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FAERIL, MR IR Ralstonia solanacearum (2 X - TH| B Z &b HHEERMIRETH

5. AKRER, BREIICEERTX, b~ b, VY HTAEREOFTARMES 213U, 200 FELLE

DOVEMZAZ L, B, dREVE 3 K ONRAH s 2 02384 LT (Hayward, 1991). HATIE,

F AR YRR 8 22 B 2 MO TRAENDHER SN TWS GME - &, 2009). HFHHEEIT,

EEDOE N (L—A, 1-5) |2k 5%%H (Buddenhagen and Kelman, 1964 ; He et al., 1983b), fRFEIHR

DORFHHE (biover, 1-5 38 L TUIN2) [2H-5< 3% (Hayward, 1964, 1991), 16S tRNA X2 hrpB, egl 55 D

T ME BE B AR 70 & O IR SIS < 2338 (phylotype) 23T TV % (i - 12, 2012).

F7-, BARTIH4FEOF A BHEYICRHT DHEEOEW (FEE, I-V) ko ThHEahTnd (B

B« AFF, 1992). AMEIL, FEx OHHEIZL > CRENRRIEMRNELLFELTWS

AL, HETTROE A B RO E» IR EE L, WYNICRA L FARRE TN

WCBATL, BOWIEIZHENY 7 FUE 3-8 Rex oL F U A F /L A5 /L (3-OH PAME)

R3-t FueXxPF FNSFHUBAF L (3-OH MAME) %L, FORENEEICETAZ LT

S IPER T O B B D 2 B An 1 2N EH A S IE ML S 2, phed BAR T OIEMAGIZZ D = R 77

T—=E EBg) o7 F U AF T AT T —F (Pme) 72 & OREM ML BES) iR % 58 01 (A 5+ 2 B (EPS)

72 EORRFEMEIR 25819 5 (Fig. 1-1) (Clough et al., 1997 ; Flavier et al., 1997 ; Schell, 2000 ; Genin

and Denny, 2012 ; Kai et al., 2015 ; Hikichi et al., 2017). FHIFEIC X > TEE SN D EPS IZ L Vil

Wy OEENEAZE L, WWIRIZZEN - #5585 5 (Fig. 1-2) (Kaoetal., 1992 ; Saile et al., 1997) .

FAE OB ERIE & LT, BT LRI, KEGE, BUKIC L2 B3 CHlyurt M o F A 2370

NTWD. UL, ANRENR -ERAET D L, FRNEITHRES, s SM R T AT L,
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Fig. 1-1 The regulatory network of R. solanacearum in late stages of host colonization, adapted from

Schell (2000), Alvarez et al. (2010), Genin and Denny (2012), and Hikichi et al. (2017).




Fig. 1-2 Symptoms of bacterial wilt caused by R. solanacearum.



RGCEUKIZ & 5 B3 73 T, HIRERSICRBT 2@ 2+ iR T 201 3W#ETH 2 (1hn b,

1987 ; K36, 2009). F7=, HEMEFAIE LTHEHAINDRZMAF L, 4V U BRERE CTH

DI EmbEEESH, Zune s ) MEZRRIFO R, B REEEEmE E LTS h

TS, TOw, BEAMSRDOLE « ZLOB R LEREEAM DL 7 WHiBRIEDBRFE D KD 6

NTW5. FARL M~ FOFMFHPIERETIE, BEESAMEY 2FH U728 ERIC K 2 BHERBIER

NERLTEBY, KLRIRMRBERELE 7> T D (1)1, 1981 ; Hayward, 1991). L L, #HHt

PEAEARL LTHO LN DIHMEEY 2 bRTEFEOFE (B, 1990) X OERBEEREICL -

TP MEEARDEPEILT 2 Z & (Krausz and Thurston, 1975 ; Date et al., 1994 ; Nakaho et al., 1996 ; {F

BE - A2, 2004 ; AR, 2008) 23R S, BT ZeBEBRIEOMESLARD HTWAD. £ Z TR

R OFHIRE L LT, ALY EZ RO ADIBRIE~OBE LA EE > T 5.

BREIREROPIBRET & LT, WS O OWMEWEM BEMES N TWDA, £ OHUTHRAYIC

BT HIRD T2, (BFEEDK 1% E 720y (Fravel, 2005). BARICBWTE, AEWEIRLE L

TR SNTEMIZ 26 BBV, TOWNRIL, MERAIN 15 A, SRIRERAFA 10 Fl, A LA

AN 1FITHD (TS, 2014). ZDIFE A EN 2000 FERICHEEENTWDED, {LFEEIKICL

NTCHRPZE LRI EREM A X FREWREDHBNHER L THRWEMHZ W (FHH -

BE, 2013 ; AET S, 2014). MEZFIH L7=8ANZ1X, Bacillus J&X° Pseudomonas J&7% E DWNARM

EPIE R ORA A FERL S TWD (FH - 35, 2013). NAEMEORANZIE, KED

B ) FATIRDAEYEI L LT, B subtilis #HANUL L72AR b %7 — /KA F A X —KFn

HlZe EnH 0 (IR, 2001 ; FH - 85, 2013), L& ABEE, ™7 1 BEESHERCOX v~

v BIE T EOEWEIEE LT, P. fluorescens % BHKIL L 7o X% — R —KFIFIR IR STV D

AR, 2008). FERIFEVERIE 2 FH L7 8AICIE, KBRS H &% Y v K S i oBhERAI & L



CHRIE R Erwinia carotovora OISR FMERE 2 BIANL U723 A A F— —KFnflex a A 4 F 23

L LTS (F, 2001 ; HH - #5, 2013). HFEICRHS LA EEOBFIZmIT T, Bacillus

JB=° Pseudomonas J&7¢ EOWNAMEE 2 W72 T2 53482 < 1741 T 5 A3 (Jetiyanon, 2007; Ramesh

et al., 2009; Vanitha and Umesha, 2011; Ramesh and Phadke, 2012; Hyakumachi et al., 2013; FH%, 1995,

2016), FERbLEINT-FNID 2. ZHVE TIT P. florecens BRIy & T D EM N EAL S NN

(FREF, 2008), BIfETITAEMRIE L LTRYLTEY, HFMIHICHIS LAY EREOREITRA

IRRETH D

FE 2R L= FRREBEBRIED —o & LT, BRIZERERIZ X 5 R. solanacearum DFRHIIIEF

ZFIH U7 BABRIEDABFSE S 4L TV % (Chen and Echandi, 1984 ; Trigalet and Trigalet-Demery, 1990 ;

Hara and Ono, 1991 ; Arwiyanto et al., 1994a, b ; EJR &, 2002 ; /NI 5, 2011, 2012a, b ; BAKS,

2016) . FHAERIE OBFAEMIL, WRIAEH, THE, W, oK & T, Eitto A=

0 == 5 IEREMEO R an =— | EHARE R (Fig. 1-3) % 279 (Kelman and Hruschka., 1973;

Mori et al., 2007, 2011, 2012). FHAZE R (BLF, PCHR) 1%, EPS, Egl<° Pme @ & 9 7295 LR

FOEEMEMET LTV D720, 59MEMES L IIIREEZRY. PC BRIX, RUBZ 7 YuT)

—1 (PehA) {iEPEEHEEESHEHE L TRV, & MM THIEREZ A9 5728, FIIERZ RS 20

(Kelman, 1954; Husain and Kelman, 1958; Denny et al., 1988; Brumbley and Denny, 1990; Denny and Baek,

1991). ¥z, k< b, TABLXOV Y VA €2 EOMYTIX, PC HEZFRNCHEMT L Z Lick

T

D, WEREBREZOFTRFEORBNIE SND (Fig. 1-4) ZERMHN TS (Chen and Echandi,

1984 ; Trigalet and Trigalet-Demery, 1990 ; Hara and Ono, 1991 ; Arwiyanto et al., 1994a, b ; g5 &, 2002 ;

/NITE, 2011, 2012a, b KRB, 2016). Z/8=2Ti, PCHROHIEWE APEMROFHEMEIZ L - T

FIFDINHI &N 5 Z & (Chen and Echandi, 1984), PC ¥RDIESHIFMEZS LR L 0 & 9595 R MEZS Bk %



Phenotype Conversion
(PC)

Wild-type PC mutant
(Fluidal colony) (non-fluidal colony)

Fig. 1-3 Phenotype conversion (PC) of R. solanacearum wild-type strain to PC mutant.



Treatment

Control

Fig. 1-4 Biological control of bacterial wilt by PC mutant of R. solanacearum.



PR L7581 T, RIS RBFNIHI S5 Z & (Hara and Ono, 1991), PC ¥k ZILEESE

HEETYH, BIFEAIMEIESND Z PR ESN TS (Tanaka, 1983). —J7, F~ h°F 2T,

INENIE B D BEFE X 5 BHBREN R B T2y (Arwiyanto et al., 1994a : /NI 5, 2011,2012a). b

~ MZBWTIE PCHREEER AR 2RI LIZBiBRIEN K DN TV DAY, £ ORERZIRIFIES, PC K

AR OB CIIFEMFREICH L CHEERZ RS b~F o oAREREML, BFHEAMHEIEns

ENHE SN TWS (Arwiyanto et al., 1994a, b) . PC #RIZ X B HHIEBIBRZN R 1T, EHIF OFREIC X

STETFT 52 L, TAIZBWTIE PCHRIC K DB RITIT MMM N B 5 Z &, PC B LU

ERRD BN L - THERZIRICER DD H D Z EBRHLNIR-oTWD (RS, 2002 5 /NI,

2011;2012a). 2D X 512, PCHRIC K DRI RIT, MRS KON EEIC K 525, PC RO AL,

FHHEORRIC L DERREICI > THEL, UBRSIRBARLETHL EWVWAD. £z, PC K

X D EMBERIZIEMEICE->TE LT, ZOREL LT, Hx RRROBAKSE < OFY)

M KOV TRICE LT, BiERghRZ A9 5 PC RO RMEN IS L ORI BRI IR 857 1A DRENL D K 6D

LS. EBIZ, PCHRIZ & 5 HARBI SRR IE, PCHRO AT 25U EA (Chen and Echandi, 1984;

Hara and Ono, 1991; Arwiyanto et al., 1994a; /NI 5, 2012a), PC ¥k & J5JRH ORI N D TEELFTOHK

BEOHBE (BJR D, 2002 ; Trigalet and Trigalet-Demery, 1990), ¥ D PC kD EZFIZ L D

SRR O EAFLE (Hara and Ono, 1991; Arwiyanto et al., 1994a; /)N)I11 5, 2011, 2012b), HE¥~D T

PEFFE (Arwiyanto et al.,1994b, Chen et al., 2015) 72 EEEOERNE 2 5 TWH 0, EHABND

R 22 B BRIE DWESL D721, PC HRIC K 2 FRW I G O EERDOMEHAN R IR TH 5.

Z ZTARFLTIE R solanacearum DOFIBIE TR (PCHE) ZFIH LI EHRE O LML RIE O

MEAZTANS T, HARPBABRICANRAY e PC MRIEFEELAN & PC BRI & 2 FHE OB EREEHE 2 B 5 i3

HZEHEME L, B2 mTITIRIEEHICEIT D PC Bk & B ARRO R L O PC #REEE ARICE



T % B AR OB 2 SN L, BFAEROBEIEIHIZIR S M PC MRS R AW 2@k LIz, %

3ETITRMO LR D PC R & PCERIEE AR 2 IRPE b~ b &Rt T ABAIRICHERE L, b

BRANVR AT D PCHROER AT o7, & 4 ECITHED LM T D84 S PC RO E

BREZHAEL, SOBBRZIRNGEOND PC BRI T 2N O PC Bk & B ERROER &

A O LT, S OITHEWHENICI T D PC BRODE & 3B AR O EE MG T T B2 i

T 72, HOEER LI HAHE 2 O CHEPHBENIC RS T 2 EOFB 2308 Lz, 55 5 5Tl

Qe R 5 7 HB AR F OBz FE BT L, PC FREEFRIC K 2 WM ~OEPIEFA T2 A L

7o EHIZ, PC MRAHME LI OLEE, RENELLORELELZRA L. 5B 6 mTITHMN

TABIRRIZ 20 R b 7 PC RREERELANT & PC HRIC &K 2 FHR OB BRI IC SOV TIRE B4 L, PCRRZF]

M L7 E R O EMRIPIERIE D IOV T L 72,



F2E RABMAPICETOBEHREOTARERRELERDBRS

F1E RAEMDICETIFHREOHERERRELZEROBIER S

&

il

HAPEIL, FREAZR  (Phenotype conversion: PC 1b) T 24kEA2 A L, FREAEEY (PCER)

X, RIEMER T O S BLFRE & 5] D phed IS 7T H3Z 5 L CEH Y (Brumbley and Denny, 1990 ; Poussier

etal, 2003), BFAERRICHERTHENSZEE, v NV b7 —8, I FUAFLTRT T —ED

APEREIIMR T 925 — T, phed BIEFIC XV AICHIBE SN TW LRI T 7Y aF— B OEMECEk

ERICEET2HMLEM ST a7 4 7 OFEARITEMNT S (Kelman, 1954 ; Denny et al.,, 1988 ;

Brumbley and Denny, 1990 ; Bhatt and Denny, 2004). PC {ki%, £t CREMIMEET 5 Z & THR®

ST, KRB, EFRFEORDIZEDBREEA b L ALIK DNA OB IABNGI & 4L 72

HEBZHITWS (K1 - /NI, 2005 ; Zhu et al., 2010 ; Genin and Denny, 2012, Mori et al., 2012) .

TR B O fe /D S A B R B OO PC BE & BP AR & B CE 28 L 72355, PC RS AR &

HRWNCHIZE L, BFAERRIZ PC AR L U S IGAEEL 1T VS, PCRRL Y & @mIREICHNT 5 2 L 234k

HENTWAB (Khokhanietal., 2017). —J5, BH/KFF 2 OKMER A TIE, RHEAIZERZ <

WEEAR & b RIS 5 2 E M 52 > TV 5 (Wakimoto et al., 1982 ; /NS, 2011). =

NoEOZ Enb, BHMPIZKIT 5 PC M EBFFAMKOISEILX, BHMOBBEICL > TR VR D.

£z, PCHREFAERZREREEL, T ThORE O Z A S LM AT 72 <, PC R ILLF

T DERRMTI T D B AEKRDEHERS PCAL~DREIZOWT, HEOHMZ AW THEST 5 0%E

N 5.

F 2 CARBIZRE T, IRIREE ISR 2B AERR & PC R OHETHEE AHAE T B2, Ry DR

10



FROWR A EE L CRIE R 2 IR AR L, WO E & BFAEKD PCALAZRA L. S5IT, FHHE

A58 LIt ORE AR A E L THWT, BAKE PCHROMIHIC KT T B LRE L.

MRELVAE

HEMEE

H AP B Ralstonia solanacearum OWRJFVER (B4E4K) & LC, b~ kX0 5o Sh7z 8238 (MAFF
301528, L — % 1, biovar4, phylotype]) @ 50 pgmL™" U 7 7 > &3 BARMHPERK TH 5 8238rif %
e U7, £7-, PCHRE LT, BPARKE 8238 1Y L= ALV AHES - PCHED 50 pgmL™' 2
MLT R~ A T BARMPERR T H S E-PCstr 22 3 L 7-. BRI 15% 27 ) £ v — 25 A 72 BG
WIREE L (REAKIZ 1% <7~ ) 0.1% AV X VB, 0.1% A —A R AT 7 FEBLT0.5%7 /v

a—2%&MZ, pH 7.0 IR, 110C10 94— 7 L—7 L7=H?) (Saileetal., 1997) H1Z—80C
THRAELTZ.
EERORH

BOERAE L7 Bk %2 BGT B H (BG 5 HIIC 1.5%DFERKE AT L7 40— (0.2 um) CTHE
L7zSopugml' 7 7Y U A7 m T4 REMZTHO) ICEFREHE L, 28°C T 48 RifkE# L7z,
TR LTAER OO R 2 m = —% 4 mL BG RIRE5HIICBERE L, 28°C, 130 stroke min™ T 24 R¢f
RE D E A L7n. HE38IK 40 uL % 4mL BG i IRESHIC BERE L, 28°C, 130 stroke min™ © 15 FFHR &
IREE LTz, BRI E, R T 600 nm O EOWNEZRE L, BEMORER (RELk=

(171160276 X WK +16614) X A BUER) 12 X 0 MES A HEE L. 88k 2 =& 128 LT 7500
Xg, 4C, 153MELHBELT.. EEAEET, WEKEZMZ CHEZEODBEL, R 2 EkE

L7z, EFEIC L0 RO T-REH A & £12, BRI KO PC BROERZ, (LE OREICIRE

11



KRTHERUERE L. AREuT, JR L7z BRI A R L, BGT HHlic 7L —7 7 L
Tan=—$E T LI XV HIELE.

BG i&AIEMARIZE 15 PC ¥REFF LMD IBGE

BG ARG 4 mL (Z PC Bk & BFAER A9 10° cfumL™ 1272 % K 5 ISR L, 28°CC 24 A MI¥kE 5
#L7e (REE:#EKX, Co-culture). F7z, PCHREBFAMKAZ ZNENHIMCTHAL L, [RARIZE R LT
(HPhEEFE X, Mono-culture) . 35484 24 HMOBIREIL, BRIFAICAPERIEIC LI FEH L.
PC FROBEIEFEI, 50 pg mL' 2 M L7 b~A L UM BGT M A L—F 1 7 L, BAEKOHE
T, WA SOpgmL! U 7 7 U E VU BGT BHc S L —F 4 /95 Z L THIE L.
EIREIIAX 6 o FLDFEE L L, log (cfumL'+1) THE L. £7-, BGIEEEHE 100 (7R
L 7= 1/100BG $5 % AV CREEDOERZ1To 7= (n=3).

RLLHEMAPIZETSH PCHREFEKRDIBIELTFAEKRD PC b

B b UC, BG RIS, FAE I O D RARIR IR LS H (MM IR 55 #1 : 10 mM K,HPO,, 5.5 mM
KH,PO,, | mM MgSO, * 7H,0, 9.5 mM (NH,),SO,, 0.1 mM CaCl, * 2H,0 3 £ T} 0.5% 2 /L =1 — & % Ifs
MM U724 @) (Bhatt and Denny, 2004) 35 X QYA Z T, & 4 mL OEFHIIC PC Bk & BFAERE A B
MFEITRE THERE (1010 cfumL”) L, BEFE1%0,2,7, 14,21 B B OROHZ A Lz, FEh
3, FX3-6 TN TITY, FEKROERE ZAPRESIEIC L VA L. £, BEKRN
PC BRIZE SR L7 PCALRIT, U 77 B i BGT 85l B CRRF ICREMEZ Kk olcanm =—%
PCHEmm=—& LML, UTORICIVEH L. PCILHE (%) =IFREMEan=—% / &
2 v =—% X 100.

EHBEDIEELRN PCHEFEKRDIBIBICRITTEE

BHREOERSRDAR

12



BG AR (pH 7.0) 4 mL (2 PC #k & BFAERR A4 10° cfumL™ (272 % X 9 ICHM & 72 13 R A Bl
L, 28°C T 24 HMFFERFE L7z, TN OEFRIKE 7500 X g T Ly Bitk, A% 0.45 um O A >
T VL7 4 V% — (DISMIC-25AS, 25AS045AS, Advantec) TAi L, AiRZAERE 23 mL 707 L
b DERERAW (PCHRIEFE AR, BAMKE R AR, PCHREBAKDIRGEEAIR) L L, K5
AWM A BOT HEHIZBBR L, B3 AR PICH D RAT L TN 2 & 2Rl L O ERICHER L7z,
Flo, BEEAWKD pH 2] E LTz,

EHBREDOEEARICHITS PC HREFEKRDIETE

PC k& BFAER DRGSR AW 3 mL 2R E LC, PC KR & BPARE 2 BUM & 72 13IR A TR 10° cfu
mL 272 K O ICHERE L7s. HEEERERS, 28°CT 10 AMIEFERR L, BERE L2 ABRCEREIC X
U7z, S OEEEE AR T RGN B O M52 WELRET DO, PC HEE AR, BAEK
E R AU E L OVPC KR & BFARROIRAR R A O 3 mL 12, PCEEE 72 IXBF KA B THI 10* cfu
mL" 12725 K O ICHERET,, 28°C CRREREE L, B 0 B H L 10 A H ORIRE 2 A HERIEIC L

VIAE L7z, £z, BRI OEROWE 2 WOCERE (600 nm) (X0 RRIFAICHEIE L7,
PCHRIEE AR DENENFEROIBEINGICRIZTEE

AR O 7L CIER L7 PC RO R AIRA A — 27 L—7 (110C, 10 43) L, BVLEERGE AU
& L7z, XRE LT, BGRIRE HIZBVLEE U 72 55881 &2 IV /2. PCRRODRTE AR, BVLERE & 5
s L OV BG I IRES L 3 mL (B AR K 107 cfu mL7' (2725 X D ICHERE L, 28°CC 10 A RIEE R
#th, BAEKOERE 2 FHPREBOEIC LV A L.
EHAEEEESRD PC HREFAKRIIH T HMEIER

BGT ZEREH EIZH61T 2B ARK 8238rif (26425 PC KROFIETEEZ 7 L — k7 v RV Lk

(Wakimoto et al., 1986) IZ X VW FHE L7-. PCHEOH oo =—% BGT #EHIlC 4 IiffEE L, 28°CT

13



48 WfEiREE L7, B8, 9em v — L DO L& IC 7 m kL b 1.5mL ZR0AE 72 9 em JEHT A
&, 2HFMMEA L7Z. 0%, BGT H5HUCHEEEE 8238rif DOFIK (5 10° cfu mL™") 40 puL % 0.5%
FER BG Hi 4 mL & B LiAA, 28°CT 48 BEliEE L, PC RO an =—oFFIZH T S LIk
MR DA M 4 e s L 7.

PC # & B AERRIC T D KB 8R AR OPLE TG Z Spot on lawn {BIC X VFRAE L7, EEE & L C,
PC Pk E-PCstr & L < IZEFAKK 8238rif OHEE (9 10° cfu mL™") ZAWVWT, EEFHZ ST 0.5%%K
BG K52 BGT K5l it LiAZx, & S¥7-. fEIER 23T BGT 854 B2, PCHRREE AR, B4
FREEZR AURFS LY PC #E & B AERRDIRGEE B AU A 10 uL T2 4 HPTICAKR > b L, Hia 28°CT

48 RF[A 2R 1R, FHLIEFIE RO A M2 sl L7z,

LEE S

BG B AEHIRIZ35(F5 PC ¥REEF AR DIETE

AWFFECHEER L 72 PC KR E-PCsrt & BPAERE 8238rif (X, WiEEM CHEIER Xm0 o7 (F—4 4
W5). PC Bk & B4Rk %2 BG R IARES Ml HUMBERE L 72354 (BUESRX) TiX, Mm@k s 5 10° cfu
mL" ETHAEL, 24 B H £ T10%10" cfumL™ OFE THER L7z (Fig. 2-1A). PC kK & SRR 2 1R
AHR LS5 E (RAEBERKX) T, WEKROHTRZR Y, IRAREX O PC HITH 10° cfumL™!
FCHIGE, 24 B H £ TR 10" cfumL” OERE CHERE L, PC FEO HIMEERE &L D= TR o7z, —
¥, IRAERERXOBAKITERE 2 A EICH 10° cfu mL' £ THAE L2, TO%, HEENKEIC
KT L, 5% 24 B HICITN 10° cfumL™ £ CHEEBEMET L.

1/100BG WA £ ¢, BIMES R K ICH) T PC FR & BFAERKIZRABRICHISE L, HiRE T 10°-10°

cfumL” THER L7z (Fig. 2-1B). IRAHMXICEWT, BFARKORIIRE%E 2-8 A H £ TiX PC ¥

14



/A Mono-culture/PC
O Mono-culture/Wild
A Co-culture/PC

L @® Co-culture/Wild

O 1 1 1
0 8 16 24

Bacterial concentration (log cfu mL")

0 1 1 1
0 8 16 24

Days after inoculation

Fig. 2-1 Growth competition of the R. solanacearum wild-type and PC mutant strains in BG broth (A), and
100-fold diluted BG broth (B). The bacteria were suspended in cultures at ca. 10? cfu mL™", and then grown
statically at 28°C. The bacterial concentrations were estimated at 0, 2, 8, 16 and 24 days after inoculation.
Asterisks indicate a significantly difference (P<0.05) according to a one-way ANOVA following the

Tukey-Kramer test. Error bars show standard errors from the mean values of 3-6 samples.

15



ICHRTHEBIED 720, 0%, WEkE S 10°-10° cfumL™' £ THIZE LHER LT-.

RIGHIEMBRA PCHREFEKRDBEEFEKRD PCLICRIFTZE

B & LT BG HAESHE, MM R IRE: s KOV MK 2 VT PC #R & BPAERR OB 4 i 4 L 72

LA, EOMANT, HBHoORE, HMFE2IRARE, HkicX > TR -7 (Fig. 2-2). BGiR

B

REEHL I, AR OEERFER & FARO W OWIEN A 5, REEE LGS, BE 721 BICHE

FROMEFEO HME T L7z, MM RIRES I G, BMESEXIZHB W CE#E 7 H BIZ PCHRIZHEART

BAEMROEREDN @< 2o 7eDs, THLBEOMEROEREIITENIAONRPp-Te. —0F, iR

BEEX T PC BRI TEAROEEIEME T T 2BAA A O, EHKP T, BhEERX

BT R ITAT 10° ofu mL™! B2 £ THIGE L, IRAEE8E X Tl @k & b @ 10°-10° cfu mL™!

TR LT,

BEEZHNZ 31T B BFAERR D PC {2 % Table 2-1 IZ7R7. BG GIAEHE TR A bk 2 B EESE L7235

TIE, EEEAEOBBICHEW PCAEZENAEEM L, £23% 21 HBIZIZ 96% Th 7. REEEHEIX D PC

{LERIT 13% L, BEMEIRRX & R THEEBICEL2 72, MM iR FIZE81F 5 PC L%, BG &

REEI & TR, BB R X L0 bR R X THEICE» o 72, BHKTH T, FIREERX

CIRAEREXOM ST, PCALRIIMD TR -T2,

EHBREDIEELRICETS PCHEFEMDIZIE

PC ¥k & B AR DIR B HESE AU C PCRRE 72 138 AE bk 2 BB 92 &, 523% 10 A B 1249 10° cfu

mL " FREE E CHIAE L7, IROHEFEX TIE, 5338 10 B B PCHRITK 10° cfu mL™ % THIGE L 7223,

B AR OO I FE 1340 10* cfumL™ £ T F L7= (Table 2-2).

PC #kEEHE AR, BPAEMREE R AIREB L ONRAEER AR E FAWT, PCHRETAEKRICHT HKEEA

ROPFEVEA % Spoton lawn IEIC K VFRE L2 L 2 A, WINbLHEEEIZALN -T2 (T —
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A Mono-culture/PC
O Mono-culture/Wild
2 | A Co-culture/PC

@ Co-culture/Wild

Bacterial concentration (log cfu mL")

O 1 1 1 1
0 5 10 15 20

Days after inoculation

Fig. 2-2 Growth of the R. solanacearum wild-type and PC mutant strains in BG broth (A), MM medium
(B), and pure water (C). The bacteria were suspended in cultures at ca. 10> cfu mL™', and then grown
statically at 28°C. The bacterial concentrations were estimated at 0, 2, 7, 14 and 21 days after inoculation.
Asterisks indicate a significantly difference (P<0.05) according to a one-way ANOVA following the

Tukey-Kramer test. Error bars show standard errors from the mean values of 3-6 samples.
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Table 2-1 Frequency of PC (%) of wild-type strain of R. solanacearum in the liquid cultures.

Days after inoculation

Cultures Inoculations
0d 2d 7d 14d 21d

BG broth Mono-culture 0.0£0.0d  5.6+x13.6d  35.7434.4bc 89.0+6.2 a 964453 a
Co-culture 0.0+0.0d  0.0+0.0 d 51468 d  3.6£2.6 d 13.3+21.5cd

MM broth Mono-culture 0.0£0.0d  0.0+0.0 d 11.6+£20.0 cd 44.4+41.2 bc 45.9+34.1b
Co-culture 0.0+0.0d  0.0+0.0 d 0.0+0.0 d 0.0£#0.0 d  8.3%7.2 bed

Pure water Mono-culture 0.0£0.0d  0.0£0.0 d 0.0£0.0 d 0.5+1.3 d 0.0+0.0 d
Co-culture 0.0+0.0d  0.0+0.0 d 0.0+0.0 d 0.0£0.0 d  0.0+0.0 d

? Values represent the mean and standard error of 3—6 samples. Different letters indicate a significantly
difference (P<0.05) according to one-way ANOVA followed by the Tukey-Kramer test, and then the
percentage values were underwent arc sine transformation.
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Table 2-2 Growth of wild-type strain and PC mutant of R. solanacearum in the culture
filtrates of the mixed culture of both strains 2

Bacterial concentration

Inoculations ¥ Detected strains *  (log cfu mL™! +1)¥ culture after
0 days 10 days
PC mutant strain mono-culture PC mutant 2.87+0.25 5914032 a
Wild-type strain mono-culture Wild-type 3.48+0.24 5.79+£0.37 a
PC mutant and wild-type strain PC mutant 2.30+0.16 6.26£0.21 a
co-culture )
Wild-type 3.55+0.12 2.08+0.14 b

Z The culture filtrate was prepared from the mixed culture of the PC mutant and wild-type
strain for 24 days.

Y Bacterial strains were inoculated at ca. 10* cfu mL™' in the culture filtrate, and then
grown statically at 28°C for 10 days.

* Strains were detected using BGT medium with rifampicin (50 ug mL™") for the wild-
type strain 8238rif or with streptomycin (50 ug mL™") for the PC mutant strain E-PCstr.

" Values represent the mean and standard error of six samples. Different letters indicate a
significantly difference (P<0.05) according to one-way ANOVA followed by the Tukey-
Kramer test.
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AW . £, BEEAWD pH 1L 7.7~8.1 7~k L7 (Table 2-3). PC ¥kE:3E AR, BFAEME R A,

PC Bk & AR DIR G IR AT IC PC R Z M TR L 123560, T X TORE AT T PC BRI

FEL, 55 10 0 BICHIT DEEEITR 100 cfu mL! TH Y, KX (BGIKAKEH) L H_THE

IR o Te. 0, BPAERRIZEF MRS AR L IR G RTE AWTIE, BRI 10° ofu mLT F

THIFE L7=. L2vL, PCHRESE AT TIZBHERE ORI [ 5T, EIER AL 10? cfu mL™ K &

HEIIELS, HOBHEBLMOX & H_TEA - 72 (Table 2-3, Fig. 2-3). #4:8kd PC L%, BG

TRAREE T 91%, IRATEE AT 33%, AR E AT 25% %~ L, PC BRESE AT Clrdtk

LY AW IEEY

PC KRIBEBARANDRNENFERDIBIEMNG I RIFTZE

PC ¥R AR A BLEL (110°C, 104y) L7=b DICE AR A R L2356, BVLELL T

PC FEESFE AR & [RIRRIC B AR O BE5E 1 XN S 417z (Table 2-4) .

B

TP B OO B AR IR RS L CR ISR 95 2 L T PCALL, WRT D PC HROEIG A M

THIENMONTEY, PC AL, SIEEEIEY 288 Tm O ik 2 /R4 2 @ H HIC BV Tl %

SN (Zhu et al, 2010, Mori et al., 2012). AT TiE, BG AL #F & MM EARE <, B

Abka BER R L7256, PCILITEGER 14 AUMICHBE CHRE SN, PCHRERAEE LS

TIHMEHEE Ch o 7=, BN S T PC AL L7- MBS % T, BFAERR 10%-107 cfu mL™ O # i

EaHER LTz, ZAUSH LT, PCAEMEIE Th - iR AR TIE, BAKITRSR 2~7 AH

FT10%-10° cfu mL”' DEEEZHERF L7-2%, TOHOBEEEIIETL, 1010 cfu mL' O EE T

R L. F7-, BEiAFTIE, AT 10%10% clumL! OB EE CHER L, A PCLIZIF
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0.8
-®-\Vild culture/Wild

| -O-Wild culture/PC
0.6 [ -®PC+Wild culture/Wild
L TFPC+Wild culture/PC
—2—PC culture/PC
—4—PC culture/Wild

0.2

Bacterial growth (A 5 nm)
o
N

Days after inoculation

Fig. 2-3 Growth of wild-type and PC mutant strains of the R. solanacearum in culture filtrates. The
explanatory chart shows the bacterial inoculation as the culture filtrate of bacterial strain/inoculated strains.
The wild-type strain or PC mutant was inoculated individually in each culture filtrate at ca. 10* cfu mL™', and
then grown statically at 28°C. Absorvance at 600 nm (Ao nm) Was measured at 0, 1, 2, 3, 5, 8 and 10 days

after inoculation. Error bars: standard deviation from the mean values of three samples.
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Table 2-3 Growth of the R. solanacearum wild-type strain and the PC mutant in bacterial culture filtrates

Bacterial concentration

Inoculated cultures * Inoculated Isolation rate  Frequency of PC

(log CFU mL+1)* culture after

(pH) strains ¥ (%)™ (%)"
0 days 10 days
BG broth PC mutant  3.68 +0.09 7.25+0.09a 100 (3/3) -
(7.0) Wild-type  2.71+0.44 6.92+0.13 a 100 (3/3) 91.2+13.8
Culture filtrate of  pC mutant ~ 3.06 +0.23 6.60+0.15 a 100 (3/3) -
co-culture
(7.9) Wild-type ~ 3.68+0.16 6.39+041a 100 (3/3) 32.8+30.2
Culture filtrate of  pC mutant ~ 3.18 £0.28 6.36+0.25a 100 (3/3) -
wild-type strain )
(1.7) Wild-type ~ 3.41+0.27 6.68+0.18 a 100 (3/3) 25.0+31.0
Culture filtrate of  PC mutant ~ 3.00 + 0.25 6.47+033a 100 (3/3) -
PC mutant strain
3.1) Wild-type ~ 3.38+0.18 132+0.85b 33 (2/6) 0.0+ 0.0

? The culture filtrates were prepared from the PC mutant mono-culture, the wild-type strain mono-culture,
and the co-culture of both strains for 24 days. Strains were cultured in BG broth as a control. Values in
parentheses indicate the pH of the culture.

Y Bacterial strains were inoculated individually at ca. 10* cfu mL ™! in each culture filtrate, and then grown
statically at 28°C for 10 days.

* Values represent the mean and standard error of 3—6 samples. Different letters indicate a significantly
difference (P<0.05) according to one-way ANOVA followed by the Tukey-Kramer test.

W Values indicate the percentage of isolation of bacteria. Values in parentheses indicate that (positive
isolation/total samples).

v Percentage of mutation from the wild-type to PC colonies in all colonies on the BGT medium with
rifampicin. Values are the mean and standard deviation.
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Table 2-4 Growth inhibition of wild-type strain of R. solanacearum in the heat-treated
culture filtrate of the PC mutant.

Bacterial concentration
Positive isolations

Inoculated cultures * (log CFU mL™'+1)" culture after (%)
0
0 days 10 days
BG broth 2.97+0.21 741£0.17 a 100 (6/6)
Culture filtrate of PC mutant 3.38+0.18 1.32+0.85b 33 (2/6)
Heat-treated culture filtrate of 3574 0.02 0.00 + 0.00 b 0 (0/6)

PC mutant
? The culture filtrate of the PC mutant strain was autoclaved at 110°C for 10 min and used as
heat-treated culture filtrates. The re-autoclaved BG broth was used as a control. The wild-type
strain was inoculated at ca. 10* cfu mL™! and then grown statically at 28°C for 10 days.

Y Values are the mean and standard error of six samples. Different letters indicate a
significantly difference (P<0.05) according to one-way ANOVA followed by the Tukey-
Kramer test.
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LAERIORMpoT. ZRHDOREND, PC LT, TFAKNGRE THIEL, TORERELZ R

BIRMERT 5 2 L Tl S, BREITEVWEE TR, PCAPETCIZSWI ARSI,

PC #k1Z, phcd BTN EFR L TEY (Brumbley and Denny, 1990 ; Poussier et al., 2003), BfFA#k

ICHARTEESNZHER (BPS), =2 RTINS —8, X F U AF LT RAT T —EOAEERITIKT

LTCW5 T, phed BRFICEVAICHIB SN THDERY HT 7Y aF—8OiEECek g5 B

B3 2H88bEW T v 7 4+ 7 OEARITHM L T % (Kelman, 1954 ; Denny et al., 1988 ; Brumbley

and Denny, 1990 ; Bhatt and Denny, 2004). ¥ 7, Khokhani et al. (2017) %, RNA-seq fE##HTIZ LY

R. solanacearum GMI1000 ¥RDBFAERREE Aphed R DB EY L L O EREEY 2 ik L,

AphcA ZEFRRITEFAERRICEEA~T, EPS OMEW MUK BE Sy iR 56 720 & OIRIFNER F O RHITIK T 9% —

BT, AR, T, RV T I, Bk EHE, VUM, BEREOREOEGICEET 5K

56 FEOX LRI EORBUTHEINT A LHE L TWAE. 2079, PC BRIZIFAERRIC TS

REAEmWNEBZZLND.

AW TIX, BARDEEEH CHAKE PCHRAEEEL, HOMEMEOEVWEZHA L. BG

TRAKEEHIZ PC ¥k E-PCstr & BF4E Kk 8238rif & Hijl TR L7284 TI%, MEROEIEIIERETH -

728, MEMKEZIRESERE LEGA T, MEEE %2 A2 10%10" cfu mL' IZHGEL, 0

LTI AERR O BRI S, SR EINCITN 107 cfu mL! £ CHEBEMET L. HRHEO

mASREE (MM IR ) T, BRI PCHRE Y BB AR O W MK T 9 28I

olz. F7z, PCHREBAEZ BGIRIAEHIT TIRERE L, TOREASR LM E L TPCHKRET

AR EIRAEE L2546, PCEEITHEIE L=k LT, BFAMOIIEO A S 4u, BG HRIAL:H

THONT-HEREHR SN, OO END, BG M MM RS #T T, B OIS

WEEHIF DR OB E DAL, RKEESEDOEV PC FRITHFE L7225, BFAKKOBEIC LI /458
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MWRZT 22 & THAKROEER MG SNIZEEZALND.

PC ¥k % BG #RIAES L CHAMES R U 72558 A8 (PC ¥RIEE AK) Z8s# s LAV, PC ¥k & B4

REZHMTHER L& 25, PCHRESER AR THMEER L2 5HE TIXPCHRITIER (THETE L 72723,

B AERR OB ICIHE SNz, T2b b, PCHRAEEL T AWEBESMIZBWTY, PCEE

EER AW TR AR OIS ME S D 2 L3RR S 4, PC HRIC K D RER Ay DAL 3 B AR D

HAEENIC BB LT b Rz, L L, BAEMKZ BG IRIKG I CHMEL R L7256, &

14~21 A% OBAERRKITH 90%2 PCHRICER L TRBY, TORBESK (BWAEMKEEASK) T CBE

MRz LSRR L7256 T, BFAMROBI IS S hvedo 7. £z, PC HREBAKRDIRG R

L7 AW, BWAKZ M TERE L7256 T, BAEKOHEIHTIMH ShiaroTo. $abb,

PC & AN T T IR R TEHELNERE AR CIXHAKOHEIMIIIHE SN L5

MRV, ZOBERICOWTIHASBOMENMLETHS.

AR RIRARTEHPIZ PC R E AR EZBREEE LSS, HOREBLZOSHBEBPELLT

LHEER SN DY, AMFITIZEVT 1/100BG B Sl AR 2 IR e 5 E L7256, BERIICRITS

WA AR DB B 2T e o7z, /IS (2011) 1, ATl 5 oKtk z e LT, &

kIR B 8238 BR D PC Kk E-PCstr & BFAEKE 8238rif Z{RA K L2 B4, MEAROMIEIZ 2137 <, B

MBI CRBOBRAITZAE U WERITNES, 51T, Wakimoto et al. (1982) 1%, HFHRE DEH

RSP IR 23 B 70 5 AR A K th CHULES R L2 G, W ORIV IEIZ BIFR 722 < [RIARICH

JHY D Z L ELTEY, AUEICEW TEMKT THEKZRGEE L6 T, mEke

HEEE 10°-10%cfumL”! THEB L, BRSO ELEL L. 2o 031, PCHEE B4R L D%

O DBAENELDAREENMENT L 2R L TRV, BG ikt TH 57z PC kK & B ERK

L OHIEBEAICIE, KEZDSDIHEAL T TRMOBER GG TLEELLNDS.
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Michel and Mew (1998) 1%, pH 3.0~11.0 & %72 2K R CHKRE 2 558 L1255, W

D pHIZ 6.0 TH Y, pH 5.0~8.0 D#IPH TIXFH OHFHICIE & A ERENRNZ & EIRRTN 5.

B

ABFFEIZ BT, BG iRiAE L (pH 7.0) THMHE ZHEER LI2GE, HEAWKTILpH7.7~-8.1 &7

A VRN L=, B AR O pH 2 b 1T 0.4 /& <, BpARR O BEFEANHIT pH Z1bIZ

HEDTIHERNVWEEZ SN,

FHAEE O I, RO R DEKIT L THEEZ AT 2N FET L2 LR mbnTnS

(Cuppels et al., 1978 ; Arwiyanto et al., 1993 ; Frey etal., 1996). & 512, ZiL 5 OFIEWE A ENEIX

H R B ORBIAIC, REH | & RIREEHIN & Clrii7e 5 2 &3 E STV 5 (Arwiyanto et al.,

1993). ARHBFFETIE, FHALHE 8238 L IEH S 7= B4 Kk 8238rif & PC £k E-PCstr 2 i L, i

RIS R ECHUEERIE 2 <, BB AWTOHIEEMN bR Tz. T D7, PCHREEE

A O AR OEEFEMSNIZ, PC MROPIEWEAEEITEE L T RNnEE2 NS, £, Hif

JRE DN EET APEYE L, BUCRLZERZ X7 ETHY, 60~100°C, 10 42y OB CHUE TG M

IR ITHRT D Z &5 I TS (Cuppels et al., 1978 ; Arwiyanto et al., 1993 ; Frey et al., 1996) .

—J7, AW TIL, PC MRS AKROEWLIY) (110°C, 10 4y) TEARRZ HMEEE LZEAThH,

BAROHIE RS IH S, BERSE- TS hero7c. ZTOZERKIE, PC HEEE ST D

Ry S BRIZ o TAEMEL, BAERROEIEIMHHSIRZEmO TV D0 s L.

ARFFENZ TN T, RSP T 2 B RO SERINHNIT, BG AR /R & DR EE Rkl

T PC R L AR ARG R L, MEHEHLRICHB SN Z &, PCRREBAKRDIEARES

HwHh T, MEKRZREEE LTSS, BEROBHEIMNIGEI Sz 2 &, PC HREEE AT T

ERROBEFERIRI SN2 Z L2y, BGIRAES T C PCRRAEIRE ST 5 2 & T, WA

FE D 7 oy AN D BB ISR AL L2 I REER B XA B D,
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TR E OB AERKY, 747 487227 (Quorum-sensing; QS) & PRI 5 B FE R NHEAE

EHEL, YT FAMELE LTINF I Z ) —AFRERY T hy, NenFH ) —LRERY 5

foEFoTonkER®Y T2 R (AHLs), 3-t R UL I F U A F Lo 271 (3-OH

PAME) ZEAL, BEEEFEICHEVENT S 7 FAMEOBREZEMT 5 Z & CREBEZ KM+

(Flavier et al., 1997; Schell, 2000; Genin and Denny, 2012). QS |2 X - T —/E#2E (3-OH PAME J& %

25 oM, EEEICL TR 10° cfu mL") BLEDOS VP FAWE 2t % L a1k L, ki

BES iR i 320 EPS 72 & DR R+ DA FEIZ 1T D (Schell, 2000; Flavier et al., 1997). ¥ 7 )/

W& AHLs 1%, ARkE#3E Soll (2L » CTAE I, AHLs D AT SolR # 2237 &M, Soll &£ SolR

DFRBLEF] D solIR BAnTF1X, PhcA # /X7 EHIZ K » TIEWCHIH S T35 (Schell, 2000). PhcA

B Ry OGN, 8%, PheR # /X7 BT Lo Tl E4 TV 4. 3-OH PAME D& 7 F /L)

BOAFEIZIX, PheB Z X7 ENEEE L, 7 FVWE % PheS ¥ X E N AKT D Z LT, PhecR

2URIEITY Vb A U BB ST PheR Z N7 BT FE DEERE A JS\VN, PheA # VR0 E

PIEMAL L, WEPEIR 234 &35 (Schell, 2000; Genin and Denny, 2012). £ 72404, HHRWEHE

OEl-1 #kiZ, ¥ 7T AWE L L T3-OHPAME TidZ< 3-BE K%y 7 v I 5 A F L (3-OH

MAME) %47 L, PhcS % > 737 B3 3-OH MAME %% 5 % #7= 72 QS HERE DIEIENH 5 T &

U7z (Kai et al., 2015 ; Hikichi et al., 2017). —J5, PhcA & > /X7 E X PheB OH L Z fil4# L Ty /g

WS, PCRRIX 3-OHPAME # 13 E A CAEE LW ERHE ST 5 (Genin and Denny, 2012) .

PC #E2Mth D QS v 7 NME ZAET 5 Z EIIABTH 523, BG A HIIZIIT 5 PC BE L BF4E

FROIB BB PC MR OISR AURITE T 2 AR O HEFHMENZE D 2 —FIK & LT, PC RN R

HINCEPET DWEIE, PheA X N7 EHOIEF REREEZ AT 2 EMOAITEM S, BFAERROH

TEZ AL SEDBENFME L TV Db L. 5%, PC KRR AIRICE N5 WHE S PC KA
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FrREVCAEET OMEZRWE L, BAROHIIH & OBEBREHA LI TOHERD 5.

M=

FHREPE OB AERR & PC R A Bre iR (BG ks 1, 1/100BG At 1, MM i Ass i,
FARIK) PORARE L, WEKOHAZ A L. BG IIAREEH & MM JE (AR5 H O i g ik 4 1R
AHAE LTS A T, PCARIZEIREE (CHIFEM% — E\CHER L, BF/ERRITHE38 2 A B ICIE PC 4k & [
(CHIAE L7228, 538 1421 RICIZBHAROEIRE DL BBEE KT Lz, —%, 1/100 KL &
BT TIZZ D& REAIIBES AR -7, PC #k & B AEKORA R AT i@ kk 2’
AR LA T, BARO B IH S, PC HRoO BUMES 38 A 1 o C i @ik & B C s 2%
L7256 TiE, PC BRIZHIAE L7272y, BFAEKIIIIH L o7z, LLEORIRN G, BARR O FEM
FHCIXEMRE O%E 2 O DA T TR, PC KRICK B OZLNBEE % LR S

7.
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F2E RABHMAPICETOBTHREOTFARERRELERDBRS
F28 AHAEOFEROEBENFINENSVREELEEKERSRDEKR

#a

BRI EE, B O (L—2R), 872225 RFEO OHMEIEELRR (bovar), T RAJEE
Wt 2R (BRE) ICESWTHENThI, IEF TiX, 16S tRNA X° hipB, egl % D R
B 58 s 1 70 & O IEFC I W O (phylotype) , egl i s - O {5 77 fE 8k 0 H 3 Fid 51 0 58
(Sequevar), 7'/ AHORKAEEHIICAFIET H 6D DNA /3% — > (rep-PCR group) (Z3-5< 4y

FAYZRROIIC L DX RBMICHEENTWS BEHE - H&E, 2012). BHOZRFIZL D

B

WEOEARL RS Z LA I TWS (Cuppels et al., 1978 ; Arwiyanto et al., 1993 ; Frey et al.,

1996). £7-, FEHHRBEORIAOBEVIC L > T, WS ONOMEEARENRRLZZ L bMLNT

BY, PCHRITBFAERICHAST, KU AT 7yt —BENSC YT v 7 4+ 7 AEEESHINT 2 (Bhatt

and Denny, 2004 ; Genin and Denny, 2012). Z D72, HHIFHE O RFKELRBIR OFE T L0 FEH

HICERE S D MEFETET 5 WM B 5.

2 B 1 fiCIW T, PC ISR AIRITBAMROIEZ MG 2 Z L 2W OIS Lzhy, Fhf

T DORFED IR D PC MR OIF D IVIZEE R AU TIE, BAEROHIEMBINRN R R L Z LR E AL

5%, PC BREEER AMTICI T 2 B AERR O HEFEINH O EN 2 W] & 29 2 720021, HF il h

ROFEIRD PCHREERARTOWEAERZME LIRS 52 ENARTH L. £ 2 TARIETIE

FAIE O Rt & KRBV DB L2 WEEERE D AR ZRHET 5720, RILO R 5 FHIPE 26

FERDEFAERL & PC kA HWT, SIEMEOAFENE ZOHREMEOMRB XY T v 7+ 7 A

REDBEWEZHE L. X512, RHOELD PC RROER AR 2 AVT, BFARRO BN H] ) R 2

AR L, EFARR OIS = O AR A SR LT,
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MRELVAHE
HEME
FHEN B Ralstonia solanacearum 1%, RFED 72 2 B4R 26 Hikk 2453 L7~ (Table 2-5). F7-,
PR L LT, HHFE 8238 (MAFF 301528, L — A 1, biovar4, @##&E I, phylotype ) ¢ 50 ug mL™

U757 U MR 8238rif ZfF L7, PC FRIX, BFAERE 8238 1T L= A L iz

|

PCKRD 50 ugmL ™' 2 b L7 b= o UMK TH D E-PCstr &, BFAERK 26 £ S /EH L7z PC #RD
at 27 Btk & A Lo, PCHROMEHIE, LLF O RIETIT o 7. B4 KA BG IR HIIZH 107 cfu mL™!
(Z72% K OICHAE L, 28°CT 14 HHEER R, WikIT BGT K IR L, 28°CT 48 WFfAE;
#th, MEMED an =—ZTBRK LTokk%Z PC ¥k E L7z, MERREKIT, 15%27 ) tu—ni2E5A77
BG & {AEE i 12-80°C THRIF L 7=.
FERICHTORBEZEMRONEER
EXEMEICETORB[EZEMOMEYVELEE

BGT #EREH EIZH1T 2B ARK 8238rif (264 % PC KROFIETEEZ 7 L — k7 v RV Lk

(Wakimoto et al,, 1986) 2LV #i# L7=. PC kOB a2 =—% BGT 512 4 HTHi#E L, 28°CT
48 WRREEE L7~ K53%7%, 9em v — L D EHIC /7 m kb 1.5mL 2 YBAEE7- 9 om JEHKE
&, 2HFMMEA L7Z. T 0%, BGT H5HUCHEEEE 8238rif DOFIK (5 10° cfu mL™") 40 puL % 0.5%
R BG4 mL & BT LiAA, 28°CT 48 IEfis# L, PC RO an=—oFMHIZH T H 1L
MR DA M4 el L.
EHBEDEESROHFR

PC ¥ 27 Btk % BGT B5 LIS BIFREEER L, 28°C C 48 Wyl #E L7 5 Lo ¥ o v =—% 4 mL BG

TG CBERE L, 28°C, 130 stroke min™ T 24 FEfIHE & 5 K538 L7, BEE381K 300 pL % 100 mL 45 =
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Table 2-5 The R. solanacearum strains used in this study
Strain MAFF no. Host of origin Race Biovar Phylotype * Bacterial group ¥

8101  MAFF 301521 Eggplant 1 4 I v
8234  MAFF 301523 Eggplant 1 4 I I
8202  MAFF 301524 Potato 1 4 - I
8238  MAFF 301528 Tomato 1 4 I I
8105  MAFF 730101 Eggplant 1 4 - v
8216  MAFF 730103 Tomato 1 4 I I
8232  MAFF 730104 Eggplant 1 4 - %
8103  MAFF 730126 Eggplant 1 4 I I\
8109  MAFF 730127 Eggplant 1 4 - \%
8224  MAFF 730129 Eggplant 1 4 I v
8208  MAFF 730130 Eggplant 1 4 - I
8276  MAFF 730132 Tomato 1 4 I I
8266  MAFF 730135 Potato 1 4 I I
8350  MAFF 730139 Eggplant 1 4 I \%
8433  MAFF 730141 Tomato 1 4 I \Y%
8107 - Tomato 1 4 I I
8345  MAFF 730138 Tomato 1 3 v m
8357  MAFF 730140 Eggplant 1 3 I m
105 MAFF 211307 Tomato 1 - - -
8257  MAFF 730131 Tomato 1 - - -
8252  MAFF 301527 Green pepper 1 N2 - I
8214  MAFF 730128 Tomato 1 N2 - m
101 MAFF 211413 Potato 3 N2 v -
82-1 MAFF 301559 Potato 3 N2 v -
970502-1 MAFF 211471 Ginger 4 4 I
Suzaki-5 MAFF 211493 Zingiber mioga 4 4 I -

“ Based on the reports (Liu et al., 2009; Horita and Tsuchiya, 2012; Kawasaki et al., 2016).
¥ Bacterial group is classified into five groups based on differences in virulence on four Solanum species
in Japan (Ozaki and Kimura, 1992; Waki and Horita, 2014).
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17 Z A 2 H O 30 mL BG iR A5 HICBERE L, 28°C, 130 stroke min” T 48 FFIR & S 5548 L7=. 5%
B & 7500 X g Tim Dy Eth, EEHZ%Z 020 ym O A7 L7 4 )% — (DISMIC-25AS,
25AS020AS, Advantec) TAill L7 Ak A RBREIC 3 mL AIE L b DERIRAIRE LTz, &HEAS
% BGT ZREEHUTIBIR L, 58 AT E 2VRAF L TRV 2 & 2R L CAERICHER L.
REMTEKDOEELSROMEMELE

PC Bk 27 BRE DK B3 AW 2 -V T, B4k 8238rif 12513 5 5538 Ak DO P % Spot on lawn
I K VIR L7, $EIEE 8238rif OEIE (K9 10° cfumL™) 40 pL % 0.5%%E K BG it 4 mL (2 ¥R
#%, BGT BFHUIZHE LiAZA, BE[E S W7o, EAEE 8238rif % dr BGT K5Hh B2, % PC BERG & A%
10 pL AR b L, Eiiz 28°C T 48 WA E5 &%, MHIEMBROAMZHIE Lz, £/, BRAR
ZFRRL, BAFWIRICIT 2 HUHETEMEE (Arbitray unit (AU) mL™") 2L F o kv EH L7,
PUEIEMEM (AUmML") =1/ PLEETEZ R TRk IR / i F & (mL).
REMTEKRDEESRPONMEAMED 4

PR 8238rif I2xF L CHIETEMEAHERR S 7z PC BRI A DOPIE AT MV ERET D720,
FREREE & U ClAL A D BFAEHRE 26 BARIC KT~ 2 HUETEM: 4 Spot on lawn V512 K 0 A L 7.

EER U TIC PC RN PET D UM E DR Z AT 2 72, Biae Ak 2 INEULEE (40°C, 50°C,
60°C, 70°C, 80°C, 90°C : 10 4y), [R4LAi# (Vivaspin 500 pL, Sartorius) (Z & 243 (30 kDa, 100
kDa, 300 kDa, 1000 kDa), 7'©7 o F— K4 (50 ugmL™", 100 pg mL™ : 37°CC 2 WpLEE) %
AT\, Spoton lawn VEIZ X 0 FEAT B 8238rif [Zxt 3 2 HrE TR M2 A L7z,

PC #k & BFAEMR D HTE W E PEAEREDE W2 AT 5 728, 8238rif (2 L THIETEMEDSHERE S 117z
PCHEE ZN O DOBAMKNGEER AR ZTAE L, PC & BAMRIIKTT 2 LB EM %2 Spot on lawn £

(XA L.
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ERAREDOYTOIATDERE

HHGR E OB AR 27 Mk & PC KR 27 KR &3 L C, CAS 5 (Schwyn and Nelands, 1987) (2L % ¥
T 7 x 7 EEEEZFA L (Fig. 2-4). BGT ERIFHI TR LI-HMMEOHan=—%2 71 A
7 Au— LS (CAS) FEXREEH (0.0605 ppm CAS, 0.0027 ppm FeCls « 6H,0, 0.0729 ppm HDTMA, 0.3%
PIPES, 0.06% NaOH, 0.03% KH,POy, 0.1% NH,Cl, 0.3%% 2 /&, 0.1%<7 k>, 02% 7 /L3 —2A, 1
mM MgSO, * 7H,0, 0.1 mM CaCl, - 2H,0) [ZAE L, 28°C T 48 Wik #&%, au=—FMHics V7T
V=B SN AIC YT a T 4 TAEAD LG L.
FEKROEBEINHEHRNZL PC HIFEARDER

PC ¥k 27 BRE DA 5528 Ak 3 mL 2 BFAERK 8238rif O EE (9 10° cfumL™) 30 pL #%FE L, 28°CT
7 BRIFRER RS, WOLERZ AW TIIER R 600 nm (2811 2 EIROEE (A ampe) ZHE L7
o, 770 27E LT, FPCHREEERAMDHDWICE (A ) ZHEL, EOHEIAE (A gmple- A
blank) (F, FEIROWENS T T 7 5 WTHEHH Lz, £z, MK E LT, AR 8238rif D5

FTAR (BPARREERE AIR) 12 8238rif Z242fE L, [RARICHE O EZHITE L=,

HBRELUVER
BERICHTIRBEEZERONEIER
EXEM EERAEBEAICESTAREDERMONEMELE
BRI BE O IS O RO BRI U CHIEEM 2 R T ERAFET 2085 TR0, Hik
TS & 2 PUR TR PEIZ R b & AR h TR 5 2 L HE S TS (Cuppels et al,
1978 ; Arwiyanto etal., 1993 ; Frey et al., 1996) . ABFZEICI\TH, Bk 8238rif (2555 PC #R 0D

PIETEE DAY, RREH & IR RS TR 722 5 7= (Table 2-6). PC ¥k 27 kD 59 5, BGT EX
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Fig. 2-4 Detection of siderophore of wild-type strain (W) and PC mutant

(PC) of R. solanacearum 8238 strain by CAS assay.
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Table 2-6 Antibacterial activity of PC mutants against
wild-type strain 8238rif

Culture filtrate

Producer strain Agar plate 2 (AU mL1) ¥
E-PCstr - 0
8101PC - 0
8234PC - 0
8202PC - 0
8238PC - 0
8105PC + 25600
8216PC + 0
8232PC + 0
8103PC + 0
8109PC + 0
8224PC + 0
8208PC - 0
8276PC - 0
8266PC - 0
8350PC + 0
8433PC - 0
8107PC + 0

105PC + 400
8257PC + 0
8252PC - 0
8214PC - 0
82-1PC + 800

101PC + 800
8345PC - 0
8357PC - 0

970502-1PC - 0
Suzaki-5PC + 1600

z Antibacterial activity on BGT agar plate was tested by
the plate-chloroform method. +: inhibition zone formed by
producer strain, —: inhibition zone not formed.

¥ Antibacterial activity in culture filtrate of PC mutant was
measured in terms of arbitrary unit (AU mL-!") by spot-on-
lawn method.
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Edh FCHIBEEM A TR LIEBRIT 13 BHETH Y, ERARTICHEEEN D7k 8105PC,

105PC, 82-1PC, 101PC 35 & U8 Suzaki-5PC @ S EETH D, WO HERE#ICB W THHENG

PEER L, £, ERAETOPIEEEMEIX, 400~25600 AU mL”' 27~ L, 8105PC D& Ak

TKERoT-.

RELNEZERDOEESHHOMEME DA

B A= KK 8238rif |Z%F L CTHUEIETEZR R L7= PC #£ 5 H#kE (8105PC, 105PC, 82-1PC, 101PC B LY

Suzaki-5PC) OB A% FAWT, BFAERE 26 EERICH T 2HE AT bAZRELZE 2 A, HiH

A7 BV PCHROFIHIZ L - THRZR Y, 101PC RO EFE AR TIER bILWPLE A7 V&R

L, BAERK 26 EED 5 B 23 BRRICKR L CTHIETEYEZ R L7z (Table 2-7).

PC RS PET D U E OPERIR 2R A 9 % 728, PC K 5 WRR D28 A ik 2 INEVLELE,

BAAABICE 2 0HEBEXON T 0T 47— KA AT o7=. PC £k 5 ERROEE AR OPIETEME

70°C, 10 43 DMBGLEE GOz (Table 2-8). F 7z, PC KL 5 BHRDEEHE AMRIZEBWT, RN A

IZ LB &5 1000~300 kDa O 43 B 1 Z I BTG 23 A B v 23, 9 100 kDa & 30 kDa LA D4y

R CIIPIEEIEIX R o T2, BBARIC T e T A4 F—F¥ K 20 U245 %, Suzaki-5PC DA

HakR< 4 EHRTIPIEEES KD, A DORER I, PCHRNEET HHIEWEIL, MHEL

P72 <, 438 100~300 kDa D E D FEOWE TH D LRI -. F72, Suzaki-5SPC 23T

HPEWE O T T A F—8 K IEZMEN 72 <, o PCRRNEFET D X X7 BEoWE & it

R DAREMED RIR ST, BERIC R W T, FHRE S EE T 2 EWEIIMEMER 2 L, 2 o

JEMDOE S TWETH D EHEE SN TEY (Cuppels et al., 1978 ; Arwiyanto et al., 1993 ; Frey et al.,

1996), AWFFEORER L FLL L 7.

HHRIRE N EET DHIEWE L, B ORI L o THEEN, PR~ by, ¥ o537 B
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Table 2-7 Antibacterial spectrum in culture filtrates of PC mutants against 26 wild-type strains

Culture filtrates of PC mutants

Indicator strain

8105PC 105PC 82-1PC 101PC Suzaki-5PC

8101 e - ~ N .
8234 + + + + +
8202 + + + + +
8238 + + + + +
8105 + + + + +
8216 + + + + +
8232 + - + + +
8103 + + + + +
8109 - - - N _
8224 + + + + +
8208 _ _ _ . _
8276 _ _ _ . _
8266 + - + + +
8350 + + + + +
8433 . . . . _
8107 . . . . _
105 _ - _ _ .
8257 B B B N _
8252 B B _ . _
8214 _ _ _ N _
82-1 _ _ _ _ N
101 B B B B N
8345 B B . . _
8357 + + + + +
970502-1 . . . N .
Suzaki-5 _ _ + + +
Number of inhibited 14 12 16 2 17

indicator strains

? +: inhibition zone formed by producer strain, —: inhibition zone not formed.
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Table 2-8 Effect of several treatments on the antibacterial activity of culture filtrates of five
PC mutants against 8238rif

Culture filtrates of PC mutants

Treatment 8105PC 105PC 82-1PC 10IPC Suzaki-5PC

Heat

50°C, 10 min + + + + +

60°C, 10 min + - - - _

70°C, 10 min - — - — _
Ultrafiltration

300 kD cutoft + + + + +

100 kD cutoff - - - — _
Proteinase K

100 pg mL! - — — _ +

50 pg mL! - - - _ +

Z +: inhibition zone formed by producer strain, —: inhibition zone not formed.
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FADEZME/R EN R D Z PO RIEICIEE-TELT, HEOMENEE T EEZ 26T
5. Fiz, BRHEORBIC L T, PUETEHEECHE A7 MR RR S 2 ERRESATH
%. Cuppelsetal. (1978) 1%, BFAERK K60 2> HAEH v/ PCHE B IL, BpARRD & & 10 L HUETE
PEEPIE AT FVBEIINT D LR _T 5. —J5, Arwiyanto etal. (1993) 1%, FH59HE POPS8409
DU E PCHROPLETENE DB OWT, FAHE S Pseudomonas J&, Erwinia J&, Xanthomonas
BB & IV CTHAE L TR Y, PC HEOPUEIEE O S IXBF AR & A% H 5 W WIXZ LT
T, PLE AN MV IARKRE AR TRNWZ L2 HEL TN 5.

ARIFFENT BN T, 558 AU I HUE TG 23 2 © 4v72 PC #% 8105PC, 105PC, 82-1PC, 101PC 35 L Ot
Suzaki-5PC @ 5 Fitk & T 6 OB AR A VT, HBERTICBIT 2HEWE OEFEMEOE W& i
L7z (Table 2-9). BFA:#k 8238rif (Z6h ¥ 2 HUBEMEIL, HEK 8105 DEFAEMKZ R X TOEFAER &
PC BRI W THER S L7z, WEK 8105 1%, BFAEMROIRRE TIIHIEEMEN 2 BT, PC BROIRRET
PUEIEER &V, ZOFEIEEIX B OB AR L T2 R Lo, $£72, BEEK Suzaki-5 O
PC KRN AEPET HHLEWE L, T X TOEALEE PCHRICK L THEMEZ R L, BARNAEET DHT
EHE LD BIRWPIE AT MLER LT, 2D ORERNG, FRPEEOTITIE, AR D PC
KR~ ERT D2 LT, PURWEPELERE L T OVHEWE KT SN2 53 28 (8105PC) <0,
JRWFLEE AT SV E T HHEWE % EPET DK (Suzaki-5PC) BIFTET 2 Z L 3B 6T -
7.

ERBEEDSTOIAT7DERE

M ORI, B, X0, ZEIXTN, MESBREORERNLHTH L), £OH

THMERE TH H80L, DNA GRUICHALRILFETHY, DNA GRICEEG T2 U RX 7 LAF R

U&7 B2 —YOEMACICIZ Fe A A 2B 45 (D, 2010). P.aeruginosa, P. cepacia 75 & O
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Table 2-9 Antibacterial activity of R. solanacearum strains in culture filtrates.

Producer strains

Indicator strains 8105 105 82-1 101 Suzaki-5
wild PC Wild PC Wwild PC wild PC Wild PC

8105  wild - + + + + + + + + +
pC - - + - + + + + + +

105  wild - - - - - - - - — +
PC - - - - - - - - - +

82-1  wild - - - - - - - - - +
PC - - - - - - - - - +

101 wild - - - - - - - - - +
PC - - - - - - - - - +
Suzaki-5 Wild - - + - + + + + — +
PC - - - - - + - + + +

8238rif Wild - + + + + + + + + +

Zz+: inhibition zone formed by producer strain, —: inhibition zone not formed.
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Pesudomonas JEME LK O FI2IE, SR Z RO AL & L CTHEKIANMED Fe? & i ik AP

HETHLFa7x7%2EHEL, F-oFn 7+ THAESTE L TERNICE Y AR, F &L LT

HHICRIE T 2B 2 A L, 20D LWk A A0 ORI AT 5 MIBEAFEET 2 (UA -8 H, 1996) .

HRPEOBE, v 7 v 7+ 7 EARITIHIEERFORBRE 2 55 phed BI5F12 K-> TAITH]

E TV 5 (Bhatt and Denny, 2004 ; Genin and Denny, 2012) . phcd AR 132 H L7- PC R TiX

CFu T T OEEENREEY, RUILRUVBESTe 747 DOAZ 7 a7 B

(staphyloferrin B) 234:p£ S 412 (Bhatt and Denny, 2004). % OfthiZ & A5 B O phylotype I, 111, IV

Rig~7T a7 a 747 O 2P (micacocidin) R0 /L 3 =7 /N7 F > (yersiniabactin)

RAEETDH I ENREIN TS (Kreutzer et al., 2011 ; Genin and Denny, 2012) .

AWFFRIZEBNT, FHIRE 27 EEOB LMK E PCHO LT a7 4 7T AEMIZOWNT, CAS ER

BEHEAWCHELZE 2 A, AT L2 27 EfkO 9 5 8345 & 82-1 D 2 R TDOH, ¥

T a7 T EENHERR S, W ERRIT phylotype IV IZJBT 28K TH - 7= (Table 2-10). —F, PC

MG L7 27 Bk 5 6, 8101PC 2 [&< 26 WHETI T u 7 + 7 OEENFHER I, BpARk

MO PCHRICER LGBy T v 7+ 7AERNE £ 2BMICH - 7.

PC HIEE(CKDEXREMERINIEMIZE THEE

PC k% BG iR THER L, R AR AR LI RICER R b —EHET D &, RS

DEBOIZEATIHHEDEEGOLRNLEDNH 7= (Fig. 2-5, Table 2-11). ZERE:HH T [REED

BIRNH O, FEEHOEEDORRE L PC HROFEIZ L > TR o7, [ME (1965) X, FHHWE D

PUTIZPT RIS 2 1A S EOMMNFIEL, 77 h—RIERMRIZZ DA H D LTV D.

ARWFZE CHLER U 72 ERR D biovar SO E - OBBRE I LIz 2 A, T 7 F— RFESARME

biovar 4 O ERRIL 18 EREH 17 EERNERESH F 7= IR EE O W2 EsE, 77 h—A
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Table 2-10 Siderophore production of R. solanacearum

CAS activity *

Strai
ram Wild-type PC-type

8101 - -
8234 -
8202 -
8238 -
8105 -
8216 -

8232 -

8103 -
8109 -
8224 -
8208 -
8276 -
8266 -
8350 -
8433 -
8107 -
105 —
8257 -
8252 -
8214 -
101 -
82-1 +
8345 +
8357 -
970502-1 -
Suzaki-5 - +

I T T e T i i e o e S S S S S S S

“(+): CAS activity positive, (—): CAS activity negative.
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Fig. 2-5 Browing of BGT mediums by PC mutants at three days after inoculation (A), and the filtred liquid

after culture PC mutants in BG broth for 48 h (B).
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Table 2-11 Browing of the medium by PC mutants
PC mutants  BGT medium? BG brothY

8101PC + +
8234PC + -
8202PC ++ ++
8238PC ++ ++
E-PCstr ++ +
8105PC + ++
8216PC ++ ++
8232PC ++ ++
8103PC ++ ++
8109PC ++ ++
8224PC ++ ++
8208PC ++ ++
8276PC ++ ++
8266PC - —
8350PC ++ ++
8433PC + ++
8107PC ++ ++
105PC - —
8257PC ++ -
8252PC - —
8214PC - -
101PC - —
82-1PC - -
8345PC + -
8357PC + +
970502-1 + -
Suzaki-5 ++ ++

? ++: browing occured, +: slight browing, —: no
browing in BGT medium.

Y Absovance ranges at 600 nm as blank (Appnk), ++:
>0.09, +: from 0.09 to 0.03, —: < 0.03 in BG broth.
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SIFEPED biovar N2 O X TOEE (4 K (TERESM &Ko W T 282 &3, 77 b—
A 53R D biovar 3 DEKICIZFHVGE R A LN Db o7,
FAEKROEBEINHEHRNZL PC HIFEARDER

AL TIE, BB AWRDOWEIZ LV RE~DOEENL LT T2, PCHEGE AR A % 7
HERE LR AMOWNEE T T 7 (Apam) & LTHIE LT (Table 2-11). PC #REFZE Al
(CBFAERR 2 BRI T HOH OB (A ample) 205 7 7 7 O Z 75 L3I T OB (A qamplem A plank)
& L7z, PCHE 27 WREDREE AURIZIS 1T 2 B A kK 8238rif OIHFH ALIL, B8 AIROFEHIZ L - TR
72~ 7= (Fig. 2-6). 57Ff (8350PC, 8105PC, 8107PC, 8238PC I3 1. 1} 8208PC) & PC ¥kE%3E Ak Tl
BPARR 8238rif OEFE AR (BFARRETE AIR) HTC 8238rif #1FHE L72HG LV bm WA R L
7o =05, BPAERRERSR AR & H A~ THITHM I S 4u72 PC BREREE A% 22 FlRAFTE L 72,
PCHRIBEARDBFAMDIZEIMNFIZNRESTE PCHOAEEMMEELEHLOE K

PC FRESEE AR TIZ R T DR IR PE O HEFEMHIZN R & PCHROPUEENE & ORIz i Lz & 2 5,
R AR I HUE TG PEDS 2 H V72 PC HRES R AR TIE, L ORGHE AR & He A THEFEIHIRE MK <,
PETEEZ R SR WEEE AR T H B AR OIS Sz, ZOREND, FBEAETIZBIT D
B AR O VETHINGNZ 1IR3 AR OHUETE M TR MO ER OG- &R S iu7e.

— IR 22 A B AL 1T 0.05~0.5 pM D IEHESK A M TH Y, MO SRBIF N EE 22556 T HEMAX
Z LT I IS I E S D 2 L AV iE STV % (Waring and Werkman, 1944 5 |14 - &
M, 1996). PCERAAEFE LTS T v 7 4 7ITHE & LI 8 Z2 ARSI T E 2022V TIAH T
b0, BAEROEIEIEI~D LT 07 + 7 OMENREE L LT, 77 x 7 EEKRORES
WP T, BT Tr 7+ 7T S, 00 FE2BAERPRINTE RWEEIESRZIT LD H

ERREENDZEBEZBND. —FHT, L7 PCHROFT T RIOIPC AN T a7 4 T I
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0.30

[J Antibacterial activity positive

0.25 ~
[ Antibacterial activity negative

0.20 1

O I
0.10 -
0.05 T H
0.00
OO0 O
o aa a
N — o
O(\'lO LN
— & - g

Culture filtrates of PC mutants

Bacterial growth
(A 600 nm_A Blank)

Suzaki-5PC ————++

E-PCstr
8109PC
8257PC
8216PC
8224PC
8276PC
8103PC
8433PC

970502-1PC

8345pC [~

8101PC
8238PC
8266PC
8234PC
8357PC
8214PC
8252PC
8202PC
8105PC
8107PC
8232PC
8208PC

Fig. 2-6 Growth inhibition of 8238rif wild-type strain in the culture filtrates of PC mutants. The dotted line
indicates the bacterial growth of 8238rif in the culture filtrate of 8238rif. Antibacterial activity against

8238rif in culture filtrate of PC mutant was tested by spot-on-lawn method. Values show means + SE (n=6).
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FEFERETH D, AR PC BREEEE AR RS 2 B AR OIEIHI B RITE o 1. Ak, BAEKROH
FHINH & PC BRO T m 747 L ORISR EZI H0NCT 272D, T a7+ TAEFERNER D PC
HROBEZRSKEANT, BEHROBA A VREL T 07 4 TREZEREL, BRMEZELE O
PR Z AT 20ERH 5.

PC #REEFE AR 0O B AR O BEFEAM 0 Fe & By D628 % O biovar & DBIfR & Ll L7275, B
PEIHZ DN oo, F, TOMOSERE (L—A, EEF, phylotype) (2R THBEMRMETADL
Nighodz.  AREFFETIX, PCHEEEE AIRICE T 2 BAKOHMEIZIE &, HORK, PCHIC
KDHEWE R LT 1 7 4 7 AREE OIS VEW B EANE & ORMRIEZ A U722y, BB

RIENRELND b DTN T2TeD, SRITMOMESLEREZ R E L THET O2LENDD.

W=

B AE R D BAREINHI R R D3 8 PC BREE 8 AR A 1Rk T 5728, RO IR 5 PC IR 27 BROKEHE 5
WHICB T D BAROMREZ A Lz, £72, PC FREEE A ISR 2 B LK O B 5i i Hl o B
KAFET D720, PC HRICKXDPEMEAEL T 07 + TAFEICOWTHAE L. BAEKOR
FE Y PC KIS AIROFEIAIC Ko TR v, 22 FD PC HREEHE A K CIEEF AR O BTN H] 23785
b, PCHRICK DHIHEWEAREZFHE LIZE 25, PCHS BHRITES# AP ICHEYE %24
FEL, ZOMRIIMEMEDRNESTEOX VRV ETHD LSSz, £z, PC HRIZERT
5L THEEERNE E DB FIE L. 7 a7+ TAFEIE, PC BRICER LI=a CAMERN
B R BBIICH 572, Lo L, PC HRESEE AW 0 By A RE O HIFHINHI 2 & PC BRI X DA H -

TR T T AL OB <, BAKOHEEMEIZ I OMESLER ORGSR S .
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% 3 E Ralstonia solanacearum RIRBEEHK/ZFIALI, M TRAFHED

BEBRZNR

&

il

FHEI B Ralstonia solanacearum O PC ¥k & FIH U= HHHE OBBRSIEIL, #3823, b~ bk, T %
BLOY Y A B THEZR SN TV (Hara and Ono, 1991 ; Arwiyanto et al., 1994a ; /NI &,
2011 ; K5, 2016). Arwiyanto etal. (1994a) %, PC FRDE;#E A% b~ MM 5 &, PCEE
AEIZ K DBIBRZIRITITS 205, R AWML THLOTNIRHEIIMH SND Z L 2@ L TWD.
LU, PCHERIZ K DBIBRENIRIL, #5775, BT 5 PCHROFESE, MO MFEIC L > TR D Z
ERHEINTWD UMD, 2011,2012a,b). =072, PCHRZFIA L7 R 7e &R BAERH
WORSLIZIL, BEOSFEICH L TR R TS 5 PC OB OBRBENEECH L. &
2 B 2 BT, RMORRD PC HRIEHR A E VT, AR BRINHIZ R & P48 LR R,
B AR O BEIHIZN R DN B PC BREEEARIMG Dz, £ 2 TARIFFE T, RHEDORR D PC
& PC IR ARAHWT M~ b EFRZHBT 2 EMWBERDREZREL, b~ T RiTd@mL
TEWBEBRGh R A S 5 PC #Rooik L 7=,

F7o, HRHEEOFICIE, FPEOMO BRI L CHEIER 2 R~ T EESFET 5 (Cuppels
etal., 1978 ; Arwiyanto et al., 1993 ; Frey et al., 1996). PC #kOHTEEEM TSN I I T D B Ak o1y
FEAENC BG4 2 & B 2 B, PCHRIC & 2 FAP L EREERE O —BZ[A & 72 5> T % (Chen and Echandi,
1984; Hara and Ono, 1991). AAFFETIE, 252 T4 2 i TH H 23 L7 B AEKRIC KT 9~ 5 PC RO HLEE

fEM & PCHRIC K 2 FFRRIIER DR & o B 2 f A L 7.
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MHELVAE

HaEE

FRFEIL, RO DEAR 26 HkZ A L7- (Table 2-5, 23 2 HZBMW). PCERL

]

LT, BPAERK 8238 1T L= A L W 3B S 7= PCRED 50 pgmL™ 2 b L7 b~ o BRI
HTH D E-PCstr &, TPARK 26 HkEkD D Z 4241 EPS AR B IZIK T L7z PC BRDFE 27 B
& L7, PCERDIEHIX, BATFOFIETITo72. BAKEZ BG IEARES K 107 cfu mL™' 12725 X 9
(CHERE L, 28°CC 14 HMEHEE %, HiRIE BGT B HIC®ER L, 28°CC 48 MeksaE%, i
kD an =—%2 B L7ok%E PC #kE Lo, EREKRIT, 15% 27 ) te—1 25 A7 BG KIKE:
HiHIZ-80°C TIRAF L T2,

PC ¥kE528 A i & A L7 HRIR BRI OFRAE TI1F, 2 W 2 Mo %2 b LI PC RS
W31 B BFAERR O BIGEINHI 2 3 B 72 5 PC KR 6 Hikk (8101PC, Suzaki-5PC, 8238PC, 8105PC,
8208PC 5 L UM 8103PC) Ak L7-. BARKLE LT h~ M XV RS 417z 8238 (MAFF 301528, L
— A 1, biovar4, FRET) O 50ugmL’' U 7 7 &L HARMPERE TH 5 8238rif Z ik L 7=,

PC HIEESBRDIAR

PC IREG 38 AR PIZ 38U 2 B Ak O B BRI 20 SR 3 272 2 PC %k 8101PC, 8238PC, 8105PC, 8208PC,
8103PC, Suzaki-5PC O 6 HREDER#E Ak a8k L, FEBRICEER L7, PC HK 6 HitkA BGT H5H1IC i
MR L, 28°CT 48 MRfEsaE L7z, B FoH o m =—% 4 mL BG i@ I BERE L, 28°C, 130
stroke min™ T 24 IR & 9 5 L7, 55481 300 mL & 100 mL & =44 7 7 A =2 10 30 mL BG %
ARG IS HERE L, 28°C, 130 stroke min™' "C 48 FERME & 5 B538 L 7. B538 & 7500 X g T Doy B,

F¥EHRE 020 um DA T LT 4 L Z— (DISMIC-25AS, 25AS020AS, Advantec) T A1l L 72 A%
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ERRAWE Uiz, R AE BGT EREHICHRIKL, HRAWPICEIETE L TN e
TR LT EBRICHE L.
TEADPCHIEELAROEENTHHBEDIBIEICRITTEE

W L g xE & (&% flil) (B AER 8238rif OB (] 10° cfumL™) % %58 (wiv)
BAL, 5590k R LAICHEE, | BVIC PCRREEE AT E 20 mL #EE L, ATREHRN (12 FF
[ 30°C/12 Wi 28°C) CTEpE L, HH —EREOKEZ LG X TEHE L. R E LT, WEKEZHE/HL
X AR, S0 &7 HEDO LS g 28 L, JRE/K 45 mL [ZiREZ, RRETK 4 B
BERNZAIR L, H RGP OIS (5 - /NEFESHE © BG 55 HIIZ 1.5%DFER, AT L v 7 ¥
— (02um) JKE L7=5pugmL’ 7 U RAZ AL F Ly b, 50ugmL”’ 7 B AaF I K, 50 uygmL”!
RY I BREE, 0pugmL' 70 A7 20— A B0 25 ugml' T IV Y A a S
A RZEMAZZHD) (5« /N, 1984) 12, 50pugmL™ U7 7 BV 2R L2 RS #lc ik Lz,
EEHX 28°CC 72 RIS L, v =—¥AFH L. $£72, HNCERIR L 72 T o i E &2 JE
L, BAEKROEBEEIL cfug’ soil DW (dry wight) TH L7z, EBRIIEX 4V 7 b L, 2 KEIT
72 (n=38).
HEYA~D PCHRIBESBRDIEREICILIFHBEDIHBRIE

IR R~ & (S lycopersicum L.) ‘Micro-Tom’ (Tomato growers supply company, USA) & i e
T A (S. melongena L. ) ‘T %", (ZXAFEE) OARKE 12 EwoEAELM Lz, F~ &
ADIREZHK 343D 1 GIBR L, PCHEEZEE AU 20 mL 12 30 /R IEHfE L 7=, kIR E LT, JEAKIZ
RIE LXK ZRT 72, WL, B4Rk 8238rif OFY - (]9 10°cfug!) ZFH L 128 /v b
VAR L, NG (12 R 30°C/12 [Fefi] 28°C) CTHEHLL, 2 HE& ORI REMA L.

FERITA X 12 iRz W, 2 RKEIT- 7.
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PCHRAERZMALIITMFRADFE/BEHBRER

EERRIEY)

FEWME b~ & (Solanum lycopersicum L.) ‘Micro-Tom’ (Tomato growers supply company, USA) &

HEIRET A (S. melongena L. ) ORI THIPIMEN R 5 5 0fE Tl =5, ‘B ULk, #¥%A

Mg, “EhET, CARKERT (UL, 7Y EeEE) BET ‘Black Beauty' (fEff) ZftElL 7.

T % 710%™ % /) —/ViZ 10 BRREER, AR 1% ORHEHEFRRET ) 7 LKEKRT T, 10 2

s L CREAE 21T o7, T D%, WEAKT 150, BIOWREKT 3 oMkHL, X—IF=

ZA4 b (PhD) ZBEEEO/ Ny MR L7z, K, BHRRJMETOATAREGN (12 K 28°C

/12 W[ 22°C) TRIESIHT-. BIEH, OAT NV ABULS 1 HAL (OAT 77V 4) #IEL LT

WEE 277, B, ) 12 B 28°C, KD 12 R 22°C TV, ATE 122 RO EE 243 LU=,

EERDAH

PCHRAEBEHIZ L D b~ N HERIHEBIRICA 2072 PC ¥k DL TIE, PC #RI% 27 Bk (Table 2-5, %52

O BB R, BPAERKIT 8238rif LR L7-. PC MRAEE ZFIH LT F A EREERICE L) 7 PC

HROBRIL TIE, PC BRIZERE (B - AFS, 1992) & b~ FEMIHICHT DMK L 2 LI 10

EfE (E-PCstr, 8266PC, 8252PC, 8345PC, 8214PC, 8224PC, 8103PC, 8109PC, 82-1PC ¥ L} 101PC) %

W LUTHE L. E72, AT 8238f 122 T, /NS (2011) OfEE XV F 2 “TH 8’

W2kt U CIRV VBRI & ok U7 B AL 1 B 2Rk 8266 (MAFF 730135, L —Z 1, biovar 4, HEET,

phylotype I) @ 2 Ffk % il L7=.

HREORAT L7 Wk 4 BGT REHUIZ iR PR L, 28°C T 48 il L7z, W LB DOBREOH

ap=—% 4mL BG JEAREEHIZHERE L, 28°C, 130 stroke min C24 WiRHIE & HEe L7-. HE&IEK 1

mL % 500 mL &Y A 7 7 A 2 H10 100 mL BG AL 2 B7E L, 28°C, 130 stroke min™ C 15 F[H]
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WE DR LTz, BRilkAE, /mOLEET 600 nm O EOWILEZRE L, BEROMES (FRH

= (171160276 X W FE+16614) X FHREER) I X VMEBEEAHTE Lz, BERAZZLEICBEL

T 7500Xg, 4°C, 15 /om0 mBE L7z, EBAZET, WEKEMA CTHEELDBEL, LEY

ZEEE L, ORI LD ROTBREEEZ b &2, BAKB IO PCHROEKREL, EEOR

JECIRBEAK CARUER & Lc. AEET, R UCERE BRI AR L, T - /NEPES I 3R bR

L, ar=—BlEkE5EkdsZ LICLVHAIELE.

L E WA

FRREBRTIEORRLE LT, 23 F &t (XX AHEY) 280 12800 L AT

FEEEZK 10" cfu mL T ICHHE U= B AR OB 2 S mL T OB L, FFAKIGY S Lz, A% 12

RO OARZ Y X T 13 REGIW L, BEEEEZK 10° cfumL 2R L 7= Fh o PC #ED

B 20 mL | SENEE L (LX), F£72, R E L CHEAK 20 mL 12 30 2 fEEiE L7=. PC

HROEHE S U < IFPHEKIIREE L 7o o 2 B ARG R ERICBM L, ANTKRGN (8] 12 K

30°C, 1 12 HEf 28°C) CHEELL, 21 HMORWERERE L. F72, 21 BEORHENLLLT

OXEFANTEHRRMEZRE L L. Bikrii= [ GHRX-AEX) / FHRX] X100, FEERIILX 12

KEHNTITY, b~ FEHWEERTIEI IS NE, FRAEFHWEZER T2 KET- 2.

mEEEDORE

P54 KK 8238rif & 8266 (2%t 3 5 PCEEDHIETEM %2 7 L — k7 v v & /L A% (Wakimoto et al., 1986)

(R VIHE L SIAWEAEERROBER & LT, B PC R Z £ 1121 BGT #5 I HifR L L,

28°CTC 48 WEiIE L7z, W L7-Han =—%3]0 BGT EHIZ 4 TR L, 28°C T 48 Wik

BT B, 9em vy — L O EEZ/unh A 2mL ZGAEET 9em JERA B X, BT

HOam=—% 2 FFREAR L=, D%, BGT M, HHEEZK 10° cfu mL™ ICF8 L 7= fE 1
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(8238rif £7-1% 8266) MWK 1 mL % BG 0.5%FEKE5H 4 mL & (2 LiAA, 28°C T 48 HFfEE2E

Lz, B3k, PCHROBEVICHIEMNTER S NIZSGE, PlwiEttz A9 5 el L7,

USRS
TIEAD PCHREBLRDEENERHREDBIEICRIEFTZE
PC BREE 38 AR 351S 5 B AERR O BRI Zh R A8 572 % PC % 8101PC, 8238PC, 8105PC, 8208PC,

8103PC, Suzaki-5PC D153 A % HHIHE G115 34 logcfug' 1) (TMH L, 7 B O 1T

S
i
5

H L 2 FA L2 (Fig. 3-1). ZORE, WTINOARKIZEWTY, HEPICBT 2 854K,
FEE 7.5-8.1 log cfu g W E THIE L, ®IRIX (7.6 logcfug!'it) & DT, PCHEEES
TREEFRRIZ K 2 5 K69 B O BN 1378 8 B e v o 7=
HEYA~D PCHRIBESBRDIEREICILIFHBEDIHBRIE

PC RESE AURIZ L D HE RGP FR2RIL, PCHRES R AR E MM (F~ ME T R) LOMBED
I L F72 572 (Fig. 3-2) . PCHREF B AIRIC L D b~ N FRFEOBLBRZIEIX, 8238PC & Suzaki-5PC
DEEFE ARAFRIC X 0 BB S, TR ORI 37% L 32%Th 7. 8101PC DEFHE
AIALBLTIEL, RHRIX & A THO NI RIF I S vz (BBl 16%) . & Do PC BRI Ak
TIE, SHRXEEARTHRFEN 1~2 ARERET 250 b o720, BR2IRITR0 -7,

— 7, TAHEMBRICE T, B 8238rif l2% L CHIEEMEZ2 A4 5 8105PC D53 A
BN bR TH Y, PBR{liIL 48% Tho72. ~~ M EMFIZHERE ORI FEZ R LTz
8238PC & Suzaki-5PC D538 AURMLERIE, T A TIIBHBRAMG 22~26% L8 F L=, F£7z, ZoOfoX

TR L R TRIFDBIET D5 B b o720, PRI RITED > 72 (B5ERM 13~17%) .
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Culture filtrates
Fig. 3-1 Growth of wild-type strain 8238rif of R. solanacearum by inoculation of culture filtrates of PC
mutants in soil. Culture filtrates of PC mutants were treated in soil containing 8238rif (ca. 10° cfu g DW).
Mock-treatment with SDW served as the control. The graph shows the results of mean and standard errors
from eight samples for each inoculation (n=8). The white bar shows bacterial density of 8238rif in soil at 0
days (start inoculation), and gray bars show bacterial density of 8238rif in soil at seven days after treatment.
The different letters above bars indicate significant differences (P<0.05) in soil at seven days after treatment

according to one-way ANOVA following the Tukey-Kramer test.
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A 100
—@—Control
A
S 80 {~+—8103PC =
) —{1—8208PC
£ |
5 60 1——s101pc
= —¢—8105PC
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& 20 {-0—8238pPC
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Day after inoculation
B 100
—@—Control
< 80 1 =+—8103PC
o0 —1—-8208PC
£ |
5 60 1——s101pc
£ ——8105PC
2 40 1
‘2 =—Suzaki-5PC
& o0 {-o—s238pc
0 - T T T
0 5 10 15 20

Day after inoculation

Fig. 3-2 Disease severity of bacterial wilt in tomato ‘Micro-Tom’ (A), and eggplant ‘Senryo nigo’ (B)
treated with culture filtrates of PC mutant. Seedlings treatment with culture filtrates of PC mutants and SDW
(control) for 30 min, and then transplanted into soil containing wild-type strain 8238rif (ca. 10° cfu g™ FM).

Experiments were performed with 12 plants in each treatment and repeated twice in successive trials.
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PCHRAERZMALIITMFRADFE/BEHBRER

h N EREERIBRIZE %R PC ¥ DR K

ARERTHKA L PC A b~ b T RTHMTERE L725E, MWOZERIERIIZ DN -

72 (F—X%4EWE). t~< bk ‘Micro-Tom’ (28T 5 HFEREOBLR2NFIL, BT 5 PCHROFEIEIZ &

> TH7p -7 (Fig. 3-3). b~ MHEHIFEIZx LT, 8103PC, 8214PC, ¥ L U 8224PC DOHEME Tl 80%

PLEDBsBA A7 L=, BHRREES E D > 7= 8103PC & 8224PC 1%, BFA#k 8238rif 121 S HiEE

MDHER STz, —F5T, 8214PC FEDOHEIEM 278 & 720 PC RO T & H R OBIERG R 13

Mol

FTRABRRMBRICAE G PC #RDREiR

By A- Rk 8238rif & 8266 HEFEIZ & A F A DRI I ALFEIC L - TH 72 - 7= (Fig. 3-4) . ‘Black Beauty’

EOHE T, IRETRTOMEEIAEIE Lok LT, STl s, R, RO CAH

K TEHLTNTERRPME» T2,

PC BRIZ & D HFFEIBE OBFBRZRIL, 35 PCRRE S L DA S DEIZ X o TR o 7= (Table

3-1). BFAEFRE 8238rif ICx) T 2 BhFRZhH1X, E-PCstr ##5fE L 7= ‘Black Beauty’ & “Hif5’ TILifEiR

ST, FOMOX TIL 18.8~100%DBHIRM & 7=~ L7z, 70%LL_EDOBSERMi 2 7~ L7z PC BRALELX 1,

STl T & MERET T S LB, CARIKRERT T e B H o7 DIZkf LT, ‘Black Beauty’

EOHE TIEEE L AFR ThoTn. F7z, BARK 8266 1T T AERAIEICB W TS [EEOLE T

NHLNTZ. T ASHMEICBITA2ZEERE PCHRIC L DR L OBICHEE 2 A OB (r=-0.8617)

#dr -7 (Fig. 3-5).

PC BERLER X[ T4 % &, E-PCstr ALK TIIEF A RE 8238rif 1251 5 BhR ML 0.0~66.7%, BF

R 8266 (259 D BAERAMIIE 20.8~52.6% %~ L, IO A LFEICHE L CREBRMA K- 7=,
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Fig. 3-3 PC mutant differences in suppression of bacterial wilt in tomato. The biocontrol effects of
bacterial wilt in tomato ‘Micro-Tom’ by PC mutants were investigated in the soil-test using 27 PC mutants.
Mock-inoculation with SDW served as the control. The signs above PC strain names indicate antibacterial
activity against wild-type strain 8238rif, (+): antibacterial activity positive, (—): antibacterial activity negative.
Inoculated seedlings were evaluated as the percentage of wilted plants at 21 days after inoculation. Biological
control incidence (%) = [(A—B)/A]x100, where: A = percentage of wilted plants in control, B = percentage of
wilted plants in PC treatment. The graph was expressed as the average of the percentage in three independent

experiments 12 plants for each treatment.
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Cultivars of eggplant

Fig. 3-4 Varietal differences in resistance to bacterial wilt in five eggplant cultivars. Seedlings (21-28 days
old) of five eggplant cultivars were transplanted into soil containing 8238rif or 8266 wild-type strain (10" cfu
g FM). The percentage of wilted plants was evaluated at 21 days after inoculation. The graph shows the
results of mean and standard errors from five replicates using 12 plants for each inoculation. The different
letters above bars indicate significant differences (P<0.05) in virulent strain-inoculated eggplants according
to one-way ANOVA following the Tukey-Kramer test; the values of percentage were obtained through

arcsine transformation.
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Fig. 3-4 Relationship between the biocontrol incidence by the PC mutant treatments and percentage of
plants with wilting by inoculated with wild-type strains 8238rif and 8266 among the five eggplant cultivars.
The biocontrol incidences show average of 10 PC mutant treatments, and the plants with wilting in control
show average of five replicates, using 12 plants for each inoculation. Correlation (r) with P<0.05 was
indicated as * by the Pearson’s correlation coefficient; the values of percentage were obtained through

arcsine transformation.
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— 5T, 8224PC MLFEX L 8103PC ALFEX T, E-PCstr LHEX & bR THBEICE WHIRMAER L,

D F A LRI % U Crm WO BB 2 =z B o 7= 8:1T, 8103PC ALER XTI, BFA#: 8238rif

W2 LT 77.3~87.5%, BFAERE 8266 125 L T 58.3~93.3% D E W LM A E H 7.

BF A=k 8238rif & 8266 (X35 PC ¥ROHLEEH % Table 3-2 1Z/~"7°. ko A IC @ LT

BHBRAt 23 /B Ay~ 7= 8103PC 1%, M AERRICHIEER 2 L7122, BiEER 2R 7200 PC BT

b H R OYIERRDHERR S iz,

B

PC MRAEFEZFIH LFERBEOBBRIR, #8323, b~ b, TABIOY v HA FIZBWTHE

P& N T35 (Haraand Ono, 1991 ; Arwiyanto et al., 1994a ; /NI 5, 2011 ; BAR S, 2016). PC %k

AEZMM L2 BRI OMIERZIRIL, PC MROFEH LMY - MAEIC K> TREL ZEMRESNT

B UNIS, 2011,2012a), BEOFMTE « SIS L CEWBIRRZIR % 384E 9 25 PC KRR

DFESIRROH B TUVWAH. LAL, Poussieretal. (2003) 1%, phed EEHZ h~ MBRHRF CTREE

T LEAERICERERT L L2MmELTBY, PC MOAWEZER L2 b~ FTlE, BT

PC RSB AEMRICEREIF L, BREHRSEL 2 enailand. PCHREZFIM Lo FAE L BRIE

DHESLIZFBWNT, PC MROAERE ZFIH LIBIRIEZ T T <, 2RI D 28I RiE OB JE & 5

RUCEDD Z L NEETHD.

Pseudomonas J&=<° Bacillus J&73 & OF HME 25 H LI2REOLEMIBRIE T, ERSCHEKRE

FAWTZBEBRIEIZ DWW T < OIFFERTT 3T & 7228 (Jetiyanon, 2007 ; Ramesh et al., 2009 ; Ramesh and

Phadke, 2012), F4E, Bacillus JEBHE ZFIH LR EBRIEICB W T, BEHOEREAKIC X DR ED

PRI OFRIADPED LN TWD. ZOHE LT, B megaterium L2 DR AMRIC K 5 Z N3k
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Table 3-2 Antibacterial activity against wild-type strains 8238rif and 8266.

Indicator strains

Producer strains

8238rif 8266

E-PCstr - +
8266PC - -
8252PC - -
8345PC - -
8214PC - -
8224PC + —
8103PC + +
8109PC + +
82-1PC + +

101PC + +

z +: Inhibition zone formed by producer strain, —: Inhibition zone not formed.
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2IE CRIRE Alternaria alternata) O33R IFOREDREHEITHZ L (Li et al, 2015) X B.

amylogiquefaciens KB3 ¥k & B. subtilis Qst-713 BROESE AWKIL, S U H T VIRERLA 20 HIiRAR

COBHOREICH L TCHRIEE2HFTHZ L (Nametal, 2016) DNHSNZEINTEY, Bacillus

B2 EPET DWE AR LT, PUEAICESIES EH~DISHRE L5 TN 5.

—J5 T, PCEROEEFE A2 M- AR PIERICBI 2 AR gEi3 D T 7 <, AWFFETIL, PC kK

R LBt oat & LT, 5 2 F5 2 @il TR AERR O M 2 R 2 2722 % PC BRkES

EBAHR 6 FEZHEAL T, PC BRIEHE AR DAL K 2 T3 o> F ARG B 0 B AN i 20 1 & A4 D%

T R 2 A L. ERWE 05 G 15T PC MR AR A LB L1256 T, Wino

SAHRPKAZ 38N T b I O B AERR O HHIT N S 41T, PC RBREEEE AR T CHERR S 1L7- B AERR O Y

FEINHNT LR TR SN oz, ZOERE LT, In vitro 72 5EBR%R TlE, PCHRIEE AR D

TSRS 720073, HHERIC PC MR AR & I L7256 TlE, HBEARPIRELHRIEITED

RIMTIRH T 2 Z EROREMKIC L > THIRS L2720, BFAEMKOEIEMBI RN Kbtz L#HEER S

N5, —J, PC HREEER AR AR RIS 5 2 L THEMBOBRIR I G52 5HE MR

Hot=. LnL, TOBRBIEIL, b~ bFEFRATEZY, b~ MK L TIX Suzaki-5PC & 8238PC

DIEFE AW THEREIR D D Y, T A TIE 8105PC DEFHE AIKALEL T L m W BRI R 35 &

Nz, 2o PCHRESEAIRE PCHRAEICE D b~ FEMBOMIRSIE L L& 25, PCER

B AMRIZ X ABIBRENRIE, Wi d PCHRAREICE DPBRIF LY bR o72.  Arwiyanto et al.

(1994a) 1%, PC ¥k Str-100p DE:#E A% b~ b OMRBICHETERE L7546, HMW ORI R IX

AREIVOHLZEEWMELTEY, AFFETHRERBKOM R TH 7. PC FRIZ L 2 FHHIH OBIER

BHROFEHIZIL, FE~D PCRERE 2 L 2B AMROEEIH PZEET 25 Z EhmESNTEY Uh

JIIS, 2012b), PC ERMAETE L 72 W EEEE ATRALEETIE, PCHROEEIC X D B AR &S Ml e R i
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s CERNTZYD, BIRRBMEN -T2 EZOND. 52 BE 2 f#ilT I TR ARK O HFE N )

R E T2 8101PC DEER AIRIILTIE, F~ b & T ZADOFMHFHERZRE MK, BFAKOH5H

PN & FRE OBFBRN I —E L T e v o 7o, BRAERRIC ST L CHIBETEMED 72\ 8238PC D EE

BARWIE TS, HRFHOBFNOT MG SN Z Lavh, PC HRIEE AIRIZ L 2 FAE IR

DERIZIT, PCHROTEEHNLUANAOBERGEEGT2LEA605.

Hyakumachi et al. (2013) %, B. thuringensis DE:3E AR A WFL L7= b~ R ClX, EYRr R (PR)

B URIETEHD PRI, ¥FF—F, B-1,3-7 N HF—FPOBRIGFHRENFES N, WD ~DEHT

PEFEIZ L D FMHORFPIH SND Z L2 BELT0D. AEITBN TS, REROHBEDE)

&, PC HROEGHE AW AL L7 Tid, DT IHEPMENTF T S, IO BIELHf] 23 &

TEAREMED B D . A tk, PCERIEE AHRIC K DM ~DOIMIUEFEZ W 502 L, PC HREEER SN

SEPMMEFECHDME 2T 2 2 & T, HHMFERZHET L ENARETHLL LB R D.

EHIT, PC #Rz I LR E MR 2 Ui BRiE 2 BRI T 2 7201213, FRIEHIERICA 272

PC HREZM LML, ZOBEMWEYIEREEDO ZTERZMHT 2 L PEETHD. £ I TAIIET

X, REORLD PCHREAMHAL T, b~ b &FT ZAOESFITK LTIl L CTEvW AN OBIER %)

AT 5 PCREA®EIE L=, /NS (2011, 2012a) 1%, PC HEAERIC X 2 H iR OSBRI,

PCHEDFEIH EAEY) - MFEIC L > TRARDZ ZEEZWMELTEY, RMFEIZEBWT, PCERIZ X BB5BR

hEIX PCEE L HEMTE - SWFE & OGSO > TRA 5=, ZOHTL, 8224PC & 8103PC D

B, BPAERE 8238rif I X A HAEICKI LT, F~ b ‘Micro-Tom” & A ‘TWi_5", ‘B,

Pt g, ABEKE BX O ‘Black Beauty’ (Z3E3H L CEWBLRRZIE (BFFRAG 59~100%) % %

L7z,

Pseudomonas JEMIES> Bacillus BANE O FIZIX, FHWEICH L CHEERZET 2803560,
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HRAMEIZLD2PEEREEVRIREN GOSN —FERE L TEZLLN TS (Ramesh et al.,

2009 ; Ramesh and Phadke, 2012). AT TlE, FHEEE OBHERZI I E 0> o 72 8224PC & 8103PC

(3, BPAERR 8238rif (Tt L THURIEM 27" L7y, PUEIEM 278 &7 PCHROERE T b i BIER%)

REBBONDHER DT, £z, PC MRORTR AHALEI & 2 FAHBIRAIRIT, TFAEKICR L

THUHETEMEZH 7 % Suzaki-5PC <° 8105PC D AR CHIRDIR 2T~ THE S H o720, PiEiEtE

D720 8238PC DIEFE AWM T, b~ FTIEREWAIGI SNz, 2D DR, PCHRIZE

HRIEBIEREERE X, PCRROFIEER 7200 Tl MO ZER OB B AVRIE S fu7z.

TR A~OEBIMEL, P~ FRTADONFIC L > TERLDZZENFESINTEY (Nakaho et al.,

2004 ; Vanitha and Umesha, 2008; ; Vanitha et al., 2009 ; /NI 5, 2011), AHFZETIEL, FAHBITHT L

THIMET 2O T, EERRIBIEN RS 5 2 VT, PC HRIZ K 2 HRFBIERS)

RAWE LT, BEOFHHE L PC I LD PRARICITHE R AOMMA DY, HHHIC K LT

TR 72 3BT DM O S5 Black Beauty” & <HUE5 , PC BRIZ X 5 H R BABRZ R MR B ) I2 &

D, ‘Black Beauty’ & ‘il & A THOT NN m WG Tl — 5, Lt BLOAHY

KETIE, PCHRIC X DBIBRENR DS E VAN B > 7=, Btk b~ M andE O o T S IRBIPED & dh

FICH M &0 L7250, EPUERNMRW AL L T, WEREEERE CHDL T == T T

=T rE=TIVT—E, R T2 )= AFXUH—E, SAFXF—E, BILORY R TF—

PTOEENAERICEED Z LA S TW5 (Vanitha and Umesha, 2008 ; Vanitha et al., 2009) . A<

WFIZEICIRBNT S FEROBEE M &, SFEOFOHBIMED PC BRIZ X 2 FRIE R R 2 KT

LictEZ DD, —FH T, PCHRIZ K2 ERIEBIBRZ)FITFHE S 4112 < W F- & ‘Black Beauty’ & ‘51

B 123U T, 8224PC & 8103PC D#EFE CIIHMIIF ORI E N A <, BFAKE 8238rif & 8266 D

RBLEHRIC LD FMIEICH LT, mOBRMREZRE L. £z, HIIG (2016) %, FKHLOR
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7% PCEREWT, Yy A EHMI (TFANK 8266) (2 2 BFRah R A A L7o#ES, 8224PC
& 8103PC DHFE TR W RZ R LIz LB TS, Z2D7=®, PCHEOHITITEH O Y FE -
A FEIC Al L TR WO BEBRZNIR & J84#H Lo W PCRMFIE T 2 Z LR ST,

Falig « AFT (1992) 1%, RN & GO F 2 BEY (Solanum melongena < T —. 5, S. mammosum

(> 7 FR) | S. integrifolium ‘& 7 F A, 8. torvum ¢ N VoS I EH =) \TRT D IRFEDOE NS
WT 52507 Vv—7" (FHEE) CHE LT, HERE LIS melongena DA\, HEENLIX S, melongena &
S. mammosum \Z, BWRENLIX S. melongena, S. mammosum, 3 X O S. integrifolium 12, FEEEIVIZ 4 FED
F AR T X CITHEMEZ R L, BBEVIX S melongena & S. integrifolium (2995 JFVEZ 7R 9. AW
TRV THEB O - SR H0E LTl O BIBRZIIR 2 F84# L 72 8224PC L 8103PC 1%, HHE IV
DFMFE D OAEH S 72 PCHETH D, WREIVOEFRINEIL, 4 FEO T XMWY T~ T RN
ZRTZENDIRVWVEERHFEZ AT HLEZ O, KED PCHRICER L7Z5E CHEROMHEYTE
ICEETE, BOBIRIREZRET L LRI, 4%, ZNOOEREZFMET H720, HHEIV

O PC ¥k & o> PC MREEREIC K DA~ D E A RE & PR EREDIEVWZRAET DL ERH 5.

HE
PC BRAEH £ 721X PCHRIE R AIRZFIA L, F~ b - T RAOFMHELRZIRZTMA L. BAEKD
BTN R 23 BT D PC BRIEHE AR 6 Fli 2 k3K L C, PC BRREEE AU 4 F AW B8 O 75 Y T3 1T
BLL, FHPNEOHIEREZMA LZRR, WThoXIZW TS e oo B A KR o B FE I 6 20 2R
IR Lol o, PCHRETEAKZ b~ & ‘Micro-Tom™ & J A Tl 5" OREBIZEE
BB L, HFRHOBBRMRZFA L& 25, BhFRARIT PC BREFR A O & T & Dl

HEDEIC L - TRRY, PC HIEEARLEIZ LY ERHORIEHIHEI SN D HEa0 b7, R
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BED I PCHE 27T KD Z, b~ kb ‘Micro-Tom’ OIREBICIRIEHER L, HHHLERIR L

L& 25, BIBRIRIT PC HRORHHIC L » TR o7, S5 M~ MERMP ORGSR A

72 % PCHR 10 k2 E L T, Mepith )2 5 dufd (“Black Beauty’, “Hif5’, “ T %", “PetJi’,

BIO AEKRE) OFEMKEBRELHEL-E A, 8224PC £ 721 8103PC DEFEITE D

FEFE - SREICHE L2 @ ORISR A R L, 2D OREEN D, HRFEBBREIL PC HRAERE

ZRHA L2568 TEmWMEM 2R H Y, BIBRICHRA e PC BRI S LTz, £72, FAHOBIFRR

&, PUETEME A R 72720 PC #RR° PC RS AR DALBIC B W T H R SN/ Z LD, PCHRDHL

EIETEIE, BRI BRSO F R TRV Z AR ST,
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B4E TBEP-EYRICETLFRREOHFERERBFERLEERLDES
B8 REVMLEROEEAZDEVSTHBEOHBRIRELEHRE

BYRNIZBTLERFENDEEICRITTZE

&

il

PC #RIZ & 2 HR MG OZER & LT, MMWNIZIBIT D PC #E & B KD EE LT & © < 235
BB Z B TS (Chen and Echandi, 1984 ; Trigalet and Trigalet-Demery, 1990 ; Hara and Ono, 1991 ;

BEL D, 2002 ; /NS, 2012b). LU, HEHNICEIT D PCEREBAMKOBEE ZH LM T I

s
H
H#
%
l#

FEEDOEBENLETH DN, O XD LA TONARZESITmD T2y, F
. FEMIN OB L, W OSRRRREE, BAEHE, M RROAERSICE > TEHL, PC

FRIC & 2 HEREIEBLIR R 6 B 72 5 (Chen and Echandi, 1984 ; Hara and Ono, 1991 ; Arwiyanto et al.,

iy

1994a ; Saile et al., 1997 ; Mori et al., 2011 ; /NI 5, 2012b). = D78, TiILHDEWEEE L TR

i

BT D ENEETH Y, PCHRIC X D FMIRTIERZIR & AR L O PC RO EA B & ORLR 2

(CTDBEDRDD.

IS (2012b) (%, FEM BERIC PCRR 2 HRE#R, FIEIALICEF AR 2 3003 2 & R O 5 034

filSh, ZORBIMHENIT, @BE THESER PCHROEENEELHREL TS, LaL, HHIFE

FATHRARE D SR G D720, HTE~D PC MR ZE L, ®BENOMEFER PC HIEA

DN DR ESCHERE ORFMNNLETH S, I HIT, BE L PCHREELFERIEL720D

(Z1E, HIEEFCHINICIS T D PC Bk & BF AR 0D BRI KR 0D JEE RO T AR D AAAE DS B AR RT3

BIZOWTHLNITOMERDS.

Z ZCARMIFETIE, PCHRE B Z PR E CIRAHM L, TP LMEWNICEKIT 5 PC R E A
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BROHFEFFIE DIE N & W BE OB A IOV ClRA L7z, RIS, WNICEBIT 5 PC RO ##H
PN B ERR OO T AE I & T R O IR INENC BT RE A RA T 572, PC MROHERT H SRR
D ERZ VT, PC RO E & FRFREBIHZIR & OBREZRAE L. £, MOR, X
BRUOEEIZRIT D PC HR L BAMKOEBE A L, WEKOEEEZ ORI PC HRIT X 2 FHHW

FERRIN R 5 2wl L 7.

MRELVAHE

HEME

HRWEE OB AR E LT, 8238 (MAFF 301528, L —A 1, biovar4, ##f 1, phylotype ) @ 50
pg mL™' U 7 7 e v HARMNIERK Td 5 8238rif Zfii L7, HHAILHEL (PCK) & LT, ¥
ARR 8238 NG L= F A L D BES - PCRRD 50 ugmL ™ A L7 b~ A o2 HARMPERETH 5
E-PCstr Z il L 72, BEREIR O @ ENIE 2 3 & WO FiETIT o 7.
HEHEY

FA T (P RAFE) AR L. FIE70% T ¥ ) — 0 E AR 1% 0 R HLE R
TRV T LKERE AN THEFER, N—IF%=2T4 MIERELL. HER, ALIRGN (BESR
4T, 12 REfE] 28°C, 12 W§fE] 22°C) CRFSI®7-. B XBIM 12 REfHE 28°C, WEHl 12 KEfE 22°C T1T
W, JKIEEL LT OAT N XA B (OAT 77V A) | B2 E 5 2 7o, FEBRICITHEMEE 21-28
AME S L7oARIE 12 oKL R L.
TEPITEITS PCHEFEKRDIBIE

AxFEER L (XX AFEE) IS PCHREBAEKEZBEBENN 10 cfug ' i b X2 ICRAL,

128 BV b U AICHEIESL, ANLTKEIEN (BAM 12 B 30°C, W5 12 iR 28°C) T 24 A& H
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L7z (RAHERX). £7-, BENOEBEERK 10%cfug! #1272 5 X 912 PC kK & B ARk %2 Bl
CTHAREL, RARICER L7z (BUMBEREX) . EEfEf% 24 B O LEh o JE 2 FBRAEAREE LS

B U7, BHESg #BREL, JREK 45 mL ICBBH, S OICEAK CBBEMICHIR U2, 7K
R ERICHIS UHU/EWBE 20N U725 - /NEFEEH (B - /NBF, 1984) (CB$KL, 28°CC 72 W
s H %, HEEZEH L. tRPOREEIIEX 6 A0V L L, BNCHlE L+ E
% L1 log (cfu g 'soil DW (dry wight) +1) T L 7-.

HEMAIZH TS PC ¥R EEFEHRD 1L TE

PCHRE B AEMARABEM L4 2 £ &1 (F10° cfu g ' #21) % 128 kv b LA 1T Fel,
WD 13 ZUBR LT AEBME L, ALK& (] 12 FFE 30°C, BEH] 12 K¢ 28°C) T 7 HFH
HE: L7 (REGHAEX). 72, PCRREBF/EMRA B CHEAE L, RIBRICBAER 7 HRIRE: L7 (B
MPEREX) . BERETL 7 A HICEW U2 & RO MK & 12 TEERILL, 70% =% / —/L T
XREAHEE L. ZOERBLAER, RABRENTHEK ImL & & HIZEREL, £ 10CT 15 Fef
B U7z, BERFMR 2 B K CERBEHICAIR L, S ERRICAHIS U7 PiA s & N U7 - /NBpEE 1
ZRNT, BEROBEEEZ AR TEHBIEIC LV RDTz. WMENOHBEZ, o7 7-16 ©
L L, log(cfu g 'FM (fresh matter) +1) T# L 72

PC %DIEEZRBHDEVNIEMANIZH TS PC HOEZEELEMROFERINHFHNRICRIF

ER-7

Ui

FROGETHER L PCHEEME I 0 10°cfug 't &8 108 cfug ' #2t) ICHriR L7- 12 3
EDT A% L, PCHROFIHEFE L L7z, Bhatk, AN LRGN (W) 12 B 30°C, W51 12 FF
fi] 28°C) THEHELL, PC BR#EFETL 7, 14, 21 BRAICEND PCHROBHEEZHE L=, B, XN

DEEEITZ 10-12 HIEROFH & L, log (cfug 'FM+1) TH LI
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F77, PCHREERT. 7, 14, 21 A HOT A& Wik, BAEKKOBEREE (10 cfug'izt) 25
L7 55 REAVMULAICBMEL, FAKOBERELE Lz, xHRE LT, WBEKZEMLIEZ X E
SEELICT A EBME L, FREOIIRFE: Lok 2 B AKOG R IR L. Bk, ANLX
Seaay (W11 12 W5 30°C, W51 12 5[ 28°C) TREPRL, ML 14 A ORIWEZFAE L 72,
FRROPFEIIE X 12 BEE AT 3 EIT- 72, £z, FFE»HEAERM [BHERM (%)= {6 FE X
—JLELX) / xRRIX ) X 100] ZFH L7,

EMEOESEBRICE TS PCHEFREARDEZEELFTHARDFERIMGINELOE R

FADIRD 1/3 Z#8IBR L, RE%E PCHEOEIKR (9 10° cfumL™ & L < 1349 10° cfumL™) 20 mL (&
30 Sy RE, WA B AROBEREE (107 cfug ' #t) ICBEL7Z. IR E LT, JEK 20
mL (ZIR9E L 7o T A 2 WA RRTG Y BB U 7. WEEfEg, AN LRGN (B 12 5 30°C, W
112 WefH 28°C) CTREELL, BN 14 ARHOREHRLZMA Lo, FRITAX 12 EiEKZ VT 3 X
ATV, IR EPIRMMA R Lz, S 612, W% 7 A BICZEE LR & EHRE oMK L ic
ST, WMOR, XBLIOEZRI L. ZOR, RIXEEKT 2 BIYES#%, +olokkzRE
By, (ZEEIREE 70%T 4 /) —)L Tl L. SRR O PC kR & B AR O B % E & A BROEAR

BICK VAL, BEEEIT log (cfug 'FM+1) THLIZ.

w R
TEPLEMRIZE TS PCHREFEKRDIBIE
HHEFIC R D PC KK & BEMR O % Fig. 4-1 I2R7. PCHRE BAEMAROHEM L 15 (R
AEREX) I, MEKE BEBE 10-10°cfug ' % TEICHER L, PC Kk & BFERK 2 B © 42

ML 7zt (HMEEREX) ERISOEBE Th -7,
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O Mono-inoculation/PC

@ Mono-inoculation/Wild

A Co-inoculation/PC

A Co-inoculation/Wild

O 1 1 1
0 8 16 24

Days after inoculation

Bacterial density
log (cfu g-! soil DW)
N
HERL}

N

Fig. 4-1 Multiplication of the wild-type strain and the PC mutant of R. solanacearum in the soil. Bacterial
suspensions of the PC mutant and wild-type strains were inoculated individually or collectively in the soil (ca.
10° cfu g' soil DW). The samples were incubated at 30°C for 12 h and 28°C for 12 h. The bacterial density

is expressed as log (cfu g soil 'DW). Bars indicate the standard errors (SE) of six samples.
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TENIZ I 1T D PC K & BFAERR D B E % Table 4-1 (27”7, PC K% UM CHAME L 72 Tl
FEMIROZEINTR S NP, ZMBNICE T 5 PCHROBBEE TR 107 cfug ! L& -72. BFAEKEZHE
ACCHAR L 72 CiE, BRI & IR ER B S 4L, TN OB ARRO R L, N
ATIER 10  cfu g, ZHWREARTITN 1 cfug! ThHho7-., £, BROBEKOMYICENTY,
TR R & PR ER M BLER STz, B AERR O B BE LT SR 8 1 TR 10% efu ¢! K<, ZEVR{E
ETIFR 108 cfu g & o7=. —F, PCRROBEBEIL, MIREE A & ZEIREAR T 10%-10° cfu g
AR TR LTz,

PC #DEBHRBMDEVIHEYRNIZHEITS PCHROEFEELERBORBINFISRICKRIF

ER-7

Ui

PC KR OBEFEHL B BN B 72 DY) O H LRI LR OHER & Fig. 4-2 12, PC MROBERL B B B2
DHEMNIC I D PC KR OFFEIN O % Db % Table 4-2 (28§, @EE (8 10° cfu g ' iz 1)
O PC Bk A58 L 7= 556, #efiitk 7 H B O ClE, SR O TR IHIZIR 2B O & 1L (Fig. 4-2A),
PC KRO BB EIZH 10° cfug ' THo7= (Table4-2). L L, PCHAER% 14 HA L 21 B HOMY
TIE, FEBMHEINRILRD b7 (Fig. 4-2B,C), PCHRDOEEE IR 10° cfug! LK o 7=, [KiEE

(#710° cfu g ' ¥ 1) D PC ¥R 2 BEFE L 72454, T X COMELXIZ B W TRFBIHIZIRITRD HT,
PC D E B FE 1349 10° cfu g ' LLF &K~ 7.

EMEOEEBRNICE TS PCHEFRIARDEZEELFTHRDOFERINGINELOE K

PC #k Z A AR IRIEHERE L 72358 O F MR R OHER & Fig. 4-3 12”7, PC FREERRIZ &
FFREIE OSIFINHI D RIL, X & AKEE (9 10°cfumL™) @ PC HREMEX TIXEB® b, i
B (]9 10° cfumL™) 0 PC BREREIKIZHNT, BBRAMN 64% Dm0\ 8 Il 2 AR b iz,

RN (R, B LOIE) ([2BIT B4k E PCHROEEFE % Table 4-3 1273, ZEH LMW
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Table 4-1 Multiplication of wild-type and PC mutant strains of R. solanacearum
in the eggplant ‘Senryo nigo’.

Bacterial density *

Inoculations Symptoms
Wild-type PC mutant
Mono-inoculation/PC N wilted - 1.95+ 043 ¢
Mono-inoculation/Wild Non wilted 4204064 b B
Wilted 946+0.39a -
Co-inoculation Non wilted 3.90+0.73be  2.51 +0.48 be
Wilted 8.82+0.25a 3.12+0.37 be

2 Bacterial density expressed as log (cfu g ! stem FM+1). Values are the mean
and standard error (SE) of 7-16 plants at seven days after inoculation. Different
letters indicate significant differences (P<0.05) by the Tukey-Kramer test.
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Fig. 4-2 Effect of the pre-inoculation period of the PC mutant on the suppression of bacterial wilt. Eggplant
seedlings were transplanted into soil containing ca. 10° cfu g’1 or ca. 10° cfu g’l of PC mutants (PC
treatment) or SDW (Control), as the pre-inoculation. At various periods after the pre-inoculation, the plants
were transplanted into soil containing ca. 107 cfu g of the wild-type strain. The periods of pre-inoculation
with the PC mutant were 7 days (A), 14 days (B), and 21 days (C). The graph shows the results of three
replicates using 12 plants for each inoculation. Points marked with different letters were significantly
different (P<0.05) at day 14 according to the Tukey-Kramer test, and then the percentage values were

underwent arc sine transformation. Bars indicate SE.
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Table 4-2 Effect of the bacterial density of the PC mutant of R. solanacearum in
eggplants on the suppression of bacterial wilt.

Inoculum Days afte?r Bacterial density * Biolggical control
concentration ”  pre-inoculation ¥ incidence (%) %
10° cfu g’ 7 days 527+0.13a 444+55a

14 days 2.70 £ 0.63 be 2.8+2.8b
21 days 2.83+0.20b 56+2.8b
10°cfug’ 7 days 1.83 +0.44 be 11.1+28ab
14 days 1.24+043 ¢ 2.8+28b
21 days 291+£041b 28+2.8b

“ PC mutant were inoculated in the soil at initial concentrations of ca. 10° cfu g ! or
ca. 108 cfu g,

Y Bacterial inoculation was performed as described in the Figure 4-2 legend.

* Bacterial density is expressed as in Table 4-1. Values are the mean and SE of 10—
12 plants. Different letters indicate significant differences (P<0.05) by the Tukey-
Kramer test.

" Biological control incidence was calculated using the following formula:
biological control incidence (%) = [(A—B)/A]x100, where: A is the percentage of
wilted plants in the control, B is the percentage of wilted plants in the PC
treatment. Experiments were performed with three replicates using 12 plants of
each treatment. Different letters indicate significant differences (P<0.05) according
to the Tukey-Kramer test, and then the percentage values were underwent arc sine
transformation.
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Days after inoculation

Fig. 4-3 Influence of the inoculum concentrations of the PC mutant on the suppression of bacterial wilt in
the eggplant ‘Senryo nigo’. The roots were soaked with 20 mL of the bacterial suspension of the PC mutant
(ca. 10° cfu mL™" or ca. 10° cfu mL™") or SDW (Control) for 30 min. Inoculated plants were transplanted into
the soil contaminated with the wild-type strain (ca. 10 cfu g soil FM). The graph shows the results of three
replicates using 12 plants for each inoculation. Points marked with different letters were significantly
different (P<0.05) at day 14 according to the Tukey-Kramer test, and then the percentage values were

underwent arc sine transformation. Bars indicate SE.

77



Table 4-3 Population of the wild-type strain and the PC mutant of R. solanacearum
in tissues of the eggplant ‘Senryo nigo’.

Bacterial density [log (cfu g! FM+1)]?Y

Plant Inoculated
tissue concentration of Non wilted sample Wilted sample
PC mutant Wild-type  PC mutant Wild-type PC mutant
Leaf  Control 2.0 - 7.1 -
10° cfu mL™! 1.0 1.1 6.9 2.1
108 cfu mL™! 0.4 1.2 6.3 1.0
Stem Control 6.6 - 8.7 -
10% cfu mL™! 4.4 2.8 8.3 5.0
108 cfu mL™! 4.8 4.6 7.2 5.4
Root  Control 8.6 - 8.3 -
10° cfu mL™ 8.2 7.0 8.0 6.8
108 cfu mL™! 6.3 8.2 8.3 8.3

? Bacterial inoculation was performed as described in the Fig 4-3 legend.

Y Bacterial density was determined using plant tissues (leaf, stem, and root) isolated
from wilted and non-wilted plants at seven days after inoculation. Values are the
mean of each sample.
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BT OHAROEEEL, TRCOMBMBNCTEI o, —F, BFEEEEICRIT 2 HAKIT
RCIEEEEICRE S 72, BRI OREE TR Sz, HEBNO PC RO BEH X
ZEVRE 4 & R EE AR 57, RTIEE S, BEHRRE SR T

PC Bk % $258 L 7- AR NS 3 1T D PC Ak & BFAERR O W% B O BIfR % Fig. 4-4 1273, BEITBT
2B AR O W T, BRI TR X VRS, ZIREER TIT L SV 2 R S 7z (Fig. 4-4A) .
ENOBERO B L, BRHE R CHERIR S, Z0ER Tl & -7 (Fig. 4-4B). BEL
XD PC HROBEEEIZIL, MW OEMOA ML PC MEOBFRE X THfE/Z2ENIIA Do
7= (Fig. 4-4A,B). T72bb, HELENTIIPCHROBEEEITIEOLSENKEL, FEKE PCHD

9 B AT 22 BURMEIZ R e o 2. IR O PC RREEREIX O Tl PC #RIZ#Y 10" cfug ' LU E

P

S

EBEICRE LTSN, BAEKOBEITFN 10" cfug ' L FTh -7 (Fig. 4-4C). —J5, (K
FEBEREIX DI TIE, PC RO B EIZ 10108 cfu g EIEHOE03H 0, BFARKO % X 10™-10° cfu
g LA T

, ZF LT N DR AERE OB B 4 b LIS FERIEIR DS BLI 5 R B4 8% O #iPH  (ZEVH B
BER) AHEE L7z, TR, (RBERXOMFEEMEER T, R E NI D B A O 3%
1T, FWREEEEICZL AAELZ (Fig. 4-4B, C). s R X OB AR R TR, T RToM

MAZ I T, BPAERR O B BE AR 28 00 B 4 B 1 0 A RS 2 < oA LTz,

5 =
THE LN T O PC #k & AR OIETERFEDBEWEZ B 52T 2720, T L HEWIC PC B
EBARAIRGHER L, WEKOMBEZTAE L. ZORE, HHEPO PC HE B AEKO R K

iz VIR ST, WEKM OB STl —0, EWNICE T D BAKOEEEIT,
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A O 106 cfu mL-1/Non-wilted
@ 106 cfu mL1/Wilted

® A 108 cfu mL'/Non-wilted
6 A [ A 108 cfu mL'/Wilted

0o % Average + standard deviation of bacterial
2 density of wild-type strain in wilted plants

Wild-type strain [log (cfu g' +1)]
N
[
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Fig. 4-4 Relationship between the colonization of the wild-type strain and the PC mutant of R.
solanacearum in plant tissues of the eggplant ‘Senryo nigo’. The roots were soaked with 20 mL of the
bacterial suspension of the PC mutant (ca. 10° cfu mL™" or ca. 10® ¢fu mL™) for 30 min. Inoculated plants
were transplanted into the soil contaminated with the wild-type strain (ca. 10’ cfu g ' soil FM). The bacterial
densities were determined using plant tissues of leaf (A), stem (B), and root (C), isolated from wilted and

non-wilted plants at 7 days after inoculation.
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AR TIEE <, EREEE TS, HNICEIT 2 PCHROBEREL, BWOFEIZRED S K

ol  ERLUTEYRN OB AEMRORERE L, W ESIcBOTHLENST-DIZ% L, PC

HROBBEREL, EEHMSIESRTT2HARRonlz. ZhbORRNL, HiEh LmRNICI T

2 TR B O BARERAME TR 72 0, N O PC BRIZBFARRICEE N THII MG Shiz & B2 b b.

TR U T2 B 2B RRIS, MO BE 2 il L 72 23 S RN TIE R IS RBAT LGNS % (Vasse et al.,

1995 ; Saile et al., 1997). —J5, PC BRIZEFALRICHERT, = RNV F—BIEHERCRT F 0 A F

VT AT T —RiEME R EOREWMINEEE D AMRIC B G-I DR PEARENE L <IKTF LTV S (Kelman,

1954 ; Denny et al., 1988 ; Brumbley and Denny, 1990). Z @728, PC BRITBFARKIZEE T, HEYMHE

N T OBATRECHITERE NS V), TN TO PCRROEHEENMEL ol BN D.

PC MR L & FHHE O FHIHN DR & ORI 62T 572012, PCRREERETR A HH 272

DAY 2 T, MEINICE T % PCRRO R EE & FHARH ORI R 2 A L. @D PC

R L7 CiE, #5R7 B BIZB W T PCRRIZEEE CHEME L7=2S, 5 14 B BLED PC

MOEEZITMET Lz, £z, RRED PC KREHEM LI25GE, fHNO PC HROEE EZITE<,

R AR ORI IC & 5 PCHREBE DM b heh oz, 26 DORRN D, PCHRIZHEMN

~OEFICERD LTS, MRS T D BHEREAMERN 2, Hebs BB OREIC L 0 B E VK

TI5 LRSI, SHIZ, PCHRICK 2FMMPIERSIRIL, M T PC R ES LI

TORfER STz, /NI (2012b) 13, PCHERZAEY) LEHICHAE U, [FIHEEREERALIC B AR 2 5000 L

Te%t, BFEICEAPIMGISN D L®E LTS, i, BRIME ST X ToMMm»N S PC

MAEEEZICRIE SN2 &b, EEEN O PCHREA DR MHIOEELER TH D &

EZHNTWA., AFEORRILZ, /NS (2012b) ORE LS L, WHITE S E 25 L

25 AaTh, PCHRIC X 2 FAH ORI IHI R R AR SN D 720121T, MHNIC PC R @& E T
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EETDHIENERELRBEINT.

PC BRIZ & 2 A O FER Mt 2 Rl L, BRAERR O BRI &V mlREE D PC bk #27E L 7556 C
IZFHH X415 (Chen and Echandi, 1984 ; Arwiyanto et al., 1994a ; &5 5, 2002 ; /NI[5, 2011).
KRBT S, BAEROEREE (9107 cfug’) X WIRHEE (59 10° cfu mL™) @ PC k& 42
L7 FHEORBIIIH S, @mIRE (9 10%cfumL™) O PCHRZ 5 L5410 %
FHTIE Sz, S 51T, 2R LSBT 2 B AR O R D SRR O ZERER BB S
WIRHEEE (ERMBEEER) 2HE L EZA, RTITN82logcfug !, XN TIIHK 7.8 logcfug ',

HETIIH 6.8 log cfu g ' FEENEMKOEMBBUCKETH D LHEE ST,

HRREL, 7T uE L LT 3-OH PAME %7213 3-OH MAME % ZEpE L, [ O HIFEIZ£E OB
M2 7 FAWEOREZEI L, TORENEEICET S Z L CREMER T 2880527 47
Lty (QS) ¥tz 412 (Flavier etal., 1997 ; Kai et al., 2015 ; Hikichi et al., 2017) . fE# A
O KP4 FE 03 10° cfumL™ (3-OH PAME JR 2349 SnM) LLEIZ72 5 &, MR 7 058 Bl
B0 5 B FEA BTG AL S H, phed BARF OIEMALICE D =0 RV F =BT F
AF N AT T —B 7 & OREYMBaRE S iRl 3R 0w RO 2 W58 2 £ FE 7T 5 (Clough et al., 1997 ;
Flavier et al., 1997 ; Schell, 2000 ; Genin and Denny, 2012) . {KE2F D PC MREEREIX TiE, HIFHEMEIAIC

BTOWEXIIBIT H5BAROHEEMBOL D, FWEEERND 5 \VIEEITEVEIZZ < 4
MALTHEY, QS IZXVIFFEMER T2 RBLL, WHEOMEKTHEICERERE RT b0 LS
.

BRI ORIFITIX, WOMBEEBRANICH T 28O a2 =—(LRAEETH Y, JHEMEORELL

RN~ AERDR AL DOHIAIZ L > T TICRIES LD B Z BTV S (Hikichi et al,, 2017).

iR EE D PC BREAEIX D BN B IR T, BPAMROBEEEMEOIFE A LD, FWERE LRI K
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ST BRI, BRI 2B AEMOBEBEEIL, 10°-10° cfu g ' OFFICEBEE THRIE SN, HRIX ST
WL TEREE CTho/z. TNODORMRNDE, FAHOIIHIITRICI T 2 B AR D E A& D EHEIZH
HLTEY, PCHRICE DHBRMBEORBUIITFEKROESEMHANEE TH 5 LRSI,

PC ¥RIC & B HERIH O FIFMH BN DO —> L LT, PCHROEZIC L DHAEMDOEERENEZ D
N T % (Chen and Echandi, 1984 ; Hara and Ono, 1991 ; B 5, 2002 ; /MIIS, 2011, 2012b). &
JREED PC KA ML L8548, FWMOBIIH S 7= X TOWH ORMEE S, PC A 107 cfu g
U bomEE TRt SNz, —F, IKIREO PCHRERX TIE, PCHRIZT X TOREMKEI LM S
ZbO0, BEEIX10-100cfug! LIZL2&NA LN, BAEKROEBEEILX, PC HROKHRE

IV bEREEREX THFIERTL, 20X 2RSSO (L% TEHLRRD

o, —h5T, PC P mEE TR SNTEY T, BAEKRDSEEE CHEL, ZEMERZRL

7-fE{& % & 72, Chen and Echandi (1984) (%, R PC #RIZBEFEOIH O BEE CIEET S
B, B LS RE LA CIMESE CTEET 5720, MEIALIZEYL U= B AR TR S IG5

LBRTWD . F72, EWLUBEIERTIE, PC HROBMEENEREMEAL Y bEBE TREEND

A b o 72, Macho etal. (2010) 1%, JiJEMEEF AR &R EME N 28 BER 2 IR S 8RR L 72 Tl

BAERRDIFEIZ & 0 ERKROWIN~DRACHL D BIR Sh, HEMRESh D ZE®mEL T

5. AWIFETH ZNODOHERITEY PC R E B AN SEE TRIESHZ RN H Y, FEWNIC

BITD PCHREBAKE OEEBE ZFHMIZHL NI T 272DI21E, MWHEKN O PC # & B4

DEEERBEBET DL ENFAHTHLLEEBEZLND.

ARWFZEIZ BT, PC HRITEFAEMRICHE A THEM N C O HE%IfRE & B~ DOBATRENME S, Tk

~O PC FREEAECRIR L D PC KR Z MM ARAR IR IE R T, RPN OB AERRE RS 2 #1ifil T & 220

ZENM LMo T, mIRED PC R MR IR EHER L1256 T, RSB 2 BAEKO
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TEAE DI S AL, @mOBBRSIRNG DN Z LG, EWRE A~ D EIRE D PC BREETED F RN
BRICHNRERGETH L LBEZbND. 4%IE, FEEOBEILICE T 5 HFMWERELEEL,

HMIPNIC PC Bk % B8 I o B SR 4% & 4 5 BERRBE AT O eSS LBE T

W=

TR LA TOFHITE OB L PC MROHFERMEDAEZ I S Ic T 5720, L)
Z T ST W E R E R EORIFHICEGHEME L, HEELRHA L. LEPTIImEK S
b [FERICHETH L7223, N TIE PC MRE D AR 8@ B BEIZIESE L 7=, HEMINICE 1T 5 PC
RO EH BB FRRFIRMENRIETHELTET 2720, PC HROEMAHN RS20 PC
BREAE R L ERBERE L OBREZTE Lz, ZOME, PC iz miRE CHME L -0 oy
TOH, PC ROEIEDEEDWR S, FHWOBRIRPHR SN, 61T, BAEKORE
FEIREE L0 HARIREE O PC MREEREIX & iR OB K A 501, HRPBIRREIIR LR, 23 LU
BUOHEKOEERAAEL, TLOLOMMZRAKK L. ZOMKRE, @mEEO PC HREMX CIX
RFRIX SRR D PC HREEREIX & BT, IRICBIT 2BHAMROEERDARICIKTL, ®WEHERE

Pikrah Rz s LTz,
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B4E TBEP-EYRICETLFRREOHFERERBFERLEERLDES

E28H EABEEZRAV-EMEBRNICETITHREOESHHE

&

il

B3 1 HICBNT, PCHRICE 2 EWERIHIERZIRNGHN 57201213, @IRED PC i

FEPAREIRIEETE S 2 Z L DNV EHETH Y, AEAIEAIC X0 AEWIRESIC PC KRN @ #E TEA L

BAEMROEEDIH SND ZEEZH LML, LAL, PC RPN EEECTES LK TH B4

R EEEICES L, BRT 2B D72, 207, PC FRIZ K D HMIEBEROZER & LT,

PC BROMEMNTEHE DB % B 6 20T 2 72 9DI2IE, AW O PC Bk & B AR O R B 2 81537 2

ZENAEMTHLEBEZLND.

TR DB FERIETIEIE, $REL LI M O B 2 VT, R LY BEEz E/T 57

o, HEAEKOEEE LR 5L LTASTHS. —FT, BRRETOREOERR LY i

M7 TE AR« EALA B BN T D 720I0E, S W TZBEZN AR TH 575, AR TIEH

MR O PC R & B AERZ WD 720, MBI TICBWCHKZ#RNT 20 ENH D, £ 2 TR

TIX, AT ~=A v rmthis+ (Km) &fk@AELy 7 EHBIGF (gfp) &5 LIz 77

2 FEEAL-HRFEOROECER (Wild-type #8) &, Fr ¥ ~A v oiitthi@Eiz+ (Gm")

LIREBEI S N BBARF (DsRed2) %Ay 5 LIz 777 2 I RE2EA LR EECEK

(PC-type #K) ZERLL7-. HEMINIZHT 2 PC K & RRIPERE D EAE ST 2 O < DA 2 B BT T

L7, TOMIAE AR LT, SEKICHIS Lot AW E RNz V728 O & L H0

BAMEL TR 2 EOLE ORI ABIET 5 2 L T, MWHMMNICE T 2B EROER IOV T

L7=.
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MHBEUVAE
FHAREOHESLFEKOMED
Tk CER DVER « ARZERF mob, HHRUZBIT 5 rep 8K, MCS fHIRZ AT DI ETS 7 A
R pBBRIMCS-2 (Km') (Kovach et al., 1995) Zfkfaseit s RV BiBIET (gfp) ZEALITT
A X K pRKmGreen Z4#8: L (Fig. 4-5A), KIGE Escherichia coli S17-1 £k (Simon et al., 1983) (2
Hiinih L7, pRKmGreen % 4 L7-#k (E. coli S17-1/ pRKmGreen) % Km #i0 LB iZIAEE# (1%
)T b XT Ry, 05%1 —A M7 A RT 27 b, 0.5%NaCl) (CHfEL, 37CT—MuiR L 5 Ki4%
L7-. #HfE9p i 8238 (MAFF 301528, L — A 1, biovar 4, phylotype I) % BG j{AEz 58 L, 28°C
TR E SR L. TNENDOEEERK 100 uL §2%2~vA 7 aFa—7IZRE L, 28°CT—Ht
Hag L7, Km RS £ X7 = U BRFE R (04% 2 =5 - U 7 A, 1%NaCl, 0.04%MgSO,,
0.2%NH,H,PO,, 0.2%K,HPO,, 3%%EX, pH 6.9) IZEWEEL, 28°CT 48 WrfHjssE L7z, B o=
n=—%7 % AMOEEKE L, Km i BGT BHc A R U —27 Uiz, 20, B L ciettsrd
an=—7% Km {1 BG A #IC %, 28°CTBRIRE SR L-EHIKICZ )k — % 15%
2725 X D IZHI L —80°C THRAFE L7z, £55HLD Km OFSHFEE L 50 pgmL™! & L7=.
HEFCEROIEH : 7 F A 2 K pDsRed2 (Clontech) H1 3 D AR i e % o 7% 7 ' i An+ (DsRed?2)
M E A A B AR F phbCAB @ PHA FE % E AR T phbC Sy @ L7277 A IR
pBSHX-DsRed2dCAB 7> 5 7' 12 & — % — 43 (PRs) -DsRed2 81513 L O phbA #8151 D—% PCR
THIE &4, pMD20-T X7 % —& 514 47— 3 LT pMDHX-DsRed2dC Z#5E L7-. £/, AR
(1995) D&% ¥ &2 R. solanacearum GMI1000 D/ /7 2 DNA % #5751 & L C PCR THifE L 7= 7@
F17p 7 v —H —fEI (9 400 bp) & T T A X K pMDBX-R.sol Pro Z#4E L, il PREE S ALEE (Bgl

OB L Xho 1) 1%, #1400 bp DR 28]V H L, pMDHX-DsRed2dC @ PHA & i {s+ phbCAB
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GFP strain DsRed?2 strain

mob mob

Kmr Gmr

pRGmMHX-
DsRed2dCPro

pRKmGreen

rep rep

Fig. 4-5 Construction of plasmid of pRKmGreen (A) and pRGmHX-DsRed2dCPro (B). The colony of
green fluorescent protein gene (gfp) tagged fluidal (wild-type) strain (C), and red fluorescent protein gene
(DsRed?2) tagged non-fluidal (PC-type) strain of R. solanacearum in BGT medium (D). The gfp-tagged

wild-type strain (E) and DsRed2-tagged PC-type strain (F).
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DOHEE 7 v T —F —HIO FiICHi A L7277 A 2 F pMDBX-DsRed2dCPro % H§4E L 7-.
pMDBX-DsRed2dCPro 7> & il [RE# S (HindII3 £ O Xba 1) MLFLZ XV DsRed? % & e H BG4
Gl U B E R T mob, HHEUCBIT 2 rep fEI, MCS fHik A H 3 5 /LM £~ 7 A X K pBBRIMCS-5

(Gm") (Kovachetal., 1995) {27 A 7 —+ 3> L, 77 A3 K pRGm-DsRed2dCPro % 4L L 7= (Fig.
4-5B). =M% E. coli S17-1 \ZJBEHa#a L 7= E. coli S17-1/ pRGm-DsRed2dCPro % Gm %S/l LB i (A LS
HICHEFE L, 37°C TR & 58548 L7c. HRVNE 8238 % BG ARGl #fE L, 28°C C—Ipdik &
IEE LT, TNENORBEEE~A 7 aF a—T 2B L, EO0HE (6000 rpm, 3 55H) #%, LiF
ZIREL THRE®DZ 1 mL @ 10 mM MgSO, TR L7, 2 A FE#V IR L, KBEBREIK 100 uL
& H R R 300 uL & BG RIS HIICIRG L, 28°CC—MekssE L7, EiiRa =008 (6000
pm, 3 53f#) %, 300 uL @ 10 mM MgSO, TR L, EIKZ Gm IR E o X7 = U RRIFEREGH
[ZBEREL, 28°CC 3 AMKEE, an=—% 7 ¥ AL, 2 n=—% Gm i’/ BGT kil
A MY =27 1%, IEmEMEEZ R an =—%2 38 L, Gm 23N U725 - /NBrkz s (J5 - /NBF, 1984)
IZFHA MY —27 L7z, £ b2 m=—% Gm iR BG IRIKES IS BEfE TS, 28°CC—MuiR & o K5 4%
L7z, EIRICZ U Ea— L% 15%I272 5 KO IR L T—80CTHRIE L. 7238, &HHD Gm O
WAL 10 pgmL™ & L7z,
EERORH

TR OEE R K ORGEEERIE, £h2h Km & Gm Z #9001 L 72 BGT 28K 5 HhlC iR ik
L,28CC3 AR E L. Woam =—%# LWAHAEWERN BGT ZEXEEMIZA MY —7 L,
2~3 AR Lo, 852 RICHIE L EIRZ K ICERE L, WiRE Lo, Bl OBMIRER, &%
PUEYE N BGT S5 W= A FOEHIEIC L WIE Lz, £/, BIRO 7 Lo8T— R &/ERIL,

PETRIAOCEEMEE (BZ-9000, KEYENCE) ZHWTHKDORIEZBIZZLT-.
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EERRIEY)

FEWME b~ b (Solanum lycopersicum L.) ‘Micro-Tom’ (Tomato growers supply company, USA) %

R L7 T E 70%T %/ — VI 10 BRERIER, BRHEE 1%0REERE T MY ¥ LKERF

T, 10 R L TREHREEZIT 72, 0%, WE/KT 1 o, BIOREAKT 3 5k L.

1%, AMEBNTZIRE Y ¥ — L RICHER L, ALK& (12 FF[E 28°C/12 R§fi 22°C) THRF

ST, BEWITAEDEZED 128 5EAL LA L, ANTRE5N (12 B 28°C/12 K

22°C) TAIE4AS EIETEE Lz, B, OAT N7 R B 1 AL (OAT 7 7'V 4) ZIEIE

ELTHESG AT

BABHL-FHRAEORFRMERTE

b= MO D WEMEREI, b~ b2 ERHEGR RIS 71k L EIRICRIRERE T 5

FETAT T, FRRETE R LA~ OBEMIL, W@ Lo RS LEeRBE L 128 0L b LA

DEEINT, FEERICEEE 2 I3 RATOCEKROEK (8 108 cfumL™") % 5mL %0 L 7= HA5 S

IS, MRAEK1IBERLZ b~ MaaBAEL, ALK& (12 B 30°C/12 FFfi] 28°C) T

15 B OZEWRR (FHR (%) = (FWRER / #EEE) X100) Z#HA L7z, WIR~ORBHEEI,

BAOCEMROEIE (9 10%cfumL?) 15mL 2 AR/ 15 mL FikBRTF = — 712, RE2H 13 9B L-

F~ FEBA L, ATRELN (12 B 30°C/12 K 28°C) T 15 HMOZERMEATE L7-. Bhi

%, OAT "NTU A B 1 BEff (OAT 77V A) 2B E LCHES 272, ERIZIEX 12 k%2 A

WTHTo 7=,

BYMANMOELEKRDRE LM TSAIF D%

BAOCEMROETE (8910°cfumL™) 15mL # AN7- 15 mL BB F = — 712, A 13 %L

7~ h~ FEBR L, ANTAKSE8N (12 BT 30°C/12 B 28°C) T L7-. HiEHE%Z 7THEIC M~

&9



FOEEERE, 70%TF ) — VA RLIAFEEFXFLATA T CEREEMEFL, WEA 1 mL &b

(ZBEE U 7o BRI 2 B PRI AR LTRSS ER LTz, 7T A X FOBR R 572, B

&, R DNERESHE, SRR LEPUEE (Km b L <X Gm) I - /NEPESHl, SPuEN)

EHN BGT Hiiz vz, Ji - NI, FRDRE 2R IR oBECE, FUEMEICH TS

MBS F M 5 ST 2 77 A I R % L, SUEWEIH T Dtz kool 2 & e~

TOFMIFRHENEBT AR THD. SHUEWEIRINE - /NEFEEH & K HUAEMERIN BGT FHi T,

M2 7T A PO L CHUAEWE IS T DMt Z K- 72 EITAEFT TE T, SUEME IS T 2

MBEF P E SN T T AI FERFFLTWOIEDOLAERARTH DD, F'T7AI RE

REFL TV D E A ERILTE 5. FEBRITSX 10-12 B EZ VW TiTo 72,

FREHERABRICESFTHBEMRHDR

FREAFCEEOEK (10%107 c¢fu mL™") 15 mL Z AR/ 15 mL BRBRF = — 7 NIZ, BE2H 13

Wik L7z b~ FEORE A RIE L, ALK G4 (12 K 30°C/12 I 28°C) T 24 IRyl L 7=,

KWL LT, WEAKZEEERE L. Z0%, WL sOto @i (10°-10° ¢fu mL™) 15 mL

AN 15mL BB F o — 7 NICBE L, A TKZREN (12 FERE 30°C/12 B 28°C) T 21 AR

DZEWHRZWHAE L. ERIIEX I FEEEZHNT, 2 KET- 7.

EMBBRICETAFREHATREREBHATRDOERE

kS AR O A 2 B U 72 RIK &, R BdOERRR 2 ATEAER, Sk dOL BIRR 2 £ L 7o AL

KAaMWT, E#EfE 7 B HICRRT 2 —7 WL EREOMMIRZIRE Y, REFXELRMLT.

RRIT, FRASATAE LTC Wil & o010 ¥% & LT2AR, BRI K 50 mL o C 1 43 Rl # 2Tk 0 Bhas L CTiid L,

MY Tl Ui, IROVEEKT, REmOEEIGEE LTHEM Lz, 2E33EELEKE L, 70%T4 )/

NV ERDIAERETFR LT A S TCEREHEZHROTHEL, ZV 70 E Lin, REZXEZREK 1 mL
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HCEE I U T BRI 2 BeBEROIC A IR L, S5t E RN BGT E5Hc sk L, 28°CC 72 FpfHiEs#E L
7o, FREOECHEROBEEEIL, Gm RN BGT i FIZHIFE L7z 20 =—% %, Out@Eko @
FEIE, Km R0 BGT il BICH L7 an =— 3 &5 L, HHBEIT log (cfug' FM) & LTHEL
7= KR O BRI T O IR FERRICE L, log (cfu mL!) & LTHELE. &Y FLOHEE
BEIE, AKX 9-10 R D) 2 B LTz,
HABWBEICLOIFRBHAEKREBZEHLEKROBYHRBAESE DEHR

SHRIX & ALERXIZ 35 2 R 8 ik & B B R O 2 REkIc Y > F ) v 7 L. o7 U v
7%, #AE% 10 B TV, UIA T LT — RAERL, EHEOEBMEE (BZ-9000, KEYENCE)
Z T AL N OB O TE & 2 8152 Lo, WA NIC B 1T kB HOLERIL GFP 7 1 L ¥
(OP-66836, Jilfdik & 470/40 nm, WLULIEE 5350/50 nm, %A 7 04 v 27 I F—§F 495 nm) T,
IREHOERRIE TexasRed 7 1 /L% (OP-66838, JibiCiii & 560/40 nm, W & 630/60 nm, 41 7

A7 I7—E 5950m) TR L CElg L.

LEE S
HARHL-FHREORRMERTE
FHUEWEAN BGT R ECl, MREASHKITREE 2 =—%2 2L, REASLHKIT
JEREMED 2 n =—% 2 L7z (Fig. 4-5C, D). £7-, #@CTAMEE T CIX, SO8CERITEOICR
Je U, FREFOCERITREICHIN Lz (Fig. 4-5E,F). b~ MIXT 25 ERORREMEZ B o5 %+
BEADHFE & IR ~OHEREIC L VR L L 24, MEEEEICB W TR MEREAERE L b~
FCIXZEMEL, WEEEZ TR L, REAENEEREERE L b~ T, Eo < BMETIFRREET

&H-o7- (Fig. 4-6).
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Fig. 4-6 The pathogenesis of gfp-tagged wild-type strain and DsRed2-tagged PC-type strain of R.

solanacearum in the soil-inoculations (A) and in the bacterial suspensions (B).
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BYMANMOELEKRDRHE LM TSAIF D%

FHCHRO IR Z M L2 b~ POZENNOEZHELTZE 25, WORHSITEIOFERIC

Ko TR o7 (Fig. 4-7). WESEECEEORERT, B /N E DT~ (Km) RN

BGT £5H1TIX 100% TH > 7= DIkt LT, Km BRI « /NEFEEHETIE 17% &K o 72, FREAEOEHE

Romi =L, Ji - NEPEE L 7 Z <~ 22 (Gm) RN BGT H5# T 100% TH -727%, Gm

WINR « /NEFEEHITIX 90% & TR T L=, ENICBIT A a8 tEk O E %21, Km 7N

B

BGT 51 CIE#9 107 cfu g FM & 5 /NP5l & (RS5O B E Cdb o 7. ROEOERRR O H % 1
Gm ¥EAN BGT £5 1 T340 107 cfu g FM, JR < /NEFEEHETIER 10° cfu g! FM &, J§L - /NEFES LoD 7

EHENE -T2, F7o, FHUEWEIRM BGT £ LIS BES N H ORI AR LI L 25,
R THEOCROIECHEGE STz (57— 2 HIK).
FEHRABFKRICKIFHBHBRUIE

FREECEKITMEIME e =—%2 2L, b~ ML THIEETH 72 2 & 5 6 Ii TR
(Wild-type %) & L CRIA L, ROBCEKIZIFREMEa o =—2 2L, b~ MO L CIRFERM
TholoZ L bLRIMEREE (PC-type #£) & LTHIA L, Sk CEKRIZ T 2 AR a8 L ik
DOFERN R ZRAE L. FREOBCHERZIEE L7 h~ T, SROEEEIRO 2 2 55 L5
X & B TH BRI DS S, BABRE 60%LL BRI E AR Stz (Fig. 4-8).
EMREBRICE T RBEHRAEREREHLERDTESE

TR EOERRE O 2 2 B U 7256 B X T, SR SOERIZRANIC B O TR 107 cfu g! FM & mEE T
B Lin. RESCHERZ AR L7 b~ b T, ROBOEERIZRA TR 10" cfu g’ FM & @5
ICEA L, FREAECHEROESRITN 10°cfug FM U T EAEICmbl SNz, —F, XN EREIC

BUFDHEEEIL, WHEXMHEEB L OEKE CHERZEIZR D> 72 (Fig. 4-9).
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Fig. 4-7 Stability of the plasmid in gfp-tagged wild-type strain and DsRed2-tagged PC-type strain of R.
solanacearum isolated from stem in tomato plants. SE: selection medium, SE+Km: kanamycin (Km)
-containing selection medium, BGT+Km: Km-containing BGT medium SE+Gm: gentamicin (Gm)
-containing selection medium, BGT+Gm: Gm-containing BGT medium. Pacentage indicates detection rate

of bacteria and value in parentheses show the detected samples/total samples. Bars show standard error.
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Fig. 4-8 Suppression of bacterial wilt caused by gfp-tagged wild-type strain in tomato inoculated with
DsRed?2-tagged PC-type strain. Asterisk shows significantly different (£<0.05) at day 21 according to the

t-test, and then the percentage values were underwent arc sine transformation. Bars indicate SE. (n=18).
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Fig. 4-9 Colonization of gfp-tagged wild-type strain and DsRed2-tagged PC-type strain in tomato tissues at
7 days after inoculation. Densities of bacteria in root and stem calculate as log (cfu g'FM) and that in the
root-surface calculate as log (cfu mL™). Different letters indicate significant differences (P<0.05) according

to the Tukey-Kramer test. Bars indicate SE (n=9-10).
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HABRMBRICIOIFARHEAERERZBHATROEMEBRNEEDEE

XTHRIX ORI IS T 2k HOEEIRIL, BHOAEICED OFIRE, B8, BEOMBRRIC m%

FETiEA LT (Fig. 4-10A, B, C, D). HE B L OEE ELIMINIC BT Dk GaOtERO E A& 1%

HERFEMEATIEZ LT, BIFEETOLEEE TRZ s (Fig. 4-10E, F). AKX ORIZI T

D REHOEERRT, RE, BJE, BB OMBARE % & AR O IKFIH IS S B E TEA L, RedOtE

HROTEAETREE ThH -7 (Fig. 4-11). EENIZER T 2R GHOCEKOEE T, BN O WRES

TEIEEN, Z0 EHORTITEEN LY EEEDMRICEEERESENBE SN (Fig. 4-12

A-1,B-1). £72, 2D X 5 72k TIE, FEE IR OEFN~DR ANILHER S e - 72 (Fig. 4-12

A-2, B-2). REEECERD & CRERS Lo/ (Fig. 4-13 A-1, B-1) T, fOECEKOE

]n

FITREE CH o 72 (Fig. 4-13 A-2,B-2). —J, AERXK O 5 E K CIIoR s e # ek o #%k N & %

TAH 5T (Fig. 4-13 C-1,D-1), AR IR AR R L 0 b S E N E S B S h

7= (Fig. 4-13 C-2,D-2).

B

AR T, (EH SN FMWEOEOLEKIT, REEOCERIIEM ETREEZ 2L, b

MU TRIEMEZ R LTo72 8, R (Wild-type #5) & U CTHIH L7z, AREEOGE R ITES H

ECIHREMEEZ R L, hv MO LU OHREETH Y, FRESOCHKEZATHERER, kEIOCEKE

PR U 72 A CUEL T R B O J I 2SI S 472 2 & D H R BV BE (PC-type) & L THIH L 72,

M OERIEZ, Ble vy =m e = — GBS K o MO R TH D08, 2

B

FHOE P LFT 2 ERRTHAERT 25812T, AOMBPEETHD. AFETHER LEF

KR Ofk s L E R, T ~A CUMMEBE T & gp Ba T2 5 LM 77 A3 N
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Fig. 4-10 Fluorescent images showing colonization of gfp-tagged wild-type strain of R. solanacearum in
tomato roots of control. (A, C, and E) wilting plants at 6 days after inoculation; (B, D, and F) non-wilting
plants at 6 days after inoculation; rh - root hair; co - cortical cells; vt - vascular tissue. Arrows show

colonization in vascular tissues. Bars show 20 um.
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Fig. 4-11 Fluorescent images showing colonization of DsRed2-tagged PC-type strain (A-1, B-1, and C-1),
and gfp-tagged wild-type strain (A-2, B-2, and C-2) of R. solanacearum in roots of non-wilting tomato of

treatment at 4 days after inoculation. Bars show 20 pm.
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Fig. 4-12 Microscopy images showing colonization of DsRed2-tagged PC-type strain (A-1 and B-1), and
gfp-tagged wild-type strain (A-2 and B-2) of R. solanacearum in vascular tissues (vt) of non-wilting tomato
roots of treatment at 2 days after inoculation. A and B show light microscopy images of tomato roots and the
asterisk shows cutting zone at the inoculation. The arrow shows colonization in vascular tissues. Bars show

20 pm.
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Fig. 4-13 Fluorescent images showing colonization of DsRed2-tagged PC-type strain (A-1, B-1, C-1, and
D-1), and gfp-tagged wild-type strain (A-2, B-2, C-2, and D-2) of R. solanacearum in tomato roots of
treatment at 6 days after inoculation. Samples of A and B are non-wilting plants. Samples of C and D are

wilting plant. Bars show 20 um.
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BAL, REOEEEKIZIE, Fr¥~A 2 UMMEEE T & DsRed? Bl a5 L2 77 &

IREBALE. 2070, BHIC LD ERTIE, &EOMMEICIR L7z PiEYE 2 B0 L7 i

ERMNARETH Y, I~ 2 M T EIOCERZ, 7o Z~ A 2 D BINE TR

CHOLEKREZERT D LN TE L. E, SRS T CIRaQEOEEKITFGICELL, RE

WHERITREICRE T D720, BETICBIT2EKROHBINC LA RE R TH .

FHRINEE & M OME 2N LAET 258, FRHE O ORISR - NEFE#MAEZITH LD (R -

/NEF 1984) . FEMIN DS O &4 HE L 723 B ANEPEEHINZ 33 0F 2 [l AR ORI 100% T H

ST, BHUEWE RN UTZR - ADNBFE I @O E RO R RITE LET L, REedt

EIROBH S DT KT L, WEKROEEEIIH/EWERN BGT R I Y R T L.

IO EMNS, PUEMBEZRMUTR « DNEFEEH T, SOLEROABIREST T 2 I FOBEN

HHRINDZENBZ B,

—77, BGT #RIFHICHPUEME Z M L2568 T, WEKRORERIT 100%TH Y, Rk

RO E IR - NBPE RS OWBE CTho7o. £72, REOEOLEKROBEELIL, | -/

o
BB

BrE & 7o 2~ A T OBIMNE - NFEH-OE L D bEmrol. THHORIR LY, PUEMERN

BGT 35l C i a0 B SR B TR S L7z 2 & v o, MG EARIIAE N TOGER ATRETH V),

T AI ROBMEITDRNWEEZ N, £72, HNEROERREEICIITAEYE 2N LT

BGT RN E T2 Z LA ST 7z.

ARIFZENZ BN T, REENE (PC-type #R) & H2FE L 72 hi4) Clx, FreadOb@EE (Wild-type ££)

TG DF R O T BRI~ TIfl Sz, N OREOEEREZMAE LI L 25, Rifi

LENOFRGEFOCEROEA RIT, SHRX LB XA BRZET R > 7208, HIRIX oMY Tl

RNIZB W TREIOLER O @# E R EE PR S, LEXOMY TIE, RESOCEKR ML
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TEAL, MEECEROESRITAEIET Lz, FMEORFITIE, RoOMBERNIZE TS

RIREOMENEET 5 Z 08 EZE X 5N TW5 (Hikichi et al., 2017) . AAFFE DG FITBEHR &2 L =4

b0 LEZ BN, PC ERIZ X 2 HMHORBIHNIT, RIS D B AR O HEIH 25353

B HEEEINT.

~~ b OO, MU OARTBEZRAET 2REMIL, B, B 25 O o 2 PR L

T35 (8K, 2010). F7-, MEWMEEEY, EIn—X, ~Itrn—2R, yF, V=

MO E NS, MBIt L e —R (B-1, 4-D-7 V) PEERREF L L, ~IkL

0= AR F Uit —AOEHREEIEIRICGESET S22 LT, MilEELZEHDO TS, &

BEDHEEHRRRIL, 7 FUERIIDR VDI LT, B —X EEHERO~NIELE—2D

BIANEL, S T7 =2/ =AW THD ) V=0 RNEBTHZE THRELEHD TS (KA,

1990 ; PE4%, 2011). FEEPNIZE T DRFOECHEE & ROEEEHKOEEEIITENDRA LN,

EHOLEMRITEENICERS LD LT, RESOCERITHRER ZWIAR L7255 O HE TORE

ENBEIN, 20O EEEBOEENTIHEEE Th o=, TOERE LT, FHHEE OB AT

Tra—RblANI AU —ADXT NI D P(1-4)-7 L3y Rz RERICHIK S g+

% B-14-= RNV F—E (Bgl) &7 F U HDAF IV AT Vi VR F 2 VESE 7y TINAK Sy

T BRI F U AFNT AT T —F (Pme) ZEPET 5729 (Roberts et al., 1988 ; Denny et al., 1988 ;

Denny and Baek, 1991 ; Spok et al., 1991), #k@EEHERIZ Egl & Pme il L > T E—R, ~It

N —RA, R F ke 52 8T, MOBFHMICESE TS, EENETRALLLEZLND.

—J7, PCHRIZI F oD a-(1-4)-7') 2y NG E T U X DK ET R TZ7 7 >yaf—E8

(PehA) DOIGPENBFARRL Y LEM L TR Y (Kelman, 1954 ; Denny et al., 1988 ; Schell et al., 1988 ;

Brumbley and Denny, 1990), PehA |2 X U i fifubE D27 F o % pfgd % 2 & C, KRBz
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ANTEDLN, BEREOXTFUEENVRVERITORT5 Z ENTERNWED, HEENTOE

BEBEP-oToEBEZOND. Fiz, WiREOEE N T OB EEICEIR O EHE 23 A b I ER X

AR O FE N TIIREECEROEE NS ONRP o722 LD, FREFLEKO A RBIRE

ETIERIBOEMNERRIZL2BANEZOND.

HOCBAMEE 2 W THE AR N T OFR SO BER O E &I & D ik EOLE R O & & #lIZ > T

A LRz b LIS, FRHKICB T DWOEE /NS — 2 ER LTz (Fig. 4-14) . XTHKXORA

j

TiL, FOHOCEKRIIRE, BE, FREOMBFET, S8k X OEE DM SEE TES L

I

To. =07, RUEIXCIE, RE, BJE, B ORI T d J ONEE RO M AR B aOG AR DS B

FETEEL, £0O X0 Mk T GaOtAROEE ITIRBE Ch oo, E£z, < FREGICTH W E K

DR T, REFOCEKROES 238D TR, REIEOEEKROIRHE R EENBE SN ZOf

RD, HOEEGTNEZD S DBANAELT D Z ENHER S, RNIZI T 2 B AKO E A MHNI2)

PC RO EE ERAMMNESENEETH D LHELE S, Lo, LEXOROEENIZHR GO

BERE L A EER L TV ICBED LT, HENTORGEICERDEE DA IR

7o, TOERE LT, WROFL, FJE, #EER~L MDD AKES MDD OFFEELEKORA - E

B LTI, KRB, BJE, MRS & OEE DM REEOCER S REE CTESET LI &

Bt
]ﬂ

THEEEL 720, FREAENEROEEVNIHI SN EBZOND. —F, REECHEK A HRE Lol

Wi, EESHRR O T H MK & F%EORAHOLEKROBITAMR SN2/, HERIZH -

CHRIE ST M~ OREHOEEROBATICR LTI, FRESOCEKIC & D fkEs0OER Rk o &4 I E 11

RTERpoTe., Fie, SOLEMEZ AWV THEMENORCOECEKROES ZBRE L2, XDH

FAEIEHRLS, HORNENTEDT20, WL EHE OFMPIRNETH -T2 (F—2HME). <

DIz, WESN (EN) ~OEOBITEZHLNIT 720121, EEA L —F—BMEEE 1-31
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Control plants ~ Non-wilting plants

Root hair ---

Epidermal cells

Cortical cells
Intercellular space| ------_}

Vascular tissue

|
Treated plants Non-wilting plants Wilting plants
I A
Root hair ---

Epidermal cells

Cortical cells

Vascular tissue

Vascular tissue in cuttlng zone of roots

Fig. 4-14 Colonization pattern of wild-type strain (Green colony) and PC mutant (Red colony) in plant

roots.
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WEEE MW BEEZ VDR ERFNLETH D,

M=
REPRARENIC I T D84k E PC BROZE BN A HET D720, g BT CTHEIMR L 7ok ok Btk
(Wild-type #8) &, DsRed2 8Ax+ CTHER% L 7o AR a0 E R (PC-type #K) 2 1EHI L, <~ F “Micro-Tom’
(CBE & B, RIS D MR O E & & @ OCBRMEE T TR L7z, FREEOEER 4 B CHefE
U7Xt IXTIE, fEsOtERITIRE, RE, RBOMRMRICSEE CES L, BENTIEIRK
ERICBNTEEBE Cholo. REAHNEKE TR, MEEEEkEEE L b~ b TIE, &

RO DE S 7o, REBOCEKIIIRE, fE, B oMieibiRis L OEE I oMkiIc

i
B
e

DAOJRFPHICERE LIz, FENTIHREE NS JRIEICE L. £, RESOCHEKR

pafif

B TCIEA LTCARNTIE, B8R JOBE MBI 3T D ik s LR O E & 1T Ifl S h, &

BNTOEESHRLNRP-T. L&Y, PCHRIT & 2 FEHE ORI, RIiZHI1T D PC K

D i 6 FE 7R TE A D BFAERR ORI~ DR AIIHI 2B 545 L HER She.

gl
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F58 REMLEREREICIIEYANDIEMMEREEL

EHMOER -REGE~NDEE

&

il

Pseudomonas J&=° Bacillus JEMEE 72 & OF AMAEMIC X B ELFRERE I, HHMEIC L A

W~DOEGIEFENEET D L E2 B, \MEMEFEIC OV TRV AEW R CTHFZE2T

DI TWB (Jetiyanon, 2007 ; Vanitha and Umesha, 2011 ; Hyakumachi et al., 2013). ARG L

TREMIN TIE, RGHRRRRAY (PR) Z U NV EDBEBT 258054 <, 7 2 BRELYIC A LA RE

PEDBEDNIESNWTI7TEDO PR X U X7 ERBEISNTRY, 2o lliEFEE0RE LS LTH

WHALTUW 5. (van Loon et al., 2006) . S&4RE Pythium oligandrum =¥ L7= h~ K TlX, NI

B-1,3-7 v HF—+E (PR-2), ¥FF—¥ (PR-3), Y—~F X XIH (PR-5) BXO7a7r

A F—BA e & — (PR-6) BIZTNHEIND Z ERHEIINTWA (Hase et al., 2006, 2008)

% 72, Hyakumachietal (2013) (X, B. thuringiensis Z4fE L7z b~ NTIX, PR-1, B-1,3-7 V1) —

PEBELIOFF I —EBREFORIAPFEINDS ZLE2WME L TWVD. —FH T, HMHED PC %

BEFE U 72RE i, PR ¥ VXU BB F ORBUIMT SHTE S, PCHRIZ L 2R ERBREEME

BHMFHENRE ST 20T L TR, ZZ TCAMIETIL, PCHEZHEM L/ b~ FD PR ¥

N7 R R DI B 2 A LTz,

KW ~D Pseudomonas J&=° Bacillus JEFNE OHEFEIL, HWMHNOEBIMEEZFHEST 7207 T <, b

MOERZRET D Z LD, W AERREREME (PGPR) & L TH 5TV 5 (Jetiyanon., 2007,

Vanitha and Umesha, 2011). <~ ~~~0 PGPR O#:fE1%, WMHEERE OB, o IERESF 0B,

REOEKREDHEYDEBTBIZE > TERWHREZLZLTZ ENRME SN TS (Thanh et al.,
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2009). —J5C, Maurhoferetal. (1995) (X, PGPRIZJ&T 5 P. fluorescens % b~ MIZHME L2354
T, WYOLEERIGHI SN D LT D. TIVE TIZ PC BRI OERICRIFTHES
A SN IRFERIZ 72 <, PCERAFIN LTI EMIRIE 2 HESL T 5 720121, PC BREEREMEM D /L
B, NELSIOWEICEREL RIFI W ENEEL RS, £2 T, PC HRa#EELE M~ M &

L, P~ hoAF, RENEBSLOREMEZRA L.

MRELVAE

HEHEY

TIYE b~ b (Solanum lycopersicum L.) ‘Micro-Tom’ (Tomato growers supply company, USA) %
A L7e. fiAZ 70%T % /) —/WZ 10 BHRIER, AR 1% O REESR T b Y U KR
T, 10 oW L TREAREZI1T 272, £ 0%, WEAKT 120, BIOBEAKT 3 5L, A
=X 2T b (PR b ULITAEMEZFFEDZ 72 N b LA ISR L. %, BFERSMN
TOANLRSEHN (12 K] 25°C/12 Kef] 20°C) THRFES 7. HIFHE, OAT N R B ALK | BifiL

(OAT 7 7' U #) Z#IEE L C#EE Gz 7.
HEME

HHIEE OB AR E LT, M~ b X0 BES /- B4k 8238 (MAFF 301528, L — % 1, biovar 4,
phylotype I) @ 50 uygmL ™' U 7 7 > &3 > HERMTERE CTd 5 8238rif 213 L, PC #RIZEF A1k 8238
IR L= A X0 SBESAL72 PCRRD 50 pg mL' A b L7 b~ A o> BERMPERETH % E-PCstr
L7,
FThA®D PC KEEICLLSBTHBEMBRHR

PC BREEFEIZ K 2 b~ M EMFPIBRDR O IL, RS 28808 L CH MR E 2 5 eih Je 1
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M~ hEBAET Lk, BEHES 2 HE L CHEMNE 2 2 LRIRIC b~ BT 5 5iED 25

DHETIT- 7.

TR 2 AE L7z PC RIS K 2 FRPBIBRDIR O EIZLL FOHIETIT 72, N—=IF 274

MCHERER 21 HEROREY OB Z Y 2 T 1/3 REYIR L, BE%EZK 10° cfu mL IZFREL L 7= PC

KROBEHE 20 mL 12 30 S0 R1RIE L=, £72, & L CHE K 20 mL 12 30 iR Lz, HA%E

BRI OTRE LC, ¥R EEHL (XA HY) 235072 128 L b LA, WHEEK 107

cfu mLZFRE U 72 A O Wik A S mL FOMEEL, BTAEKRBYE L Lz, PCHOEIRD L<

VEIREE AR TIRE U= hi 2 B AR e HI o it L, ARS8 (HE 12 B 30°C, By 12 i

[f] 28°C) THEHLL, 14 AMORWEEZFE Lz, b, HEMKE LTKEKEE X, ERIIAEX

12 iRz VT 3 &2 T o 7.

TS 2887 LTz PC BRIZ & 2 FHRBI BRI ORI T O FIETIT R o7, ARSI R

#% 20 Hiis a2 5 L, RISHAE LA 2 00 Br< 729, BRE/K T 3 [BlYeE L7z, PCHRD

BfEIE, 15mL BF =2 — 7 W TITV, EEEZK 108 cfu mL 12385 L 7= E-PCstr D # K 14 mL (ZHE

PIMRER 220 L, T E UCIIEAK 14 mL IR L, ATRSaN (WH 12 B 28°C, 1 12

FERE] 28°C) T 24 WiEIEREME L. = D%, MW & EIE (OAT /N7 A B#L)) 40 mL & A#L7z 50

mLAF 2 —7NICBHEL, 5 AREH L. BAROERIT, S0mL AT 2 —T T, RHEE

Z3%9 107 cfu mL™ (ZFHHY U 7= BF AE Rk 8238rif DR 40 mL (2, RN S FE 1 cm &2 GIWF L 7-4l

WIRRER A RIE L, ALK (B 12 B 30°C, W50 12 MR 28°C) T 14 A D3EFE L2 A

L7, 72k, MEMEAKE LTKIEKS LTI (OAT ~7 A B ALY 1 BifL) ZiE G A2, FEBRIT

A X 15 iR A VT 3 KT 72,

FYhAD PCHRIERICKDBRERENIVN\VEREFOREEFE
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AV RS 20 HEnOM & L, MR A2 BIE K T 3 BI¥EHH%, E-PCstr OEIKR (9
10° cfumL™) 14 mL (2 24 FFRTIRIE L, *fHRE L CREI/K 14 mL (Z 24 FRRTIRIE U7s. WEIR T 2 5%
It L, RNAzol RT Reagent kit (== ZE/3A F) Z M T Total RNA A fifiti L72. RT-PCR (%, Prime
Script One Step RT-PCR kit ver. 2 (¥ 51 7 /34 4) & JHUWTATVY, Total RNA IE, SUGFKR AR 50 pL
12 0.02 pg pL”! OEEIZARD L HICHEM L. b~ MEEFRY (PR) X UV HBIFDOT T
A ~—ITi%, WYt PR-1 % /"7 'E (PR-la), W&V B-1,3-7 V77— (PR-2a), HEKEMEB-1,3-7 1
A F—=E (PR-2b), HiktExF I —18 (PR-3b), MHENY —~F k% "2 (PR-5b) BLD
TurAF—EAf e X —1 (PR-6) DHET AV —RTITAv—L U NR=RT T4 ~v—% ]

(Table 5-1). WG SEHIE 50°C 30 47, 94°C : 2 43 TATVY, PCR KUSiX 94°C : 143, 55C : 147,
73C : 14y T20 %A 7 M4T-7-. PCRIEW 5uL 1% LT, 6XLodingDye (TOYOBO) 2 uL % ¥
ML, 2%7 Ha—A7LEZRWTCERIKE LZ., FiE, =F Va7 a~x A RTI15 ik,
RHEAKTIS pWeif L, UV T AV FOREZHER L. 708, DNA A Av—U—L LT,
¢ X174/Haell ¥~ —771— (TOYOBO) % MW 7z,

FYhA~AD PCHIETEICLHNILDEE, RENESSUREREICRIFTEE

W= F 2 T A MR 30 AlOMm AR L, S OIZ E-PCstr OEIKR (10° cfu mL™")
AL, ML UTREKICIRIEL, ALKS4aEn (B3] 12 Kef 28°C, W5 12 Fefd 28°C) T
24 REEIFRE LT, TO%, WMIIN—IF 274 FEFED 2em Ay MIBME L, A LKW

(A1 12 W§fE) 25°C, W5H 12 WEfE 20°C) CEEEL, 1 AR XITHKIE (OAT /~U 2 B 4LJ7) 200 mL
5.z, 80 AL Liz. 7ok, EBUIEX 9 fEkE ATt o7z,

REIL, 1HRHTZ0 8-10HERT DL HICERL, REICKRA L RREZIGE L, REEZIE

L. REMEE L CREOHE LFREZNITE L. RELZEME, 2600 x g Tl L, EEA 1mL
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Table 5-1 List of primers for tomato PR genes

PR protein genes Primer Primer sequence References
PR-1a PRIa-F  5-CATAACGATGCCCCGTGCCCAAGTCGG-3’ van Kan et al.,
(Acidic PR-1) 1992 ; Kawamura
PRla-R 5-GTAAGGACGTTGTCCGATCCAGTTGCC-3' ctal., 2009
PR-2a PR2a-F  5-CAGGAGCGCAGCCTATCGGAGTATG-3' van Kan et al,,
Acidic B-1.3 ¢l 1992 ; Kawamura
(Acidic p-1.3 glucanase) PR2a-R  5-GGCCTCTGGTCAGGTTTAAAGAGTC-3' etal., 2009
PR-2b PR2b-F  5-GTGCTTCTAGGATTACTTGTCGCCACC-3' van Kan et al.,
SR 1992; Hase et al.,
(Basic B-1.3 glucanase) PR2b-R  5-CTCACTAGTGAGTGAAGAAGCAGTGC-3' 2006
PR-3b PR3b-F  5-TTCTGTGCTTTTGCTGTCTGCCTCTG-3' Danhash et al,,
(Basic chinase) 1993; Hase et al.,
PR3b-R  5-TCCAAAAGACCTCTGATTGCCACAA-3' 2006
PR-5b PR5b-F  5-TCCATACACCGTCTGGGCGGCGTCG-3' Rodrigo et al,,
; T : 1993; Hase et al.,
(Basic thaumatin-like protein) o5y 5 TTCATCACTTGAGGGCATCTCCAAG-3' 2006
PR-6 o PR6-F  5-TCCTTGCTCACCTACTTGTTCTTGG-3' Gadea et al., 1996;
Proteinase inhibitor II
(Proteinase inhibitor I1) PR6-R  5-TTCCTTATGCTGTGGAAATACTTTG-3' Hase et al., 2008
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hvA7nFa—T7I1CBL, 15000 x g THEEO L. EO0HO BFEZREHRE L, PEEXT Y

ZOVBERES (T D), BEIZTIN—Y T AZ—FT-1 75 2 CGEREFE) 2 HAWTHIE L.

7o, REZRMWRITHEST L0 L, ML T OMEE 2 E L.

EES

FbA~D PC #iEFEICK DB MEHBREHE

THERRE 2 E L, HFRPEGRIIEIC b~ F2BM LG L, BRREEEEL, FHNE

FEDWETIZ b~ FEBELIZRE & T, P~ FORBRICEERZEITR L, 70~80%D 3N

FamLie (Fig. 5-1). —J7, PC HREAHIEERE LA B L1256 T, b~ FOFREREIL 10

~20% & AEITIERT L, LB KB O MEBRIXH THEREITI R > T

FYhAD PCHRIERICKDBRERENIVN\VEREFOREEFE

PCHEZ#EFE L7~ b~ FOBIZEBWT, PR-2b, PR-3b, PR-5b 1L PR-6 O¥EELME PR & L Xy

HELEFPHEBL, SRXE X TRWEBD MR Sz (Fig. 5-2). —J, PR-la & PR-2a D#

PE PR ¥ U NI BB TORBIE, SHRXE PCHREFEX O X THA LIRS T,

FYhAD PCHERICLDHMIIDAE, RENESSUVRERBEICRETEE

PC BRZRIHEREL, b~ M2 Lcha, Mot B - s Herie s, RENE, REES

FOREORERE - BREIL, SBEX &R THEREILR) -7 (Table 5-2).

BE
AHFIETIE, PCHREERLIC L % b~ b ~OEHUEFEE W /0T 5720, b~ MEYAERIG (PR)

2N BEETEEEL LT, 6O PR XV RNIEBBTELEEMT L=, PCHEER L
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100
—®-Soil/ Control

80 1 —O=Soil/ Treated a
9 : a
> —4—Hydroponics/ Control
2 50 | —2—Hydroponics/ Treated
E
E=
3 40 A
12
3 b
& 20 - 5

0 — T T T

0 2 4 6 8 10 12 14
Days after challenge inoculation

Fig. 5-1 Disease severity of bacterial wilt in tomato plants pre-inoculated with E-PCstr followed by
challenge inoculation with 8238rif in the soil and the hydroponics-tests. The plants were pre-inoculated with
bacterial suspension of E-PCstr (Treated) or SDW (Control). The seedlings were challenge-inoculated with
8238rif. The graph was expressed as the average of percentage of wilted plants in three independent
experiments with 15 plants (Hydroponic-test) or 12 plants (Soil-test) for each treatment. The different letters
indicate significant differences (P<0.05) in the inoculated tomatoes according to one-way ANOVA following
the Tukey-Kramer test; the values of percentage were obtained through arcsine transformation. Bars show the

standard errors.
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PR-la PR-2a PR-2b PR-3b PR-5b _PR-6
MC T C T CTCT C T

x - -...'4: A o A D Loy

Fig. 5-2 Expression of pathogenesis-related protein genes in tomato plants inoculated with E-PCstr of R.
solanacearum. Total RNA was extracted from roots of plants at 24 h after inoculation with SDW (C:
Control) or E-PCstr (T: Treated). Transcripts of PR genes (PR-1a, 2a, 2b, 3b, 5b, 6) in the root tissues of
inoculated tomato plants were detected by RT-PCR. 9X174/Hae I1I-digest was used as DNA size marker (M:

Marker).
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Table 5-2 Effect of inoculation with the PC mutant of R. solanacearum on growth,
yield and fruit qualities in tomato ‘Micro-Tom’.

Root fresh Shoot fresh  Yield Fruit weight Brix Acidity
mass (g)  mass ()  (g/plant) (2 (%) (%)
Control 62+0.6* 254+1.0 40.1+13 44+02 6.7+04 1.17+£0.06
Treated 55+09 251+17 385+£21 42+£02 66+£03 1.15+£0.07

t-test ns?¥ ns ns ns ns ns

“ The values expressed as mean + standard error of 9 plants for each treatment.
Y The letter shows not significantly different according to the Student’s #-test (P<0.05).
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h< N ORI TIX, PR-1 & PR-2a DEEYEPR # L 37 BEETORBEFE IR - S, TRXOM

WNIXR BRI B2 D> 7= PR-2b, PR-3b, PR-5b B X Y PR-6 DI FME PR % v /R 7 BH B+

FHLIZZ &2 b, PC KRIC & 2 FHIRBIERIERS 213, WD ~OEFMBEENEET 5 E 200

7o, HE~O|WPUEF LI, 7T RERR OBV LY, RHEEERGUE L FE 2RI

KBlEN D (Pieterse et al., 1998) . EFEEIRPIVE, > VT NREWE L LT ) FARMNPES L,

HE) DRI & - THE SN A IEHIMETH 5 (Yalpani et al., 1991 ; Pieterse and van Loon, 1999) .

—77, FELHEHIMIL, VS TVEEYELE LTSy AU ETF L UREE L, EEME PR

2N BEEFHET LR THY  (Niki et al., 1998 ; Ohtsubo et al., 1999), PGPR 72 & DI EPEM

NG L= OB ClIE, FEESFIEPMENET D Z ERME SN TW5 (van Loon, 2007) .

A B O IEIF I IEINE Pythium oligandrum % #FE L7 b~ N ClE, U FABRKFEHEO > 7T

NGEERIK To A PR-1 & PR-2a DIEMEPR % L /7 BRI FOFE TR - 6T, Vv 2T VBRI

MWD 7 NVARTERK TH D PR-2b, PR-3b B LN PR-5b & —F L UMEFFEMED > 7 F AR ER K T

»H5D PR-6 DITFNM PR ¥ U XV BELGTORANFEIND Z ENREIN TS (Hase et al.,

2006, 2008 ; Takenaka et al., 2008) . ABFIL O FIIEESR L L T\ Z &6, PCRRIZ L A4HT

PEREITIE, V¥ AEVE - = F VUMWY T TIREDE LR 2RSS BT 5 L HER

.

Kiba et al. (2003) 1%, Z XZIIFEHEEMETH D0 b~ MATHEMHEZH T 2 595 E 8107 £k

T AN IECEE LG, SR CIRRBUEIS A HE S, & ORBIMMRIZ PR-1a & PR-1b O

FBENFEEINDZ E2WME LTS, KIFFE T, FHHE 8238 ¥kHIskd PC ¥k T % E-PCstr

b~ FERLT REICHEM LI e, WBURSISSFEE S NI (F— 2 HWE), A PCHHRZHEREL

7o b~ FORBZRTIL PR-1a DFBUIH LNIRN -T2 L0 b, W ~OMPUEFEIX, #ET5H
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R B OFEECHEAARRIC K > TRAED Z LR PREND. 4%I1F, ReD PC HRZ HERE L 7Y

DR EBEIZ BT D |PMEF LI OWTHET 2L ERH D

T ) o7 — (EPUEFER ) LTINS HAEET 2MECH 2B L, Bk

FUALERITIENMONTNDS., =V Z—L LT, MEMDOZ L RIE, XTFR, iz

YRUE, R, RER, BUEWHE, T u T TR EKARYWENEET L EEZLNND.

Fio, MIBENEEEET 2WEIET TR, BT X > THM I NI IRaEE D~ 7 F W Fr <ohk

NTF Rl ) o Z =Ry, TNHEFNAET Y =L ENRS (F)I, 1990). HHHEE

DY X —IZET AR TIE, HFWENSAEET 5 RSN ZHE (EPS) (Milling et al., 2011),

HRRE OB E £ D518 10 kDa L EDOEZZ EVED & L /37 & (Takabatake and Mukaihara,

2011), HHREZ G 7 7 AREMESAEET 2 N-7 LR EEY 727 F (AHLs) (Jayanna

and Umesha, 2017) 8 UJ > & — L U THERET 2 2 L 3 ST 5. EPS R° AHLs D& RRICE 5

T BB F1E PheA #Z U RV BIC k> TEICHBENTH Y, PCKEIZ phed BIGTFOEREZZITT

W5 Z &5 (Poussier et al., 2003; Genin and Denny, 2012), PC #kiZ X 5 b~ b ~O P ER 1

L LT, EPSX° AHLs OB HIZE W E B2 BN D. — 5T, PCHRIL phed i&fn1DEFIZ X v HiE

OB EE S, EEMER R L9523 (Denny et al., 1988; Brumbley and Denny, 1990), & #4975 &

OHFFX LRI ET7 702 ) 0, m ) U —E LT LW ENRE SN TV (Pfund et al.,

2004). GMI1000 #£ D A phcAd 25 BBRIE, BFAEKLI D &7 Ry v X2 VX7 BBET 3 OB EN

WL TEY, ThooX o R_7EIFMEOMNZER T L LTHEE L T2 (Khokhani et al., 2017) .

IHNDHENG, HREE OB AR L PC BRHERE CIX, MMICE# SNz ) v X —NERD

ZENTHEN, PC MRBRFRACEEST 2MEN Y 7 —L LTHRREET 2 ATREMENH Y, 5

BT 2 M0ERD S,
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R~ hOFEE, EHEREEO L2 O TR S K L TR Y, BB TH HE O %
DS & 72> T % (Jenkins and Averre, 1983 5 #RH - FE, 1986). T E T, PCHEFIM LT
HHOEBIRREE, TR 2 8E L TR Y (Hara and Ono, 1991 ; Arwiyanto et al., 1994a ; /i 5,
2002 ; /IS, 2011, 2012a), ZBHEARE 248 LB R OFEIZIT DI TV, Z 2 TR
FeCIE, R & BRI A E L, PCHRARIEERE L7 b~ b & E AR 5 e 58 & H A
ZE LKL L, PC BRIC X 2 HMIRIIBRZI R & i L7, PC Rl L7z b~ Tl
AR X CH MO N ARIANT L, FREES 2 E L=l 5728 BRIV T PC HRIC
5 EMBHRDRENHERSNZ. 2D L6, PC HEFIM Lz EMBREIL, BEHREICR
WTHEHATE D Z LRz, 72, AUIZEICEB T, M~ MIPCHREZEM L7256 T,
Y OETE, RENES L OEEIIIRX & 01372 <, fl~0 PC MR I L E I HER
BrRESRo72Z &6, PCHRITHFRMIREM & L THAICHARETH L L EZXHND.
AL, EEEO b~ MRS EEL, Bx e b~ MVEZ O C BBk & B ICRBIT D PC

HRIC K DU BRE LD DEFT ~ORELHFAE L, AYBREMOEMMEL &GO DLERH .

W=
PC BRIZ X DR ~DIPIMEAE T2 ST 5729, PC HREZ#EM L7 <~ & ‘Micro-Tom™ @
RICE T B IRYeH Y (PR) & v 30 Bl T O R BLE BRI L=, PC #MRE#R L F~ b
T, EHEREOREY TN B> 72 PR-2b (B-1,3 7'V F—+E), PR-3b (FFF—1),
PR-5b (VY —~F kLRI E), PR6 (T A —EA e ¥ —1) OEIEME PR EETO

FENPFEINTZ. ZORRNPL, PC HKRIC K 2 FMBEYIERICIIED ~DEHMFHEREET 5 2
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CARBENT. £, PCHAEE L F~ FOATE, RENEBIOEENELHRE LR,

RO & LR THERZEIT RS, PCHREMIC X DM~ DB BT i 7.
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i

F6E RAEEE
h~ b, TR EDFT ZARMEY OB T, THEREYLIEME Ralstonia solanacearum |\ X % &
R OFRAENL, (B ORELFEE GO TRALIEE 2o T D, AREE, B - WA - B4
HoJ DIRBE 72 R TR A LT <, T ARHED %13 U 200 FELL E O CRAENHELR SN TN D
(Hayward, 1991). 4%, HERIEBE(COMEITICL W EESIER L, 1EWEREICHERREEZ KIET
ZLEnEREND. AHEORERES LT, (LRI XD BB & BT S AR 2 R
LR N ER LTS, L L, BEAMOKKSCEMDLE - RLOBEND, [P
ROV OERER R BEBRIEDOBRE N KD ST D (Fravel, 2005). 7=, BAMYZFIH L8
K EE b HERIRORAENFE L 72> TH Y (Krausz and Thurston, 1975 ; Date et al., 1994 ; Nakaho et
al., 1996 ; Gt - R4, 2004 ; F1EAR, 2008), BREL(CR A H 7= 72 MiFRIE DMENL 3 B ORRE & 72
STV, RERSROPEREM L LT, ARAMEDZ O AMBIBRIE~OBRLAEmED, W
S OMDOEMBEM N ERALEIN TS, LML, ZORIFHRAMICATHmD T, (b2
FOK 1% E 720 (Fravel, 2005). £72, BRIZBWTS, EMRIEL L TR INTZEMIL 26
LD, Z20I1FE LD 2000 FRUICBAFE STV D23, (LFREFEICHSTHRNBEZE L
TLEREM A MREWREOHBNLE L L TV ARWEMLZW. G5H - BE, 2013 ; GETD,
2014). HBUE, HHBEPBRICEDRAEDERIRVORBIRTH Y, FHREFICKE Lz Ak
B OBRBITRERMETH D,
THETICHEMBEORBERLE (PC #8) % W= F N O EMIIBERIE O T i T
BY, bvb, TR, VX HAE, AR EOT ARMEMIZ PC A RTHEFRET 2 Z & T, BN
Pl S5 2 LR X3 TV (Chen et al., 1984 ; Trigalet and Trigalet-Demery, 1990 ; Hara and Ono,

1991 ; Arwiyanto et al., 1994a, b ; i&J® 5, 2002 ; /NIl &, 2011, 2012a, b ; BAK S, 2016). PC #kiZ
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K DBIBRNRIL, HETE, PC BROSRME, HMHETIEIZ L > TRARY, IRPARLETH L. £,

PC Bk ZFIM U722 RV 22 BIBRIE DBR R ITIE, PC BRIZ X D W E BB OMEHA R IR TH D, £

Z TR TIL R solanacearum DFRBIEREE (PCER) ZFIH L 7=F 58 O AL WAIBE BRIE DML

M C, HARERBEBRICZD R 72 PC BREEREEN & PC BRIC & 2 H K599 O Z Pl s 2 1 & v

HZLEHBHEME L. 2 ETIIEMPIZERITT D PC ¥k & B AMOBGEE M & PC BROERE AIRIC

K 2B AR OBEEIMHEICSOWT, B 3ITETIE b~ b - FAEMBRRICER 7 PC MREEREIFIZS

W, B4 BT - YNICE T D PC RRE B ARRDEARME L PC HREBIZ X DB AKDE

HIHIBEREIZOWT, 55 BT PC BRI K 2 ~DIREIMFERS K OHEM OLF - RFEM

BICRETRBIZONTH LN Lz, RETIE, RO D PC BRIC & 2 HHHH O F P

HIHEAE, DR 72 PCIREEREST IS KON PC Bk 2 A L 72 BhBRIEBR R DR EZIZ S W T4 5.

PC HRIC X DBLBRANRIL, TR~ PC BROHAE S IECHEFLIR L, PC RO E#KE L OHEY

Fiic ML - TRRDZENHFE I TS (Chen and Echandi, 1984 ; Hara and Ono, 1991 ;

Arwiyanto et al.,1994a ; #&J5L 5, 2002 ; /NI 5, 2011). PC ¥kZFIA L7=BhBRE 2 eNr 45 7201

13, 2 < OMFRIZK U CTRE LB Rz S DML ORE NP SLETH LD, APRICENT

b PC FRIZ & 2 BIBRZN R PC RR O ML 515, PC RO BRI, PC HROFEEI L O HEIC K-> T

Hipo72. PC BRZIRFI L7 CH 22T W%, SMREERIEICBE LGS (L8R

ML) TIX, PCHREETED OB AR O G £ TOHMMNENES TOZ, MENIC PC R & E T

EELBRZRN GO, E, 7 RIREIC PC MREIR 2 IR IEHAE%, F AN BTG 9 1 IO M

L7ete (RIEEEME) T, LEEMELD bEOVBBRARPHEONLEAICH -T2, £, %

DN S T AR ES TIE, PC MRASEEE N OmBE TR Sh (B8 4 =5 1 ). PC Ko

BOERAN AT, EFAERROBERRIRE LV b mIRE O PC HRAHM L7250 CHF IR SN D 2 L3
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HE XN TS (Chen and Echandi, 1984 ; Arwiyanto et al., 1994a ; BJE 5, 2002 ; /NI 5, 2011). &

MR N TH RO RGO, WHEMETIEICZIS W TERRE D PC MR B L 7256 TIEBikR

RITRE SN o7, TRHDOFERNG, PCHRIZ K DR R DT, PCHREMMNIZ

BEECTEESEDLIENEETHDLLBZALND.

PCHRIZ L D BIERZNRIZ PCHROFI L M DM AEIZ L > TR D ZERMESNTEY UMD,

2011;2012a), FEHAMZeBLBREAN OMENLIZIX, EEOMWAE - SO F ISR 272 PC % 3

KT DMERD D, ATEICB O TRED R DI AR PC RAEH L, RIEEMIEICLD b

~ hEF RS WMFRIZIT D HFRE R 2 TR L7k R, BhBRZIRIL PC MR &R - AL

fAEDRIZL Y R otz ZTOFTHEBIVOERIEE2 S/EH 7z 8224PC X° 8103PC DO#

ML, b= hEEBEOFTRMMEICERE Lm0 BRRE R L. (3 ). b PCHRIZY vy

A EFEFHHFIT L TCHEWBRSEEZ R T ZENRHLNI A>TV (FIIE, 2016), HEIVO

HFRIWEIL, EEOT ZABEWITHENEZ R USWE EfREEZ AT 2720 (BR - A&, 1992),

PC HRIZER LA THLEBOMYHIZES TE, BOVBBRESEE IS LHfRsn. &

512, 8103PC A L7 F A Tlx, KARE Verticillium dahliae \Z X 5 -5 ZEUHRIT5T LT H BHERE)

UH}

REFHTLZLPMESNTEY HIRD, 2017), &K PCHRAEMIL T ARMEMIZ I 1T 5 MR

R AR B  BARICHIBRC X 2 TR D 5.

PC ¥RIZ & 5 Bl aésE & LC, PCHEDHE T 2 PIFEIEM (Hara and Ono, 1991; Arwiyanto et al.,

1994a ; /NI B, 2012a), PC #REIRIEE OHEBNOEERTPREZELZ O DHHE (BES, 2002 ;

Trigalet and Trigalet-Demery, 1990), HE#N® PC HEDEEIZ L DIRRE O EAEME (NS, 2011,

2012b), EH~DOIPIIEFE (Arwiyanto et al.,1994b) 72 EEEOERNEZ SN TWDH. THHD

BROBTH, HFRPBIERICED 2 EBEREROREN TE I, PCHRIT X 220 RAYZRBIBRIE D B 5
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WZORMND R TE B,

ARFFRIZIBNT, BAERKICK L CHEER 2R & 7220 PC BRRPPTHETEMED 72\ PC ¥ROD ISR AR

AR LM TS, FRWORFHPIH SN2 HEaN b7 Z L, BAKIIT 2 5EEM

1X, PCHRIZ & 2 F R O FEFIMBBERE O EER TN LAVRBR IS (583 #H).

PC BREBAEMRDRELD S DHBEEHGNTT HIT1E, MEKRZREEGEEL, EOMIELHE

TOHZEWHREDNTHDLEEZBND. /NG (2011) 1%, FTAKMEEZRE#E LTHWT PC #

EAERROIR AR LCRER, BRSO ZITRO 507, mEKRRICREZEOBAITAE LR

LIRARTWS. RIFTE T, PC Bk ERFMEZ FRE CIRA M L2 igikes, +3, mymhic

VT % W R O BEFERFE A T A L 72, BG HRIAR 7 & DR R ML T PC KR & B AR A IR G HETE L

ERIRT 2 &, BREMICHAKRO A MEI SN D Z LBHLNIR o7, ZOBERIR

1/100BG IRIREE ISPk T 72 E DORBOBFE N AL LT WEREEM P TIIALDNARNZ LD,

RIREE I Z B 1T 2 W ORI 1, REOBETET TR MOER OGRS (52 5

W, Fo, HEPICWEERAERE LSS TY, BOMIEBESIIA SN o7 (6 4

B D). —J7, MEMNICEBWL TR, FBREE TR ARSME S L, BEEEAR T PC R E

THAMROHEBENEWVERIZH 72 (BA4EF1H). ZNOHOBENS, PCHRIZEDEMEO

POBREEMEIZIT, PCHREEFAEMKE DREBEOBE LY bMOERAEEL TN LEEZLND.

HERIRE L AT L7 (QS) HEREIC X0 OHFEIC LN 5 3-OH PAME <° 3-OH

MAME OEE % 4 25 Z & THREWEN T ORB 28 L T\ 5 (Flavier et al., 1997 ; Kai et al.,

2015 ; Hikichi et al., 2017) . FE#PN O FHEIR B8 B DMEE FE 2254 T, WEMERFORIITMZ S

, BEEIZRD WA TFORBICED D phed BIGTHNEWHL, = RZAVD T =L~

FUAFNZRT T — 8 & OREY M EE Sy i RO RE RSN 2B A A2 ET D (Clough et al,
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1997 ; Flavier et al., 1997 ; Schell, 2000 ; Genin and Denny, 2012). £7=, H¥WNIZE T 5 FHFHE O

WEVER 7 ORBUTIL, RPN L2 AKO @SB E RN EE CTH D Z L )5 (Hikichi et al.,

2017), PCHRIZ L B E LB RN BE SN D 72 DI21E, WNIZEAERR O & HEHE % 55 <

WEHEITRD.

AWFTETIE, TN ET D PC R L BFARDER IZOWT, Btz F 7o B EEE & ot

Wiz ORI LV RHE Lz, ZORRE, SOBRMRNE LK TIX, MR PC

HEBNA DI, IRN~OEERORA & EEHE~ORIFEEOBTHAMH S TEY (

&
N
1t
&

18, 552 8i), SORBIERIC & YA LSRRI W T, PC FRAS BE M R0 32 ol

&
2

i}
B

BEWCTEAE LToMR CiE, BAEKOESE K S, BEN~ORAZIHLLNR T (B4 FHE

2fi). THRHOREND, RN PCHRNREBETEET S LT, FEKRDRERARLERS YA

PR S AL, BHAIH SN D 2 ENRB I NI, FEMNITIT D B AERR D EAE & 2 R HE T

DTeOITIE, BWARDPEGET HH1IC, PC MAAEEE TRNICEET O2HERH L. APZETHL

TR TR, MMARIBIC MR O PC MRE K & RS 5 7280, PC HRIEA& A DR BEAE 514

ThodLELALND.

FIARMIEIZ BT, EYWNICE T 5 OEEMEICIT PC R EBFAKE TEVWRA LN, BF4E

R & PC R Z H6FE L 72 T3, BFZERRIIAR, 2, BEICRBWCTEEE I L72A%, PC BRIZHEFEE

ORI TREWEED RSN, R, £, T~ EIHMERICHN O IEERBEMET LZZ

&b, PCHRIZBAMICHAT LB~ OBITRIIS 2L EALND GB4FEFH1E). 612

]

SN

WNTIE, BAKITEENICESERECTH 7203, PC HIFFEED

=
[r

M CIIE B E 2 B A DB
RINEZN, HENTOESIXIFEALBRIN o7 (FB4EF2E). PCERIT, BAEKICH

NTHEYMIBEDEIFER CH L= RTNANN T — BRI F U AF LT AT T —EOIEENE
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T45—hH7T, RVAZ77YuF—BEEIHEML TS (Kelman, 1954; Denny et al., 1988;

Brumbley and Denny, 1990). Hi#)8%E 4 & OHEE AL, Err—2~nItrn—2x, V7=

YBIEE S, RYHZ 7 YnF—BIl Lo TSN~ Fora&iddinyy (RN, 1990 ;

TE4R, 2011). ZD7=8, PCHRIT, X7 F a4 BENHERNS WEEOK B O MnEE XM Tx 573,

Y F G RDDIROHEE FHRI T 0 S L2 < Wisd), PC RRIZHEMAEN TOBAITOEEN T

DEBVHR SN TND SRS, 70D 5, PCHROMMBMINERS IZIRHIHIZ K503, PCHRIX

FTARTOMPBNIZ@EEE THET D 2 L1372 <, FEL LR & o &k < iduE s &0 K<,

ZD XD TIE, BAERNELS IRET LB AbND. AWRIZENT, PC HRARER L7

F AR b~ FORANTIE, EEETH 2 NEFERSB S, B OO~ DOBAT A HER

nie (54 FE 1, H2H). PCHRAEER LM Clx, BENICEERPDTNRAL, &

B & o TEEBMHBICBAT T 225, MW TIZIRPUERS S0 E OBV Tl Y, BAEKOK

FHMNH SN D T & THRIFPER 7 OB E Z 53, BRI D SRS,

WIIRREOBREICRIS LT, 72T 9= T vE=T VT —BRoR) 72 ) — LA F

H—B7p O EEBEREE O LN Z 5 Z 23 5TV A (Vanitha and Umesha, 2008;

Vanitha et al., 2009) . U5 OFERIEMOEINL, 55 R ORYRITIR 597, FEIRE <2 PN A HH 3 o J%

P THREFR IN TV D (Jetiyanon, 2007; Vanitha and Umesha, 2011). Arwiyanto et al. (1994b) (%, PC

MR L7 b~ M T, FHWEICE L THEERZRT h~F OERPFHEEND Z L 2H

HELTWD., ABIETIE, PCHRABEFM L b~ FTIE, ¥FF—8, B-1,3 74 hF—E8, V—

2T UNES R E OO R (PR) X VX B ORBENFEEIND T LR

NeZ &b (55 %), PCHRIC L 2 FHIRBIERIER 213, FIELEBEEERL PR ¥ /N7 H O

I L D WHPIMEFENE G T 5 LB b,
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93 T B B R SR D R BRI T AL FRIC Ko TRV, PP @ ST S D B ERE R D %8

BHENEGWI ENHE SN T3 (Vanitha and Umesha, 2008; Vanitha et al., 2009) . FHEFiZxt LT

EHEDMERON S TIE, PCHRIC K D PIBRBIRMME S, HPUPED Ry @ O dn i T, PCARIC K

BIBRBIR D S VMEHIANC B 5 Z EAMESHTWD UG, 2011). ABFFEICEWT, #HHED R

25T A PC HREZHEM L7256 ThRROBM A A b, £z, WPWEMEN RIS LTS

EWBIBRBIR N SN D PCHAR DT (B3 EH). £Dlw, PCHREMICK > THEINDIH

FEPHBDERFEC PR # N7 B OB L, SO OBIER R EHERS PC MO L - T

RRDWREMDR S, A1k, PC HROBEK, MYl L O GEOEND, Y ~DOIHIEF

ETRHEBEZWET DLENDD. SHIT, PC HEM X > THEWICHE S D8I F &L

<HHEL, TNONERIHEBREBIZ SO L 5 I2Bbo TWAONERLNITHIMNENSHD. PC

FRIZ X 2 BRSO 2 B 5023 2720121X, BIBRIRN R 28/ EMEICB VT, FES

NOBIRFORBELZILE TS RN THLLEALND. RIFFETIE, FHIHOBIERZIRN

F/2% PC KR, Ml KO ERH LT Y, 5% OB ORI E 59 2 M AN 5

ni-.

PC Bk SIS TRIER & LT, PCHRMRILOREEIZR DB REIRNE Z 5 2 L AMEH &

M TIH Y, Poussieretal. (2003) (X, ~~ FORDREYWOIF(EIZ & > T PCHROFFRIEREIRT D

TEEHELTWDS. —F, PC KRICK 2 FMIRBIERARIT, AWz Mo sfii T <R h

TWBD N, PC RO IR AR 7 1 T MERR S 41TV 72\ (Trigalet and Trigalet-Demery, 1990; Hara and Ono,

1991 ; Arwiyanto et at., 1994a ; &5 5, 2002 /NI 5 2011,2012b) . ARHFFETH, PCHEDO A Z M L

TR CIIFERIEIR IR ST (B 3 5, 4 5). 7o, WRIKEH#, tHEk XUl

P D PCHRESHELTZE 24, WAKD &L S ICiEiMtz Ry an=—@3olishiiro/c. &

126



BT, FTAMBANLDEES NI PC AT A0 b~ MIEEME L CTHHREMEOERIIMER I

mole (F—X4EW). PCHRIL, @F, PEEEZRYBRERERT 2L T, B0 HBRIERE

WXL > TIEHTE S, L2, FBEEO L — R 3HEKE (82-1 & 101) I[ZfR-> TiE, EHIMZRE

EOMREEELMYIRL TS, HFoN7e PCHRITZERICHEMZHEALT 5 &3k, t~xF&T

WEFERFEMETH o720, Py WA BIIFEESE R L (T —X41K). F0i=d, PCHDOE

BERIZOWVWTIESI O RDIBAEDLETH Y, PC BRBEAKRICEREIF LIS WREEZH 50

THZEBMETHD. —FHT, PC HRICTE B2 EFRIEHBRIEOMESLIZIL, PC BREIKRD LR

B AW EOHLERZFA LIEPIBRIEORFOEZETHL LEXOND.

ZHETIC PCHROER Z AW WHIBRE LRI SN TR Y, i ~D PC FROMBGERE-CH; 2

AIROHERENHA SN TS, PC BROMBSLHEZ & N [T L2546, TR ORI X

NDHZENREINTWD (Tanaka, 1983). LrL, T AL b~ MIBWTIL, PC FROIMEIEE

TUE, BISH R EIT 20 Z & 23 523272 - T 5 (Arwiyanto et at., 1994a, /NI 5 2011, 2012b).

HEARE OB AR A UL U 7- B IR 2 4 L7 a4 X F X F TlE, PR & 37 B DO FEHL A

ML, BULEHIEICE TN DL EMN R A VR ENRT Y VA — B 2 LRI TV D

(Takabatake and Mukaihara, 2011). Arwiyanto etat. (1994a) (%, PC Mt A %E b~ MR L=

Ba, DIPCREPIH S D LTS, KFEIZRNT, PC RERBIFE &R LIRS

T, PC BRIFIETE L7272y, BPARROHIHZ R RAITIHI S Do Z L AW GMNTR o7 (5 2

T 2 fi). PCHRIEEAIRIC L DBRZIRZ S 5720, RMOER D PC R & BFAERK O BN

HZIRD F O PCHRES R A ik L (B 2 W 2 Hi), T ORER AR A M Lz HET O F 7

B OBEFEINH h T & 552 AW A LB U 72 O FEAEBER S R ERE L7 (B3 3). L, PC

WREE R A A TR L7255 AR ORI Z MH &, WL LI5S T, F
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MR OB RDB T HN 2 %HE b H -T2y, PCHRAEREIZ L DYIBRRO TR @b~ 7272, PCHE

BRAWEMOWTEVIBREDOBREICII S DR OMANBETH D, AUFEICENT, PC FRIC K DH

HPN O AL N B AR O PEFEILEICBE G545 Z L BNRIREN, PC BROEEEAKRTICE £ 585

ARROBEFEMENC DM E W O TENE, HEEEAOBRBENATRETHD EEX L.

PC #R1T phed BIn T HER L TR Y, WA L IXERBIA NN 272 5 72 % (Brumbley and Denny, 1990 ;

Poussier et al., 2003), PC & & B AR TI3Ma 2 MRl 9~ 2 LR 28 572 5 2 & X0 PC BRI AR 72

FEAMENFET DI ENEZLND. AFRICEV T PCHEEFIH LI-BhBRENEIX, PCHRAR %

MWiZGE TE<, PCHREREIC K o> T ~OEMERFES N2 &ns (5 5), PCHH

RO—EOEEWEEZNMT 5 Z L THRIRPBEH SN DAL HD. PC HREEERASIRIZE D

B AR OEFEI T O ZIR 2 A LIS T, BAKE D b PCHRTHE ICAE SN OME iRt

WHE, 7T u747) OFENRHALNTRY, ZOWEEAREIT PCHROFEIZ L > TRRLZ L

LW LT ol (5 2 BE 2 fi). TOMICH PC AR RAVTAET 2 WEPMFAES 5 ATREME
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Biological control of the bacterial wilt using phenotype conversion mutants

of Ralstonia solanacearum

Summary

Bacterial wilt caused by Ralstonia solanacearum is a soil-borne bacterial plant pathogen. The pathogen
is widely distributed in tropical, subtropical, and warm temperate regions, and has a wide range of hosts in
more than 200 species, including eggplant, tomato, potato, tobacco, and other cash crops. This pathogen
infects the wounded root cortex, invades the vascular system, rapidly multiplies and produces extracellular
polysaccharides in the plant, clogging vessels and leading to wilting symptoms and plant death. To control
this disease, cultivation of host plants has been managed by soil fumigants and grafting onto resistant
rootstocks. However, soil fumigants have a harmful effect on the environment and human health.
Furthermore, breakdown of resistance in rootstock cultivars has occurred due to new virulent strains of R.
solanacearum, and increments of temperature in the culture conditions. Therefore, new stable management
approaches to bacterial wilt disease are urgently needed. Recently, beneficial microorganisms have attracted
attention as ecofriendly biological control agents to plant disease.

The R. solanacearum pathogenic strain (wild-type strain) spontaneously undergoes a phenotype
conversion (PC) after prolonged culture in plants, water extract of plants, soil or broth culture. PC mutants
are either weak pathogenic or non-pathogenic, but these mutants are still able to colonize host tissue without
causing symptoms. The bacterial wilt diseases of tomato and tobacco were suppressed by pre-inoculation
with PC mutants. For the mechanism for suppressing bacterial wilt by PC mutants, multiple factors such as
production of antibacterial substances, competition for nutrition and bacterial colonization and resistance
induction in plants are presumed. To develop a practical biological control method using the PC mutants, it is
necessary to identify the main factors of the mechanism. In this study, effective PC mutant inoculation
technology for bacterial wilt control was examined. Furthermore, the biological control mechanism by

inoculation of PC mutant was investigated.
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1. Competition of wild-type strain and PC mutant of Ralstonia solanacearum in liquid medium
1-1. Behavior of wild-type strain and PC mutant of Ralstonia solanacearum in liquid medium

There are still uncertainties about the growth behavior of the wild-type strain (8238rif; race 1, biovar 4,
phylotype I) and PC mutant (E-PCstr; the mutant was isolated from 8238 strain-infected eggplant) when both
strains are mixed in cultures. The bacterial competition between both strains in liquid medium was
investigated. When bacteria were mixed and cultured statically in BG broth and MM broth, the growth of
only the wild-type strain was reduced at the later period of culture. However, this bacterial competition was
not observed in pure water and 100-fold diluted BG broth, suggesting that there are factors other than
competition for nutrients. When each strain was individually inoculated in bacterial culture filtrates, the PC
mutant could grow in the culture filtrates. However, the wild-type strain could not grow only in the culture
filtrate of the PC mutant. The growth inhibition of the wild-type strain was also observed in the heat-treated
culture filtrate of the PC mutant. These results indicate that the bacterial competition between the wild-type

strain and the PC mutant in BG broth was due to changes in the culture components by the PC mutant.

1-2. Selection of effective culture filtrates of PC mutants for growth inhibition of wild-type strain of
Ralstonia solanacearum

Production of the antibacterial substances and siderophores and growth inhibition of wild-type strain
were tested using culture filtration of 27 PC mutants. Growth inhibition of a wild-type strain 8238rif in the
culture filtrations were observed in that of 22 PC mutants. Production of siderophores was tested by CAS
assay, two wild-type strains and 26 PC mutants produced siderophores. Production of antibacterial
substances of PC mutants against a wild-type strain 8238rif wsa tested. Eleven PC mutants indicated the
antibacterial activities on BGT agar medium and five PC mutants produced the antibacterial substances in
culture filtrates. The antibacterial activities in culture filtrates of PC mutants were 400-25600 AU/mL, and
the highest activity was indicated in the culture filtrate of 8105PC (race 1, biovar 4). The widest of
antibacterial spectrum was indicated in the culture filtrate of 101PC (race 3, biovar N2, phylotype IV) that
inhibited 24 strains within 27 wild-type strains. Their antibacterial activities were lost after heat-treatment at

60-70°C for 10 min. The molecular weight of antibacterial substances were estimated 100 to <300 kDa by
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ultrafiltration. However, the most growth inhibition of a wild-type strain was observed in culture filtration of
8101PC (race 1, biovar 4) that non-production of siderophores and antibacterial substances. Those results
suggest that there are factors other than siderophores and antibacterial substances involved in the inhibition

of wild-type strains by the culture filtrations of PC mutants.

2. Biological control of bacterial wilt in tomato and eggplant by PC mutant and the culture filtrates of
PC mutants

Biological control of bacterial wilt in tomato and eggplant were investigated using six culture filtrates
of PC mutants. In the soil inoculated with culture filtrates of PC mutants, colonization of wild-type strain
8283rif was not suppressed. In plants, control effects against bacterial wilt caused by 8238rif differed
depending on culture filtrates of PC mutants and plants species, tomato (Solanum Ilycopersicum L.)
‘Micro-Tom’ and susceptible eggplant (S. melongena L.) ‘Senryo nigo’. To select effective PC mutants as
biological control agents against bacterial wilt disease in tomato and eggplant, the control effect was
investigated using tomato ‘Micro-Tom’, and five susceptible eggplant cultivars (‘Black Beauty’, ‘Chikuyo’,
‘Senryo nigo’, ‘Sadowara’, and ‘Kurumenaga’). PC mutants were used 27 PC mutants against tomato
bacterial wilt caused by 8238rif and 10 PC mutants against eggplant bacterial wilt caused by 8238rif or 8266.
Some mutants showed effective suppression against bacterial wilt. Two PC mutants (8224PC and 8103PC)
showed highly suppressive effects in tomato and many eggplant cultivars, and are anticipated to be
practicable biological control agents. Furthermore, the antibacterial activities of PC mutants against the
wild-type pathogen were tested to elucidate the relation between antibacterial activity of PC mutants and the
culture filtrates and protective effect against bacterial wilt by PC mutant. Even the PC mutants and the
culture filtrates that did not indicate antibacterial activity showed suppression of bacterial wilt, suggesting
that there are factors other than antibacterial activity involved in the suppression of bacterial wilt by PC

mutant.

3. Competition of wild-type strain and PC mutant of Ralstonia solanacearum in the soil and plants

3-1. Effects of inoculation method of PC mutant on the biological control of bacterial wilt and on
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bacterial colonization of wild-type strain and PC mutant in soil and plants

To define the bacterial behavior of wild-type strain 8238rif and PC mutant E-PCstr, the bacterial
colonization in soil and eggplant co-inoculated with both strains were investigated. The wild-type and PC
mutant strains behaved similarly in soil, but the wild-type strain multiplied more than the PC mutant in
eggplant. To investigate the influence of colonization with the PC mutant on suppression of the wild-type
strain and bacterial wilt in plants, the relation between colonization with the PC mutant and suppression of
bacterial wilt using different periods of PC mutant inoculation was investigated. The suppression of bacterial
wilt by the PC mutant was confirmed in plants during the early inoculation period when the colonization of
the PC mutant in the plants was higher than the inoculations of the long period. Furthermore, the colonization
of the PC mutant and wild-type strain in plant tissues of co-inoculated plants and the suppression of bacterial
wilt in plants by the PC mutant were investigated. The colonization of the wild-type strain in the roots and
bacterial wilt were suppressed in the plants that were inoculated with a high concentration of PC mutant.
These results suggest that the control of the colonization of the wild-type strain in eggplant roots by the PC

mutant was involved in the suppression of bacterial wilt disease.

3-2. Observation of behavior of fluorescent protein genes-tagged R. solanacearum in plant tissues
using fluorescence microscope

To investigate that bacterial colonization and movement of wild-type strain and PC mutant of R.
solanacearum in plant tissues, green fluorescent protein gfp gene tagged wild-type strain of 8238 and red
fluorescent protein DsRed? gene tagged PC mutant were created. Therefore, each strain was distinguishable
in plants co-inoculated with wild-type strain and PC strain under a microscope. The luminosity of
fluorescence of recombination strains, virulence against tomato ‘Micro-Tom’, and colonization in tomato
tissue were investigated. The gfp-tagged wild-type strain was pathogenic strain and DsRed2-tagged PC
mutant was non-pathogenic strain. Bacterial wilt and colonization of gfp-tagged wild-type strain in tomato
roots was suppressed by pre-inoculation with DsRed?-tagged PC mutant. The fluorescent protein genes
tagged R. solanacearum were detected by the real-time monitoring method using fluorescence microscope.

Colonization of PC mutant was observed epidermal cells including root hair, intra- and intercellular cortical
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cells and peripheral cells of vessel cells, but the colonization of PC mutant at vessel cells was low density.
Wild-type strain was colonized over root systems including vessel cells. However, wild-type strain was low
density in root tissue where PC mutant colonization was high density. These results suggest that the
competition for bacterial colonization of the wild-type strain and PC mutant in root was involved in

biological control of bacterial wilt.

4. Induction of resistance to plants and influence on plant growth and fruits quality by inoculation
with PC mutant

The molecular mechanisms underlying the induction of resistance are still unknown. In studies of the
suppression of plant diseases by beneficial microorganisms, the plant disease severity was reduced because
of the expression and accumulation of the pathogenesis-related (PR) proteins that inhibit infection of
pathogen and have an antibacterial activity. In the present study, the expression of PR genes in tomato
‘Micro-Tom’, a model cultivar of tomato suitable for genetic analysis, after inoculation with PC mutant
E-PCstr was investigate. The expressions of basic PR genes were induced in tomato roots by inoculation with
the PC mutant. The results suggested that an induced defense response is involved in the biological control of
bacterial wilt in tomato by the PC mutant. The negative impacts on the growth, yield and fruit qualities of
plants inoculated PC mutant may be determined. In the present study the effects on the growth, yield, and
fruit qualities in tomato ‘Micro-Tom’ after inoculation with PC mutant were identified. There was no effect
on the growth, yield or quality of the tomato plants inoculated with the PC mutant. The results of the present
study demonstrated that pre-inoculation with the PC mutant did not reduce the plant growth, and PR genes

were induced in the plant, suggesting that PC mutants can be used as biological control agent.

In this study, for effective biological control of bacterial wilt in tomato and eggplant, it is important to
inoculate high concentration of PC mutant into plants and colonization of PC mutant in roots. Furthermore, it
was revealed that competition for bacterial colonization and induction of resistance in plant roots involved as
the main mechanisms of suppressing bacterial wilt by PC mutant inoculation. These results of this study will

contribute to development of effective disease control technique using PC mutants.
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