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SUMMARY

Genetic Analysis for Bacterial Leaf Pustule Resistance for Improvement
of Soybean Varieties

Bacterial leaf pustule (BLP) caused by Xanthomonas axonopodis pv. glycines is one
of the most prevalent bacterial diseases in plants. Early symptoms are characterized
by small,yellow—to—brown lesions with a raised pustule in the center. The lesions
progressively merge to form large necrotic areas, which cause premature defoliation
and subsequently a loss of grain yield. The first goal of this research was performed
to identify quantitative trait loci (QTL) for resistance to BLP as well as to understand
the resistance of soybean genotypes to different BLP isolates. Also, candidate gene
analysis and differential display between resistant and susceptible soybean genotypes
was performed to develop BLP-specific DNA markers.

1. Genetic Analysis for Bacterial Leaf Pustule Resistance for Improvement of
Soybean Varieties

Quantitative trait loci (QTLs) for resistance to BLP in soybean (Glycine max [L.]
Merr.) were identified using simple sequence repeat (SSR) markers, and the
consistency of QTL detection across bacterial isolates as well as across greenhouse
and field experiments were examined. Recombinant inbred lines (RILs) derived from
a cross of BLP-susceptible 'Suwon157' and BLP-resistant 'Danbaekkong' were
utilized to identify QTL conditioning the resistance to BLP with 76 SSR markers. For
phenotypic analysis, six isolates of X. axonopodis were collected from different
geographic origins (ocsF, ocsG and sd12178 from Korea, 8ra from USA, LMG7403
from Zambia, and LMG7404 from Zimbabwe). A combination of single—factor analysis
of variance and multiple regression analysis revealed that three QTLs conditioned
resistance to BLP in the field. Under greenhouse condition, one to four QTLs were
revealed to be associated with resistance to each isolate. Satt372 on linkage group
(LG) D2 was detected across six isolates under both greenhouse andfield conditions,
an indication that resistance to BLP was mainly controlled by a single major gene
tightly linked to Satt372. Several minor QTLson LG A1, C1, F, L, and O were also
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found depending on the isolates.

seventy—five different soybean cultivars were tested for the response to several
different X.campestris pv. glycines races collected worldwide. Among tested cultivars,
one cultivar, G. max cv. PI96188 showed very different response to all X. campestris
pv. glycines races. It showed HR-like necrosis without halos but still carried pustules
in the back of the necrosis symptom. Axp gene conferring resistance to bacterial
pustule was reported to be on linkage group (LG) D2. The gene controlling the
novel response in PI96188 was mapped to whether the gene was the same as FAxp.
An RIL population from a cross of PI96188 and Jinju 1 was constructed. Five
markers on LG D2 were not associated with novel response in PI96188, indicating
that the gene controlling this specific response was different from Axp. Further
mapping study revealed that Sat_108 on LG O was identified as being associated
with novel response in PI96188.

2. Molecular Genetic Analysis of Bacterial Pustule Disease Resistance in
Hypernodulating Soybean Mutant

One of the most important diseases of soybean in Korea is bacteria pustule, which is
caused by Xanthomonas campestris pv.glycines.

SS2-2, hypernodulating soybean mutant, was isolated from Sinpaldal 2 treated with
ethyl methanesulfonate (EMS) (Ha B.K. 2002). SS2-2 has more nodules than the wild
type (Sinpaldal 2) and is resistant to Xanthomonas campestris pv.glycines, whereas the
wild type is susceptive. The experiment was performed to analyze the resistance genes.
First, specific expressed genes were selected through Suppression Subtractive
Hybridization (SSH) of Sinpaldal 2 and SS2-2. 77 specific genes in SS2-2 were
selected.

To identify the genes, Northern blot was done with probes. This result showed that
Vegetative Storage Protein (vsp A, vsp B), Homeodomain Leucine Zipper Protein,
Glycine max repressor protein (Drl), cytochrome P450 like_TBP and A.thaliana putative
RING Zinc Finger Protein were SS2-2 specific and Glycine max PRla precursor
(PRIa) was Sinpaldal 2 specific. The expression of vsp A and vsp B genes, plant
defence genes, was activated by jasmonic acid (JA). Homeodomain Leucine Zipper
Protein has four DNA-binding sites of the soybean vsp B promoter: one in the JA
response domain, two in the phosphate response domain, and one binding site in the

sugar response domain (Zhijun Tang et al). cytochrome P450 is induced by SA and
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detoxify allelochemicals in response to plant defence (Li X et al). In addition, Drl and
Ring Zinc Finger Protein have a role for transcription factor.

However, PRIa is responsive for Salicylic acid (SA) and is Sinpaldal 2 specific
expression gene. Therefore the resistance of hypernodulating mutant soybean is related
to JA defense pathway and may be induced by Rhizobacteria. After pathogen infection,

JA induces the defence genes and suppresses SA-dependent defence gene.

3. Search for Molecular Markers for Bacterial Leaf Pustule Resistance through
the Analysis of Disease resistance and Phathogenesis—Related Genes

Recent infestation of bacterial leaf pustule in Korea has recalled need for serious
research efforts for the development of resistant variety. Molecular markers can aids
conventional breeding programs for better returns from their efforts. However, lack of
basic information on the mechanism of resistance to bacterial leaf pustule and any
markers confers research priority on the development of efficient molecular markers. To
develop molecular markers linked to pustule resistance, we took an approach to take
advantage of molecular information on general and specific disease resistance in plants.
We cloned and examined expression patterns of disease resistance gene analogues
sharing structural features in common with disease resistance genes and some well
known pathogenesis-related genes in soybean varieties showing susceptibility or
resistance to pustule.

Six resistance gene (R gene) analogues, pSRGA 2, 3, 4, 5, 6, 7 and 8, were cloned
from Iksannamul-kong. Their sequences shared 82 to 96% similarity with those
reported from soybean and pea. Expression of R gene analogues was examined in the
susceptible (Suwon 157) and resistant (Danbaek-kong) varieties. R gene expression
was nill or very low, and was not induced by Xanthomonas campestris pv. glycines
(8ra) in both varieties. R gene expression was not induced by biotic (yeast extract),
abiotic (paraquat, H202, wounding, UV) stresses or phytohormone (ABA, SA, ethylene)
treatments in the three sets of resistant (Danbaek-kong, SS2-2, PI9%6188) and
susceptible (Suwon 157, Jangyeop-kong, Jinju 1) wvarieties tested, indicating no
involvement of R gene analogues in pustule resistance in soybean.

Expression of pathogenesis-related genes (PR-a, peroxidase, SAM;, PR genes) and
genes involved in phytoalexin production (phenylalanine ammonia-lyase (PAL), chalcone
synthase (CS), isoflavone synthase (IFS); PP genes) were compared in the three sets
of resistant (Danbaek-kong, SS-2, PI96188) and susceptible (Suwon 157,
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Jangyeop-kong, Jinju 1) varieties under biotic (yeast extract), abiotic (paraquat, H202,
wounding, UV) stresses or phytohormone (ABA, SA, ethylene) treatment conditions. PR
and PP gene expression was induced by Xanthomonas campestris pv. glycines (8ra) in
the resistant and susceptible varieties, but with little difference in their expression
patterns. Differential induction of these genes by the treatments was observed, but the
patterns were little different in the three sets of resistant and susceptible varieties
tested, indicating little relationship between these gene expression and resistance to
pustule. The results indicate the existence of specific mechanism for pustule resistance
and genes related to general disease resistance may play a minor role in pustule

resistance in soybean.
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T =wUEH S vy g B A FAA FReIeH B How deA Qv
(Bernard and Weiss, 1973). %U}% of e 2VISHe Aol Fa Ao §rjE =
917 A Eh AstA #dE Afole dol A Ha 1 Qo= Avke A9
g Elo], oo xr|gst 9 FEFEAS 7HA 2 tH(Weber et al, 1966). 34 rpE B
il Q= F AES Xanthomonas campestris pv. glycinesel #A3A-S YElY, AA X
ol A A Agole F EntEHel o] #EA devh 53] w= F CNSTF F
EtEHE AFAAFAAE Basta low, o] F AlFe] v=xY HRAW B s AN
o et FAALAA AujEE FHFETEY AFHALLZ o] S HATHE T, 1998).
Clark 637} PI-437477B¢] uwvjz3Fe] F, 6500 7HAI=E° Wk rxp ‘IT@Z]'Q]‘ T8
27be] A zAte] 93, malate dehydrogenase(Mdh) A9} 15.18%¢ %371&=
Ay Hol dom ol LHFAB/F(CLG) 200 AHFEHE Aoz yeldth(Palmer 5,

[e}
1992). ik, A= ARstE T BAGAAAE Baw Ao vE YW BaEn &
Aol 9127 FAH Ase Dol mp FAAE BAFAAAZY] AREMLGA o3
W, MLG D2 & MLG Hol sl Aom 2ejd o), obdnAx gaa el

ro

rxp AR YA 7F wE XX & = A o]t (Cregan, 1999, personal comm.). W}
A, & Bulge Aget fFAxY fAx= A7 DlER Fa k. #H DNA vbA
E O]%f?} AAAZE o]&sle] A9 EE F2 Ho #AHHE FAA AMNAAL A

7} gR1= Atk Bacterial blight(rpg), frogeye leaf spot(rcs), downey mildew(rpm),

rlr r

powdery mildew(rmd), phytophthora rot(rps), soybean rust(rpp), soybean mosaic
virus(rsv), peanut mottle virus(rpv), cyst nematode(rhg) 5 719 RE HHEASo] %

L8 o] Foi A AL 9l

Soybean mosaic virus$} #Zo] thkshAl Ea3E W Ag 71E S ostd
E2gE Ay gy " fdEadog o o] Bxhste] WA AlEe] ko] o]yl
gl &o]l DNA vlAE o] &3 F&22 Ae AASH Y, rsv] FAAS HFdes FF

= TEsA T (Yu 5, 1996).

ol
iz
e

FHAE FAF 5 e A0 3do AR Yk WA FARAED
AAE % 9l mapping A9e] B} DNA mHAE o83 A0 &7 9% w74
o Bedd AAdE olEgol Yok AAEFAN A 3440 AAAL & A o
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4" o722

D FdAAE Az A FA RIL)

T EVEY AR g A% EAFAAAE AE 2 AT AdRd FES
sl @l F/A1578, SS2-2/49F9] Fo TAE H=el FFste] dAZA Fr AldizA X
Aol ot

2) EH-EZF polymorphism ZAF 2 FAX A= A #

(1) AA7EA 2078 At 7k 158719 SSRutelAE AAste] REEIF DNAW
o]2 Al ow, I 7HEd EEEZF polymorphisme HolE AL 93F o2 AAFH
o % 59%% YERH I vk

(2) HEEZF polymorphisme] H.olil = 93% 9] SSR markerZ ©]-&3Fo] 7971 ¢
SSR marker®] FHd23EES AAsAh(E 1-1)

¥ 1-1. 91575 /993 T5RILs G423 28] 2AL
Marker LG FA1575 g gt test(0.05)
1 satt155 A1 38 29 67 1.209
2 satt236 A1 31 38 69 0.710
3 satt276 A1 35 37 72 0.056
4 satt545 A1 36 32 68 0.235
5 satt177 A2 36 30 66 0.545
6 satt187 A2 37 34 71 0.127
7 satt409 A2 31 19 50 2.880
8 satt197 B1/S 38 28 66 1.515
9 satt415 B1/S 36 30 66 0.545
10 satt426 B1/S 28 30 58 0.069
11 satt509 B1/S 39 28 67 1.806
12 satt168 B2/P 40 27 67 2.522
13 satt556 B2/P 37 31 68 0.529
14 satt577 B2/P 32 37 69 0.362
15 sat-085 C1 17 33 50 5.120
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Marker LG FH157% - 3t test(0.05)
16 satt180 C1 30 35 65 0.385
17 satt294 C1 34 35 69 0.014
18 satt396 C1 38 30 68 0.941
19 satt134 C2 40 34 74 0.486
20 satt202 Cc2 37 27 64 1.563
21 satt277 Cc2 38 34 72 0.222
22 satt286 C2 33 34 67 0.015
23 satt291 Cc2 41 30 71 1.704
24 satt322 Cc2 41 27 68 2.882
25 satt147 D1a/Q 33 33 66 0.000
26 satt179 D1a/Q 32 34 66 0.061
27 satt408 D1a/Q 30 34 64 0.250
28 satt532 D1a/Q 35 34 69 0.014
29 satt189 D1b/W 33 30 63 0.143
30 satt290 D1b/W 32 31 63 0.016
31 satt186 D2/R 36 28 64 1.000
32 satt226 D2/R 36 30 66 0.545
33 satt372 D2/R 36 30 66 0.545
34 satt458 D2/R 38 33 71 0.352
35 satt389 D2/R 31 24 55 0.891
36 satt397 D2/R 36 33 69 0.130
37 satt154 D2/R 33 19 52 3.769
38 sat-112 E 40 23 63 4.587
39 satt185 E 30 39 69 1.174
40 satt411 E 36 26 62 1.613
41 sat-074 F 26 36 62 1.613
42 satt114 F 30 39 69 1.174
43 satt160 F 40 28 68 2.118
44 satt269 F 32 33 65 0.015
45 satt224 G 36 24 60 2.400
46 satt288 G 38 35 73 0.123
47 satt324 G 29 40 69 1.754
48 sat_122 H 24 39 63 3.571
49 satt192 H 25 42 67 4.313
50 satt279 H 33 37 70 0.229
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Marker LG FH157% g k) test(0.05)
51 satt317 H 28 34 62 0.581
52 satt353 H 30 37 67 0.731
53 satt434 H 18 30 48 3.000
54 satt442 H 24 37 61 2.770
55 satt541 H 29 33 62 0.258
56 satt239 I 40 28 68 2.118
57 satt292 | 38 34 72 0.222
58 satt571 | 37 23 60 3.267
59 satt183 J 37 29 66 0.970
60 satt215 J 32 30 62 0.065
61 satt244 J 29 40 69 1.754
62 satt285 J 35 30 65 0.385
63 satt414 J 34 33 67 0.015
64 satt431 J 27 42 69 3.261
65 satt167 K 32 36 68 0.235
66 satt196 K 35 30 65 0.385
67 satt441 K 34 36 70 0.057
68 satt143 L 26 35 61 1.328
69 satt156 L 35 36 71 0.014
70 satt373 L 36 33 69 0.130
71 satt462 L 29 39 68 1.471
72 satt336 M 29 39 68 1.471
73 satt590 M 33 37 70 0.229
74 GMABAB N 33 23 56 1.786
75 satt584 N 34 38 72 0.222
76 satt188 0] 37 35 72 0.056
77 satt243 0] 25 38 63 2.683
78 satt259 0] 31 32 63 0.016
79 satt445 o 44 28 72 3.556

(3) °] A5 E MAPMAKER 3.0 Z2 13 Z o] &3] FHAARES A 23 23
I 1-29F o] 69719 mlolA YL 18719 d#o 2 EHHA L, F markerite] 7H4
13.0cMoz2 A" FA2 A =g AAetadt. 1H1-10A 9k 2ol 77he miAz 4%
LGD2E 855cM, 8709 marker® T4 ¥ LGHE 134.4cMeo] v}, 18] a1, Sattd26%
10712 SSR markeri= #E o] A ¥k
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0

H 1-2. 21575 xH#B0 QAL T =4

Characteristics TAI5T7E xrl F
Progeny(no.) 75
SSR loci(no.) 79
Linked SSR loci(no.) 69
Linked Groups(no.) 18
Estimated genome size(cM) 899.3
Average two marker interval(cM) 13.0
08 1-1. RPN E (LR 1575xSHR)
LGA1 LGA2 LGB1
Satt276 Satt177 Satt197
16.8 18.0
Satti55 27.6 Satt509
Satt187
35 2 29.8
57.6 Satt415
Satth45
22.7
Satt409 LGC1
Satt236
40.7
Satth56
20.2
Satt294
7.2
Satt168 Sat_085
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Satt291

Satt322

Satt286

Satt134
Satt277

Satt202

Satt458

Satt372
Satt154

Satt397

Satt389

Satt226
Satt186

LGC?

1

LGD2

6.8

24.5

9.0
1.4

31.8

12.7
8.7
13.1

30.6

12.7
7.9

LGD1a+Q

Satt147

Satt408 1.6

Satt179
3.3
Sattb32

LGF

Satt269

11.2
Satt160

Satt114

471

Sat_074
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LGD1b+W
Satt189
Satt290 0.9
LGE
Sat_112
1.9
Satt411
LGG
Satt288
39.4
Satt224
231
Satt324



Satt353

Satt192
Satt442

Satt541

Sat_122
Satt279

Satt317

Satt434

LGH

LGK

Satt441

Satt167

38.2

8.2

24.7

2.7
0.8

48.1

0.8

LGl

Satt571
9.8
Satt239

Satt292

LGL

Satt143

Satt462

Satt156

Satt373
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AT OCS-F Ass 7HA AR whg-9 atolg A AHH(ED

(2) OCS-F & EvlEv HAFo] o3k F27R A 7ke] ks EA}éﬂ—t— oY 13 7
o] AFEREIFANE g1 9o, FloA et 2] heterod Hitgko] HES F=U15735 0

1
Ahe Ao wop A4A KA $AoM ARH FAAF A4PL &

42 27 dolg el Hukg HolHE SASE o] 83 single anova factor anova %472
¥ Satt372vtA7F OCS-F & EvlE¥ Ao 15%9 #=& Z4#AAE 7t Ao

891 9o},

H 1. =3157x 82 F2IORMI0 CHSt Satt3720tH2l 22ldI2r 7o ZE Y
Satt372 N Mean
S/S 80 3.32
S/D 150 3.16
D/D 60 2.07
<_|_
=
=
8 1. 3157 xHMB F2IIXI0 CHSt ocsFEHAE RS HEEE 2
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2) FEVEY 67 A ud 157X Ty 22 9] bacterial leaf pustule A &

A

2o A BREEZI RILsol| TE8VEY HYdT 645 47 AFeds o, 2 o
Fo A EREEZE BLP resistance score’t thFstAl YERU AL ITH(FE2). Y 157(BLP-
susceptible) ¥ ¥ (BLP-resistance)oll 4] 8rael] talAd = 1.33 1.8, LMG7403°] th3)A

1.
v 427 239 scoregs HoFa Qltt ol#3t AnE E wf RIL AlFolA19 pathogenic
variability of X. axonopodisZ <Ag 4 o, T3 1 thAEAHS ol TE Ed g

g+ gk

22 . Means and ranges of parents and RIL progenies for the resistance to bacterial
leaf pustule in soybean

Isolate®

8ra OCS-F OCS-G  SDL2178 LMG7403 LMG7404 Field”
Female
parent 1.3 2.7 3.7 2.4 4.2 3.3 41
Male
Parent 0.8 1.2 1.3 1.5 2.3 1.3 1.0
Progeny 1.0~ 1.0~

3.3 1.2~3.9 1.0~49 0.8~3.5 1.0~3.8 0.3~3.5 48

LSDo.05 1.2 1.2 1.3 1.2 1.3 1.1 1.3
Progeny
Mean 2.0 2.3 2.5 2.2 2.2 2.0 2.9
H2(%) 47 66 60 41 38 59 82

 Disease severity was scored on the basis of the number of small, yellow—to—brown
lesions with a raised pustule per leaflet on a scale of 0 to 5 (0 = no legion, 1 = 1
to 25 lesions, 2 = 26 to 50 lesions, 3 = 51 to 75 lesions, 4 = 76 to 100 lesions,
and 5 = more than 100 lesions).

® Disease severity was scored on a scale of 0 to 5(0=no visible symptoms to
5=heavily infected)

3) & EvlEY AgA QTL EAdA A3dat D29 Satt3727F# 7} major genel 2 28



LG D2/Rell <3} Satt372 locus: FE7E4 HY
3L, LMG74031 A= 18%, OCS-Foll sl A& 43%9 433 Kol
7} BLP resistanceo] ™3 QTLel ¥dstA d&xo] vt

H3. Markers linked to QTLs associated with the resistance to BLP disease under
greenhouse experiment using an RIL population derived from a cross of the
susceptible Suwon157 and the resistant Danbaekkong in soybean

SF-ANOVA? SLG-Regr® MLG-Regr®
|saolate Locus LG o Ao Allelic means® p a2 p a2
S/S D/D
% ——-score—— % %
8ra Satt509 B1/S 0.027 7 2.1 1.8 NAC - - -
Satt372 D2/R <0.001 17 2.2 1.7 <0.001 22 0.002 20
Satt458 D2/R <0.001 19 2.2 1.7 0.004 5 - -
Satt156 L 0.042 6 2.1 1.8 NA - - -
Satt243 O 0.022 9 2.2 1.9 NA - 0.010 11
Total 31
OCS-F Satt134 Cc2 0.035 6 2.5 2.1 NA - - -
Satt372 D2/R <0.001 44 2.8 1.8 <0.001 48 <0.001 43
Satt458 D2/R <0.001 28 2.6 1.9 - - - -
Satt353 H 0.047 6 2.5 2.1 NA - - -
Satt156 L 0.030 7 2.5 2.1 NA - - -
Total 43
0OCS-G Satt177 A2 0.011 10 2.7 2.3 NA - - -
Satt372 D2/R <0.001 40 2.8 2.0 <0.001 44 <0.001 39
Satt458 D2/R <0.001 19 2.7 2.1 - - - -
Satt167 K 0.017 8 2.3 2.7 - - - -
Satt441 K 0.026 7 2.3 2.7 0.018 8 -
Satt143 L 0.011 10 2.7 2.3 NA - 0.036
Total 45
SDL2178 Satt294 C1 0.019 8 2.4 2.1 0.019 9 0.027
Satt396 C1 0.033 7 2.3 2.0 - - - -
Satt291 Cc2 0.016 8 2.4 2.0 NA - - -
Satt372 D2/R <0.001 28 2.5 1.9 <0.001 29 <0.001 25
Satt458 D2/R 0.008 10 2.4 2.0 - - - -
Satt336 M 0.025 7 2.4 2.1 NA - - -
Total 32
LMG7403 Satt155 Al 0.019 9 2.1 2.5 NA - 0.007 13
Satt134 Cc2 0.043 6 2.4 2.0 NA - - -
Satt372 D2/R <0.001 24 2.5 1.9 <0.001 28 0.004 1.8
Satt458 D2/R <0.001 19 2.5 1.9 0.043 5 -
Satt269 F 0.025 8 2.4 2.1 NA - 0.015
Satt156 L 0.021 8 2.4 2.1 NA - 0.008 11
Satt259 @) 0.046 7 2.4 2.1 NA - - -
Total 50
LMG7404 Satt372 D2/R <0.001 37 2.4 1.6 <0.001 39 <0.001 39
Satt458 D2/R <0.001 21 2.3 1.7 - - - -
Total 39
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a

SF-ANOVA: single factor analysis of variance

SLG-Regr: Multiple regression with markers on each linkage group

MLG-Regr: multiple regression with all significant markers from the SLG-Regr
model

® S/S: homozygous Suwon 157, D/D : homozygous Danbaekkong

° Not applicable. Not linked to other markers

Satt276
16.8
Satt155 +— ]
Satt396 ——]
Satt226
35.2 7.6
0.7 Satt186 T -_‘
Satt545
Satt372
227 Satt294
Satt236 7.2 mﬂ]ﬂ]ﬂmﬂﬂl 11.5
a — Sat_085 T Satt458
LG A1 LG C1
Satt269 ——]
11.2 -
Satt160 Satt143 ]
12.5 Field _
Satt462 Satt445
12.7
26.9
Satt156 ~—
75.3
Satt259
259 N
39.1 Satt188
Satt114 Satt373 Satt243 .E.E
LGF LGL LG O

&2, Soybean linkage groups (LG) showing marker positions and estimated map
distance with the independent QTL conditioning the resistance to bacterial leaf
pustule disease. Field resistance was evaluated through inoculation (a filled bar) with
the mixture of three isolates(OCS-F, SDL2178, LMG7404), while greenhouse
resistance was evaluated through individual inoculation with six strains(an open, a
dotted, and four hatched bars). Length of horizontal bars indicates A value for the
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loci.
4) PI96188 x 135 RIL A¢ EviEH H

A

o] A ¥k FA}

(1)PI96188 o]#}= #%-& Xanthomonas campestrisel] s 71& EF3}
e RhES Bt AEolA 7] wolrl A Al #AH whES JoFit
$o > FRGF7E =g HojA Weo] wdsls
A gk PI961882 FH -7} whedkelx] a1 HA IAbete FEHIE Bt A 7
# %  Linkage Group(LG) D2l rxpfdxtel] osir A5 =4 ofyw tf
A 2AE = AE dol BY] fate] o] AFS FAsHA H AT

(2) FEvEEel s HEolA &S Hol= PI6IS8H AWt WAS Hol= U+
153k wjE B3l dolxl Frol RIL $4F 147718 5902 vjd e a5
o] AEA N DNAS FEF, Xanthomonas campestris pv. glycines (Sra)S HE3 1L
WE5ol A W3S A (Fig. 1)(Table 1)

Fig. 1. Disease symtoms of PI9%6183 (a-1,a-2) and Jinju 1 (b-1,b-2)inoculated by
Xanthomonas campestris pv. glycines
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Table 1. The number of novel response and normal response in PI96188x%Jinjul

H Eo] & ule a4 Hetero—-type

Number 16 83 44

(3) DNA F=3% WA mERE(PI96188x]Jinjul)el a4 polymorphisme FA}3l
t}.(Table 2).

Table 2. Percentage of SSR makers showing polymorhism from PI96188 X Jinju 1 population

Markers Markers
screened selected
No. No. %
PI96188x% Jinjul 126 80 63

(4) T =vtE¥ A4 FdA4= Linkage Group(LG) D24 9ol 1= rxpet &€
Ao 4 9lal, PI9618Re A Kol WEol# whgk LG D2 d#so] & Ao
e p FAAE de Aer FAFHE Satt372 FHl e mHAES AYEhd]
polymorphisme FAFgE & W So]% wkg o] Aws Ay 2 Ay #A7F glso] YES

THSAS8.1). (Table 3.)

Table 3. Five SSR markers on LG D2 in PI96188 X Jinju 1

Markers LG P
Satt014 D2 0.7654
Sattl35 D2 0.3721
Satt226 D2 0.7799
Satt372 D2 0.6340
Satt458 D2 0.6339
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(5) LG D2k oftet HA LGl disiA 7k Q9 mfAE o] &3] AL
atgden zAS Y F LG O 9A3% Sat_108°] S0l
TH(SAS81, 99+ 95%) 1 Ao Jd wAES F 9 HsHo= A3 A7 Fig
2.9 2 Ay E cMD}(Flg 2)

LG O

SattZ2d43

11.4 <Ml

sat 10

novel response

I
r
F
I I

Fig. 2. Linkage map of markers used for detection of novel response

6) ¢ AdNA PI961882 Xanthomonas campestris pv. glycines (Sra)ol thsle] t}
Fi= g7 E‘re HF&-(novel response)E& HQITH o] A2 o] el tigh #wl
of ¥l WrEE AEo 7] Wolwkg F shuE AZtEo A1
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13 1. PSA HiA]| A =% colonyE &

A Ehe
glycines (1), EvtE 4 ¢ HR ¥H& (2)

8 AR aurBS3ekel w3 EAE

e

7h) Rt A o] By

rdAke] profiles A 8t7] 98kl &2 Xanthomonas sp, 7} &

Hl W 4
= uFATAE HET (X, campestris pv. vesicatoria)®] W H YA

FHAE 7HA 2 9l
A qurBS3 §AAE probelCZ A&l chromosomal DNA profileS 73 M3l th
155 o4 chromosomal DNAE #&|sle] A3t &4 = digestion § F

\]

). &

ad %
avrBS3 A AE probeS & 3 southern blottings 3+ A= 29 33 2o}

—~

17.5x34 amino acid repeats
L 1

g v YA §42 avrBS3,

i
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65 &7 o9 T1 T3 TS TT ™™ #1 83 M

Itz . ale- @e-TeSessT =3

a3 ATl FRE FENEFWIY arBS3 frd Al g
2 @ A dRel AFEel 27 olabel 4

B
FAAE 73 YA

nfEHW 79 qurBS3 AHEA pattern

g F30e oS %0}
= AA}F profile AFe]7F B2
wEo]l FElFe FF {32 profile 71l~°4 r

W) 77 e FEAA EEE F
(1) Hehito] 7HA= aurBS3 74

kot A3 EF7bol| qurBS3 s
ZZ = F2H2}F profileo] T &
A wAsA % s (1" 4).

offt o

=

7ro

) ro

]
T

12-\1@

gy 4. 27 v FEFOA e Bdde] vy YA £33k profile. lanel. marker. 2, 3

& 28 FH, 4&5 Y, 67 &8 &Y, 9 g5, 100 oY, 11 A ST, 120 v,

13: A&, 14 & 150 &4, 160 99 17 &9, 18 &4, 190 B3 20 & 210 #3E, 220 1A
L

213, 23 AAZ 235, 24 Fu, 25 €3G, 260 -3
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(2) 25 FFolAM= F4A = S7]0lA

g8 O & 23

2 2R @ 24X

95, F A 2

)
o
i3
&,
(i
ok

a9 60, 27 2 FAANA Eeld HE
aurBS3 W YA SAA sk A5

h) =l =3 EvtEHae v Y3 §H4A4 profiled] whE grouping

(1) F2ver AddelA, = 72b7] g2 FEolA #3149 15559 TErEYETY
A AR profiles 418 23 6709 groupo® Ya F AT (27 7). 539
aurBS3 % FAAELS A &4 BamHICZ 29 vHHAA §12 Eo
FAAE & = vk BamHI 59] size7} th2W b2 v 442 355 H
e A5 o] AVl wE FF3e] Aol Holr WA E

8ra sdl1017 sdl1018 sdl1045 sdl1157 sd12098
EBH EBH EBH EBH EBH EBH

¥ 7. A4 MY NE group HYT Y chromosomal DNAZS 37}
g2 A g42 HA vgPaAd §HAF profile
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2) 8 3 7559 80 % 7 @& UFE e ¥57F 8ra groupel| &Y
aurBS3 A% A7 AF Kolx &= FFEE Q)

¥4 U WA vy Ay A8 H Ex s
group H WE T+
8ra sdl 1017 sdl 1018 sdl 1045 sdl 1157 sdl 2098
U BEX& 85 % 35 % 7 % 2 % 2 % 05 %

(1) Zt7+e] groupoll Al tHETFFE Adste] SEvetol A 1 2R F FF0l
HES 7 1 HAAdEs AASAT (£ D)
XL AUl i dAe i FEF dig HeA
Isolates
cultivars

8ra 1017 1018 1045 1157 2098
T9157 1.5+ 35 3.3 4.2 2.8 0.0
ADI25 3.0 3.2 1.0 3.2 3.3 0.0
FEF 3.0 15 1.8 1.2 3.0 05
AAFIZE 2.0 4.2 4.7 2.7 2.7 0.0
Bt 0.8 0.8 2.2 0.3 3.7 0.1
= 5.0 5.0 3.8 4.2 3.8 0.0
Rl 1.0 3.7 35 1.3 3.3 0.0
k=) 4.0 1.8 3.7 3.7 3.2 0.0
]y 15 2.7 3.8 4.7 25 0.1
68 2.0 4.7 1.7 35 35 0.0
HF78 3.0 5.0 4.0 35 35 0.0
o= e 1.0 1.3 0.8 0.3 1.3 0.2
44 25 4.7 4.0 3.3 3.7 0.0
Skt 3.0 4.0 1.2 35 4.8 0.0
peking 35 4.8 4.1 45 4.0 0.0
CNS1 1.0 3.3 4.2 3.8 2.3 0.0
CNS2 1.0 0.2 05 0.8 05 0.0
Mukden 2.5 3.0 35 45 45 0.0
Chippewa 3.0 2.8 45 2.8 3.7 0.0
Williams82 0.8 2.2 05 0.2 0.2 0.0
Harosoy 2.0 3.3 3.3 3.3 2.8 0.0
Pella 2.0 3.2 2.2 2.8 1.3 0.0
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x =3 = £ £ A o] 3
L | FER awE g, | CUT VT TS lagz wg, 443,
T | gmuos A2z cruls e, e, ol rleol o]z
MEE2s, A3, O3 o 2YT, UdF, F493
s T o

4) HiW LY FAAet FEe AR e BA 24}

7h vH A Fd2ke] mutation 71

(1) FErbEHTe] HHAAd T2 7les dotry] fst Feds Hole

avrBS3 A S mutation A7 H W AA FA2Fe] 7]5S knock out Al 7]7] 2
sk Stk

(2) WA EZ:Tn transposon kitE ©]&3}o] H]

ol

DA F AR aurBS37} insertion
T o] 9+ clones mutation A ATt In vitro mutation A3 4372 kanamycin,
ampicilin A &A S B ol putative mutantsE Ao A7 LS E3}o] avrBS3
HEE 8421 B9 o] transposon®] insertion H©] & clones st **El*doﬂ‘i}

(3) avrBS3el transposon©] insertion ¥ o] 3l+= plasmlda Al wild type X.
campestris pv. glycines©l transformation Al 713 H| W YA A2} specificdt mutation®]
dojibAl 3k F southern blottings E35te] Wad YXE F43F9 )

(4) A3} Xanthomonas axonopodis pv. glycines sdl1018 strain°l A 3} band”}
mutation =™ AP WEo] e dor WS g1t
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awBs3.:EZTn
e

Q
WT MT
CNS
9 8 ZFEwEW I X axonopodis pv. glycines sdl1018:EZTn mutans$t wild type?]
A4 EF Williams 829F CNS o that whs-

Williams 82

(5) AR ke Wakel FF A Wik #AVE o S AAT

7hH &2 EvlEH (Xanthomonas campestris pv. glycines)® chromosomal genes
avrBS3 gene¥} southern blottingS %3t 45X S ZAMS wp nS3dbd g A A <l
(Xanthomonas campestris pv. vesicatoria)®] H]‘ﬁ%/‘é FAAC qurBS3 A A
dEAdol wig- ol 1 AEAS ol&ste]l I Erltawe vydd FAAE
a5t

670 e] Type strain & & aurBS3 454 F3A7F 718 Eo] Hol&= X.
campestris pv. glycines SL1045 strains A3} genomic libraryE | 28} A 1jr.

t}) Genomic library= pLAFR3 cosmidE ©] 8319 sucrose gradient density=
o] &3lo] E 3k 20-25kb ¢ DNA fragmentZ ligation A7 ¥ phageol packing3d}al E.
coli®ll transfection 3] A Z&t3t}. Cosmid librarye] 31 insertion size:™ 20-25 kb
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Z}) 2k 2000 7§ 9] genomic library cloneE2 aurBS3 A AE probel & 3¢
screen 3+ A3 1%} screenol A 20719 cloneEo] AEAL ®HoS gt (28 9),
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A AEE cloneES A 8 3t southern blotting 3+ 243}

ul) 12} screendl| A AW cloneES A cosmidE £ 2] 3}¢]
Eojzkom 2x Ao A RFLP A 37t #Zo] Hol& cloneg< d¢ &
Fs

ato] A2l AlA HZF 6719 clonese] ALEHASH HA E4 Folth
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2. A2ARRA  F E¥EY 5olF AYAH T /FAA £ L wA AL
7F M

AEA HYAAN HJL A HE A ES  HR(hypersensitve response)<t
SAR(systemic acquired resistance), ISR(induced acquired resistance)¥t3<S Lo 7|A ¥
O AL o &z Apdeln AEAzeE 2 SS2-29] A4 AFd 250 EMS A
E 5d QoA WolAR nodule 59 A7t Avh FEUEH dEidE ABD 257}

Aol vla] SS2-2% A EAolt) SS2-2% nts, rxp mutation, & ZX noduleS A o] &}
v FrAAket AR FHAE #Ade] o HEFHAo Y AR FHA] FHS F
S gA HAL

ofr
2
o

Agd 239 SS2-25  Sample® } W rxp plant(Line:  PI547404,
CultivarL61-4180) = WA Izl #AGES a9t A= Aok Agg 2359
SS2-2% o AA, o HEgEZ AFHs ] L salicylic acid®t Methy—-jasmonic acidE ] ] 3}

WAGAY BEste] AEY 250+ gloy SS2-2% MR e

A

[

e ATl B 2 geneolY transcription factor’} 1o @ EE dAdt )
of SSHe#h= WHS Atk SSHollA 8l fH A= Northern Hybridizations -3

o,

1) subtraction library Az} 2 differential screening
SSH(suppression substraction hybridization) W o2 A F 235 9} SS2-20 4 =}o]
2 Hole #HAAE E#suh. subtraction® 3500917 cloneol] tH3+ differential
screening 234+ US4 o
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Figure 1. The results of differential screening. Panel A. The duplicated blots hybridized
with forward-subtracted cDNA probes made from tester (SS2-2) and driver (sinpaldal)

RNA. Panel B. The duplicated blots hybridized with backward-subtracted cDNA
probes made from tester (sinpaldal) and driver (SS2-2) RNA.
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Qo] Ay BEol dvt ZF spotY signal AEZ 2 o] cDNA9 nomalizationS 2+
7o 2 BT}l o] subtraction TAolE H TA| } AAS Hoso, ey ZA S
2 7l9] clone o] ¢olli= SS2-2 ¢ AFZY 25 —4 mRNA Abojoll = A9l xtol7b gl=d, ©]
+ EMS mutation line¢l SS2-2¢} Al2& 235 & %% 373 & stageoll Al sampling 3}
RO B E mutationo] Dol FRbel o] A} A AAEE= fFARbe] Aot &
Ads 3 u 73t A3z & 5 vk 29EE dd Filo] FEYHE fFH2Y 2
5 Bl G Aol7b A2 FAAS] ASE EAE7IE il zbolrt FElE 2471 9

clones 1232 AAste] #4& W& 3493 2232 53709 cloneE ¥ 3} T}
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2)

Td AolE Hol= fAA AVIME 2 R A

Table 1. The results of sequence analysis

S82-2 5ol 4
clone 4 5 )
No
(by northern blot)

1 | 4C23 |G.max vegetative storage protein mRNA (VSP25 gene) Y

2 | 4C21 |unknown Y
G.max vegetative storage protien mRNA (VSP27)

3 | 4N14 ) ] Y
putative acid phosphatase

4 | 1004 Glycerate dehydrogenase (NADH-DEPENDENT N
HYDROXYPYRUVATE REDUCTASE

5 | 4J06 |unknown Y
Arabidopsis thaliana putative adenylate translocator
ADP,ATP carrier protein, Mitochondrial precursor

6 | 4D23 ) i reverse
(ADP/ATP translocase) (Adenine nucleotide
translocator)
unknown

7 | 1F19 ] ) o reverse
wound inducive gene [Nicotiana tabacum]
putative membrane transporter [Arabidopsis thaliana

8 | 2A06 , ) Y
putative permease 1 [Oryza satival
Pisum sativum (clone PsRCI22-3) callus protein

9 3109 [P23 Rranslationally controlled tumor protein homolog reverse
(TCTP)
unknown

10 | 3I08 |probable acyl-CoA dehydrogenase [Mesorhizobium loti] Y
low homology
unknown,

11 | 3107 Y

SERINE CARBOXYPEPTIDASE
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SS2-2 EolF
clone 2089 .
No
(by northern blot)

12 | 3105 |G.max vegetative storage protein mRNA (VSP25 gene) Y
13 | 4G24 |lactoylglutathione lyase, glyoxalase N
14 | 5NO8 |G.max vegetative storage protein mRNA (VSP25 gene) Y
15 | BM11 |G.max vegetative storage protein mRNA (VSP25 gene) Y
16 | 5J11 |chlorophyll a/b-binding protein CP24 precursor Y
17 | 5BM06 |G.max vegetative storage protein mRNA (VSP25 gene) Y
18 | sm17 Glycine max gene encod.ing ribulose—1,5-bisphosphate v

carboxylase small subunit
19 | 5F11 |unknown protein N
20 | 5K11 |allene oxide cyclase N
21 | 7TK22 |OXYGEN-EVOLVING ENHANCER PROTEIN 1
22 | TA22 |unknown

Glycine max ribulose-1,5-bisphosphate carboxylase
23 | TL6 ) Y

small subunit ,
24 | 7THO2 |unspecific monooxygenase ,cytochrome P450 like. TBP | Northern A] &%

_60_




Clone SS2-2 S01& ¢s
A 20
No. (by northern blot)
Glycine max glycine-rich RNA-bindin rotein (GRP
i | 1002 y aly anp ( ) N
mRNA
Glycine max ribulose—1,5-bisphosphate carboxylase
2 | 1A05 ) Y
small subunit
1808
3 unknown N
4 | 1015 |Glycine max 28 kDa protein mRNA Y
Glycine max ribulose—1,5-bisphosphate carboxylase
5 | 2A19 ) Y
small subunit
Glycine max ribulose—1,5-bisphosphate carboxylase
6 | 3K02 ) Y
small subunit
7 | 3NO2 |G.hirsutum |ight regulated unknown reading frame DNA Y
Glycine max vegetative storage protein mRNA
8 | 3105 N
(VSP25 gene)
unknown(Arabidopsis thaliana photosystem | PSI-N
9 | 3014 Y
mRNA)
Glycine max vegetative storage protein mRNA
10| 3A15 N
(VSP25 gene)
11] 3A19 |Glycine max vspA gene Y
M.sativa 26S rRBNA Choristylis rhamnoides 26S
12| 4P04 | N
ribosomal RNA gene
13| 4J06 |unknown (Pseudomonas aeruginosa) N
141 4N14 |G.max vegetative storage protien mRNA (VSP B)
Glycine max repressor protein (Dr1) mBNA, complete
15| 4015 y P p (Dr1) omp y
cds
Arabidopsis thaliana unknown protein (F19P19.2)
16| 4116 N
mRNA
171 4C23 |Glycine max 28 kDa protein mRNA Y
18| 4G23 |unknown N
19| BF2 |Arabidopsis thaliana chromosome 2 N
20| 5M6 |Glycine max 28 kDa protein mRNA Y
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21

5N08

Glycine max 28 kDa protein mRBNA

22

5M11

G.max vegetative storage protein mRNA (VSP25 gene)

23

5A15

Glycine max 28 kDa protein mRNA

24

5817

Glycine max gene encoding
ribulose—1,5-bisphosphate carboxylase small subunit

25

5B22

Glycine max 28 kDa protein mRNA

26

6L12

Vigna radiata chlorophyll a/b—binding protein CP24
precursor (CipCp24) mRNA

27

6H23

Atlantic salmon mRNA for myostatin, isoform ||

28

7C05

Pseudomonas aeruginosa

29

7006

hypothetical protein XP_104599 [Homo sapiens]

30

7007

unknown

31

7F20

unknown

32

7L22

Arabidopsis thaliana mRNA for putative

beta—galactosidas

33

7L23

putative senescence—associated protein
[Pisum sativum]

34

™M24

Glycine max Homeodomain Leucine zipper protein

35

8A02

Arabidopsis thaliana clone 37689 mRNA

36

8107

unknown

37

8113

(NM_115671) putative protein [Arabidopsis thalianal

38

8D14

Arabidopsis thaliana unknown protein mRNA

39

8J14

cysteine proteinase tpp (EC 3.4.22.-) — garden pea

40

8C16

(AC022472) Contains similarity to CalLB protein from
A. thaliana gb|X96598 and contains multiple C2
PF|00168 domains

41

8K16

42

8L16

imidazoleglycerol-phosphate synthase subunit H - like
[Arabidopsis thalianal]

43

8G21

Arabidopsis thaliana unknown protein
(MSJ11.24/AT3g15840) mRNA,

44

8A22

(NM_101113) ATP-dependent Clp protease proteolytic
subunit (ClpR2)[Arabidopsis thalianal

45

8L24

(AC005169) hypothetical protein [Arabidopsis thaliana]
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461 9101 |(AF136636) PR1a precursor [Glycine max] reverse

(NM_115343) vacuolar protein sorting protein 33a-like
49| 9C23 , o . N
protein [Arabidopsis thalianal

Arabidopsis thaliana putative RING zinc
50| 10E13 Y

finger protein (At1963900)

(AP002460) gene_id:F1D9.26~unknown protein
51110017 ) ) ) N
[Arabidopsis thalianal]

gene_id:F1D9.26~unknown protein
52| 10G19 o . Y
[Arabidopsis thalianal

53| 1B05 [(X85130) catalase [Campylobacter jejunil N

3) Northern Blot 4}

Table 1¢] clonedl A plasmidE F&3 3 55 inserted DNA7ZF &2lx 2l SSHE 3
Aoz FHAES Felsl7] $8 Probe®E "FH59] Northern Blotg Al 33} th.
£ ° Northern Blot 24 3}o]t},

HH-P\ LT - PN

i

Figure 2. vsp A : Glycine max vegetative storage protein gene A, vsp B : Glycine
max vegetative storage protein gene B, A : Glycine max homeodomain--leucine zipper
protein gene, B ! Glycine max repressor protein Drl, C ' A.taliana putative RING

zinc finger protein
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table 1 ol H=o] & 777019 clones 17719 vegetative storage protein (VSP) ©] <
o, o]5 Sequences< oln] &&= Soybean vsp gene (vspA, vspB)T multiple
alignment ¥ A3}, 1702 vspBe 16709] vspA F groupl® TEFH AT}  Northern
BlotS 3+ A3}, Figure 2 oA A8 vsp geneo| SS2-20A &3] o] WIS & <
gt E3), vspA ¢ vspB gened Z+7Z 28kDC VSP-alpha®t 31kD¢] VSP-beta
polypeptides ¢35 3}3t A2 Fholl 80%<] homologyE YWEFATHHugh S.Mason et al).

Soybean vegetative storage proteine polyphosphate®] A acid phosphatase &4<&

EFi ™ (Daryll B et al) hypocotyl, young leaves, flower ¢} podel s E® =2 Fo] glo
H jasmonate(JA) Y woundingol ¢]&l activation EHE= Ao ® ¥ 1 ¢ti(Hugh S.
Mason et al). ©]= o] @ do] Wyt HY Al Alsdege] Jite Fofd 7hsAo]l e
= AAbske A 3teolth vsp gene®] MA TGRS B R-E Felsty] 98t xp A=A
£ Northern 32 A3} SS2-201 M A Wdlo] H= S gl & + Stk
Glycine max homeodomain-leucine zipper protein gene® 7% 4702 DNA binding site
£ 7IA2 Ad+= vspB promoter$} WHES ok 1709 JA response domaind 27§ 2
phosphate response domain¥ 17¢] sugar response domain® & ©]E 9] phosphate
modulated gene®| transcription factor® #8332 ¢ 4= AtH(Zhijun Tang et al).
Aol AL A H ™ jasmonic acidel]l €8] vspB7} activate® 1L phosphate domaunhL
Hh&-3to]  down-regulationg #+&&  3ko] defence responses frEdtAl ®th HEgH
jasmonate:= H Yol UL A =W product’t F7FstE o] oly =} sensitivity,”} =
olzlttE B o] wel JA response domain® affinity 7} HolA&= Ao & o Ad )

Dri19] 7%, riceol A Drl/DrAP1 transcriptional repression complex’} -7F% nfo] 2]
3P A8 E8] oY 374 W3lol] transcriptional repressor® 2F-&3l=d], Drle
transcription @A oA TATA box2} binding¥ = protein®l 2 #H #&3to] TBP(TATA
binding protein)®] #8&S 2w3A FH(Wen Song et al). A.taliana putative RING zinc
nuclear receptor® 2}-83}o] protein—protein interaction®] motif=

¢

finger protein® 4%+
283 Ao F=Hr}
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Figure 3 & Al&9 259 SS2-25 dd= AFste] AP AxzE AId 256t}
SS2-2¢14 vsp gene°] st = old leavesoll A= A <%] 9
B 7175 SS2-27F Bk o e #ES AFA HES
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Figure 4. Me-JA A g]o W& vspBe PRIa expression

Methyl jasmonateE A z2lsle] AZPEZ 2 FH 3] vspBe prias A stA 3} vspBe 73
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G- SS2-27F 71 ow JHA A e

gl gl o] Wby Akl A 24X HRE $S2-2% A
9% BARNE EHels wARS B4 9
A

otk 28 Al prlas EEAolE HolA ¥e RS
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Figure 5. A1Z% 2359} SS2-20|4 PRIa ¢ PR3% gene expression 3}9]

PR groups°li Salicylic acid (SA) pathway®} #® o] 9li= PRI (acidic type)$}t
PR3 (chitinase), PRZ2 ( B-glucanase)s°l At SSHE &3 +2l¥d PRIag 7HA 1L
Northern Blotg A3 938 A&d 2504 Ho] ddES & 4 AL)
cDNA libraryE 53 92 PR gene® #2 23S X3 I 9 Salicylic acid defense
pathway e} #d ¥ 42 PR group (chitinase, f-glucanase) &3k 722 Z¥E Wt}

unknown

pAlEY s 852-2 unknown

unknawn

unknown

Figure 6. A : G.hirutum light regulated unknown reading frame DNA, B : A. thaliana
photosystem PS1- N mRNA, nuclear gene encoding chloroplast protein, C : Vigna
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radiata chlorophyll a/b binding protein CP24 precursor, D : myostatin isoform II, E :

putative membrane transporter

olz 1 7]%o] WA A &S genesS cDNA libraryE 238 full sequenceE 2ol 1

7]

olr

< olujer & Zlolt} Figure 5 A B C& EF SS2-27F B B e

Ao ol5g ALuASHY FAeo] 9J= Ao 2 BTl T3 membrane transporter?]
749, signal transduction ¥} ol A *—1%2]9} W ol FAlolo] A5 AL 9lol A memebrane
S 7A signal molecule®] °] 5 %= Ao g diagd wet o A3 Fart Aok

IR IN

4) Discussion
o 19 2, 19 3, 18 45 T3 SS2-2 o FEwEH A3AL JA defence pathway

9} A#o] 9dom SA dependent defence gene®l activation®] JAFS &2l & 4 U
=

=athog en infecmion

PR 1 VEF
{acidic twpe) FDF1.2
Thi2, 1

o

JAE plant defence systemolx] =83 A& A w7 42 woundingo]t} B A9
HAde o AMETOoRRE WHEHE= Linolenic acid(LA) 2 Z%H AFAHH=
cyclopentanone ©|t}. o] A =EFo] 9sH JA defense pathway?t SA defense
pathway7} B WA Aol vt A2 A5 oA A&3drhes Bart Qo] &
AEARE O Ao Aol deA FAT de7t Al tHohn G. Turner et al). wet



Al SA9 JAS FEFE FAsty] 9] AIZPEE SA9 JAE Aeste] £4ska e JA
defence pathway9te] A#AE 3] 7] 98 =)ol 7 skl JAsH ddd
gene (PR1 basic type, Lox, AOS(Allen Oxide synthase),
DHS1(3-deoxy-D-arabio-heptulosonate ~ 7-phosphate  synthase), HEL(Hevine like
protein))E 2 Primer #|%t&}o] Northern Bloto & el ZFol 3l

rie

28] Bean (Phaseolus vulgaris)ol A rhizobacterium Bacillus pumilus SE34
root-rot fungus F.oxysporum f.sp. pisi 3] ISRE F%=3H root tissueE FE|H o2 A
stAl 71 Aol ofyet root cell walle ©@ws] st WATS PSS Hevhar ghrh
(Benhamou, N. et al) Arabidopsisl] A Rhizobacteria mediated induced systemic
resistance(ISR) ©] jasmonate inducible gene Atvsp expression®] #o]3tti= A =&
(Van Wees, S.CM. et al) ©| wWe} hypernodulating mutant?l SS2-27F ISRel] 23|
jasmonate?} #H3}e] vsp gene expression®] B Zow FZH o] HIlTo] MAHE=
3745 \|A|staL vsp gene expressions 4] | A3 FAdo] §l= AS YERYUL

9ol Ador] Euf A&7} SA dependent pathway 2} JA dependent pathwayE t} =+
Sokal glout RXP7F JA pathwayE zbddetil gl El2 A2 22X = SA @4
FARES] o] we AoR oAaEW rxp geneol WZF SS2-2¢ H 9= RXPY
blocking #}-g&o] % x| ¢rolr] JA pathway”Z} ‘switch on’ o] Atjd o=z JA #A#H FHAA

& [e)
FEdES 4 dnh
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H
e
oF
o
by
ogt
o%

Hd FAAFAA 2

Foure Wal AR FAGRAAE Be7] Askel GenBankel 55 o]

A= T8 W A FHAAY ofuAt AES dAVIAE F ofu|A AE B4 2=
13 (DNASIS, NCBI9| Blast Search, Multiple sequence alignment program)< ©|-& 3} o]

=

e A sk gule] N f-2AE, ofwle] L6 #d#k, ddxe RPMI, RPS2 fx %},
o] Xa2l FHA, EntEe] Pto, Cf-9 fxxts ol e X, Ald 2 upo]g] 2ol o
g Wal A FAAe FxE EAE AES Wa A FHAALA &4
(consensus sequence)®] =& F-91& ST (Fig. 1). ol=st A FHAe] nEH
Ave T AP FHAAAAME HEH S 7HsAo] wlg Fona olE HER

ko] 842 primerE 24 st (Table 1).

> 1x
ot
)
ol

Flax L6 (' 241) DDHI TAVLEKLSLDSENVTWGLYGMGGE GKTTTAKAVYNKI - SSCFDCCCFI DNI RETQ
Tobacco N (  192) DTHLEKI ESLLEI G NGVRI M3 WGMGGVGKTTI ARAI FDTL L GRVDSSYQFDGACFLKD
Arab RPS2 (  159) TTMVEQVLEFLSEEEERG | GvYGPGGVGKT TLMSI NNELI TKGHQYDVLI WQVSREF
Arab RP1 ( 180) DAAKGKLI GALLSPEPQRI WSWGMGEGSGKTTLSANI FKSQTVRKHFASYAW/TI SKSY
Flax L6 ( 300) EKDGVWVLQKKLVSEI LRI DSGSVGFNNDSGGRKT! KER- VSRFKI LWL DDVDEKFKFE
Tobacco N (  252) | KENKRGVHSLQNAL L SELLREKANYNNEEDGKHQVASR- LRSKKVLI VL.DDI DNKDHYL
Arab RPS2 ( 219) GECTI QQAVGARLGLSWDEKETGENRALKI YRALRQKRFLLLLDDVWEE! DLEKTGVPRP
Arab RP1 ( 240) VI EDVFRTM KEFYKEAETQ PGEL YSLTYRELVEKLVEYLHSKRYFVNL DDVWNTGLWR
Flax L6 359) DM.GSPKDFI SQSRFI | TSRSMVRVL GTLNENQCKL YEVGSNVSKPRSL EL FSKHAFKKNTP

(

Tobacco N ( 311) EYLAGDLDWFGNGSRI | | TTRDKHL- - - | EKNDI | YEVTALPDHESI QLFKQHAFGKEVP
(
(

Arab RPS2 279) DRENKCKVMF- TTRSI ALCNNVGAEYKL RVEFL EKKHAWEL FCSKVWRKDLLE- - - - - - -
Arab RP1 300) El S| ALPDG - SGSRVMVTTRSNNVASFSYGSGSRKHEI ELLKEDEAWAL FONKAFSGSL

Flax L6 ( 419) PSYYETLANDWDTTAGLPLTLKVI GSLLFKQEI AVEDTLEQLRRTLNLDEVYDRLKI S
Tobacco N (  368) NENFEKLSLEVWNYAKGLPLAL KVWGSL L HNLRLTEVWKSAI EHMVK- NNSYSG | DKLKI S
Arab RPS2  (  331) ----SSSIRRLAEI | VSKCGGLPLALI TL GGAMAHRETEEEW HASEVL TRFPAENKGWN
Arab RP1 ( 359) EECRRRNLEWARKLVERCQGLPLAI ASL GSMVBTKRLESEVWKQVYNSLNVELNNNLELK

Fig. 1. Alignment of amino acid sequences of the various plant disease resistance
genes. Conserved regions (bold characters) among genes were targeted by the primers

designed based on the sequences deduced from the conserved amino acid sequences.
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Table 1. Sequences of primers designed to target soybean disease resistance gene

analogues.
Primer code Foward primer (5'—3’) Reverse primer (5'—3’)
SRGA1 AGTTTATAATTCCATTGCT ACTACTATTCAAGACGTCCT
SRGA2 AGTTTATAATTCCATTGCT CACACGGTTTAAAATTCTCA
SRGA3 AGTTTATAATTCCATTGCT CTCTCGATTCAAAATATCAT
SRGA4 TGTTACTGCTTTGTTTGGTA TACATCATGTGTTACCTCT
SRGA5 TGCTAGAAAAGTCTATGAAG TCAATCATTTCTTTGCACAA
SRGA6 AGCCAAAGCCATCTACAGT AACTACATTTCTTGCAAGT
SRGA7 AGTTTATAATTCCATTGCT CCGAAGCATAAGTTGCTG
SRGAS AGCGAGAGTTGTATTTAAG AGCCACTTTTGACAACTGC
QrEF e o 9o ZRE Rogers 5(1988)2] WHS o]&3te] genomic DNAE &3
sttt A€ primerd ¥ ANt PCRES o839 genomic DNA®] gt PCRS 4
Alste] A2 A= a9 29k Zdth SRGA1Y 2 primerdS A9 d BE primerd o2
T8 9F 450 T 500bpe] Hol# wyo] FEE i)
500 bp
Fig. 2. PCR amplification of Iksannamul-kong genomic DNA with the eight SRGA

primer pairs. About 450 to 500 bp fragments were specifically amplified by all the
primer pairs except 1F/R(lane 1) and 2F/R (lane 2). MK: 1kb ladder DNA marker.

S SZ 4HS A7)Y9 5 gel purificationg E3slo] =4 £33 t}S T4 DNA 92
EAE o] &3te] pGEMT-Easy vector (Promega, USA)ol T% ¥ DNA ©3o] 4tsl+

PSGRA clone® A%3t3 A% cloned] AYddH 97IMEE AAI (Fig. 3).
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pPSRGA3
AGTTTATAATTCCATTGCTGATCATTTTGAAGCTTCTTGCTTTCTAGAAAATGTGAGAGAAACTACCA
ATAAGAAGGGGTTAGAAGATCTCCAAAGTGCCTTTCTTTCTAAAACAGTTGGAGAGAAGAAAATTAAG
TTAACAAATTGGAGAGAAGGAATTCACATAATAAAGCGTAAGCTCAAGGAAAAGAAGGTTCTTTTGAT
TCTAGATGATGTTGACGAACAAAAACAGTTACAAGCAATTATTGGCAGCCCTGATTGGTTTGGTGGTGG
AAGTAGAGTCATCATCACCACTCGAGATGAACATTTGTTAGCACTTCACAATGTTAAAATAACATATA
AGGTGAGAAAGTTGAATGAGAAACATGCTCTTCAATTACTTAGTCAGAAGGCTTTTGAATTGGAAAAA
GAAGTTGATCCAAGTTACCATGATATTTTGAATCGAGAG

PSRGA4
GCTCCGGCGCATGGCGGCGCGGGAATTCGTTTGTNCTGCTTTGTTTGGTAAAATCTCTCCTCAATATGA
TGCTCGTTGTTTTATTGATGATTTAAACAAAAAATGTCGGGAATTTTGGAGCAATAAGTGCACAAAAA
CAACTTCTTTCTCTAGCTCTACATCAAGGAAATATGGAGATACACAATCTTTCCCTCGGNACCATGTTG
ATAAGAACTAGGCTATGTCACNTAAAGACACTTATTGCTCNGGATAATGTTGATCAGGTTGAACAATT
AAGAGAATTTGGCTTTGCATCGTAAATATTTAGGTGAAGGGAGTAGAATCANCATAATCTCTACAAAT
TGCATATCTTAAGAAATTCTGGAGC

pSRGA5
TGCTAGAAAAGTCTATGAAGCAATCAAAGGGGATTTCGATGTTAGTTGCTTTCTTGAAAACATTAGAG
AGGTGTCTAAGACAAATGGCTTAGTTCATATTCAAAAGGAACTTTCTAATCTTGGTGTTAGTTGCTTT
CTTGAAAAGTGTAAGACAAATGGCTTAGTTCCCATAGTAGAGGAAGTTTTTCGTGATCAATTAAGAAT
CGTTGATTTTGATAATCTTCATGATGGGAAAATGATAATAGCAAACTCTTTAAGCAACAAAAAGGTTC
TTCTTGTTCTTGATGATGTAAGTGAGTTAAGCCAATTGGAGAATTTAGCTGGAAAGCAAGAATGGTTT
GGTCCAGGAAGCAGAGTAATAATCACAACTAGAGATAAGCACCTGCTGAAGACACATGGAGTGCACCTA
ACTTGTAAGGCTAGAGCCTTAGCCCAAAATGAAGCCCTTCAGCTCATTTGTTTGAAAGCATTTAAACGA
GATCAACCTAAAAAAGGGTATTTGAATTTGTGCAAAGAAATGATTGA

pPSRGA6
AGCCAAAGCCATCTACAGTCGAATTCATCGTAGATTCACGGGTAGATGTTTCATTGAAGATATTCGAGA
AGTTTGTGAAACAGATCGAAGAGGGCATGTTCATTTGCAAGAACAACTTCTTTCAGATGTCCTTAAAAC
AAAGGTGAACATAAAAAGCGTTGGGATAGGAAGAGCTATGATGGAGAGCAAACTTTCTGGAACAAAGG
TCACTCATTGTACTTGATGATGTTAATGAGTTTGGTCAGTTAAAAGTCCTATGCGGAAATCGTAAATG
GTTTGGTCAAGGTAAGTATAGTAATCATTACAACTAGAGATGTACGCCTACTTCACAAACTTAAAGTT
GATTTTGTTTATAAAATGGAGGAAATGGACGAAAATAAGTCCCTTGAGCTTTTTAGTTGGCATGCTTT
TGGAGAAGCAAAACCAATAGAAGAGTTCGATGAACTTGCAAGAAATGTAGTT

pSRGA7
AGTTTATAATTCCATTGCTGACCATTTTGAAGCTTTGTGTTTCCTTGAAAACGTGAGAGAAACTTCAA
AAAAACATGGGTTACAACATCTCCAAAGCAACCTTCTTTCTGAAACAGTTGGAGAGCATAAGTTAATA
GGTGTGAAACAAGGAATTTCCATAATACAGCATAGGCTTCAGCAACAGAAGATTCTTTTGATTCTAGA
TGATGTTGACAAAAGGGAGCAGCTACAGGCGCTTGCTGGAAGACCTGATTTGTTTGGTCTTGGCAGTAG
AGTCATCATCACGACTCGGGACAAACAATTGCTAGCATGTCACGGTGTTGAACGAACATATGAGGTGAA
TGAATTGAATGAGGAACATGCTCTTGAATTACTTAGTTGGAAAGC
TTTCAAGTTGGAAAAAGTTGATCCATTTTACAAGGATGTTCTGAATCGAGCAGCAACTTATGCTTCGG

PSRGAS
AGCGAGAGTTGTATTTAAGAAAATACGTAACAAATTTGATATTAGTTGCTTCCTTGAAAACGTAAGGG
AGATTTCTCAGAATAGTGATGGCATGCTTAGCTTACAAGGAAAACTTCTTTCTCACATGAAAATGAAA
GACTTGAAAATACAAAATTTGGACGAAGGAAAAAGCATCATAGGAGGTATCTTATTCAACAACAAAGT
TCTCCTGGTCCTTGATGATGTTAATGACATAAGACAACTAGAGAATTTGAGTGTGAATGATCAAAAGT
GGTTAGGCCCTGGAAGCAGGATTATAATAATTACAAGAGACATGGAAGTACTAAGATCACATGGAACA
GTTGAAAGTTACAAAATTGATCTCTTAAATTCTGATGAATCCCTTCAACTCTTCAGTCAGAAAGCATT
TAAAAGAGATCAACCATTAGAACATCTATTGCAGTTGTCAAAAGTGGCT

Fig. 3. Nucleotide sequence of disease resistance gene analog clone, pSRGAs, from
Iksan namul-kong

PSRGA®] A7 42 GenBankell 55d A7|ME & T3 457 W AFE @A
ds AR FE AVIMEI 77 82-96%9F 83%° w2 AEAS WEHHAT (Table

2).
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Table 2. Summary of sequence comparision results of pSRGAs isolated from
Iksannamul-kong

Sequence identity

pSRGA3

93% to Glycine max clone RLG3 disease resistance protein homolog
gene;, 94% to Medicago sativa clone MSRGA46 resistance gene analog
protein gene

pSRGA4

96% to Glycine clone RLG4 max disease resistance protein homolog
gene; 83% to Pisum sativum putative NBS-LRR type disease resistance
protein gene

pSRGAS

9% to Glycine max clone RLGS disease resistance protein homolog
gene; 93% to Vigna unguiculata DNA, nucleotide-binding site sequence
(resistance gene analog) linked to the Cry locus

pSRGA6

83% to Glycine max clone RLG6 disease resistance protein homolog
gene;, 95% to Vigna unguiculata DNA, nucleotide-binding site sequence
(resistance gene analog)

pSRGAT

98% to Glycine max clone RLG7 disease resistance protein homolog
gene;, 82% to Vigna vexillata disease resistance protein homolog gene
sequence

pSRGAS

98% to Glycine max clone RLGS8 disease resistance protein homolog
gene; 81% to Vigna unguiculata DNA, nucleotide-binding site sequence

A A pSRGAY A=
%3 pSRGA3F} 4H 9] A5Adol 74 ekt (Fig. 4).

13, By

v pERLAY
| peATAl

e 285%% g wrgkom pSRGA3T7TH Alole] AsAo] 714

Hi

TTEDLE | CAL, ALLENE | TH

[ B |
psELAL
pEELAN

FEELAL

Fig 4. Phylogenic similarity among pSRGAs isolated from Iksannamul-kong.
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T2l¥ pSRGA F&9] HdF TS A FF oW FFA vl FA48to] ¥
3l AIAdAA FHAAFAA S BulEH A #E AAFE AL T
(1) 8 N&d SAXNKAIMC 201580 st 22
EvlEH AT EFALAA FFQ 9T e EFF:Q Y1574 EvEY T
(Xanthomonas campestris pv. glycines 8ra)g HF3le]l HAZIA FHd2 FAHA 6F

S
(RGA3, 4, 5, 6, 7, 8)9] @@ FFS nastglh oS8 #@x107/mDe HEska 3643t
Bok FAAYIT T 0, 2, 4, 6, 12, 24, 48, 72, 120, 168, 216, 288 A| 7}
sl A dormRE B3 AA RNAZS formaldehyde/agrose gelS o] &3lo] &
2]8t3 Northern #2418 Atk HEH e = 10mM MgChE AHEstdth W A &4
FAAFAA S Ldo] A AY w$ v ddAEdon Bulgwre] HFo oA

L oddo) fEHA ST (Fig 5). oA A%e W AGY FA4 A 2w
3} 7

f
ol
o
o
2
S
o
Su

Glycine max cv. Suwon 157

X. campestris pv. glycines 8ra 10 mM MgCl,

Hours after inoculation Hours after inoculation
0 2 4 6 1224 48 72120168216288 0 2 4 6 12 24 48 72120168216288
RGA3
RGA4
RGA5 =1
RGA6
RGA7

RGA8

EBEE EEEEEC LT EE R =l
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Glycine max cv. Danbaek

X. campestris pv. glycines 8ra 10 mM MgCl,
Hours after inoculation Hours after inoculation
0 2 4 6 12 24 48 72120168216288 0 2 4 6 12 24 48 72 120168216288

RGA3 "= e

RGA4 =

RGA5

RGA6

RGA7

RGA8

Fig. 5. Expression of resistance gene analogues (RGAs) in response to X. campestris
pv. glycines 8ra in the mid-resistant variety Danbaek and the susceptible variety
Suwon 157.

7t A=A, A=A AbstA Aejel ~EH A T2
ol e W AP FHAFAMAY Hd FFE EvtEdE A
SHel 49 157 I gl Fel AAF I SS2-2 5 oA vl Z2ASFA T
A 18l Hate] A=A, UV, yeast extract (elicitor, 25 mg/ml), 0.1 mM paraquat (PQ),
5 mM H202, 0.7 mM jasmonic acid (JA), 10 mM salicylic acid (SA), 5 mM ethephon,
100 uM abscisic acid (ABA) 5 & FEHE sk ¥ AFAH FAAFAAS Td
2 o= FFAAE Awg Ao oM FREA Fdt (Fig. 6). oldg A= H
G FAARARA Y] gde] E Ao ALEE HESA olstE wig wHA LdEEA

of A Fom o= W AR FAAFAAZ EwtEH AFAE 7Fd T8

=
d Age FASRA ges e
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CTL YE PQ H,, WD UV JA ABA ET SA

RGA34 DB )
56,78 SW
a0 ek e b e ]
~ el
RGA3,4 SS
5678 Jy
== == = =l il =N == == ==

rRNA
Nt bt bbbl ]

Fig. 6. Expression of resistance gene analogues (RGAs) in response to biotic and
abiotic stresses and stress phytohormones in the mid-resistant varieties Danbaek (DB)

and SS2-2 (SS) and the susceptible varieties Suwon 157 (SW) and Jangyeop (JY).
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vEd S AT
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D AT 2 AEY AR Fage) 2

P

Ball AR FE==2<¢ phytoalexin® Aol ##H¥E  phenylalanie
ammonia-lyase (PAL), chalcone synthase (CS), isofavone synthase (IFS), 18] 3 A|¥H
AR HEE SAMO ErtEE AT d-EAS A f8te ols #HAE
25ttt AR EEgse AEAHREGAH HS o]f5le] 7|Ee BY e gE AEE
ANA dHA e Y FAATEY ADe Hlawste] ZF {F el 5ol # <l primers Al %
a3 gWrA<el RT-PCR & duk PCR W& ol &3te] T34
Atk abEFolA EEl® PAL, CS 9 IFSe| 47|44
ATl A #Eeld PAL2, CS 2 IFSY ofn it Mde 7|9 &l Fdxke] ofm ik
M 7k 98 92, 100%°] S dEldd. wdd §329 PR-1la%t
peroxidase(Per) 4 A= me#tstalo] A Hofuko}l A&
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mino acid sequence
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Fig. 7. Ammo ac1d sequences of phenylalanine ammonia-lyase (A), chalcone synthase

(B), and isoflavone synthase (C) deduced from DNA sequences of corresponding clones

isolated from Iksannamul-kong.
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Fig. 8. Expression of genes related to pathogenesis and
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response to biotic and abiotic stresses and stress phytohormones in the mid-resistant

varieties Danbaek and the susceptible varieties Suwon 157.

jar)

Brr g QT BHALA

bl [<le)

iy

Q0 wuFn A FFYU FA157d ErbEE
(Xanthomonas campestris pv. glycines F)S HZFslo] w8 #AH {42 5F [pathogenesis
related protein-1 (PR-la), peroxidase (Per), phenylalnine ammonia-lyase (PAL),
chalcone synthase (CS), isoflavone synthase (IFS)]¢] &d UAMS ZA} vt Euf
EFEx105mDS HEST 36AEL FAALUT F 0, 2, 4, 6, 12, 24, 48, 72, 120,
168, 216, 288 A1zt A3 Fol Sl& AAFAT AMFHA dowFE gk A RNAE
formaldehyde/agrose gels ©]-83lo] 8|3t Northern +4& HAISATH dlxzA 2=

10mM MgCLZ A}&-31% ).

i}

EutEH HITo 98 F FFA EF PR-la, PAL, CS 379 wdo] FEH3
o EvkEd AT AED dulFeA e PR-1a, PAL, CS #dA e Evtgd H
ol o8 T2AZE o] - 5Y dubHow Zrbsh=s Aot A FFQ FHU157A
= AR 2d S dEhidt 5 AR s dzAded M E fFreEs A
FE B (Fig. 8). Ao Wi s3] Farol glov ojde] A= dntyos &
HA gls EaE fAxe] Td AT vk AR ARl Tad d3dFs vA
7berdol B2 AL fnlet= Ao Azdn
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C. PI96188 and Jinju 1

Jinju1 P196188

CIL YE H), JA SA CIL YE H0, JA SA

PAL

—=% SEEET=
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RNA

Fig. 9. Expression of genes related to pathogenesis and phytoalexin biosynthesis in
response to biotic and abiotic stresses and stress phytohormones in the mid-resistant
varieties Danbaek (DB), SS2-2 (SS), PI96188 and the susceptible varieties Suwon 157
(SW), Jangyeop (JY), and Jinju 1.

A 2 oA FARe] BHS FEE 2o EnlEH] o A
I AFA FFFE FY 157 I adwF AFFI SS2-2, Jinjuet PI96188 5 3%
o W Agd B wuldy FAzte] wd S AT (Fig. A, B, C). &d A7gh

A 1E Gl st A=A, UV, yeast extract (elicitor, 25 mg/ml), 0.1 mM paraquat (PQ),
5 mM H202, 0.7 mM jasmonic acid (JA), 10 mM salicylic acid (SA), 5 mM ethephon,
100 uM abscisic acid (ABA) & 2d FE=*8E A

Tl F I 115790 A PAL% zF A gdd sl AR 2d S BHow, elicitoret
ethylene®l .45]] o] A F7}aA ) IFS+ elicitor, PQ, H202, UV, ethylene 5ol ¢
3 wdo] FREHASH, PQS H202¢] ik wd o] Aol Aot CS& F #F
FToA FARGE HAGLS B o elicitor, A, UV, JA, ABA, ethylene 5ol 2|3}
Wrd o] f- =5 elicitors} ethylenedl] 93 @3 fx Aw7} =9ko),

SS-2¢} AP F A IFSE elicitor, PQ, UV, ethylene 5o 98] wado] =LA HF=
Aom A, H202, JA9E ABAC JsiA= Edo] FEHA FAY vl 9tA =5
o} CSe g kA [FSeF w9 ARSI 2, elicitor, PQ, UV, ethylene 5ol 23}
do] FrEder, A, H202, JASH ABAo| 9siA s wdo] fF=¥A LAY wl$-
A FEHAT 2 FHARY F FFA T S wg FASEA T

WoonE ¥ i
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A HET, Dok Z2A0A AR SAJRFe] WFHo] EE7V| 2olE Hol: AL EnlEY
A RTE T2 7990 EXoju AEd AEH e Fdo] = Aoz AzrETTH

(3) Isofavone 3yl BulEw #3431 w7

Isoflavone 3}$&-& phytoalexin®] dFolm 2 EnlEW A 343 isoflavone &3}

o A AgRE EvigHy AFA FFQ SS2-29F A FE AFFTE o]&dte] AL
stk

Joll st 2+ el * IFS Fd2 2d G4 isofavone o] W3stE ALkt
(Fig. 10) & #3F9 & g A 12l tste] 4A, UV, yeast extract (elicitor, 25
mg/ml), 0.1 mM paraquat (PQ), 5 mM H202, 0.7 mM jasmonic acid (JA), 10 mM
salicylic acid (SA), 5 mM ethephon, 100 uM abscisic acid (ABA) %<& *]83}¢]
phytoalexin®] A& X3t T}

Bt AR AR e F FF9 isofavone ¥ W3 A=
isoflavone A A= EvtEW A HAEo= AHAQ Bl e AowE Azt

Ay,
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Fig. 10. IFS gene expression and changes in total isoflavone content in response to
elicitor and abiotic stresses in Jangyeop-kong and SS2-2. YE (yeast expract, 25
mg/ml), PQ (0.1 mM paraquat), H202 (5 mM H202), WD (wounding), UV (1.35
uE/m2/s), JA (0.7 mM jasmonic acid), ABA (100 uM abscisic acid), ET (56 mM
ethephon)., SA (10 mM salicylic acid).
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Fig. 11. Sequence of partial SAM clone (A) and its similarity to the know

sequence (B).

SAMS st A 9@ rEHA T2 gk s ErtEY Ay
SS2-2, PI96188) % oA EFF (X F % , 9157)2] Northern 418 &3}
Atk kA AREE A 12 G el A, UV, yeast extract (elicitor, 25 mg/ml),
0.1 mM paraquat (PQ), 5 mM H202, 0.7 mM jasmonic acid (JA), 10 mM salicylic acid
(SA), 5 mM ethephon, 100 uM abscisic acid (ABA) & @& =42 Z 3t

7zt A oy FEERY ZF Agld uid FAA dd FFE vl A
(Fig. 12). Z} £F B5FoAM HFdA2 232 ethylene, yeast extract, UV, A3 g £o
2 9o, paraquat, H202, SAd 2= HdF=E FAZ=7F okt SAM #3e 5
b oabe] F 7HE FEle Aol ABAO Uigh Wk o® thE FFAA e o] R
Ot AT SS2-200 4= o] FREHA FUTh ol¢F o] SAMO| 7t Azl o

B ol

%

o xQ

_83_



hud

g o= Hol SAME

A

o
T

2 W

= Az,

ol
T

Al

AL =

ETH SA

PQ H,0, WD UV ABA

CTR YE

-
e -
S —— -

---

- . —

DB

SW

SS

PI

JJ

rRNA

Fig. 12. Expression of SAM related to bacterial pathogenesis in response to biotic and

abiotic stresses and stress phytohormones in the mid-resistant varieties Danbaek (DB),
SS2-2 (SS), PI96188 (PI) and the susceptible varieties Suwon 157 (SW), Jangyeop

(JY), and Jinju 1.
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