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Plant NLR immune receptors

NB     Nucleotide-Binding

ARC   APAF-2, R-protein, CED4 

TIR  Toll /Interleukin 1

CC   Coiled–coil domain

LRR  Leucine-Rich Repeat

R r

Avr Resistance (HR) Disease

avr Disease Disease

Specific, ‘gene for gene’ 

resistance



AVR1-CO39 – a translocated effector!
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RGA4 auto activates HR-like cell death
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Investigation of RGA4 and RGA5 in N. benthamiana agroinfiltration assays

Césari et al., 2014, EMBO Journal



RGA4 auto activates HR-like cell death
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RGA4 auto activates HR-like cell death
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RGA4 auto activates HR-like cell death
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RGA4 and RGA5 form homo and hetero-complexes

115

115

140

140
α-GFP

α-HA

α-GFP

α-HA

Input

IP GFP

Rubisco

GFP + +- -- - - -

HA:RGA5 + -- -- + - +

YFP:RGA5 --- ++ + - -

RGA4:CFP --+ -- - + +

RGA4:HA -+- +- - + -

Size (kDa)

Césari et al., 2014, EMBO Journal



rice

RGA4 

&
RGA5

rga4
&

rga5

RGA4
&

rga5

rga4
&

RGA5

M.oryzae

- disease disease disease disease

AVR-Pia resistance (HR) disease disease disease

AVR1-CO39 resistance (HR) disease disease disease

ATGTGA

RGA4 RGA5

ATG TGA

Chr 11

RGA4 and RGA5 confer resistance to AVR-Pia and AVR1-CO39

Rice Pik-1/Pik-2 AVR-Pik

Pi5-1/Pi5-2

Arabidopsis RRS1/RPS4 AvrRps4, PopP2

RPP2A/RPP2B

Wheat LR10/RGA2

Barley RPG5/hvRga1

Tobacco N/NRG1 P50



 Os11g45750

 Os11g0686400

 Os05g40150

 Os11g45970

 Os12g18360

 HvRpg5

 Os10g22484

 Os11g0462900 r

 Os11g11580

 RGA5

 Os11g11920

 TaLr10 wheat

 Pi36

 TmSr35

 HvMLA10

 AtSr33

 Pik-2

 Pik-1

 HvRGA1

 Os11g27430

 Os10g22510

 RGA4

 Os11g11940

 Os11g11550

 Os12g18374

 Os11g45790

 Os11g45980

 Os05g40160

 Os11g45930

 Pib

 Ta LR10rga2

 Pi9

 Piz-t

 Pi2

 Pid3

 Pit

 Pi15 gi|294984681|gb|ADF55307.1| Oryza sativa Japonica Group

 Pi5-1

 Pi5-2

 TaPm3b

 Pi37

 TaLr21

 TaLr1

 OsXa1

100

94

100

100

66

91

100

100

87

100

100

100

100

100

100

89

93

98

99

77

42

100

78

54

55

43

100

100

95

85

98

93

94

46

45

88

75

55

80

43

87

0.25

0.37

0.21

0.14

0.14

0.46

0.21

0.16

0.08

0.51

0.38

0.39

0.14

0.07

0.26

0.49

0.34

0.48

0.07

0.26

1.05

0.01

0.01

0.71

1.04

0.77

0.00

0.02

0.02

0.64

0.84

0.37

0.90

0.64

0.28

0.56

0.74

1.09

0.93

0.16

0.38

0.15

0.68

1.06

0.64

0.02

0.58

0.10

0.02

0.04

0.22

0.35

0.04

0.27

0.41

0.18

0.24

0.16

0.56

0.14

0.09

0.10

0.14

0.09

0.05

0.41

0.08

0.04

0.06

0.05

0.41

0.21

0.25

0.19

0.15

0.19

0.18

0.05

0.06

0.07

0.14

0.08

0.08

0.14

0.06

0.14

hRGA5

hRGA4

RGA and RGA5 homologs form distinct clades 



Os10g22484

Os11g0462900 r

RGA5

Os11g11920

Os11g11580

Os12g18360

Os11g45970

Os05g40150

Os11g0686400

Os11g45750 100
96

100

100

100

69

74

76

0.1

Os10g22510

Os11g27430

RGA4

Os11g11940

Os11g11550

Os12g18374

Os11g45980

Os05g40160

Os11g45930

Os11g45790

Os11t0265900

100

100

69

97

100

99

97

67

0.2

1

2

3
4

5

RGA4RGA5
(3,7 Kb)

Chr. 11

Os11g11940Os11g11920
(5,6 Kb)

Chr. 11

Os11g11550Os11g11580 (16 Kb)
Chr. 11

(8,5 Kb)
Os11g27430Os11g0462900 rChr. 11

(3 Kb)
Os10g22510Os10g22484Chr. 10

Os12g18374Os12g18360 (12 Kb)
Chr. 12

Os11g45970 Os11g45980(1,9 Kb)
Chr. 11

Os11g45790Os11g45750 (8,6 Kb)
Chr. 11

Os05g40160Os05g40150 (1,2 Kb)
Chr. 5

Os11g0686400 Os11g45930( 6  Kb)
Chr. 11

1

2

3

4

5

Pita Ptr?

hRA4s and hRGA5s show concordant phyolgeny and form pairs
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hRGA4/hRGA5 pairs are ancient and conserved in cereal genomes

hGRA4s and hRGA5s from Setaria italica (foxtail millet)



RGA4 and RGA5 are CC-NLRs
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The C-teminus of RGA5 interacts physically with Avr effectors

RATX1



Avr recognition by NLRs may be direct or indirect
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