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research Inc., MA) {FEIEIR Zs ETTIIE » HIEmR 5T
BLIERE1:04°C »5 sp8E > 1 {HIEER s B 2 : 94
°C»1 4r§% 550-60°C » 30 5 72°C » 1 43¢% 5 30 AT
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DK AR &k 1T 7787 - H A A Gel Elution Kit
(GeneMark Technology Co., Taiwan) [Blfi/E24% - PR-15:
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LA 0.5 M EDTA (pH 8.0) #£ 1k I FE# - REEILL
Sephadex G-50 & #E (column) #ii{k#8t - Sephadex G-
50 ‘EH 2 BUHIEM T « BSLi Sephadex G-50 7
TE #2f&% ( buffer) /#1» B 1 ml &4 Sephadex G-50.2
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MRNA 235 &M% - FTA fEk 235 6 KR #% & fErk
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PEIRBEEHEE IR » QIR HAA Koy PS152E Rl EHE G
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A HEER EE MEAR Z P TR D H b 2 R

AR AELU T Z IRE T

JHEZERE Sreptomyces sp. RS70 7 ABEH % » £ [F]
FEH AR F AL RIS PS152 o LIS S R 22 2 i
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HHREE - — (A B2 BIREEEE R RK
RS70 jE# 2 HEAE > G BEREFE B PT84y 30.4-
44.0% ZBHREE (RZ) - (B RS70 %S 10 K1
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Table 1. Effect of leaf treatment with Streptomyces sp.
RS70 on the severity of bacterial wilt of tomato inocul ated

by soil drenching with 10° or 10° cfu/ml of Ralstonia
solanacearum PS152

KT FpEER BEEE R RE PS152 FTiTAR < PURAE
BUR B RR A R LR

Table 2. Effect of leaf treatment with four avirulent
mutants of Ralstonia solanacearum PS152 on the severity
of bacterial wilt of tomato inoculated 7 days later by soil
drenching with 10° cfu/ml of R. solanacearum PS152

Disease index (%)

Disease index (%)

Treatment 77 14 21 30 Treatment 70 14 21 30

10° cfu/ml of PS152 PS152E 18.00¢ 26.67c  30.00c  40.00b
RS70-treated 21.00" 63.00* 70.00* 70.00" PS152H 49.33b 70.00b 86.67b 80.00a
CK 35.33 65.33 76.67 83.33 PS152K 46.67ab 64.67ab 76.67ab 93.33a

10° cfu/ml of PS152 PS152R 24.67c  45.33ac 60.00a 76.67a
RS70-treated 3.00" 29.00" 40.00" 40.00™ CK (water treated) 38.00a 57.33ab 66.67ab 73.33a
CK 37.33 70.00 70.00 73.33 ' Days after inoculation with PS152.

e

A top leaf of a tomato plant was syringe-infiltrated with
Streptomyces sp. RS70 (10° cfu/ml suspended in 0.005%
Tween 20) or 0.005% Tween 20 only (CK) and 7 days later
the root was inoculated by drenching with 10° or 10° cfu/ml
of Ralstonia solanacearum PS152

Days after inoculation with PS152.

Means with star sign in the same column between RS70-
treated and CK for the same inoculum concentration are
significantly different (p = 0.05) according to the t-test.
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Streptomyces sp. RS70 JEM#%HmiER N PR-1
mRNA Z &

TntiBER #8 RS70 1E A% - AAASENENR B S
TR AEPIYE > ML Pt 2 & SBUHE S 2 A
( pathogenesis - related genes) 2 KIAZ R ERIMR - &
Wrgest ¥ PR-1 BRI Z ZRNILL 54T » RS70 {4 A FE
%10 RIFEAGIE (B AL A BEEEEE T 77 .2 ARASHE R
BERHYMRNA » FERA0E— A K B A » R PR-1
Z MRNA I ERE BB B 2 hImEARE i » B2
BRI EE 8 KR ik > H PR-1 RIIERIBEIEE O
REHIIN 2.3 {75 » BEFRTEER 9 A28 10 K.z PR-1 KB
W ESFEAE o TR~ PR-1 (S I & 2 K -

RS70 ZBEHEATHE Il PR-1 mRNA 2 &H& » TilaE]

% ORA5EPTE 2 PS152E MEER /1288 e & th fER%
PR 2R 1 E R AR

TRER T Fo8E 8 RERSEHEMEE T AR I 28 > 7
B PR-1 mRNA Z LK BLE » £ S40E — Arr > RS70
Fz PS152E #n[ik E& ML PR-1 mRNA Z K5 >

RS70 & PS152E i+ ABRMIZE 7 RZARBEHE » H
PR-1 mRNA RHi&E 7 All#E 0.005% Tween 20 BRI

? Means in the same column followed by the same letter are
not significantly different (p = 0.05) according to Duncan's
multiple range test.

=~ BB B P Streptomyces sp. RS70 #4355 A5
TG TERR AT LI
Table 3. Times required for induction of systemic
resistance against bacterial wilt in tomato by |eaf
treatment with Sreptomyces sp. RS70

) ) Disease % disease
Day Treatment index (%)* reduced"

1 RS70 50.00 0
CK 50.00

2 RS70 55.00 0
CK 55.00

3 RS70 75.00 0
CK 70.00

4 RS70 75.00 0
CK 70.00

5 RS70 65.00 0
CK 45.00

6 RS70 65.00 0
CK 65.00

7 RS70 53.33" 30.44
CK 76.67

8 RS70 50.00* 44.44
CK 90.00

9 RS70 47.50™ 32.14
CK 70.00

10 RS70 36.67 0
CK 36.67

' Day of inoculation with Ralstonia solanacearum PS152 by
soil drenching after leaf treatment with RS70.

Top leaves were syringe-infiltrated with Streptomyces sp.
RS70 (RS70) or 0.005% Tween 20 (CK).

Disease recorded at 30 days after challenge-inoculation with
PS152. Means with star sign between RS70-treated and CK
are significantly different (P=0.05) according to t-test.

Mean percent disease reduction was calculated in
comparison to the control (CK).

2
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Fig. 1. Expression of PR-1 mRNA in non-inoculated
leaves of tomato after a top leaf was inoculated by
syringe-infiltration with Streptomyces sp. RS70. Total
RNA was extracted from leaves below the inoculated top
leaf at each time point and analyzed by Northern
hybridization. Identical blots containing 10 ;g of RNA
per lane were hybridized to *P-labeled PR-1 probe (A).
The intensity of the signals in blots was measured with an
image analysis software (Kodak 1D image analysis
software). The values of the hybridization signal obtained
for PR-1 were normalized with that of the control 28S
rRNA for each time point (B). Data points are means of
six replications.

FIRFH (RS70 2 3¥f HRAH) R M IR /K e B 2 S IR fH
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Streptomyces sp. RS7TO JEIEA W] 5107 312K il
£k PR-1 mRNAs 28,25

RS70 AR FASEFy Roiséd B AR % - 1258
7 Koy RIS N AR BEEES (ZER R K b1
(FRASRE BE) 2 mRNA IR » B RE(EHIE] PR-1 mRNA
L2 (B 2) » B HiA% PR-1 ER R AT 1A Bk
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Fig. 2. Induction of PR-1 expression in non-inoculated
leaves of tomato after a top leaf was inoculated by
syringe-infiltration with Streptomyces sp. RS70 or
avirulent mutant PS152E of Ralstonia solanacearum
PS152. Total RNAS were extracted from leaves below the
inoculated leaves at 7 and 8 days after inoculation, and
analyzed by Northern hybridization with *P-labeled PR-1
probe. The intensity of the hybridization signals was
measured with an image analysis software. The values of
the signal obtained for PR-1 were normalized with that of
the control 28S rRNA. Tween 20 and H,O were used as
control in these assays for RS70 (cells were suspended in
0.005% Tween 20) and PS152E (cells were suspended in
sterile distilled water), respectively.
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iz (salicylic acid) JZH HIEATHE I INFIBIHTE 4 -
THEE AR B Al LA E Ptk EE4E @ 5 T acibenzolar-S-
methyl (Actigard) BzHHE QI FTREERRH R E R 25
JREE @ o ot (EEE YA K Z R E M E A
Pseudomonas putida 89B61 LRI AlifdE T-1% » 1J B ik
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WCS374r FEIERICHIFIEIZE Fri% » Al 3888 U R R AT
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Treatment on leafl
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Fig. 3. Effect of leaf and root treatments with Streptomyces sp. RS70 on the induction of PR-1 expression in non-
inoculated leaves of tomato. RS70 cells suspended in 0.005 % Tween 20 were either syringe-infiltrated into top leaves or
drenched onto roots of potted plants. Total RNAs were extracted from leaves below inoculated |eaves (for leaf treatment)
or from top leaves(for root treatment) 7 days after treatment, and analyzed by Northern hybridization with *P-labeled PR-1
probe. H,O and Tween 20 represent treatments with sterile distilled water and 0.005% Tween 20 only, respectively.

(split root system) © ZE&EtAHILAFERA » RIS L3RG T
Al 375 5 R B B 1 2 eI e - T R R
BRI £ 2 BT S TAVER » A3 Htish v AR
/N G HREE R - AR B0 AR A R A
e LAAS [B] A5z 4248 772X > JRBIVIEES S G B
Al T R A BT S E P 2 A - B
Streptomyces sp. RS70 StfEffi g i HEE%S 7 K - FHiE
B MR A S MR AN B R 2 S IR R R R R
& » s RS70 AIRES B & MRMMYTH F% -

REV) T B RFIE) A Re = 2 GRS PR ER - Pl LU 1135 8
J& (inducer) WASRETEREMIIRGE HiB7 BIPECR®
FF b FeRE s HoE R R FEGEAK S R SAR B
ISR 0 » TTTi L ISP MK A7) B 758 A MDA RE 2 A [RI T 5%
140 » P. fluorescens WCS374 3538 gEEj#1 Fusasrium %
JAR U B RIS RERS 3 B B < P
putida WCS358r /] P. fluorescens WCS374r 2£32 3-5 X
(PIHRE 1A~ REERS G0 FURSS LA PR 25 P8R 0 5 T el iy
1B+ (Arabidopsis ) Hi|g2z: 7+ Bacillus subtilis GB03 -
Bacillus amyloliquefaciens IN937a ZiE s A1/ L &4
(volatile organic compounds) /1 4-14 & » A R LUELF
S RAl A TP B AR 0 o ot o BT e
Pseudomonas syringae 7 /[N RIIGERE 4 SAR® « ZH
FERBLFALZEARHE Streptomyces sp. RS70 1 Az H# %
B2 B INKAREHE MBI FRRZ Y% - Btk
TR BOK - R > WIPIEFEE B - TEPRRZE

FIZE 8 5 - Kué &Richmond (1977) @ #iaAIN
TE#)2X 45 Collectotrichum lagenarium 3 S#3E1T56 —
RPN » HFSREN I FEEREH > X
Anith 2 A @ 5] Pseudomonas putida 89B61 17 i HE
Hp T o WA GER B HIRE (R MR 28 AR - (H
TR PRl S AR B AT 7 KT VRS 2B #2648 - HI)
ATRE E N BRI FRES o AT R EF LT
i LA B AE > A AL REER T H A E P - TEE A
> RS70 ZHHBHEFEREERES AL RYURM: - B aE—
IRSE -

PGPR 58,2 ISR ;@ 8 PR & A8 2 AR HE
BRS04 1> 2 (AR TR RST0 BEHEA] 38587
B PR-1 RERZ K > A SR EL Maurhofer @ %8 AL Z
FAERAHLL » Mg P. fluorescens strain CHAO %
A RUERS HFUSYHIRA (tobacco necrosis virus) FEAE L
PSR PR RE 2B ER EE - RS7T0 BRI P
BN PR-1mRNA 2 E - RERRSTEm - 258
8 FiEfm i » HIESE 7 £5 10 KM HESS - 77
K RST0 RERL TR B 7 KA R BT »
BAEE 8 K& 9 RIMMEFFHPIM: » RIHirE 2 B
g PR-1 ZAMEREE MM (A K = 22 PR-
1 mRNA 37 » AME TS 2 R » HFEFERAE] » B4R
e e 28 +ABIE - PRI ZRE SES Kk
BIAGHE T [ > DIBFAME R A RHERT 75 SAR fy#RE
SRR T AR AR - HATAE Y88 AL S AL AT W)
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0 AR AT R Eh.2 ISR JRREME (Lt 4 B ATk
FFVIR LARE SR SRR 0 o AHIFE B e ATatBR At SR
RO B S A TE A SRS RST0 1% - EaTf
BT Flifi 2 BERREIE Y - T AW Sz ALTT 3 & 73 17
AN A AT A TE A BRI ERR A T RST0 £ » AR
B2 BE R AR A B PR-1 BRI REL » EAS R AT
598 PR-1 SEN KB 2GR nT e 1T » JrBIm] 1) ek
[ M REAT o AT REERIA TG e MR ST e P RS i
R RS HERR (R H 2E Z8OR -

(TR F I A R ] AR A SAR B IEER] ~ AT
R EF AR YT ™ > AN S8 TR B R 7S B T
T3 VAR Z28 RGE a5 B - 5 SRR H th—PkAE
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ABSTRACT

Teng, Y. C'., Tzeng, K. C'., and Hsu, S. T**. 2006. Induction of systemic resistance in tomato against
bacterial wilt by a plant growth-promoting rhizobacterium Streptomyces sp. RS70. Plant Pathol. Bull.
15:107-116 (‘Department of Plant Pathology, National Chung-Hsing University, Taichung, Taiwan ;
*Corresponding author, Email : sthsu@mail.nchu.edu.tw ; Fax : +886-4-22877585)

Streptomyces sp. RS70 is a rhizobacterium capable of promoting tomato growth and reducing
bacterial wilt disease caused by Ralstonia solanacearum following either seed coating or seedling
drenching. However, it has no inhibitory activity against R. solanacearum in vitro. To understand the
mechanism by which Streptomyces sp. RS70 controls the bacterial wilt, we investigated whether
RS70 could induce systemic resistance in tomato. The severity of bacterial wilt was significantly
reduced when the top leaves of tomato seedlings were syringe-infiltrated with Streptomyces sp. RS70
and challenge-inoculated by root drenching with strain PS152 of R. solanacearum 7 days post
infiltration, indicating that RS70 may have induced systemic disease resistance. At least six days after
leaf infiltration with RS70 were required for effective resistance to be induced. However, the induced
resistance persisted only for several days. The Northern blot analysis revealed that RS70 treatment
could induce PR-1 gene expression in noninoculated leaves, and in a 10-day test period, the quantity
of PR-1 mRNA increased with time, reaching the highest at the 8th day and then slightly decreased.
Accumulation of PR-1 mRNA in noninoculated leaves was observed not only by leaf infiltration but
also by root treatment with RS70, indicating that the signal for PR-1 gene expression induced by
RS70 may be transported downward and upward from the inoculated site. Similar to RS70, one of the
four tested avirulent mutants of R. solanacearum PS152, was able to induce systemic resistance and
increase PR-1 gene expression.
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