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Suppression effect of the 12 bacterial isolates from plant rhizosphere against late blight caused by Phytophthora
citrophthora were investigated on citrus fruits. Among the bacterial isolates, THJ609-3, TRH423-3, BRH433-
2, Lyso-chit and KRY505-3 presented disease suppression after wound inoculation with the fungal pathogen
in vivo. The anti-fungal activity was evaluated by measuring the length of inhibition zone of the mycelium 2
citrophthora adjacent to the effective bacterial isolates in which all of the 5 bacterial isolates showed
antagonistic effects. However, there was no positive correlations between the efficacy of disease suppression
and the antagonistic effect. On the other hand, Lyso-chit and KRY505-3 were identified as Bacillus cereus,
BRHA433-2 as B. circulans and TRH423-3 as Burkholderia gladioli, respectively, by analysis of rDNA sequence
on the internal transcript spaces. It is suggested that the effective bacterial isolates may be useful for finding
biological control agents against late blight especially on environment-friendly farm where the application of

fungicide is limited.
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A MARSZ g AL Phytophthora citrophthora,
P. nicotianae, P. citricola, P. palmivora 59| )& A 5
™ (Graham3} Menge, 2000), =2 ZIX P citrophthora’s
2, A, 204, FA3), g, BEol § We 715y
HE Zreti(ee, 1999; Thomidis, 2002). A FolA &
e HA AAAH ] 37%, AA F71) 87%Z AHA]
staL glem, 3uzke] Al W22 1975 1% haol
A 200999 = 18457 haZ A|&FH o2 Zylbstgoni(Z,
2009), 25Ut WS E 22 PP F2 P citrophthora
of oJsl dujellA A THHyun 5, 2001).

AF 237 Phytophthora spp.oll A &A1) EBix
FE PEOE AMEIEEN g 93 S 7
AI71AL e, BF e F9 5 714 oz
FF 99l s EAgTHHyun F, 2001). 7F
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gu X7l F2 6~789 FupHo|X|T 9~109l =
17dolRiel] e Fe-deet 97 SE % A
H FhoA #AE = FrhE, 2008). 7E Gl o
WAIE cyazofamid(W|&7VE®, 73%) T dimethomorph
&% SHol1E) 59 TS o4 shsky WA 7}
2 O|FANGAIFESHAAE AF - AAHZEAY 2
AEE3 3, 2007).

v A 10d7F #7359 Fa4e] A2uiale) o3l
BEEEA, 28]xls A8 QR s FAkE) gl #
ARt ZolH o, 75 T f7l Al o3 4%
o tg 277} 7182 AthHong@ Cho, 2007; Yang
S, 2007; Weller, 1988). o] 2{gt AH|R}e] @7 K9
Ao FARSHA AEANNE §A sk FFe s
= AZ7E HAL 137 sHe] S E 9js B
A+7F AW htJeun T, 2001; Jung 5, 2007,
Winding 5§, 2004).
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o in virodlM B4 A5 2 AEHA AEE B A=
Axol gt A A 2 WA rHed S AA ek
2 gom, AEH HAAZ F&2 & A dId=AA
7S 402 DNAY 59 G/ NS4S 53 §

e s,

Mz W LY

AETAAFY] FE Gyl a3 8. AT
o] AR, FANAY, #jA G AL Sl A
QAANE TN ZANFES B8l (Lee 5, 2003),
a2 FoA AEHAel g Ry E 2 EAE 12
7R 8] FFE Addste] Aol o83

Aelg ZAAEE 77} Trypticase Soy Agar(TSA) vl
Ao 70 F 28°ColA 482 7HEE wiFesch g o
W Phytophthora citrophthora< Korea Agricultural
Culture Collection (KACC)ol|A E-Fto}l 10% V8 vl A] o
&7 F 25°ColA 74 B ek wigE A
o 2 2 S e AR Smm)E 27 A
%5} Potato Dextrose Agar(PDA) ¥WlAle] 7 1/324
of W M#g, el 7 13 A A QA
& AT F 25°ColA 1087+ A widsit &2
A F2) 7+ o] gt g7 4 dRdE =
Aol wrjEelA A g QWA Y] Zold o
g 2 Al Uix] wige 2 Qs Aol AR FAL
Aol Aeole] vlZ e

AU FE e 2, Adg AE2AMTFE 7}
z} TSAHIAIONA] 28°C, 48 hr F<F w3t et v = ol
Aol 10 ml AF54E Y3 loopE o]-&3le] derlg Tt
€ ¥ UV-Visible Spectrophotometer(Varian Aust, AU/
CARY 50 Conc)E °]&3td Has=Esd EHY § 5%
E 1.0x10cfmiZt HEE 2R g g o
& A EZAATY A EHRE vmEr] Y&l =R
B3 Y3 S=2Ho] = Al cyazofamid(R B THES,
BE)VE FAAEAAA ] et 660 plie] FER 2F
ste] FH|3HAT

Edre) AdAF Y A, 20099 99FH
20103 19704 AFE NAXA] dd] L] FE5
Al gl Ao AFdule] SHIHEZ] 7 cm)oll sFst
E e ARt A Mgk £vE A E2d
Al e (1.0x107cfivm/)ol tween 202 FH-3] 2
001%7F =5 H71e & 29 A7 53] 2e
Arg EREgch o] fujo] A" dgdo] Ax
g w7k A0 C)NA Ad Azt AEZAA

@2 detdol thalste] 2o vwTE AFrE A st
R, Feo vET2ZA cyazofamidE SUE WHHOE A
23ttt

e QFE AT AF 9 JTY9e HEES 4
g AR FAsA et migE GHdE FAH
E cork borer(37 7 mm)Z oo} HFJOo R F|
stdch & e 7 deief] MR & 3REe Zhzt 4
A Ad Jo= Ao FAE W TS AT
THE mRAZZHE G¥a #APE 2] Hy 9™
2 HEFAL FEE GulE &% 100%S FA =
2 524 Ag" £71(340x270%93 mm; 7FEx M| E xE0])
o Wi 28°C ¥ig7IelA Btk AdTe ¢4dd
efyel ols) wix st en, z+ Aele Z2EL oIy ¢
A 2y Aoz qurEsiqgrt

9y 93 AHAE 2L gE G ol 94
e Wute] A3 HF 5Y Foll WU sig
Q& A BN H2Had Akl H]
FE 91819 Duncan 3% (P=0.001)& 413021, Statistical
Analysis System(SAS Institute, version 8.02) program-<
o] &3t}

A1 ETPANES) total DNA F3&.  AEZAAFS DNA
& Ausubel 5(1987)2] AAIE Wl wet F&3 A
Ay AEZAANT 5 7F I AAEH7} =
THJI609-3, TRH423-3, BRH433-2, Lyso-chit, KRY505-3&
z}7} Tryptic Soy Broth(TSB) W= ol &71 ¥ 28°CellA]
24A17F Agr wjoksisict. 2dAM €89 1.5 miE 10,000
mpmeE 187 AR & ASAE AASL 500 pl
TE-buffer(10 mM Tris-HCI, pH8.0, 1 mM EDTA)E 37}
sl 2 4le & -80°Cdl| 10%7F WEsth WEE Al
¥7) =& F 10 mg/mle] lysozymeS EFFH 250 mM tris
buffer 50 pig F7Iste] 3] 412 F 4°Cell 4587 ®
Bt 208 FHS 110w, 10% SDS 13 pl, 10N
NaOH 3 W 27+ g7yste] Azek £94 10 we H7Heta
MEZ7F =L w7kA] 50°C water bathol] Fch. FH&A
Ao AFEFE7 | mgmlZt § X% proteinase K& 3
713t & AF3] 4o|F F- tris saturated phenolS A &9
S HEE 42 92 10,000 rpm 1587 94 &
gl3tsich F45dg FAsta, FF W3l 0.1 volume?]
3 M sodium acetate} 0.7 volume®] isopropanots 3. 3
A3] oM Ao 108 &<t FATE ©]F 10,000 rpm
O 8 4°CoAM SEZF 121 94 Felste] AEdg AlA
B3 70%2] SEHE 500 pie EI —20°CollA 107 B
ekt 2319 YAHEEE 10,000 rpmE 4°CllA] 10
7 18893 AEAS 3] AR F 37°C A=



4529 2 AR olgd 7F Y oA 13 37

7190 3087 53tk DNAS TE-buffer 30 W& =] &
AsIAL -20°Cel| BAsPHA AP ARR-3FATH

PCR &7 9 71449 4. Zze Aol
A #2849 total DNANA rDNA2 internal transcribe
spaces(ITS) & 71 €& universal Z&to] ™ 38r: 5°-CCG
GGT TTC CCC ATT CGG-3’¢} 72f: 5°-TGC GGC TGG
ATC TCC TT-3’ (GurtlerSt Stanisich, 2001)& ©)g-3le 5
Aoz FA At PCR WL 2 wel 24
DNA(S ng/ml), 2.5 mM2] dNTP 1/, 10 pmol®] primer
Z} 1w, 10xBuffer 4 p/, 5 unit/p/®] Taq DNA polymerase
(iNfRON Co.)E 1w/ H7ISIa, Ba4E vHe8H4e]
HE HAF 40t HA Aok PCRFF £71& PCR
Thermal Cycler Dice TP600(TaKaRa, Japan)& A}-§ 3}
96°CAA 287+ Al F, 94°CA 30, 55.9°CNA 30
Z, 72.0°ClM 3029 2Z1e)A 303] wHEEgon, uf
Ao 2 72.0°CA 2% Tt X3t DNASH
5 1% agarose gelollX] 7] ¥&F F ethidium
bromide(EtBr)Z FA st UVstaA &3 3, DNA
elution NucleoSpin®kits(Macherey-Nagel, Germany)®l| 71
d WHE 33U DNA sequencet Genetic
Analyzer(Applied Biosystems 3130x], USA)ell &Jsf] Ajs) &
Applied Biosystems(AB, version 1.0)& ©]-& 3l 2243}
N3 #4¥ AFE National Center for Biotechnology
Information(NCBI)®] & ©] %] €] Basic Local Alignment
Search Tool(Blast; http://blast.ncbi.nlm.nih.gov/Blast.cgi)&
o]-g-3t F At

2 3

A Aol 8 JujAE ZA7t de 1209 FF
g 7Ee o] £%F A § 242 9P J5% 2
EJr THJ609-3, TRH423-3, BRH433-2, Lyso-chit, KRY505-

% s 2FdA 99 A A EIE FAs
(Table 1, Fig. 1). FXgFolA 72 el o) 24
5 o] Wk =Z7)E W 36.58 mmPeH, HEE o
Rl A OA] BdE Eelete] A4 A ZE A9
o] EA3 UL AT F ATk FAFAA Y
HAALE HE 2dATE Hurt A Aoz Wt
A HA S0z HelHA FHAEA HE 394 7

Table 1. Lesion diameter on the citrus fruits pre-treated with
effective bacterial isolates, cyazofamid and untreated at 5 days
after pathogen inoculation with Phytophthora citrophthora

Treatment Lesion diameter (mm) Duncan test*
untreated 36.58 + 1.14 a
THJ609-3* 33.29 £ 1.51 ab
TRHA423-3 31.39 + 1.34 be
BRH433-2 30.02 = 1.65 be
Lyso-chit 2771 £ 1.62 c
KRYS505-3 27.61 £ 1.72 c
Cyazofamid” 20.07 £ 1.49 d

*The concentration of the bacterial suspension was 1.0x 10 cfivm/.

YThe concentration of the fungicide was 660 /1.

“The different letters are significantly (P < 0.001) different according
to Duncan’s multiple test.

Fig. 1. Suppression of disease severity on the citrus fruits pre-treated with suspension of antifungal bacterial isolates THJ609-3 (C),
TRH423-3 (D), BRH433-2 (E), Lyso-chit (F), KRY505-3 (G), commereial fungicide cyazofamid (H) and untreated control (A and B) at
5 days after inoculation with late blight pathogen Phytophthora citrophthora. The concentration of antifungal bacterial isolates and
cyazofamid were 1.0x 107 cfi/ and 660 p//, respectively. The arrows indicate the measure points of lesion diameter.



38 73y - A8

o

o7} Y ek e] BHoA 7 gl 3N #
AFE &Qte 2 ERIglew, HF 5UA WAo] Mg
g} yukRgle)] 9o A EXHE AL A2 5
A1 THFig. 1A, B).

ey A E2AAF TRH423-3, BRH433-2, Lyso-chit
2 KRYS505-32 A g e HAA] XdH o
FAjgtEn sHE =2 HE 34l Fulof Aol 1
el AFglon, HE sdAole 9] &g Hild
AR 9] BA4E AFE ¢ Aok BEk A% Fof
74 TRH423-3, BRH433-2, Lyso-chit % KRY505-38
g oA Wvke] HAe FF 247 31.39 mm,
30.02 mm, 27.71 mm 2 27.61 mmZ F-3 2] 3 v w30
vl fo4 A ¥ dAe] JA) = AKFig. 1D, E,F G
o} Table 1). THI609-32 A& 3 ZHaelA 2] wuke 33.29
mmZ F94-2 gIAARE 99 A &= Ve TH(Fig.
1C¢} Table 1). 9] B]LTE A|¥52Q cyazofamid7}
e FAIE 2 E AFolM e HRA] w$ oA E
o] Wuk=7]7} B 20.07 mmE A EZAA S A s
gt 52 AERE e thFig. 1H Table 1).
7zt ZAAFELS 2 9ol dia)] vk 7o) FUg
HAAEIHE JEPATHTable 1).

Aol a3t R s/ AEZIA TS WAL
2 AR 2AEL Sl g G oA widsk
A, M 104 F Hdge Aol g Ko7} v}
ERA A E2AAEY] W Eo A st 7HE 9o
AR Zol7F B 32.61~34.88 mm ] ¥l &2
WA & W E sk AR deole - 13.90~
22.50 mmE FAF Aol A= ATkFig. 29 Table 2).
o] A EZAA R} o3 FAMIR A &<l 50% ©
A4S VEFAYR S U KRYS505-3F 33.5%% 713 we &)
A#84d-& JeRATh(Fig. 29+ Table 2).

Zrg 9w gig Ao dx AF2ANFE ITS
primerE ©]4-3led DNAS EAF-AAE SE3t 53
A THFig. 3). TFE 8 dVIMEEN S AB
programel] 2}8] 28§35} TRH423-3, Lyso-chit 2 KRY505-
32 z}+zk 761 bp, 268 bp, 266 bp2] sequences 23}

32, BRH433-2941= 340 bp2} 241 bp 5 71€] sequence
7} vEbwttl. NCBI® GenBankel 2% #FE9
database®l] i3] ¥ #3559 DNA g7I4E 8 %
Zb "l Zg ey, TRH423-3(NCBI NO.EF552070.1)2
Burkholderia gladioliZ &7 ¥ 3L, Lyso-chittNCBI
NO.EJ932354.1)9} KRY505-3(NCBI NO.EV915688.1)<=
Table 2. Mycelium of growth Inhibition of plant pathogen

Phytophthora citrophthora by anti-fungal bacterial isolates from
plant rhizosphere

Bacteri Growth on PDA (mm) Inhibition rate® of
acterial - —— i
strain ) Site of ) Opppsmg site of  myce 1u;n
thizobacteria  rhizobacteria  growth (%)
THJI609-3 1521+ 1.30°  33.19 +0.87 54,2
TRH423-3 13.90+1.04 32.61+1.36 572
BRH433-2 1543+096 34.88+0.46 55.8
Lyso-chit 1571+£0.82  34.33 +0.37 54.2
KRY505-3  22.50+1.95 33.82+0.34 33.5

*Inhibition rate(%) = [1—(length of fungal colony near the strain/
length of fungal colony opposite of the strain) ] x100.

"Values represent means+standard deviation of three separated
experiments, each containing nine plates per treatment.

Fig. 3. Gel electrophoresis of PCR amplified 16S/23S internal
transcript spacer regions from antifungal bacterial isolates
TRH423-3 (lanel), Lyso-chit (lane2), KRYS505-3 (lane3),
BRH433-2 (lane4) using universal primers 38r and 72f. M:1kb
ladder (iNtRON Bio.)

Fig. 2. Inhibition of mycelium growth of Phytophthora citrophthora by antifungal bacterial isolates THJ609-3 (A), TRH423-3 (B),
BRH433-2 (C), Lyso-chit (D) and KRY505-3 (E) on the PDA medium. The present photographs were at 10 days after incubation.
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Bacillus cereus® 5731208 BRH433-29] F sequence
= E5 Bacillus circulansONCBI NO.AF478111.D)& &%
= At

o
]

FAE Uigk Rk EAlet 2 S0 tiE 9
o, A A Bda 2 Fol 8 AL =HE
A EepALEol Aol MEA HAL, UL E HAE
AA G v AES o] &3 AEH WA FF7FsA ol
T ATHWeller, 1988). 1 3 A& Ha]d] Y&
£ TUAFEL F71EESEA ] Holut EY Fol
8 FS a7 v(HongZ Cho, 2007; Yang 5,
2007), FA=ZE 2 AEY EF3as AL AAH fe
A &/d(induced systemic resistance) 5 1A ES] theFdt
AL 28l 3] o7 7k A& gl ] HEs B
Sk A4 B olE HEAREZ Fol ol&dn
(Jeun 5, 2001; Jung 5, 2007; Winding 5, 2004). 4] &
Yol st WAE EH o= AYE v ENe Bacillus
2, Burkholderia®; 18]Il Psedomonasds 5 &) Fo]
¥gslo] lth(Jung 5, 2007; Raupach®} Kloepper, 1998;
Winding 5, 2004).

2 ¥ Bacillus® AldS SFE ARSIAY o8 o
Aok T e 22} 88t A FFHEH 2
HAIZeEY T Thde A E Bl AAE A stATHL
%, 2008; Jung &, 2006). 53|, B. cereus= 4] &=
AYNFLZ v T Q0]oA BAS= Pythium spp.ol|
ofgt RzZE ] tig oA g37F By HY o™ (Sim
5 2008; Smith 5, 1993), ¥ 2 Futslol X Phyrophthora
spp.oll 3 AWM T BAHo] e AoZ eyt
(Handelsman &, 1991; Handelsman %, 1990). I3t
Burkholderia:9l 43= Ao da7d 93 T2 &
o] rzEW w=gygd] 37t A O W (Clarke} Parke,
1996; Heunguns®} Parke, 2000), B. gladioli= 2.0]°] &
A8l= Colletotrichum orbicularedl 213t € A3 Pythium
ultimum®]] 2|3k 2AER Ao o]8-5 3 Qth(Raupach
o} Kloepper, 1998; Bae 5, 2007).

g, ZAAE THI609-3v= 72 Wl dis) &2
AR S S UERIATE T2 A gl vls) 7+
2 el gk Uy A&7} thar W9k ti(Table 2).
M 2 KRY505-3¢ 93t ZHEEre] geiAg e §9
4 A et oy o] gAY A Y-S Wttt
ol ZHAMF 9% I FAMIAIA YA HRA

™Yo (9

AAE Alelol] &} Fo] FHAA P = &=
= 2L uigit). oot FAREHAl AR r]e] 4o
X MAE-L BaEsk] Fusarium oxysporum3t: Rhizoctonia
solanio)| et AFa7AEE 2 multi well tissue culture
plate 4302 rjizle] W WAAANE A A3
bacteria 47F= A&, plate @ pot 28 & EF°l
A A7t AR, tE Al v w5 W T
F= A3a 3483 plate AFAA ¥ A JARAHE
BHYoU pot AFM &7} vlv|Pokr BT TtHLee
= 1997).

HI7A 2 el s 5o ol9dl
thao] A 378l o] SrH o
S W AEH IAJIAR MABES o8I T
L3S Ashad 719 202 Bl oA 2

T3l M ES o] &F T UA e N
o .
™

10 dr e >

tilo
N
4>
3o,
o
)
[
o
ot
o
off
XN
1o
m
o
o Sk

FO
2

A E52@oAM FHE 12708 @M Tl Phytophthora
citrophthora®ll 98 LA = 747 Gl s =& &
ol Al HRAH A 2FHE Ve EA AT A
gt @AM F THI609-3, TRH423-3, BRH433-2, Lyso-
chit ¥ KRY505-3 5ol ¢J3l] o] A== A& 91
49 in vivo FAHEE Tt WA 2AAHAEE P
citrophthora®] T A2} HIA] v gste] o ARt e
AolE FA3 Az 9 JIHIAERE BAdD 719
aFolA B Aol Yt 2y A F
o] A A BTt AEAA B} Alolol| o
e dH=AE st $, A4l 1DNAS] internal
transcript spaces(ITS)S w4 &3 538 A3 Lyso-
chit?} KRY505-32 Bacillus cereusZ 53 = %13, BRH433-
2& B. circulansZ, TRH423-3% Burkholderia gladiolZ &
FEAG. o] A= IEA F71e 2o FHAREo] A
e RN ZHE G s AEFH HAE A% &
Ad-S 2= e 77 S o2 AztE

Ao 2
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