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 (Hypersensitive Response : 

HR) HR NADPH

O2
-

H2O2

Ca
2+

Cl
-
, K

+
MAPK (Mitogen 

Activated Protein Kinase)

(Greenberg, 1997)

HR

 

HR  (Resistance 

gene :R) R  (Avirulence 

gene :Avr)  (Jones and Jones, 1996; 

Hammond-Kosack and Jones, 1997; Lauge and De Wit, 1998) R

Avr gene-for-gene  (Flor, 

1942, 1971) R Avr HR  ( 1)

R NBS/LRR  (Kin)
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 (Transmembrane :TM)/LRR Kin/TM/LRR Kin/TM

5 TM

TM  (Dangl and Jones, 

2001)( 2) Avr

 (TMV)

NBS/LRR N R TMV RNA

 (p50) Avr R

Avr R

Avr HR  (Keen, 1992; 

Morel and Dangle, 1997) gene-for-gene

R Avr HR

 (Kunkel and Brooks, 2002; 

Martin et al., 2003; Sinapidou et al., 2004; Liu et al., 2004a; Trognitz and 

Trognitz, 2005; Peart et al., 2005) R Avr

Pi-ta/Avr-Pita Pto/AvrPto

RIN4 RPS2/AvrRpt2

(Jia et al., 2000; Sessa et al., 1998; 

Mackey et al., 2002) HR

Rar1 SGT1 EDS1

 (Liu et al., 2002) N p50

HR HR R

 

2

R Avr

N p50 R

Avr HR

N HR  
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R r 

Avr 

avr 

 

  

 

 

 

 

LRR 

NBS 

Kin 

LRR 

TIR CC 

LRR 

Kin CC 

 

Pto 

Fen 

Xa21 

FLS2 
RPW8 

Cf-2 

Cf-4 

Cf-5 

Cf-9 

N 

M 

RPP5 

RPP1 

RPS4 

RPM1 

RPS2 

Rx 

 

 

 

 

 

 

 

 

 

1. “gene-for-gene”  

Flor gene-for-gene R ( ) Avr 

( ) Avr

R  (r/Avr, R/avr, r/avr)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.  (R)  

R N CC, TIR NBS/LRR

TM/LRR Kin Kin/TM/LRR CC/TM

R

 

 

 

TIR : Toll/Interleukin-1/resistance domain 
CC :  Coiled-coil domain 
Kin : Kinase domain 
NBS: Nucleotide Binding Site 
LRR: Leucine-Rich Repeat 
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1  

N p50  

 

 

 

gene-for-gene R

Avr  (Lauge and De Wit, 1998)

R Avr

R R Avr

Pto Pi-ta

Pto Kinase  (Martin et al., 1993) Pto

Avr AvrPto

 (Scofield et al., 1996; Tang et al., 1996; Sessa et al., 1998)

Pi-ta NBS/LRR R  

(Grant et al., 1995) AvrPi-ta

 (Jia et al., 2000)  

N 131 kDa R  (Whitham 

et al., 1994) N N Toll interleukin-1 

 (Toll Interleukin-1 Receptor : TIR)  

(Nucleotide Binding Site : NBS)  (Leucine Rich 

Repeat : LRR) N

Tobacco Mosic Virus (TMV)

HR  (Hammond-Kosack and 

Jones, 1997) TMV Avr TMV 126 kDa

50kDa  

(p50)  (Padgett and Beachy, 1993) TMV

p50 N HR  

(Abbink et al., 1998; Erickson et al., 1999b) N p50

RIN4 (Mackey et al., 

2002; Mackey et al., 2003; Axtell and Steskawicz, 2003)

1 3 N

p50 p50 HR

N ATP p50

N ATP  
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 (Nicotiana tabacum) N (cv. Xanthi nc)

N  (Samusun nn) 23 14 10

 

 

 

 (EHA105)

LB 28 2  (AB salts,  

2 mM phosphate, 1% glucose, 20 mM 2-(N-morpholino)ethanesulfonic acid 

monohydrate (MES), 100 µM acetosyringone) 28 16

 (14,000 rpm 1 min) 10 mM MES 

(pH5.5), 10 mM MgSO4 1 ml

100 µl 22

16 3  ( Yang et al., 2000)  

 

 

TMV cDNA PCR

N TIR NBS LRR TIR/NBS NBS/LRR

DNA 5’

NheI/XhoI EcoRI/PstI EcoRI/XhoI

pIG121-Hm ( )

two-hybrid pGBKT7 (Clontech, Palo Alto, CA)

pGEX4T-3 (Amersham, Uppsala, Sweden)

 

(CaMV) 35S p50

XhoI/NheI NcoI/XhoI NheI/NcoI

TMV cDNA

pTA7002 two-hybrid pGADT7 

(Clontech) pRSET-C (Invitrogen)

NBS
K222N

p50
P149L

p50
K 11N

PCR  (Horton et al., 1989, 1990)

 1.  
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two-hybrid  

two-hybrid MATCHMAKER GAL4  (Clonetech, Palo 

Alto, CA) N pGBKT7

p50 p50
P149L

pGADT7

Y109  (Clontech)  (Table 1)

SD

 (SD-WLH) 20 mM 3-amino-1,2,4-triazole (3- AT) 

(Clontech) SD-WLH -

 

 

-  (ONPG ) 

SD  (SD-WLH)2ml 30

2 YPDA 4ml 30 7 8

 (14,000 rpm 2 min) Z-Buffer (21.5 

g/l Na2HPO4 12H2O, 4.86 g/l Na2PO4 2H2O, 0.75 g/l KCl, 0.246 g/l 

MgSO4 7H2O) 1.5 ml  (14,000 rpm 2 min)

Z-Buffer 300 µl 100 µl

37 10-15 min Z-Buffer 700 

µl/ -merucaptoethanol 1.68 µl ONPG/Z-Buffer (

4 mg/ml)160 µl 30 0.5-3

1N Na2CO3 400 µl  (14,000 rpm 10 min) OD420

 

 

Pull-down  

NBS/LRR TIR LRR NBS/LRR (NBS
K222N

/LRR)

pGEX4T-3 GST

 (E. coli) BL21 (DE3)

0.5 mM IPTG LB 4

glutathione Sepharose 4B  

(MicroSpin GST Purification Module,  Amersham Pharmacia Biotech)

p50 p50
P149L

p50
K11N

TIR/NBS TIR/NBS (TIR/NBS
K222N

)

pRSET-C His6

 (E. coli) BL21 (DE3)

0.5 mM IPTG LB 4

Ni-NTA agar



 9

SDS-polyacrilamaide

CBB GST His

Pull-down 1996

 (Swaffield and Johnston, 1996)

0.5 µg GST NBS/LRR TIR LRR NBS
K222L

/LRR

glutathione Sepharose
TM

4B His- p50 p50
P149 L

p50
K11N

TIR/NBS TIR/NBS
K222N

0.5 mg 4 1.5

PBS  (140 mM NaCl, 2.7 mM KCl, 10 

mM Na2HPO4, 1.8 mM KH2PO4, pH 7.3) 3 50 mM 

Tris-HCl, pH 8 10 mM GST

7.5% polyacrylamide-SDS

His  (Santa Cruz BioRad, Hercules, CA) 1

HRP  (BioRad, Hercules, CA) 2

 

 

ATP  

In vitro  ATP 5 µg GST NBS/LRR

GST NBS
K222L

/LRR 20 mM HEPES-KOH 

pH 7, 0.5 mM EGTA, 1 mM DTT, 20 mM MgCl2 5 

µM [ -
32

P] ATP ( , 5.5 GBq/mmol) [ -
32

P]ATP ( ,  

5.5 GBq/mmol) (New England Nuclear, Ma) 30 30 min

7.5 % native-polyacrylamide X  

(BioMax film, Kodak)  

 

ATP  

ATP 1981  

(Perlin and Spanswick, 1981) 75 ml 50 mM Tris-HCl (pH 7.5), 3 mM 

MgCl2 3 mM ATP 10 pmol GST

30 5 10 15 30 60 90min

50 µl  (0.42% ammonium molybdate in 1 N 

H2SO4:10% ascorbate 5:1 [v/v] ratio) 25 30 min

820nm

5 µM [ -
32

P]ATP ( , 5.5 GBq/mmol) [ -
32

P] AT P 

( , 5.5 GBq/mmol) 50 mM Tris-HCl, pH 7.5, 50 mM NaCl,  

0.1 mM EDTA, 1.5 mM DTT, 10 mM MgCl2, 10% glycerol
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GST 30 min

 (Whatmann 3MM) 0.5 

M lithium chloride/0.5 M formic acid 1:1[v/v]

X
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HR  

N p50

3 HR  (  3A,B) N

p50

HR  (  3C,D)

TMV N HR

Avr p50

HR TMV Ob p50 p50

149  

(p50
P149L

)  (  3C,D) N

HR N

p50 N

p50

 

 

two-hybrid  

HIS3 lacZ N

p50

3- AT 20mM

SD  (SD-WLH)  (  4A )

- N p50

10

 (  4A ) HR

p50
P149L

N 3- AT

SD -

N p50

HA Myc

 (  4B)  

 

N NBS/LRR p50  

 3,4 N p50
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N 3 TIR NBS LRR

pGBKT7

p50-pGADT7 TIR NBS

LRR  (  5A)

TIR/NBS NBS/LRR NBS/LRR

 (  5A) NBS/LRR

p50
P149L

in vitro Pull-down p50 NBS/LRR

 (  5B) p50
P149L

NBS/LRR  (  5B) Pull-down

N GST p50 p50
P149L

His

GST His

 (  4C)  

 

ATP  

N NBS TMV

HR  (Dinesh-Kumar 

et al., 2000) ATP P-loop

 (van der Biezen and Jones, 1998; Tameling et al. 

2002) (  6A) NBS P-loop 222

NBS (NBS
K222N

) N

HR N

N  (N
K222N

) p50

N

HR N
K222N

HR  (  6B) HR

N p50

Pull-down NBS
K222N

/LRR p50

 (  6C) N p50

HR N ATP

 

 

ATP  

NBS ATP p50

ATP 2

1 ATP
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1

ATP NBS/LRR

[
32

P] ATP [
32

P]ATP

NBS/LRR [
32

P]ATP [
3 2

P] ATP native- PAGE

X [
32

P]ATP [
32

P] ATP

 (  5A)

NBS
K222N

/LRR

 (  7A) NBS ATP

[
32

P] ATP ADP

ATP

ATP  (  7B)

NBS/LRR ATP MgCl2

 (  7B) NBS/LRR AAA

ATP

 (Sugimoto et al., 2004)

NBS
K222N

/LRR ATP  (  7B)

ATP

NBS/LRR NBS
K222N

/LRR [
32

P]ATP [
32

P] ATP

X  (  7C) ATP

[
32

P]ADP NBS/LRR

NBS
K222N

/LRR  (  7C, 

) [
32

P] ATP NBS/LRR

NBS
K222N

/LRR

 (  7C, )  

 

p50 ATP  

p50 ATP

ATP[ S] ADP[ S] ATP[ S] ADP[ S] NBS/LRR

ATP ADP

NBS/LRR p50  (  8A)

ATP[ S] ATP NBS/LRR p50

 5B

ATP

ADP[ S] NBS/LRR

ATP[ S] NBS/LRR 3 1
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p50 NBS/LRR ATP

ATP

NBS/LRR ATP p50

p50 NBS/LRR ATPase

p50

p50 ATPase

ATPase p50 (p50
K11N

) NBS/LRR

 (  8B) NBS/LRR ATPase p50

p50 p50
K 11 N

p50 p50
K 11N

ATPase

p50 p50

p50
K11N

1.4  

(  8C)  

  

N  

N ATP p50

ATP

ATP

- ATP

 (Mizushima et al., 2002)

two-hybrid N

LRR TIR/NBS

 (  9A)

Pull-down  (  9B)

NBS P-loop ATP

 (TIR/NBS
K222N

)

 (  9B) N p50

N TIR/NBS LRR

p50 Pull-down

p50 TIR/NBS  (  9C)

N p50

N ATP

p50

ATP  
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 1.  

 
 

    
 

TIR/NBS/LRR 1-1144  N  

TIR  1-171  TIR  

NBS  172-447  NBS  

NBS
K222N

  172-447  NBS K
222

N  

LRR  448-1144  LRR  

TIR/NBS  1-447  TIR NBS  

NBS/LRR  172-1144  NBS LRR  

p50  1-445  TMV  

p50
P149L

  1-445  p50 P
149

L  

p50
K11N

  1-445  p50 K
11

N  
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 3. HR  

p50 p50
P149L

HR N

Xanthi nc (A, B) N Samsun nn (C, D) 3

p50  ( ) p50
P149L

 ( ) 100 µl 0

 (A, C) 3  (B, D) HR (B)  
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 4. N p50  

A. two-hubrid AH109 BD-N AD-p50 AD-p50
P149L

 ( ) 3-amino-1,2,4-triazole (3-AT) 0 mM 20 mM

SD  (SD-WLH)  ( )

- o-nitriphenyl- -D-galactopyranoside (ONPG)

Miller units  ( )  

B. two-hybrid

Myc TIR (TIR) NBS/LRR (NBS/LRR) N  (N) HA

p50 (p50) p50
P149L

 (p50
P149L

) SDS-PAGE Myc HA

 

C. pull-down GST TIR (TIR) LRR (LRR)

NBS/LRR (NBS/LRR) His p50 (p50) p50
P149L

 (p50
P149L

)

 (DH5 BL21DE3 ) SDS-PAGE

GST His
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 5.  

A. two-hybrid AH109 BD N

AD-p50 AD-p50
P149L

 ( ) 3-AT SD-WLH

 ( ) - ONPG

Miller units  ( )  

B. Pull-down GST NBS/LRR (NBS/LRR) TIR (TIR) LRR (LRR)

His p50 (p50) p50
P149L

 (p50
P149L

) pull-down

GST glutathion-Sepharose His p50 (

) p50
P149L

 ( ) GST  (GST)

SDS-PAGE

His p50 p50
P149L
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 6. N  

A. NBS P-loop 222  (K)  (N)

 

B. N HR N Samsun nn p50 N

 (N + p50) N  (N
K222N

) (p50 + N
K222N

)

3  

C. NBS/LRR p50 GST NBS/LRR (NBS/LRR) NBS
K222N

/LRR 

(NBS
K222N

/LRR) His p50 pull-down GST

 (GST) His
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 7. ATP  

A. In vitro ATP GST NBS/LRR (NBS/LRR) NBS
K222N

/LRR (NBS
K222N

/LRR)

[
32

P]ATP ( ) [
32

P]ATP ( ) 30 30 min native-PAGE

 

B. In vitro ATP NBS/LRR 3 mM Mg
2+

 ( )  ( )

NBS
K222N

/LRR Mg
2+

 ( )  ( ) ATP  

C. ATP NBS/LRR NBSK222N/LRR ATPase

 (0.5 M /0.5 M  (1:1))
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 8. ATPase p50  

A. ATP ADP NBS/LRR p50 ATP ( ) ATP[ S] ( ) ADP[ S] ( )

pull-down  ( ) Pull-down

 ( )  

B. p50
K11N

His p50 p50
K11N

p50
P149L

GST

NBS/LRR pull-down  ( ) p50 ( )

p50
K11N

 ( ) ATPase  ( )  

C. NBS/LRR ATPase NBS/LRR ( ) NBS/LRR p50 ( )

NBS/LRR p50
K11N

 ( ) ATPase p50

p50
K11N

ATPase  
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 9.  

A. two-hybrid N BD AD

AH109  ( ) 3-AT

 ( ) - ONPG Miller units

 ( )  

B. Pull-down LRR TIR/NBS GST LRR

His TIR/NBS (TIR/NBS) TIR/NBS
K222N

 (TIR/NBS
K222N

)

pull-down  

C. p50 LRR TIR/NBS

p50  (TIR/NBS + p50) p50  (TIR/NBS) His

TIR/NBS  (TIR/NBS input)

p50  (p50 input)  

 

 

 



 23

 

p50  

TMV OM

N

HR

TMV Ob N

 (Padgett and Beachy, 1993) 2 TMV

Ob Avr

p50 149

 (Abbink, et al., 2001)

p50 N

 (Padgett et al., 1997) N p50

HR

1

p50 HR

p50 (p50
P149L

) HR

2

two-hybrid N p50

p50
P149L

 

N TIR, NBS, LRR 3

LRR -

LRR HR SGT1

HSP90  (Liu et al., 2002, 

2004b) LRR p50

NBS p50

NBS/LRR p50

p50
P149L

NBS/LRR NBS

LRR

TIR NBS p50

N TMV LRR

TIR/NBS

 (Denesh-Kumar and Baker, 2000) TIR/NBS p50

NBS/LRR p50

p50 N NBS

NBS LRR
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TIR

 

 

ATP  

NBS P-loop (kinase-1a) Kinase-2 Kinase-3a Motif 2

Motif 3 Motif 4 HD Motif  (ven der Biezen and Jones, 

1998; Tameling et al. 2002) P-loop

ATP  (Rivas et al.,  

1997; Meyers et al., 1999) P-loop ATP

 (Mizushima et al., 1998; Hishida et al., 

1999) N RPS2 RPM1

R NBS

P-loop Kinase-2

 (Denesh-Kumar et al., 2000; Tao et al., 2000; Tornero 

et al., 2002) ATP Avr

p50

P-loop 222

ATP N  (N
K222N

) N

 (Samsun nn) N
K222N

p50

HR

HR

ATP

HR NBS
K222N

/LRR

in vitro NBS
K222N

/LRR p50

p50 ATP

NBS ATP

HR

p50

p50 ATP N

p50

ATP p50 (p50
K 11 N

) ATP

HR  (Erickson et al., 1999b)

p50
K 11N

NBS/LRR p50
K 11N

ATP

p50 HR NBS
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ATP

N ATP p50 ATP

ATP HR

N TIR/NBS LRR

ATP p50

N ATP

p50 ATP

 

 

 

ATP

 (Alberts et al., 2004)

Apaf-1 CED-4

 (Chinnaiyan, 1999; Aravid et al., 1999) NBS

 (NB-ARC)  (Inohara et al., 2005)

ATP ADP

Apaf-1 caspase-9 CED-4 CED-3

 (Hu et al., 1999; 

Jaroszwski et al. 2000; Kim et al., 2005) NBS

P-loop

CED-4  (Chinnaiyan, et al., 1997)

P-loop ATP

(Ogura 

et al., 2000; Wang et al., 2001) P-loop

N Apaf-1

R N

NBS (  2)

ATP

R Avr  
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2  

N  

 

 

1 R N Avr p50

N p50

2

2  

 

N HR

N HR

HR

 (Erickson et al . ,  1999a)  

TMV HR

TMV

N p50

TMV

HR

 

 

1. p50

 

2. 
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3. 

 ( )  

Avr p50 1

 (DEX)  (pTA7002)

 (Aoyama and Chua, 1997; McNellis et al., 1998; Ouwerkerk et al., 

2001) DEX

 

N HR

NtPRp23 (Akiyama et al., 2005) Hfi22 (Desvoyes et 

al., 2002) 2  

 

N

1 p50 N

NBS/LRR p50 N

p50

N TIR

-

LRR

HSP90 SGT1  (Liu et al., 2002, 2004b)

TIR  

TIR two-hybrid

cDNA

N

TIR N

- Pull-down
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 (Nicotiana tabacum cv.  Xanthi nc) 

LS 30 2

LS 30 200 rpm

 

 

 

p50 XhoI/NheI C Flag

TMV cDNA

pTA7002 pTA7002

1  (DEX)

 1  

 

 

 (EHA105) 100 µl

500 ng 15-30

37 15 min LB

800 µl 28 2 LB

28 2

 

 

 

1 cm

20 ml 1 Shooting

-1 25 2

Shooting -2 25 16

Rooting 25 16  
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Shooting -1  MS  (4.6 g/l) 1000 B5  

(1 ml/l) 3% NAA (0.1 mg/l) BA (1 

mg/l) pH 5.6-5.8 0.9 %  

Shooting -2  Shooting -1 Cefotaxim (500 µg/ml)

Hygromycin (300 g/ml) 

Rooting   MS  (4.6 g/l) 1000 B5  

(1 ml/l) 3 % pH 5.6-5.8 0.9 % 

Hygromycin (300 µg/ml) 

 

DEX  

 (DEX) 30 mM 99 %

30 mM DEX 30 µM 25 µl

25 ml 28 250 rpm

 (10 12 18 24 hr)  

DEX 5 µl 0.5 µl Tween20

5 ml  

 

 

DEX 10 mg ( )

0.05 %

15 min  (14000 rpm 1 min) LS

3

 

 

 

DEX

 (3000 rpm 5 

min) 40 µl 60 µl  (125 µM 

62.5 mM Tris-HCl (pH8.0)) 1 min

 (Lumat LB 9507) 30  

 

 

DEX 1 ml

 (5000 rpm 2 min)  (100 mM 

Tris-HCl (pH 6.8), 4 % SDS, 200 mM DTT, 20 % glycerol)

 (14000 rpm 5 min 4 )
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100 ml 20 ml 6  

(3 M Tris-HCl (pH 6.8), 12% SDS, -merucaptoethanol 3.6 µl/ml, 600 µl/ml 

glycerol, 1 % BPB ) 95 5 min

SDS-PAGE

 (0.05 g/ml , 0.1 ml/ml 10

PBS, 0.5 µl/ml Tween20) 1 3 PBS-T (137 mM 

NaCl, 8.10 mM Na2HPO4 12H2O, 2.68 mM KCl, 1.47 mM KH2PO4, 0.5 

µl/ml Tween20)  (10 min ) Flag

1 3 PBS-T 2 1

3 PBS-T ECL

X  

 

RNA  

Hot DEX

90  (100 mM NaCl, 100 mM Tris-HCl(pH 

9.0), 10 mM EDTA (pH 8.0), 1 % SDS):  (1:1)

CIA ( :

)(24:1)  (14000 rpm 15 min)

CIA (24:1)

 (14000 rpm 10 min)

1/3 8 M LiCl  

(14000 rpm 15 min) 2 M LiCl 1 70 %

2 DEPC  

 

mRNA  

GenElute mRNA Miniprep Kit (SIGUMA) RNA

RNase-free 250 µl 250 µl 2 Binding Solution

15 l (dT) 70 3 min

10 min mRNA  (14000 rpm  

min) 500 µl Wash Solution

 (14000 rpm 2 min) 500 µl Wash Solution

70
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Elution Buffer 50 µl 70 5 min  (14000 rpm

2 min) mRNA  

 

 

LabelStar  Array Kit (QIAGEN) 1 µg mRNA RNase-Free

18 µl 2 µ l Denaturetion Solution Plas

65 5 min

RNA 30µl dCTP (Cyanine3-dCTP

Cyanine5-dCTP)(Amersham Biosciences) Mixture 37 2

2 µl Stop Solution LS

Cy3 Cy5 cDNA 520 µl

Buffer PB MinElue  

(14000 rpm 1 min) 750 µl Buffer LS  (14000 rpm 1 min)

750 µl Buffer PE  (14000 rpm 1 min)  (14000 

rpm 1 min) 10 µl Buffer EB 1 min

 (14000 rpm 1 min) 6

 

 

Mixture  10 Buffer RT     5.0 µl 

  dNTP Mix C     5.0 µl 

  dCTP (1mM)    1.0 µl 

  (dT)  (20µM)  5.0 µl 

  RNase inhibitor (40units/µl)    0.5 µl 

  RNase Free     11.0 µl 

  LabelStar Reverse Transcriptase  2.5 µl   

  Total     30.0 µl 

 

 

60 µl cDNA 60 µl Microarray Hybridization buffer 

(Amersham Biosciences) 120 µl 2 µl Buffer EB

95 2 min 5 

min (14000 rpm 1 min) 2

 (Lucidea reflective 

slide)(Amersham Biosciences) UV  (1000 nm)

AUTOMATED SLIDE PROCESSOR (Amersham Biosciences)

200 µl
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FLA8000 

(FUJIFILM)  

 

 

Array VISION
TM

 version 6.0 (Amersham Biosciences)

2

BLAST  (http://www.ncbi.nlm.nih.gov/BLAST/)

 

 

 

20 µg RNA 1.2%(w/v) MOPS

 (Hybond
TM

-N+, 

Amersham) 20 SSC UV  (700nm)(RPN 2501,  

Amersham)

42 16 BcaBEST 

Labeling Kit (TaKaRa) [ -
32

P]dCTP

2 SSC, 0.1% SDS 0.5 SSC, 0.1% SDS 0.1 SSC, 

0.1% SDS 65 15 min X

80 16  

 

RT-PCR 

TaKaRa RNA PCR Kit (AMV) Ver. 3.0

 

 

MgCl2     2 µl 

10 RT buffer    1 µl 

RNase Free dH2O   3.75 µl 

dNTP Mixture    1 µl 

RNase inhibitor   0.25 µl 

AMV Reverse Transcriptase XL 0.5 µl 

Oligo dT-Adaptor Primer  0.5 µl 

total RNA    500 ng
 

total     10 µl 

 

50  30 min 99  5 min 5  5min
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5 PCR buffer   10 µl 

dH2O    28.75 µl 

TaKaRa Ex Taq
®

HS  0.25 µl 

Primer 0.5 µl 

Primer 0.5 µl 
 

total    40 µl/sample 

 

 

 

94  2 min 

94  30 sec 

60  30 sec  25 cycle 

72  1 min 

25  5 min 

 

1 %  
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two-hybrid  

 

 

TMV cDNA PCR

N TIR DNA 5’

EcoRI/PstI

pGBKT7 (Clontech) (0 0.5

1 3 6 hr) RNA mRNA

mRNA (dT) MMLV

PCR cDNA LD-PCR

cDNA cDNA

0.5-1 kbp pGADT7-RecT

 

 

 

N TIR pGBKT7 Y187 cDNA

pGADT7 AH109

YPDA 50 ml YPDA

30 OD600 0.4-0.5 (2000rpm

5 ) 3 ml 1 TE/LiAc

14000 rpm Flash 600 µ l 1 TE/LiAc

50 µl

DNA 5 µl PEG/LiAc 500 µl 1 

µl 30 30 min 20 µl DMSO

42 15 min 14000 rpm flash

1 ml 0.9 % NaCl

pGBKT7 SD  

(SD-W) 30 2

pGADT7

SD  (SD-L)

30 2

5 ml  (25 % YPD )

1 ml (1.2 10
9 

cells/ml) -80
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45 ml 2 YPDA 5 ml pGBKT7

Y187 1 ml AH109  (1.2 10
9
 

cells/ml) 30 50 rpm 24

 (1000 g 10 min) 50 ml 0.5 YPDA 2

10 ml 0.5 YPDA

SD  (SD-WLHA) 30 2

 

 

-  ( ) 

SD-WLHA 30

2

30

X-gal 30 min 5

 (30, 60, 90, 120, 150 min)

 

 

 

2 ml YPDA 30 250 rpm 2

 (14000 rpm 5 min) 50 µl YPDA

10 µl Lyticase 37

250 rpm 1 10 µl 20 % SDS 1 min

-20

:

 

 

 

 (DH5 )

PCR

3’AD  

 

Pull-down  

TIR pGEX4T-3

pRSET-C
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DH5 BL21(DE3)

IPTG ( 40 µg/ml)

SDS- PAGE GST

His

1  
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HR  

DEX p50 3

HR  (  10)  

 

 

 10 DEX

pTA7002-p50

8  (  11A)

DNA PCR

8 4  (  

11B) LS LS

 (  11C)

DEX  

 

HR  

DEX p50

4

HR

H2O2 HR DNA

p50

 

 DEX

 (

)  ( )  (  

12A-I)  (  12J) DEX 10

24 80%
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 DEX

0 12 24

H2O2

12 H2O2 24

12 7  (  13)  

 HR

HR DNA  (Levine et al.,  

1996; Mittler et al., 1997) DEX 18

DNA RNase

 (  14)  

 DEX p50 p50

Flag

,

DEX 10 p50  

(  15)  

 

 

DEX 10 12 18

Cy3 Cy5

2 2

Cy3 Cy5 3  (  16)

Cy3 Cy5 3

DEX

10 2 280 1/2

227

18 18  (  17A)

DEX 12 455

318

33 16  (  17B)

DEX 18 337

279

38 10  (  17C)

 2
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HR

RT-PCR DEX 12 18

NtTMK1 Ascorbate peroxidase (APX) PR-Q

NtWRKY1 NtPRp23 p50  (  

18)

DEX 10 NtTMK1

10

DEX 12 3 APX

 (  

18A) NtPRp23 NtSC35 ( ) p50

RT-PCR  (  18B)  
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two-hybrid  

 

 

N TIR N

two-hybrid cDNA

1.2 10
9
 cells/ml 

4

TIR 609 N

330 -

 ( )

 (  19) TIR 22 N

18

 (pGADT7-cDNA)

BLAST

TIR 9 N 4

TIR SNF1  (SUCROSE 

NONFERMENTING1) CIP3 (CONSTANS interacting protein 3)

NtGapA (Glyceraldehyde-3-phosphate dehydrogenase A) RubisCO 

(ribulose 1,5-bisphosphate carboxylase/oxygenase) NtGA2 (GTP binding 

protein )  (  3) N OsARD1 

(acireductone dioxygenase) TIR N

mRNA

ORF

BLAST 1

atSC35

 ( NtSC35 )

CLB1 (Calcium-dependent 

lipid-binding 1)  (  3)  

 

Pull-down  

cDNA 3

TIR -

SNF1  (

NtSnRK1(SNF1-related kinase 1) ) TIR N

NtSC35
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CLB1 cDNA

two-hybrid  ( 20kDa)

Pull-down

NtSnRK1 NtSC35 CLB1 two-hybrid TIR

 (  20) GST TIR His

NtSnRK1 NtSC35 CLB1 GST His
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 10.  

DEX pTA7002 p50

 

A. 2  

B. 2 DEX (30 µM) 3  

 

 

 11.  

A. p50

Rooting  ( )

 ( )  

B. A 8 DNA

pTA7002-p50 PCR p50 1.3 kb  

C. B

LS 2 LS

 ( #1 #30)  
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 12. DEX  

DEX (30µM)

DEX 0 (A, D, G) 12 (B, E, H)

24 (C, F, I)  (WT)  (A, B, C)

#1 (D, E, F) #30 (G, H, I) 0, 12, 18, 24  (J)

DEX 3  
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 13. H2O2  

DEX 0, 12, 24 H2O2

LS  ( )  ( ) #1 ( ) #30 ( )

H2O2  ( ) DEX

3  

 

 

 

 

 

 12.  

DEX 18

DNA RNase

100bp DNA

 (WT)  (#30) 1kb 

DNA  

 

 13. p50  

DEX p50 p50

Flag

 (WT)  

(#30) DEX 10, 12, 18, 24
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 16.  

2 2 Cy3 ( ) Cy5 ( )

cDNA

3 DEX 10 12 18  
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 1
7
. 

 

A
. 
D

E
X

1
0

H
R

(
)

(
)

(
)
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 1
7
. 

 

B
. 
D

E
X

1
2

H
R

(
)

(
)

(
)
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 1
7
. 

 

C
. 
D

E
X

1
8

H
R

(
)

(
)

(
)
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 2-1.  

 
DEX 10  

 

 
 

 catalase (N. tabacum) 

cytochrome c oxidase (S. tuberosum) 

CYP71D21 (cytochrome P450) (N. tabacum) 

ELI3 (L. esculentum) 

heat shock cognate protein (S. commersonii) 

hsc-2 mRNA for heat shock protein cognate 70 (L. esculentum) 

NtPRp23 (N. tabacum) 

patatin-like protein 1 (PAT1) (N. tabacum) 

peroxidase (N. tabacum) 

prohibitin 1-like protein (B. napus) 

putative ascorbate peroxidase (TL29) (L. esculentum) 

S-adenosylmethionine decarboxylase (N. tabacum) 

putative VAMP protein SEC22 (A. thaliana) 

SKP1-like protein (N. clevelandii) 

spermidine synthase (P. x hybrida) 

zinc finger protein LSD1 (B. oleracea) 

 ( 18) 

 

 

 alcohol NADP+ oxidoreductase (S. tuberosum) 

 cystein kinase (S. tuberosum) 

cytosolic aconitase (N. tabacum) 

  elongation factor-1 (N. tabacum) 

  fructose-1,6-bisphosphate aldolase (L. esculentum) 

  fructokinase (A. thaliana) 

NADP oxidase (A. thaliana) 

  ran binding protein-1 (L. esculentum) 

S-adenosylmethionine decarboxylase (N. tabacum) 

Sn-2 (C. annuum) 

snakin-2 (S. tuberosum) 

  translationally controlled tumor protein (N. tubacum) 

  ubiquitin-conjugating enzyme (E2) (N. tabacum) 

   ( 280) 
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 2-2.  

 
DEX 10  

 

 
 

 callose synthase 1 catalyic subunit (A. thaliana) 

class1 chitinase (P. sativum) 

homeodomain protein Hfi22 (N. tabacum) 

NtWRKY1 (N. tabacum) 

POTATP1 (S. tuberosum) 

putative AIM1 protein (A. thaliana) 

salicylic acid binding catalase (N. tabacum) 

SE39b (thaumatin like protein) (N. tabacum) 

snakin-1 (S. tuberosum) 

thionin like protein (N. tabacum) 

WRKY6 (N. tabacum) 

WRKY12 (N. tabacum) 

 ( 18) 

 

 

 FtsH protease (L. esculentum) 

 GDP dissociation inhibitor (N. tabacum) 

  GTP-binding protein Rab6 (O. sativa) 

  glycolate oxidase (L. esculentum)  

  light-hervesting chlorophyll a/ b binding protein (N. tabacum) 

  NySS41 (N. sylvestris) 

  photosystem I subunit III precursor (N. tabacum) 

   ( 227) 
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 2-3.  
 

DEX 12  
 

 
 

 ascorbate peroxidase (N. tabacum) 

avrRpt2-induced protein 2-related (N. tabacum) 

Bax inhibitor (N. tabacum) 

catalase (N. tabacum) 

catechol o-methyltransferase (N. tabacum) 

cytochrome c oxidase (Solanum tuberosum) 

cytochrome c1 precursor (S. tuberosum) 

GTPbinding protein (A. thariana) 

heat shock protein cognate 70 (L. esculentum) 

mitogen-activated protein kinase (S. tuberosum) 

NtEIG-E80 (N. tabacum) 

NtPRp23 (N. tabacum) 

NtTMK1 (LRR type receptor-like kinase) (N. tabacum) 

NtWRKY1 (N. tabacum) 

peroxidase (N. tabacum) 

phenylalanine ammonia-lyase (P. sativum) 

prohibitin 1-like protein (B. napus) 

SKP1 (N. benthamiana) 

TMV response-related gene product (N. tabacum) 

Tsi1 (N. tabacum) 

 ( 33) 

 

 

 14-3-3 family protein (L. esculentum) 

 AAA-type ATPase (A. thaliana) 

Al-induced protein (N. tabacum) 

CaMK (calcium/calmodulin-dependent protein kinase) (N. tabacum) 

cellulose synthase-1 (Z. mays) 

cytochrom P450 (A. thariana) 

delta TIP (N. glauca) 

G protein beta subunit (N. plumbaginifolia) 

Myb-like protein (N. tabacum) 

NtCDPK1 (N. tabacum) 

NtRab11a gene product (N. tabacum) 

pleiotropic drug resistance like protein (N. tabacum) 

PR-Q (chitinase) (N. tabacum) 

pyruvate kinase (N. tabacum) 

senescence-associated protein (P. sativum) 

serin/threonine kinase (O. sativa) 

splicing factor SC35 (A. thaliana) 

   ( 455) 
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 2-4.  

 
DEX 12  

 

 
 

 Class1 chitinase (Pisum sativum) 

DnaK-type molecular shaperone (A. thaliana) 

ELI3 (L. esculentum) 

hypersensitive-induced response protein (P. sativum) 

POTATP1 (Solanum tuberosum) 

putative AIM1 protein (Arabidopsis thaliana) 

Salicylic acid binding catalase (Nicotiana tabacum) 

SE39b (thaumatin like protein) (Nicotiana tabacum) 

Snakin-1 (Solanum tuberosum) 

WRKY6 (Nicotiana tabacum) 

WRKY12 (Nicotiana tabacum) 

YUP8H12_14 (putative peroxidase) (A. thaliana) 

 ( 16) 

 

 

 chloroplast ribosomal protein L4 (N. tabacum) 

 ferredoxin-NADP(+) reductase (N. tabacum) 

FtsH protease (L. esculentum) 

glycolate oxidase (L. esculentum) 

light-hervesting chlorophyll a/ b binding protein (N. tabacum) 

NySS41 (N. sylvestris) 

Osmotin (N. tabacum) 

photosystem I subunit III precursor (N. tabacum) 

photosystem I reaction centersubunit X psaK (N. tabacum) 

pyruvate dehydrogenase kinase 1 (O. sativa) 

ribulose bisphosphate carboxlase (N. tabacum) 

SPY protein (L. esculentum) 

TKRP125 (N. tabacum) 

   ( 318) 
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 2-5.  

 

DEX 18  
 

 
 

 abscisic acid-induced-like protein (A. thaliana) 

ascorbate peroxidase (N. tabacum) 

ascorbate free radical reductase (N. tabacum) 

catalase (N. tabacum) 

catechol o-methyltransferase (N. tabacum) 

cellulose synthase (N. tabacum) 

DnaJ-like protein (L. esculentum) 

elicitor responsible protein (N. tabacum) 

glutathione peroxidase (G. hirsutum) 

heat shock protein cognate 70 (L. esculentum) 

mitogen-activated protein kinase (S. tuberosum) 

mitochondrial ATPase beta subunit (N. sylvestris) 

NtTMK1 (LRR type receptor-like kinase) (N. tabacum) 

NtWRKY1 (N. tabacum) 

peroxidase ATP19a (A. thaliana) 

phenylalanine ammonia-lyase (P. sativum) 

PLC2 (N. tabacum) 

prohibitin 1-like protein (B. napus) 

receptor-like kinase Xa21-binding protein 3 (O. sativa) 

spermidine synthase (P. x hybrida) 

thionine (N. tabacum) 

WRKY2 (N. tabacum) 

 ( 38) 

 

 

 14-3-3 family protein (L. esculentum) 

 AAA-type ATPase (A. thaliana) 

acidic chitinase III (N. tabacum) 

C1C-Nt1 (N. tabacum) 

calcium exchanger (CAX1) (A. thaliana) 

cellulose synthase-1 (Z. mays) 

cytochrom P450 (A. thariana) 

ERF1 (ethylene responsive transcriptionfactor 1) (N. tabacum) 

forever young oxidoreductase (N. tabacum) 

glutathione S-transferase (N. tabacum) 

lipoic acid synthase LIP1 (A. thaliana) 

Osmotin (N. tabacum) 

PR-Q (chitinase) (N. tabacum) 

proteinase inhibitor precursor (N. tabacum) 

putative splicing factor (C. arietinum) 

RNA binding protein 45 (N. plumbaginifolia) 

senescence-associated protein (P. sativum) 

splicing factor SC35 (A. thaliana) 

zinc finger potein LSD1 (B. oleracea) 

 ( 337) 
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 2-6.  

 

DEX 18  
 

 
 

 Hfi22 (N. tabacum) 

  SE39b (N. tabacum) 

  SKP1 like protein (L. esculentum) 

WRKY6 (A. thaliana) 

WRKY12 (T. cacao) 

 ( 10) 

 

 

 14-3-3 protein (A. thaliana) 

 alcohol NADP+ oxidoreductase (S. tuberosum) 

aquaporin-like protein (P. hybrida) 

enolase (L. esculentum) 

  homeobox 1 protein (L. esculentum) 

LHCII type III (L. esculentum) 

NADH-ubiquinone oxidoreductase (S. tuberosum) 

OPDA reductase (N. tabacum) 

plastoglobule associated protein PG1 precursor (P. sativum) 

PSI-D2 (N. sylvestris) 

putative aldo/keto reductase (O. sativa) 

putative von Hippel-Lindau binding protein (A. thaliana) 

starch branching enzyme II (S. tuberosum) 

sugar transporter like protein (A. thaliana) 

TobRB7-18C protein (A. thaliana) 

   ( 279) 
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 18.  

A. 

DEX 12  (NtTMK1 APX

PR-Q NtWRKY1) DEX 0 10 12  (WT)  (#30)

 

B. RT-PCR RT-PCR DEX 0 12 18

 (WT)  (#1) RNA DEX NtPRp23

NtSC35 p50 actin  
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 19. -  

TIR 609  (A) N 330

 (B) - 30 min

150 min 5

 ( ) TIR3-3 TIR 90 min  (3 )  
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 3.  

 
 

  
 

 TIR1-1 SUCROSE NONFERMENTING 1 (SNF1) (L. esculentum) 

 TIR2-2 clone 132975F (L. esculentum) atSC35 

 TIR3-1 clone 132649F (L. esculentum) Calcium-dependent lipid-binding 1 (CLB1) 

 TIR3-3 Glyceraldehyde-3-phosphate dehydrogenase A (NtGapA) (N. tabacum) 

 TIR3-4 ribulose 1,5-bisphosphate carboxylase/oxygenase (RubisCO) (N. tabacum) 

TIR4-1 nictaRpoT1-tom (N. tabacum) 

TIR4-4 CONSTANS interacting protein 3 (CIP3) (L. esculentum)  

 TIR4-5 GTP binding protein  (NtGA2) (N. tabacum) 

TIR4-6 clone 132649F (L. esculentum) Calcium-dependent lipid-binding 1 (CLB1) 

 

 N3-3 26S ribosomal RNA (N. tabacum) 

 N5-1 clone 132975F (L. esculentum) atSC35 

 N5-2 acireductone dioxygenase 1 (ARD1) (O. sativa) 

 N5-4 clone 114149F (L. esculentum) seed maturation-like protein 
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 20. Pull-down  

TIR NtSnRK1 (A) NtSC35 (B) CLB1 (C) two-hybrid

cDNA two-hybrid

His IPTG (0.5 mM)  (D)

GST TIR pull-down  (E) His

 (M) TIR NtSnRK1 NtSC35 CLB1

NtSnRK1 (NtSnRK1 input) NtSC35 (NtSC35 input) CLB1 (CLB1 input)
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DEX

HR

DEX 3

DEX 30 µM

BY2 pTA7002-p50

BY2 BY2

N 35S N

N N

BY2

N p50

 

 

 

DEX

DEX

1  (Aoyama and Chua, 1997)

2 TMV

12  (Sano et al., 

1994) DEX

DEX

12 12

24 80%

DEX 12 HR

H2O2 DEX 10 p50

12
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DEX 12 DNA

DNase DNA

 (Hatsugai et al., 2004)

N

DEX 12

18 HR

12 HR

DEX

N p50 HR

p50

10 12

18 3  

 

 

DEX 10 12 18 cDNA

4100 11520  ( 1640

DNA ) 

HR

 

HR  (Gechev et al., 2004)

DEX 10

12 18

Cellulose synthase Bax inhibitor 1 (BI-1)

 

p50 HR

DEX 18 50%
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p50

HR

H2O2

BI-1

BI-1

 (Kawai- Yamada et al., 2004)

BI-1 18

DEX p50 10

12

HR  

10 12

SKP1 NtPRp23 SPMS

Hfi22 Snakin-1 WRKY6

N

N HR

SAR

 

 

N  

DEX 10 12

SKP1 SPMS Prohibitin-1

NtPRp23 PAT1 Cytochrome c oxidase SKP1

E3

1 N TMV SGT1

 (Liu et al., 

2002) SPMS (spermine synthase) 1

HR H2O2 1

 ( Yoda et al., 2003) Prohibitin-1

 (Takahashi et al., 2003) NtPRp23

3 TMV

1  (Akiyama et al., 2005)
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PAT1 (patatin-like protein 1) TMV Oxylipin

 (Dhondt et 

al., 2000; Montillet et al., 2004) Cytochrome c oxidase

c c

1  (Kadenbach et al., 2004) DEX 10

HR H2O2

NADP
+
 oxireductase NADPH oxidase  

(Montesano et al., 2003) DEX 12

H2O2 peroxidase HR

G

N HR

 

 

 

DEX 10

Snakin-1 Hfi22 Thionin NtWRKY1

WRKY6 Snakin-1 ABA

Hfi22 TMV

movement protein (MP)

 (Desvoyes et al., 2002) Thionin

NtWRKY1 WRKY6 W-box

cis-

 (Laloi et al., 2004; Yamamoto et al., 2004)

WRKY1 N DEX

10 12 18

Chitinase

AAA

HR

AAA ATPase  

(Sugimoto et al., 2004)

 

(Proteinase inhibitor :PI, Pathogenesis-related 1 :PR1 ) N
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N
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two-hybrid  

N p50

N N

N

two-hybrid

N

LRR HSP90 SGT1

 (Liu et al., 2002, 2004b) TIR

TIR death

Toll Interleukin (IL) N

 (Aravind et al., 1999) Death Toll IL

C MyD88

TIRAP TRAM  

(Medzhitov, 2001;  Akira and Tkeda, 2004; van Duin et al., 2005)

1 N NBS/LRR p50

TIR p50

N TIR

NtSnRK1  (NtSC35) CLB1 3

3

two-hybrid cDNA

Pull-down

 

 

NtSnRK1 

SNF1 (SUCROSE NONFERMENTING1)

AMP-acivated protein Kinase (AMPK)

 (Halford and Hardie, 1998; Hardie et al., 1998; 

Johnston, 1999) SNF1 ATP

ATP ATP
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 (Sugden et al., 1999)

SNF1 (AKIN11)

 (Hao et al., 

2003) SNF1/AMP

Kinase  

(Legember et al., 2004) NtSnRK1

N p50 ATP

N ATP

ADP AMP

AMP NtSnRK1

 

 

NtSC35 

atSC35 atSC35

SC35 (Graveley, 2000)

N RRM (RNA recognition motif) C SR (Ser/Arg-rich)

(Lopato et al., 2002) SR

 

(Manley and Tacke, 1996; Graveley, 2000; Isshiki et al., 2006)

NBS/LRR R

 (Jordan et al., 2002; Zhang and Gassmann, 2003)

N R 1 N

TMV C

LRR TIR/NBS N (NL)  

(Dinesh-Kumar and Baker, 2000) NL TMV 4

8 N 25

NL

NL

NtSC35 TIR

N

TIR NtSC35 TMV

p50 N

TIR NtSC35

NL
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TIR p50 N

p50 N

TIR

SC35 Protein Kinase

 (Savaldi-Goldstein 

et al., 2000) TIR

 (NetPhos 1.0 

Server : http://www.cbs.dtu.dk/services/NetPhosK/)

DEX 12 atSC35

 

(Petiot et al., 1997)

 

 

CLB1 

CLB1 (Calcium-dependent lipid-binding 1)

cPLA2 (cytosolic phospholipase A2) PKC (protein 

kinase C) CaLB (Ca
2+

-dependent lipid-binding) C2

 (Kiyosue and Ryan, 1997) R

Avr HR 1 Ca
2+

PKC

PKC PKC

(Reactive oxygen species :ROS)

 (Harding et al., 1997; Reddy et al., 2003; 

Kasparovsky et al., 2004; Ahn et al., 2005) CLB1

CaLB PKC HR

PKC cPLA2

GTPase

 (Kim et al., 2004) CLB1 TIR

 

 

 

 



 67

 

 

HR

R Avr

R Avr R

HR

 (1)

N Avr p50  (2)HR

 (3) N

 (4)N  

 (1)N

p50 ATP

N p50 ATP

N  (2)p50

DEX HR

HR N

 (3)

1 NtSnRK1

NtSC35 CLB1 N

HR  (  21)  

TMV HR
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 21.  

N ATP N

NBS/LRR TMV p50 N

ATP N

TIR NtSnRK1 NtSC35 CLB1

HR N

HR
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  cDNA
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