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SUMMARY

1. Induced systemic resistance in pepper plant by Bacillus spp.

Within an ecosystem, many organisms exist in perpetual inter-and
intra—species relationships that can be either positive or negative, depending on
the needs of each organism. A group of beneficial plant bacteria, which includes
Bacillus spp., has been shown to increase crop growth referring to as plant
growth-promoting rhizobacteria (PGPR). PGPR can decrease plant disease
directly, through the production of antagonistic compounds, and indirectly,
through the elicitation of a plant defense response termed induced systemic
resistance (ISR). While the mechanism of ISR elicited in response to PGPR has
been studied extensively in the model plant Arabidopsis thaliana, it is less well
characterized in crop plants such as tomato and pepper. In an effort to better
understand the mechanism of ISR in crop plants, we investigated the induction
of ISR to bacterial spot disease caused by Xanthomonas axonopodis pv.
vesicatoria in pepper leaves by Bacillus cereus strain BS107. We focused on the
priming effect of B. cereus strain BS107 on plant defense genes as an ISR
mechanism. Of ten known pepper defense genes that were previously reported to
be involved in pathogen defense signaling, the expression of Capsicum annum
pathogenesis—protein 4 (CaPR4) and CaPR1 was systemically primed by the
application of strain BS107 onto pepper roots confirming by quantitative-reverse
transcriptase  PCR. Additionally ethylene signaling-dependent genes (CaBPERI,
CaTinl, and Ca7linl-2) appeared to be primed by strain BS107. To find more
priming genes during ISR by BSI107 in pepper, we employed microarray
methods. A method of microarray analysis using oligo—genechip probe
representing approximately 345,000 genes showed 604 genes to be up regulated
and 62 genes down regulated at least two fold by X. axonopodis pv. veiscatoria
infiltration after treated BS107 compare to non-treatments. Most up regulated
genes were involved in metabolism and defense responses.

Bacillus thuringiensis strain BS107 was selected through in vitro and field
experiment in order to be increased ISR capacity and plant growth promotion.
The results of ISR capacity of B. thuringiensis BS107 was accomplished only at
10 day after treated Bacillus thuringiensis strain BS107 under field condtions.
For wvalidation of ISR capacity elicited by B. thuringiensis BS107 and ISR
chemical inducers (BTH and BABA) against naturally occurred diseases in the

field, we measured disease severity of naturally occurred diseases including
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bacterial spot disease and viral diseases at day 60 after treatment of 5.
thuringiensis BS107 and ISR chemical inducer. To understand mechanism on
strain BS107-mediated ISR on pepper, we focused on priming effect of the
defense related genes after pathogen challenge. We assessed CalPR4 expression
as a marker gene for induction of plant defense after pathogen challenge with
X. axonopodis pv. vesicatoria. To confirm these results, we used qRT-PCR to
analyze the priming of CalPPF4 expression by strain BS107 at day 10. During the
ISR by Bacillus thuringiensis strain BS107 in the field, plant growth promotion
by Bacillus thuringiensis strain BS107 was not observed. For investigation of
pepper growth promotion ability by B. thuringiensis BS107 treatment, we
harvest pepper fruits through in twice. However, the yield of pepper fruits
treated by B. thuringiensis BS107 was not differ compared with control and
chemical inducer treatments. Finally, 2-aminobenzoic acid was identified as an
ISR determinant secreted from BS107. 2-aminobenzoic acid itself could be
induced resistance against X. axonopodis pv. veiscatoria in pepper and Erwinia
carotovora subsp carotovora in tobacco. Our results provide novel biological
mechanism for biological control in order to be applied in the field with
endospore—forming rhizobacterium to manage broad spectrum plant pathogens. In
aiddition to practical application of rhizobacterium, we also exploited genetic
evidence of the priming effect of a rhizobacterium on the expression of pepper
defense genes involved in ISR as well as provide 2-aminobenzoic acid as new

ISR elicitor in pepper.

2 .Management of rice diseases by induced systemic resistance
II. Importance and objectives of the research

Rice disease control methods aimed at preventing the disease outbreaks
through the use of chemical pesticides. However, current research focuses on
environmentally—friendly agricultural practices and materials are required to
produce pesticide-free agricultural products. Biological control tactics have
become an major approach to establishing sustainable agriculture. However, most
of hiological control methods are not thought of as acceptable alternative for
chemical pesticides because of the lack of the mode of action and consistent
performance. The beneficial rhizobacteria has been known to provoke the
elicitation of a plant defense response termed induced systemic resistance (ISR).
The purpose of this research was to develop technical and scientific knowledge

in control of rice diseases by induced systemic resistance.
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ITI. Research content and scope

In order to get rice genes associated with induced systemic resistance upon
root colonization of the rhizobacteria, Pseudomonas chlororaphis 06, Affymetrix
rice 57K microarray analysis were performed. The microarray analysis did lead
to be resulted in the selection of ISR-related genes such as WRKY45 terpene
synthase and galactinol synthase. The O6-pretreated rice plants showed priming
effects on their selected genes. In addition, the selected genes were regulated by
pathogen-responsive MAPK cascade in rice. The selected genes were also
characterized molecular biologically and transformed into rice to produce the
disease resistant rice plants. The GolST4 transgenic rice plants were examined
disease resistance against rice disease and drought tolerance as well. Although
crop carrying stress-resistant gene is produced, its function is effective at green
house but not in field with hard environmental condition. Thus, GolST4
transformed rice was studied its function in both green house and field with the
raising seedling and confirmed whether it could be the practical molecular

breeding resource or not.

3. Isolation of ISR determinant from rhizobacteria

In order to characterize the indueced systeminc resistance (ISR)-determinants
of Paenibacillus polymyxa E681, the extracellular molecules from bacterial
culture supernatant were successively extracted with organic solvents and
fractionated by silica gel chromatography column. Among the fractions tested,
sub—fraction No. 7-8 triggered ISR activity. Collectively, the two bacterial
metabolites, acetoin and 2,3-butanediol, extracted from P. polymyxa E681 were
ISR inducing determinants in this study.

And in order to detect ISR-determinants of Ochrobactrum lupini KUDC1013, a
novel strain isolated from Dokdo, extracelluar components were extracted with
organic solvents. Of four fractions tested for ISR activity on tobacco, hexane
and butanol fractions showed ISR activity on tobacco seedlings. Further analyzes
such as HPLC and TLC were needed to identify the ISR-determinants of O.
Tupini KUDC1013.

To find of new strains with high ISR ability, roots, stem and leaves of pepper
and rice cultivated in the southern part of Korea were collected in 2006 and
wild plant family Solanum nigrum L. plants in Dokdo collected in 2007. From
samples collected in 2006, eighty four nitrogen-fixing bacteria and 16

spore—forming bacteria, mostly Bacillus species, were isolated. The isolates were
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partially identified by 16S rDNA sequence analysis. Among those isolates tested
for ISR ability, Xanthomonas axonopodis KNUC393, Bacillus megaterium
KNUC251 and Paenibacillus polymyxa KNUC265, induced systemic resistance in
pepper and tobacco. The three treatments reduced disease severity compared
with negative control and significantly increased pepper fresh and dry weight.
These results suggest that these 3 isolates might be considered as useful
rhizobacteria  capacities of inducing systemic resistance and promoting plant
growth.

From samples collected rhizosphere of Solanium nigrum L. plants in Dokdo,
fourty four nitrogen-fixing or spore forming bacteria were isolated. These
1solates were tested for their ability to elicit ISR and to promote growth in
pepper and tobacco. Among them, O. /upini KUDCI1013, Bacillus megaterium
KUDCI1015 and Novosphingobium panipatense KUDCI1065 elicited ISR against
Xanthomonas axonopodis pv. vesicatoria as well as promoted growth of pepper
and tobacco seedlings.

To investigate whether these 6 isolates can play as biological control agents,
we applied the isolates to pepper seedlings transplanted to greenhouse.
KUDCI1013 and KUDCI1065 were useful for the suppression of pathogen when
applied as bacterial suspensions at various growth stages of pepper. It was
therefore expected that the mixture of two isolates will protect crop from
phytopathogen.

In addition, field trial was conducted in order to determine the effect of
treatment with single, mixture of two strains and two ISR inducers on growth
of pepper and their capacity as biological controls. Acetoin treatment showed
higher ISR activity compared with 2,3-butanediol treatment. Although there was
no greater disease suppression of mixtures compared to single strains, there
were a trend in disease reduction. Among the three mixtures, mixtures of E681
and KUDCI1013 showed the highest fresh and dry weight. There was a trend to
significant enhancement of fresh and dry weight of pepper with mixtures
compared when applied singly. Collectively, the application on pepper of mixtures
of two stains and two ISR-inducers has potential as biocontrol agents under

greenhouse and field conditions.

4. Management of pepper diseases under greenhouse and field conditions
Biological management of pepper anthracnose (Colletotrichum acutatum) and
bacterial leaf spot diseases (Xanthomonas campestris. pv. vesicatoria, Xcv) were

using rhizosphere bacteria (444 isolates) isolated during 2006 from Jeonbuk and
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Chungnam pepper fields. Three isolates of X . campestris pv. vesicatoria
KACCI11157, KACCI11158 and 1523 were obtained from various sources and
inoculated on pepper plants at three leaves stage leaf stage at various
concentrations (OD at 600nm). The isolate 1523 was identified as a virulent
pathogen based on pathogenicity tests at a concentration of OD600 0.4 and used
for our further studies.

Since, rhizosphere bacteria found to induce systemic resistance in plant
system against the pathogen, we have used acibenzolar-S—-methyl in combination
with mancozeb as a standard chemical ISR inducer. Under greenhouse
conditions, all the 444 isolates were screened against bacterial leafs pot by soil
drenching methods (5 ml/plant) and selected 16 isolates for our studies. Owing
to high number isolates, they were further screened against the bacterial
pathogen. Roots of pepper seedlings at 2 leaves stage were dipped in Bacillus
spp. cell suspension for one hour and transplanted in the pots and inoculated
with Xcv cell suspension (OD600=0.4) at one week and two weeks later. Based
on the results it was noticed that the pathogen inoculation one week after the
biocontrol agent showed good results. We have selected 9 isolated out of 16 for
our studies. Among 9, 5 isolated selected in random and again tested on pepper
plants grown in green house were given with sequential treatments of root
drenching at two leaves stage, seedling soaking at six leaves stage and
spraying at different stages of crop viz., flowering, green pepper and red pepper
formation. The isolates 21-13 and 22-5 were showed 1009% efficacy when the
plants were inoculated 2 days after Bacillus spp. spray. The selected isolates
were tested for their effectiveness against Alternaria solani and Pestalotiopsis
longiseta which revealed that the isolate 21-13 was effective against the former
while the isolates 22-7 and 25-3 were against the later. The isolate 25-2 was
equalyl effective against the pepper bacterial pathogen Xcv also. Among the
different treatments including pre and post inoculation of anthracnose pathogen
on pepper fruits, the pre inoculation (2 days before the pathogen inoculation) and
post inoculation of Bacillus spp. isolate 22-5 at 12 hrs after pathogen inoculation
showed potential disease reduction activity and recorded 100% control value,
while the post inoculations of Bacillus spp. at one and two days after pathogen
inoculation were not effective. The same isolate 22-5 showed 76% C. acutatum
spore germination and very low number of appresorium formation (3%). During
2007, 12 1isolated were tested under field conditions for the management of
anthracnose disease. Application of the isolate 22-5 for four times (root dipping,

soil drenching two times followed by two spray) effectively reduced the disease
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incidence and showed 93% control value and found on par with
acibenzolar-S-methyl + mancozeb (100%) followed by the isolate 22-9 (64%) at
last observation.

In the year 2008, three isolates namely 22-5, 21-13 and 25-2 were tested
under field conditions to select the best one for commercial exploitation. Pepper
plants were given with sequential application of bacterial isolates viz., soaking,
drenching (two times), spraying (three times) revealed that the isolate 25-2
found effective than the other isolates and recorded 100% control value on first
and second observation, while the same showed 79, 61 and 13% on 3rd, 4th and
5th observations. Based on the aforesaid experiments, we have selected two
isolates (22-5 and 25-2) for commercial exploitation and experimented for their
growth parameters. Both the isolates were best grown in a media with tryptone
as nitrogen source at a pH of 6-7 and incubated at a temperature of 24 to 28°C
for 36-48 hours.

On overall performance, we have sequenced the 16s rDNA of the
1solates 22-5, 25-2 and 21-13 and compared with other bacteria in NCBI
website. The phylogenetic tree generated using the software PHYDIT by
neighbour joining method revealed that the isolates 21-13, 22-5 and 25-2
showed 999 similarity and homology with B. samanii, B. megaterium and B

cereus, respectively.

5. Commercialization of induced systemic resistance microbes and its subs

tances

Recently, well-being life became a main issue among us. As peoples interest on
eco—friendly agriculture, farmers concerned about biological agent to prevent crop
disease and insects. One of the best agent to alternate chemical pesticide is
microbial biopesticide. But commercialized microbial biopesticides are less applied
because its low efficacy and difficulty of application. The purpose of this
research was to develop plant scale fermentation and commercial formulation in

order to commercialize induced systemic resistance microbes and its substances.

To develop induced systemic resistance microbes into microbial biopesticide, we've
searched for the effective microorganisms of induced systemic resistance. Bacillus cereus
BS107 and other microbes were selected as target microorganism. Target microbes were
tested on plant disease in vitro. And finally Bacillus cereus BS107 was selected to

develop microbial biopesticide. Before developing microbial biopesticide, plant scale
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fermentation design and formulation design of target microbe have to be proceeded. Lab
scale, pilot scale and plant scale fermentation design were designed in order. 15 hours
after seed inoculation, spore counts were slightly increased, and at 22 hours after
inoculation, spore counts showed highest increasing rate. With designed plant scale
fermentation method, formulation design of BS107 was proceeded. Fermented broth was
formulated as liquid form and spray dried powder form with profit carriers and additives.
In vivo efficacy on plant disease was tested at hot pepper field in Hwasung,
Gyeonggi Province. BS107 was treated on hot pepper with root soaking method
before planting. As a result, both powder form and liquid form have more than
60% efficacy on hot pepper anthracnose. This result shows that Bacillus cereus

BS107 can be developed as microbial biopesticide.
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A1 AFAEAY Vs - 9]

1) AMAA <
019261 oA Hx= 4gd nAES o &3t HdT A A a3E I
o] Zfol mAE sofol g A7 5438 ol FoA L AUk 1960 th ol =
European Spruce sawfly(Y® 7)o} UF5 2Hzr vhol 8 2 (virus)9t Bt(Bacillus
thuringiensis)E ©]&3Fe] WA AFslHa, 191d %= s 5 A vAy

_—

ES TAAGAR st AE W] BAS A oo EEe A

O FEAFAHE o8& AE Ao NI Adl= o oy ol& 4
d3tste] AA AwEz AdE AFS A Sl AAHog. Ads @ AE
& FE g FAT 24AE o&dl FEAFTHAESE dod e FokolH
n] A E ¢ 749 Rhizosphere sp., Rhizobacter sp. ¢ A% . ##

E3ZH [Induced systemic resistance of plants to pathogenic
microorganisms] (Backman et al., 1999) % o] <lt}.
O 2006 3ol mAEsoF A JrREE oF 26097 dYE FAFH L glow
(CPL Business Consultants, 2006), ©]% BtAl7} 159¥ whde] = of & |8}z
Utk deow o] MAEFF AF FtERE A= ststbwek AFS A A
ukel s o] 2014\ el = oF 330-400 WivF G2 AdAAE Aoz oidEa )
O Utrechti 8ol A= o] &gk Alvtel «]6} ISRO] A&9) wkg3 Alwte] ISR A
2t (determinants)oll th&k Aol =9 St AG7bA el A= A3dd W
S 71F e R T dEd 7= ZV%H (Systemlc acquired resistance, SAR)¥}
+ ¥4 slaicylic acid7}F &5 A &5 AN d2 25 AT T2 ol &
= Ap~E ko] 2%k signalingol] o]E4 9 AL ol WS-
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%l Erwinia carotovora® W3er FEAggAHe] 7|#S ¥
PNAS®} Plant PhysiologyGol W3 st o, 7|E£o] AN A E ]
S A%3  Auburn  Univeristy®] Joseph Kloepper 2323 Utah State
University©] Anne Anderson A @A o] FH* A2 7|=S F53519] ol& A4

ol F Ue B 7les 7ML = FEfolth

(3) =l - & ATAS

- uAEo] 9% A& F% AHFA (induced systemic resistance, ISR)-2 19914

)= Auburn University2] Dr. Joseph W. Kloeppere} Utrech t™3te] Dr. Kees

Van Loon ZL&FolA A9 sAld #ixst £ Kloepper ¥HAFY] 79 o]t 7]&=&
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AE, AAel 2Tl o7t Asi7iA =d & ke AS Bl etk

Lo 1o

_81_



A8y 713 A ] & AN o] 283 st
o= Al O :
 lmees zHoza SR maw w0 e HEes il
Auburn University S Shield & ISR ¢fAE v
N Aol Agsta gle
ISRe] 7]#s »d A &9
Arabidopsis thalianas %
S ol 5} 2 4w
Utrech University |Pseudomonase®l] ]38+ ISR 7|2} 419 0w Al AMAA A

29 ABALAA AT,

Aw A= A3 Fuctional

A FEATY |2 E v H A AnE A= oA o1 o1 = =
genomicsZtd # &=
Pseudomonas®H-E] thkst ISR AA|FE&FH4AE 2 EAdd =9
Ao ga AAF Ak @ A5 dbg FHxE digFshe] thekst el digk A
kR kA 8ol
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A (systemic acquired resistance, SAR)¥}+= ¥ salicylic acid”}

ZFA A FE o]&EE AARALY 93 signalingel] ¢]&Z <l

g

2
o1

il

Mood o & i
fob Hoo sob [ Hl

o i
f

rr

¥
SR =T
P

e, Mo
o 1o o
2 o

=

o

o
-1
o oo

w o
o

1o N
o T
o §2
2 R

o

o

o
oz
o
N
it
B

Ule] A5 1990t $HRE sdgreds sHL
ol o]k AAF=434 (ISR, Induced systemic resistance)el

L, AES] ISR e E4S B vk 9lom 2000

M

P

z

- o

ni

rlr

—

o
2L lo

o
i)
rob
i)
2
il
¥
o2
ol
ol
ne)
>
o
i)
o
=)
o
o
o

>
i
of,
=
r (

0] A
Yel S 2Eg 29l 7k teir e AdAd e Hol
H

2
rO
i
X
il
1t
ftlo
S oot
5
%0,
rlr
N
o Jn rz 2

P
o
o 9
2L
%0,
rlr
oZ
oot
o,
N
(2
N
fo
N
>
iy
X
o,
i o
By
&1
rlo
>
{0 Oﬂt
o,
iul

N
o
o
I
o
N
>
5

AFe A o
Fuleld SRS o8 VAR FFAL FEAF

=X EHFANAM TiEE
EXTN-1 (Bacillus vallismortis) V1 &5 o] &3 A&l i3t Hol v
Haodew Zle e A7 A dn. vAEA dA A e A
A s 1% FEoly A5 AHFHor 71 Ao FAHEY =

A mAEA ANFE AA F718 Aoz oAw,

_88_



Al 348 A=

_34_



=3
)
2
ok
)

lo
%
oX,
off

o

o
1o

f o
2

2

2
do gl A7t &ke] HaE i 9)il(Baker 5, 1983;
Becker, 1993; Chet$} Inbar, 1994; Joo &, 2002; Lim &, 2000; Lim, 2005), A =3}
A A S wolv A7 E P H Jdok(Nielands &, 1986). 53] A= wA=
o A=A AR AHA QA o] &int oy} AE e S % A=
A At 25 AT &okel o] &7FAI7F ErH(Katz¢t Demain, 1977; Lange -5,
1993; Agrios, 2005). @A7FA] wujell A We 15 @A g A4+ FE
A 2w owdAgded g 150 A #d Aol thF-E ol o™ (Chang T,
2001; Park <5, 1988), ®Avte] Aejed S0l &3 A7k dF Hiso] Q=
bt (Lee &, 1997), MAEE o] &3 AT JA| AHFAH o2 F7tstal vk (Bae
5, 1978, Chang &, 1985; Cho &, 2004; Chung &, 1986; Paik 5, 1995). A& %4
WA= 19630 HE=E A=HE, i 32 Avy 2FH7IE A A
1 (Peniophora gigantea)®] XA2 HFdlo] AUHF9 By 9 IFH7| A
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t} (Pan %, 1999; Gamalero %, 2003). 45
Wol| = Brevibacillus brevis®} Bacillus stearothermophilus (3 %, 2006), AF¥}
F3o|Wol= Bacillus spp. 2 Serratia marcescens (% %, 2003), Pythium -
Wol|l = PBacillus stearothermophilus YC4194(%¥ %, 2002)7} &3= YEep 2
Cag AR HFol (Park &, 1999)3 ESAAAG ol et A% F3 3
(Kim %, 2005), #++ B9 wlol| w2 Bacillus subtilis S1-02102 =7] A
Folw wWhAo & 3A o)l Bacillus pumilus B11462 <14+e|  Cylindrocarpon
destructans®t Phytophthora cactorum *}A|o &E3Aolgtx 3t} (Bae 5, 2004;
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T Aol FJAEAL, FeAFAHY JE5AFAE S TRt/ e s AE9
CARAE S AEHAA 9ol oY 7HA vdd BEA, et 240 YA
FEEv A AdvkHoffland 5. 1995,; Malamy 5. 1996)

A AAAcR Halsd Fx=lAd A&t A EES 11459 dFol o5
Ho] AH&5 3 2 om(Copping. L. G, 2004), MAE FFe] A& {7]8keFF
o #AujFe] ©A 1%°] EHstr] wjiell, stdtE oy g A8 78S o] &5k

waldeE & o, vAERAA L 3te] JuE i 917
R, 2005), AILA< A Zofel 3pe2Ql WAlel Waste] AHedte

&9 A5 o] 7lthE a2 drkH(Park %, 1999). Bacillus spp.& ©]-& 3k 1—%— o H o
gk ¥ A oA oigk AdtE ®ol AFHAGLee 5, 1999 A 5,
Shen ‘&, 2002; Shen &, 2005). 1y 4B EGS A HA Auy =

ol 7] wiZell, wid Is7p Asta, Al dist AFAHTE Fdte, 1F Mt
AT B g gEo] A4 WAAe el agh g Wafel

A 54 gL
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1. ISR % 59 #2 2 abiotic stress A3 A=

el ore] ohefFst Ao BEdfolA s 2w Bacillus spp. 741+ T%
o] g3t 1 Yol thgh induced systemic resistance (ISR)E fEste
TE AEste A¥S FadstAn. 7418 29$A (Gr) Bacillus sp. v B
oA BYE dAY F WEA AdEs FHCE et 1 WS AHA
shA AR, WA [ 3o Byl &S Hulg "dollal o]F 1139
e dRE gApet HAAPLS o] &ste] wmigk & 15 ml tubee] Hi 80T
heating block®l] 1A 7FH& S o

F AT E AT o] EAYE Qe AER FxT7F ek
a7 54 A AFE S H O A Al FeA = wI_X}(Spore)E %7 st
T e Aobd A "k o] & dA gk 5o Byl & A dFE FHt 1/10
tryptic soy agar (TSA)WjAe] =27 Z=dstal 29 &< 30T ) °o’t7] of A wl 3}
9l o] & TSAH|A ]7\1 Aepue Al 9] single colony S Alth vt @ =
o] #FE Lyttt F 4x#E el AHAH S AA single colonyE AL o]
% Bacillus spp.= Eoiﬂt w75 Adste] uFgA ISRE Fxdtes o7 A

Mg 9% 49 FPstar

. ISR 28-S 93k 1139

N
=
S
=
o2

ISR +%38= Bacillus spp.& AW¥3sl7] 18t AEANSEZ 31F (Capsicum annuum

)5 AdYeta, 7 FEE /‘P%ﬂ‘ﬂq. 7} FAE =AY %Qoﬂ?ﬂ]ﬂ"ﬂ/ﬂ
Z EST database Al Al-&4 = =
Al #Fs7) o F2 Alm ol ISR%E APE AsiA HA LF9 %—Z}% R
WA 2 Ae Zold A} ES (Sodium hypochlorite; 22~)ol 10%3F
AA & dAdd =2 56 g AW Z Aol 13 FA= MS
(MURASHIGE & SKOOG media) 2l =8]% wj#lo] ZaF Fo] B ¢ QAo
A FEE UE st SURE g dolrt wo] welo] vg w 74#] 23T A=
HjF7]ol A w st} old uF FXE Had FEZ $AZ 50709 Frgol 9
i potoll o]2sle] 25T 2o A 253 0 g3t



t}, 1504 BTH Alg5x9 AR

ISR A& HP3t7] o ojn] B FHuEd

control benzothiadiazole (BTH)2] # A

ARE FRe wE WA Aol Ao 7 =)

BTHe %+ 27 10 mM, 5 mM, 1 mM, 0.5 mM, O.
[@)
A

AF8-3}S1 31 negative control ®+ HirE =S AMES

obel W Foli nF WAl ARHL FEAE A4 FEE Sohi7] st

2 owel A9 Fastel Ag WS F3 uath A WA AE WAE 10 mM

Adshel 100 B2 ZAAEA AR A olF F o WAd FES
[©) A

=

o =

=438tk w3 BTH 4 e ﬂsw‘é AEE F438t7] st BTHAZ 794 %
Xanthomonas axonopodis pv. vesicatoria (Xav)E % L]
2 WA AL E #AFsH Fr AYAdS S5

Az} 5 A A A B3 F 741709 Bacillus spp. 7 FE thAC R 1159
A ISRE fFrEsteE #78 Adsts 4388 s ’\*‘i’ﬂr@% ‘?i-‘ﬂ A 7
AE AA JA=HAJE 1, 2, 32 A 34L& 7417 dFolA ISR % 74 2
= s A AAolH, 4 5k A AA S 3xke dEE %‘—roﬂfﬂ 4 gtsk ISR
295 Ad 755 A9t BHolth. 2 AP AL HAN 7419 dFE G
Bacteria® HE|st4 02 Bacillivt+ HAAX &= AL A&t on g AE=2+

54 o,
FE WEeR Jon FF
Holl ZAste] A3l <3} =5
fFEsle Aow 4d W Paenibacillus po]mjxa E681iF 9} 41854 &ukg
(Systemic Acquired Resistance; SAR)S F%3t= 33 &2 SA (salicylic
acid)®] FAFEZ<Sl 05 mM BTH (benzothladlazole carbothioc acid)& positive
control® AF-&3} ™ negative control=+= Hir+E AFESEA T 741709 59}
control® AM8H P. polymixa E681 2] ®S TSA(Tryptic soy agar) L=
A& AREstRlow, TSA 1A wjA|el wj<fst #F5 RobA HFE ODsp = 1.0
(10° CFU/mL) S%=2 "ol 21 2go] 4-59 AL Az 13 ¥ 5m

A A3t 3k positive control® AFE3 BTH+ 05 mM (0.2mg/mL) 5 =% &
At S AFE o

b ISR f% 759 XAE3 Bacillus spp.2] ISR 58 A=
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==

7]Ed ISRe F=8va 48 A U= Bacillus spp. w59k HluLsto] & A9 o 4]
At 59 ISR ALEE HIete A¥S Fdstvt. Bacillus subtilis
GBO03, Bacillus subtilis INR7, Bacillus amyloliquefaciens IN937a, and Bacillus
pumilus SE34+= 7]Eel| ISR =38t ez & dezl #7224 2 A &
2 gk BS1013 BS107¢# 5 99 olv <& #F534 H]JLO}"# ISR 25 4
&tk ISR E &% A

= !
[} R pud
oz ~qHRen A AEE A2 A4 @ £ BARAL B Fo4e A4

uh dwE #Fe] SR d A% A4 %2

olr

==
=

AN

4

d

ISR #=%2<& 7k Ao & Holi= BS1013 BS107 ¢ ISR F=%52 A<l

% Ast7] 8l dF HEFol og AES] Holek FA
. sk a1Fo] o] 4-5707F e, Zb potell ODesy=1.0

L) s%° F #F¢ 05 mM BTHE 7t7F 5mLA e #F5 sl
79 % 1% ydo] WE fwele ATl Xanthomonas axonopodis pv.
vesicatoria (Xav) & ODgwo = 0.001 (10° CFU/mL) = %% & 139 3 4, 5 9
A EGol vhES A ImL FA]E ol&ste] #etel % WHor 7 AEA
o] 3749 Qo] XaveE HIFTdH HF 59 FHE e yuus HAS #Fsa
3

wFo] B F 3F wel Aol ¥ YA

ISRE el BSI019 BS107 #59) 4% 52& wately] sk F @5
2 9438 ¥% (10° CFU/mL)® %o #Fatn #5F 293 5 10, 15, 204 =
2zt gag Fskel By 1gd A #7o £8 S,

o}, A ¥ BS107 59 16S rDNA ¥ #F %A

AWE BS107 AF 5A4HS 93] 16S rDNA E4 3 x4 B2 (MIDI analysis) ¥}
54 +HdA 4] pattern analysisE T3t 16S rDNAWA2 (5)Bioneer?]
sequencingS 21 # 3 2, sequencing AIE MEGA4.0 program= ©]-83}¢]
Bacillus thuringiensis®t Bacillus cereuss sequence’} 2 ¢4d7 tif &5 A
H3lo] wlu X359t 16S tDNAX Y-S MEGA 4.0 programs Ab&38te] 2d %
o Ma¥ ¥ wstsdal, Bacillus anthracis 7+ T-23t7] 98] Hemolytic test=
TR e, PCRe Tl HAdd Fdxe] &4 oAFE gt MIDI 4=
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Z3lel BS107 59 AWt 2AS BA s ew, Bacillus thuringiensis®;
Bacillus cereus’t AU il 9l 57 pathogenic genes PCR WHS o] &3] v

22351900}
2k BS1013 BS107 5ol 2]3%F abiotic stress tolerance ¥+%F

BS1013} BS1070 A &lel ]38k cold tolerance$} drought tolerance Z7}olF-& =
Asl7) 9ete] Blo] 457 Yer] A#s mF mel BSI01¥ BS107 #52 10°
CFU/mL s%=2 Hgd #Fstial, 4TeolA 3Y &<k Wi & A& MAFE
A2 st= A O =E cold toleranceE =3 g on, 7d7F & FA &gt thA
ES & 5 ASESE NAsE #F 0}—?: 721 o & drought toleranceE =74 3t}

B3 A ISR % 95 7MW dFE SRS 9ot A= aF uj k] A
Ho| BAEA ke mF s sl #F Fels FIsArh. nFo] el
thget mAEEe] Hxeta Utk o)F FHFol(fung)E A& g Al (bacteria)RHS
AW gy on, Ay FAAME 2T A ATS AQe a1 A ATre Al
A 710 ISRFE 58S AW AMFo 2= Pseudomonas spp. ¢ Bacillus
Aldel wF7F RaEd 53

3] Bacillus A2 ¢ 53+ endosporeE WHs7] wj&

FEARAOE TFA7E Holu Aol
o] Muvts AWEr|2 Yt Bacillus ALY 55 T8 3
= =4 A AA e, ymA s A AT
2 Z# 9] single colony ®#E#HALS AA =

AC)
ol
-
N,
O
ol
=

= Bacillus A |7
741709 dFFE LA A

UISRAE AW % nFel sk g

ISR F+%3Fi= Bacillus spp. & AW¥sty] st AE A5=2 B4 31F(Capsicum
annuum L. cv. Bukang)E AF&3th 258 £A4AE MS (MURASHIGE &
SKOOG media) 2 =0l wjx]ol A Holr]A AJEol o2 & 25T =2 A 2
F2 W FEh w39 Bgo] 4-5707F vhew, 7+ potel ODgo=1.0 (10° CFU/mL)
5 Z17F bmL 4 e #F vt 79 & 1F gdo] ¥

}sl= M3t Ql Xanthomonas axonopodis pv. vesicatoria (Xav) 2 10° CFU/mL
4, 5 WA ZEJol =S AAS ImL FAZIE o] &3sto] dgtol

ey =Xe)
-
=
T
’
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sterilized seed Seed Seed transfer
with germicide germination 2 weeks
cultivation
Hads :
£
Cultivated
RT-PCR for 7 days
Sampling Infiltrated bacilli
0 day,1 day, 3 days, and with Xav treated
5 days

Fig. 1-1. ISR A3 ¢ =A%

Score:

® Water Control

BTH

Score: 0 Score: 1 Score: 2 Score: 3 Score: 4 Score: 5

bdays post infiltration of Xanthomonas axonopodis pv.vesicatoria
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Fig. 1-2. Disease index that mean disease severity by Xav. Effect of BTH on
plant growth and ISR day 6 after treatment. BTH was treated with 0.5mM
before drenched in the soil. As a control, plants were treated with water.
Disease severity (0 - 5) as an indicator of ISR was measured 0 to 6 days

after pathogen challenge. 0, no symptoms; 5, severe necrosis.
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=W BTHA glo] wE Zo] A4S 1 mM o]4e] BTH A glA] &3] gle] H]ste]
Hit 04-0.7 cm7F AA #Agkom 05 mM O]o}i ﬂlﬂﬂ aFA A= EA- e} Z
olE Holx| 2t} (Fig. 1-4A). wF

© 1 mM o]4¢ BTH AgA &3
Kot 0.1 mM olstzE AHzgh 59
ot 28y 05 mM BTHA g Alell= Aol 1 mM oldos AHegg A
o] @As B2t 0.1 mM BTHA glo] vlate] o] & whasiglon %ol
BTHA gl m& ofsf wh& A A A gt Apol& Holx| eFskth (Fig. 1-4B).
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Fig. 1-3. Effect of different concentration BTH on plant growth and induced
systemic resistance (ISR) at the different time points. BTH was treated with 10
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mM, 1 mM, 0.1 mM and 0.01 mM before drenched in the soil. As a control,
plants were treated with water. A) Shoot height were assessed 6 days after
inoculation with BTH into pepper plants. B) Disease severity (0 -5) as an
indicator of ISR was measured 0 to 6 days after pathogen challenge. 0, no

symptoms 5, severe necrosis.
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Disease increase rate per day
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Fig. 1-4 Effect of BTH on plant growth and ISR day 6 after treatment. BTH
was treated with 10mM, 5mM 1mM, 05mM, 0.ImM and 0.01mM. before
drenched in the soil. As a control, plants were treated with water. A) Shoot
height were assessed 6 days after inoculation with BTH into pepper plants. B)
Disease severity (0 - 5) as an indicator of ISR was measured 0 to 6 days

after pathogen challenge. 0, no symptoms; 5, severe necrosis.

_44_



2. oA ISRS %3¢ Bacillus spp. TF¢ A4

A2 23t F 7417FA 9] Bacillus spp. & o2 1Fo)A ISRS F&3 }
A gt AdIAAFL Sxpdlel] 2A JAHAL HF

g ot e FEE Festh grroR sz e AEA el

< = A A2 Paenibacillus polymixa E6813 05 mM BTH

(benzo-thiadiazole carbothioc acid)& positive control® AF-&3F 2™ negative

control 2+ W& AF-83t%

TA7 A Y] o2 5 Y 12 Al 23 10274 & A8 o, 23 Al A&

A 3774z Wele FRom, 34 BN 134, 4% FAel AL 10744 Fu @

FE =39t (Fig. 1-5). o] & F7F A<= &sto] BS101¥ BS107 ©] ﬁ

E FEAF| Hgto ISR &5°] =4 Hewoers F & AP o F

E 7HAE skl
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Fig. 1-5 Effect of BS101 and BS107 on ISR for 3 weeks after treatment.
Bacillus sp. cells were collected and resuspended in 10mM MgSOs to a final
density of 10° CFU/mL  (ODgyo= 1.0) before drenched in the soil. As a positive
control, plants were treated with 0.5 mM BTH. Disease severity (0 -5) as an
indicator of disease severity was observed at 7 days after pathogen challenge. 0,
no symptoms; 5, severe necrosis (inset indicates disease index). Different letter
like a, b and c in figure indicate statistically significant differences as compared
to water—treated control plants (2 = 0.05). Error bar represents standard error
mean (SEM).
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mt. BS1013 BS107¢] ISR % &9 v 9 HF

71€9] ISRS F&Edtta 4 A A= Bacillus spp. A3 B Ao A EA
gt Aol ISRwx=sd S Wuwslr] 918 Bacillus subtilis GB03, Bacillus
subtilis INR7, Bacillus amyloliquefaciens IN937a, and Bacillus pumilus SE34 &
Aeste] AEAAF Fd APAS FAstAh 1 A3 AEA E2¥ BS1013
BS1072 05 mM BTH XRthE ISR % @37 "oixuy o 48 Adas
AR AER SRS fEste o2 UEy

Disease severity (0 - 5)
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Fig. 1-6 Confirmation of ISR effect of BS101 and BS107 compare with ISR
induced Bacillus spp. Effect of Bacillus cereusstrains BS101 and B. thuringiensis
strain BS107 on ISR for 3 weeks after treatment. Bacillus cereus strains BS101
and B. thuringiensis strain BS107 cells were collected and resuspended in 10Mm
MgSO,4 to a final density of 10° cfu ml' (ODgw= 1.0) before drenched in the
soil. As a positive control, plants were treated with 0.5 mM BTH. Disease
severity (0 - 5) as an indicator of ISR was measured 7 days after pathogen
challenge. 0, no symptoms; 5, severe necrosis (inset indicates disease index).
Different letters indicate statistically significant differences (P = 0.05).Data

represents the means the standard error of the mean
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A EA &8sk BS101¥ BS1079] ISR % 5383 159 A =7 78S 54
of #Fsl7] ko] F FFES ODsw=1.0 (10° CFU/mL) s =2 22 A &L, 7
oA 5 WAl Xanthomonas axonopodis pv. vesicatoria (Xav)E # @&t} o]
S AZE wrEl B A S ok A3 BS101¥ BS107 o8] 4 E9 ISRS %
of ¥ WS Zth (Fig. 1-7AB). -+ Alite]l %3 ISRe] A& AFee ojd
Oé‘?%}% A=A dotr 7] flel A =] fresh weightyt Zol S w3 3 4
BS1013} BS107& fﬂ?ﬁf& Fo] A= Hit 08g ¥ 18g & 7

BTH A#l7'= = 1lg, & AYdd 159 FA= H 15¢ & etk 15
o] dolg FH3 4y} BSlOl% B 9 cm, BS107 A+ 14 cm, BTH A& &= 3
12 cm, & A& H mE YERAT (Fig 1-.7C). 9 235 3T ),
BS101 ISRS 7423 %Eé} 113& A B A= uhE BS107S 743 ISRS
FEG FAl AEe] A= FX A7 As ¢ F °’°*E}

BS107¢] ISR %= T8 F ¢ a3 3 <

ion leakageE =
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A Te 82% % UEY BS107 Aglell ofa] AE Aol &0l s &9l &
AR (Fig. 1-8).
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Fig. 1-7. Effect of Bacillus cereus strains BS101 and B. thuringiensis BS107 on
ISR and plant growth 3 weeks after treatment. A) Representative photographs
taken 12 days after spray—inoculation of X. axonopodis pv. vesicatoria
(105cfu/ml). B. cereus strain BS101 and B. thuringiensis BS107 cells were
collected and resuspended in 10Mm MgSO4 to a final density of 108cfu ml-1
(OD600= 1.0) before drenched in the soil. As a positive control, plants were
treated with 0.5 mM BTH. b) Shoot height (gray bar) and shoot fresh weight
(black bar) were assessed 3 weeks after inoculation with strain BS101 or strain
BS107 into pepper plants. C) Disease severity (0 - 5) as an indicator of ISR
was measured 7 days after pathogen challenge. 0, no symptoms; 5, severe
necrosis (inset indicates disease index). A, B and C in A and C indicate
statistically significant differences as compared to water—treated control plants

(P = 0.05). Data represents the means plus the standard error of the mean.
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Fig. 1-8. Assessment of cell death use Ion-leakage on B. thuringiensis
BS107-elicited induced systemic resistance against X. axonopodis pv. vesicatoria.
The three leaf of each plant were sampled at 0, 2 and 4 day after challenge
with X. axonopodis pv. vesicatoria. Different Iletters indicate statistically
significant differences (P = 0.05). Data represents the means the standard error

of the mean.
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il

ISR §%%< 7F4a 9= BS101¥ BS107¢] e Az Fue waalr] ¢35k
T H#FE ODso=1.0 (10° CFU/mL)s == Malo] 33 dta 1A7 & 183 5,
10, 15, 20¢ & 7z} s FHsto] el g9 EAsE 59 F5 ZASA
BS1013 BS107 ¥ #F 2% 3¢ 10° CFU/mL s%¢] Aol &4 6@&1 0@
59 Ao R 20¢ < #ES Ay 20do] A o] %o
Aol A& FA H AT

——BS101 —8—BS107

B k= A3 =
T

Colonized bacteria on root
{log cfuig)

=

1] 5 10 15 20
D ays after bacteria inoculation

Fig. 1-9. Assessment of root colonized ability of BS101 and BS107. B. cereus
BS101 cells and B. thuringiensis BS107 were collected and resuspended in
10Mm MgSO, to a final density of 10° cfu ml™" (ODgyo = 1.0) before drenched in
the soil. Count of bacteria population (log cfu/g root) for 20 days after treated

on pepper root.

o. BS107 # 59 &4

¢4 16S rDNA
Hkth BS107&
ol Bacillus

olr

A= ISRS fFr=Est A4S 33+ BS107S 5743171930
AEE 43t MEGA 4.0 o8& sto] 234 & &< &
Bacillus thuringiensis WS26263} Zstd o= 714 7M7ks 9
cereus S E ZAF o Aoz =y}t (Fig. 1-100).
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Bacillus anthracis 7} 7FA 3L = WA 44 - pXO1 plasmid® paq, cya, lef
gene - 7} &4 =% PCRE & H g1t} Fig. 1-10A°A & 4 dxo] & 4
TFo A E& sk BS107¥ BS1012] A AdAE EA HUA FAX7F =ZH ] &
k. BS1079] v LS &+ o &g sty] 98] SdFistu Gt A A 9
Folo] Adwrd o2 B anthracis ¢ E73°] ¥+ hemolysis test & 3 st}
BS107°] A% B. anthracis ¢+ 2% hemolysisE ## & 4+ A HFig. 1-10B).
WA F42 5 #2353 hemolysis testE F3Fe], ¥ AFolA &3 BS1079]
B AEEE wg vs Aow AT £

BS107 w9 & U A styS dolrry] 93t Awab A4S A EES
MIDI #2418 F3slo] AHAk 224 Ay BS1071 5+ Bacillus cererus subgroup =
2 Bacillus mycoides 1 HeZ A=At B. cererus subgroups B.
thuringiensis, B. cereus, B. anthracisS %7 3X3%3}7] W&ol B. anthracis A<
Stal g2 F Aol EAT o]H olE HolE=X el vt B. thuringiensis &
AurA ol Bacillus W9 vi#]¢l TSA (Tryptic soy agar)‘} NA (Nutrient agar)ol
A crystals @A =4 wke] BS107S crystal2 THEA B3 =3 B cereus®t
B. thuringiensis®] =}olE UEld 4+ Jd&= 5 FHAAE A9ste] BS107+ 59
B. thuringiensis, B. cereus ¢ FHAZ iAoz PCRE +3 3dtt (Fig.
1-10D). = A3} BS1079 A= B. thuringiensis ¢+ H943 i€l o2 PCR product
o] W=7} YEy+= Zo] el FHAt} (Fig. 1-10D).

o e EAS 1 w BS107S B. thuringiensis ¢ EA 3 A X 3t= H o)
7V Wwo v 2 B thuringiensis © 5% 75/ o] 714 E/_E‘rﬂ A7y = o}

A

BS101 BS107

SBA _ Hemolysis
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Bacillus-thuringiensis-CCM11B
Bacillus-thuringiensis-CCM158
Bacillus-cereus-hiovar-toyoi
Bacillus-cersus-ATCC-14833
Bacillus-thuringiensis-1
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Bacilluscereusstrain G567
Bacillus-cereus-strain20000314
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Bacillus-cereus-CCOM2010
Bacillus-sp. TSHE?
Bacillus-thuringiensis-W52626
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Bacillus thuringiensis Bacilius cereus LRRL 586
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[ire | Gore derpion | e | Gredriin

Linel  AblA(hemolytic) Line9 Bacillus mycoides gyrE

Line2  Ab/D(hemolytic) Line 10 Badillus thuringiensis g8

Line3 hblC (hemolytic) Line 11 Bacillus cereus GROUP groFl
Line4  nhed(non-hemolytic)
Line5  nheB(non-hemolytic) Line12 Bacillus cereus ces complex

Line6  nheC(non-hemolytic) Line13 Bacillus cereus hbi complex

Line7  Badillus anthracis gyrB Line 14 Bacillus cereus cytk complex

Line8  Bacillus cereus g8 Line 15 Bacillus cereus nhB complex

Fig. 1-10. Identification of Bacillus spp. A) Detection of pathogenic genes
expression in BS107 and BS101 comparing with B. anthracis and B) Hemolysis
test. C) Phylogenetic tree of BS107 by 16S rDNA sequence analysis using

_52_



MEGA 4.0 program D) Expression of Bacillus specific genes in BS107, B.

thuringiensis and B. cereus.

ZF. BS1013 BS107 w570l o]gk 21 &29] abiotic stress tolerance <7}

BS1013 BS1079] 2J8] 2] & 2] abiotic stressol Wt WAo]l Z7te = A=A &
157l 918 cold ¢ drought XA WA 5 3|&EHE= s dF v
BS101¥ BS107 X5 drought tolerance® <7} AZ o™ (Fig. 1-11AB), cold ¢
7% BS101& A& WA S positive control@l abcisic acid (ABA) AE=& F7}

AZA o BS107S 2 5371 ¢19th (Fig. 1-11CD).
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Fig. 1-11 BS1013} BS107¢ ¢ 3+ A& 9] abiotic stress WA =7}
A, B: drought stress, C, D: cold stress
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microarray s T3t TE BS107S Al 3 159} 18X &2 1FE o=

745 13 WMYAA AT X, axonopodis pv. vesicatoria (Xav) & FZsFAth

g AHE F 0217, 62413, 24 ARt i o HE total RNAE &2 stal ol &
=SS

o] 4-3}¢] oligo chip microarrayE 483} t}h. Oligo chip microarray 412 Green
gene bio tech3]Alel]l 92 & &to] =33l

- %9 Oligo Chip& ©] 4% ISR XA priming A A}

Microarrray 4] 232 EE priming FAxE Ads7] 9ste] BS1074 L}
] TEjar 24X 7k e s BS1074 8 g A
oA FHE FAHARES 0A7, 6417 24X 7k BHEE fAAE v BAE
o} &3t priming FAAE A Y] 8l A4S AAE] 1ogkel 2d) ol T
7het GRS AMestal o] FARES 7 BAS 9359 Arabidopsis database
(€] %
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43
aAFFAA T 23 ISR % A ¥ 3£ transcriptome ¥4

BS107+F2] A glet v Hge] 23 ISR %= A W3 += 44 transcriptome
B8 93] microarrays #4138 A3} 0 A 7toll  log2 ratio® 38 o]t wao] =
7Fek A= BS107H 2] ol A 6270 o] a1, BS107 H] A 2] o A& 38 o] o=
o] Sk fdA7E EAsHA] gtk 6 AlE well = BS107A4 2] oAl 8047
r 4744 o] Frketd o™ v AT oA 645F 9 FHA Ldo] FUel
o}, HE 24 /\]ﬁ o] o] Frhgk A= BS107 A oA 937 vl A
2] Oﬂ/ﬁ 65719 frdxt Ido] Skl AA A o2 BS107A 2 el A vl A 2]+
of Hla} v FFe] FAA wdHo] FrFATh wdo] AT FHAY A=
BS107 A gellA "l Hegto] Hlsf & 54 FdA “Laoﬂ W37 vEbs o
(Fig. 1-12). 7+ A1t (1h, 6h and 24h) ¥ & W3}t 139 FHdA HHS 1539
EST=Z %3 o] &= ol& A7t & o]Fo%l Arabidopsis®] fF+dx&3 ¥
aske] homologs ZHil 1 7l5S o & 4 3= ZArkE Ro} Table 1-1, 2, 3
of Yetd AT BS107¢ &l @& gFe] AA F7he 1A Foll= Arabidopsis®)
BPR1 & #2} homolog®l PEPPERS00101603 cytochrome P450, WRKY67¢} %
< transcription®] ## ¥ f-742 ERF1 (ETHYLENE RESPONSE FACTOR 1)

N

.

¥ o] ethlylene AE Ad ##E fF4dAF jasmonic  acid  carboxyl
methyltransferase¥} 722 JA A dE #AHAHE FAAES] YA o3 HeFS 6

AIZE Ao 24 Al zbAlol A F LAl YERRETE PRI (pathogenesis-related genel),
PR3 chitinase, Arabidopsis thaumatin-like protein 153 7Z& A 34 #A#H FA %}
o] WHYA] F7F Sk AL, bZIP transcription factor, WRKY72 ¢} &

transcription factorg9 Wd Y= 7
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Fig. 1-12. The wvariation of ESTs number at 0 h, 6 hrs, 24 hrs after Xav
treatment. The gray bar means water treatment and black bar means BS107

treatment on pepper root.

Table 1-1. Expression profiles at the time of pathogen (Xav) challenge.

Down regulated EST at Oh

CaEST ID Fold| COG | Description
change
INFORMATION STORAGE AND PROCESSING

PEPPERS0013680 -2.36 K MADS box transcription factor
PEPPERS0002262 -2.03 DO Metacaspase involved in  regulation of apoptosis
PEPPERS0005895 -2.07 \Y Arylacetamide  deacetylase

METABOLISM
PEPPERS0011360 -2.3 GC UDP-glucuronosyl  and UDP-glucosyl transferase
PEPPERS0015136 -2.32 Q Cytochrome P450 CYP2  subfamily

POORLY CHARACTERIZED
PEPPERS0000656 -2.27 R Predicted chitinase
PEPPERS0002876 -2.05 R Predicted chitinase

UP  regulated EST at Oh
CaEST ID Fold | COG | Description
change

INFORMATION STORAGE AND PROCESSING
PEPPERS0009936 | 3.02 40S  ribosomal protein S29
PEPPERS0019513 | 2.12

PEPPERS0011290 | 2.34
PEPPERS0011291 | 2.25
PEPPERS0015854 | 2.38 MADS  box transcription factor
CELLULAR PROCESSING AND SIGNALING

60s acidic ribosomal protein

Heat shock transcription factor
Heat shock transcription factor

AR AT
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PEPPERS0000559 | 4.52 T Calmodulin and related proteins (EF-Hand
superfamily)

PEPPERS0004432 | 2.74 T Serine/threonine  protein phosphatase

PEPPERS0005924 | 3.65 T Predicted membrane protein, contains DoH and
Cytochrome b-561/ferric reductase transmembrane
domains, Protein of unknow

PEPPERS0008650 | 2.23 T 1-aminocyclopropane-1-carboxylate synthase, and
related proteins

PEPPERS0008651 | 2.23 T 1-aminocyclopropane—1-carboxylate synthase, and
related proteins

PEPPERS0008973 | 2.45 T Ca2+-binding protein, EF-Hand protein superfamily

PEPPERS0009762 | 2.04 T Serine/threonine  protein kinase

PEPPERS0010161 | 2.07 T Serine/threonine  protein kinase

PEPPERS0010162 | 6.14 T Serine/threonine  protein kinase

PEPPERS0010163 | 3.11 T Serine/threonine  protein kinase

PEPPERS0010208 | 2.18 T MEKK  and related serine/threonine protein kinases

PEPPERS0010733 | 2.70 T Apoptotic  ATPase

PEPPERS0013988 | 4.12 T Predicted  seven transmembrane receptor - rhodopsin
family

PEPPERS0017177 | 2.00 T Serine/threonine  protein kinase

PEPPERS0017261 | 8.94 T Rhomboid  family proteins

PEPPERSO0017774 | 2.18 T Mitogen—activated protein kinase

PEPPERS0019454 | 2.06 T Apoptotic  ATPase

PEPPERS0018135 | 3.75 Z Actin filament-coating  protein tropomyosin

PEPPERS0016624 | 2.15 U Karyopherin (importin) alpha

PEPPERS0000784 | 3.57 0] AAA+-type ATPase

PEPPERS0003729 | 2.81 @) Aspartyl protease

PEPPERS0009503 | 2.95 O Ubiquitin—protein ligase

PEPPERS0013352 | 2.00 O Aspartyl protease

PEPPERS0017361 | 2.15 O Aspartyl protease

PEPPERS0006408 | 3.35 C Mitochondrial — phosphate carrier protein

PEPPERS0008799 | 2.25 C NADH-dehydrogenase  (ubiquinone)

PEPPERS0012909 | 2.02 GC UDP-glucuronosyl and UDP-glucosyl transferase

PEPPERS0013793 | 2.73 C Proteins  containing the FAD binding domain

PEPPERS0016755 | 2.06 C Proteins  containing the FAD binding domain

PEPPERS0018021 | 2.06 C FOF1-type ATP synthase, beta subunit

PEPPERS0012909 | 2.02 GC UDP-glucuronosyl and UDP-glucosyl transferase

PEPPERS0006342 | 2.95 E Lysine-ketoglutarate reductase/saccharopine
dehydrogenase

PEPPERS0013432 | 2.14 E Alanine-glyoxylate  aminotransferase AGT2

PEPPERS0000162 | 2.07 F Nucleoside diphosphate  kinase

PEPPERS0000515 | 3.12 H Protoheme ferro-lyase (ferrochelatase)

PEPPERS0000341 | 3.27 I Ca2+-independent  phospholipase A2

PEPPERS0010030 | 3.60 QI Cytochrome  P450 CYP4/CYP19/CYP26 subfamilies

PEPPERS0010829 | 3.96 QI Cytochrome  P450 CYP4/CYP19/CYP26 subfamilies

PEPPERS0000100 | 2.09 PQ Ferric  reductase, NADH/NADPH oxidase and related
proteins

PEPPERS0010308 | 2.28 P Calcium  transporting ATPase

PEPPERS0011545 | 2.06 PQ Ferric  reductase, NADH/NADPH oxidase and related
proteins
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PEPPERS0016508 | 2.40 P Fe2+/Zn2+ regulated transporter

PEPPERS0000038 | 2.19 Q Dehydrogenases with different specificities (related
to short-chain alcohol dehydrogenases)

PEPPERS0000100 | 2.09 PQ Ferric  reductase, NADH/NADPH oxidase and related
proteins

PEPPERS0004095 | 2.36 Q Multicopper  oxidases

PEPPERS0010030 | 3.60 QI Cytochrome  P450 CYP4/CYP19/CYP26 subfamilies

PEPPERS0010829 | 3.96 QI Cytochrome  P450 CYP4/CYP19/CYP26 subfamilies

PEPPERS0011545 | 2.06 PQ Ferric  reductase, NADH/NADPH oxidase and related
proteins

PEPPERS0013073 | 2.05 Q Cytochrome  P450 CYP2 subfamily

PEPPERS0014463 | 6.38 QR Iron/ascorbate  family oxidoreductases

POORLY CHARACTERIZED

PEPPERS0005845 | 2.66 R Haloacid  dehalogenase-like hydrolase

PEPPERS0012762 | 3.53 R Leucine rich repeat

PEPPERS0013375 | 2.01 R FAD-binding protein

PEPPERS0014123 | 18.98 R Transposon-encoded proteins with TYA, reverse
transcriptase, integrase domains in various
combinations

PEPPERS0014124 | 3.08 R Transposon—-encoded proteins with TYA, reverse
transcriptase, integrase domains in various
combinations

PEPPERS0014463 | 6.38 QR Iron/ascorbate  family oxidoreductases

PEPPERS0015414 | 2.75 R Zn-finger  protein

PEPPERS0016249 | 2.07 R WD40  repeat

PEPPERS0018387 | 2.79 R Transposon—encoded proteins with TYA, reverse
transcriptase, integrase domains in various
combinations

PEPPERS0018555 | 2.31 R Leucine  rich repeat

PEPPERS0019200 | 2.12 R RRM  domain

PEPPERS0010890 | 3.59 S Predicted membrane protein

Table 1-2. The list of defense related ESTs at 6h

Fold
A_thaliana_
CaEST ID chang | cog A_thaliana_homologue
homologue
e
PEPPERS00101
60 34.9 S AT2G14580 | Arabidopsis thaliana BPR1
PEPPERS00093 ) )
16 2.63 S AT3G19690 | pathogenesis—related protein
PEPPERS00093 ) )
" 2.57 S AT3G19690 | pathogenesis—related protein
PEPPERS00029 cytochrome P450, family 71, subfamily B,
4.65 Q AT3G26320
19 polypeptide 36
PEPPERS00145 cytochrome P450, family 71, subfamily B,
3.52 Q AT5G25120
51 polypeptide 11
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PEPPERS00029 cytochrome P450, family 71, subfamily
3.94 Q AT4G13290

51 A, polypeptide 19

PEPPERS00125 Response reactor 4, transcription
2.06 K AT3G57040

87 regulator

PEPPERS00051 ) .

39 4.93 NA | AT5G28010 | Bet v I allergen family protein

PEPPERS00064

13 3.74 NA | AT5G28010 | Bet v I allergen family protein

PEPPERS00135 ) ) ) )

99 2.06 NA | AT4G18250 | receptor serine/threonine kinase, putative

PEPPERS00101

o 2.17 NA | AT1G66550 | WRKY67 transcription factor

PEPPERS00027

15 5.68 NA | AT5G23960 | terpene synthase/cyclase family protein

PEPPERS00049 ) )

73 3.64 NA | AT1G61680 | terpene synthase/cyclase family protein

PEPPERS00137

79 2.33 NA | AT1G53920 | GLIP5 carboxylesterase

PEPPERS00122

56 2.27 NA | AT1G18250 | Arabidopsis thaumatin—like protein 1

PEPPERS00084 leucine—rich repeat transmembrane
2.13 NA | AT1G09970

56 protein kinase

PEPPERS00100

” 4.3 NA | AT2G27310 | F—box family protein

PEPPERS00003 ]

48 3.35 NA | AT3G22400 | LOX5; lipoxygenase

PEPPERS00045

17 4 NA | AT1G19640 | Jasmonic acid carboxyl methyltransferase

PEPPERS00114 ERF1 (ETHYLENE RESPONSE FACTOR
3.11 NA | AT3G23240

43 1)

PEPPERS00096

%6 2.51 NA | AT3G57260 | PR—2; glucan 1,3—beta—glucosidase

_60_




Table 1-3. The list of defense related ESTs at 24h.

CaEST ID fha?ngled cog ﬁl(_)ik;;llisna_ho A_thaliana_homologue_Description
PEPPERS0002590 |2.75 S AT4G25780  |pathogenesis-related protein
PEPPERS0009345 |2.26 S AT2G14610 |PR1 (pathogenesis-related genel)
PEPPERS0001689 (2.24 K ATH5G25830 |zinc finger (GATA type) family protein
PEPPERS0003108 [2.27 R AT3G20820 |leucine-rich repeat family protein
PEPPERS0015294 |2.32 G AT3G13750  |beta-galactosidase

PEPPERS0008816 [2.44 R AT3G02040  |Senescence-related gene 3
PEPPERS0019061 |2.05 T AT5GE8380  [SIP1, SNRK3.8, PKS2, CIPKI10
PEPPERS0003147 |4.35 NA |AT3G12500 |PR3 chitinase

PEPPERS0019921 |2.65 NA |AT3G12500 |PR3 chitinase

PEPPERS0006159 [23.63  [NA |AT1G49320 |BURP domain-containing protein
PEPPERS0006423 {13.45 NA [|AT3G25820 |Terpene synthase-like sequence
PEPPERS0004973 (8.3 NA |ATIG61680 |terpene synthase/cyclase family protein
PEPPERS0004448 [5.17 NA |AT5G48485 |Defective in induced resistance 1
PEPPERS0012256 |2.89 NA |AT1G18250 |Arabidopsis thaumatin-like protein 1
PEPPERS0010268 |2.73 NA |AT5G58600 |Powdery mildew resistant 5
PEPPERS0012430 [4.32 NA [|AT2G14900 |gibberellin—regulated family protein
PEPPERS0007292 |2.22 NA |AT1G19180 |[JAZ1,Jasmonate-zim—domain protein 1
PEPPERS0007277 |2.16 NA |AT1G19180 |JAZ1,Jasmonate-zim-domain protein 1
PEPPERS0004517 |7.01 NA |AT1G19640 |Jasmonic acid carboxyl methyltransferase
PEPPERS0001484 |4.9 NA |AT2G42380 |bZIP transcription factor family protein
PEPPERS0001483 |4.11 NA |AT2G42380 |bZIP transcription factor family protein
PEPPERS0022336 |2.07 NA |AT5G15130 |WRKY72

PEPPERS0017197 |2.69 NA |AT5G57520 |ZINC FINGER PROTEIN 2
PEPPERS0010674 |2.3 NA [AT1G28590 |[lipase, putative

PEPPERS0012257 (2.3 NA |AT1G18250 |Arabidopsis thaumatin-like protein 1
PEPPERS0005679 |2.29 NA |AT2G38540 |LP1 (nonspecific lipid transfer protein 1)
PEPPERS0012220 |2.27 NA |AT4G12510 |protease inhibitor

PEPPERS0008991 |2.75 NA [AT3G18280 |[lipid transfer protein (LTP) family protein
PEPPERS0008188 |2.59 NA |AT2G38530 |lipid transfer protein 2
PEPPERS0012498 [3.81 NA |AT5G48485  |Defective in induced resistance 1
PEPPERS0004449 (2.14 NA |AT5G48485  |Defective in induced resistance 1
PEPPERS0014012 [2.14 NA |AT3G45140 |LOX2 ( lipoxygenase?2 )
PEPPERS0004977 |2.03 NA |AT3G45140 |LOX2 ( lipoxygenase2 )
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Priming 2 A9 Ad3 7

olN

BS1074 2 & WY Xav HF Gl 5
A Aol oAt W] Wyl AR FHAE BS1079] 9@ priming E A TH
= O

3 A7 priming® S AAE Golry] & gon e e 44 &9
BS107 (6h or 24h) - (BS107 Oh + =42 6h or 24h) > 1

?1 A met ddY S HEo] AME FARERES VITEE Udsty
Table. 1-4°] YEFH AT Cytochrome P4509} & transcription =40 #& %
A A}, amino acid transportation o ¥ H FZ 2 2 metabolismel] #HH F-7H A}
E9°] BS1079 &3 w231 ZFshA wdo] HA o, JMT (jasmonic acid carboxyl
methyl transferase), LOX5 (jasmonic acid biosynthesis)oll ##H ¥ FAx}7F ¥5+5
o] At} E3F malate synthase®t 72 Lol AL A O #FHAFH A = F4
A= EA el Hlake] 9w o] Frkekdith. ol # A AME priming A Y
2= RT-PCR¥} gRT-PCRES %3t wvalidation 3} (Fig. 1-13). Malate
synthase® 2= BS1079 sl W A2 $ 3AI7HFH F7Fstth 24 Al gkoo
walo] ZhAagh v EA ol M= WA S A FE Frbst 72417 H o=
S7bstdth = BS107¢l o8] dhxwtol Hs] w=a ZAatA Srteldls Hoso=w
Aopriming ® FAAE AEsts g0l AWA des F9 F F ddTh
Terpene synthase®] =& < A] malate synthase®} H]<=3dF FAS H ATl Malate
synthase®} terpene synthase:= qRT-PCRS F3f wa SAS 213l 3t (Fig
1-13BC). o] <o ¥ Ao #HA HIUS A= AAE = Arabidopsisol A
PR10 % A2] homolog?! Bet v I allergen family protein +d A2} 1152 PRI
(CaPR1) Aol & UG4S gRT-PCRZ &<l 3k A3} (Fig. 1-13DE) BS1074
g oA tizate] HlE] 208 o] H& WAYS vEE AS &9l stk H
A & 72 AZE e tixatel] vl ER At #HHEE FAAE =A EdAF
S 2N AYA H A wmE &Hes UEtlA stV AR FAAE wE A
ol ARl o= Welitol] wE AFAYE ke AoE oA AXTH

o] o] thE PR protein® FdA¢1 PR4 <A BS1079] & priming ¥ #A
RT-PCRS & &<l it} (Fig. 1-13A) 53] PR1Y PR4 FA#e] A9 ¥
Algtol a7l Aol o] WA AL ofF 9 FFEo
BAdte]l A FAlel ofF wE AHEaA EAE=

(Fig. 1-13A).  °] W& ¢RT-PCRE& col&3dte] 2 Aits sl akqint (Fig.
1-14C).

2

Table. 1-4 The list of screened priming ESTs at 6h and 24h. Fold-change ratio
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of representative constitutively expressed control genes in B. thuringiensis strain

CaEST 1D Fold A_thaliana

change | COG | homologue A_thaliana_homologue_Description
PEPPERS0014164 | 1.37 QR AT3G11180 Iron/ascorbate  family oxidoreductases

PEPPERS0012868 | 1.02 Q ATI1G31770 | Transporter, ABC superfamily

PEPPERS0013200 | 1.27 QR AT2G44800 Iron/ascorbate  family oxidoreductases

PEPPERS0010663 | 1.13 QR AT5G24530 Iron/ascorbate  family oxidoreductases

PEPPERS0010700 | 1.01 Q AT2G45570 | Cytochrome  P450 CYP2Z subfamily

PEPPERS0006575 | 2.51 Q ATI1G64950 | Cytochrome P450 CYP2Z subfamily

PEPPERS0014174 | 1.45 QI AT5G63450 | Cytochrome — P450 CYP4/CYP19/CYP26

PEPPERS0016190 | 2.29 QI AT5G38450 | Cytochrome — P450 CYP4/CYP19/CYP26

PEPPERS0009409 | 1.38 QI AT3G48520 | Cytochrome  P450 CYP4/CYP19/CYP26

PEPPERS0015491 | 1.43 QI ATI1G73340 | Cytochrome P450 CYP4/CYP19/CYP26

PEPPERS0016419 | 2.64 E AT2G39020 Diamine  acetyltransferase

PEPPERS0019579 | 1.79 E AT2G38120 Amino acid transporters

PEPPERS0000701 | 1.74 E ATIG64660 |beta-lyases/cystathionine

gamma-synthases
PEPPERS0002061 | 1.18 E AT2G44160 5,10-methylenetetrahydrofolate  reductase

PEPPERS0003053 | 4.49 E AT1G10070 | Branched chain aminotransferase BCAT]I,

PEPPERS0014283 | 2.23 E AT1G08230 Amino acid transporters

CaEST 1D F old | COG | A_thaliana_ | A_thaliana_homologue_Description

change homologue
PEPPERS0014681 | 1.37 R AT4G18520 | FOG  PPR repeat

PEPPERS0014387 | 1.37 R AT4G15920 Multitransmembrane  protein

PEPPERS0013650 | 2.48 R AT2G32150 | Haloacid dehalogenase-like hydrolase

PEPPERS0014125 | 1.24 R AT4G26260 Aldehyde reductase

PEPPERS0016697 | 1.19 R AT5G18840 Predicted transporter

PEPPERS0014046 | 1.44 I AT1G78955 Oxidosqualene-lanosterol  cyclase

PEPPERS0011917 | 1.77 I AT4G29010 Hydroxyacyl-CoA  dehydrogenase

PEPPERS0016376 | 2.56 I AT2G26560 Ca2+-independent  phospholipase A2

PEPPERS0014507 | 1.42 0 ATIG56300 | Molecular chaperone (Dna] superfamily)

PEPPERS0013194 | 3.18 O AT5G18600 Glutaredoxin  and related proteins
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PEPPERS0013195 | 2.18 O AT5G18600 Glutaredoxin  and related proteins

PEPPERS0018502 | 1.5 0 AT2G17830 | Molecular chaperone (Dna] superfamily)

PEPPERS0003369 | 1.27 O AT1G03220 | Aspartyl protease

PEPPERS001247 | 2.47 O ATIGO09750 | Aspartyl protease

PEPPERS0002078 | 1.59 (0] AT1G03220 | Aspartyl protease

PEPPERS0012045 | 2.4 O AT5G50260 Cysteine  proteinase Cathepsin L

PEPPERS0002885 | 1.83 (@] ATI1G49230 | FOG Predicted E3 ubiquitin ligase

PEPPERS0002558 | 1.56 O AT1G17180 | Glutathione  S-transferase

PEPPERS0019850 | 8.3 O AT3G62930 Glutaredoxin  and related proteins

CaEST ID Fold COG | A_thaliana A_thaliana_homologue_Description

change homologue

PEPPERS0019838 | 1.83 K AT2G41690 Heat shock transcription factor

PEPPERS0014475 | 2.41 K AT5G62020 | Heat shock transcription factor

PEPPERS0013766 | 1.25 T AT2G30360 | Serine/threonine  protein kinase

PEPPERS0019709 | 1.17 T AT3G23000 | Serine/threonine  protein kinase

PEPPERS0017536 | 1.84 T AT1G07630 Protein  phosphatase

PEPPERS0013109 | 2.31 T AT4G34920 Glycosylphosphatidylinositol-specific
phospholipase C

PEPPERS0013088 | 1.48 G AT3G22960 | Pyruvate kinase

PEPPERS0013087 | 1.18 G AT3G22960 | Pyruvate Kkinase

PEPPERS0015333 | 1.31 G AT5G18070 | Phosphoglucomutase/phosphomannomutase

PEPPERS0014837 | 1.11 G AT1G68020 Trehalose-6-phosphate synthase
component TPS1 and related subunits

PEPPERS0017364 | 1.71 GC AT1G22370 | UDP-glucuronosyl and UDP-glucosyl
transferase

PEPPERS0013964 | 2.62 GC AT5G49690 UDP-glucuronosyl and UDP-glucosyl
transferase

PEPPERS0019204 | 2.77 G M | AT5G03795 Acetylglucosaminyltransferase

W EXT1/exostosin 1

PEPPERS0013649 | 1.75 AR AT5G46190 PolyC-binding  proteins alphaCP-1

PEPPERS0001794 | 9.23 C AT5G03860 | Malate synthase

PEPPERS0001731 | 5.18 C AT2G16060 Globins  and related hemoproteins

CaEST ID Foldch A_thaliana description

ange COG | homologue
PEPPERS0001729 | 1.72 C AT2G16060 Globins  and related hemoproteins
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PEPPERS0004721 | 1.46 OE AT3G45010 Serine carboxypeptidases  (lysosomal
cathepsin

PEPPERS0003520 | 1.85 Vv AT3G48690 Arylacetamide  deacetylase

PEPPERS0003519 | 1.87 \% AT3G48690 | Arylacetamide deacetylase

PEPPERS0004312 | 1.49 OE AT3G45010 Serine carboxypeptidases  (lysosomal
cathepsin

PEPPERS0001009 | 1.16 J AT3G03920 | H/ACA small nucleolar RNP component
GARI1

PEPPERS0009397 | 1.72 J AT2G40010 60S acidic ribosomal protein PO

PEPPERS0009603 | 1.83 Z AT2G19770 | Profilin

PEPPERS0011476 | 1.69 J AT3G04840 | 40S  ribosomal protein S3A

PEPPERS0006173 | 1.69 J AT5G04800 40S  ribosomal protein S17

PEPPERS0017052 | 1.62 M ATHG23870 | Pectin  acetylesterase and similar proteins

PEPPERS0018661 | 2.11 F AT3G46540 Equilibrative nucleoside transporter
protein

PEPPERS0001756 | 2.38 AT1G02205 CERI1;  epicuticular wax biosynthesis

PEPPERS0000348 | 3.22 AT3G22400 | LOX5;  jasmonic acid biosynthesis

PEPPERS0006305 | 1.37 AT2G27500 | glycosyl hydrolase family 17 protein

PEPPERS0006423 | 3.74 AT3G25820 | ATTPS-CIN(TERPENE SYNTHASE-LIKE
SEQUENCE-1,8-CINEOLE);

PEPPERS0005126 | 1.39 AT3G25820 | ATTPS-CIN (TERPENE SYNTHASE
-LIKE SEQUENCE-1,8-CINEOLE

CaEST ID Foldch A_thalianaho | description

ange COG | mologue

PEPPERS0005125 | 2.45 AT3G25820 | ATTPS-CIN (TERPENE SYNTHASE
-LIKE SEQUENCE-1,8-CINEOLE

PEPPERS0004792 | 1.86 ATA4G12560 F-box family protein

PEPPERS0004973 | 3.38 AT1G61680 terpene  synthase/cyclase family protein

PEPPERS0004517 | 3.88 ATIG19640 | JMT(JASMONIC ACID
-CARBOXYL METHYLTRANSFERASE)

PEPPERS0020061 | 1.49 AT4G20260 DREPP plasma membrane polypeptide
family protein

PEPPERS0018617 | 2.43 AT1G52200 | unknown  protein

PEPPERS0018749 | 2.12 AT5G18930 adenosylmethionine  decarboxylase

PEPPERS0022049 | 2.38 Glycine rich protein family

PEPPERS0021654 | 1.94 AT2G15830 | leucine-rich  repeat family protein

PEPPERS0021255 | 2.55 7TM  chemoreceptor
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PEPPERS0021385 | 2.4 sulfate  symporter transmembrane region
PEPPERS0018138 | 1.63 ATHG63770 | diacylglycerol — kinase
PEPPERS0015917 | 1.7 ATAG24670 alliinase  family protein
PEPPERS0015807 | 1.28 AT3G02350 | GAUTY9 (Galacturonosyltransferase 9);
PEPPERS0014103 | 1.45 AT4G09160 SEC14  cytosolic factor family protein
PEPPERS0013398 | 1.31 AT2G39210 | nodulin  family protein
CaEST ID Foldch A_thalianaho | description

ange COG | mologue
PEPPERS0013541 | 1.97 AT2G46490 | unknown  protein
PEPPERS0014331 | 1.47 AT1G59710 | unknown  protein
PEPPERS0014455 | 2.64 AT1G77210 sugar transporter
PEPPERS0017487 | 2.42 AT5G33303 negative  regulation of transcription
PEPPERS0016006 | 2.11 AT4G23160 | protein  kinase family protein
PEPPERS0016670 | 1.77 AT5G38200 | hydrolase
PEPPERS0023387 | 1.92 sulfate  symporter transmembrane region
PEPPERS0013501 | 9.17 AT3G03480 | Transferase
PEPPERS0014669 | 1.14 AT5G48930 | Transferase
PEPPERS0012796 | 4.47 AT3G26040 | Transferase,
PEPPERS0001314 | 1.48 ATHG20950 | BglX, Beta-glucosidase-rela
PEPPERS0034699 | 1.44 DppB, ABC-type dipeptide
PEPPERS0034698 | 1.3 DppB, ABC-type dipeptide
PEPPERS0032019 | 2.31 Predicted membrane
PEPPERS0023481 | 4.1 PRP8, U5 snRNP spliceosome
PEPPERS0016089 | 1.96 AT4G29010 | FadB, 3-hydroxyacyl-CoA deh
PEPPERS0010185 | 2.67 AT2G36640 | TolA, Membrane protein invo
PEPPERS0014133 | 1.04 ATI1G80160 | GloA, Lactoylglutathione ly
PEPPERS0022706 | 1.3 AT5HG18290 PstA, ABC-type phosphate

BS107-treated compared with

water treated pepper roots.
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Fig. 1-13. Elicitation of defense-related gene expression by strain BS107 in
pepper following pathogen challenge. a) Expression of the indicated defense
signaling  related-genes(CaPR1,CaPR4,CaPR10, Malate synthease, terpene
synthase/cyclase family protein)wasanalyzedbyRT-PCR.

Amplified products were separated by gel electrophoresis and visualized by
ethidium bromide staining. The expression of B) Malatesynthease C) terpene
synthase/cyclase family protein D)Betvl allergen family protein and E)CaPRlwas
validated by quantitative RT-PCR. Relative expression was calculated and then
normalized to CaActin expression, which was set as 100%. Samples were
collected Oh, 6h and 24h after pathogen challenge. As a positive control, plants
were treated with 0.5 mM BTH.
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BS1079 ¢ 1FolA WAZAY AZASAA

BS107S A& st o] ¥dAd Ml Xave HE $ 0A1%F 3A17E 641
12412, 24A1%F, A8A1F Z1e]al 724 7kell A a9l AjFH kel RNASE F53 +
Oligo-microarray ¥41S %3] A% Priming #+3dA% 4% #3442 o=z
RT-PCRS 4338} t}. 53] Defense-related protein containing SCP domaing
<3} skl 2l= PEPPERS0010160% PRY# Aeo] <ts st ki 9l SCP domain$t
blast search 23 100% < %3} AN S ™M, terpene synthase familyS 9% 3} 3
1 9l PEPPERS0010704 7 $-oll = o}7] &t 9] terpene synthase 293 %<&
AME Ad Aew <l HIAY o] F FHAE EFsto] wWolr| Ao g 9l
= EAQ PR 482 RT-PCR+34A Fig. 1-14B oA H= upep o]
PR10S #|¢gt PR4FAA7F Priming ¥ FAA=2 &< H%t. 53] PR13} PR4

B

TR A B Aol Ayl del= o] HA AU ol W2 E
o2 EEE o duprE ¥t AP FAlel ofF whEI FHe TdE= A
= g0 F F A S5 WA B EA Guprl HAAE Add A felnt
deta e HEE= AdS F9 AT olF F o HEY dAAEES
olH 7] $ste] PR1¥} PR4 A5 S =E  Quantitative Real-Time

Polymerase Chain Reaction (qRT-PCR)& 333 th(Fig. 1-14C). =1 A3} PR1¢]
4% BTHE AHgldt a3do = RT-PCRAFS} fFAsHA &2 =4 a0 51
Ao, B. thuringiensis BS107# & A 2]gh oA rk 0A|ZF H]8Fe] 244 7o 4
129 o] =A EAHALH, PRAFTAAS] 45 BSI07T#+E Agd 45 04
of mlate] 24A|7kell A 3ul o] Wdo] Hal, BTHA 2§ delAe 20 A
Zuo] Wy e As g & F Aoy = Aol 0AF 244 7hol
1!
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2

A& oA B thuringiensis BS107¢] 113 ¥ Al7r<l Xavel Eﬂﬁ}cﬂ 152}3
FEsrs ot ar, T3k priming A A Wd = RT-PCRS E3lo] 32lH Q)
B. thuringiensis BS1079] 2]t W A8 AsHdAG AAES LolH 7] Hsﬂ 7]
Ao A A AFHAR o8] THS FALEY 17T FAAES ¥ A 2
A AAE Wole= AR FHAAE ARl A= o] 7[Fel= =A 37
pathway S E3dlo] o] Fojx=d AA= g AAF (Salicylic acid; SA) o]F&=% <l
pathway, FHA = A2~E4F (Jasmonic acid; JA)S]E4 2l pathway Al HA = ol

I R

N

g (Ethylene; ET)9&%4 ¢l pathway”} St Table 1-3 o= 7]Eol 23S &
sto] BFE|xl A& o] 71z ARl 8=l SA, JA, ETol w8 st= 4
A= Ydstddal, o] fARES B, thuringiensis BS1072] 2] Al @& %= o)
HS FAste] ¥ A s dE AAE 489, Table 1-39 FHAES
A A 2oz s & JdEd 3 HAE SAS ETA Ao #bg-3st= F2A;
a5 % A= JASH ETel A wb&et= FdA 15, Al HAl= #o] vhgof
uol A wHH A= FHAA TFSE AT olE FHAES RT-PCRE

T BA4S s 2 A3 Fig. 1-15 949k 2o] PR4¢} Tinl, Tinl-2 2 #pe] vt
@o] BS107 Aol o8& ZstA HYetual cyp +AAE FstAYUv Aol S HER

‘:} 9] Fig. 1-13, Fig. 1-14 128]3 Table. 1-30 4] &l dH FHAE2] w4
Zxstalol B W B. thuringiensis BS1079] & %8 A4S ETH JA
FAAE] W23 ZebA wd =i, ET9 SAe] #h&stes fdxE9
of W= Ao Hol ET o&4< ‘ﬂo“ﬂ 71 &fo] F7F H&= BoRE A7ZtE
sk SA¢ JAv A2 vt pathways &3, SA pathwaye} JA pathway©
cross talking 3t the Aol dAwbH ot} 9 AVAS FE] WA B thuringiensis
BS1079 &3k A3 w32 JAS SA EFE XA3= ETo ¢ £4<2 Pathway
2 ogs ol old gt JEsk AP 5 AP S Folo] WEs| v dH 4

ol

O o &
oM N o
Hrﬁimlo

rok

_71_



Table. 1-5. B. thuringiensis BS107°] 23t ISR % pathwayS 27] ¢

> o] = ]
AAe o mE FHR3E9] W
Treament/ Time
SA JA ET ABA H202 Nacl Wound Expression pattern
Genes h
CaCYPI ++ - ++ SA dependent 24
CaAlaATl +++ - +++ SA, ET dependent 12
CabZIP1 +++ +++ SA, ET dependent 6,24
CaGLP1 +++ - ++ - - SA, ET dependent 6
CalLTP1 +++ - ++ - SA, ET dependent |6
CaPF1 +++ +++ ++ JA, ET dependent 6
CaODC1 - +++ ++ +++ ++ JA, ET dependent 6
CaPR4 - ++ ++ ++ JA, ET dependent 6
CaTinl - - + ET dependent 8
CaTinl-2 - - + - ++ - ET dependent 6
CaBPR1 + - +++ - SA, ET dependent
JA, SA, ET
CaWRKY-a +++ +++ +++ ++ +++ 2
dependent
JA, SA, ET
Ca-COX-1 |+ ++ + + + 6
dependent
JA, SA, ET
CaPR10 ++ +++ +++ +++ ++
dependent
JA, SA, ET
CaPKcl +++ +++ ++ + + 24
dependent
Cadhn + + 6,24
JA, SA, ET
CaPIN Il +++ + + + 6,24
dependent
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Fig 1-15. B. thuringiensis BS1079] 23k f %= A
FAaAAREe Bd 2ALE 918 RT-PCR.
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3. a5 XA ISR += A9

7h a3 XA ISR = AdS 9% 15 £ % 2 A

a5 XA ISR % APS 7] 9t x¥ s 1% A5 28T oF%
2o A 6-89¢] = w7hA] 3F1F wjFet et Wi 13 HE E ] o] AE7|
Ao ODgo=1.0 (10° CFU/mL)%=2] BS107 A ¥E wjkdz} 0.5mM BTH, 60mM
—aminobutyric acid (BABA), BS107/BTH —1¥] 1. BS107/BABA &3 g&9do] 1%

me] HEE AR w9 AAEY FA @ a5 BE okl TdelAN He
2 o] FAeHow A a5 ] G4 Sk

B sswor [l sstworETH

B scs2 [l ssior-eaBa Rl
MW s+ [ | como of — 40cm
. 24plants
] /per block
»
»
0 .
[ ]
A e —
[ ]
.
{2 ] .
0
I_—}\;F

v 3 BElo] g &sk BS107 population FA}F

a3 Helo] HAsk BS107¢ 9 A2 sEH S i
s BS1079] /MAFE ZAFsksich BS1079HS AEstr] $lste] & rifampicin
o AaAHdS A 4 AEZF spontaneous mutant = A 23 TF rifampicin A 343
BS107+ 5+ rifampicin 100gg/mle] 917 TSAB| A o 4] vf %3t TSAR) A o
A A BS107S 2 F did Bo] Fof #9 ¥%7F ODgo=1.0 (10° CFU/mL>
7 HEE wrEQdn whEA R BS107 woe] 1F Heo] HEls HA 3§ 1A%
%th BTH, BABA® 43 #Hoz A §F o453l
th ol 2 % 1AIgbo] Xup aiFe] Byl S FHelo] Al Higlo] 2ol e EYE Al
25 0.1 mM MgSO4 bufferdl] o] 1A 7Hs

HH
m
o} shaking incubatorel] HJ st T 1A &b wiekst w5 ¥a] A5 A4S 1ml F

¢
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ato] AAG vl&= 348k rifampicin (100pg/ml)o] Eo1XF TSA wj=]o] =23}

2= Fulell EAst= thE MdES MAITE #d#Est7] 91ske] rifampicin

o] Eol7kA @ TSAWA = %%16}741 =2 stk BS107¢F7F a5 e 141
fFrslel e # 71 Sske e e Al HAS

A o] A

[e)

=
incubatorol] Hj o3t

2
Jﬁ?l
Ol'

= 5t MgSO4 buffero] ©o] 1A]7FE<H shakmg
Fo] o= 5% sodium hypochlorite (NaOCl) S & 3085 <t

¥ At Skar, 70% ethanolS 2 30% &9F W S T o] Hud E=
524 2 A NaOCl# ethanolS oWt W Abato] ¥ 159 By 1gs €
¥ ubziel whapabelbS. o] &ste] #F A ol 34 F rifampicin (100ug/ml)o] Eo]7t

l

2
ny

TSA iAo st =dd wjx]E 30T incubatordl Al &7 &<k w3t
colony7} @Ad WA E 7AW colony 5 A F 34 &S #ste] B 1gol
EA3= BS107HF 2 AA Ao =& A A

th Z el BS1070] &gk i el tigk ISR A

F XA 13 el dig BS1079] ISR = &3E gdsty] Hsted u
ZFol oW Fuhit <l Xanthomonas axonopodis pv.

Xave] ¥EE ODewo=1.0 (10° CFU/mL)& 3438}
i vkEo]l gle FAIE ol &ste] aiF Q1o SiWe HFevh HES 59
A2 5d Hol AL #AFAY. HAL disease indexE FilE dto] Wol Azt

TE QoA 52 U o] Fab st B4 zzawel JMP software version 5.0

P L

_

(SAS Institute Inc., Cary, NCO)& AR&3sto] 7z} Al Aol HdS glstrt & 2
32 BS107 v % Chemical # A § 10¥¢, 20¥, 30, 40¢ = 47# 43 A
S Ty

g, Zg A dAsE A BAA] Yo digk ISR 58 FAF

A orolus] slakel BSI07E AA F 802 Hol TAolx
F Aze 2w e 8 et 7 25 247
Awich o] A HEE disease index®t FUIA W A=l wal 0(Ho] 2
WA Fe)RE 5040l Ak WAAX @A Fol AFE FUL 7} A
W AEE HAeE 3$tstal JMP software version 5.0 (SAS Institute Inc., Cary,
NO)E ALgste] EAARE ahalv.

i

b 13 EAel A BS107 o4 &

ki
i)
rr
%
=
[JE
olo

Al priming A #d A}
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Ao A BS1079] oA ISR HES-o] f-=du A EAUe] A FHdxEe &
A3} priming &35 golH 7] Y5t ¥ HE: 0 AIZF of &

3

samplingato] A Aol BaAstAth A Ao Had Sls ARt
S o] &3t HA 7+ F TrizolS ©] &3} total RN =
RNAE W7o 2 reverse transcriptiondt®] cDNAE dA3A 1L, &4 E cDNAE
template®= RT-PCRS F&3stdth. RT-PCRS 33}7] 93 primere
- ACTTGCAATTATGATCCACC - 3’ o} CaPR1, 5 -
ACTCCAGTTACTGCACCATT - 3" CaPR4, 5 ~AACTGGGATTTGAGAACTG
CCAGC-3" ¢} 5'-ATCCAAGGTACATATAGAGCTTCC-3'; z18]a CaTin-1,5" -
TGGGCTTATGGGCAGTGGTTAC-3" 18] 5'- GCATCGTTTGTGTTCTCCT
GT GG-3'Z AF&3s9drt. tix+9=2 CaActin primer® AM&3t9th CaActin
5 -TTGGACTCTGGTGATGGTGTG-3"' 18] 3L 5'-AACATGGTTGAGCCACCAC
TG-3'. PCR &7 95T 30%, 55T 30%, 72T 1% x=Hdo= Z+ZF 29 cycle®
PCR& 38kt

gRT-PCRE 3d3dl7] $8ix= Chromo4 real-time PCR system
(BIO-RAD)& AR&stdaL, atvhe]l A mbrt Al WA whE F8S silon Z)
tuber}t} 1 x Brilliant SYBR Green QPCR master mix 7} E°]7F =% slo] A
volum ©] 20 w¥ %% 3to] PCRS T3ttt qRT-PCRe T2 o5
2l 95T 4] 10 min denaturation, 95C, 603, 55°C 30% 72C XA 30% =A
S 2 40 cyclese 7t Agluir) 3nHEA G5} T},

>
il
i —1}11

r
(@)
o)

T
=9)
—
!

v, BS1079] 9] st A& W3} 2A}

A BSI079] 1% ISR whgol et 2@L AT} FAe BSI07 73
g 4% Y 22 5ol dste] AR B AL F Aol 2A
1% Q) 28 2480l BSI07T ¥ BTH, BABA Ao o3 Asade] Aols
ZARSTE A WAL AAF 2AE 13 B A4 F 609 Fol FouA AN
24 1F B A4 F 10086 ANFS Ak QA ABE 7L A o)A
nE Avis Susel RS ZRRUom, S48 BAE 4 AW A FE
tirol @AY ANEE B AN 2 s

23

EZA BS1079] A% 7= AJAH 43

922 ARelA ISRAE &9 A%H BSI070] BN E FAF &9E e
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U= golr 7] 98l 2AoA 1FE tde®E ISR A4S st A=
Aggk BS1073 A& Eoko| EAlsts vAE ¥ @A, 18la BSI1070] a5
ot H3 BAZ LPEG FA4 = A tate] BEEAh 10° CFU/MmML o2 A
2] gk BS107 Table 1-6l A H= upep o] o x| & 1AIZF Holl HE 15
o] Z@d] A3 epiphyte BS1072] /A5 10° CFU/ml oAtk Ao A &
Fhe] #Fo MAFE 100 CFU/mI o]t BS1073 37 BTHE A€ d
BS1073 59 BABAS 7 A3 a3 ¥eoMm BSI107 @5 e
A3 epiphyte BS107 MAGE 10° CFU/ml, AA EFe] #F<] 7
10" CFU/ml o]$it}, wat 135107—% e sA 3 BTH, BABA, =3 g oﬂAH
A BEGUe #F $E 100 CFU/mIZ 593t ol 24 =7] BS107#F7}
B Bele A o EGU Al SActe vE Ao SES 9T
*ohE AS EFdnh BS107¢] AE WA wFAA glshr] flste]

Bel AAFE =4 3 B Ax AE YRA BSI07S A &x R3o
BS107> WA 57} o} o7 AZAY BS107 I A F 40¥ HeoF 109

Aog o MAFE =
=48 2 A3 +5 s
Aol A Bl Z A °
Row A AdME 100 CFUmL wHF 718 Aoz yeidow o
BS107/BTHY BS107/BABA 23 A23 Zol% 10° CFU/ml Bth= HA vk oF3h
o FE #F & £ otk Ade] WayW 409wk BS107, BS107/BTH,
BS107/BABA A g]ael Al BS1079] A&58S & 3 Ay} Algto] Ao we}
AFs7E 10° CFU/mL 504 234 Foj=&
CFUmML T+ AE=Z 74 ¥+ As 3 st 54 1 WA w5 5 A =
A 2 Ay WA w5 TA 5 Sl mebA] BS107S A EA el A A

ur
= =<
sho] Aolrte wee gk Aza.

—l> PRI

=

!
=

—lN
N

2}
PN
nn

5 n
4
L)

o

M2 rL

=

A2 10¢ $ BS107% E<F U AA o 5
of ZA4% Ave] wste] BSIOTHFE Aeld

bR F7H A2 B9 @ & otk BSITE W

N
o oL >>L

]

ju

Table. 1-6. Population of root colonized bacteria

Population
Treated bacteria (cfu/g)
Treatment
Epiphyt Endophyt Total
1 e ndo e
PIPRY Py bacteria(cfu/g)
Day O
B.thuringiensis
6.51 £ 0.12 a ND 7.40 £ 0.11 a
BS107
B.thuringiensis
6.46 £ 0.04 a ND 7.28 £ 0.18 a
BS107/BTH
B.thuringrensis 6.43 = 0.11 a ND 7.38 £ 0.09 a
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BS107/BABA

BTH NT NT 7.43 + 0.11 a
BABA NT NT 7.29 £ 0.05 a
Control NT NT 7.42 + 0.11 a
Day 10
B.thuringiensis

7.42 £ 0.29 a ND 8.06 £ 0.10 ab
BS107
B.thuringiensis

6.96 = 0.06 a ND 8.80 = 0.27 a
BS107/BTH
B.thuringiensis

6.76 £ 0.27a ND 8.14 £ 0.41 ab
BS107/BABA
BTH NT NT 7.96 £ 0.10 ab
BABA NT NT 7.80 £ 0.32 b
Control NT NT 7.95 £ 0.07 ab
Day 20
B.thuringiensis

6.47 £ 0.42 a ND 8.31 £ 0.16 abc
BS107
B.thuringiensis

5.04 = 0.16 ab ND 7.59 = 0.10 ¢
BS107/BTH
B.thuringiensis

5.09 £ 0.10 ab ND 7.87 £ 0.11 bc
BS107/BABA
BTH NT NT 8.13 £ 0.27 abc
BABA NT NT 8.15 = 0.09 abc
Control NT NT 8.21 =+ 0.05 abc
Day 30
B.thuringiensis

6.29 £ 0.18 b ND 7.90 £ 0.18 abc
BS107
B.thuringriensis

7.09 £ 0.14a ND 7.70 £ 0.30 bc
BS107/BTH
B.thuringiensis

5.80 = 0.15 ¢ ND 7.73 £ 0.11 bc
BS107/BABA
BTH NT NT 7.78 £ 0.14 abc
BABA NT NT 7.74 £ 0.18 bc
Control NT NT 7.67 £ 0.08 ¢
Day 40
B.thuringriensis

5.27 £ 0.11a ND 7.29 £ 0.17a
BS107
B.thuringiensis

4.95 + 0.15a ND 7.75 £ 0.15a
BS107/BTH
B.thuringiensis

4.64 £ 0.08a ND 7.89 + 0.24a
BS107/BABA
BTH NT NT 7.44 £ 0.47a




BABA NT NT

Control NT NT

oA BS1079 93] =¥ X. axonopodis pv. vesicatoria®] gt 32| ISR
ko)

I AQLA AL Wl gk ISR

=l

EA A BS107¢ o] g ISRF-I= o5& glstr] fl8hke] BS107< A 10

=% S #Ash Fig. 1-16
ol M Hi= whel o] BS107 HA F 1044 ¥ HF ¥ ¥ a2 A3 2499
del Aztdol 455 Y= Wb BS107& ﬂalﬁi aFA A= WAL
AEE 25, BS107/BABA 2, BS107/BTHE 1& YERAS
A= 25 dERiYh BTHAYE  AshAl ISRE =8k« RshalAwt
BS107/BTHE 7 A2ld aFelM= BS1073 BTHe Zxzads & F7F U
ot v BTHsz} Zol A& A f= EHE deizxl BABAE BS1073% g4 A

213 49 BTH 28 dxadrt §glslen BABA @5 AHEAldE aFoA]s
A F= o]l =X &gt (Fig. 1-16B). H A jr 209 A XavsE HE381o
HWAS #z= g Ay BS107/BTH, BTHS A &3 113 o]¢d BS107, BABA,

BS107/BABAE A3t aFoA = Aol yelux gkdrh &3z, BSI107,
BABA,Z12] 31 BS107/BABA2] WA o] 55 uvEhWi= vhd BTH, BS107/BTH A €]
TFolAE 359 3% yEWlEd o] BTHel o8 =% ISRZ 4zEt (Fig.
1-16C). o1F A F 30¢ 3 404 A= SRS #2 st 1 A3 30U A
T2 ATAG e = Ao vlste] AR Apolvt Y= HEato]l ST
| #Z sk e Jhed EAEY Wel 28 YEhen
BS107/BABAE 15 X2 YEyor BS107, BTHE ¥33 v AHg #Ad=
S 9A @2 FFolA Ho] HASATH (Fig. 1-16D). 4094 ¥ A3 s &
Aes 23T BE A ZolE B F Atk BE AgeAe WA o] 10]3}
2 Ad DA 2Fktd (Fig. 1-16E). 2&d oz L4 BS107, BTH,
BABAA el <Qlgh ISRe] 1094 7bA] WEfUAIRE 1 o] F 717 A& e
At
AA A2 ol tiste] ofe] Aol A o] ISR W8S #EEUT & E7FelA

WA © 2 cucumber mosaic virus (CMV)el 93t virus® ¥ Xavell ¢35+ #A94H
= H
2

AgAow o

o] ¥ Awrq oz wAstsdth BS107, BTH, BABAZ A § 60%4 2Ad F
et ZF ARAE R MAS AR A3 BS107A ol ¢ & Xavel thgk ¥
A

Ao ]
2 22 YEhy9la BS107/BABA, BS107/BTH, BABA, BTHA o] tjst ¥ A&
Zy7y 15, 15, 2, 152 YJEFATE (Fig. 1-17A). ¥hH Ex 8= 35 vehgde. A

Hhzl o 2 Avker WA xpo]E YERA @gtort EA A Ao =W BS107,
BTH, BABA AH g w& F% AgA T8 Exgd uHste] =4 LA
T3 CMV HA ek AdA F= ¥hee EAgo A uste] E=A e
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BS107, BS107/BTH, BS107/BABA, BABA, BTHA #lx= #4715, 12, 2, 155 4
BRI SIEE ofell nbste] == 3& WEhle] thE BS107, BTH, BABAA #7F A

P RESE s & 5 AAT (Fig. 1-17B).
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! b
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. . . .
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C
5
_ 14
ol a
=
P ’ a
@ ah
E 2 r be
1]
[e '
&
2 1 r
=
0 . L . . L
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_80_



Disease severity {0 - 5)
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5 | 4 a a a
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1 -
0 - T T . T T
BS107 BS107/BABA BS107/BTH BABA BTH Control

Fig. 1-16 Effect of B. thuringiensis BS107 BABA , and BTH on ISR at 40 days
after treatment. B. thuringiensis BS107 cells were collected and resuspended in
10 mM MgSO4 to a final density of 108 cfu ml-1 (OD600= 1.0) before drenched
in the soil. A) Representative photographs taken 0 day and 30 days after
transplants. As a positive control, plants were treated with 0.5 mM BTH and
BABA Disease severity (0 has possibility as biocontrol agents pathogen
challenge. B) day 10, C) day20, D) day30, and E) day 40. no symptoms; 5,
severe necrosis. Different lettersindicate statistically significant differences (P=
0.05). Data represents the means the standard error of the mean.
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Fig. 1-17 Effect of B. thuringiensis BS107 and BTH, BABA on ISR against
naturally occurred A) bacterial spot disease, B) viral disease (CMV) at 80 days
after treatment. B. thuringiensis BS107 cells were collected and resuspended in
10 Mm MgSOy to a final density of 10° CFU/mL1 (ODgyo= 1.0) before drenched
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in the soil. C) Representative photographs taken at 80 days. As a positive
control, plants were treated with 0.5 mM BTH and BABA. Disease severity (0
- 5) as an indicator of ISR was measured at 80 days after transplant. 0; no
symptoms, 5; severe necrosis. Different letters indicate statistically significant
differences (P = 0.05). Data represents the means the standard error of the

mearn.

BS107¢] 93 ISRe] FEHE ¢ A FAAY &8 A}

skt A3s Esto] BS107wEFol o8] Ty A3 FAxte] wde] 244
Pl M= HHAE =2 dolry] flsted CaPRI, CaPR4, Tin-IFdAE tdo=
A2 BAe ARSI o2 AR sdskA BS1079] 9lste] ISR WHS-©]
dojuhi= w9t 5A AFA FHA9 priming &3 J=A FQlstr] 9ste] H
HE & Z7] AIESQL 0AIZF 343 6/\]7“1] sampling 3t 1LFo A FAxte] wE S
2AbeE Ay, A 109 F CaPRI #w7dAe] o]l ¥ HE 33X 6417 F9

=]

BS107, BS107/BTH, BS107/BABAXg]o|A] ZFatA Tdo] =t HbH BTH,
BABA @5 Ao A= 3A1F 6A1HH o = B eke] AolE &l & 4 Ut
Jasmonic acid/ethylen ¢j&# oz WHEE= CaPR4 FAA9 A
BS107/BTH, BTHA el o]a] ZratA Ldw vt ¥ HE skAb npakel 0AIbujol
%= BS107/BTH, BTHA & oA CaPR4 f+AAe] HdS EA el u|ste] 73}
A dd e Aj7tol Moﬂ et o AetAl 2 sl =3 BS107 @ A
g 7o AfolA= 3N F FE EAX A Hlste] Al Hde] HAh REA
BS107/BABA, BABA & - Oﬂ/ﬂb iz wls) e ddEs AF T ¢ g
t}. Ethylene ©]=%Ql Tin-1 Fd#ke] 749 BS107, BS107/BABAA & oA 34
I = I = B R s A ) ‘ﬂfﬁo] ¥ lew BS107/BTH, BTHA 2] ol 4=
e A o] vl sk 701'3}71] dol At (Fig. 1-18A). o]¢} & 2
A 2097 40Y Fo= T3 o w samphng 0}04 RT- PCR% 3
o] I Hiel A AFA 5
o

e}
&
primings ¥& & 5 glolem o] Ait= oA Lo WA oF dytet

o

gz B9 v .
A & 109 FHoelA BS1079] &3 FEldk | RJgJJrE P & 4 goomE o
AWE Fv 113 stalA CaPRI, CaPR4, Tin-1 F3AAE WS =2 quantitative

real-time PCR (qRT-PCR)S 333t} (Fig. 1-18BCD). RT-PCR=Z =<l ddd
Astsh Aolg UEhiE RRE CaPRIS AR ddoldisdl of A= BS107,
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BTH A 2] g-ell A ol vls] T o] B2 Aoz B oy qRT-PCR 2 #9
e gz o7t e Ao=w Helrt (Fig. 1*18B). WFH CaPR4 frzlabel
A2 BS107A oAl & el Hlste] 20 % =4 Hdo] ¥H3lom BS107/BTH,
BTH, BABA A g oA = =gl Hlsto] zhzt 8uj), SHH, 4vf = wdo] HITh
(Fig. 18C). = BS107< ¥ 33% BTH, BABAC| ¢l3ste]  CaPR4 3 27F 641714
o] priming HolHthal FHIXTh Tin-1 Fdxe] &3S e AgolA =4
gof nlgte] =A dd¥= A7 slAdvk(Fig. 18D). & Tin-1 A= £AE
oA BS107¢]vt BTH, BABA A&l <& 6A17Fo] ol priming &3+ §ltha &
T Atk k-l A o FX At D] Al AM o] FZ ISR A FdA Ed
2 Bt zpolE HojFET 392 A¥oA priming &35 HoFW CaPRIF}
Tin-1/AAte] priming &3+ EAAS oA zS =71 AT 28 CaPR4%
A= 32y AN A D& A priming £9E 2SS $ doe trE HF

Azfe]  mlete]  ZstAl ERAEJAT. 22y sk~ AP gl BTHel 9%
priming &% % 493 ZstA dde] He AS gl O]'E Alold shg-2= A
A 7F vgd 34 ®Heh A 2 AAxY. 2y

i

BS1079l 93t CaPR4 +73 % A3 A priming¥® &
e YEH R R CaPR4 +3A4 priming markerfr {42 AR = e AlAR
Ela=

A

BS107 BS107/BTH BS107/BABA BTH BABA Control

CaPre I ——— ey y—— |
CaTin-1 I ) ey | 20

CaPR4 e e e [ e e e ] |Day
CaTin-1 I e [ Ty (40
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Fig. 1-18. Elicitation of defense-related gene expression by B. thuringiensis

BS107 in pepper following pathogen challenge. A) Expression of the indicated

defense signaling related-genes (CaPR1I, CaPR4 and 7inl) was analyzed by
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RT-PCR. Amplified products were separated by gel electrophoresis and
visualized by ethidium bromide staining. The expression of B) CaPR1, C) CaPR4
and D) CaTinl was validated by qRT-PCR. Relative expression was calculated
and then normalized to CaActin expression, which was set as 100%. Samples
were collected 0 and 24 h after pathogen challenge. As a positive control, plants
were treated with BTH and BABA.

EZA BS10791 & & A 573

HzAol= dAE AYAE ol&ste] Z47] A3 @A w2 FS A S
AR gl oAuAE ARESHA "k ISR REE2 A} g dFOomA
A=A Al ekl A WS FE== 7]1Folth ISR HEEo] dojd u
AR HEA AZAES F=sh= ISR = #5= AJAY Hents sk o
F7F A R AFA wheI s A wes T R dte dFUF S
o 2 Aol AFEE BS1072 sh9-A AdS Soto] AR Fmok w0l Ae
A F0e FEshe Ae® I 5otk o] BS1070] AN = &2
A LA A= A ISR wheS A9 F= sf=A dolr 7] flste]
ol A aFel Ax 2AME A A MAs 13 vt A7) AAst
= 271 ARS F A aF dvirh 3% dele A7l s 4 Agd s
FHEFe AR 2 23 uF drjr dels 27] AlAddAM Y] aFo] ek
< BS107/BTH, BTH Ag& Aels e AeloA EAget 2tolE HolA ek
o EAEE E3E BS107, BABAAZ oAM= 74 JlAD 100ge] & EFe RS

1 BS107/BTH, BTH Aol &= 2 AWl 50ge F3#S Tt (Fig.
1-19A). 7 WA F&FE 34 d7 BE AHYAA AHo)lE HolA gkt
BS107, BTH, BABA, =x18 7k# ZF A& 2zt /WAwtt & 250ge] =
B Foth BTH =3 &2y BS1073 o]
o} (Fig. 1-19B). o] Zz= BS107x 2= 38
o= dFE AA FeS G T 5 ATk BTH £ Agto]

A A ZH7E AR B Aol A FHE JAHES dEFe A9

71 = 3h

H
ol
£
i
f
o,
_O‘L
X,
o
4
N
o
f

o
[
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et
o
e
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b
o
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>
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N i
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Fig. 1-19. Effect of B. thuringiensis BS107, BABA and BTH, on plant growth
for 80 days after treatment. B. thuringiensis BS107 cells was collected and
resuspended in 10 mM MgSO, to a final density of 10° CFU/mL (ODgyo= 1.0)
before drenched in the soil. As a positive control, plants were treated with 0.5
mM BTH. A) early stage and B) late stage fruit yield was assessed at day 50
and day 80 after inoculation with strain BS107 on pepper root. a, b and ¢ in A
and B indicate statistically significant differences as compared to water—treated

control plants (P = 0.05). Data represents the means plus the standard error of

the mean.

4. B. thuringiensis BS1079] =X #A&A AT 2AAQ

aF AEAM = AA dF= A9E B thuringiensis BS1079] F %= A

B
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EA4S gAYl B thuringiensis BS1079] EdAWolAE wEQY. B
thuringiensis BS1071tF2] &AW olAE Y57 93| Bacilluss2 E°]% <2l Tnl0
transposonS 7FAlal Q&= pAWO068S o] &3 th. pAW068 ®E 2] transposon<
28 CoAA = HAWE =31 37Co| A= bacterial chromosomeW]l & F29] 4o 2 Fof
7= 7S AYa vk A¥ES 98] chloramphenicol 7.5¢g/ml¥} spectinomycin
100pg/mé-& AF-&-3ke] 2000171 o] &AWl Al E R} (Fig. 1-20)

Temperature shift

BS107 BS107 BS107

pAWO Tmrsforrraton over 37 Cover % r‘.
pAWOﬂB ANGES "\
p -, pAN OGS
68 mght alture nlght culture )

E. carotova or P syringae pv.
tabad inoculation \ ° 5
o)

* Cultivated for 5 or 7days

Fig. 1-20. pAW068 =% 5o]&dQl WHE o|&3t B thuringiensis BS107+ 2]
T4 Aol A A} o] & o] &3 A Fk = Y FHA §?A B
Al
- 0=

FA AL S fr=Este A4S dolr7] s 919 Fig. 1-229 Z2 WHe
2 200099719 EdWolAlE FHeAT AHE EdWolAlE AP UM A
o] 7bs3tEE 24-multiwell microtitre Zdl o] E <} @ul(Nicotiana benthamiana)E
Aoz Ade S3ey ¥ At g9 FxE5 wol A7l & MS agar’f

A7 24-multiwell microtitre Zd| o] Eo] Ful FAE o] A5t A T} o] & 25 &<t
AE Y w7l mgetAt 49 - =9 %HH Eelol| B. thuringiensis BS107 %
7 Bl E 10° CFU/ML v 52 HEE F 7942 wjgact o2/ wFa
ol gl WA ATl Erwinia carotovora subsp. carotovora®t Pseudomonas
syringae pv. tabaci ¥ EF WATS e 10° CFU/mLEER #HEsth ooy
Aol HEH E. carotovora subsp. carotovora®l s -2 ZAA 30A]7F oluje] =
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o] wAxo] wE AIZE o] WA #F F do] Jhssith ﬂ‘HH Ad EEHL
ol P. syringae pv. tabacix HE 5Y o|F o Ho| W
BS107# 71 Hujoll = WA At diste] AdAdS ‘?I‘L:—é“ bx]g otolr 7]

A AEE 3 sk vh(Fig. 1-21).

A

5
4
Yo}
e
23
[
>
[]
(5]
g 2r
3]
[0
£
8,1

0

BS107 EX BS107 EXA-2 Water control
E. carotovora infection
B
5
c

o4
S5 bc
>3 | b
kS ab
[ a a
g
g2
@
3
a1}

0 1 1 1

BS107 EX10M EX10"2 EX1073 BTH Water

confrol

P. syringae pv. tabaci infection

Fig. 1-21. Effect of B. thuringiensis BS107 , and BTH on ISR against A) E.
carotovora and B) P. syringae pv. tabaci. B. thuringiensis BS107 cells were
collected and resuspended in 10 mM MgSO, to a final density of 10° CFU/mL
(ODgwo= 1.0) before drenched on the roots. As a positive control, plants were
treated with 05 mM BTH. Disease severity (0; no symptoms, 5; severe
necrosis.) Different lettersindicate statistically significant differences (P= 0.05).

Data represents the means the standard error of the mean.
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Fig. 1-21 oA B=A3} 29| B. thuringiensis BS107 i+ Hujol A=

FoF sdstA WA Aol diste] Aol FEEAeH, A e HdA
A E. carotovora subsp. carotovora®} P. syringae pv. tabaciol tsjA %= A
AL FEdtE Aow we At 115 ISR % #52Q B .thuringiensis BS107

BRG] 7IFE M F e vbeAS Ad Aem B 5 den, 24-multiwell
microtitre E#]EoA HHIE o] &3 HAE Tt AT
AW Ag Wl el AstS B. thuringiensis BS1072] %?ﬂ@oliﬂ% e (Y
A el diste] Aol = HA e SdWoAE A
Atk Fig. 1-209 22 whH O 2 spectinomycin A8 S AW B. thuringiensis
BS107¢] E<AWolAE 200001 7] o]/ whEo]l Wil o]E 96-multiwell microtitre
FHolEc]  wHl%fstel  ®ysta A ol&skdv. AEE 20000179 B
thuringiensis BS1079] &M olA|= 24-multiwell microtitreZ @l o] Eol] wj ke
ool #ale] 10° CFU/mLs =2 #5 stgla 7do] g F ] WA At
E. carotovora subsp. carotovora®} P. syringae pv. tabaci® 10° CFU/mL% %=
Aoty HFS sto] 30412 3} 5Y o| %ol E. carotovora®t P. syringae pv. tabaci
o that WAL I F= Ao AHIAHo| Fk HA &= B thuringiensis
BS107¢] EAWolAE AE3A Tt (Fig. 1-22).

N (S

"A"" .’ If h " 1 / 7' : | ’ Iy, ;M,
BTH w.m i\ il TR TR Wy
[ J gyl y ; g ;

J?i ;

Water control

Fig. 1-22. A # ZLQ B. t]]urmgzenzs BS107% <1 i o] Zﬂ%%?} ?ﬂ 34 FrEds
AR3El7] 913 24-multiwell microtitreZ gl Eo o] Ay, wlutozw A4
Aol ¥ s BTHS AdAd ol f% A &= A2, B. thuringiensis
BS107¢] OF‘gﬁé(WT)ﬁr Hlastel & AP HlebA Wel ue B
thuringiensis BS107-B8 & WMol A 2] AW 19,

Fig. 1-22614 B+= A# o] ¢F 200099 M) B. thuringiensis BS107E AW ol A=
S 7 A s}aL E. carotovora subsp. carotovora®t P. syringae pv. tabaci®l o3k
NS Frekx X3 =dwlolAE HAWs A3 E carotovora subsp.

carotovora ° W34 1004717} MBS o™ P. syringae pv. tabaciol tisle] oF

_90_



80e 77k el H Tk olF o] F WMol et FEAoR AP T
o] Aoj¥l 5= 30997 Atk ol 2A AW E B. thuringiensis BS107& A ¥ ol A&
o] nFA% Xavell tg % AFAY sgo] Al =AE Sty Ads
g stdrh. Eol o] A% aFo] o] AWE EdwelAE 10° CFU/mLs ==
HFgE 743 wiFetdh ol F g Slol WA Al XavE HEste] 54
st HA

A
S AZE AT} B. thuringiensis BS107 Qo)A S5 S A 83 159 B
thuringiensis BS107¢] oA F (WD) T5 AHelst 115 | BTHE A2lst 115 17
15 AYE 3 159 vuste] fEA8A o] AMer R B, thuringiensis BS107 &
AWolAES AWEsAY. 2 A3} Fig. 1-23914¢ 2ol wujdA A= B
thurmgzenszs BS107 Ed®olAlE = 45 7H1-B5, 1-B8, 1-C6, 18]a 1-E4) 1L
-roﬂ*ﬂ BAA Aatel] ek ARFAE 7 8ol HAH s FA & ATk
7V 2 9 w2 EAdWelAE gRstY  in vitro ANA FEAEA
Hol A& et 23S AFaA e o mutant A2}
d % vector?] EAQATI Ecfolx M BSI07wHTe EQFAAA s

mutation® ¢ X7} HSEH A g}

T A

o
1> oX ok

o r
°
2 gé

B
o?: ol

©
=

oo
5

Disease severity (0-5)
o - N w B

1-A8 1-BS 1-B6 1-B8 1-C6 1-E4 wild BTH  Water

Fig. 1-23. 24% Z@olEA e EulE 5
thuringiensis BS107=AM oAl &2 1159 WA A Xavel sk A&
% A8, % B thuringiensis BS107 oFAE(WT)A gl H|sto] Wo] AstA A E

S
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M= B. thuringiensis BS1079 A AAES ol &3 EFAA FEX73
A Ay

aLFo A Xavell gk FEA A FHol HE5H B thuringiensis BS1071+5 9]

galo] elvfol o Elol A ol HABAAE WEAL oF olfate] ko] WY

RIS

4

A
5
e
G4t d d
o
z3t
[
>
&
o 2}
(2]
o ab
k%)
Ny j
O 1 1 1
AlME 2N 10M1 1072 1003 BS107cell  0.5mMBTH Water
control
B
20 . d :
c
a b a
—~ 15 f
£
L
£
210 }
L)
°
o
@
5 L
0 1 1 1 1 1 1
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_92_



12

10 }
4 3
2}
0
10M1 1072 1073

AlHE H BS107cell  0.5mMBTH Water

rantral

oo

Fresh weigt (g)
(o]

&)
[i)e]

—
2
2,
i
Lot
i,

B. thuringiensis BS107vt+ A A 2] FE=A a3 2 &5 A4
) Xavol thdk %= A &A A3 Disease severity= 004 59
HAZ AHellsa WAool Y& 0 HAe] AAsdTrE =2 FA=2 Fol o714 =

AE3 A B thuringiensis BS1074 50 93 A& AH =

ey A¥oem B)AE FA O A& ZolE dusty FATAQ el o

B. thuringiensis BS107+t 2] AlAlE 4 H3} o] & 1041], 100w, 10008 3] Ak &
N B. thuringiensis BS107(WT)¥ 5 wl &<}, BTH 12|31 & (negative control)ol

o] S 30 WA G & EFo] ofAsto] AdFAIE vt ol 1F
AW Al Xave vzl flE FAIE ol83ke] 10° CFU/mL =2 <o
HEsle] WA B3 A3 Fig. 1-24A0 A9 o] AlAIEFS] dAS 28319 S
49+ BTH A By vk Aol faAgoan Aol gAs] fr HofH
= 20 F AAT 2y A HAI AAFE §HS AMEAldE = AEA
o] Fol A A okt I A=Y TS 5457 fste] Fig. 1-24B ¢ CAHH
ZE Age g AEAY FA dols FAHI A AAF dds AEAd =
BTHA 2l ¢} fFAFSH S BRAgFAu. 28y B thuringiensis BS107 vl &

1]
Aeld A9 AAF wa| A% Agel 275 u} AL WA AT e
golm ole] A GHx AFH bl g =X =
of AR ABFGY 4B A AN & eg,o—w AGHe fEE 202

UE
2 5 9 Aol

wL
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5. BS1072 #¥E ISR F% A &2 9 &g

ISR F% AtE4dS 28387 938, BS107S  rhifampicin®] ¥3FE tryptic soy

A-st et T wMEFHS 2085 10,000 go w2 WA
T E Tt AE AA F AT 3 adlnt ol A 7 ouf F3] 9
ethyl acetate® A #|sle] =4S FEF3IY U Organic phase? =22 40T ol A
evaporatorE ©]-83Fo] A XA 7l 5 80% chloroform ¥} 20% methanol &3 & <9
=3t 80% chloroform ¥ 20% methanol® slurry-packing ¥  silica gele] 9]
81+ glass column (15 mm or300 mm in length)ol 28] volume®] solventE % il
Aol WAtk ZF dAvtth 5%(v/v)el methanol®] HI&S o MaystA 24 A
oA FEE EEES A 40°CollA  evaporatorg o]-&38te] HFA|HAL 1 23
S o] &3te] ISR bioassys Tttt ISR &4 =4do] xFH fractions
Sephadex LH-20 column chromatography= <838} %t}. Sephadex LH-20 column
chromatography s sted 42 =4 = tA] ISR A3S T3t ISR &40
L} fractione reversed phase-prep~-HPLC (Dionex P680 dual pump, USA)<}t
NMR< Fdste] 725 H3lth

ot %

0 o

=

B. thuringiensis strain BS107 culture fluidZ2%€ ##4d ISR %= 2%
o] &3 Bio assay.

BS1072.2 #¥ #2l®" 2-aminobenzoic acid (2-ab)2] ISR &2 F<lst7] 935
o] bioassayE FasArt E AHAS ¢5te] 24 multi-well systems¥} Nicotiana
tabacum cv. Xanthi NCE %% 3} th E3k 2-aminobenzoic acid®] analog$!
3—-aminobanzoic acid (3-ab) and 4- aminobenzoic acid (4-ab)%= 2 WHo=Z
Bio assayS 33}t Murashige & Skoog salt (MS) nutrient agar’} S5 3
© 24 multi-wellol] 3% 2itste] ol Nicotiana tabacum cv Xanthi NC.& =}
£ o|2sle] 25 FoF vttt 2 3% 2-aminobenzoic acid, 3-aminobanzoic
acid (3-ab) and 4- aminobenzoic acidE 10nM, 10uM, ImM?e] HE== wul g
At d5FY 5 dufe] W Yol Erwinia carotovora subsp. carotovoraZs
10° CFU/mL®] s== gl oo HZstdrh olF 244z olul WAL disease

index® 7|E<o2 sto] MAS S48t Hlaw o= 0.5 mM BTHE AH&38H31S
&
[e]

¢
N

_94_



3§ 2o A9 BS107°14 E3 ¥ 2-aminobenzoic acidel €3+ 1139} Fujo A
9] ISR k&

SH-2=o A BS10791 4] 2] %¥ 2-aminobenzoic acid®} ©]/d Z A Q] 3-aminobnezoic
acid, 4-aminobenzoic acid®] ISRs¥ S HA53H7] Y8l N. tabacum <+ peppers ©]
gsto] ISR A& At 3o @il skl A 257 wj &gt AAE A
g3t o, Gl 7 24dvlt 10 nM, 10 uM, 1 mM= 2o 5 ml¥ HEF3HS

om wFE ZF EAEZ 10 uM, 50 uM, 100 uM, 500 uM, 1 mM Z2]3 10 mM
S 5 mi¥ #AFEHT Blad o2 BS107 o5 WAy 05 mM BTHE A3+

la

o 7 24E el #F F 159 5 wulels @] Wddd E. carotovora
subsp. carotovorum SCCl1 ¢} 1139 Hé%ﬁ ¢l X. axonopodis pv. vesicatoria
(ODgpo=0.01)E AT sttt o] F <o ISR ¥ABAT U3 disease indexE
FaE ste] ISR Fi-& #zstsith

ISR ¥+& &<t dojuyes FHAY & XA

Hjol A BS107¢] o]afA ISR wh&o] k= Hojdu) A=Ael A3d FHa=
WS 9} Priming S35 olE 7] $3}¢] 2-aminobenzoic acid*#] $¢F WH
T OAIZE 3A1ZE 6A1 el W EgE 1S samplingshe] A P‘”\Oﬂ B35
A Aol BHytd s wapet HAAPES o]&ste] wA P Trizols ©]
3lo] total RNAE F= 3ttt total RNAE reverse transcriptiondt®] cDNAE
P38t ar, e cDNAE o] &3te] RT-PCRES 33t RT-PCRS 33}
7] 9138t primere= 5 -AAT ATC CCA CTC TTG CCG-3' (PRla-F) ¢ 5-CCT
GGA GGA TCA TAG TTG-3" (PRla-R). PRIlb, 5'-ATC TCA CTC TTC
TCA TGC-3" ¢ 5'-TAC CTG GAG GAT CAT AGT-3’; PRlc, 5'-CTT GTC
TCT ACG CTT CTC-3" ¢ 5'-AAC ACG AAC CGA GTT ACG-3'; PR2,
5'-ACCATCAGA CCAAGATGT-3" <} 5 -TGGCTAAGAGTGGAAGGT-3";
PR4, 5 -ATGGTTGGAACTTCCGGA-3'¢} 5'TCCTGATCTCTCTGCTAC-3';
PR5, 5 -ATGAGAAAGACCCACGTC-3'¢} 5 -ATGCCTTCTTTGCAGCAG-3';
PR6, 5'-ATGCCACAATCTCAACCA-3' 9}5'-ACCTAATGCAGCCCGAAT-3Y;
SAR88.2,5'"-CCTTGCCTTTCTTTGGCT -3"¢9
5'-GACATTTAGGACATTTGCTGC-3'E A&ttt tx=v" 2= Actin Primers
AFE3FATE Actin 5 -TGGACTCTGGTGATGGTGTC-3" and 5'-CCTCCAATCC
AAACACTGTA-3'. PCR 712 95T 30%, 55C 30%, 72T 1%9 o=z z+7}
29 cycle® PCRE G339 th &2 2% agarose gelol Al =8 &} %]

i

jiv

n:o(' olo _E ol lo nft

Antimicrobial activity of 2-,3-,4-aminobenzoic acid
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2-,3-,4-aminobenzoic acide] ISR A& S A A 2] WA Mol st 2

HAQ S v A=A Lolr 7] £ antimicrobial activity® 74 3}91!’/}
antimicrobial activity:= Luria Bertani agar (LB agar)ollA <33}% o, s

o2 AE 1 cm disk?el 10 mM, 1 mM, 10 uM g3 100 nMJ
2-,3-4-aminobenzoic acide "ot o] % disksE s il wufel a5
o] WAl E. carotovora subsp. carotovorum SCCl1 ¢} X. axonopodis pv.
vesicatoria’} =2%® LB agar plate 99 diskE 2HEi 24A7Hse 30T
incubatorel] A v Fgtt}. o] & disk FW el clear zones 23T}

BS10791 4 ISR 4§ F%= Ax9 &¢A
BS107+# 5% 3l 34388 Fato] 1350 ISR S FEdte=sS 4538
I [SREE

3l o] A BSIO7‘?7‘ A ISR 7% AA7F FSlelx] Lo

gJatA . BS107 v v x]ol 4] BS107 A& #| A3k Hl
01%5}04 2 owAle] 2 AYEs At Q-TOF MS 4] ol A
Aol A peako] EHAFTE (Fig. 1-25). gl A} 22 &
A5 3Rk EI 24614 137 91X oA M+Peako] 1}k
I CI &4 A 138 Aol A (M+H)+ peake]l Wkth (Fig. 1-26) 5% MASS
spectrum¥®4] & %3}o] 2-aminobenzoic acid®} 98% AEA ol USS ¥ WA
1H NMR XS %39 Table 1-7. ¢ 2 protonsE 4139021 t}E benzene
protons $1AE § 7.86 (1H, dd), § 7.31 (1H, td), § 6.85 (1H, dd), Z1&]iL § 6.73
(1IHtd) o= A8t BE #4S F3t9 3] 2-aminobenzoic acid¥ S &9l

et

Table. 1-7 NMR data of 2-aminobenzoic 1 acid isolated from BS107

Coupling constant (Hz)

Structure Position  &'H (ppm)  Multiplicity
7 e
3 7.86 IH. dd 1.2 1.2

COOH
N, N 4 7.31 IH. « 7.2 1.2
s 3 5 6.85 IH, dd 72 1.2
4

6 6.73 1H. td 7.2 1.2
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Fig. 1-25. LC Q-TOF MS total ion chromatogram (A) and spectrum (B) of
2—-aminobenzoic acid isolated from. The arrow symbol represents the peak of

2—-aminobenzoic acid.

= A 1
-| B
; -1. "J;i':*-n—'T'-m?:'—'—J*]:Aa—*'—l'l——'=;|J.'=—-——'...;'.1‘"- '.—u'“'.t."u-" L H e TR e T P

Fig. 1-26. GC mass spectrum of 2-aminobenzoic acid isolated from BS107 in EI
(A) and CI (B) modes. HPLC-MS chromatograms of reaction mixtures: (A) B.
thuringiensis strain BS107 culture filterate ; (B) 2-animobenzoic acid were
identified on the basis of retention times and characteristic MS/MS spectra by

comparison to synthetic standards.
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BS107c 2% 7% 2-aminobenzoic acidd HYA AFd I
antimicrobial activity

BS1072. 2 %€ #2]¥ 2-aminobenzoic acid®] YA At ik 2 H A< A3
Tl Ae=AE Holr7] fete] aFe WA Ad X, axonopodis pv.
vesicatoria®t @ule] WYX M E. carotovora sbusp. carotovora®s WS =
antimicrobial activity® 43} th. ®3k 2-aminobenzoic acid®] FAF &<
3-aminobenzoic acid®} 4-aminobenzoic acid (Fig. 1-27)E 3*3$}3}¢] antimicrobial
activityS A3ttt = A3} 2-3- 4-antimicrobial activity: ¥ 7§ HY9A Al
of ate] A Aslsol Hrh (Fig. 1-28). o] 2#4=2 Ed& ISR 2d< 2

ol o A7 flee &0 & A

?
HoM
2 oH Q
>—< >—NH2

2-aminobenzoic acid 3-aminobenzoic acid 4-aminobenzoic acid

HH

H

5
i
Q

Fig. 1-27. Chemical structure of 2-aminobenzoic acid isolated from Z5.
thuringiensis  BS107 cultures and 2-AA analog 3- aminobenzoic acid, 4-

aminobenzoic acid.

1mM 10uM 100nM 10mh 1mM 10ub 1000M

Z-aminobenzoic acid
J-aminobenzoic acid

d-aminobenzoic acid

BS107 Supernatant Water
Ap Km B510T  Water

Control

RmS0 Km50 ApS0

Enwinla carofovora subsp, carotovorascel  Background  ¥anthomonas axonopodis pv. vesicatoria

Fig. 1-28. Antimicrobial activity of 2-,3—, and 4- aminobenzoic acid against E.
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carotovora subsp. carotovora and X. axonopodis pv. vesicatoria.
2-,3-, and 4- aminobenzoic®| &3t LF9} G| A ¢ ISR

BS1079 A4 ¥ ¥ 2-aminobenzoic acid®} 3-, and 4- aminobenzoic acidE ©]-&3}
of a3} whufjell A ZtZb ISR Ad& dstaitt. AA g@ulE o] &t oF-5-~%
AAAHAA ISR A& 2424 ddstdt. sh¢2olA wjdd @l Bel 2-3-,
and 4- aminobenzoicE: TE=EZE A7 & WA AM#Q  E. carotovora subsp.
AdE AR 1 23 sk A= 10 uM
o]%4¢  2-aminobenzoic acidE A&A ISR F& &7t YEEOH
3-,4-aminobenzoic acid %4 -8A| ol = ] ISR f-EWk3go] Yo
WUtk 24 multi well systemS o] 83 ISR A do| A= &9~ Ao Gl A
=4 AT BEF oA wEe A#glel ISR whEo] olFHAE= ASs sttt
(Fig. 1-29A). o]% e} sdstA LFoA % 5Lt 2
st 2t 22ddZ ISR AdS dst 23 2-aminobenzoic acide= 15
A X. axonopodis pv. vesicatoria®l] thale] Fx o Aaglo] WAoo 307 vEby:
o EAYE= 49em PAo] BEHAG. Agk ISR §FEo] o] HA A= kot
B2l wlste] ISR &37F 4S5 ATt (Fig. 1-30B). E3F 2-aminobenzoic acid
o] Al E&<l 3-4-aminobenzoic acidE ©]&3dte] ISR AFE xdPs Ay}
3-aminobenzoic acid¥= ilFoA] ISR HH&-& F% % X3t eH (Fig. 1-30B),
4-aminobenzoic acid= ILFoA] 10 uM # 10 mMAA FE=AEEAH F=EHo] A5
gstAt (Fig. 1-300).
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be be be bBE .4 be ced be

Disease severity (0 - 5)

Fig. 1-29. Disease severity values of tobacco seedlings treated with water (H20)
as a negative control, 2-aminobenzoic acid isolated from BS107 (BS107), 0.5
mMsalicylic acid (SA) as a positive control, and commercial authentic
2-aminobenzoic acid (2AB) at different concentrations in 24 multi-well (A) and
greenhouse (B). Disease severity (%) was evaluated 1 days after E. carotovora
subsp. carotovorum SCCI1 inoculation. Three independent experiments were
performed with 12 seedlings per treatment.a, b and ¢ in A and B indicate
statistically significant differences as compared to water—treated control plants

(P = 0.05). Data represents the means plus the standard error of the mean.
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Fig. 1-30 Disease severity values of tobacco seedlings treated with 2-, 3—, and
4-aminobenzoic acids. Disease severity values of pepper seedlings treated with
A) 2-aminobenzoic acid isolated from BS107 and analog, B) 3-, C) 4-
aminobenzoic in greenhous. Disease severity (%) was evaluated 5 days after X.
axonopodis pv. vesicatoria inoculation. Three independent experiments were
performed with 10 seedlings per treatment.a, b and ¢ in A ,B and C indicate
statistically significant differences as compared to water—treated control plants

(P = 0.05). Data represents the means plus the standard error of the mean.
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$of okgt &S YERWTE. PR2 %A= 2-aminobenzoic acid A # ¥ 1
B ZshA waEgon ¥ oAe Tk 3A7F 647k %ﬂaoﬂ vl gto] ZshA
A A PR4 72 X}T: 2-aminobenzoic acid®} BS107 Az & 3¢ S5y ZsHA
HAHJeH W HE 5 641 WiE AstA EA = Al PRIbeE PRS,
PR6, JAZ, SARS2 A x}e] wae Exgle atol7F Il ™ 2 priming ¥ A &<
Aoz AztAn (Fig. 1-31).
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Fig. 1-31. Elicitation of defense-related gene expression by Z-aminobenzoic acid
in tabacco following pathogen challenge. Before challenge with pathogen, the
expression of PR genes gene by inoculated 2-aminobenzoic acid on tobacco root
(dpi). After challenge with pathogen (hpi), the expression of the indicated
defense signaling related-genes(PRla, PR1b, PRlc, PR2, PR4, PR5, PR6,
JAZ-jim, SAR8.2) was analyzed by RT-PCR. Amplified products were
separatedby gel electrophoresis and visualized by ethidium bromide staining. As

a positive control, plants were treated with 0.5 mM BTH.
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of AP AHeA wWo] A7F = vk WA 2 A e WHAd AR5 AASH

71 98 fEAEe] Wl P, chlororaphis 067 A& 3d & dFU Hl root
colonizations &-¢1&At}t. P. chlororaphis 0672 Q@A M 7Z+o] phenazineE A
3l7] wj&ol Fig. 2-1¢ A9} #o] root colonizations &<lg 4 itk P
chlororaphis O67 2] root colonization®] &el¥l Wel 12 & A3 ¥

3 AR E5A A dAdA (Systemic acquired resistance, SAR activator) = ©] &
3 90+ BABAE A e HzZRE HALA R E stz v sduiEre
¢l Xanthomonas oryzae pv. oryzae K32 7}8] HF3}o] 149 FH ol wWke] Zo
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FEUAE] P. chlororaphis O61t°] A A Zoll Ao o] @xtqd A ZoA%
ISR 8& Ho F1 glow I fFEAFHS T8 SAR activator= &3l
BABA? F#HI H|=3 S oushs Aoz ¥ A o] &8 4 S

EAe Ao P. chlororaphis 0672 ¥
3 ok el ¥ oM P. chlororaphis O67F *8

T= 38 soF Ael —rﬂﬂl
T, SAR activator?] Harpin A2 +=2 =33 & 7S 74 13¥d HLo=2 A
shal 8€ 4ol F WA, 8¢ 17¢l A WA, 9€ 150 mix|Eto® A2t
o e I JE=s 89 179, 9¢ 13Y ¥ 9¢€ 27 A AHEdd AH A=
Ereddy, Faud 9 FodEed Syl gk WAl Zael dtiaf ARSI T E
d AR AGeE 7lsty] & 2del AA vid @xe] Ay H oW A dx
£ A stk (Fig. 2-2).221u 292k A3 7]|3tell= Hdd a2 7| oo =w
g o F Arirt At s AR TE AL o2 Ay WHolrt Ui Alste
AFANE deolgstr 7t ofg stk oleld A APAoR HAdS HAsh=
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of Axal FAS AF B F& ¥ =du Tuwe] IS AAAE T
S AoZ AZHARY. S P. chlororaphis 067t<] B F8 3% SHU
el et WAl gakE 2R & 2 Ay SR woF Aok vske F

WA g7 JAA-A AT (Fig. 2-3D). ol H s A= olvt% P. chlororaphis O6
o] Astet= 22k tiARbEC 9k Ao g Aeks o] [T,
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Fig. 2-2. A 33 Yo NP FE Ao A sk, F212 4, SAR activatorC’]
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Fig. 2-3. A g8 gobd A@xgola 2@ AT 438 A) 2 F2a
Hafel =d4® (B), £ (O) 28l F8 dFd S8y (D)ol s A &
B2 vag A3

. P. chlororaphis 067 < v A3 & FrsHes WA #d A4 2

=AY G A AAISE Ao A U a7t ¥ P. chlororaphis 06
ol o& fE HoA= Ho HAd #Hd fFAAES dE FHEo P
chlororaphis O67t¢] Hol= ISR T¥€-& FHA oA I 7125 o]s)|starx}l b
Z72 & Ao 9 0679 root colonizationg <¢l¥E W (Fig. 2-1) =2%¢ Z+7+
total RNAE F=73}t9] ACP-based DDRT-PCR¥} Affymetrix rice 57K microarray
£ FP33Arh. ACP-based DDRT-PCR ¥ & Agg tiz=7l Hlsj 06 A&l
A ek Al da E = differentially expressed genesE2 (Fig. 2-4 S11g oA w7k

AR | OFE) 245 dUIAES B oL iR 7]Fo] &4y
A A ke FHAE oAt (Fig. 2-4). L&A ACP-based DDRT-PCR <33}
YA Ad FAAES dFez R Flo] ofEe A Tof e AEFS VA2

Affymetrix rice 57K microarray S 3 3FH 0. 279 063 A&l Aol H
o|E| & global scalingS ©]-83}] normalization Al Zth (Fig. 2-42] o}z —L&).
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ACP-based DDRT-PCR 2=3

#1 #2 #3 #4 #5 #7 #8 # #H0 #1 DEG primer number
4+ 4+ + 4+ _+ 4 _+ _+

- water-treated rice plants
+: P. chlororaphis O6-inoculated rice plants
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ol 4 4o
4

og_2(RIGE_06 RICE_B)
ALty
i

25 0O =25 &0 7.5 100 125 150 -25 @D 25 &0 75 10.0 125 150

log_2(RICE_06 = RICE_B) /2 log_2(RICE_06 = RICE_B)/ 2

Fig. 2-4. P. chlororaphis O63to] AH#¥® W25 EH ACP-based DDRT-PCR <3}
5 DEGE Ada Ay (S119), Affymetrix rice 57K microarrayS 433 & tj
Z12 0635 A Alele] do]HE global scalingS ©]83%] normalizationdt
A (o}H1H)

MicroarrayS 33t P. chlororaphis O67°l] 28 fFE¥E Aoz el
ofe] #HA= T gene ontology AH7}F EAst= FHAEE THOR T
Atttk A MxE Fx, dAF B> QAR ASAGEAA, o7 &, A
Hre] o 75l #HE fFHAE 9 obZ 7|Eo]l W AR &

= =)
S o] &dd 2 A up-regulated +AAE 179 AS W
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of #HE FHAAEC] vE WFY FAAE vlE Lol o] Hi UdsS &

sttt (Fig. 2-5). Cutoff 2 °o]%9 Fdxt&E & dixTol Hs| AT oA

p-regulated FA x50l F 986717F AN 2™ down-regulated 7 AHE o] 58971 7}

At} 1 up-regulated FHAE F gene ontology A X7} EA3= 5571 A}

T T8 FAARES Ad lew O fFAAEY BHE S RT-PCRe ©

Fol &2l At (3£ 13 Fig. 2-6). 2L 23 A4 S 2 microarray 43¢} H]
8

R A
oz wdo] FUkE A = AS Felstdrt (Fig. 2-6)

ro, o
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My oo i ¥0
ol

ot

Up-regulated genes Down-regulated genes
" signal
transcription transduction
28 il

signal
transcluction
3%

defence
4%

HAAE % gene ontology A X7}
s 3 AAE B AR, A AGEA A,
ol 712k, Ak, 1oste] ohE vlsel #EE fHAE 9 opF vwo] wEA

[€] 1l
A e FAASE WEE Wl 2Aw A%

Probe 1D RICE B Signal |RICE 06 Signal Gene Title
. ) OsGFE mRYNA for
Us.55955.1.51 at 1.391595 5. 660941 o
GUF mannuse 377577 epimerase
s, 8655, 1,51 &t 1. 3966662 0.0244346 Thionin Usthil
Us.25096.1. 11 % at 1.7299286 4.7534122 WERY transcription factor 45
CONA clone:001-024-HO01, full
Us, 17112,1,51 &1 2,.502713 6, 512435 .
inscrt scquence
Us.28030.1.51 at 5.9034896 8. 985519 \RK104912 mRYA scquencae
] ) CONA clone JO23131K07, full
Us.53414.1.51 at 3. 605676 6. 6675077 .
inscrt scquence
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CINA elone JOL3023k14, full
Us.275683.1.51 at 4.1003866 7.0462894 _

inscrt scquence
Us.49769.1.51 at 3. 5673442 5.292063 \spartyl protcinasc { \spl)
) _ ] CLed clone: JO33036C04, Tull
0s.9286.1.51 s at 10. 461794 12153213 .

Inset L seyuenee

Table 1. Affymetrix rice 57K microarrayS 53 23 up-regulated +3 A5 <
gene ontology R 7} EA8= HEAQ FHAAES A& JEg A}

Water 06

WRKY45

Fatty acid elongase

Cytochrome P450

Terpene synthase

GDSL-like lipase

Osmotin

18s rRNA

Fig. 2-6. A2¥ 2 7)o FAAE2 microarray 43S RT-PCRS %3 &<l
s A}

o AdE FAAEY WAYerE Bl B WA 9 @A 2 priming &9

Microarray #4Jol 93] Awro] fx wd o] AAH FHAAE T HALA
o] A& Aoz AAAY FEAIAHY BdHE I 7]Fo] ofA7A Rt HA
F0d 98¢ dw dE WRKY45 4

A& a0 Adatzdlztoln 58] wro] 7]t
Zpe} Wt thek Ho] A% AdH R phytoalexing! diterpenoide] A gl ¥

5 THARE A dksto] o5 EAS AT WA
WA Fast Wl v AAdutEY A5t (Xanthomonas oryzae pv. oryzae KS)

AE e T o= SRS < real time gPCRE ©] &3}
I} WRKY45 ¢} terpene synthase & 42 EF B 3 dvlEHH At
A FEEHIL ASs FAHo] o5 FAAE] W WA #Ho] A&
AT (Fig. 2-7A). 13 WRKY45 Fxbe] @d e Hddo]l HYsh

=

et
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270 fE wdE 5 A9 FRPAA AsHem FEs) wd=m ggon
o
o

H
terpene synthase 429 2-$¢E Xoo K32 Ag & 72417 o] &) 80u) oA
LE = olefst Ay o] FAATE WMol AYPs H Fuie] AshA =
Hal s ovlsks Ao R A& phytoalexine =¥ WUt o] Gz wAol
ofgt Az AIGAA &3 | FH =A APYES v sHArh E=o B AT
AoA Qolo FEUAEE Mg §F FEAIALYN A-dE oy FAAES AT
FEAGAE T UH

d 1 EAlS ZAFSE A3} galactinol synthase (GolS) =7}

Sk Aol AdUS FA] Fd & = AAY. 2P A 20 GolS A ortholog
E HoA Zo} I TeE < &l B AR HelMd= T oY FAA
(AKO071812;0sGolS-A, AK107065;0sGolS-B)E Adt & 4= qllom o5 A H
sldutEH Patol] o8] F=F A (Fig. 2-7C). 53] F=AFA (ISR)S YER =
o] 7FA Q4 E < priming E¥7F ISR S83 988 3t Avt= A3
7F oy AT s S FQlEoIA AL vk whebA %

chlororaphis 065 A gt AgF-o wo] AnEHAdS FF & AE=R
AEFoto] A T S Fds 5224 WRKY45, terpene synthase,
OsGolS-A % OsGolS-B fxa& =3ts] ofe] BAFAE - FHdx=0] 067
YElY = priming &3¢ Ad#E o Ad=7E A wokth Fig. 2-7 B9 Dol &
A3 4 %ol P. chlororaphis 067} AA2H A& gz vl OsPR-1la
FAAE A3 WRKY45, terpene synthase, OsPAL, OsPR3, OsGolS-A %
OsGolS-B #3# B5F Xoo K35 Aglst7] Aol wale] ZetA vebar gl
o Xoo K35 #gg Hol= 067F dAgld A&l 1 e o] A&4
2 FAe s g o Addrhelys Ayl gdd fFHARE P
chlororaphis 067} YelUl= A9 stube] 38 ¥ Q) priming &3¢} 5
o] AS ongtt Al
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(mitogen—activated protein kinase) cascade’} &A13} W 3FF< 712 ¢l A o]
A quo]%?ﬂ g3t Hal AR5 gA HFHow WA A" W]
Ass FEAA Fo 24 ATE FaAkEe] B o WA o
MAPK cascadel] Z=d& e A4S Qs o224 Mo Ao dIEAA
MAPK cascade®} +dA7te] A4S "a‘ﬁii ‘ITXJX}'A“] %E V%“éoﬂ 9] 3
WA #d A8 712E ot

A S ol&ste] 2els

o
foes
L fe
o
)
O

A A= “"HHJ MPAK1 SIPK

WIPKS A9 <l4kst wwizdel MAPK  kinase (NtMEK2)E g4 3kA1 71
NIMEK2PY § 422 wo] dAA3A 7 A2z 29w @aje] MAPK kinase”}
old Al vl 39 MAPKES A3 AlZ 4 A+ Aoz HiFLY]

o

£33 4 Addtt (Jeong et al, 2008). Fig. 2-8¢] Ac]A 5—}01 s
OsGolS-AZ A 913 WRKY45,terpene synthase ¥ OsGolS-B x5 ¢
=72 o] 43 MAPK kinase (NIMEK2)EZ B84 314171 NtMEK2™ #4271
FAAgE ol nas] NIMEK2™ 51270 G289 wols et e
%

woll &
o
A
=]

Aok 23y Table 2-19] 92 §A4AE (thionin 5)¢ 2de djz+2 H|ZAst
NtMEK2™® ¥ @239} 2po]7F it (A3 mAA]). o] A os 417
1o

7} wol A WA A #hel MAPK cascade?] 2428 Wi &7 9 §dxUS o vls)
H ARA O R = HAERAAAQ WRKY45 7 A}, phytoalexing! diterpenoid®] A3 &t
A 2 galactinol Aol dHEo] o] MAPK cascade®t <d¥o] o] 2lof
MAPK cascade®] 7]s°] fF=AFAdAE o] &S AlARSH sl whebA
. Oﬂ?ﬁiﬂri—‘?—lﬂ Aoz F = Xi?'%}*éﬂ‘r H% MAPK cascade®] 7|53 A3d A
= FFo =2 A ARE o) E eR=) =) R e

A 7HA tqoﬂ/ﬂ?: oA 9 7H‘ﬂ94 } ] HAS ¥ B At FYEAE &
att EElEol 7lso] #wezl MAPK ks & W =dwWdd 9 SAR activator?]
BTHO 93] fEHs Aoz BHauy BIMKIZF O67el 9@l protein &4 priming &
H= Yehf=A o2 gols] mokth Fig. 2-89 BellA 9l 2o] BIMKS antibodyS 72+
ato] western blotE Tt o 29 Aok sl Boks W O6wte]l dAH
T Xoo7t Aelgt AZolA FElg priming &7 Aas FlskA] Xdoh o]H g A=
P. chlororaphis 0673} #& % vlo] FLEA gl BIMKZF #Hols#] 9k5S AAFSTh
skt
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AZAAA ¥ WRKY5 2379 715 24

P. chlororaphis 061l 98] FE5+= Aor 3elyo] Ay FHAE F

o] wWAE Ao Fol¥l MAPK cascaded %4E& W= 9 HFHAx= Fad
WRKY45 4 #E Zlo] dA+stazt skglvt. Bl A=<l Arabzdopszsﬁ]/ﬂ-J T
Axt, @ 7je] WRKY Fd27F Wditol] k88 MAPK cascade®] 8H¢] =
2 W g oM MAPK-WRKY A&d9A7A7 gdsgl. 2} ofbdztx o
o Ay oldd dedd xﬂﬁloﬂ @ Ak dAwE dEelnh webA
WRKY459] WHA Ad oJF= u 3onf2 8 9lito]| 7144 Exo] =

i EFFY T HE 01%3}04 gels] Bttt a2 BAYA dHE A A

= Ll
WA PR-1a #0745 o] 83190 PR-1a #4049 B8 At 744 F5
FAMAAE WA A FAIGG AYY FEQ FHAAAE I F 124
FRH e Bd £7S A5 Dot WRKY4S §47e] A9t B2mu
Fgueld B el Bdel fEHL 92 # & 5+ AT (Fig. 2-9)
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Fig. 2-10. 35S:EGFP-WRKY45 constructE Arabidopsis protoplast celle] &2
A T AA cellE &9 s A} (A). FRT2 35SEEGEP vector(B, C, D) ¢+

35S EGFP-WRKY45 construct (E, F, G)& 424 Arabidopsis protoplast cellel]l 3
ARATAIZI & PEAQ 9] cell2FEH AX ] YA &3 A}

Adrslo] AysterA 9l AR EsA 5o wre Xl B WRKY45 A& o] &3
H JAASAE A&ste] A3y ddd s 28 72 A 2 A
d FAASAE F=s7] Al o] T full lengthEs oFef el primerEs ©] &3

WRKY45 Forward: TAC GGG CAG AAG GAG ATC C, WRKY45 Reverse:
CAA ATT AAG ATC CGC GCT GC

PCRE o] &3] dojzx F4AZ Ubiquitin ZTE2EHZE 7172 pGAI611l ¥ FAHs&
WEo] F24Y3 5 Agrobacterium-mediated WS o] &3to] E HF A F o x} 9]
AP A dntdow v FAHSRT wf o] &t U= callus F= HIA Q] N6D
Hj 2| ol A vl &k —? FAAZE 2FE ] e viAe %A FAAZAE AEES
o a8y g2 fFxe] AS- Oﬁﬂﬁ oel & glo] A FHAAFAE & F 3
et (Fig. 2-11A), WRKY45 3829 49= & B2 W A3 sded =0l
T B7stal A callus7h %fjﬂx] HA Fo] Wy FAAIANE & F 7 AdH
(Fig. 2-11B). 284 o8 &3S Frarste] wjA| e Ag&o] o]z = 2NewiA| =
e % 7 AR S Xﬂﬂb’V—E ﬂr;ﬁ*o‘ ol #<tol Fig. 2-119] CollA ek o] 2N64)
Aol A prolineo] A7 ¥Rl A FAA R AT callusE DS T ANL
AA FAA T 2T HHX] A FAAZAE AE Fol Jdo™ FAHASRA T Ao

el
AW A%H oz ATE
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HAMOZ WEMYE H

(N6D HHXI)

WRKY45) &M SHE
HIZ A= 01 callus INGD HHXI)

WRKY45) &M SHE
KA Ol callus [2N6 HHX| =A

., FEATATY LHI dBAAo] A galactinol synthase FAA7F Add FAA
g HZRE Y 2 yASA 2R

P. chlororaphis 067l 93] FE¥ = oz &% galactinol synthase
(GolS) FrAx= ddHds We o] 4 AN T Agrobacterium-mediated & 2 A g
= T35t Aozl FAHS HERE Ay FAAe T A4S northerns F
3 Qe ®okrh Fig. 2-12¢] AclA &<l & & slxel 7 7o dd-ds gl
A oFAFl M3 GolS fridAte] el dA s FUHES E9 & AT g
Y} thin layer chromatograph (TLC) 7]HS o] &3}
galactinol synthase®] AF=¢l galactinole] %ol A Q&S ettt (Fig.
2-12B). =3 o] AmntEIstyE olgste] FAASA M I U=
galactinol®] <& Feola Mt} (Fig. 2-12C). °o]2j3t AF}EZHE galactinol
synthase (GolS) F3=x7F FAdsE HERY g FAdx9 dds FlstR e
w o] o FAe] wEow vehte YR R A S A4 skt
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A B
WT  Vector 0x-GolST4 Ox-GolST4

Control  -105-15 136-11 === : i = i
.’ | —

std WT  Ox-GolST4 Ox-GolST4
-105-15 -136-11

0754 0.75+

050 0504 j
040+

025+ 0.254
0.20-

-0.00+ = | 0.004 2 = +—

-0 T T .20 T T 02 T T
00 20 40 8 0.0 20 40 61 00 20 40 6

WT Ox-GolST4 Ox-GolST4
-105-15 -136-11

Fig. 2-12. Galactinol synthase (GolS) A7} @A 3ke W2 HE o 349
e R4S northernS E3) €213 A3} (A). Thin layer chromatograph (TLC)
S o] &3t dAAIAEFE galactinol synthase®] 2HE9l galactinolS el
st Ay, AR FAISE Fito] galactinol standard® (B). o]+ ELEU}'EJ_E]-E]
o] g3sto] AL Q= galactinol®] S FAF A spAREE FAE HFEO|

galactinol peak? (C).

N

¢

il

e Ak W Aol FlE FAHE vE o] &5t WA #F £ 109,
159, 40 707 A8 ZALES A3 o F I vl xfolE &<l
A (Fig. 2-13A). %4 Al WA 7lss HABs7] f& AFd *
o] At FAH3Z wof opAufo] v I AulEH A Xanthomonas oryzae pv.
oryvaze K35 719l A& 5 1569 Feol #{ite] dol& 543 2 Fig. 2-139 B
o A <l & & kol F N FHEAASA A ofFol Bl WrbAo]7} Fol

= el & 7t o] o= A WAl FoHI Ues 9 & F
ATt T3l galactinol synthase A7V Arabidopsisol A1 £ <F 7Haol o8]

At Bk A7) wiEel FAAE vo o S dAERE 1097 =5
Fol 35 A £ 29 Hd AT 2L

2E# 2o g Wagds A 2 A%
“%ﬂzd@fzﬂ"ﬂ/ﬂ O]”gz ol ‘ﬂ] 3l lﬂﬁ*éo] Gl
P

g 5
°f 4

chlorophyllS =74 3}+= ‘ﬂo‘“—} o
Fig. 2-13Coll A & <
A 8] F-of ﬂ NS
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-105-15

-136-11

WT Ox-GolST4 Ox-GolST4

-105-15

-136-11

Fresh welght (ing)
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GMO “d\gﬂ

2& FUBHYAINS HER
fnds 2f2[3]%%01L| 22
oi% glojke U BuIch

UHaADSH

WT 0x-GolSl'4 Ox-GnlST4
-136-11 -105-15

Fig. 2- 13 HAAE Wl ASFA AF} (A), Aol Al
AEd & S @14 49 (B), 7He 2Ed 29 31
(C), ® GMO A E4olA wxae] HA8e &3 v mdol gk 24 A
A4 43 (D)

|
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A 34 AFezRE ISR 44 QA 84 2 A (F52)

1. M AE2YE ISR 244 A4 23, 54 2 AFF ¢4

HooAgg2 ISR 58S 7IA 2 e vAAEZYEH ISR 2AAAE B8 54359
A Edo A3 F oA dolR A}t sYTh 71E4 ISR T8-S 7Hxl o=
o+ = 54 Egsta
al

B % Paenibacillus polymyxa E681

T8 A=A 33A(ISR)
T899 ISR ¥8HE 713 A28 ATFFE

wAEk gl v

>

7}. P. polymyxa E681Z %€ ISR ZAA QA &3

P. polymyxa E681Z%-E] ISR ZA4A=} &2]sl7] 938l 84A13F &<F 7]% E681
FEAE Fr18ue 54 - v AAAdES ol &k Gl 2 HAE T 24
S wEEd vk (Fig. 3-1). f718wel d@AA FEHAES F3 Aoz 4719
fractionS 213 A Z7] @A 3o HLsle] ISR @d o F-= s Hok

(Fig. 3-2). Hexane, ethylacetate, butanol fractiong 483 1398 A Z 3|
g AA EFEo 7l EHFoldth 13 Y remaining supernatant 631 whole cells
g Ag g 11392 BTH(positive controDE A& g 11529e] WA Ao} vjs=3h

S B9t wEbA remaining supernatanto] ISR AAJA7F EAE o2 o
AE T ISR AAJAE FE8t7] 9189 remaining supernatantE methanol®l]

o,
o

o #83lo] ISR wd FAS A E ZAI} methanol-soluble phase’} BTH *] 2]+
3 HA ALE HoFAuh o2 27 E soluble phaseo] ISR 2 A<l z7}
=g Aoew  oAEo],  silica  column  chromatography =
methanol-soluble phaseoll 4] 1371¢] fractions +2]lste] ISR A7 A=}
b stk HwEE &35 1371 fraction B3k 3150 283t ISR
ZAEgE A3k ISR 245 7H 2709 S RaS A th(Fig. 3-3). 2709
oA fraction 7S Al Este] ISR €4 AFE FAMSAH.
fraction7-8| 4] =2 ISREA S A& = AJH(Fig. 3-4). &2 ¥ fractrion7-
8 P. polymyxa E681 8 ISR =2 545 #3d] TLC, HPLCE ©]&3 &
ghelatal NMR, GC-Mass 55 &3 &4 #4415 stadvh 2 23 2% 9] ISR

=2
542 23-butanediol?} acetoin®] &7 = At}

M
2 o o
o & W oo
m T 4z ok ob
Mmoo W& Ao K2

oo

do X
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Supernatant of culture hreoth
of P pedyimyra (T2 h) = 2 brers

| Extincted 2 times {viv = 11§ with n-Hexane

m-Hexame phase  Agquesus phase

ISR nest (- | Exmacted 2 times (wiv = 1:1) with ErdaAc

EtldA ¢ phase Aquesus plase

ISR aest -
Al | Extract 2 times {viiv = 1: 1) with BuOH

n-Butanol plase Aquesus plase (dry pellen

[SE 1est -3
Extractod with MeOH
Insnluble phase Soluble phase
ISR west -y l ISR test {+)

Silica gel column

Eddac : MelH

M4 fractions  Feamions No. 7 & No. 8
ISR fesii-) llSF{ test {4+

Silica gel column

| ErOAc @ MeOH

10 fesetions Subfraction
No. T4
ISR fest §-)
[SE test{+)

Fig. 3-1 Fractionation procedure for ISR-active compounds from P.
polymyxa strains.
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(=) control

E681 whole cells

Fig. 3-2 ISR eliciting effects on pepper leaves teated with P. polymyxa

E681 whole cells,

Xanthomonas axonopodis pv. vesicatoria post-infection.

remaining supernatant fraction,

after 10 days of

Disease severity (%)

i i
& EEE e &

Treatments

| 36 days of postinfection @7 days of postinfection

& & & o &

Fig. 3-3. ISR activity mediated by fractions eluted from silica gel column

chromatography in pepper plants.
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Treatments x

| = Disaa.saswaliwl

Sub-fraction 7-8

T

. 2

(-) Control __ (ANEORtrol fenlargéd)

Fig. 3-4. ISR activity mediated by sub-fractions eluted from silica gel

cloumn chromatography. (A) Disease severity (%), (B) The sub-fractrion 7-8
showed ISR activity on pepper leaves.

U, Sz EE 3 NdF Ochrobactrum Ilupini KUDC1013 33 ISR #%
Ed 29 €2 A

=20 ZtntFo g Ry ¥ 5 O. lupini KUDC1013¢] ISR fF=&4<

=

=,

e
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&) = T
&3 dAA FEREs Tl =4S s o] #AFE T dojxl 4719
fractions A4 @9 FE HE&ste] o]59 ISR &4 oF& ZAtstdnh. @l
FEHEZ MS mediaZ} 715 24 well plated] AAAIZI FH 1Y Fo 4779
fractionE 2lo] A&sAh E2ld 4719 fraction> 10% DMSO solution®l
resuspentionA] A Ful] Fglel] 10 p A2 st @il fractions Al H, 7Y
T GulARE WYQW  Erwinia carotovora subsp. carotovora @g (108
CFU/mD< 9 8ol Z+7F 472 o 9o 5 wA "oy, Hdd HF 244
s ol59 WAL AT EHEE Wrto] Uehe o] Jig/gl A
At Fraction®] ISRE¥}E Wlushy] 98] SAHET 2= dEetd 1
S G zToRE 05mM BTHZF 242 Ab&59ith w8 KUDCI013%
1 glsk A2l F supermatamt A% 3E3FSEo] fraction A TE
= det] A+ 2 4
Zay AR HAS FAFSE A3} hexane, butanol fracttiono A &
R A4S YA (Fig. 3-5). KUDC1013¢] hexane¥ butanol fractionol] A
ISR 278027 =48 Aoz ot KUDCI013 e ISR &4 42 914
TLC, HPLCE °]&3 =4d& &9 % A<T8kal NMR, GC-Mass sl 9% =2

o #4538 ol Utk

O ol i o
A0 Ju N
Ny

GREE T
=
ol
=]
[
=
k|
_O|L
2
=
W~
=
Lo
=
Qo
S
2
=)
B
>
=
J
a
=
w
4

o

25

1.5 |

Symptomatic leaves/tobacco seedlings
=
(=] i ==

o s NI o 2 &) o
Oﬂés Q;\ &:@ @é‘? qp'l\-lao. Q"\.o?p '\?’o Qéf;‘a
& & & M

<2
S

‘\¢'

2

Treatments Q,ds

Fig. 3-5. ISR activity mediated by hexane and butanol fractions on
tobacco seedlings.
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S

s

2o Au) A e —% 2 HE FHste] o9 o, 7], ¥ Y=

Ao 14 At AP M (Bacillus sp)S FHE, A4, A7) Sl

de T F&E T4 sk ISR 2AHMAE B

—.JSH Bacillus sp. 1653 AADAANT 458 AH 13 4

ISR e8& 7F w55 S48t edFsc] Ao 44 =

ARAFEYH A9 (Xanthomonas axonopodis pv. vesicatoria)ol] thak #

B dFEstaA Az 4 BEedFEd Hdds HE

ol o3 AEY AFAY = oA st

i Bacillus megatenum KNUC251 3}

Paenzbaa]]us polymyxa KNUC265 + #7F S4dEZTEY 52 [SRE}E B3

H(Fig. 3-6) #HAuAAdAE SANECH vlueds wWl Xanthomonas
axonopodis KNUC393¢] ISR &37} =2 Aoz gl¥ A (Fig. 3-7).

o}
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mlo

ol
2
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R

X op ik
O

oot o I M
oo v =& N O o e

ot
lo |
FILF:(O ﬁir*lﬂ
o 2 |
=

i o
WL
e
X
oft
oX
X
&Y
i
O{N w
o
>

g

Egk g@ujol A= ISR &7 yUEhueEA dolrRux gujdFEH S fdsks
WA (Erwinia caratovora subsp. carotovora)S *g]sle] 7z} #F2] ISR &4 <]
B2 zAbslgith. 1 A% B megaterium KNUC2513 P. polymyxa KNUC265
T E5 Hjel A% ISR A4S UedS & & A (Fig. 3-8). ol &3 &
giFE FolA ISR 5895 7M1 #FE5 HAF 3F(B. megaterium KNUC251, P.
polymyxa KNUC265, X. axonopodis KNUC393)S 2|3}

o] 59 PGPREM o] EAd disjx e Lolr izt 017}“9‘§]’o, S, Aara
59, siderophore @58 o W] ZAeFh Al o BT AAuAHTH
2 SN S A E AL Fasg o, KNUC251 #5Fvyte] <18 7pgst &
T dE 589E YEUATHTable 3-1). E3F o5& 15 9 wufo] A &3t 1
T AATFEN dx2TEFS SAFoEA AHHQ AEAFEIaAE AAA
th KNUC2513% KNUC393 =7 SAddzwel H dxsds S7HFS g9l

3k = A tH(Fig. 3-9).
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Table 3-1. Characterization of KNUC251,

strains as plant

growth-promoting rhizobacteria.

KNUC265, KNUC393 and E681

Characteristics KNUC251 KNUC265 KNUC393 E681
Nitrogen fixation + + +
phosphate solubility - - -
Auxin production + +
siderophore production - - ND’
"ND: not determined
A 6
5
g
‘P‘\)o \!S\Ooq'b% p‘\}b L‘P&Qo *3@0 %*spa' \p‘\){’ g é‘ﬁ\ %& .‘,\“&\@
B

Fig. 3-6. Suppression of bacterial spot disease induced by KNUC251 and

KNUC265.

B. megaterium

P. polymyxa
265

KNUC

KNUC 251
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Dl e 0 vy (0-6)

Fig. 3-7. Resistance induced in roots of pepper plants treated with
KNUC393.
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KNUC265 (-Control

KNUC251 BTH GBo03 BTH

Fig. 3-8. Inhibition of soft-rot symptom development by ISR elicitors.

underground Oground
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«| [
E
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&
[m]
01 T
D 1 1 1
KNUC393 E&81 BTH control
Treatments
M ground [ underground
B 04
D03 T
E
2
£ 02 ¢t
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N i
D i i i
KNUC251 E681 BTH control
Treatment
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Fig. 3-9. The effect of B. megaterium KNUC251 and X. axonopodis
KNUC393 on dry weight of pepper seedlings.

. x4 7intF oz Ry ATEF 24
o) AAstE of ZHA A =S Ztvts o2 R Y e A AT 27 B
AraAMTE 17F, BF 455 Feert WA el A &sts w ISREA
F5 ZAMsH7] 98l whufel wFdE S AR A&t Huid Y HAT (L
caratovora subsp. carotovora)= HE8to] e flof 22 Wplew W E
ZAVelA Y. 1 A3} Ochrobactrum Ilupini KUDCI10133}  Bacillus megaterium
KUDC10150] 4] %HJFHZFLM GBO33} Hl=stA Y 2319 w2 W¥A FAE EYe
24 =2 ISR S st th(Fig. 3-10). 2FoA % ISR S HEd =+ =
Abet7| 918 H#FES é aFo) A& H ATAAATH HAdds JEste] e
= WRke] WAS #Este] olFeo WA A FEE FASFA T KUDCI013,
KUDCI10159} Novosphingobium panipatense KUDC1065 A| oA A=
I H23 FEoR ES ISREAE G2 & & AAH(Fig. 3-11).
ISREH ¥ oyt 2&s AAFHIsEHSE YHef=A dolra 159 719 A
AsZFS SAsIAY. ANz H 7 A5 159 715 vusids o
E2 TAE YEAT AAFFY] A5 KUDCI013s A9k A +
o z

UET R e FAE HYORM A F RF ouyr 4FL =

mlm

r:i _l>i_1

i
o

2l 2 tH(Table 3-2).
= KUDCI1013, KUDC1015¢} KUDC1065 355 $Ho = Ay

25
2
1
0.5 I
0
&
o@

“3 J N
<§’ o .p\ R
& &
&

Symptomatic leaves /tobacco seedlings
-

K

ip 'A- + ‘v b ir
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(-)Control 2

Fig. 3-10. The effect of isolates on induced systemic resistance of tobacco
against E. carotovora sub. carotovora strain SCC.

[ER]

Disease severity (0-5)

> 3 © a
v {P@, éﬂ_@ é:@» é,'ég, 65?’
S S &S

& ¢ ¢ &
Treatments

Fig. 3-11. Induced systemic resistance against X. axonopodis pv.
vesicatoria by the isolates.
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Table 3-2. Effect of bacterial and control treatments on growth promotion
of peppers.

Total fresh weight

Treatment Height (cm) Root fresh weight (g) ©
)

BTH 8.8" 0.46" 3.99°

GB03 11.9° 1.05° 7.13°
KUDC1009 10.3° 0.83° 5.74°
KUDC1013 11.4° 1.27° 5.38"
KUDC1015 11.8° 1.06° 6.71°
KUDC1016 10.8° 1.06° 5.68°
KUDC1017 10.8° 1.29° 7.2°
KUDC1065 11° 1.09° 6.46°
(-)Control 10.5 0.82 5.62

“> Data are significantly higher and lower than (-)control, respectively (P =
0.05).

3. ISR +& €49 &2 24 HA

~
=
ox
il
fru
4
o
o
i)
(i,
%
=
iin
o,
ro,
b
lo
P~
=
td
rlo
i
m
o

>

w

Ho

o HI
o

2

d i AA 2eNA a3 e WAS=E ARESH] 914
i, IRS &2 ¥ WA ol dA FolA

ISR &2¥3E Yelddd Egir+5 5 KNUDC251, KNUC265, KUDC1013,
7 3}

.
a4 LAY NE GEAZY B o A

153 FAREFLF, TEEFE)E 1.2% NaClO &9 3087F A3 s 13 =
FoE 30870 Adg Ao A BE T 525 Zo 3087 vt AL
A AGs ZE 13 EFAE 50T Z# 2 e 2 30T o A

=3 1
= = iy
dolAlZith, wol ¥© uF FEHES 242 7 227237T,

sttt (Fig. 3-12).
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AT~ — -_ﬁ\\\\\\

2 Y

Fig. 3-12. Green house facility at KNU campus.

L Fo] Bo] 3440l HUS uw, 1F ¥ ISR A4S A Paenibacillus
polymyxa KNUC265, P. polymyxa E681< Z}z} a]o] EF319th 15 g
o Agstal 5ol A Fol nFo AdA HFHHE
axonopodis pv. vesicatoria, Xav.)< 10° CFU/mle] »
B Xav.oel g A3dAPES vwstr] 93 dxado=
(sterilized distilled water, SDW)$} systemic acquired resistance(SAR) &4 < 7}
2 3}etE#2l 05 mM BTH(Benzo(1,2,3) thiadiazole-7-carboxylic acid-S-methyl
ester)9} ISR A4S 713 v AR LHEX Bacillus subtilis GB03S FA 2o
2 AREeT Xav 3F 109 Sl ¥AS dFednt. Sl Es Wy Feef
A7) 2 Wguke] A5 uyse] 1-55Ho2 EASAT o]lE ®E YEhW o
3 2t (Table 3-3). A A= P. polymyxa E681 w7} GBO3ET H =
ISR &4 et =3 A3d4d 7oA ISR &4do] =3kd KNUC265 o+
7bo Az Hed 13 SR 1o HAY FX7F sy =4 JEu
th(Fig. 3-13) ofnte 2AdA = APA Rt o B 8clE0] #A&st7] o
ol Aow oaEh

KNUC2655 Alelgt th& a5 Z4oA ISR &4 oF& tA] 2Abst
oo fleh 2 wHoer HAIE SIS skAth Figo 3-140A4 ®He A3 2
E681, KUDC1013, KUDC1065 28] 12 KNUC2519A Azl vls)] v HA
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Table 3-3. Disease severity check.
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Fig. 3-14. Elicitation of induced resistance against X. axonopodis by
isolates in peppers.

e Aol A vpebbE BRke] WA

B 1 A¥ Fig. 3-159F o] KUDCI013 A 2] ol A]

K= W ISR E37F 7FE =A dEiwd. vk

KUDC1065 A9 - iFo] A& A7E &5 ISR 3471 ¢ HopA|+=

As & F AT (Fig. 3-16). o<l we} KUDC10133% KUDCI065 F &

A gohd ohFst A7 A Fo] A&Es W AEe AFAHS s
Al 7 Ads slo® TdiEnh

ofo
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Fig. 3-15. The two isolates, KUDCI1013 and KUDCI1065, elicited induced
systemic resistance against X. axonopodis according to pepper growth
stage under greenhouse conditions.

(-)Control

Fig. 3-16. Disease protection induced by KUDCI1065 strain on 3-week-old,
4-week-old, and 5-week-old pepper seedlings against Xanthomonas.
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4. ISR =49 dE %3 43

=A A ISR 237 A4 E KUDCI013, KUDC1065%F E681<s 3274 A3 olA
ISR €4S detdeAd e dolrux d= Hio] FPHAr. I o] 59
AE A F3 29: 2AEH 4 24 HAS Fs KUDC10133%
KUDC1065% 371 Agstds W ISR &37F =7 e 3oz odiso] 27
A4S AT E3, o) A FEolA E68lel ISR = =22 9eil

2,3-butanediol ¥} acetoin®] EZo| Aol ISR &3= HA AT}
b, 2F AF Y

ISR Ed9 i 3 g2 20099 9L458 11€704 o F &3k FEdstu
A Well A Dol A (Fig. 3-17). B= Aol A8 AdT=
randomized complete block (RCB)2. & t]x}¢l wlom 3k 7o) RCBY Afo]=
7F2 65 cmot AlZ 400 cmZ ZFEL 40 cme] H4S T At} o] A9
Falst7] flel oF 120070A 9] n57F AREEH AT 10579 A5 3743
5 AgEgor A= AAHAA o9 ISR &3 % AFE AAZHIaHE Lo}
al o F 10 T79 A& A &35t vlusslt

R, FAYZEE 05 mM BTHE 448900, &l Az
T (E681. KUDC1013, KUDC1065) ¢}t =% A 2] 7-(E681+KUDC1013,
E681+KUDC1065, KUDC1013+KUDC1065) 18]3. E681¢] 27FA] ISR =42l
2,3-butanediol ¥} acetoing ] 72 AF-&3}A .

B 2 oo f rlo

A ST

D

Fig. 3-17. Field at KNU campus.
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Table 3-4. Disease rating scale from 0 to 5 for injection.
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1R w2 94
0 Aol A Wuto] Holx] ke
1 HES o] Bk WA o] 10% W
2 HEg o ¥k A o] 10%NA 25% vt
3 HES Ao W WAool 25%4 50% W
4 A Slo Wk A o] 50%NA 75% Wt
5 e 1o Wdk A o] 75%0] Ee 52 9

BF WIS = BE A BI=S F/F 1F AN &

Table 3-5. Disease rating scale from 0 to 5 for spraying.

e a3 a4
0 WAS HolA &g
1 A AzA el Bk o] 1%~20%
2 A A=A e Bk MF o] 20%~40%
3 A A E&A o] gk M2 o] 40%~60%
4 AA A=A e Eek WF o] 60%~80%
5 A A EA o] Wk WA o] 80%~100%

FAIE o] g3t HMATS HEFsHA U : gt
ol AgFEedA Az vusls W ISR &35 YHEtdth 53] 871
o] A FE FolA E6317 KUDCI065 &3 A2l oA 7H =2 ISR 845 =
A tHFig. 3-18A). KUDC1013¥ KUDC106¢FE52] &3 A&7t zhzbe] dd A
g5 Bt o %2 ISR 845 7dstd o A Hl=g o AlTddT
Yy s WA E e ATk ISR v E68l1S AH A&sts Wy
olye}l E6819 ISR =& 22 acetoing 23 AgstozH ¢ & ISR 3=
el RS golsgnl. T8 E6819 2572 ISR 7= &2 AgE vast
S W acetoin A2 77} 2,3-butanediol & FH T} %S ISR &3S YEhuE A
< &2 g = ASTH(Fig. 3-18A).

AW AxE S Hadw HFToZ e LA uFo ¥AS AG

8 2
Aol A BF AR vsAY mekd ISR 24 WER vk(Fig.
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AT 3 FRH BEoA e WY $AE Jehhd Le#Tse
TFAY T F AolE HolA &= FANE A FESY ISR & 97F v kst gt
H o=/ dehde Ao ® Hol ISR =8 5 Slv S9AdTEY] 48
Nel ZAAQ] e el @ & ATk
5
A
Y |
[Ty
=1
2 3
4
a
w3
-
£
o
q} -;.. *.'“‘{:i '» 's
o‘ c..'* '* L \
C" @P #h&. &I‘" l;l-“'P ﬁoﬁa
"bd’ @q" @b"" +|~.'.\
Treatments
5
B
= 4 1 I : 1 : i
=)
= 3
€ :
1
|
-
3
an 1
o
> L & 5 % o ) i &
_{_p“‘}ﬂ ége‘ ngﬁ L&,g\ & {FP'» C‘féﬂ & & g?hh
g Ll & Sl
% + q@ 4 oy
A’ & o &
Treatments w © *

Fig. 3-18. Disease protection induced by PGPR mixture strains
axonopodis challenge of pepper plants under field conditions.
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disease severity was assessed 6 days after pathogen challenge by injection. (B)
The disease severity was assessed 20 days after pathogen challenge by

spraying.

th mAEY od WE 37 soA AE AFEZAFZH HAA

ReTFEY ABAFIAENE ZARIASN B 7, FAFY, AxFFo|
AT 280 BT Aol Ao 29 ¥ aFe) v, AAFY 120 A%
FYe At R 7E NRRES O 2hF FolAuw g9 ATl
% gAY ETEY Ee £XE Gehl Atk Table 3-3). % o BHd PFEA
22 AR 99 o159 WAFYH A2FFS FARAY. ARFF 242
dal 2 wFE ARG 5ToEAA 374U Po] EFo] HES WA F
MEol gle Wx e Sgsdrh SARETH usdae o 84 4T
NA BE YFEARAE FAsgth 53 4 FREY GAAG TR EF A
TEel AAEE U AxFR] U8 B £AET UPowd dARY TR &
FAe TR AFEAENF O Be AL & &

ol A E6813 KUDCI1013 Az Folld 7} =& A
3-6).

Table 3-6. Enhancement of pepper height, fresh weight and dry weight by
PGPR strains and mixture under field conditions.

Fresh weight Dry weight

Treatment Height (cm)
(&) (&)
(-)Control 27.08+0.31 30.03 5.02
BTH 24.06+0.45 2497 3.80
Acetoin 28.77+0.27 36.26 5.89
2,3-Butanediol 28.75£0.23 4452 7.20
E681 27.52+0.25 41.45 6.49
KUDC1013 29.23+0.23 42.40 6.50
KUDC1065 30.11+0.30 40.17 6.48
E681/KUDC1013 28.79+0.30 55.73 8.26
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E681/KUDC1065 27.94+0.27 50.45 7.15

KUDC1013/KUDC1065 28.68+0.32 46.57 7.60
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Al 44 243 LA ISRl &3k aFH o] WA

1. 33 AT AAFHE A A A8 o5 4 2 EA

Ado AM23S Bacillus spp.i= St AW FEAFT LA FF WOl AR S

~

(Table 4-1), Xanthomonas axonopodis pv. vesicatoria(Xav, i3 Al 55 H
15238 Ay FtAT Aol g Wi, KACCI1573 KACCI1158 ##+& ¢
5 J A AL AE (KACC)ON A £ Wobr i WHdd Ads fsiA AHEst
Gt Al H T2 NA(nutrient agar, Becton, Diskinson and Company)® A
o A 2+ Hjste] & F2YE FH3H ths NB(nutrient broth: Water 1 7, Beef
extract 3 g, yeast extract 2 g, peptone 5 g)H} Aol A4l ZI&H} (150 rpm, 28°C )3}
Aol AREstdth Ajel AFEEE A =AQ

\

0] F(FF; HH)E 50F Y1 B
oA 71 & AF 44 ecm XE %A AL T A Aulste] Age] A&

Sk

2. EGAA 3 nAE 59 2

NAujA]el 28C 2dzF wjgst w59 & FE2YE FHste] NBHIA 500 mle ¥
Cryotube TM(X &: 12 mm, =°]: 48 mm, Nunc Co. Ltd)ollA 1€zt W &ui(150

rpm, 28C) ¥, glycerol 40%(DC Chemical Co., Ltd)S & %oz Yo wwalil
-70C =A-2Wdare] By st

Xanthomonas axonopodis pv. vesicatoria (Xav, 15 Al A FHH) i+

Adks flElA BMYAd H2AY 5 KACC11157, KACC11158, 1523 3714 & 69 7]
wFo F 95w AGRT PESL 60 o Table 429 2 WHOR o]
G&S A Fol WWEES ANl WUl $5F UE PIwS Ay
o,
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Table 4-1. Isolates used in this study

Isolate Collected location
gimje—si
! gimje-si
2 gimje-si jeongjo—dong
4 buan-gun jeonggeum-ri
5 buan-gun jeonggeum-2ri
6 buan-gun haseo—-myeon
7 buan-gun haseo-Z2myeon
8 Jeollabuk—do buan—gun 1.'1aseo-*3m.yeon
9 buan—gun jangsin-ri
10 buan—-gun haseo—-myeon
1 buan—-gun haseo—myeon
19 buan—-gun wido—myeon
13 buan-gun byeonsan-myeon
14 buan-gun docheong-ri
15 buan-gun docheong-ri
16 boryeong-si nachang—dong
17 boryeong-—si
18 boryeong-si hyangcheon-ri
19 boryeong-si rawon-1ri
20 boryeong-si rawon-2ri
91 boryeong-si rawon-3ri
99 cheongyang—gun hwaseong-myeon janggye-ri
93 Chungeheongnam-—do cheongyang-gun h.\N.aseongf.myeon janggye—2ri
o4 cheongyang-gun sinjeong-ri
o5 cheongyang-gun jangseung-ri
9% cheongyang-gun songbang-ri
o7 cheongyang-gun gyowol-11
93 cheongyang-gun daechi-ri
29 cheongyang-gun jeongsan-myeon yongdu-ri
30 cheongyang-gun sinheung-ri

gstel 6971 aLFel =+ 5 , = AR $ol 2
WEE ALY 9 Ao Z2AE HdTe] HF vEE 3971 1F R
Xave HET wel <lo] w9, o sl¥, Slo] i fW BFo A JEst
Re W, EEES Al B ES Artsle] BT HE w9 AT WS
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L AF AlTAAAFHE W3 acilbenzolar-S-methyl/mancozeb & A9 &

699 7] 13l acilbenzolar-S-methyl/mancozeb & Al(ai. 49%, WP)Z 5000, 1000,
200, 40, 8, 1.6 ng/m o2 F F 5 meH Ego] #F Agsta, 79 Fol Xav 1523
o] OD600 k< 04=2 FAst HEstar, 28C 12 hrs (L/D) oA ¥H S F%
stol, JF 10 Holl olMg&S AL
g 13 FHY ¢g71¢ 8979 HE ¥ =7} acilbenzolar-S-methyl®
mancozeb ¥ A& & WA= FTF

1000, 200, 400, 8, 1.6 pg/m= %5 ZA 3 acilbenzolar-S-methyl/mancozeb
Al (ad. 49%, WP)E 6971, 8471 TR = Eom Y EY %Zy‘ﬂﬂ

_[i«
slal 79 Fo Xavel OD600 #+2 0.13%

04 zF3tel AQRT AFAAh 39
& Fea 8CA2 hrs, LD)OIA B S F23 5, 109 Ho ¥ =4

AT

Ot

Table 4-2. Assessment key for investigating disease severity of pepper bacterial

spot

lesion percentage of Bacterial Spot
in pepper leaves

0 No disease observed

more than 0.196 or under 5%

more than 5% or under 20%

more than 20% or under 50%
more than 50%

Disease index

=W N

Disease severity (%)= >.(No. of diseased plants x disease index) < 100

5 x No. of plants

503 Zel1 BaoA Aujsk 2917 mFe, 13 W EokoA Egdk 4447) 9
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Bacillus spp. 7% T 9 5 m¥ #FAH st dFY Fo Xav 15239 sE&
106 o2 2rE & FAHS WwHose HIFsla FA28T, 12 hrs, L/D)olAl 54
b ket & A S E o] &5te] W EE FAF ST

M FuHA AES Este] A2¥ Bacillus spp. d 52, BT+ Xav 1523
HAE 1749 A3 2579 de zhzbe] mjgde 153 FEE 1A JA Ags &
MZL TEMEA; 44 cm)oll 74 A2 Fo] BYdS HFst, 5Y Fo dH=
& AT

5. A% Bacillus spp.8] &7 2HEH XA}
7}. A Bacillus spp.d] AT ts FaddA XA}

FH AARAYHANA HALE 1670¢ Bacillus spp.& 7FA 1 o8] 7FA] R ito] sk
P A S AT 2o WS dod= I 1 9o AEXAS ESHS)

ot

o  Colletotrichum gloeosporioides KACC40690, Colletotrichum acutatum JC24,
Colletotrichum coccodes KACC40008, Pestalotiopsis longiseta 12-2, Phoma sp.
1-1, Cladosporium filvum, Botrytis cinerea GBYPS, Stemphylium [ycopersici
CNV-4038, Alternaria alternata GKPE-1, Alternaria panax KACC40570,
Alternaria solani KACCA40570, Magnaporthe grisea 060CAM1, Phytophthora
capsici JHAI 1-7, Rhizoctonia solani KACCA40141, Phythium ultimum
KACC40705, Sclerotinia rolfsii KACC42086, Curvularia Iunata KACC40861,
Diaporthe sp. KACC40303 = 18% R ito] wiste] IS AES PDA(potato
dextrose agar, Becton, Dickinson and Company)oll A %] wj<F b
t}. PDAW R o] 7}g-wlol Bacillus spp.S streakingslil oF o o
m 2718 Xt dAERZbE FF ek 25ToA 6L Wi &, Ao #F A
= AT dlzgrel dARR A Wlaste]l AR AR Aol 20% o]del

o mE q
o

N
>
>,
ol
ol
2

Bacillus spp.&= AAES E3to] A oH S syt
Gt Al Aol s dollM A LI FASA PDACA A&

FystAd=d, WA TSl A4 5 mel o] =4S ﬁ%ﬂi, A FdelM o

gk 7+ A HWitE paper disc(AE: 6mm, Toyo Roshi Kaisha, Ltd)E 2=t}
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Bacillus spp.2] ¥lgS 10 p AA3 & 25ToA 647 ol st 5, o]

[e]
A A oA o RE BRI

. A Bacillus spp.® Xanthomonas axonopodis pv. vesicatoria 15239 o
3 AT AR XA}

NA#jA] o] Xav 1523 OD600%t=S 05% A3 s 50 s =43k o HFtAk
ol AZxA 713, ¥ paper discE AAT FASR 57 &8 ¥3 7 paper
S

discoll A3t ZV2ve] Bacillus sp. MY N S 10 wl HE3H ol 28TAA 2¢ W<k

3}al clear zone®] Z7]E A3
o 13 BxWyel o a3 HAA

() 23 @AYTY AL} L $H7] F4 AA 13t 4H

3 BAH x AYelA g a9E Bl 21-13, 22-5, 25-2 T A7EAY o
F5 Adsto] gAyre] xapdol g B2 G4 oA adE HASAG AR

37VA1 9] Bacillus spp. Mo 13 e@AwFe ¥ F%7F 2 x 10° spores/
n7F HEE T oy, 15 dufed 5 mA 7 JFeaL

FAEA st 30TColA wjgFatsitt. BATS HEshal 293 54 Fo &= H|
O]Z(19 mm x 20 mm Z=7FX]TM 3M company)E o] &3dle] 113 duf FHO v©HAH

T EAE do] Vo), @rlA sl A TA wobed A7) &L ASAT

rob

(2) L3 G| E o] £33 AW Bacillus spp.d 13 ©x o] g a3 AA

2007 FRUSE BasgolA ANG nF w4 AFA BARel e TS
WQ 67) FFE 2F AulE ol 8% AN BAYd N FAELNE 24}

2
Ao o] NBull x|l A 143 w150 rpm, 28°C)  Bacillus spp.
o] wjkHS 13 A H A (Colletotrichum acutatum JC24)S EF HEF3d7] 24
A HFESa 12707 F, 1Y F, 2 Fol 153 dufjigdo] 4 m¥ =5 A2 3
ATt Colletotrichum acutatum JC245 25C 2] PDAIA] 1097F w3t & BEAE
A2 e gt. £33 ¥x degde] T 1 x 10" spores/mlE ZHE o

[}
nF AeiEwel 4 mH Bl FEHAL HEF 1F vl P 25C



oA 29 ForH £AE KA AL, FAT A FARS AAT Fol A%
wepalwa BAwe] wie fEstdt BANTe 4EHn 109 Fol Z7e
9

-l U
r |
¢
o,
oX
oX!
=
Y
lo

0 rpm, 28C)%t 2t7+¢] Bacillus spp.©] ¥W1¢d< 10
A B Agsgt 15 Ay de gl A $5E 10° spores/mE 24
shol Mol @5 Y Bl HEHAUG WEE wF Qo= 0CIA 52U 1
[e)

BN A FARAD, BAT FF 129 Fol WYEES 24} vk
(3) BAHo) U@ A% w

g yge ois] WAl a3F AA-E 571 w5 Bacillus spp. 21-13, 22-5, 22-7,
23-14, 25-25 st At 508 Fel1 EaolA AujstE 29719 a1
fFrEd F 9 5 mH 74zt i mgdS EGd BFAY sha, 24 697
7RAl skl a5 FE7F 64717 HAS Ao ARG 57 T Wik
o} 20 meoll 303t A A e FEAE 19.
Aol A Auiet 7ist7] well 2} Bacillus spp. ¥l % el& g1
A FAET Ak, oAl a5 ezt 23RS W F 7 100 MR A F =T

st 13 Ayl TuFE AT o, F g 100 mY 2F RHoR T Ade] 7

©
o
(@)

=
fr
o)
i
Ol
ol
3R
iy
L
Ap>
rlo

3

e AeE vk Bacillus spp. HH%“’ S F 63 Agsta 29 Fol a1F ©
ABTFS FESGT HEY X2 5= 10° spores/mzE 2Aegom, b
oo = 1% polyoxyethylene sorbitan monolaurate (Tween 20, Junsei chemical

Co., Ltd)¢} 0.01% silicon carbide(400 mesh)E H7}stal 1t BEH7]|E o] &3}
9 A dgde 40 MR BFE JEigon, 169 To] wHAgS 2AEIY
=3

6. A Bacillus spp.8 T3

A Ve 342 16s tDNAS A7 <L w4 < Fato] a8t Addd v
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A& 9] chromosomal DNAE #2]3% % primer 518F(5'-CCAGCAGC
CGCGGTAATACG-3")¢} primer 800R(5'-TACCAGGGTATCTAATCC-3")& A}
43Fe] 94T A 183t denaturation, 60 Col A4 1+%F annealing, 72Col A4 1+ 30%
%ot polymerization*] 7]+ Z7 oA PCRE F% 33t}

BigDye terminatorE ©]&3%F Cycle sequencing " S =2 Applied Biosysytems

3730x1 DNA Analyzer®} phred /Phrap Z =138 Alg3slo] 2] ¢}

7. XA B HA

spp. 22-59] NS Hast Qo] fHE 7Y 7tFoE Qo] FAFEHo WHEE
zZAeF o
. A% Bacillus spp.d) 13 B dist =44

BE 5¥11¢9

ol o
o HAAAY(F T 100 mA), 2] #F=HeE(F F 30 me®) 18
) Bk

&5 XA stk 28 a 20084
o= TRty FE&EsAe] 15 oA LF(FF FokrH ) FEE 5Y 64
AAstar 1He XA, 2de] A5 28al 399 FdAA WHoeE F 6
ol A Bacillus spp. w5 AestWA Satelo] A4 1F vy Uy Ress =
Ab BFRA T

8. &F 22-59 25-29 W F wWlF =1 &4
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2007, 2008 FEUstn F&5FH a5 XA g3E YERd 5 22-5, 25-2
5 AdHoz olgsty] fElA HA 2= 9 A wixe] A3 pHel wE

2]
Bacillus spp. WA vk 21& 39 staa s

5 =
28T, 32T, 36TC 7 7} =% XA 150 rpme = Y stiaA] HE 124
= OD600%te FAFstaL, FF 12A1%F - F-El= 12413

A0 2 ODE00ES ZAF aHtH(A 5, 2006).

A A= AN

L
)
[o

U, #jlA =4 2 pHol @& #FF 22-5, 25-2 WY =24 g

N

9 Aey FAsA 150 rpm, 28 CANA 19 7F w3t Bacillus spp. MEFEH S H3
doz2 ARE stk NBul Aol 0.05% FeSO04-7H20<} 0.005% MnCI2-4H20E #
3k WA S 7]E WA 2 1% glucose, maltose, sorbitol B2, 05% tryptone,
malt extract, yeast extract dAY& 2} 7 #H7lste] 28Col A 150 rpm Hl ¥FstH
A HF 3621 ol OD#S 45k @y dadde| & 75 22-5, 25-29)
e A

NBui#l¢] pHE 4, 5 6, 7, 82 ZA3ske] 150 rpm, 28CellAl 193+ v
Bacillus spp. &S ALz 10 wlE FHFT s 28Tl A 150 rpm 81 36

AZE Foll OD#E FAske] 5 22-5, 25-29] AAS AMeHS

N
-~

2.2 %

1. 23 AFAAFHE 3 A3 BH YA acilbenzolar -S-methyl¥}
mancozeb &4 &3 HAA

b Agl AeT AFAATIEF A

Xanthomonas axonopodis pv. vesicatoria w5 KACCI11157, KACC11158, 1523¢]

sztel Wil 697 1% fRe] ¢ Ewlel BnF FYRY HESHL, BT

—
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A 62 B HAS FAGY B ¥, PR SHFAHFg. 4-1. 1 A%
=+ KACCI1158 8.33%, KACC11157 33.33%, 1523 58.33% = =%

=
T
Ab H A A3 o R Z47be] Xav #FE AT E W MY =2 EHEE

e Xav o5 16238 125 AldddFHH Y ~a8d dF=2 A4

Xav 15239 OD600%k< 029 04% XAste] AT AFstL 5 Fol 2=
ZAFe A Th OD600%E 0.2 A gloll A& 56.25%, OD600%E 0.4 A 2]l A= 87.50%

=S YERN AT (Fig. 4-2). B = FHA A 397 aF FROIAM
4ol OD600 k= 04= =4ste]l dFatsls Wl addqoz o] s As

o

PN
A AN

100

=~ (@))
o (@)
1 1

\\]
(@)
1

Disease severity (%)

1523 KACC 11157 KACC 11158

Strain?

Fig. 4-1. Comparison of the disease severities of pepper bacterial spot isolates

caused by X. axonopodis pv. vesicatoria.
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Fig. 4-2. Disease severities caused by isolate 1523 of X. axonopodis pv.

vesicatoria treated with different OD600 value.

HAT HF WS gz Xav 15239 OD600# S 042 ZAH3sEe] 38 7] 1
F 4o 9 wW, 2 N9, 290 21U 5W 2Fd AART 4Few, 39, 5
A, 7Use] WS 2ASATHFig. 4-3). WE 3AANE nF FH ok TR
HES AgodA =& YHEE YU JE & Ate] AE5s BE Ao
SwEE 4% 270 ), 4F TAAAE R Aee] BEn) fA 7
S o & Rtk o] WEoE Ewa olWe wT HEF wE fRelA
T % 394 AE 271HH g2 ATl vlste] ¥y E7F =gk (Fig. 4-4)

| osbpal =7 DAI |

100

=
= 80 -

g
[«b]
-

2 60
[<B)
&

Q 40
2

20

O

B

Spay method
Fig. 4-3. Comparison of disease severities of isolate 1523 on pepper bacterial
spot with different spraying-treatment. A: spraying-treatment on the front of

leaf, B: spraying-treatment on the back of leaf, C: both side of leaf.
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Fig. 4-4. Comparison of disease severities of isolate 1523 for establishment of
inoculation concentration or inoculation method with different partial
spraying-treatment on pepper seedlings. A: control, B: spraying-treatment on the

front of leaf, C: spraying—treatment on the back of leaf, D: both side of leaf.

t}. acilbenzolar-S-methyl/mancozeb A9 A& Fxd wE %A &3

6997 1F El acilbenzolar-S—methyl/mancozeb & #]S 5000, 1000, 200, 40, 8,
1.6 ng/m(& sEEE A o XavE AT 109 Flol ¥HEES FAbste] W
A7 4 &9 tH(Table 4-3). acilbenzolar-S-methyl/mancozeb A 5000 ng/mé
9] ﬂﬂl:ﬁoﬂ/ﬂu AF fFE7E el ® )leto] AL HAOH,

1000 pg/me A2 G-l A = FAZF7F 75%0] AT, ka2 dste] 31F2] Al7o]
A el vlgte] A=Y FHstE AS FESATE 200 pg/mbe] AHETFAAE
ofel S WEREA FANE, WAIFF 50% = Akl

acilbenzolar*S*methyl/mancozeb SAE 1F FE HgT woli= 1000 pg/ml
Hue 2% APsta 200 pg/mE e B FE Agstd aFo] Asol] 9%

= NAA BowA aF AT s BAlsks Ae & 7 USlTh

4

il

- 152 -



Table 4-3. Control value of bacterial spot about acilbenzolar-S—methyl/mancozeb

several concentration on pepper seedling in chamber

Concentration
Control value(%)
(pg/ml)

5000 91
1000 )

200 50

40 8

8 0

1.6 0

g 1F FHY FG719 HY9F 0D600 Fol wE acilbenzolar-S-methyl¥}
mancozeb A <A &7

9 Ador 1F K AFgS 7AE 5000 pg/mlES A LlEtar  acilbenzolar-
S*methyl/mancozeb A FEE XAt 69719 15 R AEsta 7Y F
of Xavl5239] HEY =5 600 nmelA el OD#E 049 012 =4 5 HFshaL
109 Hell EHEE ZAbete] WAZFE ek tH(Table 4-4). Xave] OD#t= 0.1
2 AYeARE HFolE= acilbenzolar-S-methyl/mancozeb®] 200 pg/ml = ] 7ol A
= 90% WAZEE Below, 40 ng/ml Aol M= 70%e] s Rdu sk
84719 a3 FHAAME FAYFANAN A AdAdGFE o] T A ol EF

Ao ga3E A 5 gl

Table 4-4. Effect of several concentrations of acilbenzolar-S—methyl/mancozeb

for bacterial spot on six leaves stage pepper seedling in chamber

Concentration Optical density at 600nm

(pg/mb) 0.4 0.1
1000 100 100
200 0 90
40 0 70

3 0 60
1.6 0 40
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2. 13 AEARARFHEA A& HA AR/t 5% Bacillus spp.® 2384

o eddAe FE AA

MDA FEY | &35 Bol: Bacillus spp. 75 Awslr] A 299 7]

F 29l Bacillus spp. EANS B #F HEstar, AT HIE S HE3)

29 7] 1% FE AAS B Add 16709 Bacillus spp. 5 vjEd o] 299 7]
o] iFE HAAYstA AMEE XEo| o]ttt AFE ol 17U 25
A So zZtzZt HAFS HEFs, A 5o W HAays el u1F

ol A WA =7} Q"{E]‘;?iﬁ}. 12-9, 15-5, 22-9, 23-4 #5% BT HF 17¢
o

W, ¥ A 100% oA s, 25Y Folt 1 mHs)

Table 4-5. Effect of interval dipping-treatment with culture solution selected

Bacillus spp. on pepper seedling in chamber

Control value(%)

Isolate before one week before two weeks
7-6 50 =
8-2 83 0
85 83 20
9-5 83 0
11-9 83 0
12-9 100 0
15-5 100 0
21-13 66 100
22-5 16 06
22-7 100 66
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22-8 83 33

22-9 100 0
23-14 100 33
24-18 0 50
25-2 50 66
25-3 16 100
acilbenzolar-S—-methyl/mancozeb 100 100

3. A% Bacillus spp.d] ¥ 29 EH

7}. A Bacillus spp.d A9 )3t FFSA FA

13 F1 GAAAHNA MdE 16709 Bacillus spp. w52 S S 18F <9 2
T3 A wjeFete] e wAF A oAl o FE FAFsEATE AF el AFEE 18
F o 3t FoA C. gloeosporioides & 1159 F o ATt Bacillus spp.2e]l o A
el A A e TR dAME S Hlaste] fAE ABFol 20% ol AAIEHA

Table 4-6914 Hi= A3 o] Bacillus spp.o] ol webd Aito] tfdt &t ~
HEHS wfj§- gkt 11-9 #F5 & d5d vlsiA &g 2 ER o] Y&
Ao w Yelwt=H|, Pestalotiopsis longiseta, Cladosporum fulvum, Stemphylium
Iycopersici, Alternaria solani, Magnaporthe grisea, Diaporthe sp. 5 67012 2 &
WA o] disiA ddAdS Hola AJY. 22-9+= C. gloeosporioides, P.
longiseta, B. cinerea & 37FA19] A=W AR ol 25-32> P. longiseta, M. grisea,
P. capsici, 71813 12-9+% P. longiseta, Phoma sp., C. lunata®) &+t&4 S UERY
I YAk Aol AFESE A EHJARNT Foll M= P longiseta®t C. filvum®) 77N
Bacillus w70l oA A o] o A = AT

Table 4-6. Antifungal activity of isolates of Bacillus spp. against some

phytopathogenic fungi

Fungi isolate Bacterial isolate

Colletotrichum gloeosporioides 8-2, 22-9

Pestalotiopsis logiseta 11-9, 12-9, 22-7, 22-8, 22-9, 24-18, 25-3
Phoma sp. 12-9

Cladosporium filvum 11-9, 15-5, 21-13, 22-5, 22-7, 22-8, 25-2
Botrytis cinerea 22-9
Stemphylium [ycopersici 11-9
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Alternaria solani 11-9, 21-13

Magnaporthe grisea 11-9, 25-3
Phytophthora capsici 25-3
Curvelaria lunata 12-9
Diaporthe sp. 11-9

Y. Xanthomonas axonopodis pv. vesicatoria 15239 of 3 o &4

AT ATl d FRAAANA A

u?

16579 Bacillus spp. & NA

T~

Hl A o] A Xavell Wt clear zoneS FAMSH AT 25-2 5ol A] clear zoneo] 3

= A th(Fig. 4-5).

Fig. 4-5. Nutrition agar plate showing inhibition of Xanthomonas axonopodis pv.

vesicatoria growth by isolate 25-2.

o
2
X1
au’

Aol g a3

S
2
%
&

acillus spp.2] 13 BAHT EXPgol @ By A 94 g3
EFol A e ol e WAl a3= AH3E Bacillus spp. 21-13, 22- 5, 25-2 5

|
>,
1

Ihel FFE AEsto] ©RA W o] Eapdkol Bl BA7] YA M A= S A
stk Adst 3¢9 M dgAES 1F SAMNAA C acutatum JC24¢+ &3
st 13 Guf el B A etal 593 FA A g Foll JC249 xA} olg
S AR A3 Fig. 4-6014 Be A o] FA A= 51%9 22 dot&
& BHIA 21-13, 22-5, 25-2 #F A FolA = FAHYT Brd =& 80% ©ld
o wolgS o] BAH 2 Wolo= W3] oA a9t PSS & F AATH

ol
2

Ak F-A g el A 53%elnE AT @A Eo] 21-13, 22-5, 25-29] Al dAE
& #o] Agette W= 24 36, 103, 71%% AA A

|
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BMgermination rate(%) Oappressorium rate (%)

100

80

60

40

20

21—13 22—5 25—2 SDW
Isolate

Fig. 4-6. Effect of selected bacterial isolates on the rate of spore germination

and appressorium formation.
(2) 53 Gl & o] & & APl g WA &3 AR

A gk xR ol oAet FAT] P oA &aHE AP 21-13, 22-5

HAwdS HEE] 19 A7 19 Fo AHzsho], g
W astel X5 ayE ARSI Fig. 4-7914 B A3 o] iz
gt FAA JEIFAS wde 8% 7
o

o} wn| & tH(Fig. 4-9). 2007 13 ¥ % /qu,ow Autsl = 6] dFEE 13
Aujjol] AI7I¥W R AHglelal FA4A HFSAS W, w5 22-565 A3 1F dujo

Ee WAZE GERRSIT RE #5350
E

T HE 29 A, 12/\]7P Bacillus spp. Bl A oA RE dF50] =& W

A7HE YER At (Fig. 4-10).

—|—‘
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Fig. 4-7. Comparison of control efficacy of selected isolates(2008) on wound and
unwound inoculated peppers plants against the anthracnose disease. Efficacy of
bacterial isolates when applied A: one days before the inoculation (wound
inoculation), B: one days before the inoculation(unwound inoculation), C: one
days after the inoculation(wound inoculation), D: one days after the

inoculation(unwound inoculation).

Fig. 4-8. Disease symptoms showing typical lesions on pepper fruits by
anthracnose pathogen. A: symptoms of anthracnose with treatment of isolate
22-5 at one day before wound-inoculation, B: symptoms of anthracnose with

treatment of isolate 22-5 at one day after wound-inoculation.
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25—2 not injury

Fig. 4-9. Disease symptoms of anthracnose with treatment of selected isolates at

one day before wound-inoculation.
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Fig. 4-10. Control efficacy of pepper field effective isolates(2007) against pepper
anthracnose on pepper fruits. B 2D: treatment at two days before non—-wound
inoculation, A 12H: treatment at 12 hours after non-wound inoculation, A 1D:
treatment at one day after non-wound inoculation, A 2D: treatment at two days

after non-wound inoculation.

(3) gAY dF N& &y

= A
WA a35 2404 AASAY. 42 Bacillus spp. 7579 SRS 3 Hol
AAE, #FAe i 491 gAY WHew Agsidn. 1 A3 Fig. 4-11
N hxekAlZ AFEH  acilbenzolar-S-methyl/mancozeb $HA| A 8¢} 5
21-13% 22-5 A olA = 100%2] HA7LE WeEbd wrdHel w5 22-72 17%°] %
A7tz e AT TolA 7B w2 WAZEE YEr AT

22-5 25-2 F-CK

22-7 23-14
Isolate

100

Control value (%)
>~ (o)) (00}
o & o

Do
o
T

o

21-13

Fig. 4-11. Control efficacy of culture solution selected Bacillus spp. against

pepper anthracnose in greenhouse. F-CK: acilbenzolar-S-methyl/mancozeb.

4, A% Bacillus sp.8 A

BigDye terminator® ©]-&3F Cycle sequencing W5 2% phred /Phrap T = 13-&

AF&38Fe] 16s rDNAS A7IM4ES X% 2y 5 21-13 ¥F% Bacillus

sammanii, 22-5 T+ Bacillus megaterium, 25-2 w5+ Bacillus cereus® &7
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A (Fig. 4-12).

Delno us radiod
AMZ292065

————— Bravibaciflus borstelensis EU251074
97 92— Brevibacillus parabrevisEF42§244
100| ! Brevibacitius brevisEF173485

Brevibacillus choshinensis AB112713

99 Brevibacilius formosus EF§90427

—Bacillus coaoulans D16267
93 Bacillys atrophaeus EU304976

498':[/ Bacillus amyloliguefaciens EUJ366373
9l Bacillus mojavensisEU366229
Bacillys mycoiges EU240388

Bacillus thuringiensis EU366380
25-2

Bacillus cereus EF690419

Bacillys Samanii EF036537

99 z7-13
Bacillus badiusEU221363
EE‘: Bacillus halodurans AB274919
g7 Bacillus lentys DQ112358

100] Bacillus macroides AF501367
_L- Bacillus simplex DQ073464

e Bacillys pumilus EU407552
Bacillus flexus EU221413
ge| Bacilluys megateriumDQBT2156
22-5
Bacilluys azptoformans AB363732

Bacillys circulans EU124560

Paenibacillus alginoiyiticus AB073362
Paenibacilius chondroitinus EU290158
Paenipacillys alvei AB377108

Paenibacillus validus AB073203

Paenibacillus pabuliEUJITI2TT

Fig. 4-12. Neighbor—joining tree from 16s rDNA sequencing results in PHYDIT.

Number at the branches are bootstrap values obtained from 1000 replications.

5. ¥# AN Bacillus spp. 559 ¥ %A &3

o

7b. Qo] AZLEH g WA &7
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03 24N @AY el 4R EAE JEA B3 25 e D@
ceFstl ool FEAMNTE AHEA eol AATHA W WHEE 24 39
TH(Fig. 4-13). % 37l ﬂx% EAAA £ AR AGEE AR FAD

100
§ B 1st investigation
— 80 M 2nd [nvestigation
g O 3rd investigation
= 60
>
3 40
=
-
a 20
o
O
0

Optical density

Fig. 4-13. Control value of various optical density of isolate 22-5 on cucumber

powdery mildew.

2007 sHuistal REHEAe] aF A Aol did WAVIE A A
© 8¢ 31¢, 3 99 10¥). 1A A= 82
F7F 235 "EhiAaL, o] FolA 22-5 ¥F7F 941%°] WAIVHE
et Al 23 2A e A= 9-5, 22-8, 22-9, 25-2 w57} F7HA R a9E e
WAA T 22-8 5o B 1.4%°] =3 stlvh 224 A Fo] Awmpdo] A
3z ZAE st S Wl 15 g e Aol FASHA FUhste] 22-5 T Rbo]
aHE ve Wdok(Fig. 4-14). Aol g in vitro A 345 HERA 21-13,
AR AFH e e in vitro A lA ZIE dEd 25-2, 2007d FH St
Ego A g AgAA 7 EHE e 225 ¥, F 3
Loista F&Ege] a5 Aol A gA o ‘“41% WA7VE A=A
9¢, 32 : 8¢ 199, 44 : 8¢ 29¢, 5
199 8Y). 2008+d d aF A oig HJXV}% % S5akEel A A
AbgE A} 43} AL A = BE dFoA 30%7F A BAVFE UYEAA T, o
okl 2 AF&%  acilbenzolra-S-methylel B3] w2 WA71S YeEFH ITH(Table

R

Sl

.,d
K
H
O~
=
X

H; BN
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4-7). AT 200793 hEA 200840l 25-2 T Aelol A w4 o
S BAAE JEskedl, 37 24 0%, 47 2AAAE 61%8] BRE nd

O1st investigation M2nd investigation

100

80

60

aui

- 11-9 21-13 22-5 22-8 22—-9 24-18 25—-2 F-CK
Isolate

Control value (%)

Fig. 4-14. Changes of control efficacy of 1st investigation and 2nd investigation
to pepper anthracnose with culture solutions selected Bacillus spp. in pepper

field(2007). F-CK: acilbezolar-S—-methyl/mancozeb.

Table 4-7. Effect of culture solution selected Bacillus spp. treatment against

pepper anthracnose in pepper field(2008)

Investigation
Isolate 1st 2nd 3rd 4th 5th
(07/29) (08/09) (08/19) (08/29) (09/08)
21—-13 51 14 42 40 15
22—5 0 0 38 37 18
25—2 100 100 79 61 13
acilbenzolr—S—methyl 95 96 94 85 o1

6. 5 22-5, 25-2¢ dF v =4 &

)

7b. #5225, 25-2 HA 2= R AT =3 &Y

o 22-5, 25-29] miY HA 2= 2 NS gestaar 24C, 28C, 32T, 36C el A
zb 7 v oF skl w5 22-50 WA 25-27F BE ol o] wE S
UER AL, #5252 FJF 8AIZFAl A 12413F F-ol ODgkol S7hshr] Al #hetsl

22-5% HF 1274 24417F Fo ODgkel F7tst7] Alzaksinh. &

ﬂll
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Hi zzte emol el the A4 e UehIT. BE 2ddA HE 364
1 F 2259 25-29) HA WY
o e HH%kOﬂH% & Aol

C = N W ke O @ N e
o = N oW e U o N ™

0 4 8 12 24 36 48 60 72 84 0 4 8 12 24 36 48 60 72 84

D

Ly

oplical densi

S = oW o W & N %

O M= M oW e O & N ®

0 4 8 12 24 36 48 60 72 84 0 4 8 12 24 36 48 60 72 84
hours

Fig. 4-15. Effect of cultivation temperature and time on the cell growth of
isolate 22-5, 25-2 in nutrient broth. A: 24C, B: 28C, C: 32T, D: 36TC.

1}, W)= 24 2 pHel mE FF 22-5 25-2 6% =4 Y

HA W F= 28CellA 150 rpm o= viFabH A HAujF AJZF 364 7kel OD#E&
AF ST NBHIA] Ol 0.05% FeSO4-7H20< 0.005% MnCl2-4H20E % 7}3st nl =]
5 712 WiAZ 1% glucose, maltose, sorbitol ®A9¥US, 0.5% tryptone, malt
extract, yeast extract 4AYS FH7Fst wiR| A2l OD#S A A3 1%9] &
s 2 4 HUEE wiARrY] A Abole & 4 gIAAINE 05%9] HdAads 7
A7 e wjA A= trytones H7FEE wiAAA 7Y =& AEES YEAAT
E Ag S vus] A 7F 25-25 05% FA2Y tryptones H7F3E wj x| A 7}
A dedsda dAds J7Fe wi Ao A FF3e Aol vt vy

(Fig. 4-16). wiA|e] pHol w& A4 Adol|A w5 22-5+ pH 6, pH 74 =2
S JelAar, 5 25-2% pH 5, pH 6, pH 7, pH 814 =2 AFS el

BN

y

b

ol

=
=

flo
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g olgw e EAld] AQRE A uW AFARTHEel AA S AL B
29 5 Ao
EGul el e FEATY VB PAdu SAY e RFEAY 7132

el = acilbenzolar-s-methyl/mancozeb &A1 S thZ kAR ALE3to] F o
2 3¥E fFuoA HASITY. 2 A3 acilbenzolr-S-methyl/mancozeb A2
T 5000, 1000 wg/mb ol A =

acilbenzolar-S—methyl/mancozeb?2] &4
F Asol TS AT 1F Kol FTFS 7AA Fa AP A
Ast7] A= acilbenzolar-S—methyl/mancozeb?] &A1& 40 ~ 200 pg/ml A3

I
T
=
Shelof @tk md WUF AEFEE 018 245 ATAL welt e FEI

L &g

= WAlesS

kv
o
=
i
rE
s
=2

ofAl Aol A A =2 WAIZFE UEUIdY. ZIFA s vAdEe] sk
Agge] freso] 2 Fo IYgst= HAA et AFAH S UEuds AT
A = 352384 (Sticher %, 1997; Uknes %5, 1993)c]e}ar gtch, 13 AlwrAd 4
Fe e tiste] EGRAEY] FEAYTAE oFE HASH] f& Feg ESHA
E gl E 13 fFRA #FAY st o] APS Fstel a5 yede 16
N w#FE AEega, Add 755 27 APEAS 8 HAAHE PHe=
HAw HE 15Y, 279 dodl EGVAES At Hdd 15 179 d
AH A =2 WAZE YERH L =, EOWV@%Q EHAE 7)zke] W A
B vEbd A 2ok B2 2E AgdA F 9 75 7-6, 8-5, 21-13, 22-5,

22-7, 22-8, 23-14, 25-2, 25-3 7} &%= YEtudvh. aF gAge] diste] Add

TFE TolA T 21-13, 22-5, 22-7, 23-14, 25-25 Awsle] mFo] Au)r|7t
ot oy Ad AP S W, Bacillus spp.2l A%4Q 235 HAASIAL. 1F
A7) gl A B A AYE sk wFF 21-13, 22-5 A el WAt
100% WErATE F=A38 HA8olA Adrd 1605 thds 18F 9 xitol| st

of wjAjol A SHHAES SRS W, W5 21-13> Alternaria solani, 3t 22-7%}
25-32 Pestalotiopsis longiseta®| E35 YEM AT AT gt clear
zone G4 oAF AFNA = #FF 25-2¥bo] clear zones YWEFUIATH iAo Al A
AAdS SalA A ds 235 dell= d5= 812 A Ee] L BA
WO BAAS dAske EES EHEHA @71 wEel HHX]OHH T23E UEA &
U Ao=m AAZT. & i E3E YEE o5 21-13, 22-7, 25-3 24
2 e AR BaE Uede 5 AREdn 25 I A
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o al
Haflop & Zojty. AEAds tiFd wFate] nAEAAR AP w ZAdA
9

= O
Ags9S 4 AF ¢ Ao, Bacillus & Mt %“ﬁ“x’ wH o= 2
FeES B35t Aoew dHA AHH S, 2000; Nagano 5, 1998, Nguyen 5,

2004; Silo-Suh &, 1994; Vanittanakom %, 1992). ¥ 22-59} 25-29] Ay &4 A
A= WEetr] fstol HA vjFL b wFAIE BowiA] 2483 pHel wE S+ 7

Fo AY A¥ge dF Am v|E9 Hueke Ta Aol7l IATHALE.
KOSEFF), ## g% 24~28C, A He 36~48A1 702 Aol A
tryptones 7}l -& =2 AAS 1Y, HA 8] pHe 6~7= ZAE QAT
Auty #FEo] ko] 16s tDNA sequencingS 3t il B Bacillus spp. & &
4 =3k 2006 30F ] BEFekol TEH AujEa Jl=H(o] 4. 20084, &
T BEFES 523, WEF 452 AL 5 Bacillus spp.9< 1L

st 3 2259 2525 VIAEFFOEAY B As4E A% £ Yok

o

rhv
™

s}
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A 54 ISR =4 % A= vAEAAY] st A+
(¥-54)
1. MAEAAY A 2 =i EFsg g
7} ISR 7159 & WAES AT
T 71 AT S v Fo AT V1deA g A4 T g SAHY
ATl dstel HAREATHS 7h Ao A7HE TS Fohrel A4S 9
AT AAeth vAE HFES Adstete] nAE AAE JiEsr] s Adst ke g
TR 5o A SR 5o wjd e &, s AR ARG N, AAEe] Az
AE 724 59 AN dAE AX d+E Jdsden, JFAH 2 Bacllus thuringiensis
OS2 T4E BSI07 55 HE TR AR Addsioin
BS 107
|Ke_\,fpoint I
= working volume 300L fermenting
= cell growth, spore forming rate
= spore stability
» ability to prevent disease
|Keypoint I
* applying industrial media
* cell growth, spore forming rate
* previous report
BS107 BS 101 25-2 22-5 KNUC251 21-13

Fig. 5-1 F2 @59 4938 A% A% Fu 779 A2 714

G VAR ARG AG5E A% TR TR A%

7] ARk 3t 639 ARSI wiAlel HiRk A8 A=
71 Aol A FR = 6% teke] mAdE AlAle AjistE AR dvE A
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stTh olE g ol AFE Fdl FASH Ao mE2W Bacillus megaterium, B.

O

subtilis, B. samanii, B. thuringiensis 2.2 Bacillus spp.ol &3tttk @ A 7|3 7]
A A48 WA F Bacillus sppol AA e G5 MAE AQeAw, 7 #Fe] ]

| A 1A e AAs I st wiA= vAs d52 el glol A3t w
F g BA M & sl FAE 2AER olFe] HiMds= GB At miAet
i szl g

GB st wixlel gk $R dF9 A8 A= BARel AR F
Ak ok MEe} E2HEE viable countingdle] Wlmgto 2a & 4= Atk
+ % B thuringiensis?) BS107% B. megaterium® 25-2 7} &<
BS107¢] 2528t} ©f #E A7 Qbol] FFAMETF A5taL, mAE AAY] HE T A
FApol Aol o]FojHT), YA HFE EA7E LO0EH06 cfu/ml ©]3t= Unkx o=
AL 5o Z& AAE AREat|od F-Aste] o] Fe] My oA A Qs

(]

Table. 5-1. $1. 59 AFish wixlo] oigh 289 wws AT wigF 234

BS107 BS101 25-2 22-5 KNUC251 21-13

dF AxEF
(cfu/ml)
E A}

(cfu/ml)

9.03E+08  >>1.00E+06  6.73E+08  >>1.00E+06 3.60E+07 >>1.00E+06

740E+08 >>1.00E+06  4.33E+08  >>1.00E+06 >>1.00E+06  >>1.00E+06

o FAE AA AdEE A AT

(D F1 #59] g 34 g9

50L 7F5.9] vl%7](fermentor) & ©]-&38te] 2%9 FH o] et wid FAHS st
Atk wHE HAE AAY Akl 2lo] working volume 30L o2 H|Yo] 7hdt
S50L R wi7]= dEbA o R kst e AN 1 9AR oAZIT AR AAe] ALt
S YeldE HEYe O 1-3% F=9 Bz gg 9A9 wrld ZEEed, s
g S3 vt vAE T Ulseed) > 174 HEQozZHN 0L w9 7 242 7R
GVl HFol Hal, o] AqiR Ao R wido] EuAY ¥ 2 PR gkl X3d
A5 23 AEQe AMgEo] Zu ayBEE 50L R vl mAAE w59 b
} & AklEte] Thed e B e dAE & 4 ok EEkaa w4

o
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ox,
[
|:o1.

&2 =Y g vk ES FE A5 A v] dellA
ek A5 3} oF 2 o J AR sk= Alo] vpsAl sttt
Q1 BS1072} 25-28 S0L 7FEe] HiY7]elA] 30L9] working volumel. = Hl s}
7] 98l working volume 7]52.2 colony —> 30m¢ —> 3L -> 30LE 7FREE &35t wj
stglon, HFe] wie 1%% o] FHEst working volume 3019 50L 59| W%
71¢] wieF 2=dL ted 2Tk widrle] uiF =5 30T A8, aeration
05vvm, agitation £E+ 150rpme.2 14892, pH control HMEE 8FA] ¢kttt ok
AE7F el 2AE st Aste AlES Vel ® wge vy s, F
Hl ek AJZHE 24A4]7F0] AT

vk A3} viable countingS 3] #<1d BS 1072 9% AlEZ7F 1.03E+09 cfu/ml, EX

7F 1.03E+09 cfu/ml= 100% G FAE7} E2E AASEA 3L, 24417 A3} & EA7}
FEFAZE F2L HoRE U 453 wjd HE 9T = Agh 25-29 PS¢
A5 AE FAsHA Foke s FAT ¢ UYL, oF 29l vl FH ekt
Hj kol golshA] eFdth HFTA O vluA wE AZF tol] EAVE P, wF

F&ol ¢33 BSI07S HAF FH 7= AAsa, W R gofel AAFE

Fig. 5-2. T4 @433 9= BSI79 AnAL B3 Fgat A
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(2) HE TR FFol gk v ] g9} profile ¥
HAEA o7 Mitd W 759 BS107S 300L9 working volumel & Hi%¥ j+RE Hj

A
Y & (profile) = &Hat7] #1a A5 st vl A LRb4 <l Bacillus
spp.& FaLstelon, working volume 3019 AlMYFS &3l w2 54 2 MY & &
shlat ). i 2202 ol o] Table. 29 2th.

Table. 5-2. BS1072] working volume 300L2] viF =7

3 = oy 27
25 30T
Aeration 04 - 0.7 vvm
Agitation 80 - 110 rpm
Initial pH 49
W5 o 0.5 - 0.7 kgf/cn
Antifoamer 10% silicone oil

WF 28X FRE ¥ A
A 29 98 2C/re 35

Eabl S A0E A9 U BEE AR, ol Tl g A, £
]

-
—
&
&3]
&
©
o
£
=
IS
9
Kl
>

[e} pul
o} o H  viable count1ng° B g A AxFE=
1.28E+09 cfu/ml2 99% ol xAE AT mld 34 a8 ol Fig. 5-39 2
om FAIE AlFOA T wgd gHe] && iAHY 2% pH 59 WIE T wY

A7) BED WY £ge) F4L Qug e ATE QYA
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4 - * Changing the composition of media
* controlling DO
7 + controlling temp. for forming spore
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#E5107

Fig. 5-3. 300L working volume®] ®j<¥ profile
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Ingredient Content (%) Content Condition
Corn starch 1.00
Temperature 30 T
Glycerin 0.50
Yeast exiract 0.50 Aeration rate 0.5 Vvm
Soybean meal 1.00 Agitation speed 120 Rpm
K:HPO, 0.25
Inner pressure 0.35 kg/cm3
CGaCl, 0.15
FeS0, 0.10 Initial pH 7.0
MgS0,7H,0 0.05
Inoculum size 1.0 %, v/v
CSL 0.20
MDSO44H20 0.10 Cultivation time 24-30 hrs
1100 0 0 0 0 0 0 ¢ o 1 100
—4—pH DO
4 BO
® 9
T @ 1 60 8
(=] . 5 e 3
oo ___.,-—."". .- .
oo ¢ 0 0 © 1 40
4 20
U i i i i U
0 5 10 15 20 25 30
Time(Hr)

Max. Yield : 4.5E+09 CFU/mI(sproe count)
Fig. 5-5. AF13} X2 (5ton scale)ol|A1¢] B profile

Plant scale fermenterollA ] wieF ZAxtoll whel <k profiles 2H 3t tHFig. 5-5). HiY
AlZE F- oF 15A1FE o] S Y FAkETE S7Ee] AlEFskl o oF 22413 B $ AP w2
T7HeS Bt S7ReS oF 27AIRE o3 RE fashy] AlAesion HE ulYg FEA
A= 20E+09 cfu/ml FEo® Yebgth o= 7% Wi 34 vl a7 24 57
gt Ao R AA AFES A vF T 18T A9 AHst 4] 1L0EH09 cfu/ml )7

I

TES Hol A% st Sold Ao HRlY, o] w pHe dWHow Frlshs FAS

1—’—|—‘
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ek
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g, A 713 F<ke

E
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i o drstAl b A
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F4o2 A8 thase

o o] g3t

T N43kA (Suspension Concentrate), 434 (Wettable Powder), 2}8 484 (Water
1St

0

o

7h AY tHste da iy

A E A= o el

U A1z 349 g4

-

T

<

Dispersible Granule), $#l(Granule)

g AlAe Ak sk

]_

2. FIAE AAY AY AL R ANBE HE

A%

A
3

ojy
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oy
4o

ol
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oj

ATE el A

fius

2

1T GET AL

p Y

Table. 40 A4 02 YR AT
A

o] §3ho]
] Table. 58} 't} BS107¢]

o

R

al

AT FAe A o]
7

3T Afelell A 4471 o]

=z
=

=

o

o
AE BSI070] 3 2o Wale] Wetd #F 54 W oA, 1o o8] A

7

ke
=]

e

=

7oA mA=EQl BSI07E Bed 4 gl wA|(Carrier)
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40
900

35
240

30
240

20
120

10
120

180

T
-10
120

s

-20
120

-30
120

sk

7}
+5(T)

Table. 5-4. BS107¢] &%=} A]

Table. 5-5. BS107¢]

A1 2+ (min.)

3|

S
=

oo

el

N

Hr

T

D Bl EFFE(D)

200C
0.8 bar

A~ EH(Q)
70C

BS107 w4 (20)

H]?

1
A

.

Inlet temp.
Outlet temp.
Air pressure

)

2.5L/hr

o
o

N
m

T
X

al

al

_TT"_!_
2 UEhsth

3t
=

=

o

=

RN
o Az F&e FAPRxI 65E+09 cluw/golal,

Ao WS 7]

“

gk BS107

o}

o A&

476E+09 cfu/ge

A 59}

H
H

-

R

7]
P

al

al

k)

=
T

a: i

W, EEAzH0] BS1072]

o] O
A=

—_
file)

oy

1o} A%

[e)

%}

stk

HHFig. 5-6, Table.6). 712 Al¥(Bacteria) Hl
2 Ax7} 7Vs3
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8- Liguid -®- S/D powder - F/D powder
1M e_—8
= . = $—e ——: L]
= 80 ‘x\\ S ——i
= 60 | N
w M
@ 40 . e
e B e e, =N
o 20 | T
= n
ﬂ 1 1 1
0 a 10 15
Time(Days/547T)
Fig. 5-6. A & xzk A vl (54T, 25 A
g 1d AAD
Table. 5-6 . A& w}& o]z}t U Eg|z] EA
Content Liquid F/D s/D
Physical Brown liquid, | White powder, | Yellow powder,
property water soluble | water soluble slight soluble
Manufacturing .
convenience High Low Med
Spore gained High Med Low
Stability Low High High
Portability Low High High
Cost Low Very High Low
Efficacy High High High

Maleficence = = =

PHES S F Wi 2F L B S fqa 0j S/D M#Eo| 7kz &Ho|

=g ZIS= mcksiof, BS107 X‘II S/D MESE LSt X} SICE.

o 24 ¥4 &4

| AE ARG FEA Y] AS P AR o] 3 o] Q| o= F5kA 9
olgtgl 7+ T U= A7I7F A4 71 4o olstolal, 32Bmesh ME AT = Slojof st
7] Wzoltt. drbd o Hx Fo= A=A Ax=e] d= A7) o] VEs 5
T flemw Z47F ot 2y &4 A AelA nAE A7 s HAY 4w
= 7 7 el 4 4 AAVE Zastth AAbel A B3 Airjet-mille o))
AL ) AP AdS A eH, Fig. 5-7, 5-8% #o] &4 £X+= 50g/mollA 7t
FES SRR A FEE dE 7 AT
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2M™ 200g/m 100g/m 50g/m 20g/m 10g/m 5g/m

Fig. 5-7. Airjet-mill®] #3f &= ¥

T Ao

M

1.0E+09

8.0E+08 |

6.0E+08 |

4.0E+08

BN (CFU/g)

2.0E+08

0.0E+00 1 1 1 1 I_l L 1 4 ==
=M™ 200g/m 100g/m 50g/m 20g/m 10g/m 5g/m

Fig. 5-8. Aitjet-mill®] &4 &= &

e

A 5
% AAES A% AR dle AT 4T
WREECEE

AT 2A drstAeh w3kl F 7 G AlE Hdnh A ARiEE

Fol g Y TAL Bal A R WFle] Pae] 9% 2 AuAIs FA oy

[0
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=
de AAsleh aF AFHEE AdesAg e AAlEE A AR sl dix ofAl

2 4ex BTHE o &3&3ith 3-4 4719 115 frued A3 oF

Aele FAle 2% sl A GEIRY, G2 2F FuE 00 Y AAG
5 90% o9, /%5 12h/12he) kol A mwbelvl, MW FESEG. §EG A 59 Fol
BEE QA dEbe Y RS gastel WHES sl 2d¥e PAsan
BSI079] h3%3hA] AAIES AAE 9ol9 4§ thz ekAlel BTH 05mMat vl5@ 4%
Sy wA £59E 4 S KA, 10-1,000 ) DA AR DR D 5AE AR B

3t tH(Fig. 5-9).

e

g
o
2 a0
a2 "
@
g 2
(=1
W
W 1i
3 7
]

]

AMHS &Y™ 10%-1 BS107cel 0.5mMBTH  Water contral

Fig. 5-9. 15 AFH% el BS107 H3rstA AlAFS] BE 24 47

153 gAYl g BS1079] WFrsiAlet 2drsAl 7 74 FElel disl BTHeF &8t

¢l mancozeb®] A A H]2ARXAEHS R ofAl=E WA 23S HASATE 34

Q719 1F FHE 24 Aujgt F 7} AEld 3WHE O 2 turn table Yol 1 3 A
(

7'M Aol lkg/cm) = A AA FaF AY ofAVE =S dasioith

g tixTek A 25T 29
12hr/12hr)ell A AT HE 3 Sl 153 <o A Wyre] HAES AL

AZNE el ag Al ek 8l avkE A4 s
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WAZE (%) = (1 - Ao Hek WA8(%) / FA2 72 HRE w48(%) ) x 100

[}

g oA 10090 A% A8 oA F b £ Bdel 730 WA B, oy
=
o

3kA] 100k 20008 A E]77F wAE Foke] WA 23 V1€ 50%E ol Atk b
e = 7 AT i ARl <t A5 100% Al &aE B lvh(Fig. 5-10).

120

1040

80 T

430

20

Fig. 5-10. a5 &4 o] BS1079] AdstAel aha] AAE A= A4 23
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o}, BS107 AF9 443 AxEA

BS107¢) Z13tE A gl AEBA o] A2EA B4 s Fig 5-113 2t

HEZFH=
- ; N
| Bx109 cfume | X107 CU/g | )
| 1%109 cfu/me J | 1109 ciusg 5X108 cfufg |
' ) ZE HE X
’ 2,400kg
3,000¢ ) g‘
600 ¢ y
9,60071/600g
120kg :
3-257 J

Fig. 5-11. BS107< o] &3 s A& Az BAe

3. U]*g%zﬂ];ﬂ]iﬂ 3 75,%}\]‘%] 2 9_}:3:94:3]] E"E}

7h mABEAA] 2 FRGIAANE
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A’ (Colletotrichum gloeosporioides)
|+ 43 A F-H ¥ (Xanthomonas axonopodis pv. vesicatorina)
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(b 235 @A obA A &3

AR At B AR AT S 2 AR AT BFlA T tiEl 60% o]
ol Al EahE vEbldlth AAA SR BATIE i vl dEbsted], ol 7]
ol EatHstel W Aol didel wls] Al7jHo® A UehEy] wold.
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Fig. 5-19. 3} 8}t = kA
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Fig. 5-20. BS107 #
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