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5
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Ipomeamarone

Oguni and Uritani, 1974; 2001

Oguni and 

Uritani, 1974 Thin layer 

chromatography: TLC
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vol/vol GA200
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 1:1 vol/vol Rf 0.63

Ehrlich  
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MSPC 12
240-630 nm

R329

60 mm 15 mm 
16 9

50 
nm

12
280-630 nm

40
7 5

1 2
3  

SK-102
1×107 / ml 0.2 ml

20 36
 

2,4-D 2,4-dichlorophenoxyacetic acid

2,4-D
Liu and Cantlife, 1984; Schultheis , 

1990
2,4-D 10 mM 

Tris-HCl pH 7.0 2 mg/L 0.2 
ml 2,4-D

20 65
 

 

R.H. 90-95 % 30-32 1

, 1987

4
20 33 10

20 10
1 mm

TR-52S T&D
24  

 
= (  –  ) / ( ×  ) 

10
280-430 nm

430-480 nm 480-530 nm 530-580 nm
580-630 nm 4  

 

4 13

4 13 1 4

4 13

7 4 13 8

4 13 5 6

24

4

13 1 4  

3 4.5 % 6 36.8 %
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14

 

 

 

 
 

 
 
 
 

 
 
 
 
 
 
 
 

TLC

15
Rf=0.63  

480-530 nm 530-580 nm 580-630 nm 3
16 c

  

 
 

   

 
a) b) 

 
/ml ×105

 
/ /cm2

 
(24 )×103 

 
h  

1   100 257 2934 10 

2   20 162 1976 13 

3   5 144 1257 22 

4   1 108 838 24 

5   100 42 395 24 

6  c) 0 18 144 0d) 

7   100 23 102 0d) 

8   100 18 90 0d) 

a) 10  

b) 5  

c)  

d) 6-7  

13  
4  



F 12  

ARGUS-50/VIM 5  

2  

1:  

2:  

3:  

20 48  

TLC 

(IP)  

Rf=0.63  

10  
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2,4-D
10 32

17 a
2,4-D 480-530 nm 530-
580 nm 580-630 nm

16

17 b  

20 33 2 8
4 20

18 a

8

18 b  
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33 

33 20
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4
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5×105 ml

24

1×107 ml

6

 

2×106 ml

4

Ceratocystis fimbriata f. sp. Platani Cerato-

platanin CP

F. 

oxysporum

Yu and Li, 2014 CP

Scala et 

al., 2004

 

2001 TLC

2

580-630 nm

480-580 nm

 

2 3

Yamaguchi et al., 2005; Garcia-Brugger et al., 

2006; Hossain et al., 2007; Schwessinger and Ronald 2012

4

 

 

PCX-100
240-630nm R329P

16
60 mm

MSPC
ARGUS-50/VIM

 

‘ ’
60 mm 50 mm

8 mm 60 mm
20 12

 
‘Bright Yellow 2’

12 28 18
3 5 7
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‘ ’
12

28 18
5.5 7.5 6 7

‘ ’
N6

Kuchitsu , 1993 6 25
100 rpm 10 14 g 300 
ml 100 ml

-acetylchito-
oligosacchalide PGPF Plant growth promoting 
fungi

6
M

Minami ., 1996 100 M
Yamada ., 1993

6
Hexa- -acetylchitohexaose

PGPF  GP17-2
PGPF

Koike 2001
GP17-2

19 400ml
PDB

GP17-2 5 mm
25 10

0.25 m
300ml

5 10 mg L
PDB

60 mm
50 mm 8 mm

20 12
1 10 100 M 250 

l 50% GP17-2 250 l
20

PCX-100
GP17-2

50% PDB 3

4 5 7 50 mm
3 ml 

26 
12

100 20
5 GP17-2 PDB

26 PCX-100
3

5-8
4 1 cm

10 cm 1 cm 10 0.5 
cm 20 3 ml 60 
mm 10

26
12

3 ml 1 5 20 M

26 PCX-100
100 50 25 GP17-

2 PDB

10  1 g
2.85 ml 60 mm

0.2 1.0 M
150 l

19 GP17-2
Os_PAL1

’ ’ 10 5 % PGPF

2 4 RNA

Digoxigenin

Os_PAL1

RNA

GP17-2
4h 2h 4h

Os_PAL1

RNA
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26
PCX-100

3  
GP17-2 1 

g 2.4 ml GP17-2
PDB 4 60 0 l

20 % 5 % PDB  

430-480 nm 460-480 nm 480-500 nm
500-520 nm 520-540 nm 540-560 nm 560-580 
nm MSPC

R329 1 5
6

QE

 3  1.  
7  
 

5 cm2

PDB
1 2 10 cm2

6 10 M
100 M 15

80 cm2 20 
a  

50 GP17-2 PDB
2

2 20 b  

10 cm2 20 %
GP17-2

100%
12

( 21)  

10  

cm2 6
5 M

20 M
3 4 cm2 0.5
3 22  
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GP17-2
4 6

500
cm2 23 a  

GP17-2
ARGUS50/VIM

2
23 b  

 
1 cm×1 cm 10  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 0.5 cm×1 cm
20

24  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

6
1.0 M

3 4
26 a 0.2 M

 
GP17-2

20
2
5

2 26 b  

0

3

6

9
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15

0 2 4 6 8 10 12

20 M
5 M
1 M

0
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ARGUS50/VIM 2

26 c  
GP17-2

590-630 nm 480-590 nm
1

27  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MAMPs

Boller and Felix, 2009

PGP17-2
6
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Okada ., 2002
MAMPs

Denoux ., 2008
GP17-2

24

2001  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
GP17-2

 

28, Kageyama et al., 

2006 CEBiP

Phosphatidic acid: PA

Ca2+

 

 

 

Kageyama et al. 2006
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PTI

Tsuda and Katagiri, 2010

2007

Systemic acquired resistance 

SAR Induced systemic resistance ISR Wound-

induced systemic resistance WSR

/

2004  

Pathogenesis related protein PR protein  Görlach et al., 

1996; Lawton et al., 1996

Iwata, 2001  

Direct 

defense mM

Thulke and Conrath, 1998  

Direct defense

priming Conrath et al., 2015

Hammerschmidt and Kuc, 1982; Stumm and Gessler, 1986

Direct 

defense Kauss

 

 

 

Kauss et al., 1992a,b

Kauss et al., 1995; 

Fauth et al., 1996; Katz et al., 1998; Kohler et.al., 2002; Herms 

et al., 2002

ISR

Pieterse et al., 1996, 1998

SAR Salicylic acid: 

SA ISR Jasmonic acid: JA

Ethylene: ET

- -aminobutyric acid:

BABA Pyraclostrobin

Conrath et al., 2015

Zimmerli et al., 2000; Kohler et al., 2002; Conrath et al., 

2015  

Plant activator Plant defense 

activator

1974

Probenazole: PBZ

Iwata, 2001

1996 S Acibenzolar-

S-methyl: ASM 2003 Tiadinil: TDL

2009 Isothianil

Kessmann et al., 1994 Tally et al., 1999

2007

A ValydamycinA

Carpropamid: CRP

Araki and Kurahashi, 1999; Ishikawa et al., 2005
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PR

Ono et al., 2004, 2011; Narusaka 

et al., 2006; Noutoshi et al., 2012

 

-omics”

 

PR

7

 

 

‘ ’
12

28 18 
5.5 7.5 6 7

 
‘ ’

N6 Kuchitsu , 1993 25 100 rpm
10 14 g 300 ml

100 ml  

PGPF
 GP17-2 Koike

2001
-70 

37  

4 PBZ: Uchiyama 
, 1973 ; Sekizawa, 1980

MJ: Murller-Uri, , 1988 ; Nojiri , 1996 ; 
Schweizer , 1997a, b  CRP: 
Thieron and Kurahashi, 1998; Araki and Kurahashi, 
1999 S ASM: Rohilla 

, 2001  PBZ CRP ASM
MJ Sigma-Aldrich

20
200 M

2 % Tween20
DMF: 100

1,000  

1cm
26 4 1 

cm 10 60 mm
3 ml 20 M ASM
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26 12
100 25 12.5

GP17-2 3 ml

PCX-100
26 10  

10 PBZ
MJ CRP ASM 20 100 200 M 3 ml

PCX-
100 12

GP17-2 3 ml
3  

10 0.5 g
1.5 ml 60 mm

20
200 M PBZ 1.5 l

26 PCX-100

DMF PBZ 4
66 20 5%

GP17-2

 

20 200 M PBZ 0 4 8
26 5 % GP17-

2
26  

1.5 ml PBZ MJ
CRP ASM 20 100 200 M 4

5% GP17-2

3  

0.5 g 1.5 ml 200 
M PBZ 4 26

5 % GP17-2 26 
PCX-100

440-460 nm 460-480 nm 480-
500 nm 500-520 nm 520-540 nm 540-560 nm
560-580 nm I

3 1.
10

6
 

200 M PBZ MJ CRP
ASM 0.5 g 1.5 ml
26 4

5% GP17-2
PCX-100

26
30

45 mg
RNeasy® Plant Mini Kit RNase Free DNase 

Kit (QIAGEN) RNA cDNA 500 
ng RNA

Perfect Real Time™ RT-PCR kit
PR mRNA cDNA

40 SYBR® 
Premix ™

PCR Mx3000-P Real Time PCR System
PR

phenylalanine ammonia lyase X16099, 
Minami , 1989 chitinase D16221, 
Nishizawa , 1993 EL2 D64038, Minami 

, 1996 PBZ1 E12488, Midoh and 
Iwata, 1996

5 PCR
95 10 DNA 95

75 64 30 40
 

AF184279.1

PCR cDNA 2

cDNA 50 640 ng 8 cDNA
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RNA 2  
PCR RNA 2 2

 
 

GP17-2
ASM

29

Kauss ., 1992a, b
GP17-2

GP17-2

 

12 GP17-2

1.2 1.3
30 B PBZ CRP MJ

20 M ASM 20 M
100 M

200 M
 

 
 
 

30 A 200 M

 

5 %
GP17-2

31  

acceleration Kauss ., 
1992a

200 M PBZ

32
20 M

 

20-200 M
33

200 M
 

 
 

 
 
 

5 RT-PCR  

   
(bp) 

5' AGGTCAACTCCGTGAACGAC 3’ 5' AGGTCAGCCCGTTGTTGTAG 3' 192 

5' TACAAGCGCTACTGCGACAT 3' 5’ CAGCCATTGTGGGCATTACT 3’ 201 

5' CCTGACCTCACTGCACTTCA 3' 5' AGCTTGGCTTGATTGCTGAT 3' 227 

5' GCCGAATACGCCTAAGATGA 3' 5' TCACCCATTGATGAAGCAAA 3' 220 

5' CCAGTAAGTCCTCAGCCATGGAG 3' 5' GGACACAATGATTAGGGATCACTT 3' 237 
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0
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GP17-2

PBZ

200 M PBZ 
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PBZ

2

 34  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
PR

ASM PBZ MJ CRP

4 Cht-1 1.32

1.45 0.72 0.8 EL2 1.29 1.57 1.22

1.89 Os_PAL1 0.89 0.34 2.11 1.18 3

 PBZ1 15.09 2.27 15.72 30.47

35

 

30 PR

PBZ1 3.19 EL2 1.93

Cht-1 1.18 Os_PAL1 1.09

Os_PAL1 PBZ

35

PBZ1 ASM PBZ MJ CRP

69.21 12.24 136.4 154.81

 

PBZ

0

40

80

120

160

0 2 4 6 8 10 12
(h)

ASM

0

40

80

120

160

0 2 4 6 8 10 12
(h)

20 M
100 M
200 M

CRP

0

40

80

120

160

0 2 4 6 8 10 12
(h)

MeJA

0

40

80

120

160

0 2 4 6 8 10 12
(h)
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PR

mRNA

PR

36 EL2 CRP

2.7  

1.1 1.5 6 Cht-

1  4.2 6.6 4

PBZ1 MJ

CRP 55 ASM  

24.7 PBZ 4.6  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Os_PAL1 MJ

50.1 CRP 9.6 ASM

2.9 PBZ 2.3

PBZ1  

33 200 M

4

2 

1

2.7 3.4

6  

 

 

PR

Conrath et al., 2015

Kauss 

et al., 1992a,b; Katz et al., 1998  
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PR Direct defense

PAL PBZ1

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GP17-2

a) b)  

a 35

  

b 1

cm2  

c 200 M PBZ MJ CRP ASM 4 GP17-2 (5 v/v)  

 

DMF 0.1%       

B

 

CRP 200 M

A 

 

0

20

40

60

80

-4 -2 0 2 4 6 8 10 12
(h)

C 

D 
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ASM

29

GP17-2

Koike et al., 2001 GP17-

2 ASM

ASM

ASM

Hossain et al. 2007 GP17-2

ASM

GP17-2

ASM

ASM GP17-2

 

20 M 100 M

30

Direct Defense

Niki et al., 1998

Mur et al., 2006

Direct Defense

  

GP17-2

ASM PBZ

MJ CRP

20 200 M

33

2

 

GP17-2 4 

1 -70 

37
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Microbe associated molecular patterns 

MAMPs Kuchitsu et al., 1993

Ortmann et al., 2004 6

Busam et al., 1997

Difco Nakane et al., 2003

Sigma-Aldrich

20 M 20 mg/ml

5% 2 

mM DMF 1%  

M ROS

SAR WSR

Kageyama et al., 2006; 

2007  

Oryza sativa ‘ ’KI 12 g 100ml

N6 Kuchitsu et al., 1993 7 25

120 rpm 9 10

 

Tritichum aestivum ‘ ’HY-1

5 g 100 ml LS 7

25 120 rpm 13

14  

Vitis vinifera ‘Baily Alicante 

B’RPC00004VW 5 g LS 7 100 ml

25 120 rpm 14

 

Solanum tuberosum

‘Lisera’PC1018 10 g 100 ml 4X

Gamborg et al., 1968 7 20 120rpm

14

 

38 PBZ

S ASM TDL

CRP - BABA

MJ Brassinolide: BL Sigma-

Aldrich BABA

2 % Tween20 N’N’

DMF: 1,000

0.5 g

1.5 ml 1.5 l

2

20 200 M

20 200 M 500 M

ET: 

10 ppm

24  

240 630 nm

R329P

MSPC  

2 GP17-2

PR

 

0.5 g

1.5 ml 60 mm

200 M 

ASM 20 M

ASM 2

1

ROS PR

2007 b

ROS PAL2

PR 2 1.

6

8 Chit4c

StrbohB

 

5

39
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38
39  

0.5 g 1.5 ml  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

20 3 25  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7  

(mg/L) 
 

N6 
 

LS 
 

LS 
 

X 

 
(NH4)2SO4 463   134 

NH4NO3  1,650 1,650  

KNO3 2,830 1,900 1,900 2,500 

KH2PO4 400 170 370  

H3BO3 1.6 6.2 6.2 3 

MnSO4 4H2O 4.4 22.3 22.3 10 

ZnSO4 7H2O 1.5 8.6 8.6 2 

KI 0.83 0.83 0.83 0.75 

Na2MoO4 2H2O 0.05 0.25 0.25 0.25 

CuSO4 5H2O 0.005 0.025 0.025 0.025 

CoCl2 6H2O  0.025 0.025 0.025 

CaCl2 2H2O 0.005 440 440 150 

MgSO4 7H2O 166 370 370 246 

FeSO4 7H2O  185 27.8 27.8  

Na2-EDTA 5.56 37.3 37.3  

Fe-EDTA 7.41    

FeNaEDTA    36.7 

NaH2PO4 2H2O    169.57 

 
     

 100 100 100 100 

 0.5   1 

-HCl 0.5   1 

-HCl 0.1 1 1 10 

 2    

 

 30,000 30,000 30,000 20,000 

 
2,4-D 1 1 0.2 2 

NAA    0.5 

IAA    0.5 

    0.2 

pH 5.8 5.8 5.8 5.6 
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*     
(bp) 

 

PAL2 
 

5' CAAGTCGATTGAGCGTGAG 3' 5' GCGCTCTGGACATGGTTAG 3' 336 

ACT1 
 

 
5' CCTCATGCCATTCTTCGTTT 3' 5' GCAGTCTCCAGCTCCTGTTC 3' 176 

 

CHIT4c 
4 

 
5' TGCCTTGTGGTATTGGATGA 3' 5' TTGACAGCAGCAGTGTTTCC 3' 114 

Act2 
 

 
5' TCCTTCGTCTTGACCTTGCT 3' 5' ACGGAATCTCTCAGCTCCAA 3' 245 

 

StrbohB 
NADPH 

 
5' GTGAGCCTCCAACTGGTGAT 3' 5' CCAATGCCAAGGCCTACTAA 3' 163 

EF-1  
 
 

5' ACCAAGGCTGCTCAGAAGAA 3' 5' TATTTTGCCACCGTCTGTCA 3' 217 

2 5  

BABA

BDR

SA)

SAR WSR ISR

PR

PDF1.2, Thi2.1
PR

PBZ

ASM
MJMJ

TDLBL

ET)

ABA

BABA-IR

BABA

BDR

SA)

SAR WSR ISR

PR

PDF1.2, Thi2.1
PR

PBZ

ASM
MJMJ

TDLBL

ET)

ABA

BABA-IR
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6 1 M
2 3

ASM
40 A 1

 ROS
ROS ASM

40B PR
ASM

 
1 mg/ml
1 2

ASM  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

41A
1  

ASM

41B  
20 M

4 6
ASM

42A
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9 SAR

200 M
20 M

WSR ISR MJ 200 M

200 20 
M

43 WSR ISR
ET 10 ppm 24

43  
 

 

 

 

 

 

 

 

 

 

 

 

BDR

BL 200 M

43

Abcisic acid: ABA

BABA

500 M 43

9 43  

 
 
 
 
 

 

 
 
 
 
 
 
 

 
9 2 h 200 M  

 
 

 
    

ASM SAR 10.7 2.4  3.2(20 M) 5.6 

SA SAR 3.7 3.1  1.7(20 M) 1.8 

TDL SAR 5.1 2.1   2.3(20 M) 2.2 

PBZ SAR 12.5 4.4   2.0(20 M) 4.2 

MJ WSR/ISR 2.8      1.3(66.7 M)    3.0(50 M) 0.3 

ET WSR/ISR 1.6 1.8 1.7 0.2 

BL BDR 1.0 0.9 1.5 3.3 

BABA  1.7(500 M) 1.1  1.5(500 M)  1.0 

X=1.0 1.1 X X 0.9  

200 M X M)  

:6  1 M :  20 M 1 mg/ml

ET 10ppm 24 h  
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SAR  200 M  2  

WSR/ISR MJ   200 M  2  

WSR/ISR ET   10ppm 24  

BDR  200 M  2  

BABA-IR  500 M  2  

0

5

10

15

20

25

30

35

40
- MJ50uM

2

0

2

4

6

8

10

12

(h)

- MJ20 M
2

MJ YE

DMF YE

MJ

DMF

0
1
2
3
4
5
6
7
8
9

10

0
1
2
3
4
5
6
7
8
9

(h)

- 10ppm 24

YE

YE

0
5

10
15
20
25
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35
40
45

BL 200uM
2

0

2

4

6

8

10

12

14

16
- (BABA 500uM

2

BABA

BABA
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24
ET

1
2 3

1 10  
9

3
BL BABA

SAR

1

 

 
WSR ISR MJ ET

WSR ISR

 

BDR

 

 

A
A 1,006

B

B 7,941 A 5000 
ppm A B 2 % 
Tween20 DMF

5000 ppm
 

N6 Kuchitsu 1993 10
‘ ’ 2.5 g

5.94 ml 60 mm
50 ppm

60 l 2
4 20 M 6

300 l 0.2 1 M

A
2 % Tween20 DMF B

-S- ASM 200 M
29 %

44

45 ASM 
20 M

B 1 M
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9 cm

JA 1.5

‘ ’ Pi-a 3

4

2 2.5

10 300 g  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

200ppm 10ml 0.4g

3 4 5
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9 cm ( )

25 

‘ ’ 3

100 ppm

3

Colletotrichum orbiculare 1×106 

cells/ml 25 24

25 16

1

2 75

75

 

 

1

8,947 2,309

25.8 % 11 A

456 117

48

5

12  

B 1,853

21

2 12 46  

8,947

7  

PR

Kauss et 

al., 1992a

200 M ASM

0.1 10 M 6

0.1 M 2007

4 200 M ASM

0.2 1.0 M

1 M

ASM 45

B

1.0 M  

2008

Herms et al., 2002

, 

2008  

A

B

 

11
 

   

 

A  
1006 456 45.33 

 

B  
7941 1853 23.33 

 8947 2309 25.81 

 

12 2  

   *

 

 
117 48 5 

 

 
1853 21 2 

 1970 69 7 

*
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ASM 29 %

 

1

233 1

600

1  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8 47 1

 

3

5

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

47  

1 h 2 h 5 h 
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‘ ’ 1 mg/L 2,4-
D N6 Kuchitsu 1993
25 120 rpm 10 15 
g

10
0.5 g 1 ml
35 mm

 

SA
Systemic acquired resistace: SAR

OsWRKY45 WRKY45
Shimono ., 

2006 Iwai ., 2007
SA OsWRKY45

SAR
NPR1 Non-expressor of PR-1
OsNPR1 NH1 Sugano 

 2010 Takatsuji  2010
SAR ASM

OsWRKY45 OsNPR1
ASM

Sugano , 2010 Nakayama ., 2013
OsWRKY45

SAR
 

AK066225 RNAi
Gateway pENTR/D-TOPO

Invitrogen pANDA Miki and 
Shimamoto 2004; Miki ., 2005

cDNA 309 bp 5’-GGACACGGGC
CGGGTAAAACGATCGAAAGAAGATGGATTCCACG
CGTGTGTACAGAAATAATTAGCGGCAGCGCGGAT
CTTAATTTGGAACTTGCAAAGATACTCCTAATTAG
CCTGGCTAGATTAGTTTGTAAATTCCTTGTTGATG

TGTCGTCTCAGCTTTAAGCTGCAGACATGCTAGCA
AGTAACAACACGATTAGTACGTAGTAATGTGGTTC
TTGATTATGAGCTGGGGGTCTTAACCTTTTTTGTG
TGACAAGCAAGAGAAGAGGATTTGGGTACAATGT
AATCCTGTTCTTCCGCTTTCGA-3’

forward 5’-
CACCGGACACGGGCCGGGTAAAACGATCGAAAGA
-3’ reverse 5’-TCGAAAGCGGAAGAACAGGATTA
CATTGTACCCA-3’ PCR

pENTR/D-TOPO
One Shot TOP10®

pENTR/D-TOPO

I -
150 ng

150 ng pANDA 0.5 l
Topoisomerase I TE

pH8.0 8 l 2 l LR clonase 
enzyme mix 

25 LR
pANDA

OsWRKY45  LR
One Shot TOP10®

GUS
48

pANDA- -RNAi  
 

pANDA- -RNAi
  

EHA105
RNAi EHA105 AB
25 3 200 ppm

- AAM 13
OD600 0.1 7

‘ ’ KI
5 g 90

N6 200 ppm

23 3
5 300 ppm

1 300 ppm  
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13  

48 OsWRKY45-RNAi
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50 ppm 50 ppm
100 ml N6

100 rpm 25 7
12 15 g N6 2,4-D 1 mg/L

50 ppm
RNA 10

RNAi
RNA

RT-PCR  

S
ASM TDL

SANa
2 % Tween20

DMF
20 mM 100 1 %

v/v
 

3- 3-
HBA 4- 4-HBA

2 % Tween20 DMF
20 mM 100  

6 -
acetylchitohexaose 6

20 M
1 M 5 % v/v

2

 
 

PCX-100
2 3

60 mm
10 0.5 g

1 ml

2

26 3

5
44  

 
2

50 mg RNeasy 
Plant Mini kit RNase Free DNaseI

RNA 500 ng RNA
Quantitect Reverse Transcription Kit 

cDNA
PCR SYBR® Premix Ex Taq 

 Mx3000-P 95 
5 64 30 30

AK066255
; AK121590  

forward 5 –GAACGACGA
GGTTGTCTTCG-3’  reverse 5 –ACGCGTGGAAT
CCATCTTCT–3’ forward 5 –CCAGTAA
GTCCTCAGCCATGGAG–3 reverse 5 –GGACA
CAATGATTAGGGATCACTT–3  
 

49
50 A  

 
 
 
 
 
 

 
 
 
 
 
 
 

-RNAi

50 A
-RNAi#1

77.6 % -RNAi 2 51.2 ASM
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Görlach , 1996 Lawton ., 
1996 OsWRKY45

Shimono ., 2007 ASM
OsWRKY45-RNAi OsWRKY45

OsWRKY45

 50 A 

OsWRKY45-RNAi#1 25.9 %

OsWRKY45-RNAi 2 44.3 %  

1 M 6 2

Kageyama et al., 2006: , 2007 OsWRKY45-

RNAi#1

OsWRKY45-RNAi#2

2

1 50 B

OsWRKY45-RNAi ASM

5

ASM

339 %  50 B  

OsWRKY45-RNAi ASM

50 B OsWRKY45-RNAi# -3 % OsWRKY45-RNAi#2

57 % ASM

OsWRKY45

 

TDL

ASM

 Yasuda et al., 

2004; Yasuda et al., 2006 51

TDL OsWRKY45

OsWRKY45-RNAi#1

 51 A 

OsWRKY45-RNAi#1 34.3% TDL

5

228%

OsWRKY45-RNAi#1 78%

TDL

OsWRKY45  

ASM TDL SA SA

SAR Lawton et al., 

1996; Yasuda et al., 2006

SA

SA Yang et al., 

2004 Shimono et al. 2007

SA OsWRKY45

Iwai et al. 2007 8

SA

SA  

52 SA

OsWRKY45

OsWRKY45-RNAi

52 A  

OsWRKY45-RNAi#1 OsWAKY45

55.4%  52 B 

SA

179% OsWRKY45-

RNAi#1 37% 53

SA

156%

SA 3-HBA 4-HBA

3-HBA 24% 4-HBA 10%

SA

SAR

Conrath et al., 1995; Thulke et al., 1998

SA

SAR

 

 

Kageyama et al., 2006

PA

ROS Yamaguchi et al., 2003; 

Yamaguchi et al., 2005

D PLD PA

PA

Kageyama et al., 2006

ROS
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ROS

Kageyama et al., 2006; , 2007; 

, 2010

PA

ROS   

Zhan and Xiao 2015 “PA–ROS–SA”

PAMPs

ROS SA 0.5–2

2–10

SA

SA

SA

“PA–ROS–SA” SA

  

SA SA

Kato et al., 

2014

Desaki et al., 2012

PLD PLD PA

Testerink and Munnik, 

2006; Zhao, 2015

PLD PA

ROS

50 OsWRKY45 ASM   
A OsWRKY45-RNAi  200 M  ASM 

2 50 mg 

OsWRKY45 Ubq1 RT-PCR gus gus RNAi

RNA RT-PCR B

-2 h 0 h

12 3

B 

-S- ASM

A 
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51 OsWRKY45 TDL   
A OsWRKY45-RNAi  200 M  TDL 

2 50 mg OsWRKY45 Ubq1

RT-PCR B -2 h

0 h 12 3

TDL

A

B 
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52 OsWRKY45 SA   
A OsWRKY45-RNAi  200 M  SA 

2 50 mg 

OsWRKY45 Ubq1 RT-PCR

B -2 h

0 h 12 3

SA

A

B 

53 SA
-2 h 0 h

12 3

2-HBA 3-HBA 4-HBA 
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 Jones 

and Dangle, 2006  

PRR R-protein

PRR MAP

Effector

Conrath et al., 2015

Lawton et al., 

1996; Mandadi and Scholthof, 2013

 

 

2010

Luna et al., 2012; Slaughter et al., 2012

 

Van Hulten et al., 2006 ASM BTH

SAR

OsNPR1 NH1 ASM

Sugano et al., 2010; Nakayama et al., 2013

WRKY45 OsWRKY45

PR Pb1, PR-2

Shimono et al., 

2006

Fujita et al., 

2006; Yasuda et al., 2008; Singh et al., 2014

 

 

1991a,b

Hideg, 

1991; Hideg et al., 1991

2001

I 3

I

4 Kageyama et 

al., 2006; , 2007  

Zhang and Xiao 2015 MAMPs

PTI ETI

PA-SA

PGPF

4 PTI

PTI
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Tsuda and Katagiri 2010 PTI ETI

SA JA ET

synergistically

compensatory

ETI
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Studies on discoveries of elicitor-responsive photon emissions in plants and 

their applications for development of a defense priming detection system 
 

Hiroyuki IYOZUMI 
 

Summary 
 

Since the first report of the ultraweak photon emission 

(UPE) from germinating plants in 1954, there have been a lot 

of evidences that every organism can emit light, which is too 

weak to recognize by naked eyes, without specific “light 

emitting” systems in their cells. UPEs are thought to be by-

products of biochemical reactions and to reflect physiological 

changes, especially to be the responses to external/internal 

stresses. Since 1990’s, the author and colleagues have been 

considering to apply the UPE measurements to evaluate 

physiological conditions of plants non-invasively and 

immediately, and focused on the disease resistant responses in 

plants. Especially in last few decades, the induced disease 

resistance in plants became a practical method of crop 

protection, the substances that induce systemic disease 

resistance in plants, so-called ‘plant defense activators’ have 

been of interest. Because plant defense activators become 

effective by “priming” plant cells for accelerated and enhanced 

esistance responses against pathogens, this new category of 

agrochemicals needs alternative strategies for efficient 

screening of candidates that are different from ordinary 

fungicides/pesticides.  

To solve this problem, firstly the author discovered the 

“elicitor-responsive photon emissions (ERPEs)” in plant, a 

type of disease resistanse response marker which can be 

measured non-invasively and easily by UPE measurement 

technique. Then the author developped a ‘defense priming 

detection system’ to evaluate the priming abilities of chemicals 

based on potentiation of ERPEs 

.  

1. Selection of favorable combinations of 
defense response inducers and plant 
materials to detect defense response-
related UPEs.  

 Using various combinations of pathogen and plant 

cultivars with different degrees of “host resistance”, UPEs 

were measured for tobacco, rice, melon, tomato, strawberry 

and sweet potato. Tobacco leaves, that were inoculated with 

the causal bacterium of wildfire disease, had transient increase 

in UPE (10 counts/sec/cm2) which peaked 12 hours after 

inoculation, only in the case of cultivars that contain a true 

resistance gene. On sliced sweet potato storage root that was 

inoculated with the causal fungus of Fusarium wilt disease or 

non-pathogenic F. oxysporum, long-lasting and strong UPEs 

were observed. The UPEs started to increase after 1-2 hours 

and peaked after 14-18 hours of inoculation, and a high level 

of UPE lasted for 1 day or longer. The peak emission was 

lower in the case of a non-pathogen (200 cps/cm2) than a 

pathogen (300 cps/cm2) and the fungal growth stopped. The 

UPEs in sweet potatoes were assumed to be caused by basal 

resistance in both cases. In the case of pathogen inoculation, it 

is assumed that the plant could not stop the infection and kept 

emitting a higher level of UPE. Although the UPE increases 

assumed to be caused by basal resistance were also observed 

in tobacco-bacterial wilt and melon-Fusarium wilt 

combinations, differences between the resistant and 

susceptible responses were not obvious. In the cases of rice 

and strawberry, no significant increase of UPE was observed 

after pathogen inoculation. To clarify the characteristics of 

UPE, UPE generated in the combination of sweet potato and 

nonpathogenic F. oxysporum was analyzed. The 

inoculum/plant condition-dependent intensity variation of 

UPE revealed that the observed UPE generated from sweet 

potato through the interactions with F. oxysporum. The 

production of ipomeamarone as a phytoalexin means that the 

defense response was induced in the sweet potato. The 

consecutive spectral analysis of defense response-related UPE 

was conducted to observe the process of physiological 

transitions accompanying UPE. Although the emission 

intensity increased slowly, the spectrum range changed to be 

shorter drastically (the major band changed from 580-630 nm 

to 480-580 nm) from 2 hours after inoculation until 10 hours 

after inoculation with F. oxysporum. The spectrum was stable 
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from 10 to 36 hours after inoculation, whereas the emission 

intensity peaked approximately 20 hours after inoculation. It 

is suggested that a change in the physiological state associated 

with the synthesis of defense-related substances including 

phytoalexin contributes to this phenomenon. To obtain a more 

stable and easily-handled UPE generation system, chitin 

hexamer and culture filtrate of plant growth promoting fungi 

(PGPF) were used as defense “elicitors”. Both the chitin 

elicitor and the PGPF elicitor induced obvious increases of 

UPEs in slices of sweet potato storage root, tobacco leaves and 

rice leaves, respectively. Especially, a high level of UPE with 

spectral change observed using a combination of sweet potato 

and Fusarium was also observed in the combination of rice leaf 

segments and PGPF elicitor. Suspension-cultured rice cells 

also generate a high level of UPE using the PGPF elicitor, and 

showed an obvious increase of UPE after applying a relatively 

low concentration (below 1 M) of chitin hexamer, too.   

 

2. Development of priming detection system 
based on the potentiation of elicitor-
responsive photon emission  

UPE from rice induced by the PGPF elicitor was measured 

to estimate the influence of pretreated plant defense activators 

on elicitor-responsive photon emissions (ERPEs). Rice leaf 

segments that were treated with the PGPF elicitor transiently 

generated relatively high levels of elicitor-responsive photon 

emissions. Pretreatments using plant defense activators 

increased ERPEs. The increase was also observed in 

suspension-cultured rice cells. Prolonged pretreatment 

allowed the plant defense activators to accelerate (peak -

earlier) photon generation and to act at lower concentrations. 

The activators themselves did not induce any marked photon 

emission in rice leaf segments or cells. The spectral 

compositions of the increased and non-increased elicitor-

responsive photon emissions from rice cells were almost the 

same. Therefore, plant defense activators probably potentiate 

the ERPEs themselves. The elicitor-responsive expression of 

the PBZ1, Os_PAL1, Chit-1 and EL2 genes were enhanced by 

pretreatment of rice cells with plant defense activators, when 

ERPEs were also enhanced. The results indicate that the 

ERPEs are potentiated when rice cells are primed for disease 

resistance by plant defense activators. This priming detection 

system was also applicable to other plant cell culture and 

elicitor combinations, such as rice and chitin hexamer, wheat 

and chitin hexamer, potato and arachidonic acid, grape and 

yeast extract. The Priming detection was performed for 

systemic acquired resistance (SAR), wound induced resistance 

(WSR), induced systemic resistance (ISR), -aminobutyric 

acid induced resistance (BABA-IR), and brassinosteroid-

dependent resistance (BDR). The priming by SAR-inducing 

chemicals was detected by all tested combinations. The 

combination of rice and chitin could be applied the system to 

detect priming by all tested chemicals except BDR inducer. 

The combination of wheat and chitin was not applicable to 

detect priming by BDR and BABA-IR. The combination of 

grape and yeast was not applicable to priming by BABA-IR 

and showed strong repressions of ERPEs in WSR and ISR. 

Although the combination of potato and arachidonic acid was 

applicable to priming by all tested types of chemicals, the 

applicable range of inducer concentration was narrow. Among 

the tested combinations, the combination of rice and chitin was 

most stable and was applicable for the widest range of inducer 

concentration. Using the combination of rice and chitin, 

screening of two sets of chemical libraries for priming 

activities were carried out in combination with pathogen 

inoculation tests on potted plants. Among 8947 compounds 

that were screened, 7 new skeletal formulae for defense 

priming were discovered by these screenings. To elucidate the 

mechanisms underlying the ERPE potentiation, the author 

performed gene knockdown of OsWRKY45, a major regulator 

of salicylic acid (SA)-dependent resistance (systemic acquired 

resistance: SAR) in rice, and estimated the effects of SA 

isomers on chitin-ERPE (C-ERPE) potentiation. The SAR 

inducing plant defense activators induced a 200–300% 

increase in C-ERPE in the wild type cells, whereas OsWRKY45 

knockdown attenuated the increase in C-ERPE to less than 

60%. The native SA induced more than a 150% increase in C-

ERPE in the wild type cells, but structural isomers of SA were 

less effective (10–24% increase). These SA signaling-

disruption experiments indicate that the potentiation of C-

ERPE requires intrinsic components of the hormonal signaling 

for defense, at least for priming by inducers of SAR. 

In conclusion, by using UPE measurement technique, a new 

type of analysis of disease resistanse in plsnts was developed 

in this study. This non-invasive analysis might develop as a 

versatile stress response analyzer when it is built in “multi-

omics” analyses.    
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