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SUMMARY

I. Title: Induction of systemic resistance against biotic and aboitc stesses by

metagenome and plant extract

II. Research objectives
- Commercialization of small-peptide derived from metagenome
- Screening of microbial and plant extract for eliciting plant systemic defenses

- Formulation and field application of the selected microbial and plant extracts

M. Research contents and spectrum

1. Screening and commercialization of metagenome to elicit induction of systemic resistance
without plant growth alteration

2. Screening plant extracts obtained from KRIBB plant extract bank to induce systemic
resistance using by PRI Luc transgenic plant and mechanism study during elicitation of
induced systemic resistance

3. Field application and commercialization approach by the selected metagenome and plant

extract

IV. Results

1. Screening metagenome in E. coli using by promoter fusion PR-1a::GUS/ PDF1.2:GUS

2. Greenhouse and field trials with selected metagenome

3. Optimization and quality control of the selected metagenome clone for large scale
production and further characterization

4. Mechanism study by microarray and proteomics during elicitation of induced systemic
resistance by metagenome

5. Pre-selection of 9 plant extracts to be showed ISR in Arabidopsis against Erwinia.
carotovora out of 1455 plant extracts

6. Understanding on chromatin remodeling during elicitation of ISR induced by BABA

7. Isolation and characterization of DDM1 gene related to chromatin remodeling

8. Assessment of ISR capacity against soft rot and powdery mildew and of induced
systemic tolerance against drought and salt stresses under greenhouse and field trials

9. Large-scale production and optimization for formulation and commercialization

V. Research application

1. Genetic study of metagenome for further application

2. New finding on histone modification as a means for post-transcriptional regulation
during ISR

3. New biological control protocol using by metagenome and plant extract
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LIGHT
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(.22) AX AAxANqA L pPR1:LUCY 23 (Tani H et al. 2004)
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= 19989 w5 EPAC §E& AA FFEssHA Art AR AEst 3lael fHelA BION
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3 Z7 % allocation fitness cost 5 HA FEAFAAS FEdtal L 7|Ho] WX o=
Qo Fg3d Asdel Feoks ik ok Buk oyl A2 9HVER Ay Fe 5 9
S Aot

st 2o} woFe] I} Alge] wE Q54 F 3y oz A A sdte] AlFdH, Al
Hho] Q. A EH A o] wE EoFA| & 240099 o) C12v)Y AHom oA (47
& A7 EA(eh); 547 AT E Y FuxEQT oFA)

A3 7=
o 1REE | 2319 % 3d e 4x4pd s | 5Rd % Al
23 A&7} 50 200
AAA AFET 1,000 3,000
R A i = 2,000 4,000
3 A 3,050 7,200

# A7 AR B QT AlEe) AeE Bl AlEE AFe) MEe] 243
BAA st R Ak Akee) ASISHE $ kS, etk 5 $94
IR AR R AT A lee) A41shE §9 sk s, BT 5 A
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A vy
Metagenome S 258 HHlSS 3 Al FE1
Metagenomee HEA w28kl -] v Y =54 A ALY o
oA AF A @ FHA2E) Fosmid clones E38l thzdatol] Ldd AE o &3tk ZF fosmid clone™
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1. Metagenome library =H|5}7|

HEFA] 52 vl A= DNAE 1 A 23 A4 (genome)® 4 FAASE
U AHE AT F e BokE RS FARE R ¢ e AR NEeE FH i 9
T T Fokelth (1% 3-1). AE A g5¢ D & YA WEo] F29 Ho
E colidl FAAS @ AHE BRawe ow, A &3 e A ES vAAELA LS
(http://www.microbankre.kr/) & Z 55 ¢F 6000 7| & Fwko}l o] &3t (F 3-1). ZF WERA| 52 agar
platet} slant agarJH = A5 = 0w, LBAA sl A 1643t vl sttt

)
)
o
Mz
A
ol
ol
£

2. =ojollM Metagenomeoll °ojst RNt A

St el Al 28-S ARiEly] skl 1/2 MS (Murashige and Skoog Basal Medium, Duchefa
biochemistry) DA XE A3} 7] Ao 24 well plated] 53 3 79AE ol Hrje] Fx1E
o| A5, =9 Ho| xAH AEAGA A 3T ae -, EHE dEbK)w vk (e

B8kl 9= E coli M) A& Hel F-i(crown part)ll 200ul7MF 858190

G EEHS Yo7 Pseudomonas syringae pv. tabaciy King's B, AlfAF-EHES Yo7)=
Erwinia carotovora subsp. carotovora LB ILAH] X o] A 30Col A 48417k vkt & Witd FHo 3
Mgkl OD600 = 1.0 FEE& gt 5 g@ufo] o Algads 5-10 ug "oy H =
AT A5 AEs & 0T LA 1641 & HAS B89 glsEl Y 45 e A

A

=

=
Aol A 159 F-¢ Disease severity?} Disease incidenced A
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X 3-1. MIgA 5 library 55

Source vector size | No. 19HS
(kb) | of clones
d5= fosmid 35 2,000 G2-11
fosmid 35 8,185
S8z fosmid 35 1,215 G46-50
fosmid 35 5,850

Mg dAZlEE Gl ALt | fosmid 35 243 G77-103

223

4712 EE £E& 4Argl | fosmid 35 239 G104-179

HE

= E | AMEFEQF fosmid 35 192 G2377-2396  (G2388-)

SESHHUEQF fosmid 35 255 G2397-99, G2402, G2409-2413,
G2418, 2420, 2423, 2425-26, 2428,
2430, 2432, 2434

BEESLEY fosmid 35 233 G2437, G2439, G2441, G2443,
G2445, G2447, G2449-50, G2452,
G2455, G2456, G2458, G2460,
G2462, G2464-65

235t Egiz| g fosmid 31 284 G2414-7, G2419, G2421-22,
G2424, G2427, G2429, G2431,
G2433, G2435-36, G2438, G2440,
G2442, (G2444, (G2446, (2448,
G2451, G2453-54, G2457, G2459,
G2461, G2463, G2466

45 3% A=2d fosmid 35 182 G2467-2480

-suppressive  soil

QM58 % o4 fosmid 35 12,500 G7689-7693

SE Moo HHEEQ fosmid 35 2,244 G7794-7800

MEtEx 2oty Ajgtz 7t | fosmid 35 386,400 G7801-7968

AR A4

Se oML EF, MY &M | fosmid 35 80,000 G8169-8218

e e

OIX= MEAMN AZAHZ X | fosmid 35 49,700 (G8256-8306

A S AMEEQYS

232 7|X| ¥t E|NF fosmid 35 60,000 (G8312-8335

BA ZMAOXSs AlESZ2 | pEPI-FOSS | 35 64,000 G8336-8375

HEY

Bloom wate pBACe3.6 |8 2,000 G358-G377

=EZN B=2F3 reservoir | pBACe3.6 14 1,000 G2495-96, G2501, G2506,

water G2553-5, G2558, G2560, G2571

OAIA] B2 reservoir | pBACe3.6 15 1,000 G2581, G2585, G2589, G2593,

water G2597, G2601, G2604, G2608-9,
G2611

HFEA ™S reservoir | pPBACe3.6 | 13 1,000 G2613, G2616, G2619, G2621,

water G2624, G2626, G2629, G2640,
G2643, G2646

47|k 3} ZEF 05 = | pCC1BAC| 15 6,000 G7694-7753

Al HFEF soail
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Source vector size | No. 19HS
(kb) | of clones

Bovine  rumen pCC1BAC | 15 5,232 G337-357 G3525-3536

A=tz soll pCC1BAC | 15 4,000 G7754-7793

ZHOEAL ALLSR HiE| EQF pCC1BAC | 15 10,000 (G7969-8068
pBluelysis 5 10,000 G8069-8168

A S E puUC19 4 3,400 G3491-3524

MEristn 24 S5 puUC19 4 3,264 G180-196

471 £2 M3H st8ZE | puC19 4 1,536 G197-204

Bovine rumen puUC19 4 5,080 G205-G336

23 surface fosmid 45 2,000 G3224-G3228

Qe QF fosmid 45 200 G3211

= HAtsoll fosmid 45 200 G3212

O3 Atsoil fosmid 45 400 G3213-14

X Z=Esoll fosmid 45 1,800 G3215

sand dune soil fosmid 45 6,600

AR fosmid 35 1,632

St El 5 soll fosmid 30 4,200

ZEAFALE E QF fosmid 35 9,600

Bovine rumen fosmid 35 100,000

== SZ4A €719 2L | fosmid 35 600 G8376-8377

ofHtS =& K| pUC18 3 3,000 G8403-8405

E|H| fosmid 40 13,000 G8378-8402
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controls metagenome library treatments

controls metagenome library treatments

imMBTH

—2.

#A8 I A& WA A) Pseudomonas syrinage pv. tabaci A8 7¢ ¥
s%Y WA, B) Erwinia carotovora subsp. carotovora A2 24X+~ G54
78, =328 ( DW, sterile distiled water)2t 1 mM BTHA 2= U&7 o2 AL&3h

14° uﬂ

L 2w

o}
5
i
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7F Aol thal 605719 metagenomeS =3 E|W 8] E carotovora subsp. carotovora®] thaEl A3
Ae Bol= 879 library 2t P syringae pv. tabaciol thall A&d& Hol= 12270 libraryE AEsksd
L. o7|A Add &9 librarys 500-1000709] metagenome cloneo] Etd HEIR EA438}7] wf o
Al guo] libraryE WA SR metagnome clones &HE| {3 7MY B2 AGAHS HL
2(1B8(4)-D7_2_33% 1F4Q2)-FD 7R 9] libraryE A1E39 5. shot gun library & Al2F %, 300 clonel= #

3l % A A4S 3195, 3 cloned 1099719 clones R399 5.(3F 3-2.)
3. Shot-gun libray25 & FAgd 2 FMX 22
5 J

qAE 4ozl FRY FAAE M8 98 shot gun
librarys A28t 27y FAA5S pUCLHIS vectorel ligationA 21 & i 4<H(DHba)o] & A4S 31
At ZF S8E J7CAA 1643 vl & A=of feFuo] et (13 3-3).
AW E oF 30kbe] HEFA]e] thall shot gun library® A2 2 sequence 415 (FF)A|Elo] o] 2| }o]

ofef el 2o ANE AAS (E3-3, 3-4).
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¥3-2. A4 library2 56 Add vex s S8

Metagenome Clone No. Description
library
G3 NR
F10 NR
G4 Escherichia coli DH1
1FA®-F7 G12 Two component,

sigmab4 specific,

transcriptional regulator,

Fis family
B11 Bradyrhizobium sp. BTAIl,
DNA replication;
Nucleoproteins
D8 NR
Al NR
A2 NR
1B8@-D7_2_3> B6 NR
B9 NR
D12 NR
D8 NR
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¥ 3-3. Clone 1F49] shot-gun sequencing®l] 2|3 metagenome F-AAF ¥4

Fosmid Name | Orf Name | Start_position End_position Function
11°42-F70 orf00003 | 515 363 Bsl7127 protein
1F42-F70 orf00004 1894 293 ABC-1 domain protein
11°42-F70 orf00006 | 2049 2793 No hits found
Peptidasg . P&SB
1F42-F70 orf00008 4809 2962 0111 Oe;? opeptidase-related
clade
1142-F70 orf00010 | 5139 6683 e omponent - response
1142-F70 orf00011 | 6871 9045 beptidoglycan-binding
Putat; h terized
1142-F70 orf00012 | 9256 10794 LUalYe recurncnaracterize
1F42-F70 orf00013 | 11084 10812 Putagve  uncharacterized
11°42-F70 orf00014 | 11801 11508 BII7136 protein
1F42-F70 orf00015 | 13030 11849 fomydroxybenzoate
Hydroxypyruvate reductase
1142-F70 orf00018 | 13240 14532 Hydroxyby
1F42-F70 orf00020 | 14634 15104 Putadve | couaacharacterized
1F42-F70 orf00022 15101 16534 Pyruvate kinase
TPR t tei
1142-F70 orf00023 | 17260 16646 LER eor TePea protein
1F42-F70 orf00024 17515 17390 50S ribosomal protein L36
11°42-F70 orf00025 | 17831 17616 No hits found
11°42-F70 tRNA_1 | 18176 18102 tRNA-Val
_ R lat '
1142-F70 orf00026 | 18626 18249 Response regulator receiver
1F42-F70 orf00027 | 18794 19634 futafye (i mylglutamate
1F42-F70 orf00030 | 20103 20897 fositol  remonophosphatase
11°42-F70 orf00031 | 21901 20957 Alpha/beta_hydrolase fold
1F42-F70 orf00034 22086 22547 Heat shock protein Hsp20
11°42-F70 orf00036 | 23579 22893 No hits found
1F42-F70 orf00037 | 24779 23736 Putative . low, . Specificity
11°42-F70 orf00038 | 24831 25073 No hits found
1F42-F70 orf00041 20222 29895 glutamate synthase
1142-F70 orf00042 | 29927 31369 Glutamate  synthase  small
1142-F70 orf00044 | 32379 31474 Putagve  uncharacterized
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3#3-4. Clone 1B89] shot-gun sequencing®l] 2|3+ metagenome FAA} #4

Fosmid_Name | Orf Name Start_position End_position Function
1B84-D07  |orf00001 1001 1768 No hits found
1B84-D07  |orf00002 2052 1780 Putative uncharacterized protein
1B84-D07  |orfO0003 3161 2148 Predicted membrane protein

WD40 d i tein beta P 1
1B84-D07 |orfO0004 6354 3217 precurso?mam protein beta Fropelier
1B84-D07 |orfO0006 8077 6380 Hypothetical Protein
1B84-D07  |orfO0007 8683 8204 Ketosteroid 1somerase-like protein
1B84-D07  |orfOO008 8654 9118 Hypothetical Protein
1B84-D07  |orfO0009 (9213 9953 Putative uncharacterized protein
1B84-D07  |orfO0010 9973 10677 6-phosphogluconolactonase
1B84-D07 |orfO0011 |12346 10682 Major facilitator family transporter
1B84-D07  |orfO0013 |13057 12863 Acetyl-CoA synthetase
1B84-D07 |orfO0015 12866 12381 Lipoprotein, putative precursor
1B84-D07  |orfO0018 14784 13114 Acetyl-coenzyme A synthetase
1B84-D07 |orf00020 15621 14788 Citrate (Pro-3S)-lyase
1B84-D07 |orf00021 16073 15621 MaoC-like dehydratase
1B84-D07  |orf00025 18395 16083 Transketolase, central region
1B84-DO7  |orf00026 19402 18428 Peta, hvdroxylase, aspartyl/asparaginyl
1B84-D07  |orfO0027 19728 19399 Transcriptional regulator, HxIR family
1B84-D07  |orf00028 19903 20457 (Acyl-carrier-protein) phosphodiesterase
1B84-D07 |orfO0031 20522 20767 Putative uncharacterized protein
1B84-D07 |orf00033 20876 21394 Putative uncharacterized protein
1B84-D07  |orf00035 22703 21417 Srpnghed chain glpha keto acid
1B84-DO7  |orf00037 23716 22703 Siunched chain glpha keto acid
1B84-D07  |orfO0038 24984 23716 2—-oxoisovalerate dehydrogenase
1B84-D07 |orf00039 25117 25407 Putative uncharacterized protein
1B84-D07  |orf00040 25595 25404 Putative uncharacterized protein
1B84-D07 |orf00041 25823 25960 No hits found
1B84-D07  |orf00042 |25953 26726 Phage shock protein A, PspA
1B84-D07 |orf00043 26742 27146 Phage shock protein C, PspC
1B84-D07 |orf00045 (27146 27376 Putative uncharacterized protein
1BR4-D07 orf00048 127528 28421 g%ggogl££USIOﬂ facilitator (CDF) famﬂy
1B84-DO7  |orf00050 28425 29147 Pyridoxal 5 ~phosphate-dependent enzyme,
1B84-D07  |orfO0052 29148 29621 Bl4777 protein
1B84-D07 |orf00054 |29988 30779 Exodeoxyribonuclease III Xth
1B84-D07  |orf00057 30902 31360 Putative uncharacterized protein precursor
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4. ZTZ2H I EME 55 metagenomeL 257 E FEASM MK EMM

Shot-gun library 258 WA #5429 =77} metaboliteE HHs o]

g A0SR A7 peptidedt @A Aok 7PAS AL, tiATolA #ulEE HA
Gl A RS 9t Aeds U er 2D-PAGEA Y-S 4383 AS. Empty vectoret
#1(1F4-3-D8) clone®] A1 d S Ao 2 ampicillin 20ug/ml7} A7 1L LBel A 164

%3S aAvkS B3y 98] 13,000rpmel Al 1087 QA B
AN e. TCA iz H7FH(500g/350ml, Luis Sanchez) & ©]83}o] A%<

% HE A HEL 200ugl E o] &3Ue. EyE uwmAe
Rehydration buffere] =<1 llem strip(GE  healthcare)E ©]£3e] 20T, 1647k
rehydration(Gel Company)dt3l&. th& ¥, @9 dg dspd=z &2at7] 913 300v 1+, 3500v
90+, 3500v 156A]17Fe] =4 &2 focusing e 39S, PAGE running< 50v 30%,120v 30+-,300v 10
£ 1000v 90F-2] A= 125%H Ao A Flat top gel electrophoresis chamber(Gel Company)E
o] &3lo] Aaddrl Fold WA spotd 16A]7F Staining$ T3S L. controlel ®]aE}
o] metagenome clone®| e A-g Ho Al ThFSt spote] #HzE o] A MALDI-TOPS ©]&
sho] 24 Foll 3.

Shot gun libraryZ 58 A& Fd29] 758 H53t7] 913l Transposon mutagenesis (7L
2 3-D)WHOR targetf AR EAWol AlA KT U A transposons A9 £
2 AgAde et ~=mEd-s 3Rt 1B8-4-D79 1F4-2-F79] & &9 WELA|FolA] 7t
ZF 500708 A~328 Y-S AT 1B8-4-D7l A 147 1F4-2-F79) 4 1370 €] positive clone

e A e B5)s 53T sequence #4183l shot gun library$t YA 8h= 5-9]

=
=
O
ofi
2
[o
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K|
o
z
o
f
Mo
s
m p—)
rﬂ
.

—

Z

0\

=3
& 7F §AAMIS)E AEskalt
5. AN MRHA WS Sot e 5o vEAgde AT

] UﬂE}X]i(MIB)Q T A AT A8y ARd A ElE AT E
3-7). el 5S Ay & d5d H, AE FEWHI Erwinia arotovora subsp. carotovoras Holl *E]
Sl (0, 3 AIZD) 2efaL 6A17F A A=9 e AFAske] RNAE 8 % cDNAE §A43 - oPCRY
How fFAATEE dHawsith BHedes A F O3AMA WEREE A AZaelA
PRI(PRIb)&] T&o] thzol W S713k A& 21sklvh (23 3-6a). GAZES 6D2-GoE AT
Hullell A= 041303 PR #7428 w3 o] o|n] Frhs o] llov Wyt M F 3AA = -0t
Z Aol 7k sl

=
&
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Transposon —_

Gene of interest

Select for insertions into genes

culture
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1% 3-5. Transposon mutagenesis®o] 23 =434 4
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(a)

Control

Metagenome
o.smM BTH
Seedlings 24h after Erwinia carotovorainfection.
Disease resistance caused by E.carotovora on Nicotiana tabacum
(b)
E B
e Single clone ISR b b
= =
=
o
=25 4
E o
w3 e
e
L T S
s @ 2
=1
= 1 | 2
=
= -
0 T T T T
1B84-DV 1IF4-2-F7¥1mM BTH Control E.Col
(c)
3
5 . Shot-gun method b b
- i
A
o
5 4-
=
O
-— =
£5? a
.
w
5 2
5 a
£ A5
=¥
= . 1
0 T T T T —
1B68-4-D7-3-B9 1F4-2-F7-2-G14 1mMBTH Contral E.Coli
(d)
G
rFE:S . Transposon mutagenesis b
B4
Es. -
E
w2
£
= b
0o -
168-MUTAE3 1mMM BTH Control E.Coli

18] 3-6. Erwinia carotovora subsp. carotovora # 2] 24X 7t & gl EE54 749 2 &9
A.
(a) YA 5 21&E9 WA Erwinia carotovora subsp. carotovora ] # 24X 7+% g

n[ru

[e]
(b) MElAx GLdFE, (c) shot gun library, (d) transposon mutagenesis®] f-= A A
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(a)

ghr
Ohr 2000 3nr 500
- 300 THE sihentetd = w15 0SA oConirol | § mli13  @sA  OControl
i 21500 - §m
£ 200 5 5300
2 1000 - 3
2400 2 ol Ezuu
= < T 100
L3 oo/ am , .l
PR1a PR1b PR1c PR1a PR1b PR1c PR1a PR1b PR
(b) 0 hr 3hr
g 10000 - m602-G5 ©SA  oControl | 10000 4 m6D2-G5 O SA OContral
§ 1000 - 1000 -
o
g 100 - 100 -
3 10 -
2 10 -
4(5‘ 1 + - T =S T
i PR1a PR1b PR1c S S
© 01 ' ;
PR1a PR1b PR1c
a8 3-7. Ztl(Nicotiana tabacum)oll Al AlZH At FHAL Wals Sot oEIX| 52| XA

Mol AZ
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6. TZOlM ol EtX|=zx2loll olet A= R Aty ofF s HH

L=

AgAY A A2 FEAYE AARE Ao R Az ] (19 3-8)9lA AF(Capsicum annuum L.

cultivar.)oll A-&3]X 3ty 6D2 pool, 6D2-Gb ©YEE, 1B8-4D7-3B9, 18|31 1F4-2F7-3D82] HE}A
& ¥eek xS LB(20 ug / ml ampicillin) ol A HHOkO} T} 35 Qo] 8797 AL Ushe uf Wk
o] A& Bkl ow, ‘%4 P AETE 47802 o] do& Atk g :f@ T 307 AEE A
Fom, 3 AE o A 50 mie 157 FAoR 23] Byd #Fsnk B 5, 10€ AFH 10¢
¥4 02 Xanthomonas axonopodzs pv. vesicatoria 3 WU FS 10° cfu / ml infiltration 3}
o HESAT HE T 0, 6A1A 4 AEY 2-3719 & AMFAS] KA Ao sAAFAT

B} %% #F 3 x 209 Ao, HE F 5¢ A2 Day 20, Day 30¥e] X, axonopodis
pv. vesicatoria®l] w3t WS #&AFA U ‘jrE 2] el vlE 6D2-G5 @Y FE 9 A ol
Al Aol el vlE wA vEbd S v 3-9(a)). 2z 24 s
gatl oy, AT Fde] FAMStE UﬂE} Ax AgEE v 2 A3 2 Aol7t gles
gelstaivt. oo 2w BAES SAHS Ay vre gobel wpolz{ o] ik e AT}
4ol 6D2-mix(pool ¥ 6D2-G5 @A F LA F7iehE AR 5 JYAvH2® 3-9(c),(d).
gRT-PCRE o] &3le] 21 A EH WA S Cucumber mosaic virus = Jxo“z}ﬂ% o A t}hekal
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27) 93 AL A
ZEgfolBeld], shot gun
2z e HEE Fasa,
e oARneH TR

8-4D7-3B9(M15)<}

O

p=4
< WERR]E %(Pool)i—rﬂ A ‘@u% Al2batel om
=

Figure 7(a)-34HolA A" 4219 A= FE °oF |
Open reading frames 7}Xb~ ATt HEME FAAEY AEE v
6D2-GHoll A4 ¢F 30 basepair®] anaphylatoxin domain®] |

Ac)
o
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(a)

1B8-4-D7-3-B9

1B8-MUT-4B3

) iy @ &
A | i t

R —
Viaj ! U

= Single clone 188 (1200 clones) - 35kb
g =1 pool X 605 tubes l 1F4 (300 clones) - 35kb

by 35kb target DNA g
3 Random
shearing
_—
- 2
High molecular DNA
Transposon

(b)

circularization Gene of interest
—_
1B8-4-D7-3-B9 I/
Shot gun method Transposon mutagenesis

GCGTACAAGCTTGCATGCCTGCAGGTCCGCTTCTCTACATCGATCCCATTCAGACTTACCTCACGCCCTATCTTGGCCGA
GCCTTCGAARACTCGCTCGCCTTTCACGAGAAGAATCTGCACTGGAAGCCGTGGGAGCCGGTGACGAT CCTGCTCAAGGA
CTTCTCCGACTACGGCAATGCCGCTGCGCTTGGATCCCCGAGCGACATGGTCCTTCTCGACGTCGCGCCTTTGTCGCTCT
CGATGGAGACCTTTTCGCCGGGAGAGCGATTCTTCACGTTGATGAATCACGA GCTCA CGCACGTCGGAACGATCGACGTT
TGGGATTCGCACGATTCGAGTTGGCGCCATTTCCT GGGCGGCAAACCGGTCCCGCTCCAAAAG CACCCCGAATCAATCCT
CTACAATTATCTGACGAGCCCCAGGAACCTCTCTCCGCGCTGGTA CATGGAAGGAAGCGCGGTATTCATGGAGACCT GGA
TGGCCGECGETCTCGECGLECCCAGGGTGGCTACGACGAGATGGTCTGGCGTGCCAAGGTTCACGACAACGCGCCETTT
TTCTCCCCGCTCGGGCTCGAGAGCGAA GGCACGCAGATCGACTTCCAGGTAGGCGCCAATTCCTATCTCTACGGCACAAG
GTTCATGTCCTACCTTGGGCTGACCTACGGGCCCGCCAAGCTCGTCGAATGGCTTCGCCGTTCGCCGGATTCGAAGGECT
ATTACGCCGCCCAGTT CAAGCA CGTCTTCGGCAAGTCCCTCGACACGGTGTGGAACGATTGGATCGCGTTCGAACACAAA
TATCAGCGCGATAATCTTGCCCGTCTCGCGCAATATCCGCTGACCGAGCCCAAGCACCTTTCGCCCCGCGCACTEGGLTC
GATGTCGCGCGGCTTTGTCGA CGAGAAGACGAACAGCCT GATCGCGGCGTTCCGCTATCCAGGCCGGATCGGATTTCTTG
GACGGATGGACCTTGCGACTGGGAAGGTCACGCACCTCACCGACCTCAACGGATGATGCTTTACAGGTGACGAGCCGTCG
CTTTGAACCCATCGAGCCGTA CGGCAATCTA CACCAA CGAAGAATTATGCCTATCG CGGACATCAACGGCGATTCGAACG
GTCGGACCGGCCAAGCCAAGCGT CCGCCTCTA CACGGA CGCGCGCCATCGGCGATCCTCGCCTTGAACCCGGACCGACAG

AGAACCCATA
Open Reading Frame

T I

L  E— ]

[ ]

(c)

1B8-4D7-3B9 (M15)

- s e 2w BN —-— — —
—— [F o ] [
11308p
6D2-G5
L L
1061bp

VWFC domain signature
Anaphylatoxin domain signature

EGF-like domain signature

2Fe-25 ferredoxin-type iron-sulfur binding region signature
4Fe-4S ferredoxin-type iron-sulfur binding region signature

Thiolases active site

F 3-10 F=ATA 72 FAAHEY. (a) MeEAFo28H FEAIANS dodle
AR 1) 606709 HwEAy £ FgolnyARyy = AJY 28 #4 2) 9
Zalo] §% AT AR (3) shot gun'T R R FEAFA S o7& targetFAA Ade
A1 (4) Transposon mutagenesis®-#Z targetf-AA2] QA4 EdAMolA AZ. F=A A
3 SE9A( ()9 239 Autd= 8y F7]). (b) Q)9 FEH (49 F&89 AE
= A B (9) 2 FAAAAY £ (o). 1.2kbe] AlHolv] ok 771¢] Open Reading

Frame& 7HA3L i (o) = AJAAS 2o7)= 44 A5 4
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”

3-5. 80% o]l A EoA E. carotovora©l W3 AFAS FIHA

2

A=

AEE (%)

AEE (%)

4] 311] 83.333333 . 100
A F U 83.333333 ZalAlg 100
U 100 Aok 100

W U 100 % 80
ZaA= 100 LS st 100
& A aLALe 100 3l g 5t 100
R 100 L 83.33333333
e & 83.333333 TolHE 100
e 100 ZHa 2] A o] 100

=2 30 Yz 80

AYEvE 83.333333 7 100
ApLE 100 e 100
dgold = 83.333333 GF2 Sl At g 100
i 80 NEHE 100
il e B 83.333333 N Aol 100
e e i 100 g 100

E R 100 < %Ak 100
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Bl

3-6 4= 05uge) AU FEAFHL SN AAE

AEE (%)

2] = 5 mg 50 ug 0.5 ug

MH & 83.33333 50 50
T 100 33.33333 50
=3 80 16.66667 50
B 100 50 50
A5 A o] 100 50 50
Sk 83.33333 16.66667 50
A Aol 100 16.66667 50
ER e 100 50 50

PES 80 50 83.33333
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¥ 3-7 25 AEAA E. carotovora®l W3 AFAES F71A7] AAE

L B4

AR Curcumae longae Rhizoma
=} Portulacae Herba
BE(R) Zedoariae Rhizoma
A AHAARZR) Potentillae Radix
A Ponciri Fructus
R Zanthozyli Pericarpium
A5 Artemisiae Apiaceae Herba
iy Ledebouriellae Radix
T AR E) Lycii Fructus
T (4) Angelicae Gigantis Radix
=4 Equiseti Herba
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7}. Chromatin remodeling factorel] 9§ - =A3Ad x4 7|29 19
Beta—aminobutyric acid (BABA) & ® A73E %8 229 HAEG Zo] 2] &/

Ao
ofu HEe FEAGHS FHFE AoE WA Ytk B ATE Ba AAB JF 4%
A B 1A AT87] Askel BABAY] 9% §EAGY F4 3 Bl f44

E =39t ol ¢ste] o 7] F el =43l chromatin remodeling factors 1171 4 A}
9] knockout lines 7%, BABAJ 93 FE=A3Ao| &S w A= chromatin remodeling
factors EAsAch. L A3 DECREASED DNA METHYLATION 1 (DDMI) 9]
knockoutel °]3te] BABAol o3 F=AIAd &7 2A FHES AT F AU (27
3-16). E°]3d 2 DDMIlo| 2l&=2 WAH wx= &37F BABAO 98k f =43 Hbg
o] dolwts w¥r YEE, BABAYL %i% = ol TAE HAFAE S Helvs Holth
(19 3-16).

DDM12 #Z-& chromatin remodeling factor$! SYD1 = 2e] WASSAH wk&-8 A3}
oz 2e¥ Y. DDM12 & chromatin remodeling factor®bi= ©d DNAS WE 3
838k A& sto], ddml knockout®] - AA Awe] 70%e] DNA w37
t}. o]# 3 DNAS] wE3}= histone modification?] W35 %3l A9 &S
Aoz 4HA vt wEka] 2 d4-A e SYD1 €8] DDMI1e] ¥AEA f A2
I3k Zle] DDM1°l 2% DNA wW&s} 7]zl o3k 1oz F53kal vt

.

_I.I_z
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1= 12 12 —{o
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4 Col-0 ddm1

Pst

Pst + BA

b 10° — Col0
B ddm1

Pst Pst + BA

2.5
— Col-0
2.0 PR1 N ddm1

0.0-1—4 "’i
Ctrl BA Pst Pst+BA

29 3-16 DDM1° 93 fF=AFA 4. (9%) BABAE At fF=AIAH] Ao
Y A9 ddml knockout Col-0°] 1]3d] 57189 AFAS v (LE£%) BABAE A
#3lA & %E A ddml knockoutS Col-09F L3 A3JAL wlv),
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. DDM1ol| 93 F=AZA A AA AoAst= B 44 53
DDM1<& chromatin remodeling factorZ4 histone® $1* % modification, DNA © & 3} 2]
s ot FAAe wHe 2-sHA @t olol Wk ddml knockoutell Ao F7HE
TAEAl FAAe] wE W] o3 Aoz Wk ddml knockout =1 o)A o] Ae]
microarray %S F3te] DDMIel &J3ste] 2 @] xHH o] FRARA S dored &
238 A e FAAE AR Y (L' 3-17).
ofAE e 7| (Col-0) 9} ddml knockout Ed®olAe|A] Z+zF BABA, Pto DC3000,
BABA ¢} Pto DC3000s &7 A2 & we] fdxte] ¥d Fds A9 2 2 g2 #4d
A7V ddml knockoutoﬂ/ﬂuﬁ a2 o] Frkek A Y Aske AE FAE Al ol
Ao Wzl elo] wE clustering 23 ddml knockoutol /1 BABAY (A e <
sto] wdo] FUlelE A AE©]  apoptosis, immune response, protein amino acid
phosphorylation¥} Zo] 2l&2] WY 1A Jﬂroﬂ 3L &g A & AT wEkA 2 <
TE2 o]E DDMIl 93t Iy xdHE& W fFAAEe] dAdE o A% A4 2
g 3

ol Fod 4qL T Aol %, o5 F AYHQ o FAAE FAA AE

—_
==

HEHA 7+5& St sAsY (L8 3-18).

oli= AA o7 el A Nt yeast two hybridE £33+ 24l ez -—vhald 43528
WESLAE ©]§, DDMIo 93 ¥d xd4& Ue FAAEY T84 HEYAE 1531
o EM ol Folxth 11 A¥ o]n] A&Ee WY Ao FoI LS e A0E dHz A
gl Ak A AEAR A G489 ATICSI 3 ATLOXZ2, Z12] 3. gene—for-gene resistance®l] 3
o8t R gene ¢ RPP4 o ‘Hdeo] DDMIe] 9olsf A= A& &<, & A5 &3 &4
A AR FAAE] FERAYAY A A T A4S T F Uds AYS & F A
o webA] 2 AR A= ol g g AR At e FRARA A AAAAY JEs
gl FoH HAE g FeATAE I Ve EE Aotk
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ddm1

Cluster 1 (166) Cluster 7 (93)
Col-0 ddm1 Col-0 ddm1

E 8] = [¢] Q B Q
55885588 §883588

Ctrl

dependent
EEE .
AR

Cluster 2 (620) Cluster 8 (638) Response to wounding
Response to oxidative stress
Defense response
Response to abiotic stimulus

Response to jasmonic acid stimulus

Pr‘mané & Pst

Cluster 3 (729) Cluster 9 (899)
Oxylipin biosynthetic process
o Phosphorylation
- = Protein amino acid phosphorylation
@ @ :
T| =T
55 Cluster 4 (516) Cluster 10 (663) Apoplosis
=3 § Programmed cell death
o ©

Immune response

Oxidation reduction

Nitrogen compound biosynthetic process
Generation of precursor metabolites and energy
Photosynthesis, light reaction
Photosynthesis

Cofactor biosynthetic process

Cell division

Ribosome biogenesis

Cellular macromolecular complex assembly
Chromatin assembly

s
—

Cluster 5 (884) Cluster 11 (472)

I
Priming
dependent

Cluster 6 (527) Cluster 12 (338)

ddm1
independent

Fold change (log,) Fold change (log.) 853883 g 8 6 5
[ [ |
-2 0 2 107 107 104
Decreased Increased pvalue

Fold change (log,)

a8 3-17 (91%) ddml knockoutel 93 FHAe I W3t oA Col-0%
ddml knockoutel Al BABA (BA), Pto DC3000 (DC), BABA A¥ ¥ Pto DC3000
(BD)E A S w9 FAA T3 FAAS HoFa gt (8%) 72 fdA ¢y
Zy2go ¥3H = FAAY 715 4. ddml knockoutol A Walo] FUlHE &
#H2H (Cl, C2, ChH)ol+= apoptosis, protein amino acid phosphorylation, immune
response & AE WYY AAA {FAAI g £5Ho] IS AT F A}
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A3 A AL 4o EAAAAIY =EE 27 A8L4d R

A8

o

| m—
ol g = AJYA sHE Ad FEASA A
_]

1) 9¥] §1E %35to] A fosmid clone® AJFA #
A

A VAT TRAG A AR 35 Auy ARy §E 93

27k the Aol BAA g Aom AuAom W 30k bpel Apol=e] DNAZL Eol
7 Qe 22l 50010007 &3 ARy §E 599 TH §7E FA57)
datel NxAPoE FALE Pl UgoE TR U AGH 45 UL g4

N
W)
N
W)
o
2,
m
T
—_

osmid cloneS ®j %

g )
AF vhe 104 WERATE AFY Aol Bul FHO] Ao FEY L 2uH WEHsm

O
Lo o

S 9 FEH U3 AR fx sHS AHE Ay FHE T oF 63%2 Wol wAEA S
W M fosmid clone Al Bl1& 7247t oF 21%¢] ¥ A ES veb At A2 fosmid clone

bz} o
Cle oF 48% AEe] WAEES HAFHI UxF2 ALY P. chlororaphis 06 ¢F 45% A
Wol WAl em ® e thx+<¢ BTHO 4+ °F 19%° W HAES YehAT
A s Ay A1y Bl oF 67%% WAZE e Cle
24.6%, thZET9 069} BTHE 27 28.8%, 69.8262 WA 7S Hol vl (Z273-19, 20).

S
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70% -
60% -
50% - b
40% -

%
30% -

20%

10% ~

0% T T T T T

Con BTH 06 Al BI a

a9 3-20. Add w5 A §F o)
% : 9] (tobacco cv. Xanthi), W%
subsp. carotovara SCCI), aA1AH : AddA AIJAH {% fosmid clone Al, Bl,
Cl, 71 : A2 AIJA = #5322 28 A Pseudomonas chlororaphis 06,
gl x=4-2 : 2 &5 A&k A = B4z s Benzo 1,2,3)

thiadiazole—7-carbothioic acid S—methyl ester (BTH)

0 WA 2 0
Hg

¥ (Erwinia carotovara
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(2) W FHE &3 710 did AFA = 59 HA

ol F)vke el ok Xi?'f“é T AN = AddFet vgd dx2yE T4 AL

453 M E S 1 A= e d AAES AT AeEAE AR FE2
s

I35 A &
= 95% o]e] FARE Adtste] Ao AR&SESIT 4FF F)vhe H A
ZAFgk 7%4 T g ol nel ¥ Fre Mz Zolyl A9 fosmid clone Al,
Bl. C1¢9 A% 9F 11.26%, 1552%, 11.47% A%’} 2tk dxz5=2 A18d BTH® P
chlororaphis 06¢] 7-%ol& A9k nlaste] o 2317%, 23.48%7F ztskow 7)theg

_I_/

,ﬂ
N

N

iy
1
to o
N

>~

T EFA ASAR AEHE AR WSA 2XE 20008 A FelAE FAE Tk ¥l alshe]
oF 24.45% A& Az AVZF A%Es A (19 19 3-21).

ﬂl

5 2AE A AP T oF 6863% ol wAstd e A fosmid
clone A13 C1& ZFzb °F 50.7%, 53.66%9] vha 2 ¥ dAES UYeElAA R Bl 459
A= oF 375%¢ HHAHES FAY. HxET= AMEY P, chlororaphis 06 ¢F 24.49%
A o] WAoo & tE thx9l BTHY 4+ °F 9.68%< ¥ WAES el

O -

ek B
o 7

I S

vkl A oFAd A~XE X oA of 1525% W HAES YeRNSY. FX e
vl dle] WA 7FE AFE3 Ay A9 fosmid clone Al¥ C1e Z+7F oF 26.13%, 21.81%9]
WAZFE VEFIAL Bl oF 45.36% ¢ WAIZFE WERH AT tix2Tl 069 A 717
64.32%6, 77.78%°] WAZFE WAFJI BTHY 4-¢+& 7P =2 859%9 %2 WAE u
B lvh (Z193-22, 3-23).
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B 929 Alx Zo|

58
a
30 - b b
b
25 - bc be c
20 -
cm
15 -
10 |
5 =
0 ER! T T T T T T
CON  BTH 06 Al BI a  oxa3
Xzl
g 3-21. 7198y 2 FAC AW g XAEYS W FH Az Zo] XA diAdEE
¥ (Y, 7|gEY Z9E 95% o), gl - ¥ Jgey, FA Adlg A

X

o
F3A % #5F Al, Bl, Cl, &7 : P. chlororaphis 06, BTH, X% (prochloraz
25%)
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v, 210d %= X9 fosmid cloned} A FEEo U3 AIA
1) 99l F3Z %3sto] A fosmid clone? A A +

(7hH18% fosmid clones W o = 3 AYJAH F%x &

A IAIF-ZA A 1xpd e AEst 3F9 fosmid clonedt 2xbd ol Adsk 15&¢
fosmid cloned W¥oz AFAE = o T F55 A0ty 72dd o= a4 %
¢ HHlE e E FEHe e A3 5
el Zhzhe] A iFFE wigste] OD : 1.08.2 )
of gl fae ol FEH & 2uA HEIA vs &
A2 Ay FAHE T oF 938%9] Wol WAslen A #F 18F & Al BIL CI, 6D2,
B12, C2, DY, E6, A2, B2, D6, G6¢] F 12F°] Fxgl 9 vluste] el Sl oA
AA = &3S Jehd k. 2 5 positive controlQl P. chlororaphis 063 vl dle] o2
WM WA f5 HHS veld AS AL BIL CIL Bl12, E6, G6°l™ T thE positive
control?l BTH®} vlwste] ©] s BATAE F 598 e 2S 6D2E ZAME A oW
6D2¢] WEAES 143%= o2 oW Ay FEuE ZHd 5 AT vHE HAFAT
(19 3-24, 3-25).

E o4

O

() HF AR 75 #59 AZAH 7= 49 A AA

12 @) FEHe e A f= 8 AA 5 Add 7EF 2 fosmid clone (Al BI, CI,
6D2, B12, E6, GB)E o= AFA F% o8& AUy g 22 A4S AAsA0
Ael RS 14 gAY sdeA Adsley FEHE HEsta vs F FEHel tig A
A R vEs AvEdrh 23 HANA FAHE T of 56.3%¢ We| WA o A

fosmid clone 7& & AlT ©F 24.2%, BIE °F 29.49%, CI& ¢F 35.6%, 6D2% °F 1.3%, Bl2&
°F 21.5%, G6+= °F 51.5%, E6+ ©F 24.4%< ®'IAEE YUEFHA ST positive control]l 069}
BTH®| A5+ 27 oF 24%, 12.7%°] F5o] WA 23 AA AR 6D2= 71 29
g AR 2 BIE UE ST G6E AL A dFeA B FAE] g9k v aske]
994 A= AYA % 258 HAFAY (2" 3-26).

AR [elKe]

Iy

do u
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a9 3-25. Aty wF Y 3 oge] FEdA disk iHE L WAV A 93EE
Sl (tobacco cv. Xanthi), W3WA : @¥] ¥ W (Erwinia carotovara subsp.
carotovara SCCI), A A& : AdH fosmid clone 18, 06 : 2 &YW AIA F= #F

2 98 A Pseudomonas chlororaphis 06, BTH : 2 &% AIA = 4=z 43A

Benzo (1,2,3) thiadiazole—7- carbothioic acid S—methyl ester (BTH)
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(2) AL Jd F280 A AFAE wx= o4 =A<
OHAEd 12%9 A4 =4 dde= 3 AYY w5 9 34
ES=]

T 9F 56.3%<¢] Wol] WA oy M H

32.1%, /M52 oF 56%, Y53k oF 23.1%, Wxe oF 26.

°F 42.1%, BN H = oF 19.6%, AFAFUT oF 51.9%, @+ ¢F 58.1%, Lia]xgo

°F 31.5%, €7 UF-= oF 53.8%, —?“h’} = °F 59.8%9] F-EZwo] ATl positive

control?l 069+ BTH®| -+ ZH7; oF 249%, 127?4 FEol WAt olF FAE g%
; )

-
1.
-
1.

Hlaske] f-24 Qe Xi?%“o 2 59s BoFE AsAo], Yuggst Jx, 75, 34,
W FH, Fargyoe] & 7MY HA FEHES ALk o] F UrS#s Wx FE H
"1 H & positive controlo] 06} Hlaste] oxwfule]l AdAH FE THS HAFAY

(19 3-27).

() A 6% 9 fosmid cloned 7F9 A F5E9 HAF A% 3AA
% 18% 2] Metagenome ol 4] 12 Aty 22} 3 Elgs!
I Hzx 12%9 Ad FEFE F 13 ALEs S35t Addd 7

A =Tl Holdt fosmid cloned HAE

7l AARS A d 55
& Ao VlEe FAE TS vaste AFBA ik sHol Holu™ positive controldl 069
vlaste] 92} W9 <rel] Sojrtof dhvh= V)EE A HF fosmid clonedt & A
]_ 1:]_ u}x]tﬂ— Vakls /\1%401]/\1 Tﬂg]l— o]: 01.4% XJE Hgo] tﬂ—ng‘;]_oﬂolj:] ArE fosmid
clone 6% & AIT °F 41.7%, BI& °F 51.9%, CIi= ¢F 48.99%, 6D2+ °F 2.196, Bl12& ©F 669,
E6= of 70%9 WEAES Uetdidt. olF HFT A YiFd @3 #5F= Al BIL (],
6D2 4202 HE ¥E 2 Fu Ao AQuz AR AT 7Eo A 2HE AL N=A
o= °F 23.8%, UYRSF3E= oF 41.7%, WERT °F 72.9%, T o 64

76.1%, BINW|FH = oF 43%, Al Aolw oF 41.6%9 WIAEE e HE AL T)F
of Agd FE=ES Aol v 2 Ui F et e Aol F

ot (L9 3-28).
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4) 3F FHE 53 3AU/F g3 A f= 58 4AA
Ob1ak Adrd 6F 9 fosmid cloned 79 HAA FEEo WAl &5 (1x Test)
Aty A A TFE ez 3153 58 B ]

o AE 7o ﬂ 4"11‘21' l?“ [of HE fa o8

of #F A F dFdo] Ak Al a5 fizel fAvpEHe] A EE 12 AVF

of LAZ 2o A5 AT oz "ojFa 2xtz dAVFFHe] WG eoldds Higo

Mol Aol ditsrol e SR 2AE vl F frHOl Agdhs WAow drtEH
% :

o] A= 12} A¥rE fosmid clone 623 12 Adyd Hd 58 72%

Sy }
Aoz AAdg o Zzbe]l ®HA o Al BI CI, 6D2, B12, E6, AsAo], Ux 273 Wx,

T 23, dnF, ZFAae Ao] ot} X TFEAE positive controlEA] 062 BTH 19
i #APFofoz Ay E ARRSE on FAHEAFEANE ES AMESIAT R0 dA gk o
e AMEE FAE oA e 56.33%9 Wol RAst o A A el A e A E T

Hlwste] ¥ g o] wol Azst AS sttt 6F9 fosmid clone$l Al BI, CI, 6D2,
B12, E6+= 22t 35.67%, 27.17%, 21.17%, 12.17%, 469, 67%<] wWo] WAs Ao 75 HdA
FEEQ Aol Ur S35, Yz, 7F, 23, AU H, Fa Aolw A7t 27.83%,
31.17%, 47.33%, 54.5%, 46.83%, 30.17%, 32.17%<] 2&7}F¥ S Yol positive
control¢l 069} BTH, #utgle] A& 22 25.67%, 6.33%, 15.0%<] WAL HoAFAY
(19 3-31, & 3-8).

hud

() HE A2d fosmid cloned} HA FE=&E9 WA & (2% Test)
18 % fosmid clone 43 HA FEFE 45& o= a5
wold ek AR Fk sHE HdASNT AP WHE old A3
Zyzkol Myte fosmid clonedt < o
vk FA T AUEEE AR ES 9
& AmE A3} positive controlg! 06+ °F 34.33%, Al oF 2
25.33%, 6D2% °F 8.67%¢ WIAEE UEUNL F5EA UE S33te 9‘}: 35%, Héﬂ ]‘A
= 9F 41.83%, Aol oF 28.33%, Ay Aol oF 46.17%, U= positive control?! g

U2t BTHE 247 5.33%9F 15%2 ¥ SRAES HoFdy (¥ 3-32, ¥ 3-9).
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3# 3-8, A7FFel dd 14 WAt

By Bt WIS (%) WA 7E (%)
Control 56.33 -
06 25.67 54.44
Al 35.67 36.69
BI 27.17 51.78
CI 21.17 62.43
6D2 12.17 78.40
B12 46.00 18.34
E6 67.00 -18.93
A A el 27.83 50.59
[ R 31.17 44.67
RIS 47.33 15.98
T 54.50 3.25
2 46.83 16.86
7l 30.17 46.45
ZHag] Aol 32.17 42.90
#Avhe 6.33 88.76
BTH 15.00 73.37
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Bl

3-9. HF ALY #5994 F==

A 7 (%)

Control
06
Al

BI

48.37
57.89
52.63
61.90
86.97
A47.37
37.09
57.39
30.98
91.98
77.44
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—+

3 712l dg AFA % 9 HAA

W A1A

= =gl gty Adrd fosmid cloned HA FEEO o= AR AHPAS
olx 7] fste] XE FAAES AAsHAT ¢ =dH Aol mdWel 3
o2 7= I3k AFAZ] Hel Yo =d IAE A9 AEste] mdwy ¥
Hoth mdW ¥A4E A¥E FEE 65 x 100 cfw/ml 9o We] BAs =
24A17F 100% 52 Aol @ TS

skl (9 3- 33)

#refol gata 5d F W el =4
I FAE el A= oF 66%2] o] Tt
°F 23.33%, Al ¢F 36%, BIi= oF 30.67%, CI+ ©F 23.17%, 6D2v ¢F 8.67%, 4
°f 1750%, WIvF= of 1833%, Asgoli= of 40.33%, Faegol= of
°F 15.17%, BTH= °f 41.50%9 W TAES e AT 1§3-34, 1#3-10).

e =
osmid clone®t 452 HA FE=ES H
} ]

_—6,‘_ o]zo] x]q_ H:]];]]_ 7H,/1’:% ZA
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64.65
45.45
53.94
64.90
86.87
73.48
12.22
38.89
36.62
77.02
37.12
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¢l B e 7ol EH?'SWF XVS“* 2 AAA= A fosmid clonet
A W AdEES 2AFsEA T

sk k= 44 T 95% ole]l FARE Adste] HE ol ARE

th 455 71t uidk FHAES HASE A3 FAE el AlE oF 76.83% 9] Wol TA
o, 06T °oF 33.17%, A= °F 40.17%, BI&T °F 29.67%, Cl= °F 36.67%, 6D2+ ©F

s 2
12.83%, Y= S3ksbe of 42.83%, "I A= of 37.17%, AsAol= oF 28.83%, iAol

T OF 34.67%, A~EES °F 1967%, BTH= °of 20.17%4 W oSAES YERAY (29 16,

9 17, ®4).
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Bl

3-119% A w59 5229

Al 7}

e (%)

A 7 (%)

76.83
33.17
40.17
29.67
36.67
12.83
42.83
37.17
28.83
34.67
19.67
20.17

96.83
A47.72
61.39
02.28
83.30
44.25
51.63
62.47
04.88
74.40
73.75
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¥a
R F7FA] AEE fosmid clone¥ H A —%%%ﬂ W oA S5 58 448 2% 7 A

o] Foixtt. ol&5el T 1 OMOHH

FH
il
-

i & ) S OM WA 77 98k 2F9he Adksle] Ae AAEda #7t
EAY o s Aegstvt (27 3-37).

b 150 o] # ¥ Mtd fosmid cloned HY FEFES Ao Ay
J} 3 o} A7FFR ol 7)o AW A ol 23| HA AVFHE
A& 24 FEF AAES AN A FAE A of 39%9] Wol s ttl
06 9F 21.67%, Al= oF 18.17%, BIxE 9F 15.33%, CI= 9F 17.83%, 6D2%= ¢F 7.67%, U=
7rak= # 22.67%, AsAol= °of 18.00%, Akl °F 0.00%, BTH®= °f 16.67%9 H HEH@%
S YEhAATH (:L% 3-38, #3-12).
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1% 3-38. AE AWH fosmid cloned} A FEHL9 A= AA A5
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3 3-12. HF A¥d fosmid clonedt ¢l FE&2 A7 el dist ¥AEd (H= HA)

Hat HEAE (%) LA (96)

37 39.00 -
06 21.67 44.44
Al 18.17 93.42
BI 15.33 60.63
CI 17.83 o427
6D2 767 80.34
U o3 22.67 41.88
M= o] 18.00 53.85
)] 0.00 100.00
BTH 16.67 o7.26
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o 3xd % AW fosmid cloned A FEE U AIA AA
()Y clone ARSE A 7| AFE 7%= o4 AR
Ao B HAAS B AA <% fosmid clone 6D2 (1 30k bp
o] Apolz2] DNAZF E917F = FE9] 500-10007F =FH Fef)ol A @A clones A3}ar
AE clonese BAZAE 5 59& AAsIAT ALAF-FANA 7|2 HFS Fto A
3 3F

a5
A FE 5ol Zixé% @2 clone peclfos—epi300, epi300, 1b8-4, 1B8, M159l] th 3l

3 A&
e THs A A% } A Euje] FEHEES WEeE AN R AHAIES A ]3} At
Negative controlZ4] &2 A3kl Host cell®] 93& 3 Ecoli DHba9t @Y E&9 FHAE

LA o | plasmld‘)] pucll8s dH3lar 9 Ecoli DHba-pucll8s A3} 3L,
positive controlZ4= AFAH % THol 9<5¥ fosmid clone 6D2%} Pseudomonas
chlororaphis 065 AF&3Ft) (28 18 3-39, 3-40).

A = o] Hold fosmid clone 6D20 A 413k 57F4] & clone (peclfos—epi300,
epi300, 1b8-4, 1B8, MIH)Eel st v HF5H AR = sH& A 43
peclfos—epi300&  °F 30.21%9] WHAES YEMNSLIL, epi300 9F 40.63%, 1b8-4+= <F
42.71%, 1B82 <F 62.5%, MIs+ ¢F 33.33%9 Hée‘@‘ére ERAT =24 AFE-SE
E.coli DHba g T-ol A= oF 60.42%, E.coli DHba-pucll8 A& F-ol A= oF 52.08%, fosmid
clone 6D2 Aol A= oF 14.58%, Pseudomonas chlororaphis O6 A #7-oll A= <F 39.58%
o] WarAg-S vEelAT. fosmid clone 6D29]A tZ7¢1 E.coli DHba =& 79 ¥ 3}o]
°F 75.86%9 WAVIE eI @Y clone?l peclfos—epi300o] A qF thZz7-9F v dle] oF
5028 WAZFE YERHAT L gfol A e thExgrek vkl B 50%H| R WA
7He B FAYE (L9 3-41).

1A ga) F5He e AYAH 7% 58 fdAFNAN o
peclfos—epid008] A& % 95 APAS 7] A5t 5
AA AT ZF7he] HAEFEE cloneES Agg & @]
TS Ay Ay ¢ clone peclfos—epi300 ©F 28.13%¢] WA &S VEFHAIL, epi300S
°F 48.96%, 1b8-4i= <F 41.67%, 1B82 °F 52.08%, MIlb+ ©F 36.46% 2 W EAE&-S e
th T2 ARESE Ecoli DHba Aol A= °F 68.75%, E.coli DH5a—pucll8 *} 2] +-ol A
= 9F 61.46%, fosmid clone 6D2 X &9l A+ <F 12.5%, Pseudomonas chlororaphis 06 €]
T A= oF 37.5%9 MU E-S YERSITE fosmid clone 6D20 A tha-]1 E.coli DHb5a A
2l 79} v sle] oF 81.82%¢2 WAZIE YEMSI A @Y clone?] peclfos—epi3000] A wE o =+
o wlaste] of 59.1%¢°] WAZFE YWetlSlith 2 gl ATl e 12 A H FdskA o
Z7¢F vlaste] B 50%e]ske] WAIZLE BofFAY (1E 3-42).

)
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(o, )o3e1 BSEASI]

1Y 3-42. Fosmid clone 6D29l 4]



3) HE A cloned} HE AAdE AIAA 7% 549 7 AA
= Aty &Y clone peclfos—epi3009] A3 F= FHe AsEe WA7E &t 2
Zo|Ae %S AAT Y] A%t A4 AEWAAYH Al EAgoA 22d e o] 3R
o.

3
4= A4S AASEY. dx2T24= FHE T2 Pseudomonas chlororaphis 06 % fosmid
a, AAs A = G clone peclfos—epi3003 HAEZ A= ASA
of, = £33tE At (L7l 19 3-43).
7yzke] A Ttel A cloned HA FEES A 2F A= 43 Ao A
clone¥ A FEHE A & @AEAdTE S & WA gAgel WHuks oy
A= ol ZARSESIYE el gk = AR 23 FAE T oF
72.34%°] BB EE UERHIAL 06H = WSS HERAT
fosmid clone 6D22] A-¢olli= °F 1457%<9 Wo| @AY @A clone?! peclfos—epi300 ©F
12.37%°] Wol WA ATh A FEEQU AsAo] A FolA= of 3541%9 o] B33
o v St Mol of 2456%2] Wol WSttt A7k AHelgte] WATtE A
HEW gx52 06X el 72 6D2A el Tl A& oF 44.48%, 79.86% 2] ®WAIZIE YEMNS AL, &
¢ clone?!l peclfos-epi300 ¢F 82.90% 2] WA ZIE YeRUSITH Hd FF52 AsAole U=
S3slel - oF 51.05%%}F 66.05%9 WAZHE YEM Y (29 3-44, #3-13).

H o e
N
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pcclfos-epi300 HSd0| Lt S22t
a2 3-43. HE A% cloned A FEEQ uF A= AY
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a9 3-44. HEF A clonedt A F=E9 JdeAW I A S Disease severity :
Ao HolEAT wel Wiy n =4 1-52 83 0: health plant, 1: 10-20%,
2: 21-40%, 3: 41-60%, 4: 61-80%, 5: 80-100%
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3-13. H{F A2E clonedt QA FE=9 deAPo AT YA RN (A= HA)

Wt W s (%) WAZE (%)
T3 72.34 -
06 40.16 44.48
6D2 14.57 79.86
peelfos—epi300 12.37 82.90
s A o] 30.41 51.05
U S343) 24.96 66.05
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¥ 3-14. 4F A9 clonedt A F=&=9 v dA A FAE] (B= HA
Wt W s (%) A7 (%
T2 81.17 -
06 46.67 42.51
6D2 37.00 54.41
peelfos—epi300 35.00 56.88
s A o] 66.67 17.86
= St 83.33 -2.67
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4 o N do om
0 2 mo 14 M o

1g& Al A A T = 2 gege 107FA Sof FEECHE,
, A, B, A, viAE, dx, B, 8, A3l tid BAE AdEs Aske] A
& ez aF Aslmsdolye i AYA Fx a3E AT (¥ 3-46)
o] Fef FE:E (121TolA 5 FEh)ol thshe] arg9] AEl wdo] o] e ¥ LA
AL At ghefA FEw el 108 4 X el A= FA ek valske] ] A2
ARE oF 40.36%9] WAZL7E AbEs o vhE A gelA = B A2 ek v sl
dol gAY 2sly ¥ wAEe] U wol AYA & FAUF flee A (1H
FFAE vhA] 1000 2 B4 3te] FrhelA AAl Apgdae e Ha sER Y A
2oe ASY Ay FACdME FAe e vaske o)Al glglem vE Al
FA g ek wlaske Aoz gl ey W WA EC]l wuTh dofA FEE A
dAE o] g WAl Bk VIt & g deA B AES sharak sk 34 wjEol A=
WA B2 glof AlEEkel o7k glvkar dekevl (Z1H3-48).
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Disease Severity

il
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2. M4 clone 3 A
7F. &3k AF e AA
Fosmid clone 6D2%} E‘r%] clone®] pcclfos—epi300E oz A AAES Azt 93+
04 HA wF =20 AT clones9] AR wl¥F k= 37TolA 7 wE wig &
E UEtlar v wiA 24 = LB WA A 7P B o v AL i HATh A
LB wiA o] - s F vjAe] @rt7p aivbelr] wiitel] AP Al v wjA = ARGl = ¢
27F Ak whEbA HA A9l MY miAE o R 7]ES 02%7F FUhHE Fe 4 2%E
8 Fo] 48470y A 10°59 w7 U4 O JEE ug A 27S wEAY (7
3-15, 3-16).
ZE M9+2% sucrose WIFE wlA|oA A 48AITF wlS fosmid clone 6D29F @Y clone
peclfos—epi3008 22k &7]el ol s AlAEFS AZskadrt (1§ 3-49).
Fosmid clone 6D29} @< clone peclfos—epi3009] W= 71748 SA7)3 F7) /\}Q“O] zk4
A B AA EG VINAR AMRE F ARR I AA AAES At B A

o] A M9I+2% sucrose HIA| el A 48AIZE w ke wikel& =44 AEMAIAE 300L tHE
7 1028 ol 83te] B2 Axd F SHARA St AEL ASstel w43 o]
P A A¢e g vdeds AoefolEo] EAtsto] mAES QI F S5 AR
& ol &3l A mEsIAOH FES 7] flste] d2E o] &3t vA W a”T F H
T APS dskalvt (2%l 3-50, 3-51)
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¥ 315 44 g A R oA A

i A 241 7k 48] 7k T2/ 3k 9641 7 120~ 7F
LBl ] 2.62x10"° 417x10" 1.25x10" 747x10° 5.21x10°

M9 2.31x10° 5.24x10 8.35x10° 5.24x10° 1.43x10°
M9+3% sucrose 6.35x10° 9.25x10° 4.32x10° 4.75x10° 5.26x10°
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X 3-16. <& 100L ¥ FE& WA =A%

AEH A8 %/100L
NazZHPO4 600g

KH2PO4 300g

NaCl 50g

NHACI 100g

MgS0O4 1M solution 100ml
CaCl2 0.1M solution 100ml
Sucrose 2Kg

- 108 -
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19 3-51. A3 E AAEY AY
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hEs) = U=
o] wu ool YN 37t Hof Bl @] vk wEkA HA FE2E AAE AR
< T A A AEE AR FE HA FEES o8 AEY Afols WA =
I A Az Gk FA R AES] EAE S RAoE Atz dnt

4. AF AAE 57 £F 94
E ]

AGo]l & H fosmid clone 6D29F @< clone peclfos—epid00 % A FEE] HA ¥3
oM Ees AAS] Mt A FHT e FrIAN SR 23S duiste] 77
AEel WAl a9E gdA3AT 20119 6959 2011 109714 83l el o X2 A
= FAE e 06487 6D2 A7 E peelfos—epid300 M T2 Uron HA FEEZA
v yUE 534319 Aol g Ao APE AAEAT (L 3-52).

zkzb o] Al qtol A gk md Wyks o R o Wole Ard w Wi EE 54
Kom FAYT 7lE WAZLE AT A e vt BE A qgolA W
E37F YyEbst oy fosmid clone 6D29 @< clone peclfos—epid00 A2 +5 A9l 3k g X2+
o 3= HWkA 77 25 60% ©)3te] WHAZFE WERUSlAl fosmid clone 6D20l A= F-A 2] -9
L Eke] ofF 71.129%9) H*Zﬂﬂg et o @ clone peclfos—epi300 60.08%2] HHA| 7=
e ST (29 3-53, 3 3-17).

>
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g 3-53. A% AAFe =dd B AE XAl Disease severity @ Dol Wol EA L
o Wiy e =3 ]-58 3k 0: health plant, 1: 10-20%, 2: 21-40%, 3:
41-60%, 4: 61-80%, 5: 80-100%
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a1
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7F. 12 A2 fosmid clone

o

17 Sskel 8%

S

A9 wHe A4
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o Vg 3l
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™
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of AgfgellA FA ek vl

=
=

o] RWC (relative water content)Z

of =3l AlH

AR

[
=

g7 A

S X
T T

A 747

a3l

A7

t} (¥ 3-54, 3-55).
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v}, 2z A fosmid clone 2@ A
2z} A4t fosmid clone @ A

o
A BFE dgeR fE A44e AASAY. 1% fRE
A

=] haa ) ) =

fosmid clone¥ A¥ Hdd F2ES YEV 83 A4 Ax=Z 13 HHeAY. 2 & = &
55 ?;D}O}*’ AALHA FEo] & &4 2 7] T SHIHEE AA WA EAY. 7}
B | 2 g AAFTS A3 7ME RE

w A & FAT A
gzzo] e AFH % 89S HA}ATHITHI-56).

22F gl fosmid cloned AdE A FHES A HTY 7t AFLES AT
A AdE A A l'% A7 A2 A Apdste] oL AR o] oF 647g AX o
o A wFF AlY Aol vhmel tigk AR o] Hojuh Wit AT o] ofF 28.32¢
AL HQlvk 1 2] ﬂTT A7 PR Jheel AFste sHE HogFAoy A &
ol HINnHE AL vE FEEAAE FAE T vaste] shEel thE ARA
28 YEeR X EaFh dEonFH e AgolE Hat AAFo of 209g AR Ho] FXE 9
wste] oA e Aol & yEATE (¥ 3-57).
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ot HE A fosmid clone ¥ AW FE&9 JE AYA % 9 HAA

3ApA oA HE A fosmid clone 6D29F ¥ clone peclfos—epi3008] 7F&E-of thalk A

A FE THS FAdsr] st 2F FHE Udem Ay f% T9 1A AAFA

th AEe] 2AL 1, 229} FHd A FaAEH o FabE v A Ay AH

Aol A7 JdE Aow FdaHAu. Aypdow FA et vlwEle] fosmid clone 6D29}

] Aol 94 d= Ve AYRA R TEHE AU A &
= =

do

Zhaol e AR =

Fetet A Aol
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EECIME 2 a1

HI

ofoil2] 7I0i=

- § —
T |dE Tz ATNde] B8 Aol A = e
—AAFEH A FRAE AR A FH sk
Fosmid clonings £3t E. coli©l
> Metagenome . 2.t} W Al7]aL ol AE FEAA
ANZ AEREATY FaA | oot TOAE e )
A ow el 47 PDF1.2::GUS* &A= ©]&-3F] 100
NF~a9s Fotd Fd4 2 E4S
]
oHAEMAZRE Fuw 14559
A1 o] psh Mol E. carotovoradl| W3 fF=AFA FA o
aholm el g o] A of% ® JINI, PALI® wd %7} of | 1%
& Ao 2N Fo FRAYA
7 AAE A
A fosmid clonet AW HAA 55
. o —j B A A 1_‘%112 8 A4s ¥ 7
A |e q?igsrgme/xd@?g zﬂéﬁr g el s AEskd
o = o — . 9
—Eﬂ—i}xﬂéﬂﬂ kA Zj;g ek f ; 37 1 = =, = 100%
A9t fosmid clone} A Hd F&5&
of Zhmol whet A % sl o
st A5y
o ¥ metagenome?] | . Hi. 1}/\
AWR [ea g g Agy | oo SO T e
S A B £4AEe 241G 1oz
A1 eroln el carotovoradl W& FEATY P4 o o
o oyste] ke F % JINL PRI LA ) ojye |
: . golgtoZ M 1129 FEAIA =
i 1:H?151-v9‘—9—7v—-/“ €} AJ = U — 0*4 'ITJAx%o*“;ﬂ
2R E | 2010 R T )
22 Adrd fosmid clone}t H F&
o HAYAE 9 A4S 99
o A¥  metagenome/ Eoedﬂg_jﬂr IHEE Soatge] 271
ARE | Adme guon » O WO deEso W LY B9,
el s a T ARl s s, .
22 Adrd fosmid clone}t H F&
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st 3535k
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-AdtE A A clones oz U
gl 219 QC =1 94 2 &8
. | o Fitness cost/priming |-Microarray®t  proteomicsE  ©]-&3gt
Xﬂ 1}‘1]"'" ks Al X o ;
714 T metagenome®]  °Jg A& fitness
cost/priming¥¥  FHA 2 ghElE o]
F e 2 5435
o0& 11719  of7|&d  chromatin
remodeling factor knockoutd] tjgt
oXE TEE I BABA®l &% FREAYAY xd oAF
AT chromatin remodeling# |&Q1 A3 DDMIe] FE=A &S <A 100%
" AR 9% priming 3R 715 E &3 AES 9 °
7129 A AT O microarray & w3kl FEAIYA &
A HA-e A Fas IS T F e
DDM19| H3% Fd4 54
349 2011 #F fosmid clone 6D} 125 A
dtel @ clone peclfos—epi30& 41
el on olg9 vHE glsty] ¢
3to a1 BARME Yoz ¥ A
A3kt
O HZF A clone?] w1 WA E A <)
Metagenome/dAEZ |31 HA vk 248 AASHA T
A%s | Add EFDE HZF A clonet HA FZF=of st | 100%
o2 24 ASAE |o s A AEFS AL
2 =3 HE MEd AAFY WA ERE
AARsL7] g1t ¥ REWE o=
s7F 2 H1AS HAAsT.
HZE AE clonet HA F&E9] 7
ol disk AP Fx sHeol 3o
HAZ 3.
A2 A A ok A% BAele slofx
1. A2H Nt FE clone & Mo FEEo| e
HAA wlelAl Jdstar e AEE AYAA G ¥ B A= UFE EY &
dolA g #FE dFeE A7 A a o B dFeAE EY SAY mAAES
o] g3l Ao| ofyg} EfelA] El7F Zed €A X st FERY FHAAE 5
sl FAAE A7 FAASRAZTY F5 A sHol J&x| ot Ao zA W AF
AR T B3 FAXLY Fgres SHdA] B ok 7|E A & s it
NE Aoz AT 3 Il AASHE AEe HA FEE dEiAE AaAE A4
QA Akt B A gl digk AU tiF-E ooy B A AAE F3te] U A AHE
o WHAYA % T#HE FA3Ha FF FH Fof AT LA 7|Aqste= EHUt F AR
HetE T
2. FEXNEgME ZA HAE W3 =Y
712 BTH, azelaic acid, BABA % 10¢] & oJuU9] 3}3tEqto] A &E9 fFmAdAdS F
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