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Ŗʚ 

 

� ǃȃ2�ɩȚț/ȱçżǖGƄ&/�&=�ɩA1ȌĲȋĠGˉƀ,�/�	$DƖ�

ħ�1ǃȃȘóɯ-Ƌʊ!Cǎ«GƄ*	�����1ǉ/ǃȃ-Șóɯ1Ƌʊ18-H

.2ŵƻ0ɪA"�Șóɯ0@CƋʊ0@)+ǃȃ�ȘǚGȚș!C�-2˫Ő0Ȳ,�

C	�D2�ǃȃ�ħ�1Șóɯ0ŀ�+ǎɥ!CÈȗ]_i�GƮ�+�C�A0¦/

A/�	ǃȃ�ȘóɯGʖʝ�ÈȗøŮGʗł!C�-2�Șóɯ1ŵƻ�Aɩʬ1ʬG

ĴCɩŎ1ȌĲGŸ�&ːʃ/øŮ,�C	ǃȃ2�:" Pathogen-associated Molecular 

Patterns (PAMPs) -ĉ3DCŔɁĒ/Șóɯ0��+Ìʻ0ĲĔ!CÕİɝGʖʝ!C�

-,�PAMP-triggered immunity (PTI) -��ÈȗøŮGʗł!C	�1 PTI02�Șóɯ

61ȞƋț/ƓƏ?aQ�l�ha�^��-�+³Ȏ!CǤŰˎɈ1ȚȌ�ǉ
/žɯ

ǤŰGƮ!C Pathogenesis-related (PR) e�tUʦ? Phenylalanine Ammonia Lyase (PAL)�

Chalcone Synthase (CHS) /.1 Phytoalexin ĀŹ0˙�!CˍɈe�tUʦ/.GY�l

!C˛ŧ˙ʾˊ¬İɝ1Țȉ�ɊɤĢGŝè!C&=1Q��_1ǝȡ/.1Șóɯʖʝ

ţǘʯțƣƯ0ʖ=ADCøŮ�Ą:DC (Klarzynski et al., 2000; Aziz et al., 2003; Miguel 

Angel Torres et al., 2005; Boller and Felix, 2009; Luna et al., 2011)	ǃȃ1ÈȗøŮ0��+2�

PTI0ś�ɑ�Effector-ĉ3DCÕİGʖʝ�+ʗł!CEffector-triggered immunity (ETI) 

-��ÈȗøŮ>ĲĔ!C	Effector2�ǃȃȘóɊɯ1TypeIIIÕǞɽɛG¥�+ǃȃɊ

ɤÍ0ÕǞ�DCÕİ,�B�ħ�1ĝĀǃȃ2��1 Effector ÕİGɊɤÍ,ʖʝ�+

ETI øŮGś�ʩ�!	�1ǉ/�ȟŰ1ǃȃÈȗøŮ��ʼ?�0:&ìʙț0ʗł�

D&ĝĀ�ǃȃȘóɯ1Ƌʊ�ŵƻ0ɪC�-2/����DA1øŮ�ʗł�D/��

˂D&ĝĀ�ǃȃ2Șóɯ1¸ÉGʑ!�-0/B�$1ɎƸ�ȚȘ!C�--/C (Yang 

et al., 1997; Keller et al., 1999; Jones and Dangl, 2006)	 

� �1@�/ǃȃ1Èȗ]_i�1�, PTI2�ŵƻØƯ0��CȘóɯ61˛ŧ-�D

0ś�ɑ�+ʩ�CETIʗł0>Ǫ�˙�!C�-�A�ǃȃÈȗ0��+ːʃ/z�a

_-/C	PTIʗł2:"ħ�1Șóɯ�Ìʻ�+Ƅ* PAMPs1ʖʝ�Aĭ:C	ȉĔ:

,0 PAMPs-�+�β-V�Q��Sg��O�Z_i����Lipopolysaccharide (LPS: �

�ħɄ) �Ɋɯ1˭ǙǈŹe�tUʦ,�Cx�^N���ɟʒ­˖đİ,�CElongation 

Factor Tu (EF-Tu) �ÕǞĘ}zgl,�CActivator of XA21-mediated Immunity (Ax21) /.
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�āķ�D+�C (Felix et al., 1999; Klarzynski et al., 2000; Kunze et al., 2004; Silipo et al., 

2005; Kaku et al., 2006; Laquitaine et al., 2006; Lee et al., 2009)	�DAāķ�D& PAMPs1�

,>�x�^N��0ŀ!CȦȷ�>)->ǤȚ0ɹFD+�&	FelixA2�ǃȃȘóɊ

ɯPseudomonas syringae pv tabaci1ƂÔȃGk�k (Lycopersicon esculentum L. Mill, line 

Msk8) 0ÓȊ�PTIƧ0ʖ=ADCɊɤĦ61LP�ǥÔ1ʗłǤŰGƅǊ0ʙ7&-�

E�x�^N��� PTI Gʗł!CǤŰGƮ�+�C�-GƥA�0�& (Felix et al., 

1999)	�A0��1x�^N��1�0ĲĔ!CǤŰˋ¯0*�+>ʙ7&-�E�ħǉ

/ɯȴ,ˌ×�˽ŗ0ºĲ�D+�CNƱȻ˲ęGĄ< 10 kDa0 PTIʗłǤŰ�ĲĔ�

&	$�,�¦1Pseudomonasņ?Escherichia coli�Helicobacter mustelae�Bacillus subtilis

/.ǉ
/ɯȴ1x�^N��1 NƱȻ˲ę1�,ƭ>ºĲ�D&˲ę0ĲĔ!C 22¼

1J�q  ˎ (flg22) GĀŹ�k�k0ÓȊ�&-�E�x�^N��Ê˖GÓȊ�&ĝĀ

-āǉ1 PTI�ʗł�D&	:&�flg221 NƱȻÂ�A 1J�qˎ"*ǏƎ�#&}z

glGĀŹ�k�k0��C PTIʗłǤŰGʙ7&-�E�7J�qˎGǏƎ�#& flg15

:,2 PTIGʗł�&��7J�qˎ©�ǏƎ�#& flg14–12,2 PTI�ɲ��Ǯń�&

�-�A�k�k0��+2 flg15�22:,�ʖʝ0ːʃ/˲ę,�C�-GƥA�0�& 

(Felix et al., 1999)	ɬĈǪ��-0�]�Lom`m0 flg15- flg22GÓȊ�&ĝĀ02�

flg22,2LP�ǥÔ1¦0Q��_1ǝȡ? PRe�tUʦ1ɳȵ�ŝ�Ȍɢ˜ĺ�ǤŰ

ˎɈ1ȚȌ/.1 PTI �ʗł�DC��flg15 ,2˫Ő0Ŝ� PTI ��ʗł�D/�)& 

(Felix et al., 1999; Gómez-Gómez et al., 1999)	�A0�flg15- flg22Gk�k (Lycopersicon 

peruvianum) -^�RL��esY0ŀ!C PTI ʗłǤŰ0*�+>ʙ7&-�E�L. 

peruvianum,2 flg15- flg22�Ơ� PTIGʗł�&��̂ �RL�-esY,2]�Lo

m`m-āǉ0 flg222 PTIGʗł!C��flg152Ŝ� PTI��ʗł�/��-�ƥA�

0�D& (Felix et al., 1999)	 

� Șóɯ0ĲĔ!CPAMPs-�+2�Elongation factor TũEF-Tū0*�+>ħ�1Ȧȷ

�ɹFD+�C	Kunze A2�x�^N��GǏƎ�&Escherichia coli GI826ɯƾG]�L

om`m0ÓȊ�&ĝĀ0PTI�ʗł�DC�-Gʅ�'�&	$�,��1ɯ1x�^N

��ǏƎƾ1ƂÔȃ�APTIʗłǤŰGȫ!e�tUʦGɃɿ�&-�E�EF-Tu�PTIʗ

łÕİ-�+āķ�D& (Kunze et al., 2004)	�A0�EF-Tu1ʖʝˋ¯0*�+1Ȧȷ�

˗ĭ�D&��EF-Tu1ˌ×2ɯȴ˘,˽�ºĲ�D+�B�90%©�1ȟāŰ��C>1

>ĲĔ!C	$�,�EF-TuGèĳț0Õʉ�&}zglGȎ�+PTIǤŰGǰķ�&-�



 3 

E�1-26ȕȝ1}zglƞȂ0PTIʗłǤŰ�ʖ=AD&	:&�E. coli1EF-Tu2�NƱȻ

1Serǔě�N-Jag�è�D+�C�-�ĜĆ�D+�&�-�A (Laursen et al., 1981)�

NƱȻGJag�è�&1-26ȕȝ1J�q  ˎ (elf26) GĀŹ�&-�E�Jag�è�D+

�/�}zgl@B˽�PTIʗłǤŰGȫ�&	:&�elf26G2J�qˎ�-ȥ��&}z

glGĀŹ��PTIʗłǤŰGʙ7&-�E�1-18ȕȝ1J�q  ˎ (elf18) ,ǈŹ�DC}

zgl2ǤŰGƮ�+�&��1-12ȕȝ1J�q  ˎ (elf12) :,ȥ��&}zgl,2�

efl181PTIʗłǤŰGʗł�/�.�E�EF-Tu0@CPTIʗłG˜ĺ�&�-�AJ�e

Zn_k-�+³Ȏ!C�-�ƥA�0/)&	�A0�elf260@CPTIʗłǤŰG]�

Lom`m©Ħ1ħǉ/ǃȃȴ,ʙ7&-�E�Brassica alboglabra?Sinapis alba/.1J

y�mȯ0��+2PTIGʗł!C��Jy�mȯ©Ħ1esY (Nicotiana tabacum) ?k

�k (Lycopersicon esculentum)���[SM�Z�] (Medicago sativa) /.,2PTIGʗł

�/��-�ƥA�0/)& (Kunze et al., 2004)	�DA1�-�A�EF-Tu2Jy�mȯ

0ȄȖț/PAMP,�C�-�ƥA�0/)&	 

� ʶœ�x�^N��?EF-Tu0��+2flg22?elf18©Ħ1˲ę0>PTIʗłǤŰ��C�

-�ĜĆ�D&	ǉ
/ĕę?œ¨1ǃȃȘóɊɯPseudomonas syringae pv. tomato1x�

^N��ˊ¬İ1ˌ×GʉƷ�&-�E�x�^N��ˊ¬İ0˫āɞɛƍ1ĥȖGƄ*2

ȴ˷1ɯƾ�ƥA�0/)&	$1ĥȖ14-*2�]�Lom`m/.0��+ʖʝˋ

¯-/)+�Cflg22˲ę139ȕȝ1Asn�Ile0/CĥȖ,�)&&=��1ĥȖflg22G³

Ź�k�k0ŀ!CPTIǤŰGʙ7&-�E�flg22@BŜ�ǤŰGȫ�&	:&�>�4

-*1ĥȖ2flg22-2Ȗ/C˲ę196ȕȝ1Ala�Val0/CĥȖ,�)&&=�$1ćʴ

1ºĲ�D&28J�qˎGĀŹ�k�k0ÓȊ�&-�E�ĥȖGƄ&/�}zgl,2

PTIʗłǤŰ�ʖ=AD&��ĥȖGƄ*}zgl,2PTIʗłǤŰ�Ǯń�+�C�-�

ƥA�0/)&	�DA1�-�A�Ɵ&/x�^N��ʖʝˋ¯-�+28J�qˎ�A

ŹCflgII-28�āķ�D& (Cai et al., 2011)	 

� :&�EF-Tu0*�+>ʶœ�Ɵ&/ʖʝˋ¯�āķ�D&	ǃȃȘóɊɯAcidovorax 

avenae N1141ɯƾ1x�^N��ǏƎƾ1ƂÔȃGLp0ÓȊ!C-PTI�ʗł�D&�

-�A�x�^N��©Ħ1ƟʆPAMPs1ĲĔ�ȫč�D&	$�,��1ǤŰȃʦGā

ķ!C&=0�ɯ²ƂÔȃ�Aƚǖˢ1Q��U��kV�xK�0@CɃɿGɹ��L

pɊɤ0ŀ!CPTIʗłÕİ-�+EF-Tu�āķ�D&	�D:,1Ȧȷ,�elf182Jy�

mȯ1;,PTIGʗł!C�-�ƥA�0/)+�&&=�Lp2elf18-2Ȗ/C˲ęG
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ʖʝ!C�-�ȫč�D&	$�,�Lp0��CEF-Tu1ʖʝˋ¯GƊɉ�&-�E�

�Ī˲ę150J�qˎ�ǤŰˋ¯,�C�-�ȫ�D& (EFa50)	:&��1EFa50G]�

Lom`m0ÓȊ�&-�EPTIGʗł�/��-�A�EFa502LpȄȖț/ʖʝˋ¯,

�C�->ȫ�D& (Furukawa et al., 2014)	©�1ǉ0��D:,āķ�D&PAMP02�

ǃȃȴ0@)+2Ȗ/C��*�1˲ęGʖʝ!C�-�ȫ�D�ʀƚʖʝ˲ęGƄ*�

-�ǃȃÈȗ0ǎɥ!CPAMP1ȄŪ,�C�-�ƥA�0/)+�&	 

� ǃȃÈȗ]_i�0��+�PAMP1ʖʝ02ǃȃɊɤɨɼˬ0ĲĔ!C

Pattern-Recognition Receptors (PRRs) -ĉ3DCûĻ²�˙�!CĝĀ��C�-�ȫ�D

+�C	]�Lom`mLa-er1EMSĥȖ²�Aflg22˫ŵûŰƾ1ƊɉGɹ/)&-�E�

Flagellin sensing 2 (FLS2) -��ĥȖ²�āķ�D&	�A0�CAPS��Q�GȎ�&�

hz|�_U��n�V0@BFLS2ˊ¬İ1āķGʔ;&-�E�FLS2ˊ¬İ2

Receptor-like kinase (RLK)GY�l!C�-�ƥA�0/)& (Gómez-Gómez and Boller et 

al., 2000)	FLS221,173J�qˎ�AŹB�ɊɤĦ028¼1Leucine-Rich Repeat (LRR) �A

ŹCLRRl�L�GƄ(�ɊɤÍ02 Serine/ThreonineSm�bl�L�GƄ)&�Đɨʢ

ʻĘ1LRR-RLK,�)&	:&��1FLS21ɊɤĦLRRl�L�02ƌķ�1N-V�Y

]�èˋ¯�23QŻĲĔ��ĸˣ�1ĝŻ0NĘɄ˔�§ã�D+�C�->ƥA�0/

)& (Gómez-Gómez and Boller et al., 2000; Chinchilla et al., 2006)	�A0��1Ʉ˔�§ã

�D&ɊɤĦLRRl�L�0ĲĔ!C28¼1LRR�g�xGJ�qˎɛƍ�&ǉ
/ĥȖ

ûĻ²G³Ź�&-�E�9–15ȕȝ1LRR�flg221ʖʝ0Ľ�!C�->ƥA�0/)& 

(Dunning et al., 2007)	 

� FLS20@Cflg221ʖʝţ1ŲĜ¬˅ǎǈ0*�+2]�Lom`mGȎ�&Ȧȷ0@

Bħ�1Ȥʅ�ŦAD+�C	FLS22flg22-ɎĀţ�ðŘ0Ɋɤɨ�0ĲĔ!CFLS2-

2Ȗ/CLRR-RLK,�CBRI1-associated kinase 1 (BAK1) -ʀĀ²GşŹ!C	BAK12�

ǃȃ~���,�Cy�]q_i�Ll1ûĻ²Brassinosteroid-insensitive 1 (BRI1) -ȟ�

³Ȏ!Ce�tUʦ-�+!,0āķ�D+�&��flg22˫ŵûŰGȫ!]�Lom`m

1ĥȖ² (homozygous T-DNA-tagged mutants) 1_U��n�V0@Bflg22ʖʝ0>˙�

!C�-�ƥA�0/)& (Li et al., 2002; Chinchilla et al., 2007)	BAK1-āǉ0FLS2�A

1flg22ʖʝŲĜ¬˅0˙�!C$1¦1e�tUʦ-�+2�Receptor-like Cytoplasmic 

Kinase (RLCK) 0ņ!CBotrytis-induced kinase 1 (BIK1) �PBS1-like (PBL) e�tUʦɝ�

BR-signaling kinase 1 (BSK1) �ĲĔ!C	BIK12ȘóŰȠɯBotrytis cinerea0ŀ!CƁžŰ
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0˙�!Ce�tUʦ-�+āķ�D+�&��]�Lom`m0��CPTI]Vm�0˙

�!CSm�be�tUʦGƊɉ!C&=0ɹFD&�LU�J�LʉƷ0@B�flg22/

.1PAMPs0@)+ðŘ0Țȉʗł�DC�-�APTI]Vm�0>˙�!C�-�ȫ�

D& (Veronese et al., 2006; Lu et al., 2010)	BIK12flg221Ʈǽ0˙FA"FLS2-BAK11$

D%D0ɎĀ�+�B�]�Lom`m1bik1ĥȖ² (homozygous T-DNA insertion) ,2

flg220@CPTI�Ǯń�+�&�-�A�BIK12flg22ʖʝţ1ŲĜ¬˅0˙�!C�-�

ȫ�D& (Veronese et al., 2006; Lu et al., 2010)	PBLe�tUʦɝ2�BIK1-ā RLCK[

yxI���VII0ņ�+�C	PBL1GĄ<��*�1PBL2BIK1-āǉ1ǎɥGƄ*�

-�ƥA�0�D+�&�-�A�bik1/pbl1 �ːĥȖ²G³Ź�&-�E�$D%D1í

ȆĥȖ²@B>°�PTIʗłɥGȫ�&	�1�-�A�PBL12PTIʗł0��+BIK1-

ȟãț0³Ȏ�+�C�-�ȫč�D& (Zhang et al., 2010)	BSK12y�]q_i�Ll

]Vm�0˙�!Ce�tUʦ-�+!,0āķ�D+�&��]�Lom`m1ȘóŰ

ȠɯGolovinomyces cichoracerum0ŀ!CƁžŰ0>˙�!C�-�Ɵ&0ƥA�0/)& 

(Tang et al., 2008; Shi et al., 2013)	:&�bsk1ĥȖ² (homozygous T-DNA insertion) 2G. 

cichoracerum'�,/�Pseudomonas syringae0ŀ�+>ŵûŰ�ġã�+�&�-�A�

Ɋɯ0ŀ!CƁžŰ0>˙�!C�-�ȫč�D&	$�,�FLS2-1˙ʾŰGʙ7&-

�E�FLS2-flg22˫·Ĳț0ȟ�³Ȏ!C�-�ƥA�0/B�bsk1ĥȖ²0��CPTI

>Ǯń�+�&�-�A�ʖʝţ1ŲĜ¬˅0ːʃ,�C�-�ƥA�0�D& (Shi et al., 

2013)	�1@�0�FLS2G¥�&PTIŲĜ¬˅02ǉ
/Ɋɤɨ�ɊɤÍe�tUʦ�˙

��+�C�-�ƥA�0/)+�C	 

� FLS2G¥�&flg22ʖʝŲĜ1ɊɤÍ¬˅02e�tUʦ��ˎè��0˙F)+�C	

flg22ʖʝţ�BAK11Ser/ThrSm�bl�L� (Thr450�Thr455) -BIK11Ser/ThrSm�

bl�L� (Thr237�Tyr243�Tyr250) 1ɩŎ��ˎè�ʩ�C	$1ţ�BAK12BIK1

1Thr237G��ˎè��BIK12FLS21Ser/ThrSm�bl�L�Í1Ser938-BAK11

Thr455G��ˎè!C	��ˎè�&BIK12FLS2�BAK1�A˃˨��ǥ6ʖʝŲĜG¬

˅!C�-�ƥA�0/)+�C (Lu et al., 2010; Schulze et al., 2010; Cao et al., 2013; Lin et 

al., 2014)	 

� flg22ʖʝţ1FLS2�A1e�tUʦ��ˎè2�ȉĔ1-�E�*1ɍʫGʻ�+Ɋɤ

Í0¬˅�D+�C-ɠ�AD+�C	PTI02ǤŰˎɈȚȌ�Ą:D+�C���1ǤŰ

ˎɈ2NADPHPS]f�b1Respiratory burst oxidase homolog (RBOH) 0@)+ȍȌ�D
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+�C�-�ȤAD+�C	]�Lom`m02RBOH (AtRBOH) �10¼ĲĔ�+�B�

uk1Noxe�tUʦ-āǉ0CƱȻ˲ę0k��_��y��l�L�-PS]f�b

l�L�GƄ*��NƱȻ˲ę02�A0Q�]M�LP��ɎĀ!CEF-hand�g�xG

Ƅ* (Torres and Dangl, 2005; Suzuki et al., 2011; Marino et al., 2012)	flg22ÓȊ0@Bʗł�

DCǤŰˎɈȚȌ02�AtRBOHD�˙�!C��AtRBOHD2BIK1G¥�+FLS2?BAK1

-ȟ�³Ȏ�+�C�->ƥA�0/)& (Benschop et al., 2007; Nühse et al., 2007; Zhang 

et al., 2007; Kadota et al., 2014)	�A0�AtRBOHD2BIK10@)+NƱȻ˲ę1Ser39�Ser339�

Ser343�Ser347���ˎè�D��DA1�,Ȅ0Ser39-Ser3431��ˎè�PTIøŮ-�

+1ǤŰˎɈȚȌ0ːʃ,�C�-�ƥA�0�D& (Kadota et al., 2014)	 

� flg221ʖʝŲĜ0@CFLS21e�tUʦ��ˎè2Mitogen-activated protein kinase 

(MAPK) Q_W�l>ǤŰè!C	©Û�AȘóɯʖʝţ1ŲĜ¬˅0MAPK�˙�!C

�-2ĜĆ�D+�& (Ligterink et al., 1999; Romeis et al., 1999; Nühse et al., 2000; Cardinale 

et al., 2000)	$�,�]�Lom`m15*1MAPK (AtMPK) [yxI���0Ą:DC

¨ɼț/6¼1AtMPK0*�+flg22·Ĳț/��ˎèGʙ7&-�E�AtMPK3-AtMPK6

�flg22·Ĳț0��ˎè�D+�B��1��ˎè2FLS21Sm�bl�L�G�ǤŰè

!C-Ǩī!C�-�ȫ�D&	�A0AtMPK3-AtMPK6G��ˎè!CMAPKK 

(AtMKK) GƥA�0!C&=04*1AtMKK[yxI����A$D%D¨ɼț/

AtMKKGˉƀ�AtMPK3-AtMPK60ŀ!C��ˎèɥGʙ7&-�E�AtMKK4-

AtMKK5�ȄȖț0AtMPK3-AtMPK6G��ˎè!C�-�ƥA�0/)&	:&�

AtMKK4-AtMKK52flg22·Ĳț0Țȉʗł�DCAtWRKY29-FRK11z���e�GǤ

Űè�&�-�A�FLS21�ǥ,Úŧ�D+�C�->ȫ�D&	$�,�AtMKK4-

AtMKK5G��ˎè!CMAPKKKGƊɉ�&-�E�űŐǤŰĘ1AtMEKK1�AtMKK5

GǤŰè!C�-�ȫ�D&	�1@�0flg22ʖʝţ1MAPKQ_W�l02�AtMPK3/6 

(MAPK)�AtMKK4/5 (MAPKK)�AtMEKK1 (MAPKKK) �˙��+�C�-�ƥA�0�

D& (Asai et al., 2002)	 

� FLS2�flg22GʖʝţO�l[k�]_0@BɊɤÍ0úBʵ:DC�-?flg22·Ĳț

0FLS2e�tUʦ˒�Ǯń!C�-�A�flg22Gʖʝţ0FLS2�Õʉ�D+�CýɥŰ

�ȫč�D& (Robatzek et al., 2006)	$�,�FLS2-ȟ�³Ȏ!CBAK11Sm�bl�L

�GBait-�&Yeast two-hybrid_U��n�VGɹ)&-�E�E3�vSg��R�b,

�CPUB13 (Plant U-box 13) �āķ�D& (Lu et al., 2011)	PUB13 (~��V,�CPUB12
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>āǉ0) 2BAK1-2űŐț0ɎĀ�+�B�flg22·Ĳț0BAK1G¥�+FLS2-ʀĀ²

GşŹ!C	:&�PUB12/131E3�vSg��R�bǤŰGʙ7&-�E�PUB12/132

ɩŎ�vSg�èɥGƮ�+�B�FLS2G�vSg�è!C�BAK1?BIK12�vSg�

è�/��-�ȫ�D&	�A0�pub12/13ĥȖ² (homozygous T-DNA insertion) 0��

CPTIʗłɥ61š˯Gʙ7&-�E�PTI2Ǯń#"�<�Eġŝ�DC�-�ȫ�D&	

�1@�0�flg22ʖʝţ1FLS2G¥�&PTI]Vm�2�FLS21�vSg�è0@CÕʉ

0@)+�ǤŰè�DC�-�ƥA�0�D& (Lu et al., 2011)	 

� Ƚɡ1ņ!CȦȷĹ,2�D:,0�Lp-ǃȃȘóɊɯAcidovorax avenaeGȎ�+ǃ

ȃ0��CȘóɯʖʝ-ÈȗøŮʗłǎǈ0*�+ȦȷGɹ)+�&	A. avenae2�0í

İɱǃȃGļ�-!CV��ˡŰ1ǃȃȘóɯ,�ŵƻ�&ǃȃ0ʁƵȘGś�ʩ�!ó

đɊɯ,�C	�1A. avenae1ȄŪ-�+2�$D%D1ɯƾ˘0��Cļ�ȄȖŰ�˫

Ő0ôľ,�C�-,�C	¶�3�LpGļ�-!CH8301ɯƾ?K1ɯƾ2Lp©Ħ

1íİɱǃȃGãĺÔƶ"�]YUvOGļ�-!C N1141 ɯƾ2LpGãĺÔƶ/�	

�D:,1Ȧȷ,�Lp0ŀ�+˫ȘóŰ1 N1141ɯƾGLp0Ƌȴ!C-�PTI? ETI

�ʗł�DC��Lp0ŀ�+ȘóŰ1K1ɯƾ?H8301ɯƾGLp0Ƌȴ!C-�Èȗ

øŮ�ʗł�D/��-�ƥA�0�D& (Che et al., 1999)	�1ǉ/ÈȗøŮʗł1ȄȖ

Ű2�Lp0@C�DA1ɯ1ʖʝ1ˆ�0@)+Úŧ�D+�CýɥŰ�ɠ�AD&1

,�Lp1ʖʝ0˙�!C A. avenae 1Õİ1āķ�ʔ;AD&	:"�˫ȘóŰ N1141

ɯƾ0ŀ!Cž²GȘóŰ H8301 ɯƾ,øŮ�ąù�#C�-0@)+˫ȘóŰ N1141

ɯƾȄȖž²G³ɿ�&	āǉ0ȘóŰH8301ɯƾȄȖž²>³ɿ���ɯƾ�Aʙɿ�

&ɯ²ƂÔȃ0ŀ!CMN_e�y�hkʉƷGɹ)&	$1ɎƸ�˫ ȘóŰN1141ɯƾ

ȄȖțž²2˫ȘóŰN1141ɯƾȐƶ1ɯ²ƂÔȃ�0ĲĔ!C 50 kDa1s�lGʖʝ

��:&�ȘóŰH8301ɯƾȄȖțž²2ȘóŰH8301ɯƾȐƶ1ɯ²ƂÔȃ�0ĲĔ!

Cāȳŗ1Ĩ��1s�lG$D%Dʖʝ�&	�1s�l1NƱȻJ�qˎˌ×GʉƷ

�&-�E�Pseudomonas aeruginosa? Salmonella typhimurium/.1V��ˡŰɊɯ1˭

ǙǈŹe�tUʦ,�Cx�^N��1NƱȻ-˽�ȟāŰGȫ�&	$�,�ǖˢț/

ˇūÕ˨0@B��ɯƾ�Ax�^N��GɃɿ��PTI ʗłɥ0*�+ʙ7&-�E�

˫ȘóŰN1141ɯƾ�AɃɿ�&x�^N��GÓȊ�&LpĚ˹Ɋɤ,2�PTI,�C

ǤŰˎɈ1ȚȌ?ƁžŰˊ¬İ1Țȉʗł�ʖ=AD&��ȘóŰH8301ɯƾȐƶ1x�

^N��GÓȊ�&Ě˹Ɋɤ,2��1@�/ PTI ʗł2ʖ=AD/�)& (Che et al., 
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2000; Tanaka et al., 2003)	�DA1ɎƸ2�Lp�˫ȘóŰN1141ɯƾ1x�^N��-

ȘóŰH8301?K1ɯƾ1x�^N��1ǈʽ1ˆ�Gʖʝ!C]_i�GƮ�+�B�

�1ʖʝŲĜ0@)+ PTIGʗł�+�C�-Gȫ�+�C	 

� �1@�/˫ȘóŰ N1141 ɯƾ-ȘóŰ H8301 ɯƾ? K1 ɯƾ1x�^N��0@C

PTI ʗł1ȟˆ2�x�^N��1.1@�/ǈʽ1ˆ�0·Ĳ�+�C�0*�+>Ȧ

ȷ�ɹFD&	˫ȘóŰN1141ɯƾ-ȘóŰK1ɯƾ1x�^N��1J�qˎˌ×Gǘ

ʯ�&ɎƸ�14ǔě1J�qˎ�Ȗ/)+�&	�����x�^N��GĨɧɯ,Țȉ

�#&-�E��Țȉx�^N��Ì0 PTIGʗł�&�-�A��1J�qˎ1ˆ�2

ʖʝ1ȄȖŰ0˙��/��-�ƥA�0/)& (Hirai et al., 2011)	$�,��ɯƾ1x

�^N��1Õİ˒GMALDI-TOF MS,ǰķ�&-�E��ųÕİ˒0ǘ7�˫ȘóŰ

N1141ɯƾ1x�^N��, 1,600�ȘóŰK1ɯƾ1x�^N��, 2,150Ĩ���-�

Õ�B��1Õİ˒1ˆ�2��ɯƾ1x�^N��0ĲĔ�+�CɄ˔,�C�->ƥ

A�0/)& (Che et al., 2000; Hirai et al., 2011)	$�,��ɯƾ1x�^N��0ĲĔ�

+�CɄ˔0*�+Ȧȷ�ɹFD&	�ɯƾ1x�^N��02�NɎĀĘɄ˔�§ã!

C&=1Ìʻˌ×�ĲĔ�/�)&	:&�ǃȃȘóɊɯ,�CPseudomonas syringae pv. 

tabaci 1x�^N��0OɎĀĘɄ˔�§ã�D+�C�-�A (Taguchi et al., 2006)�A. 

avenae0��+> OɎĀĘɄ˔�§ã�D+�C�-��ų�D&	$�,��1 OɎ

ĀĘɄ˔GŜJ�Q�Ǵǩ,èĳț0ɦ˨!C�-Gʔ;&��x�^N��ɩ²�Ò˧

!C/.�+Źâ�/�)&	$1&=��ɯƾ0*�+Ʉ˔G»˸!Cˊ¬İGǏƎ�

#&ɯƾ (Ʉ˔ǏƎƾ) G³ɿ��Ʉ˔˫ĲĔĘx�^N��GŦ&	�1Ʉ˔˫ĲĔĘ

x�^N��Gk�z]�?J_t�T�ˎN-}zgf�bȾ,Õʉ��$1}zgl�

hw�V/.0@BɄ˔§ãJ�qˎGāķ�&-�E�˫ ȘóŰN1141ɯƾ,2 3�Ż 

(Ser178�Ser183�Thr351)�ȘóŰK1ɯƾ,2 4�Ż (Ser178�Ser183�Ser212�Thr351) 1

J�qˎ0Ʉ˔�§ã�D+�C�-�ƥA�0/)&	:&�ȘóŰ K1ɯƾ1 4�Ż

1�( 2�Ż (Ser178�Ser183) 1Ʉ˔§ãJ�qˎGɛƍ�&x�^N��GLpĚ˹Ɋ

ɤ0ÓȊ�&-�E�˫ ȘóŰN1141ɯƾ1x�^N��GÓȊ�&ĝĀ-āǉ0 PTIG

ʗł�& (Hirai et al., 2011)	�1ɎƸ�A�Lp0��+�ȘóŰK1ɯƾ1x�^N�

�0§ã�D+�C Ser178�Ser1831Ʉ˔2Lp0@Cx�^N��ʖʝG˜ĺ!C�-

�ȫ�D& (Hirai et al., 2011)	 

� ]�Lom`mȾ0��+x�^N��1ʖʝˋ¯-�+āķ�D+�C flg22 GLp
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Ě˹Ɋɤ0ÓȊ�&-�E�Ŝ� PTI��ʗł�D/�)& (Takai et al., 2008)	:&�A. 

avenae1x�^N��Í0ĲĔ!C flg22ˋ¯G>-0³ɿ�& flg22-avenaeGLpĚ˹Ɋ

ɤ0āǉ0ÓȊ�&ĝĀ0��+>�āǉ0Ŝ� PTI��ʗł�D/�)& (Takai et al., 

2008)	�1�-2�Lp0��+2 flg22-2Ȗ/Cˋ¯Gʖʝ�+ PTIøŮGʗł�+

�C�-Gȫ�+�C	�Ơ�Lp02 FLS2 - 45%1ȟāŰGȫ! Oryza sativa FLS2 

(OsFLS2) �ĲĔ�+�C	$�,��1 OsFLS2 G]�Lom`m1 fls2 ĥȖƾ 

(homozygous T-DNA insertion) 0łÉ�&-�Ex�^N��ʖʝɥ�ĐŨ�&�-�A�

OsFLS22FLS2-āǉ0flg22Gʖʝ!CɥáGƮ!C�-�ȫ�D& (Takai et al., 2008)	

:&�OsFLS21˄ßȚȉLpG³Ź�&-�E��1Lp2 flg22Gʖʝ�+ PTIøŮG

ŝ�ʗł!C�-�ƥA�0/)& (Takai et al., 2008)	�DA1ɎƸ2�Lp2ǎɥț/

OsFLS2GºƮ�+�C��x�^N��0@C PTIʗł0��+2OsFLS2��ʃ/ûĻ

²-�+ǎɥ�+�/��-Gȫč�+�C	āƧ0��1�-2Lp02x�^N��

1 flg22 ©ĦGʖʝ!Cǎɥț/ûĻ²�ĲĔ�+�C�-Gȫ�+�C	�����D

:,�1ǉ/ûĻ²0*�+2Ê�ȤAD+�/�.�E�E��Lp�ʖʝ!Cx�^

N��1 flg22©Ħ1˲ę0*�+>Ȥʅ�ŦAD+�/�	 

� $�,ƲȦȷ,2�Lp0��Cx�^N��ûĻǎǈ1ʉƥGȝț-��Lp�x�

^N��1.1˲ęGʖʝ�+�C���A0ʖʝ02.1@�/ûĻ²�˙��+�C

�GÕİ�|�,ƥA�0!C�--�&	ȼ 1Ⱥ,2�Lp0��Cx�^N��1ʖ

ʝˋ¯1āķGʔ;&	˫ ȘóŰN1141ɯƾȐƶ1x�^N��1ǉ
/˲ęGƮ!Cx

�^N��ƞȂGLpĚ˹Ɋɤ0ÓȊ�&ĝĀ0��C PTIʗł1ƮǽGʙ7C�-0@

Bʖʝˋ¯1āķGɹ)&	:&�flg222Lp0��+Ŝ� PTI��ʗł�/���ĸˣ

0Lp1 PTI0.1@�/š˯G��+�C�0*�+>ʙ7&	ȼ 2Ⱥ,2�Lp0�

�Cx�^N��ûĻ²1āķ-ûĻǎǈ1ʉƷGʔ;&	x�^N��GÓȊ�&Lp

0��C�LU�J�L?ˊ¬İƇÉȨģƾ1 PTIʗłɥGʉƷ!C�-,x�^N��

ûĻ²1āķGʔ;&	:&�l�L�GǏƎ�#&ĥȖ²G³ɿ��PTI ʗłɥGʙ7

C�-,x�^N��ʖʝ0��CǎɥGʉƷ�&	�A0�˄ßȚȉ²0*�+>āǉ

0³ɿ��PTI ʗł61š˯?x�^N��-1ȞƋț/ȟ�³ȎGʙ7&	:&�x�

^N��ʖʝţ1ŲĜ¬˅0˙�+>��ˎè˜ĺƧ1PTIʗłɥ?MAPK1ǤŰèGʙ

7C�-,ȤʅGŦ&	ƲʚƜ,2�DA1Ȧȷ0@)+ŦAD&ɎƸGɓĀ�+�Lp

0��Cx�^N��1ûĻǎǈ0*�+>ʞʚ!C	 
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ȼ�Ⱥ 

 

Lp0ʖʝ�DCx�^N��ˋ¯1āķ 

 

ɕʋ 

 

� ǃȃ�ʖʝ!C PAMP -�+āķ�D+�C˭ǙǈŹe�tUʦ1x�^N��2�7

*1l�L��AǈŹ�D+�B�NƱȻ�AD0�D1�D2�D3�D2�D1�D0l�L�

0Õ�ADC (Samatey et al., 2001)	˭ ǙGǈŹ�&-�0�˭ Ǚ1ÍÂ0ĲĔ!CNƱȻ

-CƱȻ1D0�D1l�L�1J�qˎˌ×2ǉ
/ɯ,ºĲ�D+�C��˭Ǚ1ĦÂ

0˩Ô!C D2 l�L�ö5 D3 l�L�1J�qˎˌ×2ȴ˘,Ĩ��Ȗ/)+�C 

(Wilson and Beveridge, 1993)	�D:,0]�Lom`m/.1ǉ
/ǃȃȴ0��+x�

^N��1ʖʝˋ¯-�+āķ�D+�C flg222�NƱȻ1D0l�L�0ĲĔ!C	L

p0 flg22?A. avenae1x�^N��ˌ×Gě0�& flg22-avenaeGÓȊ�&ĝĀ02�

Ŝ� PTI��ʗł�D/�)& (Takai et al., 2008)	�1�-�A�Lp2A. avenae1x�

^N��1 flg22 ˲ęG�-/Cʖʝˋ¯-�+�A"�$D©Ħ1˲ęG�0ʖʝ�+

PTI Gʗł�+�C�-�ȫč�D&	$�,ƲȺ,2�Ĩɧɯ,³ɿ�&Țȉe�tU

ʦGȎ�+Lp0@)+ʖʝ�DCx�^N��ˋ¯1āķGʔ;&	 
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ȼ 1Ⱥ 

 

Ơǟ-ƳƝ 

 

1. ǃȃ-Ɋɯ1ȌɢƵª 

� LpĚ˹Ɋɤ2�OcɊɤ (Oryza sativa L C5924) GȎ�&	Ě˹2�R2SĚĕ, 30°C�

ÇȀƥ��108 rpm,ƆȜĚ˹�& (Baba et al., 1986)	:&�LpĚ˹Ɋɤ2 1ʿ˘�-0

ǃ�ɐ��ĸ˺02ǃ�ɐ� 4Ƣȝ1Ě˹ɊɤGȎ�&	]�Lom`mĚ˹Ɋɤ2�T87

Ɋɤ (Arabidopsis thaliana Columbia) GȎ�&	Ě˹2�ƒĥ LSĚĕ, 23°C�ÇƵª 16

Ƨ /̆ƫƵª 8Ƨ˘�108 rpm,ƆȜĚ˹�& (Furukawa et al., 2014)	:&�]�Lom`

mĚ˹Ɋɤ2 1 ʿ˘�-0ǃ�ɐ��ĸ˺02ǃ�ɐ� 7 Ƣȝ1Ě˹ɊɤGȎ�&	

Acidovorax avenae N1141ɯƾ (MAFF 301141) -K1ɯƾ (MAFF 301755) 2�©ÛĜĆ�

D&Ơǟ0ť)+Ě˹Gɹ)& (Kadota et al., 1996; Che et al., 2000)	 

 

2. A. avenae N1141ɯƾȐƶx�^N��1Ƀɿ�  

� x�^N��2�©ÛĜĆ�D&ƠǟGõɠ0Ƀɿ�& (Che et al., 2000; Hirai et al., 

2011)	1.5 L1LBǩ²Ěĕ0A. aveae N1141ɯƾGǃɯ��30°C�36Ƨ˘ƆȜĚ˹�&	

Ě˹ǩG 6,000 × g�4°C, 30Õ˘ˇūÕ˨�ɯ²GĐù�&	ɯ²GTBS0ŸǸţ�6,000 

× g�4°C, 30Õ˘ˇūÕ˨�ɯ²1ǣǦGɹ)&	Đù�&ɯ²0ǜÐTBS G 20 mlã

�+ŸǸ��ǜÐ�&�S[�6ȱ�&ţ�1Õ˘Ȩȧ��5Õ˘ǜ�,˪ɛ�&	�1Ɛ

³G 7ĐɚBʷ�&	ȨȧȃG 6,000 × g�4°C�30Õ˘�̌ ūÕ˨�&ţ��ǭGÎŗ 16,000 

× g�4°C�60Õ˘�ˇūÕ˨!C�-,Ɋɤ1ǔ˼/.úBˠ�&	�ǭG 182,000 × g�

4°C, 60Õ˘ˇūÕ˨��ǝǗȃGĐù�&	ǝǗȃG�ǵɯǛ0ŸǸ��20,000 × g�4°C

, 20Õ˘ˇū���ǭGx�^N��ȒÕ-�+Đù�&	x�^N��ȒÕ2 1 mg/ml

-/C@�0ŏˏ��80°C,ÑɎºĲ�&	 

 

3. z�_�l 

� pOsWRKY70-luc���e�z�_�l- His-tagɷĀx�^N��ȚȉȎpET28b-Flaz

�_�l2©ÛĜĆ�D&>1GµȎ�& (Takai et al., 2007, Hirai et al., 2011)	 
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� GST-tagGɷĀ�&ND0–2�ND2–CD2�CD2–0GȚȉ!Cz�_�l³ɿ!C&=0�

pET28b-Flaz�_�lGi�z��k-�+�A. avenae N1141ɯƾ1x�^N��ˊ¬İ

Í1 ND0–2 ˲ęG BamHI [Lk�§ã�&ȄȖț/z�L��ahk,�ND2–CD2�

CD2–0 ˲ęG EcoRI [Lk�§ã�&ȄȖț/z�L��ahk,$D%Dġő�& 

(KOD FX, TOYOBO µȎ)	ġőȍȃG$D%D Zero-Blunt |Ue� (Zero Blunt® PCR 

Cloning Kit, Invitrogen) 6�LX�]��ţ�ĨɧɯDH5α6şʦʭƍ�&	 

 

PCRøŮǩ 

 

PCRøŮƵª 

2 × buffer for KOD-FX 25 µl 94°C 2 min 

dNTP (2 mM each) 10 µl 98°C 10 sec 

Primer F (10 µM) 1.5 µl 55°C 30 sec 

Primer R (10 µM) 1.5 µl 68°C 1 min/kb 

KOD-FX polymerase 1 µl 4°C ∞ 

Sterile Water 10 µl 

30 × [98°C+55°C+68°C] pET28b-Fla (100 pg/µl) 1 µl 

Total vol. 50 µl 

 

LigationøŮǩ 

pCR®-Blunt (25 ng) 1 µl 

PCR product 1-5 µl 

5 × ExpressLink™T4 DNA Ligase Buffer 2 µl 

Sterile Water 1-5 µl 

ExpressLink™T4 DNA Ligase (5 units) 1 µl 

Total vol. 10 µl 

 

� ³ɿ�& Zero-Blunt-ND0–2GBamHI,�Zero-Blunt-ND2–CD2--CD2–0GEcoRI,Ú˞

ˍɈÓȊ��āǉ0ÓȊ�&ȚȉȎ pGEX6P-3|Ue� (GE Healthcare) 6$D%D�LX

�]��ţ�ĨɧɯDH5α6şʦʭƍ�& (pGEX6P-3-ND0–2�-ND2–CD2�-CD2–0)	 
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LigationøŮǩ 

pCR®-Blunt (25 ng) 1 µl 

PCR product 1 µl 

5 × ExpressLink™T4 DNA Ligase Buffer 2 µl 

Sterile Water 5 µl 

ExpressLink™T4 DNA Ligase (5 units) 1 µl 

Total vol. 10 µl 

 

� GST-tagGɷĀ�&CD2–1�CD1–0�CD2–1∆N50�CD2–1∆N66�CD2–1∆N80�CD2–1∆N90�

CD2–1∆N109�CD2–1∆C30�CD2–1∆C40 GȚȉ!Cz�_�l³ɿ!C&=0�

pGEX6P-3-CD2–0 Gi�z��k-��$D%D1ȄȖț/z�L��ahkGȎ�+

Inverse PCRGɹ)& (KOD -Plus- Mutagenesis Kit, Takara bio Inc.)	PCRøŮǩ0DpnIGã

��37°C , 1 Ƨ˘øŮ�#C�-,�i�z��kz�_�l1ǨèGɹ)&ţ (KOD 

-Plus- Mutagenesis Kit)�PCRȍȃG 16°C, 1Ƨ˘a�x�LX�]���#�ĨɧɯDH5α

6şʦʭƍ�& (pGEX6P-3-CD2–1�-CD1–0�-CD2–1∆N50�-CD2–1∆N66�-CD2–1∆N80�

-CD2–1∆N90�-CD2–1∆N109�-CD2–1∆C30�-CD2–1∆C40)	 

 

Inverse PCRøŮǩ 

 

Inverse PCRøŮƵª 

10 × buffer for iPCR 5 µl 94°C 2 min 

2 mM dNTPs 5 µl 98°C 10 sec 

Primer F (10 µM) 1.5 µl 68°C 1 min/kb 

Primer R (10 µM) 1.5 µl 4°C ∞ 

KOD -Plus- 1 µl 

1 cycle/kb × [98°C+68°C] 
Sterile Water 35 µl 

pGEX6P-3-CD2–0 (50 ng/µl) 1 µl 

Total vol. 50 µl 
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Self-ligationøŮǩ 

PCR product (DpnI treated) 2 µl 

Ligation high 5 µl 

T4 Polynucleotide Kinase 1 µl 

Sterile Water 7 µl 

Total vol. 15 µl 

 

� OsFLS2-RNAiŽÚşʦʭƍ²G³ɿ!C|Ue�G³C&=0�OsFLS2 cDNAGi�

z��k-��OsFLS2 mRNA1 325 bpGġő!CȄȖț/z�L��ahk0@B PCR

Gɹ)&(KOD FX µȎ)	PCR ȍȃGO�k��|Ue�,�C pENTR D-TOPO 

(Invitrogen) 6TOPO® Cloning,łÉ�&	³ɿ�& pENTR-OsFLS2 RNAiGLR clonaseø

Ů0@BOsFLS2 mRNA1325 bpGĄ<˲ęGdouble strands RNAȚȉȎpANDA|Ue�

6łÉ�& (pANDA-OsFLS2) (Kaneda et al., 2009)	 

 

PCRøŮǩ 

 

PCRøŮƵª 

2 × buffer for KOD-FX 25 µl 94°C 2 min 

dNTP (2 mM each) 10 µl 98°C 10 sec 

Primer F (10 µM) 1.5 µl 55°C 30 sec 

Primer R (10 µM) 1.5 µl 68°C 1 min/kb 

KOD-FX polymerase 1 µl 4°C ∞ 

Sterile Water 10 µl 

30 × [98°C+55°C+68°C] OsFLS2 cDNA (100 pg/µl) 1 µl 

Total vol. 50 µl 
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TOPO® CloningøŮǩ  LR clonaseøŮǩ 

PCR product 0.5 µl  pENTR-OsFLS2 RNAi (50 ng/µl) 1 µl 

Salt Solution 1 µl  pANDA (150 ng/µl) 1 µl 

Sterile Water 3.5 µl  TE buffer (pH8.0) 6 µl 

pENTR D-TOPO 1 µl  Total vol. 8 µl 

Total vol. 6 µl    

 


Primer sets� 

Primer Sequence 

ND0–2 
F ggatccATGGCATCCACCATCAACACC 

R ggatccGCCGAGCCGGCCGTG 

ND2–CD2 
F gaattcGGCCACCGGCGCGGCCAC 

R gaattcTCCGTCCACGGTGGACACGTCGATG 

CD2–0 
F gaattcCGACGTGTCCTCGCAGACC 

R gaattcACGCAGCAGGGACAGCAC 

CD2–1 
F GAATTCCCGGGTCGACTCGAGCGGC 

R GCGGCTGCGCGAGGCGGACATGTTC 

CD1–0 
F GGAATTCGGGGATCCCAGGGG 

R TCGACCAAGGCCTTGAAGATCATCG 

CD2–1 

∆N50 

F ACGCAGTCTTCGGGCACGCTGACGT 

R GGAATTCGGGGATCCCAGGGGCCCC 

CD2–1 

∆N66 

F ACCGGCGTCACCGTGGCCTCGCGC 

R GGAATTCGGGGATCCCAGGGGCCCC 

CD2–1 

∆N80 

F TCCGACAAGGGTTACACCGTGAGCGG 

R GGAATTCGGGGATCCCAGGGGCCCC 

CD2–1 

∆N90 

F GGCGGCACCATGACGAACGCCACG 

R GGAATTCGGGGATCCCAGGGGCCCC 

CD2–1 

∆N109 

F ATCGACGTGTCCACCGTGGAC 

R GGAATTCGGGGATCCCAGGGGCCCC 
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CD2–1 

∆C30 

F TGAGAATTCCCGGGTCGACTCGAGCGGC 

R TCGCTGGCCGTTGACGGCCG 

CD2–1 

∆C40 

F TGAGAATTCCCGGGTCGACTCGAG 

R ATCGATGATCTTCAAGGCCTTGGTC 

OsFLS2 

RNAi 

F CACCTGGACCCCCGCATGAAGGTC 

R CCTCATCAATGGAGAAAGTTCGCAATGC 

ŃƜı2Ú˞ˍɈ[LkGȫ���ːɖ2TOPOU��n�V[LkGȫ!	 

 

4. Țȉe�tUʦ1Ƀɿ 

� His-tag ɷĀx�^N�� (Fla-His) G³Ź!C&=0�pET28b-Fla GºƄ�& BL21 

(DE3) GLBĚĕ, 37°C�16Ƨ˘ÛĚ˹Gɹ)&	ÛĚ˹ǩGƲĚ˹1LBĚĕ1 1/1000

˒ ã � � OD600=0.3-0.4 0 / C : , 37°C , Ě ˹ G ɹ ) & 	 $ 1 ţ �

isopropyl-β-D(-)-thiogalactopyranoside (IPTG) �ɋǹŗ 0.5 mM-/C@�0LBĚĕ6Ǭã

�&ţ�15°C�18Ƨ˘Ě˹�&	Ě˹ǩG 7,000 × g�4°C�15Õ˘ˇūÕ˨�ɯ²GĐù

�&	ɯ²G PBS 0ŸǸţ�āǉ1Ƶª,ˇūÕ˨�ɯ²GǣǦ�&	Đù�&ɯ²G

PBS0ŸǸţ�U�h]�JL_,ǜÐ�/�AʪˮǠȨȧǎ (UD-201, TOMY) , 30Ȱ

˘Ȩȧ��1Õ˘˪ɛ�&	�1Ɛ³G 10ĐɚBʷ�&ţ�ȨȧȃG 15,300 × g�4°C�30

Õ˘1ˇūÕ˨0@BɊɤ1ǔ˼/.úBˠ��ǭGĐù�&	Lysis buffer (50 mM 

NaH2PO4, 300 mM NaCl, 10 mM Imidazol) ,Œɻè�& 1 ml1Ni-NTA Agarose (Qiagen) 0

Đù�&�ǭȒÕGǬã��4°C,�Ʃąȡ�#&	500 × g�4°C, 5Õ˘ˇūÕ˨ţ�

�ǭGúBˠ�ƃ²1 5 ½˒1 Wash buffer (50 mM NaH2PO4, 300 mM NaCl, 20 mM 

Imidazol) ,ǣǦ�&	500 × g�4°C, 5Õ˘ˇūÕ˨ţ��ǭGúBˠ�ƃ²1 3½˒1

Elution buffer (50 mM NaH2PO4, 300 mM NaCl, 250 mM Imidazol) ,ǴÔGɹ)&	Ƀɿ�&

Fla-HisȒÕGAmicon Ultra 10K (Merck Millipore) 0@B˞ĦǺ˄Gɹ��ɦğ-ǹəGɹ

)&	Ƀɿ�& Fla-HisȒÕ2�1 mg/ml-/C@�0ŏˏ��80°C,ÑɎºĲ�&	 

� GST-tagɷĀe�tUʦG³Ź!C&=0�pGEX6P-3ȚȉȎ|Ue� (pGEX6P-3-ND0–

2�-ND2–CD2�-CD2–0�-CD2–1�-CD1–0�-CD2–1∆N50�-CD2–1∆N66�-CD2–1∆N80�-CD2–

1∆N90�-CD2–1∆N109�-CD2–1∆C30�-CD2–1∆C40) GºƄ�&BL21 (DE3) G Fla-His1

ĝĀ-āǉ1Ƶª,Ě˹��ɯ²Đù�Ȩȧ�Ȩȧ�ǭ1ĐùGɹ)&	ɯ²1ǣǦ-Ȩ

ȧ02 PBSGȎ�&	Ȩȧ�ǭG 22 µmxK�e�,Ǻ˄ţ�PBS,Œɻè�&GSTrap™ 
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FF (5 ml, GE Healthcare) 0 4°C,�Ʃąȡ�#&	ƃ²1 5½˒1 PBS,ǣǦţ�ƃ²1

3½˒1 PreScission Protease buffer (50 mM Tris-HCl, 150 mMNaCl, 1 mM EDTA, 1 mM DTT, 

pH7.5) ,ŒɻèGɹ)&	PreScission Protease (GE Healthcare) GGSTɷĀe�tUʦ 100 

µg�&B 2 unitǬã� 4°C, 16Ƨ˘ǨèGɹ)&	�ǭGĐù�Amicon Ultra 10K0@

B˞ĦǺ˄Gɹ��ɦğ-ǹəGɹ)&	Ƀɿ�&ȝțe�tUʦȒÕ2�1 mg/ml -/

C@�0ŏˏ��80°C,ÑɎºĲ�&	 

 

5. P�Z}zgl 

� flg22 (QRLSTGSRINSAKDDAAGLQIA) - flg22-avenae (QRLSSGLRINSAKDDAAGLAI 

S) 2Eurofins Genomics K.K.:&2 Sigma-Aldrich Japan0ĀŹ˒ 20 mg,ĀŹG·˳�&	

³Ź�D&ÿP�Z}zgl2�HPLC, 95%©�0/C@�0Ƀɿ!C�-,�ĸ˺0

Ȏ�&	 

 

6. ǤŰˎɈ1ķ˒ 

� Ě˹Ɋɤ1Ěĕ�0��CǤŰˎɈ (H2O2) 2�xN�]J�èȃ1ʊį0@C��q

��1ˎè,ʩ�CèĳȚÇGě0�&Ơǟ,ķ˒�& (Schwacke and Hager, 1992)	Lp

:&2]�Lom`mĚ˹Ɋɤ10 mgG500 µl1Ɵ��Ěĕ6ȱ�30°C:&223°C,Ç

Ȁƥ��2 Ƨ˘z�L�S�|�k�&	$1ţ�O�]e�Gÿǹŗ0/C@�0Ǭã

�&	O�]e�GǬãţ�Ěĕ 10 µl0 1.1 mM��q��G 10 µl� 50 mM KH2PO4 (pH 

7.9)̆14 mM K3 [Fe (CN)6]G 180 µl ã��ǫĀǩ1èĳȚÇ˒ (10 Ȱ˘) G PHELIOS 

(AB-2350, ATTO) GµȎ�+ɍƧț0ǰķ�&	 

 

7. Total RNAƂÔ-ķ˒ț�J�eL� RT-PCR 

� Lptotal RNA2LpĚ˹Ɋɤ (50-100 mg) �ARNeasy plant mini kit (Qigaen) GȎ�+�

ʏʰ�D&DNaseǨèGāƧ0ɹ�Ơǟ0ť)+ƂÔ�&	 

� qRT-PCR 2�GoTaq One-Step RT-qPCR kit (Promega) GµȎ�+ Opticon 2 instrument 

(Bio-Rad) ,ɹ)&	SYBR® Green 1ɶÇ¿�AŦAD&ġőƬɖj�e@B�ƅƚ˙ƚ

țġőę0˚¿ (Threshold) Gʐķ��˚¿-ġőƬɖ�¡ō!CǻG Ct ¿ (Threshold 

Cycle) -�+ɀÔ�&	 
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qRT-PCRøŮǩ 

 

qRT-PCRøŮƵª 

2 × GoTaq® Master Mix 10 µl 37°C 15 min 

Primer F (10 µM) 0.2 µl 95°C 10 min 

Primer R (10 µM) 0.2 µl 95°C 10 sec 

50 × GoScript™ RT Mix for 1-Step RT-qPCR 0.4 µl 60°C 30 sec 

Nuclease-Free water 7.2 µl 72°C 30 sec 

Total RNA (50 ng/µl) 2 µl 
40 × [95°C+60°C+72°C] 

Total vol. 20 µl 

 


qRT-PCRȎ Primer sets� 

Primer Sequence 

OsWRKY70 
F GTTTCATTTGTTTCGGAGGCC 

R TTCTCCCTATACGCCCTCTGTG 

PBZ1 
F ATGGACGCGTCCACTTTGCC 

R ATGACTTGCGGCGTCGCAC 

Cht-1 
F AACATCATCAACGGCGGCGT 

R GCTAGAACGAGCTATTAGGAGTT 

PAL 
F ACATCTACGGCGTCACCAC 

R GAAGATTCCGGCGTTGAG 

OsFLS2 
F GCGACGTCAAGCCGTCCAAC 

R CGACACCGTCCTCATGTACGCGAA 

25S rRNA 
F AAGGCCGAAGAGGAGAAAGGT 

R CGTCCCTTAGGATCGGCTTAC 

 

8. OsFLS2-RNAiŽÚşʦʭƍ²1³ɿ 

� pANDA-OsFLS2 |Ue�GO�Uk����]��0@B Agrobacterium tumefaciens 

EHA105ɯƾ6łÉ�&	Lp (Oryza sativa L. ssp. japonica cv. Kinmaze) 61JV�sUi

�M�G¥�&şʦʭƍ2�©ÛĜĆ�D&ƠǟGõɠ0ɹ)& (Takai et al., 2008)	ǵɯ

ÓȊGɹ)&Lp1ȴİGQ�_ʗłĚĕ (N6DĚĕ) 0ɛŕ��30°C�ÇȀƥ�, 3ʿ
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˘�Q�_Gʗł�&	ɣȐƶ1Q�_GÛĚ˹Ěĕ (MS Ěĕ) 6ȱ� 30°C�ÇȀƥ�

, 3Ƣ˘Ě˹�&	pANDA-OsFLS2GºƄ�&A. tumefaciens EHA105ɯƾGABĚĕ0ǃ

ɯ� 22°C�ƫ́è, 3Ƣ˘Ě˹�&	Ě˹�&A. tumefaciens EHA105ɯƾGMSL (40 µg/ml 

Acetosyringone) 0OD600=0.02-0.04-/C@�0ŸǸţ�ÛĚ˹�&Q�_-ǫĀ� 5Õ˘

˪ɛţ�ŵƻĚĕ6ȱ��22°C�ƫ́è, 3Ƣ˘Ě˹�&	ŵƻ�#&Q�_GǵɯǛ (250 

µg/ml Claforan) ,ǣǦţ�1ǐˉſĚĕ (MSĚĕ) 6ȱ��30°C�ÇȀƥ�, 3ʿ˘Ě˹

�&	1ǐˉſĚĕ�,Ȍɢ�ʖ=ADCQ�_G2ǐˉſĚĕ (R2RĚĕ) 0ȱ�30°C�

ÇȀƥ�, 2ʿ˘Ě˹�&	�1ǉ/ 2ǐˉſ2 2Đɹ)&	2ǐˉſĚĕ�,Ȍɢ�ʖ

=ADCQ�_GOcɊɤ-āǉ1Ơǟ,Ě˹ɊɤèGɹ�ĸ˺0Ȏ�&	 

 

9. Lpz�kz�_k1í˨-�˄țşʦʭƍ 

� Lpz�kz�_k1í˨2©ÛĜĆ�D&ƠǟGõɠ0ɹ)& (Takai et al., 2007)	L

pĚ˹Ɋɤ0Enzyme Solution (1% (w/v) cellulose “Onozuka” RS, 0.5% (w/v), macerozyme R10, 

0.1% (w/v) , pectolyase Y23, 0.6 M mannitol, 5 mM MES-KOH (pH5.7), 10mM CaCl2) Gã��

30°C�ˈÇƵª, 3Ƨ˘˪ɛ�ˍɈÓȊGɹ)&	ˍɈÓȊ�&LpĚ˹ɊɤG 100 µm

a�_k�Lm�,Ǻ˄��130 × g�Ĺǯ, 3Õ˘ˇūÕ˨!C�-,Lpz�kz�_

kGĐù�&	Đù�&Lpz�kz�_k0KMC Solution (117 mM KCl, 82 mM MgCl2, 

85 mM CaCl2) Gã�ȶ?�0ŸǸ��130 × g�Ĺǯ, 3Õ˘ˇūÕ˨!C�-,ǣǦ�&	

�1Ɛ³G 2Đɹ)&	KMC SolutionGúBˠ�&ţ�MMg solution (0.3 M manitol, 15 mM 

MgCl2, 4 mM MES–KOH, pH5.7) 0ŸǸ�ɊɤľŗGʌǰ�&	 

� Lpz�kz�_k61�˄ț/şʦʭƍ2�©ÛĜĆ�D&ƠǟGõɠ0ɹ)& 

(Takai et al., 2007)	í˨�&Lpz�kz�_kG 2 × 105 cells/ml -/C@�0 MMg 

solution0ŸǸ�&	0.2 ml (4 × 104 cells) 1Lpz�kz�_kǴǩ0 2.5 µg1z�_�l

- 0.21 ml1 PEG solution (0.2 M manitol, 100 mM CaCl2, 40% PEG 4000) Gã��ȶ?�0Ÿ

Ǹţ�Ĺǯ, 30Õ˘L�S�|�k�&	$1ţ�0.8 ml1KMC solution (117 mM KCl, 82 

mM MgCl2, 85 mM CaCl2) Gã�ǫĀ��200 × g�Ĺǯ, 5Õ˘ˇūÕ˨Gɹ)&	�ǭ

GúBˠ� 100 µl1KMC solutionGã��30°C�ˈÇƵª, 16Ƨ˘˪ɛ�&	 

 

10. ���e�JhaL 

� Lpz�kz�_kGȎ�&���e�JhaL2©ÛĜĆ�D&ƠǟGõɠ0ɹ)& 
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(Takai et al., 2008)	���e��]xN��bz�_�l (pOsWRKY70-luc, Firefly 

luciferase) GłÉ�&Lpz�kz�_k0O�]e�Gɋǹŗ 500 nM -/�@�0Ó

Ȋ��30°C�ˈÇƵª, 5Ƨ˘L�S�|�k�&	Lpz�kz�_kG 200 × g�Ĺǯ

, 5 Õ˘ˇūÕ˨0@BĐù��ǭGúBˠ�&ţ�50 µl 1 1 × Passive lysis buffer 

(Dual-Luciferase ® reporter assay system, Promega) Gã��Ĺǯ, 10Õ˘L�S�|�k�&	

20 µl 1Lpz�kz�_kǴʉǩ- 25 µl 1 Luciferase assay regent II (beetle luciferin, 

Dual-Luciferase ® reporter assay system) GǫĀ��PHELIOSGȎ�+�]xN��bȚÇ1

ķ˒Gɹ)&	 

 

11. Q��_1ǄÔ 

� Q��_1ǄÔ2�©ÛĜĆ�D&ƠǟGõɠ0ɹ)& (Furukawa et al., 2014)	Lp:

&2]�Lom`mĚ˹Ɋɤ10 mgG1 ml1Ɵ��Ěĕ6ȱ�30°C:&223°C,ÇȀƥ

��3Ƨ˘z�L�S�|�k�&	$1ţ�O�]e�Gɋǹŗ 200 nM-/C@�0Ó

Ȋ��30°C :&2 23°C , 16 Ƨ˘L�S�|�k�&	Ě˹ɊɤG 100 mM potassium 

phosphate buffer (pH8.0) ,3ĐǣǦ��Farmer’sēķǩGǬãţ�Ĺǯ,1Ƨ˘ēķè�&	

ēķèţ�100 mM potassium phosphate buffer (pH8.0) , 3ĐǣǦ��0.1% Aniline blueGĄ

< 100 mM potassium phosphate buffer (pH8.0) , 4Ƨ˘ƻɮGɹ)&	ƻɮţ�100 mM 

potassium phosphate buffer (pH8.0) , 3 ĐǣǦ��ǝȡ�&Q��_GɶÇ˵ũ˕ BX51 

(OLYMPUS) ,ʈĿ�&	 

 

12. �LU�J�LʉƷ 

� �LU�J�L2�©ÛĜĆ�D&ƠǟGõɠ0ɹ)& (Furukawa et al., 2014)	LpĚ

˹Ɋɤ0ɋǹŗ 300 nM-/C@�0CD2–0GÓȊ��0�1�3�6Ƨ˘ţ1Ɋɤ�A total 

RNAGƂÔ�&	ƂÔ�& total RNAGQuick Amp Labeling Kit (Agilent Technologies) GȎ

�+Cy3Ǌʝ cDNAGĀŹ��RNeasy Mini KitGȎ�+Cy3Ǌʝ cDNAGɃɿ�&	Ƀ

ɿ�&Cy3Ǌʝ cDNAGGene Expression Hybridization Kit (Agilent Technologies) GȎ�+

Rice Expression Microarray, 4 × 44K�LU�J�L_�Ll (Agilent Technologies) 0 65°C

, 17 Ƨ˘rLy�fLb�]���&	øŮţ�Gene Expression Wash Pack (Agilent 

Technologies) GȎ�+�LU�J�L_�LlGǣǦ�&	�LU�J�L_�Ll2

Scan Array 4000XL (GSI Lumomics) ,_S����ŦAD&j�e2 GeneSpring 12.6 
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(Agilent Technologies) ,ʉƷ�&	 

 

13. Lpǃȃ²61ɊɯƋȴ 

� Lpǃȃ²61ÿǃȃȘóɊɯ1Ƌȴ2�©ÛĜĆ�D&ƠǟGõɠ0ɹ)& 

(Furukawa et al., 2014)	Ě˹�& A. avenae N1141 ɯƾ- K1 ɯƾGǵɯǛ0 2 × 109 

Colony-forming unit (CFU)/ml-/C@�0ŏˏ��Ⱦ˒1CD2–0-ǫĀ�&	ǫĀǩ 1 µl 

(106 CFU + 20 µM CD2–0) G ø22 1˓, 4 ʿ˘Ȍɢ�#&Lpǃȃ² (Oryza sativa L. 

Nipponbare) 6˓Ƌȴ�&	Ƌȴ�&Lp2ƥƯ 16Ƨ  ̆ (30°C) /ƫƯ 8Ƨ  ̆ (25°C) ,Ȍɢ

�#&	Ƌȴ 3�7�10Ƣţ0Ƌȴˋ¯�A�ˋ 2 cm��ˋ 8 cm1Ê˖ 10 cmGÖBúB�

ɱɼˬGJ�Y��,ǵɯţ�Ȫȧ�ǵɯǛ0ŸǸ�&	ŸǸǩGŏˏ� Pseudomonas F

ē²Ěĕ0ǃɯţ�30°C, 24Ƨ˘Ě˹��Ȍɢ�&Y�n�ƚGǰķ!C�-,ɯ²ƚ

GɀÔ�&	 
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ȼ 1Ⱥ 

 

ɎƸ 

 

1. Țȉx�^N��1 PTIʗłǤŰ 

� Lp�ʖʝ!Cx�^N��ˋ¯Gāķ!C&=0�Ĩɧɯ,³ɿ�&Țȉx�^N�

�ˋÕe�tUʦG³Ź!C�-0�&	:"�Ĩɧɯ,³ɿ�&ȚȉN1141x�^N�

��A. avenae N1141ɯƾ�AɃɿ�&x�^N��-āǉ0PTIGʗł!C�.��0*

�+ʙ7C�-0�&	CƱȻ0 6 × His-tagGɷĀ�&ȚȉN1141x�^N��-N1141

ɯ²�AɃɿ�&Ƀɿ N1141 x�^N��G SDS-PAGE ,ÕƷ�&-�E��ɡ->8

9í�s�l,�B (data not shown)�˽ŗ0Ƀɿ�D+�&�-�ƥA�-/)&&=�

©˝1ĸ˺0Ȏ�&	 

� :"�ƣƯ1 PTIøŮ,�CǤŰˎɈ1ȚȌ0*�+ʙ7&	N1141ɯƾ�AɃɿ�&

x�^N��-Ĩɧɯ,Țȉ�#&x�^N��Gÿ 200 nM0/C@�0LpĚ˹Ɋɤ

0ã��ȚȌ!CǤŰˎɈ˒0*�+��q��GȎ�&èĳȚÇ,ǰķ�&-�E�Ț

ȉN1141x�^N��GÓȊ�&LpĚ˹Ɋɤ2ɃɿN1141x�^N��GÓȊ�&Lp

Ě˹Ɋɤ-āǉ0�ÓȊţ30Õ,ǤŰˎɈ1ȚȌ�ʖ=AD�1Ƨ˘,ƭĨ¿Gȫ�&ţ�

ÓȊţ 3Ƨ˘0��+ǤŰˎɈ˒�ɗ?�0Ǯń!C�-�ȫ�D& (Fig. 1-1)	ǐ0��

x�^N��0@Cǹŗ·Ĳț/ǤŰˎɈȚȌ0*�+ʙ7&-�E�ȚȉN1141x�^

N��2ǹŗ·Ĳț0ǤŰˎɈȚȌ˒�ġã��200 nMÓȊ,ǤŰˎɈȚȌ˒�ƭĨ0˅

�& (Fig. 1-2)	:&��1-�1 half-maximal effective concentration (EC50) GɀÔ�&-�

E�ȚȉN1141x�^N��1EC502 26.3 nM,�)& (Fig. 1-2)	�Ơ�ɃɿN1141x

�^N��,2�400 nMÓȊ:,ǹŗ·Ĳț/ǤŰˎɈȚȌ�ʖ=AD&��800 nMÓ

Ȋ�AǤŰˎɈȚȌ˒1Ǯń�ʖ=AD�5 µMÓȊ,28-H.ǤŰˎɈȚȌ�ʖ=AD

/�)& (Fig. 1-2)	�1-��ƭĨǤŰǹŗG 400 nM-�&ĝĀ�ɃɿN1141x�^N

��1EC502 63.3 nM-/)& (Fig. 1-2)	 

� ǐ0�x�^N��0@Bʗł�DC PTI˙ʾˊ¬İ1Țȉ0*�+ʙ7&	500 nM1

ȚȉN1141x�^N��:&2ɃɿN1141x�^N��GÓȊ�&LpĚ˹Ɋɤ0��C�

x�^N��0@)+Țȉʗł�DCʭÏđİGY�l!COsWRKY70 (Takai et al., 2007)�
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Sgm�bGY�l!COsCht-I (Tanaka et al., 2003)�z�|md��0@)+ʗł�DC

e�tUʦGY�l!CPBZ1 (Nakashita et al., 2001) 1Țȉ˒G qRT-PCR0@Bķ˒�&	

$1ɎƸ�Țȉ N1141 x�^N��GÓȊ�&LpĚ˹Ɋɤ1 OsWRKY70 1Țȉ2�Ó

Ȋ 1Ƨ˘ţ0 70½:,Țȉ�Ƥ� 3Ƨ˘ţ02 20½�6Ƨ˘ţ02 10½-ɗ?�/Țȉ

1ǮńGȫ��ɃɿN1141x�^N��ÓȊ�&LpĚ˹Ɋɤ-āǉ1Țȉte��Gȫ

�& (Fig. 1-3)	:&�OsCht-I1Țȉ2�ÓȊ 1Ƨ˘ţ0 10½�3Ƨ˘ţ0 40½�6Ƨ˘

ţ0 60½-ɗ?�/Țȉ�ƤGȫ��?2BɃɿ N1141x�^N��ÓȊ�&LpĚ˹

Ɋɤ-āǉ1Țȉte��Gȫ�& (Fig. 1-3)	�A0�PBZ11Țȉ2�ÓȊ 1Ƨ˘ţ,

28-H.Țȉ1�Ƥ2ʖ=AD/���3Ƨ˘ţ�A 200½�6Ƨ˘ţ02 300½-ǘʯ

țţƯ0Țȉ�Ƥ�ʖ=AD��D>:&ɃɿN1141x�^N��ÓȊ�&LpĚ˹Ɋɤ

-āǉ1Țȉte��Gȫ�& (Fig. 1-3)	 

� �A0�PTIøŮ14-*,�CQ��_ǝȡ0*�+>ʙ7& (Luna et al., 2011)	200 

nM1Țȉ N1141x�^N��:&2Ƀɿ N1141x�^N��GLpĚ˹Ɋɤ0ÓȊ��

ÓȊ 16 Ƨ˘ţ1LpĚ˹ɊɤGJn��y��0@Bƻɮ!C�-,Q��_1ǝȡG

ʈĿ�&	$1ɎƸ�Țȉx�^N��-Ƀɿx�^N��1.(AGÓȊ�&LpĚ˹

Ɋɤ0��+>ƥA�/Q��_1ǝȡ�ʖ=AD&	�Ơ�Y�k���-�+ǛGÓ

Ȋ�&LpĚ˹Ɋɤ0��+2��1@�/Q��_1ǝȡ2ʖ=AD/�)& (Fig. 1-4)	 

� �DA1ɎƸ�A�ȚȉN1141x�^N��2ɃɿN1141x�^N��-āǉ0Lp0

��+ PAMP-�+ǎɥ!C�-�ƥA�0/)&	 

 

2. N1141x�^N��0@Bʗł�DCLp PTI61 flg221˙� 

� �D:,0]�Lom`m/.,x�^N��1ʖʝˋ¯-�+āķ�D+�C flg22

�N1141x�^N��0@Bʗł�DCLp PTI0.1@�0˙��+�C�Gʙ7&	 

� :"�flg22:&2A. avenae N1141ɯƾ1 flg22˲ęGě0ĀŹ�& flg22-avenaeGLp

Ě˹Ɋɤ0 200 nMÓȊ�&ĝĀ1ǤŰˎɈ1ȚȌGʙ7&	ȚȉN1141x�^N��G

LpĚ˹Ɋɤ0ÓȊ�&ĝĀ2�ÓȊţ 0.5Ƨ˘,Y�k���,�CǛ1 40½ȳŗ:,

ǤŰˎɈȚȌ�ʖ=ADC10ŀ��flg22:&2 flg22-avenaeGÓȊ�&LpĚ˹Ɋɤ2�

Ŝ�ǤŰˎɈȚȌ�ʖ=ADC>11Y�k���,�CǛ1 10 ½0>Ǳ&/�ȳŗ,

�)& (Fig. 1-5)	:&�PTI˙ʾˊ¬İ,�COsWRKY70�OsCht-I�PBZ11Țȉʗł0

*�+> qRT-PCR,ǰķ�&-�E�500 nM1 flg22GÓȊ�&LpĚ˹Ɋɤ,2�Ó
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Ȋ 1Ƨ˘ţ�A 6Ƨ˘ţ:,�DA PTI˙ʾˊ¬İ1Țȉʗł�8-H.ʖ=AD/�)

& (Fig. 1-6)	�1ɎƸ�A�N1141x�^N��0@Bʗł�DCLp PTI2�flg22-

2Ȗ/C˲ęGLp�ʖʝ�+ś�ʩ��D+�C�-�ƥA�0/)&	 

� ǐ0�x�^N��1 flg22©Ħ1˲ę0@Bʗł�D+�CLp PTI0 flg22�ĸˣ0

˙�!C1�.��Gʙ7C&=0�10 µM1 flg22ĲĔ�,ǉ
/ǹŗ1ȚȉN1141x

�^N��GLpĚ˹Ɋɤ0ÓȊ�&ĝĀ1ǤŰˎɈ1ȚȌGʙ7&	$1ɎƸ�10 µM

1 flg22 ĲĔ�,Țȉ N1141 x�^N��GÓȊ�&ĝĀ�flg22 ˫ĲĔ�,Țȉ N1141

x�^N��GÓȊ�&ĝĀ-āǉ0�ǹŗ·Ĳț0ǤŰˎɈȚȌ˒�ġã� 800 nMÓ

Ȋ,ǤŰˎɈȚȌ˒�ƭĨ0˅�& (Fig. 1-7)	:&�x�^N��1 1 nMÓȊ? 10 nM

ÓȊ/.°ǹŗ0��CǤŰˎɈȚȌ˒0��+> flg22 ĲĔ�:&2˫ĲĔ�,ˆ��

ʖ=AD/�)& (Fig. 1-7)	�A0�flg22ĲĔ�-˫ĲĔ�0��Cx�^N��1EC50

0*�+>�ɡ˘,ƮŴ/ō2ʖ=AD/�)& (data not shown)	 

� �1ɎƸ�A flg222N1141x�^N��1Lp0��C PTIʗłǤŰ0ŀ�+�J�

eZn_k?JZn_k-�+³Ȏ�/��-�ƥA�0/)&	 

 

3. Lp1x�^N��ʖʝ0��C OsFLS21˙� 

� Lp02�]�Lom`m flg22ûĻ²,�C FLS21~��V,�COsFLS2�ĲĔ!

C	�1OsFLS22�]�Lom`m1 fls2ĥȖ²1 flg22·Ĳț/ PTIʗłɥGȟɾ!C

�-�A�flg221ûĻ²-�+ǎɥ!C�-�ȫč�D+�C (Takai et al., 2008)	$�,�

N1141x�^N��0@Bʗł�DCLp PTI0OsFLS2�˙�!C�ʙ7&	 

� :"�OsFLS21RNAiŽÚşʦʭƍ²1³ɿGɹ)&	OsFLS2 cDNA1 3’UTRGĄ<

325 bp1Double stranded RNAGȍȌ!CY�_k�UkGLp0łÉ���DA1łÉˊ

¬İGƄ* 2*1Ě˹Ɋɤ�L�Gȩȹ�& (OsFLS2 RNAi-2�OsFLS2 RNAi-3)	:&�

Y�k���-�+|Ue�1;GłÉ�& 1*1�L�>ȩȹ�& (Control)	qRT-PCR

0@Bÿşʦʭƍ²1 OsFLS2 1Țȉ˒Gķ˒�&-�E�OsFLS2 RNAi-2 0��C

OsFLS2Țȉ˒2 Control 1 7%,�OsFLS2 RNAi-30��COsFLS2Țȉ˒2 Control 1

2%,�B���L�->OsFLS21Țȉ˒�ɲ��Ǯń�+�& (Fig. 1-8)	 

� $�,ǐ0��DAOsFLS2-RNAiŽÚşʦʭƍ²0��Cx�^N��ʖʝ0@C PTI

ʗł0*�+ʙ7&	300 nM 1Ƀɿ N1141 x�^N��GÓȊ�& OsFLS2 RNAi-2 -

OsFLS2 RNAi-30��CǤŰˎɈȚȌ˒Gķ˒�&-�E�ÓȊ 0.5Ƨ˘ţ0Controlƾ�
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OsFLS2 RNAi-2�OsFLS2 RNAi-3Ì0Ɇ5 µM,�B�ÓȊ1Ƨ˘ţ02Controlƾ,Ɇ7 µM� 

OsFLS2 RNAi-2, 8 µM�OsFLS2 RNAi-3, 10 µM,�)& (Fig. 1-9)	�1�-�A�

OsFLS2 RNAi-2-OsFLS2 RNAi-30��+2Control-āǉ0x�^N��ÓȊ0@BǤ

ŰˎɈ�ȚȌ!C�-�ȫ�D&	:&�ɃɿN1141x�^N��0@BȚȉʗł�Dx

ILkJ�S]�ȌĀŹ0˙�!CˍɈ,�CPhenylalanine ammonia-lyase (PAL) (Zhu et 

al., 1995; Tanaka et al. 2003) 1Țȉ˒G qRT-PCR0@Bķ˒�&-�E�500 nM1Ƀɿ

N1141x�^N��GÓȊ�&OsFLS2 RNAi-2-OsFLS2 RNAi-32�Control0 500 nM1

ɃɿN1141x�^N��GÓȊ�&ĝĀ-āǉ0�ÓȊ 3Ƨ˘ţ0Țȉ˒�ÓȊÛ1 3½

:,ġã�+�& (Fig. 1-10)	 

� �DA1ɎƸ�A�OsFLS2 2x�^N��0@Bʗł�DC PTI 028-H.˙��

/��-�ƥA�0/)&	 

 

4. Lp�ʖʝ!C N1141x�^N��ˋ¯1āķ 

� �D:,1ɎƸ�A�Lp2 flg22©Ħ1ˋ¯GOsFLS2©Ħ1ûĻ²G¥�+ʖʝ!C

�-, PTIGʗł�+�C�-�ȫ�D&	$�,�Lp�ʖʝ!CN1141x�^N��

ˋ¯1āķGʔ;&	 

� x�^N��2�NƱȻ�AD0�D1�D2�D3�D2�D1�D01 7*1l�L��Aǈ

Ź�D+�C (Samatey et al., 2001; Yonekura et al., 2003)	$�,�N1141x�^N��1N

ƱȻ˲ę1 D0�D1�D2l�L��AŹC ND0–2��Ī˲ę1 D2�D3�D2l�L��

AŹCND2–CD2�CƱȻ˲ę1D2�D1�D0l�L��AŹCCD2–0e�tUʦ1NƱ

Ȼ0 GST-tag GɷĀ��Ĩɧɯ,Țȉ�#&	GST-tag GɷĀ�&ȝțe�tUʦGJx

KniK�Q��0ąȡţ�ÿe�tUʦ-GST-tag1˘GȄȖț0Öƞ!Cz�iJ�

b0@BǨèGɹ��-,ȝțe�tUʦ1;GǴÔ�&	ɃɿŗG SDS-PAGE@Bȩʖ

�&-�E�89í�s�l,�B�$D%D1}zglƞȂ2˽ŗ0Ƀɿ�D+�& 

(data not shown)	Ƀɿ�&ND0–2�ND2–CD2�CD2–0GLpĚ˹Ɋɤ0 300 nM0/C@

�0ÓȊ��ÓȊ 1Ƨ˘ţ1ǤŰˎɈ1ȚȌG PTIʗłǤŰ1ƅǊ-�+ʙ7&	$1Ɏ

Ƹ�CD2–0GÓȊ�&LpĚ˹Ɋɤ0��+ɃɿN1141x�^N��GÓȊ�&LpĚ˹

Ɋɤ-āǉ0Y�k���,�CǛÓȊ1 7 ½ȳŗ1ǤŰˎɈȚȌ�ʖ=AD& (Fig. 

1-11)	�Ơ�ND0–2 ? ND2–CD2 GÓȊ�&LpĚ˹Ɋɤ,2�flg22 ÓȊ�&LpĚ˹

Ɋɤ-āǉ08-H.ǤŰˎɈȚȌ�ʖ=AD/�)& (Fig. 1-11)	 
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� ǐ0�ǤŰˎɈȚȌ�ʖ=AD&CD2–0˲ę1.1l�L�0ʖʝˋ¯�ĲĔ!C�G

ƥA�0!C&=0�CD2–01D0l�L�:&2D2l�L�ǏƎ�#&CD2–1-CD1–

0e�tUʦGCD2–0-āǉ0GST-tagɷĀe�tUʦ-�+Ĩɧɯ,Țȉ�#&	Țȉ

Gȩʖ�&-�E�CD2–1 0*�+2Țȉ�ʖ=AD&� CD1–0 2Țȉ�ʖ=AD/�

)& (data not shown)	$1&=�Țȉ�ʖ=AD&CD2–1GCD2–0-āǉ1Ơǟ,Ƀɿ

Gɹ)&	ɃɿŗG SDS-PAGE@Bȩʖ�&-�E�89í�s�l,�B˽ŗ0Ƀɿ�

D+�& (data not shown)	Ƀɿ�&CD2–1GLpĚ˹Ɋɤ0 300 nMÓȊ��ÓȊ 1Ƨ˘

ţ1ǤŰˎɈ1ȚȌGʙ7&-�E�CD2–1 GÓȊ�&LpĚ˹Ɋɤ2 CD2–0 GÓȊ�

&LpĚ˹Ɋɤ-āǉ0Y�k���,�CǛÓȊ1Ɇ 7.5 ½ȳŗ1ǤŰˎɈȚȌ�ʖ=

AD& (Fig. 1-11)	 

� CD2–10> PAMP-�+1ǤŰ��C�-�F�)&1,�ǐ0� CD2–1˲ęÍ0Ĳ

Ĕ!Cʖʝˋ¯ʙ7&	CD2–1 1NƱȻÂ 50J�qˎGǏƎ�#&CD2–1∆N50�66J

�qˎGǏƎ�#& CD2–1∆N66�80 J�qˎGǏƎ�#& CD2–1∆N80�90 J�qˎG

ǏƎ�#& CD2–1∆N90�109J�qˎGǏƎ�#& CD2–1∆N109�:&�CƱȻÂ 30J

�qˎGǏƎ�#&CD2–1∆C30-40J�qˎGǏƎ�#&CD2–1∆C40GCD2–0-āǉ

0GST-tagɷĀe�tUʦ-�+Ĩɧɯ,Țȉ�#&-�E�!7+1e�tUʦ0��

+Țȉ�ʖ=AD&&=�CD2–0 -āǉ1Ơǟ,ɃɿGɹ)&	Ƀɿ�& CD2–1∆N50�

CD2–1∆N66�CD2–1∆N80�CD2–1∆N90�CD2–1∆N109�CD2–1∆C30�CD2–1∆C40GLp

Ě˹Ɋɤ0 200 nM0/C@�0ÓȊ��ÓȊ 1Ƨ˘ţ1ǤŰˎɈ1ȚȌGʙ7&	$1

ɎƸ�CD2–1∆N50�CD2–1∆N66�CD2–1∆N80�CD2–1∆N90�CD2–1∆C30 GÓȊ�&L

pĚ˹Ɋɤ2�CD2–1 GÓȊ�&LpĚ˹Ɋɤ-āǉ0Y�k���,�CǛÓȊ1 30

½ȳŗ1ǤŰˎɈȚȌ�ʖ=AD& (Fig. 1-12)	�Ơ�CD2–1∆N109-CD2–1∆C40GÓȊ

�&LpĚ˹Ɋɤ,2�CD2–1GÓȊ�&LpĚ˹Ɋɤ-ǘʯ�+ɲ��ǤŰˎɈȚȌ˒

1Ǯń�ʖ=AD& (Fig. 1-12)	$�,ǐ0�CD2–1 1NƱȻÂ 80:&2 90J�qˎ-

C ƱȻÂ 30 :&2 40 J�qˎGǏƎ�#& CD2–1∆N80C30�CD2–1∆N80C40�CD2–

1∆N90C40 Gāǉ1Ơǟ,³ɿ��LpĚ˹Ɋɤ0 200 nM -/C@�0ÓȊ��ÓȊ 1

Ƨ˘ţ1ǤŰˎɈ1ȚȌGʙ7&	$1ɎƸ�ɲ��ǤŰˎɈȚȌ˒1ǮńGȫ�&∆C40

˲ęGĄ< CD2–1∆N80C40�CD2–1∆N90C40GÓȊ�&LpĚ˹Ɋɤ2�CD2–1∆C40G

ÓȊ�&LpĚ˹Ɋɤ-āǉ0ǤŰˎɈȚȌ˒1Ǯń�ʖ=AD& (Fig. 1-12)	���/

�A�ǤŰˎɈȚȌɥGȫ�&∆N80-∆C30�AŹC CD2–1∆N80C30GÓȊ�&LpĚ
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˹Ɋɤ,> CD2–1∆C40 GÓȊ�&LpĚ˹Ɋɤ-āǉ0ǤŰˎɈȚȌ˒1Ǯń�ʖ=A

D& (Fig. 1-12)	�A0��1ĸ˺, PTIǤŰ�ʖ=AD& CD2–1∆N50�CD2–1∆N66�

CD2–1∆N80�CD2–1∆N90�CD2–1∆C301ǤŰˎɈȚȌɥ2�e�tUʦGºĲ!Cˣ1

ÑɎɷʉ?ƮǎǴį1Ǭã/.0@BĻƦ0Ǩī�& (data not shown)	�DA1ɎƸ�A�

CD2–11NƱȻ:&2CƱȻ˲ęGǏƎ�#C-e�tUʦ1ǈʽ��ĵķ0/B�PTI

ǤŰ�Ǯń!C�-�ƥA�0/B�ĵķț0 PTIʗłǤŰGƮ!C˲ę2CD2–1,�C

�-�ƥA�0/)&	 

� $�,ǐ0�CD2–1 ?$DGĄ<˲ę,�C CD2–0 �x�^N��0@)+Țȉʗł

�DC�-�ƥA�0/)+�C OsWRKY70 1z���e�ʭÏǤŰ0��Cš˯0*

�+ʙ7&	OsWRKY701z���e�1�ǥ0�]xN��bˊ¬İGʾɎ�&|Ue

�G³ɿ��Lpz�kz�_k0łÉţ 30°C , 16 Ƨ˘Ě˹Gɹ)&	$1ţ�Ƀɿ

N1141x�^N���flg22�CD2–0G 500 nMÓȊ��ÓȊ 5Ƨ˘ţ1�]xN��bǤ

ŰGǰķ�&	Y�k���-�+ǛGÓȊ�&Lpz�kz�_k0*�+>āǉ0ǰ

ķGɹ)&	$1ɎƸ�CD2–0 GÓȊ�&Lpz�kz�_k1�]xN��bǤŰ2�

ɃɿN1141x�^N��GÓȊ�&Lpz�kz�_k-āǉ0ÓȊ5Ƨ˘ţ0ÓȊÛ1

3½:,�Ƥ�& (Fig. 1-13)	�Ơ�flg22?ǛGÓȊ�&Lpz�kz�_k2�ÓȊ 5

Ƨ˘ţ0��+>ÓȊÛ-āȳŗ1�]xN��bǤŰ��ȫ�/�)& (Fig. 1-13)	 

� :&�ÿx�^N��ƞȂ}zgl0@CQ��_ǝȡʗł0*�+>ʙ7&	200 nM

1ȚȉN1141x�^N���ND0–2�CD2–1GLpĚ˹Ɋɤ0ÓȊ��ÓȊ 16Ƨ˘ţ1

LpĚ˹ɊɤGJn��y��0@BQ��_Gƻɮ��Q��_1ǝȡGķ˒�&	$

1ɎƸ�CD2–1GÓȊ�&LpĚ˹Ɋɤ0��CQ��_ǝȡ2�ȚȉN1141x�^N�

�GÓȊ�&LpĚ˹Ɋɤ-āǉ0�ÓȊ 16Ƨ˘ţ,Y�k���,�CǛÓȊ1 8½,

�)& (Fig. 1-14)	�Ơ�flg22˲ęGĄ< ND0–2GÓȊ�&LpĚ˹Ɋɤ,2�ǛÓȊ

-āǉ0ÓȊ 16Ƨ˘ţ,>Q��_1ǝȡ2ʖ=AD/�)& (Fig. 1-14)	 

� �DA1ɎƸ�A�N1141x�^N��0@Bʗł�D+�CLp PTI2�Lp�x�

^N��1 C ƱȻ˲ę0ĲĔ!C CD2–1 Gʖʝ!C�-,ʗł�DC�-�ȫ�D�

CD2–1�Lp1x�^N��ʖʝˋ¯,�C�-�ƥA�0/)&	 

 

5. Lp-]�Lom`m0��Cx�^N��ʖʝȄȖŰ 

� CD2–10@C PTIʗł�LpȄȖț/>1�ʙ7C&=0�]�Lom`mĚ˹Ɋɤ0
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CD2–1?$DGĄ<˲ę,�CCD2–0GÓȊ�&ĝĀ1 PTIʗłɥGʙ7&	:"�300 

nM1ɃɿN1141x�^N���flg22�ND0–2�ND2–CD2�CD2–0�CD2–1GÓȊ�&]

�Lom`mĚ˹Ɋɤ0��CǤŰˎɈȚȌ˒Gʙ7&-�E�flg22?$DGĄ<ND0–

2GÓȊ�&]�Lom`mĚ˹Ɋɤ2�ɃɿN1141x�^N��GÓȊ�&]�Lom

`mĚ˹Ɋɤ-āǉ0�ÓȊ 1Ƨ˘ţ0Y�k���,�CǛÓȊ1 15½ȳŗ1ǤŰˎɈ

ȚȌ˒�ʖ=AD& (Fig. 1-15)	�Ơ�ND2–CD2�CD2–0�CD2–1GÓȊ�&]�Lom

`mĚ˹Ɋɤ,2�ǛGÓȊ�&]�Lom`mĚ˹Ɋɤ-āǉ0�ÓȊ 1Ƨ˘ţ,>Ǥ

ŰˎɈȚȌ˒1ġã2ʖ=AD/�)& (Fig. 1-15)	 

� :&�200 nM1ȚȉN1141x�^N���ND0–2�CD2–1G]�Lom`mĚ˹Ɋɤ

0ÓȊ��ÓȊ 16Ƨ˘ţ1]�Lom`mĚ˹ɊɤGJn��y��0@Bƻɮţ�Q�

�_1ǝȡGʈĿ�ƚ¿è�&	$1ɎƸ�flg22˲ęGĄ< ND0–2GÓȊ�&]�Lo

m`mĚ˹Ɋɤ1Q��_ǝȡ2�ȚȉN1141x�^N��GÓȊ�&]�Lom`mĚ

˹Ɋɤ-āǉ0�ÓȊ 16 Ƨ˘ţ,Y�k���,�CǛÓȊ1 2 ½1ɳȵ�ʖ=AD& 

(Fig. 1-16)	�Ơ�CD2–1GÓȊ�&]�Lom`mĚ˹Ɋɤ,2ǛGÓȊ�&]�Lom

`mĚ˹Ɋɤ-āǉ0˵ɲ/Q��_1ǝȡ2ʖ=AD/�)& (Fig. 1-16)	 

� ©�1@�0�]�Lom`m2CD2–1Gʖʝ�+ PTIøŮGʗł!C�-�,�/�

�-�ƥA�0/B�CD2–12LpȄȖț0ʖʝ�DC˲ę,�C�-�ȫ�D&	 

 

6. CD2–1ʖʝţ1�ǥ,Úŧ�DCˊ¬İɝ1ʉƷ 

� LpPTIŮȿ0��CCD2–1ʖʝţ1�ǥ,Úŧ�D+�Cˊ¬İGɒɜț0ʉƷ!C

&=0�CD2–1GĄ<˲ę,�CCD2–0GLpĚ˹Ɋɤ0 300 nM0/C@�0ÓȊ��

0�1�3�6Ƨ˘ţ0ÿɊɤ�AƂÔ�&mRNAGȎ�+�44KLpDNAP�Z�LU�

J�LʉƷGɹ)&	GeneSpring 12.6GȎ�+ŦAD&CD2–0ÓȊţ 1�3�6Ƨ˘1Țȉ

˒j�eGÓȊ 0Ƨ˘1Țȉ˒j�e, Per chip all gene normalizationGɹ)&	$1ţ�

Per Gene AnalysisGɹ��CD2–0ÓȊţ 1�3�6Ƨ˘1Țȉ˒�ń/�-> 1ǻ©�, 2

½©�1ĥçGȫ!ˊ¬İGƂÔ�&-�E 6,982 ¼ĲĔ�&	ǐ0�$DAˊ¬İ0ŀ

�+�Distance metricGEuclidean�Linkage ruleGWard’s0ʐķ�ˢŇț/U�_e��V

Gɹ)&-�E�A–F1 6*1U�_e�0Õ˷�D& (Fig. 1-17)	 

� U�_e�A02�CD2–0ÓȊţ 1�3�6Ƨ˘1Țȉ˒�ń/�-> 1ǻ©�,ŝ�Ț

ȉ��Ƥ!C 1,289ˊ¬İ�Ą:D+�&	�1U�_e�02 Receptor protein kinase�
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WRKY transcription factor 70�PR-1a1@�/ Pathogenicity-related protein/.GY�l!C

ˊ¬İ�Ą:D+�& (Fig. 1-17)	U�_e�B02�CD2–0ÓȊţ 3Ƨ˘©˝0Ť
0

Țȉ��Ƥ!C 892ˊ¬İ�Ą:D+�&	�1U�_e�02PAL�Probenazole-inducible 

protein (PBZ1)�Thaumatin/.1 PTI˙ʾe�tUʦ?xILkJ�S]�ȌĀŹˍɈG

Y�l!Cˊ¬İ�Ą:D+�& (Fig. 1-17)	U�_e�C02�CD2–0ÓȊţ 1Ƨ˘0

Țȉ��Ƥ!C 1.912 ˊ¬İ�Ą:D+�&	�1U�_e�02 RING-type domain 

containing protein�bHLH116 transcription factor�Zinc finger transcription factor�mitogen-activated 

protein kinase 8 (MPK8)�calcium-dependent protein kinase 9 (CPK9) /.1ʭÏđİ?]Vm

�¬˅đİGY�l!Cˊ¬İ�Ą:D+�& (Fig. 1-17)	���/�A�˄ƗŵɊɤǓ

ʗł0˙�!CʭÏđİ,�COsNAC41@�/ETI˙ʾˊ¬İ2��DA1U�_e�

02Ą:D+�/�)&	 

� ŀȀț0�U�_e�D2�CD2–0ÓȊţ 1Ƨ˘0Țȉ�Ǯń!C 1.027ˊ¬İ�Ą:

D+�&	�1U�_e�02 Photosystem II protein PsbY�Pyruvate/Phosphoenolpyruvate 

kinase 1@�/ÇĀŹ?¨ʛ˙ʾe�tUʦGY�l!Cˊ¬İ�Ą:D+�& (Fig. 

1-17)	U�_e�E2�CD2–0ÓȊţ 3Ƨ˘©˝0ŝ�Țȉ�Ǯń!C 398ˊ¬İ�Ą:

D+�&	�1U�_e�02 Photosystem II protein PsbX1@�/ÇĀŹ˙ʾe�tUʦ

GY�l!Cˊ¬İ�Ą:D+�& (Fig. 1-17)	U�_e�F2�CD2–0ÓȊţ 1�3�6

Ƨ˘1Țȉ˒�ń/�-> 1ǻ©�,Ǯń!C 1,466ˊ¬İ�Ą:D+�&	�1U�_

e�02Cytochrome P450�Cell division control protein 48a1@�/ÇĀŹ?Ź˖˙ʾe�

tUʦGY�l!Cˊ¬İ�Ą:D+�& (Fig. 1-17)	 

 

7. CD2–10@Bʗł�DC PTI1ȘóɊɯ1Ȍɢ0ö9!åƸ 

� CD2–10@Bʗł�DCPTI�ȘóɊɯ0ŀ!CƁžŰ0Ľ�!C�ƥA�0!C&=

0�Ȍɢ 4ʿ˘1Lpǃȃ²0 1 × 106 CFU1A. avenae˫ȘóŰN1141ɯƾ:&2ȘóŰ

K1ɯƾG 20 µM1CD2–0-ÌƋȴ�&	Y�k���-�+N1141ɯƾ:&2K1ɯƾ

-ǛGLpǃȃ²0ÌƋȴ�&	$1ɎƸ�Y�k���,�CN1141ɯƾ-ǛGÌƋȴ

�&Lpǃȃ²2�Ƌȴ 3Ƣţ1ɯ²ƚ� 1.6 × 106 CFU/ml:,ġã�+�& (Fig. 1-18)	

$D0ŀ�+�N1141ɯƾ-CD2–0GÌƋȴ�&Lpǃȃ²2�Ƌȴ 3Ƣţ1ɯ²ƚ� 1 

× 105 CFU/ml-Y�k���-ǘʯ�+ƮǼ0ɯ²ƚ1Ǯń�ʖ=AD& (Fig. 1-18)	 

� �Ơ�K1ɯƾ-Ǜ:&2 CD2–0GÌƋȴ�&Lpǃȃ²,2�.(AGÌƋȴ�&ĝ



 30 

Ā,>Ƌȴ3Ƣţ03.2 × 106 CFU/ml-ɲ��ɯ²ƚ1ġã�ʖ=AD& (Fig. 1-18)	:&�

K1ɯƾ-Ǜ:&2CD2–0GLpǃȃ²0ÌƋȴ��Ƌȴ 7�10Ƣţ0��Cɯ²ƚ>ā

ǉ0ǰķ�&	$1ɎƸ�Y�k���,�C K1 ɯƾ-ǛGÌƋȴ�&ǃȃ²,2�Ƌ

ȴ7Ƣţ02 × 107 CFU/ml�Ƌȴ10Ƣţ08 × 107 CFU/ml-ɯ²ƚ1ġã�ʖ=AD&��

K1ɯƾ-CD2–0GÌƋȴ�&ǃȃ²2�Ƌȴ 7Ƣţ1ɯ²ƚ2 2 × 106 CFU/ml,Y�k

���-ǘʯ�+ƮŴ/ˆ�2ʖ=AD/�)&��Ƌȴ 10Ƣţ2 8 × 106 CFU/ml-Y�

k���@B>ɯ²ƚ�ƮŴ0Ǯń�+�& (Fig. 1-19)	�DA1ɎƸ�A�CD2–10@

Bʗł�DC PTI2�A. avenae ˫ȘóŰN1141ɯƾ:&2ȘóŰK1ɯƾ1ȌɢŽÚ0Ľ

�!C�-�ƥA�0/)&	 
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Fig. 1-1 

ɃɿN1141x�^N��:&2ȚȉN1141x�^N��0@CǤŰˎɈȚȌ1ɍƧ

ț/ĥè 

 

� 200 nM1ɃɿN1141x�^N�� (n-fla) :&2ȚȉN1141x�^N�� (r-fla) -Y

�k���-�+ǛGÓȊ�&LpĚ˹Ɋɤ0��CɍƧț/ǤŰˎɈ1ȚȌ	 

� ɘʮ2ǛÓȊG 1-�&-�1ǤŰˎɈȚȌ˒Gȫ��ǋʮ2ÓȊţ1Ƨ˘Gȫ!	ĸ

˺2 3Đɹ��ǰķ¿1ǊǳÀōGs�,ȫ�&	 
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Fig. 1-2 

ɃɿN1141x�^N��:&2ȚȉN1141x�^N��0@CǤŰˎɈȚȌ1ǹŗ

·Ĳț/ĥè 

 

� ǉ
/ǹŗ (1�10�50�100�200�400�800�5000 nM) 1ɃɿN1141x�^N�� (n-fla) 

:&2ȚȉN1141x�^N�� (r-fla) GÓȊ�&LpĚ˹Ɋɤ0��CǤŰˎɈ1ȚȌ	

ǤŰˎɈ1ȚȌ2�ÓȊ 1Ƨ˘ţ0ǰķGɹ)&	 

� ɘʮ2ǛÓȊG 1-�&-�1ǤŰˎɈȚȌ˒Gȫ��ǋʮ2ÓȊǹŗGȫ!	ĸ˺2

3Đɹ��ǰķ¿1ǊǳÀōGs�,ȫ�&	 
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Fig. 1-3 

Ƀɿ N1141x�^N��:&2Țȉ N1141x�^N��0@C PTI˙ʾˊ¬İ1Ț

ȉʗł 

 

� 500 nM1ɃɿN1141x�^N�� (n-fla) :&2ȚȉN1141x�^N�� (r-fla) GÓ

Ȋ�&LpĚ˹Ɋɤ0��C PTI˙ʾˊ¬İ1Țȉ	ÓȊ 0�1�3�6Ƨ˘ţ1Ɋɤ�AƂ

Ô�&mRNAGȎ�+ qRT-PCR0@Bķ˒�&	 

� ɘʮ2ÓȊ 0Ƨ˘G 1-�&-�1Țȉ˒Gȫ��ǋʮ2ÓȊţ1Ƨ˘Gȫ!	ĸ˺2

3Đɹ��ǰķ¿1ǊǳÀōGs�,ȫ�&	 
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Fig. 1-4 

Ƀɿ N1141x�^N��:&2Țȉ N1141x�^N��0@CQ��_1ǝȡ 

 

� 200 nM1ɃɿN1141x�^N�� (n-fla) :&2ȚȉN1141x�^N�� (r-fla) GÓ

Ȋ�&LpĚ˹Ɋɤ0��CQ��_1ǝȡ	ÓȊ 16Ƨ˘ţ1ɊɤGJn��y��0@

Bƻɮ��ɶÇ˵ũ˕,ʈĿ�&	_W��s�2 200 µmGȫ!	 
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Fig. 1-5 

flg22:&2 flg22-avenae0@CǤŰˎɈȚȌ1ɍƧț/ĥè 

 

� flg22-flg22-avenae1J�qˎˌ× (�)	200 nM1ȚȉN1141x�^N�� (r-fla)�flg22�

flg22-avenae�Y�k���-�+ǛGÓȊ�&LpĚ˹Ɋɤ0��CɍƧț/ǤŰˎɈ1

ȚȌ (�)	 

� ɘʮ2ǛÓȊG 1-�&-�1ǤŰˎɈȚȌ˒Gȫ��ǋʮ2ÓȊţ1Ƨ˘Gȫ!	ĸ

˺2 3Đɹ��ǰķ¿1ǊǳÀōGs�,ȫ�&	 

  



 36 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1-6 

flg220@C PTI˙ʾˊ¬İ1Țȉʗł 

 

� 500 nM1ȚȉN1141x�^N�� (r-fla) :&2 flg22GÓȊ�&LpĚ˹Ɋɤ0��

C PTI ˙ʾˊ¬İ1Țȉ	ÓȊ 0�1�3�6 Ƨ˘ţ1Ɋɤ�AƂÔ�& mRNA GȎ�+

qRT-PCR0@Bķ˒�&	 

� ɘʮ2ÓȊ 0Ƨ˘G 1-�&-�1Țȉ˒Gȫ��ǋʮ2ÓȊţ1Ƨ˘Gȫ!	ĸ˺2

3Đɹ��ǰķ¿1ǊǳÀōGs�,ȫ�&	 
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Fig. 1-7 

Țȉ N1141x�^N��0@CǤŰˎɈȚȌ61 flg221š˯ 

 

� 10 µM1 flg22ĲĔ�,ǉ
/ǹŗ (1�10�50�100�200�400�800�5000 nM) 1Țȉ

N1141x�^N�� (Flagellin) GÓȊ�&LpĚ˹Ɋɤ0��CǤŰˎɈ1ȚȌ	ǤŰˎ

Ɉ1ȚȌ2�ÓȊ 1Ƨ˘ţ0ǰķGɹ)&	 

� ɘʮ2ǛÓȊG 1-�&-�1ǤŰˎɈȚȌ˒Gȫ��ǋʮ2ÓȊǹŗGȫ!	ĸ˺2

3Đɹ��ǰķ¿1ǊǳÀōGs�,ȫ�&	 
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Fig. 1-8 

OsFLS2 RNAiŽÚşʦʭƍ²0��C OsFLS2 mRNA1Țȉ˒ 

 

� OsFLS2 RNAi ŽÚşʦʭƍ²�L� (OsFLS2 RNAi-2�OsFLS2 RNAi-3) 0��C

OsFLS2 mRNA1Țȉ˒2�qRT-PCR0@Bķ˒�&	 

� ɘʮ2Y�k���1Țȉ˒G 100%-�&-�1ȟŀ¿Gȫ!	ĸ˺2 3 Đɹ��ǰ

ķ¿1ǊǳÀōGs�,ȫ�&	 
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Fig. 1-9 

OsFLS2 RNAiŽÚşʦʭƍ²0��CɃɿN1141x�^N��0@CǤŰˎɈȚȌ

1ɍƧț/ĥè 

 

� 300 nM1ɃɿN1141x�^N��GÓȊ�&OsFLS2 RNAiŽÚşʦʭƍ²0��Cɍ

Ƨț/ǤŰˎɈ1ȚȌ	ǤŰˎɈ1ȚȌ2�ÓȊ 0�0.5�1Ƨ˘ţ0ǰķGɹ)&	 

� ɘʮ2ķ˒�&ǤŰˎɈȚȌ˒Gȫ!	ĸ˺2 3Đɹ��ǰķ¿1ǊǳÀōGs�,ȫ

�&	 
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Fig. 1-10 

OsFLS2 RNAiŽÚşʦʭƍ²0��CɃɿ N1141x�^N��0@C PTI˙ʾˊ¬

İ1Țȉʗł 

 

� 500 nM1Ƀɿ N1141x�^N��GÓȊ�& OsFLS2 RNAiŽÚşʦʭƍ²0��C

PTI˙ʾˊ¬İ1Țȉ	ÓȊ 3Ƨ˘ţ1Ɋɤ�AƂÔ�&mRNAGȎ�+ qRT-PCR0@

Bķ˒�&	 

� ɘʮ2ÓȊ 0Ƨ˘G 1-�&-�1Țȉ˒Gȫ!	ĸ˺2 3Đɹ��ǰķ¿1ǊǳÀō

Gs�,ȫ�&	 
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Fig. 1-11 

LpĚ˹Ɋɤ0��CȚȉN1141x�^N��-x�^N��ˋÕ}zgl0@C

ǤŰˎɈȚȌ 

 

� N1141x�^N��-x�^N��ˋÕ}zgl1ǈ  ̔ (�)	300 nM1ȚȉN1141x

�^N���flg22�x�^N��ˋÕ}zgl�Y�k���-�+ǛGÓȊ�&LpĚ

˹Ɋɤ0��CǤŰˎɈ1ȚȌ (�)	ǤŰˎɈ1ȚȌ2�ÓȊ 1Ƨ˘ţ0ǰķGɹ)&	 

� ǋʮ2ǛÓȊG 1-�&-�1ǤŰˎɈȚȌ˒Gȫ!	ĸ˺2 3Đɹ��ǰķ¿1Ǌǳ

ÀōGs�,ȫ�&	  
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Fig. 1-12 

LpĚ˹Ɋɤ0��C CD2–1- CD2–1ˋÕ}zgl0@CǤŰˎɈȚȌ 

 

� CD2�1-CD2�1ˋÕ}zgl1ǈ  ̔ (�)	200 nM1CD2�1�CD2�1ˋÕ}zglGÓ

Ȋ�&LpĚ˹Ɋɤ0��CǤŰˎɈ1ȚȌ (�)	ǤŰˎɈ1ȚȌ2�ÓȊ 1Ƨ˘ţ0ǰ

ķGɹ)&	 

� ǋʮ2ǛÓȊG 1-�&-�1ǤŰˎɈȚȌ˒Gȫ!	ĸ˺2 3Đɹ��ǰķ¿1Ǌǳ

ÀōGs�,ȫ�&	  
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Fig. 1-13 

Lpz�kz�_k0��C CD2–00@C OsWRKY701z���e�ʭÏǤŰ 

 

� 500 nM1ɃɿN1141x�^N���flg22�CD2–0�Y�k���-�+ǛGÓȊ�&

Lpz�kz�_k0��COsWRKY701z���e�ʭÏǤŰ	z���e�ʭÏǤŰ

2�ÓȊ 5Ƨ˘ţ0ǰķGɹ)&	 

� ɘʮ2ÿ[�z�0��C 0Ƨ˘G 1-�&-�1z���e�ʭÏǤŰGȫ!	ĸ˺

2 5Đɹ��ǰķ¿1ǊǳÀōGs�,ȫ�&	*2 p < 0.05 (t-test) Gȫ!	 
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Fig. 1-14 

LpĚ˹Ɋɤ0��C CD2–10@CQ��_1ǝȡ 

 

� 200 nM1Țȉ N1141x�^N���ND0–2�CD2–1�Y�k���-�+ǛGÓȊ�

&LpĚ˹Ɋɤ0��CQ��_1ǝȡ	ÓȊ 16Ƨ˘ţ1ɊɤGJn��y��0@Bƻ

ɮ��ɶÇ˵ũ˕,ʈĿ�& (�)	:&��1-�1Q��_ƚGǰķ�ƚ¿è�& (�)	 

� ɘʮ2�ǛÓȊG 1-�&-�1Q��_ƚGȫ!	ĸ˺2 7Đɹ��ǰķ¿1ǊǳÀ

ōGs�,ȫ�&	*2 p < 0.05 (t-test) Gȫ!	 
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Fig. 1-15 

]�Lom`mĚ˹Ɋɤ0��CȚȉN1141x�^N��-x�^N��ˋÕ}z

gl0@CǤŰˎɈȚȌ 

 

� N1141x�^N��-x�^N��ˋÕ}zgl1ǈ  ̔ (�)	300 nM1ȚȉN1141x

�^N���flg22�x�^N��ˋÕ}zgl�Y�k���-�+ǛGÓȊ�&]�L

om`mĚ˹Ɋɤ0��CǤŰˎɈ1ȚȌ (�)	ǤŰˎɈ1ȚȌ2�ÓȊ 1Ƨ˘ţ0ǰķ

Gɹ)&	 

� ǋʮ2ǛÓȊG 1-�&-�1ǤŰˎɈȚȌ˒Gȫ!	ĸ˺2 3Đɹ��ǰķ¿1Ǌǳ

ÀōGs�,ȫ�&	  
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Fig. 1-16 

]�Lom`mĚ˹Ɋɤ0N1141x�^N��-$1ˋÕ}zglGÓȊ�&ĝĀ

1Q��_ǝȡ 

 

� 200 nM1Țȉ N1141x�^N���ND0–2�CD2–1�Y�k���-�+ǛGÓȊ�

&]�Lom`mĚ˹Ɋɤ0��CQ��_1ǝȡ	ÓȊ 16Ƨ˘ţ1ɊɤGJn��y�

�0@Bƻɮ��ɶÇ˵ũ˕,ʈĿ�& (�)	:&��1-�1Q��_ƚGǰķ�ƚ¿

è�& (�)	 

� ɘʮ2�ǛÓȊG 1-�&-�1Q��_ƚGȫ!	ĸ˺2 8Đɹ��ǰķ¿1ǊǳÀ

ōGs�,ȫ�&	*2 p < 0.05 (t-test) Gȫ!	  
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Fig. 1-17 

CD2–0GÓȊ�&LpĚ˹Ɋɤ0��Ck��_U�zk��ʉƷ 

 

� CD2–0ÓȊ0@BY�k���-ǘʯ�+2½©�1ĥèʖ=AD&ˊ¬İɝ0��C

ˢŇțU�_e��V (Ō)	ÿƧ  ̆ (1�3�6) 0��CʭÏȃ˒2Y�k���G 1-�

&-�1ȟŀ¿Gȫ!	 

� ÿU�_e�Í0��C¨ɼț/ˊ¬İ (þ)	U�_e�A–C2�CD2–0ÓȊ0@BȚ

ȉ˒�ġã!Cˊ¬İɝ	U�_e�D–F2�CD2–0ÓȊ0@BȚȉ˒�Ǯń!Cˊ¬İ

ɝ	  
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Fig. 1-18 

CD2–00@CȘóɊɯ1ġǕ61š˯ (short term) 

 

� Ȍɢ 4ʿ˘1Lpǃȃ²0 1 × 106 CFU1A. avenae˫ȘóŰN1141ɯƾ (Ō) :&2Ș

óŰK1ɯƾ (þ) G 20 µM1CD2–0-ÌƋȴ�&-�1ɯ²ƚ	Y�k���02ǛG

ÌƋȴ�&	ɯ²ƚ2Ƌȴ 0Ƣţ- 3Ƣţ0ɹ)&	 

� ɘʮ2�Ƌȴˋ¯§  ʁ (10 cm) �&B1ɯ²ƚGȫ!	ĸ˺2 3Đɹ��ǰķ¿1Ǌǳ

ÀōGs�,ȫ�&	*2 p < 0.05 (t-test) Gȫ!	 
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Fig. 1-19 

CD2–00@CȘóɊɯ1ġǕ61š˯ (long term) 

 

� Ȍɢ4ʿ˘1Lpǃȃ²01 × 106 CFU1A. avenaeȘóŰK1ɯƾG20 µM1CD2–0-

ÌƋȴ�&-�1ɯ²ƚ	Y�k���02ǛGÌƋȴ�&	ɯ²ƚ2Ƌȴ 0Ƣţ�7Ƣ

ţ�10Ƣţ0ɹ)&	 

� ɘʮ2�ǃȃ²�&B1ɯ²ƚGȫ!	ĸ˺2 3Đ©�ɹFD�ǰķ¿1ǊǳÀōGs

�,ȫ�&	*2 p < 0.05 (t-test) Gȫ!	 
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ȼ 1Ⱥ 

 

ɠĿ 

 

� ƲȺ,2�Lp0��Cx�^N��ʖʝǎǈGƥA�0!C&=0�Lp1x�^N

��ʖʝˋ¯1āķGɹ)&	�D:,0�]�Lom`m?k�k�^�RL�/.0

��Cx�^N��ʖʝˋ¯-�+ N ƱȻ˲ę1˽ŗ0ºĲ�D&˲ę0ĲĔ!C flg22

�āķ�D+�C (Felix et al., 1999)	�Ơ�ƲȦȷ,Lp0��Cx�^N��ʖʝˋ¯

GƊɉ�&-�E�Ĩɧɯ,³ɿ�&x�^N��1CƱȻ˲ęD2�D1l�L��AŹ

CCD2–12�ǤŰˎɈ1ȚȌ�Q��_ǝȡ�PTI˙ʾˊ¬İ1Țȉʗł/.1��*�

1Lp PTIøŮGʗł�& (Fig. 1-11, 13, 14)	:&�āǉ0Ĩɧɯ,³ɿ�& flg22GĄ<

˲ę,�CNƱȻ˲ęD0�D1�D2l�L��A/CND0–2?�Ī˲ę1D2�D3�D2

l�L��AŹC ND2–CD2 2$1@�/Lp PTI øŮ2ʗł�/�)& (Fig. 1-11, 13, 

14)	�1�-�A�Lp0��Cx�^N��ʖʝˋ¯2x�^N��1 C ƱȻ˲ę1

D2-D1l�L�0ĲĔ!C�-�ƥA�0/)&	 

� x�^N��1XɖɎƪǈʽʉƷ0@B�D0�AD3l�L�2x�^N�xK���

kʮ1�ū�AĦ6ă�)+ƔŁɖȅ0ʾ/)+�C�-�ƥA�0/)&	D0-D1l

�L�2�xK���k1ǈɂ-ːĀ1&=0ːʃ/YJ˲ę,�B�D2l�L�2�x

K���k1ĵķŰ0˙¹!C	:&�D3l�L�2�xK���kşŹƧ0¦1x�^

N��[y�nhk0˦Ƌ�+�C�ūț/l�L�,�C��$DA2��0ɎĀ2�

+�/�	Lp1x�^N��ʖʝˋ¯,�C CD2–12 CƱȻ˲ę1 D2�D1l�L�

�AǈŹ�D+�B�N1141x�^N��1ȹ²ǈʽ�ǰ�A�x�^N�xK���k

1ÍÂ0ĲĔ!C�-��ų�D& (Fig. 1-20; Samatey et al., 2001; Yonekura et al., 2003)	�

A0�CD2–12x�^N�xK���k1ːĀ0Ľ�!C˖�ŝē/ α-{�hU_ǈʽG

şŹ!C�->ƥA�0/)& (Fig. 1-20)	�1ǈʽ2�ƲȺ,CD2–11NƱȻ:&2C

ƱȻ1J�qˎGǏƎ�#ʕɊ/ʖʝˋ¯GƥA�0�@�-�&ˣ0�ĵķț0ǤŰG

ȫ!Țȉe�tUʦGŦC�-�,�/�)&�--˙ʾ�+�C�>�D/�	!/F

(�Lp0��Cx�^N��ʖʝ02ʖʝˋ¯1ȹ²ǈʽ�ːʃ,2/��-���-

,�C	�ĸ�CD2–11 NƱȻ:&2 CƱȻ1J�qˎGǏƎ�#&}zgl1ÑɎɷ
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ʉ?�ƮǎǴįÓȊ0@BǤŰ�īFD&	�D2�ȥ�/)&}zgl,2�1@�/

ÓȊ,�{�hU_GĄ<ȹ²ǈʽ�ģD&&=�ǤŰ�īFD&-ƌĿ�DC	CD2–1

1ȹ²ǈʽ-ǤŰ1˙¹Gƥȩ0!C&=02�CD2–11ȹ²ǈʽʉƷ�Ŭ˱,�E�	 

� Ŗʚ,>ʸ7&@�0�˫ ȘóŰN1141ɯƾ1x�^N��2Lp1PTIGʗł!C��

ȘóŰK1ɯƾ1x�^N��2Lp1 PTIGʗł�/�	�1�x�^N��02 14�

Ż1J�qˎ1ˆ��ĲĔ!C���1�( 8¼1J�qˎ�CD2–1Í0ĲĔ!C (Hirai 

et al., 2011)	���/�A�ȚȉN1141x�^N��-ȚȉK1x�^N��2āǉ0L

p1 PTIGʗł!C�-�A (Hirai et al., 2011)��1CD2–1Í1Ȗ/C 8�Ż1J�qˎ

2Lp0@Cx�^N��ʖʝ0˙��+�/�-ɠ�ADC	 

� :&�K1x�^N��02�4�Ż1Ʉ˔§ãˋ  ̄ (Ser178�Ser183�Ser212� Thr351) 

�ĲĔ�+�B��1�( 2�Ż (Ser178�Ser183) GAla0ɛƍ!C-N1141x�^N�

�-āǉ0Lp1PTIGʗł!C (Hirai et al., 2011)	ɬĈǪ��-0��1Ser178-Ser183

2 NƱȻ˲ę1 D2l�L�0ĲĔ�+�B��1˲ę2ȹ²ǈʽ� CƱȻ1 D2- D1

1˘1˲ę0ʶƋ�+�C (Fig. 1-20; Samatey et al., 2001; Yonekura et al., 2003)	ƲȦȷ0@

B��1˲ę2Lp0@Cx�^N��ʖʝˋ¯,2/��-�ʓƥ�D+�C	�1�

-�A��1Ʉ˔§ãˋ¯2x�^N��1ʖʝ0˙��+�C1,2/��K1x�^N

��,2�1Ʉ˔§ãˋ¯0ĲĔ!CɄ˔�˦Ƌ!Cˋ¯0ĲĔ!Cʖʝˋ¯Gʄ�˥!

�-,�Lp0ʖʝ�D/�/)+�C>1-ƌĿ�DC	 

� x�^N��1NƱȻ:&2CƱȻ˲ę1D0�D1l�L�1J�qˎˌ×2˽ŗ0º

Ĳ�D+�C(Wilson and Beveridge, 1993)	�1@�/˽ŗ0ºĲ�D&Õİ?$1˲ę2�

PAMPs-�+ǎɥ!C�-�ħ�ĜĆ�D+�C	¶�3�V��ˡŰɊɯ1Ħɨ0ĲĔ

!C��ħɄ  ˷ (LPS) 2�ǃȃ1 PTIGʗł!C�-�ȫ�D�Ɋɯ,Ŕ�ºĲ�D+�

C lipid A��0ʖʝ�DC�-�ƥA�0/)+�C (Silipo et al., 2005)	�A0�Ĩɧɯ

1EF-Tu1ºĲ�D&NƱȻ˲ę118J�qˎGě0ĀŹ�D&elf18>]�Lom`m

?¦1Jy�mȯ,ʖʝ�D PTI Gʗł!C�-�ƥA�0/)+�C (Kunze et al., 

2004)	ƲȦȷ,�Lp1x�^N��ʖʝˋ¯-�+āķ�& CD2–1 >ǉ
ɯȴ,Ŕ�

ºĲ�D+�B�PAMP-�+1ƵªGÄ�+�C-��C	 

� ƲȦȷ,�CD2–1�Lp0��Cx�^N��1�ʃ/ʖʝˋ¯,�C�-Gȫ�&��

flg22GÓȊ�&ĝĀ,>Ŝ� PTI�ʗł�D+�C (Fig. 1-5)	�1ȉʠ2�Lp0��

+OsFLS2>Țȉ� flg221ûĻ²-�+ǎɥ�+�C��x�^N��ʖʝ02OsFLS2
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©Ħ1¦1ûĻ²��0Ľ��+�C�-Gȫč�+�C	ĸˣ0�Lp1�ʃ/ʖʝ˲

ę,�CCD2–11ʖʝ02OsFLS22˙��+�/�)& (Fig. 1-9, 10)	�1Lp1x�

^N��ʖʝ0��C OsFLS21ʡȇŗ1°�2��$A�Lp0��C OsFLS2e�t

Uʦ1ĲĔ˒0·Ĳ�+�CýɥŰ�ɠ�ADC (Takai et al., 2008)	Lp0��C

OsFLS2 1ŢàGƥA�0!C&=02�ȄȖž²GȎ�& OsFLS2 1ķ˒? OsFLS2 1

flg220ŀ!CJxKniK�1ǰķGɹ�Ŭʃ��C,�E�	 

� Lp-]�Lom`m0��C PAMP-�+1x�^N��1ʖʝǎǈ2��$A��

*1]_i��Aˀè�+�&>1,2/��Ŕ�ºĲ�D&Ĩ˒0ĲĔ!CÕİGÃǿ

ʖʝ!C@�0/C�-,Ȍ:D&-ůFDC	ħǉ/ǃȃȴ0��+��*1Õİȴ1

Ȗ/CˋÕG PAMP-�+ʖʝ!C�-�ĜĆ�D+�C	¶�3�PAMP,�C β-V�

Q�2�ǃȃ˘,��*�1ȄȖț/ʖʝˋ¯�ĲĔ!C	Ĩʟ0��+xILkJ�S

]�ȍȌGʗł!Cñɯ1Phytophthora1ɊɤĢȐƶ1{ze-β-V�Y]l2�Lp?e

sY1 PTIGʗł�/� (Fliegmann et al., 2004)	ŀȀț0�Ƞɯ,�CPyricularia oryzae

1ɊɤĢȐƶ1{ze-β-V�Y]l-2ǈʽț0Ȗ/C β-V�Q�,�Cik�V�Y

]�V�]k��2�Lp1 PTIGʗł!C��Ĩʟ0��+2ʗł�/��-�ĜĆ�

D+�C	�1�-�A�ǃȃ2ˀè1�,�ħ˒0ĲĔ!CÕİ1ǉ
/ˋ¯Gʖʝ!

CɥáGÄ�+�&1,�E�	 

� ʶœ�k�k2 flg22-Ì0�flgII-28-Ă§�AD&x�^N��ˋ¯>ʖʝ!C�-

�ƥA�0/)& (Cai et al., 2011)	Pseudomonas syringe pv. tomato02x�^N��ˊ¬

İÍ0 2*1˫āɞĥȖGƄ*ǉ
/ɯƾ�ĲĔ!C	$�,��1˫āɞɛƍˋ¯-x

�^N��ǤŰ-1˙¹Gʙ7&-�E��1˫āɞɛƍ0@)+x�^N��1 PAMP

-�+1ǤŰ�īFD+�C>1�ĲĔ�+�&	ɬĈǪ��-0��1˫āɞɛƍˋ¯

2 flg22˲ę'�,/�$D-2Ȗ/CºĲ�D& 28J�qˎ�AŹC˲ę0>ĲĔ�&	

$�,��1 28J�qˎGĀŹ�k�k0��C PTIʗłɥGʙ7&-�E�ĥȖGƄ*

}zgl2 PTIGʗł#"�ĥȖGƄ&/�}zgl2 PTIGʗł�&�-�A�Ɵ&/

ʖʝˋ¯-�+ flgII-28�āķ�D& (Cai et al., 2011)	�D2�k�k�ĥȖ flgII-28Gʖ

ʝ,�/�-��ˉƀ0@BɊɯ0��+ʖʝˋ¯61ĥȖ�ºĲ�D&ýɥŰ��C-

ȫč�D+�C	:&�flgII-282k�k/.1m_ȯǃȃ,2ʖʝ�DC��]�Lom

`m,2ʖʝ�D/��->ĜĆ�D+�C (Clarke et al., 2013)	flgII-282]�Lom`

m,2ʖʝ�D/�0>��FA"�flg22? flgII-280ʖʝ,�/�/C@�/ĥȖ�Ȍ
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 +> FLS2 ·Ĳț0Ɋɯ1ȘóŰ0š˯Gö9!�-�ȫ�D&	���/�A�

Nicotiana benthamiana0k�k1 FLS2GȚȉ�#+> flgII-280ŀ!CʖʝɥG��"�

:&k�k1FLS2G[L��]�V0@BŽÚ�#&ĝĀ,> flgII-280ŀ!Cʖʝɥ0

š˯G��/�)& (Clarke et al., 2013)	�1�-2�x�^N��1 flg22- flgII-280

��CħǉŰ��åƸț/ȘóɊɯ1ŵƻźȔ,�C�-Gȫ�+�C (Clarke et al., 2013)	

�Ơ�Lp1ĝĀ2�flg22Gʖʝ!Cǎǈ (Takai et al., 2008) -CD2–1Gʖʝ!CǎǈG

$D%DǷĔț0ºƮ�+�C	�1�-2�ȘóɊɯÂ1ŵƻźȔ0@)+flg22-CD2–

1 1@�/ħǉŰ�ĲĔ�+�C1,2/��Lp�ǉ
/ȘóɊɯ0ŀž!C!&=0

ȈŦ�&˛ŧźȔ1ɎƸ,�C�-Gȫ�+�C1,�E�	 
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Fig. 1-20 

N1141x�^N��1ȹ²ǈʽ�ǰ- A. avenae- S. enterica subsp. 1x�^N��

J�qˎˌ× 

 

� A. avenae N1141ɯƾȐƶ1x�^N���Õİ1ȹ²ǈʽ�ǰ	Ōþ2$D%D 180�

Đʭ�&>1Gȫ! (�)	A. avenae-S. enterica subsp. 1x�^N��J�qˎˌ× (�)	

ȹ²ǈʽ�ǰ2 Salmonella enterica subsp. enterica serovar Typhimurium 1x�^N�� 

(PDB ID: 1UCU) Gě0�ǰGɹ)&	 

ʧ2 flg22˲ę�ɔ2CD2–1˲ęGȫ!	 

  

N1141 MASTINTNVSSLTAQRNLSLSQSSLNTSIQRLSSGLRINSAKDDAAGLAISERFTSQIRGLNQAVRNANDGISLAQTAEGALKSTGDILQRVRELAVQSA 100
Salmo MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSA 100
      **..****  ** :*.**. ***:*.*:*:***************** **::***::*:**.** ********:***:****:. .: ************

N1141 NATNSSGDRKAIQAEVGQLLSEMDRIAGNTEFNGQKLLDGSFGSATFQVGANANQTITATTGNFRTNNYGAQLTASATGAATTGATAGSAGAAAGTVVIA 200
Salmo NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDN-TLTIQVGANDGETIDIDLKQINSQTLGLDTLNVQQKYKVSDTAATVTGYADTTIALD 199
      *:***..* .:****: * *.*:**::*:*:*** *:*  .  : *:***** .:**     ::.::. * :         .:.::*  :* *  *:.: 

N1141 GLQTKTVNVAAAGTASDIASAVNAVADSTGVTASARNVSEMKFSGTGSFTLAVKGDNSTAANVTFNVSATSTAAGLAEAVKAFNDVSSQTGVTAKLNSDS 300
Salmo NSTFKASATGLGGTDQKIDGDL-KFDDTTGKYYAKVTVTGGTGK-DGYYEVSVDKTN---GEVTLAGGATSPLTGGLPAT-ATEDVKNVQVANADLTEAK 293
      .   *:  .. .** ..* . :  . *:**   :  .*:  . .  * : ::*.  *   .:**:  .***. :*   *. * :**..   ..*.*.. .

N1141 SGLILTNESGND------INIANGSSSAAGITLASQD---AVTTQSSGTLTF-TSATAAGTGVTVASRGTVEYKSDKGYTVSGTGGTMTNATATSSTLTK 391
Salmo AALTAAGVTGTASVVKMSYTDNNGKTIDGGLAVKVGDDYYSATQNKDGSISINTTKYTADDGTSKTALNKLGGADGKTEVVSIGGKTYAASKAEGHNFKA 393
      :.*  :. :*.        .  **.:  .*:::   *   :.* :..*:::: *:  :*. *.: :: ..:   ..*  .**  * * : :.* . .:. 

N1141 VSDIDVSTVDGSTKALKIIDAALSAVNGQRASFGALQSRFETTVNNLQSTSENMSASRSRIQDADFAAETANLSRSQILQQAGTAMVAQANQLPQGVLSL 490
Salmo QPDLAEAAATTTENPLQKIDAALAQVDTLRSDLGAVQNRFNSAITNLGNTVNNLTSARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSL 493
       .*:  ::.  : :.*: *****: *:  *:.:**:*.**::::.** .* :*::::****:*:*:*:*.:*:**:********:::*****:**.****

N1141 LR 492
Salmo LR 495
      **

A

B

Supplementary Figure S1 Katsuragi et al.

Fig. S1. Predicted structure of N1141 flagellin and amino acid sequences of flagellins from A. 

avenae and S. enterica subsp. A, Predicted flagellin structure of A. avenae N1141 strain based on  

flagellin  of Salmonella enterica subsp. enterica serovar Typhimurium (PDB ID: 1UCU). Red: flg22. 

Green: CD2–1. B, Amino acid sequence of flagellins from A. avenae and S. enterica subsp. 
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Supplementary Figure S1 Katsuragi et al.

Fig. S1. Predicted structure of N1141 flagellin and amino acid sequences of flagellins from A. 

avenae and S. enterica subsp. A, Predicted flagellin structure of A. avenae N1141 strain based on  

flagellin  of Salmonella enterica subsp. enterica serovar Typhimurium (PDB ID: 1UCU). Red: flg22. 

Green: CD2–1. B, Amino acid sequence of flagellins from A. avenae and S. enterica subsp. 
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ȼ�Ⱥ 

 

x�^N�� CD2–1˲ęGʖʝ!CûĻ²1āķ- 

$1ûĻǎǈ1ʉƷ 

 

ɕʋ 

 

� ]�Lom`m/.2FLS2G¥�+ flg22Gʖʝ�PTIGʗł�+�C�-�ƥA�0

�D+�C (Gómez-Gómez and Boller et al., 2000)	Lp0��+> FLS21LpP�c�V

,�COsFLS2�āķ�D+�B�FLS2-āǉ0 flg22Gʖʝ!CɥáGƮ!C�-�ȫ

�D& (Takai et al., 2008)	���/�A�ȼ 1Ⱥ,ʸ7&@�0Lp1OsFLS2-RNAi²

,2�x�^N��ʖʝɥ1Ǯń2ʖ=AD"��A0Lp2x�^N��1 flg22 ˲ę

Gʖʝ!C1,2/��CƱȻÂ1CD2–1˲ęGʖʝ!C�-�ȫ�D&	©�1�-�

A�Lp2x�^N��1 flg22˲ęGʖʝ!C OsFLS2'�,/��CD2–1˲ęGʖʝ

!CƟ&/ûĻ²GƮ!C�-�ȫ�D&	�����1CD2–1˲ęGʖʝ!CûĻ²0

˙!CŲĜ2Ê�/�	$�,ƲȺ,2�Lp0��Cx�^N��ûĻ²1āķ-$1

ûĻǎǈ1ʉƷGʔ;&	 
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ȼ 2Ⱥ 

 

Ơǟ-ƳƝ 

 

1. �LU�J�LʉƷ 

� x�^N���ǥ,Țȉʗł�DCˊ¬İ1āķGɹ�&=0�©ÛŦAD&�LU�

J�Lj�eGÎʉƷ�& (Fujiwara et al., 2004)	N1141ɯƾ�K1ɯƾ�N1141x�^N

���∆fla1141-2ɯƾ (x�^N��ǏƎƾ) GƋȴ�&Ě˹Ɋɤ-ǛGÓȊ�&Ě˹Ɋɤ

G�0�1 3̅ 6̅Ƨ˘ţ0Đù��Đù�&Ɋɤ�A total RNAGƂÔ�&	ƂÔ�&RNA

�AĀŹ�& cDNAG$D%D Cy3>��2 Cy5ɶÇɮɈ,Ǌʝ�&ţ�Lp 22KP�

ZJ�Lghz0rLy�fLb�]���#�Cy3-Cy51ɶÇȒÅGArray� Vision 5.1 

(Amersham) ,ʉƷ�&	ŦAD&ķ˒j�e2�Gene Spring version 5.1 (Silicon Genetics) 

GȎ�+ʉƷ��N1141ɯƾ- K1ɯƾ,Ȗ/CȚȉGȫ!ˊ¬İGˉſ�&	ˉſ�&

ˊ¬İ1�,ûĻ²Ęˊ¬İ-Sm�bGY�l!Cˊ¬İGƂÔ�&	ǐ0�ƂÔ�&

ˊ¬İ1Ƌȴţ 0�1 3̅ 6̅Ƨ˘1Țȉ˒ĥèGƅǊ0�+�N1141ɯƾ�K1ɯƾ�N1141

x�^N���∆fla1141-2ɯƾƋȴţ�ġã/���N1141ɯƾƋȴ,2ġã!C��N1141 

ɯƾȐƶx�^N��Ƌȴ,2ġã/���K1ɯƾƋȴ,ġã��∆flaN1141-2ɯƾƋȴ,

ġã��N1141 ɯƾȐƶx�^N��Ƌȴ,ġã��1Ƨ˘ţ0N1141 ɯƾȐƶx�^N�

�Ƌȴ,1;ġã�1 6V��z0Õ˷�&	$1�,�N1141ɯƾȐƶx�^N��Ƌ

ȴ,ġã�1V��z-�1Ƨ˘ţ0N1141 ɯƾȐƶx�^N��Ƌȴ,1;ġã�1V

��z0Ą:D+�Cˊ¬İGûĻ²¾ɾ-�&	 

� �A0�LpĚ˹Ɋɤ0N1141ɯƾGƋȴ�&>1-ưƋȴ1Ě˹Ɋɤ�A total RNA

GƂÔ���DG>-0 cDNA�Ly���Gǈɂ�&	�1 cDNA�Ly����A�

��f�0U���GwhUJhz��ˌ×ʉƷGɹ)&ɎƸ�ːʀ1/��n�U/

3,353U���GŦ&	�1 3,353U���Gi�z��k0Ȏ�+ PCR0@BL�[�

k1 cDNAˌ×Gġő��_�LlR�_0_�hiK�V!C�-0@B cDNA�LU

�J�LG³ɿ�&	�1�LU�J�Lghz0�Ƀɿ�&N1141ɯƾȐƶ1x�^N

��GƋȴ�&Ě˹Ɋɤ-ǛGƋȴ�&Ě˹Ɋɤ�Aʙɿ�&cDNAG$D%DCy3:&

2Cy5ɶÇɮɈ,Ǌʝ�&ţ�rLy�fLb�]��Gɹ��22KP�ZJ�L-āǉ
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0ʉƷ�&	ʉƷj�e�A�N1141 ɯƾȐƶx�^N��ÓȊ,Țȉ��Ƥ�ûĻ²Ę

Sm�bGY�l!Cˊ¬İGûĻ²¾ɾ-�&	 

 

2. z�_�l 

� x�^N��ûĻ²¾ɾˊ¬İGLpz�kz�_kÍ,�˄ț0˄ßȚȉ�#C|U

e�1³ɿGɹ)&	JUah]��m�s�AK110075-AK111851 (FliRK2) 1ORF˲

ęGLpĶÊ˖ cDNA (Ȇȹɹƕǟ£ ʳǅȌȃʤǲȦȷŻ�AÕ�) Gi�z��k0ġ

ő��PCR ȍȃG pENTR D-TOPO 6 TOPO® Cloning ,łÉ�& (pENTR-AK110075�

-FliRK2) (Ơǟ2ȼ 1ȺGõȀ)	³ɿ�& pENTR-AK110075�-FliRK2GLR clonaseøŮ0

@B 35S z���e�GƮ!C pBI221 |Ue�6łÉ�& (pBI221-AK110075�-FliRK2) 

(Ơǟ2ȼ 1ȺGõȀ)	:&�FliRK20*�+2�Lpz�kz�_kÍ,1ŅĔʉƷ1

&=0�ɋǑYl�Gˠ�& pENTR-FliRK2-nsG�ʏ-āǉ0³ɿ��35Sz���e�

-ƇÉˊ¬İ1�ǥ0ɷĀ!C@�0ɶÇe�tUʦ1 Venus ˊ¬İ�Ɍ;ʵ:D&

pBI221|Ue�6āǉ0łÉ�& (pBI221-FliRK2-Venus)	 

� FliRK2G˽Țȉ!Cşʦʭƍ²G³ɿ!C|Ue�G³C&=0�pENTR-FliRK2GLR 

clonase øŮ0@B 2 × 35S z���e�GƮ!C pMDC32 |Ue�6łÉ�& 

(pMDC32-FliRK2) (Ơǟ2ȼ 1ȺGõȀ) (Curtis and Grossniklaus, 2003)	 

� FliRK21Sm�bl�L�GǏƎ�&FliRK2-∆KDG˽Țȉ!Cşʦʭƍ²G³ɿ!C

|Ue�G³C&=0�pENTR-FliRK2Gi�z��k0ȄȖț/z�L��ahkGȎ�

+ Inverse PCR -$D0ɑ� DpnI ÓȊ�a�x�LX�]��Gɹ)& 

(pENTR-FliRK2-∆KD) (Ơǟ2ȼ 1ȺGõȀ)	³ɿ�& pENTR-FliRK2-∆KDGLR clonaseø

Ů0@B pMDC32|Ue�6łÉ�& (pMDC32-FliRK2-∆KD)	 

 


Rice full-length cDNA� 

Accession number Clone name 

AK110075 002-160-F03 

AK111851 J023150C23 
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Primer sets� 

Primer Sequence 

AK110075 
F CACCATGGCAATGCCAGTTGGA 

R TTATTTACCACAAGCACGAAG 

AK111851 

(FliRK2) 

F CACCATGTCGAACACCTATCTCC 

R CTAAACAACGTGCACCACGA 

FliRK2-ns 
F CACCATGTCGAACACCTATCTCC 

R AACAACGTGCACCACGA 

FliRK2-∆KD 
F GACGGCGCCGCTCCGCTGCTG 

R GTTGCCGAGCACGTCGGACTCGGCG 

�ːɖ2TOPOU��n�V[LkGȫ!	 

 

3. ���e�JhaL 

� Lpz�kz�_kGȎ�&���e�JhaL2©ÛĜĆ�D&ƠǟGõɠ0ɹ)& 

(Takai et al., 2008)	pBI221-AK110075�pOsWRKY70-luc (Firefly luciferase)�phRluc (ÍˋǊǳ

|Ue��Renilla luciferase) :&2 pBI221-FliRK2�pOsWRKY70-luc�phRluc�Y�k��

�-�+ pBI221�pOsWRKY70-luc�phRlucGłÉ�&Lpz�kz�_k0O�]e�G

ɋǹŗ 500 nM-/�@�0ÓȊ��30°C�ˈÇƵª, 5Ƨ˘L�S�|�k�&	Lp

z�kz�_kG 200 × g�Ĺǯ, 5Õ˘ˇūÕ˨0@BĐù��ǭGúBˠ�&ţ�50 µl

1 1 × Passive lysis buffer (Dual-Luciferase ® reporter assay system, Promega) Gã��Ĺǯ, 10

Õ˘L�S�|�k�&	20 µl 1Lpz�kz�_kǴʉǩ- 25 µl 1 Luciferase assay 

regent II (beetle luciferin, Dual-Luciferase ® reporter assay system) GǫĀ��PHELIOSGȎ�+

First luciferaseȚÇ (Firefly luciferaseȐƶ) 1ķ˒Gɹ)&	�A0�25 µl1 1 x Stop Glo 

regent (coelenterazine, Dual-Luciferase ® reporter assay system) GǫĀ��PHELIOSGȎ�+

Second luciferaseȚÇ (Renilla luciferaseȐƶ) 1ķ˒Gɹ)&	 

� flirk2�Aí˨�&Lpz�kz�_k0 pBI221-FliRK2�pOsWRKY70-luc�phRlucGł

É�&ĝĀ1���e�JhaL>�ʏ-āǉ1Ơǟ,ɹ)&	 
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4. Lpz�kz�_kGȎ�&ŅĔʉƷ 

� pBI221-FliRK2-VenusGȼ 1Ⱥ,ʸ7&Ơǟ0ť��LpĚ˹Ɋɤ�Aí˨�&Lpz�

kz�_k0łÉ�&	łÉţ 10�16Ƨ˘Ě˹�&Lpz�kz�_kGÌǾǻ��\�

ʨƼĘ˵ũ˕̃OLYMPUS, FLUOVIEW FV1000̄,ʈĿ�&	 

 

5. flirk2Ě˹Ɋɤ1³ɿ 

� Lpˊ¬İƇÉȨģƾ flirk2 (Oryza sativa. japonica cv. Dongjin, homozygous T-DNA 

insertion) Gȼ 1Ⱥ,ʸ7&Ơǟ0ť�Q�_Gʗł��$1Q�_GĚ˹Ɋɤè�&>1

Gĸ˺0Ȏ�&	 

 


T-DNA insertion line� 

Accession number Tag line name Institute 

AK111851 3D-00010.R 
Pohang University of Science 

and Technology 

 

6. FliRK2�@5 FliRK2-∆KDşʦʭƍ²1³ɿ 

� pMDC32-FliRK2:&2pMDC32-FliRK2-∆KD|Ue�GO�Uk����]��0@B

A. tumefaciens EHA105 ɯƾ6łÉ�&	LpˑȌƾ (Oryza sativa L. ssp. japonica cv. 

Kinmaze) 0 2 pMDC32-FliRK2 G ł É � � flirk2 0 2 pMDC32-FliRK2 -

pMDC32-FliRK2-∆KD G$D%DłÉ�&	şʦʭƍ2ȼ 1 Ⱥ,ʸ7&Ơǟ0ť��Ě˹

Ɋɤè�&>1Gĸ˺0Ȏ�&	Y�k���-�+�ccdB QahkGˠ�&

pMDC32-non-cassetteGāǉ1Ơǟ,şʦʭƍ�&	 

 

7. Total RNAƂÔ-ķ˒ț�J�eL� RT-PCR 

� flirk2�FliRK2/flirk2�FliRK2-∆KD/flirk2�FliRK2˽ȚȉĚ˹Ɋɤ�A1 total RNAƂÔ-

qRT-PCR2�ȼ 1Ⱥ,ʸ7&Ơǟ,ɹ)&	 
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qRT-PCRȎ Primer set� 

Primer Sequence 

FliRK2 
F GAGCCTGAGTCCGTGTCG 

R CACCCTCTTGCTGTACCCATA 

 

8. FliRK2ž²1³ɿ 

� FliRK2ž²G³ɿ!C&=0�žóˋ¯1�ǰ�žó}zgl1ĀŹ�Èȗçȃ61Ƌ

ȴ�žɸǭ1ɃɿG Sigma-Aldrich Japan 0Įʎ�&	FliRK2 1ɊɤÍ˲ę1 712-729 

(KVYRIHLTSRGGGATATA) Gžóˋ¯-�M[T6ÈȗƋȴGɹ)&	Ƌȴ2 6Đ (ž

ó 700 µgÕ) ɹ��1Đȝ1Ƌȴ�A 77Ƣţ0ÊƉɸGɹ)&	$��AžɸǭG 50 ml

Ŧ&	 

� FliRK2žɸǭ�A IgGž²1ɃɿGɹ�&=0�5 ml1žɸǭ0Ⱦ˒1 20 mM sodium 

phosphate buffer (pH7.0) Gã��0.45 µmxK�e�,Ǻ˄�&	20 mM sodium phosphate 

buffer (pH7.0) ,Œɻè�&HiTrap rProtein A FF (1 ml, GE Healthcare) 0Ǻ˄�&[�z�

GǬã��4�5Ƨ˘�Ĺǯ,ąȡ�#&	10 ml1 20 mM sodium phosphate buffer (pH7.0) ,

ǣǦ�&ţ�100 mM sodium citrate buffer (pH3.0) ,ǴÔGɹ��1 M Tris-HCl (pH9.0) ,ð

Ř0�Ċ�&	ǴÔǩGAmicon Ultra 10K0@B˞ĦǺ˄Gɹ� PBS0ɛƍ�&	Ƀɿ�

& FliRK2ž²2 1 mg/ml-/C@�0ŏˏ��80°C,ÑɎºĲ�&	 

 

9. FliRK2˽ȚȉĚ˹Ɋɤ�A1ɨȒÕ1í˨ 

� ɨȒÕ1í˨2�©ÛĜĆ�D&ƠǟGõɠ0ɹ)& (Abas and Luschnig, 2010)	FliRK2

˽ȚȉĚ˹Ɋɤ (600 mg) Gǩ²ȸɈ�,Ȩȧ��600 µl 1 1.5 × EB buffer (150 mM 

Tris-HCl (pH7.5), 1.215 M Sucrose, 7.5% (v/v) Glycerol, 15 mM EDTA (pH8.0), 15 mM EGTA 

(pH8.0), 7.5 mM KCl, 1.5 mM DTT) 0ŸǸ�&	ŸǸǩG Equilibration buffer (200 mM 

Tris-HCl (pH7.5), 1.37 M Sucrose, 20 mM EDTA (pH8.0), 20 mM EGTA (pH8.0), 10 mM KCl) 

, 2Ƨ˘Œɻè�& PVPP (polyvinylpolypyrrolidone) }�hk0ŸǸ��5Õ˘˪ɛ�&	

600 × g�4�, 3Õ˘�ˇūÕ˨ţ��ǭGĐù�ǝǗ0 300 µl1 1.1 x EB bufferGã�Ÿ

Ǹ�&	600 × g�4�, 3Õ˘ˇūÕ˨ţ��ǭGĐù�&	Đù�&!7+1�ǭGǫ

Ā� 600 × g�4�, 3Õ˘�̌ ūÕ˨��ǭGĐù�&	�A0 10,000 × g�4�, 10Õ˘�

ˇūÕ˨��ǭGĐù�&	�1ˇūÕ˨2 2Đɹ)&	Đù�&�ǭGǵɯǛ, 6½ŏ
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ˏ� (Sucroseǹŗ� 0.2 M©�)�21,000 × g�4�, 2Ƨ˘�ˇūÕ˨�&ţ��ǭGúB

ˠ��500 µl1Wash buffer (20 mM Tris-HCl (pH7.5), 5 mM EDTA, 5 mM EGTA) Gã�

21,000 × g�4�, 45Õ˘�ˇūÕ˨�&	Wash bufferGúBˠ��ǝǗ (ɨȒÕ) GĐù

�&	Đù�&ɨȒÕ2ÑɎºĲ#"0$1::©˝1ĸ˺0Ȏ�&	 

 

10. Western BlotʉƷ 

� FliRK2 ˽ȚȉĚ˹Ɋɤ1ɨȒÕ-āǉ1Ơǟ,Y�k���Ě˹Ɋɤ�Aí˨�&ɨ

ȒÕGResuspension buffer (20 mM Tris-HCl (pH7.5), 5 mM EDTA, 5 mM EGTA, 20% (v/v) 

Glycerol) 0ŸǸ�&	$D%D 10 µgG 7.5%JU��J�lX�0@C SDS-PAGE,Õ

˨��ɑ�+Western BlottingGɹ)&	1ǐž²02 FliRK2ž² (1:2000) GȎ� 2ǐž

²02 Anti-Rabbit IgG (H+L-chain)-HRP (1:2500, MBL) GȎ�&	ECL™ Prime Western 

Blotting Detection Reagent (GE Healthcare) ,èĳȚÇøŮGɹ��ImageQuant™ LAS-4000 

(GE healthcare) GȎ�+]Vm�GǄÔ�&	 

 

11. ELISA 

� FliRK2 ˽ȚȉĚ˹Ɋɤ:&2Y�k���Ě˹Ɋɤ1ɨȒÕ0 4 nmol 1 GST :&2

GSTGɷĀ�&CD2–0GǬã��Ê˒ 1 ml-/C@�0 PBS (pH7.3) Gã�ŸǸţ�4°C

,�ƩL�S�|�k�&	21,000 × g�4��10Õ˘�ˇūÕ˨��ǭGúBˠ��ƹǍ

ÜBS3 (Thermo Scientific) Gɋǹŗ� 5 mM,Ê˒ 1 ml-/C@�0 PBS (pH8.0) Gã��

4�,2Ƨ˘L�S�|�k�&	Tris-HCl (pH7.5) Gɋǹŗ�20 mM-/C@�0Ǭã��

Ĺǯ, 15Õ˘˪ɛ!C�-,ƹǍøŮGÁǑ�#&	21,000 × g�4��10Õ˘�ˇūÕ

˨��ǭGúBˠ��1 ml1 PBS (pH8.0) ,ǣǦ�&	21,000 × g�4��10Õ˘�ˇūÕ

˨��ǭGúBˠ��20 µl1 PBS (pH7.3, 0.1% Triton X-100) 0ŸǸ��ELISA[�z�-

�&	 

� FliRK2ž²GCoating buffer (15 mM Na2CO3, 35 mM NaHCO3) , 1 µg/ml0ŏˏ�&	

Nunc Maxsorp 96wellz��k (Nunc) 0 200 µl/well"*Ǭã��]��G�+ 4°C,�Ʃ

L�S�|�k�&	FliRK2ž²ǴǩGúBˠ�&ţ�Wash buffer (PBS (pH7.3), 0.05% (v/v) 

Tween20) G 200 µl/well"*ã� 1 Õ˘˪ɛ��Wash bufferGúBˠ�&	�1ǣǦƐ³

2 5Đɹ)&	Blocking buffer (PBS (pH7.3), 0.05% (v/v) Tween20, 5% (w/v) BSA) G 200 

µl/well"*Õǡ��Ĺǯ, 2 Ƨ˘L�S�|�k�&	Blocking bufferGúBˠ�&ţ�
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Wash bufferG 200 µl/well"*ã� 1 Õ˘˪ɛ��Wash bufferGúBˠ�&	ǣǦƐ³2 5

Đɹ)&	ELISA[�z�1Triton X-1001ǹŗ� 0.01̂-/C@�0 PBS (pH7.3) ,ŏ

ˏ��Ê˒ 200 µlGǬãţ�Ĺǯ, 2 Ƨ˘L�S�|�k�&	ELISA[�z�ǴǩGú

Bˠ�&ţ�Wash bufferG 200 µl/well"*ã� 1 Õ˘˪ɛ��Wash bufferGúBˠ�&	

�1ǣǦƐ³2 5Đɹ)&	GST-HRPž² (MBL) GAntibody dilution buffer (PBS (pH7.3), 

0.05% (v/v) Tween20, 0.1% (w/v) BSA) , 1 µg/ml-/C@�0ŏˏ�&	100 µl/well"*Õ

ǡ�Ĺǯ, 2 Ƨ˘L�S�|�k�&	GST-HRPž²ǴǩGúBˠ�&ţ�Wash buffer

G 200 µl/well"*ã� 1 Õ˘˪ɛ��Wash bufferGúBˠ�&	�1ǣǦƐ³2 5Đɹ)

&	ECL prime western blotting detection system1ǄÔǩG 50 µl/well"*Õǡ��ˈÇ�Ĺ

ǯ,5Õ˘L�S�|�k�&ţ�ǄÔǩGúBˠ��PHELIOS,èĳȚÇGǰķ�& (ǰ

ķƧ˘ 5Ȱ)	 

 

12. ˜ĺÜGÓȊ�&Lp0��C PTIʗłɥʔ˺ 

� ǤŰˎɈ1ķ˒2ȼ 1Ⱥ,ʸ7&Ơǟ0ť)&	LpĚ˹ɊɤG 2Ƨ˘z�L�S�|

�k�#&ţ�z�iL�Sm�b˜ĺÜ,�C Staurosporine (ɋǹŗ 2 µM) :&2Q�

]M�LP�˜ĺÜ,�CEGTA (ɋǹŗ 2 mM) GǬã��30°C ,ÇȀƥ��30Õ˘L

�S�|�k�&	$1ţ�ȼ 1Ⱥ,ʸ7&Ơǟ-āǉ0O�]e�ÓȊ-ǤŰˎɈ1ǰ

ķGɹ)&	 

� ���e�JhaL2ȼ 1Ⱥ,ʸ7&Ơǟ0ť)&	pOsWRKY70-lucGLpz�kz�

_k0łÉ�30°C�̍ ÇƵª,16Ƨ˘˪ɛ�&ţ�Staurosporine (ɋǹŗ2 µM) GǬã��

30°C�ˈÇƵª, 30 Õ˘L�S�|�k�&	$1ţ�ȼ 1 Ⱥ,ʸ7&Ơǟ-āǉ0O

�]e�ÓȊ-���e�JhaLGɹ)&	 

 

13. ��ˎèMAPK1ǄÔ 

� ��ˎè MAPK 1ǄÔ2�©ÛĜĆ�D&ƠǟGõɠ0ɹ)& (Romeis et al., 1999; 

Singh et al., 2012)	LpĚ˹Ɋɤ0ɋǹŗ 1 µM-/C@�0O�]e�GÓȊţ�0�5�

10Õţ1Ɋɤ (packed volume 500 µl) GĐù�ǩ²ȸɈ�,Ȩȧ�&	Ȩȧ�&ɊɤG 1 

ml1Extraction buffer (50 mM HEPES, 5 mM EDTA, 5 mM EGTA, 5 mM DTT, 10 mM NaF, 10 

mM Na3VO4, 50 mM β-glycerophosphate, 1 mM AEBSF, µȎȞÛ0 1% (v/v) Protease inhibitor 

cocktail (Sigma-Aldrich)) ,ŸǸţ�16,000 × g�4°C�20Õ˘�̌ ūÕ˨��ǭGĐù�&	
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Đù�&�ǭGElution buffer (20 mM HEPES, 1 mM MgCl2, 1 mM NaF, 1 mM Na3VO4, 5 mM 

β-glycerophosphate, µȎȞÛ0 1% (v/v) Protease inhibitor cocktail) ,Œɻè�&NAP-5Q�

�,ɛƍGɹ)&	ǴÔ�&[�z�2-80�,ºĲ�&	ǴÔ[�z� 10 µgG 12.5%J

U��J�lX�, SDS-PAGEGɹ��ɑ�+Western BlottingGɹ)&	1ǐž²02

Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) ž² (1:2000, Cell Signaling Technology)GȎ

� 2ǐž²02Anti-Rabbit IgG (H+L-chain)-HRP (1:2500) GȎ�&	ECL™ Prime Western 

Blotting Detection Reagent,èĳȚÇøŮGɹ��ImageQuant™ LAS-4000GȎ�+]Vm�

GǄÔ�&	 

 

14. FliRK2˽ȚȉĚ˹Ɋɤ0��C˄ƗŵɊɤǓʗłɥ 

� ˄ƗŵɊɤǓ1ǄÔ2�©ÛĜĆ�D&ƠǟGõɠ0ɹ)& (Che et al., 1999)	FliRK2

˽ȚȉĚ˹Ɋɤ:&2Y�k���Ě˹ɊɤG20 ml1Ɵ��Ěĕ6ȱ�30°C�ÇȀƥ��

2Ƨ˘�z�L�S�|�k�&	Ě˹�&A. avenae N1141ɯƾGǵɯǛ, 1 × 1010 CFU/ml

-/C@�0ŏˏ�z�L�S�|�k�&Ě˹Ɋɤ61 × 108 CFU/20 ml-/C@�0Ƌ

ȴ�&	Ƌȴţ 0�3�6�9�12Ƨ˘1ɊɤGĐù��0.05% (w/v) Evans blue stain solution

G1 mlǬãţ�Ĺǯ,5Õ˘˪ɛ�&	ɊɤGǵɯǛ,3Đ©�ǣǦ��Destain solution (50% 

(v/v) Methanol, 1% (w/v) SDS) G 1 mlã��Ĺǯ,�Ʃɦɮ�&	ɦɮţ1Ǵǩ1 595 nm

0��CąùGǰķ��ɊɤǓGķ˒�&	  
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ȼ 2Ⱥ 

 

ɎƸ 

 

1. DNA�LU�J�LʉƷ0@Cx�^N��ûĻ²¾ɾ1ˉſ 

� ǃȃ,2�flg22?�EF-Tu/.1 PAMPGÓȊ!C-�$D%D0ŀ!CûĻ²,�C

FLS2?EFR1Țȉ˒�ġã!C�-�ĜĆ�D+�C (Zipfel et al.,2004; 2006)	$�,�

Lp0��Cx�^N��ûĻ²Gāķ!C&=0�DNA�LU�J�L0@Bx�^N

��0@)+Țȉ˒�ġã!Cˊ¬İ1ʉƷGɹ)&	x�^N��0@BȚȉ�Ƥ!C

ˊ¬İ2�©ÛɹFD&�LU�J�Lj�eGÎʉƷ!C�-,ˉſ�& (Fujiwara et 

al., 2004)	N1141ɯƾ�K1ɯƾ�ɃɿN1141x�^N���∆fla1141-2ɯƾ (x�^N�

�ǏƎƾ) GƋȴ�&LpĚ˹Ɋɤ-ǛGÓȊ�&LpĚ˹ɊɤG�0�1 3̅ 6̅Ƨ˘ţ0

Đù��Đù�&Ɋɤ�A total RNAGƂÔ�&	ƂÔ�&RNA�AĀŹ�& cDNAG$

D%D Cy3>��2 Cy5ɶÇɮɈ,Ǌʝ�&ţ�Lp 22KP�ZJ�LGɹ)&	ŦA

D&j�eGBenjamini and Hochberg ǟ0@)+ FDR (False Discovery Rate) 1ƮŴǛǳG

0.010ʐķ�&ħːǄķ-��A0ANOVA (Analysis of variation) 0@)+N1141ɯƾ-

K1ɯƾ,Ȗ/CȚȉGȫ!1,779¼1ˊ¬İGˉſ�&	�11,779¼1ˊ¬İ1��A�

ÿˊ¬İ1Jqi�]��Gě0ûĻ²ĘSm�bGY�l�+�C-ƌķ�DCˊ¬İ

GƊɉ�&-�E�69¼1ˊ¬İ�ˉſ�D&	ǐ0��1 69¼1ˊ¬İ0��CN1141

ɯƾ�K1ɯƾ�ɃɿN1141x�^N���∆fla1141-2ɯƾƋȴţ 0�1�3�6Ƨ˘1Țȉ

˒ĥèG��ġã/���N1141ɯƾƋȴ,2ġã!C��ɃɿN1141x�^N��ÓȊ,

2ġã/���K1ɯƾƋȴ,ġã��∆flaN1141-2ɯƾƋȴ,ġã��Ƀɿ N1141x�^N

��ÓȊ,ġã��1Ƨ˘ţ0ɃɿN1141x�^N��ÓȊ,1;ġã�1 7V��z0Õ

Ù�&	$1ɎƸ��ġã/��1V��z02 26¼ (data not shown)��N1141ɯƾƋȴ

,2ġã!C��ɃɿN1141x�^N��ÓȊ,2ġã/��1V��z027¼ (data not 

shown)��K1ɯƾƋȴ,ġã�1V��z02 7¼ (data not shown)��∆flaN1141-2ɯƾƋ

ȴ,ġã�1V��z02 9¼ (data not shown)��ɃɿN1141x�^N��ÓȊ,ġã�

1V��z02 5¼ (Fig. 2-1)��1Ƨ˘ţ0ɃɿN1141x�^N��ÓȊ,1;ġã�1

V��z02 6¼1ˊ¬İ�ĲĔ�& (Fig. 2-2)	�1@�/QiZ��ÕÙGÆ0��Ƀ
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ɿ N1141x�^N��ÓȊ,ġã�1V��z-��1Ƨ˘ţ0Ƀɿ N1141x�^N��

ÓȊ,1;ġã�1V��z0Ą:D+�CAK067635�AK105289�AK105683�AK111851�

AK112096�AK065815�AK068451�AK068495�AK099402�AK103700�AK1104821 11

¼1ˊ¬İGx�^N��0@)+ʗł�DCûĻ²ĘSm�bˊ¬İ-�+āķ�&	 

� �A0�A. avenae˫ȘóŰN1141ɯƾGƋȴ�&LpĚ˹Ɋɤ-ưƋȴ1LpĚ˹Ɋɤ

�A³ɿ�&cDNA�Ly���0@B³ɿ�&ːʀ1/�3,353¼1 cDNA�LU�J

�LGȎ�&ʉƷ>ɹ)&	ɃɿN1141x�^N��GÓȊ�&LpĚ˹Ɋɤ�Aʙɿ�

& cDNA-ǛÓȊGɹ)&Ɋɤ�Aʙɿ�& cDNAG$D%D Cy3- Cy5,Ǌʝ��³

Ź�&�LU�J�Lghz0rLy�fLb�]��Gɹ)&	$D%D1ɶÇGǰķ

��22KP�ZJ�L-āǉ0ɏʌʉƷ�&-�E�ɃɿN1141x�^N��ÓȊ,Țȉ

��Ƥ!C 102U���Gāķ�&	$�,��1 102U����AûĻ²ĘSm�bG

Y�l!Cˊ¬İGƊɉ�&-�E�AK066121�AK110075�AK111590�AK111710�

AK1117331 5*1ˊ¬İ�Ą:D+�C�-�ƥA�-/)& (Fig. 2-3)	 

� ©�1@�0�Ȗ/C�ȴ˷1�LU�J�LʉƷ0@)+�Āʌ 16 ¼1ˊ¬İ 

(AK067635�AK105289�AK105683�AK111851�AK112096�AK065815�AK068451�AK068495�

AK099402�AK103700�AK110482�AK066121�AK110075�AK111590�AK111710�AK111733) 

Gx�^N��ûĻ²¾ɾˊ¬İ-�+ˉſ�&	 

 

2. x�^N��ûĻ²ˊ¬İ1āķ 

� ˉſ�&ûĻ²ĘSm�bˊ¬İ1��A�x�^N��ûĻ²GY�l�&ˊ¬İG

āķ!C&=0�:"�̄ ſ�& 16¼1ˊ¬İ�Y�l!Ce�tUʦ1ǈʽ�ǰGɹ)

&	$1ɎƸ��ĐɨʢʻĘ1ûĻ²GY�l!Cˊ¬İ� 12¼ĲĔ�+�& (AK067635�

AK105289�AK111851�AK065815�AK068495�AK099402�AK110482�AK066121�AK110075�

AK111590�AK111710�AK111733)	�A0��DA1ˊ¬İGǈʽÙ0QiZ�L`!

C-�ɊɤĦ0 LRR l�L�1;GƄ*>1� 2 ¼ (AK065815�AK066121)�ɊɤÍ0

Sm�bl�L�1;GƄ*>1� 2 ¼ (AK105289�AK110482)�ɊɤĦ0 LRR l�L

�GƄ(ɊɤÍ0Sm�bl�L�GƄ*>1� 8 ¼,�)&(AK067635�AK111851�

AK068495�AK099402�AK110075�AK111590�AK111710�AK111733) (Fig. 2-4)	:&�

�DA 16¼1e�tUʦ1ɊɤÍŅĔ�ǰGɹ)&	$1ɎƸ�ɊɤĦ0LRRl�L�

1;GƄ* 2 ¼ (AK065815�AK066121) -ɊɤÍ0Sm�bl�L�1;GƄ* 2 ¼ 
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(AK105289�AK110482) 2Ɋɤɨ0ŅĔ!C�-��ǰ�D& (Fig. 2-4)	:&�ɊɤĦ0

LRRl�L�GƄ(ɊɤÍ0Sm�bl�L�GƄ* 8¼1�(�AK0684952�kY�

l�J0�AK067635-AK1117332ɱɔ²0�AK111851�AK110075�AK111590�AK111710

2Ɋɤɨ0ŅĔ!C-ƌķ�D�ɨʢʻ˲ęGƄ&/�ɊɤÍSm�b,�CAK105683�

AK112096�AK068451�AK1037002Ɋɤʦ0�AK0994022$1ŅĔ��ƥ,�C�->

ȫ�D& (Fig. 2-4)	$�,�Ɋɤɨ0ŅĔ!C�-��ǰ�D�ɊɤĦ0LRRl�L�

-ɊɤÍ0Sm�bl�L�GƄ* 4¼1�(�ûĻ²-ŹBŦCĶÊ/LRRl�L�G

Ƅ*AK110075�AK111851Gx�^N��ûĻ²¾ɾ-�+ˉſ�&	 

� ǐ0��1 2*1ˊ¬İ�x�^N��ʖʝ0˙�!C�Gʙ7C&=0��DAˊ¬

İ- OsWRKY70 1z���e�1�ǥ0�]xN��bˊ¬İGʾɎ�&|Ue�GL

pz�kz�_k0�˄ț0Țȉ�#�x�^N��0ŀ!CŵûŰ1ĥèGOsWRKY70

1z���e�ʭÏǤŰGƅǊ0ʙ7&	$1ɎƸ�AK110075 GłÉ�&Lpz�kz

�_k0 500 nM-/C@�0ɃɿN1141x�^N��GÓȊ�&ĝĀ�ÓȊ 5Ƨ˘ţ0

Y�k���,�C|Ue�1;GłÉ�&Lpz�kz�_k0ɃɿN1141x�^N�

�GÓȊ�&ĝĀ-āǉ0�ǛÓȊ1 1.3 ½ȳŗ1z���e�ʭÏǤŰGȫ�& (Fig. 

2-5)	�Ơ�AK111851GłÉ�&Lpz�kz�_k0 500 nM-/C@�0ɃɿN1141

x�^N��GÓȊ�&ĝĀ,2�ÓȊ 5Ƨ˘ţ0ǛÓȊ1 2½ȳŗ1z���e�ʭÏ

ǤŰGȫ��Y�k���,�C|Ue�1;GłÉ�&Lpz�kz�_k0Ƀɿ

N1141x�^N��GÓȊ�&ĝĀ@B>ƮǼ/z���e�ʭÏǤŰ1�Ƥ�ʖ=AD

& (Fig. 2-5)	 

� �1ɎƸ�A�AK111851 G˽Țȉ�#C-x�^N��0ŀ!CŵûŰ�ġã!C�

-�ƥA�0/B��1AK111851�CD2–11ûĻ0˙�!Ce�tUʦGY�l!Cý

ɥŰ�ȫ�D&	$�,��1ˊ¬İGFlagellin-induced receptor kinase 2 (FliRK2) -Ă§

��A/CʉƷGɹ)&	 

 

3. FliRK21e�tUʦǈʽ-ɊɤÍŅĔ 

� ˉſ�& FliRK2 �Lp0��Cx�^N��ûĻ²,�C1�GʉƷ!C0�&B�

:"��1e�tUʦ1J�qˎˌ×�Aƌķ�DCʕɊ/ǈʽGʙ7&	$1ɎƸ�

FliRK22�NƱȻ0 25J�qˎ�AŹC Signal peptide�ĲĔ��ɑ�+ 43J�qˎ�A

ŹCLRR N-terminal domain�22¼1LRR�AŹCLRR domainGƄ)+�& (Fig. 2-6)	
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�A0ɑ�+�23J�qˎ�AŹC Transmembrane domainG 1*�CƱȻ˲ę02 286

J�qˎ�AŹC Serine/Threonine kinase domainGƄ*�->ƥA�0/)& (Fig. 2-6)	

:&�ɊɤĦ˲ę02ƌķ�1 N-V�Y]�èˋ¯� 14�ŻĲĔ��ɊɤĦ˲ę�Ʉ˔

»˸�D+�CýɥŰ�ȫ�D& (Fig. 2-6)	�A0�ɊɤÍ1 Serine/Threonine kinase 

domain02�ƌķ�1Sm�bǤŰǔě (Asp) � 1�ŻĲĔ���1 Aspǔě2�D:

,0Sm�bǤŰGƮ!C�-�ĜĆ�D+�CSerine/Threonine kinase0��+ºĲ�D

+�&�-�A�FliRK21 Serine/Threonine kinase domain>Sm�bǤŰGƮ!CýɥŰ

>ƥA�0/)& (Fig. 2-6, 7)	:&�Sm�bǤŰǔě (Asp) 0˦Ƌ!CJ�qˎ�Arg

,�)&�-�A��1 Serine/Threonine kinase domain2RD kinaseV��z0ņ!C�-

�ƥA�0/)& (Fig. 2-6)	 

� ǐ0�FliRK22 Signal peptideGƄ)+�B�Ɋɤɨ0ŅĔ!C�-�ƌķ�D+�&��

ĸˣ0�1 FliRK2�Ɋɤɨ0ŅĔ!C�.��Gʙ7&	FliRK21CƱȻ0ɶÇe�t

UʦGFP1ƒĥĘ,�CVenusGɷĀ�& FliRK2-VenusGȚȉ!C|Ue�G³ɿ��

Lpz�kz�_k,�˄ț0Țȉ�#ÌǾǻ��\�˵ũ˕,ɶÇGĿ�&	$1ɎƸ�

Lpz�kz�_k1Ɋɤɨ�, FliRK2-VenusȐƶ1ɶÇ�ʈĿ�D&�-�A��ǰʻ

B FliRK22Ɋɤɨ0ŅĔ!C�-�ƥA�0/)& (Fig. 2-8)	 

 

4. flirk2ĥȖ²0��C PTIʗłɥ 

� FliRK2 �Lp0��+x�^N��ʖʝ0˙��+�C�.��GƥA�0!C&=

0�FliRK2ˊ¬İ1 5’UTR0T-DNA�ƇÉ�D&ˊ¬İȨģƾ (Fig. 2-9) GúŦ��x

�^N��ʖʝɥ/.0*�+ʙ7C�-0�&	:"�úŦ�&ˊ¬İȨģƾGɩǃ�

#C�-0@BT-DNA~�ɅɏG³Ô�& (data not shown)	ǐ0�ǃȃ²,2ǀĚƵª

/.0@B¼²˘ō�ʖ=AD�x�^N��ʖʝɥGʙ7C0Ş&BƑˤ��C-ɠ�

AD&&=�flirk2ĥȖ²Ě˹Ɋɤ (flirk2) G³ɿ�&	flirk2ĥȖ² (homozygous T-DNA 

insertion) 1ȴİ�AQ�_G³Ź��$DGǩ²Ě˹!C�-,Ě˹ɊɤèGɹ)&	ĸ

˺02�ɊɤĞ�Ė�0/C:,Ě˹�&ɊɤGȎ�&	�1@�0³Ź�&�flirk20�

�CFliRK2 mRNA1Țȉ˒G qRT-PCR0@Bķ˒�&-�E�Y�k���,�CˑȌ

ƾ (WT) 1FliRK2 mRNA1Țȉ˒G 100%-�&ĝĀ1 flirk20��CFliRK2 mRNA1

Țȉ˒2 1%©�,�C�->ƥA�0/)& (Fig. 2-9)	 

� flirk20��C PTIʗłɥGʙ7C&=0�PTI1 1*,�CǤŰˎɈ1ȚȌGƅǊ0ĸ
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˺Gɹ)&	flirk20ɃɿN1141x�^N���flg22�CD2–0G 200 nM-/C@�0ÓȊ

��ÓȊ 1.5Ƨ˘ţ1ǤŰˎɈȚȌGʙ7&-�E�LpˑȌƾ (WT) ,2ÓȊ 1.5Ƨ˘

ţ0ɃɿN1141x�^N��ÓȊ,Y�k���,�CǛÓȊ1 14½ȳŗ�CD2–0ÓȊ

,Y�k���,�CǛÓȊ1 17 ½ȳŗ1ǤŰˎɈȚȌ�ʖ=ADC10ŀ�+�flirk2

,2�ÓȊ 1.5Ƨ˘ţ0ɃɿN1141x�^N��ÓȊ:&2CD2–0ÓȊ1ĝĀ�Y�k�

��,�CǛÓȊ1 2 ½ȳŗ��ʖ=AD"�pRiKyY�k���,�C flg22 Gã

�&-�-āȳŗ1ǤŰˎɈ˒,�)& (Fig. 2-10)	©�1@�0�FliRK2ˊ¬İGȨģ

!C-x�^N��ŵûŰ�ďī�DC�-�ƥA�0/B�FliRK2ˊ¬İ2Lp0��

+CD2–11ûĻ0˙�!Ce�tUʦGY�l!CýɥŰ�ȫč�D&	 

 

5. flirk2ĥȖ²61 FliRK2łÉ0@C PTIʗłɥ1ȟɾ 

� flirk20��+ʖ=AD& PTIʗłɥ1Ǯń� FliRK2GǏī�&�-0@C>1�Gʙ

7C&=0�flirk2Ě˹Ɋɤ�Aí˨�&Lpz�kz�_k0 FliRK2GȚȉ!C|Ue

�- OsWRKY70 1z���e�1�ǥ0�]xN��bˊ¬İGʾɎ�&|Ue�Gł

É��x�^N��ʖʝɥ�ĐŨ!C�.��GOsWRKY701z���e�ǤŰGƅǊ0

ʙ7&	$1ɎƸ�|Ue�1;GłÉ�& flirk2Lpz�kz�_k0 500 nM-/C@

�0ɃɿN1141x�^N��GÓȊ�&ĝĀ02�ÓȊ 5Ƨ˘ţ0��+Y�k���,

�CǛÓȊ-āǉ0�z���e�ǤŰ1�Ƥ2ʖ=AD/�)&��FliRK2GłÉ�&

flirk2Lpz�kz�_k0500 nM-/C@�0ɃɿN1141x�^N��GÓȊ�&ĝĀ

,2�ÓȊ 5Ƨ˘ţ0Y�k���,�CǛÓȊ1 1.3½ȳŗ1ƮŴ/z���e�ǤŰ

1�Ƥ�ʖ=AD& (Fig. 2-11)	�1�-�A�flirk20�˄ț0 FliRK2GȚȉ�#C�

-,x�^N��ʖʝɥ�ĐŨ!C�-�ƥA�0/)&	 

� ǐ0�flirk20 FliRK2Ê˖�:&2 FliRK21Sm�bl�L�GǏƎ�#& FliRK2-∆KD

GűŐț0Țȉ�#&Lp0��CPTIʗłɥ0*�+ʙ7&	FliRK2:&2FliRK2-∆KD

GAgrobacteriumǟ0@B flirk26łÉ���DA1ƇÉˊ¬İGƄ*Ě˹Ɋɤ�L�Gȩ

ȹ�& (FliRK2/flirk2�FliRK2-∆KD/flirk2)	:&�Y�k���-�+|Ue�1;GłÉ

�&Ě˹Ɋɤ�L�0*�+>āǉ0ȩȹ�& (Empty/flirk2)	qRT-PCR0@B�DAşʦ

ʭƍ²1 FliRK2 mRNA1Țȉ˒Gķ˒�&-�E�Empty/flirk20��C FliRK2 mRNA

1Țȉ˒2ưłÉ1 flirk21FliRK2 mRNA1Țȉ˒-āǉ0WT-ǘʯ�+ 1%©�,�

B�8-H.Țȉ�ʖ=AD/�)& (Fig. 2-9)	:&�FliRK2/flirk2�FliRK2-∆KD/flirk2
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2�FliRK21˽Țȉ0@Cš˯GúBˠ�&=0�$D%DFliRK2/flirk21FliRK2 mRNA

1Țȉ˒�WT1 130%ȳŗ�FliRK2-∆KD/flirk21FliRK2 mRNA1Țȉ˒�WT1 105%

ȳŗ-WT-āȳŗ1FliRK2 mRNA1Țȉ˒Gȫ!¼²Gˉſ�& (Fig. 2-9)	 

� $�,�³ɿ�&FliRK2/flirk2:&2FliRK2-∆KD/flirk20��C PTIʗłɥGʙ7C&

=0�200 nM-/C@�0 flg22�CD2–0GÓȊ�&ÿşʦʭƍĚ˹Ɋɤ0��CǤŰˎ

Ɉ1ȚȌ˒Gʙ7&	$1ɎƸ�FliRK2/flirk20 flg22GÓȊ�&ĝĀ2�WT0 flg22G

ÓȊ�&ĝĀ-āǉ0ǤŰˎɈ1ȚȌ2ʖ=AD"�FliRK2/flirk20CD2–0GÓȊ�&ĝ

Ā02�WT0 CD2–0GÓȊ�&ĝĀ-āǉ0ǛÓȊ1 10½ȳŗ:,ǤŰˎɈȚȌ�ʖ

=AD&	�Ơ�Y�k���,�C Empty/flirk2 ,2ƮŴ/ǤŰˎɈȚȌ˒1ġã2ʖ

=AD/�)& (Fig. 2-12)	�Ơ�FliRK2-∆KD/flirk20 flg22GÓȊ�&ĝĀ2�WT0 flg22

GÓȊ�&ĝĀ-āǉ0ǤŰˎɈ1ȚȌ2ʖ=AD/���FliRK2-∆KD/flirk20CD2–0G

ÓȊ�&ĝĀ,>ǛÓȊ1 4½ȳŗ:,��ǤŰˎɈȚȌ�ʖ=AD/�)& (Fig. 2-12)	

©�1@�0�flirk20űŐț0 FliRK2GȚȉ�#&ĝĀ,>x�^N��ʖʝɥ�ĐŨ

!C�-�ƥA�0/B��A0 FliRK2 Sm�bl�L�ǏƎƾ,2�1ǉ/ȟɾ�ʖ

=AD/�)&�-�A��1Sm�bl�L��x�^N��ʖʝţ1ŲĜ¬˅0ːʃ

,�C�-�ƥA�0/)&	 

 

6. FliRK2˽ȚȉĚ˹Ɋɤ0��C PTIö5 ETIʗłɥ 

� ]�Lom`m1 flg22ûĻ²,�C FLS22�Țȉ˒Gġã�#C- PTI�ŝ:B��

A0 PTI 0ś�ɑ�+ʩ�C@Bŝ�ÈȗøŮ,�C ETI > ˀ!C-��ĜĆ��C 

(Gómez-Gómez and Boller et al., 2000; Zipfel et al., 2004)	$�,�FliRK21ǎɥG�A0ʉ

Ʒ!C&=0�FliRK2GűŐț0˽Țȉ!Cşʦʭƍ²G³ɿ��PTI:&2ETIʗłɥ

61š˯Gʙ7&	 

� :"�FliRK2˽Țȉşʦʭƍ²1³ɿGɹ)&	2 × 35Sz���e�1�ǥ0 FliRK2

1ORFGʾɎ�&|Ue�GAgrobacteriumǟ0@BLpˑȌƾ0łÉ���1ƇÉˊ¬

İGƄ* 2 *1Ě˹Ɋɤ�L�Gȩȹ�& (OX-1�OX-2)	:&�Y�k���-�+|

Ue�1;GłÉ�& 2 *Ě˹Ɋɤ�L�0*�+>āǉ0ȩȹ�& (Cont-1�Cont-2)	

qRT-PCR0@Bÿşʦʭƍ²1FliRK2 mRNA1Țȉ˒Gķ˒�&-�E�OX-10��C

FliRK2Țȉ˒2Cont-1-Cont-20��CFliRK2Țȉ˒0ǘ7+Ɇ 40½�OX-20��C

FliRK2Țȉ˒2Ɇ 30½,�B���L�->FliRK21Țȉ˒�ɲ��ġã�+�C�-
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�ȫ�D& (Fig. 2-13)	:&�FliRK2 ž²GȎ�& Western Blot 0@Bÿşʦʭƍ²1

FliRK2e�tUʦ˒0*�+>ǰķ�&-�E�OX-1-OX-2Ì0�Cont-1-Cont-2@

B>ƥȢ/ FliRK2 e�tUʦ1ɳȵ�ʖ=AD�e�tUʦ�|�,>˽Țȉ�+�C

�-�ƥA�0/)& (Fig. 2-13)	 

� $�,ǐ0��DA FliRK2 ˽ȚȉĚ˹Ɋɤ0��C PTI ʗł0*�+ʙ7&	ǉ
/

ǹŗ1CD2–0GFliRK2˽ȚȉĚ˹Ɋɤ (OX-1) -Y�k���Ě˹Ɋɤ (Cont-2) 0ÓȊ

�&ĝĀ1ǤŰˎɈȚȌGǰķ�&ɎƸ�CD2–0GÓȊ�&OX-10��CǤŰˎɈȚȌ

˒2�200 nMÓȊ:,2ǹŗ·Ĳț/ġã�ʖ=AD&��500 nMÓȊ�AǤŰˎɈȚ

Ȍ˒1Ǯń�ʖ=AD�1 µM ÓȊ,28-H.ǤŰˎɈȚȌ�ʖ=AD/�)& (Fig. 

2-14)	:&�CD2–0GÓȊ�&Cont-20��CǤŰˎɈȚȌ˒>�OX-11ĝĀ-āǉ0

200 nMÓȊ:,2ǹŗ·Ĳț/ġã�ʖ=AD&��500 nMÓȊ�AǤŰˎɈȚȌ˒1

Ǯń�ʖ=AD�1 µMÓȊ,28-H.ǤŰˎɈȚȌ�ʖ=AD/�)& (Fig. 2-14)	�

1-�1OX-1�Cont-21ƭĨǤŰǹŗG 200 nM-�&ĝĀ�EC50GɀÔ!C-OX-11

EC502 6.8 nM�Cont-21EC502 13.7 nM-/)& (Fig. 2-14)	�1ɎƸ�A�FliRK2G˽

Țȉ�#C�-0@BCD2–00ŀ!CŵûŰ�ġã!C�-�ȫ�D�PTI� ˀ�+�

C�-�ƥA�0/)&	 

� �A0�FliRK2˽ȚȉĚ˹Ɋɤ0��CETIʗł0*�+ʙ7C&=0�1 × 108 CFU

1A. avenae˫ȘóŰN1141ɯƾG FliRK2˽ȚȉĚ˹Ɋɤ (OX-1�OX-2) -Y�k���

Ě˹Ɋɤ (Cont-1�Cont-2) 0Ƌȴ�&ĝĀ1˄ƗŵɊɤǓGOs�_y��ƻɮ0@BǄ

Ô�&	$1ɎƸ�N1141ɯƾGƋȴ�&Cont-1�Cont-2,2Ì0Ƌȴ 6Ƨ˘ţ�A˄Ɨ

ŵɊɤǓ�ʖ=AD�$1ţŤ
0˄ƗŵɊɤǓ�ġã��12Ƨ˘ţ02ƋȴÛ1 3½ȳ

ŗ0/C�-�ȫ�D& (Fig. 2-15)	�Ơ�N1141ɯƾGƋȴ�&OX-12�Ƌȴ 3Ƨ˘

ţ�A˄ƗŵɊɤǓ1ʗł�ʖ=AD�Cont-1�Cont-2 -āǉ0$1ţŤ
0˄ƗŵɊɤ

Ǔ�ġã��Ƌȴ 12 Ƨ˘ţ02 Cont-1�Cont-2 @B>@Bŝ�˄ƗŵɊɤǓ�ʖ=AD

& (Fig. 2-15)	:&�N1141ɯƾGƋȴ�&OX-2>�OX-1-āǉ0Ƌȴ 3Ƨ˘ţ�A˄

ƗŵɊɤǓ�ʗł�Dĭ=�6�9�12Ƨ˘ţ02Cont-1, 2@B>ƮŴ0ŝ�˄ƗŵɊɤǓ

�ʗł�D& (Fig. 2-15)	�DA1�-�A�FliRK21˽Țȉƾ0��+2�ETI> ˀ

�+�C�-�ƥA�0/)&	 

 

7. FliRK2˽ȚȉĚ˹ɊɤGȎ�& FliRK2-x�^N��1ȟ�³ȎʉƷ 
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� �D:,1ɎƸ�A�FliRK2 �x�^N��ʖʝ0˙�!C�-�ȫ�D&	$�,�

ĸˣ0 FliRK2�x�^N��-ȟ�³Ȏ!C�GELISA0@BʉƷ�&	FliRK2˽Țȉ

Ě˹Ɋɤ (OX-2) :&2Y�k���Ě˹Ɋɤ (Cont-2) �Aí˨�&ɨȒÕ0 4 nmol1

GST�:&2GSTGɷĀ�&CD2–0 (GST-CD2–0) GǬã��4°C,�ƩL�S�|�k

!C�-,ɎĀøŮGɹ)&	$1ţ�ƹǍÜ,�C BS3GǬã!C�-0@BɎĀ�&

e�tUʦ˘Gèĳț0ƹǍ���DGELISA[�z�-�&	ELISA[�z�GȓˬǤ

ŰÜ,�CTriton X-100GĄ<Ǵǩ0ŸǸ�ýǴè�#&�-�FliRK2ž²Gēķè�&

ELISAȎz��k0Ǭã��Ĺǯ, 2Ƨ˘L�S�|�k�&	$1ţ�HRPGɷĀ�&

GSTž²-øŮ�#�èĳȚÇGǄÔ!C�-0@Be�tUʦ˘1ɎĀGȩʖ�&	$

1ɎƸ�OX-2Ȑƶ1ɨȒÕ0GST-CD2–0GÓȊ�&ĝĀ�ȚÇ˒� 8 × 107 Relative light 

unit (RLU) -/B�Cont-2Ȑƶ1ɨȒÕ0GST-CD2–0GÓȊ�&ĝĀ1ȚÇ˒�4 × 107 

RLU@BƮŴ0˽��-�ȫ�D& (Fig. 2-16)	:&�OX-2Ȑƶ1ɨȒÕ0�R�l1

Y�k���,�CGSTGÓȊ�&ĝĀ2�ȚÇ˒� 5 × 107 RLU,�B�GST-CD2–0

GÓȊ�&ĝĀ@B°��->ȫ�D& (Fig. 2-16)	�Ơ�Cont-2 Ȑƶ1ɨȒÕ0

GST-CD2–0GÓȊ�&ĝĀ-�R�l1Y�k���,�C GSTGÓȊ�&ĝĀ,2�

ȚÇ˒� 4 × 107 RLU,�B��ɡ˘08-H.ō�ǽ��->ƥA�-/)& (Fig. 2-16)	

$�,ǐ0�.1ȳŗ1ɎĀɥGƮ!C�ʙ7C&=0�Kd¿-Bmax¿1ɀÔGɹ)&	

$1ɎƸ�Bmax� 0.75 pmol/mg total protein,�Kd¿2 0.195 µM,�)& (Fig. 2-17)	�

1ɎƸ�A�FliRK22GST-CD2–0-ȟ�³Ȏ!C�-�ȫ�D�FliRK2�Lp0��C

x�^N��ûĻ²,�C�-�ƥA�0/)&	 

 

8. FliRK2G¥�&x�^N��ʖʝţ1ŲĜ¬˅ 

� FliRK2 �Lp0��Cx�^N��ûĻ²,�C�-�ƥA�0/)&&=�ǐ0

FliRK2G¥�&x�^N��ʖʝţ1ŲĜ¬˅ǎǈ0*�+ʉƷGɹ)&	 

� :"�x�^N��ʖʝţ1ŲĜ¬˅0e�tUʦ1��ˎè�˙�!C�ʙ7C&=

0�z�iL�Sm�b˜ĺÜ,�C StaurosporineGÓȊ�&LpĚ˹Ɋɤ0��C PTI

ʗłGʙ7&	StaurosporineG 2 µM-/C@�0ÛÓȊ�&LpĚ˹Ɋɤ0 flg22�CD2–

0Gɋǹŗ 200 nM0/C@�0ÓȊ��ÓȊ 1Ƨ˘ţ1ǤŰˎɈ1ȚȌ˒Gķ˒�&	$

1ɎƸ�StaurosporineGÛÓȊ�+�/�LpĚ˹Ɋɤ0CD2–0GÓȊ�&ĝĀ,2�Ó

Ȋ 1Ƨ˘ţ0ǛÓȊ1 8½ȳŗ1ǤŰˎɈȚȌ�ʖ=ADC10ŀ�+�StaurosporineG
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ÛÓȊ�&LpĚ˹Ɋɤ0CD2–0GÓȊ�&ĝĀ�ÓȊ 1Ƨ˘ţ,>ǛÓȊ-āȳŗ1Ǥ

ŰˎɈȚȌ��ʖ=AD"ƮǼ0ǤŰˎɈȚȌ˒�Ǯń�+�& (Fig. 2-18)	�Ơ�

StaurosporineGÛÓȊ�&LpĚ˹Ɋɤ0 flg22GÓȊ�&ĝĀ�StaurosporineGÛÓȊ�

+�/�LpĚ˹Ɋɤ0 flg22 GÓȊ�&ĝĀ-āǉ0�ÓȊ 1 Ƨ˘ţ0��+>8-H

.ǤŰˎɈ˒1ġã2ʖ=AD/�)& (Fig. 2-18)	 

� :&�OsWRKY701z���e�ǤŰGƅǊ-�& Staurosporine1š˯0*�+>ʙ7

&	OsWRKY701z���e�1�ǥ0�]xN��bˊ¬İGʾɎ�&|Ue�GłÉ

�&Lpz�kz�_k0 Staurosporine G 2 µM -/C@�0ÛÓȊ�&	�1@�0

StaurosporineGÛÓȊ�+�/�Lpz�kz�_k0CD2–0GÓȊ�&ĝĀ2�ÓȊ 5

Ƨ˘ţ0 CD2–0 ÓȊÛ1 2 ½ȳŗ1z���e�ǤŰ1�Ƥ�ʖ=ADC10ŀ�+�

StaurosporineGÛÓȊ�&Lpz�kz�_k0CD2–0GÓȊ�&ĝĀ�ÓȊ 5Ƨ˘ţ,

> CD2–0 ÓȊÛ-āȳŗ1z���e�ǤŰ��ʖ=AD/�)& (Fig. 2-19)	�Ơ�

StaurosporineGÛÓȊ�&Lpz�kz�_k0 flg22GÓȊ�&ĝĀ�StaurosporineGÛ

ÓȊ�+�/�Lpz�kz�_k0 flg22 GÓȊ�&ĝĀ-āǉ0�ÓȊ 5 Ƨ˘ţ0�

�+>�z���e�ǤŰ1�Ƥ2ʖ=AD/�)& (Fig. 2-19)	 

� ǐ0�x�^N��ʖʝţ1ŲĜ¬˅0Q�]M�LP�1ɊɤÍǥÉ�˙�!C�G

ʙ7C&=0�Q�]M�LP�S��kÜ,�CEGTAG 2 mM-/C@�0ÛÓȊ�

&LpĚ˹Ɋɤ0��CǤŰˎɈ1ȚȌGʙ7&	$1ɎƸ�EGTAGÛÓȊ�+�/�

LpĚ˹Ɋɤ0CD2–0GÓȊ�&ĝĀ,2�ÓȊ 1Ƨ˘ţ0ǛÓȊ1 10½ȳŗ1ǤŰˎ

ɈȚȌ�ʖ=ADC10ŀ�+�EGTAGÛÓȊ�&LpĚ˹Ɋɤ0CD2–0GÓȊ�&ĝ

Ā�ÓȊ 1Ƨ˘ţ,>ǛÓȊ-āȳŗ1ǤŰˎɈȚȌ˒��ʖ=AD/�)& (Fig. 2-19)	

�Ơ�EGTA GÛÓȊ�&LpĚ˹Ɋɤ0 flg22 GÓȊ�&ĝĀ�EGTA GÛÓȊ�+�

/�LpĚ˹Ɋɤ0 flg22 GÓȊ�&ĝĀ-āǉ0�ÓȊ 1 Ƨ˘ţ0��+>�ǛÓȊ-

āȳŗ1ǤŰˎɈȚȌ˒��ʖ=AD/�)& (Fig. 2-20)	�DA1ɎƸ�A�FliRK2G

¥�&x�^N��ʖʝţ1ŲĜ¬˅02�e�tUʦ��ˎè-Q�]M�LP�1Ɋ

ɤÍǥÉ�˙�!C�-�ȫ�D&	 

� ]�Lom`m0��+�FLS20@Cflg221ʖʝŲĜ1¬˅0MAPK,�CAtMPK3�

4�61��ˎè�˙�!C�-�ĜĆ�D+�C (Asai et al., 2002)	$�,�Lp0��

+> FliRK20@Cx�^N��1ʖʝŲĜ1¬˅0MAPKQ_W�l�˙�!C�Gʙ

7C&=0�]�Lom`m-LpĚ˹Ɋɤ0Ƀɿ N1141 x�^N���flg22�CD2–0
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G 1 µM -/C@�0ÓȊ��ÓȊ 5�10 Õţ1ɊɤGĐùţ�e�tUʦGƂÔ�

Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) ž²GȎ�&Western BlotʉƷ0@B��

ˎèMAPKGǄÔ�&	$1ɎƸ�]�Lom`mĚ˹Ɋɤ0Ƀɿ N1141x�^N��

:&2 flg22GÓȊ�&ĝĀ�ÓȊ 5Õţ�AAtMPK3�4�61��ˎè�ʖ=AD& (Fig. 

2-21)	�Ơ�]�Lom`mĚ˹Ɋɤ0 CD2–0 GÓȊ�&ĝĀ2ÓȊ 5�10 Õţ0��

+>�1@�/AtMPK3�4�61��ˎè2ʖ=AD/�)& (Fig. 2-21)	ŀȀț0�L

pĚ˹Ɋɤ0Ƀɿ N1141x�^N��GÓȊ�&ĝĀ2ÓȊ 5Õţ�AMAPK1��ˎ

è�ʖ=AD�:&�LpĚ˹Ɋɤ0CD2–0GÓȊ�&ĝĀ,>ÓȊ5Õţ�AɃɿN1141

x�^N��GÓȊ�&ĝĀ@B>ŝ��ʀƚ1 MAPK 1��ˎè�ʖ=AD& (Fig. 

2-21)	�Ơ�LpĚ˹Ɋɤ0 flg22GÓȊ�&ĝĀ,2ÓȊ 5�10Õţ0��+>$1@

�/MAPK1��ˎè2ʖ=AD/�)& (Fig. 2-21)	:&�LpĚ˹Ɋɤ,ʖ=AD&

MAPK1��ˎè2�z�iL�Sm�b˜ĺÜ,�C StaurosporineGÓȊ!C�-,Ǩ

ī�& (Fig. 2-21)	�DA1ɎƸ�A�Lp0��C FliRK2G¥�&x�^N��ʖʝţ

1ŲĜ2MAPKQ_W�l0@BɊɤÍ0¬˅�DC�-�ƥA�0/)&	 
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Fig. 2-1 

Ƀɿ N1141x�^N��ÓȊ0@BȚȉ˒�ġã�&ˊ¬İɝ 

 

� 22KP�ZDNA�LU�J�LʉƷɎƸ@BɃɿN1141x�^N��ÓȊ,Țȉ˒1

ġã�ʖ=AD&ˊ¬İɝ	 

� ɘʮ2ÓȊ 0Ƨ˘G 1-�&-�1Țȉ˒Gȫ��ǋʮ2ÓȊţ1Ƨ˘Gȫ!	 
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Fig. 2-2 

Ƀɿ N1141x�^N��ÓȊ 1Ƨ˘ţ0ȄȖț0Țȉ˒�ġã�&ˊ¬İɝ 

 

� 22KP�ZDNA�LU�J�LʉƷɎƸ@BɃɿN1141x�^N��ÓȊ 1Ƨ˘ţ0

ȄȖț0Țȉ˒1ġã�ʖ=AD&ˊ¬İɝ	 

� ɘʮ2ÓȊ 0Ƨ˘G 1-�&-�1Țȉ˒Gȫ��ǋʮ2ÓȊţ1Ƨ˘Gȫ!	 
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Fig. 2-3 

ɃɿN1141x�^N��0@BȚȉʗł�DCûĻ²ĘSm�bGY�l!Cˊ¬

İɝ 

 

� cDNA�LU�J�LʉƷɎƸ@BN1141x�^N��0@BȚȉʗł�D�ûĻ²Ę

Sm�bGY�l!Cˊ¬İɝ	 

ɘʮ2ÓȊ 0Ƨ˘G 1-�&-�1Țȉ˒Gȫ��ǋʮ2ÓȊţ1Ƨ˘Gȫ!	 
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Fig. 2-4 

N1141x�^N��0@BȚȉ�Ƥ�&ˊ¬İ�Y�l!Ce�tUʦ1�ų�D

Cǈʽ 

 

� N1141x�^N��0@BȚȉ�Ƥ�&ˊ¬İ�Y�l!Ce�tUʦ1ǈʽ	$D%

D Fig. 2-11 5ˊ¬İ (�)�Fig. 2-21 6ˊ¬İ (�)�Fig. 2-31 5ˊ¬İ (�)Gȫ!	

Accession number-J�qˎƚ2ǈʽ1Ōþ0ȫ�&	 
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Fig. 2-5 

ûĻ²¾ɾˊ¬İG˽Țȉ�#&Lpz�kz�_k0��C OsWRKY70 1z�

��e�ʭÏǤŰ 

 

� ûĻ²¾ɾˊ¬İ (AK110075�AK111851) G�˄ț0˽Țȉ�#&Lpz�kz�_

k0 500 nM 1Ƀɿ N1141 x�^N���Y�k���-�+ǛGÓȊ�&ĝĀ1

OsWRKY701z���e�ʭÏǤŰ	z���e�ʭÏǤŰ2�ÓȊ 5Ƨ˘ţ0ǰķGɹ

)&	 

� ɘʮ2ÿ[�z�0��C 0Ƨ˘G 1-�&-�1z���e�ʭÏǤŰGȫ!	ĸ˺

2 5Đɹ��ǰķ¿1ǊǳÀōGs�,ȫ�&	a, b2 p < 0.05 (Tukey’s test) Gȫ!	 
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Signal peptide (1–25) 
MSNTYLPLLPALVAGVLLLAAGCAA 

 
LRR N-terminal domain (26–68) 
AAGDRDTLVAIRKGWGNPRHLASWD 
PASAAAADHCSWEGVTCS 

 
NATTGGGGG 

 
LRR domain (78–604) 
AGVVTELSLHDMNLTGTVPTAVCD 
LASLTRLDLSNNQLTGAFPAAALSR 
CARLRFLDLANNALDGALPQHVGRL 
SPAMEHLNLSSNRLSGAVPPEVAA 
LPALRSLLLDTNRFTGAYPAAEIAN 
LTALERLTLADNGFAPAPVPPAFAK 
LTKLTYLWMSKMNITGEIPEAFSS 
LTELTLLDMSGNKLTGAIPAWVFR 
HQKLERLYLYENSLSGELPRNVT 
TANLVEIDLSSNQLGGEISEDFGN 
LKNLSLLFLYFNKVTGAIPASIGR 
LPNLTDLRLFGNELSGELPPELGK 
NSPLANFEVSNNNLSGALPETLCA 
NGKLFDIVVFNNSFSGELPANLGD 
CVLLNNLMLYNNRFTGDFPEKIWS 
FQKLTTVMIQNNGFTGALPAEI 
STNISRIEMGNNMFSGSIPTS 
ATKLTVFRAENNLLAGELPADMSN 
LTDLTDFSVPGNRISGSIPASIRL 
LVKLNSLNLSSNRISGVIPPASFGT 
LPALTILDLSGNELTGDIPADLG 
YLNFNSLNVSSNRLTGEVPLTLQGA 

 

Outer juxtamembrane domain (605–643) 
AYDRSFLGNSLCARPGSGTNLPSCP 
GGGGGGGGHDELSK 

 
Transmembrane domain (644–666) 
GLIVLFSMLAGIVLVGSAGIAWL 

 
Inner juxtamembrane domain (667–698) 
LLRRRKDSQDVTDWKMTQFTPLDFA 
ESDVLGN 

 
Serine/Threonine kinase domain (699–984) 
IREENVIGSGGSGKVYRIHLTSRGG 
GATATAGRMVAVKKIWNARKLDAKL 
DKEFEAEVTVLGNIRHNNIVKLLCC 
ISSQDAKLLVYEYMENGSLDRWLHH 
RDRDGAPAPLDWPTRLAIAVDAARG 
LSYMHHDCAQAIVHRDVKSSNILLD 
PEFQAKIADFGLARMLVKSGEPESV 
SAIGGTFGYMAPEYGYSKRVNEKVD 
VYSFGVVLLELTTGKVANDAAADFC 
LAEWAWRRYQKGPPFDDVIDADIRE 
QASLPDIMSVFTLGVICTGENPPAR 
PSMKEVLHHLI 

 
C-terminal (985–1041) 
RCDRMSAQGPEACQLDYVDGAAPLL 
EAKKGSRRRSSESGRWDDDDDDDSG 
NFVVHVV 

 
 
 

Fig. 2-6 

FliRK2 (AK111851) 1J�qˎˌ×�A�ų�DCǈʽ 

 

� J�qˎˌ×�A�ų�DC FliRK21ǈʽ2�ɊɤĦ0 Signal peptide�LRR N-terminal 

domain�22¼LRR�AŹCLRR domainGƄ(�ɊɤÍ02 Serine/Threonine kinase domain

GƄ*�ĐɨʢʻĘ1ûĻ²Sm�b,�C	 

� X2LRR1Consensus sequence ( [L, C, M]-x-x-[L, I, V, M]-x-x-[L, F]-x-[L, F]-x-x-N-x-[L, 

F]-[T, F]-G-x-I-P-x-x-[L, I, F, M]-[G, F, A]-x)�N2ƌķ�1Ʉ˔»˸ˋ¯�D2Sm�bl�

L�1ƌķ�1ǤŰǔěGȫ!	  
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Fig. 2-7 

ơȤ1ǃȃûĻ²ĘSm�b- FliRK21Sm�bl�L�0��CJ�L��k 

 

� Ser/Thr kinase domeinGƮ!CûĻ²ĘSm�b-FliRK21Ser/Thr kinase domein1J�

L��k	̀ɮ2ȟāŰ 70%©��ʧɮ2ȟāŰ 100%Gȫ!	 
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Fig. 2-8 

FliRK2-Venus1Lpz�kz�_kÍ0��CŅĔ 

 

� FliRK21CƱȻ0ɶÇe�tUʦGFP1ƒĥĘ,�CVenusGɷĀ�& FliRK2-Venus

GȚȉ!C|Ue�GLpz�kz�_k0�˄ț0Țȉ�#�ÌǾǻ��\�˵ũ˕,

ŅĔGʈĿ�&	łÉţ 10-16Ƨ˘ţ1Lpz�kz�_kGʈĿ�&	 
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Fig. 2-9 

flirk2ĥȖ²Ě˹Ɋɤö5 FliRK2/flirk2�FliRK2-∆KD/flirk2şʦʭƍ²0��C FliRK2 

mRNA1Țȉ˒ 

 

� flirk2ĥȖ²1 T-DNAƇÉ¯ɛ (�)	flirk2ĥȖ²Ě˹Ɋɤö5 flirk2ĥȖ²0 FliRK2

GȚȉ�#&şʦʭƍ² (FliRK2/flirk2)�flirk2ĥȖ²0 FliRK2-∆KDGȚȉ�#&şʦʭ

ƍ² (FliRK2-∆KD/flirk2)�Y�k���-�+|Ue�1;GłÉ�&şʦʭƍ² 

(Empty/flirk2) 0��CFliRK2 mRNA1Țȉ˒2�qRT-PCR0@Bķ˒�& (�)	 

� ɘʮ2Y�k���,�CˑȌƾ (WT) 1Țȉ˒G 100%-�&-�1ȟŀ¿Gȫ!	 
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Fig. 2-10 

flirk2ĥȖ²Ě˹Ɋɤ0��CǤŰˎɈ1ȚȌ 

 

� 200 nM1ɃɿN1141x�^N���flg22�CD2–0�Y�k���-�+ǛGÓȊ�&

flirk2ĥȖ²Ě˹Ɋɤ0��CǤŰˎɈ1ȚȌ	ǤŰˎɈ1ȚȌ2�ÓȊ 1.5Ƨ˘ţ0ǰķ

Gɹ)&	 

� ɘʮ2ǛÓȊG 1-�&-�1ǤŰˎɈȚȌ˒Gȫ!	ĸ˺2 5Đɹ��ǰķ¿1Ǌǳ

ÀōGs�,ȫ�&	*2WT-ǘʯ�&-�1ƮŴōGȫ! (p < 0.01, t-test)	 
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Fig. 2-11 

FliRK2GȚȉ�#& flirk2ĥȖ²Lpz�kz�_k0��C OsWRKY701z��

�e�ʭÏǤŰ 

 

� FliRK2G�˄ț0Țȉ�#& flirk2ĥȖ²Ȑƶ1Lpz�kz�_k0 500 nM1Ƀɿ

N1141x�^N���Y�k���-�+ǛGÓȊ�&ĝĀ1OsWRKY701z���e�

ʭÏǤŰ	z���e�ʭÏǤŰ2�ÓȊ 5Ƨ˘ţ0ǰķGɹ)&	 

� ɘʮ2Empty1ǛÓȊG1-�&-�1z���e�ʭÏǤŰGȫ!	ĸ˺23Đɹ��

ǰķ¿1ǊǳÀōGs�,ȫ�&	*2 p < 0.05 (t-test) Gȫ!	 
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Fig. 2-12 

FliRK2/flirk2�FliRK2-∆KD/flirk2şʦʭƍ²0��CǤŰˎɈ1ȚȌ 

 

� flirk2 ĥȖ²0Țȉ�#&Ê˖1 FliRK2 -Sm�bl�L�GǏƎ�#& FliRK2-∆KD

1ǈ  ̔ (�)	200 nM1 flg22�CD2–0GÓȊ�&ˑȌƾ (WT)�flirk2ĥȖ²0 FliRK2G

Țȉ�#&şʦʭƍ² (FliRK2/flirk2)�flirk2ĥȖ²0 FliRK2-∆KDGȚȉ�#&şʦʭƍ

²  (FliRK2-∆KD/flirk2)�Y�k���-�+|Ue�1;GłÉ�&şʦʭƍ² 

(Empty/flirk2) 00��CǤŰˎɈ1ȚȌ (�)	ǤŰˎɈ1ȚȌ2�ÓȊ 1.5Ƨ˘ţ0ǰķ

Gɹ)&	 

� ɘʮ2ÿĚ˹Ɋɤ1ǛÓȊG 1-�&-�1ǤŰˎɈȚȌ˒Gȫ!	ĸ˺2 3Đɹ��

ǰķ¿1ǊǳÀōGs�,ȫ�&	*2WT-ǘʯ�&-�1ƮŴōGȫ! (p < 0.05, t-test)	  
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Fig. 2-13 

FliRK2˽ȚȉĚ˹Ɋɤ0��C FliRK21ȚȉʉƷ 

 

� ˑȌƾ0 FliRK2G˽Țȉ�#&şʦʭƍĚ˹Ɋɤ�L� (OX-1�OX-2) ��C FliRK2 

mRNA1Țȉ  ˒ (�) - FliRK2e�tUʦ  ˒ (�)	FliRK2 mRNA2 qRT-PCR0@Bķ˒

��FliRK2e�tUʦ˒2 FliRK2ž²GȎ�&Western BlotʉƷ0@Bȩʖ�&	 

� FliRK2 mRNA1Țȉ˒1ɘʮ22*Y�k����L�1ŒĖ¿G1-�&-�1Țȉ

˒Gȫ!	  
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Fig. 2-14 

CD2–0GÓȊ�& FliRK2˽ȚȉĚ˹Ɋɤ0��CǤŰˎɈʗłɥ61š˯ 

 

� ǉ
/ǹŗ (0.1�0.5�1�10�100�500�1000 nM) 1CD2–0GÓȊ�& FliRK2˽Țȉ

Ě˹Ɋɤ (OX-1) -Y�k���Ě˹Ɋɤ (Cont-2) 0��CǤŰˎɈ1ȚȌ	ǤŰˎɈ1

ȚȌ2�ÓȊ 1Ƨ˘ţ0ǰķGɹ)&	 

� ɘʮ2ǛÓȊG 1-�&-�1ǤŰˎɈȚȌ˒Gȫ��ǋʮ2ÓȊǹŗGȫ!	ĸ˺2

3Đɹ��ǰķ¿1ǊǳÀōGs�,ȫ�&	 
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Fig. 2-15 

A. avenae˫ȘóŰ N1141ɯƾGƋȴ�& FliRK2˽ȚȉĚ˹Ɋɤ0��C˄ƗŵɊ

ɤǓʗłɥ61š˯ 

 

� 1 × 108 CFU1A. avenae˫ȘóŰN1141ɯƾGƋȴ�&FliRK2˽ȚȉĚ˹Ɋɤ (OX-1�

OX-2) -Y�k���Ě˹Ɋɤ (Cont-1�Cont-2) 0��C˄ƗŵɊɤǓ	˄ ƗŵɊɤǓ2�

Ƌȴ 0�3�6�9�12Ƨ˘ţ0Os�_y��ƻɮ0@BǄÔ�&	 

� ɘʮ2 595 nm0��CąùGȫ��ǋʮ2Ƌȴţ1Ƨ˘Gȫ!	ĸ˺2 4Đɹ��ǰ

ķ¿1ǊǳÀōGs�,ȫ�&	*2Cont-1:&2Cont-2-ǘʯ�&-�0�ɡ0ŀ�+

ƮŴō�ʖ=AD&>1Gȫ! (p < 0.05, Tukey’s test)	 
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Fig. 2-16 

[�lLhg ELISAǟ0@C FliRK2- GST-CD2–01ȟ�³Ȏ1ǄÔ 

 

� 4 nmol1GST:&2GSTGɷĀ�&CD2–0GǬã�&FliRK2˽ȚȉĚ˹Ɋɤ (OX-2) 

:&2Y�k���Ě˹Ɋɤ (Cont-2) 1ɨȒÕ��CɎĀ˒G[�lLhg ELISA ǟ0

@BǄÔ�&	 

� ɘʮ2ÿ[�z�0��CèĳȚÇ  ˒ (RLU) Gȫ!	ĸ˺2 5 Đɹ��ǰķ¿1Ǌǳ

ÀōGs�,ȫ�&	*: p < 0.05 (t-test) Gȫ!	 
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Fig. 2-17 

ǹŗ·Ĳ0 GST-CD2–0GǬã�&ĝĀ1 FliRK2-1ɎĀ˒1ĥè 

 

� ǉ
/ǹŗ (0�0.1�0.2�0.5�1�2�4�10 µM) 1GSTGɷĀ�&CD2–0GǬã�&

FliRK2 ˽ȚȉĚ˹Ɋɤ (OX-2) 1ɨȒÕ0��CɎĀ˒1ĥèG[�lLhg ELISA ǟ

0@BǄÔ�&	 
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Fig. 2-18 

z�iL�Sm�b˜ĺÜGÓȊ�&LpĚ˹Ɋɤ0��CǤŰˎɈ1ȚȌ 

 

� z�iL�Sm�b˜ĺÜ,�C StaurosporineGÛÓȊ��200 nM1 flg22�CD2–0�

Y�k���-�+ǛGÓȊ�&LpĚ˹Ɋɤ0��CǤŰˎɈ1ȚȌ	ǤŰˎɈ1ȚȌ

2�ÓȊ 1Ƨ˘ţ0ǰķGɹ)&	 

� ɘʮ2ǛÓȊG 1-�&-�1ǤŰˎɈȚȌ˒Gȫ!	ĸ˺2 3Đɹ��ǰķ¿1Ǌǳ

ÀōGs�,ȫ�&	*2 p < 0.01 (t-test) Gȫ!	 
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Fig. 2-19 

z�iL�Sm�b˜ĺÜGÓȊ�&Lpz�kz�_k0��C OsWRKY70 1

z���e�ʭÏǤŰ 

�  

� z�iL�Sm�b˜ĺÜ,�C StaurosporineGÛÓȊ��500 nM1 flg22�CD2–0�

Y�k���-�+ǛGÓȊ�&Lpz�kz�_k1 OsWRKY70 1z���e�ʭÏ

ǤŰ	z���e�ʭÏǤŰ2�ÓȊ 5Ƨ˘ţ0ǰķGɹ)&	 

� ɘʮ2ÿ[�z�1ÓȊ 0Ƨ˘G 1-�&-�1z���e�ʭÏǤŰGȫ!	ĸ˺2

5Đɹ��ǰķ¿1ǊǳÀōGs�,ȫ�&	*2 p < 0.05 (t-test) Gȫ!	 
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Fig. 2-20 

Q�]M�LP�S��kÜGÓȊ�&LpĚ˹Ɋɤ0��CǤŰˎɈ1ȚȌ 

 

� Q�]M�LP�S��kÜ,�CEGTAGÛÓȊ��200 nM1 flg22�CD2–0�Y�

k���-�+ǛGÓȊ�&LpĚ˹Ɋɤ0��CǤŰˎɈ1ȚȌ	ǤŰˎɈ1ȚȌ2�

ÓȊ 1Ƨ˘ţ0ǰķGɹ)&	 

� ɘʮ2ǛÓȊG 1-�&-�1ǤŰˎɈȚȌ˒Gȫ!	ĸ˺2 3Đɹ��ǰķ¿1Ǌǳ

ÀōGs�,ȫ�&	*2 p < 0.01 (t-test) Gȫ!	 
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Fig. 2-21 

]�Lom`m:&2LpĚ˹Ɋɤ0��CMAPK1ǤŰè 

 

� 1 µM1Ƀɿx�^N���flg22�CD2–0GÓȊ�&]�Lom`m:&2LpĚ˹Ɋ

ɤ0��C��ˎèMAPK1ǄÔ	Ě˹Ɋɤ2ÓȊ 0�5�10Õţ0Đù�e�tUʦƂ

Ôţ�Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) ž²GȎ�&Western BlotʉƷ0@

BǄÔ�&	Jz�L�&ɓe�tUʦ˒2 Ponceauƻɮ0@Bȩʖ�&	  
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ȼ 2Ⱥ 

 

ɠĿ 

 

� ƲȺ,2�Lp0ĲĔ!Cx�^N��1CD2–1˲ęGʖʝ!CûĻ²1āķGɹ�&

=�x�^N��0@)+Țȉ˒�ġã!CûĻ²ĘSm�bGʉƷ�&	ǃȃ,2��

R�lGÓȊ!C-$1ûĻ²Țȉ˒�ġã!C�-�ĜĆ�D+�B�ĸˣ0 flg22 ?

EF-TuGÓȊ�&]�Lom`m,2�$DA1ûĻ²,�C FLS2?EFR1Țȉ˒�ġ

ã!C  (Zipfel et al.,2004; 2006)	�1�R�lʖʝţ1ûĻ²1Țȉ�Ƥ02�O�l[

k�]_0@CûĻ²1úBʵ;�˙�!C�-�ȫč�D+�C	¶�3�FLS22 flg22

-ɎĀţ�ðŘ0�vSg�è�D�O�l[k�]_0@BúBʵ:D&ţ�26S z�

iJc��,Õʉ�D+�C�-�ȫ�D& (Robatzek et al., 2006; Lu et al., 2011)	:&�

e�tUʦĀŹ˜ĺÜ,�C]U�{S]�lGȎ�&ĸ˺0��+>�flg22-ɎĀ�&

FLS22ɊɤÍ,�[LU��DɊɤɨ0ʱʺ�DC1,2/��ƟȌ�& FLS2�Ɋɤɨ

0ʱʺ�D+�C�-�ƥA�0�D& (Robatzek et al., 2006)	�1@�/ȉʠ�ʖ=A

DC�-�A�ǃȃ0��+2�R�lʖʝţ0ûĻ²1Țȉ��Ƥ!C-ɠ�AD+�

C	DNA�LU�J�L,2�x�^N��GÓȊ�&LpĚ˹Ɋɤ0��+OsFLS21

Țȉ˒2ġã�+�/��-�ƥA�0/)+�C	�1�-2�Lp0��+ OsFLS2

2x�^N��1�ʃ/ûĻ²-�+ǎɥ�+�/��-Gȫ�+�C	 

� ƲȦȷ,āķ�& FliRK2 (Flagellin-induced receptor kinase 2) 2�ɊɤĦ0 22¼1LRR

�AŹCLRR domainGƄ(�ɊɤÍ02 Serine/Threonine kinase domainGƄ*ɊɤɨŅĔ

Ę1�ĐɨʢʻĘûĻ²,�)&	�1ǈʽ2�]�Lom`m1 FLS2 -˫Ő0˷®�

+�C���ɡ1ȟāŰGʙ7&-�E 18%ȳŗ,ǆ=+°� (data not shown)	:&�FLS2

02 23�Ż1N-V�Y]�èˋ¯�ĲĔ�NĘɄ˔�§ã�D+�C�-�ƥA�0/

)+�B�Ȅ0�flg22-1ɎĀ0ːʃ/LRR�g�x§ʶ1Ʉ˔2��1LRR�g�x

1ǈʽț/ĵķ0Ľ��+�C (Mueller et al., 2012)	FliRK20> 14�Ż1N-V�Y]�

èˋ¯�ĲĔ�Ʉ˔»˸1ýɥŰ�ȫ�D&� (Fig. 2-6)�FliRK2 ž²GȎ�& Western 

BlotʉƷ,2�ƌķ�1Õİ˒-ĥè�/�Ʉ˔»˸�D+�/�ýɥŰ�ȫ�D& (Fig. 

2-13)	�DA1�-�A��ɡ->ā x�^N��Gʖʝ!CûĻ²,�C��$1ǈ
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ʽ2Ĩ��Ȗ/)+�B��ɡ0��Cx�^N��1ʖʝǉŚ>�$A�Ȗ/)+�C

1,�E�	 

� Ʋĸ˺,2�FliRK2 - CD2–0 -1ȟ�³ȎG[�lLhg ELISA ǟ0@BǄÔ�& 

(Fig. 2-16, 22)	�1ʉƷɎƸGě0Kd¿-Bmax¿GɀÔ�&-�E�Kd¿� 0.195 µM

,�Bmax¿� 0.75 pmol/mg total protein,�)& (Fig. 2-17)	�D:,0ĜĆ�D+�C]

�Lom`m1FLS2-flg22˘0��Cȟ�³Ȏ,2Kd¿�1.7 nM�Bmax¿�1.2 pmol/mg 

microsomal protein,�)& (Bauer et al., 2001)	�1¿Gíɇ0ǘʯ!C-�FliRK2-CD2–

0˘1JxKniK��FLS2- flg22˘0��CJxKniK�@B> 100½ȳŗ˽��

-0/C	����FliRK2 - CD2–0 ˘1ɎĀ˒ʉƷ,2�˫ȄȖțąȡ�˫Ő0˽�0

>˙FA" (Fig. 2-16, 17)��1˫ȄȖțąȡ1š˯Gɠŷ�+�/�	FliRK2-CD2–0

˘1ɎĀGʕɊ0ʉƷ!C&=02�Y�}iK]��JhaLǟȾGǄʍ!C�-,�

@Bǒȩ/Kd¿-Bmax¿GɀÔ!CŬʃŰ��C,�E�	 

� ¤Đ�FliRK2- CD2�01ȟ�³ȎGǄÔ!CƠǟ-�+ ELISAǟGȎ�&	ŞØ2�

ɨȒÕGȞƋz��k0ēȟè��ǄÔž²1;GµȎ!C�-,ķ˒�ýɥ/ȞƋąȡ

ǟGʔ;&���R�lGÓȊ�+�/�Y�k���0��C˫ȄȖțąȡ�˫Ő0˽

�ɎĀ˒1ōGǄÔ!C�-�,�/�)& (data not shown)	$�,�FliRK2ž²Gz�

�k0ēȟè!C[�lLhgǟGʔ;&-�E�Fig. 2-16,ȫ�&@�0Y�k���

-ǘʯ�+ɎĀ˒1ġã�ʖ=AD&	���/�A�[�lLhgǟ0@C FliRK2 -

CD2–0-1ȟ�³ȎǄÔ0��+>˫ȄȖțąȡ˒�˫Ő0ħ� (Fig. 2-16, 17)	�1˽�

shUV��l1óđ-�+2 2*1Ď˴ǻ�ɠ�ADC	1ǻȝ2��1ĸ˺0Ȏ�&

ɨȒÕ,�C	¤ĐȎ�&ɨȒÕ2�Ƀɿ�&Ɋɤɨ,2/��ɊɤÍ0ĲĔ!C�kY

�l�J?ɱɔ²Ȑƶ1ɨGĄH'ɊɤɨȒÕ,�C	FliRK2 - CD2–0 ˘1ȟ�³ȎG

@BʕɊ0ʉƷ!C&=02�Ƀɿ�&ɊɤɨȒÕGȎ�CŬʃ��C,�E�	2 ǻȝ

2�ǄÔ0Ȏ�&HRPGɷĀ�&GSTž²1ȄȖŰ,�C	Fig. 2-170ȫ�&@�0�

R�l,�C GST-CD2–0 Gǹŗ·Ĳț0ÓȊ�&ĝĀ1ɎĀ˒1ĥèGʙ7&-�E�

�R�lGÓȊ�+�/�ĝĀ,>�ɎĀGȫ!èĳȚÇ˒1ġã�ʖ=AD&	@BȄ

ȖŰ1˽�GSTž²GǄÔ0Ȏ�C��:&2�˫ ȄȖțąȡGɠŷ�&ʉƷGɹ��-

, FliRK2-CD2–0˘1ȟ�³ȎGǄÔ!CŬʃ��C-ɠ�C	 

� FLS2G˽Țȉ�#&]�Lom`m0 flg22GÓȊ!C-�ǤŰˎɈ1ȚȌ?Q��_

1ǝȡ�Ȍɢ˜ĺ/.1PTI�ˑȌƾ@B>ŝ�ʖ=ADC (Gómez-Gómez and Boller et al., 
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2000)	�1@�/ PTI1ġŝ2 FliRK2G˽Țȉ�#&şʦʭƍ²0CD2–0GÓȊ�&ĝ

Ā0>ʖ=AD& (Fig. 2-14)	:&�FliRK21ĝĀ2CD2–0GÓȊ!CÛ1ǖˢ�AY�

k���@B>F"�0 PTI�ʗł�DC-��ȉʠ>ʖ=AD& (data not shown)	�1

@�/ PTI1ġŝ2�ûĻ²1ġã0@B�R�l0ŀ!CŵûŰ�ġã��ɎƸ-�+

ûĻ²�A¬˅�DC]Vm��ġŝ�DC�-0@C�>�D/�	ĸˣ0�Lp0�

�+2x�^N��1ʖʝ08-H.Ľ��/� OsFLS2'���DG˽Țȉ�#&ĝĀ

02 flg22Gʖʝ� PTIøŮGʗł!C�-�ƥA�0/)+�C (Takai et al., 2008)	:

&�PTIG ˀ�#C-ETI�ŝ�ʗł�DC�->ĜĆ�D+�C (Miguel Angel Torres 

et al., 2002)	ĸˣ0�FLS21Țȉ˒Gġã�#&]�Lom`m0 flg22GÓȊ!C-�

ˑȌƾ@Bŝ�ȘóɊɯ0ŀ!CġǕŽÚGȫ! (Zipfel et al., 2004)	FliRK21ĝĀ>�

FliRK2G˽Țȉ�#&şʦʭƍ²0A. avenae N1141ɯƾGƋȴ�&ĝĀ0�ETI,�C˄

ƗŵɊɤǓ�Y�k���@B>ƣƯ0�*ŝ�ʗł�D& (Fig. 2-15)	�1@�/ɎƸ

2�FliRK2�Lp0��+x�^N��1ûĻ²-�+ǎɥ�+�C�-Gʓƥ!C>1

,�C	 

� ƲȦȷ,�FliRK21 Serine/Threonine kinase domain�x�^N��ʖʝţ1ŲĜ¬˅0

ːʃ,�C�-Gȫ�& (Fig. 2-12)	���/�A�FliRK2ɩʬ1Sm�bǤŰ?CD2–1

ʖʝţ1��ˎè?$1��ˎèˋ¯0˙!CȤʅ2ŦAD+�A"�¤ţ1ːʃ/ʘ˴

-/C,�E�	ûĻ²1Sm�bǤŰ?��ˎèˋ¯0˙!CȦȷ,�ʶœ�ɬĈǪ�

ĜĆ�/�D&	]�Lom`m0��+�ɊɤÍ0 Serine/Threonine kinase domainGƄ*

EF-Tu1ûĻ²,�C EFR� EF-Tuʖʝţ�Ser? Thrǔě'�,/� Tyrǔě>��ˎ

è�DC�-�ƥA�0/)& (Macho et al., 2014)	�D2�Ɋɯ�OxNUe�GȎ�

+ PTIGŽÚ!CEffector-triggered susceptibility (ETS) 0˙!CȦȷ�A>&A�D&	�

1@�/PTIŽÚĘOxNUe�0g�]�~_xIe�b,�CHopAO1�Ą:D+�

&�-�A�]�Lom`m0g�]���ˎè˜ĺÜGÓȊ�&-�EEF-Tu0@CPTI

ʗł�˜ĺ�D&	�A0�HopAO1G]�Lom`mɊɤÍ,Țȉ�#C-EF-Tu0@

C PTIʗł�Ǯń!C�->āƧ0ƥA�0/)&	$�,�EFR1TyrǔěGʙ7&-

�E�EF-Tu·Ĳț0Tyrǔě���ˎè�DC�-�ȫ�D& (Macho et al., 2014)	EFR

0ĲĔ!C Serine/Threonine kinase domain 02��D:,0ĜĆ�D+�C Tyr kinase 

domain0ĲĔ!CY�a�[_ˌ×�ĲĔ�/��-�A�ǃȃ02�D:,ȤAD+�

/�Ɵʆ1TyrSm�bǤŰGƮ!Ce�tUʦ�ĲĔ!C�-�ȫč�D&	:&�EFR
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0ĲĔ!C Serine/Threonine kinase domain2 non-RD kinase0Õ˷�D+�B���ˎè�

DCTyrǔě2 non-RD kinase1Y�a�[_ˌ×§ʶ,�C�->ȫ�D&	FLiRK22

RD kinase0Õ˷�DC��0EFR0��+��ˎè�DCTyrǔě2ºĲ�D+�& (Fig. 

2-23)	©�1�-�A�¤ţ�FliRK21ȦȷGˀ=+���,�Ser? Thrǔě1��ˎ

è'�,/�Tyrǔě1��ˎè1ýɥŰ>ɠŷ!CŬʃŰ��C'E�	 

� ƲȦȷ,2�CD2–1ʖʝţ1 FliRK21�ǥ1ŲĜ¬˅ɍʫ0MAPK/.GĄ<e�t

Uʦ1��ˎè?Q�]M�LP�1ǥÉ�˙�!C�-GƥA�0�& (Fig. 2-18–21)	

�1@�/ŲĜ¬˅2�]�Lom`m0��C flg22ʖʝţ1 FLS2G¥�&ɍʫ0˷®

�+�C	¶�3�]�Lom`m0��+ flg22·Ĳț0ʖ=ADC AtMPK3�4�61

��ˎè2�Lp0��+ CD2–0·Ĳț0ʖ=ADCMAPK1��ˎè-˫Ő0˷®�

+�C (Fig. 2-21)	:&�ȼ 1Ⱥ,ɹ)&CD2–0GÓȊ�&Lp0��C�LU�J�L

ʉƷ,Țȉ�Ƥ�ʖ=AD&Receptor protein kinase�MPK8�CPK9/.1]Vm�¬˅đ

İ�WRKY transcription factor�RING-type domain containing protein�bHLH116 transcription 

factor�Zinc finger transcription factor/.1ʭÏđİ�PAL1@�/xILkJ�S]�Ā

ŹˍɈ�PR-1a�PBZ1�Thaumatin/.1 PTI˙ʾe�tUʦGY�l!Cˊ¬İ2�]�

Lom`m/.0 flg22 GÓȊ�&-�0>āǉ0Țȉʗł�DC	����WRKY 

transcription factor1@�0Lp,2OsWRKY70�x�^N���ǥ,Úŧ�D+�C��

]�Lom`m,2 AtWRKY29 �x�^N��1�ǥ,Úŧ�D+�B��ɡ˘0��

+$1[yxI���2Ȗ/CĝĀ>ƙʅ�DC	Lp-]�Lom`m0��+�x�

^N��1Ȗ/Cˋ¯GȖ/CûĻ²,ʖʝ��$1ŲĜGɊɤÍ0¬˅!C��$1ƿ

Ʋț/ʖʝǉŚ-ŲĜ¬˅ǎǈ2˻�8.®+�C	�D2��1�*1ʖʝ]_i��

ā ]_i��Aˀè�+�&1,2/��$D%DȆɩ0ȈŦ�&ʖʝǎǈ�ùƛˀè

�+�&ɎƸ,�E�	 
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Fig. 2-22 

[�lLhg ELISAǟ 

 

� FliRK2-GST-CD2–0˘1ȟ�³Ȏ1ǄÔ0Ȏ�&ELISA1ǇȔGȫ!	 
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Fig. 2-23 

RDSm�b�:&2 Non-RDSm�b0Õ˷�DC PAMPʖʝ0˙ʾ!CûĻ²

1J�L��k 

 

� RDSm�b�:&2Non-RDSm�b0Õ˷�DC PAMPʖʝ0˙ʾ!CûĻ²1J

�L��k (Macho et al., 2014)	ȣï (�) 2���ˎè�DC TyrǔěGȫ!	FliRK2

2ƭ�ǖ0ȫ!	  
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ɓĀɠĿ 

 

� ƲȦȷ,ƥA�0�&x�^N��ʖʝǎǈ2�ǃȃ1 PTI0��+ƭ>ːʃ/¯ɛ0

�C-ɠ�C	˭ǙGǈŹ!Cx�^N��2�˭Ǚ�AÝɰ��ɊɤĦȋĠ�0ĲĔ�

+�CĝĀ��C�-�A�¦1 PAMP @B>ˁƣ�ʖʝ�DCýɥŰ��C	*:B�

PTI1ȼ�ǖˢ-�+x�^N��1ʖʝ��B�$D0@Bʗł�D& PTI,Șóɯ1

Ŋģ�ʩ�B¦1 PAMP�ǶÔ!C�-,��A0 PTI�ʗł�DC-��ʾɑț/ PTI

øŮ��C1,2/��-ɠ�C	:&�x�^N��0@C PTI�ʗł�D&ȅŶ,2

Șóɯ1ġǕ2ŽÚ�D�Șǚ1ȚșG˂ř�#+�CýɥŰ��C	�D2�ǉ
/Ș

óɯ�ǫĔ!CɩǿȋĠ0��+>ːʃ/ŢàGƸ&�+�C�-Gȫč�+�C	�1

@�0�ǃȃ1 PTI0��Cx�^N��ʖʝ1ːʃŰ�˽�Ɩ0�x�^N��G¥�

&ȘóɯÂ1ŵƻźȔ?ǃȃÂ1˛ɺźȔ0ħǉŰ�Ȍ +�C1,�E�	 

� ¤Đ�Lp1x�^N��ûĻ²-�+āķ�& FliRK22 LRR-RLKV��z0ņ��

ɊɤĦ1 LRR� CD2–11ûĻ0˙��+�C	�D:,0āķ�D+�C]�Lom`

m1x�^N��ûĻ²FLS2?Č�˷1TLR5>āǉ0ɊɤĦ1LRR�x�^N��1

ûĻ0Ŭ˱,�C	�D2�x�^N��Gʖʝ!C�,LRR�ˀè1˄ȳ,ˉƀ�D+

�&�-Gȫč�+�C	:&�ʖʝţ1ŲĜ¬˅0*�+> FliRK2- FLS21˘,˷®

Ű�ʖ=AD�TLR5,>ɊɤÍ1 TIR˲ę0 IRAK-MyD88�ɎĀ��MAPKQ_W

�lG¥�+ʭÏGÚŧ�+�CɩǿÈȗ]_i�-�ʢŰ��C	�D2�ǃȃ-çȃ

1ʖʝ]_i��ā ]_i��Aˀè�+�&1,2/��$D%DȆɩ0ȈŦ�&ʖ

ʝǎǈ�ùƛˀè�+�&ɎƸ,�C-ɠ�C	¤ţ�FliRK2G¥�&ŲĜ¬˅ǎǈGĶ

Ê0ƥA�0!C�-,��DA¦1x�^N��ʖʝ]_i�-1ȟāŰ?ȟˆŰ�@

B2)�B��ùƛˀè0*�+>Ɵ&/Ȥʅ�ŦADC>1-ɠ�ADC	 
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ʛʲ 

 

� ƲȦȷGɹ�0�&B�˾áț/i��-!3A��ȦȷȋĠG��+���:�&˖

ǧsLPĨĳĨĳ˟� ǃȃÕİȋĠȌȊĳȦȷĹ�ɴƨǃƘƈ0ò��Ȭȑ���:!	

ɴ ƨǃ Ƙƈ02�ŭ����ËȮ0F&Bȁū0�Ƨ02ô���ƅł˰�:�&	ʜ

H,�Ȭȑ���:!	 

� :&�ÞƼG�˶�ɫ�:�&ʂ ɞ¥ Ƙƈ�ňƲ îȺ Ƙƈ0>ʣː/�ŴʅG˰�

:�&	ʜH,�Ȭȑ���:!	 

� ǃȃÕİȋĠȌȊĳȦȷĹ0��:�+2�Ȧȷ?ȮȌǤ/.�ʇÖ/ƅłGʥB:�

&�ȋĠY�_äż ˽� ¢ĩ îĤ�ɊɤY�_äż ʶɵ Ƞêİ îĤ�Ȧȷċ Œ� Ǣ

ɹ îĤ�ȭƴ ˿÷ îĤ�üŋ ŉ£ îĤ�îĤ 3œĨė Ȑ´�H0ŵʛȑ���:!	

$�+�ā ȦȷĹÍ,�Ƒ�+���:�&āƯ,�Cʹʅ æǌ�ā V��z,�C

ǂƲ é�Ȃň ʣȾ�ƴ� ʣŠ02Ǫ�ŧȬȑ���:!	 

� ā V��z,�)&ȏ� ±´�H�ƺň ɭ¥�H�Ńƽ ȺŹ�ǁƲ îƜ0>ëǅ

�D&0>��FA"�ūˌ�+˰��Ƒ�+���:�&	Ǫ�ŧȬȑ���:!	 

 

� ƭţ0�ȮGȊʉ�+Ĭ�/�-GĨĳ�Ĩĳ˟- 9œ˘>�#+˰�&�ʇ0ū@B

ŵʛȑ���:!	 

  



 103 

 

õɠʚƜ 

 

Abas L, Luschnig C. 2010. Maximum yields of microsomal-type membranes from small amounts of 

plant material without requiring ultracentrifugation. Anal Biochem. 401: 217-27. 

Asai, T., Tena, G., Plotnikova, J., Willmann, M. R., Chiu, W. L., Gomez-Gomez, L., Boller, T., 

Ausubel, F. M., Sheen, J. 2002. MAP kinase signalling cascade in Arabidopsis innate immunity. 

Nature. 415:977-983. 

Aziz A., Poinssot B., Daire X., Adrian M., Bezier A., Lambert B., Joubert J.M., Pugin A. 2003. 

Laminarin elicits defense responses in grapevine and induces protection against Botrytis cinerea 

and Plasmopara viticola. Molecular Plant-Microbe Interactions, 16, 1118-1128 

Baba, A., Hasezawa, S., Syono, K. 1986. Cultivation of rice protoplasts and their transformation 

mediated by Agrobacterium spheroplasts. Plant Cell Physiol. 27:463-472. 

Bauer Z, Gómez-Gómez L, Boller T, Felix G. 2001. Sensitivity of different ecotypes and mutants of 

Arabidopsis thaliana toward the bacterial elicitor flagellin correlates with the presence of 

receptor-binding sites. J Biol Chem. 276: 45669-76. 

Benschop, J.J., Mohammed, S., O’Flaherty, M., Heck, A.J., Slijper, M., and Menke, F.L. 2007. 

Quantitative phosphoproteomics of early elicitor signaling in Arabidopsis. Mol. Cell. Proteomics 

6, 1198–1214. 

Boller, T., and Felix, G. 2009. A renaissance of elicitors: perception of microbe-associated molecular 

patterns and danger signals by pattern-recognition receptors. Annu Rev Plant Biol. 60:379-406. 

Cai, R., Lewis, J., Yan, S., Liu, H., Clarke, C. R., Campanile, F., Almeida, N. F., Studholme, D. J., 

Lindeberg, M., Schneider, D., Zaccardelli, M., Setubal, J. C., Morales-Lizcano, N. P., Bernal, A., 

Coaker, G., Baker, C., Bender, C. L., Leman, S., Vinatzer, B. A. 2011. The plant pathogen 

Pseudomonas syringae pv. tomato is genetically monomorphic and under strong selection to 

evade tomato immunity. PLoS Pathog. 7:e1002130. 

Cao Y, Aceti DJ, Sabat G, Song J, Makino S, Fox BG, Bent AF. 2013. Mutations in FLS2 Ser-938 

dissect signaling activation in FLS2-mediated Arabidopsis immunity. PLoS Pathog. 9: e1003313. 

Cardinale, F. et al. 2000. Differential activation of four specific MAPK pathways by distinct elicitors. 

J. Biol. Chem. 36734-36740. 



 104 

Che, F. S., Iwano, M., Tanaka, N., Takayama, S., Minami, E., Shibuya, N., Kadota, I., Isogai, A. 

1999. Biochemical and morphological features of rice cell death induced by Pseudomonas avenae. 

Plant Cell Physiol. 40:1036-1045. 

Che, F. S., Nakajima, Y., Tanaka, N., Iwano, M., Yoshida, T., Takayama, S., Kadota, I., Isogai, A. 

2000. Flagellin from an incompatible strain of Pseudomonas avenae induces a resistance response 

in cultured rice cells. J. Biol. Chem. 275:32347-32356. 

Chinchilla D., Bauer Z., Regenass M., Boller T., Felix G. 2006. The Arabidopsis receptor kinase 

FLS2 binds flg22 and determines the specificity of flagellin perception. Plant Cell. 18: 465-76. 

Chinchilla Delphine, Cyril Zipfel, Silke Robatzek, Birgit Kemmerling, Thorsten Nürnberger, 

Jonathan D. G. Jones, Georg Felix, & Thomas Boller. 2007. A flagellin-induced complex of the 

receptor FLS2 and BAK1 initiates plant defence. Nature 448, 497-500. 

Clarke, C.R., Chinchilla, D., Hind, S. R., Taguchi, F., Miki, R., Ichinose, Y., Martin, G. B., Leman, 

S., Felix, G., Vinatzer, B. A. 2013. Allelic variation in two distinct Pseudomonas syringae 

flagellin epitopes modulates the strength of plant immune responses but not bacterial motility. 

New Phytol. 200:847-860.  

Curtis MD, Grossniklaus U. 2003. A gateway cloning vector set for high-throughput functional 

analysis of genes in planta. Plant Physiol. 133: 462-9. 

Dunning F. M., Sun W., Jansen K. L., Helft L., Bent A. F. 2007. Identification and mutational 

analysis of Arabidopsis FLS2 leucine-rich repeat domain residues that contribute to flagellin 

perception. Plant Cell. 19: 3297-313. 

Felix, G., Duran, J. D., Volko, S., Boller, T. 1999. Plants have a sensitive perception system for the 

most conserved domain of bacterial flagellin. Plant J. 18:265-276. 

Fliegmann, J., Mithofer, A., Wanner, G., Ebel, J. 2004. An ancient enzyme domain hidden in the 

putative beta-glucan elicitor receptor of soybean may play an active part in the perception of 

pathogen-associated molecular patterns during broad host resistance. J Biol Chem. 

279:1132-1140.  

Fujiwara, S., Tanaka, N., Kaneda, T., Takayama, S., Isogai, A., Che, F. S. 2004. Rice cDNA 

microarray-based gene expression profiling of the response to flagellin perception in cultured rice 

cells. Mol Plant Microbe Interact. 17:986-998. 

  



 105 

Furukawa, T., Inagaki, H., Takai, R., Hirai, H., Che, F. S. 2014. Two distinct EF-Tu epitopes induce 

immune responses in rice and Arabidopsis. Mol Plant Microbe Interact. 27:113-124. 

Gómez-Gómez L., Felix G., Boller T. 1999. A single locus determines sensitivity to bacterial 

flagellin in Arabidopsis thaliana. Plant J. 18: 277-84. 

Gómez-Gómez, L., and Boller, T. 2000. FLS2: an LRR receptor-like kinase involved in the 

perception of the bacterial elicitor flagellin in Arabidopsis. Mol Cell. 5:1003-1011. 

Hayashi, F., Smith, K. D., Ozinsky, A., Hawn, T. R., Yi, E. C., Goodlett, D. R., Eng, J. K., Akira, S., 

Underhill, D. M., Aderem, A. 2001. The innate immune response to bacterial flagellin is mediated 

by Toll-like receptor 5. Nature. 410:1099-1103.  

Hirai, H., Takai, R., Iwano, M., Nakai, M., Kondo, M., Takayama, S., Isogai, A., Che, F. S. 2011. 

Glycosylation regulates specific induction of rice immune responses by Acidovorax avenae 

flagellin. J Biol Chem. 286:25519-25530. 

Ichimura, K., Casais, C., Peck, S. C., Shinozaki, K., Shirasu, K. 2006. MEKK1 is required for MPK4 

activation and regulates tissue-specific and temperature-dependent cell death in Arabidopsis. J 

Biol Chem. 281:36969-36976. 

Iwano, M., Che, F. S., Goto, K., Tanaka, N., Takayama, S., Isogai, A. 2002. Electron microscopy 

analysis of the H2O2 accumulation preceding hypersensitive cell death induced by an incompatible 

strain of Pseudomonas avenae in cultured rice cells. Mol. Plant Pathol. 3:1-8. 

Jones, J. D., and Dangl, J. L. 2006. The plant immune system. Nature. 444:323-329. 

Kadota, I., Mizuno, A., and Nishiyama, K. 1996. Detection of a protein specific to the strain of 

Pseudomonas avenae Manns 1909 pathogenic to rice. Ann. Phytopathol. Soc. Jpn. 62:425-428. 

Kadota Y, Sklenar J, Derbyshire P, Stransfeld L, Asai S, Ntoukakis V, Jones JD, Shirasu K, Menke 

F, Jones A, Zipfel C. Direct regulation of the NADPH oxidase RBOHD by the PRR-associated 

kinase BIK1 during plant immunity. Mol Cell. 54: 43-55. 

Kaku, H., Nishizawa, Y., Ishii-Minami, N., Akimoto-Tomiyama, C., Dohmae, N., Takio, K., 

Minami, E., Shibuya, N. 2006. Plant cells recognize chitin fragments for defense signaling 

through a plasma membrane receptor. Proc Natl Acad Sci U S A. 103:11086-11091. 

Kaneda, T., Taga, Y., Takai, R., Iwano, M., Matsui, H., Takayama, S., Isogai, A., Che, F. S. 2009. 

The transcription factor OsNAC4 is a key positive regulator of plant hypersensitive cell death. 

EMBO J. 28:926-936. 



 106 

Keller H., Pamboukdjian N., Ponchet M., Poupet A., Delon R., Verrier J.L., Roby D., Ricci P. 1999. 

Pathogen-induced elicitin production in transgenic tobacco generates a hypersensitive response 

and nonspecific disease resistance.Plant Cell,11:223-235 

Klarzynski, O., Plesse, B., Joubert, J. M., Yvin, J. C., Kopp, M., Kloareg, B., Fritig, B. 2000. Linear 

beta-1,3 glucans are elicitors of defense responses in tobacco. Plant Physiol. 124:1027-1038. 

Komoriya, K., Shibano, N., Higano, T., Azuma, N., Yamaguchi, S., Aizawa, S. I. 1999. Flagellar 

proteins and type III-exported virulence factors are the predominant proteins secreted into the 

culture media of Salmonella typhimurium. Mol Microbiol. 34:767-779. 

Kunze, G., Zipfel, C., Robatzek, S., Niehaus, K., Boller, T., Felix, G. 2004. The N terminus of 

bacterial elongation factor Tu elicits innate immunity in Arabidopsis plants. Plant Cell. 

16:3496-3507. 

Laquitaine, L., Gomès, E., François, J., Marchive, C., Pascal, S., Hamdi, S., Atanassova, R., Delrot, 

S., Coutos-Thévenot, P. 2006. Molecular basis of ergosterol-induced protection of grape against 

botrytis cinerea: induction of type I LTP promoter activity, WRKY, and stilbene synthase gene 

expression. Mol Plant Microbe Interact. 19:1103-1112. 

Laursen R. A., L'Italien J. J., Nagarkatti S., Miller D. L. 1981. The amino acid sequence of 

elongation factor Tu of Escherichia coli. The complete sequence. J Biol Chem. 256: 8102-9. 

Li, J., Wen, J., Lease, K.A., Doke, J.T., Tax, F.E., and Walker, J.C. 2002. BAK1, an Arabidopsis 

LRR receptor-like protein kinase, interacts with BRI1 and modulates brassinosteroid signaling. 

Cell 110: 213–222. 

Ligterink, W., Kroj, T., Zurnieden, U., Hirt, H. Scheel, D. 1997. Receptor-mediated activation of a 

MAPkinase in pathogen defense in plants. Science 2054-2057. 

Lin W, Li B, Lu D, Chen S, Zhu N, He P, Shan L. 2014. Tyrosine phosphorylation of protein kinase 

complex BAK1/BIK1 mediates Arabidopsis innate immunity. Proc Natl Acad Sci U S A. 111: 

3632-7. 

Lu, D., Wu, S., Gao, X., Zhang, Y., Shan, L., and He, P. 2010. A receptor-like cytoplasmic kinase, 

BIK1, associates with a flagellin receptor complex to initiate plant innate immunity. Proc. Natl. 

Acad. Sci. USA 107: 496–501. 



 107 

Lu D1, Lin W, Gao X, Wu S, Cheng C, Avila J, Heese A, Devarenne TP, He P, Shan L. 2011. 

Direct ubiquitination of pattern recognition receptor FLS2 attenuates plant innate immunity. 

Science. 332: 1439-42. 

Luna, E., Pastor, V., Robert, J., Flors, V., Mauch-Mani, B., Ton, J. 2011. Callose deposition: a 

multifaceted plant defense response. Mol Plant Microbe Interact. 24:183-193. 

Macho AP, Schwessinger B, Ntoukakis V, Brutus A, Segonzac C, Roy S, Kadota Y, Oh MH, 

Sklenar J, Derbyshire P, Lozano-Durán R, Malinovsky FG, Monaghan J, Menke FL, Huber SC, 

He SY, Zipfel C. 2014. A bacterial tyrosine phosphatase inhibits plant pattern recognition receptor 

activation. Science. 343: 1509-12. 

Malapaka, R. R., Adebayo, L. O., Tripp, B. C. 2007. A deletion variant study of the functional role 

of the Salmonella flagellin hypervariable domain region in motility. J Mol Biol. 365:1102-1116. 

Marino, D., Dunand, C., Puppo, A., and Pauly, N. 2012. A burst of plant NADPH oxidases. Trends 

Plant Sci. 17, 9–15. 

Miguel Angel Torres, Jonathan D. G. Jones & Jeffery L. Dangl. 2005.  Pathogen-induced, NADPH 

oxidase�derived reactive oxygen intermediates suppress spread of cell death in Arabidopsis 

thaliana. Nature Genetics 37, 1130-1134 

Nakashita, H., Yoshioka, K., Takayama, M., Kuga, R., Midoh, N., Usami, R., Horikoshi, K., 

Yoneyama, K., Yamaguchi, I. 2001. Characterization of PBZ1, a probenazole-inducible gene, in 

suspension-cultured rice cells. Biosci Biotechnol Biochem. 65:205-208. 

Nühse, T. S., Peck, S. C., Hirt, H. & Boller, T. 2000. Microbial elicitors induce activation and 

dualphosphorylation of the Arabidopsis thaliana MAPK6. J. Biol. Chem. 7521-7526. 

Nühse, T.S., Bottrill, A.R., Jones, A.M.E., and Peck, S.C. 2007. Quantitative phosphoproteomic 

analysis of plasma membrane proteins reveals regulatory mechanisms of plant innate immune 

responses. Plant J. 51, 931–940. 

Qiu, J. L., Zhou, L., Yun, B. W., Nielsen, H. B., Fiil, B. K., Petersen, K., Mackinlay, J., Loake, G. J., 

Mundy, J., Morris, P. C. 2008. Arabidopsis mitogen-activated protein kinase kinases MKK1 and 

MKK2 have overlapping functions in defense signaling mediated by MEKK1, MPK4, and MKS1. 

Plant Physiol. 148:212-222. 

Robatzek S, Chinchilla D, Boller T. 2006. Ligand-induced endocytosis of the pattern recognition 

receptor FLS2 in Arabidopsis. Genes Dev. 20: 537-42. 



 108 

Romeis, T., Piedras, P., Zhang, S., Klessig, D.F., Hirt, H., and Jones, J. D. 1999. Rapid Avr9- and 

Cf-9 -dependent activation of MAP kinases in tobacco cell cultures and leaves: Convergence of 

resistance gene, elicitor, wound, and salicylate responses. Plant Cell. 11:273–287. 

Samakovlis, C., Asling, B., Boman, H. G., Gateff, E., Hultmark, D. 1992. In vitro induction of 

cecropin genes--an immune response in a Drosophila blood cell line. Biochem Biophys Res 

Commun. 188:1169-1175. 

Samatey, F. A., Imada, K., Nagashima, S., Vonderviszt, F., Kumasaka, T., Yamamoto, M., Namba, 

K. 2001. Structure of the bacterial flagellar protofilament and implications for a switch for 

supercoiling. Nature. 410:331-337. 

Schulze, B., Mentzel, T., Jehle, A.K., Mueller, K., Beeler, S., Boller, T., Felix, G., and Chinchilla, D. 

2010. Rapid heteromerization and phosphorylation of ligand-activated plant transmembrane 

receptors and their associated kinase BAK1. J. Biol. Chem. 285, 9444–9451. 

Schuster, S. C., and Khan, S. 1994. The bacterial flagellar motor. Annu Rev Biophys Biomol Struct. 

23:509-539. 

Schwacke, R., and Hager, A. 1992. Fungal elicitors induce a transient release of active oxygen 

species from cultured spruce cells that is dependent on Ca2+ and protein-kinase activity. Planta 

187:136–141. 

Shi H., Shen Q., Qi Y., Yan H., Nie H., Chen Y., Zhao T., Katagiri F., Tang D. 2013. 

BR-SIGNALING KINASE1 physically associates with FLAGELLIN SENSING2 and regulates 

plant innate immunity in Arabidopsis. Plant Cell. 25:1 143-57 

Shiu, S. H., Karlowski, W. M., Pan, R., Tzeng, Y. H., Mayer, K. F., Li, W. H. 2004. Comparative 

analysis of the receptor-like kinase family in Arabidopsis and rice. Plant Cell. 16:1220-1234.  

Silipo, A., Molinaro, A., Sturiale, L., Dow, J. M., Erbs, G., Lanzetta, R., Newman, M. A., Parrilli, M. 

2005. The elicitation of plant innate immunity by lipooligosaccharide of Xanthomonas campestris. 

J Biol Chem. 280:33660-33668. 

Singh, P., Kuo, Y. C., Mishra, S., Tsai, C. H., Chien, C. C., Chen, C. W., Desclos-Theveniau, M., 

Chu, P. W., Schulze, B., Chinchilla, D., Boller, T., Zimmerli, L. 2012. The lectin receptor 

kinase-VI.2 is required for priming and positively regulates Arabidopsis pattern-triggered 

immunity. Plant Cell. 24:1256-1270. 

  



 109 

Song, W. Y., Wang, G. L., Chen, L. L., Kim, H. S., Pi, L. Y., Holsten. T., Gardner. J., Wang. B., 

Zhai. W. X., Zhu. L. H., Fauquet. C., Ronald. P. 1995. A receptor kinase-like protein encoded by 

the rice disease resistance gene, Xa21. Science. 270:1804-1806.  

Suzuki, N., Miller, G., Morales, J., Shulaev, V., Torres, M.A., and Mittler, R. 2011. Respiratory burst 

oxidases: the engines of ROS signaling. Curr. Opin. Plant Biol. 14, 691–699. 

Taguchi F1, Takeuchi K, Katoh E, Murata K, Suzuki T, Marutani M, Kawasaki T, Eguchi M, Katoh 

S, Kaku H, Yasuda C, Inagaki Y, Toyoda K, Shiraishi T, Ichinose Y. 2006. Identification of 

glycosylation genes and glycosylated amino acids of flagellin in Pseudomonas syringae pv. tabaci. 

Cell Microbiol. 8: 923-38. 

Takai, R., Kaneda, T., Isogai, A., Takayama, S., Che, F. S. 2007. A new method of defense response 

analysis using a transient expression system in rice protoplasts. Biosci Biotechnol Biochem. 

71:590-593. 

Takai, R., Isogai, A., Takayama, S., Che, F. S. 2008. Analysis of flagellin perception mediated by 

flg22 receptor OsFLS2 in rice. Mol Plant Microbe Interact. 21:1635-1642. 

Tanaka, N., Nakajima, Y., Kaneda, T., Takayama, S., Che, F. S., Isogai, A. 2001. DNA laddering 

during hypersensitive cell death in cultured rice cell induced by an incompatible strains of 

Pseudomonas avenae. Plant Biotech. 18:295-299. 

Tanaka, N., Che, F. S., Watanabe, N., Fujiwara, S., Takayama, S., Isogai, A. 2003. Flagellin from an 

incompatible strain of Acidovorax avenae mediates H2O2 generation accompanying 

hypersensitive cell death and expression of PAL, Cht-1, and PBZ1, but not of Lox in rice. Mol 

Plant Microbe Interact. 16:422-428. 

Tang, W., Kim, T.W., Oses-Prieto, J.A., Sun, Y., Deng, Z., Zhu, S., Wang, R., Burlingame, A.L., 

Wang, Z.Y. 2008. BSKs mediate signal transduction from the receptor kinase BRI1 in 

Arabidopsis. Science. 321: 557–560. 

Torres, M.A., and Dangl, J.L. 2005. Functions of the respiratory burst oxidase in biotic interactions, 

abiotic stress and development. Curr. Opin. Plant Biol. 8, 397–403. 

Veronesea Paola, Hirofumi Nakagamib, Burton Bluhma, Synan AbuQamara, Xi Chenc, John 

Salmeronc, Robert A. Dietrichc, Heribert Hirtb and Tesfaye Mengistea. 2006. The 

Membrane-Anchored BOTRYTIS-INDUCED KINASE1 Plays Distinct Roles in Arabidopsis 

Resistance to Necrotrophic and Biotrophic Pathogens. The Plant Cell 18:257-273. 



 110 

Wilson, D. R., and Beveridge, T. J. 1993. Bacterial flagellar filaments and their component 

flagellins.Can J Microbiol. 39:451-472. 

Wyant, T. L., Tanner, M. K., Sztein, M. B. 1999. Potent immunoregulatory effects of Salmonella 

typhi flagella on antigenic stimulation of human peripheral blood mononuclear cells. Infect 

Immun. 67:1338-1346.  

Yamaguchi, T., Yamada, A., Hong, N., Ogawa, T., Ishii, T., Shibuya, N. 2000. Differences in the 

recognition of glucan elicitor signals between rice and soybean: beta-glucan fragments from the 

rice blast disease fungus Pyricularia oryzae that elicit phytoalexin biosynthesis in 

suspension-cultured rice cells. Plant Cell. 12:817-826.  

Yang Y., Shah J., Klessig D.F. 1997. Signal perception and transduction in plant defense responses. 

Genes Dev. 11:1621-1639 

Yonekura, K., Maki-Yonekura, S., Namba, K. 2003. Complete atomic model of the bacterial 

flagellar filament by electron cryomicroscopy. Nature. 424:643-650. 

Zhang, J., Shao, F., Li, Y., Cui, H., Chen, L., Li, H., Zou, Y., Long, C., Lan, L., Chai, J., et al. 2007. 

A Pseudomonas syringae effector inactivates MAPKs to suppress PAMP-induced immunity in 

plants. Cell Host Microbe 1, 175–185. 

Zeng, W., and He, S.Y. 2010. A prominent role of the flagellin receptor FLAGELLIN-SENSING2 

in mediating stomatal response to Pseudomonas syringae pv tomato DC3000 in Arabidopsis. 

Plant Physiol. 153, 1188–1198. 

Zhu, Q., Dabi, T., Beeche, A., Yamamoto, R., Lawton, MA., Lamb, C. 1995. Cloning and properties 

of a rice gene encoding phenylalanine ammonia-lyase. Plant Mol Biol. 29:535-550. 

Zipfel C, Robatzek S, Navarro L, Oakeley EJ, Jones JD, Felix G, Boller T. 2004. Bacterial disease 

resistance in Arabidopsis through flagellin perception. Nature. 428: 764-7. 

Zipfel C, Kunze G, Chinchilla D, Caniard A, Jones JD, Boller T, Felix G. 2006. Perception of the 

bacterial PAMP EF-Tu by the receptor EFR restricts Agrobacterium-mediated transformation. 

Cell. 125: 749-60. 

 


