the reliable and repeatable transformation system although many
different efforts were attempted at the lab. of Soul National
University. However, our co-worker at the National Institute of
Agricultural Biotechnology in the Rural Development Administration
(RDA) were successful to insert the bar gene into a local line of
hot pepper susceptible to diseases. The transformed and
homozygous plants were given to Seoul National University to make

crosses with multiple disease resistant line cv 'CM334'.

2. Selection of plants having close linkage between disease
resistance and herbicide resistance gene(s)

For the plants of T generation in term of herbicide-resistance
transformation which were Fa's in term of disease resistance, we

conducted two steps—-wise screenings, the first screening for the



herbicide resistance and then for the disease resistance for the
surviving plants from the previous herbicide screening. By this way,
we tried to select the plants having bar gene linked with disease
resistance gene(s). A simple, rapid and non-destructive bioassay

(biotest) was developed for the screening of basta tolerance.

IV. Results of Study and Its Application

Tomato was successfully regenerated and transformed to obtain
about 60 T; plants and the true insertion of bar gene was
confirmed by PCR, Southern blot analysis, RT-PCR and bioassay.
These T; plants were selfed to produce Ti's with varying number
of seeds from 1,000 to 10,000.

Results for the two step—wise screening (first herbicide and next
disease resistance) on T3' populations indicated that we were not
able so far to find plant having a close linkage between these two
genes. We will continue to search for the plants.

In pepper, the transformants obtained at the National Institute of
Agricultural Biotechnology regeneration was given to the lab. of
Seoul National University to make crossed with 'CM334', multiple
disease resistant line. For the Fs generation, two steps—-wise
screening will be conducted.

Although we were not able so far to achieve the final goal of
the totally new screening method in the disease resistance breeding
programs by finding plants having close genetic linkage between

herbicide-resistance and disease-resistance genes, we were able to



develop the meaningful progresses for the final purposes such as
importance of using F; hybrids for transformation, transformation
techniques for tomato and pepper (partially), and necessary

screening methods.

_10_
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A 1A A =

T

a3 (Capsicum annuum L) oFA|oFE v E3to] d MAIF o= A uf
Ha gE ZFEZ oF (vhe] d ARE AulEo] gon A= Pul
g otelm) AU F B olF FHol HALGHUAIL o]F=2 AA ZA
dg HAA HJon, Syt s 16140 =dE Ao dEA Ut
AFE FE AuGatel e Bsta $uae] Ao s gloj e ¢k
4 Fo% Axgesr At dow, feve a5 A \H(02)S
729 ha, A HEHS 193UESR A
vholn], ik} 7hAe wE Aozt low AJAkHel] 9l 1 <]
2ol A & 9AE At Yot wEkd 1FE Sy
gholl A AL =8, F7F Al dodAME Mg Tad ddH=9 st
tholth, AAIA o R E A A 7 A0 2holA 1,460% ha, 19,180
chakah Al Ao o] Al FF FACl e Al
AX o R Fadt 2Eolth(E A 2002).
A v WTO AAZ Qs oo 2RE M&A 9, FUAA ] o3t
A7 5 FUEZ] S7FA Jdov =y A V) AT F
2
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a9t e Ao £EE= EnlE(Lycopersicum esculentum)s 1
WA AZA) HERI(A, By, By, C), tola¥, F8, St wol= Fi,
Fr1Ee] F5 ddAER AAA R AuiEs ddzEelm w7 o]
th EntES] 4bA = Jre] Qbul A el #HF o Fotez, HY® 7]
A QATete] o]Fol we ¢rulx nYPo Y FgotrE st @ HA =

_23_



e

8

)
7he

A
=

[e)

=

1
.

CRL R

A

o]

e ole] £

< 43.9%1}

7Vaka

=

[}

=
e Selvhet FRIA

Iz Zol
o BvlE 84 #ARAHE F7)H0 wold Aol

el 4

A

3]

0

L

R

b2 AL A% o2

gufete] EntE FAto

°©

o

3

toh =l el EvkE Ak 2002 218,485M/T

AAA ez 7H wol Auls

.
°©

2o
W (& ", 2003), A4

ErlEE

[e)

R

o
00wt etel] o= R

2 AaE91a, 16417
ojt}. 2002 A

Al &+

o)
A

)
o

2

dA NS Fola

3

F29 £33

4

ks

o

FEol o] FoiAx gk,

B/

o]

=

=

Fed ofef 71

o

o =¢
AAAA ol

}uel Agrobacterium tumefaciens

[e)
antisense

¥ %ol
= olgHm ot
EPSPS
N EE,

L

R

gl

Abd 2

5

o
b
ze)

~
;OO

|

ox

¢

—

N
Hir

el

A3

jai
=

Sl dofA Azt

uze)

‘WO

A

gl

|

B
il

=
raol A el ol

=

FAA7H

L=

Gl

=
K3

B Sl AAY el oful
_24_

gl Fa Qe

=

o



A @59 Ao QA ol2A Fx Azl A, )
Su g A, 2uAdAE A3 FA e dAFES F

g : o A4 el ERE AL = vk
A2Ad d70E HE

¥ AYY FARY FH Y AT

}oAT A= 2

1) A=A FH(EME)

EntEE A8 % FTAAM 9929 (Fusarium wilt) #leol2 1, 2, Wt
Al 9129 (Verticillium wilt), &% ¢ %% (Fusarium crown and root rot),
ToMV, A1%(Nematode), &%) (Leaf mold), A4 HFHE YW (Gray leaf
spot) & 7T7HA Wl AFAA S e REERE Q3(IE vrle]l AhHE T

Qato] ASEE AL B, AW A9ow, ofSel ustel B A3

EvlE FA= 25T QlifHlolgol A FHof A7l & 508 JZAXLE
g 24 w9 A FFeta, Av] AEe HA e 18-20C A%, Hia =
=5 30-35TC AEE 8 fel2dolA] Anstal ).

2) 279 34 2 3%
EvtEel W} AFY FAS Askel AUz molF. FEEFH)

(F)ellA 1z ol 1, 2, R fl2Y #5E B en, PDA
Al A A R SAsAT. of5ll W ¥ HF B AFAH HA AA

£ g} 2 A6l 4 8ud
lzn w2 1, 290 WAl 9xW FFE PDA HAA 3-4F &

o wjopatel Fulstglam, B9 2-3970 AFHAL. BTE 2L o83
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g3kel 1 AFHY o¥E BAAGL, o T YW Y A

dAsh= AdE B wEbAd, ofF T ol % AlthelA
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Varieties

TMV
P(0)

TMV
P(2)

CM334
PI159236
PI159261

AC311
P1201232
P1201234
PI1201238

N2 2 o o
18 oF of o2 o2
o O w o w

N
N
1y
(@)

> >

BOH
@

o3}

N

TAM
veracruz
Tisana
Jupiter
California
wonder
Tabasco
SP209
SP210
SP211
SP239
PBC80

PBC81
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n N vy Yy e e eI =
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C. chinense

C. chinense

C. frutescens

C. baccatum

C. baccatum




3. 7HX % &A= FEAE AA &4

7ho A7 As 4 39

1) AzA AR A8 0] & E&3HA HHY A

BAWS A5 wg "3 A A xA AGAE FAA] barst o
g & A =9EH e 1F B ErE JAHEE vectors Al
Z4ske], o] & pSBG-700M, pSBG-700, pSB-RTGM & @AMk A}
239 th pSB-700S A9st »E wEY MAR sequenceE %$3te] &
A el Ao = FHAte PP S E=Rstaa sglow, A
A AR FHAAEE bars ©]&3H%TE Plasmid rescueol AHEE T
A= pMJ-UA, pMJ-SA, pMJ-21% 7 Alztstion, o] 22 W A 34
FrAxtet oA FHAAE B HA L e Ao wgFoel o] &3 oo

i, olE wel ¥ AR FAAe A ddd JhAE Addsksd oS

i
r_%
04_4

2) 7HA % ZAES] FAAE AA &4

7h EvtE JAAE

PFAHS Au2e BREGE 837 F ¥
MS(Murashige & Skoog) 7] ujX|oA] Ftdbol AT )
5000 lux, &% 25T, 16/89 dgzx=zlolA wjgatsnt. ol £ 109 A=
H FAEA AP hlESs dAAE o] &ate] dAE wAMS salt
4.43g/1, B5 vt., glucose 40g/l, gerlite 2.3g/], zeatin 2mg/l, acetosyringone
100mM, pH 58)¢l Slsido] wjxle] ZFxE X|4ste] atF s wjdgh

<

% Agrobacteriums 3 E3 T}

Agrobacterium IT5+= tetracycline®} spectinomycin®] #7}¥ YEP
M A w A (Pepton 10g/1, yeast extract 10g/l, NaCl 5g/l, pH 7.0)oll Al
Z71< 180 rpm, 28T, YAHH=Z 3Fto] 29 HF<b Hig3Id F(OD 0.8,
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600nm), HYAEZ st AT HS  AASI  pallet>  Acetosyringon©]
100mM= A7 1/2 MS HA A & 5] A 5ko] A3} olth.

Agrobacterium @ qo] AAE Wi 5-10% A= HFT F, A%
of wHL Wit FAE ol&sto] AAsIAL, HFTH AAA= A
A (MS  4.43g/l, B5 vt, glucose 40g/1, gerlite 2.3g/l, zeatin 2mg/l,
acetosyringone 100mM, pH 5.8)o] USiHe] wx]o] F=F sl X743l
39 Fet wigFetaith

i 5 AAA = timentin(500mg/Del 7 MS A Hj ]
2 10 A=A 29H washing stal, B FA A 2o d=& AAsH
a0 A Dy E AR 718 A MS 443g/l, B5 vt., glucose 40g/1,
gerlite 25g/l, zeatin 1mg/l, TAA 0.mg/l, timentin 500mg/l,
phosphinotricin 550 mg/l, pH 5.8)°] XAstgth widzAe 2% 25T,
16/89] dgxzzom atef wjFstdirt. 4-8F Atole] H71d Nxe W
F= WA (MS salt 4.43g/l, sucrose 30g/l, agar 8g/l, IAA 0.lmg/l, pH
58 &A ¥Is Frstith oF 257 5 Be7l fr1HYW Had GE
o]4ste] FE 100%, &% 25C F2xdA 25:4% w=3rxl & 24

2 ol4sherh

al
AlE Y
Alae] ®E A
SP210, SP211, SP239, ® AggA A
PBC81 & 1371 A&l tiste] 32 3%

FTA= 0% AdEEE 30x

s|Aate] 107F At xW Afsta
MS(Murashige & Skoog) 7] & Hj#|
732 2000 lux, 16/89] Uzl st om
Acz s ol & 9-10¥ A% B FAEA APy S 2

A2 o] &383A
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flo

A AWel XA FEF FES A= AA wAMS
salt 443 g/1, sucrose 30 g/l, gerlite 2.5 g/l, zeatin 5 mg/l, IAA 0.1 mg/l,
pH 58 <sldo] wjxlo] gFrs Xgste] 29 Fob wddd 5
Agrobacteriume HE3FA T}t AgrobacteriumS +H] @ HEL EnE
ARG A FAdeA skt

FE )

O
|

% HHAE carbenicillin(500 mg/)e] H7FE MS oA
A= 10 A% washing shar, Bt FAI S o&e] H=S AlrfstaL
A3 Ty F AxHA #WA(MS salt 4.43g/1, sucrose 30 g/1, gerlite 2.5
g/1, AgNOs 10 mg/l, zeatin 5 mg/]l, IAA 0.1 mg/l, carbenicillin 500 mg/],
phosphinotricin 550 mg/l, pH 5.8)° X Astth. wlSzaE oA AF
g wFEA A sdstth MY dE A= T fFUlE Az 2AE Az A
Al A (MS salt 4.43 g/l, sucrose 30 g/l, gerlite 25 g/l, AgNOs; 10mg/],
zeatin 5 mg/], carbenicillin 500 mg/], phosphinotricin 550 mg/l, pH 5.8)%
w7 steme fr7lst o, A Axe] 7F s B f = wAMS salt
443 g/1, sucrose 30 g/l, agar 8 g/, IAA 0.1 mg/]l, pH 5.8)o] &4 &+
= skt o 25 F et frlHEW "ud R ot &
7

100%, =% 25C &&x7oA 254%E =3 A2 § 4= oAt

AGZHEEZAA SA17 Ale]E7]d {9 327 ZFTAAS 2ip, BA,
zeatin®] &8 Ag])e WS wE genotyped A% FUES AH Rk

FAAE A F FEUEA AAHAAEE acetosyringoneol B
hydroxy-acetosyringone 52 =& 35S BEHAAH AEdIS&>

AHg aes FNI=

rlr
P
o
fu
2
v
2

o
rlr
=
e

Aol M= o]t



A7} & genotype?] AlZAr
7] flete] APS FEG Aol dwbA g 29 a2 dukA g9
kel A2 AAE & A AS AMESt] AAE &= A 5 VAR Y
ol AdE Fa3

L-cysteine anti-necrotic E&=Z FA 59 Ax IALE o} )
sotel A8 aes AA FATIE Aem defA vk oo &
AP A& o]F a#ste] Alz=f7]uj=]el 0, 200, 400, 800, 1600 mg/l &
T2 747} L-cysteine2 A2 3lal, o8 genotype o o] AlZx{F7]&%
Awshgol v AE dolr )

PVPE i, @0 5o Al daAe ddwo it
=49 AEsFdEs AAs AEstE A= Ao® dEA At H)
Aol #lE 3= AtstHe] F=ow Wt 24 U] 24gES 9A

o

=

AA FAE AAATIE Ao® Gl Sded, ol& AAY] 9t
M zA7] wjAlel PVPE 0, 0.1, 3, 10, 100, 1000 mg/L &%= 77t A&}
At

Adbuf Rl e A o] PPTe A4 Ad s=& 43z PPTE 0, 100
300, 500, 700, 1000, 1500 mg/L &%= A Est4 genotypeitel lethal
dosagex}= 4FT H k.

A
H
o
rr
iy
Ay
=)
2,
o
o
N
iy
ax
r o
>
B
o
N
4
v
rlr
i3
v
[>
il
ol
ot
)
iy
ax

A AxF717F A5 vt Aow aysglon, ofd o 7HA type
2

o] AHAE F71etuA LFEQ auxing Alete] I AdE H Ut}
S28 2L Zeatin(l, 2 mg/D3 TAA(Q, 2, 3, 4, 5 mg/l), NAA(0.01,
0.05, 0.1, 0.2, 0.3 mg/DE 77t E&A g ste] ZAej~ BA 9 JeE &
Zatdoh
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w}) Agrobacterium strain®l W& W8 A

a5 FAAG oA o 1A FAH FelA infection THA
o e EAZ afds] nuxt gd=He] & Agrobacterium straing A&
ste] By 79 AdAAAM ARSI Agrobacterium™ = HE
Aol HFSL 1 FFE AHEAUTE AME straind

C58&  A208, A28, control® Al136< Abgstgion, o5 7ty thE

r\ﬂ

straing 11F A

type]plasmid& 7FA 3L )t}

NFEHEA £4

7} EntE

TE ANEAE AR 7 FAADA B4l ol gsarh ¥

L

A% 240 PCR, Southern blot, RT-PCR %< "W
Agrobacterium®] T-DNA7Z} 2 EA9] genome W= AU A=A9 ofF
S AT

PCR #£4<= 913 DNA F% UH2 ts3t 2ok ¥4 DNAE F
=37] Y8 EvfEY ¥ 01 g& AMFHSE] 1.5 ml microtubed] ¥
deep freezer (-70°C)e] A& FATH7F AFLEATH 9 AEE Az 2o
Y3 A 2o} Extraction buffer (14 M NaCl, 50 mM Tris-HCI, 20
mM EDTA, 05% SDS, 65C) 1 m¢, PVP 0.05 g, B—mercaptoethanol 12.5
s B & 4ol & F 65T 1Az &<t WAl 3 Chloroform:

5

isoamylalcohol (24:1)2 ¥ YW 40%7t invertingstth. ol A& 4T,

¢

ST

12000 rpmolAl 1023 ARG = AS59S wA 1 volume9]

isopropyl alcohol& Y -20TColA 1AZF &b ¥wSA T thA] 47T,

12000 rpmoll Al 587 YA E2]3lo] pelletS 70% Ethanol® 1084 F W
7

A2t spin downA 7] pelletd 37CeolA 1A A= AZXAZl F

o

100-200p0%] TDW= =it}

PCR 2] o o] &3} primer<9] sequencet™ sense
5'-GTACCGGCAGGCTGAAGTC-3', antisense
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5 -TCGTCAACCACTACATCGAGAC-3'°]t}. PCR 249 o]&¥ Taq
polymerasex TaKaRarle] Tagq'™M& AM&34l3, PCR wHgo] o& 2%
H DNAEL 1% agarose ethidium bromide gelold A719%E3 £
ultraviolet s}oll A ¥2Ha}S]

Southern #41& 913+ DNA F&2 W3 ¥ CTABY S ol &stith
2 AN oY EvtE S oF 5 g& AFste] A dAvE ol H
Zpapdbo] W1 HA 7+ & Buffer mixE A 5% wak 5-10 W A==
A 71skt). Buffer mix®= 1 volume DNA ext. buffer (sorbitol 63.75 g/,
Tris base 12.1 g/l, EDTA-Nay; 1.68 g/l) : 1 volume Nuclei lysis buffer
(CTAB 20 g/1, IM Tris HCI 200 me(pH 8.0), 025M EDTA 200 ml, 5M
NaCl 400 me) : 0.4 volume 5% sarkosyl= 20 : 20 : 8 H|EE 43 Na
bisulfiter= &% H7Fstt}h. A|8 & Inversion & 65T 30% A= FAot
7F 5 ml9] chloroform : isopropanol (24 @ 1)& #7I3F & 3% A=
shaking ¥ $ 3500 rpm, 15% &<F YA 3t AedL A= tube
o] Wt} A}7}% isopropanols 5 ml F7Fste] DNAZF 7)™ A} tubedl
AR 70% EtOHZ F+ W AX Al&32 spin downAlZl & pellet2 4
2ol A sk AR AxAZ §F AP Fe] TDW=E 5o AEs3lh

AE L2 A3 genomic DNAE 1% agarose gelol A7]|9d% 3l
%, gelS EtBrzZ f@A(203)3t == AlFH, thA] 025 N HCl &9
=

1057} depurination A1 & FEE2 AlF 33l 04 N NaOHZ 314

-

71 & 2A% dAS o]43l9] nylon membraned] blotting 3Fi .
Membrane< 65C <] hybridization & <(05 M Na2PO4, pH 7.2, 1%
BSA (Fraction v), 7% SDS, 100 ml ¥4 ¥ salmon-sperm DNA)IA 2
% 4A]ZF o]4 pre-hybridization ¥ & & %A probe labeling
kite] #9ol wal #H]9E radio active probe(bar)E o]g&3dte] dF o]
hybridization 3F1th 2X SSCE membranes A& st 65CoA 2X
SSC, 0.1% SDS, 1X SSC, 0.1% SDS &<doz 77} 102 F washing 3}
1l membraned X-ray filmo] 4FY A= 7L A A}

RT-PCRE 93 RNA F%& Tri-regent)E ©]&3}lo] total RNAS

i
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3191 1L, RT-PCRS Promega A9 Acess RT-PCR system< ©] &3}

e
flo
i
=2,
N
g
ft
=
frt
lo
-
Z.
>

FAAT Aol AT AEst MAES T F o] 2H0A
FAEN oM, o5 Wi FHAHIAE AEstr] 913 BEALSE AA

stk BB BedelA Agett FER st Aw uhaw §942 03%

5) 15 ¥ AYAY ATH oy AT dduPgAdg FH £ 2
Zi R,

WA AR At delA x&AE o] genotypeol gk AT
g ZAitol o uF W AFA AT oA AN ddugAnE &
Aetaat aklom, ole o5 Fiol A¥S FstHA o2 7HA 8ddE
(L-cystein, acetosyringone, cutting W¥, AgNOs; #H7bel] st Ad=

A st
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. a7 25

1) AzA AFA d2A8 o] & T&3A HEY A

nF 9 EvtE FHAHUIE vectors WA AFE wg A4
A AFstA =Y, 1 55 % 29 2o gy 12 2 A ¥4
A dAFo] FE AFEH  vector TFo|H, o]olx  pSBG-700M,
pSBG-700, pM]J-21 5% AF&3}3Att.

B=)

BAT MAR
a9 1 1 A 3ko)l A}2% vectord +&F

2) A% Z=o] FEAE AA &4

7hH EvtEe] dEdg

71Ee] gAAS AAEY Bl met ERER ga0 g
& ddE FdsE W, I G&0] FA ¥ol ofE FAste] MEA ¥
AH8 AAE MAsATHGE 3). EellA = 71241 MS saltét pH 5.8&
F718kA .

Axe] vl et FEa g wiAl o] gelrited] S HFowA dAA
5 A" FEs HASAIES sksled,  dHds de=dd

AcetosyringoneS  H7Fste] vir A FAFE =RFAT. B
Agrobacteriums A A= FAAR o] &5 += cefotacxim¥} carbenicillin
o AHE Ay FAEHo] U timenting AFg3lo] Agrobacteriume &
HHoz AAT 5 AT FH Z2EZOAE Ax FIIMA A
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%2 nFe Eviee] YAAHL Sla AL el 54
‘B =4

Actl promoter-GFP A A-pinIl terminator
pSBG-700M CaMV35S promoter-bar-nos terminator

MAR sequence
Actl promoter-GFP - A}-pinII terminator

pSBG-700 CaMV35S promoter-bar-nos terminator

MAR sequence
rbcS promoter—-TP-sGFP genepin Il terminator

pSB-RTGM CaMV35S promoter-bar-nos terminator

MAR sequence
CaMV35S promoter-sGFP-pin Il terminator

pSB-SGM CaMV35S promoter-bar—-nos terminator

MAR sequence
amp-ori-senl promoter—ubi intron-ABF-1 gene-

pin Il terminator

pM]J-SA .
CaMV35S promoter-bar-nos terminator
MAR sequence
amp-ori-maize ubiquitin promoter-maize adhl
intron-ABF-1 gene-pin Il terminator
pM]J-UA

CaMV35S promoter-bar-nos terminator

MAR sequence
amp-ori-pin I terminator

pM]J-21 CaMV35S promoter—bar—nos terminator
MAR sequence
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% 3 mugz a3 Exd 9ol
1l A
w7 A
%
3% sucrose+0.4%
HAAE  gelrite+0.5mg/1 IAA, +4mg/l
Kinetin
bacterial sol'n+
259
1/2 liquid MS
3% sucrose+0.4%
FEel g gelrite+0.5mg/l IAA +4mg/l
Kinetin
3% sucrose+0.4%
AZxF7]  gelrite+0.5mg/l IAA +4mg/l

Kinetin+500mg/l cb+75mg/l1 km

3% sucrose+0.4%
gelrite+0.5mg/1 TAA +4mg/1
Kinetin+500mg/1 cb+75mg/1 km
MS+3% sucrose+0.4%
gelrite+0.05 mg/l1 TAA+500mg/1
ch+75mg/l km

RERE

B5 vt.+4% glucose+0.23%
gelrite+1mg/1 Zeatin+100uM

Acetosyringone

bacterial sol’'n+1/2 liquid
MS+100uM Acetosyringone
B5 vt.+4% glucose+0.23%
gelrite+1mg/1 Zeatin+100uM
Acetosyringone

B5 vt.+4% glucose+0.25%
gelrite+0.5mg/1 Zeatin+0.01mg/1
TIAA+150mg/1 tm+550mg/l ppt

1/2MS+B5 vt.+3% sucrose
+0.8% Agar+0.03mg/1 IAA+
200mg/1 ppt
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a9 2. Az F7IA M AT s Azl B

E 4 AERMANA mRns 9 44 slEelAe A
g W Az GHES UE golth shlEd M Ads FHEe A
g3t vzaglont A% B WA "olAE AL & & Tk

¥ 4 EviE BRERE 239 Callus A4S 2 83

S

Callus formation (%)  Shooting ratio (%)
94 82 52
S = 88 14

w Aol glolM EvtEs A= Rl vls) A e =

Ay oz e S HeEdl =, ol A2 escapego] =t AS 4
Ebith, Atz x|l PPT WA A3 A3 gelrited A9 550 mg/l, agard]
49 650 mg/1E #H7leteE Aol AATER AAHJAR, A% F71uA

Aol A Aelx=rb FAHITL 74 Ax7 P48 o A~ gojgrt 2
A Ay 27 iAol gA ge WelA A7 AEs 2 AFede
escape®| Tolx|= Ao 7 AR HU. Z A A Yol AU Hor A
FARI PPTel il Wido] AA= Ao=w Azum Aoty Ax7F §
2 o= dAARSTE Wy Zesta Ae2E A v AR
of A5 AlthaiF dFe] escape®] FE =olil EE&AQ AFo] FIqE F

UEE solof & Aoltt.

o, MZ

o
)



=
A, o, hEAEE 25, CAA e B3 AlEdt T 239
T2 A%, sl AlgiF] SP209, SP210, SP211, SP239, ¥ A 34 7AF
CM334, PI159236, PBC80, PBC81 & 1371 #Al&el thate] Fdx3k 3
g Ad= # 5% Zrh

A

B oageld 714 @448 mgol TRY A 259 58
F=HO)2 CM3349F @ulale] R Fig ol BAAR Anz L5
JER-Tcs
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F 5 A% e dEHE 58 HA 29

A% Shooting ratio (%) A Shooting ratio (%)
7B 34.6 SP209 14
B 56.7 SP210 8.1
A 1B 0 SP211 20
d 4B 22 SP239 0
7HeC 575 CM334 0
California Wonder 68.6 PBCS81 0
Tisana 94.3 PBC80 0
Jupiter 326 PI159236 0
TAM veracruz 0

oh) thekdk Ao wE 13 FAHNE g8 v

¥ AgAd AEel CM334, PI159236, PBC80, PBC81> 23 &
&o] 53] Axste] & AAE APsk= o Aol oAFwe] AN, o=
MAdst7] fla] o8 7HA A= itk

oy T2 ZF wE Az F71&S Ay B7] 95te] [AA%}
2ip, BA, zeating =& AHgstol 1 AdE HUH AlolE7|HF FTollA
2ip7F AwkA o7 wk&o] FX] 4kl vhgFo] BA, TDZw ©lslow, o
L zeatin oA TH(LH 4, 5, 6).

ole} T2 AT 7+ genotyped HAZEZEI old wE HAHF
e 47l gE2H, o5l 7)o fFHdo A= SR AZhH o
t}. Sweet pepper®t SP210, i B, A 4B, AluB S JolAE 2%9
F7180] g2 Ao vl A er EgAN A stemS A6

+ shoot?] W=+ wgkt)

fol
[rtl
r
N
i
ofy
NS
o)
o
rlo
kol
K
TR
a?
r o
s,
>

)
oL
ol
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Zeatin 2 mg/L

“ e n e o
IRl ]

1ad100ys jo 0N

Zeatin 8 mg/L

5 ma/L

Zeatin

AA 0.1

19d100ys o

oN
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oo
N
<
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g

a9 4. Zeat

2 me/L
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LIS
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F 62 2 Al AHEE 32709 zEE 23 Agd wko wE
7} genotype®| WHES ARl Az P& VIeowm M 45
e =23k3k Aoy, HUB, A]B, California wonder, TAM, PBCS0,
PBC81 52 BAS TAAS 328 Z3JoA, 71=AXC, 71241 4B, 4B,
CM334, SP209, SP210, SP211, Jupiter, California wonder, PI159236
zeatin?} TAA Z3olA W&ol Fokth SP239% TDZel wigh A 2jwkg-o]
7V ko 2ipe A9 AUACR e AlolE| e HlEte Azl

#$7F F4 E

BN

14
¢

.

¥ 6 o8] 7kA nF A 7 FHAPH wE s2E 27

AA 0.1 mg/L 0.5 mg/L 1.0 mg/L 0

ytokinin| 2IP | BA | Z 2IP | BA| 7Z |2IP| BA| Z TDZ

Genoty 01]1]10j2 [5 [10[2 |5 |8 |01 |1 |10]2 [5 [10[2 |5 |8 |QIf1 {10[2 |5 |10)2 |5 (8 [Q3[05 (1 |2

3]

KR (C)

KR (B)

Chungyang B

Daemyoung B

CM334

Sigyo B

SP209

SP210

SP211

SP239

Jupiter

Califonia

TAM

PI 159236

PBC 80

PBC 81

Tabasco

_>J‘_‘I
R
N
NS
ox
_Nn_',
-
o
=2
DL
rlo
i)
v
[»
il
ot
oX
>,
by
o 4
T
2
P
Ho
N,
=2
rr
fol
X
ax
o,
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rir
Y
=2,
1o,
(}1|
X
L)
N
=
é

g ol &3 FAAIRG ALsE AR

= & F AATGE 7). F=AAC, Jupiter, CM334, SP209°] 7% A A
glo osf 4z fr7l&o] Helxed, o= genotype, WA E, MEEA
5o 8lEe] HFHor ALF sow FAHHAIIT
X7 AL Az P vA= AF
. No.of No.of shoot
Genotype Wounding  No. of explant explant Regenerated B/A
method cultured (A) Regenerated (®)
control 50 24 52 1.04
KR (C) blade 48 31 52 1.08
needle 58 10 13 0.22
control 30 21 27 0.90
Jupiter blade 30 7 15 0.50
needle 34 9 16 0.47
control 30 8 12 0.40
CM 334 blade 30 5 11 0.37
needle 30 4 7 0.18
control 32 12 27 0.84
SP209 blade 30 4 5 0.17
needle 29 5 9 0.31

L-cysteine®] 13 AT 3to] mx&= J3fo] fiste] A3 A=
U 2ok L-cyteines A&ld 49, 153 A9 AdsA &2 iz
o Je mAS wQla, AEsEEE shoot GA| tjx2TF R @kt 53
Hlag FAE F 9 2R dAA AW o] L-cysteine A g ollA B
o AA vEhg AR Qg 7] gzt iz Ttel] Hlgte] A AAF B
ATk AZH718A e 0, 200, 400, 800, 1600 mg/l == Z+Z} L-cysteine

< AYPES W genotype ¥ Mx{H71E&S o BUH(E 8 1¥ 7).

oo

L-cystein 3 & o] W& genotype &2 7 AAC2F SP2099] 7
400 mg/l, CM334= 200 mg/], Jupiter 1600 mg/19] F=olA A3l AHe)
of MxfF7]&0] =2 Zox YErWrh 2 A A= L-cystein®] A
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2 o7 genotyped] WE AxF7|&H} AESE Qo F4EH A

o
dS F AUk

=

8. A zx&A v X= L-cysteine] 4

i

No. of No. of

Genotype L—=Cystein explant explant No. of shoot BIA
(mg/L) cultured (A)  regenerated induced (B)

0 30 7 17 057

200 30 9 19 0.63

KR (C) 400 30 10 28 093

800 30 9 23 077

0 30 4 12 0.40

200 26 9 29 1.10

Jupiter 400 24 7 o5 104

800 21 3 25 1.19

0 30 2 2 0.07

200 30 4 8 0.27

CM 334 400 30 2 3 0.10

800 30 4 6 0.20

1600 30 5 5 0.17

0 30 3 5 017

200 30 6 12 0.40

SP 209 400 30 16 32 1.06

800 30 16 26 0.86

1600 30 10 20 067

we S Kb &
Jupiter ( *‘ * 'ﬂl &.
CM 334 ‘_ —.é::- ,..' -_‘ =
SP 209 - ;_ .& 1‘ 'ﬁ

= A

oft

Ao M 2= L-cystein®] <3 3F
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A zF7] wjxe PVPE 0, 0.1, 3, 10, 100, 1000 mg/L s == Z+zt
Asta 1 NExF71E&S ZAEAT. AWAH 02 L-cystein Aol H] 3
e Bde FA4 FUAT, genotypeol whel ZHEFAAECE 100 mg/l,
CM334 3 mg/1, SP209 0.1 mg/l, Jupiter 10 mg/19] TEolA AlxF7]89]
FgEold Row yerh 2y PVP Ael FEdl weh Az 44

F71%0] B Ao wel mF FAAD A ARFES wo)7] 99
Ae AEn EF e APAYRAS FHsE dol RIS ¥ &
AATHLH B

—4—KR (O
- - CM334
---A-- SP209

s JUPiter

No. of shoot per explant

3

Sweet pepper®] - FHIL AL JxHo] S FAGe g 54
& OE genotypeEel HlE] =2 sXRoAMR= Aol 3t 5l uAzE A
Ao Gkt wu] AEEA SP209, SP210, SP211, SP239 A=
iAo PPT 500 mg/lel HwolA Ago] B3 wAbste] ofEe] 2%
WFAlel = PPTE Ae] v=s 9w & 87 l&& & 5 Atk
Capsicum baccatum?] PBC80, PBC81, Capsicum frutescence?] Tabasco

= FAs Age Aol wAsel It AAHAAW  Capsicum
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chinense?l 11592363 TAM-S PPT 500 mg/lo]de] FXolAde tE
genotype®ll Hld] FE7F sS4 & UAJATHGEE 9).

9 9% CM3349] Aistel mx&= PPTe &

o

Jerd Aol

3 9. oY 7HA a5 £l A PPTY lethal dasage®] *}el

PPT concentration (mg/L)

Species Variety
0 100 300 500 700 1,00 1,500

KR (C) 1.00 100 078 039 017 0.06 0.06
Tisana 1.00 1.00 1.00 067 061 050 0.11

California
1.00 1.00 1.00 071 065 035 0.18
wonder
Jupiter 1.00 1.00 1.00 060 047 033 0.07
Chungyang B 1.00 1.00 0.72 0.17 0.06 0 0
Daemyung B 1.00 094 067 028 0.17 0 0
C. annuum
KR (B) 1.00 1.00 089 044 0.06 0 0
Sigyo (B) 089 083 056 0.22 0 0 0
CM334 1.00 0.72 033 0.13 0.06 0 0
SP209 1.00 1.00 0.83 0.17 0.08 0 0
SP210 1.00 1.00 0.75 0.25 0.06 0 0
SP211 1.00 094 075 038 0.13 0 0
SP239 088 075 038 025 0.13 0 0
C. chinense PI159236 1.00 088 088 063 0.19 0 0
PBC80 0.38 0 0 0 0 0 0
C. baccatum
PBCS81 1.00 1.00 044 0.06 0 0 0
C. frutescence  Tabasco 075 075 042 0.25 0 0 0
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mg/1, 0.3 mg/l, 0.5 mg/l, 3t& AZEHH 0.7 mg/l, 1.0 mg/l, 1.5 mg/l. A}
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o] F Aol
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sl

A 2

=&

1559 Auxin® cytokinin<

e Ao Hre wid o

713

o

B30

o7
el

B30

M
<!
oy
®
T
N

o

o

Zeatin(1, 2 mg/D¥ TAA(,

] 7=

&
7459} Zeatin 1 mg/13}

=
T

NAA(0.01, 0.05, 0.1, 0.2, 0.3 mg/D=

2, 3,4, 5 mg/),

i3

# 2]

A3} Zeatin 2 mg/13} IAA 5 mg/l&

NAA 0.3 mg/l2 A&

A e g

i3

A ~7F GAHQHE 10). oY

R
i

3 Ho]

TN B
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o
%

!

el
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29 100 A AAA A o] A FA

(A, Zeatin 1 mg/13} NAA 0.3 mg/l; B, Zeatin 2 mg/1¥} IAA 5 mg/l)

wb) Agrobacterium strain®l] W& & A

a3 AAAE HFIHo] A3+ strain C58S modify Al
A208(GV3101), A281(EHA105) = HZ3}aL Agrobacterium®] A Ao 3%
Holl EojlE EUYS SEM(Scanning electronic microscope)< ©]-83}o]
st

a9 115 2Y A208(GV3101)e] A281(EHA105)e wl3l] A A9
ol Be Agrobacteriumo] o9l
EHAL057F #deglo]l Aavta &4 ey, FHlxs ddaAz o &3

B oAge s GV3I0le ZdEe] B F& o FAHUL obF of

rlr

Ae #FEE F dJY. BHE

198 11. Agrobacterium infection @A ¢ SEM ARz
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3) BEAEA EAH HA

A4 A A (PCR, Southern, RT-PCR)

g A e PCR #A4S 33 2=
bar primere] 2]t PCR F$% AFE2S 450 bpd=olA 1470417} PCR
positive(Z1¥ 12) A¥E YEU o, o] Ax=z Adtd AEAYR Yt

= A Aeder =QEdSS 9 ¢ ddn B o€
u

)
Hrl
=)
Hﬂ
m&
=
rﬂ

ofh 3
M

9 12, A3k hAe] A=A AR FAAF barel g PCR A7 A

(lane 1, negative control; lane 2, positive control; lane 3-15 & 2 A 3HA))

=]

10, REu a0 JAAA BAL 9% PCR wg 24

Step Cycle Temperature ()  Time (sec)
First denaturation 1 94 300
Denaturation 94 45
Annealing 45 60 45
Extension 72 45
Last extension 1 72 600
Soaking Forever
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PCRo| ] 1% AjAe] sl RT-PCR(ZE 13) 24159

ow U A3s 45 F AU RT-PCRel 3k profile2 ths 3E

[
o
[S—
w
=
Me
ot
=
—_>‘£‘4
fo
2
B
>
2
ot
oX,
Ho

A28l barel ¥ RT-PCR

¥ 1l ZrmE 939 JAAAAE Awslr] 918 RT-PCR =4
Step Cycle Temperature (C)  Time (min)
Revers
e 1 48 45
transcription
RNA/cDNA
) 1 94 2
denaturation
Denaturation 94 1
Annealing 45 56 1
Extension 68 2
Last extension 1 68 7
Soaking Forever 4
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EunlgE ol T 2 E4 9 t35le] Genomic southern blot analysisE 2
Alste] A zA AR FAAHbar)7h A=Al genome <tol bAoA
PHANE=A ARE &2 stax son, 28 1434 22 2is g5
atth. EcoR1o.2 A2 % 7T/HA % 474414 bandE vieEpWon], vl
FAAGAANAM = oH band®= YEFA Skt o] A3 ol& FAAIE
T4 AEActel AYEHASTS FAT 5 AU

7t genome®l AFlE AEA AFE FHAAL] copy FE LotRT]
$3le] A3 enzymelZ A28 & southern blot analysisE A3 A

2 UeriE Y 1490 2o

t N1Z23445867T

O 14, AE3 ALY A zxzA AT 5AAF barel thd southern blot
(M, marker; N, negative control; lane 1-3, ¥ & &A% A); lane 4-7 &
A gA)

o] A= EE ato] FAASA N et bar AR A copy
Fol 3 ARE AL = AATHE 12)
Z 25/MAE FolA 1 copyE AYE A 4M=2 A= 60% %=

ola, 2 copy?l ZNAZ} 5, 3 copyl MAZF 4702 242y 20% HEelar, 4
copy?l A 1/HAl ATk o w2 JhAel tiste] copy el wiEk
southerns AAN(1E 153t ot ofe] 7FA] A A 8 Q=6 st
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A9} @ ved e ASE AT

a8 15, FE A3k A o W3 copy 4 southern AT}

(M, marker; N, negative cont.; P, positive cont.; lane 1-10, & 2 A 4))

F 12. EvkE Ty WA g copy = A%

FAQ8A W5 copy & FAAEA WIE  copy F
1 1 i 22 1
2 1 23 3
3 1 2 2
4 1 %5 1
5 3 % 3
10 1 29 1
1 2 30 1
13 2 31 1
15 2 | 32 1
19 1 33 1
20 1 35 3

| 36 2
21 4 i
, 37
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Agrobacteriums ©]-§3to] JAHMIAS FPst= Aol particle
bombardment Xt} 54 FH27F 1 copy®E AU EH+= FEo] vt 3

o, 2 Aol v das Bl

W) FAASA ] B2 HA
e 130 Al diske] FAALS el on, ofrjeA
of 1 AEst A dstel HH FAASl bar AT AWE SFAME
A Gobr 7] 918kl PCR HAS AASL 44 vbe2 ®el s/iAE &
H3tAoH(2®l 16). Lane 4, 5, 7, 8, 9, 109 7HACA 52 FHd2Q0 o

450 bp A719] bar’t =YHA S & 5 AT

a0

a9 16, g AZsE A A0 hE PCR
4) FAAEA Y JEAA

7hH EntE

[e=]
AN
=
MAES 2HNA ¢35 A7 T BfxEES ﬂﬂﬂ?ﬁﬂ%, A5 TRk A
= 124 22 shoot induction Ao ppt7} 3

e w2 Al &3, 3 100 & F Vel 03% s =R dksE

_56_



2 A4y WA 24 Awstgon, o7 dolre NS

w71 =3AI71AL Al 0.3%9] HEiERE A gkl Adiskivh o) F A v

rlo
i1t

B =

BE Agstdsols =skal thAl HH 7]9] 23 F2 FEE Abs
BE Adsde W S HAE] AAdv ofek 22 ol 7ol A e
B Ak AdRdE 2L E UE S E0] obrdE e 84K
th= G2 F7] wZol escapec] 7= Ao ofdrt AztETh olfg W

N 2w, el W gl FAHA AzA AZHA AANED
g Awstag & g nree] g FEE gAY fPye] £
A SS9 48S ATl AAske] wolok & Aoz AW
29 17€ 03%9] whaE AEel @ FAABASL v FAABA
WEA4 Avtelth W] FAARAL viaE AE 3] Auhd gdo] o
Mo Weka Qe BRENE 20 BHA MRZoE weuA 62
Fol= ghs) wAegth v FAARA A5, vhaE Axdo) &
o= Ao Exke] Qo] meFolih AzeA el A3 Ysich.

tlo

T 17, vkt 03% Aol ol MwE FAARA T(AZ)s v 3
AARA(2EE) o B
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Aol Aow Yyeykor PCR 4 A3 positive® 1}k
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TMV P(3) A &4

TMV P(0), 918 AZ4
TMV P(0), 918 434

e

piaes

TMV P@3) A

PI1592362] TMV P(2) A
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=

telof Pome

443
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=
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=
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o

ANRcTh whekA

njp
—_

A ol A

=

b4l o]

=
fE

[3 ="
BA

o A~
d& F

srold B

/\o]

3

o)
=

249}

sl

A &4

ke

St ol A

o
g A

%_

d A= AL

FA

2 9 AY

PI159236

Atk

5
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14 T o9 AE CM334 AEHe] wgs Bd JoiugAd
ERREE
= % A%s 9% A 245 Snd 244
AYC x CM334 80% 59 11839
53C x CM334 53% 72 433
7F&C x CM334 45% 85 2538
Al3LC x CM334 60% 71 1923

o] FollA HUCe CM334¢te] mufjo A AL AR FFAE ol &
sto] dAdES FHsN Y, Anjys Aol (F)REEH EYEE TMV

AAE AL FEEF B4 2F Wb B Y

N,
l—‘>~l
r i
o
4>
o
ol
2
£ %
u
il
A
2
N
2
>,
8
=
(_".
=
(@)
wn
5
o
=4
i
ne
32,
(o
B
ot

O

19 18, A FCet CM3349ke] A ulgtAl ol A @2 @ Z e shoot
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2 AYsrh AAA dAgHo] JAAD A 2P WAL I
of tistel Peluma ¥F U FEL Auste] 4@ Atk B

R x CM33dolt} 4 2% A s Zolq Frx e dgubgel 2 3
o2 Vb BATHE 15),

v

F 15 AuAe] dego] A B8 VA= 9F

Shooting ratio (%)

A A % R x CM334 I
2 2+

FERE A 55.9 375

oFz At 594 45.8

L-cystein®] #7}= 1239 of2] genotype 7Fe] A g oA A4 <l
= Belw , Y% R x CM334% HAS ggo=z Ags 4y
do R x CM334+ 400, HA2 1000 mg/15 H7IstA S

, SHEl S Q8 FH7E ¥ S UG 16).

fo
=)
%2,
o
)

rir
x
cl
2
>
rir
O:

)
RS
oifi
>0
0,
o
)
Ol

¥ 16. L-cystein®] #7}7F 2 A3 g8 vx+= A&
] Shooting ratio (%)
L-cystein -
(ne/ ¢ ) g R x CM334 5| A
mg —— —
24 Sl 24 st =
0 375 185 385 16.7
400 72.1 0 63 8.9
1000 79.5 0 25.9 0

Phenolic compound®A agrobacterium %%} A virulence -4 =}

=2 A 3}A )= acetosyringone®] HAAMSlo] m = FyE AR Z
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3, 4 R x CM334e Aol A= 50 m/l WL, shul el A ¥t
7} aydolglon, WAL (Y L FuE B 50 m/l W77 &b o)

ATHEE 17).

3 17. Acetosyringone®] HAAZ g &) v A= FgF

ool

Shooting ratio (%)

AcetO(Syzf)lgone Aok R x CM334 3 3

' 4 -

7 2] s A4 iy
0 5 26.7 35 0
50 375 4 37.8 74

71¥¢] protocololl A& preculture, co-culture, shoot induction Hj

Al AgNOsE 37bekl=dl, AgNOs7F ol 2=l AsjAl =AM el S & o}

Uz} bacteria®] HHAS Asjdozn FAHAS AFA co-culture Fol
FAAZ Q& § Aok Bark AAJG o]o] 7]E| co-—culture HIA|
of 10 mg/1e #H7Fst A FH7F Ale] FAHAS o v X= Fgfol| uso]

R

ol Ay HEF R x CM334¢F WAde] A= shull 5 EFolA AgNO;

=

E HrbebA @ds Wk ¥ a3l Av(GE 18).

¥ 18. AgNOy7F A A3 g 8o vX+= g
Shooting ratio (%)
AgNOs -
(ne/ ¢ ) A R x CM334 5| A
mg, ~ - - -
24 st = 24 st =
0 64.4 8 54.2 60.8
10 54.4 0 20.8 19.2

E 198 FEWMG A pH AErt FAABC] 9P MAGE n
°f

So o3 FEuF v pHE 4.0-657tA thFelA Hwls
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o] Aujolw ojuf AR WA ppt FEE 750 mg/lE A EATt A
23l wA e ppt FEE 750 mg/lE W Ay ABIEHE AERFE AT
3] o] ZoE AL oy, AAHoRE A gt & Aol HolA

ottt A orm Bk o] Fox Alx= pH 4.03 5.00004 A=A

Shooting ratio (%)

pH oA ¥ RxCM 334
219 ERE 21 o)

4.0 0.28 0 0.14 0.3
4.5 0.31 0 0.14 0.3
5.0 0.31 0.4 0.35 0.33
55 0.2 0 0.11 0

6.0 0.33 0 0.04 0.2
6.5 0.28 0 0.19 0.22

ok o] A Aol ofs] =4¥ 7] protocol> Hhee] E 20
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1} %] ]
iR | 7 S
=
) 3% sucrose+0.25% gelrite+5mg/1
3% sucrose+0.4% gelrite+5mg/1 )
N . Zeatin+0.1mg/1 TAA-+50uM
A= 2 Zeatin+0.1mg/1

Acetosyringone+400mg/1
IAA+10mg/1AgNQOs3, yrne .
L-cystein,

bacterial sol’'n+1/2 liquid

iy

Z&4  bacterial sol'n+liquid MS .
MS+50uM Acetosyringone

3% sucrose+0.4% gelrite+bmg/l 3% sucrose+0.25% gelrite+5mg/1
FE5uY  Zeatint0.1mg/1 TAA+10mg/1 Zeatin+0.1mg/1 TAA+50uM
AgNO:s, Acetosyringon

3% sucrose+0.4% gelrite+bmg/l 3% sucrose+0.25% gelrite+5mg/1

REre Zeatin+0.1mg/1 TAA Zeatin+0.1mg/1
s +10mg/1AgNO3+500mg/1 TIAA+10mg/1AgNO3+500mg/1
cb+0.5mg/1 ppt cb+750mg/1 ppt

3% sucrose+0.4% gelrite+bmg/l 3% sucrose+0.25% gelrite+bmg/1
A z21% Zeatint10mg/1AgNO3+500mg/1 Zeatin+10mg/1 AgNO3+500mg/1
cb+0.5mg/1 ppt cb+750mg/1 ppt

3% sucrose+0.4% gelrite+0.5 1/2MS+1.5% sucrose+0.8%
mg/l TAA+250mg/1 cb Agar+0.5mg/1 TAA

e
rl
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2

b AT AE 2 3y

W AR ke AxAl AAE FAArE Avd AE AEsr] 9
g B A A FANHE o
Holl A bar FAAA W& digF 312 E83t= WA (bar FHAA7F one
copy® AE L, olHd T, AltE zHzhe] Wl s tieF 150-20091
H4 AL A gFsta 29o] 2-3w AE AMEAS W DNAE sampling

=]
& %, 03%9] vhaEE 4RPPL WAL, o F Hopge A

i)
L
o
e
2
£
=
1A
i)
filo
offt
2
=
=

e Zizte] e AdHoR HERT wEI deled o8 Aur
9% Taas Gk
1) BEAA

7h EvE(Ti=F; Alth)

12 d=el A=dde Fal e FAAdSA 2270 A (To) ¢ 22kd

2 FHath 4 AAES FPLAdNA FAREA, AAE 2009l
100099 Aol ol T, $A% FEsgon, o€ S T, £
T, Aol Aol 3 AY FA4 2 AzA AZY A G

AR F27F 11,0008 o] e Tiol thair e Al ZzAld sl A
A3 ol Adel JRAI7E 311® E(single copy A)dtE AL 2]
ato], T A& 25TCelA HolAzl &, dief 50019 =4 508 2
Eo uFste] A=AV 29 2-3v) AR AASAES wl wiaEE
0.3%= st BE=HAS AAsHAth

(

e
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) 323F(Te=F. Ald])

sAAETHAN 53 ALABAGNR) AxA AR f

HA27F homo 7 El-9F AMathstal <l
2 wujste] AS By AAALA) =3
Fi $7k= 25°C dqtulolHell A FHol A7l & 508 dAZxE 3F33d
b A8 12cm EEO o] A3l G 22X FAFWEA 27p 83}
of Fy A5 Sttt £33 F, T4 tA 508 JdZXEC 3F
3o 29 4uAlo] 0.3% A8 nlsaEl oz Avsle MEAA 39

o},

F 21 25 FAASA o CM3349] aulj =g

FAAEA HE a2 g

Ti-1 Bp4-11-8XCM334
T2 Bp5-17-1XCM334
T1-3 Bp5-17-1XCM334
T4 Bp5-17-1XCM334
T1-5 Bp5-17-1XCM334
T1-6 CM334XBp4-11-8
T1=7 CM334XBp4-11-8
T1-8 CM334XBp5-17-1
T1-9 CM334XBp5-17-1
T:1-10 CM334XBp5-17-1
T-11 CM334XBp5-17-1
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2) 8 AYAY AR

7b EntE(T=F; Ald])
AzAe tigh Eeln] dudd Aol A3t el el
7F 31 A= A7 U2 T, Alti(single copy® A YE Aol gelw A)
T 1 FAES O] HolAl F 50F JdAXEY 3 = AY 3 = A
2008 A% mpFatar, 24 2ujAlol vlAERE 03%E A Este] A8 S

AArlskar, dopd 2 JfAlE Wetol= M AR o (1M race 1, 2
T+

B 5o A4 2 A HdT HES M Med A2E 2

W) ZF(Te=F2 Alth)

T™V PO)= AE&gtnl sAZEZ oA EFol Aoista ¢
o sty} &Fst AgAdAA FA, FAsL A= AHE AHESIAY. T

=

2o = Nicotiana tobacum cv. Samsun 'nn’-& AF&3F$3 T}
-
AHA AAHLS A2de 337 22 WHoe=z A e, HEF F 25T

3) vy AEAY U9 AL
7H ERtE

AdAEE AAs7] sl Mapmakers ol &sh= 45, el o
A

g AGA B oW o, AlxzAlel I AL R olHA ohE g
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A stolof BT Y AzAE WA Awan @ ARES AAee
A5 A4 W AL WA AN F AzAZ AL A4S
Ao 254 AAG B gl oA A daAE 24z P
gat Agy R oA oRg AxAdd de AR W grd ofRe
o 5 gk weba A91He W AFelY A4RAA o B o] @ A
© o Aol ME e Abgstelobw St ool AlxAl AW o R )

o}
AzA AFAE Fadxke] Adai-= A PCRel o8l bar # 4=
o I, =4 paintingell 2% AEHA Wy, Al
Atk oy gt 37kA o] WR Tl THE bdeka
A37F Agg AR Faa o3
o] s s3] A& A2 AEAA A7t PCRo o3
bar gene? ¢l A3} paintingd] 93 VEHA A} biotesto] 93 A

W7F zhzh A sk A S dobr 7] skl Ty Althel wiste] A=Al A

o
_|L
iy
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8
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wn
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Paintingell ©]& AEHAYS EnfEe] Egjo] 2-3v] A% HAUS
o, A= ANE ol 3 2 9 0.3%9] HixEF &S wl
RS Ot FAT vtaEE A PshA] g dele Agg o
A FeE A RE= Sto]EE o] &8to] FAIGAL o] & 4-5¢ Fo
Eiae
Biotesti= 2% °] 2-3v] HAS w, FAHFE AMFH3F] cork borer
E o] &35} leaf disc(AEF 6mm)E WEIL, o|AHLS 0.005%2 HF~El &
A= A4l filter papers ¥ HEHHA(HEF bem) Aol Far 253

ohowld =S 2% 25T, 16/8 YgxoR dglon, 54 AE Fd

o
ofN
>,
o
frtl

k
(ot

off
[as

2



#Eskqdvh. Biotestol A3d wiiEl
0.005, 0.0075, 0.01, 0.025, 0.05, 0.075,
AzA g Ad R s 2

o,

it

zk7]1 91& 0.001, 0.0025,
1%9] 97H4] Fre= ddsidion,

T 5ot ¥EE 2aA Y

R o

+
4

W) 2F
Eulgs) ge B4 2
BEARN biotestshe] A3} AXF Helaty] Askel T Ao ARAA

< AAlskath
4) AzA 9D W AFAA FAAC dFdE A A%
g53 FJAABANA AzA AFAE FHaRtet § AP FHAAete
ABAYE Lolr 7] ¢3}e] Mapmaker/EXP(version 3.0b)& A}-83}31t}.
L e
1) AEAA (Ti-F2 AW
7} EvtE

grE T, TAE dEF 50-100¢] A=A gpFsteo] A EA7 2

H
3 A= A7Nstle wl S RliEE 03%= AEste] AEHA

4 2-
S AAF A= thee ¥ 29 2},

To-149] Ty MAEL AA 158HAER o] Fo 7tz 3749 Hat
(129 wolz 1, 2, Wl Axw PEE) FolA FwHor g 309
AAZE albino @4-& mg o}, o] albino MAEC] W& FAsh=

0ol W tE 9%e FAE 2.
a9 19v FEASA To 79 Ti 136744 E Bk2E 0.3% % # 2 s)

B AFAFY Btk AFY AAEE vizetl o8 A% HF U
s

R3 A HAL dehdon, ey AANES MW 39 FYE, 2o



X 22, EvlE Ty Aol el Al zAd o

rot
S
Ach
=

. Basta©l Basta©l
T, W% wop A% | Helul&
A ANA | A A
36 5 91
Ti-1 31 0 31
69 22 91 °F 3: 1
Ty-2 65 33 98
T, - 3 28 3 36 °F3: 1
T, - 4 17 6 23
37 4 41
T, - 5
19 11 30
T, - 6 35 10 45 °F3:1
T, - 7 39 16 55 °F3:1
T, - 8 29 9 38 °F3: 1
T, - 9 34 13 47 °F 3: 1
79 21 100 °F 3: 1
Ty - 10 S 27 02 Sk 3]
o1 27 2 29
! 34 2 36
T, - 13 68 22 90
T, - 14
T, - 15 38 12 50 °F3: 1
T, - 16 69 27 96
T, - 17 162 13 175
9% 40 135
Ty - 18 9% 38 133
T, - 19 70 30 100
T, - 20 68 27 95 °F3: 1
38 6 44
Ty -2l 165 9 174
i 61 35 % °F3: 1
Ty - 22 148 52 200
T, - 24 34 3 56
T, - 26 56 0 56
T, - 34 39 0 39
T, - 35 72 0 72
T, - 36 42 14 56 °F3: 1
T, - 37 34 3 37

_69_



59

=
AZzA AR AR Aot AEA7 1537, BdFAMAR =

AEZAZF 50MZ, g 30 12 FEste] duadde]l At A

=
o, AzxA AFAY FAA7} single copyE AUHRNT S & F AT

fr
HS

S go] ARMoR WAl AFelt e nAbe

o

32 M

rlo

a9 19, FAAEA To 79 Ty AlHE vb2E 03% %2 A2 B

T, $25 oi=zf 10001 # A=d gFste] =47 29 2-37

A% ANHAE W MAEE 03% FEZ A¥ad 4TPAL AN

F 23 Tr Aol Aol AzA gk Een] 2A(50-200 | 9F)

Bastaol Bastaodll
T 9% ol A4 w2 v &
Agd ANA A A
4 72 22 94 ok 3:1
5 63 25 88 °F 3:1
9 70 17 87 ok 3:1
10 82 27 109 oF 3:1
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bar A7} one copy
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v~ B} 0.6% = 2 &
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Al Ty Al

o

2) ¥ AYAE A (Ti=FAt)

7h EvtE

tel Ay 2 e ok (F)

T, fdelA e Evte ¥

oA $1xH #Holx 1, 2

F oy
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Stk =3 o5l o
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puzel
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-
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Aol (] EH race 1, 2,
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i 24 Alel A= el 2, wkal 912w HA Ay

T, AEAA Az 2 PERE IRIEET
o5 A% weln A% w6 5 AF Bgu FAF 2w

1 190 178:12 178 34:144
160 120:40 120 65:55
158 116:42 116 92:20
168 140:28 140 93:47 173 163:10 163 141:22
152 135:17 200 152:48

<N O O W

135 110:49 110 2288 135 99336 99 29170
11 148 13810 138 31:107
14 159 110:49 110 22:88 158 11345 113 11:102
15 187 150:37 150 111:39 | 188  131:57 131 74:57
17 175 162:13 162 83:79
18 135 95:40 95 83:12 133 9538 95 46:49
20 199 155:44 155 143:12
21 177 16819 168 143:25 | 174 1659 165 85:80
22 200 148:52 148 125:23
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A A, Al - Sotol AYd WA T, $A7F SEE A2
To 9%, olzlel distel TMV P(O)E HHAY HAWM(ZH 22)& ol &3t
HAEstr e Sy 15 o ¥Ads 93 Aye= % 2569 #

ot TMV PO)ol thgh Aol drle o3 Wat(Local lesion, LL)°] &

AEl= MAE Addoz BAs AT BAola T3S Uetdl & /A«
ol o g sttt Iy 4NAe] AS oY TS YEhA &2
k=dl, o] A o] AATE wlolg 2ol thste] € immuneo] AU o] B A

o wo] ojeld T4 Uepdths st

% 22, Ty At TMV POl g 233 AW

F 25 Ty Aol BEAA, vholef s A A

AEAA TMV P(0)
Ti no. _ .

T A ¥ IAF E9H
9 87 70:17 86 54:28

3) vad BEHA WE AL

7h EvtE
AzA A FAaA

Uirold A9E Fastarh

Ao 7= PCR, painting, biotest 37FA &

o



PCRel ¢J3t bar genee] Aol A= AEsHA A4 Ao}
A5 Th F 26 (% 262 A datas ZAFE W A A 37 Yo
128% SH & trayoﬂ = Y 3 E A FE7F AAA UAE AEHE 2

D 19 238 To-7el Wigk AEHA 23 PCR 23
2}7} Aow dAst= e & F Avk 28y PCRS o]l &3t
= 49, DNA F=2 9% sampling® DNA F& % 23 F3do =%

=

[e]

e
rlr

3}

o

-

o] wo] £, sample 7} % 7%= DNAZ

e Adge Aol Ak &, B AP o] gRFoR AxA AP o
F& dA4sloF st AFole AdstA &2 o2 AU
E 26 Ti-70) d AEHA At
no.|B?||no.| B ||no.| B ||no.| B ||no.| B ||no.| B||no.| B||no.| B
11O119 1017 x{]25/0(133]O([141]10O1(149|0O||57|0O
21 X{110[O|[[18|O[]126]0(]34|0O|]142]0]|150|0O|]|58]0O
S1OI11|1O|119]O(127|0O1]135[0O |43 x|]|51|0O(]59]0O
4101121011201 0(]128| x1]136|O[[44]0O|]|52|0(]60]0O
51O(113]O121x|]129]O([137| X |45 x|[]|53|x]]161|0O
6 |O[114]10122]O(]30]O 138|046 x|]|54|x|]|62]0O
TL1X1115] X []23[O]]31|O[]39[O|]47|O|]|55[0O|]63|0O
B1O1116]10O[124]O|132]x[140[O|]48|x|]|b6|x|]|64]|X
no.| B?||no.| B||no.| B||no.|B||no.|B||no.|B||no.|B||no.|B
65| O ||73|O[81| X89O 97 |O]]105|10O(1113]0O(]121|0O
66| O |74 < []82]O|]190 O[] 98 |O|]106|x|[114]0O|]122|0
671 Ol75| X [|83|1O[]191 (O[99 |Of]107| X ||115|x{]123]|0O
68| O |l76O[|84|O[]92 1O |[100]O|[1108|O||116|O||124]| %
69| O ||771O[185 | X1]93|O|[[101|O||109|O||117]O|]125]| X
701 O 78| X[]861O[]194|O|102| < ([]110|O||118|O|]126]|0O
71 <X 179101871 O 1195 |O|[|103|O||111|O|[119]| x|]127|0O
721 X 1801 O[]|88|1O[]96 | X |1104| x[]112|O||120|x{]128|0O
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“AEAA0.3% vERED; O, AlzA AZA WAL x, A=A e HA

9 23 Ty 7l Wigk PCR A4 23 (bar)

no. |B?||no.|B||no.|B||no.|B||no.|B||no.|B||no.|B||no.|B
1291 O | |137| O | [145] O | |153| X | [161{ O [ |169]| X | |177| < | [185]| O
130 X< | |138]| X< | [146] O | |154| O | [162{ O[|170] X | [178| O ||186] O
1311 O | |139] X | 1147 O | |155| O [163| O [|171| O ||179| X | [187] X
1321 O ]140|1 O | [148] O | |156| O | [164[{ O|[|172] O |1180| O | |188| O
1331 O | |141|1 O | [149] O | |157| O | [165[{ O |173] O |[181| O ||189| O
134 X | |142] X | [150| O | |158| X | 1166 O |[|174]{ O |1182| O []190]| O
1351 O | |143| O | [151] O | |159| O | [167{ O |175] X |[183| O ||191]| O
1361 O | ]144)1 O |1152] O [160| O ||168| O [|176] X |]184| O |[192

no. |B?||no.| B

193] X []201] O

1941 O []202] O

195] X | ]203| O

196| O

197 X

198| O

199| O

200| O

(%)M, maker; lane 1-2, positive cont.; lane 3, negative cont.; lane

4-34, trangenic 1-31; lane 35, trancgenic 33; (°o}#) M, maker; lane

2-16, transgenic 34-48; lane 17, transgenic 50; lane 18-28, transgenic
52-64.
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Paintingol|l st Ay = AEAA Ay} XAt 28 o]

BF, F& 00 AAXENA AJE o painting T Aol wizE &
o] He] e ool EAL i olo] Az HAAAA ulaE o] thE
oo B %7l wokth w3 2ol paintingS S wolE 9 SlwWS
xFolof gow oju wpiEl &fo] wfF(control Fb)ol B A%

AATE o] 2deo] Wkuk painting 3= WH-S EvtE Y A3}
= HAe] g2 Arges aF Ao 9ol o v ez Ay HoATh
ASol= AA 1F FAAIANEZS A3

Ho

2 Awsgr AsHow

A A Rl Biotestoll olall Al xAl AR FAARe] AFd ol

B WuEF AAE E 244 st vk R 4EHY dvs AAF
> mol Zth AzAl] tstel AFYAA FFPAAL BEE F 9
EosEE oy e BE FolA 0006%7 A9 Aoz FAHAT(
Y 24). A e vhar §o1) B 0001%Y olE A%

o7 HAU viE g S g & AATh

gk W oluh cork borers ©]83FY]  leaf
At} oo single leafg uhA
£ 19] Biotest 2 ¥}7}

A
AT AF dolngm, 1 Anrt AHFE AS FARY

Biotest= H|xl

Biotesti= oj2] Abghe] 7AWl AL & Arol A &
of ¢J% Zpol7k flnen, 374 =

2
AR AAol o] whek vivty] o w AZhE v
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BEAAS OAT 5 Qe v BBAANS olnnd s

Y EulE A3} nH A E biotestd] ZAZ¥ e AEHA At & o A

o

4) AzA LW AFY FAAA add A A

2o T, 99l tiate] TMV P(0) HE ZA3¢} biotestoll ¢§F FE&4 74
7}A a1 Mapmaker/EXP(version 3.0b) ZT2I1#:& o] &3 om,
Az vtolel 2 AR FAAe AxA A FAAE ABHA FS
Aoz FelH AT
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leyele . RABZ (A7)
Ahcyele . PASC (A0 - 50T (10" - FT0C (10
I cycle . 7282 (77

lcycle (RABZ (%)
Ahcycle . PASC (I - STRC (30" - FT8C (A0
I cyele . 7282 (1)

leyele RABZ (7]
Ahcycle . PASC (I - SESC (30" - FTEC (A0
I cycle . 7282 (77)

leyele . RABC (A7)
Abcyele L PASC (A0 - BISC (30" - FT0C (10
Icycle . 7282 (77)

- 457Ep

d 6. 1F AE3 MAE e annealing =¥ PCR.
=2 ZgiA o wg} backgroundZ} AbeRA oL, A AEE 61°Coll A= 370 ¢

st WA ANATE SolHow PCR Ab=o] g2lH.
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Ma. of seeds per fruit
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A5 5
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Floral dipping Wl 714 were thes) 2ok A9l4iol ofd wy
=

of olgk HeleA FAMZ MAE A FE W, Fe] A FH AEA

Agrobacterium®  wW %S T, ©ACNA  AZzA Mol JEIHLEE
pCAMBIA3301 (bar selection vector)®] Z3+¥ EHAI05 W& o] &3}
ODsw = 0.8 =2 =2 w3ttt

_96_



=
=

% 11. Flowal dipping method

Ho

(24h)

]
-

c) HEA
d) A=A

hul

& 0.3% Hp2gl Al

U= AT o

A=A

o] Agrobacterium Bl %ol

ol BA]

1

=
=
e

A=
Zehry
o]

155}
<

R

A
=

N

B
o

1

el

fex]
=

el

=y
Lig=2

=

el
71l Aol e v

&

7+ A F(700mmHg)

Aol ol 25T g ol 244

-271 ] &

1

del=

AA 2719

FA17]

=AY

W

A

4 A

A A

=

Al

_97_



LA A7IE Abel7h ot 109 ol B nAbskgitt.
A 2Ad dT2H 9F

1. A=A AFAH L YHA 13 AT wvfd 93 Transgenic Fy
AT AL 7TAEY AxA AFAF 1F9 2 FF9 U 153 AlEel
t3te] Test crossoll 2gh o] AAF 2 A x4 AEHAY AA Ao,

EG o2 Al ARTAL AFEL 2FI

2. Transgenic F2 A& Ad : 2% A% Transgenic F; A2l <
st g AL R A xA AR e AlxA A AEFS AEsta
AzA A el HenE golsglon TMV P(0) straind] t

T WA AAS LA Tl 8

3. Transgenic F1 AlEd 3§ ZYFARe &2 : 3% &=¢
A AEE ZolyE o] &3] PCRY RT-PCREZ4] DNAS RNAS
A

1% Genomic southern hybridizationg 2 A% v} Al%EE 30uge DNA
¢} 279bpe] PCR 4H=S o] €3 Bar probe(P¥)E o] &3lo] wujAlEd 9l

o\ Bar #2747k AWH A& HAsAT

p

4, 1F FAFZE TP A - AR S AR = = W
Hyl= 2 floral dipping mehtodS o] &3] A d3 uFE
2} &dtt. 3oy Eoll Agrobacteiums A7 A dte] FEIFAY =

TEMFE Akl driE AFEaL, ol W A=HAES AT

s

_98_



i

.
o
ol

)

o

_99_



M4 E MES Y

A

A 1A

el
o

A= 7HA]
FAek. 1980 o f A A

S

& oy
e w9l

Ho

Ho

ot ol 7]l

AT s

=i e
o

ki3

Fa A ol o

7}&

=
[e)

o]
o

!

3)

Lol oy

ool

golrt.

=

%);]\.‘_——1: Al

A7 AY

F50 Aol old $§

3L
=)

il

oo

1=}
=

=3}

=9 A=A

S

R
R

M

y

ﬁo

o))
o

A}
1

L
.

Aol A

K

A A

=

g AR A

5

H A

’

al

)

offy

)

]_

R [

hvA
s 8

ks

A

Al
=

o] 27l A

3
T

1o},

B2 o] E

A

T
No
@

el

A A&

&}

ol vE Fa AEse A W

Hol A%

3

SRS

11

& oFoll A

T e Aol AtmHY

=

o

o
o

- 100 -



‘_.ao

|

]

= A
[S|

ol

3

(e} [e)
S 54

=N
[¢)

BP-8, cardinal

Q 3}
=

o] A check line® & A}-&

ERAS

jaze]
~

;OO
—_—

‘mo

!

o

==
o

o

Ho

K

A

A
=%

e
A

al

3

[e]
T

Ary 2 sejo(F)ol A B

&
T

1

3
pul

Mo
o

o
o

puze)

mo

=

)

o

]
——

e

X

oF

~
;OO

starak &kl

2 Apg

=
=

AR

ks
p8i

Alell oy

=

3 A

q
A A

s

O

q A Az

5}

Ak A

]_

o
0

T

el

24 A

Fel Al

S

Algel o agt

L
JE

)

ox

—_
o
o

i
up

!

_ﬂo

‘_Ivyl

"K

THE

8-

A3 A

44 HA

v o
=

L. A2 ¥ AZY 153 A7 =4

PI159236 0. 2 3-8 LG A7 249 C annuumAES A St

el

- 101 -



Ao = -

i

FC, B, WEC, 7t

B, 3

el

%

™

9B, 71EC, 17

N
B!

D AT Az 2 B9

PI1592362F TMV  P(0),

&<l

TMV P(2)¢F PVYel A

EEE
o A

};]
PVY$}t

B

A&t nlu
sttt

H 2

=
N

o

o)
5 G ATl ALg

7

ol d

CM334=

Fd

oy

1
.

A

W 7kA] 2

uj

o A2 Iy A

Al
=

Z =
=g

st A

of 3%
KON

Ay
X

128% 4

beloh Al 717k Bere] 24

3|

ke
T

5}

Aol 4] Ao}

?:]'_
ol A A uj

25T

15-18C

L
T -

28-32C A .

2) a7 2%

A FAAR g en, o

CM334¢] PVY A3
AZe TMV PWO) A

%
X

¢
oyl

el

o)
=g

4 HARE B 94 HA%

5}

?l.

TMVe] 7% P(0) pathotypee] ™

- 102 -



2
4,
o
9
facs
rr
P
o
it
i
uj

fow
;E,
=
AL
=
e}
©
24
“;
Ho
2L
2
il
2
o
ot
_Y\_l‘

Y, EnE
EntEE ¥ A HAAS 3 o]¥A check line®Z BP-8(Fusarium

wilt race 1, 2), cardinal(Verticillium wilt, ToMV) 55 ¥ 3]AloA] Z2]

sto] Mathstale] et on, od W Jr B FAES AFHo=
Ldate] A Ay FlS =skth

w3 et 9 EH race 1, 2(Fusarium wilt race 1, 2)¢F wkAl
29 (Verticillium wilt, ToMV) #AAS 913 ¥ HAF UHS &Hsi=d
RoJA dedt dFE FA st Bdetdon, HE U R A #S

o

BE ARE AT

l

3. §ARABAY T 34

EvhEe] Z%, Aguistad A AzA A% FA4 =9 444
dAE Bl 1 FUlE AAAA By A4S Husn o Al A
gopstaze] etk @ AAe To Aol maAE SxW w9
9] 4 FEL ANHT AZAZ Bxshe] 1 RYUE ALdhsta
st FRatint

NEE GAABAE AA Rl T A7 AP o]FoHH RO
U ol AgFetels H5d GAATAE CM334 Abe] ] Frol vlste]

o
=
i
™,
2
ol
2
e
ofN
2
it
o
o
=
%
=
=2
g
o2
QL
8
O

- 1038 -



Agrobacterium

=

=

A4

3

5}

A

&l <] o] M

S

w ool et
A Z A

a}of

=
oz 3

=

tumefaciens

zm p bl _zk. N % wm R Lm 5y j i Lﬁ.q 3 %o B
o ] = H X r - o o] o ul 00 7
i = o WA = N xS = T o W
S ) ® ooy Woof o AF CHECY g ®
o ™o aﬂ x O o @w & . BoE OM ﬂ ﬂT =
= T ® ® X + = T oo W H T Mo
®F ®d=se i+ T ouE & d x5 O
iy T ~ Oy - M A 5
— = o o 2w R 4L ) Sq
x N S X i C = w o 0 uwo Y | B R
~ %o \ﬂ! N ! Z,# b 0rv = = z_.e = ‘m_vl X BR ‘_Iq_yl —_
B ﬁmﬁ%wﬂ%mo%ﬂ ooy O LA
[ —_— —_ | 7A
o X 0 W H ol L s B o o T X o ®
° Bom o ook X AT T
o _1@*,1 = o N ZW b o X o %! o = ﬂ Y ofF
i s WX B e e o oy 2 al 70
I o - o B X o X
T PT e TEgO PR xR TR T
G O o oz w L = o B Mo
5 < oy X U o Moo & W % ol E o) = % X
p P M R RS o E o g w«%h
~ pn ) o [==0) ! S
X = o T 7o — B o oy
™R go KX o B oI FON oo oy =
i HpsdrEy ¥ w¥ 5 F xXz
= X — 0 S~
To = i b el _ N T J.f S M_AH ° w5 e ~ ol = of-
Wo T B o Mo T o 5 o oo 5 O ol T ~ | o T
_ = T e _ T 0
22 AT MmOV Ty ® e og F oz o
_ R T g0 0 o e 0| A 3 W o Y
mﬂb_maﬂul%ﬁ,olﬂﬁ%%é P e
| . il ! T — T B T %7 o X
=5 b TWH O o mm s = T T oo U
= G ol T oA B = N ol —  oP - o = N =l B
TORT g B E Nk T e N owoe T T
® W RN A o A L T o Mo G
Moo oy o o 3R (- o o ) = o = KoM
doomy wE T ay o W o ™ R~ S B A
TowON o Koo s o R do A GRS T

- 104 -



2] All e ol A

TS T1

b gloik

7} bioassayd

ok o] AA Uiy

74

il

3 WA ek oA A

1

sholet.

A A

B

3
!
B0

ofp

p

o

3} oA A

3

A

hs

)

A ARl e A=

s

}4) southern blot

345

ol M =

F71A]

2
gl

A A

343

AA WA SFe] ZElAgel =

A3}

ki3

38 indirectell ¢

SEAA] A VEsEA &

Lol 4 2o] 1WA

e a3 o

1
R

ofo] o]

ol

il

WEE A4se] o

7 (bar)7F =<4

oge} Az,

I

x

v eYste] o= A 7Y

=
=]

AT 5

2

FRIA} RS Qe ofd ABENY dugs B

-
R

o
1y &F ARE A8

9]

o)

A

Zoln, 2RI A AALL o

=]
=

- 105 -



- 106 -



He6 & ¢l

ol
o
ro

Baulcombe D. 1999. Arch Virol Suppl 15:189-201

Bhalla PL, Swoboda I, Singh MB. 1999. PNAS 96(20):11676-80

Blount JW, Korth KL, Masoud SA, Rasmussen S, Lamb C, Dixion RA.
2000. Plant Physiology 122(1):107-116

Brigneti, G., J. Garciamas, and D.C. Baulcombe. 1997. Molecular
mapping of the potato virus Y resistance gene Rys, in potato. Theor.

Appl. Genet. 94(2): 198-203.
Chen WY, Townes TM. 2000. PNAS 97(1):377-82

Chen, D.H., M. dela Vina, T. Inukai, D.]J. Mackill, P.C. Ronald, and R.].
Nelson. 1999. Molecular mapping of the blast resistance gene, Pi44(t), in

a line derived from a durably resistant rice cultivar. Theoretical &
Applied Genetics 98(6-7):1046-1053.

Cogoni C, Macino G.1999 Curr Opin Microbiol 2(6)657-62

Crete P, Vaucheret H 1999 Plant Mol Biol 41(1):105-14

Das, S., J. Rajagopal, S. Bhatia, P.S. Srivastava, and M.
Lakshmikumaran. 1999. Assessment of genetic variation within Brassica
campestris cultivars using amplified fragment length polymorphism and
random amplification of polymorphic DNA markers. Journal of

Biosciences 24(4):433-440.

Datta, S.K., K.V. Thara, L. Wang, S.K.Datta, W. Panbangred, and S.
Muthukrishnan. 1999. Inheritance, expression, and silencing of a

chitinase transgene in rice. Theo. Appl Genet 98:371-378.

Dejong, W., A. Forsyth, D. Leister, C. Gebhardt, and D.C. Baulcombe.

1997. A potato hypersensitive resistance gene against potato virus X

- 107 -



maps to a resistance gene cluster on chromosome 5. Theoretical &

Applied Genetics 95(1-2):246-252.

Dong, C.Z., CX. Jiang, and L.X. Feng. 1995. Transgenic tomato and
pepper plants containing CMV sat-RNA c¢DNA. Acta horticulturae.
402:78-86.

Finnegan, J. and D. McElroy. 1994. Transggene inactivation: Plants
Fight Back!. Bio/Technology 12: 833-888

Francastel C, Walter MC, Groudine M, Martin DI 1999. Cell
99(3):259-69

Fuks F, Burger WA, Brehm A, Hughes-Davies L, Kouzarides T. 2000.
Nat Genet 24(1): 83-91

Haley, S.D., LK. Afanador, and J.D. kelly. 1994(a) Identification and
application of a random amplified polymorphic DNA marker for the I
gene (potyvirus resistance) in common bean. Phytopathology

84(2):157-160.

Hamilton AJ, Baulcombe DC .1999. Science 286(5441):950-2

Han SJ, Cho HS, You Js, Nam YW, Shin JS, Paek KH.1999. Mol Cells
9(4): 376-83
Han, K.H. 1997. Matrix attachment regions(MARs) as a transformation

booster in recalcitrant plant species. Korean J. Plant Tissue Culture

24(4):225-231.

Harper, B.K., S.A. Mabon, S.M. Leffel, M.D. Halfhill, H.A. Richards,
K.A. Moyer, and C. N. Stewart, Jr. 1999. Green fluorescent protein as a
marker for expression of a second gene in transgenic plants. Nature

Biotechnology 17: 1125-1129

Hartl, L., V. Mohler, F.]J. Zeller, SL.K. Hsam, and Schweizer, G. 1999.
Identification of AFLP markers closely linked to the powdery mildew

- 108 -



resistance genes Pmlc and Pm4a in common wheat (Triticum aestivum

L.) Genome 42(2):322-329.

Hittalmani, S., M.R. Foolad, T. Mew, R.L. Rodriguez, and N. Huang.
1995. Development of a PCR-based marker to identify rice blast

resistance gene, Pi-2(t), in a segregating population. Theor. Appl
Genet. 91 (1): 9-14.

Hobe S, Niemeier H, Bender A, Paulsen H. 2000. Eur. J. Biochem. 267
(2):616-624

Horvath, D.P., L.S. Dahleen, J.A. Stebbing, and G. Penner. 1995. A
co—dominant PCR-based marker for assisted selection of durable stem

rust resistance in barley. Crop Science 35(5):1445-1450.
Hui Shan Guo, Maria Teresa Cervera, Juan antonio Garcia 1998 Gene
206:263-272

Internet Web Site : www.oecd.org/ehs/service.htm
Jacobs JJ, Sanders M, Bots M, Andriessen M,1999 Plant ]
20(2)143-152

James C. Global Status of Transgenic Crops in 1997. ISAAA Briefs
No. 5-1997.

Jayashanker S., Bagga S., and Phillips G. C. 1997. Hort. Science
32:454(Abstract)

Jean Finnegan and David McElroy. 1994. Biotechnology 12:883-830
Johnes L, Hamilton AT, Voinnet O, Thomas CL.1999. Plant Cell
11(12)2291-2302

Jones PL, Wolffe AP 1999.Semin Cancer Biol 9(5):339-47

Kang G.Q., Azzimonti M.T., Marino R., and Nervo G. 1998. Abstract of
Xth EUCARPIA on genetics and breeding of Capsicum & eggplants

- 109 -



pp:220
Kasuga, T. S.S. Salimath, J.R. Shi, M. Gijzen, RI. Buzzell, and
Bhattacharyya, M.K. 1997. High resolution genetic and physical mapping

of molecular markers linked to the phytophthora resistance gene rpsl-k

in soybean. Molecular Plant-Microbe Interactions 10(9):1035-1044.

Kim, S.J., S.J. Lee, B.D. Kim, and KH. Paek. 1997. Satellite-RNA-
mediated resistance to cucumber mosaic virus in transgenic plants of
hot pepper (Capsicum annuum cv. Golden Tower). Plant Cell Reports
16: 825-830.

Kinoshita T, Yadegari R, Harada ]J] Goldberg RB, Fischer RL 1999
Plant Cell 11(10)1945-52

Kritchevsky SB 2000.] Nutr 130:5-8
Kumpatla, SP, Hall TC 1999 JUMAB Life 48(4):459-467

Lee, S.J., B.D. Kim, and K.H. Paek. 1993. In vitro plant regeneration
and Agrobacterium-mediated transformation from cotyledon explants of
hot pepper (Capsicum annuum L. cv. Golden Tower). Korean J. plant

Tissue culture 20: 289-294.
Litiere K, van Eldik GJ, Jacobs JJ, Van Montagu M, Cornelissen M.
1999. RNA 5(10):1364-73

Liu W, Parrott. W.A., Hildebrand. D.F., Collins G.B., Williams E.G.
1990. Plant Cell Reports. 9:360-364

Lu, ZX., K. Sossey—-Alaoui, G.L. Reighard, W.V. Baird, and Abbott,
A.G. 1998. Development and characterization of a codominant marker
linked to root-knot nematode resistance, and its application to peach
rootstock breeding. Theoretical & Applied Genetics 99(1-2):115-122.
Manoharan M., Sreevidya C. S., and Lakshmisita G. 1998. Plant Science
131: 77-83

- 110 -



Marjori  A. Matze and Antonius J.M.Matzke 1995.Plant Physiol
107:679-685

Matzke, M.A. and A.JM. Matzke. 1995. How and why do plants
inactivate homologous (trans)genes? Plant Physiol. 107:679-685.

Meyer, P. 1995. Understanding and controlling transgen expression.

TIBTECH 13: 332-337.

Mihalka, V. Szasz A. Fari M. Nagy 11998. Abstract of Xth
EUCARPIA on genetics and breeding of Capsicum & eggplants
pp.209-211

Milynarova L, A. Loonen, J. Heldens, R.C. Jansen, P. Keizer, W.]. Stiekema, and
J.-P. Nap. 1994. Reduced position effect in mature transgenic plants conferred
by the chicken lysozyme matrix-associated region. The Plant Cell 6:417-426.

Moreau, P., P. Thoquet, J. Olivier, H. Laterrot, and Grimsley, N. 1998.
Genetic mapping of Ph-2, a single locus controlling partial resistance to

Phytophthora infestans in tomato. Molecular Plant-Microbe Interactions

11(4):259-269.

Oberhagemann, P., C. Chatot-Balandras, R. Schafer-Pregl, D. Wegener,
C. Palomino, F. Salamini, E. Bonnel, and Gebhardt, C. 1999. A genetic
analysis of quantitative resistance to late blight in potato: towards

marker—assisted selection. Molecular Breeding 5(5):399-415.

Panavas T, Weir J, Walker EL 1999.Genetics 153(2)979-91

Patent No. EP249432 : Transformation and foreign gene expression with
plant species. 1989.

Qi, X., R.E. Niks, P. Stam, and Lindhout, P. 1998. Identification of QTLs

for partial resistance to leaf rust (Puccinia hordei) in barley. Theoretical

& Applied Genetics 96(8):1205-1215.

- 111 -



R.E. Voorrips, M.C. Jongerius, and Kanne, H.J. 1997. Mapping of two
genes for resistance to clubroot (Plasmodiophora brassicae) in a

population of doubled haploid lines of Brassica oleracea by means of

RFLP and AFLP markers. Theoretical & Applied Genetics 94(1):75-82.

Saito et al.(1989) Annual Meeting of Am. Soc. of Plant Physiology
Abstract 77

Simons, G., J. Groenendijk, J. Wijbrandi, M. Reijans, ]J. Groenen, P.
Diergaarde, T. Van der Lee, M. Bleeker, J. Onstenk, M. de Both, M.
Haring, J. Mes, B. Cornelissen, M. Zabeau, and Vos, P. 1998. Dissection
of the Fusarium IZ gene cluster in tomato reveals six homologs and

one active gene copy. Plant Cell 10(6):1055-1068.

Siva P. Kumpatla, Mahesh B. Chandrasekharan, Lakshminarayan. 1998.
Trends in Plant Science 3:97-104

Spiker, S. and W.F. Thompson. 1996. Nuclear matrix attachment regions

and transgene expression in plants. Plant Physiol 110:15-21.

Strauss E 1999 Science 286(5541):886

Sun FL, Elgin SC.1999 Cell 99(5):459-62

Tai, T., D. Dahlbeck, R.E. Stall, J. Peleman, and Staskawicz, B.J. 1999.
High-resolution genetic and physical mapping of the region containing

the BsZ resistance gene of pepper. Theoretical & Applied Genetics
99(7-8):1201-1206.

Thomas Thykaer, Jorgen Finnemann 1997 Plant molecular Biology
35:523-530

United States Patent Number 5262316 : Genetically Transformed Pepper
Plants and Methods for their Production. 1993.

van der Voort, J.R.,, K. Kanyuka, E. van der Vossen, A. Bendahmane,

P. Mooijman, R. Klein-Lankhorst, W. Stiekema, D. Baulcombe, and

- 112 -



Bakker, J. 1999. Tight physical linkage of the nematode resistance gene
Gpa? and the virus resistance gene Rx on a single segment
introgressed from the wild species Solanum tuberosum subsp. andigena
CPC1673 into cultivated potato. Molecular Plant-Microbe Interactions
12(3):197-206.

van der Voort, JR., W. Lindeman, R. Folkertsma, R. Hutten, H.
Overmars, E. van der Vossen, E. Jacobsen, and Bakker, J. 1998. A QTL
for broad-spectrum resistance to cyst nematode species (Globodera

spp.) maps to a resistance gene cluster in potato. Theoretical & Applied

Genetics 96(5):654-661.
Voinnet O, Pinto YM, Blaulcombe DC 1999 PNAS 96(24):14147-52

Vos, P., G. Simons, T. Jesse, J. Wijbrandi, L. Heinen, R. Hogers, A.
Frijters, J. Groenendijk, P. Diergaarde, M. Reijans, J. Fierens—-Onstenk,
M. de Both, J. Peleman, T. Liharska, ]J. Hontelez, and Zabeau, M. 1998.
The tomato Mi-1 gene confers resistance to both root—-knot nematodes

and potato aphids. Nature Biotechnology 16(13):1365-13609.

Wang Y. W, Yang M. Z, Pan N. S, and Chen Z. L. 1991. Acta Bot
Sin. 33: 780-786

Ye X, Al-Babili S, Kloti A, Zhang ] Lucca P 2000Science
287(5451)303-305

Zhu Y. X., Ou—-Yang W. J, Zhang Y. F. and Chen Z. L. 1996. Plant
Cell reports 16: 71-75

= 53 295 10-1999-0007458 © of 1= uhE ] g0l <3 A

g aFo] Az 9 e o] AAkE 315 1999

oft

- 113 -



	가지과 작물의 내병성 육종을 위한 생명공학적 선발 기술 개발

	요 약 문
	목 차
	제 1 장 서 설
	제 1 절 연구개발의 목적 및 필요성
	제 2 절 국내외 기술 개발 현황
	제 3 절 연구개발 체계 및 전략

	제 2 장 제초제 저항성 형질전환체를 이용한새로운 내병성 선발 기술 개발
	제 1 절 서 론
	제 2 절 연구개발 내용
	제 3 절 연구요약 및 고찰

	제 3 장 내병성 선발용 표지 유전자의 발현 효율 및 후대 안정성 증진 연구
	제 1 절 연구개발 내용
	제 2 절 연구결과 요약

	제 4 장 새로운 내병성 기술의 산업화
	제 1 절 서 론
	제 2 절 연구개발 목표
	제 3 절 연구내용 및 결과
	1. 새로운 병 저항성 고추 계통의 도입 및 임성 검정
	2. 병 저항성 유전 연구
	3. 형질전환체의 후대 증식


	제 5 장 종합 고찰
	제 6 장 인 용 문 헌

