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Summary

Bacterial wilt 1s soil born desease infected by Ralstonia solanacerum seriously
affecting potato field in warmer climate area. It started to appear in the southern
part of Korean peninsular since several vears ago. Soft rot is bacterial disease
infected by Erwinia carotovora subsp. carotovora and I, carotovora subsp
atroceptica on tuber and stem affecting all the potato farmers. The purpose of
this study is to introduce resistant charaters from wild relatives to the cultivated

varieties and search for the DNA markers related with resistance.

1. Collection of clones and multiplication

Collections introduced as seeds from CIP or USDA Potato Introduction Center
were planted and subcultured in in vitro condition. Tuber collections were also
subcultured in in vitro conditon for disease infection experiment. Plant materials
include twelve wild species including S. brevisens and S, cardiphyilum of 44
clones, 27 clones of fusion hybrids(S. brevidnes + S. tuberosum), and the sexual
progenies of the fusion hybrids for the soft rot, and another fusion hybrids(S.
commersonii + S, tuberosum haploid) and 88 their 1st and 2nd sexual progeniesfor
the bacterial wilt. Most of these were evaluated in vit7ll culture condition or as
potted plants in growth chamber,or green house. Seventy tetraploid genetic
collections of Alpine Experiment Stations were evaluated for the bacterial wilt,
however non of them were resistant. For the bacterial wilt non of the wild relative
collection were resistant as Fusion hybrids of S. comwnersonii and the progenies.

Thereflore only this fusion hybrids and the progenies were intensively studied.

_11_



2. Search for the infection methods

Since we wanted to screen as many collections as possible in vitro infection
methods were applied at f{irst. Leaf infection first and shoot infection next and
tuber infection were performed for the soft rot(E.c.c.) and black leg(E.c.a). For
the bacterial wilt sissors diped into the mixed bacterisl suspension culture of the
race 1 and race 3 were used to cut the leaves of the in vitro cultured plants for
the gereral screen for the first experiment. Transplanted plantlet were diped into
the bacterial culture or bacterial culture solutions were applied into the soil

seperated race 1 or raceZ.

3. Selection of resistant clones for the bacterial wilt

Seventy tetraploid genetic collections of Alpine Experiment Stations were
evaluated for the bacterial wilt, however non of them were resistant. Fusion
hybrids of S. commersonii clone 1.Z3.2 and haploid of cultivar suprior clone PT56,
and their Ist and 2nd sexual progenies werc tested for the resistance. Fusion
hybrids HA06-1 and HAO06-9 were highly resistant for both race 1 and race 3.
One of the first progeny of HA06-9, CT10b-4 were also highly resistant for hoth
races . Among 33 progenies of the CT10b-4 4 clones (CT206-6, CT206-9,
CT206- 10, CT206-14) were resistant for both races. Two progenies(CT204-3,
CT204-10) out of eleven of CT08-4 were resistant for both races, however the
fusion hybrid parent of CT08-4 were not resistant. It is a question whether the
resistnace were not expressed in the fusion hybrid and expressed again in the

next generation.

..s.12.-.



4. Selection of resistant clones for the soft rot

One in F28 cross line and one in Fl13 cross line were the only resistant
clones among 115 clones of 21 hybrid combinations of haploid and wild relatives
in the field trial..  Genetic collections of S. tuberosum were all sensitive for the
infection of E.c.a.. S brevidens clone ps6A and S. cardiophyllum clone cph-A-1
and cph-C-1 and S. sparsipilum spl-5 were the only resistant clone among 44
wild relatives. The fusion hybrids{ps6A + S. tuberosum), A249, A937, and first
progenics of A937, WE-9 and WE-15 were resistant for E.c.a.. With the tuber
infection, cph-3, cph-A-1, F27-3(haploid x S. phurja) and haploid HIC-20 were
resistant to E.c.c. .However, resistant clones could be sclected among fusion
hybrids of S. brevidens ps6A and the progenies such as fusion hybrids, 2007,
A206, first progenics Cl-31, CI1-75, WD-7, WD-8 WE-13 and 2nd progenies
C31-5, and C31-6. It is interesting the progenies of the non tuber bearing S

brevidens were resistant for the tuber soft rot,

9. Glycoalkaloid content of fusion hybrids and the progenies

Content of glycoalkaloids of fusion hybrids and the progenies were analysed
with TPLC. Total glycoalkaloid(TGA)Y of wild parent S. commersonii 1.73.2
were30.8mg/g and haploid parent PTH6 were 58mg/g and cross parent cultivar
Dejima were 52mg/g. The TGA contents of the fusion hybrids vary from 4.1mg/g
to 3b.2mg/g, however the TGA contents of all of the first and second progenies
crossed with cultivars were lower than 92mg/g. All the second generation

progenies selected for the bacterial wilt resistant had less than 6.1mg/g TGA.
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6. Search of DNA markers for the resistance

200 random decamer primers of UBC and Operon and were used for the RAPD
analysis with DNA of fusion hybrids(1.Z3.2 + PT56) and the progenies to study
bacterial wilt resistant markers. 13 primers had good polymorphic band and 1,692
bp hand of OPAl and 662 bp band of UBC #407 appearcd only on the resistant
parent, and first and 2nd generation clones resistant for race 1. For the soft rot
marker search, 1,030 bp, OPAZ, 3,262 of OPA 19 and 463 bp band of UBC # 472
were on resistant parent but not on the first generation. However 2,645 bp band
of OPA 2 appeared on resistant fusion parent and resistant progenies but not on
the sensitive parent and progenies. Twelve 20mer primers of URP  did not gave
any specific resistnat band. AFLP also had only polymorphism  without specific

hand for the resistance.
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 AEAAM AR 58 F9 AAE FFA, AAE FFAS ANFS 2}
o] &2 BCl, BC1# AjuiES wwjate] 912 BC2 2+&2 Table 1, 27 #1h

LZ 3.2 + PT 56
S. commersonii P. 1.320226 Haploid of S. tuberosum cv. superior
Resistant to Bacterial wilt

HA Clones X S. tuberosum cv.
Somatic hybrids

CT Clones X S. tuberosum

BC1 Progenies Cultivars

CT20__ Clones
BC2 Progenies

Fig.l The clone parentage of the fusion parents, the somatic hybrids,

the Back Cross 1 progenies and the Back Cross 2 progenies.
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Table 1. List of the parentage and the progenies of the crosses

between somatic hybrids and S.tubersum cultivars.

fusion parents

L73.2 PTo6
1.73.2 PTo6

somatic fusion parents
hybrids p
HAO6-1 L7Z32 PTHe
T1TIA06-4

somatic
hybrids

HAO06-9

Cross parents

Back Cross

Cross parents

Back Cross

Female Male 1 progenies Female Male 1 progenies
HA06-1 Dejima  CTO1 HA06-2 P85001 CT06
HA06-1 Nooksak  CTO2 HA06-2 1.83011 CTO7
[HA06-1 1.830 CT03a HA06-4 1830 CTO8
HA06-1 P85017 CT04 HA06-9 1.830 CT09a
HA06-2 1.830 CT05 HA06-9 Dejima  CTI0b

Table 2. List of the parentage and the progenics of the crosses

between resistant Back Cross 1 progenies and S.tubersum cullivar.

Cross parents

back cross

Cross parents

hack cross

Female Male 1 progenies Female Male 1 progenies
HAO06-1 nooksak CT02-4 1IA06-4 1.830 CT08-4
1IA06-9 Dejima CT10b-4

Cross parents back cross cross parents back cross
Female Male 2 progenies Female Male 2 progenies
CT02-4 Irish cobbler CT201 CT08-4 Dejima CT204
CTOR-4 Nooksak CT202 CT08-4 Superior CT?205
CTOB-4  Irish cobbler CT?203 CT10b-4 Dejima CT?206
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MatAd EvEY S Aoy Rlastonia solanacearum® W14 5 37}A  strain

bl N
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ALt Etal A E e dhal Caitilyn Allenal 57 Eokbol AR&-3)9]om, koAl ¥hAl
?F R1A870), R3(2029% g w38 el Aaiah Aadeyels 29 ol
AHg-aF T
2. 43 4y

7F A& Ale A

Aol M e W 5 W Fold oA FAE Fvl & A £E 2Abea
FrdelatE fl8) 1,500ppm GAgzoll 1A17F weh A& e £ 70% o ghgol 3023 &
shar Wt ¥l St 33 AlHEdvh olE AlFelM e AN Fe g
4% ©]%8 NaOCIZ 5%7) A @vh) 50% 8| A de) 5782 e & dAgd 3
R 38 A F ogafe HryA e 71E MS WA (plate)ol]l 2 10744
Agste] 24027, g ehel =zl A whobs etk FxlelA] of® Hest o
HARE 164179 4000-5,000ux®] &3 8A13ke] oF Abefe] o g A4S {Iske
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Z
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b AR Eohsd A4 2 AF

D WRA #e Pelo uFEA

R. solanacearum® 27}A strain racel, race32® R E] ztZbe] #& &4 {387
& 7} stockd CPG WA mwslo] g F4A7 %, TZC WA (dd8 CPG
WRIE S5 CAHLR A 2 Wiy 2 3 5 - triphenyltetrazolium chloride 1% 894 -&

4~5m/1, A% A7bslo] A &3 wlA]) (Kelmn,1954) 0] =23dte] 28 £ 1Te)A 24~

36417 Ak gk vlkdt & colonye RYH Mom WA wFE AEsgivh HA4
oYL Bt Hoow fEA wi FIdgola FI 97 Hads 7R 3

colony¢l ¥ duka o] Eolx

1' *

o] colony¥ TE1 FL FeAoln 2ri(Fig. 2).
W4 oA colonyE CPG A wiAlo] AF3ste] 28Tl 120rpm o= 24~364]
7b Eab

1.

olft
o)

e owlekS & F spectrophometer® AM£&o) 600mme) EFF Lol A 11X

10%cells/me) Sw2 dead s 2 z3 9 cHPham X. Tung, 1992,).

2) AT d5o A

AAZZS Avgael wulz 4L BCL Ao HES v A2l g 4
L owg)ehajol A foF wol ZF=Algk UWS(racel. Costa Rica), UW8l(race3. Costa
Rica), UW276(race3. Mexico) 1% 10%ells/mee] el e zkz} 15ml4o] 7h9l= 7))
of Al frAlE e AEAE] & #et AU TH1999).

BC2 E& 20000, 2001del] <ol Al FEubEgo] WAl (1998, A5 =)ol A]
e g Ay ad AR #4g wol A ARE-sHA Y

WA 2000630 race 1(1870)& o]8-38fo] 7oAl o] A& & of 10YelA 12¢0] At

o

= 1x10%ells/mt FEe # S FF 3 1wy Eg] #5389 (LT Laferriere,
J. P. Helgeson, C. Allen, Theor Appl Genet (1999) 98:1272~1278).
200110l race 3(2029)E o] &3}0) race 13 Ea Aulel AlEH 1x10%ells/

mi B A% gt Hgdle] AEel WelE 308 HA AR T FEel &7 AArh
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A% § 28+ 2C LEabolA 164749 4000~5000 Luxe] 23 8A17F o Ae] F7]
273 GRS 86%% $A4% F 15~2290] A b AES A4S Basad
5

S 93l

s3Ik clone@ 57414 38 AESHAT. UW #58 AHE® BC 1AEe AEe 4

>

NES A4S 0%-E 47HA 184 clones¥ 2444 clonesS A

it

LE %2 FAEAn, A #FE o] &3 BC 23&e] RAAdME AEd Ax
(%)% WA= VR, ZF At g BiE el AR FadE AREa
o AES AR 0dA: Yol A AEA @& R, 194 2% AT A, 294
26%~50% AE A, 394 51%~75% AT A, 49A 76%~100% AlE A9 5EHA
2oUya, 4843t g44E Age 1) HR 0~05 wilting degree, 2) R:06~
1.0wilting degree, 3) I! 1.1~15 wilting degree, 4) S 1.6~20 wilting degree, 5)

HS: 2.1~ wilting degree® 594 = 3}t
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colony '>
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Fig.2 Selection of virulent colony in TZC plate media with Ralstonia

solanacearum.
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. AEAZY Uy 53 2

1999 F33F, BCL AER 200091 BC2 AHEE 7IVdA fAFR e
el A 25 Hob &AM A7l F 9 inch Mo AAsle 24 AuwE stu
Descriptors for the Cultivated Potato (Huaman , L et al, 1977)8 #-318o] xXAE

UE dAd ATdE 8 4 2 de B4, £719 4%

BAEAe 24 299 2AGAT A4 F 3029 409, 609 803 430 H
A4S SR weelA ool ¥ REAA, 25 A4 F U4 A9 @ A, va
3 49 % 7, e BVE B 9% 9

F A, RBA J)EEY], A9 YR}

it

ﬂ-"bd
)
Ao
=
4t
Az
2
iy
H
=
2
rir
w
X
o
=
X
H
1o
s
o d‘l

L
N

2719l Rl He

_..
o

ol Hgow: JUE AR 44 T 4090 9o Ry I W 24
B 13 Hqol B3A e ARE 23 A9e EFste] W Nas) ReiEol

AR e B wA AEQ

E719 Ao 44 T 609Q6] v)0] Halx welAe] Ryo] Wil 4FFon U
o) zAsgT

£ BHE AN F 0UANE Adsiel ANl wa} s 94 3 23 A9
Wi, sheke] W, B, 59 ASS £ A0 oF sue Ry %

THNE 549 3 A, W RES I AL /FLE slo] 579 SO Yol
BRAQE Astel: v Aol budzh R A, budsl B A, 284 Ase

A, FAEe) sk wels A, Wl AR A H7H FHOE o] RFe

.
Rom SFY A% 4= U, 2~5, 207, 207) olabe] 45Fow Yol B
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st

2. DNA 3% " Polymerase Chain Reaction(PCR), Electrophoresis
B Ao A= Isabel S(1993)¢] RS WEHelol ApE3le] DNAE FE38F3t

(Mejjed et al, 1894, James et al., 1992).

UNOII Thermocycler{Biometra, Germany)Z ol-&3lo] Yang%(1997)¢] W&
AF-g-8} 9 o)

3 A7)0l % AA(Owl's standard, OWL Scientific) & ©}4-8-°JHosaka & (1994)
of Whjo R xvlgdE skl

DNA  marker22=  pGEM"DNA(Promega, USA)S  AM&89s, UV
illuminator(Vilber Loumat, France)® bandE #9138} 1L, Polaroid camera(Film 667)

o] g35hed HAahach

Al 348 A9 2 uz

1 Al Xk o 234 A4

T8 R AMEZ FEFMA), AE gjAet 54, a2jx BCIAE(CT), BC2

—

10091 cloneg WAre® g AitA] FnlE

Table 3, Table 5ol Ve wpe)l 2o}

T8 ¥z F okF LZ 32% W 1415%¢] A ES(wilting) §748

o
.
2
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e APAYS Yerhow, A F& e ARl PT 568 B 86.7% AlEw

obAlE % L7 31 3 L7 35% LZ 329 #& A%< S commersonii(P.l. 320266)°]
AR 747 Wi 635%9F 64.2%9 AVES TS R Aol = ROHE GER
B S commersonii (P 320266) L7 3.4% Wit 159%9] £4& JEh w2 A%
Aol o2& VER AT Fig.3).

AAE G882 HAAS F [HAG-13 [HA06-97 Z+7 3 16.7%% 12.29%2] A

B8 Fabel el ke A4S vehudEd, olF HAK-9E &dilel Lz 32

—‘>~

RYE we 4848 YeEhgdah B8 HA-2t= Bt 257%° Aus $4& UE

0 AL 2 Ao EAHAGL, HAWG-4E 492%° $RA APy 3

A A E FEael wujo] o] Ry AulE A= Hat 975%2 AlES FHE Ko
2 24AL Jugien =Ae gy 725%¢ AES S4E e #FeAdel e

A o.5 ZAFE A vhH(Fig. 3).

1}. Back Crossl A& (CT)
UWE, UWRS], UW276¢ Zgkal o2 BC 1A& 45819 v.(1999) HES A

Table 33} 2ow Eo|3 AL (T08-4, CT02-4, CT08-3, CT10b-4 v clone 27z}

Wit 100%. 125%, 167%, 187%9) Amg Fd0] v e Aol e Ao
2oRARE W, CT02-23  809%9] Alug TS vEhl e #eAel e AL
#OzAE 9o}

HA06-1¢ =k o 28 CTOl, CT02, CT03 ALdAME #FAFE AFAL7A &

&E7 2o)7t UL, B CT02-47F A& Aol 7 th(Figd).
A G EHAW-1S SRR o g 2 CT04 AlFe AlEwo] 43.8%~709%

2 S RREA A gedelim AR AEe gl
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HAQ6-25 Aoz A line L830-S 3o s wujdlo] 98 CT05 7% o)A
= oFgkel HEAo] gly Ao R ZALESG o} HA06-28 ENOT wisle] d&
CTO062} CTO7 7 EolA+= 3 clonewrol 9Fzkel A &Aoldar v} A 4 cloned EY%

HA06-42 Apdzlomst CTOR AEo A+ 4 cloneo] 5% A&A WA 1xe A3

HAQ06-9% Ao s diA line L830 7 dix & stzo=w uwjsle] o

o
«Q
—
<
D

AEI CTI0O ABolME #& A WA deyoez o o] oo

O
S
2
o

W, E3 CTIOb-4% 1%9 A& B} (Fig. 5)

e AFAHE 71 cloned & #A5AE 7HA clone M%7 UERY CTO2A %3 1%

e = 1 CTO8 A CTIOA%E 9 8 clone® & AvlF3 ww sl BC2

AR & ATIACG-1, HA06-2)2] A&Ejo|m Etslsl F8 F17 x & 4
Al Wl A3HCT3, CTODe] iz Wi, §3Aw BEadsA(HAG-4)o o
AREE FE AZAYCT8)R] wHl 235 AU, ol okAFe fFaxtel AuwE H
Ao Ao argel od fraxtel HAo] AHEHAYY wWEoR FA4T Fr Qo

AR AES kst 9siAe 1, 20 AazR]) sefsle] AWE et dukm

nxe] 4HE B BCl AEHE ARY F047 dojd Aelda melxo] 7t

TE B BClL AbEe A BdA A FHA7E 9 AR dA e geo

T Aol YA e AL, R A4 Ade] JEh e FE glu)
BCl & CT clone: S w3 a tiste] Wl (Table 4), CTOR AlEo] i+

23.3%°] AlES 248 Jeh g Ao Eskoh A3 Ado) vk ddE HA

cloned AWrzlow wulald-g W7t AmMES AYnoen 31 HAcloned 333 o



oS W R Aggo) ¥ 2 Aew YEhd g4 ARE 7hd At X
WAes gd Wrh A%4 #4 waHel o SAlsA Vet AZEedr) 1

E5o vkt AgHE uE R ostel #®9-H3 23 %2 (combining ability)

Watanabe 5 (1992)& &4 A% 4 Azt A5 weisE d& uf zH]
vhefsk AqalAdo] 1ol ofi: el AaEe didk xpEHe] Fs gy =g
FElol Aolo] upiz RAelElit RIsR T Tung (1992)% 4m A 2F=pgEe] v e A
e BCIARE] Enbill Aol dis) ddd fax gekdol Faske xbe)
At ErkEd Had e Fidos $4 gaoly] it fFaA4te] 4E FEo
Wf- TRt Histl o, Schmiediche 5 (1983)& S phurejad A4

) %D]-

9 & aAdo] Holx oy AuwFEy atwfste) M EFvlEH S FAAATR B
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Table 3. Percent of wilted plants of Fusion parents Somatic hybrids,
Cultivar (Dejima, Nooksak) and BC1 progenies 15 days after
inoculation with R. solanacearum mixed UW8, UW81, UW276 in
vitro conditions

Clone % of wilting DR* Clone % of wilting DR*
L7 31 63.515.0 S CT04-4 438188 I
.2 32 142+1.2 HR CT05-1 2.1E76 R
LZ 34 159%1.2 HR CT05-2 384123 R
L7 35 642112 S CTos-3 488t 1.8 I
PT 56 86.74.7 HS CT05-4 55.017.1 I

HAOG-1 16,7147 HR CT05-5 2751106 R
HA06-2 257161 R CT06-1 34.2+13.0 R
HA06-4 49283 1 CTo7-1 50.5+24.1 I
HA06-9 12.2+35 HR CT07-2 60.4*T10.0 S
Dejima 975135 HS CT07-3 60.8:20.0 S
Nooksak 72.5110.6 S CT07-4 66.318.8 S
CT01-1 367479 R CT08-1 37976 R
CT01-2 246171 R CT08-2 288+1.8 R
CT01-3 475177 I CT03-3 16.74£94 HR
CT01-4 384*16.0 R CTo3-4 10000 HR
CT02-1 254+17.1 R CT0%a-1 388L1.8 R
CT102-2 80.95+59 HS CT09a-2 309x59 R
CT02-3 56.71E18.9 I CT09a-3 459+12 I
CT02~4 125435 HR CT09a-4 30.2+20.1 R
CT03a-1 50.0F+14.1 I CT09b-1 20923 R
CT03a-2 49.614.1 [ CT09h-2 39.62£10.0 R
CT03a-3 409*+59 I CT09b-4 267195 R
CT03b-1 49.2+22.4 1 CT10a-1 66.519.4 S
CT03b-2 37.1L06 R CT10h~1 4427128 1
CT03h-3 54153 S CT10b-2 5751106 1
CT04~1 63.81+53 S CT10b-4 18.71£3.2 HRR
CT04-2 571147 I CT10c-3 40.0x14.1 R
CT04-3 709+59 S

*Note @ In a column, values followed by a common letter are not significantly
different at P = 0.05 by Duncan’s multiple range test
*PDR ¢ Disease Reaction
1) HR : Highly Resistant(0~20.0% of wilting)
2) R ! Resistant (20.1~40.0% of wilting)
3) 1T Intermediate(40.1 ~60.0% of wilting)
) S Susceptib]e(60.1~80.0% of wilting)
) HS : Highly Susceptible(80.1 ~100.0% of wilting)

o

5)
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Fig. 3. Percentage of wilting in S. commersonii, somatic hybrids 15 days
after inoculation with Ralstonia solanacearum mixed UW8(race 1),
UWB8I1(race 3), UW276(race 3).
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Fig. 4. Percentage of wilting in BC1 progenies CT 02 Clones (HA 061
X Nooksak) 15 days after inoculation with Ralstonia solanacearum mixed
UW8(race 1), UW81(race 3), UW276(race 3).
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Fig. 5. Percentage of wilting in BC1 progenies CT 08 clones(HA 06-4 X
1.830), CT10b clones(HA06-9XDcjima) 15 days after inoculation with
Ralstonia solanacearum mixed UW8(race 1), UW8I1(race 3), UW276

(race 3).

Table 4. Group average for wilting(%) of 7 groups of BC1 progenies,
differing in level Bacterial Wilt resistance, after inoculation with of
Ralstonia solanacearum mixed UW8(race 1), UW8l(race 3), UW276
(race 3).

Cross Parents

Group Fornale Malo range of wilting
(CTO1) HA06-1 Dejima

6% ~ 65.4%
(CTO03) HAO6-1 1,830 246
(CT02) HAO6-1 Nooksak 12.5% ~ 80.9%
(CT04) PR5017 HA06-1 438% ~ 70.9%
(CTO5) HAO6-2 1.830 22.1% ~ 55.0%
(CTO7) 1.83011 HA06-2 505% ~ 66.3%
(CTOR) HA06-4 1.830 10.09% ~ 37.9%
(CT09) HA06-9 1.830

7% ~ 6659
(CT10) HAO06-9 Dejima 18.7% ~ 06.5%
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t}. Back Cross 2 A&

A FE A Wt 35 race 1(1870), race(2029)& o] 83l race 1< 20001 9l
Bhdtoll o] M ete] FAEA AdEle] Eeke o #EE #Fstd HAE Al n
race 31 20019l race 13 FUE deelM A EAE o Aeedol] A she] 714
&ttt
oA FS. commersonii(P.l. 320266)¢] % racel/race3°l X LZ32+v AEd A&7}
0.4/0.30.2 78t Aagd& vehddar, 22 A8 LZ 313 L7 36% #HFdon
vheh sk ek,

g, BC1E& #8l AuvfF el amfo) 230 AME FEFE] 495 HAWB-12 0.7/38
HA06-42 06/3.2% raceloll A& vl #3Ag vfeb WA e race3o] WA= 2
FrAlS AW Ao g eyl 285 HA06-9% 0.9/02% racel 2t 93819 raced

of o 2@ A e
BC2AEe] A4 23 BCL Aldela Agtdez 0w cone 3 A% dua

1l

CTOR-49} UlA]. CTI10b-4 9 thA1e almjelA & CT 204493 CT2064 Qo
THE Fol AdEdd

CT02-42 AMEFHEZ 08128 vgey, CT08-4v & v 042 4 Ag84d&
Helow, CTIOb-4% 05/038.% 2% APEE B, adle) sHEflow o845
A= 2.3/4.02 Aol & Zlow eyt BC2AITHe] 43 ol FollA
CT08-4 ¢ CTI0b-43 race3e] tsl A% 343 %3 Aa4dL 1gm, AS Ae=
Woslo] wnjo] e 43k AR Ay Qo) g al B &5 race3o] sl HE

F et A WAhel BRAYR, FAsA NSS4 AARYL.
BC2 Aloie] A9 g A& e2 racel ¥ race3e] W& zt Adulr} 434 Ao

Aol 7k AT CT204A L 45 raceld] thafix AP 4ol Algo] vl

A9 race3oll A= 4709 cloneo] A 8AlE YeElWSItH CT204-33 CT204~109]
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AL 07/059 07102 AL ey, 285 CT204A18S A4 ez

A& e 7 dselslon, 538 CT204-3v= race3d Al g A3dE& ze A

‘o

> 2

rlr

Rol £-Fgk A2 Akl

BCl A 5 CTI10b-49F vjx]e] wwl & v} CT206A1Y9 2 CT10b-49} B %3} A)
A A7 Fsskl vhgkel CT206-99F CT206-10 & A58 AE7F 08 / 04
0.4/01% ¢ APAE Kol 5 AAls AesAck a8 CT206-67% CT
206-14% Ml A AFPQ ALm wop FFo o]§ar] A FL Az ddEn
racel-& 33 clone% l4clone®]l A48 W8T, race3t 34 cloned 6 clonetle] M a4-&

Vb itk Al e race3dl iR Aol S AL UEyith
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Table. 5. Wilting Degree of Fusion parents, Somatic hybrids,
Cultivar(Dejima,Nooksak) and BCl1, BCZ progenies 15~22 days after
inoculation with It. solanacearum racc 1(1870) and race 3(2029) under
plantlet conditions.

race 1 race 3 race 1 race 3
R T

LZ 3.1 - - 4.0 HS [[CT206-6 1.0 R 1.0 R

LZ 32 0.4 HR 0.3 HR [CT206-7 1.1 I 4.0 HS
L7 35 - - 4.0 HS JCT206-8 1.6 S 4.0 HS
PT 56 2.9 HS 4.0 HS [CT206-9 0.8 R 0.4 HR
HAO6-1 0.7 R 3.8 HS [CT206-10 0.4 HR 0.1 HR
HA06-4 0.6 R 3.2 HS (CT206-11 0.8 R 3.6 HS
HAQ6-9 0.9 R 0.2 HR [CT206-12 0.7 R 4.0 HS
Dejima 2.3 HS 4.0 HS [CT206-13 1.2 I 4.0 HS
Nooksak 2.1 HS 4.0 HS [CT206-14 1.0 R 0.6 R

CT02-4 0.8 R 1.2 I JCT206-15 1.2 I 0.6 R

CT08-4 04 HR 0.4 HR [CT206-16 0.9 R 3.7 HS
CT10b-4 05 HR 0.3 HR {CT206-17 1.8 S 40 HS
CT204-1 0.9 R 4.0 HS [CT206-18 1.3 I 4.0 1S
CT204-2 1.4 I 4.0 HS |CT206-19 16 S 4.0 HS
CT204-3 0.7 R 0.5 HR ([CT206-20 0.7 R 4.0 HS
CT204-4 1.0 R 20 S {CT206-21 11 I 3.0 HS
CT204-5 1.0 R 1.0 R ICT206-22 1.7 S 4.0 HS
CT204-6 1.3 I 4.0 HS |CT206-23 1.6 S 4.0 HS
C1204-7 1.8 S 4.0 HS [CT206-24 0.9 R 4.0 HS
CT204-8 0.9 R 1.2 I CT206-25 0.8 R 3.3 HS
C'1204-9 1.2 I 1.0 R |CT206-26 1.5 I 4.0 HS
CT204-10 0.7 R 1.0 R |CT206-28 - - 4.0 HS
CT204-11 1.2 I 4.0 HS CT206-29 (.9 R 4.0 HS
CT206-1 1.1 I 4.0 HS [[CT206-31 0.9 R 4.0 HS
CT206-2 1.3 I 0.8 R [CT206-32 1.3 1 4.0 HS
CT206-3 1.5 I 4.0 HS |[CT206-33 1.1 I 4.0 HS
CT206-4 1.0 R 40 HS [CT206-34 1.3 [ 4.0 HS
CT206-5 0.6 R 35 HS JCT206-36 1.4 I 4.0 HS
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*Note ' Plant disease was scored using a standard five-point scale (1..T Laferriere

J. P. Helgeson, C. allen; 1999)

x Wilting degree
1) 0@ no wilted leaves
2) 1 - up to 25% wilted
3) 2:26 % to 50 % wilted
4) 3 : 51 % to 75 % wilted
5) 4 1 76% to 100% wilted

* DR - Disease reaction
1) HR : 0 to 0.5 Wilting Degree
2) R 06 to 1.0 wilting degree
3) 1: 1.1 to 1.5 wilting degree
4y 5 1 1.6 to 2.0 wilting degree

5) HS : over 2.1 wilting degree
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Clrace 1
race 3

wilting degree

Lz LZ LZ PT S56 HA HA HA
3.1 3.5 3.2 06-1 06-4 06-9

clone

Fig. 6. Wilting degree in S. commersonii and fusion parents, somatic
hybrids 15 days after inoculation Ralstonia solanacearum race 1(1870)

and race 3(2029) under plantlet conditions.

Orace 1
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wilting degree
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Fig. 7. Willing degree in BC2 progenies CT204 clones(CT 08-4X
Dejima), 15 days after inoculation with Ralstonia solanacearum race
1(1870) and race 3(2029) under plantlet conditions.
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Fig. 8. Wilting degree in BC2 progenies CT206 Clones (CT10b-4 X
Dejima) 15 days after inoculation with Ralstonia solanacearum race

1(1870) and race 3(2029) under plantlet conditions.

S S S

3 = - -
IHA 06-4(14Days) | l CT 08-4 ] ||:u X|_(1BDays) ll'l 20a-314Days)

Fig. 9. Wilting degree in cross parents BC2 progenies CT204 clones(CT
08-4XDejima), 15 days after inoculation with Ralstonia solanacearum

race 1(1870) and race 3(2029) under plantlet conditions.
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Fig. 10. Wilting degree in cross parents BC2 progenies CT206 clones
(CT10b-4 X Dejima), 15 days after inoculation with Ralstonia solanacearum

race 1(1870) and race 3(2029) under plantlet conditions.

) CEap-T,

Fig. 10-1. Wilting degree in BC2 progenies CT206 clones (CT10b-4X
Dejima), 15 days after inoculation with Ralstonia solanacearum race

1(1870) and race 3(2029) under plantlet conditions.
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AEA s Fdd 54
BC1, BC2 progenies & #Eje 7IWolA 3o o4&l 2HM Anjstsion
19991, 20009, 49 ~74 236 HA AR, 577 12092 Frkdd 93-S
ek ot

AR 1770 CT clonesE9] AFe AN 23 1 FF o] A4¢ Y=
AAAA AFE et & ASd ¢ A= s 4FE Biou F
AE&A 4 80¥ oA = g4l A& Ve clonesE©l ZAME Sl
B 2% Y AU, BlaEs AYEE A, B2 v|eEvE €2 R
Ao 37kA WH 2 Yot A
Gl LZ 32(P1320226)w <F7kel WAlE o2 widEw= ¥, PT 56 7

oo

ofN

=Zyg B2 98 g5 Aon xAFYgen, AMAE #HEQ HA clones E§ 7]

EE712 EL 98 P dos 2AHAY

LZ 329 82 F#Hd% 1aA9es #8d e (scarcely dissected)®= L E}R;OH,
PT 569 82 HeHA &L ¥(undissected) 0.2 FAEJow HAAE 7F<Q
HAO06 clones LZ 329} HlZ:she] £9% 1Az £58 dorg AR
BCl A& & A" CT clonesd 49 W 1xgez B3hd ¥ t(scarcely

dissected) ¢} £H 2 14 kel 24 7S 71 el (weakly dissected)= UL EL

Mgl 1770 CT clones® % ASY 4 60do) &71¢) M2AE 2AE Axr A4
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ofAF GG AAE FFAME AeE wol ot WA FH2: NFgEA @
strh. A 177) CT clones % 718}%  clones?] 14 $441& # e} Qom 23 3
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AME AF HELS 2 Y3 S0l 43 HEY T & WHol4dE YEE
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BC 2Avie}l Asdele dAHer g Ao, A&
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Table 6. Morphologocal characters and degree of resistance to
bacterial wilt( inoculation with K. solanacearum mixed UWS,
UWS81, UW276 in vitro conditions) of the fusion parents, somatic
hybrids and BC1 progenies in greenhouse.

Chr.Growth Plant* Leaf?’ Stem” Degree of Flowing per”

Clone number Habit" Height(Cm) Dissection Colour Flowing” Inflorescence DR
Fusion Parent
LZ 32 24 5 206 3 - H 3 HR
PT 56 24 3 15.4 1 - 0 - HS
Somatic Hybrids
HAQO6-1 48 3 437 3 - 5 3 HR
HAQ06-2 48 3 455 3 - 5 3 R
HA06-4 47 - - - - - - I
HA06-9 43 2 61.4 3 - 7 3 HR
BC1 Progenies
CT01-4 48 3 50 4 4 5 4 R
croz-1 43 3 43 3 3 5 1 R
CcToz-2 45 3 58 4 2 7 4 S
CT02-3 46 2 61 4 1 7 3 I
CT02-4 48 1 41 3 1 5 2 HR
CTO3b-3 45 1 52 4 4 0 - S
CT04~3 48 3 82 3 1 7 3 S
CT05~1 48 1 52 3 1 0 - R
CT07-3 48 2 4 4 4 7 2 S
CT07-4 417 2 101 4 4 5 3 S
CT08-3 48 1 34 3 3 5 4 HR
CT08-4 48 2 39 3 3 5 3 HR
CT0%a-4 46 3 32 3 3 7 4 R
CT09b-1 47 3 49 3 3 5 4 R
CT0%h-4 48 2 39 3 3 7 4 R
CT10a-1 43 3 72 4 1 1 - S
CTi0b-4 3717 1 69 3 3 3 3 R
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+ Plant Height (Cm)
— 80 days after transplantation from in vitro to greenhouse
1) Growth Habit type
0 : Abnormal
. Erect
! Semi - erect
: Decumbent
.. Prostrat
© Semi - rosette

Oy U1 b W Do

: Rosette

2) Leaf Dissection
0: Abnormal 1.Undissected 2.Pinnatilobed 3.Scarcely 4.Weakly 5Medium
6.5trongly  7.Very Strongly

3) Stem Colour
1.Green 2.Purple 3.Green with some purple 4.Purple with some green

4) Degree of Flowering
0O.No buds 1.Bud abortion 3.Flowering scarce  b.Flowering moderate
T ¥lowering profuse.

5) Number of per Inflorescence
1.Single 2Few (2-5) 3.Intermediate number 4.Many (morethen 20)

6) DR - Disease reaction
@ HR : Highly Resistant(0~20% of wilting)
@ R : Resistant (20~40% of wilting)
@ I : Intermediate(40~60% of wilting)
@ S : Susceptible(60~80% of wilting)
(& HS : Highly Susceptible(80~100% of wilting)
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Table 7. Morphologocal characters of the fusion parents,

somatic

hybrids and cross parents BC1 and BC2 progenies in greenhouse .

Clone Growth . Plant* Stem™” DR"
Condition Height{Cm) Colour racel race3

Fusion Parent
1.7 3.2 3 1 HR HR
PT 56 4 27 1 HS HS
Somatic Hybrids
HA06-1 1 4 R HS
HAQ6-4 1 24 4 R HS
HA06-9 2 31 4 R HR
BC1 Progenies
CT02-4 2 20 1 R I
CT08-4 1 15 4 HR HR
CT10b-4 2 23 3 IR HR
S. cultiva
Dejima 3 33 1 HS HS
Nooksak 4 20 3 HS HS
Superior 4 30 1 HS
Irish cobbler 4 25 1 HS
BCZ progenies
CT 201-1 2 I
CT 201-2 2 R
CT 201-3 4 S
CT 202-1 1 21 3 R
CT 203-1 4 S
CT 203-2 | I
CT 204-1 2 R HS
CT 204-2 3 20 1 { HS
CT 204-3 2 17 1 R HR
CT 204-4 2 R S
CT 204-5 2 R S
CT 204-6 2 1 HS
CT 204-7 3 S HS
CT 204-% 3 R I
CT 204-9 2 1 R
CT 204-10 1 20 3 R R
CT 204-11 2 1 HS
CT 205-1 4 I
CT 206-2 4 1
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Table 7-1. Morphologocal characters of the fusion parenis, somatic

hybrids and cross parents BC1 and BC2 progenies in greenhouse.

Clone Growth 5 Plant*  Stem” DR”
Condition’ Height(Cm) Colour racel race3
CT 206-1 2 18 3 I HS
CT 206-2 2 27 3 I R
CT 206-3 3 22 3 1 HS
CT 206-4 2 18 4 R HS
CT 206-5 2 20 3 R HS
CT 206-6 2 33 3 R R
CT 206-7 3 22 1 1 HS
CT 206-8 3 18 1 S HS
CT 206-9 1 16 1 R HR
CT 206-10 1 30 3 HR HR
CT 206-11 2 21 1 R HS
CT 206-12 3 23 3 R HS
CT 206-13 2 17 1 I HS
CT 206-14 2 21 4 R R
CT 206-15 2 18 1 1 R
CT 206-16 3 24 3 R HS
CT 206-17 4 28 3 S HS
CT 206-18 2 18 1 I HS
CT 206-19 3 20 1 S HS
CT 206-20 1 30 3 R HS
CT 206-21 1 27 3 1 HS
CT 206-22 4 15 1 S HS
CT 206-23 4 20 ] S HS
CT 206-24 3 22 1 R HS
CT 206-25 3 30 1 I HS
CT 206-26 3 15 1 1 HS
CT 206-28 3 20 i HS
CT 206-29 3 16 1 R HS
CT 206-31 3 30 3 R HS
CT 206-32 3 28 4 I HS
CT 206-33 3 22 2 I HS
CT 206-34 2 27 2 I HS
CT 206-36 2 28 1 I HS
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1) Growth Condition
1.Excellent 2. Good 3.intermediate 4. weak
2) Stem Colour
1.Green 2.Purple 3.Green with some purple 4.Purple with some green
3) Plant Height (Cm) - 40 days after transplantation from in vitro to
greenhouse
4) DR - Disease reaction
(D HR ' Highly Resistant (0~20% of wilting)
@ R : Resistant (20~40% of wilting)
@ 1 : Intermecdiate (40~60% of wilting)
@ S : Susceptible (60~80% of wilting)
® HS : Highly Susceptible (80~100% of wilting)

3. RAPDO| 93 FE XA AA}

FabEol didEA]oRE &Art 938te] UBC ¢ Operon? 200 %9 random

decamer primeri: Al83}o] RAPD £4& & Z3 133257} polymorphic band

=

& Hofglot, 1% OPA 19 1,692bpst UBC #4079) 662bptte] =) g4l ok v

1

¢

race 1o A3 1d, 2uf awalzEe] velwgcl asez old e AW

AA7) R s,
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Table 8. RAPD data of clones of resistance & susceptible fusion parents, somatic hybrids,
crossed parents and the progenies. Primers numbers are UBC (University of British

Colunmbia) Code number and operon kit-number.

. polymorphic HAGG Dejim CT10 CT206 CT206 CT206 CT206 CT206 CT206 CT206 CT206 CT206 CT206-

e by 2T 0 s b1 2 1 4 S5 6 7 4 40
1 S S S S
OPA |
B0 ¢ - - b o

o  Fim p‘:zr‘l‘(‘i‘"(l::)c A2 T IAGL Nob OO LG gy ) CTAZCT
B R T
# 407 1751 - + ' ; ] _ ; A
s e
662 ¢ - t - ;
676 ¢ - t

Nook © Nookdak, LC  Irish cobbler
NOTE : The oligonucleotide primer({0mers) used for the generation of RAPDs.
(+ - Presence of the RAPD marker, -~ Absence of the RAPD marker 4 : Resistance clone, 2  Susceptible clone)
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A clone® the AWE @ulste] e FoREE Z AT cloneE S O

total glycoalkaloid®] & FAlste] A Fowre] AAAE HES LA 6.

i
o O ,{1 a-chaconine
g 9% o
Gty } fr‘{“
TRy
NI O

Figure 1. The chemical structures of a-chaconine and a-solanine

from potato.
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A 24 As R H9

1. glycoalkaloid F&

EAAZZ AR 28 methanol Smi9k WHEFE Y © MW solasodine(100ug/ml)

£ 200ulE AR H7EY FEFAY. FEAS 10000 (5000~ 6000rpm) ol A

10%-7F 29 wbEalo] YA Ee] sto) Zbzte] e A8 RolA 4 layer gauzeZ o 33}
At o33 L HE methanol = HE3 A7l SAP-PAK Cis cartridge®l loading %

10mlel acetonitrile® £% . L4 & A evaporatorZ Z Yol A 7 xA

U.ﬂo

71 3 20mM KH.POsE £33 70% acetonitrilefd Iml & F¥¢1F% o]gd

!

glycoalkaloid® 3% A8zy AMgslglonm, o]F 10ul® HPLCE A 3¢

>

tH(Figure.2)
mAU | 8
-
0 ! § % chaconine
€0 : ' |
! 2 solanine f\;
o I
o & o
0 R I
’ o
20 | solasodine 7; } | | \l
- } \ f i\
0 ey SV e R R
{) o ——— ey r Y Y . Y T 1 Y T Y L
0 15 ] 20 min

Figure 2. HPLC chromatogram of glycoalkaloid in purified exiracts

of potato tuber
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2. glycoalkaloid 2 A %

glycoalkaloid A%< UV detector (203 nm)oll 28t HPLCE ZAAsSTH A&

HYPERSIL packed ODS Ciz ¢ HPLC column ° loading 3l 31348 %

Pl R ingirs lml
o] F£ 9.5 30% acetonitrile/ 20 mM KIL.POs (pH 6.3), (3 : 7, v/v)¢] olEA o=
L&A} glycoalkaloid & 7Z+& HPLC ¥AMdA #2838 solasodined] 34§

42 ml 9 mgel Chaconine ¥ solanines 93 oz 3Asto) HPLCRE
A 8le] A 82, peak area S chaconine ¥ solanine 9] %% A 317 93}

o %7 sherh
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A3 A A} 2 &

A 58S o] 839 glycoalkaloide 3)4&S #ES AT a-solanine 2
a-chaconine 1L 90%0°]739] &S Agow, o] I5-&E FAR 3o A
%2] glycoalkaloid®] %48 AABIA}. %, glycoalkaloid®] 82 a-solanined}
a-chaconine-% %3+ Tatal glycoalkaloid(TGA)= YER) ST}

Wdgel TGAS A=A, FFEQ ofIAT LZ32v AdE 100g7
30.7mge AMEGTA T AAE 100gd 4.05-35.2mge 28t o, 531 HA0G-4

4 HA06-92] cloneoll A 242} 35.2me¥ 21.58mgl. & vi-¢- ®L $hakg2 wgivt widl

1.|

o) FulAE F 1A clonet: e TGATH X+ AMFF 100g9 0.25-9.19mg, 2
A cloneolA el TGA THEHFEELe= AAFE 100g9 029~6.19mg o= vhejv), A4
> A RPEAEE TGAZIESHE ok A vebwv, =8 4 Adizt TGAYES Al
7bodleldes ghasks A%E Ridoen, A Eukgd Aol 2s 24
clone 3k Fj¥ o v TGAT S viebloh (Table.l).

whek A, @Ae] QAR e, SRS AW 2 24 cloneE ] 480 R A9

o,

Ao o] 88 £ A §83 cloneEEZA F8IIEAH & AOR E=AE

nd)
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Table.l The glvcoalkaloid contents detected in extracts prepared
from fusion parents, the somalic hybrids, crosses parents, and the
1st, 2nd sexual progenies.

clone cont(-ants(mg/ g)- TGA clone contf.znts(mg/ g). TGA
chaconine solanine chaconine solanine
Fusion parents CT09b-1 ND 0.3 0.3
LZ 3.2 17.8* 129 30.7 | CTO0Sb-2 05 0.4 09
*PT 56 3.7 2.2 5.8 CT0Sh—4 4.7 ND 4.7
Cross parents CT10b-1 1.8 1.2 3.0
Dejima 3.6 16 52 | *CT10b-4 1.9 0.7 2.6
Nooksak ND ND ND CT10c-3 14 1.8 3.2
Iri
i 0.7 ND 07
Somatic hybrids
*HA06-1 6.2 2.7 9.0
HA06-2 1.8 2.3 41 Back Cross 2
HA06-4 16.7 185 352 || **=CT202-1 4.7 14 6.1
*HA06-9 155 6.1 216 | =CT204-3 0.7 1.4 2.1
Back Cross 1 *CT206-5 ND ND ND
CT01-1 3.2 ND 3.2 *CT206-9 0.7 ND 0.7
CTOI-2 1.9 20 39 **CTOZOG Y, 18 38
CT01-4 4.0 1.4 54 | *CT206-12 0.2 0.1 0.3
CT02-2 6.1 1.8 79
CT02-4 2.3 1.3 3.6 Cross parents BC 1 progenies
CT03a-3 4.3 ND 43 | HA06-1 X Dejima CTo1
CT03b-2 6.3 1.3 76 | HA06-1 X Nooksak CT02
CT05-1 2.6 1.1 3.7 | HA06-1 X 1830 CT03
CT05-2 0.4 15 1.9 || HA06-2 X 1830 CTO05
CT05-5 4.8 ND 48 | HA06-2 X P85001 CT06
CT06-1 5.4 ND 5.4 HA06-4 » 1830 CT08
CT08-1 0.9 0.4 1.3 | HA06-9 x L1830 CT09
CT08-2 1.7 2.3 4.0 HA06-9 X Deijima CT10
CT08-3 2.0 29 49
CT08-4 3.0 0.8 3.8 Cross parents BC 2 progenies
CT09a-1 3.0 ND 3.0 CTO08-4 X Irish cobblerler CT202
CT09a~2 4.7 0.5 52 | CT08-4 X Dejima CT204
CT0%a-4 7.3 1.9 9.2 | CT10b-4 X Dejima CT206

# resistant(20-40% of wilting). ** Highly resistant(0-20% of wilting)
ND ! not detect. X : Values represents the means of 3 samples
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M4 214 2 Mursl =2 ofZst

__l:r]__
AMad AR RAPDOll 2|8t X[ Q1K ZH A}

A1dA &

At HEWE dody HedsE Lrwinia 49 Erwinia carotovora
subsp. atroceptica(li.c.a.), E. carotovora subsp. carotovora(E.c.c.) and FE.
chrysanthemi o °l&] W=, F7)9F Ao FEWE dodle @ AAHL
2 F AN EAE e F83 @9 ot (Perpmbelon & Kelman, 1980).
of AHe AR Y FAE AN AL 4B, 29, A% Fo e
FUEE, $/) PEOR A% N7y pud ¢ud BF 5 24® AT, 4%
W EEe] FEekAl e @A shel A Ao,

ol Aol disl &AH MutA BgHeR AEFA ¥ o]

A A B Wyel wejel WAt (French & de Lindo, 1985
Lapwood et al., 1985; Wastie & Mackay, 1985).

A NSl uigk gAML ofAl SolanumFE, °FA SolanumE 9 #FAE, 1
it oF A SolanumE F Solanum tuberosum?t el A E 25 HFAH A&
A oolul Frol ¥ glu(Allefs et al, 1995; Austin et al., 1988; Carputo et al.,
1997; Corsini & Pavek, 1986; French & de Lindo, 1985; Helgeson et al., 1986;
1993; Zimnoch-Guzowska & Lojikowska, 1993). 9344 §3o A 83
Solanum-$ Atolel AAE FFES B AFIdd g8 F5E A .(Barshy,

T., Shepard, J., Kemble, R., and Wong, R. et al, 1984) 53| ¥ EWo) A & A
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o] ciir a#H A ofAMHE S brevidens® AMwlE S, tuberosum Group
Tuberosum?+el A XE F3lo] A4 HFHEWol HaAol i RAoxm ¢elA 1,
Hue ga& R oo wgton AR AME FEFELS deH A u
w7} 7beskoh i oF @ 3 ob (Ehlenfeldt and Helgeson 1987)). #|43 %7 % &
W 5 AEgAde M3 o s Fd gsiMe FEuAZ dHEA G
(Allefs et al., 1995; Carputo et al., 1997, Hidalgo & [Lchandi, 1982). 18] &
adE M7 FEY AFHE AT K5 wEA F7] FEHA R A4FA
gake $ural R gri=tl(Wastie and Mackay, 1985). Aa el 5 Heg & 25
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7t EAAE
= AdelA FdeAd HEAe ARV A4 2 AEAe vdAEA
ol Al ghdbell o] 2g A& A shx) o)t
JIHAEA s el HrbsA @& Y-9t2] Murashige and Skoog(MS)H] ]
(Murashige and Skoog, 1962)e} 4 23+1C, 16A1%Fe] FFA 6k A F4ste] 994
doll AEA ] g Agatda, Hee] AEE AEA: G, o8 E i §F
AW A Ao Table 13 @),

SRR

m{u

Ay F7H i ow A9 Adsded, H WA Age 90
8 7oA 2353 AR A EAE Jiffy Potso. i o4k £ 2317, 1647k
o gFETIstel A 370 A4 AgAe g AREsa, A HEAE A,
oF AL FFA @ G Aeow 228 Bcloneso) vk (Table 1) % Ha] 2 ¥ &
2001 79 7l A FA ] A EAE JES "Mo] 21i Mol 92 potell 2530
a7l F vA] Bt o12l§le) 4~55 F 10~15cme| shootHE Al FH she] A

of ARGSERIL, Heol AREE HEAE A, obAlE, e, §A W 3

Abgaksivk A de] AbSw YA P, G =@ RS, opAlE, wkga) el ofAl
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DHEFH Pt QEFUARIE RV} o) faATE 2en, F oaA Ay
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Table 1. List of clones lested for inoculation on leaves of in vitro

plant and poied plant.

Origin

Clones

Cultivars
S. tuberosum P 203900

S. tuberosum cultivar

brevidens Pl 218228
commersonti Pl 32026
brachistotrichum P.1. 255530
cardiophyllum P.I 186548
Jjamesii P.1. 275169
chiquidenum P.1. 310942
chiquidenum P11 310989
chiquidenum P.1. 365322
chiquidenum P.1. 473459
pinnatisectum P11 230489
pinnatisectum P 184764
chomatophillum P.1. 762609
chomatophillum 1. 762570
chomatophilium P.I1. 762570-2
cardiophyllum P.1. 283062-1
cardiophyllum P.1, 283063-1

. berthaultii P.1. 473331-1
Fusion Iybrids and Progenies
CR4#2 + ps- 6A

N206 < S, tuberosum cv. Katahdin
Cl-31 > S tuberosum cv. Katahdin

Clo-5 X 8 tuberosum cv. Atlantic

wn

CR4#2
Katahdin, Atlantic,

Dejima, Supertor

ps- 6A

Lz 3.1, Lz3.2, Lz34, 1235
-7

3-10

13-3, -5

chag-A

chg-B

chg-C

chg-12

pin-1, pin-B-1
pnt-A

chm-A

chm-B

chm-B-2
cph~A -1
cph-C-1
her-13-1

A206, A937

C1-31, C1-75

C31-5, C7h-5
C75-5-210, C75-5-297

% Note - + 1 cell fusion

X1 Cross
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Fable 2. List of clones tested for moculation on shoots of poted plant.

Origin

Clones

Cultivars
S. tuberosum P 203900

S, tuberosum cultivar

Wild _specics
brevidens DPPI. 218228

brachistotrichum P.1. 255530

Jamesii Pl 275169
chiquidenum PP.1. 310942
chiquidenum P.I. 310989

pinnatisectum P 230489

H
M

pinnatisectum 1°.1. 184764
chomatophillium 1. 762609
chomatophilium P1. 762570
chomatophiliim P10 762570-2
cardiophyllum P.1. 283062-1
cardiophvlium P.1. 283063- 1
berthauliti P.I. 473331 -1

sparsipifum P1. 310959

tberosum 101 214435

S, tuberosum D1 214421
Fusion bybrids and Progenics

CRA#2 1 psOA
A206 ~«
A249 7 S tuberosum cv. Katahdin
AY37 ¥ S, tuberosum cv. Katahdin

S. tuberosum cv. Katahdin

C1-31 % 8. tuberosum cv. Katahdin

Ci-75 xS, tuberosum cv. Katahdin

CR4#2
Katahdin, Atlantic, Dejima,

Superior, Irish cobbler

ps—0OA
1-7
133, -5
chqg-A
chg-B
pin-B-1
pin-A
chm-A
chm-B
chm-13-2
cph-A-1
cph-C~1
ber-B-1
spl-1, -2, -3, -4, -5, -6
thrl-1, -2, -3, -4, -5,
thri-6, -7, -8, -9
thr2-1, -2, -3, -4, -b

AZ06, A249, A937
C1-31, CI-75
WD-1,-2,-3,-4,-5,-6,-7,-8,-9
WE-1,-2,-3,-4,-5,-8,-9,-10,~11
-12,-13,-14,-15,-16,-17,- 18
C31-12, -13, -14, -156
C75-5, -14

....76_



Table 3. List of clones tested for tuber inoculation

Origin Clones

- S.tuberosum cv.Dejima+S.bervidens PI218228 1007

- S.tuberosum PI203900 CR4#2

- Situberasum cultivar Deiima, Katahdin, Nooksac

Fusion_Hybrids and Progenics

- (CR4#2 + ps~6A) X S.tub cv. Katahdin C1-31, C1-75

- C1-31 X S.tub cv. Katahdin C31-5

- C1-75 X Stub cv. Katahdin C75-5

- C75-5 X Stub cv. Atlantic C75-5-210, C75-5-297

- LLZ 3.2 + PTho HAO6-1, TIA06-2

- TIAQ6-1 * S.itub cv. Dejima CT01-1, CT01-4

- HAO6-1 > S.tub cv. Nooksac CT02-1

- HAO6-1 X Situb ev. Dejima(L830) CT03a-1, CT03a-3

- HA06-9 > S.tub cv. Dejima CT10a-1, CT10h-4

- HAIOb-4 x S.tub cv. Deiima CT206-4, -7, -10, -11, -15

ild species

- S.brachistotrichum P.1.255530 bst 1-2,1-6,1-42,1-67,1-70

- S.cardiophyllum P 1.283062 cph-3, cph-22

Haploids of cultivars X Wild species

- Hat-15 ¥ che-15 F1-11, -25, -31

- Hat-15 X che-43 172-8, -35

- Hat-15 X stn-23 F5-18

- Hat-16 X vrn—4 F7-2

- Hat-63 X che-32 1'9-69, -98, -99, -114

» Hat-63 X che-35 F10-66

- HIC-22 X che-32 -~ Fi13-40

» HK-22 X che-43 [F17-28

- HK-91 X che~15 F23-11

- HK-41 % ¢he-32 F24-5, -6

- [IK-910 % che-39 F25-14,-27,-28,-31,
F25-70,-75,-8,-93

s HK-41 X phu-53 F27-3

- HV35-36 % che-39 F30-2
F76-55
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Dihaploids

» S.tub c¢v. superior
- Stub ev.

- W727 x 122
- SAM-3(Remehue)
- Konafubnki

x 1.22 DH4-2
X 1.22 DH33-3, DH37-2
- Haploids of S.tub cv. Atlantic Hat-9
- S.tub cv. Irish cobbler X Hes-9 HIC-20
HW-6
X Hes-b DH13-38
x 1.22 HK-22, HV35-20, -21
x Hes-2 HK-48

- Konafubnki

¥ Note

ps-6A  S.brevidens PI218228

1z 3.2 © S.commersonii P1320226

S.tub © Solanum tuberosum

PT56 © Haploid of S.tuberosum cv. Superior

Hat : Haploid of S.tuberosum cv. Atlantic

HIC : Haploid of S.tuberosum cv. Irish cobbller

HK : Haploid of S.tuberosum cv. Konefubnki
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‘Table 4. List of clones tested for tuber inoculation

Origin Clones
* S.tuberosum cv.Superior+S.brevidensPI218228 2007
+ S.tuberosum cultivar Dejima, Katahdin, Nooksac,

Superior, Atlantic,

Irish cobbler

Fusion Hybrids and Progenies

- CR4#2 + ps-6A A206

+ A206 X S.tuberosum cv. Katahdin C1-31, C1-75

«+ AZ249 X S.tuberosum cv. Katahdin wD-1, -2, -3, -6, -7, -8

» A937 X S.tuberosum cv. Katahdin WE-1, -4, -5, -6, -8, -10,
-11, -12, -13, -18

- C1-31 X S.tuberosum cv. Katahdin C31-5, C31-16

» C75-5 X S.tuberosum cv. Atlantic C75-5-210, C7H-5-297

Wild species
» S.cardiophyllum P.1.283062-1 cph~A-1

¥ Note ps—-6A ¢ Sbrevidens Pl 218228

CR442 : Stuberosum PI203900
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v FA] AT
AEAl FE5W S o7 Erwiniadoliz Al VX Erwinia carotovora ssp.
atroseptica(B.c.a), E. carotovora ssp. carotovoralE.c.c), E. chrysanthemi (Echr)7}
oli=d, o]%F ¢ yglel A Wyl Frwinia carotovora subsp. carotovora 1(T] ¥k
w3} Erwinia carotovora subsp. carotovora 2(%3), Ziels1, e F74WE o
0913+ Erwinia carotovora subsp. atroseptica. (4 AlarS 1998v1 7l 6}l 2]

o] & w9 2001Wloly: &AL Aol ta ol f WALEYE L.c.al254-8

SL)¢F E.c.c(381 SLYE % wrol Apg-spglvh.

2. 4% 4

7h Al R EWEY el 34 2 Py

20% glycreol solution @ere] We WP 5Q o S ol MGY LA )
Ao W& 5, 24T, Gl A 1~2U3F FA T, Aol wErE o] # ¥ loopsE
o] f-&lo] A A Zzbol A8 strikingd vl 1], 24°C, g EfOl A 2

A3k Wk W, A wAe] Ao Fai WA Aojuw HHFQ AFH F

1

At el

sl7] #138) loopsE ©] §-3t¢]

Wy Al 288 MGY Al A o) striking 3t 297 24°C, oFAleol F Yl

,

Wits welstel Mgy A4 AW o gah

‘,.

v A EA A& o] 8T AEA FEY 3T

Wdel v ReEe] dakgeld MatA FEHIS MGY LAl H] ol A
241°C, A oA 48A17F FAAIRL F-) Alate] el UHE loopsE o] £3}9]
~BloopsH MGY @vH o] #Esle] shaking incubatordl A 247 1°C, 120rpm,
A E s 481 ZE el ¢k & SAt
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Al A S AEAe ojAyo] 33 FAF AEAe & ditd
petri-dishel filter papers 243, 528 FA1307] A3 ot 3 FelFi, I
9ol petri-dish'd 578¢ 9 o] ¥il, 107cells/ml #HEHE 7| 2 & 9
o = 200, ol M E Ao Yo 50uE HEEY Y} parafilmdmiE petri-dish&

Bel 240, 16470 RFTIeko) N maali, 4% ABALLE UAAA 24

AZE g1 R WAL 6 Al0-Sel ofF# FA o] dojuhA ¢FE, 1-99 AF-H
TES8Y doid, 2-¢19 1/371#] EE R, 3-99 23712 Eel, 4-9 A7)

w7, 5-9 WAV F2am AR E o] 3, 71Ee
v} o] d AEA shootd] AAdA T8 HF

Mool AAEIL Eejuo] maFolwl AT FEW Frwinia carotovora
subsp. atroceptica®s MGY ajujzlo] A 18C, FAre)of A 4RA 7Y A A7 &
MGY @EfA]o] #E3sle] shaking incubatorel 4 18T, 120rpm, YAEIE 24431
Fepul % skad o

ZIvell A 2

)
1>
it
2
il

Pl

2,
L
1,
2
e

D
—_

2 44 A potoll M 253 F3AI7
F Al g om o)ele] 4-553r A A EA 10-15ecm 45 E 10'cells/mb 9]
Fhw 24% o AGdo] 3087 HA AL F FES A4S 218 AL & S0g
Wit 20mlE =Wl Wil A E Aol 26T 164148 FF7Ekol A Bakslan

> 6K 71(0-shootel] oFr#1 Fabe] dlojutx] @k f 1-shoote] 1/57F
A FEFAY dold, 2-shootd 2/57hA E#F, 3-shootd] 367X EE A,

4~shoot2] 4/57}2 Eel g, 5-shoot A7} HFeld)2 Upo] w7289
2. AAGe MIAH Fe5y AA

99x1el 8%l A4S Erwinia carotovora suhsp. atroceptical )2} Frwinia

carotovora subsp. carotovora(h &=, Z-3)E FHEstH L, 2001do) =89 AL

_81..



O
-
r
™
o
~O
-
o
~f
=y
fird
=

Ab H e ¥k Erwinia carotovora subsp. carotovora(381SL)

9746 e Aitd FEY AE WHe Helgeson(19909] Wag MYt Alg

s AU A% 2 olAE AuAd U Add FEy Y AR T

Hgs At derel (10%cells/m)e Fvshdck. AR F5W HAE A o
AA7E gle WAL ®Zylol B e &I oE€dE wE AHT F 05%

Hypocloride(NaOCD ol 2087 AR &1, FH5E AT F 7] FoA d#d v
S, 95% ethanol® spraydbil &7 FolA dch A @ Azxy (AL sterile
pipette tips(blue tips) & ©] #&Fd25me] ZolE P& Wl ¥, AMitEE N 50
2 z9aq9nh, 42y 9A4S 205%275%17cn 2712) plastic container® whE-ol
45 02% 5 8487 98 Fo] v S Za, A WS ol o fd AFE ¥
i1, plastic containers W¥-sto], 24 1T, HAEAAl vl gFg 5, 722417 FoA A7
HE B8 &) sterile pipette tips?] FXFEE 71FEo R st WA =]

2 Z2A3}3, Dry, Brown, Maceration&. 2 o] ¥ 3kg] o

v}, DNA 5% % Polymerase Chain Reaction(PCR), Electrophoresis
BoAE A1 Isabel $(1993)9] W& WH o] ALE3lY DNAE FE8tiltt

(Mejjed et al.,, 1994, James et al., 1992).

UNOTI Thermocycler(Biometra, Germany)E ©]€39) Yang5(1997)e] W& A}

&5 ATk

1 2 7)olE AX(Owl's standard, OWL Scientific) & ©] &) Hosaka &(1994)

=
=

o] e drdwstiv,

1

O

DNA  markeri#iz  pGEM"DNA(Promega, USA)E  AM8sda, UV
illuminator(Vilber Loumat, France)® band& 2#138}31, Polaroid camera(Film 667)

% ol gdto] Herk

k=3
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A 34 A3 ¢ nF

1. 4% ¥% 4 47

Ao st A 558 A44e A4 vk 9 HJEHE A48 Aste o
Fe el A 2509 50uE F-EWol FEAdoR g AuEEF Fvld
HE A7 At JAE5F Bueel gEsks Ao AMRre] 59 ol AT F WA
of JEIRIL, 50t HEE $F AS 7227 Fo WAL Y 5 AT, g
4% BEE L1~11x10%ells/mz ste]l A8d Ast 1.1x107cells/ntdAlA o]
Hi]xlo] WAL ftor HAY F AdAL, 1.1x10cells/meo] 842 FRojA= H

=
Ho

oto® i asls)o] W AE Dry7l dojwel( Fig 2). wakA, 107cells/
el THE NS 7R 3 Ao 50ul HESte] 2EE S8

2. 99 HFA 9 AFgH AAQ 44

ZIul A EA 9 ol Ecast Eced HAS A Table ol vhebvl npe} 2
b A3A] U2 clonel @ A% S, brevidens clone(ps-6A)7F Eca.8t E.c.colA
25 743 AYgAS Jgeddn, S cerdiophyllum  PI283062-1(cph-A-1),
PI283063-1(cph-C~1)2 E.ca.ol &A= 12839 090 28l3l Eccol tsfrss=
063, 1472 A#AAS Udehlideh ps-6A% ofn] #74 FE&del) dis) A Ay
o] vkit Aoy E4HE U2 Ecadl tisiAm tha A4 Aoz

QY. cph-A-12 Eccol thsle], cph-C-1€ Ecaol wate] Aoz o=z v}

A E2 AEAdel USE RolFa rh

ps—6A%t AMF S. tub. clone CR4#2A}0)2]l AAE FFQA A2062 F 5 o
aho] E5 RIZHAS] W, A9372 F e ulstd BEF Aoz w9
a2}, A2063) Katahdin®] 1th, 20l 2wl 4349 R(C1-31, C75-5)3} W7

41 Ago] el T
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AlE S, tuberosum Ecaol WalA= 010~75622, Eccol i 02

7~8255, S. tuberosum cv. Katahdin® E.c.a. 0.10, Ec.c.02782 ¥ 0.18¢9 73k

o

Asgow AR, S tuberosum cv. DejimaXx Ec.adl 3] 0412 723 A
How dEEAT.

ol 2 ¥ Aol & o]-§3e F JMA| Erwiniad i, Eca$t Eccol Wata A
& 8 Ad Table 63 7o) Yelwkt),

ol4l SolanumE oA Ecadl wslAs  023~13.34, Eccol WafMdi= 048~

z‘sc} )\5] 2| ;g

¢

il

11.329]  @kol ygkeh. brevidens PI218228(ps-6A)7F 7238 A 3+A S veER AL
cardiophyllum PI283062-1(cph~A-1)0] A& Aol = Ao E VEelWIL, 21 o8¢
e oFEE L A A 7S et

ps—6ASt AWE S tub. clone CRA#29) A AME #E9 A206% A937, 181l
A2062] A2 AUl Eca’l 023~5.74%, Eccd daiA= 033~5368 7 A&
of Ao}l FAFE el FE 9 A7 023, 0.33, 0282 F ol wisle] 43 A3
e veRdIA A, A206 Ecad WElME 57482 4 34Ae JeERd vbhdo),
Fccol taiAliz 08282 AgAel Qe Aoz Yetutrl wa A206° 224 uigl

o
=

o

D

CL-312 Ecadl daiAz 04322 23 AL dYeldlAv Eccdl daiae
0592 AHS UER 7l AE A 28 o) fa ARA ©A Adte Ta Ao

bk Ao R vyt

3. ol ¥ N EA shootd) AFIA AR Ax
o2 gl HEA Y shoots ol &3t Erwiniad o Ecaol distel 434 AR
& @3 Table 7.8% o] Jubyko,
AMFEES B FoA WA Awrt 58 Jeldlo] g 2EAdS e,
oAl E M= S brevidens(ps-6A)7F 73 AFAE YElWWS 3, S cardiophyllum

PI283062-1(cph-A-1) 3} PI283063-1(cph~C-1)0] 2}z 29} 159 WA o= #8kA 3
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Aa HEAS BolFEa Qud gl S sparsipilum PI3109592 A ¢ Q1A 3 w174
2 cloneo] 41e) it} ey vbE Rl Fg A A58 WA B HFEAEE R
ol a1 Utk §§AFTAMNET A7 A240¢ A A, A6 @aAHE HoTu
Aduk Zex FHA A937Y 1W AL FolA WE-9¢ WE-15, WE-8% WE-179]
et Ay qads B Fao o, v ARES A8 R 2R e
gdod & A3} shoots® & dgel Aurt AolstA Ugul e H3AdAME
ek wizkg o2 ATE AW AW E( oA, Katahdin)e] A& 0= gk,
ol olE EF VW AEAI e HEARo 07FGsA A AnE Azdd
T v F, do Hdon: HEA At A & 9FE F= A 2ok Ay
U shootsell AEE Aie WA iR oR ofd v, AYAEY ps-6A7t 2
Zt MR AFAL Hod vl shoots7t Ful ASAE w&-g A BdE
g iz Ao Azteth ulebA, v49 clones IRy 18te] shootE o] &%

L T A

!

4. A3 st AFH AFE 7R AR

A 99zl Fas e AQe] Aty A AL AulE, A 2 AL
oAl E, WA 9} ofAlE o) wulE WAl 5 & 39F 73RAE A old 4

A
#3lE Table 9, 10, 116] byt npo}p 7o),

o

FAE2 S cardiophyllum PI283062(cph-3, cph-22)¢] E.ca% Ecco] E59
A BofFe Wi A FoA 5 Al s g7 AZEE RAFe A
A= AT

S. commersonii PI3202667F X3¢ &% FF FE AES dE-E wUAskAdh
S.tub, WA= HW-60] v @& qggoes vewia, HIC-20°] E.c.col

A 94

S B3, 01919 clonegE S 25 Wit

e}

- 85 -



20010 d ol FF oW A At A A4 i Ece HEEE 29
¥ Table 129 Ve vhel 2o}
Ao e 25 729 daeads doeon, ofdE FollAls: faA A
2 Ao Aet ntRRR S cardiophyilum PI283062-1(cph-A-1)0] A4S X
of FQvk F3A 2 1 AEEFAA A206, C1-31, C1-75, C31-5, C31-1641M A
FAE YepdloF ek A shootE o183 H3elA A AFAHE Bl £
) A937el Fo Abdol Mz WE-13¢ho] ofet A A& RS o A M=
7)ol A ) At

A oErEwo gk wol 7)Ao ME tEE FAE 4 Urk. ZiEy S brevidens

WA A 4SS moFa g o% ZWE ¥ oo 27

hibiN

FEHE A7 S, cardiophyllum Clone (cph-A-1, cph-C-1)2 BE A g oA

Eca®t Eccol tf AgAHdos gl o] 48 5 A e F3 493

XUTA
e

darzk i G}

5. RAPD #7%

Operon primer 407 kit A, B)$} 207k UBC primer® o}£3lo) DNA band%: &
A5k 4 ¥ 3709 Operon primerol #] band size?} 410~3,262bp<] polymorphic band
5 daskelar, 914 UBC primerelA] band size?l 350~2,061bpQ]  polymorphic
band# ##38FTH Table 13 ).

Operon primerol A 2% polymorphic bandZ |4 OPA22] 1,030bpet OPA1S
o] 3262bp F<le] Aol ol psBASt AT AL Holil ohE il rpg
cloned] ¥~ Ay x] ekl OPA29) 2646bp bandi= A4 %z psGASt A g4
TR 1o A< CL-359 9 Vebvbar ghpA Rl vhiE a Afolsr el

whA o erglel Hg

Ao Tedd AyHoi Rox ps6AS A206, A37,
C1-31, C1-75, C31-59) FAlo) etz DNAZZbE YElyA] ekgkrd,

polymorphic band® 7} 978¢] UBC primerolAi= #4722] 436bpel band”}t
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PSCAZ Bl AQ37ERE duElol A Aol 9l DNA x7 o=z "ozl

ATt FEWe i ARAY FAAS dHA gus geneE ol§dte] FAAH
& AMEshe A7 FEHL YAV FEE dd AZAH FAAAT FA s

Al

o 54 FaAe] o8l dEhEs Aol ok o fAiAbe] HgF T AELs
af vhehveia mel AW, ok 4 £ TAE ob4 A e gt
oA AlgE RAPD RAWe RFLPY H|3 EREE 2O AR AMEFA

i=]

O) L

i kA §¢] DNAGLZ Yol 7hgsitte ol & 7FAa o], #A &

2

R I
Azl A% wA A3 A gene targeting % W& 3ol AFEuE AL dTH(Javed et

al,, 1994 ; Halden et al., 1944).

oz v W primerst AMFE o] §dte]l HaAo] #¥A polymorphic band
F ol dgle] syyelop 3 Aojr,
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Table b. The effects of in vitro plant lecaf inoculation of FErwinia
carotovora subsp. atroseptica and E. carotovora subsp. carotovora on

Solanum tuberosum, fusion hybrids, progenies, and other Solanum species.

Clones E.c.a, Ec.c.

A DR A DR
I'usion hybrids and progeny
CR4#2 5.06 HS 4.32 HS
DpsbA 0.49 HR 0.24 HRR
A206 3.12 S 5.68 HS
AD37 0.34 HR 0.02 HR
CL-31 0.05 HR 0.00 HR
CL-75 2.09 S 118 R
C31-56 1.27 R 1.12 R
C7b5-b 0.74 R 1.07 R
C75-5-210 2.38 o) 151 S
C75-5~297 2.39 S h.b2 HS
Cultinars
Kat 0.10 HR 0.27 HR
Dejima 0.41 HR 11.24 HS
Nooksac 7.56 HS 8.25 HS
Solanum species
L.z 3.1 2.28 S 2.49 S
Lz 3.2 4.06 HS 9.74 HS
Lz 34 2.48 S 9.74 HS
[.z 3.5 11.24 HS 4.08 HS
1-7 1.92 S 4.05 HS
3-10 273 HS 2.20 )
13-3 591 HS 4,02 HS
13-5 4.46 HS 3.02 HS
chg-A 1.25 R 3.83 HS
chg-B 1.62 S 191 S
chqg-E 2.23 S 5.63 HS
pin-B 2.20 S 3.20 HS
chm-B-2 9.01 HS 7.17 HS
cph-A-1 1.28 R 0.63 R
cph-C-1 0.90 R 1.47 R
pnt-A 4.05 HS 2,97 HS
her-B-1 12.10 HS 9.68 HS
chm-A 5.64 HS 3.30 HS
#Note © A (Lesion step X Frequency)Average -

DR (Discase Reaction)
HR (High Resistnat): 0.00 ~ .50 - R (Resistant) 051 ~ 150

S (Susceptible) 1151 ~ 250 + HS (Hihg Susceptible) : 2.51 ~
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Table 6. The effects of poted plant leaf inoculation of Erwinia carotovora
subsp. atroseptica and E. carotovora subsp. carotovora on Solanum

tuberosum, fusion hybrids, progenies, and other Solanum species.

Clones E.c.a. Ec.c.
A DR A DR
Fusion hyvbrids and progenies
CR4#2 487 HS 2.32 S
ps6A 0.23 HR 0.48 HR
A206 h.74 HS 0.82 R
A937 0.23 HR 0.33 HR
CL-31 0.43 HR 0.59 R
CL-75 1.24 R 2.17 S
C31-5 3.39 HS 536 HS
C75-5 1.28 R 2.23 S
C75-5-210 0.90 R 1.06 R
C75-5-297 143 R 1.84 S
Cultivars

Kat 0.48 HR 0.49 HR

Dejima 0.56 R 0.20 HR

Atlantic 2.32 S 1.77 S

Superior 2.72 HS 3.22 HS

Nooksac 7.01 HS 7.01 HS
Solanum species ,

1-7 0.94 R 2.81 HS
cha-A 5.34 HS 4.73 HS
cha-B 3.13 HS 1.69 S
chg-E 2.07 S 2.07 S
pin-B 9.86 HS 11,32 HS

chm-B-2 9.24 HS 9.24 HS
cph-A-1 1.02 R 0.57 R
pnt-A 2.67 HS 1.56 S
ber-B-1 13.34 HS 4.44 HS
pin-B-1 597 HS 8.33 HS
PT 29 7.50 HS 7.50 HS
#Note © A ! (Lesion stepX Frequency)Average
DR (Disease Reaction) - HR (High Resistnat}).00~0.50 R(Resistant}:0.51 ~1.50
S (Susceptible):1.51~2,50 - HS (Hihg Susceptible) : 251

_89_



Table 7. The effects of shoot inoculation of Erwinia carotovora

subsp. atroceptica on Solanum tuberosum and wild species

Degree of Degree of

Clone Blackleg DR Clone Blackleg DR
Cultivars
CR4#2 5 HS Dejima 5 IS
Katahdin 5 HS Superior 5 HS
Atlantic 5 HS Irish cobbler 5 S
Wild species
pPS6A 1 HR ber-B-1 43 HS
1-7 5 FS tbrl-1 5 HS
13-3 4.3 HS thrl-2 5 HS
13-5 5 HS thrl-3 4.4 HS
chg-A 5 HS thrl-4 4.2 HS
chq-B 5 HS thrl-5 5 HS
pin-B-1 5 HS tbrl-6 5 HS
pin-A 5 HS tbr1-7 5 HS
cph-A-1 2 R tbrl-8 5 HS
cph-C~1 15 HR tbr1-9 47 HS
spl-1 45 HS tbr2-1 4.3 HS
spl-2 47 HS thr2-2 4 S
spl-3 4 S thr2-3 47 HS
spl-4 3.7 S tbr2-4 46 HS
spl-H 3 R tbr2-5 5 HS
spl-6 4.7 HS
w Note DR (Disease Reaction)

HR (High Resistnat): 0.00 ~ 15 R (Resistant) © 15l ~ 30
S (Susceptible) : 31 ~ 40 - HS (Hihg Susceptible) : 41 ~ 5.0
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Table 8. The effects of shoot inoculation of Erwinia carotovora

subsp. atroceptica on fusion hybrids and progcnies

Degree of Degree of
Clone DR Clone DR
Blackleg Blackleg
Fusion hybrids and Progenies
A206 3.1 S WE-5 4.6 HS
A249 2 R WE-8 3 R
A937 0.6 HR WE-9 0.7 HR
C1-31 4 S WE-10 4.8 HS
Ci-75 4.6 IS WE-11 4.6 HS
WD-1 4.8 IEN) WE-12 4.8 HS
WD-2 4.3 S WE-13 46 HS
WD-3 44 HS WE-14 4.2 HS
WD-4 4.6 11S WE-15 1.3 HR
WD-5 5 HS WE-16 4.2 HS
WD-6 5 HS WE-17 2.8 R
WD-7 4.3 HS WE-18 4.5 HS
WD-8 4 S C31-12 49 HS
WD-9 4.7 1S C31-13 4.5 HS
WE-1 4.2 I1S C31-14 5 HS
WIE-2 4.6 BN C31-15 S
WE-3 4.2 HS C75-5 3.8 S
WE-4 5 HS C75-14 47 HS

¥ Note DR (Disease Reaction) :

HR (High Resistnat): 0.00 ~ 15 - R (Resistant) P 151 ~ 30

S (Susceptible) 31 — 40 - HS (Hihg Susceptible) : 41 ~ 5.0
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Table 9. The effects of tuber inoculation of Ifrwinia carotovora subsp.
atroceptica and Erwinia carotovora subsp. carotovora on Solanum
tuberosum, fusion hybrids, progenies, and other Solanum species.

E.c.a. E.c.c.
Clones LS DR LS DR
10"cells/mé 10'cells/mé

1007 0 R D HR
Cultivars & IFusion IIybrids and progenies
CR4#2 ‘ 35M” HS 10.5M HS
Dejima 0.8D R 0.5D HR
Katahdin 0 HR 0 HR
Nooksac 0.8D R 1.2B R
CL-31 0.5D HR 3.2M HS
CL-75 D HR 5.8M HS
C31-5 BD HR 10.0M HS
C75-5H D HR 50M HS
C75-5-210 D HR 6.5M HS
C75-5~-297 D HR 5.7M HS
I'usion Hybrids and Progenies
HA06-1 2.0M S 2.0B S
HA06-2 3.28 HS 5.5M HS
CTo1-1 2.0B S 42M HS
CT01-4 2.08 S 3.8B HS
CT02-1 6.88 HS 9.0M IS
CT03a-1 6.0M HS 5.2M HS
CT03a~3 3.2B HS 5.5M HS
CT10a-1 12.0M HS 2.0B S
CT10b-4 2.28B S 11.2M HS
CT206-4 2.7B R 8.0M HS
CT206-7 3.56M S 3.3M HS
CT206-10 1.5D R 3.2B HS
CT206-11 0.8 R 5.5M HS
CT206-15 3. 7™M HS 12.0M HS
Solanum_species
bstl-2 2.0B S 1.0B R
hst1-6 2.5B S 3.0B S
bst1-42 1.0B R 3.0B )
hstl-67 1.0B R 1.5B R
bst1-70 2.2B S 2.0B S
cph-3 B HR B HR
cph-22 1.0B R 1.5B R

#Note @ LS, DR, M, B, ID are same Tablel(
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Table 10. The effects of tuber inoculation of FErwinia carotovora
subsp. atroceptica and Erwinia carotovora subsp. carotovora on

tuber between haploids of culivars and Solanum species.

E.c.a. E.c.c.
Clones LS DR LS DR
10"cells/mt 10 cells/mé
Fi-11 2.58B S 2.8B S
F1-25 3.6M HS 1.7B S
F1-31 1.5B R 2.0B S
F2-8 2.5B S 2.5B S
F2-35 3.0B S 3.0B S
F5-18 2.5B S 1.5B R
F7-2 2.™™M S 1.88B S
F9-19 D HR 2.5B S
F9-69 3.58B HS 3.08 S
F9-08 1.58B R 158 R
F9-99 4.0M HS 2.5B S
[F9-114 1.0B R 1.5B R
F10-66 1.0B R 2.0B S
F13-40 2.0B S 1.5B R
F17-28 2.08 S 2.5B S
F23-11 2.50B S 2.0B S
F24-5 13.3M HS 1.88B S
F24-6 2.0B S 2.0B S
F25-14 1.5B R 3.5B HS
F25-27 0.5D HR 0.7D R
F25-28 1.5B R 1.0B R
F25-31 0.5D HR 1.3B R
F25-70 2.8B S 2.8B S
2575 2.0B S 3.0B S
F25-8 D HR 2.08B S
F25-93 3.5M HS 2.38B S
F27-3 1.0B R D HR
F30-2 2.0B S 2.58 S
F76-55 3.0B S 2.88B S
¥Note : D " dry B : brown M : maceration « LS : Lesion size{mm) and symptom
DR - Disease Reaction
- HR (High Resistnat): 0.00 ~ 050 - R (Resistant) » 061 ~ 150
+ S (Susceptible) S 151 ~ 300 - HS (Hihg Susceptible) : 3.01 ~
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Table 11. The effects of tuber inoculation of FErwinia carotovora

subsp. atroceptica and Erwinia carotovora subsp. carotovora on

hiploids of S. tuberosum.

E.ca. E.c.c.
Clones LS DR LS DR
10‘cells/me 10‘cells/md

DH4-2 2.58B S 1.5B R
DHI13-38 1.0D R 158 R
DH33-3 1.0B R 2.58 S
DH37-2 2.0B S 1.58 R
Hat-9 2.0M S 2.0B S
HIC-20 2.58 S D HR
HK-22 1.7B S L5B R
HK-48 2.2B S 2.2B S
HV35-20 2.0M S 1.0B R
HV35-21 2.28 S 2.2B S
HW-6 1.08 R 1.58 R
¥Note : D . dry B : brown M | maceration + LS : Lesion size(mm) and symptom
DR - Disease Reaction

* HR (High Resistnat): 0,00 ~ 050 ‘R (Resistant) : 0.5 ~ 1.50

+ 5 (Susceptible 151 — 3.00 - HS (Hihg Susceptible) @ 3.01 ~
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Table 12. The effects of tuber inoculation of Erwinea carotovora
subsp. carotovora on Solanum tuberosum, fusion hybrids, progenies

and other Solanum species

Clones LS DR Clones LS DR
Cultivars
Dejima 8.5M S Atlantic 3.0M HS
Katahdin 7.3M HS Irish cobbler 8.5M HS
Superior 9.3M HS
Wild species
cph-A-1 1.58 R
Fusion hybrids and progenies
2007 D HR WE-1 5.3M S
A206 3.08B R WE-4 6.5M S
Cl-31 3.3B R WE-bH 7.M HS
Cl1-75 3.3B R WE-6 6.3M S
WD-1 6.2M S WE-8 6.0M S
WD-2 4.6B S WE-10 7.6M HS
WD-3 4.58 S WE-11 6.7M S
WD-6 2.6 R WE-12 6.3M S
WD-7 1.6B R WE-13 3.6B R
WD-8 1.0B R WE-18 5.8M S
C31-5 D HR C75-5-210 4.2B S
C31-16 1.0B R CT5-5-297 4.38 S

¥Note : D " dry B brown M : maccration
L5 © Lesion sizelmm) and Symptom
DR - Disease Reaction -+ HR (Iligh Resistnat): 0.0 - R (Resistant) 01 ~ 40

+ S (Susceptible) 41 ~ 70 - HS (Hihg Susceptible) : 7.1 ~
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Table 13. RAPD data of 12 clones of resistance & susceptible
fusion parents, somatic hybrids, crossed and progenies. Primer

numbers are Operon Primer.

C75- C75-

Polymorphic CR4#2 ps6A ¢1-3 C1-7 C31- C75- Al
Primer (’}fm;’:) ;C N p;’ A6 A9 Kat 7 75 5
< [ . M :)
e ? 210 297
2,645 - + + + - - + - — - - -
2,995 b e ..o
1,181 + - - + - - - - - - - -
OPA 2
1,030 -+ - e - oL
481 - - - - e a oo
410 - + + + - + + - - - - ~

Note © The oligonucleotide primers(10-mers) used for generation of RAPDs,
{+ : Presence of the RAPD marker, - : Absense of the RAPD marker

A . Resistance clone, A 1 Susceptible clone)
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OPA 2 44 -2 1> iy = 1 22 3 A4 ‘5 €, cf

2,645bp —*

Fig.1 Ampilification products obtained using DNA extracted from

12 clones and employing Operon primer.

M : pGEM DNA Marker, a : CR4#2, b : ps6A c : Kat, d : Atl,
hl t a+b, A206 h2 : a+b, A937 1 :CL-31 2:CL-75
3 C75-5-210 4 : C75-5-297
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3 ErhEy AGY AAEGH AL AK%A

7% 34 (cm) %% (cm) Ak 2 344
CTOl-1 48 I5%! =
CTO1-2 59 62 -
CT01-4 61 69 -
Cro2-1 41 45 -
CT02-2 75 80 purple+white
CT102-3 a8 68 -
CTO3A~1 93 100

CTosB-3 4 78 -
CTO5-5 76 77 white
CTO8-3 93 106 purple+white
CT0%-4 66 73 purple+white
CTO8A~3 110 118 purple+white
CT10B-2 37 47 -
CT10B3-4 72 82 =
CT201-1 0 40 -
CT201-2 30 3 -
CT201-3 45 50

CT204-1 56 64 =
CT204-6 o7 64

CT206-2 67 69

CT206-1 76 83 -
CT206-2 % 89 =
CT206-3 66 16 =
CT206-4 101 10b light purple+ white
CT206-5 74 T -
CT206-6 82 90 -
CT206-7 75 80 -
CT206-8 52 59 -
CT206-9 o o8 -
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A E 4 73 4(cm) %% (cm) AsHi 5 2 3k4
CT206-18 58 65 -
CT206-19 89 P -
CT206-20 69 73 -
CT206-21 &5 38 purple+white
CT206-10 &0 4 light purplet+white
CT206-11 40 45 -
CT206-12 42 45 -
CT206-13 63 70
CT206-14 9 87 -
CT206-15 53 59 -
CT206-16 35 40 -
CT206-17 64 67 -
CT206-18 58 65 -
HAOG-1 64 70
HAO06-9 H2 5 -
HB28-2 104 114 -
1732 50 53 white
1.73.4 5 53 -
1.Z35 90 A
g o 65.7 71.4
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& %44 (cm) 2% (cm) Askii R4

C75-5 60 69 -
C75-5-210 35 38 -
C75-5-297 66 71 -

CL-31 42 48 -

C31-5 40 45 -

A937 12 13 -

gt 42.5 47.3 -

o A AGA A4

AAE &dFe] F8 Al T2l skl EviEFHel st A& A
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¥ 5. ZJURE FAAHN A 4 Xvisd A AA

A% whv A 4 AGY =
LZ3.1 29 M
HAQ06-1 14 R
HA06-4 16 R
HA06-9 1.2 R
CTO8-4 1.2 R
CT10B-4 1.6 R
CT201-1 1.1 R
CT201-2 2.4 M
CT201-3 2.1 M
CT204-1 2.0 M
CT204-4 2.2 M
CT204-5 18 R
CT204-6 2.1 M
CT204-7 2.1 M
CT204-8 2.1 M
CT204-9 2.1 M
CT204-10 19 R
CT206-1 2.1 M
CT206-3 2.0 M
CT206-4 2.1 M
CT206-5 2.4 M
CT206-9 1.8 R
CT206-11 24 M
CT206-13 4.1 S
CT206-16 1.9 R
CT206-17 4.2 S
CT206-20 2.4 M
CT206-21 25 M

“LZ3.1(Solanum commersonii-resistant to bacterial wilt)

HA(LZ X Solanum tuberosum)

CT(HA X Solanum tuberosum)

"Disease Index - 0 ¥4, 11 @ 7t 2R Hom A%, 2 9 2-3717) A%

30 A9 2-398 AQE UmA Qo] A& 4 BE 9ol AE, 5 &¥ A}
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2. A WA} FAFY FaZ FURE N SHAAR

A E A 9 (2n=2x=24)9} A ob A F(2n=2x=24)7 o] w3E& Foho] F5¥
Tl A€ 2n=2x=24)) tste] AKFAQ 8 vhelez oW TRa Fw Al
tiete] X4 4S AAedrh

F0uz FogE B AGHEAL BAE 143 97K A5 4E8)

o) FAS A3} AErol wEk HA 1.0 MFE A5 909 vlg Avke ExE
Fhiolar sqtA o 449 A48 el vk, s dinjEs o AbE A 2e
FEQA v o] ZAVE 67 ANl AL tEdd FE Fu AR 2904

o In Wil F-5 I1Ee 49w 4e ASGAAS velbictar sl o] 4

upole 2 ool A gl glolAm ABe] Wl HA 0dMNE H3 97K o
PEE D Bitgon 28 AFREE ndrh GUEFY Fe 3¢ 9
it 599 e vhol#lz o WEE e gle,

B EAAAS BF o PR mE ¥

nlm

g A4
A ZAREE A R G4 His ovbeh v FEde] W xabe el 74 gk

Ao i Ao} Al7)|7F Al wel Wy est Fa SR 13 Al71e A
S g wWar wH L 059 0 22k A7)y 15 rElar 3aF A7) 6,39
I s el Y, ojel gt WA B AN Dt E AlFe we wlg- E A)o)

FE ANA FRFF Frlo] Bit wHEuThE BA

58 B Ay AR AFY Ade gRdow

- 113 -



® 6. NAY xFoA A A5 R W AYA

1.0 90 9.0 30 30 3.0 3.0 70 70
20 15 1.5 00 00 0.5 0.5 50 5.0
F9 11 55 1.2 00-27 05 00-20 17 03-43 6.4 3.0-83
3 37 34 03-50 1.0 00-20 23 1.0-30 6.6 4.3-83
6 37 28 07-70 03 00-15 11 0.0-13 58 1.0-9.0
F17 3 33 44 30-60 03 00-10 12 10-15 04 3.0-70
1
1
4

xd 24 virus F&5Y o¥x
2 AEs £ _ oY - 14 __ 22} _ 3z
¥ 9 #HF wgl #Hw 49 Ay 89
Fl 7 67 12 03-37 0.2 00-10 18 0.7-40 6.8 50-90
F2 2 45 1.3 05-20 0.0 00-00 08 05-1.0 70 5.0-9.0
5 1 90 05 0.b 0.5 0.5 2.0 2.0 7.0 7.0
1
1

1.0 90 9.0 00 00 1.0 1.0 70 70
3.0 07 0.7 00 00 1.7 1.7 90 90
37 21 13-30 01 00-03 13 0.0-30 5.2 1.0-90
F25 12 50 27 00-90 07 00-35 15 03-50 56 3.7-9.0

F26 2 48 27 23-30 02 00-03 04 03-05 45 3.0-6.0
F27 1 30 1.0 1.0 0.0 00 1.0 1.0 720 70
F28 1 70 00 0.0 00 00 0.0 0.0 3.0 30
F30 1 77 1.0 1.0 0.7 07 2.3 2.3 83 83
EF70 1 1.0 9.0 9.0 00 00 1.0 1.0 90 90

92HC 24 45 36 07-90 10 00-37 23 0573 42 1.0-70
92HVvV 2 6.0 02 00-03 07 03-1.0 13 1.0-17 6.3 5.7-70
¥2ZVC 2 50 36 35-36 03 00-07 24 05-43 6.0 5.0-7.0
A A 115 44 28 05 1.5 6.3

e 67 59 5079 30 53 70

upolel 2 Wl B o[y 1 0 (AM) ~ 9 (F4) Ei 14D
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ol g3 7Hat +3

3. F8 A FAAAL] AFH(En
SR8 404 SRR FopEy HFL Folo] 43

X 7. 2440 A E
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E
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[u—y
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o
ok

I.a chipper
DIPV-226
Darita
B8284-1
313-06
DTO-33
R7
Remehue-9
Gemchip
U255-2
Folva
Arran pibt
B5306-40
H&2914-122
Drita
B9368-1
75A15-530
Record
Torva
o} #62%
B8234-1
ND2417-6
] Za] A3
HB83002-2
LT-8
JI-406
88K71-4
Recent
#6635
83HH8~4
HR5033-2
223
Yagana Inta
#3135
AVRDC NO.11

WwUIIQIUICITiwhcroTOrbOMAOOTOOILWOIOMAE LS WNEREOITOTOTIN & W

SN wortnOorororcrortotGre 1T O OTOTO1I O 01 01 O1 Ol
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E¥ = A g4

x

g
rod
[*)

[

La rougc
SY-15
SY-15
Oct-78

75A33-1029
ONA-INTA
Maritta
Konahubuki
Darita

Penobscot

] 3708

ND860-2

ND2417-6

384054
JA S
1216-1
Whitu

HE2]1-2
Qct-02
o #2%
7T5A15-597
8TB~-8
Misang A
t]) v A3
R10
AK-red
Chitose
Chacay-INTA
R2

uf $H46 %

Oct-783
Asva
Jul-35
286,604
o] 64

T WUl UIT T T WUIUIW S NCTO O DDUITWwsSOTwOh Gt ST Tt o1 O U1 O O oo
I TR WO TGOl w TG oty O S U1 Uil

Discase Index - 0 @ ¥4 1 9 spurf s os A& 20 9 2-3/07F Al

&9 2-3%08 AR A Yol Al 40 E Qo] A, 5 aLA
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F Ak Adwnd wepAn o Aelrh il

&
E};!,
A&
e
=
e
e
o
2L
o
oly
B
ot

B0} W& 434 71443 Darita, Remehue-9 2 La rouge 5 Whe] &84

—

& vERL Umrl B U OAEES LF oWAS veddnl o) el S,
tuberosum -2h 2} 4uj A AH}EE T fAdH wfAEe] Fol We LG nEe §
AR vkAdol vls- Aeolslol &S ¢ & vk wE A ENg o) 43 wHg

Foogs AR FEHE AARAE BAGG T s

4. TR FEFF AAY AL

Al -2lubetel Al Aol AuELS = 4uiH] A EE gslo] FulEy A
BoRAA HEAAE B3 AFA ARE AR Ar).
50%, T1 TR WA 7 40%9] ¥ I ES Bdny, Fk 1o Oyl 723 v

il FoR 10 ~26%e] dWEE et | U Eo) A Qe 1FeR:

A B Ao R 0 ~ 56% WHE BEXE

¥ % 1 8(%)
E 25
4 % 26
Al F 0
| A1 40
F o 50
o A 10
A A 5.6

(%) (o] M FE4/ A7) X100

#8 olE FFES AN WR BE 434 4w oo FEAYL

L

- 117 -



7] 98l EFx A4 F 409 ARk AR Z/)0) FolEwi(2029) FE 10° 10%ell/
m 2 2AEske] 20 HEsa WA oiEg xAEY 1 Ay HED B2
7Y 10° cel/mé A4S el FEL 2 Aol7t flole

1}
Al A 7R uhe WA eE R RPN TR EvkE A @Age] 7t

g AR AoRE debsth 1 gossr v, A, 7E gl 15 ~ 189 AxE
wlan, w4002 M e MEASE Hel oAl RAow hiEg)
vt

3£ 9. AeFFol digk AW alEl Agd HAY Ay

S TED
= =3 2.0 (0.0)
o %} 4.0 (0.0)
Al 3 0.3 (0.0)
U A 1.5 (0.5
Z n) 2.8 (2.0
o By 1.5 (0.0
A} A 0.3 (0.0)
7} < 1.8 (0.0)
ES 1] 4.0 0.5
] A 3.0 (0.5)

PR g 0 FA, 1 5% Tke] ool $x 2 25 o4 50% kel Slo] 9%,
35 50 ol 75% wiwke] Qo] &, 45 75%0] el glo] 91x

() :race 1 4%
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e AgAdes HAsk FEAEE dddoan PAFFS AT 7I2A88 A

AAL &5 FuidFe 45 LZ31> S commersoniidl Al frElE AE LZ31S
Zukgy R A4 2924 FRAIAS Jehdd et LZ3 1A E AulE AE5E
wFste] 4% HAZLF I o8 HAZLFO U A AulE & o wzgst Fojo A Wy
Ap7F A A 12604 Hal 417hA] 9] REE Ve QLT

A2 Aot SRR EN S FEo dE FEH AAAHES AKFAIVPER 359
AA E4d4 243 ks AFA77F dH g wep Fojso] 1x4]17]e] 39 3

7t WL 0590 23 Al7]elE 16 83 33 Al7)dly 639 WHEE vy

At ol W GFE BE AST @ A% wet WS T AolE YgudY. =
Fotiul el 4l Al e EEd e By W ERTkE X W AEgs wl
.

S AA FAAY T05F) B EohE AFAFY A4 A3 ALHA EFE

AP > AAFAAD] A AZH A4AA B9 2 AFHAY

O FTE Zorgdel A A% 44 43 #0), &2, A Fol 7hd oA

O 7 BF 049 0% A% 44 A 8AF F CT 066 % 5AFS
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A6 & Mg NMEd Alsel DNA EX[QAL sHer

A FAAYES random primers o] 83t RAPD #48te] g FoAdA 2 A

W4 FAAE EHE GAANS £7)0] Aol §F xmadel o galiz

A2 O8Age o)83 Ao AU o 2z RAPDS AFLPEAS 8kl we

129
)
{m
i
L
=
o,
A0
2
3o,
o
=2
e
ofyt
olfl
=
-4
=in
o
At
o
rm

iAo s d48o gy &
8, RAPD &A1 &30, #3049 vdd4gd s Aseiel ddges w
of A-&¥al glvh. RAPD 249 A &7, 49 Heil 9o tjg o]z}
plol wolEa B Tl ¢ Adrg Aol g AEA Al wrEeY
M (repetitive sequence) 5> 1 719 U@ P FEo] Fi FT2 FU wolA
A5 ¢ e Aoz deA vk gl ojyd H& ol

g
WA AL ol §ekel BT D ABcel WolH HA4 TS ol daio] F

A 24A Az 2 vy

1. DNA® #n
kel RAPD iAo b4 428 DNAS @idew st wae 27 ¢

gt} ¥ Aol A3z DNAFEN WS o8 7bA4 wor desrh. A 1~2

~

g SEHE  DNAE #vsheE WS AAl SDSE& ol &dhy W (Taist
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Tanksley, 19903 CTABE o] &3l W (Luow, 1992)& &8st oM of lem
A3l o Aluaiy] 448k A DNAE &Hl sk W& A E57] 9aiA+s Oard
oF Dranaralli (1992)2} Y& 2AF vl 8l
Aol RAPD A4z g 3§87 Al 44 8 918 M= Luos (1992)
o] CTAB W& wWdste] #nly] DNAREE o] &3F3ith. 7 fF2EolA] fedd
Aol AE A=Y 4 AAE 1~2 gof 4HAE AMFH o] AAHLE AL
WA vEAEar 50 mL FHEZ &Y 5 AR 1 g9 6 mLe buffer (2%CTAB, 14
M NaCl, 0.2% 2-mercapto ethanol, 20 mM EDTA, 100 mM Tris-C ; pH 80)i:
H7Eske] 60°CAA 2~10A 2 WHS-A T, kg da) F ko] choloroform / isoamyl
alcohol (24 © D& 4ol 103E7F W-&A1Z1 §- 3000 rpme.s A4 e & A%
S A FRE KA AAF 2/30 sl EEis isopropyl alcohol: Wol A4
A AL § 2000 rpmeZ 10183 A ste] A HUDNA pelletd 70% ethanol
2oAEE oy FollA A Bk olwf YRl wWol s TE bufferol
=9l F NaCle #HFFnrl 2 Mol =/ #H7ke $ 2w ¥a19 718 99.9%
cthanol2- #7bskel DNA% o] #AQ# el Az & & 2y, & 44
DNA pelletel A&l TE bufferd 37bsto] 2 =9l & 15 mL FR= &AL

RNAE Al Ast7] 9lste] HEwke]l 10 pg/mL7F Al RNased #H7iste] 37Tl A

4L

FALZY Qb b Al H o F o] phenol/chlorolorm/isoamylalcchol (25 24 1 1)
H7pshel 1087 ¥He 3 12000 rpmox 1087 QAR se) AT AS A H 5
U Al FRER S Aol 25w Ko xrbg- 99.9% ethanols ¥ bele] 3 A

Al F 70% cthanol® A #&kar 2 21344 200~500 x«1.¢] TE buffero] 59

0V~

We BaskAvt DNAA %2 DNA Fluorometer, TKO 100 (Hoefer A})& o] &3}

Bow, 10 ng/ut® 3 A 8ko) PCR w4o) o) 8312 vt
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2. RAPD 4|
b XvbES Add 499 URP primerE o] &% RAPD i

ol Ao A A& 3 URP primer(Patent No. 97-016981, Universal rice primer)
T B HCsRDA MEE Aoz sharal An ¥ (Korean Red Rice, Oryza

4 vEge sl e FeEE ow B

AR Elal Ay

B D b AP #4449 72 RAPDe] oj 8% 127) URP

primers 9 971414

No. Products @M 4
1 URPI 5-ATCCAAGGTCCGAGACAACC ¥
2 URP?2 5 -CCCAGCAACTGATCGCACAC3’
3 URP3 5" --GTGTGCGATCAGTTGCTGGG-3!
4 URPA 5" -AGGACTCGATAACAGGCTCC-3/
5 URP5 5 -GGCAAGCTGGTGGGAGGTAC- 3’
6 URP6 5 -ATGTGTGCGATCAGTTGCTG-3’
7 URP7 5 -GGTGAACAGTGAGATGAACC-3’
8 URPS8 5 -TACATCGCAAGTGACACAGG-3'
9 URP9 5'-AATGTGTGGCAAGCTGGTGG -3’
10 URPI10 5" -GATGTGTTCTTGGAGCCTGT -3’
11 URP11 o' GGACAAGAAGAGGATGTGGA -3
12 URP12 5 -GGCATTCTACCACCACAAGT-3’

Tk RAPD 348 93} AL83 PCR”I%: Perkin ElmerAt2) thermal cycler 480

AT RAPD 83 f18 AlRe 2Av vae ®e
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{3 2> RAPD WA s 2R

. Tag DNA o ‘ . Template 3 A
gt polvmerase dNTPs Tris-HClI KCI MgClL (717 DNA) =g
L 1] L{]}-%—Q}! %%
O -Im

sy lunit  2504M 50mM 40 mM 15 mM 50~100ng Dul BF

Zhzbe] WAl W i %7] full denaturations 98 5E7F WgAZl &
denaturation® 94C oA 60%, ancalingS 98] 55ColA 60%, cxtention® 8l 7
2T A 12023 353 W& A 3 72T A 583F full extentionAlZ o}, ZZg
DNA 23 12% (w/v) of7biz 276lA 7] 5ate] #ij8d DNAS tlgA&

Zelsk A,

Al el HA Al%E high resistantdt ZEwpEw 2848 712 1,329 %4

¢} dihaploidete]l €18 "4 §3 AFo)o

H

i)

v, Xvhg T8 A A9 dY9e random primer$}

SSR targeted primerE ©oj-£3 RAPD WY

H]I

AEARR FHA84 9 -84 A 44S 98] AMutsl HDA210% Yatsufusa I
# i o)E 7he] Fl A EAE o] 8591,

RAPD 48 98] AR&¢ PCR7IAIS: #4Ql Ake] PCR robot®s & ol 4d1a

=

|3 47822 Perkin Elmer Cetus?] thermal cycler 480 o83ttt zbzte)
FRS-AIZE 9 2= &7] full  denaturationg Y&l 5RO WESAIzl %
denaturationdmf 94C el A 60%, anealingg %38l 36ColA 60%, extentions <3l

T2CANA 9027 453 wrg-AlZl & 727 Co A 53-7F full extentionA] A}, 391 Abe
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PCR7|Ae #2¥4em so] glerng Zzte] Hgkdae dal wherzhE
denaturation®l] 20%, annealingo] 20% ZL#]al extentionol 50& ®Eg3F Ao g
getgd o, wetA block® ¢l Perkin Elmer Cetus®l thermal cyclerol A 20%, 20
Z, 193 509 WhEATHE ST

4% Tag polymerses= Bionea AFe] TCA polymerase® % ©o]-83%151
A8 07 Promegartd Tag polymerases o] £3Ft), oluf A% bufferd] =
A& 40 mM2l KCl, 10 mM®2] Tris(pH 83), 1 mMe] DTT Z1g]il 05 pg/mLe]
BSASIT

AMEE primerys & 557 FE  AMR8A Y. Random decamer primers®E A&
UBC(University of British Columbia)elld A #¥ UBC primer 1W, 2¥, 4%, =
Zla 8 ME 400FFe (51 Operonite]l GHE 20MM& Abgstalem, UBC
ol A #ZE SSR(simple sequence repeats) targeted primer 100+, 131 &+
Zol mEfZ=gol Q7IMES vgor wEYZF mtD primers(18-27 mer) 37%
W& ol&aalrh

PCR 7] E-Wbg-2 25 n4l, vkS-do] 99| huffer 2A ¥ 3 mMe MgChs #7181
DNA 20 ng, primer 200 nM, dNTP 200 M 2|3 Taq polymeraseE 1 unitE
drtste] 453 W AIZTh LAl Mgl ARER TR W2 Sarstardt A A
Fe o3ttt

PCR ¥+¢ & &% DNAYX FMC Al2] Seakem LE agaroseE 1.3~20%% 3}

3 A 7)19 %42 (Owl's standard, OWL Scientific)& o] &3lo] E#alrf. LF

ot

g Alo] o]l & W= N EE o7l Y8lA+ Metaphor agarose(FMC AbH &

we] =7 wdt Seakem LE agarose(FMC AH)¢} deoiW]&(LE : Metaphor
agarose=1.0% : 2.0%~1.0% : 06%)& o] A7) %8321 ethdium bromideol
QA ¥ UV trans-illuminatorel A #2390, Polaroid 667 films ©]-&38}¢]

A F ARE iAEd. RAPD 480 glo] AR&d DNAE AlgA A
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) Areel S o tha s wAzte A e doliir] s8] Biorad Akel Al

Faad olgad o e 4 unitit AFEES) DNAE @ dddsle] AL8-3kavt

A3A AN g

1. ZvbEd AgA FHA4e URP primer® o] 8% RAPD 43¢
EolEe ARA HANAE BAN] AR ARH ARZA DT APHE 7Y

$4491 05 CT08-4, CT201-1, CT204-5, CT204-10, CT204-9, HA06-1 % A0S

44 AbEslE o AEA Rk e CT204-1, CT204-4, CT204-6, CT204-9, CT
206-3, CT204-4 % CT204-20% AMgerich ®=g, A4 AFezis HA06-1%

HAO6-458 AR&8ERIC oldr Ajitol gk SevpE el thdh AaAd Aok Ay 5

e,

A G FESE 214534 URP primers o] &% 7]a 1Alol A

4 FE Ade] de drllely ke Tk FAALE o8 dnEy oA
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GE 3 AFAY wAAA G E Angt F854

No. -5 FuhEr Ay Average scale
1 CTOB-4 HR 1.2
2 CT201-1 IR 1.1
3 CT204-1 R 2.0
4 CT1204-4 R 2.2
5 CT204-5 IRk 1.8
6 CT204-6 R 2.1
7 CT204-9 R 2.1
8 CT204-10 HR 19
9 CT206-3 R 2.0
10 CT204~-4 R 2.1
11 CT204-9 HR 1.8
12 CT204-13 HS 4.1
13 CT204-17 1S 17
14 CT204-20 R 24
15 HAO6-1 HRR 14
16 HA06-4 HR 1.6

125+ 2] primer & URP2, URP4, URP6, URP82] 74 $-+= §473 tjgA

o

88 4 ol Rew A

Ex o9 A% -3 A8 URP primerE o]&3F RAPD +#4& 12709 primers
o]-&-ale] o]folmon MEES DNAE ¥ A@sii RAPD 4 71&zx7
& gy, o % 1~1170A1 11718 primerdl A AEL v e dEgus

AR 4 Ay (1" D

=

12 %4t2] URP primerg AHEE 4%, A%4Q Assd we #A5ds 2 A

5

r"m

-

el Mg FiEE 553 d=dgds S+ ey Ad gdsw
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i
i

o4kl ATEGTeIRS ol gAASt AWEEFE wul % a8n

&
=AW olE BEAE W=rt BeEE 2S¢ & AATCTHD.

M1 2 345 67 89 10 11121314 1516

URP-1
URP-2
URP-3
URP-4
SISy O s W B o
URP-5
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M1 2 345 67 89 10 11121314 1516

URP -6
URP-7

ke e PR ) e SN
i = URP-8
URP-9
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M1 2 345 67 8 9 10 11121314 1516

URP-11

719¥1. URP primer 1~11°] 93 ¥v}2 AFA 742 A %2 RAPD
profile : M, PCR marker : 1~16, CT08-4, CT201-1, CT204-1,
CT204-4, CT204-5, CT204-6, CT204-9, CT204-10, CT206-3,
CT204-4, CT204-9, CT204-13, CT204-17, CT204-20, HA06-1,

HA06-4
2. EohEW 2 FEY AYY A4 EAAR ABE Ane Fa
5%

o AR EAAHE FART] A% A AZA F4EA Lz 32

[~ J~)
(S. commersonii, PT 320266)%} <v] FFo #HEAT §E€AZ gAEZ2a
Nooksack, W& FF wHlAlA o A T AHSP5~P22)E ol &34
thoolE AEo] gk EriEel i HEgd Ao dwrd EAe w49 2}

=132 -



(B 4 AFGd ZAAA A8 Az 254

3T i

ESala=ard!

T WS AEY S e #2857 U
1 Lz 31 S 2X S. commersonit
2 Lz 32 HR 2X S commersonii (PT 320266) 1::5’?3{1
3 Lz 34 HR 2X S, commersonii
4 Lz 35 S 2X S. commersonii
5  HA06-1 HR  4X P2 + PT56 (Dihaploid of Superior) g;g;‘;g
6 HA06-4 I 4X "
7 HA06-9 HR 4X 4§
8 CT01-1 R 4X  P5 (HA06-1) x P23 (Dejima)”
9 (CT01-2 R 4X "
32l 10 CT02-1 R 4X PS5 x P24
Y ez S 4xX "
¥ " 12 croe-s 1 4X "
13 CT02-4 HR 4X "
14  CT201-1 HR 41X P11(P5 x P24) x P26
15 CT201-2 R 4X "
16  CT201-3 R 4X "
17 CT206-9 HR 4% (P7 x P23) x P23
18 CT206-13 HS 4X y
19 CT206-16 HR 41X "
20 CT206-17 HS 4X "
21 HB9-2 - 6X " ﬁ;glr?(?
22 HB28-2 - 6X “
23 Dejima HS 4X Cultivar: Male parent
24 Nooksack S 4X Cultivar: Male parent
25  Superior HS 4X  Cultivar
AejEF 26 C(I)brbiei h I 4X  Cultivar: Male parent
27  Jopung - AX Korean cultivar
28  Katahdin - 41X Cultivar
29  Atlantic - 4X Cultivar
30 C7bh-b - 4X (P34 x P28) x P28
. 31 C75-5-210 - 4X (P34 x P23) x P29
T e 39 C75-5-297 - 4X (P34 x P28) x P29
¥ 33 CL3I-5 - 4X (P34 x P28) x P28
W o SN b

z The cross combinations

were designated by the PCR DNA No.
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H e A HAAAE w87 $F HHEAMT okEo)n] A¥A9 ps 6A
(S. bre.. PI 218228)9} R4#2 (S. tub.: PI 203900)¢] §3@3E AMaQ) A2063 oA S
Katahdin3} Atlantic #2311 oAl A -2 A Z A (P30~P3INES ol&3s1

zb skRem olE ARdAM AN FAAE 2] 3 AgE FAE] Yete 2

TS wEAA A E ) azhs

’J (eF
ol
—r
R
o
-

3. AFHEAGNE AnSe) DNA Bda 94 2 A5 f4%
chepy B4

chde]l st gl R fHA Odd 248 fste] AdARES] DNAS v
Awstil RAPD 9 AFLP®A 712278 #ysdd. ol Axel usl RAPDS
AFLP A& dsto] §12 tpdAd S EFold 23739 Axfo] oshd 1y
29k 3¢ Aztoll Mg RAPDSF AFLPOlA 3-8] vhae] tiE s g@43 5
28k 1|3 ol A AR ofAE FEEe A A AMEISY TR
e 553 dudus rjon o gyshing olfde MEFFARLY oE
gAlet AMFESoe) wul oy aa R ol& gEAd WEsl Rewe
AL &5 AU dATA] AAY £5 o g FTH primersE o] §381o)
B obEale] MEFYENA L wwEEMA S §44 Aw 8ln A

Mg agel o3 fFHYy EQJAL, 289 L 5% @ F dedy wopwn

¥ =1 =4
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(34228028 1342283229
rim

L. A 5x20 5223 11%26 (2x@D4n23 vor, d
34

M T 2 5 B T B 03031 12 13 1415 16 17 A 15 20 2] 24 5 26 27 28 29 10 41 X2

4 o " = 3 N ==

oo, B e g IR RS 8 8 OPA15

34%289928 347201229
Wi HA a0 4423 Ti¥26  17x221923 wor l?a
3% b 7 8 T 10 17 19 13 1A 15 1617 1A 42021 AL AT FAZII N M U AM

-

OPAS8

29 2. OPA8T} OPA15 primero] 2% 2 A9 RAPD profile :

FAZE A}, AEGEAS mujFriol o) thsi=e) £2] ¥4, Lane
M3 : F1d Y= DNA 9ANS, Wi : Wild relatives, HA : fusion hybrid
(2+PT56), 5 x 23 : 5(HA06-1) x 23 (Dejima) =% 9 2 AAAMA, 5 x 24
. 5(HA06-1) x 24(Nooksack), 11 x 26 : (5 x 24) x 26 : {5(HA06-1)
x24(Nooksack)} x 26(Irish cobbler), (7x 23) x 23 :(HA06-9)x23(Dejima)}
Var. : Commercial variety, (34x28)x28: x23(Dejima), {34(A316)x28(Katahdin)}
x 28(Katahdin, (34x28)x29:{34(A316)x28(Katahdin) }x2)(Atlantic), M: molecular
marker, pGEM DNA marker.
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Wi HA  5x23 5x24 11x26 (7x23)x23 HA Var. (34x28)x28/29 Ha

M1 2345678 91011121314151617 18192021 222324 28 29 25 26 30 31 32 33 34 27 M

1% 3. AFLP Profiles by 0403 primer combination: ¢FA%E 72}, A XA
o} e Foio Ao T3t AFLP =9 &7 4. Lane H3Z: Xl U=
DNA d&HMH3%E Wi . Wild relatives, HA: fusion hybrid (2 + PT56), 5 x 23
: 5(HA06-1) x 23 (Dejima) =%t g AAMRA, 5 x 24 : 5(HA06-1) x
24(Nooksack), 11 x 26: (5 x 24) x 26 : {b(HA06-1) x 24(Nooksack)} x 26
(Irish cobbler), (7 x 23) x 23: {(HA06-9) x 23(Dejima)} x 23(Dejima), Var.

Commercial variety, (34 x 28) x 28 : {34(A316) x 28(Katahdin)} x
28(Katahdin, (34 x 28) x 29 : {34(A316) x 28(Katahdin)} x 29(Atlantic), M:
molecular marker, pGEM DNA marker.
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{

D) Alsiel DNAS 209 4965 RAPD B AFLPRA] /1B218 sSdsg,

2) %% % A% PE-E URP primeric ®% primerd] A AlE3F 553 =g
Bl Rdom, offgt uvdlsl wixir olgele] s dtEE gyggd weg

g & oglely.

2
3) ol Alsmel dis] RAPDSE AFLP A8 Fdste] §HA4 s HAs
12w, RAPDSE AFLPolAl 48] vhgre] tRsiil=d ghxeh 5+ g
yoRAE STl A A AIFE RS e S5 WEAEe uglen

olgl Thgs Wi olgato] MGl ol% FatA} AwEFe] wu)

ol Jb Zre] 5L F-ujAlfell A olE thE A wl= ol B rgl
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