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Abstract Economic losses by Erwinia amylovora, a causal agent of fire blight disease, effected in various
Rosaceae plants. In Korea, the fire blight disease was the first reported in 2015 and rapidly spread to apples
and pears orchard nationwide. According to the spread of the fire blight disease, in the early stage of the
outbreak, the whole plants within the radius of the diseased orchard were removed or chemical control was
performed, but complete eradication of the disease is not possible. Therefore, in this study we conducted
isolation and construction of apple endophytic bacterial library and screened the anti-E. amylovora strains. As
result, we selected total 11 bacteria, which were classified as Streptomyces sp. and Paenibacillus sp. based on
molecular characteristics. The selected bacteria have great potential to be developed as biological control

agents in apple cultivation.

Key words Antibacterial, Biological control, Erwinia amylovora, Paenibacillus, Streptomyces
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<= 3P4 (Fire blight diseasey A4 HLEC] Erwinia
amylovora®l SJ&l] WA= W2 A} W oluz} u, 2t
ZH|g] B BIjo} 7he Aujaf AEo] A A B ©
=3 HAS YePAtHBuban and Orosz-Kovécs, 2003; Bomn
et al., 2017). Gt AAE £4S 25t Aoz 4H
2 S-S 17801 W PlsellA A5 AE o]F 505 o
Ao E HFAL HZ g, T T TS AQolA w2
37} o]Fo)A AL tH(Zhao et al., 2019). = 3PHEe
201590 Hx2 B on o]F wid A&H o2 iy

*Corresponding author
E-mail: heuklang@gmail.com (G. Cho)
kwak@gnu.ac.kr (Y-S. Kwak)

16

==

sol 20199 BRI A%, F5, &4, oI, WF, §9,
AW Ho7 wEA AT Yk Myung et al, 2016;
Park et al., 2016).

E. amylovora2 v, H], shvulsl
W2A HAH st FeE F=
FUSAAA R ST
Asted #Aejsin spggol WS =7kl Ak,
W 5 HE 9 AT FYS SR8 Atk Miller and
Schroth, 1972; Ordax et al., 2015; Lee et al., 2018; Kim et
al,, 2019). T3 8 AIF 2700 A A e 2 S
W9 100 m o[ e] BE 71F AE-S AlA st wjEshe
A UAE AL tH(Lee et al., 2018).

s Az W olF W 52 BE AAS o
AsHo A wastel Wl P R Wil e 22

Al A9 Fra)o] QAL k. o]o wEt 5A (copper,
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0.16 mM, 0.32 mM; Sholberg Yao et al., 2001)E 7]59to. 2
Sk AtA] 2 streptomycin (1.68 kg ha''; Slack et al., 2020)
3} oxytetracycline (1.68 kg ha™'; Slack et al., 2020)2] A
AE ol&ste] sPe ATstaat st oy, oAl A3
Weate] WA WErt Eokom shekA vk g A A}
g WE =4 93o] By =UtkSholberg et al., 2001;
McManus et al., 2002; Aéimovié et al., 2015). = F-&n
AE Bacillus subtilis BD170, Lactobacillus plantarum
PM411, TC54 and TC92, Pseudomonas fluorescens EPS62
9} Pantoea agglomerans E325 5% ©|-8-3t AYEE4 x|
7 tjete 2 w @ 23 Q)th(Broggini et al., 2005; Cabrefiga
et al., 2007; Pusey et al., 2011; Rosell6 et al., 2017).

ool & A= =l Akt AuiAA Hao]

Qollx Reldh mlgES olgsie] sl dial BB
WA FEE AUsaA siglon, ARE FEe) 7154
B2 Ed 35 S 9 W #5E Hustad
a9,

ME ¥ Wy

Abzt o= ME 9 AIZ R

FAEE 497 A7 £74(36°56'46.3"N 127°43
13.0"E)llA 2= 7 7% 7H40] 1.5m, A4 ZH4o] 3mel
AR U (ev. Fuji) & 10 255 A ste] ZF A7) s
k= AEE ARSIt AR AP AVIEE A g
A& A71E sk 20209 39 9Y (1)), 20203 4€ 8
A2z}, 202008 49 2133, 202008 59 14Y (43},
20204 6¥ 19(531), 20201 7€ 229 (631 F 63 AEES
AR 12 E A B2 (n=20), 23 HE £ &
28 (n=20), 3xH0M Zn=5-7), 42014 Lm=10-15)
< gHslgor 5, 6x0M U e (n=3-5 ZH7t )
] FAEE U5l vAE A Wl A E 98] A
(4°C)e FA st APA=Z o] F 3t

At ot =X 8 Y 0|88 =2

AFE Age] WA =S Eelslr] flal, B9 dts
AeYatley. 29 S Jdshr] A, 109 Hd2 AE
S A WA mE 2 AEE AREISITh 2 9 249
o 5oE 2g ¥ 527 2g 9 5¢ 50-mL tubedl] T
% 1X Phosphate-buffered saline (10X PBS; 80 g NaCl,
2 g KCl, 14.4 g Na,HPO,, 2.4 g KH,PO,, pH 7.4 per L)=
50 mL7HA] A9 253412 (35 kHz) 45%, vortexing 30%
Z WO A ¥ EAjske vAES AAGIT
(Yao et al,, 2019). ¥¥ g 98], 253 AlF & 27
o] A|ZE 70% ethanol 30%, 1% Sodium hypochlorite
(NaOCl) 30x% AL, B2 23] A& ste] Tl v

flilo

it

pd|
=

ro
o9t

DM Mgt gl

= 17

AT

oAl oF 1A]7F e Az AZXE A5+ 5S5mL PBS
buffers: 718t HRAPLE o|f Zolxl AlEE 50%
glycerolZ} 1:12 &3ta}ed, -20°Ce] H-

Atz LHM O]’ 4E XH0M E. amylovora 2N O] E ML

spFa Aol tigk dAleE mAE A F 3k 4
= A& AcHHalder et al., 2017). HARAE & ¢
3l TSA (Tryptic soya broth 30 g, agar 20 g per L) H}A] 20
mLE 9cm petri dishollAl A2 $ FHol| AlFE 100 uL ¥
Fato] = Sk, 28°ColAM 27 A wisiaiTt. o
2w kel AR S YT E. amylovora= TSB (Tryptic
soya broth 30 g per L) #i#|ol] 2& F<2t v &, HH4E
o] &2l ODgellX 022 23}t 0.2% carrageenan (Sigma-
Aldrich, USA)9t 1:1& o] FoUt}. 2 &, wjgo] =¥
WA TAE platedl E. amylovora (with 0.1 % carrageenan)
T 2mL Fate] FtrhellA 1AIZE S A xSt
ATt AxH plate= 28°C HAE 7oA 28 Fot wikst
Atk P TEHES UEe PdE $E 42 9 4%
< 3R3} 96-well plate (SPL, Republic of Korea)ll Z}
well @ TSB 150 pLell 5 & HE3to] 28°CellA 59 7+
e v st vt rAEES 50% glycerolZ 1:12
Hol Bt FF= A2 § -20°Ce] BASIIT.

22} A2 9 em petri disholl A 2133153 T). 96-well
platedl] A|2HE BHIFFE= replicators ©]-8-3}] TSA HI|%]
7} 59 tray plate (127.9 x 85.5 x 16.2 mm; SPL, Republic
of Korea)oll 85 F, 28°C vl¥7]ollA 2 &<t w3
ok 8l $ F4E colony:= 9 cm petri dish TSAS 428
st #E it 29 &, 1A} i) sUE
202 E. amylovora®] ODgi= 022 Z78I35L carrageenan
7 112 410] overlay ¥ 7= 5, 28°C w714 29 )
Fstith. 22k XY AH=E IdtsES YeRd 475
2 129} PRI Z 96-well plated]] TSB 150 pL wjA] o]
BaATE AZsisi

32F A S 22F A Ball grE 455
YAt 32F AL filter diskol] 55 5L
2 HEs] 43S FHst Al e Pl
o] L3 0Dy 2 0.32% ZH3] 9 cm petri dish MGY
(D-mannitol 10 g, L-glutamic acid 2 g, KH,PO, 0.5 g, NaCl
0.2 g, MgSO,-7H,0 0.2 g, Yeast extract 1 g, agar 15 g per
L, pH 7.0) #§A1 9] filter diskol] 10 pL HE3ATh 7153A
& Y3l Swmeptomyces sp.E FHEE dES MS
(Mannitol Soya; Mannitol 20 g, Soya 20 g, Agar 20 g per
1 L) uf]ol] vieks) A ZAE Het s &8 o83 XA}
E’l’% EO]’ %ﬂ% O]%EH ODygo 7\%}% 5@3}%\E}(Kim
and Kwak, 2021). 45U 25E 1~74 A3 3, E. amylovora
ODyyy 0.37F 0.2% carrageenans 1:12 31 overlaysh
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Aol w BE
CTAB (Cetyltrimethylammonium bromide; 2.0% (w/v) CTAB
(cetyltrimethylammonium bromide; 100 mM Tris-HCI, pH
8.0, 20mM EDTA pH 8.0, 1.4 M NaCl) < A3
TH(Graham et al., 2003). %% DNA+= NanoDrop™
2000c (Thermo Fisher, Waltham, MA, USA)E ©|-8-3)] A3
Atk 2 5 27F (5'- AGAGTTTGATCMTGGCTCAG-3')
1492R (5'-TACGGY TACCTTGTTACGACTT-3") Z&}o|n
ol&3tel 16S rRNA F9S FSFH3Uth PCR
Genomic DNA 1 pL (100 ng/uL), Primer (10 pmol) 1 pL,
dNTP (2 mM) 4 pL, 2 x PCR buffer 20 uL, KOD FX Neo
0.3 uL (0.1 U/uL, Toyobo, Japan)Z # % 40 uLo-Z 83}
ATh PCR H4H2 98°C 5%7+ pre-denaturation 473§ 3H
%, 98°C denaturation 303, 56°C annealing 30%, 72°C
elongation 13+ 30% g2 303] wHESIATh 1 &, 72°C
oA final-elongation 1087+ X33}t PCR AHEE2
0.8% agarose gelo] H719%F 3, gel elutions Y3} T},
1.5

=

[¢]
7] 45E 53] FoF F 1.5kb bande gel elutionS
& 2= WAz ZelE0 T Expin™ Gel SV kit (GeneAll,
Republic of Korea)E ©]-&3sted AA|51H . AE agarose
ZH-E microcentrifuge tubedl] FO1FA 300 uL GB buffer
£ 7kl 50°CA 1027F w33t g2 7Hek 5, 2419
column tubedl] %7 YA E aFAct. F4lE2lgh column
2 80% ethanols- ©]-&-3 AAI5IN 2™ HAZA1# EB buffer
2 DNAE columndl|#] £-2]353 T}

A" PCR AHE2 Cosmogenetech (Seoul, Korea)ollA]
Sanger sequencing methodE ©]-&-ste] A7IMYE +4E st
At E2E r8ES] PCR AHES T-vector 2292 915l
A-tailing?} B4 S A8 &1t} A-tailingS dATP (BioLabs,
USA) 3 ul, 10X Reaction buffer (Bioneer, Republic of Korea)
3 uL, Taqg DNA polymerase (500 U; Bioneer, Korea) 1 uL
£ 4l0] 70°CAllA 1MZF 59 RESAIATRIAL Expin™ Gel
SV kitS AREsle] AAASIA T A-tailing AHeS ZERE
& Farste] sk BASIAAL pGEM®-T Easy Vector
Systems (Promega, USA)S- A3t S22 718)315 ).
Z29)4 pGEM"-T Easy Vector (50 ng) 1 pL, T4 DNA
Ligase 1 uL, T4 DNA Ligase 7.5 uL 371 DNA 10 L=
gol 16°ColA 20A17F REEAIAFAT WEAIZ] Abae &

=

=
Al
=

o

Lo E. coli strain DHSa2}
2 42°CYl] 18 30%, g5l 2

F

A
=

#2]7]|(Beckman Coulter, USA) 14,000
AR Az 23R Eeld
850 uL 45N AASL B dFAT 43e] 20 uL, 90
pL LB + Ampicillin (final concentration: 100 pg/mL) + X-
gal (final concentration: 40 pg/mL; tech & innovation, Korea)
S Y2 Ao et I wizjolA FAE A &
d %< SmL LB brothell HE3te] 16A17F E3F 37°Ce]
A1 88192 DokDo-Prep Plasmid Mini-Prep Kit (ELPIS,
Korea)Es 53 ZehAn|=g FE319 vt Alae
AR 712 o|g3s] 38k, 250 uL Sol 1L 4lolF T,
250 uL Sol IIE 3%7F A2Jsl FAch. 33 5 541 Sol 1T
350 L= F7kete] 13,000 rpmell X AR E 2Este]
AAsIE. F23 STAres Ag 24 AE S
bandE 3131t} Aet G4 Apal (NEB, USA) 1 pL, Ndel
(NEB, USA) 1L, 1X CutSmart™ Buffer (NEB, USA)
2uL, DNA (1000ng) 2~3 uL, ddH,0 13~14 L= 4]
37°CAlA] 4A17F 59 HHSA1A, 0.8% agarose geloll A 3 kb
(vector), 1.5kb (16S TRNAYF 7H<] band®] SIH-5 s
3, Cosmogenetechol] A 55 WU 714 E £42 2135}
At @71 Lol Hagd 7 e

T=
(==t

NCBI Nucleotide BLAST
(https://blast.ncbinim.nih.gov/Blast.cgi)oll A 5743133 MEGA
10 program®] maximum likelihood WS ARE-3te] 2|
=g X

Mut o|ME 4 M HS
AubE m A28 cellulase, chitinase, proteinase, sidero-

sl Sl e e Aoz Ade

phore /3-8 €21

Pttt Cellulase@d 75 WA (yeast extract 1g,
CMC 1 g, KHPO, 4 g, MgSO, 1 g, MnSO, 0.05 g, FeSO,
0.05 g, CaCl, 2 g, NH,Cl 2 g, Agar 18 g per L; pH 7.0 ~
7.4)° AE v]AE 0Dy, 0.3 10 pLE 8 mm filter disk
(Advantec, Taiwan)ell &3t 28°CollA 7 F<t widst
A TH(Carder, 1986). WiYe Zd|°]EE 0.1% Congo RedE
I mL &5t 208 1 M NaCIZ 3~53] Al &3}

AZ =

- T
£ 99 Zol& =731t Chitin #3] A&-2 Chitinase

2] (Chitin 5 mL, Yeast 5 g, KH,PO, 0.7 g, K,HPO, 0.05 g,
MgS0, 0.3 g, FeSO, 0.1 g, NaCl 0.1 g, Agar 20 g per L;
pH 6.5~ 7.0l cellulase A3} FL3HA 183t ., 0.2%
99 2

A
L)l
3

1= o) =
Ee

=2 J= =
=

Congo RedE &3t ZH|o|EA o
4319 tH(Hwang et al., 2016). Proteinase 24
proteinase A (skim milk 10 g, Agar 20 g, pe
o TR JFol A F, = g

ZHlolER

o

—

2

=

N oft

Ol e A
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£ A tHBerg et al., 2005). Siderophore &4 A& Lsidero-
phore HIA|(MMY salt solution 100 mL, ddH,O 750 mL,
PIPES 3224 g, Agar 15g; pH 6.5 B %, 50°ColA
casamino acid solution 30 mL, 20% glucose solution 10 mL,
blue dye solution 100 mL)°ll w5 ODgy 0.3 10 puL FZ31
siderophore 34 4198 7183} tH(Louden et al., 2011).

M D|4Eo| StatY WY oMY AS L M2
Ak A E oA T8 AT Akl 8- aATA
(35°43'10.5"N 127°54'6.9"E)ol|A] Al oS (cv. T2)S
A&t AHE Ae 70% ethanol 10%, 0.5% NaOCl
10% Bt 2R Sl EetrE 23] AlFste] FaojoA
308 B ARAIAE A% F, 92 2HE TSB wiA| oA
HlFE nES 5U FEE 2Ese] HA] AAL &
st mAES] A7IMLE HEIAE dl, 99% ol I
&5 Ve mAEL AlQetom o/l FAEES ODgy
03o2 2E3t) U 2 24 rAEES 1%
carboxy methyl cellulose (CMC)E 9:1 H] &= 42 3 A
2 u el Y 1087 FA AL FelA AR
t}. E. amylovora A E]7-= filter paperd] 98 =3 HY
9] FEZ 0Dy 0.12 ZH3to] 2xglo] oz B3
R 3087 AxAAY AzxE & 277 98 15em
petri dish (SPL, Republic of Korea)ol| filter paperE Z3L
HATE go] FES FAAZOH, o] Eof APA R
HESHA] o8kl WEA7EE Qo4& SFUTh. Petri
dishe #o2 PEsle 28 wjdr]olx] 8Y &<t B3t
Atk AE W T, A Mt FEE(ooze)yE Hi T
100 pLo} o] =g HaYsielon, A4s #4= DNA
& % PCR, BAl #8S AA G714 E 418 183t

o el

B ZgoiMe Mo o 2R 19

mx

o daE

StatHald X Atz LHY Oj4E MY

SHEE 24T F710A 2020 3¢9 9UHE 20204 7
4 2297HA] F 630 AAMA] Ale] A A8 E AF st
ek FHAAS glycerolZt $7 20°CollM W5 Had
ANEE 49S =8 3, E amylovorast 12} A& %1
etk 2 AH4= F 1810 w7 F EHAL 27}, 3
2} Ak Fal el 7)), 2 F2ElellA 37Y, ol 4
A a3 JoA e FrEgy HEHoZ (119 &
B oy ES Adsith(Table 1; Fig. 1). A 2 2248
2 gHE 10HY 455 E. amylovora®] Wt 0.5~5
mm7HA] At ES YR 2 F oA B 2
He]l #F AL6941, AL6950 3~5 mme] clear zoneg L}
Eplon 7 Hojd & a3 RISk th(Fig. 1).

Table 1. List of endophytic bacteria with anti E. amylovora

Sample ID Tissue Stage
AF2521 flower o
AF2925 flower o
AF2926 flower 2
AF2927 flower o
AF3506 flower 3¢
AF3508 flower 3¢
AF3533 flower 31
AF6313 flower 6"
AF6615 flower 6"
AL6941 leaf 6"
AL6950 leaf 6"

Control AF3506 AF3508

AF6313 AF6615 AF2521

AF2925 AF2926

AF2927

AF3533 AL6941 AL6950

Fig. 1. Antibacterial assay against E. amylovora. Antibacterial test is accomplished in MGY media. The selected bacteria are cultured
to ODgy 0.3 and incubated in 28°C for 2 days. E. amylovora is overlaid to ODgy 0.3. Clear zone is measured after 2 days of E.

amylovora overlay (n=12).
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AF2025

Control

AF2925

AF2925

AF6313 AF6615 AF2521

AF2626 AF2027 AF3533 ALG941 ALG950

AF6615 AF2521

AF2926 AF2927 AF3533 ALE941 ALB950

AFE313 AFE615

AF6615

AF2521

AF2926 AF2027 AF3533 ALBS41 ALB950

Fig. 2. Enzyme assay of the selected bacteria. The bacteria are inoculated to ODgy 0.3. After 5~7 days in 28°C, Clear zone is
measured in enzyme test (n = 12). Statistical analysis is progressed using Kruskal-Wallis test and post-hoc is processed using Tukey
HSD method. (A): Cellulose digestion ability in cellulose digest media. After 7 days of culturing bacteria, 0.1% Congo Red is
overlaid in plates. (B): Chitin digestion ability in chitin digest media. After 7 days of culturing bacteria, 0.2% Congo Red is overlaid
in plates. (C): Protein digestion ability in protein digest media. (D): Siderophore production in CAS Blue Agar media.

StatH T X LY O| 84S 24 &4

Z4 ¥ Al Ao AdkE F 11709 4 cellulase,
chitinase, proteinase, siderophore T4 &4 A&S Zed3}
ATHFig. 2). I d552 cellulase} siderophore 2
I} AL YgkoL) chitinase®} proteinase®] A =9k
T} AF2925, AF3533, AL6941, AL6950 @+ cellulose
13) #jA]ollA clear zone Zo] 4~6 mmZz 7 £ A4
< LFEPHTHFig. 2a). Chitinase 243 A3AE AF3506,
AF3508, AF6313, AF6615c S 248 Bt} W=
AF2925, AF2927, AF3533, AL6941, AL6950= 6~10 mm

o] clear zone2 LEPATH(Fig. 2b). Protein 3] A&
AF29255 A|L$F AR #5 25 clear zoneS 8 mm 2
= AL2 FIEATH(Fig. 2c). Siderophore?] A4 A&l
A AF6615d57} 3~4 mm% 717 2 siderophore A4 &
28 Yeplon ymx] #3552 S48 YA &9t
(Fig. 2d). AF2927, AF3533, AL6941, AL69S0% E-574.0.
2 cellulose, chitin &3 40| & 5= H]3l| HojL
AF3506, AF3508, AF6313, AF6615= =2 protein 3}
S YERISIT
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(A) AF2521

/7

AF2925

(B)

AF2926

5.

AF2927

.

Paenibacillus sp. strain NMA1017 (Accession number: MN272282)
Paenibacillus sp. strain RS13 (Accession number: MH558361)

AF2521

Paenibacillus peoriae strain cqsG2 (Accession number: MN826537)

Paenibacillus polymyxa strain ISSDS-792 (Accession number: EF620468)
Paenibacillus polymyxa strain SSR2 207 (Accession number: MK280731)

AF2925
{{ Paenibacillus polymyxa strain GOL 0202 (Accession number: MF406149)
Paenibaciflus sp. strain SZ-13b (Accession number: MF967292)

L AF2926

AL6950
- AF2927

AF3533
AF6941

Paenibacillus sp. strain M152 (Accession number: MK156348)

Paenibacillus sp. S01 (Accession number: LC385710)

Paenibacillus polymyxa strain [IF2SW-B2 (Accession number: KY218850)
Paenibacillus jamilae strain KCTC 13919 (Accession number: KY218850)

Paenibacillus sp. Strain NJS7 (Accession number: MN833050)
Paenibacifius sp. 209/16 (Accession number: KU168587)

Paenibacillus polymyxa strain KCTC 3627 (Accession number: HE981785)
Streptococcus pyogenes strain ANUES02 (Accession number: MT378375)

Streptococcus pyogenes strain SFY-1 (Accession number: MW425601)
Streptococcus pyogenes strain S47 (Accession number: MT535878)

Pseudomonas fluorescens strain KU-7 (Accession number: AB266613)
41:(— Pseudomonas fluorescens strain MUPF84 (Accession number: AB621838)
Pseudomonas fluorescens NO7 (Accession number: FJ972536)

Xanthomonas citri strain NBRC 3835 (Accession number: AB680148)
—‘ Xanthomonas citri strain NBRC 3781 (Accession number: AB680135)

Xanthomonas citri strain NBRC 12213 (Accession number: AB680258)

0.050

Fig. 3. Identification of the selected bacteria. (A): Colony type of the selected bacteria. The bacteria are streaked in MS media and
incubated in 28°C for 5 days. (B): Phylogenetic tree of Streptomyces 16S rRNA region (1.5 kb) through the maximum-likelihood of

MEGA 10 program.

StaHel T oA Atz LWMO|ME9 HSEX FoALA
E. amylovora®| W3l #& +t5S YR 1179 A}

I WA A ES 16S rRNA 92 o] &3l T4 73

ST 2 A 98% ol YXEE AF2521, AF2925,

AF2926, AF2927, AF3533, AL6941, AL6950= Paenibacillus
sp., AF3506, AF3508, AF6313, AF6615< Streptomyces
sp.2 57 Y= (Fig. 3; Fig. 4). E. amylovora®l t]gt
TS e g #50] B U 2 F



re

22 s

(A) AF3506

(B)

AF6615

Streptomyces paulus strain CA01 (Accession number: MK574832)

AF3508
AF3506
AF6615

AF6313

- Streptomyces sp. strain RS7 (Accession number: MT012002)
Streptomyces hydrogenans strain CA04 (Accession number: MK530175)
Streptomyces sp. strain HBUM206419 (Accession number: MT540570)
_|: Streptomyces sp. strain HBUM206352 (Accession number: MT540264)

Streptomyces griseus strain S10-TSA-15 (Accession number: MN180049)
Streptomyces sp. strain EIlIA (Accession number: MN964268)
Streptomyces sp. strain HDN15129 (Accession number: MN822699)

Streptomyces sp. strain SL1-AOM-DSC-4 (Accession number: MN179736)
Bacillus subtilis isolate SSNO2 (Accession number: LN821326)
L[ Bacillus subtilis strain MANA18 (Accession number: LNS99780)
Bacillus subtilis isolate 1:3 (Accession number: LK391699)
Pseudomonas aeruginosa K2 (Accession number: FJ972528)
Pseudomonas aeruginosa CJM (Accession number: FJ972527)
Pseudomonas aeruginosa NO1 (Accession number: FJ972529)

| Erwinia persicina strain LPPA 408 (Accession number: AM294946)
|_| Erwinia persicina isolate B57 (Accession number: LM651373)

Erwinia persicina isolate B78 (Accession number: LM651372)

0.050

Fig. 4. Identification of the selected bacteria. (A): Colony type of the selected bacteria. The bacteria are cultured in MS media and
incubated in 28°C for 2 days. (B): Phylogenetic tree of Paenibacillus 16S rRNA region (1.5 kb) through the maximum-likelihood of

MEGA 10 program.

Streptomyces®] ThFet WAMFES E. amylovoras <AI$
g g8z w7F 2tk (Doolotkeldieva and Bobusheva,
2016). Y3}, Paenibacillus sp= sucroses AH-3t] EPS
(Exopolysaccharide)s 4+ = Sle 2108 Riwo] §)
TH(Choi et al., 2011; Wang et al., 2011). 53| Paenibacillus
sp= sucrose?] YHolE AL T3l E. amylovora2] 47

D e Aoz BEL, Aol AGA7F 2
3} 9 zAo] EASH, 7 2Ho)N $o] 5T P

do
)
it
S
==
o
oz
o
2
S
<
s
<
(@)
g
|72
=
N
Q
g
Sy
Q
Q
=
<
12}
|72
8
N’
©

shgel AEIA PA 58 2 30 A /142 43
s fAsHoR THslel $4 Al ABAHel



Afb LY Mt XHEOIM skl

i0| oSt ZEolE My W 2= 23

Untreated AF3506 AF6313

AF2521

AF2925 AF2927 AL6941

ST

E. amylovora AF3506 AF6313
+ +

E. amylovora

AF2521

E. amylovora E. amylovora

AF2925 AF2927 AL6941
+ + +

E. amylovora E. amylovora E. amylovora

Fig. 5. Disease prevent assay with the selected apple endophytic bacteria. Images were taken at 5 days after inoculation.
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Fig. 6. Biocontrol assay in apple leaves. Comparing the nucleotide sequence of the isolated bacteria, the experiment is conducted with
6 bacteria except to bacteria showed 99% or more identification rate. Bacteria and E. amylovora are treated by adjusting ODgq 0.3,
0.1 in apple leaves and area turned brown by disease is measured (n = 3). Welch's t-test is used to statistical analysis between the
group, treated bacteria and E. amylovora, and treatment of E. amylovora. (A): Comparison of AF3506+E. amylovora and E.
amylovora; (B): Comparison of AF6313+E. amylovora and E. amylovora; (C): Comparison of AF2521+E. amylovora and E.
amylovora; (D): Comparison of AF2927+E. amylovora and E. amylovora; (E): Comparison of AF2925+E. amylovora and E.
amylovora; (F): Comparison of AL6941+E. amylovora and E. amylovora.
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Erwinia amylovora strain KRL26 (Accession number: MG839255)

Erwinia amylovora strain KRL23 (Accession number: MG589637)

E1
E2

E3

Erwinia amylovora strain GA3 (Accession number: MK211752)

Erwinia amylovora strain KRL24 (Accession number: MG590152)

Erwinia amylovora strain Eaap3-1 (Accession number: LC557153)

Pseudomonas aeruginosa strain NO6 (Accession number: FJ972534)
Pseudomonas aeruginosa strain NO3 (Accession humber: FJ972531)
Pseudomonas aeruginosa strain C-1 (Accession number: FJ972535)

Xanthomonas melonis strain NCPPB 3434 (Accession number: NR 113169)

Xanthomonas melonis strain LMG 8670 (Accession number: NR 026384)
Xanthomonas melonis strain DUCC3758 (Accession number: KP318505)

b

0.020

Fig. 7. Identification of the colony isolated in apple leaves treating E. amylovora. Phylogenetic tree of E. amylovora 16S rRNA
region (1.5 kb) through the maximum-likelihood of MEGA 10 program.
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