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Pseudomonas fluorescens FPTI601 #kix, b~ MIB W THEY K
FARERBEME L LTl X, FARMEMTHIVRE I 55T
MR AT 59 5 2 & CHEERE SNz. ARIZET VW TH S
OA XFRAFIZBNTH, FEEFEFIHELIEEI T, Yuf
X+ AXF0H) FIVE (SA), VY AEVEE JA) ROTFL ¥
(ET) BMOZEREME HWTHRELTo 7281, FPTI601 #RATEE
T BIRERPIMEIC JA B L O ET RO E5-HRKE S iz, RIS
¥ 23000 BIEFHTa =Tty MZXA~A 707 LA %
Tol-#E, 2HULOFKBREE T LA LEET 5 ME K
TLZbDOE 1B METH o720 ZOHIZH —F ¥ VDB HE#EIET
OEBHE RO bN, KEIZ & AW OFEMRET LS —F > v
OIVERTH B Z EDTRBENTZ. T DM RS ICEID 5
BIEFOTFERIM], ¥ /37 BEBCREET O 2 & oEm
DD HNTzo F RN EBECRENPEET A ENLMHE
N2V VEEFHICEINLIBETOFELREDRON
720 %A 70T LA BN ORR, FPTIO0L BEZxC & b 53k
FLTOBEFD T VARV VIEAZREIZBI) 5 FPTI601
BRIC & 2 8 BIRPUEIC O W TR L2FT, BERT % &L
DOPDEREKIZBNT, FEESIEDOEKT 2D 57z,

1. EUBIC

HIEREE ORI, BREIKEN TR R FETH
D, BALAFNVOMREEIIHE) F-FERE LT, BREIERD
BWL—Y v POERRFOMEEOMELPFES TS,
Kl W B B 1R S AR Bfl % (Plant Growth-Promoting Rhizobacteria:
PGPR) 12, #0%niy, MEWCHAL, MYORELZRET
BMBEOHH—HOMEXETESETH), REWRLDOLLT
Bacillus subtilis, Pseudomonas fluorescens X° P putida <5\ J&$ A HHE
DFIEDE SN T W5 (Handelsman and Stabb, 1996 ). #E4~D
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POENT EIRARIVE Y B LR EREOMIC, Y OBE
% FHES 2 IEEE A OREHER 2 512k 3 5 il o 3|Hik
REET LR ENINE TICHE E N Tw5b (Bakker ef al.,
2003; Thomashaw and Weller, 1995; Van Loon et al., 1998 ) o

AHFFECH 72 P fluorescens FPTI9601 (LA T FPT9601 #%) &, b
<+ OFREFHIIR LIE ) S BB S o R IR ER A Y T
&% (Aino et al., 1997 ) AREIX b~ MR O HHESINTE
Y, KB B oA R BT MR CIRAE L 2B, BN o
HFARIBE % FCE L TWA Z EAVREN (Fig.1)e —H,
FEIIROE@mIb v, 703 0=— %R L TEE, FIELT
B ROEREMBAOTHIZHFEET HZ EDVHLNE o7,
FPTI601 #kiZ, Ak H 2 SR IRE S R L ChHh 1 CE
B B RHEREE 2 o> TBY, L &b Z0EED—HEIL 2,
4-diacetylphloroglucinol ( 2, 4-DAPG) 2 & A% RTH5H Z LR
ENhTwb (Zhangetal,2000)o COMIZD T TET7 4 TR 71
77— PEOHEEYWE 2 pWT A EHRENTEY (Zhang
etal,2000), NEOBEBIZL > TREINLDIFGLTLLER
bb, F7-—7, FPTI601 Bkid, Al D4 B i 70 75 EIKHUME
RiekiFE+ 52 0O NER>TEBY (Wang et al., 2005 ),
B4 BRI X 0 R R EEIME A S LT b 2 L VRIS

Fig 1 SEM image of Pseudomonas fluorescens FPTI601
in the intracellular space of tomato roots
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NTnb,

2. FPT9601 #kiC & 2EBEEMMED > JFIVIE

FPT9601 #kix, F< b, TR, ¥—< U %o+ ARHEmIZBW
TIRENHRI R LD, ERNEBEEN R4 EVETR)
ELTHESNTWSY, EFVEDT A4 XFXFIZBNTH
LB REERTE R HES L 2 LR ENTW S (Wang ef al.,
2005), % TUWFZEE TIX, FPTI601 MkA T & s kil %
5 &2 o Z AT 5 HIWT, 5T BT L7
EFWENTH B OA XFRXF kNI EToTWb,
4, FPT9R0LKEIC X B Y a A X F A FoFEeHIKtEIc LD
YAV T FVEERDPE Lo TV AP EHLPIIT 5720,
UFVEE (SA), VXY AEVEE (JA), =F LY (ED) REOE
BAK % T P syringae G230 § A IR EEIIEOZAL 2 A L
720 FOFER, FPTI01 FEIC & o TEHE X N5 RERIUIEIL,
SA RIRDLEEARTH % padd %° nahG Tld, BAKEZEDLL W
LAV THESINLD, JARBOERKTH 5 jarl R ET #EHK
DERETH 5 ein? 72 & TRIEBERIEIUEOFEITRO H N
Mole F72, SAJAETTRTOY 7 VEHOM 59 % nprl
DEREIZBNT Y, EHMRFES N2 o7 oT, FHE
DFES LW RIRERIEICIZJAB L O ETBNTET S~
TFVHRBEERZE X 2#H o TW5AH I EAVREEN: (Fig.2)o

Wz FPT9601 #RBGL b~ P23 % ET % JA FFE BT O
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Fig 2  Pseudomonas fluorescens FPTI601 triggered
induced systemic resistance in Arabidopsis
by a signaling pathway involving ethylene
and jasmonic acid but not salicylic acid.
Wild-type (Col-1) and hormone signaling
mutants of Arabidopsis plants with
+FPT9601) or without (C) B fluorescens
FPT9601 infection were inoculated with P
syringae. Disease index was recorded at 3

days after P, syringae inoculation.
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ZH LX)V % ER PCRIZ & » T4 L7z ET#FE MO ACS2,
PR3IBLUPRY, F7-JAIC K o THFEENS PDF14 &R,
4FED b MpFE (PR— b, BE, vM0v 7, WH) 2BV
T, FPT960L MM 7 HIZIC BT A 5BEEL, IV bu— Uil
Wy & Il U720 FPT9601 BRODBLZ & 1) RRBIETF OFEH EHH
DO HNTD, b PRREIC K BEVHERLN, AR— KU
KT JAFESBREFORBL ~AVIidMEL, ETHFEMEET
DFEHL NV ENMERNZH o720 —F, BEXRFYA Ty 7T
12 ET FEMEETORBLNVIE L, JAFERBEEF O
BAIEFICE LW THREINZ, ZOZ s, MEICL>T
F N T WRIRD R A EESEAE 2 bz (Fig3A). <
DEXE ESICRAET L7012, <40 7 I2BTAHRBETO
S A R\ FRAE L2, BERE 7 B2 T JA 553 % PDF14
DFEB EAIFRO b0, HAE% 10 H%° 14 HIRTIE, ET
FEMEDOPRI, PR, ACRFOFEHLHEIZLAL TV
(Fig.3B)o ¥ 7, PDFl4 3 4 HETRERI/ Vo ZAWD L
2bon, 21 BBICEBULER LW, 2O L) RETRE
X O JA ZOBIZFHHEEERYICE ) L TR AEMIL, Mo b
< MRFEICBWTHEZE SN/ (data not shown)e TNHDT &
A5, FPTI601 #kDEH:IZ & 1) JA KON ET #FE M0 BE T35
HY5h, ZORBULRBIIIER L T\ Z TR SN,
FPT9601 #RiEgehiity T JA/ET RRHKIC & D fE a2 3585
BYS, EICTREIE A TG L S G TWAERRTIZ R L, HYDIRED
HVIHOBYIREES LD, JARETO LNV EE L Tw
LR D E 2 bz,

ZhE T4 7 PGPR T2 O£ B % FERREREICED
LB T FVWERNMTEL TWB DD, KRIF5E & RO
BTN T Wb, TOKEE, P fluorescens WCSATr ¥R Tl, &
BEFEBICJABLCETSMEL TWAEZ EAVRENT WA
(Verhangen et al., 2004 ), P fluorescens CHAQ #& C 1% JA X BA 53
BOET ZMETIZ R L, WO Y % DAPG H3Z DFEICKE
HRE R RS- LTS E SR TWA (Lavicolietal., 2003 )o F72. P
aeruginosa TNSK2 #k\Z & AR EIPIHFETIESAIL LBV 7 )
AZEDWIETH B 2 EDTRENTHEY (De Meyer et al., 1999 ),
FHPGPRERICL Y HVONS Y 7 FVERERIBZSZHTH 5
CEPEEEIN TS, ARFZETIE, F—HIC & % FHEE BT
PEizBWTDH, bv bfEREREBORYIZLY), JARETIC
ST BEIETHRBILETH 2 EAVRIEENTEY, PGPRIC
XY FEENDIBIED Y 7 F IMEEIIRE A B0 5T 58
MRHHETH LI ENEZ NI TOML Y BIETOREE
LAOVHEET A 2 LD, B2 B1) S PGPRAIRDALE S
D—ETH LR D TRETE B\,

[0 6edpi
O 7dpi
[ 10dpi
W 14dpi
W 214pi

PR3 PR4 PDF1.4 ACS2

Fig 3 Ethylene-inducible (PR3, PR4, ACS2) and jasmonic acid-inducible (PDF1.4) genes were expressed in tomato infected with
Pseudomonas fluorescens FPT9601 at varying levels. Gene expression in the graphs was plotted as fold increase relative to untreated
controls. (A) gene expression levels in four different tomato cultivars (Support, Reika, Mairokku, Zuiei) at 7 days after inoculation (dpi).
(B) those in Mairokku at five different time points (6, 7, 10, 14 and 21 dpi).after P, syringae inoculation.
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Table 1 Representative genes that were upregulated in Arabidopsis plants colonized by Pseudomonas finorescens FPTI601
Annotation Fold-change ratio AGI number
METABOLISM

seed imbitition protein 314 At5g20250
putative fatty acid elongase 2.87 At2¢28630
putative glutathione S-transferase 2.66 At2g02930
beta-xylosidase 2.52 At102640
xyloglucan endotransglycosylase 2.38 At3¢23730
beta-galactosidase 2.33 Atbgh6870
putative endoxyloglucan glycosyltransferase 2.27 At2¢06850
xyloglucan endo-1,4-beta-D—glucanase precursor 2.22 At4g30270
flavanone 3-hydroxylase-like protein 2.12 Atbg24530
beta~glucosidase 2.08 At1g02850
putative trans-caffeoyl-Coenzyme A 3-O-methyltransferase 2.07 At1g67980
TRANSCRIPTION
GATA transcription factor 2.39 Atdg26150
NAM (no apical meristem)-like protein 2.38 At2¢17040
RING zinc finger protein-like 2.27 Atbg41400
bZIP transcription factor ATB2 2.22 Atdg3459%0
putative WRKY-type DNA binding protein 202 At2g30250
CELLULAR TRANSPORT, TRANSPORT FACILITATION AND TRANSPORT ROUTES
unknown protein contains Plant lipid transfer protein motif 37 At3¢22600
Ca2+/H+-exchanging protein-like 2.85 At3g51860
dynein light chain-like protein 2.39 Atbg20110
major intrinsic protein (MIP)-like nodulin-26 2.10 At4g10380
CELLULAR COMMUNICATION/SIGNAL TRANSDUCTION MECHANISM
protein kinase similar to receptor-like protein kinase RLK3 2.75 At3g45860
cbpl like calcium-binding protein 2.50 At5g39670
putative calcium-binding protein 207 At1g21550
protein kinase similar to wall-associated kinase 4 2.00 At3g57700
CELL RESCUE, DEFENSE AND VIRULENCE
drought-induced protein like 4.80 Atdg15910
hevein-like protein precursor (PR-4) 476 At3g04720
beta-1, 3-glucanase 2 (BG2) (PR-2) 3.22 At3gh7260
endochitinase isolog 2.61 At2¢43570
beta-1, 3-glucanase 2.50 At3g57240
similar to small proteins induced by heat, auxin, ethylene and wounding 2.36 At4g02380
putative cytochrome P450 232 A2g26710
DEVELOPMENT (Systemic)
NAM / CUC2-like protein CUC2 2.56 Athg39610
nodulin MtN2] family protein 2.39 At1g01070
unknown protein similar to N-term half of NAC domain protein NAM 2.30 At1g69490
NAM-like protein (no apical meristem) simitar to NAM 2.16 At3g04070
Unclassified or unknown protein
putative protein contains similarity to carboxyl-terminal proteinase 9.19 Athg05030
putative auxin-induced protein 435 At4g36110
nodulin-like protein 316 At2¢16660
putative trypsin inhibitor 2.80 At2g43510
putative auxin-regulated protein 2.70 At2¢33830
nodulin-like protein 2.59 Athbg25260

3. FPT9601 HICK U HBRBE SN B3BEEBETOY
4787 LA &R

W2 FPTOR01 BkIC L VB 2R S 2 BT HRELE2 7/
LT A4 RTENT L0, a4 X+ X0 22810 &fzT %
B E L7 Affymetrix #to 70— 7y ML B4 7 aT LA
B 24T o0 FORER, 2B EOEBNIETEE LA L /-8E
FH05 M, T L7200t 105 MEE 2 iz, £D—E % Table

1R U720 BB ER LB ETFORICE, 4 —F T VIDEED
BEFTH D AtdgI6110 2 At2g33830 HFEvEENTH Y, KB
L DM ORBAREIZ A —F L VOERIC L B b DTH S Z L8
RSNz F72, F—FL OB L ) Mt - SR
FLHEENTVWAZEMNRENTBY (Catalaet al,, 1997 ), &
BF7% T b xyloglucan endotransglycosylase (At2g06850 ) % D 3EE
FEITD LN, FETHERE oz, Carticaux 5 (2003 ) i,

PGPR T& % P thivervalensis MLG45 % V7o~ A 7 007 L A A7
R, FOER, REY A —F T UVBEROEETORE LA
BHIBRLTWh, o TIDF—F T VIt HHRREERRE,
Psendomonas B O PGPR Tl (RO LN AMEL O S LNz
vy, FPTO601 BSR4 —F ¥ ViRl o - WEE ST 50
B, A OF —FT W ERETS L) REREFoTWED
PEARATH Y, SHROBRITIVELRFETDH 5o

F O ORERBEMBEICEL T, PREAE (A2gd3570,
At3g04720, At3g57240, At3g57260 ) %> WRKY =5 [Kl 1 (At2g30250 )
7 EORREIEFECEE T 5 2 LD S T A BEFOTRE G
W ORI EST A TR D 5 5 ZRARHHERR I b % BB T
(At5g24530, At1g67980, At2g26710) & DFEHFEH D bNTze
PRA#HELTL LI, INLEBEFONWONIEET/JAY
TR VR THESNLZ EFMLNTEY, Fig2®Figd T
BENIRERE —B L TWAED, Y4707 LA OFITHERSS
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Fig4  Pseudomonas fluorescens FPTI601 failed to
induce systemic disease resistance in some
transposon insertional Arabidopsis mutants.
Wild-type (Nos, Nossen) and transposon
insertional mutants of Arabidopsis plants
with (+FPT9601) or without (C) P fluorescens
FPT9601 infection were inoculated with P
syringe. Disease index was recorded at 3 days
after P syringae inoculation.

12V OH0 ET ISEMEREFOREMET L TWAE I L RS
NTHY (datanot shown), = ZTH PGPRIZ L Y FE SN L
MDY 7 F MEEDEMEEITRRIN TS, T2 F Tk~
X2, BIEEMRENDS, ET/JAY 7 FIVERDPEEST5 2
LRFTEENTEY, ZORKIIET HBETICHKEEEN D 5
L DR ENTWA, B 213 ET % JA S % EHHEY (2L
L7-BOBETFEE L IZHONICR - TEY, BiikET VT
T A LI LWHRE o TV A,

BBRRE W L2, SO T, WA REE CTEIANEE
TEH) V) el EN—HOBET EHEEE FO®
1z F (At1g01070, At2g16660, Atdg10380, At5g25260 ) @ % 3 25,
FPT9601 BRIESIZ L B ENTWA I EDPHL N E R 072, /
Ta) VEETFEOEEL, TEEZBRETH LY, Ll
b —EBIIARKIRG I B AR R c B ek E 2 Rz L
TWAHZ EDHLNE R Y DDH S (Charon et al., 1997; Guenther
etal, 2003 ). 4, FHMWEIBIERIN V) VHREETO
BEREIIARBICTH 595, PGPR & ARKIE &\ 9 Fte o 72HllE OFEY)
LDk, Al kb —EHIMAT D AN A LDH BT EHIR
MEhiz,

4. FPT9601 #kIC & 2 FE L BEMMICWELBRF
OEEICE T

BRIC, <4707 LA BRORE, FESER L Cizilfz

F-0 FPTO601 #kge (2 B 2R E WS 2123 2 HIOT, %4

BETO N VARV VAL REEBIANA 4 -2k

% — (BRC) H»bAEEZIIT, 2ol BHEA LT

7 ETFOMN 18 %, HHFBRC 2B S o v ARV VAL

B 720 TNHD M T ¥ ARV VERMKIZBT S FPTIO0L ¥R
DY UL RFAFIIBIT B EEB L UFEIEHUE 2 P& L /2R
EBREICOVTIRWTN O RELELIRD bk o720, &

BRI S DOHEET (At1g69490, At3g51860, Atdg26150,
At5g20250, AtHg24530 ) D ZEFBAKIZBWTHEEIZET LTz,
INSDOBIZTFIL, BERTFRANI T L - 70+ AHfEE
LEDEFREE I D B b OCHH - ZRARHEFICEDL b D%
EATWI2 ZNSDJETDS, FPTI601 #RIC X % 4 HiK
HEICBOTED L) RZE 2R LTWE0%, ZOFEMIIAR
BHTHY), SHROFELRMERELE Lv,
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