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SUMMARY

(= L%7)

Biofertilizer development using indigenous microorganisms for

healthy seedling production

Biosynthesis of ethylene is usually enhanced with severity of pathogenic infection.
Some ethylene synthesis inhibitors are known to significantly decrease the severity of
pathogen infections in plants. Methylotrophic bacteria have been found to stimulate
plant growth and regulate ethylene emission in crop plants. A selective decrease of
ethylene can be achieved by plant growth promoting bacteria, for Instance
Methylobacterium, producing ACC (l-aminocyclopropane—1-carboxylate) deaminase,
which cleaves ACC into a-ketobutyrate and ammonia in higher plants. This study was
conducted to examine the effect of Methylobacterium inoculation on seedling
development and ethylene emission in tomato and red pepper plants under greenhouse
condition. Methylobacterium inoculation increased significantly seedling development
and reduced the ethylene emission of tomato and red pepper plants Bacterial
inoculation reduced ethylene emission in tomato and red pepper leaves infected with
bacterial spot (Xanthomonas campestris pv. vesicatoria), bacterial wilt (Ralstonia
solanacearum) and Phytophthora blight (Phytophthora capsici). Although the
Methylobacterium strains did not show antagonistic effects against the phytopathogens
under in vitro condition, they accumulated the antimicrobial compound salicylic acid in
culture medium. Tomato and red pepper leaves treated with Methylobacterium strains
showed significantly reduced disease incidence and lowered ethylene emission.
Bacterial salicylic acid production confers enhanced disease resistance in inoculated
plants lowered ethylene emission and growth promotion. In greenhouse experiments,
the disease index value observed in Methylobacterium strains treated tomato and red
pepper plants were lower than that of uninoculated treatment. Plants treated with
Methylobacterium strains challenge inoculated with Xanthomonas campestris pv.
vesicatoria (XCV) and Ralstonia solanacearum (RS) showed significantly reduced

disease symptom and lowered ethylene emission under greenhouse condition. The ACC



and ACO (l-aminocyclopropane—1- carboxylate oxidase) accumulated in the tomato
and red pepper leaves were significantly reduced with Methylobacterium spp.
inoculation compared to treatment with pathogen alone. Ethylene level is ultimately
reduced by reducing the biosynthetic precursor, ACC. Based on these results,
Methylobacterium strains could be used to reduce disease symptoms in plants by
lowering stress ethylene. In addition PR proteins related to ISR (Induced systemic
resistance) including B-1,3-glucanase, PAL, PO and PPO were increased in
Methylobacterium strain inoculated tomato and red pepper plants. This study supports
that the Methylobacterium strains might increase the activity of defense enzymes by
modulating the ethylene biosynthesis pathway, suggesting the possibility of using
Methylotrophic bacteria as potential bio—control agents.

This study was performed to identify the effect of Methylobacterium, a growth
inducing microorganism, on the growth of crops. Methylobacterium was transformed
with gusA, nptll, and gfp genes and the stability of the introduced gene was
confirmed. The genes were introduced with minitransposon and they were anchored on
chromosome of microorganism. The stabilities of introduced genes were tested by
colony PCR of the strains subsequently subcultured on antibiotics free medium. The
transformed microorganism were treated to red pepper, rice, lettuce, tomato, and
spinach. The location of the introduced microbes were analysed by confocal laser
scanning microscopy (CLSM). The microbes were localized to roots of the crops and
they enhanced the longitudinal growth of the roots of red pepper and lettuce. The
effect of the microbe treatment on the gene expression of pathogenesis-related (PR)
genes were studied. Microbes were treated to red pepper seeds and pathogens were
treated at seedling stage. The expression of I-aminocyclopropane-1-carboxylate
(ACC) oxidase and phenylalanine ammonia-lyase (PAL) was analyzed using real-time
PCR. The expression of the two genes were enhanced by the treatment of the
microbes. In conclusion, Methylobacterium enhance the root growth of the treated
crops and the microbe induce the expression of the pathogene resistant genes for
produce anti—-pathogenic substances.

To minimise the wastage of external application of organic and inorganic fertilizer,
lime amendment for maintaining the pH, use of plant growth promoting bacteria

(PGPB) in sustainable agricultural system is a focus area in 21%century crop



production. Among the different  PGPB, pink  pigmented  methylotrophic
Methylobacterium has been investigated recently on many crop plants. In this paper,
inoculation effect of Methylobacterium suomiense CBMB120-gfp29 on red pepper
growth at different level of compost and lime amendment has been reporting. It was
found that inoculation of M. suomiense CBMB120-gfp29 promoted plant height (0.96%
to 24.76%) and dry matter accumulation (2.98% to 40.82%). Colonization study and
leaf imprints confirmed the good colonization of the bacteria in red pepper plants.
However, no colonization was found for the 200% lime amendment. Large scale field
experiment with the strains will lead to developed biofertilizer for sustainable crop
production without disturbing the native population.

Fertilizers, plant growth promoting microbes and plant growth regulators should be
combined together and used in order to achieve a maximal plant growth and yield in
modern sustainable and ecological agricultural systems. In this study rhizosphere
inoculation of Methylobacterium oryzae CBMBZ20 and foliar application of methanol
were tested for their ability to promote the growth of red pepper plant at different
levels of organic fertilizer. Rhizosphere inoculation of M. oryzae CBMBZ20 and foliar
spray of methanol could promote red pepper plant growth and yield, and the growth
promoting effect induced by the combined treatment of M. oryzae CBMBZ20 inoculation
and foliar spray of methanol was more distinctive. This result suggests that a
synergistic growth promoting effect of methanol spray and M. oryzae CBMBZ20
inoculation can be obtained in the combined treatment of the two growth promoting
factors. The growth promoting effect was more significant in the lower fertilization
rate, and the plant growth was not significantly different between 100 and 300%
fertilizer treatments where both M. oryzae CBMBZ20 inoculation and foliar spray of
methanol were included. This result indicates that, with the plant growth promoting
effect of M. oryzae CBMBZ20 and methanol, fertilizer application rate can be profoundly

reduced without any significant decreases in biomass accumulation and yield of crops.



CONTENTS

G-

Abstract 2
Summary 7
Contents (English) 10
Contents 11
[. State of art and Research Goal 12
II. Research Scopes and Contents 18
[I. Research Results and Discussion 21
IV. Contribution to related research area 194
V. Application plan 199
VI. New Research Information 200
VI. References 215

_10_



i

alp)

o

Summary

10

Contents (%)

11

Hr

12

A1 A AiEatAl e The

18

21

194

199

200

215

11



L
oA 2] 7
A%

T4

M1

X
<
53 = T
ol T o
o P wM i wm o0
po _z 2N g By
<7 T Q N 5 W
i STEE ST
= Jﬁmo HE - H_ﬂlw Jﬁmo Orr ﬂ E o w El Of ﬂAl\_
§ = 5 T _° mo AT o o NR o
= o ~ N o o T W = W
= = B T ¢ R gt - «
S & o o G me@li;m; LT EZ
= s oy N o g
x < dr 3 T S W o gy o R ~ w5 % aoM R o oo
S = o W a4 2 = z ) ol ~ o] ~ A
e — o 2 ) o N o < E ol _ R CRE [
X T X R = 1 A 5 — 5
—~ —_ ~ =0 ) — rL ‘_ﬂo—ﬂ O < ‘mW = | B4
w B w 0 T 5 T - A W Ao E
o R = 0| Ho Ao = o ) Mﬂ = 7 R How _ Mo =~ W i =
il @@gmﬂo o oveﬂ@ﬂMME ﬂg%@ o
AL o 3 ‘_ﬂo_ﬂ Eo Orr = . ‘_ﬂo_ﬂ T et ﬂﬂ o H_m\_ ‘M ,UF ﬂ@:‘_ Al ~ =
4 @elgaogé ;Toar%%ar. _fﬂﬁg_wlzmx% =
I Y = H T X —_ o 52 JH — X o5 oy :i ~ M 6o )= E — Mo
= E ‘A,.# ZH io ) \_ﬂﬁ Y ey ﬂ_ﬁ oW f owE il s o EE ﬂAro 0 U‘.#
. ﬂﬂ@ it ﬂ%ﬂ@ ﬂ@zmumwuf@‘ﬂ &
—~ — ] —_— ) ! fn .
s o Mﬁ " Em 2 e R T o <5 Mo b " w. ) W w % e zﬂ X o
= zw ;o= R o M% b o i Moo W %w ﬁ ™ W » < B =R T o
o . o~ T T < N - " r o = : W N %
aawwafo@% yquﬁwgﬁg@%%@%ﬂ%gm &
w oy SN = H = T o X B =0 Iy oF X0 o ~ Nro =] - = 00 63 e 1,Urr )
= o 5 e n K 9 TN ~ X g o o © I k3 LI X Mo o- i
g ®oM T ° 8 3! - LN T YA PoLC o =
oy B off " do E ) W ° Blo el x 1 S 5 W
ol o Ho o % o X 5 o =
%ﬂzé%y%% P ER ﬂﬂok;ﬂ%c _<maloqw%
o oo 5 £ N T B W & =0 oy o8 W - T
. ﬂﬂ _ 0 o Yy ~ < _dﬁ oW _E SR N_wr my EE ﬁrL Eo HT N oE X0 iy MH_H
0 ° dAlO qu‘._ \WO ji ui ~ Orl ‘.:L OL ° el -~ .Wu.w \I‘H_l — _ Oﬁ WAI m ﬂ \_ﬂo
by o S BT 2o T © 5 O v e Wog o Mo
) 7 ki B ® 5 "
T o = 7 5 b . MoE o of & = - * o
0 B ] \ml E ok E.E oy P W Bo _~ U ~ . io T~ ! Eo %0 EE
bt T o R P il M o T — W g oo o
=y QTS ™ X iy m X 0 < } il
S e O I R o B I w P E oo - ¥
%Ho#ﬂﬂﬁﬁ?ﬂ.ﬂx k%ﬂikf;% i . T %
ﬂAr_l jans ~ ﬂll JH f JE' — E#E O~l =y O# ;OO —_ s ,OI dl dl ﬂDl oy »AL
= gﬁég uﬂ1kmq R 7T 2 ° R
~ do ] S . o+ = o 63 1 w9 = o) & o w R
ghﬂgy%Jmmqﬂavﬁogwg @g%gﬁoﬂ_,ﬂo
< m = = = " G I 2 o ,_a o] o e = o o o
N o . U = of o P
owE OT o ﬂ m \ml Z.o Orr ~ ,_Qv wlArL ﬂm 1 EE X_i U;A EE
o @ﬁ _ B _ ﬂ oS M_uH o ~ Eﬁ = = E
T o o s <A do o < o
> Mo T X ofp il oo - 7=
UJA X Eo o Z.o K -
SEY g4 7 g2 COR O
= o 3 p X B
i g E w3
< " o 2

- 12 -



= oo olgiEow MEF A A A7) ZAEC = Z# I (plug)dt W S=Etha dle] =
HIIE o]ES A}t ZHaEE JAdE A B AW g FH B Sorn Bygon
AFe dutd o Zejarz Bga gl

Methylobaterium< pink—-pigmented facultative methylotrophsic bacteria® <7 v &=
(Austin and Goodfellow 1979; Patt et al. 1976; Green and Bousifield 1982, 1983), #l& A3
Howg 1% 249 a-Proteobacteria L1w°| %3, ©AYo == formate, formaldehyde,
methanol, methylamine¥} %2 one-carbon 33 &-2 o|&3t} (Lidstrom 2001). wEbs] w &
WEeshe AEe] xFoA Ee B Ao shestH, oAy Hw A4 7142 Figo 1

7k

o
»

kv

. °]% methylotrophic bacteriat™ 4 UoZ WELS HatE AeuxE o] &3td
A &8 ¢ doH (Corpe 1985), Fad s Huz HA 4T F i, AFo] P43l
Aol A we AAFIF EAFe], BE YEF (fresh weight) 1 g9 2&E A9 10° ~ 10

o] &A%} (Dunleavy 1988; Corpe and Rheem, 1989; Holland and Polacco, 1992; Hirano

o o
o
Lol

BN
S

and Upper 1991; Holland 1997). Methylobaterium®] 35 WAH AL Aato]7) ZHE s}
ol Bacillus extorquens@ ©]& +#¢% Bassalik (1913)°] &34 ¥ o Patt 5 (1974) =
Methylobacterium 2.2 A2 o]g&<l wE o]& F#HE& 2+ pink-pigmented facultative
methylotrophic bacteria®ll ths] H.arglvth. Methylobaterium® ¢el? 2= AAZ2 &3+ Fig.

29} 2} o83t Methylobateriume 2| Z52] AA-S F7A]7]

iy

HA2E 27 T4 Novbol

A AT £ s 58S A A v}t (Sy et al. 2001; Madhaivan et al. 2004). F=3F o] u] A

4

=a U0E A S Aedded 4, dAer SAAd dFE A=, AE A
A

ol 72 E AYAQ FFeE = cytokining®] FEAQ t-ZR, ZR, isopentenyladenosine ((PA) ¥}

indole-3-acetic acid (IAA) (Ivanova et al. 2001; Koenig et al. 2002; Omer et al. 2004) %
vitamin Bz (Basile et al. 1985)9] 3Alolth 7t Aoz WA vAES A4S =9 W
dbAlS oA ett)= Aol (Madhaiyan et al. 2006b), 2129 #3A FAS ZolFEth= Aot}

(Cervantes—Martinez et al. 2004).
ol# gt Methylobaterium®| gt Mt Wo] 28 {FEv B-13-glucanase?t Z& HAA
@ (pathogenesis related, PR) wlz gl edegtd < wol-g}o|olAl  (phenylalanine
Al (peroxidase, PO) ¥ #gld& AT
Al (polyphenyl oxydase, PPO)¢} & At3l 459 AAY i ddAT o] v}l 181,
olf g FAEY @A TV e F4L FE HAE STEE Yl oE&sit). Jddde] WE
A e A=Y g A o] AEE 9g A

S RA g3 Aow ¥dHA vt (Boller T, The plant hormone ethylene, CRC Press,

o

ammonia-lyase, PAL)¢} 22 Wo] 4 9 354

< W FAo] e 27] wkgolal

v

Boca Raton, FL, 293-314, 1991; Glick BR, et al., J. Theor. Biol, 190:63-68, 1998; Huang
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H 3 & dA7MgdfE & 2

2. Methylobacterium® 21 & AZ &A% el

o=
o
b
ﬁ
O
o
fob

12} A3k Methylobacterium® A w2 2 & A A5S 8237 $13Fe] ACC Deaminase

24 TAA BAs, AL ZA3At. AW 752 ACC Deaminase@d A2 #5+=

S, =Rl

O_I_/
mlo

30°C AMS Hl Aol A vk 5 dydEestel #FAdS fal, pH 769 0.1 Me] Tris buffers

o] &3}y 2 M 23tk ACC deaminase activityES 537 Y34, 3 mMe ACC7} S

A 5 mle] AMS ®jR|e| A dAE3Far, 30°Ce] shaking water batholl 4] 18 h&<otF vk 3} v}
pH 8.09] 0.1 M9 tris HCIE °]&3te] = ¥ Al&ska, AMS wlAo] &= Az F 200
o] whglglo} &q3 10 w9 toluenes il & HolE ¥ 1 F 50 wWE 33 500 mM2
ACC 5 pl9t =333t} ACC deaminase 432 Honma and Shimomura (1978)2] Hl ol u}
2} ACC deamination®] 2|3t a-ketpbutyrate?] BAtH S =AU}

A w79 TAAS A5 S48 S Bric et al.e] WHeol wel #FE 50 mle] AMS v ||
AowjeE B0 100 pe AE RS 50 mle minimal media (KH:POs 2 g; (NH4:SO0i 2 g;
MgSO, - TH:0, 0.025 g; and FeSO.- 7H20, 0.002 g L pH 724 05% methanold}
L-tryptophan®] H7Fg w=oA 7¢ &<t wid vk #Y & d482 (10000 rpm, 15
min)3te] 42 2 mle A5 9E 10 mM orthophosphoric acid 100 #09F 4 mle] salkowski’s
7] Aol A

=

regent (1 ml of 0.5 M FeCls - 60 in 50 ml of 35% HCIO)E Y& FH

2547 vk 3}al, SpectrophotometerE ©]83}o] 530 nme] HHow FTHALE AT

i
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Table 1. ¢ &3 2L F@A ¥ 3 Methylotrophic bacteria 8] ~E % 2 EA4F &7 5
GeneBank :
Isolates Accession Nearest ) phylogenetic TAA  Siderophore ACCD
nurmbers neighbour
CBMB12 EF126740 Methylobacterium fujisawaense + + +
CBMB13 EF126744  Methylobacterium fujisawaense + - -
CBMBI15 EF126745 Methylobacterium sp. + + +
CBMB17 EF126752 Methylobacterium sp. - - +
CBMB19 EF126754  Methylobacterium sp. + - -
CBMB20 AY683045 Methylobacterium oryzae + - +
CBMB27 EF126746 Methylobacterium phyllosphaerae + - -
CBMB31 EF126747 Methylobacterium fujisawaense + - +
CBMB35 EF126741 Methylobacterium sp. + - +
CBMB37 EF126742  Methylobacterium fujisawaense + - +
CBMB38 EF165044 Methylobacterium sp. + - +
CBMB45  EF126749 Methylobacterium fujisawaense + - +
CBMB46 EF126743 Methylobacterium sp. + - +
CBMBA48 EF126750  Methylobacterium sp. - - -
CBMB50 EF126751  Methylobacterium fujisawaense - - -
CBMB53 EF165047  Methylobacterium fujisawaense + - -
CBMB110 AY683046 Methylobacterium oryzae + - +
CBMB120  AY683047 Methylobacterium suomiense + - -
CBMB130  AY683048  Methylobacterium rhodinum + - -
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Ar0A S ZHE Methylobacterium-3 N-free A v Aol HEd} o] A7 71%] ) <k

sealing 3t th Sealing o7 viX oA 10% &7]5 WolW & 10%9 ofAdz 7~

o] ACC deaminase 4, IAARBA S, AA2uAGS =A% A= Table 294 2uh Adk o
FE9 ACC deaminase /42 59 &l wWEe] #Holsls o =ZA, oE

At FA gk 27] wkgolal, AEd vAEILY HEEE A Wo] AEE 3 A=
A BHgslE Aow dEA Qv wEks ACC deaminase &S 2b= Methylobaterium-2 ©l
gl A AFAJD ACCE 7He st ~2EHA A ol &S fAaAZd B oy A&
o] AAetr Hag 59 dE

ZH ARSI S shrhal gE A Ak A3 Methylobacteriu
@4 e
alpha-KB/mg protein/he] W92 £ 44dS dehllth shA%t CBMB38, CBMB45 ¥ 5=
g2 o] 11.1, 58.8 nmol alpha-KB/mg protein/h® & A4S Ho] &S Afoa] A3+
t} o] $ ACC deaminase &7d¢] %2 97 wFE st AEAY &

s FAdsadth TAA A I NS 9 w5 2y dEskew, o 5 CBMB273%
CBMB31#t 7oA 242y 7.05¢F 6.15 pg/ml= =& TAARAA S &2 & & Aok E=3 7]

T N 7F2E &0 o8¢ + v dHzE dINAF= diraAdes AT 2

pes)

o, L 5 CBMB46, CBMB20, CBMBI110 w57} 2335 ~ 494.7 nmol

CBMB1103} CBMB20 #=FolA 22} 30.13% 199 nmol C:Hy/mg protein/h® & A4S 1}

Bl AL &9 & 5 Ak o3t AxE Eghsle] A3t 97 Methylobaterium TS
S FS Ao AFE3F T

A
oX.

3. Methylobacterium A% A 59 e AF 2 A&EF

AaEst Methylobacterium = & A Z&E2 el A% 9 AEFo vA&s a5 do}

Methylobacterium 5 w3t Att. 55 gt & A4 23k vre o} cell pellets

A1, T 003 M MgSOs - THLOZ #1415te] (ODay = 0.8) 4% 9% Zulsvh 2&e)

Az dWe 70% oS3 NaOCle ol &3te] e it A7]aL, Eafsh Asks 53] oy
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Table 2. 12} A3k Methylotrophic bacteria®l ACC deaminase, IAA, ARA &7 A

Nearest phylogenetic

ACC

Isolates neighbour deaminase” TAA? ARA
CBMB12 Methylobacterium fujisawaense 87.9%9.2 3.10£04 6.8+0.2
CBMBI15 Methylobacterium sp. 87.6+26.2 5.80+0.7 8.8+0.4
CBMB17 Methylobacterium sp. 187.1£294 581+1.2 10.4£1.3
CBMB?20 Methylobacterium oryzae 306.3+4.3 5.30£0.5 19.9+0.8
CBMBZ27 Methylobacterium phyllosphaerae 93.2+229 7.05+£0.3 7.2£0.2
CBMB31 Methylobacterium fujisawaense 84.8+2.8 6.15£0.2 8.4+0.4
CBMB35 Methylobacterium sp. 151.9+314 498+0.2 8.1+£0.9
CBMB38 Methylobacterium sp. 11.1+1.2 ND ND
CBMB45 Methylobacterium fujisawaense 08.8+6.6 ND ND
CBMB46 Methylobacterium sp. 494 7+51.77 3.70£04 52£1.0
CBMBI110 Methylobacterium oryzae 233.5+155 5.93%0.7 30.1£14

* nmol alpha-KB/mg protein/h; * pg/ml ¢ nmol C:Hy/mg protein/h

Data are presented as meantstandard error (SE) of three replications. ND = Not determined.
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TE HEIAY. o7 AP Ak Fir9] growth pouches (CYGTM seed germination
pouch, Mega International Manufacturer, USA)e| 23 growth chamberol 4 33 o] =7
S /10743 A Fo] 20 £ 1°CellA] mjFekaith ol % o]& gholl oo Hafgh Fx= Fof
oty HAo)m SASA &Far, Ay Fwo wel thE dRE el dojgt HeETs 54
ST

MAWSt Methylobacterium 7 & Al 3t X719 pouchel A Ajwjgh zpE9] ]l

A= FEde FAsAT (Table 3). 1 A3 Evikze] 4% CBMB46< A3 L= w5

oA e FRNEINE T o & vk CBMBI2, CBMB31 %3 7+ 21.49%, 20.5%<] %7}
&2 I HE ustt). Methylobacterium v F <o wE 3159 H
TFolAl tzxTgel vlaE Ee FEAlEs dvElth M e BEaEe vEhd A ae
CBMB272A 27.1%°] Wizx7 ¥ S7Hes Yewdlew, 2 $2 CBMBI17, CBMBIIO,
CBMBI57} ¥ 15 BN 3 a345 33, vix oz shsete] Rygad &3
g3+ CBMBIS7F 99 cm® 71 =2 BeE|AAds yeldlon, ol& x4 v 22.1%9 <
7He-S vERd Aotk CBMB31, CBMBI2, CBMB20 %3 z}z} 132%, 84%, 8.2%¢ =7}
&2 1 HE ok 5 27109 poucholl Al Awigk ZHE] el ZHE wpr) ofzke] z}
ol MOo|X| W E Methylobacterium w5 HE A TolA thxT v ez ®
H7b = AE gl #F 7 v

Aal Methylobacterium T 3% A 1 2749 pouchol Al A3t 2Eo] AEFo| 1
e 9SS o Ay BvlEe ¢ CBMB46S A3 ZE o5 HFE A folA gz
T ouv] =2 AEFES 2 T F AT (Table 4). 53] CBMB20 HE A& FollAl 251
mg/plant= 71 ¥ AEFTES HAa, ol X u¥] 619%Y AEF SUMEE 794
= 2NERE g9 & 5 Jvk. CBMB31, CBMBI12 %3 7}7} 445%, 37.4%9) E71& =
I HE ustt. Methylobacterium 5 o] WE 313 AEFTL BE #F AP FoA
el nE Fe AEFS vewnh oiF CBMBIS w5 HE A FolA izt v
22%° TUtER P =8 SIS dEedlew, o f = CBMB27, CBMB20, CBMB129]
AR ZF7F 19.3%, 18.4%, 16.7%69] F7HeS vELTE 7hsEke] 11E%S CBMB209] A2+
oA WET UM 266% F7FEE 7H =9kow, CBMBIL10, CBMB35, CBMB27°] =L H&
upskvl, 3FA % CBMB12 A 2ol AE dlZ27un v AEFS 8208391 Pouchol A A vl
gt fTHe &S CBMB20 #F AHgFeA #o4d e F a34E g & & Aoy,
CBMBL17, CBMB46 5 At e FEHAs s 30 238 g9 & 5 gl
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Table 3. Methylobacterium 73Eo] w2 oA Aujst EvtE, 113 7l=ehe] el n

A= '
Tomato Red pepper Canola
Treatment Root Increase Root Increase Root Increase
elongation over elongation over elongation over
(om) control (em) control (om) control
(%) (%) (%)
Control 8.2 £ 0.6cd - 75 + 1.1b - 8.3 £ 0.3bc -
CBMBI12 10.0 £ 0.9ab 214 8.9 £ 0.5ab 19.2 8.9 £ 0.4abc 8.4
CBMB15 8.6 £ 0.4bcd A7 9.1 + 0.3ab 20.8 99 £ 0.3a 22.1
CBMBI17 9.6 £ 0.2abc 159 9.1 £ 0.1ab 21.2 8.2 £ 0.1bc -0.5
CBMB20 10.8 + O.1a 31.4 8.3 £ 0.2ab 11.1 8.9 £ 0.3abc 8.2
CBMB27 8.3 £ 1.0bcd 0.5 9.5 £ 0.7a 27.1 8.4 £ 0.4bc 1.8
CBMB31 9.9 £ 0.4abc 20.5 87 + l.1ab 15.7 9.3 £ l.1ab 13.2
CBMB35 8.5 £ 0.7bcd 35 79 £ 0.3ab A7 7.7 £ 0.6¢ -7.3
CBMB46 7.8 £ 0.5d 5.7 8.6 £ 0.2ab 14.0 8.8 + 0.5abc 6.9
CBMB110 9.4 + 0.3abcd 14.1 9.1 £ 0.4ab 20.8 78 £ 0.3c -6.1
LSD (P=<0.05) 1.7 1.7 1.5

Each values represents of three replicatates per treatment. In the same column,

according to LSD at P < 0.05 levels are indicated by different letters.
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Table 4. Methylobacterium F&o°] 5o A Aujgt EntE 3 FhEdre] AEF 1A

= &%
Tomato Red pepper Canola

Treatment Increase Increase Increase

Dry weight over Dry weight over Dry weight over

(mg/plant) control  (mg/plant)  control (mg/plant) control

(%) (%) (%)

Control 1.54 + 0.12f - 3.1 £ 0.14c - 248 £ 0.02cd -
CBMB12 2.13 £ 0.1cb 374 3.6 £ 0.08ab 167 234 £ 0.07d -5.6
CBMB15 1.96 £ 0.12bcd 26.5 3.7 £ 0.09a 22 2.79 £ 0.11abc 125
CBMB17 1.93 £ 0.08bcd 24.5 34 + 0.33abc 125 2.67 £ 0.09bcd 7.7
CBMB20 251 £ 0.08a 61.9 3.6 £ 0.09ab 184 314 + 0.34a 26.6
CBMBZ27 1.86 + 0.11cde 20 3.6 £ 0.06ab 193  3.01 £ 0.15ab 214
CBMB31 2.24 £ 0.16ab 44.5 34 £ 0.09abc 115 2.87 £ 0.15ab 15.7
CBMB35 1.67 + 0.14de 7.7 3.3 £ 0.03bc 82 311 +£ 0.07a 25.4
CBMB46 1.27 £ 0.07f -181 33 £ 0.01bc 89 2.91 £ 0.03ab 17.3
CBMBL110 191 £ 0.18bcde 23.2 34 + 0.14abc 121 311 + 0.07a 25.4
LSD (P=<0.05) 0.37 0.4 0.4

Each values represents

according to LSD at P <

of three replicatates per treatment. In the same column, significant differences

0.05 levels are indicated by different letters.
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4. Methylobacterium J& W& 319 ethylene A F

Growth pouchol Al Auf3r Fy=etel 319 Methylobacterium & WE F12] ethylene
IS SASAT Ethylene WA F4& 9l &8 A5FE S pouchdl A 2=
S FE5te] AAFT =4 T 120 ml GC bhottleo] #¥+=Tt}. Rubber serum stopper® $175 9
2 T AN AAAZIY. AA - 1 ml gasE head spaceol 4] 33 3Fe] Gas Chromatography
(DS 6200, Donam Instruments Inc.)& ©| &3 ethylenes ZA 3%t} ethylenes 4 & 7+

R AEFTS SAsA

21 Z-9] ethylene " 5 7] Wrgo B A Methylobacterium & UE
FhEehe) 3159] ethylene YA S FAHSAY. 7l 129 Methylobacterium & A3
ethylene YA F2 CBMBI7S A3t & A& A FoA dET dib] @& ethylene A
2SS el (Fig. 1). £3] 7l=gtelas= CBMB20 87 (264 pmol ethylene/g dry
weight of plant/h)7} 7F3 w2 ethylene ZA S Uedlon, 130 A = CBMB35%}
CBMB110 A&7 (7} 8.0, 8.1 pmol ethylene/g dry weight of plant/h)ol A 7} vk}, =
g Zhzb A= AP ethylene WA RIS Fote] Aepd Qe dobd ¥, =8

24333 (R = 096)S 8¢l 8 4 gl

il
rlo
[
mt
)
[
o
=

5. Methylobacterium A F° W& Ente 313 9D J=do] AS S a3

Pouch 28-S &3 XAW3l Methylobacterium A5 wE &2 Af 3 &35 13

2 AFASE LS A% AE AEES HE 24A4EE ST FANES BEvfE) 3
F I=gE AdEdnl. WA 05%  succinateE 7S AMS  HIAE o] &3]

Methylobacterium 7% (CBMB12, CBMBI17, CBMB20, CBMB27, CBMB31, CBMB35
CBMBI110)& wjataivh. #F & st 5 A4 skl vhego} cell pellets Aar, vhA]
0.03M MgSOy - TH:0Z 543t (ODee = 0.8) HE A& Fvatsith EvtEet i3 FA=
WS 70% o€ NaOCls o] -&3te] £HE Hat AFTh dds 45 53] o) duF
of M=%t & Methylobacterium® X EE o] F7} shakerol A 447 &

ek e BEviEe 15 FAE HEZF #0507 28 2 Ef ool #Edte] Growth
chamberoll Al Z3} &+ 27 (28 °C/ 22 °C)2.= 14 h/ 10 h A¥jsrsivh 5 21¢ ¥ 300 ml
F-3l9] pot®z o]k slal, 4= &7 Aulssivh Pot o]4 § sF 23, 30, 37, MY A FF
Aol (10° cfwmDe AYsAet. 5 4593 559 A 747 2o 7] A4S SAsI 0

™, 58U Fgrato], e Zolek He, 719 UeT e AU

2

e dEs
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&

mOCanola (LSD=7.9)
B Red pepper (LSD=10.6)

& &

Ethylene emission

(pmol ethylene /g dry weight of plant/h)

-
(3]
T

S-S NN

Control CBMB12 CBMB15 CBMB17 CBMB20 CBMB27 CBMB31 CBMB35 CBMB46 CBMB110

(3]

Treatment
Fig. 1. Methylobacterium 7 &o] -2 oA Aujgt 115 st el DA k] 71X =
%3}, Each values represents of three replicatates per treatment. In the same column,

significant differences according to LSD at P < 0.050 levels are indicated by different

letters.
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xe FEH e AT FEZ 92 507 FH2 $3 Efolo] #E3te] Growth
chamberol Al #3} ¢ =7 (28 °C/ 22 °C)2.Z 14 h/ 10 h A=jatdch 3% 99 5 300 ml
By potZ o]detd i, &A= A AsATh Pot o] & #E 12, 19, 26, 349 A I
et (10° cfu/mDS APsgoen, 35 4094 Fsto], Wy Zojg Wy, =79 A=

off ¥

2y 2y kst Methylobacterium 7 Z&o| &3t EntEe} 132 XA ZAol& #7473
A gy w5 ATl vz dib] 22 ZdelE el & & dATt (Fig 2, 3). ¥&
AHBAA EvtES ¢ CBMB20 M olA 7 =& &7 A4ds &

A EvtEe] 45 A4S CBMB27 HE 7oA o4 = FAERE & & F A
(Fig. 4). ol FAHAl g9 A5 AL ek i3 4594 CBMB27 A
A el o) 3F 5594 X AS Fgk vz 2 CBMB27 i F A E
Aoz FAHAY (Fig. 5). °ol8dt A& & of X3 Methylobacterium i % CBMB27
TF7F EvtESE aige] X4 A& 7 2 A% F3 52 e Aom Ay Edr. 3t
A RE AR AEo] glo] ErbEolA CBMBIS #5 X2 ¢F 13ola CBMB35 #F2] A=
2 A 1 2945 9 A FEAu. 24 xHNA Methylobacterium & EvbE, 3
Fheete] Al nA = AHE FRlIsty] fste] Bele dol& F43tt (Table 5). &
A A3 &9 Methylobaterium w5 A g]7 el A - thy] F7he Hejdol & g<l &
4 9tk ErbEd A CBMB31, CBMB20, CBMBI15 #F A& FolA #94 s s
FT7HE 9l @ & Qdlew, aFet JkseldAE Zh7t CBMB20, CBMB27 i A%
CBMBI2, CBMB20 #5 Aol 2 He8ds Woth o8 T8t fHe e 442

K

Methylobacterium JE°] “=9 AEF vA= adE FHQ 29 EviEY Af EE
Methylobacterium X T-olA tx7+ Ho & AETS 390 & F Aed, o1 F

CBMB20 #& A 7=25Y A5, A5, FdETAA 74 = 2345 & & 5 3

=
e Haoew, CBMB27 JF A TolA THEF 315 g 22 94
dE AHE F & = Ik 2 HZ CBMB20, CBMB110 & 2 oA & AE5S
gl shAARE, v wE Ayl vE F98E HAE vk ol v =akA FhEeke] A
T3 w3k v A e (Table 8). CBMB20, CBMB35, CBMBI12, CBMB17 %
AT $o2 & TUEFT & vHehdoy, o= txT % tE #5F AT vste f9
A Qe 7Y olgt e AE E£38te] 2 o CBMB20 ¢ CBMBI12 #59] X7} &
=



Control " CBMB12 CBMB15 ~ CBMBZ20
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@45 DAT (LSD=5.9)
W55 DAT (LSD=5.6)

N 3] o ~
=) =) =) =)
1 1 1

Plant height (cm)

w
o
T

Control CBMB12 CBMB15 CBMB20 CBMB27 CBMB31 CBMB35 CBMB110

N
o

Treatment

Fig. 4. 22 ZxANA Methylobacterium 7 Eo] EvlE e XAH Ao njz= &3,
Each values represents of three replicatates per treatment. In the same column,
significant differences according to LSD at P < 0.05 levels are indicated by

different letters.
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H
(2]

@45 DAT (LSD=1.2)
W 55 DAT (LSD=2.3)

Plant height (cm)
S &8 8 & 8

-
(3]
T

-
o

Control CBMB12 CBMB15 CBMB20 CBMB27 CBMB31 CBMB35 CBMB110

Treatment

Fig. 5. A x4 Methylobacterium 7<&°] 152 A|FH AAe| vx= &3}
Each wvalues represents of three replicatates per treatment. In the same
column, significant differences according to LSD at P < 0.05 levels are

indicated by different letters.
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Table 5. = x| A Methylobacterium 74&°] EvlES} o] B Ao vx&= &3

Root length

Treatment (em)

Tomato Red pepper Canola
Control 19.9 £ 0.7bc 158 £ 0.Z2b 10.13 + 1.70c
CBMB12 20.4 £ 0.5abc 183 + 1.4ab 1495 + 1.22a
CBMB15 21.1 +£ 0.5ab 16.8 £ 0.6ab 13.33 + 1.54ab
CBMB20 21.3 £ 0.8ab 18,6 £ 1.5a 13.98 + 0.69ab
CBMBZ27 19.0 + 0.5¢ 184 £ 1.Z2ab 12.68 + 1.0labc
CBMB31 22.0 £ 0.3a 177 £ 1.0ab 11.50 + 0.87bc
CBMB35 20.3 = 0.4abc 179 £ 0.8ab 12.70 = 0.56abc
CBMBL110 20.8 = 0.9abc 179 £ 0.3ab 12.93 + 0.47abc
LSD (P=<0.05) 19 2.7 3.0

Each values represents of three replicatates per treatment. In the same column, significant differences

according to LSD at P < 0.05 levels are indicated by different letters.
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Table 6. =2 XAl A Methylobacterium A&°] ErtE e A=F vA&= 23

Dry weight
(g)

Treatment

Shoot Root Total
Control 164 £ 0.Zb 0.19 + 0.02bc 1.83 £ 0.1lc
CBMBI12 1.93 £ 0.2a 0.22 + 0.01ab 2.16 = 0.16ab
CBMBI15 1.80 £ 0.0lab 0.20 + 0.01bc 2.00 £ 0.02bc
CBMB20 2.06 £ 0.2a 0.24 + 0.0la 2.29 + 0.15a
CBMBZ27 1.83 £ 0.04ab 0.22 + 0.02ab 2.06 + 0.02abc
CBMB?31 1.91 £+ 0.03ab 0.17 + 0.01c 2.08 + 0.04abc
CBMB35 203 £ 0.1a 0.22 + 0.01ab 2.26 £ 0.07ab
CBMB110 1.95 £ 0.1a 0.17 + 0.01c 2.11 + 0.06abc
LSD (P=<0.05) 0.3 0.04 0.3

Each values represents of three replicatates per treatment. In the same column, significant differences

according to LSD at P < 0.05 levels are indicated by different letters.
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Table 7. = x| A Methylobacterium 4&°] 1159 A&7 A= &3

Dry weight
(g)

Treatment

Shoot Root Total
Control 1.71 £ 0.1c 0.45 + 0.05c 2.16 £ 0.08c
CBMB12 2.04 £ 0.1bc 0.56 + 0.03ab 2.60 £ 0.10b
CBMB15 1.94 + 0.1bc 0.54 + 0.04b 2.48 + 0.08b
CBMB20 2.18 £ 0.2b 0.56 + 0.04ab 274 £ 0.11b
CBMBZ27 253 £ 0.la 0.62 + 0.03a 3.15 £ 0.06a
CBMB31 207 £ 0.1b 0.57 + 0.03ab 2.64 £ 0.11b
CBMB35 2.04 £ 0.1bc 0.45 + 0.05c 2.49 + 0.14b
CBMBL110 216 = 0.1b 0.56 + 0.01ab 271 £ 0.10b
LSD (P=<0.05) 0.3 0.07 0.3

Each values represents of three replicatates per treatment. In the same column, significant differences

according to LSD at P < 0.05 levels are indicated by different letters.
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Table 8. 22 ZAA Methylobacterium 73E0] 7bsdte] A&

ol A= 2

Dry weight

Treatment (&)

Shoot Root Total
Control 0.62 + 0.14c 0.064 £ 0.005b 0.68 + 0.13c
CBMB12 1.07 £ 0.04a 0.077 £ 0.005ab 1.15 + 0.04a
CBMBI15 0.96 + 0.09ab 0.064 £ 0.012b 1.02 + 0.08ab
CBMB17 1.01 + 0.07a 0.102 £ 0.012a 1.11 + 0.08a
CBMB20 1.14 + 0.06a 0.112 + 0.025a 1.25 + 0.04a
CBMBZ27 091 + 0.04ab 0.107 £ 0.012a 1.01 £ 0.04ab
CBMB?31 091 + 0.16ab 0.092 £ 0.017ab 1.00 £ 0.17ab
CBMB35 1.11 + 0.03a 0.091 £ 0.009ab 1.20 £ 0.03a
CBMB46 0.72 + 0.14bc 0.078 £ 0.008ab 0.80 + 0.14bc
CBMBL110 0.93 + 0.08ab 0.087 £ 0.011ab 1.01 + 0.08ab
LSD (P=<0.05) 0.29 0.04 0.29

Each values represents of four replicatates per treatment. In the same column, significant differences

according to LSD at P < 0.05 levels are indicated by different letters.
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6. A XANNA Methylobacterium AE°| & Evlxol 31

A
Ho
e
Lo
2
i)
=
%
o
off

Methylobacterium FZEo| W& EvlEY 115819 ethylene WA S sty s, 7
& ATEA A AgTte] EwtES 5o & AEFY ST AEFEd o 120 ml GC
bottledll 31 Rubber serum stopper®= 975 "2 5 4A1zF AAA I A $ 1 ml gas

£ head space°l A A3 3o Gas Chromatography (DS 6200, Donam Instruments Inc.)& ©]
23] ethylenes =433t ethylenes =4 & 24 19 AEFTS A9

wil £3rdel wE 58U Methylobacterium <3k
231, rubber serum stopperz 4TS =t 4 AIZF AR F 1
# 3l Gas Chromatography (DS 6200, Donam Instruments Inc.)S ©]&3}9] ethylenes =4
3T A EFTS ethylene A 5 70°ColA AxsFo] Az FA7F HFo] §& wr7A &4
ST

21 5-9] ethylene W& A~E# A 3k %7] ¥b-&0 =X Methylobacterium & wWE
ErntEet 159 ethylene YAHS AT 44T 8 5 EviE9 153 99
ethylene WA &S Fig. 63 2t} BE Methylobacterium 5 % A FollA thzxTo H
3 @ ethylene WAHFS yERY. EvlE deo|A = CBMB20, CBMB27, CBMBI5,
CBMBL10 w5 AT olA #2743 ethylene AZS &2 & & Ao, a5 o &g
CBMBI110, CBMB31, CBMB35, CBMB27 & A2+ <o % ethylene A%-& 29 & 5 9l
AT

thgow 423 5 A4 2 EA9 cthylene A HEHS AU}, 1A A=
A Ayt 25 Methylobacterium 1t & A2 F-olA diz+ ] &A%k ethylene A3
2E Feo & £ AAvt (Fig. 7). EvtEAN  Methylobacterium 5 HE A& T9
ethylene DA 72 ~ 12.0 pmol ethylene/g dry weight of plant/h® 24.5
dry weight of plant/h®] ethylene WA S HQ tjzxz7-ol wlg nf-%
CBMB20, CBMB27, CBMB110 5 A 2|7l 7294 8= ethylene 445

A 2] ethylene

pmol ethylene/g
wokow, 579
el &t o
o} w3t A aFE w3 35 ~ 139 pmol ethylene/g dry weight of plant/h® 31.9 pmol
ethylene/g dry weight of plant/h®] ethylene A &S ¥l o w3 wj-¢ w¥gon =1

Ol

< CBMB20 ¢ CBMBI110 w5 A g7l 724 A= ethylene A7ha ¢ & 4 UATh
ol M3l Methylobacterium 2] ACC deaminase Aol 93] 229 ~E#HA Z7|d

$-91 ethylene®] A7 342 7HAgE AL & 5 Ak
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s 50 m Tomato (LSD=8.0)
c
c i m Red pepper (LSD=3.6)
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W
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£
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— 0 1 1 1 1 1 1 1

Control CBMB12 CBMB15 CBMB20 CBMB27 CBMB31 CBMB35 CBMB110
Treatment

Fig. 6. =2 X749 A Methylobacterium 7 Eo] Wt EvtEQ}l 113 o] ofgd= kAl &k,
Each values represents of three replicatates per treatment. In the same column,
significant differences according to LSD at P < 0.05 levels are indicated by different

letters.
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40

O Tomato (LSD=2.5)
30 | B Red pepper (LSD=4.1)

20 |

Hanndbbhn

Control CBMB12 CBMB15 CBMB20 CBMB27 CBMB31 CBMB35 CBMB110

Ethylene emission
(pmol ethylene /g dry weight of plant/h)

Treatment

Fig. 7. &2 Z7d A Methylobacterium 7 Eo| w2 EwntE9l w3o] o eall WAk
Each values represents of three replicatates per treatment. In the same column,
significant differences according to LSD at P < 0.05 levels are indicated by

different letters.
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7. Methylobacterium J&°| W& Jl=e fH9 odw A A

Akt Methylobacterium o5 & A 7h=dk FH o g# AR mA= 2HE ¢
olr 7] 913t AEES A WA 120 mle] GC bottled| IFHAE 2% 23 2 mle F
F7E Yol H autoclaveol Al sttt T FEHE 0.5% succinateE H7Fs AMS #l A

o Methylobacterium 5% W FstATt wF5 wgs &= A4 Flsko] whe o}
cell pellet Aar, A 0.03 M MgSO, - TH.OZ 34 3Fe] (ODgyp = 0.8) H=E A& &3+
th ZE FAE EHE 70% oEE¥ NaOClE o|g3tel wwg dvr Al7|3, datd # ol
S5 53] o] wWitgrol AlA3 3 Methylobacterium w52 A X & Eele] w7} shakerol] A 4
AL S #FE AEST. 2 5 15709 #AE 44 Edd GC bottledl|] 943}l
Growth chamberel Al 20°C/25°C, 10/14A|13F, 3t/w& F7]12 Aujstadth wof 3¢ 3¢ 2 ml
o] ALV HIFE A &S Hoagland's solution¥} ##]3F ¥ (ODey = 0705 7} 2 HZE3d}
Act F218 e A9 A7 F7ME Hoagland's solutions #71slgth Wol 8Y 3 2 mle o
84 (05%, 1.0%, 1.5% NaCh& H7Fstslal, FAeae SRr7E A7iesih. 928949

A7} AXNZE Fo = GC bottle ¢ ¢7Z rubber septum &2 il 6A7F AA Fof 1 ml gas

T

£ GC bottle ¢ headspaceol ~ 23] 3} Gas Chromatography (DS6200)°.% ethylenes =4
ST

S Methylobacterium w5 BE A 7F&t 8 o & A H nx= 2948 &
olx7]  flgted  AHFS  FAIATE. Fhede odE FFAdol L A=EEA
Methylobacterium +2 ACC deaminseo] ¢]3}lo] Aoj&= odale] WS A9
(Fig. 8). CBMBI5, CBMB35, CBMB46 5 H& 79 A5 izl vlsl #2974 A=

o &l A7+& el & £ gl ety CBMB27, CBMBI12, CBMB31, CBMB20 73 HZ A
To A= FoA d= dEd A BE B S A o9k 2o oEE wAHE Ans

[e]
&
S #3ste] B o] CBMB20 3 CBMB27 #3F7) ol€# Aojo] oo 714 2 w37t 9 A
o, w3t Methylobacterium w5 A2l w& & odall WA x}o]=

sldel AR HE 10 429 Aole] g Ao Arw)

o] o

8. Methylobacterium J =] & 71589 54 s =4

22 zZHA  Methylobacterium 74Eo| W& Ity 24 dHS A7 9

SPAD-502 9124 24718 AHgstgith of 984 2471 2 x 3 mm WA 99 4, 3 F

b

HE AR HE=3te] Ao 27t 9o xpddE AHE 650 nme F34&-S reference?l 940
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Ethylene emission
(pmol ethylene /g dry weight of plant/h)

0

dCanola (LSD=3.9)

. IH I“l

Control CBMB12 CBMB15 CBMB17 CBMB20 CBMB27 CBMB31 CBMB35 CBMB46 CBMB110

80

Treatment

Fig. 8. Methylobacterium %] W& J1=ete] ojdall kAl
Each values represents of four replicatates per treatment. In the same column,
significant differences according to LSD at P < 0.05 levels are indicated by

different letters.
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SPAD value

[ 30 DAT (LSD=2.7)
3% [ m40DAT (LSD=3.0)

30

25

20

Control CBMB12 CBMB15 CBMB17 CBMB20 CBMB27 CBMB31 CBMB35 CBMB46 CBMB110

Treatment
Fig. 9. &4 27X Methylobacterium B&°] W& Jl=ele] &4 &

Each values represents of four replicatates per treatment. In the same column,

significant differences according to LSD at P < 0.05 levels are indicated by

different letters.
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Growth pattern of CBMB12 and CBMB12-gfp
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10 L —+— CBMB12-gfp
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Time

Fig. 10. AMS ®}#|olA CBMBI12¢ CBMBI12-gfp¢ 47 siel v
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Growth pattern of CBMB15 and CBMB15-gfp
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Time

Fig. 11. AMS HjA] <A CBMB15% CBMBI15-gfpe] 47 s& vl
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Growth pattern of CBMB20 and CBMB20-gfp
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Fig. 12. AMS HjA] <Al CBMB203% CBMB20-gfpe] 474 s& vl
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Growth pattern of CBMB27 and CBMB27-gfp
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Growth pattern of CBMB31 and CBMB31-gfp
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Fig. 14. AMS ®jA] <A CBMB313% CBMB31-gfpe] 47 s¥ vl
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Growth pattern of CBMB110 and CBMB110-gfp
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Fig. 16. 34 A3st 2 v AAS Methylobacterium spp.7g&°] EvtESHo B Fd] nl x|

i)

-

= %3} Each values represents of three replicatates per treatment. In the same column,
significant differences according to LSD at P < 0.05 levels are indicated by different

letters.
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Fig. 17. 3243 9 v)dAAS Methylobacterium spp. JEFo] EvIEFHS ALEZFd 1|z

+ &3 Each values represents of three replicatates per treatment. In the same column,
significant differences according to LSD at P < 0.05 levels are indicated by different

letters.
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(DS 6200, Donam Instruments Inc.)& ©| &3 ethylenes Z43}% T ethylenes H4H & 7

FRY ARFE 245

21=9] ethylene W& ZE# 2o gk 27] w02 op A H v FAHE
Methylobacterium spp. JE°] W2 EvlE 9 cthylene RS A3, EviE FH9
5 AF A ecthylene A FS 7 v @& 235 < & & Ao, 7} +#F
o] gfp FAASE A7 et v FAHE A el & Eold HolE 2l & F ot
(Fig. 18). 21& 9] ethylene & A= 22 A3t Methylobacterium spp.”} A34HsH= ACC

deaminased] &8 o]Fojx| W, o]= Methylobacterium spp.8] &9 glo] W F23% 7%
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o
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5 S AAS Methylobacterium® A X &Aoo @37} shakero] A 441 7F EoF
TTE FEFEPY. o5 Ay FAE F1re growth pouches (CYGTM seed germination
pouch, Mega International Manufacturer, USA)o| 23 growth chamberol 4 #3} ko] =7
S 127178 o] 20 £ 1°Col A Amekait). 2], aF, Jhseks 27t dF 109, 159, 18Y
L myglo] Zojo} AMAFES =A3S ). Biomass =4 5 d A A Methylobacterium® %)
S sty el w-gAA AME <o, aF, JhmE fHE o, =7, e FEE
Confocal laser scanning microscope (CLSM)-& ©|&3te] #2439t Alas 7749 F&&
lem 7tgoz e £dol= ZF&~ 9o Fil, Vectashield mounting mediumg * 3 3
AN ST E Yol FnEdy. dvd #FLE Leica TCS SP2 confocal system (Leica

Microsystems Heidelberg GmbH, Manheim, Germany)3 Ar ion laser (Gfp: excitation, 488
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nm; emission filter BP 500-530)& AF&3}%1 3, CLSM system (version 2.5.1227a) 43X E 9] o]

£ o83 A0l 20, 44, 8¥) Fo= Fuiste] wFE <l

- 10 r D Wild type strain
<
% W gfp tagged strain
8 60 | LSD=9.
i (LSD=9.0)
] T
C w
O £ 50
g =
E g 40 -
o
(]
€9
2= 3
P L
>
w32
£ 20 |
°
g 10 |
o
S
0 . . . .
Control CBMB12 CBMB15 CBMB20 CBMB27 CBMB31 CBMB110

Treatment

=

Fig. 18. &2 A% 2 v AAS Methylobacterium spp. JFo] EvIERH ethylene WA
wroll A= &3}, Each values represents of three replicatates per treatment. In the same
column, significant differences according to LSD at P < 0.05 levels are indicated by

different letters.
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puit
%

—_—

Br

o

o}

A A3 Methylobacterium)

[}

1}

B.9lom,

HEE

=
[}

Fol 20.2%, 156%9] e A%

G

HATH &

g

=
[}

T Aoz 4L 66%9)

3|

¢13Ftl (Table 9). Biomass

o

Methylobacterium

o}

0

3 F

Methylobacterium<)

4

oA A7 2o ATk (Fig. 19). vHsfA]

—
o

0

o
il

AR 32 Methylobacterium 2]

[}

A

]

7] oH it sl

R

3|

A7F dFoz <

o}

At (Fig. 20). 7=
A HAAG. Fhmet o)A g

Jlom, A 9lA

AR

(o3}
A

P

3}
ol

g oh SlefA

HA3Z Methylobacterium 2

[}

]

A

2}l

i T

o)
5

[e]

AR 32 Methylobacterium®)

[}

1ol A

o] FaL AT (Fig. 21).

=
=

A

A (Tig. 22).
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Aol
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o] ]
=
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b oA
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Nlo
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Qo], aF, JhEE FHe A

i3

2ol A A ey
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-+

ﬂ

o
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3
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A4
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5

—
o
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i
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7y A& BHE 70% ol e&olA] 1, 2% NaOClolA]l 1+ &<t dExt 5 Har=E AA3H4
hoEES FRE ek AN o a vk sy, W@ ARE 4£Co mustar
Table 2. A& Methylobacterium® FF°] 2], 15 7hEdhe] #2204 92 A Fo| o
Ae A
Root Increase Fresh
Treatment elongation over control weight
(cm) (%) (g)

Cucumber

Methylobacterium 1255 £ 04 20.2 21.47

Control 1044 + 06 - 18.74

LSD (P < 0.05) 141 - -

Red pepper

Methylobacterium 11.92 £ 05 15.6 3.89

Control 10.31 + 04 - 3.24

LSD (P < 0.05) 142 - -

Canola

Methylobacterium 12.03 £ 0.6 6.6 5.25

Control 11.28 + 06 - 483

LSD (P < 0.05) 2.17 - -
Each value represents the average of three replicates per treatment. In the same column, significant

differences according to LSD at P < 0.05 levels are indicated by different letters.
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Fig. 19. 2] ol #AAAZ Methylobacterium 3. (a) FAH#; (b)) FZAAZ

Methylobacterium &7
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Fig. 20. 3% BeolAeo HAAZ Methylobacterium 3. (a) TAHd; (b)) IZAA

Methylobacterium A&7, 4080 &; (c) @A A3 Methylobacterium 27, 88 &di; (d) ¥



A8t Methylobacterium &l 7-¢] gfp ©l7| X ¢} optical ©]v7] ]2 overlap

Fig. 21. b= g9 dAAE Methylobacterium® 3. (a) ¥A2; (b)) JAAF
Methylobacterium &7, 8081%; (c) A A3t Methylobacterium 27, 49] 2; (d) I 2



A8t Methylobacterium &l 7-¢] gfp ©l7| X ¢} optical ©]v7] ]2 overlap

Fig. 22. Jb=g dolAe FAAS Methylobacterium 3. (a) ¥z, (b)) FAA3F
Methylobacterium A7, 1608&; (¢) FAel ¥ FAAE Methylobacterium® gfp ©]7| A

2} optical ©|7] X 9] overlap
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7 S5A4E A8 v E 1 mlE sk 9 ml A FE FgAsta 308 A" AFH
g 35 107 ~ 1079 34 ®WLE 0.5% succinate® FAA (Kanamycin 10 pg/m¢, Nalidixic
acid 5 pg/m¢) E H7Fsk AMS Hi w#|o] malo] 30°Coll A alFsFAtl. vl 48 h o] &5
Y A2 22U O o)A Aeky] A7 AMS H9 iAo A 2rYE Jiskdth
A& Methylobacterium & 5 -2l A Aujs Qo] 15 &t

5 0 .
4% @R WEE E3F Ak A AEY gETAA xS IAQD

o?.nL

iy

A
Methylobacterium® "AxgE &2l & F Ao, FAHZ dxTolrs ZolE + glddt

(Table 10).
14. 71 AL %3 X9 Methylobacterium® 2% WA 723 &% 94

At A Methylobacterium® 2= W/ Zr3}l o] & ek ©AE e At 9] salicylic
acid (SA)$} Siderophore A4S U3t SA AN TS A7 Ha a5 e
d  AAEE (2800 g, 10 min, 4°C)3le]

A7l F At EE ST s5E AR 3 mle 97% methanolS #H7Fste] 34 & 54

mlel 2 M FeCls 5 ul, 3 ml /& H7isto] @A Zoh UV-spectrophotometerE  ©]-8-3} ¢
527 nm 3o w2 FFEE =A3A Y. Siderophore A 52 chrome azurol S (CAS) agar
izl At 755 HEske] Akt ek Mgt vokd Wdirel W 45 &

otato dextrose agar W Aol WY} Mo SAIHETS 53

-0,
Ol
O
N
fie]
Ol
O
2
o2
o2
=
_
>
of o
(o]

YAyt WHE MY (Xanthomonas campestris pv. vesicatoria, XCV),
A1 FetEY (Ralstonia solanacearum, RS), 9Y (Phytophthora capsici, PC)S AF&-3F 3T

Mubrt 2] SA9 Siderophore AAls 2 WTto] 3k 23S &2ldk Ayl Aty 4F 9
Methylobacterium TFE5 2% SAE A= Aoz yelytl oL 5 CBMBISYF 755 +
020 pg ml'2 71 =& SA AES 2= Ao=m FH ) (Table 11). Siderophore A4
o AS AY #FE F CBMBI29F CBMBISOIA = lon], ywx F o
Methylobacterium™ "7d%°] gl Aoz &l HTh (Table 11). HgF AdarFo FYaf
o 3 Z¥¢es A wx HES %3 inhibition—zone s A3 Ay ZE HAurFrt A9

H
of AHgd == Wate] Wig A¥eo] itk Ae AT (Table 11, Fig. 23).

r{

15. 71W] AAE £33 AW Methylobacterium® 2% WA Z2 &3 AA
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71 A9S Fa A Methylobacterium® 2% WHA 2 235 @JA37] 9sle] =

Table 3. - oA Aujst o] 313 Jre=etolA FAAS Methylobacterium® THH %

Cucumber Red pepper Canola
Treatment
log cfu g ' FW
Control - - -
Methylobacterium 559 £ 0.02 4.36 £ 0.15 5.56 £ 0.02

Each value represents the average of three replicates per treatment.
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Table 11. A Methylobacterium® & WA &%

Isolat Nearest phylogenetic Salicvl: " Siderophore Antagonistic
solate alicylic aci
neighbour v production effect”
CBMBL2 Methylobacterium APBL09] . ~
fujisawaense R
CBMBLS Methylobacterium 7 E510.90 . B
fujisawaense R
T Methylobacterium
CBMB20 6.66+0.15 - -
oryzae
T Methylobacterium
CBMB27 6.52+0.32 - -
phyllosphaerae

a

(g ml™;  PTested against Phytophthora capsici, Xanthomonas campestris pv. vesicatoria, Ralstonia

solanacearum. Values are presented as meantstandard error (SE) of three replications.
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£/

Xanthomonas: campestns :

V. vesicatori:

Fig. 23. Phytophthora capsici, Xanthomonas campestris pv. vesicatoria, KRalstonia

[e]

T

ol
toh

solanacearum®l ™3+ A9 Methylobacterium® 2 &%
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of\

(Lycopersicon esculentum Mill.)®} 315 (Capsicum annuum L.)E A ej3tAc). Evfeel 11
A EHE 70% &3 NaOCle o] &38fo] W& AdA AT g $AE 53] o
Foll M zst & MwA Methylobacterium® A X &E o] @7} shakerol 4 4417F &
oAtk AE §F FEZE F1 Ed ool 3F38ke] growth chamberol A &3} ¢ke]
O 2 14/1077F A 25/20°C %o A Awisldt. zH2t EvlE el a13o] oS Ao d
H oAHH e Hyrr=z A4 ZdolEe &¥ws & 747 Wy Al Methylobacterium

HEsAY. Methylobacterium-e HE3A &2 ZYEE Ux+2 ARSI o, =4
olE YE Y il growth chamberolA] #3 ko] Ao & 14/104)7F A 20°C &=ol A wjk
shlvh 39 w5 Wt 9% WS d=F SAse. 239

WA A g 2 Al EvtEwe 4% 0 - 49 2AW A5 (0 - no symptoms; 1 -

=t
e o N
4 12

R
(ld
i)
BN

=

ol
do
[0
N}
iy
o
o
T
oz
%
b
1m

<25% of symptoms on leaf, 2 — 26-50% of symptoms on leaf; 3 — 51-75% of symptoms
on leaf; 4 - 76-100% of symptoms on leaf) & TE3FF o, vt AMFHe] 49 0 - 39 #A
¥ X4 (0 - signifies a leaf showing no symptom or spot; 1 — signifies 2-5 lesions / leaf;
2 - signifies 6-10 lesions; 3 - signifies more than 10 lesions together) @ -3} t}.
Hdytel A EviES a5 Sleo] AW AFE g Ay A% Methylobacterium &
Aegk Aelg- 7 tx7- Y] 594 de AW AFY A 2aE g @ F U] o
v 2y EvtEel 13 9o A Methylobacteriums @334 of sl W= 7AsE
&l 3 4 Aern (Fig. 24), AAZ AW A4 Methylobacterium
ol ] 14.7% ~ 39.7%, a5 Al 17.8% ~ 387%% 94 dv #H
EFETl (Table 12). Aletd W Agtoll M o]of FAMSE A3E 28 & U=, v Al 9
4% Methylobacterium-e A& 3t59& W e dlxo] gAd] sk AL &2 & F 3
Ak (Fig. 25). 53] CBMBI12¢] AgolA 7H #od de 24 A Ad 238 &9 &
G AATF (Table 12). T3k AlvtA FEvpEH e A% vzt RX 2 Methylobacterium-= 2]
shls Wl thxt ] S WS HAE S & & Y (Fig. 26). Aletd EvkEH ol
o3k Ax A= 53] CBMB20 & Aeg7olA 7 594 de= #a 2345 Y
(Table 12)

16. 7|Vl A S 53 Methylobacterium w5 &0l ol A9d U9 aqada A

o WA= A 8e
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Welvtel Zelsl ErvpEel a5 Qo) ~EHA " e FA] 98 A et
v !

A FA F dg FFste] 120 ml GC bottled] ¥ =Th

Table 12. Methylobacterium &) Wtrol| e EvtEel 13 ¢leo] W X Fof njx| &

3
Trentment Disease index (%)
Tomato Red pepper
Phytophthora capsici
Pathogen alone 94.4+5.6a 86.1+2.8a
Methylobacterium fujisawaense CBMBI12 80.5+2.8h 68.1£9.7ab
Methylobacterium fujisawaense CBMBI15 61.1£5.6¢c 52.8+2.8h
Methylobacterium oryzae CBMBZ20 56.9£1.4c 52.8+2.8h
Methylobacterium phyllosphaerae CBMBZ27 75.0+4.2b 70.8+4.2ab
Xanthomonas campestris pv. vesicatoria
Pathogen alone 91.7+8.3a 80.6+2.8a
Methylobacterium fujisawaense CBMBI12 50.0£16.7b 55.6+11.1b
Methylobacterium fujisawaense CBMBI15 51.4+6.9h 56.9+1.4b
Methylobacterium oryzae CBMBZ20 62.5£4.2ab 56.9+1.4b
Methylobacterium phyllosphaerae CBMBZ27 66.7+0.0ab 55.6+£11.1b
Ralstonia solanacearum
Pathogen alone 83.3£16.7a 83.3%£16.7a
Methylobacterium fujisawaense CBMBI12 44.4£11.1b 48.6+6.9h
Methylobacterium fujisawaense CBMBI15 43.1+1.4b 51.4+6.9ab
Methylobacterium oryzae CBMBZ20 43.1+1.4b 38.9+5.6b
Methylobacterium phyllosphaerae CBMBZ27 486+6.9h 52.8+£2.8ab
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Values (mean * S.E. n=3) with the same letters do not differ significantly at 0.05% (1L.SD).



Fig. 24. Methylobacterium 73%°] Phytophthora capsici (PC)el g EvtE 9o W b

Ao mA = Q4. (A) PC alone; (B) CBMB15 + PC; (C) CBMB20 + PC
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Fig. 25. Methylobacterium “4&°] Xanthomonas campestris pv. vesicatoria (XCV)ell 74

I F 9o W A nx= 94k (A) CBMBI12 + XCV; (B) XCV alone
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Fig. 26. Methylobacterium 7&°| Ralstonia solanacearum (RS)o] # ¥ EnlE o] W=

vk 1l X = 93k (A) CBMB27 + RS; (B) RS alone
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Rubber serum stopper® 75 %2 $ 4A13F AXA1ZITh H A F 1 ml gasE head space®l
A A FH3te] Gas Chromatography (DS 6200, Donam Instruments Inc.)S o] ethylenes
=43} A ). ethylened =4 3 7 Ao AEFS =AY}

ACC deaminaseE M= Methylobacterium 0] W dtro] 7o EntEel 113 99
2Ef 2 odall S A FEFe & solvh. guel Hdd EviES 1
Methylobacterium®] & 2E#H A el 58 o4 JA ARA7I= H
F AU (Fig. 27). EvtE AolA Methylobacterium 879 o&= =58 9 G A
gl vl 61.5 ~ 85.5%9] Agt&s Hlow, o & CBMB279] HFo] 714 2 o=l Az
FHE Mol Aowm uerwv B g oleo] ojdal Mg mdk o]of FrALESl o,
CBMB209] HEo] 714 & A 595 Heolw Aoz g Itk vk A
o] AF+E Methylobacteriums &39S W £ A= o2 A 5345 &I & F
AR (Fig. 28). 27 Methylobacterium®] &L wb A+ &g X+ div] Eab
I SolA 103 ~ 521%9] AEs HAT Al EerEwed
ES

Al 26 ~ 67.9%, aL
g 5 i LA R Methylobacterium 8 7oA 94 A= AES

of ~EH 2~ odd

13 A Tt (Fig. 29). 47} Methylobacterium?] HEL AxtA EvkEd @d X e &
phE Qe Al 405 ~ 74.8%, i1F Aol 182 ~ 50.8%°] A#E&E HMlow, o] F CBMBI2
o Jeal AEgo] 7t & Aoz yElyt) ol# s AWNELS Methylobacterium©] AArsl=
ACC deaminase®l ¢]3fo] WAgte] &3 ~E# 2~ o dal FFo] figh Zo= A7y, 1

of wE WF wI PAasks Ao A}

I

Ay

iy

17. 22 A& £33 AW Methylobacterium® 2 EAFAZA 2 YA A a3 4A

o

ACC deaminseZE A= Methylobacterium 58 283t WA A  (Bacterial
spot)¥ Al7tA EvlEH (Bacterial wilt)o] =9 EvlES 3139 2EY XA JEH#: £ X
Aol o)gk Wojukg FE sty f8 A AREs FdskAr. 24 HA3s 98 7
Zol vy Methylobacterium FZ 10,000 g, 4°CollA 1087 QA E 3] =73 v},
0.03 M MgSO,E AR&3le] 29 Al 5 o YA &7 d94¢ ¥ O
1.0 (10° cfu mhH=E Z=AFAY. Evl%E  (Lycopersicon esculentum Mill)9 313 (Capsicum
annuum L.) FEAE 70% o ¥E 138, 29% sodium hypochlorite 1¥-7F X g]3le] TS Ht A

At d4dl ExE 53] oA Hirol AAS & Methylobacterium 58] A EFEA ]
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7} shakerol| Al 4A)17F Bt #FE HEd9Y. ETE= 0.03 M MgSOE AFE3e] &3
&

o, Uyt ES YuAEE IR uigs ANEE e 507 Zea Sn Ego]d

25

@ Tomato
20 | mRed pepper

il

Control PC alone PC+CBMB12 PC+CBMB15 PC+CBMB20 PC+CBMB27

Treatment

Ethylene emission
{nmol ethylene fg dry weight of plantfh)

Fig. 27. Methylobacterium® #<&9°] Phytophthora capsici (PC)oll 749 % o] ~EH A o
#A G A= 938 Data are means of three replicates per treatment. Error bars

represent standard error means of treatment values.
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16

14 | O Tomato

ERed
i | ed pepper

10

Ethylene emission
(nmol ethylene /g dry weight of plant/h)

Control XCValone  XCV+CBMB12 XCV+CBMB15 XCV+CBMB20 XCV+CBMB27
Treatment

Fig. 28. Methylobacterium®] “4&°| Xanthomonas campestris pv. vesicatoria (XCV)ell 74

H ode] 2EdgA oddl 3o wXi= 9. Data are mean of three replicates per

treatment. Error bars represent standard error means of treatment values.
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]
=
T

@ Tomato
BE Red pepper

11l

Control RS alone R5+CBMB12  RS+CBMB15 RS+CBMB20  RS+CBMB27

Treatment

ey —y
= i
T T

Ethylene emission

{nmol ethylene fg dry weight of plantfh)

=

Fig. 29. Methylobacterium® #<&°] Ralstonia solanacearum (RS)°] Zdd Ao ~EHYA
ogdall Fao v A= 3. Data are means of three replicates per treatment. Error bars

represent standard error means of treatment values.
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Methylobacterium w77} ZEE TAES IF3AT. IF = 25 A A 25°C, 14/10
AP /Y xHer oA ZY. el & EdolE 242 ow, FH
Methylobacterium T @AEN-S 5 ml ¥ A HAFTs9 5 269 A EviEel 409 #)
155 o8 dPhEEZE @ 400 ml HoAY XERZ oA 39a, Fuitk 10 ml
Hoagland's & HZ|akalvt. A42he] 24 = vhedt 2ow, 449 A = ¢dde v
Aoz 8 W3kt

(1) Control

(2) Pathogen only (Xanthomonas campestris pv. vesicatoria,

Ralstonia solanacearum)

+

(3) Pathogen + Methylobacterium fujisawaense CBMBI12

(4) Pathogen + Methylobacterium sp. CBMBI15

(5) Pathogen + Methylobacterium oryzae CBMB20

(6) Pathogen + Methylobacterium phyllosphaerae CBMB27

(7) Pathogen + Germicide {ZA}o]= (WH3 M), HEA A = (EvpEH)}

Xanthomonas campestris pv. vesicatoria i @& (0.D. 600 nm = 04, 3 x 10° cfu
ml e o)A 3% A, 17¢ A FFsto] HESHQow, Ralstonia solanacearum 5 AEFY
(O.D. 600 nm = 05, 45 x 10" cfu ml e wWF 248 HEFYUh =F wF s
Methylobacterium 5 @< (O.D. 600 nm = 1.0, 10° cfu ml H)e Q4AFH 24 (10 mDol

gk F A8 27 AFe SASGon, £ F el Aol APY U P

(N3

Aol w=ZF9 FEo|A A Methylobacterium w59 FEo] Z&E Ao v A= Fgk

E5S 4% 23 v AT

wd HE Aol vlE] A&

(Fig. 30), wr Al Hel AR EvtEe] FelZdo] A4

Fog el AEF ek gy 2 Hdy @l HE ATl vE fo4 e SUE &

¢l g & AT (Table 13). B3 A4 EvigHed =59 EvtEoA A& AE 4
ot

FE AFTE Aol E710%, Fedo], AE 9 By degol ¥t

o
)
r [0
Ol
L
~
ie?
Ol
L
o 9
riN
>
=
o
42
L)
(IN]
ed
2
o3
4z
)
42
L)
L

o
r%
s
=t

QN
lo
i)
ofN
flo
=
BN
o)
ok
o
-

94 = S7HE & € 5 3USlY (Fig. 31, Table 14). o] A}
s

%_114

jiv

[
o
A WM He wE:E 3Fe] A e AW JFFE FJEe AggoA] Hdy
5

712 el & & 9o (Fig. 32, Table 15), H9#S A g
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Shoot length (cm)

60 |
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10

m Control

m XCV only

O XCV+CBMB12

O XCV+CBMB15

m XCV+CBMB20

m XCV+CBMB27

B XCV+Gemicide

TDAT

e
x

14DAT

*+

21DAT
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28DAT 35DAT

Fig. 30. Xanthomonas campestris pv. vesicatoria (XCV)ell 799 EvlE oA Methvlobacterium

e HFol E7AA e v A

- O
T [e]

i
o
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Table 13. Xanthomonas campestris pv. vesicatoria (XCV)ol| A ¥ Ev}Eo A Methylobacterium

7o) AEo]l 4Ee) RYAo], NAR ALF, B ALFe] nAL 4P

Treatment Root lengf}l Shoot dry v:eight Root dry Wjight
(cm plant ) (g plant ) (g plant )
Control 240 £ 1.5b 10.0 £ 0.3b 0.45 + 0.01d
XCV alone 199 + 1.7¢ 8.2 £ 1.0c 0.39 + 0.04d
XCV + CBMBI12 29.5 £ 16a 12.3 + 0.7a 0.58 = 0.06bc
XCV + CBMBI15 282 £ 1.la 12.3 = 0.2a 0.62 + 0.02b
XCV + CBMB20 29.8 £ 1.0a 12.5 + 0.3a 0.75 £ 0.05a
XCV + CBMB27 22.3 £ 0.8bc 10.5 = 0.3b 0.48 £ 0.03cd
XCV + Germicide 316 £ 2.0a 9.7 £ 0.4bc 0.43 + 0.01d

Values (mean * S.E. n=8) with the same letters do not differ significantly at 0.05% (LSD).
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80

= Control . i
70 H RS only . g
- ORS+CBMB12 .
£ 60 | DORS+CBMB15
L B RS+CBMB20
£ % 1 pRs+CBMB27 o s ool
=) E RS+Germicide
C 40 |
z
E 30 B Tz TErE gy FE
2
o 20 ¢ =,
10 |
0 1 1 1
7DAT 14DAT 21DAT 28DAT 35DAT
DAT

Fig. 31. Ralstonia solanacearum (RS)9] #A R EvlEo| A Methylobacterium 2] & 9|

=757l vA=

(
o
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Table 14. Ralstonia solanacearum (RS)°| 7A€ EwtENA Methylobacterium 59 &

of zHEo] o] A W=F, Fe AETol vA= 9F
Treatment Root lengf}l Shoot dry V:eight Root dry v&{(fight
(cm plant ) (g plant ) (g plant )
Control 2717 £ 1.la 13.0 £ 0.3b 0.45 £ 0.01c
RS alone 194 + 1.6¢ 114 + 0.3b 0.48 + 0.04c
RS + CBMBI12 217 £ 2.2a 16.1 + 0.2a 0.74 £ 0.05b
RS + CBMBI15 28.3 £ 0.6a 17.0 + 0.5a 1.01 £ 0.04a
RS + CBMB20 24.7 £ 2.0ab 13.2 = 1.4b 1.06 £ 0.10a
RS + CBMB27 24.3 £ 1.4ab 165 + 0.6a 0.92 + 0.06a
RS + Germicide 23.2 £ 0.9bc 11.8 + 0.5b 0.55 £ 0.03¢

Values (mean * S.E. n=8) with the same letters do not differ significantly at 0.05% (LSD).
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50 |
o Control
BXCV only % w5
i OXCV+CBMB12 : ..
e " OXCV+CBMB15 ..
= m XCV+CBMB20 TR
- EXCV+CBMB27
% 30 r  gXCV+Germicide
= T =
2
e 90 |
Q
Q
<=
9 10
u i 1 1
16DAT 23DAT 30DAT
DAT

Fig. 32. Xanthomonas campestris pv. vesicatoria (XCV)oll 7 ¥ 3154 Methylobacterium

o HEol F1aA vAE o

i
o
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Table 15. Xanthomonas campestris pv. vesicatoria (XCV)oll A9 315 Methvlobacterium

Fe] WFo] AT Weldo], A 4F AEF, el ABFe| VA AF
Treatment Root leng? Shoot dry v:eight Root dry Wjight
(cm plant ) (g plant™) (g plant™)
Control 249 £ 1.6ab 1.86 + 0.21a 0.69 = 0.07a
XCV alone 239 £ 0.7b 1.07 + 0.08¢ 0.54 £ 0.03b
XCV + CBMBI12 25.2 £ 1.0ab 1.46 £ 0.07b 0.68 = 0.03a
XCV + CBMBI15 25.8 £ 1.4ab 1.51+ 0.11b 0.74 = 0.03a
XCV + CBMB20 282 % 1.2a 1.39 £ 0.11b 0.72 + 0.03a
XCV + CBMB27 274 £ 1.la 1.49 £ 0.13b 0.71 + 0.03a
XCV + Germicide 25.3 £ 1.0ab 1.31 + 0.05bc 0.58 + 0.03b

Values (mean * S.E. n=8) with the same letters do not differ significantly at 0.05% (LSD).
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18. Methylobacterium w5 FFo] WS TAd v X = 43

o

Methylobacterium

shalet.

5
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=

=
=

=

)
s

A WA A
Feach.
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o
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0-79 A AF= 72
7 - Zr=o] 3AFSE (Campbell and Madden 1990).
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gl om (Fig. 38), 249

[}
FaATh (Fig. 39).
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AF
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F e (Fig. 33, 36),

<]

]

[e]
1l

Atk (Fig. 35, 37). ©]<
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akdth (Fig 34).
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Instruments Inc.)S 9]

shoith. A 2xA 9 ACC F4

Fig. 33. Methylobacterium F2] H&o] WA 7Hdw EvtEe] HS WA nx=
XCV+ CBMBI12; (¢c) XCV + CBMBI15;, (d) XCV + CBMB20;

43k, (a) XCV alone; (b)
(e) XCV + CBMB27; (f) XCV + GER.
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Fig. 34. Methylobacterium 2] FFo] WrA Aol #Add EviEe] f=z W o

T WAl "= FFF. (a) XCV alone; (b) XCV+ CBMBI12; (¢) XCV + CBMBI5; (d) XCV
+ CBMB20; (e) XCV + CBMB27; (f) XCV + GER.
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70

@ XCV only —L
60 - MXCV+CBMB12 —
O XCV+CBMB15
. O XCV+CBMB20
$ 50 | mxcv+cBMB27
‘; O XCV+Germicide
Q 40
<]
k=
3 30
©
o
0 20
o
10
0 1 1 1
14DAT 21DAT 28DAT 35DAT
DAT

Fig. 35. Methylobacterium 2] A F°| Xanthomonas campestris pv. vesicatoria (XCV)d|

g mviEe] A A5l MAE 9%,

_86_



B A EEe] 4dE 15

Fig. 36. Methylobacterium 52 7 Zo|
XCV+ CBMBI12; (c) XCV + CBMBI15;, (d) XCV + CBMB20;

43k, (a) XCV alone; (b)
(e) XCV + CBMB27; (f) XCV + GER.
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O XCV only =
70 | EXCV+CBMB12
O XCV+CBMB15
60 | OXCV+CBMB20
Q B XCV+CBMB27
< 50 | OXCV+Germicide
X
<
£ 40 -
o
S 30
o
®
o 2 r
10
0 1 1
17DAT 24DAT 31DAT
DAT

Fig. 37. Methylobacterium 2] A F°| Xanthomonas campestris pv. vesicatoria (XCV)d|

e

Fan g Ay A5l MAE 9w
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Fig. 38. Methylobacterium 2] HEo] At EviEHo] 7oy EwtgEol HZ dhajo|
" x+= 948k (a) XCV alone; (b)) XCV+ CBMBI12; (c) XCV + CBMBI15; (d) XCV +
CBMB20; (e) XCV + CBMB27; (f) XCV + GER.
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60 ORS only
mRS+CBMB12
ORS+CBMB15
% ' QRs+CBMB20
3 ERS+CBMB27
< w0 | D RS+Germicide
o
o
£ 3 L
o
n
>
QL 20 -
o
10
0 1 1 1
21DAT 28DAT 35DAT 42DAT

DAT

Fig. 39. Methylobacterium 59 #H<Eo] Ralstonia solanacearum (RS)o| #9%¥ EvlE Q)

A A% VAL 9

1. G o .
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1 g8 AANALE o] L3 w3t & butylated hydroxytoluene (BHT, 2 mg 1) 7} 34% 5
ml 80% methanol & YWal vl AAE ST FedS AT FHAA FEAA 55315
o}, ACC &%+ Lizada ¢ Yang (1979) & ¥2|Z 3 Wachter (1999) W o2 F33}% ).
Dichloromethane-& A 7%t aqueous phase (0.5ml) & 0.lml HgCls (80mM) et &7 test tube©l
Y31 rubber septum®. 2 175 =ttt 0.2 ml NaOCl €95 tubeo] 5% 3} shaking 3&}¢

B FoF AAAY. AA 5 1 ml gasE head spaceol A A #H 3o Gas Chromatography

(DS 6200, Donam Instruments Inc.)& ©| &3] Atsld odall& A3 AT 2 Ex2 9 ACO
g4 24 T2 24E& WA HAE oSt v - 1 g AR 2 mle & &4 (30

mM sodium ascorbate, 10% (w/v) glycerol, 100 mM Tris—HCl (pH 7.2))& 7} & A4 7 ¢
AT (15,000 rpm, 15 min, 4°C). Test tubed] %< 1.5 mlel 50 uM FeSO,;, 1 mM ACC
A7} & rubber septumlZ 1 TE =i 30°ColA] 158-7F AAEFACE AA F 1 ml gasE
head space®l A 3 &%) Gas Chromatography (DS 6200, Donam Instruments Inc.)-S ©]-& 3]
S AU

EntEeL wFoA whHA T el ot ~EH A FEo oddll WA Lo dostE
ACCe ACO (ACC oxidase)®] =4#e &3 A3}, Methylobacterium w5 & 227
A el slas olEE B A BAE PSS (Fig. 40, 41). BErbEe) A5 ¥t A e 7

DA (EE oA 14dA) 7 thy] 2EHZ o Esll T ] FA43] S/ Ad o

=

2 E4A ATl o)Fe] AEE AU T 5 AN (Fig. 42, 43). o9k FASHA Aldtd Ent
2o mEd BEvfE AEYA g 5 13 WA XY 7YH (RE o] 14YA)

H ] ~Edgs o"lal FEe] Frbdloy AW w5 HE AT

T AT v fFoA sl ZelE HAoH, Atke] Ayelw

L Atel s FASHATE (Fig. 44). sHAIRE A AE A A olres LE o2 8Y4 B4

T T AT FAd Aol g FstA] Eavh md Add kg wFE EviE

o] ACC9 ACO %4 #F& 43 Axp wraAqrge A$9 fAEA Al #55 HE3 A

ol A Blet @l HE g e {94 de dEd AE =

(Fig. 45). o)== A& =435 ACC7} Methylobacterium©] A4+sl= ACC deaminase®] 23

B

;(17& aIE 3 og]_oﬂr,]_
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a-ketobutyrate®t ammoniaZ Z}Ftsl] =7 wZo] ACC FA&Fo| #aw i 1o we} ACO

o ~EH A ol WA w3l AZEE Aot

o 7000
a=> —— Control
> — 6000 f - XCV
N i
° = T XCV+CBMB12
=& 5000 T XCV+CBMB15
£2 i —x— XCV+CBMB20
20 4000 —e— XCV+CBMB27
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— O
» g 3000 f
“é =
@ & 2000 |
o 0O
o
2 2 1000 .
> = ol
£ *~— N /
[T1] 0 1 hall 1 1
14DAT 21DAT 27DAT 35DAT
DAT
Fig. 40. Methylobacterium 5+ &o] WA TH #Zdd EvlEe o gzl WA gro]| u

= o
. [e}

Tk

)
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Control XCV alone XCV + XCV + XCV + XCV + XCV +
CBMB12 CBMB15 CBMB20 CBMB27 Germicide
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Fig. 41. Methylobacterium =+ Z&o| W Aqrwol] A 52 odal WA kol 7| X]=

I
516

3 (31 DAT).
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Fig. 44. Methylobacterium T FEo] A4
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Fig. 45. Methylobacterium =+ FFo] M4 FvoiEHe @dd EviEel ACC® ACO

o v 9
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20. Methylobacterium 3t F&o] WAt 48 #&E9 PR dWad &4 vx= o
F =gl

Methylobacterium w5 F&°] Wdttel] A Z=oA A7t o] FE& 948 PR @9
A Ao mA = IS FRA37] st AEY d& HAAHALE o] &3to] vhsiA ). vk
% (0.1 M Potassium phosphate buffer 1.25 ml 3 7}8le] 20000rpm, 4°C Z A A 2087 A4
2239t B-1,3-glucanase &4 =4S H3] 50 w9 enzyme extracte] Laminalin (10

mg/ml)-& 713 50 mM sodium acetate buffer 50 W= 2ol 42 3 (pH 5.0), 37°CollA] 3t
A1ZE A A BFA Y 1.5 ml dinitrosalicylic acid (DNS)E ¥ 31, 100°C water bathol A 583+ HF

<
°

% 530 nm o2 UV-vis SpectrophotometerE o] §3lo] 3 EE F435I% k. PAL €
A8 3Helsly] $138Fe] 100 gl enzyme extractol] 1.9 mle 100 mM Tris—HCIl buffer (pH 8.5)
1 ml 15 mM L-phenylalanines H7}8} v}, 30°Coll A 1583 AX & 6 M HClS 200
Yol n AlA 290 nm FFN A SA-3AY. PO 84S 54387 93 enzyme extract 50

'S

1ol 100 mM phosphate buffer (pH 7.0) 2.85 ml, 20 mM guaical 50 ©f, 40 mM H:0- 20 ul
Z AH7Fsle] wk& A7l F 470 nm o2 A S PPO @48 =437 98 enzyme
extract 200 gfo] 0.1 M sodium phosphate buffer (pH 6.5) 1.5 ml®t 001 M catechol
(pyrocatechol) 200 w5 7} 3 voltex3tAtl. 420 nm3}g o2 UV-vis spectrophotometer&
olgs FF=E FAATH
WA o] e EvtEe xHozRE PR @A B-13-glucanase$t PALS 4]
S 4% Ay Hdds Ayt Ay gelA] "2 di¥] %& B-1,3-glucanase®t PALE &
gkl & o™, Methylobacterium it & A FoA WU G g+ v F7}F
-1,3-glucanase$t PALZA S Zelatitt (Fig. 46). 538 CBMBI29 CBMB20 & ¢
TollA v el e FUFE S F S AT A R e Al el gdd Ao
Aol dxET v & PR 99 248 vEllo
™, Methylobacterium w5 % A&7 5 CBMBI2 & A TolA HAdH @ X+ of
H o4 Sl PR @A F71E &< & F AT (Table 16). E3F Alstd EvbE e 4
A EvtEeS] XA 4% PR @wds SAS A old ZBHel FASHA W
o] PR @l gAo] tix+o vs] =& A¢S vetdlew, Al w3 HF Aol |

A3t dd HE AT o frold e PR @d 248 S99y (Table 17). PR &
8

i
e

22 gytol ma e AEo] Wl i At Weo] fEE 9% @iz date]



ALAS W L FAo] Zolxu, ACC deaminaseS AAF8l= Methylobacterium F9 H&

o] PR @2 B4S H747 Aol Hd HolE FEsts Aow BH

B-1,3-glucanase(ug

glucose/minfmg protein)

otk
allh

Control ~ XCV alone XCV+ XCV+ XCV + XCV + XCV +
CBMB12 CBMB15 CBMB20 CBMBZ  Germicide

=

PAL {umoltrans -cinnamic
acid/minfmg protein)

Treatments

Fig. 46. Methylobacterium 2] F&°] Xanthomonas campestris pv. vesicatoria (XCV)el

AAd BEvtE 9 B-13-glucanase?t PAL & FFoll m A& 3.
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Table 16. Methylobacterium 52 E°| Xanthomonas campestris pv. vesicatoria (XCV)

of 49 e PR @vz wd el wAe o

(
o

Phenylalanine
} Polyphenol .
B-1,3-glucanase ammonia lyase oxidase Peroxidase
’ o (uM trans , . .. (Changes in unit
Treatment (ug glucose / min . . . (Changes in unit .
) ~cinnamic acid / . abs / min / mg
/ mg protein) . abs / min / mg .
min / mg . protein)
protein) protein)
Control 10.95+0.02¢ 6.43+0.02f 0.030+0.002ab 1.63+0.21d
XCV alone 22.18+0.27¢ 8.00+0.16d 0.035+0.002ab 5.89+0.60b
XCV + CBMBI12 25.49+0.13a 10.59+0.25a 0.039+0.003a 9.44+0.52a
XCV + CBMBI15 23.04+0.19b 9.99+0.09b 0.033+0.002ab 4.50+0.20c
XCV + CBMB20 22.79+0.11b 9.73+0.08bc 0.040+0.002a 6.51+0.14b
XCV + CBMB27 21.81+0.33¢ 9.43+0.09¢ 0.031+0.003ab 10.03+0.99a
XCV + Germicide 18.79+0.08d 7.52+0.21e 0.028+0.001b 3.88+0.49¢

Values (mean * S.E. n=8) with the same letters do not differ significantly at 0.05% (LSD).
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Table 17. Methylobacterium 52 FEFo] Ralstonia solanacearum (RS)°] 7% EulE o
PR @z Wb ghof| mj x| &= &
Phenyl.alamne Polyphenol .
ammonia lyase . Peroxidase
B-1,3-glucanase oxidase ) .
o (uM trans , . .. (Changes in unit
Treatment (ug glucose / min . . . (Changes in unit P
7 ) —cinnamic acid / . abs / min / mg
mg protein) . abs / min / mg .
min / mg . protein)
. protein)
protein)
Control 26.4+1.8e 2.39£0.03f 0.026+0.001d 2.91+£0.35d
RS alone 46.1£0.9bc 3.53+0.03e 0.052+0.003¢ 3.95£0.26¢cd
RS + CBMBI12 50.5£0.8a 3.88+0.01d 0.067+0.003b 6.38£0.25bc
RS + CBMBI15 51.9£1.0a 4.12+0.02¢ 0.063+0.004b 6.89£0.66b
RS + CBMBZ20 42.3£1.6cd 4.25+0.04b 0.064+0.004h 5.83£0.32bc
RS + CBMB27 48.9%1.5ab 4.35+0.04a 0.082£0.006a 11.80+1.46a
RS + Germicide 41.8%£0.2d 3.81+0.03d 0.076=0.005a 12.23+0.33a

Values (mean * S.E. n=3) with the same letters do not differ significantly at 0.05% (1L.SD).
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21. Real-Time PCR& ©] &3 ACC-oxidase, B-1,3-Glucanase, PAL ## fF4AA &3

A
oX.

Methylobacterium 52 FEo] 2=e WdHWolE s DAy Ad {Fdx2 FH 7
A= GEFS AT A AdAE ol&ste] whaE A& x£# 9] total RNAE RNeasy
plant mini kit (QIAgen, germany)g ©]&3le] FZE3IAtt. FE=H RNAE  Quant-it
(Invitrogen, USA) A& kit& o]&38te A&kl om, A#d RNAIA genomic DNAS 2
S Wx|3l7] 9138k DNase I (Invitrogen, USA)S #2330t} ¢cDNAS 34 -& Superscript
I first strand (Invitrogen, USA) 2] oligo dT¢ random hexamerZ &7 AF&3}o] cDNAZHA
9] &S Tolax &t Real-Time PCRS SYBR greens o]&3lo] #4389 o1 SYBR
green super mix (Bio-rad, USA)E AM&3}31 3L iQ5 (Bio-rad, USA) 7]7] & AR&3le] 43}
ATt %3 RNAE cDNA d3ste] & 719 PCR tubedl 10 ng9 total RNAAA 3Hd €
cDNAE 2&slwms EFstal Z47ke] fdx Eol2Ql Zelo]H & o] &3fo] A4t
(Table 18). A& actin?} tubuling internal control®Z AF-g3}o] normalize® A= Wl
& ARE3FiTh

WA gt e EwiEo|Al odall Ao #Tos= a9 ACOS ®H i wWo] '
¢l B-1,3-glucanase ¥ PAL €4 #d Fdx ¢dHE RT-PCRE o]&3ste] Fldt At o
2o wWew Al HelA T o] =2 A ds g9 & A4 (Fig. 47,
48, 49). ACO ¥ FAxe &ae A9 Methylobacterium w+5 XS W HAT &
A HE Aol vla FoA UA Add AHE G o, B-1,3-glucanase ® PAL &
A B FAA B2 AT #FE Ass W Hdw 9 »HE A e S #
Az HdEs gdsslvh. ook FARSHA A ErkEHel #AEE EwiEeS ACO, B
-1,3-glucanase, PAL €4 @& F-d2 &d H3- WAy Mg A

AA HEE FQ & F AAY (Fig. 50, 51, 52). Aldtd FEvh&

[

&

v FA dEe A wFE AYdidde W e ¢l AT oie 794 A Az
gl
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& HE Agsdde

e

B9 e ¢ 5 Uk

Table 18. ACC-oxidase, B-1,3-Glucanase, PAL

PCR-% primer

i

4 a4 aE SR

23l Real-Time

Gene Accession  Primer ]
Host plants Primer sequence(5’—3')
name no. name
. YLI83 AGGAGTTACTGGACTTGCTCTGTG
Capsicum
L ABIBIOS
ACC- I YL984  GGCATGGCGGATAATTGCTCAC
oxidase . YL991 AAGATGGCACTAGGATGTCAATAG
Lycopersicon
e gy ABOI3101
escutentum L YL992 TCCTCTTCTGTCTTCTCAATCAAC
. YLI89 GAGGCTGCTGCTATTATGGAACAC
Capsicum
_ BUSI6ST
annuum . YL990 ACGATCTTGCTTTGGTTTCTGGAG
PAL
. YLI93 CGCTATGCTCTCCGAACATCTC
Lycopersicon
o vy, AB209917
escurentumt WL YL994 ATTCACCGAGTTAATCTCCCTCTC
. YLI85 GCGTGACATTTCTCTCTCCTATGC
Capsicum _
L AR27933
B-1,3- B YLI986 GCTGTAACGGAGTCCAACCTTTC
glucanase . YL995 GCGGTGTTCAGCCTGGATG
Lycopersicon
FJ151171

esculentum Mill.

YL996

AGCATGAGCAAGAAGTATGTTGTG
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Fig. 47. Methylobacterium 2] F &l Xanthomonas campestris pv. vesicatoria (XCV)el

7l mrlEe] ACO B A BHe] WA o

(03
(
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Control XCV alone XCV + XCV + XCV + XCV + XCV +
CBMB12 CBMB15 CBMB20 CBMB27  Germicide

Normallzed fold expression
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Fig. 48. Methylobacterium 2] F &l Xanthomonas campestris pv. vesicatoria (XCV)el

Ade EvtEe] B-13-glucanase ¥H 42 &do] nxE AT
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Fig. 49. Methylobacterium 2] F &l Xanthomonas campestris pv. vesicatoria (XCV)el
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Control RS alone RS + RS + RS + RS + RS +
CBMB12 CBMB15 CBMB20 CBMB27 Germicide
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Fig. 50. Methylobacterium 59 #<Eo] Ralstonia solanacearum (RS)o| #9%F EvlE Q)

ACO &=l F3aF Edel vA= G
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0.5 r

03 r
0.2

Control RS alone RS + RS + RS + RS + RS +
CBMB12 CBMB15 CBMB20 CBMB27 Germicide

Normallzed fold expression

Treatments

Fig. 51. Methylobacterium T2 H<E0°| Ralstonia solanacearum (RS)o] ol EvlEo B

-1,3-glucanase @& FAX LH| v A= A
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0.5

Normalized fold expression

o= . . . . _ N

Control RS alone RS + RS + RS + RS + RS +
CBMB12 CBMB15 CBMB20 CBMB27 Germicide

Treatments

Fig. 52. Methylobacterium 59 #<Eo] Ralstonia solanacearum (RS)o| #9% EvlE 9]

PAL #3a #3412 &3 v A= 9
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22. gfp B2 HA3 Methylobacterium® &% w35 <l

Methylobacterium t¢] & ANE HopF o= fHsty] A8 A 24 7|&s o)
g @ FA "W olE ol&d = W VAR THE FUSAY. gp FHAS d
Methylobacterium® T35 &<%1317] 93] Confocal laser scanning microscope (CLSM)-S 9]
&t FAstoh AAHA S 1 om® JbEeE Fe Sglol= Fga o Ea,

Vectashield mounting medium< &3 & AW IFgAE Yo &=n|sgdct. dAn)4 Az

M2

Leica TCS SP2 confocal system (Leica Microsystems Heidelberg GmbH, Manheim,
Germany)¥} Ar ion laser (Gfp: excitation, 488 nm; emission filter BP 500-530)& A}&3}91
3, CLSM system (version 2.5.1227a) A~ E S o] &3l d4 HAH #F5 F2lgoic).
Methylobacterium 59 HE TYNE 7INAH oz 2317 8 Methylobacterium TFZ
gp= FAdsete], B A E o] &3 FAE  VAEY S FAEsvh CLSMe ©] &
3t gfp FEAE Methylobacterium w39 3 ZTAE +438 A3 Methylobacterium <t
F7F EvtE 2 g o] v, FH AW 5o 39 F i Fol] RstHA] o] Aea

EviEe} Ao HE AdE vetlivs 235 &0 5 A (Fig. 53, 54, 55).
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XCV + CBMB12

XCv+ CBMB20

i

Fig. 53. Confocal #leo]A &Aw|H-S o]&3t A EA| Methylobacterium T2 EviE T3

gkol. XCV: Xanthomonas campestris pv. vesicatoria.
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Fig. 54. Confocal #o|# &AW A& o]&3 & FAX Methylobacterium 59 15 %
¢l. (a) XCV alone; (b) XCV + CBMBI12; (¢c) XCV + CBMBI5; (d) XCV + CBMB20; (e)
XCV + CBMB27; XCV: Xanthomonas campestris pv. vesicatoria.
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o

Fig. 55. Confocal #leo]A &Aw|H-S o]&3t A EA| Methylobacterium T2 EviE T3
g2l. (a) RS alone; (b) RS + CBMBI12; (¢c) RS + CBMBI15; (d) RS + CBMB20; (e) RS +

CBMB27; (f) RS + GER; RS: Ralstonia solanacearum.
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1. A EAZEZ=Au A EQ Methylobacterium w52 JZA A3
7}. Tri-parental conjugations ©|-83+ Methylobacterium 32 7%t

AEA JE AEE ool Add AEALEXANAAE (Methylobacterium CBMBI12, CBMBI5,
CBMBI17, CBMB27, CBMB31)$ gfp @24 A28 317 913} tri-parental mating ¥ (Unge et
al., 1998)2- AF&3}3 Tl Recipient cell (Methylobacterium)< 5% succinate’} #71€ TSB
LA R o] A i 3FS 3L donor cell (PFAJIR20 & 71A|= E. coli S17-1) Z1¥] 3L helper strain
(pPRK2013%- 7} A= E. coli HB101)-2 kanamycin (50 pg/ml) @A A4S 713 TSB 2L A vl =] o A
a1 23} Tk, Donor cellell 9] 8+ pFAJL820 vectors= gusA, nptll, gfp FA XS 71X 2 oA
kanamycin®] A &4-S 7FA 3 GUSS 374 GFP @z -8 w=3i= vectoro|ty 2¥a 1¥
LA A oF ol gusA, nptll, gfp A7} minitransposon®] =0 3lelA FAd2 # v A=l A
ETav=e] YR w2 EA5HA Fal A= XAl Sojto® Qo] FHHE A
v AEO A kAL dHE EA4stE BEAS JHAA vk o AL AgATE F3
Methylobacterium CBMB20°1 A A A7} So)g)A] & vjA|oA 173 9] Ahujser 247z}
20704 €] colonyll Al 100% <FASHA AL H= Ze &g vp vk Z-24e] aAujA| o] A vl
v AES F 13 2ol &1]3ke] loopE o] &3] recipient cell: helper strain: donor cell®] H]&©|
°f 3: 11 1 o] WA HojA TSB A Ao =esiqivt e wjx]e] nAd=g 28CalA 3¢
B vtk 3Y Et vigE wiA o] A& 1S loopE ©]§-3Fe] EolA] kanamycin (S0ug/ml)y}
nalidixic acid (20pg/ml) A 7L H7bE o )= TSB wjA| o Z2baldTh 28ColAl 39 &<t
W st colonyE €S F AT FAASE MIEE Methylobacterium©] 7} & nalidixic
acidA &4 ¥ =<91¥ minitransposon®] 7}A¥ kanamycin A 3AH o2 <ldle] FAAZ F

v ERke] = ZEA FAACE HUrR wiA el A debdE 4 e A olE3kth

—

U BG4 Bold §ie o]8@ PCRAACE gl £

£

Ao

)=]
5 =4



A3t n|BEYRS AYdt 4= 2l kanamycin (50gg/ml) ¥ nalidixic acid (20pg/me) A A

TSBrix ol Althefekale] =2 vector$! pFAJ18209] gusA A npellol| zZ+7r Aset= PCR

Table 1. Tri—parental mating®l| 2291 recipient cell, helper strain, donor cell

Recipient cell Helper strain Donor cell
Methylobacterium sp. CBMBI15 HB101(pRK2013) S17-1(pFAJ1820)
Methylobacterium sp. CBMB17 HB101(pRK2013) S17-1(pFAJ1820)
Methylobacterium sp. CBMB27 HB101(pRK2013) S17-1(pFAJ1820)
Methylobacterium fujisawaense CBMB12 HB101(pRK2013) S17-1(pFAJ1820)
Methylobacterium fujisawaense CBMB31 HB101(pRK2013) S17-1(pFAJ1820)
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Zakelw YLI21 (5'-TAAAGGAAGCGGAACACGTA)# YL122 (5'-TCGCCAATTGGAGT
ATTTTGE ol&3ste] mAES A 55 Fedirh £ Ao ARgE Zglom &
A 237 93] pFAJIR202] sequencing #2418 &3t pFAJIR202] gusA A3} nptll 49 <
A7 S B35 A pFAJ18209) gusA G A3 nptlId] A3ate] AA Ao &4 3t v A E9
TrdAtel oste] FEFE 7hedEs Adekdvt (Fig. 1A).

A2 sLeto] M E o] &3] AAAS ¥ Methylobacterium 2428 F2UE A FH 3o 224
PCR3}% 3L negative controlZ & 2 A 3k 31X &2 Methylobacterium straine AF8-3}3L positive
control® pFAJ18208 77X+ S17-19) ZF=Z4yE A3t PCR 2712 3 step PCR=
pre—denaturation 94°Coll 4| 5 ¥, denaturation 94°Cel| 4] 30 %, annealing 59°Cell 4] 1 &, extention
72°Col A 1 (WA cycled 5 F7He] 2SO =Z 35 cycle TF3A 2™ T-Gradient
Thermoblock (Biometra, Germany)& AH&3F9 il &5 § 1% agarose gels ©| 83} PCR
productE 100 VeollA H719% 3 v}h. Agarose geld] =9 ¥ DNAE UV transilluminator
(Corebio, Korea)®} image analyzerE o]83lo] #4390t 2 A3} Fig. 1B oA e o]

pFAJI8209] gusA D3 nptll FE5)d FTIHAES 2 & F YA
t}. Flow cytometry system (FACS)S o] &3 ofp &4 =3

A48 P B g BY FHL 93
AR FS ek AANE B FAAD

7HA AL Sl m A= e Hles 248t

K

o gp 7} AdEel PCRE AZd /MAE AAEs)
A &S Flow cytometry system (BD, USA)S.2 gps

m{u

e

3

B

@}, Confocal laser scanning microscope (CLSM) & o] &3l gofp 2 A

HAASE ) AE2 ofp S A|ZFE o2 F2lsl7] 913+ confocal laser scanning microscope
JES activedt AEiE AA| | gsleo] Sdtol=

39
=gt 3AHEA F JAEE ProLong Gold Antifade Reagent (invitrogen)E ©]-&3}9]

L
ogh -
i,
el
righ
o

(Leica, Germany)Z& o]-&

mounting 39 th. M| X E mountingdl”] Z el slide glassel| Holdds 5715 ¢d3] AAS &
ProLong Gold Antifade Reagents& ¥ 3} 7] 115 W5kt} Sample-s solution 9]¢l &3 3L cover
glassoll = U3 WO 2 mounting solutiond & 3tal sampled] 7127} A7]#] FE=

FogtAA AAHY. Samples ehEdle] Ao A 244 3HEeF AFEA S 2 incubationdt ¥
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TCS-SPI-AOBS (Leica)E& ©| €3} Excitation 488nm, Emission: 500-580 nm 22719l 4]

& Polu A2 =43} (Fig. 2).

[ =P  pFA1820
=

Left primer  Right primer

903bp ==

Fig. 1. #AdA Eo]&<el primer & AZ37] €93 primere (A9 FAAS @
Methylobacterium sp. CBMB152} CBMB17 ¢ =21 PCR #A7]9% AA(B). 1-5 lane:
Methylobacterium CBMBI15; 6-10 lane: Methylobacterium CBMBI17;, N: netgative control, P:

positive control.
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Fig. 2. 8443 & Methylobacterium sp. CBMBI15 ()¢ CBMBI17 (%) ¢ CLSM A}A.
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2. Methylobacterium oryzae CBMB202] X 2o w& 2 &9 AH

7}. Methylobacterium oryzae CBMB202] el w2 He] A&

B

(1) Hol| AERAAZANAWE2 Methylobacterium oryzae CBMB20-S %3 & A=A

AN EQAZAu BE Methylobacterium  oryzae CBMB20S A3 A &2 83 v}

MRS AEEA &2 ¥E d-gA 9 EEC #FEil growth chamber ol AHE

dFAG AKBF BEoRE ReA AN MAPEAY HFAE A BF F
39, 59, 79, 99, 119, 13%, 159, 18%, 0% «o= 7 AAel Z7lsh e A%e
=Rstgom, 5 Lo 2Ed BEd W 0F 15090 AnE F paste pas, A%,

P es FAT vA=ES AGAes W Be ASel mAE JFe E4EU
ol A wf x| A Bl Methylobacterium oryzae CBMB20S oA 4500 rpml. & 1027F
AAEHSF H FeANe AAsT Bobd AEE Hirgol sAsgrl. g #HE ool
spectrophotometerol /] ODgo®ll °F 1.0 (5 < 1x10%mL)¢] I =E 3tac. ¥ =2A=
20061 83t AW E ALEEen FAAES fstel AXE 0.05% S 244 7F

AA et s2e & F33 A

l

o

ALEEEE Y. =Y Methylobacterium  oryzae
CBMB20 @9 5 mlE petri-dishel ¥ 1 ¥ 24 2098 FAFAcE IAH EA=
Aol Al 70 rpm O 2 AA SR WA AT HAES A shA &S FAHETY W FA
w3 A godA] Tdd 2o 2 vHSAZATE Growth pouchel WS 20 mlg ¥l 121°C,

17]1be.= 208 aiebdEst ik Eir® pouch 1 7ol wAE HAA FA9 FHE TAE

584 Wi &% 25°C, #x7A 164179 growth chamberel ®jok3tsich 3 & 34 FE o) &
Ao ZF7]e Wl Aold SAs AFAE AAISHA T (Fig. 3A, 3B).

HAES st g3t WE g $ 20del E7]9 Aeolrt wAE H Wi 95 cm,
Fage WEY] 2ol 105 cm® &AW xpo]E Wolx| ol Hule Zolw iuE F
20 A= AT A5 189 cmeolal FAE WHel HeY Zol= 174 ecmZ 2 Aol E
wolx gkekth wrAel ® Weo] RAF WS 15626 M A3 FAH W RAdFe
17.7£28 )NE YERA gl o] Ao F957F FF wavh (Fig. 4A). B3 A2 H 9
A7e Wt 938196 emAi FAHE S AAE Wit 95.3+£7.7 ecmAvh S A )

67458 cmSlal FH = 664181 cm= FAHHAT (Fig. 4B). <v] d& o] Aoz Ho|A

- 119 -



A
H (o2 X[ )&7] 2 o]
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10 .
o g8
=
».S g - =
= =2 =7
T, : 213 2]
2 4
-
0
39 59 79 9% 11 139 159 18% 20
B
(42X )me] 2ol
20
18
16
14
T 12
2o J
=2 8232 %Y
N 232 1)
4
2
1]
39 5Y 7Y 99 1Y 13% 152 16Y 202
18l 3. Methylobacterium oryzae CBMB20x#el] W& W {2&E29 £7]
Methylobacterium oryzae CBMB20¢] =&l w& & f21&9 iy Zole] A%
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Fig. 4. Methylobacterium oryzae CBMB20x 2o wW& Heo] EAF

oryzae CBMB20X glel wh2 w9 dAa -39 vla (B).
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Y. Methylobacterium oryzae CBMB202] X 2lo] w& EvlxE o] AS

HA A o A Wl FH Methylobacterium oryzae CBMB20& AF&el A 4500 rpm2 & 1043F
ARG HA AedE AAsE Ropxl MEE Wirgd dAMEth sME mAE
#etol o] spectrophotometerd] A1 ODewol Al 1.0 (5= °F 1x10%/ml)e] %% stgth Eve
el mUEnE FEd)d HEyHe dE =

1/4 314 oo 30% &< FAS F 70% ethanolel 10% FA|8aL, ohA] &4 1/4 324 o

of\
_|>i
=

gebe A @ws] ste] g

30% FA5h= AL 33 wHEd & s 2= Eo| A3 E=v" Methylobacterium oryzae
mlS petri-dishel] 23 EvE Ex 20962 A&k AAH A=
mO 2 AAZE EQF WEEA AT vAES A A &2 FAHYTY EvE
2 WA Y. Growth pouchel Hits 20 mlE ¥ 3L
121°C, 17]3re.= 205 ausbdet 3hsivh ditd pouch 1 7l WA= HAd Fxek F3
Ya 2% 25T, #E7A 16MN7Y growth chamberol] vj%E3FSITh wE %

3YFY olEACE FV]ef el HolE FAst AFIAE AT
EvlEe iy ol I F AYRY 2¢d Ao = ZHAF9 Y Fig. bolA et 2o vAE
A d e dolE 1490 AAE + 109 cm= SAH oW FXE EvlEe] Byldol=
58 cm®E Methylobacterium oryzae CBMB20°] 2|7} EvlEifge] ZAojAAle| ke

vAE Aow 45

FA4E 594

th A E] g o ©WE PR proteind 3

Methylobateriumell &) MY Wo] 28& fFEv B-13-FF74UAS 22 ¥A4d #4

oA (pathogenesis  related protein, PR protein), #|d&#td R yjol-g}o]olA]

i

(phenylalanine ammonia-lyase, PAL)9} & wWo] &4 2 H2A}A (peroxidase, PO) 2
%29 = SAIYA (polyphenyl oxydase, PPO)$F 22 4tsl 459 A4 -2 #dH o
A e, ol d BaEe] @4 SF B FAL TR A% 2 oddd oed.
Ao wEe WaAFe] A U 7] whgoli, B vARre] FE4E A ol
gl WEo] FUieE AL

Lo A Ar e FAgo] vEbYE A7 dAE, 835k odall A AdAAQ] AVGE
2] 3

iin)
B
2
o
il
X,
o,
o,
of\
03
o
2 4
N
(3
)
=)
AL
)

ACC deaminase
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&X-S zZ¥=  Methylobaterium<-
ofgddl FF& TAAE B

olye} (Glick et al., 1998) Zt=o]

o Ad d7Ad ACCE

A3k

7hEEslste] AEdH A

2ad FEe

20
15
1A
14
1z
10

Follcm)

[ T e Y = S o

=0t e Aol

—#—-CEMBZ0A T
—+— 2 Az

Fig. 5. Methylobacterium oryzae CBMB20* #]ol w2 Evl&E {2 &9

HH

-2
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123le FAste] A AS7F UeuA FouAMn o] & A
At} (Fig. 6)
AR 221 n A& Ay wE B-1,3-Glucanase, PAL (Phenylalanine ammonia lyase),
PO (Peroxidase), PPO (Polyphenol oxidase), ACC oxidase, ACC synthase %S¢ 4
SAFdE 2AFS7] 918k database® 48k} o= A9 cDNA 9A7|MdS 23t &
ol H7IMLEE ool L FHAE Foldeor SFAW 4 3= Real-Time PCR &
Hg3s At rAES A AEH vAEES JESHHA ¥ AEAdA RNAE FE3HaL
cDNAZ A3} Real-Time PCR& °]&3to] 439 mAES HTd #E2d vz
HEFA &L FEoA B-1,3-Glucanase, PAL, PO, PPO, ACC oxidase, ACC synthase 52
fraxe] wE o] oju gk FAS Hol=A FHFAom 4313}
(1) Database search ¥ PCR-S &3} B-1,3-Glucanase, PAL, PO, PPO, ACC-oxidase % 2]
FAA A7IAE S
NCBI (=== ABAY  http://www.nchi.nlm.nih.gov/)ol A database 4%
T3te] 3% (Capsicum annuum), EvFE (Solanum lycopersicum), W (Oryza sativa), 35
(Lactuca sativa), E.2=Z¥ (Brassica oleracea), *T* (Spinacia oleracea)e| U3t
PR-protein®] #FdA A7|AMES FH3UY. PR-protein® =%  B-1,3-glucanase (BG),
Phenylalanine ammonia lyase (PAL), peroxidase (PO), polyphenol oxidase (PPO),
1—-aminocyclopropane carboxylic acid oxidase (ACC-oxidase)Z A A3Fe] A3 v} (Table
2. d7IMde AL WA Zhzre] FAAe] olF& ol&3dto] HAAE F HAAYA =
Aol olm AR AES] FHA A7|AEE o] &ste] BLAST A Z2EZE o] &3t
obr) =4t MEg VEo® HAsta dF H7|M IS ol&3te] YAl databasedl Al A A 38ESE
2 A dd AR QA YRS o] &5kt
A5 o] 83
ZElolH &
RAEA

u] 7} identity 7}
Reversetranscript—-PCR-&
2&H02 3IAAY

2
FE07 %
F49

R
Reversetranscript—PCR-&

) Zefolw A2}
F9} EnlEoA g3 BG, PAL, PO, PPO, ACC-Oxidase 2 # 7|4 <&
all 7 U=
cDNA7}
- 124 -
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Ad3 tjEo] PCR W

Aoz wgsts Ad u@ oy

il
)
)
[H
=
o
A
AN
)
At
o

Qg 4 v}, Reversetranscript—-PCR %712 3 Step

>_ i
-
(ld

@ Precursor

ACC synthase ——| ' ¢
=
deaminase + Ammonia
ﬂACC oxidase
@ Ethylene

BG, PAL, PO, PPO activity ——
flow

l € Positive effect
I— Negative effect

suaboyied
\

Defense Reaction

Fig. 6. PR protein® 2-& W7}
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Table 2. Data base

accession H3.

ol 7}A] ZE 9] pathogen related geneoll th3k

ACC-

_ PAL BG PO PPO
oxidase
aLF
) _ AB434925 EU616575 AF227953 AF442386 N/A
(Capsicum annuum.)
EvtE
(Solanum AB013101 AK327645 FJ151171 AK321353 AK247410
lycopersicum)
¥ ) AK061064 AK120127 AKO67001 EF444530 AK108237
(Oryza sativa)
~ AB158347
AN AF411134
) AB158346 N/A N/A N/A
(Lactuca sativa) AF299330
AB158345
H=2 e X81628
] AB281591 EF484879 N/A N/A
(Brassica oleracea) X&81629
Al & 766559
e N/A N/A N/A AF244921
(Spinacia oleracea) X90869

N/A, not available.
ACC-oxidase, 1-aminocyclopropane carboxylic acid oxidase; BG, B-1,3-glucanase; PAL, Phenylalanine ammonia

Iyase; PO, peroxidase; PPO, polyphenol oxidase.
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Table 3. 3159} EvFE 9] reversetranscript-PCRE Z#}o]w

Gene ) Accession Primer ) Tm
Species Primer sequence(5'—3")
name # name (°C)
Capsicum YLI983-1 TTGGGCTTGAAAAGGGTTAC 55
AB434925
ACC- annuum YLI984-1 CCTGAAACTTGAGTCCAGCA 57
oxidase o, YL991-1  CAAAGGGTCCAACTTTTGGT 55
] AB013101
lycopersicum YL992-1 GCTCCTTAGCCTGGAATTTG 57
Capsicum YLI989-1 TGTCACACATTGCCACATTC 55
EU616575
annuum YLI990-1 GGGCTTTCCATTCATCACTT 55
PAL
Solanum YL993-1 TGGCGAGAAACTTAATGCAG 55
) AB269917
lycopersicum YL994-1 TGGATTGTCATTCACCGAGT 55
Capsicum YLI985-1 TGGGTTCAAAGGAATGTCAA 53
AT227953
annuum YLI986-1 ACGGAGTCCAACCTTTCATC 57
BG
Solanum YL995-1 TGGAGCTTCCACTTCTTCCT 57
) FJ151171
lycopersicum YL996-1 TTCATTGTTGCCCACAACTT 53
Capsicum YLI87-1 TTTCTGGTTCTGGCACTGAG 57
ATF442386
annuum YLI988-1 ATCCTCGAAGCGTAGGAAGA o7
PO
Solanum YL997-1 TAACGGTGACCAAAACCAAA 53
) (GQ149350
lycopersicum YLI998-1 TAAGCACCGTTGCAATAAGC 55

ACC-oxidase, 1-aminocyclopropane carboxylic acid oxidase; BG, B-1,3-glucanase; PAL, Phenylalanine ammonia

Iyase; PO, peroxidase; PPO, polyphenol oxidase.
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PCR%Z pre-denaturation 94°Coll 4] 5 ¥, denaturation 94°Ceoll4] 30 %, annealing 59°Col| A4 1
- extention 72°CelA 1 & (v}A|® cycled 5 & F7hHe] 2Ho® 35 cycle FE3%oH
T-Gradient Thermoblock (Biometra, Germany)2 AFHE3l9 32 F85 F 1% agarose gels
o] &3l PCR product® 100 VoA #H7|9d% 3ttt Agarose gelolA A7]9d %9 DNAS
UV transilluminator (Corebio, Korea)®} image analyzerE ©|83fo] #2489 th

Reversetranscript-PCRZ ¥ 11504+ PAL F4dA (Fig. 7, 43 8 lane)”’} "|AE
g Foll A A ] ol vE dEo] ek A Holon, EvtEdAE ACC-oxidase (Fig. 7, 3 3}
13¥ lane)9} BG (Fig. 7, 11¥ 3} 159 lane) 7 AFe] W& o] v A& X 2] oA F-2 2|5~ ]3|

SA UgkeT o= vk HES B8 HdSEior & Ao AlEdTh

v A& Ao wE PR-#AAY s A AZFstr] 95+e] Real-Time PCRE
Zto]l W E T xFQl 3T (Table 4). 2ol 20-25 merZ2 A3 o, GC &2 40~60%=
Aa Foll d71e] HEFe] gl A& ATk B3 product sizet 80~150 bp®E A AI8H31aL  internal

control 2% actind} tubuling A}&3F3 ¢}

(3) Real-Time PCR #4

Methylobacterium oryzae CBMB20-2 #XA|dlo] HEd nFEFxe} HE3R & AFE
g o #Fslal v ¢ 14do] Ay @ BElE AHIAY. AFHE HelE RNeasy plant
mini kit (QIAgen, germany)ZE ©]-&3}9] total RNAS F%39t. &9 RNAES Quant-it
(Invitrogen, USA) A= kit-S o]83o] A=At A=Fd RNAOA genomic DNAS| 295
kx| 8l7] 9)3ke] DNase 1 (Invitrogen, USA)S #3333t cDNAQ 42 Superscript I
first strand (Invitrogen, USA)¢2] oligo dT ¢ random hexamerE 3$HA AF83te] ¢cDNAZHA 9

52 wolua s,

(7I) Real-Time PCR& ©]|&3F [B-13-Glucanase, PAL, PO, PPO, ACC-oxidase, ACC

synthase &2 F3A 4d =4

Real-Time PCR<Z SYBR greens ©]&3te] #43%°% SYBR green super mix
(Bio-rad, USA)E AF&3l993 iQ5 (Bio-rad, USA) 7]7]1& AM&3le] B389t nAdES
HA3te] A g EvtE FAE IE - 494 oA %3 RNAE cDNA
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SkA 3] 3k 719 PCR tubee] 10 ng®] total RNAA A9 cDN

742yl fda Foldql ZatolwE o gdke] AR dhlvh. AL actindt tubuline

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Fig. 7. 35¢ EvtEd A reversetranscript—-PCR-& o83 Methylobacterium oryzae
CBMB20 #2lo] w& PR-protein 44 2 £4. 1~8 lane, 115} 9~16 lane, EVFE; 1~
4 lane® 9~12 lane, Methylobacterium oryzae CBMB20 *2]7; 5~8 lane3 13~16 lane, 5
A2+ 1, 5, 9, 13 lane, ACC-oxidase; 2, 6, 11, 15 lane, BG; 3, 7, 12, 16 lane, PO; 4, 8, 10,

14 lane, PAL.
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Table 4. 3159} Ev}Eo| A PR %49 Real-Time PCR #4§ Z}o]v]

Gene Accession Primer ]
Primer sequence(5’—3')
name # name
Capsicum AR YLI83 AGGAGTTACTGGACTTGCTCTGTG
B
ACC- annuum YL984 GGCATGGCGGATAATTGCTCAC
oxidase ~ Solanum YL991 AAGATGGCACTAGGATGTCAATAG
lycopersicu  AB013101
o YL992 TCCTCTTCTGTCTTCTCAATCAAC
Capsicum —— YLI89 GAGGCTGCTGCTATTATGGAACAC
annuum YL990 ACGATCTTGCTTTGGTTTCTGGAG
PAL Solanum YL993 CGCTATGCTCTCCGAACATCTC
lycopersicu  AB269917
- YL994 ATTCACCGAGTTAATCTCCCTCTC
Capsicum PR YLI85 GCGTGACATTTCTCTCTCCTATGC
F
annuum YLI86 GCTGTAACGGAGTCCAACCTTTC
BG Solanum YLI995 GCGGTGTTCAGCCTGGATG
lycopersicu FJ151171
o YL996 AGCATGAGCAAGAAGTATGTTGTG
Capsicum YLI87 CGCCAGGATTGCTGACAATGC
AF442386
annuum YLI88 GTGCCAGAACCAGAAATGAGGATG
PO Solanum YL997 ACCGCAATGGAAGAGTAATGGATC
lycopersicu  GQ149350
o YL998 CCGAGGACATGGAGCATAGTACC
Capsicum YL1003 CTTCACTCTCTGCTCTCTCCTCAG
AY572427
annuum YL1004 CCAGCCTTAACCATTCCTGTTCC
Actin Solanum YLI99 ACCCTGTTCTCCTGACTGAGG
lycopersicu  AB199316
. YL1000 AGCCTGGATAGCAACATACATAGC
Capsicum - YL1005 GAAGGAGCCGAGTTGATTGATGC
annuum YL1006 TGTTCCCATGCCAGATCCAGTC
Tubulin Sojanum YL100I AGACAGGATGATGCTCACATTCTC
lvcopersicu  DQ205342
YL1002 ACCATACATTCATCGGCATTCTCC

m
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internal control®Z A}-&3}9] normalized SNA = WHS A3 TH

=443 aFoA = ACC-oxidase A WA= HAAE aLFolA 16002 F-AE
JFo| e 498 v 2 3HS JEl o] Methylobacterium oryzae CBMB202] X lel| 2|3
FARe] W o] ZrhEE Ao R Uehytal PALE tiXxrol BlE] whE ko] FUlEE Ao
el oy EvtEdAE 5 fdA BF dixadd vE] fAx ddsde] At o=
el A R 250 wEl Methylobacterium oryzae CBMB20x €] &7} vfE Ao =R
UERSELE SRR RE ol HEL onjdde dAor 5 ke HEE Folo] AT HoloF &

Zi o]t

TSB fAu) x| oA wjdd Methylobacterium oryzae CBMB20S AF2-o 4 4500 rpmo. =
1087 AR 5 H5AE AASL ol AXE Wirgol At A9
et o] spectrophotometer ODgoll Al 1.0 (7F5 <F 1x10°/ml)e] = stuch A =zt
(MtRua s, FAEFR) AgsHel e A"ES AAstaL detshr] 98k 2= 14
s4ele] 302 Eob AAF F 0% ecthanolo] 102 HAsti Zx 14 FHAled] 30z
E 2= Bl F83] MASYL AT AAE Methylobacterium

oryzae CBMB20 Hx& 9 99 §F HZETF 205, Methylobacterium oryzae CBMB20

)
s

S

£

A= AL 385

Txy 9 AW HE2T 205, Methylobacterium oryzae CBMB20 18] & dWli LR
205, Methylobacterium oryzae CBMB20 A2 % dH+ HEF 20575 747 w2319}
Methylobacterium oryzae CBMB20 #E<9} 5 mlS petri-dishel] ¥ 3F £ 100¥€-S
AA AT AR FAE FLolA 70 rpmOE AXZHE WA v A ES AP F4A
B AT g T 3 deagdA I 2o R weAHY. HAE AT
AFYENE TSB AR A wl%E  Methylobacterium oryzae CBMB20S  AF< o A
4,500 rpme. = 108-7F AAlwE g | A s AAS AL Robd MEE "dgel At
8|4y o] spectrophotometerE ©] 83k 600nmeoll OD7} 1.0 (#5 <F 1x10° cfu/ml) o]
HEE sgleon SRS 139 2 ml A EFsA 4 F 79 s Aysta 2
o] F 7Y Ao E AN HAE FHAS HEFIUT dBEFE Y] A =S AT

Aot FAEe] xEE W Figo 8 A" wAEs AT AT 59
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V8 juice AMIA|o] ®EFT WALt T 20°ColA] of 53t wiFE Tt AWt
Asl FLE Aol 22 Alhuj kel of 543 wieF 3k
Fig. 9A¢} 2ol V8 wjx|elA  Athujet HAFE agar =EH7/A FAEAM LEH

(oatmeal) ¥l A o] A7} v Ao D= 2l o] A

e

mlo

2363

4~5MAE E8Fa 20°C Aol g A of
T gy S E™ wjx|o Al wigE EAbe}t wd FE& FFEAR MIA7F EAHA
BEE ol WY & F gl o] E ol A 2
wjzlo] WS 5 ml Wi FFEARE Fol4 50 m
hemocytometerE ©o]g3&to] #FE ZAHS ol #FE 1x10* cfumAEE 93 5 oF 1A
7beE 4°C Wakare] WA EE 3 % 3
A 7] A~59 7] A8kl
F3k vdz HAYEdrt (Fig. 10A). 35 997 AFHE 5 5 A
g 5 AR AF s o], HAFAC], A & AFFAF S8

RNAFZEE 9138t 100 mge] 15U& A3 skt
3. Triparental conjugations ©| 83 Methylobacterium 32 A 3%

AEA AF ARE St Add HEAASANAE T 1xpdR AEstA 13 vAE
(Methylobacterium CBMBI12, CBMB27, CBMB31)-S gfp @2 d3% 317] 989 tri-parental
mating ¥ (Unge et al, 1998)& AF&3F% T Recipient cell (Methylobacterium)<- 5%
succinate’} F7}¥ TSB aLA|a] x|l A 8]%k3}93 donor cell (pFAJI820% 7FX|&= E. coli
S17-1) 28] 3L helper strain (pRK2013-2 7}A]+= E. coli HB101)2 kanamycin (50 ug/ml) 3+
AAE H7Es TSB arA|sfx|of A w3}t Donor celld] E9]9+ pFAJI820 vector:
gusA, nptll, gfp +AAE 71K 3L lo] 4] kanamycin®] A &S 7R 31 GUSSF -4 GFP ©
W2 S dhE = yectoro| U L@ 3L gusA, aptll, gfp A A7} minitransposond] S0 lojA] &
AAS | vdEoA Zgav=e Fez uz EA4351K &a uAgEe A Sojzte
= Qs ARG A vA=olA b FHE EAQcE A4S 7P dvk 1 kA2
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Zy 7k o] A v R| o A v dH v A E-S Y3l loopE ©]-83}9] recipient cell: helper strain:
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Fig. 9. Phytophthora capsici (A) V&8F228]X] (B) Oatmeal®]#| (C) FAFFujoly wks $-9

Oatmeal®] #] (D) Phytophthora capsici®] HemocytometerAtzl 3} & v

e XA
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Fig. 10. a5 Ax+t Ao FA 59 49 (A

(PDe] AHzA}

=
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Table 5. Tri—parental mating®l| 2291 recipient cell, helper strain, donor cell list

Recipient cell

Helper strain

Donor cell

Methylobacterium sp. CBMBIS
Methylobacterium sp. CBMBI17

Methylobacterium sp. CBMB27
Methylobacterium fujisawaense

CBMBI12
Methylobacterium fujisawaense

CBMB?31

HB101(pRK2013)
HB101(pRK2013)
HB101(pRK2013)

HB101(pRK2013)

HB101(pRK2013)

S17-1(pFAJ1820)
S17-1(pFAJ1820)
S17-1(pFAJ1820)

S17-1(pFAJ1820)

S17-1(pFAJ1820)
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donor cell®] H]&o] <F 3: 1: 19o] FA A TSB A w)x|o] =3t =2y wjx o] n
AES 28CAA 3¢ &<QF #lFstHT. o]ju] TSB wiAE AF&3F= ©]f+ recipient cell,
helper strain, donor cell 3 &9 vAEo] ZF A

TSB WA & dgste] Abgatity 53U &k vieksd vixol A&t & loopE ©]-§3Fo] HobA

et
>
2
ol
BN
s
o
A
N
ol
=

f
=
N

kanamycin (50 wg/mD¥} nalidixic acid (20 pg/ml) A 7F A7FE o] 1= CHOI ¥ A (Choi
et al, 1989)o] =3l 28ColA 3Y &9F wdeto] colonyE A& & AT A A
H M XY= Methylobacterium©| 7}X| & nalidixic acidd 343 =¥ minitransposon®] 7}#]
+ kanamycin A o2 Qslo] FH A @ mAAERro] F 7] FAAATE HIEE H] ] ol A
dobd e F Ae AAES ol&ut. dHAS vAETS A9 £ 3le kanamycin (50ug/

2
m¢)¥ nalidixic acid (20pg/mé) 3 A CHOI®IA| o] At

_
o2
ol
L
2
L
A

vector?! pFAJ18209]
gusA D93 nptllel 247k AgsteE PCR Zetolw YLI21L (5'-TAAAGGAAGCGGAACACG
TA)¥ YL122 (5'-TCGCCAATTGGAGTATTTTGE o|&3le] PCR 3 5 Egld vAE9
2 A3 o]5-E PCR product size 905 bp & 213l gth. 2 A Fo AFRH gp Eo]FQ
gholME A zFsl7] 9l8ke] pFAJI8204] sequencing 418 &3kl pFAJI8209] gusA 99
nptll B4 AVINDs A8 pFAJIB209] gusA FAF nptlle] BHste] AA ] &
At A=Y FdAel 9sle] TEE JleAe st AlFE oW E o] 831

A 43t ¥ Methylobacterium 2Y2te] 22U E A FH ko] Z 21 PCR3}F% 3l negative control

°
SIS

(i

2 gAAZ A ¥E& Methylobacterium straing AFE3}3L positive control® pFAJ1820-%

A= S17-19 224 E AFE519 Y. PCR #2712 3 step PCRE  pre—-denaturation 94 C ol A

5 ¥ denaturation 94°CelA 30 %, annealing 59°Coll A 1 #, extention 72°CollA 1 £ (v}

W oeycled 5 B FU7HY x7HAo®E 35 cycle £E31H o™ T-Gradient Thermoblock

(Biometra, Germany)& AR&38F%al F3 F 1% agarose gel ©]83t% PCR productE 100
VoA A7) 94533k, Agarose gelel 249

9} image analyzerZ o] &3lo] #2433t}
oAl A AR WAES] strain T 571 EFRYE AEste] 224 PCR ¥ HV|FE

224 39S w 905 bp B =EH = PCR ZAES s ¢ gAvk ek strain whth

¥ DNAE UV transilluminator (Corebio, Korea)
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ARG A= gp B4 FAHE Sleto] gp 7F AUl PCRE ASd /MAE HA¥st
3l kanamycin (50 xg/m¢)3} nalidixic acid (20 pg/m¢) FAAAES 718 CHOI oA i x| o 1] A
E& 53] 28°C, 180 mpmol Al 4841z wljeksle] gde] ZHek ez whso] Foluh A
ek © AAAZ v AHE-S Flow cytometry system (BD, USA)S. 2 gfps 7[Rl Q= v A
o] vl&s #4sislvh

Fig. 12 ol 4] FSCE cell sizeE |, SSCE cell¥ granulity, FLS 338 7[A & A¥xe A7),
count® FHS VA E cell MFE YEE M1 999 a3l AlE7T ghE /A= AX
ZM count tabledl A A E W 2000712 MEE FACS £4319& o Fig. 1304 ¥&= np<}
Zo] FAAZ H CBMBII02 10423 (52%), CBMBI12+ 6,814 (34%), CBMBI15+ 14,342
(71%), CBMB27-2 13,473 (71.7%), CBMB312 9,764 (57.4%)% 4%t}

m

t}. Confocal laser scanning microscope (CLSM) & o]&3 gfp &4 =4

HAAE AR gp S ATFHoz FQ87] 939 confocal laser scanning
microscope (Leica, Germany)E ©|-&3tth gfp 7} AYd¥el PCRE AFd /MAE AEsta
kanamycin (50pg/m{)¥} nalidixic acid (20pg/m{) FAAE @713 CHOI fA|uf Ao mAES
Fote] 287C, 180rpmell Al 48A17F wieksto] A A8 wAE | activedt HEolA E}o]l=
=gt 3AHEA F JAEE ProLong Gold Antifade Reagent (invitrogen)E ©]-&3}9]
mounting 39 th. M| X E mountingdl”] Z el slide glassel| Holdds 5715 ¢d3] AAS &
ProLong Gold Antifade Reagents® ¥ 3}A 1% L5t} Samples solution 9o =& Fil
cover glassol = FA3 7 22 mounting solutions 3} sampled] 7|27} A7]A] &=
= Fo3tHA] AAZT. Samples 2@ sle] oA 244 7HseF dEA S 2 incubationdt
% TCS-SPIO-AOBS (Leica)E ©]83}o] Excitation 488nm, Emission: 500-580nm Z 7 ol A
63X oil M==E YPFo|nAE FH3AH

CLSM #4723 Fig. 13 oA 2} o] Z}71e] strainoll Al ghE &9 F AAY. 2 strain

Hogfp 9719 A7k Sl AAFY BAANE o] AL 7} straine] wi¥E o] o] wLo] A

P =dHAA Hold HAL o] §F PCRE ol gate] Aol Aol wi =gFAR

PAds A JAAFAE FAAVE gl CHOIsf Ao Althuykstas Aebd Z; strain®
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Z2YE A Mkt 28l EUR AR pFAJIS20S Eold oz Aelsl= PCR 2}
olm YLI21 (5'-TAAAGGAAGCGGAACACGTA)Z} YLI122 (5'-TCGCCAATTGGAGTATTT

- 110114 001 = 110114001
A = = = File: 110114001
& EE Ll Sample 10: 110
=] 3 Total Events: 20000
£ S
iy-N s 3 Miarker Ewvent % Total Mean
a= 383 A 20000 10000 7.16
- e M1 40 020 4256
= 23
= 3
= " e < T oy T
100 10! 102 10% 10t 100 10! 102 10° 10t
PSCH A1H
e 110114002 & 110114002
B = =5 File: 110114002
- 3 =3 (X1 Sample 1ID: G110
=5 = Towl Ewnts: 20000
3 =13
Ry g"' ] Marker Ewents % Total Mean
2= o E Al 20000 10000  95.26
- M1 10423 5212 171.38
o ==
= 23
e = T 1 T
0% 10! 102 10° + 100 10! 102 10f 10t
FSCH ALIH
110114003 1|011¢D03
C =r 2 File: 110114 0028
e 3 8-5 M1 Sample ID: G12
=4 - 4 Towrl Ewnts: 20000
3«9_: gg‘; Marker Ewent: % Total Mean
a2~y 323 Al 20000 100.00 2864
- E i1 6814 3407 54.10
= = 3
3 L=
= il h 2 103 o 102 2
10 10! 102 10% 10t 100 1a' 102 10% 104
PSGH A1H
110114004 1|c1l4no4
D &=+ : =E File: 110114.004
m = e S E Sample ID: G15
=3 - Towl Ewents: 20000
3 = 3
Fow g"’“: Marker  Event % Total Mean
a< E (38—: Al 20000 100.00 75.60
—_ 3 P 14342 71.71 98.73
=4 cE
=3 . &
e 1 e E
= s T - h = 0 5 5
109 10! 102 10® 10 109 10 ma 10° 10
FPSCGH
- 110114 006 = 110114 006 )
E = 2 File: 110114006
- 3 =3 X Ssmple ID: G27
EF — Towl Ewntz: 20000
E .o 23
SNQ ] 3 Em E Marker Ewent % Total Mean
2°% 38 A 20000 10000 G747
- 3 : = M1 13473 67.36 13752
273 2
3 3
o 1 E : - -
= T o T
T 10! 102 10° 10t w00 10! 102 10 1ot
FSGH AI1H
110114007 1|o1i+nu:f
F o B File: 110114 007
- 3 33 Sarnple ID: G31
=5 - Towsl Ewents: 20000
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Fig. 12. Flow cytometry & ©]&3% @2d% A= op &4 A4 A F2AT HA &2
M. oryzae CBMBI110 B, @2 A% ¥ M. orvzae CBMBI110 C, 84 A3 ¥ M. fujisawaense
CBMBI12 D, d82%xd% @ M sp. CBMBI5 E, 3233 @ M. sp. CBMB27 F, 32 %% ¢
M. fujisawaense CBMB31
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Fig. 13. gfp 84 A% ¥ Methylobacterium®] CLSM AFZl. A, M. fujisawaense CBMB12 B,
M. sp. CBMBI15 C. M. oryzae CBMB20 D, M. sp. CBMB27 E, M. fujisawaense CBMB31
F, M. oryvzae CBMB110
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of FEAE f Methylobacterium 7}7}e] F2UE 3714 A5 3te] F=1 PCR
3. PCR %=

30 %, annealing 59°Cell 4] 1 &, extention 72°ColA 1 & (v}A| 2 cycle 5 & F7hHe =7

718 3 step PCR® pre-denaturation 94°Cell A4 5 &, denaturation 94°Cel A

o2 35 cycle &3 21 T-Gradient Thermoblock (Biometra, Germany)S AFE3}A 3L &
8 ¥ 1% agarose gel2 ©]€3}9] PCR productE 100 VoAl A7) &3 t}t. Agarose geldl
2% DNAE UV transilluminator (Corebio, Korea)®} image analyzerE ©]-&3%}o] #4311t}

a Ay 158e] A Algej kel A Fig. 14 9F o] RE strain® A QA ANA AP

gp AR kA o7 Eaqgts As gl & A (Table 6).

AW, EvbE, SE, 4R, AFA Sol A4S MARS A% ¥ A% 33
. Al MAE AE F ASEE

A= Au = M. fujisawaense CBMB12, M. sp. CBMB15, M. oryzae CBMB20,
M. sp. CBMB27, M. fujisawaense CBMB31, M. oryzae CBMB110& X A& =3k
EvlE, 33, A, AlaAe vAES AYEA] @2 B, BEviE R A5 AlgAE 9-A
of i}<&3}3l growth chamber WolA S-S #A3AY ASAE &

Aol g 5 3, 59, 7Y, 99 o E 4 JRAY s =719 dEE AU

Kanamycin (50xg/ml) ¥} nalidixic acid (20pg/m¢) A AZE H71e CHOI o A|vf=|o] v P &S
B3] 28°C, 180rpmoll Al 48A17F vl ¥E M. fujisawaense CBMB12, M. sp. CBMBI15, M.
oryzae CBMB20, M. sp. CBMB27, M. fujisawaense CBMB31, M. oryzae CBMB110-& A<
oA 4500 rpmO.= 1083 A4S H Ao AAsta Eopxl AxE Aol 3]s
At} 8% dEFlo] spectrophotometerol] A ODgwol ©F 1.0 (3#5 oF 1x10° cfu/ml ] %

= stk ¥ FAE 20079 FHE BANE ALHGOW FALZL Aske] X 0.05%

70% Ethanolell EvlE 313 A3 AFASAE 1589 S0 EvlEs) 313 AlgA &
296 NaOCl o] 30x%3F At A+ 25% NaOCl o 6531 Abrsle] A<= A& 3o}
oje} T WHE 3 ME=R 3 HE ¥kEste] FAE £53AY. FHE M. fujiisawaense

CBMB12, M. sp. CBMBI15, M. orvzae CBMB20, M. sp. CBMB27, M. fujisawaense
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CBMB31, M. oryzae CBMBI110 &€ 10 mlE petri-dishel| ¥ 3 ¥ &4 1088 A3

U AA R FA= A20A 70 rpme 2 AA e Whe A AT v e S Ay A @2 §-A

7 8 9 10 11 12 13 14 15 16 17 18

Fig. 14. Al de 53 =42 pFAJIR202] &40 5 A, M. 1kb DNA marker 1-3.
M. fujisawaense CBMBI12 4-6. M. sp. CBMBI15 7-9. M. oryzae CBMB20 10-12. M. sp.
CBMB27 13-15. M. fujisawaense CBMB31 16-18. M. oryzae CBMB110
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Table 6. FZAAZH Methylobacteriumol| Al PCRE o] &3 Z} Athufjd 350 e =99

>_ U

FAR] A el

Methylobacterium ] )
- Methylobacterium oryzae Methylobacterium sp.
No of fujisawaense

subculture® CBMBI12 ~ CBMB31 CBMB20  CBMBI110 CBMBZ27 CBMBI15

pFAJI820  pFAJI820 pFAJ1820  pFAJI820  pFAJ1820 pFAJ1820

1 100 100 100 100 100 100
2 100 100 100 100 100 100
3 100 100 100 100 100 100
4 100 100 100 100 100 100
5) 100 100 100 100 100 100
6 100 100 100 100 100 100
7 100 100 100 100 100 100
8 100 100 100 100 100 100
9 100 100 100 100 100 100
10 100 100 100 100 100 100
11 100 100 100 100 100 100
12 100 100 100 100 100 100
13 100 100 100 100 100 100
14 100 100 100 100 100 100
15 100 100 100 100 100 100

a, @2 gE colonys FAAZ gl WAl AdstHA PCRE ol-&3tol gfp fradxkel &A1 ofF 2l
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v
i)
oflt
i,
2
it
)
N

N,

zhe) mA=g FAAAGS BEF nFGuLe) Peldol: Fig 15

N M A o] KAOoRE YAl Aol B 5 YAk FAY @ nF FHe p
al

FHEY By Zol:E 6.1 (£043) cm, M. oryzae CBMBI110Z A3 x 3 1FHFHE 55
(£049) cm= A3 olg sk A3tz & uw A7} el Methylobacterium £ IFH5H2] fg
s ST 4d3%e Ae AoE Alsd

A | ZAzhe] v AES FAFAS ] HEd W fHe fede] (Fig. 16)& FA ¢
oW e By Ao Hyt 104 (+£0.6) cm, M. fujisawaense CBMBI2=Z EAZ R @ ¥
1ol e ol it 83 (0.5 cm, M. sp. CBMBISR FAHA © W fFH| Hedoe]|:=
84 (£1.0) cm, M. oryzae CBMB20Z FTA3 A # W fF1H<9 Beldo|= 3. 0(x04) cm, M.
sp CBMB27% Ex31% © ¥ F12o By Zoli= 35 (x0.4) cm, M. fujisawaense CBMB31 =
FAEA A W fre BeldolE 3.3 (£0.9) cm, M. oryzae CBMB1102 FAF A d W

6 (£0.3) cm= ¥4 3} o}

A | 7ol v AES FAFAS ] HEd AF FHY #Hede] (Fig. 1)+ H-A
g @ A5 fuEe Wy Zol Hit 42 (x0.7) cm, M. fujisawaense CBMBI2Z £x}3 %]
FEfrEe B dol= Hat 7.0 (#0.9) cm, M. sp. CBMBISE EA3 A @ AFFue
Aol 7.8 (x04) cm, M. oryzae CBMB20= £x31 % © AFfF1eo #Hyldol: 80 (+0.8)
cm, M. sp CBMB27%2 #x3A & #FH1ue #edol= 64 (£0.6) cm, M. fujisawaense

CBMB312 2x3% @ AFf1r9 HyZdol:= 65 (£0.7) cm, M. orvzae CBMB110E 23}
A @ AFEFEE 7.8 (204) cm & 43190}

HAAS @ Z7te] v PES BRG] BE EvtE SHo My o] (Fig 18)E &

A W BEvlE fHe Wy Zo] Hit 100 (x0.7) cm, M. fujisawaense CBMBI2Z FA}3 %
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H EvE fH Hg Zol:= Hi 97 (£15) cm, M. sp. CBMBISE EAF A # EvE §

BH

B #HyZol= 98 (£1.0) cm, M. oryzae CBMB20Z &A% A ¥ ErlE fHQ #g|Zo]

Fig. 15. Methylobacterium & EAAA| 8 1155 &3 $ 599 AFA AL F42 @ 1
Y, B. M. fujisawaense CBMB122 #x# A © 1FF1 sp. CBMB15% #4137

. sp CBMB27% Z&x}%

riﬁ_m_o
=z X

[e]
o
H 32FFE D. M oryzae CBMB20Z EA3 % 9@ 1FFH
A #H AFFHE F. M. fuisawaense CBMB3l® FA3 ] AFHFE G M. oryzae

CBMBI110Z &x21A ¥ n3a1n

- 146 -



Fig. 16. Methylobacterium

[o] s

2 A

= [}

= =

R

A HE gFst & 65U ASAR AL FAE @ oH
9, B. M. fujisawaense CBMBI12% FA%

C. M. sp. CBMBI5Z FA-3%
5 D. M. oryzae CBMB20% Ex3d A # T E. M. sp CBMB272 £x}3#] #
Y F. M. fujisawaense CBMB31% FA3 A & ¥ F3 G. M. oryzae CBMB110= & A¢
A AW FR

E

- 147 -



& FAAAD 45T

Fig. 17. Methylobacterium -=
Y, B. M. fujisawaense CBMB12& Zx3 % # AF F1H

g 5 5] ASARR A FAE H A
C. M. sp. CBMB152 #x3
. M. sp CBMB27/2 =x}

“
ofN

o)

A #® AFE FHE D M. oryzae CBMB202 23] %] "
AR @A AF 5 G M. oryzae

A " AF FH1 F. M. fuisawaense CBMB31Z Fx}3

CBMBI110EZ 24324 @ A3 415
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Fig. 18. Methylobacterium -& FAA3 EvtEE &3 & 5U9 ASAR A A2 4
EvtE fH, B. M. fujisawaense CBMB12Z A3 %] @ EvtE 32 C. M. sp. CBMBIGZZ
FARA @ EvtE FH D. M. oryzae CBMB20Z 43 A 9 EvE FH E. M sp
CBMB27Z A3 A @ EvtE FH F. M. fujisawaense CBMB312 EA3 A @ EvlE
B G. M. oryzae CBMB110Z &3 A ¥ EvE {1
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= 86 (209 cm, M. sp CBMB272 ZEx3A ¥ EvtE {19 g ZdolE= 85 (x1.7) cm,
M. fujisawaense CBMB3l&Z Z#x3x ¢ EvtE FHO #HgZdol:= 103 (£0.7) cm, M.
oryzae CBMBI110Z 234 € ErvtE FHF 94 (20.9) cm 2 243130

PFAAG A Az nA=s TAIAG S FF3 AlgA FRY HFedo] (Figlds A
g @ AlEA FHe By 2o

AF2 FHEe ¥y ZAol= Hir 59 (£1.1) cm, M. sp. CBMBI6Z EAHA & A4 FH

Hat 45 (£1.0) cm, M. fujisawaense CBMBI12%2 FA3 A @

o] My Aol 6.7 (x1.4) cm, M. oryzae CBMB20E A3 A & A F% FHY #HglZdol=
4.1 (£1.1) cm, M. sp CBMB272 FAHA| A A5 12 e Zdol&= 49 (£1.0) cm, M.
fujisawaense CBMB31Z2 FAHA] @ Algx FHY $g|Zdole 37(204) cm, M. orvzae
CBMB110Z FX3A| @ A5A4 FHS 6.8(£1.2) cmZ #4313t

A, W) A, EvtE, AleA9] gejdo] HolHE vwEAE Ay aFFHE, A5 Ee
VABES FARA e W Fedolrt FA g Hedolnt ¢ 1 Ao
3 A FH FHEAA M. fujisawaense CBMB12, M. sp. CBMB15 Z12]al M. oryzae CBMB110
E FARAG ele] Aol ¥ #hid How yEet (Fig. 20).

f
M
i
o
3
i

3

t}. Confocal laser scanning microscope (CLSM)E o]-&3F =W (H, EvlE 315 A5 A

FA) FAAS YRl TH

ARG v AL M. fujiisawaense CBMB12, M. sp. CBMBI15, M. oryzae CBMB20, M.
sp. CBMB27, M. fujisawaense CBMB31, M. oryzae CBMB110-& 4% A ste] 7w €
W, EvtE, a3 A3 AFAdA gAstal ole dAAS AR 288 Ao gl
3t7]  93Fe]  Confocal laser scanning microscope (CLSM) TCS-SPI-AOBS (Leica,
Germany)E o|-&3taith FAAL vA=S HEIT AEAA F9E (d, £7], B8 ARE
A FH el CLSM2 o] 2389 gfp 992 Excitation 488 nm, Emission: 500-580 nm 2271l 4]
63X oil M=E YPFolm|A & FAHA FAESY 23& AT F AUk

A MBS HJF W, BEvtE, AF, ALF AlgAE BF 5 39 o, 7], R
Lol Egfol= FEtd
o] £3}°] mounting 3} %3 t}.

A A% & ProLong Gold Antifade ReagentsE ¥ #H3}A 315 @3kl SampleS solution 99l

32AE 4 EE ProLong Gold Antifade Reagent (invitrogen)Z
3

A4 mounting3t7] Aol slide glassel HobslE 5718 3

L E 3l cover glassol = Y3 ZH O 2 mounting solutionS * @] 8Fal sampled] 7|71 A
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A SAAZ Y. Samples #H@dko] Af=olA 244)3F

incubationst & o|H|X| & A3}t
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Fig. 19. Methylobacterium & EAZ A3 AFA = T 5o ASAR AL FAE €
=

| 5 M. sp. CBMBI15=

AHFA 5, B. M. fujisawaense CBMB12= FX %X @ A C.
FARA @ AFA FE D. M. oryzae CBMB20Z FX# A @ ANFx FH E. M. sp
CBMB27%2 ZA3% A AlFA 53 F. M. fujisawaense CBMB31Z Ex3 % @ AlFA]

¥ G. M. oryzae CBMBI10Z 243 A @ A&Fx F1
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(1) AlFA A BAAS Methylobacterium® 3

AlFAx2] Bl control® FAAE HA &S M. oryzae CBMB110¥ FAAS A M.
fujisawaense CBMB31& H&3F & 3Uo] Ayt e 248 #2319t CLSM &A=
A EZxA 9 A7 (autofluorescence)©] 7Z3lo]l gfp Aol A 2 EAA ] HFE $d3s]
AlskaL wAwe] 7HAAL e gfp vhe w3
CBMB1103} &2 A3 F M. fujiisawaense CBMB31S H=3 3 3do] #Ax3l #y %

2
B A3 Fig 21(A).0 A Bz nlep o] AlwA] #ejxde Artgds #42d 5 A

rir
ol
il
@
i)
ot
i,
=Y
righ
i
D)
&2
o
<
o
2
8
o

] Fe FAS A= FAAS HA e M. oryzae CBMBII0S AL4 Hoz &9l
sk = ol ada HAAS v AE M fujiisawaense CBMB31-S HE3 A 529 g %
A B2e A3 gfpE H+= M. fujisawaense CBMB31 o] g€ FHo| Ze{Re] 73 3F=
BES 9 @ o AdAuk msk B Aol A FAAE @ M. fuiisawaense CBMBI12, M. sp.
CBMBI15, M. oryzae CBMB20, M. sp. CBMB27, M. oryzae CBMB110-& A& %9 &x}o] A
A3te] JEAS dl Fd T o] THIE EES g # 7 AT oled 4
Hz wFo] B oof & Aol AbEHE FiuAE 22 AgAdd EARAG JEFeAE

=
W eld FuleA wPshd TR Ade &+ Ak

O

oy
"
lo
=
i)
S
ot
i,
=Y
rﬂ'
rﬂ g
E”
2y
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S
8
3
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oy}
—
0o
m
o)
of\
o
oN o
o
e
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H
roi
Az
i)
o
N

A4S #FES Ay AF HEYxdY Fed FHel FAstal e dAAE @ M
fujisawaense CBMB12E #& & 4 QI3 FIo|nA & F3lo] mAEe TAAAE &<l
sk = ). w3 gAAdst @ M sp. CBMBI15, M. orvzae CBMB20, M. sp. CBMB27, M.
fujisawaense CBMB31, M. oryzae CBMB110-2 Al 53 9] Aol HAdle] HEdAS w B
e FR F7]9] oy FHo| EERe] LSk Eae e & AT ol d A w
nfol B o 2 AFoA AlEH FEUAAE 72 AlaA AR FFIAS W B

gl TR 27]9 9yl ZHEH Tk Ade & & AT

Ay

(3) BEvtEol| A HAAZ Methylobacterium® 3
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AS BT @A A M. fujisawaense CBMB31S H%3 & 3U0] Ay3st £7] %4
& wEY 2 Fig. 22(A)0 A Hi= whel o] EviE EV]x249 AU g VM=
nAEe] FAS #AEst 5 QY. dAAS vAE M. fuisawaense CBMB31-S &3 Ev}
Eeo] By xAS #23 A opE H= M. fujiisawaense CBMB31 o] g8 FHo| &7
Aol TR Ege S @ ¢ A9y ®Ed B Ao A FAAR @ M. fujisawaense
CBMBI12, M. sp. CBMBI15, M. oryzae CBMB20, M. sp. CBMB27, M. oryzae CBMB110-%
Bael FAel AA st HESHE W F7])e BEld FH S8R LA
g F AATh o)y F ARz nFo] B ou 2 AFolA AEE FEVAE T
AA s HEFstAe oW =719 ed FRdA sy s A

510]
of &2t
=

t
oy
o
J&‘l

}\o],

A

rlo

ok
=

%,
o
32

N
32

(4) WolA FAAS Methylobacterium® 3

o] Mo JAAS ¥ M fujiisawaense CBMBI2E H£3 & 4do] A3l #e
ZAS &Y. dAAS | M. fujisawaense CBMB12E HE3 & 490o] A3k
g A& ##Es A3 Fig. 23(A).olA Bi= npep Zo] B g
a9y FAAZS A M. fujiisawaense CBMBI12E ## g & 4]
AE Foto HoA Y HAE AAE S & F AT w3 dAAST A M. sp. CBMBIS,
M. oryzae CBMB20, M. sp. CBMB27, M. fujisawaense CBMB31, M. oryzae CBMB110-S H
o] FAel AA 3t HEAE W e FHG FV|EHd T E EEs I & 5 9
At olg e A2 wFo] B u B AF

Tatole W FElEy E71addA s edss Ade & ¢ Sl

ol

R e S
S AR HAAS A M. fujisawaense CBMB31& H=3F & 4Yo] Z3}3g ¥ A
B nie} 2ol ofpE H= M. fujisawaense CBMB31 o] #g]€

FHo ERe] TR EF5S U & ¢ Iddvk w3 A A @ M. fujiisawaense

N

argo] o dAAS © M. fujisawaense CBMB31-2 H 53 $ 49|

mlo

i
o
o
ity
i
=
am

[N
=
z
é
_I_/

CBMBI12, M. sp. CBMBI15, M. oryzae CBMB20, M. sp. CBMB27, M. oryzae CBMB110-%

agee] FApell FAA skl HFsde W 27|19k e FH M LA Eae @

J&‘l

2l

- 155 -



T 5 YAk T Au vRe B o B AT
2719 peld FolA THHY FARE AL L 5 AT

20ym

9 wniw 9% 3 A Bol wa A

Fig. 22. 8243t @ M. fujisawaense CBMB31-2 #

gfp 4 olvA B. 3} o|wA| C. gp oV A<}k 3} o]wA] ¢ merge
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20um

9 M. fujisawaense CBMBI12 & 3 4 4 A v BglolA Az A g

olul R C. gfp °lw|X| &} 3} o]u =] 9] merge
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20 pm

2 # M. fujisawaense CBMB31 & 5 4 4 A a5 o x #& A gp

B3 olm A C. gfp olv A2k B3} o]m A 9] merge
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growth chamber WellA 55 @23t 4, A, AdH-9 T 2ol& Ao 244

al
& =S AYde W el vA

rir
of
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o
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7}. Methylobacterium ¥l %

ol oA F7vEE AFRI M. fujiisawaense CBMB12, M. oryzae CBMB20, M. sp.
CBMB27, M. fujisawaense CBMB31 & 114 CHOIMjA| o] A3 3 29°C =742 2 Incubator
of 2 43 vt A& WAEES Fol A CHOIZF B AZupazdd geoje]rt A7
| 52 & Fo] & ¥ Shaking Incubatorel A 29°C, 160 rpm . & 2 47k wjokalc}, wj<kak

b
2

v A E-8 Conical tubeo] 2 F AAEZ7]E o] & 4500 rpmlZ 108-7F Y4AEEE 3.
2o vAEY 9V A9 Hy * "Ayaez g4steg £y g4y

SpectrophotometerE ©]-&3}o] 600\ 0.800ABSE 7o =% TFEE

rlo
o

it
B
o,
off
L
32
i

=

+

B
o?&

Wolg 2 A%

A

Petri dishell 125 2 Evite Fxe} s|4A7] vA=&9 5 mlE UGN A 2 A3E
Q70 rpmo.E FAE AN xEE Ze) A7l vdE AYTE Uw F AES =
Hhshsio] A9 ¥ & FAE FAE HEY =9 UF A FER HolA &%

T 5 25°C &4 olA Aviedt). Aufete sk wlF b mAAEE v gste] @ 2 mi¥
A& sF3v

e EFE F 7 9 Fo i Mow, HF dolee FAHYUSY M fujisawaense
CBMBI12, M. orvzae CBMB20 oA & &5 wolslslom M. sp. CBMB27, M. fujisawaense
CBMB3L @M= 1 7% & AlQg 11 7§ 7RAClA HotE sFith. AxxA 2HEE V4=

Aok mAw Ao A, 94, d-E vl 2 AFESE 3EE 5 8y (Fig.

o
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=
)
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25). Ag- Aol A FAYS MAT (Zol:134em AA2.5cm)o] 7 AA BEF G o,
CBMB31& A& /Al (Ao]:9.5cm HAF4.3cm)o] 7h 22 Ao AdS HoF

ol CBMB31A 2 (Z90]:133cm AA22cm)ol A 714 2 Aoz #EEHAQon, CBMBI2
AP (Zo]:i82cm HAzHllem)o]l 7P Ze AES HolFAY 5

MAZL W53 258 verdSlth du S 9 F +1d mAE X
Wit A AAdA dEare] T4 AES A4S #EIgeH, +3dol= vAE Ay ¥
g A e Wk o] o] aiAbElg o +6Uol RE A aAbstT Sor@EAl Y] n A
B Aot mAgTe aAEEE Ao A3t

6. aLF9 W52 Phytophthora capsici 9% 2 A&
2 g8ty W@l Al AU Phytophthora capsici WYX & ZE} V8 F22 4|

Ao &8 F2 & 20°C Incubatordl A 58 -&<F s AT A HAX VR =24 wjAl & v

20°C 7URF AmEFsit W% F Oatmealt) | & FA =

olujof] A=E HYe A= ALY olgA FFE3I  Phytophthora capsici
o 4°

Hemocytometer & o] &3}e] 5x10* zoospores/ml 2 3|23} C WHarel 1Az Bast.
dE 5169 A g ANYTEH vHYToR FEI 5 AWy Aol #EsA BEY
oz Ayt aFe A W 5 & +199] Phytophthora capsici ¢ WA Al&Es
SAol yEetwtew, W xldo] w=A Pt 160 FEo] EF wEl vk PR @A

9 AAe 3 A8 AZYse] AFaArh. A& 1x1 cm’e) AR FAgpow, AW A
DW, M. fujisawaense CBMBI12, M. oryzae CBMB20, M. sp. CBMB27, M. fujisawaense
CBMB313 ¥+ 38 DW, M. fujisawaense CBMB12, M. oryzae CBMB20, M. sp.
CBMB27, M. fujisawaense CBMB31l & < 10719 AZ&S #33H3 -70°C=Z YsH T 3
AT

7. Database search ¥ PCR& %39l B-1,3-Glucanase, PAL, PO, PPO, ACC oxidase,
ACC synthase 59 34 97144 g

oA HAABE W (Oryza sativa), EVFE (Solanum lycopersicum), % (Lactuca

sativa), 3IF (Capsicum annuum), A=A (Spinacia oleracea)®] PR-protein?l B
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-1,3-Glucanase, PAL, PO, PPOS} dlgale] A #osh= ACC oxidase, ACC synthase
o SAx GrIMEAAE 1, 2 Adzo] E vk AATE AT NCBI¢] data base°l §1&
A

16
—m— control
--O-- M. oryzae CBMB20
14 - | - ® M. fujisawaense CBMB31
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¥ 25, Fol vAlE HE F 156 dFH 3B A AESSH 23 A AY B, 94 C, 8%
= mo} A ol FrEtx| Edwl fdA dr|Ade] v A AT o] Wxe dE At
oA I

9] PPO A4 A7IMET 59 PO 44 A7IAES F7HHo2 A3
gue 4 JdAvk. AFY B-1,3-Glucanase, PPO =@ i A Fx29] ACC oxidase, PAL, B
-1,3-Glucanaset= NCBI data base o] == Ho A o} FAX A7 ES FH3HA
23kt AT F7Fd o2 Osmotin® Thaumating 7 A4 3FAth Osmotin F A A= Fvl vl
AXE TR AR2EHAE 7 JAHE did=z Iz don gyt dis
Frtdol e Bofsts @Az Sl @ onp Qlvh LElste] dukA oz A& AEf A Wk
3l Qtl (Singh et al, 1987, Monteiro, 2003). %3+

Thaumatin< il #ejd Fadduideln FHx My 2AESdA dspe vhddt
F3golate] gk Azl AdrkE AT BaESltt (Xing et al, 2008). H38F AEo] #HH g
o wel AYAHE Bt JdFEHE HuFHAT
(Rajamet al., 2007). o}&7}A] g H3}x| K3k a9} Algx aglar H2F 2|9 PR protein
AA A7INES &Y AR BEH 595 AAste] O AVIAE-S o] &3] degenerated
primerE A ZFet AL 2 3 vl A ZE = degenerated primerss 59 AR 1Y
3 H=2Z29 total RNAE FE319 cDNA 4 & 349 cDNAE template= PCR 3t

to 2249 9 91998 BAel 44

@]
oy
w
]
Z
Ay
=
lu
il
L
Ol

7V ARG E FEE $ 3 degenerate PCR

AMHA 2 FAAEY] A7IME ARE A7) fste] 4 S A8 B31S F35
o] degenerate PCR & Zglo|w & 2-& o At Table 73 Zo] 7} F-dAE2] degenerate
PCR 2 g}o|HE A 23l ). degenerate PCRS A &M%l 3 #}o] ™ e} PrimeStar Tag(TaKaRa,
Japan)& o]&3te] AZstalvt. 24 zZekolw e Tm & A7 fAste] 30~50°C Alol &
gradient & F°] PCR 33t} A7) 52 1.5% agarose gelol~ 100V loading 3} 91 t}.

I A3 Fig. 26 3 o] Al5A RNA|A ACC-oxidases 42.8°C¥# 46°C, PAL 36.4°C<}
39.6°C, BG ¢t thaumatin & <3 4hzo] §l31.0.¥ osmotin 50°Ce 51.6°C oA FFA4tE0]
gl At
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PCR & Z4HE29] AAl= SV purification kit(Promega, USA)E AF£3+% T Micro tubed

Table 7. PR-protein®] degenerate PCR = $3 2Zgto|r @743 Hauidd gArE

Primer )
Gene name name Primer sequence(5'—3") Reference

TAG AGC TCG ATG CWT GYG ARA
YL1361

. AMT GGG G Wang et al,
ACC-oxidase
CGT CTA GAG CTT CRA ATC TTG 2003
YL1362
GCT CCT T
. YLI363 TNC CNC TNT CNT ACA THG CCG G Jiang et al,
YL1364 AAR CAY CAY CCN GGN CAR ATH 2011
YL1365 GCT GGC ICA RGC ITA YGC
BG Montero et al.,

YLI366 CCA IGG ICT ICC RAA IAT YTG 2006

YL1367 GCI ACI TTT ACI ATA GTI AAT CA .
. Zamani et al.,
Thaumatin 2004
YL1368 ATA IGC CTG IGG ACA CTG IGC

YL1369 TGY CAR ACN GGN GAY TGY GG
Zhang and

Osmotin Shin, 2007

YL1370  AAN GTN SWN GTN GGR TCR TC
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bp Maker 30¢C 33.2¢C  36.4¢ 39.6C 42.8C 46C
5000

1ls

4000

3000 =—t

2000 =—r"%

1000

Maker 46C 428C  39.6C 36.4C 33.2¢C 30¢C

Maker  30C 33.2¢C  36.4¢ 39.6C 42.8C 46C
5000

1l

4000

3000 —d

2000 m—

1000

Maker 40C 43.2C 46.4C 49.6C 52.8C
5000 —I_

4000 —I .

3000 mmd

2000

1000

Fig. 2. %4 RNA & o] 8% 7 £

=

Z+¢] gradient PCR product 7] %A}z
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2] ACC-oxidase B, A|&=3¢] PAL C, Al=* ¢ Osmotin D, %52] Osmotin

PCR productE %7143 PCR product®} =<3t volume?] Membrane hinding solution (PCR
product”} 20 @™ Membrane bhinding solution 20 )& Y3l pipetting 353 t}l Collection
tubeol SV Minicolumng 719 %3l 1He mixtureE F3-& o] &3} SV Minicolumnel] %
3187 WAEE Y AEE Y] 10,000 rpmoll Al 183 YA E Sl collection tubedl] 2]
H AA = Wt Membrane Wash Solution 700 ¢S SV Minicolumne| %32 10,000 rpmoll
A 187 AAE-E AT collection tubedl] 8l A= W TE Membrane Wash Solution
500 p0E SV Minicolumn®] 31 10,000 rpmell A 583F Y4825k} Collection tubeol]

g AAZ ¥Hl & SV Minicolumng thA] & & 7 A=z 1870 9A4E83E S column

al 1

o

S AxXAA FAY. Micro tubed] SV MinicolumnE 719 91t} Nuclease—free water 5040
£ SV Minicolumne] ®i1 1#3F A3 £ 10000 rpmollA 1+ d4l# st SV
Minicolumn We|al #7248 @o} -20°CollA H#Asiaity. My S 2l AHgd ¥ = pGEM
T-easy vector(Promega, USA)E AFE399 T} vectorE ligation 37| 913 oA AA¥ PCR
product & a9oA =<l F A3t Micro tube © PCR product 3 g ¢ pGEM
T-easy vector(50 ng) 1 pf L&)l ligation buffer® 5 pl ¥ 3l pipetting 3} Tl vpA| 2o =
ligaseE 1 pf 93l spindown 8}ty E3he2 A29A4 1 Al 7FsoF 98 Al AT ligation
vector v ZHIE AT(E. coli DHowel F&dg stalvh. AL -70°Cel Baso] 9}
d A3t competent AEE S oA AH =<2 5 micro tubeEs WAL 100 @b Al X
ligation ¥ WH 5 w & T3l dodA 302 &<F vESAI AT, 1gal 27X 42°Co
A1 30&3F WESA AT B AEolA] SRR vhEAIZ & SEul Aol A LB HAMIA 1 ml
= tubeol] Yot} 37°C shaking incubatorol] A 100 rpm &2 1417 ¥F&-A AT F24UE

blue-white screening 3}7] 98] IPTG® X-gale LB ampicilin B x|l m]g] =2sle] =Zhaiv)

=]

oo

Hhgof & 1 AIRE o] F el IPTG 9F X-gal & =23 %2 LB ampicilin LA W] <] o] =23olch
w2 = 37°Coll Al 12412 Hauek 3kalch 12412F 5 digd white F24 &
ampicilin HA W= ol FFste] 1247F gl i Fd AXEE =ol plasmid DNA G353}
Gt} FEFo+= Wizard Plus SV Minipreps DNA Purification System (Promega, USA)E A}
S3tsich AEHALS 14 mlo AX NS e-tube o ¥ 3L 14,000 rpmol A 1E3F 941723519
th A g WEal oAl 14 mle MEZHAS 2ar 14,000 rpmoll A 123 YA &2kt &
3l YA spin down & I3l o2 A5 RS AATAY. 250 102 cell resuspension
A AT 250 1o cell lysis &4& Ha 435 A 3] upside downdA] Al
AL Al do] FAvt 10 409 alkaline protease 918 ¥ il 43]

5E-7F Ao WA 33}t 350 x0e] Neutralzation® 948 2 il 43 upside

1

upside down 3}
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down 3tk Zglar QAEY7] 14,000 rpmolA 1087 AR E¥TE. spin AHES
collection tubedl % i 2EaATE AAEE 5 FeHS spin A FAT vhA] A EY
71 14,000 rpmell A 127 A4 sgivh 29 2oz wAau2 AE Wy ddS v
tubeol At DNA A &-8 93] 750 ple] washing &S il 14,000 rpmeoll A 1#37F 94
stk Ayl BoE wA v A& Wil AyS tA tubed ¥o] 250 ple] washing

o8 14,000 rpmoll A 287 AAEZ 3T DNA €58 98 A micro tubeE +1)3}aL
3k 292 micro tubeo] ¥ 100 0] DW= 230t} tubeZ 10,000 rpmell A 187+
AAEesigch. 29S Wi WAL DNAE -20°CoA] wastlth, 224 9 4F9DNA
o] EAoAF-E Astr] sl ATFEA A ste] AV]dEo = DNAE ot Algh A
¥ pGEM-t easy vector AAADNA 91 2] % Ho| £A3}+= Spel 3 EcoR 1S ZH2} 05 b

AbgEtg o™ 2 w9 buffer 493 0.2 w0 ¢ BS.A 28 118 p ¢ DWE £33}
=% DNA 5 i & Agtas dasielrt, dadzx1E 37°Coll A 2417 &t WA A F3
th o whS & AV DEE 15% agarose gelel A 100VE loading 333t}

& A3 Fig. 27 3 2ol 44 DNAYE £A48= A2 A2 ACC-oxidase 95

i
2

AFIDNA 7} &A4138F= A 529 ACC-oxidase plasmid DNA = T7 3 SP6 Z&lo]H & o]
of d7A4d E4sAv. fVId E42 dVIAY9 4L PCR F €03l PCR $34HE
20 wWE olg3te EAFY=d AL Applied BiosystemAHUSA)S ABI PRISM® BigDye
terminator cycle sequencing kitE ©]-&38t9 k. MJ researchAHUSA)2] PTC-225 peltier
thermal cyclerE AR&3te] PCR ¥hg-& & dglow W A& PCR whgol ARRHAE 742}
o] ZgolME ol &ttt Whol ¥y oE&g o]&3te] ANTP 28al L & EFE=Y
3% PCR AHES Eegith & AAE PCR F34AHES 3%

PRISM 3730 XL analyzeroll /] #4315t AlAA 4 AZEoz B4 ¢griAdL A
E A8 xabl dHo FAE A& F dATh @7IA4E ]

e ddz 9d#ste] NCBI®] BLASTX 2o a] whuld AAgieict o Ay B4%
A7IEo] ACC-oxidase® s=HES & F A3 Fig. 28 HH H, 315

ACC-oxidase?] @@ 3} glignment 43 % 48 5 AAT. 7|4 48 47|49 ARE

GenBank 9 Bankitel]l 971442 EZ3+9 )t (Table 8).

8. B-1,3-Glucanase, PAL, PO, PPO, ACC oxidase, ACC synthase %92 Real-Time
PCRAAA Wal 248 wae A%
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¥ 2&E 9 B-1,3-Glucanase, PAL, PO, PPO, ACC oxidase, ACC synthase %2 4=}

iz

Fig. 27. A=A ¢ ACC-oxidase insert DNA <18 9
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Spinacia oleracea
Caps icum chinense
Solanum [ycopersicum
Oryza sativa

lLactuca sativa

Spinacra oleracea
Capsicum chinense
Solanum [ycopersicum
Oryza sativa

Lactuca sati/va

Spinacia oleracea
Capsicum chinense
Solanum [ycopersicum
Oryza sativa

Lactuca sativa

Spinacia oleracea
Capsicum chinense
Solanum [ycopersicum
Oryza sativa

Lactuca sativa

Spinacia oleracea
Capsicum chinense
Solanum [ycopersicum
Oryza sativa

lLactuca sativa

Fig. 28. @711 E &4 oz fy Lozl

obr] =4k A& alignment.

173
173
173
174
176

233
233
233
234
236

DVPPMRHS IV INLGDQLEVI 8|
DVPPMRHSIV'NLGDQ%

FGTKVSYYPPCPRPDLVMGLRAHTDAGG! | LLFQDD#VSGLAL
GIPEMVIIGLRAHTDAGG! | LLFQD;

IFDDYMKL YAGLKF QAKEPRFEANKA
EDYMKL YAGLKF QAKEPRFEAMKA]
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I pathogen related gene®| W3l accession number

ACC-

=& _ PAL BG PO PPO Osmotin Thaumatin
oxidase
A i AASI0759
(Capsicum AB434925 EU616575  AF227953 AF4423%6 AY262059 AF297646
AAR4L07H8
annuum,)
Eule
(Solanum —— \po19101  AK327645  FJIS117] AK321353 AK247410 L7663 N/A
lycopersicum
)
H
(Oryza AF0498R9 AK120127 AKO067001 EF444530 AK108237 HM215149 u7i7657
sativa)
HZ =Y
, X81628
(Brassica X81699 AB281591 EF484K879 N/A N/A N/A AF355805
oleracea)
PN AB15R8347
e AF411134
(Lactuca AB158346 N/A GW397557 HSH86KRR1.1 N/A N/A
o) ? AF299330
sativa AB158345
MeA _ 766559
(Spinacia sumitted N/A N/A AF244921 N/A N/A
X90869

oleracea)
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A7 LS olgdte] O FAAE Boldor TFAZ 4 3= Real-Time PCR & ®3&
A Aok ARt "3e e fdAe] PCR product (7149 A4 Abgd 28)9 9
Az HHe WA= 24 F=8 RNAE o] &3t fdx 2d 54 =18 &4

9. Real-Time PCR& o] &3 B-1,3-Glucanase, PAL, PO, PPO, ACC oxidase, ACC

synthase 59 44 @& =4

ki

NAAES JE3 e vAES JETINA ZFS FEA RNAE FE3)
3lo] Real-Time PCR % "WAES T3 HEI vAES FJF3A FS HEAA B
-1,3-Glucanase, PAL, PO, PPO, ACC oxidase, ACC synthase 52 f#xx}2] 3ol oju3t

FYe wol=A AwHon BAHY,

cDNAZ 34

7}. RNAE o] &% Real-time PCR £4]

kitE o]&3to] A=A49 F RNAE F&5 5 24 A3 RNAY <& dA o= o

A7FE @d7le RNAE JAAMEAE o] &dte o|F7leel cDNAR S 3 +
ACC-oxidase, PAL, BG, PO, PPO, osmotin, thaumatin¥ 2z} A ¥vc)t 44 ddwS Ho
= Actin, Tubuling Control gene®. 2 3= 9 7 Primer AlE (Table 9)E AF&3F Real-time
PCR #4-& 33ttt & 388 AL siglow, 2t 23 ws of§ Hdd ZF2AE 1315
t}. Real-time PCRo| A8 AlE & iQ SYBR Green Supermix 10 pf, 313 o] A3k
3 AurE Primer 0.5 @, DW 4.0 @09} 1/102.=2 3] A1 ¢cDNA 5 pl F 20 = HEF
t} Real-time PCR®| o2 vt o] zlastqivtk. WA 95°Cell A 180% A8t F3U
th o] & 95°Cell A 15&, 56°CellA 10%&, 72°CollA 30xE 40 cycleE wWHE3A T o] % 95°C

10%, 65°C 5%, 95°C®E Melting curve 48 33t} & 39+ A3 9

ALFEE F&uAEQl Methylobacterium-2 74 E3te] A%

o
r
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i
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R
S
12
o
=1l
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, AZeslo] BMAE f1A¢ Acc-oxidase 9F PAL W3S #

Table 9. Real-time RT PCR | Al¢% FAA E9o]& primer sequence

Gene name Primer name Primer sequence(5'—3")
ACC—oxidase YL991 AAG ATG GCA CTA GGA TGT CAA TAG
YL992 TCC TCT TCT GTC TTC TCA ATC AAC
PAL YL993 CGC TAT GCT CTC CGA ACA TCT C
YL994 ATT CAC CGA GTT AAT CTC CCT CTC
BG YL995 GCG GTG TTC AGC CTG GAT G
YL996 AGC ATG AGC AAG AAG TAT GTT GTG
PO YL1351 CAG GCT TTA CTG AGT CTG T
YL1352 CAA CAA GGG TGA CGA GAT
PPO YL1355 GTG GTC TGA ATG GAA AGC A
YL1355 TGT ATG GGT TGC GGT TTC
Thaumatin YL1357 CTA CCC ACA AGA TGA TGC TAC
YL1358 CCA GTA ACA CCA TTA GGA CAG
Osmotin YL1359 GCA TAT AGT TAC CCT CAA GAT GAT
YL1360 GAG TAG AAC CAT AAG GAC AGA AC
Actin YL999 ACC CTG TTC TCC TGA CTG AGG
YL1000 AGC CTG GAT AGC AAC ATA CAT AGC
_ YL1001 AGA CAG GAT GAT GCT CAC ATT CTC
Tubulin

YL1002 ACC ATA CAT TCA TCG GCA TTC TCC
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Zakaith

1 A3 Fig. 29 oF o] wjAE 3 AWl v Ao REFES 1.0 & V|EoR e W,
Acc-oxidase®] 4% WA= M sp. CBMB27 oA 33 15006 22 7} & LHFS 1
Gt dE ko] Horgkow HoLS ul M. fujiisawaense CBMB31 (#H:60.04) M. fujisawaense
CBMBI2 (4+#:3732)2.2 CHTFS & stk M. oryzae CBMB20 2 H@ZA 3 AWt &
Aol wE o] ol BluE ¥ F Av AP gWd Aol LR o] Wit
034 2 Yetuted, uxs 2o A7 ddd Ao wAE Mo HdFde] A JEw
owng HWe hAIE THE ¥l Aow AZHAvt PAL ¢ wd% A} M oryzae
Foach wHHFS M sp. CBMB27 (Ht

_I_:

rﬁ

TS M

£

CBMB20 oA #9164 = 7143 23
14.73). M. fujisawaense CBMB31 (Hr2.85), M. fujisawaense CBMBI12(¥H11.60) 0.2 E
Wan, nAE FAE Gt Aol e Hat 1397 e BdFEE HoFglon, 1
AE AEg7h duatel 2349 PR-protein®] T7He& & 4 AT PALS wd#F A4
Ay & BES M. oryzae CBMB20, M. sp. CBMB27, M. fujisawaense CBMB31 < 7]
B2 AREESS Al Bdato] ek ¥ Aol YR EE AREEA &ke u Wu St
HAota Adyder. g AKFAeE ACC-oxidase, PALY 2&d#HEA A3 M. oryzae
CBMB20¢l A 2] ACC-oxidase®] WA =S 443 43l Ethylene® ABFTS TA8AF
L PALS =2 RS Hof Fof A& AR ol ¥ AR =gs & Aolgt A
seTh
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300
| EZ A4 ACC-oxidase expression of Capsicum annuum L.
250
c
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(]
8 200 1
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©
S
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S 504
IVT/I
0 ~—r———r A A A A
CC ClI12 CI20 CI27 CI31 PC PI12 PI20 PI27 PI31
B Treatment type

140 4 BB PAL of Capsicum annuum L.
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Normalized Fold Expression
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%
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e

Fig. 29. 115 RNAZF-E Real-time RT PCR 4% %3 7} fAx9 HazF 24

A, ACC-oxidase B, PAL C, PO CC, %A CI12, CBMB12 H<% CI20, CBMB20 H<% CI27,
CBMB27 #& CI31, CBMB31 #% PC, 94y Pl2, 99+ CBMBI2 HE P20, 9
3 CBMB20 %% PI27, 933 CBMB27 ®% PI31, &%+ 3 CBMB31 &
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1. 9243 Methylobacterium #59 w% =2

Ao AygH 2 A3 Methylobacterium 59 PSS 95te] FAAZE A7k AMS
Ael W xS F=0) 3k gAY 0® 05% succinate® H7F 39l ow, &4 AE Kanamycin
10 peg/ml, Nalidixic acid 5 pg/mé, Cyclohexamide 30 pg/ml-S H7F3FAc. #5F+= 05%
succinate?t FAAE H7FE AMS 3 v A oA Ag #FE FLI AMS HA A o] 3] <E

3 5 30°C, 150 rpm &2 72417F S 7 E wjeksid ),

% 5 mm Aol A Aste] ARRETE A A EY o4 &
Y B9k B A&x B4 (National Institute of Agricultural Science

1 A3} Table 13 2t}
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3. 03 AAE ol&3 v A=

Al
it
ofo
1:011
o
ot
o
N
fify
=
1e

vpekst xFA) (f-uF ), A3]) o] o] wE IF A v AEUE §& TS 21E] 9
3ol 5 mm N2 AAS Bk 115 kgo] 97 potell FHh

M 512 96l 9@ AR vwe 58e Fa] ¢

_[Qr
boEw), Ase) A ma Aude) 100%% JRAes A sges, 7 AT W
Hulsh Age] A @2l ste] AT (Table ). A2l T8 =5 7 AT 247 4

s 987e) pot® EW Ath TALEE nF2A L4 AUANADEOERE DFG

&3

HE B¢ 2ot f5+ potel o] A 20 £ 1°C E)e] growth chamberol A Aw] 3} 3L

T4 59 & 249 potel o]skAtt H A S Methylobacterium w9 && A8l oF

N

Al F ) -S 12000rpm e 2 10%-7F 94 F23te] 92 cell pellets SDW=E A sloiv). 3 e
(107 cfu ml™, ODaw = 1.0)& ©]4 = 25 FA o2 WA gttt 153E o2 166Y =
Fotelo] sy #ATE =24 3k £7)9 Zol= £38 A A oy, AEFL 7

0CA 7277 S Ax A7 3 =433}



= Aol fuk, B, A3 M2 ¥ Methylobacterium &0l o] Ael vA =

F& A9 skdinh arFe) &7 Zelst A=F AT W gk Table 3914 =9l &

o]
A

N

DO
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(@}
8
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Fol whE v FEHAA gokow, B A&l M2 A3 md 100%9F 2009, 200% 2
300% ko] freold Q= AolE &l @ 4 flSdvE sHARE M) AlE 100% A T2k 300%
AP 2holl= Fo4 ' AolE 0 # F vk A3 A& 2 35 F7] Aol
RBAEIH= H) AlE 100% ATk 300% HET-olA FEHAA Yetgh a5 AEF
o] ZA$= -k 100%, 1) 300%, 413 100%, #FHE AT (89.7 + 2.7 g plant )9k Fut
100%, 1] 3009, 413 200%, #F AE AT (849 £ 54 g plant Dol 714 A Ve
o, Aglg- el axo fFoAHol e AeE A HAAYW aFe HEF AielA
Methylobacterium “3&° W& E#H7F o4 AA &9 =dow, Huje A& 300% A &
TR FoAE el F F AT 2Fe] AEF g Ao AHEAE EH¥] 100%
A oAt 24 3= AoE FAsnl. o)y Az wel fuh Hul, M3 S W
A AR e Methylobacterium F<&o] il AFo| BdE & F Jdod, vAdE v 59

THAEC] e Aor Atmdrh

>

A A3 Methylobacteriums A3k 315 @ wALE 391

313 Aol Al total bacteria, methylotrophic bacteria, &2 d3+ Methylobacterium®

=g 2gsg 2A ARE 8 F AAsAr A9 @

i)
o

£ 437 9138l total
bacteriai= Nutrient Agar 3 WX & A}83}% 3L, methylotrophic bacteriats ®AHP o=
0.5% methanols #7713t AMS H# wXE A3, @A HAE Methylobacterium i+
EAUo® 05% methanols E71ela, SAA (Kanamycin 10 pg/ml, Nalidixic acid 5 pg/mé,
Cyclohexamide 30 pg/ml)E 73 AMS A u X & ALE3AY. T SAHLS 159 +3
B 10 g8 90 ml SDWel| g4sta, tA| @Adez 34 w4 EF 9 ml SDW tubedl
8143k $ wjx|of mEEkdul. 28°Cel A 7241 W% F HE T)
soil &9 & HERHAT

22 Ado A gu) A3 JdA-AS Methylobacterium® @7} 1% <A 9] total bacteria,

B3l log cfu g ' dry

[‘-{o

o

methylotrophic bacteria, & A A3} Methylobacterium® TH o] m 2= 93-S 3}
(Table 4). Total bacteria®] =%+ 74 1009, E W] 2002, A3] 200%, #F55 (8.30+0.05

log cfu g dry soil) HTolA 7 kvl AR fodHLe g Aom FHr)
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Mthylotrophic bacteria®] ¥R %= ZE o5 HF A FolA 7 vHF A Tl vt

Table 1. £4 4@0] A88 2% o553 54

Soil .
o bl EC  NO=N NH/-N PO K Ca Mg
texture
(1:5) (dS/m) mg L' -— mg kg —— -—————- cmol’ kgt ——————-
Loam
513 0.14 3.9 2.02 7.1 0.123 1.26 0.73

Values in each column are the mean of five replications.
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Table 2. 24 pot A& AA.

Treatments

O1l cake

Compost

Lime

ofp tagged Methylobacterium

10026 100%  100%  100%  100%  100%  100%

10026 100%  100% 20026  200%  300%  300%

10026 100%  200%  100%  200%  100% 2002

No Yes Yes Yes Yes Yes Yes
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Table 3. ¥9], 23] ] @ Methylobacterium 7 Eo] 159 Ko v 2= 43
| reatment Shoot length Dry weight
Oille;jie C(glzst lL;n; Inoculation (cm/plant) (g/plant)
100% 100% 100% NO 62.6 + 2.63" 63.7 + 0.88°
1009 100% 100% YES 632 + 377" 754 + 514
100% 100% 200% YES 706 + 271" 65.6 + 1.77°
100% 20026 100% YES 714 + 1237 669 £ 1.35"
100% 20026 200% YES 735 £ 578 69.0 £ 1.84"
100% 3009 1009% YES 67.7 + 474" 89.7 + 2.7°
1009% 3009 200% YES 781 + 2.94° 849 + 5.4°
LSD (P < 0.05) 10.9 9.0

Each value represents the average of four replicates per treatment. In the same column, significant differences

according to LSD at P < 0.05 levels are indicated by different letters.
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i

< & dEbloH, 5% 8 FEolA ool e AswE FAHATE dE Hsk F4
2t Methylobacterium®] vt %=+= 8, EH], A3 100%, 5 vHE A< 52 100%,
B, 3] 200%, 57 JEF A ToAE UEuA @tk R EE FQ5 Ay Tl
HHF 1009, BH] 3009%, 23] 100%, T*F HE A T7F 341 £ 0.7 log cfu g dry soil #A]
A7 7P skl o= Hu]l Ay A3 Aol g2 A3 Methylobacterium®] it
o Jg& £oe AHEES & 5 I o H3dA FdA AS Methylobacteriume] 2
=7F vex] ke olf2 fu H], A3 100%, 7 vFE AT Aee dFE
Al k7] Wi, zElal U A golA s 2l B Y] v dE el A
olgk Ael FOo® AR

gt

L)

‘

2
;
o\

-1

5. A A3 Methylobacterium2 A3 315 Qo] AT <l

A AZ Methylobacterium-3 73k
A2 F 7k 100%, EY] 200%, 43F 100%E A el s A
3] 100%E A3k 279 d& A sk xT2A4 o
T AHs AT AT 2 JdES Y A fAGE A
QS AFH AT g YoM gofp FAAS Methylobacterium® 4
methanol¥ A A (Kanamycin 10 pg/m¢, Nalidixic acid 5 pg/ml, Cyclohexamide 30 pg/ml)E
HA71gE AMS #H¥ wjR|o] leal imprintings AAEST AR HAHL A8 v Fho,
SDWel A3 9 05% methanol®} A A (Kanamycin 10 pg/mf, Nalidixic acid 5 pg/me,
Cyclohexamide 30 pg/m)E #H7Fsk AMS Hzb =)o =3} Th 28TolAl 72 h #lF & +f
+E log cfu leaf ' @9 = e

HAAZ Methylobacterium-s FHAIN] Sk X529 vAlE 748 &37] s a5

o] A% leaf imprintingS AAEACE FEHEE 2AEY] A FAAV F7FEH AMS A

F 2o FURE 3] Astel, FFEE YED

K

ToF b 100%, 4 3009, 4
_J,E

(ld
iy
ofN
_O|L
N
&2
rlo
B0
o
4
lo
1©,

KO,

=

wlx]oll AA S leaf imprinting &2 FHAIHZ Q13 ofp FAHZ Methylobacterium®| T3-S

golsk 4= A WhH FFE YR Fe E2ToAAME gp FEAZ} Methylobacterium

o] RS Fodd = JA (Fig. 1). 123 YoM gop FAAZ Methylobacterium® THE

i Table 59 Zv. #FE HEsHA &2 dxTodAs #58 &2 & 5 gldey, &5
A& A FolAMe= #58 A & 5 AN Fak 100%, W 300%, 43 100% X

2ol mske] fu 1009, HW 200%, A8 100%5 H2g A FolA 2 dHURE g3

At Hule] Al g#o] mE mAAE vEY &&o] TS AL sttt wekA ol A

5

HEL vAAE RS 28 Ts Al F7

ﬂll
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Table 4. W], A3 A2l Y@ Methylobacterium 7 Eo] 115 +@ HHE vAE A3k

Total Metylotrophic ofp tagged
Treatment . ) .
bacteria bacteria Methylobacterium
Oil cake Compost Lime ] 4 ]
Inoculation (log cfu g = dry soil)

level level level
10096 100% 10096 NO 8.03+0.06™ 0.98+0.98" -
10096 100% 10096 YES 8.05+0.18% 3.43+0.44° 2.99+().27%
10096 100% 200% YES 8.15+0.09%" 3.32+0.37° 1.54+1.1°
10096 200% 10096 YES 7.91+0.14" 3.32+0.27° 2.49+0.46™
10096 200% 200% YES 8.30+0.05" 3.41+0.42° -
10096 300% 10096 YES 8.08+0.11* 3.87+0.17° 3.41+0.65%
10096 300% 200% YES 8.08+0.17 3.94+0.17° 2.94+0.21°
LSD (P < 0.05) 0.28 1.33 0.68

Each value represents the average of four replicates per treatment. In the same column, significant

differences according to LSD at P < 0.05 levels are indicated by different letters.
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ofp tagged Methylobacterium

Fig. 1. 325 & 9 oA gfp BEAHAE Methylobacterium® 7.
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Table 5. 3L

ol

3%

ol A gfp BAAS Methylobacterium® 4=,

Treatment
ofp tagged Methylobacterium
Oil cake Compost Lime _ (log cfu leaf ")
Inoculation
level level level
10094 10094 10094 NO -
10094 200%% 10094 YES 2.80 £ 0.11°%
10096 30096 10094 YES 1.08 + 0.08°
LSD (P < 0.05) 0.23

Each value represents the average of three replicates per

treatment. In the same column,

differences according to LSD at P < 0.05 levels are indicated by different lette
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6. W&t ¥ 9 Methylobacterium?® &0 & i
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Methylobacterium
F714 v5 A¥E 2F9] FoAYFEF (NPK = 12.2:64:6.1, kg per 10 a)s #3Lslo] 100%

o} 300%% FE-sle] AmlEtgon, Huls ¥E © 1493 g kg A Aok 77 nlg
Al AT wee A¥el M. oryzae CBMB202] HEo o] uwleg} yro] A=
3. v 3 35do] AW a5 FH (Capsicum annum L.)E UE potdl =7 Ao,

M. oryzae CBMB20 9] HEL 315 FHE o]23kx] 12 26, 40, 54, 68, 85, 96¥ -9
20 ml A Ao HE3A, WS A¥ (5% mathanol)= FHE o|2]3kx] 31, 41, 52, 61,

73, 88, 99 Fol o] Anlel Axdeivh aiFo] YFSAL FHE oA A 20, 40, 60,

He-g 2329} M. oryzae CBMB209] Z&oll W& 1159 A& SA A3 100% 1713
HlZ AN =2 A% M. orvzae CBMB20E HE3 A FoA] 575 HFdA &2 =

8 E
T-oll wla] el Aol folAd = FUHE Holw AS FAT F YA (Table 7). W&

_L_/

& g AX Ay md vuass Ay e Aol nlE g Aol o4 2
= Z71E Bovh WEeeS 9 A¥E3al M. oryzae CBMB20E H=3k A oA M =
S AAE BYor, WEegs MY Zi #FE HEIA &2 Ayl vE e A
ol 48 ~ 249% F7tsh= AS Fld AT 300% F71E v EAIH] FEAdAE M.
oryzae CBMB20°] & w2 15 A F94 v 7= &0 5 sldvh es
FW Ax AP =3 AeES A e AT vE Fo4d e FUhE gl &

DA 2y WHEeEs AW X33 M. oryzae CBMB20E &3 A2l FoA 7 =2
S HHa Wees ¥ o #FE HEIA 22 A vE a3 Aol
120 ~ 223% S7bekdon, fed sl 7 = Fd 4 Ak 100%9k 300% 714

AW AEZF3 M. oryzae CBMB20S & A€t M =

e 3F AFE Bgow F A 718 MEAN F2d BF fo04 dE Aol FAT
o] o

HEes A2 M. oryzae CBMB202] HEo| wE 3159 AE#E F4H3 A= Table 8
of YeFTE 100% F-712 W BmAIH] 5o A, M. oryzae CBMB20-2 £33 g oA H&E

A 22 Aol e aLge] AR, Ak, e HAEFe] o S SUME Mol

b
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Table 6. & Ao AR&3F EFe] o|ststa EA
Organic Available Exchange cation
pH EC CEC
C P20s K Ca Mg Na
(15)  dsm' gkg' mgkg — ----————- cmole kg ! —mmmmmm-
7.8 0.9 17.2 287 0.27 8.3 15 0.2 94
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Table 7. = 7FA Y& AJH|FFolA] HwEs G99 X9t M oryzae CBMB209] &o] a5

of Bl mA= 2t

Plant height

. M. oryzae
Ferlizer Methanol = b oo™ 90DAP 40DAP 60DAP  SODAP  113DAP
level spary . .
1noculation
____________________ O ———
Uninoculated 39.9£29ab 63.3t49a 869+6.1a 92.8 £ 1.6a 101.6£8.0a
No
inoculated 41.2+24ab 694+4.7h 96.8+5.2bc 100.0+£5.2h 117.7+£5.8
10094
Uninoculated 40.8£2.8ab 67.9+5.0ab 95.0+6.3b  100.7+5.2hc 114.2+8.7b
Yes
inoculated 43.0£20bc 745+3.2c 1035+49c 113.9+6.2d 126.9%6.3c
Uninoculated 389+24a 639+£2.3a 94.3+3.8bh 103.2+4.7hc 118.7£4.0bc
No
inoculated 42.7£1.3bc 71.9+4.1bc 100.3+5.9hc¢ 106.1£6.3bc 127.5+7.9cd
30096
Uninoculated 40.0£4.9ab  70.2+£5.2b 100.624.9bc 109.3£D.8c 122.9+3.4hc
Yes

inoculated 45.4+4.8c  78.2+4.8c 105.6+6.5c 117.4+7.6d 134.1+6.9d

Each value represents mean * standard deviation of 6 replicates. In the same column, significant differences at

p=0.05 are indicated by different letters using Duncan’s multiple range test.
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Table 8. F 7}x vl& A u|FFdA] HeL 99

of Bewel vA= &t

¥ o M. oryzae CBMB202] H<Fo| a5

Plant hiomass

. M. oryzae
Fertilizer  Methanol CBMB20 Shoot Root Fruit Total plant
level spray ) )
inoculation
Uninoculated  46.2+2.3a 0.7x0.8a 19.0£2.8a 70.8+4.4a
No
Inoculated 54.5+3.5he 6.4+0.6b 23.1+3.7hc 83.9+5.6hc
100%6
Uninoculated  51.0+2.9b 6.7£0.4bc 21.4+3.5ab 79.1+5.5b
Yes
Inoculated 61.0£3.3d 7.3x0.7c 20.7+3.2hc 93.9+6.1d
Uninoculated  53.3+3.1b 6.2+0.6b 22.7+2.6ab 82.1+5.2b
No
Inoculated 60.5%3.2cd 7.0£0.7hc 26.6%3.2hc 94.1+5.5d
30096
Uninoculated  59.3+4.8cd 7.1£0.9hc 26.1+4.3hc 92.4+8.1cd
Yes
Inoculated 60.6+2.9d 8.4%1.0c 30.1+3.4c 104.1£4.8d

Biomass data were collected at the time of harvest (113 days after transplant), and each value represents mean

+ standard deviation of 6 replicates. In the same column, significant differences at p = 0.05 are indicated by

different letters using Duncan’s multiple range test.
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Table 9. F+ 7FA ¥l AujFEdA degs 94W A4XE9 M. oryvzae CBMB209] F<Eo]

methylotrophic ¥ 7| A G0l v A& &3
. Total Methylotrophic
Fertilizer Methanol M. oryzae CBMBZ20 ) ]
) ) bacterial population
level spray 1noculation

(log cfu g soil)

Uninoculated 097 £ 0.08a

. o Inoculated 2.65 £ 0.35b
10 Uninoculated 0.82 + 0.42a
res Inoculated 273 £ 0.20b

Uninoculated 0.65 £ 0.5la

. e Inoculated 278 £ 0.24b
e Uninoculated 0.59 + 0.37a
res Inoculated 2.66 = 0.28b

Bacterial populations were measured at the time of harvest (113 days after transplant), and each value
represents mean * standard deviation of 6 replicates. In the same column, significant differences at p = 0.05 are

indicated by different letters using Duncan’s multiple range test.
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35%, A2 6%, A=tholE 4%, HelolE 15%)E A&ttt 44 HEE 829 Zol7t 3l
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MFE AFEEA T
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AT Methylobacterium w5 AHE3Fth S 2AME SAE T

T BYH 6649 ol Fol 2%, AT, AF4, BATE A4 SAHFA
T 7HA ECNA Methylobacterium w5 &l wWE wjFeo AHS FA4% Ay, nEA
HE FE A-$ CBMBIS® CBMBI7S Al9gh U] HJE A o] iz =]
Bl Aol Frhetslen, 53 CBMBI2 HF A 2% 4
74 ot (Fig. 2A%F Table 10). A 3H5- AAF2 CBMB20S &3 A FolA 71 3
A8 ottt WETE MNE Ao Methylobacterium 5 JE Ag 79 x4
Hlugk A3 CBMB27 o5 HF A golA diz i &8 AKe] S5 &4 &
AReH, 19 ymA HgFeAe FEd wE A% FUE 9 gt (Fig. 2BS
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(Fig. 3A%} Table 11). 53] CBMBI2E HEs Al FoA 23, 454 ¢
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Fig. 2. vl27 W& AE (A9 HEZ= A8 (BolA Methylobacterium® % &o] w:&
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Table 10. P27 W& ANES WEZE NENA Methylobacterium® &0 w|Fe] Ao

" A= &
Treatments Plant height - Number of Chlorophyll fresh weight (g)
(cm) leaf Shoot root
Control 156 7.0 249 8.6 21.3
CBMBI12 16.9 7.8 25.4 11.6 21.0
HtE7 W& CBMBIS 14.8 7.2 24.6 104 20.8
CBMB20 159 75 24.0 10.3 219
CBMB27 15.8 7.1 229 9.5 16.5
Control 8.2 6.2 17.8 45 13.8
CBMBI12 79 6.0 18.0 4.0 14.0
HEEE CBMB15 8.0 6.3 16.9 4.2 136
CBMB20 8.1 6.5 17.1 4.4 139
CBMB27 8.4 6.7 17.3 46 14.2
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Table 11. vlE27 W& ANE PEIZF= HEA Methylobacterium® FEo] a3 A
v A= &

Treatments Plant height - Number of Chlorophyll fresh weight (@)
(cm) leaf Shoot root
Control 37.6 7.8 30.5 40.2 31.2
CBMBI12 43.6 89 31.7 2.5 35.6
H=#A W& CBMBIS 425 9.1 315 445 30.8
CBMBZ20 36.7 79 26.7 39.0 33.2
CBMBZ7 40.8 8.4 29.8 46.3 35.2
Control 14.5 0.5 175 9.6 26.1
CBMBI12 16.3 6.1 24.3 115 23.3
HEIT= CBMBI15 14.1 0.6 20.6 89 26.6
CBMBZ20 15.6 2.7 19.7 11.0 30.1
CBMBZ7 16.8 6.0 20.2 119 31.2
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W.J. Yim, SW. Woo, KY. Kim, T.M. Sa (2012) Regulation of FEthylene Emission in
Tomato (Lycopersicon esculentum Mill.) and Red Pepper (Capsicum annuum L.) Inoculated
with ACC Deaminase Producing Methylobacterium spp., Korean J. Soil Sci. Fert., 45(1):
37-42.

P. S. Chauhan, G.S. Lee, M.K. Lee, W.]J. Yim, G.J. Lee, Y.5. Kim, J.B. Chung, T.M. Sa
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Growth of Red Pepper (Capsicum annuum L.) at Different Fertilizer levels., Korean J. Soil
Sci. Fert., 43(4): 514-521.
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on Red Pepper and Tomato Seedling Development., Korean J. Soil Sci. Fert., 43(1): 96-104.
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