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Ė 1ĕ� ĢŃ 
 

1.1. ÜùĈ 

 

� ƺǳ*	ő(ED�Dc	ED�W	nADbp�Xw	ɀɤ	Ȼǵɤ'&)ȋë©

(8;ƒƎ(Ƥ�<#	;�ȋë©�Ƹėƺǳ(Űƴ�;%	ȋĶ?Ŝ�ʚ��	ðˆ

7ąʙ)§�?6�9��2�	Ɵɬ(8;ˮĶ˷ ɬĶ 7˸˛ɢ%)ȯù(8;˘Ķ˷ ˛

ɢĶ 	˸�ʸ'ƸėǼĝ(8;˘Ķ˷Ǿǻ˘Ķ˸'&(8!#6	ƺǳǾǿ*Ħ�'š

ˤ?ò�;��<9)ȋĶ	ɬĶ	˛ɢĶ	Ǿǻ˘Ķ'&*¬�#ƺǳȋ%Ă+<;� 

� «ǳ)ǻʎ�ôə'Ǿǿ˪)
 	Ƚ 36%�ƺǳȋ(8!#ħ><#	;%ʄȳ�<

#	;˷Ď 1.1˸˷ ˝Ǔ, 2008 �˸�)Éʁ*	ȋĶ�8-Ǿǻ˘Ķ(8;ƌħ�Ƚ 14%	

ɬĶ(8;ƌħ�Ƚ 10%	˛ɢĶ(8;ƌħ�Ƚ 12%$�;%Ƈĳ�<#	;� 

 

 

 

 

 

 

 

 

 

 

  

� 1.1 ÜùĈ *-õ�ý 

ÿŃf�Ĩ�sùĀāŪ/ 100%��� �!�ÜùĈŰĈ«
*#ĀÿŢ«�Ĳ«�ţ
ĭ«ű *-õ�ý
*#ªĀāŪ�ťî��2008/� sÅ��
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1.2. Üù43`A 

 

� ƺǳED�W*ƺǳȋ?Ŝ�ʚ��ȋë©)�"$�;�Ȼǵɤ7ɀɤ%ȉ':	E

D�W*ɀɘƾʯ?ƀ�'	ǮǾǳ$�:	ɝʟ)�ʐȼ?ƀ�'	�5Ĺ�ɀɘÉ$

)3Ğǉ�ôə$�;�ED�W*	PhyƷ˂)ƾųųÐ
9 DNAED�W% RNA

ED�W(ĦÔ�<	�9( DNAED�W* 1Ƭˈ DNAED�W% 2Ƭˈ DNAED

�W(	RNAED�W* 1Ƭˈ RNAED�W% 2Ƭˈ RNAED�W(Ðˬ�<;�

2� 1Ƭˈ RNAED�W*	mRNA%ú�ƚü(\�jNʙ)Q�c�<;p�Wˈ

RNAED�W%	mRNA%*ʬ)ƚü(\�jNʙ)Q�c�<;wDdWˈ RNAE

D�W(Ðˬ�<;�ED�W)Ðˬɏ*ď˗ED�WÐˬĬĆ£(8:ĳ59<#�

:	ED�W)ŭǵ�%(Ȕ	ȣ	ņ	ȧ)˦(Ðˬ�<;�ƺǳED�W*	ƺǳ(

Ŀ�#ɦ){TDN7˵ä	ƳĴ)ʤȾ7ĨŠ	ƺǳ©)ɥɋ7ĠǇ'&)ƿ�'Ȍǵ

?Ŝ�ʚ���ȋĶ)
 	ED�W(8;ɳĶ*Ȼǵɤ(8;ɳĶ(Ǆ	$ 2ȈȔ(

Ħ�	%ɒ�9<#�:˷Reddy et al., 2009 	˸ıĳȎ'ƺǳǾǿ)ȟµ(*ƺǳED�

Wȋ)ˏ˔��ôǃ$�;� 

 

 

1.3 Üù43`A!ÄÚŏđ 

 

� ƺǳED�W)ŰƴʴȦ*	�(èɀɘ$)Ğǉ	ɀɘˍȥɮ	ˊʝ˜ȥɮ) 3"(

Ð�9<;˷Ď 1.2 �˸��$*	p�Wˈ RNAED�W)øŰƴʴȦ)ƽɸ("	#

ʪ/;� 

 

1.3.1��ĝħ�!¢ç�

�  

� ED�W�ƺǳ©)½ó7Ɵɬ)ÿǐȱ?��#ɀɘÉ(²Å��ţ	2�ED�W
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ȹĮ?ƾų�;Ĥɳ\�jNʙ˷ coat protein; CP �˸Phy8:ɼ˜�	Phy RNA�

˟Ï�;˷ɚĤɳ˸˷ Ď 1.3 �˸Ɇ	#	Phy RNA?ˇĕ%�#	ɷɶˁȿ�ɑʁ�<

;�ɑʁ�<�ɷɶˁȿ*	Ǿ©ɜ�(ƿ�'Ĺ�ċĮ7ED�W RNA%%6(ɷɶ

ɷù©%Ă+<;ƾʯ?Šų�;˷den Boon and Ahlquist, 2010 �˸ɷɶɷù©*	ţʪ

�; RNASD��U�O'&)Ĺ�)ˏŦǂƾ
9ED�WPhy?µʓ�;¿��

�;%ɒ�9<#	;�˞ Į˫ŧˉɻĽ(8:	�ʽ)ED�W*Ǿ©ɜ?˕Å��ł

Ǻǵ)ɷɶɷù©?Šų�;�%�ȡ�<#	;˷Schwartz et al., 2002; Fernández de 

Castro et al., 2017; Nagy, 2016 �˸ɷɶɷù©$*	ɷɶˁȿ)¿�(8:Phy RNA


9wDdWˈ RNA�ùų�<	Ǆ	$wDdWˈ RNA?ˇĕ(p�Wˈ RNA�ùų

�<;�ED�W)ȧˬ(8!#*	SoPhy RNA %	
Phy RNA % 3′¼?ú

���;�ˊ�)Ț	 RNA�ùų�<;ěù6�;˷Sztuba-Solińska et al., 2011 �˸S

oPhy RNA*	�")Phy(ĥƖ) open reading frame˷ORF˸?Ƨ�;ƺǳED

�W)ʻ¤Įȍǹǂƾ%�#ƿ�'ED�W(Ŗ�ʈ59<;�Ħˆ(ùų�<�p�

Wˈ RNA*	ɷɶɷù©
9ɀɘʙ.%ƓÏ�<	ƙ�'ɑʁ7ɷɶ)ˇĕ%';�

ƺǳED�W)ɷɶ(*ĥƖ)Ĺ�ċĮ�ˎ��;�%�ơ9
(�<#�:˷Nagy 

and Pogany, 2012; Hyodo and Okuno, 2014 	˸�)8
'ċĮ)ɈɎȎúĳ7	ɷɶ(��

;ǂə)ɼƲ�Ȓ@(ɮ><#	;� 

 

1.3.2�ĝħŜĐĴ�

 

� èɀɘ$Ğǉ��ED�WPhy*ëŠʙʰɄ˷ plasmodesmata; PD ?˸��#˙Ɔɀ

ɘ.ȥɮ�;��)ʴȦ*ɀɘˍȥɮ%Ă+<;�ɀɘˍȥɮ*ƺǳED�W(ǴŨȎ

'ŰƴʴȦ$�;�ƺǳED�W*�ɟ(	ɀɘˍȥɮ(�	#�ũȎ'ŢÛ?Ƴ��

ȥɮ\�jNʙ˷movement protein; MP˸%Ă+<;ċĮ?Phy(Q�c�#	;�

PD (*ƅ˔ÐĮˆ˒ȅ�įē�	ʭő*ED�W)8
'ōĦÐĮ*ʭʴ�;�%�

$�'	�MP* PD.%ńē�ƅ˔ÐĮˆ˒ȅ?ſĦ�;ŭʙ?Ƨ�#�:	˙Ɔɀ
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ɘ.)ED�W)ȥɮ?ôə(�;�MP*ƿ�'ɀɘÉʥʫɂʞ?ÕȀ�# PD.ń

ē�;�%�ș9<#	;˷Schoelz et al., 2011 �˸ 

 

1.3.3�ŚŉŤĐĴ�

 

� ƺǳED�W*ɀɘˍȥɮ?Ɍ:ʩ�	ɰȐɀɘ
9ɦɔɀɘ	ɇȴƭˣɀɘ	ɇȴ

ƭƵɀɘ	ȸʽ¥ɀɘ	ȸɸȿ.%Öʵ�	ȸɸȿ?��#ƺǳ©Æ©.%Űƴ?ſĦ

�;��)ʴȦ*ˊʝ˜ȥɮ%Ă+<;��ʽ)ED�W$*	ȸʽ(Þ�#Ʃʽ?�

��ˊʝ˜ȥɮ6ɻĽ�<#	;˷ Wan et al., 2015 �˸ĥ�)ED�W*ȹĮ)Šű$ˊ

ʝ˜ȥɮ�;%ɒ�9<#	;�	ȹĮ%*ȉ';ED�WPhy%ED�W\�jN

ʙ2�*Ĺ�\�jNʙ(8:ƾų�<;ɷù©)Šű$ˊʝ˜ȥɮ�;%ɒ�9<

#	;ED�W6įē�;˷Hipper et al., 2013; Folimonova and Tilsner, 2018 �˸2�	E

D�W)ˊʝ˜ȥɮ(ǆ2�*ʕ)ǂə?ƀ"Ĺ�ċĮ��<2$(ĥƖúĳ�<#

	;˷ Hipper et al., 2013 �˸�)8
'ċĮ)ȧˬ*ƺǳȧ�8-ED�Wȧ�%(ƿ�

$�:	ED�W)ˊʝ˜ȥɮ)ƿś)ĥƿŭ?ȡć�;� 

� 1.2 Üù43`A!ÄÚŏđ 

Üù43`A!ÄÚŏđ"�ĝħ�!¢ç�ĝħŜĐĴ�ŚŉŤĐĴ! 3èš �,+.-��
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� 1.3 Üù43`A!�ĝħ�!¢çZG` 
���"S^AŘ RNA 43`A!¢çŏđ/ď��Űiűĝħ� u}��43`Aę§�
+¤ĶCcN9ņ�ļŤ�Űĩ¤Ķű�<LX RNA�ŧ��-�Űiiű<LX RNA�+ĸķ
ŔĜŰRNA-dependent RNA polymerase; RdRpű�ĥĽ�.-�ŰiiiűĀqĪf� RdRp�4
3`A<LX RNA�¬k�§Űhost factor; HFű/�'ĸķĸ�q�¹Å�.-�Űivűĸ
ķĸ�q��<LX RNA�+V3JAŘ RNAŰŇģű��Å�.-�ŰvűV3JAŘ RNA
/ŗ� S^AŘ RNAŰůģű��Å�.-�Űviű¥Î!S^AŘ RNA �ĝħņ Í�
�.-� 
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1.4�UFE9A43`A 

 

� ƬȜȪ)Ŀʔ%�;v`_NWED�W*	̀ C{ED�WȔB�nAn�LUED

�Wȣv`_NWED�Wņ(ņ�;ED�W)�ɏ$�;˷ Adams et al., 2012 �˸2019

Ŕ 3Ʀǹē	38ȧ�ș9<#�:	\Dpȧ* Potato virus X˷PVX˸$�;�ȹĮ)

Šű*ˊ� 470–580 nm),6ǵ$�;˷Ď 1.4 �˸Ɔɽ¤ƍ�<	ƬȜȪ$Ȁ	; PVX

�8- plantago asiatica mosaic virus˷PlAMV˸?þ5�ĥƖ)v`_NWED�W�ʦ

ƼǾǿ(Ħ�'ɳĶ?6�9�˷Wang et al., 2011; Conijn, 2014; Hanssen and Thomma, 

2010; Koh et al., 2014 �˸èÐȵ)p�W1ƬˈRNA
9';5.9–7.0 kb)Phy?ƀ 	

Phy�(* 2")ˡɑʁ˨Ė˷untranslated region; UTR˸�8- 5") ORF˷5′ƫȮ


9˦( ORF1–5˸?Ƨ�#	;˷Adams et al., 2012˸˷ Ď 1.5 �˸Phy RNA) 5′�8

- 3′ƫȮ(*�<�<L|_pƾʯ�8- poly(A)ʾÒ�įē�;� 

� ORF1*ɷɶˁȿ˷RNA-dependent RNA polymerase; RdRp˸?Q�c�#�:	ED

�W)ɷɶʴȦ(�	#�ũȎ'ŢÛ?Ž
�RdRp(* 3")czD��þ2<#�

:	NƫȮ¼
9z^�nF��ZczD�	q�J�ZczD�	v�z��Zcz

D�?Ƨ�;�ORF2–4*ȥɮ\�jNʙ$�; triple gene block protein˷ TGBp 1˸–3?

�<�<Q�c�;˷ Verchot-Lubicz et al., 2010; Park et al., 2014 �˸2� TGBp1*q�J

�ZczD�?ƀ 	ţʪ�; RNASD��U�OSp�_S�%�#6¿��%�

ș9<#	;˷Senshu et al., 2009 �˸PlAMV ) TGBp1 *Ĺ�) RNA-dependent RNA 

polymerase 6˷RDR6˸�8- suppressor of gene silencing 3˷SGS3˸%Ȗ�«Ȁ�	2Ƭ

ˈ RNA ùųʴȦ?ːĶ�;�%$SD��U�O?Ÿ×�;�%�ȡ�<#	;

˷Okano et al., 2014 �˸ORF5*Ĥɳ\�jNʙ˷CP˸?Q�c�	ED�WȹĮ)Šų

�8-ɀɘˍȥɮ(ˎ��;˷Ozeki et al., 2009 �˸RdRp*ED�W)Phy RNA
9

ɑʁ�<	�<�Ĥ)ċĮ*SoPhy RNA
9ɑʁ�<;%ɒ�9<#	;�v`

_NWED�W(* 3Ƭ)SoPhy RNA�įē�;%ɒ�9<#�:	TGBp1*S

oPhy RNA1
9	TGBp2�8- TGBp3*SoPhy RNA2
9	CP*SoPh
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y RNA3
9ɑʁ�<;%ɒ�9<#	;˷Verchot et al., 1998; Verchot-Lubicz et al., 

2007 �˸TGBp3 *	�u[�y(8; TGBp2 )ˌīQc�)ʋ3ʴ��˷��L�W

L|e�O˸(8!#ɑʁ�<;�%�ȡć�<#	;˷Verchot et al., 1998 �˸ 

 

 

 

 

 

 

 

  

� 1.4 UFE9A43`A!ę§ 

PVX!ę§!Ŧ§ū½řy�A;d`Md" 200 nm��
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1.5 Üù43`A ¯�-ÈÇÁâß 

 

� ED�W*Ƕɝ)�ʐȼ?ƀ��Ĺ�(°į��ŰƴǼ?Ƨ�;�%
9	ED�W

)3?ǀȎ%��äİʦɫ)ˌȍ*Č˝$�;�5	ED�W)äİȎ'ˏ˔*Č˝$

�;��)�5	ƺǳED�W)ˏ˔ǒ*	Űƴƺǳ)˔í	»Æȧɡ)ÕȀ	ŝǌE

D�W)ÕȀ	ĭ�Ǿǳ)×Ŧ%	!��ʽ)ƚǒ(˒9<;�ED�Wˏ˔ǒ)�"

%�#	ED�W(ŻŹŭ?ȡ�ƺǳąȧ)ÕȀ�ɮ><#	;�ŻŹŭƺǳąȧ)Õ

Ȁ*	áƳȎ
"ɂǡȎ$Ǽĝʕɣ6ł�	�%
9ƧȀ'ˏ˔ǒ$�;˷ ˝Ǔ, 2008 �˸

�)�5	ƺǳ�ƀ"ED�WŻŹŭ)ÐĮǂƾ?ȜȪ�;ůɐ*Ħ�	� 

� ƺǳED�WŻŹŭ*�( RNASD��U�O	ßŭŻŹŭ	ÀŭŻŹŭ(Ðˬ$

�;�2�ÀŭŻŹŭ*	ŻŹŭʻ¤Į)ȧˬ(8: nucleotide-binding leucine-rich repeat

� 1.5 UFE9A43`A!<LX
*#>R<LX!ßō 

<LX RNA�+" RdRp��>R<LX RNA1�+" TGBp1��>R<LX RNA2
�+" TGBp2
*# TGBp3��>R<LX RNA3�+" CP�ĥĽ�.-�Ħ	
+.��-�ůj"8[ESßō/�(A)n"U_ Aœ�/ĵ���
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˷NLR˸ĕʻ¤Į(8;ŻŹŭ%	�<�Ĥ) non-NLR ĕʻ¤Į(8;ŻŹŭ(ĦÔ

$�;���$�<�<)ŻŹŭǂƾ)ǴŨ("	#ʪ/;� 

 

1.5.1 RNA>3ac?c: *-ÈÇÁ 

 

� RNA SD��U�O*ʾÒǴȉȎ'ʻ¤Įȍǹ×Ŧǂƾ$�:	ƺǳ(�	#ED

�W(Ŀ�;ŻŹŭǂƾ%�#6ǂə�;˷Pumplin and Voinnet, 2013 �˸RNASD��

U�O(�	#*	ED�W)ɷɶ�ˍ©7Phy RNA �Šų�;˴Ǆƾʯ'&) 2

Ƭˈ RNA�Ĺ�) Dicer-like\�jNʙ(8:ÑƘ�<	21–24ĜĘ) small interfering 

RNA˷siRNA˸�ǿǾ�<;�siRNA *Ĺ�) Argonaute \�jNʙ?�Ʒ%�;

RNA-induced silencing complex˷ RISC %˸Ă+<;ɷù©(ñ:ʧ2<;�RISC* siRNA

%ȖɵȎ'ʾÒ?Ƨ�; RNA(\�P`C�O�	RNA)ÑƘ7ɑʁŸ×?ʉŁ�E

D�WĞǉ?ːĶ�;�ÑƘ?ò�� RNA?ˇĕ%�#	Ĺ�) RDR67 SGS3)¿

�(8:	ƙ�( 2Ƭˈ RNA�Šų�<	SD��U�Oïū*ĞŒ�<;�RNAS

D��U�O(ĿŹ�;�5(	ED�W*ĥƿ'ȧˬ) RNASD��U�OSp�

_S�?Ƨ�;�%�ș9<#	;˷Csorba et al., 2015 �˸Sp�_S�* RNASD�

�U�O(ˎ��;ĥƿ'ċĮ?ǀȎ%�	SD��U�O)ƿ�'ʴȦ?Ÿ×�;�

%$ED�WĞǉ?´ʱ�;¿�?ƀ"� 

 

1.5.2 �ÁÈÇÁ 

 

� ƺǳED�W*Ĺ�ɀɘÉ)ĥƿ'ċĮ?ÕȀ�;�%$Űƴ?ųȬ��;��)�

5	ED�WŰƴ(Ūɸ'ċĮ?Q�c�;ʻ¤Į?ǃƌ��ƺǳ(ED�W*Űƴ$

�'	��)8
'ŻŹŭ*ßŭʻ¤�;�%
9ßŭŻŹŭ%Ă+<;˷ Truniger and 

Aranda, 2009; Hashimoto et al., 2016 �˸ǹēN��e�O�<#	;ßŭŻŹŭʻ¤Į)


 )ĥ�*	\�jNʙ)ɑʁˌīċĮ$�; eukaryotic translation initiation factor˷ eIF˸
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4E 6��*�)BD[nH�y$�; eIFiso4E ?Q�c�;�%�ș9<#	;

˷Wang and Krishnaswamy, 2012; Bastet et al., 2017 �˸ȗƷǾǳ)ɑʁˌīïū(�	#	

eIF4E * mRNA )L|_pƾʯ(Ƀù�	ʜě\�jNʙ$�; eIF4G %ɷù©?Š

ų��ţ	�u[�y 40SSo�e_b?�N��b�;¿�?ƀ"�	�"
)ƺǳ

ED�W\�jNʙ)ɑʁ( eIF4E BD[nH�y�ˎ>;�%�ɼơ�<#�:

˷Yoshii et al., 2004; Truniger et al., 2008; Keima et al., 2017 	˸eIF4EBD[nH�y)ǃ

ƌ(8;ßŭŻŹŭ)ÐĮǂƾ�ơ9
(�<""�;�2�	ʨŔ eIF4EBD[nH

�y�Ĥ)ċĮ?Q�c�;ßŭŻŹŭʻ¤Į�ɷƖĚĀ�<#	;˷ Hashimoto et al., 

2016 �˸ 

 

1.5.3 NLR�őo§ *-zÁÈÇÁ 

 

� Àŭʻ¤�;ʻ¤Į(8:Ŝ�ʚ��<;ƺǳED�WŻŹŭ*ÀŭŻŹŭ%Ă+

<;�ƺǳED�W(Ŀ�;ÀŭŻŹŭʻ¤Į* 200��ș9<#�:	�)
 )	

�"
�N��e�O�<#	;˷ de Ronde et al., 2014 �˸ȋë©(Ŀ�;ƺǳ)ŻŹŭ

)
 	ŻŹŭąȧ(ƥ6Ŗ�ÕȀ�<ȜȪ6ɮ><#	;)�ȗǆŻŹŭ$�:	ȗ

ǆŻŹŭ?÷;ʻ¤Į* NLRĕ\�jNʙ?Q�c�;��<2$( NLRĕ)ED�

WŻŹŭʻ¤Į�Ń'�%6 18·úĳ�<#	;˷de Ronde et al., 2014 �˸NLRĕ\�

jNʙ*	ED�W��$'�Ȼǵɤ	ɀɤ	Ɵɬ'&(Ŀ�;ŻŹŭ(6ˎ>;\�

jNʙ$�:	ǀȎȋë©)òĸ©%�#¿��U�DfdXd)Phy(* NLR ĕ

ʻ¤Į�Ƚ 160·įē�;�%�ơ9
%'!#	;˷Guo et al., 2011 �˸ 

� ÈĕȎ' NLR ĕ\�jNʙ*	N ƫȮ¼
9 coiled-coil˷CC˸czD�2�*

Toll/Interleukin-1 Receptor˷ TIR c˸zD�	nucleotide-binding˷ NB c˸zD�	leucine-rich 

repeat˷ LRR˸czD�?Ƨ�;�CC�8- TIRczD�*	�ǘ)UOd�¤ʵɂʞ

(˄ɸ'ŢÛ?Ƴ��%ɒ�9<#	;˷Monteiro and Nishimura, 2018 �˸NBczD�

* ATP)ÞǏÐɼ?��� NLRĕ\�jNʙ)Ǘŭä(ˎ��;�LRRczD�*ǀ
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Ȏ\�jNʙ)ǴȉȎʈʑ(ˎ>!#	;%ɒ�9<#	;˷de Ronde et al., 2014 �˸

NLR ĕ\�jNʙ�$ƥ6ĥƿŭ(ļ4czD�$�;�%
9	ʺźĒ?ò�#�

:ǀȎ\�jNʙ)ĥƿä?6�9�ʱä(ˎ>;%ɒ�9<#	;� 

� NLR ĕ\�jNʙ*ɀɘʙ$ȕƆȎ6��*ˍƆȎ(ǀȎED�W\�jNʙ?ʈ

ʑ��ţ	ATP)ÞǏÐɼ?��#Ǘŭä�	Ʒ(ȥɮ�ˏŦūȲˎʰʻ¤Į)ʠËȱ

?Ǘŭä�;%	
{a��ƈĈ�<#	;˷Ď 1.6˸˷ Slootweg et al., 2010; Tameling et 

al., 2010; Bhattacharjee et al., 2013; Padmanabhan et al., 2013; Padmanabhan and 

Dinesh-Kumar, 2014 �˸NLR ĕŻŹŭʻ¤Į?���ŻŹŭ(˗�#*	�ɟ(ʴƔŰ

ïū�ʉŁ�<ED�W)Űƴ�Ÿ×�<;˷Mandadi and Scholthof, 2013 �˸ 

 

 

 

 

 

� 1.6 NLR�CcN9ņ *-Üù43`AÈÇÁ 
NLR �CcN9ņ�áĊ43`ACcN9ņ!ĿŅ
*# ATP !�ë�ļ/ğ�
ðÁ���Û$�ĐĴ�-�Û$ĐĴ�� NLR�CcN9ņ"Ŋ��§�ČmsĂ
�Ş¼ŝŎőo§!Ŋ�/ðÁ��-���ÈÇÁ/ŀ°�-� 
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1.5.4 non-NLR�őo§ *-zÁÈÇÁ 

 

� ʨŔ	NLR ĕŻŹŭʻ¤Įɏ(ņ�'	ÀŭŻŹŭʻ¤Į˷non-NLR ĕŻŹŭʻ¤

Į˸�ɷƖè˜�<#�:	NLR ĕŻŹŭʻ¤Į%*ȉ';ŭǵ?Ƨ�;�%�ơ9


(':""�;˷de Ronde et al., 2014; Gouveia et al., 2017 �˸non-NLRĕŻŹŭʻ¤Į

*	ĥƿ'ȧˬ)\�jNʙ?Q�c�#�:	�	(Ū��6Ȗúŭ?ȡ�'	�Ť

!#	ø non-NLR ĕŻŹŭʻ¤Į*ĥƿ'ÐĮǂƾ(8:ŻŹŭ?ȍƊ�;6)%ɒ

�9<#	;��<2$(	ɰ1.1)8
'non-NLRĕŻŹŭʻ¤Į�è˜�<#	;� 

� ˅Ǿbwb8:è˜�<� Tm-1 *	TIM-barrel czD�\�jNʙ?Q�c�#�

:	bi{ED�WņED�W$�; tomato mosaic virus˷ ToMV˸(Ŀ�;ŻŹŭ?ȍ

Ɗ�;˷Ishibashi et al., 2007 �˸Tm-1* ToMV)ɷɶ\�jNʙ(Ƀù�	Ǿ©ɜ�(

��; ToMVɷɶɷù©)Šų?Ī�;�%$	ToMV)ɷɶ?ːĶ�;�%�ȡ�<

#	;˷Ishibashi et al., 2007; Ishibashi and Ishikawa, 2013; Ishibashi and Ishikawa, 2014; 

Ishibashi et al., 2014 �˸ 

� Ty-1* RNA-dependent RNA polymerase?Q�c�;˅ǾbwbȂƯ)ʻ¤Į$�:	

rR{ED�WņED�W$�; tomato yellow leaf curl virus˷TYLCV˸)Űƴ?ːĶ

�;˷Verlaan et al., 2013 �˸Ty-1ŻŹŭ(*	ʠËĕV��SD��U�O)Ǘŭä�

ˎ��;�%�ȡ�<#	;˷Butterbach et al., 2014 �˸ 

� Dg) STV11*`fDED�WņED�W$�; rice stripe virus˷RSV˸(Ŀ�;Ż

Źŭʻ¤Į$�:	W�tb��WnF��Z?Q�c�;˷ Wang et al., 2014 �˸STV11

*ˏŦūȲ(˄ɸ'ƺǳt�{�$�;S�^�˂
9W�tS�^�˂?Ǿų�;

Ǘŭ?Ƨ�;�%�ơ9
%'!#�:	Ǿų�<�W�tS�^�˂?��#S�^

�˂)ɩȩˆ��Ơ�;�%� RSVŻŹŭ(ˎ��;�%�ȡć�<#	;� 

� bE{�QU)ʻ¤Į Scmv1*^I�cLU�ƿ\�jNʙ?Q�c�	v`CED

�WņED�W$�; sugarcane mosaic virus˷SCMV˸(ŻŹŭ?ȍƊ�;�Scmv1*

èɀɘ(��; SCMV )ɩȩ?ːĶ�;�%�ȡ�<#	;�	�)«Ȁǂƾ)ʆɀ
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*�ơ$�;˷Liu et al., 2017 �˸2�	I�LU�Ƀù\�jNʙ?Q�c�; Scmv2

6 SCMV (ŻŹŭ?ȍƊ�;�%�ơ9
%'!#	;�	�)ÐĮǂƾ*�ơ$�

;˷Leng et al., 2017 �˸ 

� U�DfdXd) restricted tobacco etch virus movement 1˷ RTM1 	˸RTM2	RTM3*�

<�<V|J���N^�	ǰU�_N\�jNʙ	meprin and TRAF homology˷ MATH˸

czD�\�jNʙ?Q�c�˷Chisholm et al., 2000; Whitham et al., 2000; Cosson et al., 

2010 	˸v`CED�WņED�W$�; tobacco etch virus˷TEV 	˸lettuce mosaic virus

˷LMV 	˸plum pox virus˷PPV˸(ŻŹŭ?ȍƊ�;˷Mahajan et al., 1998; Revers et al., 

2003; Decroocq et al., 2006 �˸RTMŻŹŭ* TEV)ɷɶ�8-ɀɘˍȥɮ*ːĶ�'	

�	ˊʝ˜ȥɮ?ːĶ�;�%�ȡ�<#	;˷Mahajan et al., 1998 �˸2�	ʻ¤ĮŘ

RTM4�8- RTM5�ŻŹŭ(ˎ��;�%�ơ9
%'!#	;�	ƪ�ʻ¤Į)ú

ĳ*'�<#	'	˷Cosson et al., 2012 �˸RTMŻŹŭ*	ʴƔŰïūƿ)ïū?ȡ�

'	�%�ș9<#	;�˷Mahajan et al., 1998 	˸ÐĮǂƾ)ʆɀ*�ơ$�;� 
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1.6 UFE9A43`A ¯�- non-NLR�ÈÇÁőo§ JAX1 

 

� v`_NWED�W)�ȧ$�; plantago asiatica mosaic virus˷PlAMV˸(Ŀ�#Ż

Źŭ?ȍƊ�;U�DfdXdGQ\Dp Bay-0 8:	non-NLR ĕŻŹŭʻ¤Į

jacalin-type lectin required for potexvirus resistance 1˷JAX1˸�úĳ�<#	;˷Yamaji et 

al., 2012˸˷ ɰ 1.1 �˸JAX1*	è�)V|J���N^�czD�?Ƨ�;\�jNʙ

?Q�c�#�:	NLRĕŻŹŭʻ¤Į%*ʻ¤Įƾʯ�ȉ'!#	;˷Ď 1.7A �˸ 

� JAX1 *ɀɘ�r�$ PlAMV )Ğǉ?ːĶ�;�%�ȡ�<#	;˷Yamaji et al., 

2012 �˸2�	JAX1* NLRĕ\�jNʙ(8;ŻŹŭ(ǴŨȎ'ˏŦūȲʻ¤Į)ȍ

ǹ	ɀɘǇ	Ǘŭ˂ȿȧ)ǿǾ?ʉŁ�'	�%�ơ9
%'!#	;�JAX1 ?Šʙ

ʠƉ�� Nicotiana benthamiana*	4ȧ)v`_NWED�W˷ PlAMV	PVX	asparagus 

virus 3 [AV3]	white clover mosaic virus [WClMV]˸(ŻŹŭ?ȍƊ�;�%�ȡ�<#

	;� 

� 2�	˅Ǿĕ N. benthamiana?õƩ	JAX1?ŠʙʠƉ�� N. benthamiana?ȨƩ%

�#Ɔ�Ʃ?ɮ		õƩ(Ŀ�# PVX ?Ɔȧ�;�%(8:	ȨƩ(�	# JAX1 Ż

ŹŭŶȞED�Wƶ�è˜�<#	;˷Sugawara et al., 2013 �˸è˜�<�ED�Wƶ

)Phy) 1092ȈȔ)ĜĘ* A
9 C2�* T(ģȉ�#�:	�)ĜĘɍƉ(8:

RdRp) 336ȈȔ)Bxh˂�O�\x�
9kW^V�(ģȉ�#	;�%�ơ9


%'!#	;�şʅģȉ?ŁÅ�� PVXģȉƶ* JAX1ȍǹ N. benthamiana�$Ğǉ

Ǘŭ?Ƨ�;�%�ȡ�<#	;˷Ď 1.7B �˸2�	şʅBxh˂ǈĘ*v`_NWE

D�W(Ŗ�µį�<#	;�%�ȡ�<#	;� 

� ��
9	JAX1ŻŹŭ*ɀɘ�r�$ȍƊ�<;�%	NLRĕ\�jNʙ(8;Ż

Źŭ%*ȉ';ǂƾ$ȍƊ�<;�%	v`_NWED�W) RdRp�ˎ��;�%�

ȡć�<��	JAX1 ŻŹŭ)ÐĮǂƾ)ʆɀ*�ơ$�!��ƬȜȪ$*	JAX1 Ż

Źŭ)ÐĮǂƾ)ɼơ?ȔȎ%�#ȜȪ?ɮ!��Ȱ 2ȭ$*	JAX1�ǀȎ%�;v

`_NWED�WċĮ)ɼƲ?ɮ		Ȱ 3ȭ$*ƺǳɀɘżÏǜ?Ȁ	� JAX1)«Ȁ



 

 19 

ǂƾ)ǾäİȎɼƲ?ɮ!�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

� 1.7 JAX1!IY3cßō
*# JAX1ÈÇÁÆč/·
ň�� PVX<LX!£Ć 
ŰAűJAX1CcN9ņ!IY3cßō�JAX1" 1571WLŕ�+�,�i¦ �e!
@[7_ca9DcIY3c/Õ�-�ŰBűJAX1ÈÇÁ!Æč/·
ň�� PVX!£
Ć�<LX! 1092ąċ!¡� A� C&�" T £Ć��RdRp! 336ąċ!1WLŕ
æ�:`CWc�OAD@c £Ć�-� PVX" JAX1ÈÇÁ/Æč�-��
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Ė 2ĕ JAX1ÈÇÁ!áĊ��-43`A�§!ļØ 
 

2.1�µÏ�

 

� NLR ĕ\�jNʙ(8;ƺǳED�WŻŹŭ(�	#*	NLR ĕ\�jNʙ�Ǵĳ

)ǀȎED�W\�jNʙ?ʈʑ�;�%$�ǘ)ŻŹŭïū�ʉŁ�<;˷ de Ronde 

et al., 2014 �˸�<2$(ĥƖ) NLRĕ\�jNʙ(�	#	ǀȎ%';ED�WċĮ

�úĳ�<#	;�2�	non-NLRĕŻŹŭ\�jNʙ$�; Tm-1)ǀȎċĮ*ED

�W)ɷɶ\�jNʙ$�;�%��<2$(ơ9
%�<#	;˷Ishibashi et al., 

2007 �˸ 

� JAX1 �ǀȎ%�;ED�WċĮ("	#*�<2$�ơ$�;�	JAX1 ŻŹŭ?

ŶȞ�; PVX* RdRp�( 1Bxh˂ģȉ?Ƨ�;�%
9˷Sugawara et al., 2013 	˸

RdRp� JAX1ŻŹŭ(ˎ��;�%�ȡć�<#	;�Ƭȭ$*	JAX1�ǀȎ%�;

ED�WċĮ("	#ɼƲ?ɮ!�� 
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2.2�×Ð
*#Òí�

 

2.2.1 S^AWI 

 

˷1˸PlAMV-GFPģȉ©�8- PlAMV-53U-RdRp)ȍǹȀrN\� 

� N. benthamiana)Ņˌɦ$ PlAMV-GFP�8- PlAMV-GFP∆CP?ȍǹ��;�5	Ɯ

Ě)Q�Wb�Nb pLi1-CPNsGFP-mtfCP �8- pLi1-CPNsGFP∆CP˷ Minato et al., 2014˸

?­Ȁ���2�	PlAMV-GFP∆TGBp1	PlAMV-GFP∆TGBp2	PlAMV-GFP∆TGBp3?

ȍǹ��;�5	pLi1-CPNsGFP-mtfCP) TGBp1	TGBp2	TGBp3)ˌīQc�?ģȉ

���Q�Wb�Nb pLi1-CPNsGFP-mtfCP∆TGBp1	pLi1-CPNsGFP-mtfCP∆TGBp2	

pLi1-CPNsGFP-mtfCP∆TGBp3 ?�<�<ƾȷ���pLi1-CPNsGFP-mtfCP∆TGBp1 )ƾ

ȷ(��!#	2� pLi1-CPNsGFP-mtfCP?ˇĕ(p�Dw�Li2606F�8-LidelTG1R	

LidelTG1F�8- oligodT˷ ɰ 2.1 ?˸Ȁ	# polymerase chain reaction˷ PCR ?˸ɮ!��

ť9<� PCRǿǳ?ˇĕ(	p�Dw�Li2606F�8- oligodT?Ȁ	#�Q�ld�

b PCR ?ɮ!��PCR ǿǳ? BglII �8- SpeI $ÑƘ�	úˁȿ$ÑƘ��

pLi1-CPNsGFP-mtfCP(ƃÅ���pLi1-CPNsGFP-mtfCP∆TGBp2*	LidelTG2R�8-

LidelTG2F?�<�< LidelTG1R�8- LidelTG1F)�>:(Ȁ		úƿ)ƚǒ$ƾȷ

���pLi1-CPNsGFP-mtfCP∆TGBp3*	LidelTG3R	LidelTG3F�8- Li6095R?�<

�< LidelTG1R	LidelTG1F �8- oligodT )�>:(Ȁ		úƿ)ƚǒ$ƾȷ���

2�	PlAMV-53U-RdRp?ȍǹ��;�5ƜĚ)Q�Wb�Nb p53U-RdRp1˷ Komatsu 

et al., 2011˸?Ȁ	�� 

 

˷2˸JAX1	RTM1	GUS	p19)ȍǹȀrN\� 

� N. benthamiana)Ņˌɦ$ JAX1	RTM1	b-glucuronidase˷ GUS 	˸tomato bushy stunt virus

) RNASD��U�OSp�_S�p19?ȍǹ��;�5	2��<9) DNAƘǲ?

G�b��rN\�pENTA˷Himeno et al., 2010˸(N��e�O���pENTA(ƃÅ
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�� JAX1	RTM1	GUS?	Gateway LR N�d�Z II˷Thermo Fisher Scientific˸?

Ȁ	� LRïū(8:rN\�pEarleyGate 202˷ Earley et al., 2006˸.ŁÅ���pENTA

(ƃÅ�� p19*rN\�pE7133-GW˷Netsu et al., 2015˸. LRïū(8:ŁÅ��� 

 

˷3˸PVX-53U-RdRp-myc-WT�8- PVX-53U-RdRp-myc-A1092C)ȍǹȀrN\� 

� N. benthamiana ) Ņ ˌ ɦ $ PVX-53U-RdRp-myc-WT � 8 -

PVX-53U-RdRp-myc-A1092C ?ȍǹ��;�5	pCAM-53U-UK3RdRp-myc-WT �8-

pCAM-53U-UK3RdRp-myc-A1092C?�<�<ƾȷ���cauliflower mosaic virus˷ CaMV˸

35Sp�{�\�)ȕ�( GFPȍǹ PVX-UK3Ð˜ƶ˷PVX-UK3-GFP˸)ʾÒ�ʰɃ

�<�rN\�pCXI˷Uhde-Holzem et al., 2010˸?ˇĕ(	p�Dw�PRDb-F2�8-

polydT-SpSlR˷ SalIʈʑʾÒ?þ4˸?Ȁ	# PCR?ɮ!��PCRǿǳ? BlnI˷ ʈʑʾ

Ò* ORF1 É(įē˸�8- SalI˷ʈʑʾÒ* poly(A)ʾÒ)ȕ�(įē˸$Îǻ�	

BlnI�8- XhoI˷ʈʑʾÒ* ORF5É�8- poly(A)ʾÒ)ȕ�(įē˸$Îǻ��r

N\�pCXV(N��e�O�	pCX-a%û����pCXV* CaMV 35Sp�{�\�

)ȕ�( PVX-UK3 Ð˜ƶ)ʾÒ�ʰɃ�<�rN\�$�;�ƾȷ�� pCX-a *	

poly(A)ʾÒ)ȕ�(įē�� XhoI ʈʑʾÒ�Ô)ʾÒ(ɍ�Ɖ>!#�:	ORF5 É

()3 XhoIʈʑʾÒ?ƀ"� 

� Ɇ	#	p�Dw�PRDb-F2�8- PVX-RDmycR?Ȁ	# PVX)ʾÒ? PCR(8

:ĞŒţ	BlnI�8- XhoI$Îǻ�	ú�×˒ˁȿ$Îǻ�� pCX-a%�DP�U�

�����ť9<�rN\�? SpeI$Îǻţ	ƫȮ?Klenow fragment(8:œǧä�	

SacI$Îǻ���ť9<�Ƙǲ? SacI�8- PmaCI$Îǻ��rN\�pCAMBIA1301

(N��e�O���ť9<�rN\�? pCAM-53U-UK3RdRp-myc-WT %û����

pCAM-53U-UK3RdRp-myc-A1092C )ƾȷ)�5	GENEART Site-Directed Mutagenesis 

System˷ Thermo Fisher Scientific˸?Ȁ	#	�ņ)we~B�(ǥ�#

pCAM-53U-UK3RdRp-myc-WT)ED�WPhy) 1092ȈȔ)ĜĘ A? C(ģȉ��

��ģȉŁÅ(˗�#p�Dw�UK3-A1092C-F�8- UK3-A1092C-R?Ȁ	�� 
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˷4˸PlAMV-53U-RdRp-myc-WT�8- PlAMV-53U-RdRp-myc-G1046C)ȍǹȀrN\

� 

� N. benthamiana ) Ņ ˌ ɦ $ PlAMV-53U-RdRp-myc-WT � 8 -

PlAMV-53U-RdRp-myc-G1046C ? ȍ ǹ � � ; � 5 	 r N \ �

pCAM-53U-Li1RdRp-myc-WT �8- pCAM-53U-Li1RdRp-myc-G1046C ?�<�<ƾȷ

���pCAM-53U-Li1RdRp-myc-WT)ƾȷ)�5	ƜĚ)rN\�pLi1˷ Ozeki et al., 2006˸

?ˇĕ(p�Dw�PlAMV-1F�8-LiRDMycR?Ȁ	#PCR?ɮ!��pLi1*	CaMV 

35S p�{�\�)�ǘ( PlAMV Li1 Ð˜ƶ)ÆPhyʾÒ�ʰɃ�<�iDd��

rN\�$�;�PCRǿǳ? MfeI�8- XbaI$ÑƘ�	MfeI�8- SpeI$ÑƘ��

pLi1(N��e�O���pCAM-53U-Li1RdRp-myc-G1046C)ƾȷ)�5	GENEART 

Site-Directed Mutagenesis System ˷ Thermo Fisher Scientific ˸ ? Ȁ 	 #

pCAM-53U-Li1RdRp-myc-WT)ED�WPhy)1046ȈȔ)ĜĘG?C(ģȉ����

ģȉŁÅ(˗�#p�Dw�Li-G1046C-F�8- Li-G1046C-R?Ȁ	�� 

 

 

2.2.2 Üù
*#1:bM9F_4X 

 

� N. benthamiana*�ŋǎʔĵ$ 15Ƣˍơƨ˷25�˸˹9Ƣˍƣƨ˷20�˸)Ʈ¡$Ǿ

ɖ����2�	Agrobacterium tumefaciens EHA105ƶ(iDd��rN\�?ŁÅ�Ĵ

˳(Ȁ	�� 

� øQ�Wb�Nb*	BO�D�nC�b��U��ǒ˷ Johansen and Carrington, 2001˸

(8:ƺǳɀɘÉ$ȍǹ����øQ�Wb�Nb?ŁÅ��BO�iN`�Ey?B

O�D�nC�b��U��i_nA�˷10 mM MgCl2, 10 mM MES, 150 μM BYbU

��R�, pH5.6˸?Ȁ	#ŲǪ�	OD600? 1.0 (ʍɶ��ţ	øĎ(ʀ��ǍǸ$Ǟ

ù���ĵǣ	ʹÂ�$ˠɍ��ţ	N. benthamiana)Ņˌɦ)ɗʡ¼8: 1 mLU�
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�V?Ȁ	#ɤǜ?ǚǩ���� 

 

 

2.2.3. _1`C3X RT-PCR 

 

˷1˸RNAżÏ�8- cDNAùų 

� BO�D�nC�b��U����N. benthamiana)Ņˌɦ8:	ISOSPIN Plant RNA

˷Nippon gene ?˸Ȁ	#	�ņ)we~B�(ǥ�# RNAżÏ�8- DNaseÎǻ?ɮ

!��DNaseÎǻţ) RNA
9	High-Capacity cDNA Reverse Transcription Kit˷ Thermo 

Fisher Scientific˸?Ȁ	# cDNA?ùų���RNA( 10×RT buffer 1 µL	25×dNTP mix

˷100 mM 0˸.4 µL	10×random primers 1 µL	Multiscribe Reverse Transcriptase 0.5 µL?ǟ

Þ�	ɨȆǏ$ 10 µL(zWB_p��ţ	25�$ 10Ð	37�$ 2Ƣˍïū�����  

 

˷2˸�B�\Dy PCR 

� ť9<� cDNA*	SYBR Premix Ex Taq II˷ TaKaRa˸�8- Thermal Cycler Dice Real 

Time System III˷ TaKaRa˸?Ȁ	��B�\Dy PCRɼƲ(¯ʄ���100¸ŏ˃��

cDNA 2.5 µL( forward primer˷ 5 µM 0˸.8 µL	reverse primer˷ 5 µM 0˸.8 µL	SYBR Premix 

Ex Taq II 10 µL	ɨȆǏ 5.9 µL?Þ���95�$ 30ȤÎǻ��ţ	40SDN�) PCR

ïū˷95� 5 Ȥ	60� 30 Ȥ) 2 W`_p? 1 SDN�%�;˸?ɮ		95� 15 Ȥ	

60� 30Ȥ	95� 15Ȥ)ïū(¯ʄ���Éʽǀǥ%�#�lL^�) mRNA?Ȁ	

��PlAMV-53U-RdRp)ĞŒ(* PlRep-F3�8- PlRep-R3?	�lL^�)ĞŒ(* 

NbUBQ-26F�8- NbUBQ-136R?p�Dw�%�#Ȁ	�˷ɰ 2.1 �˸ 
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2.2.4 ~|ćìŠ 

 

� BO�D�nC�b��U���� N. benthamiana)ɦ?zW$Ø@�ţ	ɦ? 0.1 g

��: 0.4 mL)żÏi_nA�˷50 mM Tris-HCl [pH 7.5], 15 mM MgCl2, 120 mM KCl, 

0.1% 3-Mercapto-1,2-propanediol, 20% glycerol, 1 tablet/10 mL Complete Mini protease 

inhibitor cocktail [Roche]˸�$Ƞȝ���1,000×g	4ºC	10Ð)Ʈ¡$ʷũ��ţ	�

Ǡ?Ċð� 2,000×g	4ºC	20Ð)Ʈ¡$ʷũ����)ˍ(	EZview Red anti-FLAG M2 

affinity gel)ǖǙ?ɮ!��1S�p���: 50 µL)l�X˷50%W���˸?Ȁů

�	l�X( 1 mL) wash buffer˷ 1×phosphate buffered saline [PBS; 137 mM NaCl, 2.7 mM 

KCl, 10 mM Na2HPO4�12H2O, 1.8 mM KH2PO4, pH 7.4], 0.05% Tween 20, 0.1% 

3-Mercapto-1,2-propanediol˸?Þ�	ʠ¹ǞĄ��ţ	12,500×g	4�	1 Ð)Ʈ¡$W

D�O��\�?Ȁ	#ʷũţ	�Ǡ?Śƹ���'�	�ˑ)ʷũ*Æ#WD�O�

�\�?Ȁ	#ɮ!��Ǒǋ(Êŗ 1 mL) wash buffer?Þ�	úƿ)Ɛ«? 4ĊɌ:

ʩ���ƺǳS�p�)ʷũţ	�Ǡ? 0.45 µmnC�\�˷Advantec˸?Ȁ	#Ǭʴ

���Ǭǜ)
 	50 µL?Ź FLAGŹ©ȺɶÙ\�jNʙ%�#Ċð�	ǈ:?l�

X(ǟÞ���S�p�?ǟÞ��l�X? 4�$ 2ƢˍǞĄ��ţ	8,200×g	4�	1

Ð)Ʈ¡$ʷũ�	�Ǡ?Śƹ���1 mL) wash buffer?Þ�#ʠ¹ǞĄ�	8,200×g	

4�	30Ȥ)Ʈ¡$ʷũţ�Ǡ?Śƹ�;«Ƽ? 3ĊɌ:ʩ���Ǒǋ(Ŀ� wash buffer

(Ǧɼ�� 150 µg/mL 3×FLAG peptide? 500 µLÞ�	4�$ 30ÐˍǞĄ���8,200×g	

4�	30Ȥ)Ʈ¡$ʷũţ	�Ǡ?Ź FLAGŹ©Ⱥɶţ\�jNʙ%�#Ċð��� 

 

 

2.2.5 45ACcRbEHļØ 

 

˷1˸SDS-PAGE 

� \�jNʙS�p�? 4×SDS-PAGE sample buffer˷250 mM Tris-HCl [pH 6.8], 9.2% 
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SDS, 20% 3-Mercapto-1,2-propanediol, 40% glycerol, 0.02% bromophenol blue˸(Ǧɼ�	

95�$5ÐˍÎǻ���P��8-i_nA�%�#	NuPAGE 4–12% Bis-Tris protein gel

˷Thermo Fisher Scientific˸�8-MOPS buffer˷Thermo Fisher Scientific˸?�<�<Ȁ

	#	180 V	60 Ð)Ʈ¡$ sodium dodecyl sulfate-polyacrylamide gel electrophoresis

˷SDS-PAGE˸?ɮ!�� 

 

˷2˸o�_`C�O 

� 100%z\h��( 1 Ðˍǚ�� polyvinylidene difluoride˷PVDF˸z�o��

˷Immobilon-P; Merck˸(Ǖâţ)P�?ĻȘ��	EF_bśo�_`C�Oǒ(8

:\�jNʙ?ʠË���o�_`C�Oi_nA�˷ 25 mM Tris, 192 mM glycine, 20% 

[v/v] z\h��˸?Ǥ���\�Nśɴɍ?Ȁ	#	100 V	60 Ð)Ʈ¡$ʠË?ɮ

!�� 

 

˷3˸o�_L�O 

� o�_`C�Oţ)z�o��? PBST˷1×PBS, 0.05% [v/v] Tween20˸$ǖǙţ	o

�_L�Oi_nA�˷5% [w/v] WLyx�N, 1×PBST˸�$ 1ƢˍƂȓ��� 

 

˷4˸Ź©ïū 

� o�_L�Oţ)z�o��? PBST$ǖǙţ	Ź©ïū?ɮ!���ǄŹ©%�#

*	Ź mycŹ©˷clone 4A6; Millipore˸�8-Ź FLAGŹ©˷clone M2; Sigma-Aldrich˸

?Ȁ	��Can Get Signal Solution I˷ToYoBo˸?Ȁ	#	Ź mycŹ©* 1,000¸(	Ź

FLAGŹ©* 2,000¸(ŏ˃�	37�$ 40Ðˍz�o��%ïū����PBST$z�

o��?ǖǙţ	horseradish peroxidase$ǀʑ�<�}MŹ©?Ȁ	��ǄŹ©ïū?

ɮ!���ǄŹ©%�#Ź myc Ź©�8-Ź FLAG Ź©?ïū���z�o��?	

�<�< Can Get Signal Solution II˷ ToYoBo˸?Ȁ	# 3,000¸�8- 4,000¸(ŏ˃�

�ŹwEWŹ©˷GE Healthcare˸% 37�$ 40Ðˍïū����PBST$ǖǙ��ţ	
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z�o��( Clarity Western ECL Substrate˷Bio-Rad˸6��* Clarity Max Western ECL 

Substrate˷ Bio-Rad˸?Ǩ��	ǀʑ��\�jNʙ? LAS 4000 mini˷ FUJIFILM˸?Ȁ

	#ƻÏ���ƻÏţ)z�o��* Quick-CBB˷Wako˸$ƴɠ��� 
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& 2.1 �"5�24<ZBO?\<JM7,� 

<ZBO?\<JM� ,�`5′13′a 

Li2606F CAAAGTCTCCACATATGCCG 

LidelTG1R GGGCTGAGATGACTATGTCCGTGTTAATCGGAGTTAAGG 

LidelTG1F CCTTAACTCCGATTAACACGGACATAGTCATCTCAGCCC 

oligodT GCTGTCAACGATACGCTACGTAACGGCATGACAGTGTTTTTTTT

TTTTTTTTTT 

LidelTG2R GAGGTGGTGGGCTCCGGACGTGTAGTTGGGCTCGGTG 

LidelTG2F CACCGAGCCCAACTACACGTCCGGAGCCCACCACCTC 

LidelTG3R CGGCCTCCGTGTGGGAGTGCGTGAAGGTTGTCGCCGACGTG 

LidelTG3F CACGTCGGCGACAACCTTCACGCACTCCCACACGGAGGCCG 

Li6095R CAGACTTTCACTGGTTGTAG 

PRDb-F2 CCTGAGCCCCAGACACACATG 

polydT-SpSlR AAAAGTCGACACTAGTTTTTTTTTTTTTTTTTTTTTTTTTTA 

PVX-RDmycR TTTACTCGAGTCACAGGTCCTCTTCTGAGATGAGTTTTTGTTCG

CATGCAAGAAAGTTTCTGAGGCGGGGA 

UK3-A1092C-F ATTTTTGCCAAAGTCAGACACTTAATTAAATCATCTGACTT 

UK3-A1092C-R AAGTCAGATGATTTAATTAAGTGTCTGACTTTGGCAAAAAT 

PlAMV-1F GAAAACAAACCTACACAAACCA 

LiRDMycR TTTATCTAGATCACAGGTCCTCTTCTGAGATGAGTTTTTGTTCAC

TAGTATCGGAGTTAAGGAAAGATGAACC 

Li-G1046C-F CTGGGCAAAATTCAGACACCTCATCAGCACCAAGGAG 

Li-G1046C-R CTCCTTGGTGCTGATGAGGTGTCTGAATTTTGCCCAG 

PlRep-F3 AATCCCCAGACTTCCATGAGCACC 

PlRep-R3 TTTTCTTTGCGCCGAGCTTCTC 

NbUBQ-26F CGGCATGCTTAACACATGCA 

NbUBQ-136R AGCCGTTTCCAGCTGTTGTTC 
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2.3�ĠÙ�

 

2.3.1 JAX1"UFE9A43`A!ĐĴŝŎ�§ãË£Ćq!ıē/ş«�- 

 

� JAX1ŻŹŭ(ˎ��;ED�WċĮ)Ǵĳ?ȔȎ%�#	PlAMVģȉ©?Ȁ	�ɼ

Ʋ?ɮ!��green fluorescent protein˷GFP˸?ȍǹ�; PlAMV ŰƴŭN���

˷PlAMV-GFP˸�8-v`_NWED�W)ɀɘˍȥɮ(Ūɸ' TGBp1	TGBp2	

TGBp3	CP ?Q�c�; ORF ?�<�<ǃƌ�� PlAMV-GFP ģȉ©˷Ď 2.1 Ō; �

<�< PlAMV-GFP∆TGBp1	PlAMV-GFP∆TGBp2	PlAMV-GFP∆TGBp3	PlAMV-GFP∆CP˸

? N. benthamiana)Ņˌɦ(�	#gK`CoQ�b���) GUS6��* JAX1%

%6(BO�D�nC�b��U��ǒ(8:Ɔȧ�	GFPɭÂ)ɻĽ?ɮ!���)

ɃƳ		�<) PlAMV-GFPģȉ©?Ɔȧ��ěù6	GUSȍǹå(Ǎ/ JAX1ȍǹå

$* GFPɭÂ�§���˷ Ď 2.1ö �˸�)�%
9	JAX1ŻŹŭ)ȍǹ(* TGBp1	

TGBp2	TGBp3	CP*Ū˧$'	�%�ơ9
%'!�� 
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� 2.1 PlAMVĐĴŝŎ�§ãË£Ćq ¯�- JAX1!ºũ!ļØ 

PlAMV-GFP
*# TGBp1�TGBp2�TGBp3�CP/ãË�� PlAMV-GFP£Ćq
!<LXßōŰ²ű��43`A=cAH^9H� GUS&�" JAX1/ĉþ�-1
:bM9F_4XĮòŰOD600=1ű/ėŖ��ó�� N. benthamiana!±śį ñ
÷����ÊĒ» 5Ó� GFPĳ{/Ļ®��Ű�ű��
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2.3.2 JAX1"UFE9A43`A!aS_=c!¢ç/ş«�- 

 

� JAX1 ŻŹŭ)ȍǹ( TGBp1	TGBp2	TGBp3	CP �Ū˧$'	�%�ȡ�<��

%
9	JAX1� PlAMVPhy)ǈ:)˨Ė˷RdRp	5′�8- 3′ UTR˸?ǀȎ%�;


?ȟ
5;�5	PlAMV-53U-RdRp?Ȁ	�ɼƲ?ɮ!��PlAMV-53U-RdRp* RdRp

?Q�c�; ORF1 %ɷɶ(Ūɸ' 5′�8- 3′ UTR )3?Ƨ�;�p�Q�$�;

˷Komatsu et al., 2011˸˷ Ď 2.2Ō �˸PlAMV-53U-RdRp*ɀɘˍȥɮə�8-ˊʝ˜ȥɮ

ə?Ƨ�'	�	RdRpǿǾə�8-ƙǾPhyRNAùųə?Ƨ�;�PlAMV-53U-RdRp

? N. benthamiana)Ņˌɦ(�	# GUS6��* JAX1%%6(BO�D�nC�b

��U��ǒ(8:Ɔȧ�	�B�\Dy PCR ǒ(8:ED�Wɩȩˆ?ɼƲ���

�)ɃƳ	GUSȍǹå(Ǎ/ JAX1ȍǹå$* PlAMV-53U-RdRp)ɩȩˆ�˫ɧ(§

���˷Ď 2.2ö �˸�)�%
9	JAX1ŻŹŭ* PlAMVPhy) RdRpQ�c˨Ė

%5′�8-3′ UTR˨Ė)3?Ƨ�;�p�Q�(Ŀ�#6ȍƊ�<;�%�ȡ�<�� 

  

� 2.2 PlAMV-53U-RdRp ¯�- JAX1!ºũ!ļØ 
PlAMV-53U-RdRp!ßōŰ²ű�PlAMV-53U-RdRp� GUS&�" JAX1/ĉþ�-
1:bM9F_4XĮòŰOD600=1ű/ėŖ��ó�� N. benthamiana!±śį 
ñ÷����ÊĒ» 1.5 Ó� RNA /É���_1`C3X RT-PCR í *,43
`AıēŖ/©Ŗ��Ű�ű��Œáö "]P8Dcőo§/Ă���GUS ĉþ
� 
,-´�w/ 1.0 ����5^dMd"áöŁ³/ĵ��1AC_A9"
Student! tÝ© *,ÕÃ³�Ŀ(+.���/ď�Űp < 0.001ű� 
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2.3.3� JAX1"UFE9A43`A!ĸķŔĜ�ČmsĂ�- 

 

� JAX1ŻŹŭ*	PlAMV) RdRp)3?Q�c�;�p�Q�(Ŀ�#6ȍƊ�<;

�%�ȡ�<��%	JAX1ŻŹŭ?ŶȞ�; PVXƶ* RdRp(Bxh˂ģȉ?Ƨ�;

�%˷ Sugawara et al., 2013 
˸9	JAX1*ED�W) RdRp?ǀȎ(�#	;ôəŭ�

ɒ�9<����$	ÇÃȊǑˑǒ(8: JAX1%v`_NWED�W RdRp)Ȗ�«

Ȁ?ɼƲ��� 

� 2�	PVX ) RdRp ?ȍǹ�;Q�Wb�Nb PVX-53U-RdRp-myc-WT �8-

PVX-53U-RdRp-myc-A1092C?Ȁ	�ɼƲ?ɮ!��PVX-53U-RdRp-myc-WT*	PVX

Phy8: TGBp1–3�8- CP�˔í�<#�:	5′�8- 3′ UTR% myc\O)�Þ

�<� RdRp ?þ4Q�Wb�Nb$�;�PVX-53U-RdRp-myc-A1092C *	

PVX-53U-RdRp-myc-WT ) 1092ȈȔ)ĜĘ A? C(ɍƉ�	JAX1ŻŹŭ)ŶȞ?Ŝ

�ʚ��RdRp) 336ȈȔ)Bxh˂ǈĘO�\x�)kW^V�.)ģȉ?ŁÅ��

Q�Wb�Nb$�;��Q�Wb�Nb?	FLAG \O)�Þ�<� JAX1 2�*

RTM1˷�<�< FLAG-JAX1�8- FLAG-RTM1˸%%6(	N. benthamiana)Ņˌɦ

(�	#	BO�D�nC�b��U��ǒ(8:ŁÅ���ŁÅ��ɦ
9Æ\�j

Nʙ?żÏţ	Ź FLAGŹ©l�X?Ȁ	#Ⱥɶ�	EGW\�o�_bɼƲ?ɮ!��

�)ɃƳ	PVX-53U-RdRp-myc-WTȂƯ RdRp� FLAG-JAX1(8!#ÇȺɶ�<�)

(Ŀ�	FLAG-RTM1 (8!#*ÇȺɶ�<'
!�˷Ď 2.3A �˸�ƚ$	

PVX-53U-RdRp-myc-A1092C ȂƯ RdRp *	FLAG-JAX1 �8- FLAG-RTM1 )	�<

(8!#6ÇȺɶ�<'
!�˷Ď 2.3A �˸ 

� Ɇ	#	PlAMV (�	#6	Q�Wb�Nb PlAMV-53U-RdRp-myc-WT �8-

PlAMV-53U-RdRp-myc-G1046C?Ȁ	#úƿ)ɼƲ?ɮ!��PVX(�	# JAX1ŻŹ

ŭ)ŶȞ(ˎ��;RdRp) 336ȈȔ)Bxh˂ǈĘO�\x�*v`_NWED�W

ņÉ$Ŗ�µį�<#�:	PlAMV ) RdRp (�	#* 320 ȈȔ)Bxh˂ǈĘ(Ȗ

ş�;˷Sugawara et al., 2013 �˸PlAMV-53U-RdRp-myc-WT *	myc\O)�Þ�<�
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RdRp ?ȍǹ�; PlAMV-53U-RdRp $�;�PlAMV-53U-RdRp-myc-G1046C *	

PlAMV-53U-RdRp-myc-WT) 1046ȈȔ)ĜĘ G? C(ɍƉ�	RdRp) 320ȈȔ)B

xh˂ǈĘ?O�\x�
9kW^V�(ģȉ���Q�Wb�Nb$�;�PVX )

ěù%úƿ(	PlAMV-53U-RdRp-myc-WTȂƯ RdRp� FLAG-JAX1(8!#ÇȺɶ�

<�)(Ŀ�	FLAG-RTM1 (8!#*ÇȺɶ�<'
!�˷Ď 2.3B �˸2�	

PlAMV-53U-RdRp-myc-G1046C ȂƯ RdRp *	FLAG-JAX1 �8- FLAG-RTM1 )	�

<(8!#6ÇȺɶ�<'
!�˷Ď 2.3B �˸ 

� ��)ɃƳ
9	JAX1* PVX�8- PlAMV)˅ǾĕRdRp%Ȗ�«Ȁ�;�ƚ$	

JAX1 ŻŹŭŶȞ(ˎ��;Bxh˂(ģȉ?ŁÅ�� RdRp %*Ȗ�«Ȁ�'	�%

�ȡ�<�� 
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� 2.3 UFE9A43`A! RdRp� JAX1!ČmsĂ!ļØ 
ŰAűPVX RdRp � JAX1 !~|ćìŠļØ�PVX-53U-RdRp-myc-WT &�"
PVX-53U-RdRp-myc-A1092C� FLAG-JAX1&�" FLAG-RTM1/ĉþ�-1:b
M9F_4XĮòŰOD600=1ű/ėŖ��ó�� N. benthamiana!±śį ñ÷�
���2.5Ó» ŨÊĒįŰcontrolű
*#ÊĒį*,CcN9ņ/É���Ç FLAG
Çq/Ă��|ćìŠ t���FLAG Ěķ�Űinputű
*# FLAG Ěķ»ŰIP: 
FLAGű!CcN9ņ>cS`/45ACcRbEHí *,ļØ���RdRp/Ç
mycÇq��JAX1
*# RTM1/Ç FLAGÇq�Ý����ŰBűPlAMV RdRp�
JAX1!~|ćìŠļØ�PlAMV-53U-RdRp-myc-WT&�" PlAMV-53U-RdRp-myc 
-G1046C� FLAG-JAX1&�" FLAG-RTM1� p19/ĉþ�-1:bM9F_4X
ĮòŰOD600=1ű/ 10ų10ų1!é�ó�� N. benthamiana!±śį ñ÷����
1.5 Ó» ŨÊĒįŰcontrolű
*#ÊĒį*,CcN9ņ/É���Ç FLAG Ç
q/Ă��|ćìŠ t��»�ŰAű��à ļØ��� 
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2.4�Ħ®�

 

2.4.1 JAX1ÈÇÁĉþ ¿Ĺ�43`A�§ 

 

� Ƭȭ$*	JAX1ŻŹŭȍǹ(Ūɸ'v`_NWED�WċĮ(ˎ�;ɼƲ?ɮ!��

JAX1)ȍǹ(8: TGBp1–32�* CP?ǃƌ�� PlAMV-GFPģȉ©)ɭÂ*§��

�˷Ď 2.1 �˸2�	JAX1* RdRp?Q�c�; ORF1% 5′�8- 3′ UTR)3?Ƨ�;

PlAMV�p�Q�)Ğǉ?Ÿ×��˷Ď 2.2 �˸ 

� �<9)ɃƳ*	JAX1ŻŹŭ)ȍǹ(*TGBp1–3�8-CP*Ū˧$'	�%	RdRp

�8- UTR�įē�<+çÐ$�;�%?ȡ�#	;�TGBp1–3�8- CP*v`_

NWED�W)ɀɘˍȥɮ(Ū˧)ċĮ$�:˷Park et al., 2014; Ozeki et al., 2009 	˸�

<9)ċĮ)	�<
?ǃƌ��v`_NWED�Wģȉ©*ɀɘˍȥɮə?Ǜħ�

;�%�ș9<#	;��)�5	�Ċ)Ĵ˳$Ȁ	�v`_NWED�Wģȉ©*	

ŰƴʴȦ)
 èɀɘ$)Ğǉ2$�
ʵų$�'	%ɒ�9<;�Ť!#	JAX1*

ɑʁ7ƙǾ RNAùų'&
9ƾų�<;ɷɶ�Ù)ŰƴʴȦ?ːĶ�#	;�%�ȡ

ć�<;��)�%*	JAX1 �ɀɘ�r�$ŻŹŭ?ȍƊ�;%	
ʴí)șɹ

˷Yamaji et al., 2012˸
96Ƒƀ�<;� 

 

2.4.2 JAX1�áĊ��-43`A�§ 

 

� ÇÃȊǑˑɼƲ(8:	JAX1* PVX�8- PlAMV)˅Ǿĕ) RdRp%*Ȗ�«Ȁ

�;�	JAX1 ŻŹŭŶȞ(ˎ��;Bxh˂ǈĘ(ģȉ?Ƨ�; RdRp %*Ȗ�«Ȁ

�'	�%�ȡ�<�˷Ď 2.3 �˸�)ɃƳ*	JAX1 % RdRp )Ȗ�«Ȁ� JAX1 ŻŹ

ŭ(˄ɸ$�;�%?ȡć�#�:	JAX1 �ǀȎ%�;ED�WċĮ� RdRp $�;

ôəŭ�ɒ�9<;�2.4.1$ʪ/�8
( JAX1�ED�W)ɷɶ�Ù)ʴȦ?ːĶ�

;%�Ů�<;�%%ù>�#ɒ�;%	JAX1 * RdRp (Ƀù��)ǂə?ȕƆȎ(
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ːĶ�;�%(8:ŻŹŭ?ȍƊ�;ôəŭ�ɒ�9<;� 

� 2�Ď 2.3 )ɃƳ*	ŻŹŭŶȞED�Wƶ*	RdRp (��; 1 Bxh˂ģȉ(8

: JAX1%)Ȗ�«Ȁ?Ċʼ�;�%$ŻŹŭ?ŶȞ�#	;�%?ȡć�#	;��

<2$(	ŻŹŭċĮ%)Ȗ�«Ȁ?Ã<;�%(8:ŻŹŭ?ŶȞ�;ED�Wƶ)

®�ĚĀ�<#	;�ToMV*ɷɶ\�jNʙ)Bxh˂ģȉ(8:şʅ\�jNʙ%

Tm-1%)ˍ)Ƀù?Ċʼ�	ŻŹŭ?Ã<;�%�ș9<#	;˷ Ishibashi et al., 2007; 

Ishibashi et al., 2014 �˸JAX1%v`_NWED�W)ˎ³(�	#6úƿ)ǹʔ�ʈ5

9<�ôəŭ�ɒ�9<;� 

� �Ċ PlAMV) 1046ȈȔ)ĜĘ G) C.)ģȉ˷RdRp) 320ȈȔ)Bxh˂ǈĘ

O�\x�)kW^V�.)ɍƉ?¥
˸(8:	RdRp ) JAX1 .)Ƀùŭ�ħ><

;�%�ơ9
%'!�˷Ď 2.3B �˸�
�	şʅģȉ(8: PlAMV � JAX1 ŻŹŭ

?ŶȞ�;
ý
*Ĵ˳Ȏ(ƻʂ�<#�9�ǹƢǭ$�ơ$�;��<?ɼƲ�	

PlAMV(�	#6 JAX1–RdRpˍ)Ƀùŭ% JAX1ŻŹŭ?ŶȞ�;
ý
�Ȗˎ�;


?ɼơ�;�%*�ţ)ʌ˩%ɒ�9<;� 

� Ƭȭ)ɼƲ(8:	JAX1 �v`_NWED�W) RdRp ?ǀȎ%�	ɷɶ�Ù)ʴ

Ȧ?ːĶ�;�%�ȡć�<���)�%
9	JAX1 � RdRp )ǂə?ȕƆȎ(ːĶ

�;�%$ŻŹŭ?ȍƊ�;ôəŭ�ɒ�9<���) ʊ?ƻʂ�;�5	Ȱ 3ȭ$

* in vitro$v`_NWED�W)ɷɶ(Ŀ�; JAX1)šˤ("	#ɼƲ��� 
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Ė 3ĕ UFE9A43`A ¯�- JAX1ÈÇÁ!�§âß!ļØ 
 

3.1�µÏ�

 

� Ȱ 2ȭ)ɼƲ8:	JAX1*v`_NWED�W) RdRp(Ƀù�	RdRp)ǂə?ː

Ķ�ɷɶ?ːĶ�;�%$ŻŹŭ?ȍƊ�;ôəŭ�ɒ�9<��Ƭȭ$*	JAX1(

8;ED�WĞǉːĶǂƾ?8:ʆɀ(ơ9
(�;�5	in vitro (��;v`_N

WED�Wɷɶȼ)ȟȬ%	�)ȼ?Ȁ	� JAX1)v`_NWED�W(��;šˤ

)ǾäİȎɼƲ?ʄ3�� 

� �<2$(	ƺǳp�Wˈ RNAED�W)ɷɶǂƾ("	#	in vitroȼ?Ȁ	�ʆ

ɀ'ɼƲ�'�<#	;��$6	ɚǜɘä\iQ BY-2p�bp�WbżÏǜ˷ BYL˸

?Ȁ	�ɼƲȼ˷Komoda et al., 2004˸�Ŗ�Ȁ	9<#	;�BYL*ǜɘ?˔	�\

iQ BY-2p�bp�Wb)żÏǜ
9ƷųÐ?˔í��6)$�:	ǜɘ�)ĥˆ)

p�`B�Z7fN�B�Z�þ2<#	'	�%
9˴	ɑʁǗŭ?Ƨ�;

˷Komoda et al., 2004 �˸2�	ED�W)ɷɶ(Ūɸ'ĥƖ)ċĮ?þ@$�:	BYL

(ED�W RNA?ǟÞ�;�%(8:ED�W)ɑʁ�8-ɷɶ�Ŝ�ʚ��<;�

%�ș9<#	;��<2$(	bi{ED�W	J�{ED�W	o�{ED�W	

]DB�[ED�W	b�oWED�W'&)ĥƿ'p�Wˈ RNA ED�W� BYL

$ɷɶ�;�%�ȡ�<#	;˷ Komoda et al., 2004; Iwakawa et al., 2007; Gursinsky et al., 

2009 �˸�
�	BYL?Ȁ	�v`_NWED�W)ɷɶȼ*�<2$(ȟȬ�<#	

'	� 

� BYL ?Ȁ	;�%$	bi{ED�W)ɷɶǂƾ��<2$Ǵ(ʆɀ(ɼƲ�<#

	;�BYL? 30,000×g)ʛʷũÎǻ(¯�	Ǒǋ˷ɜȄÐ; BYLP30˸%�Ǡ˷ôǦŭ

ȄÐ; BYLS30˸%(Ð�	BYLS30(bi{ED�W RNA?Þ�;%	ED�W\�

jNʙ)ɑʁ*ʈ59<;6))	ƙǾ RNA)ùų*ʈ59<'	�%�ȡ�<#	

;˷Komoda et al., 2007 �˸�
�	BYLS30$ED�W RNA?ɑʁ���ţ( BYLP30
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?Þ�;%ƙǾ RNA �ùų�<;�%�ơ9
%'!#	;�2�	BYLS30 $Šų

�<;ɷù©˷pre-membrane-targeting complex; PMTC˸*ED�Wɷɶ\�jNʙ%E

D�WPhy RNA?þ4�%�ơ9
%'!#	;˷Komoda et al., 2007; Kawamura- 

Nagaya et al., 2014 �˸�)�%
9	bi{ED�W)ɷɶ*	ɷɶ\�jNʙ)ɑʁ	

PMTC )Šų	PMTC )Ǿ©ɜ.)\�P`C�O	Ǿ©ɜ�$)ɷɶɷù©)Šų	

ƙǾ RNA )ùų%	
ʴȦ(Ð�9<;%ɒ�9<#	;˷Komoda et al., 2007; 

Ishibashi and Ishikawa, 2016 �˸ 

� Ƭȭ$*	BYL�$v`_NWED�W)\Dpȧ$�; PVX)ɑʁ�8-ɷɶ)

Êƾų?ʄ3���9(�)ȼ?Ȁ	;�%$	JAX1)«Ȁǂƾ?ɼƲ��� 
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3.2�×Ð
*#Òí�

 

3.2.1� S^AWI 

 

˷1˸PVX-53U-RdRp-WT�8- PVX-53U-RdRp-A1092C) in vitroɑʁ˹ɷɶȀrN\

� 

� PVX-53U-RdRp-WT�8- PVX-53U-RdRp-A1092C? in vitro$ɑʁ˹ɷɶ��;�

5	pT7-53U-UK3RdRp-WT �8- pT7-53U-UK3RdRp-A1092C ?�<�<ƾȷ���

2� pCXV?ˇĕ(	p�Dw�PRDb-F2˷ɰ 2.1˸�8- PVX-Rd-XhR˷XhoIʈʑʾ

Ò?þ4˸˷ ɰ 3.1˸?Ȁ	# PCR?ɮ!��PCRǿǳ? BlnI�8- XhoI˷ ʈʑʾÒ*

ORF1)ȕ�(įē $˸Îǻ��ţ	ú�×˒ˁȿ$Îǻ�� pCX-a(N��e�O�	

ť9<�rN\�? pCX-53U-UK3RdRp %û����pCX-53U-UK3RdRp ? AgeI �8

- SpeI$Îǻ��ţ	ť9<�Ƙǲ?ú�×˒ˁȿ$Îǻ��rN\�pL61(N��

e�O�	pT7-53U-UK3RdRp-WT %û����pL61 *	T7 p�{�\�)ȕ�(

PVX-UK3-GFP)ʾÒ�ʰɃ�<�rN\�$�;�pT7-53U-UK3RdRp-A1092C)ƾȷ

)�5	GENEART Site-Directed Mutagenesis System˷Thermo Fisher Scientific˸?Ȁ	#

pT7-53U-UK3RdRp-WT)ED�WPhy) 1092ȈȔ)ĜĘ A? C(ģȉ����ģ

ȉŁÅ(˗�#p�Dw�UK3-A1092C-F�8- UK3-A1092C-R˷ɰ 2.1˸?Ȁ	�� 

 

˷2˸JAX1�8- RTM1) in vitroɑʁȀrN\� 

� CƫȮ( FLAG\O)�Þ�<� JAX1�8- RTM1? in vitro$ɑʁ��;�5)

rN\�?N��e�O���JAX1 �8- RTM1 ) cDNA ?ˇĕ(p�Dw�

pNK-JAX1-F % pNK-JAX1-R �8- pNK-RTM1-F % pNK-RTM1-R˷ɰ 3.1˸?Ȁ	#

PCR?ɮ!��PCRǿǳ? BamHI�8- SalI$Îǻ�	ú�×˒ˁȿ$Îǻ��rN

\�pNK˷Netsu et al., 2015˸(N��e�O���RTM1?N��e�O��p�Wx

c? pNK-RTM1-FLAG %û����N��e�O�<� JAX1 )ˌīQc�?
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GENEART Site-Directed Mutagenesis System˷Thermo Fisher Scientific˸(8:	p�Dw

�JAX1-1Mmut-F �8- JAX1-1Mmut-R ?Ȁ	#ģȉ����ť9<�p�Wxc?

pNK-JAX1-FLAG%û���� 

� 2�	CƫȮ( 3×FLAG\O)�Þ�<� JAX1? in vitro$ɑʁ��;�5)rN

\�?ƾȷ���I�RfN�I^c 3×FLAG-temp ?ˇĕ(p�Dw�

BamNco-3×FLAG-F �8- SpeStop-3×FLAG-R ?Ȁ	# PCR ?ɮ!��PCR ǿǳ?

BamHI�8- SpeI$Îǻ�	ú�×˒ˁȿ$Îǻ�� pNK-JAX1-FLAG(N��e�

O�	pNK-JAX1-3×FLAG%û���� 

 

 

3.2.2� BYL!łķ 

�  

� BYL)ʍɶ* Komoda9)ĚĀ˷Komoda et al., 2004˸?6%(ɮ!��\iQ BY-2

ė˰ɀɘ?	4Ƭ) 300 mLn�WQ�)ėĔ˷ 1ɲ/L MS Salt [WAKO], 30 g/L sucrose, 100 

mg/L myo-inositol, 1 mg/L thiamine HCl, 200 mg/L KH2PO4, 0.2 mg/L 2,4-D 1˸00 mL( 5 mL

�"ƺ�Ʌ�	3Ɲˍ 26�$Ƃȓė˰���ė˰ɀɘ? 50 mL^~�o(Ðǔ�	150×g	

23�	2Ð)Ʈ¡$ʷũ����)˗	Ǣʮ*§ʮ$ɮ!���Ǡ?Śƹţ	ɀɘ(ɀ

ɘğÐɼˁȿǜ˷1% [w/v] Cellulase Onozuka RS [Yakult Pharmaceutical], 0.1% [w/v] 

Pectolyase Y-23 [Kyowa Chemical Products], 0.4 M mannitol, pH 5.5 ?˸ɿ 150 mLÞ�	300 

mLn�WQ 2Ƭ(Ðǔ�	25�$ 2ƢˍƂȓ���ˁȿÎǻţ)ɀɘ? 50 mL^~�

o(Ðǔ�	150×g	23�	5Ð)Ʈ¡$ʷũ����Ǡ?Śƹţ	wash buffer˷ 12.5 mM 

NaOAc, 5 mM CaCl2, 0.37 M mannitol, pH5.8˸$ 25 mL2$zWB_p�	^~�o 2Ƭ

Ð)ė˰ɀɘ?^~�o 1 Ƭ(2%5��150×g	23�	3 Ð)Ʈ¡$ʷũ�	�Ǡ?

Śƹţ wash buffer?Ȁ	# 50 mL2$zWB_p�;«Ƽ? 2ĊɌ:ʩ��ţ	Êŗ

ú�Ʈ¡$ʷũ?ɮ		�Ǡ?Śƹ���ˁȿÎǻţ)ʷũ(�	#	Ǣʮ*§ʮ$ɮ

!��ť9<�p�bp�Wb?	35%˷v/v˸˷ 1.5 mL˸–70%˷v/v˸˷ 1.5 mL˸j�Q
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��ǫŗãʾ�(˄Ň�<� 10–35%˷v/v˸˷ 5.5 mL˸j�Q��ǫŗãʾ)�(ʣ�

��øj�Q��Ǧǜ*	Percoll PLUS˷GE Healthcare˸?i_nA�˷Ɂǫŗ 0.7 M 

mannitol, 20 mM MgCl2, 5 mM PIPES-KOH [pH 7.0] �˸(Ǧɼ��;�%$«ų���2.75 

mL) 10%j�Q��ǦǜŇ)�( 2.75 mL) 35%j�Q��Ǧǜ?Å<�ţ	Gradient 

mate˷BioComp˸?Ȁ	# 86°	5 rpm	2Ð 48Ȥ�8- 86°	20 rpm	12Ȥ)Ʈ¡$Î

ǻ�	10–35%˷v/v˸ǫŗãʾ?Šų�����)Ň)�( 1.5 mL) 35%�8- 70%

j�Q��Ǧǜ?�)˦$Å<	ƥɁȎ'ǫŗãʾ?Šų����p�bp�Wb?j

�Q��Ǧǜ(˄Ň��ţ	SW41 Ti��\�˷ Beckman Coulter ?˸Ȁ	#	10,000×g	

25�	1Ƣˍ)Ʈ¡$ʷũ����)˗	Þʮ�8-Ǣʮ*§ʮ$ɮ!��̫ ũţ	35%

j�Q��Ǧǜ% 70%j�Q��Ǧǜ%)ˍ(¦ɍ�;ɚǜɘäp�bp�Wb? 15 

mL^~�o(Ċð�	wash buffer$ 14 mL(zWB_p���ɚǜɘäp�bp�W

b? 150×g	23�	3Ð)Ʈ¡$ʷũ�	�Ǡ?Śƹţ wash buffer?Ȁ	# 14 mL2$

zWB_p�;«Ƽ? 2 ĊɌ:ʩ��ţ	ú�Ʈ¡$ʷũţ	�Ǡ?Śƹ���'�	

Ǣʮ*§ʮ$ɮ!��ť9<�Ǒǋ*	3–3.5¸ˆ) TR buffer˷ 30 mM HEPES-KOH [pH 

7.4], 80 mM KOAc, 1.8 mM Mg(OAc)2, 2 mM dithiothreitol [DTT], 1 tablet/10 mL Complete 

Mini protease inhibitor cocktail [Roche] (˸Ǧɼ��ţ	]E�Wt{VdDT�?Ȁ	#

Ȟȝ���Ȟȝţ)ǜ? 1.5 mL^~�o(Ðǔ�	800×g	4�	10Ð)Ʈ¡$ʷũ�

���Ǡ? BYL%�#Ċð�	ǜ©ȫȿ$ŬÌţ–80�$­Ȁ2$µȴ��� 

� 2�	100 µL) BYL? S110AT��\�˷ Hitachi-koki Co. ?˸Ȁ	# 30,000×g	4�	

15Ð)Ʈ¡$ʛʷũ�	90 µL)�Ǡ? BYLS30%�#­Ȁ���ǈ!��Ǡ 10 µL�

8- 25 µL) TR buffer$Ǒǋ?Ǧɼ�	BYLP30%�#­Ȁ��� 

 

 

3.2.3� in vitroªŭĂŗ� RNA!łķ 

 

� BYL ?Ȁ	� in vitro Ĵ˳(­Ȁ�� JAX1-FLAG	RTM1-FLAG	JAX1-3×FLAG	
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PVX-53U-RdRp-WT	PVX-53U-RdRp-A1092C) RNA*	AmpliCap-Max T7 High Yield 

Message Maker Kit˷CELLSCRIPT˸?Ȁ	� in vitro ʠËïū(8:ʍɶ���

pNK-JAX1-FLAG	pNK-RTM1-FLAG	pNK-JAX1-3×FLAG? NotI?Ȁ	#ȕˈä���

2�	pT7-53U-UK3RdRp-WT	pT7-53U-UK3RdRp-A1092C? SpeI?Ȁ	#ȕˈä���

ȕˈä��p�Wxc 1 µg?ɨȆǏ$ 5.5 µL(zWB_p��ţ	10×T7 transcription 

buffer 2 µL	Cap/NTP premix 8 µL	100 mM DTT 2 µL	RNase inhibitor 0.5 µL	T7 enzyme 

solution 2 µL?Þ�	37�	90Ð)ʠËïū(¯ʄ���ʠË)ˇĕ%�#Ȁ	�p�

Wxc?Ðɼ��;�5( DNase I˷1 unit/µL˸0.8 µL?Þ�	37�$ 15Ðïū���

ţ	RNeasy Mini Kit˷QIAGEN˸?Ȁ	# RNA?Ⱥɶ���2�	in vitroĴ˳(­Ȁ

��PVX�8-TMV)ȺɶȹĮRNA*	�<�<PVX-UK3ƶ˷ Kavanagh et al., 1992˸

�8- TMV-OM ƶ˷ Watanabe et al., 1999 )˸Űƴƺǳ
9Ⱥɶ��ȹĮ8:żÏ��� 

 

 

3.2.4� in vitroĥĽŲĸķªŭ 

 

˷1˸ED�Wɑʁ˹ɷɶĴ˳ 

� 3.2.3$ʍɶ��ED�WRNA? 25 µL)BYLïūǜ˷ 12.5 µL BYL, 0.75 mM ATP, 0.1 

mM GTP, 25 mM creatine phosphate, 25 µM of each amino acid, 80 µM spermine, 5 µg 

creatine kinase [Roche], 10 units of Ribonuclease inhibitor [TaKaRa], TR buffer$ĸˆ?ʍƗ˸

(ǟÞ�	25�$ 1Ƣˍˠɍ���ɑʁ?ºǅ��;�5( 10 mM puromycin? 0.5 µL

��ǟÞ�	25�$ 10Ðˠɍ���ïūǜ 5 µL?EGW\�o�_bɼƲȀ(Ċð�	

ǈ:)Ǧǜ?ɷɶǗŭʄ˳(¯ʄ��� 

� EGW\�o�_bɼƲ(˗�#*	S�p�? 5×gel sample buffer˷ 250 mM Tris-HCl 

[pH 6.8], 10% SDS, 50% grycerol, 500 mM DTT, 0.04% bromophenol blue˸(Ǧɼ��ţ	

70�$ 10 ÐÎǻ���SDS-PAGE	o�_`C�O	o�_L�O	Ź©ïū* 2.2.5

%úƿ)ŵ˦$ɮ!��PVX ) RdRp )ƻÏ)�5	�ǄŹ©%�# Can Get Signal 
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Solution I?Ȁ	# 2,000¸(ŏ˃��Ź PVX RdRpŹ©?Ȁ	��Ź PVX RdRpŹ©

*	6×kW^V�\O?�Þ�� PVX-OSƶ˷Kagiwada et al., 2002˸) RdRp) NƫȮ

¼ 353 Bxh˂?Ħɛɤ?Ȁ	#ȍǹţ	Ni J�y$Ⱥɶ�	ķÄ(ÃȊ�#«ɶ�

���ǄŹ©%�#*	Can Get Signal Solution II?Ȁ	# 4,000¸(ŏ˃��ŹESM

Ź©?Ȁ	��FLAG\O�� JAX1�8- RTM1?ǟÞ��Ĵ˳(�	#*	�\�

jNʙ)ƻÏ)�5	�ǄŹ©%�# Can Get Signal Solution I?Ȁ	# 2,000¸(ŏ˃

��Ź FLAGŹ©?	�ǄŹ©%�# Can Get Signal Solution II?Ȁ	# 4,000¸(ŏ˃

��ŹwEWŹ©?Ȁ	�� 

� ɷɶǗŭʄ˳(˗�#*	5 µL) 5×replication mixture˷5 mM ATP, 5 mM GTP, 5 mM 

UTP, 125 µM CTP, 1 µL [α-32P]CTP [29.6 TBq/mmol; PerkinElmer], 50 mM DTT, 500 µg/mL 

actinomycin D [Wako Pure Chemicals], 25 mM Mg(OAc)2˸?ǟÞ�	25�$ 1Ƣˍˠɍ�

��ˠɍţ	ɨȆǏ 171 µL	Dr. GenTLE Precipitation Carrier˷TaKaRa˸4 µL	nFh�

� 200 µL?Þ�ŲǪ�	21,500×g	23�	10Ð)Ʈ¡$ʷũ����Ǡ 185 µL(	

nFh��/N��t�y/D[Bx�B�Q�� ˷25˻24˻1˸˷ PCI˸200 µL?Þ�Ų

Ǫ�	21,500×g	23�	10Ð)Ʈ¡$ʷũ����Ǡ 170 µL(G\h�� 700 µL	7.5 

Mʿ˂B�{eEy 100 µL?Þ�ŲǪ�	21,500×g	4�$ 45Ð��ʷũ����Ǡ

?Śƹţ	70%G\h�� 200 µL?Þ� 21,500×g	4�	10Ð)Ʈ¡$ʷũ�	�Ǡ

?Śƹţ˭����żÏ�� RNA?ɨȆǏ 15 µL(Ǧɼ�	RNA 3 µL( loading buffer

˷8 M urea, 12% glycerol, 10 mM EDTA, 0.017% bromophenol blue, 0.012% xylene cyanol 5˸ 

µL?Þ���RNA? 8 M urea–2.4˶BN��BxcP�	ǕâȀi_nA�˷400 mM 

Tris, 200 mM NaOAc, 7.3 mM EDTA�2Na, pH 7.2˸?Ȁ	#§ǣĵ(�	# 180 V	120

Ð)Ʈ¡$˞ǎǕâ���˞ǎǕâţ	P�?z^��o��ƴɠǜ˷500 mM NaOAc, 

2.67 mM methylene blue, pH 5.2˸$ƴɠ���P�?�Ǳ���ţ	Dz�V�Op�

�b˷BAS IP MS 2040E; GE healthcare˸(ĻȘ����[α-32P]CTP)ƻÏ* FLA-5000

˷FUJIFILM˸?Ȁ	#ɮ!��S1fN�B�ZÎǻ(˗�#*	RNA( 10×S1 buffer

˷TaKaRa˸5 µL	S1 nuclease˷TaKaRa˸1 µL?ǟÞ�ɨȆǏ$ 50 µL(zWB_p�
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�ţ	23�$ 25Ðïū����ɨȆǏ 146 µL	Dr. GenTLE Precipitation Carrier˷ TaKaRa˸

4 µL	PCI 200 µL?Þ�ŲǪ�	21,500×g	23�	10Ð)Ʈ¡$ʷũ��ţ	�ʀ%ú

ƿ)Ʈ¡$G\h��Ǒǋ(¯ʄ�	RNA?Ⱥɶ��� 

 

˷2˸\DyQ�W JAX1ǟÞĴ˳ 

� PVX-53U-RdRp-WT RNA? 19 µL ) BYLS30ïūǜ˷9.5 µL BYLS30, 0.75 mM ATP, 

0.1 mM GTP, 25 mM creatine phosphate, 25 µM of each amino acids, 80 µM spermine, 3.8 µg 

creatine kinase [Roche], 7.6 units of Ribonuclease inhibitor [TaKaRa], TR buffer$ĸˆ?ʍƗ˸

(ǟÞ�	25�$ 1Ƣˍˠɍ����)˗	PVX-53U-RdRp-WT RNAǟÞţ 0	15	30	

45	60Ð)	�<
)Ƣǭ$ 3.2.5$ʍɶ�� JAX12�*gK`CoQ�b���$

�; TR buffer? 1 µLǟÞ���ɑʁˌī 60Ðţ( JAX16��* TR buffer?ǟÞ�

�ȕţ( 10 mM puromycin? 0.5 µLÞ���25�$ 10Ðˠɍ��ţ	BYLP30? 5 µL

Þ�	15�$ 1Ƣˍˠɍ���ïūǜ 5 µL?EGW\�o�_bɼƲȀ(Ċð�	ǈ

:)Ǧǜ?ɷɶǗŭʄ˳(¯ʄ����ˑ)Ɛ«* 3.2.4˷1˸%úƿ$�;�ED�W

ɷɶǿǳ)UOd�Şŗ*[nbEFB ImageJ˷National Institutes of Health˸?Ȁ	#

ĳˆ��� 

 

 

3.2.5 C3X=dA JAX1ô�ªŭ!�(! JAX1!Ěķ 

 

� \DyQ�W JAX1ǟÞĴ˳(­Ȁ�� JAX1*	BYLS30�$ɑʁţBnCe`C

Ⱥɶ(8:ʍɶ���3 µg) FLAG\O�� JAX1) RNA? 100 µL) BYLS30ïūǜ

(ǟÞţ	25�$ 2Ƣˍˠɍ� JAX1?ɑʁ�����)ˍ(	EZview Red anti-FLAG M2 

affinity gel˷ Sigma-Aldrich˸)ǖǙ?ɮ!��50 µL)l�X˷50%W���˸( 150 µL

) TR buffer?Þ�	\_m�O(8:Əž��ţ	1,400×g	4�	30Ȥ)Ʈ¡$WD

�O��\�?Ȁ	#ʷũţ	�Ǡ?Śƹ���'�	�ˑ)ʷũ*Æ#WD�O��
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\�?Ȁ	#ɮ!��Ǒǋ(Êŗ 150 µL)TR buffer?Þ�	úƿ)Ɛ«?Ɍ:ʩ���

ɑʁïūɁ�ţ)Ǧǜ? 50 µL)l�X(Þ�	4�$ 90Ðˠɍ����)˗	15Ð

��(^~�o?\_m�O�	Ǧǜ?Əž���1,400×g	4�	30Ȥ)Ʈ¡$ʷũţ	

�Ǡ?Śƹ�	TR buffer 150 µL?Þ�	Ǧǜ?\_m�O(8:Əž���úƿ)«

Ƽ? 4 ĊɌ:ʩ�	Êŗ 1,400×g	4�	30 Ȥ)Ʈ¡$ʷũţ	�Ǡ?Śƹ���Ǒǋ

(Ŀ�#	TR buffer(Ǧɼ�� 400 ng/µL 3×FLAG sp^c˷Sigma-Aldrich˸? 40 µL

��Þ�	4�$ 30 Ðˠɍ����)˗	10 Ð��(\_m�O(8:Ǧǜ?Əž�

��1,400×g	4�	1Ð)Ʈ¡$ʷũţ	�Ǡ?Ċð���Ǒǋ(Ŀ�#	Êŗ TR buffer

(Ǧɼ�� 400 ng/µL 3×FLAG sp^c? 40 µLÞ�úƿ)Ɛ«?Ɍ:ʩ��ţ	Êŗ

�Ǡ?Ċð�	Á(Ċð���Ǡ%ǞĄ�Ⱥɶ JAX1%��� 

 

 

3.2.6� A9bdA­¶�œŐ¾ 

 

� WN��WĻŗãʾʷũ*	Komoda9)ĚĀ˷ Komoda et al., 2007 ?˸6%(ɮ!��

i_nA�˷30 mM HEPES-KOH [pH 7.4], 80 mM KOAc, 1.8 mM EDTA, 2 mM DTT˸(

WN��W?Ǧɼ��	15%�8- 40%˷w/v˸)WN��WǦǜ?ʍɶ���ʛʷũ

Ȁ^~�o( 1 mL) 40%WN��WǦǜ?Å<	�)�( 1 mL) 15%WN��WǦ

ǜ?˄Ň���^~�o? Gradient mate˷BioComp˸(Y_b�	85°	20 rpm	1Ð)

Ʈ¡$ǫŗãʾ?«ų���S�p�?WN��Wǫŗãʾ)�(˄Ň��ţ	S55S

��\�˷Hitachi-koki Co.˸?Ȁ	# 100,000×g	4ºC	2Ƣˍ)Ʈ¡$ʛʷũ���ʛ

ʷũţ*ɝǯǢʮ��	Ǧǜ?şˆ�"ɿ 10·)^~�o(Ċð�	�Ň
9ȄÐ 1–

10%��� 
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3.2.7� BN-PAGE 

 

� 4 µL)S�p�(	2.5 µL) NativePAGE 4×Sample Buffer˷ Thermo Fisher Scientific 	˸

0.7 µL) NativePAGE 5% G-250 Sample Additive˷Thermo Fisher Scientific 	˸2.8 µL)ɨ

ȆǏ?Þ��ţ	NativePAGE 3–12% Bis-Tris Protein Gel˷Thermo Fisher Scientific˸?Ȁ

	# blue native˷BN˸-PAGE(¯ʄ����)˗	Dark Blue Cathode Buffer˷200 mL 

1×NativePAGE Running Buffer, 10 mL NativePAGE Cathode Additive ?˸Ȁ	# 150 V$ 30

ÐǕâ��ţ	Light Blue Cathode Buffer˷200 mL 1×NativePAGE Running Buffer, 1 mL 

NativePAGE Cathode Additive˸?Ȁ	# 150 V$ 60ÐǕâ���2�	w�J�%�#

NativeMark Unstained protein standard ˷Thermo Fisher Scientific˸?Ȁ	��BN-PAGEţ

)P�*	2.2.5˷2˸%úƿ)ŵ˦$o�_`C�Oïū(¯ʄ���o�_`C�O

ïūȕţ(	w�J�?Ǖâ��ʽÐ? PVDFz�o��
9Ñ:Ï�	Quick-CBB(

ǚ���z�o��)ǈ:)ʽÐ* 8%ʿ˂(ǚ�	15ÐˍƂȓ��ţ	ɨȆǏ$ǖǙ

���z�o��?z\h��(ǚ�	ɨȆǏ$ǖǙ��ţ	SDSi_nA�˷50 mM 

Tris-HCl [pH 6.8], 2% SDS, 0.8% 3-Mercapto-1,2-propanediol˸(ǚ�	50�$ 1ƢˍƂȓ

���z�o��? PBST $ǖǙ��ţ	2.2.5˷3˸%úƿ)ŵ˦$o�_L�Oïū

(¯ʄ���o�_L�Oïūţ(	2.2.5˷4˸%úƿ)ŵ˦$Ź©ïū?ɮ		\�

jNʙ?ƻÏ����ǄŹ©%�#*	Can Get Signal Solution I?Ȁ	# 2,000¸(ŏ

˃��Ź PVX RdRpŹ©�8-Ź FLAGŹ©?Ȁ	���ǄŹ©%�#Ź PVX RdRp

Ź©�8-Ź FLAGŹ©?ïū���z�o��(Ŀ�#	Can Get Signal Solution II

?Ȁ	# 2,000¸(ŏ˃��ŹESMŹ©�8-ŹwEWŹ©?�<�<ïū���� 
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& 3.1 �"5�24<ZBO?\<JM7,� 

<ZBO?\<JM� ,�`5′13′a 

PVX-Rd-XhR TTTACTCGAGTTAAAGAAAGTTTCTGAGGCGGGGA 

pNK-JAX1-F TATAATTTCACTCGAGGTCGACAATGGCTACACCATCAGGTTC

A 

pNK-JAX1-R CCTTGTAGTCCCATGGGGATCCCTTAGCAGGAGAAAGCGGTGC 

pNK-RTM1-F TATAATTTCACTCGAGGTCGACAATGAAGATAGGACCTGTAGG

GA 

pNK-RTM1-R CCTTGTAGTCCCATGGGGATCCGCCCAGTACAATTTTTGACTCT 

JAX1-1Mmut-F AATTTCACTCGAGGTCGACATAAGCTACACCATCAGGTTCAAA 

JAX1-1Mmut-R TTTGAACCTGATGGTGTAGCTTATGTCGACCTCGAGTGAAATT 

3×FLAG-temp CAAAGACCATGACGGTGATTATAAAGATCATGACATCGACTACA

AGGACGACGATG 

BamNco-3×FLAG-F AAGGGATCCCCATGGGACTACAAAGACCATGACGGTGATT 

SpeStop-3×FLAG-R TTTACTAGTTTACTTGTCATCGTCGTCCTTGTAGTCG 
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3.3�ĠÙ�

 

3.3.1 ÜùĝħÉ�ò/Ă��UFE9A43`A!ĥĽ
*#ĸķ!�ßÅ 

 

� v`_NWED�W)ɷɶ(Ŀ�; JAX1)šˤ? in vitro$ʍ/;�%?ȔȎ%�

#	2� BYL ?Ȁ	�v`_NWED�Wɑʁ˹ɷɶȼ)ƾȷ?ʄ3��ȼ)ƾȷ(

˗�#*	v`_NWED�W)\Dpȧ$�; PVX?Ȁ	�� 

� PVX)Phy
9 TGBp1–3% CP?˔í�	5′�8- 3′ UTR% RdRp?Q�c�;

ORF1
9';ģȉ© PVX-53U-RdRp-WT?ƾȷ�	�) in vitroʠË RNA6��*˅

Ǿĕ PVX)ȺɶȹĮ RNA? BYL(ǟÞ���25�	60Ð)ɑʁïū(¯ʄ�	EG

W\�o�_bǒ(8: RdRp)ɑʁ)ƧǮ?ɼƲ����)ɃƳ		�<) PVX RNA

?ǟÞ��ěù6 RdRp)ɩȩ�ʈ59<�˷Ď 3.1A��� 2	3 �˸ 

� Ɇ	#ɑʁïūǜ([α-32P]CTP�8-�)�)fN�I^c?ǟÞ�	25�	60Ð)

ɷɶïū(¯ʄ���RNA ?żÏţ	˞ǎǕâ�8-I�b�VIO�nC(8:ƙ

Ǿ RNA)ƧǮ?ɼƲ����)ɃƳ		�<) PVX RNA?ǟÞ��ěù6	ɷɶǿ

ǳ%ɒ�9<;ǴȉȎ' 2Ƭ)i�c�ʈ59<�˷Ď 3.1A��� 2	3 �˸ 

� �<9)i�c)ŭǵ?ʍ/;�5	żÏ RNA? 1Ƭˈ)Ʒ˂)ǴȉȎÐɼˁȿ$

�; S1 fN�B�Z$Îǻ����)ɃƳ	2 Ƭ)i�c)
 �¼)i�c*Ðɼ

�ʈ59<��	�¼)i�c*Ðɼ�ʈ59<'
!�˷Ď 3.1B��� 3–6 �˸�)

�%*	�¼)i�c*˺Ƭˈ)ƙǾED�WPhy RNA$�;)(Ŀ�	�¼)i

�c* replicative form˷RF˸%Ă+<;ED�WPhy RNA)p�Wˈ%wDdWˈ


9ƾų�<; 2Ƭˈ RNA$�;�%?ȡć�#	;�vV`CoQ�b���%�

#	 BYL �$ɷɶ�;�%�ȡ�<#	; tobacco mosaic virus˷ TMV˸

˷Kawamura-Nagaya et al., 2014˸)ȺɶȹĮ RNA?Ȁ	�%�=	ƙǾPhy RNA�

8- S1fN�B�Z(ŻŹŭ?ȡ� RF)ùų�ʈ59<�˷Ď 3.1B��� 7	8 �˸

�)�%
9	ƬĴ˳$Ȁ	#	; BYL )ąʙ(ĉ˩�'	�%�ȟ
59<���
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�8:	BYL?Ȁ	� PVX)ɑʁ�8-ɷɶ)Êƾųȼ?ȟȬ��� 

 

 

  

� 3.1 BYL/Ă�� PVX! in vitroĥĽŲĸķ!�ßÅ 

ŰAűPVX!ĥĽ
*#ĸķě!ĎĔ�İĄëŰadc 1ű�100 ng! PVXĚķę
§ RNAŰadc 2ű�1 µg! in vitroŊ� PVX-53U-RdRp-WT RNAŰadc 3ű/
25 µL! BYL�Àò ô���ĥĽ
*#ĸķ�À tľ���RdRp!ıē"Ç
RdRp Çq/Ă��45ACcRbEHí *,ļØ���32P �áŅ�.�ÑĀ
RNA "Ŧêï�
*#6dH^@6:^Q2 *,Ý����Coomassie brilliant 
blueŰCBBűÚĬ�� BYL ��ÁCcN9ņ
*#YDacR`dÚĬ��
ribosomal RNAŰrRNAű"bdG2c:=cHbd`���ď���ŰBű43`A
! in vitroĸķāù ¯�- S1K9a1dB�ÿ�İĄëŰadc 1�2ű�100 ng
! PVXĚķę§ RNAŰadc 3�4ű�1 µg! in vitroŊ� PVX-53U-RdRp-WT RNA
Űadc 5�6ű�100 ng! TMVĚķę§ RNAŰadc 7�8ű/ BYL�Àò ô
��ĸķ�À tľ���É� RNAŰadc 1�3�5�7ű
*#É� RNA / S1
K9a1dB��ÿ��)!Űadc 2�4�6�8ű/Ŧêï�
*#6dH^@6
:^Q2 tľ���RdRp
*#<LX RNAŰGű�RF RNAŰRFű!pĤ/�!
� ď����
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3.3.2 JAX1" in vitro�UFE9A43`A!ĸķ/ş«�- 

 

� ƙ�(ȟȬ�� PVX) BYLÉɑʁ˹ɷɶȼ?Ȁ	#	JAX1) PVX(Ŀ�;šˤ(

"	#ɼƲ?ɮ!��JAX16��*gK`CoQ�b���%�#	v`_NWED

�W)Ğǉ(šˤ?��'	�%�ȡ�<#	; RTM1˷ Yamaji et al., 2012 )˸ RNA?

BYL(ǟÞţɑʁïū(¯ʄ�	ø\�jNʙ?ùų���˷Ď 3.2A �˸�<9\�j

Nʙ)įē�$ PVXȺɶȹĮ RNA�8- PVX-53U-RdRp-WT) in vitroʠË RNA?

BYL(ǟÞ�ɑʁïū(¯ʄ���EGW\�o�_bǒ(8:ɼƲ��%�=	JAX1

�8-RTM1)	�<)įē�(�	#6	RdRp)ɩȩ*šˤ?ò�'
!�˷ Ď 3.2B

��� 2–7 �˸�)�%*	JAX1�8- RTM1* RdRp)ɑʁ(*šˤ?��'	�%

?ȡ�#	;�Ɇ	#	�<9)ïūǜ?ɷɶïū(¯ʄ��%�=	JAX1įē�(

�	# PVXȺɶȹĮ RNA�8- PVX-53U-RdRp-WT RNA)ƙǾ RNA)ùų*˫ɧ

(ːĶ�<�˷Ď 3.2B��� 3	6 �˸RTM1įē�(�	#*	ƙǾ RNAùų*šˤ

?ò�'
!�˷Ď 3.2B��� 4	7 �˸�<9)ɃƳ*	JAX1* in vitro$ RdRp)ɑ

ʁ?ːĶ�'	� PVX)ɷɶ?ːĶ�;�%?ȡ�#	;� 

� Ɇ	#	JAX1ŻŹŭŶȞģȉ?Ƨ�; PVX-53U-RdRp)ɷɶ� JAX1(8:šˤ?

ò�;
ɼƲ���in planta(�	# PVX( JAX1ŻŹŭ)ŶȞ?Ŝ�ʚ�� 1092Ȉ

Ȕ)ĜĘ A ) C .)ģȉ? PVX-53U-RdRp-WT (ŁÅ�	PVX-53U-RdRp-A1092C %

û����PVX-53U-RdRp-A1092C) in vitroʠË RNA?	�ʀ%úƿ( JAX1�8-

RTM1įē�$ in vitroɑʁ�8-ɷɶïū(¯ʄ����)ɃƳ	RdRp)ɑʁ* JAX1

�8- RTM1)	�<)įē�$6šˤ?ò�'
!�˷ Ď 3.2B��� 8–10 �˸2�	

JAX1įē�(��;ƙǾ RNAùųǗŭ*	ED�W RNAèǶ�8- RTM1įē�)

ěù%úȱ�!�˷Ď 3.2B��� 8–10 �˸�)�%
9	PVX-53U-RdRp-A1092C* in 

vitro(�	# JAX1(8;ED�WɷɶːĶ?ŶȞ�#	;�%�ơ9
%'!�� 
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 � 3.2 JAX1� PVX!ĥĽ
*#ĸķ h	-ºũ 
ŰAűªŭě!ÞĹ�JAX1 &�" RTM1 ! RNA / BYL �Àò ô���25��
60 �3c8\TdH��ŰJAX1 &�" RTM1 !ĥĽű��!�Àò/�43`A
RNA/�	� BYL�Àò ô���25�� 60�3c8\TdH��ŰRdRp!ĥ
Ľ
*#ĸķĸ�q!¹Åű�puromycin /ô��ĥĽ/xå���»�rNTP 
*
#[α-32P]CTP/ô���25�� 60�3c8\TdH��ŰÑĀ RNA!�Åű�ŰBű
JAX1� PVX h	-ºũ�İĄëŰadc 1�2�5�8ű�250 ng! FLAGC:!
n��.� JAX1! RNAŰadc 3�6�9ű�250 ng! FLAGC:!n��.� RTM1
! RNAŰadc 4�7�10ű/ 5 µL! BYL�Àò ô��ĥĽ�À tľ����
�Àò/�İĄëŰadc 1ű�100 ng! PVXĚķę§ RNAŰadc 2–4ű�1 µg
! PVX-53U-RdRp-WT ! in vitro Ŋ�  RNAŰadc 5–7ű� 1 µg !

PVX-53U-RdRp-A1092C! in vitroŊ� RNAŰadc 8–10ű/�	� 20 µL! BYL
�Àò ô���ĥĽ
*#ĸķ�À tľ���RdRp � FLAG C:!n��.
� JAX1
*# RTM1!ıē"�.�.Ç RdRpÇq�Ç FLAGÇq/Ă��45 
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ACcRbEHí *,ļØ���32P�áŅ�.�ÑĀ RNA"Ŧêï�
*#6
dH^@6:^Q2 *,Ý����CBBÚĬ�� BYL��ÁCcN9ņ
*#Y
DacR`dÚĬ�� rRNA /bdG2c:=cHbd`���ď���RdRp�
JAX1�RTM1
*#<LX RNAŰGű�RF RNAŰRFű!pĤ/�!� ď��� 
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3.3.3 UFE9A43`Aĸķŏđ!�Ö JAX1/ô��-%��ýī�ĸķ�ş«

�.- 

 

� 3.3.2 )ɼƲ)ɃƳ	JAX1 * RdRp )ɑʁ(šˤ?��;�%'� PVX )ɷɶ?ː

Ķ�;�%�ơ9
%'!���ɟ(p�Wˈ RNAED�W)ɷɶʴȦ(�	#*	

ɑʁ�<�RdRp*ED�WRNA�8-Ĺ�ċĮ%ɷɶɷù©Ù˲©?Šų�;˷ Nagy, 

2008; Mine and Okuno, 2012; Ishibashi and Ishikawa, 2016 �˸�)ţ	�)ɷù©�Ǿ©ɜ

(\�P`C�Oţɷɶɷù©?Šų�	ƙǾED�W RNA�ùų�<;���$	

ɷɶ)	�<)ʴȦ(�	# JAX1�¿�)
?ơ9
(�;�5	ɜųÐ)˔
<�

BYL )ȄÐ$�; BYLS30 ?Ȁ	�ɼƲ?ɮ!��bi{ED�W)ɷɶɷù©Ù˲

©* BYLS30�$Šų�<;�%�ȡ�<#	;˷Komoda et al., 2007 �˸ 

� 2� BYLS30ïūǜ(�	# FLAG\O)�Þ�<� JAX1?ɑʁ��ţ	BnCe

`CȺɶ���Ɇ	# PVX-53U-RdRp-WT RNA? BYLS30ïūǜ(ǟÞ�	25�	60

Ð)ɑʁïū(¯ʄ��˷Ď 3.3A �˸�)˗	ɑʁˌīţ 0	15	30	45	60Ð(Ⱥɶ

JAX1 2�*Q�b���%�#i_nA�?ǟÞ���ïūǜ( puromycin ?Þ�ɑ

ʁ?ºǅ���ţ	ɜȄÐ BYLP30 ?ǟÞ���15�	60 Ð)ɜɃùïū(¯ʄ�	

BYLS30$Šų�<�ɷɶɷù©Ù˲©?Ǿ©ɜ(\�P`C�O��	ɷɶɷù©?

Šų�����9([α-32P]CTP�8-�)�)fN�I^c?ǟÞ�	25�	60Ð)ɷ

ɶïū(¯ʄ��� 

� �)ɃƳ		�<)Ƣˍ$i_nA�?ǟÞ��ěù6 PVXƙǾ RNAùųǗŭ*0

%@&ú��!�˷Ď 3.3B��� 7–11 �˸�ƚ	JAX1?ɑʁˌīţ 0Ð$Þ��ěù

*	PVXɷɶǗŭ*˫ɧ(§���˷Ď 3.3B��� 2 �˸JAX1?ǟÞ�;Ƣˍ�ʳ�

';0& PVXɷɶǗŭ*�Ơ�	ɑʁˌīţ 60Ð$ JAX1?ǟÞ��ěù*	i_n

A�ǟÞå%úȱ)ɷɶǗŭ?ȡ��˷Ď 3.3B ��� 3–6 �˸JAX1 �8-i_nA�

?	�<)Ƣˍ$Þ��ěù6 RdRp)ɩȩˆ*úȱ�!�˷Ď 3.3B��� 2–11 �˸ 

� ��
9	JAX1?ɑʁ�8-ɷɶɷù©Ù˲©ŠųʴȦ)Óƨ(ǟÞ�;0&ɷɶ
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�Ş�ːĶ�<;�%�ȡ�<���)�%
9	JAX1�Ǘŭ?Ƨ�;ɷɶɷù©Ù

˲©)Šų?ːĶ�#	;�%�ȡć�<�� 
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� 3.3 JAX1 *-43`Aĸķş«!C3X=dAļØ 

ŰAűªŭě!ÞĹ�43`A RNA/ BYLS30�Àò ô���25�� 60�3c
8\TdH��ŰRdRp !ĥĽ
*#ĸķĸ�q�Ŭq!¹Åű�Ěķ JAX1-FLAG
)��"MEQ0d/43`A RNA ô�» 0�15�30�45�60 ��ô����
puromycin/ô��ĥĽ/xå���»�BYLP30ă�/�	�15�� 60�3c8
\TdH��Űĸķĸ�q�Ŭq!ĪĠ�ű�rNTP
*#[α-32P]CTP/ô���25�
� 60�3c8\TdH��ŰÑĀ RNA!�Åű�ŰBűPVXĸķ ¯�- JAX1!
ºũ�İĄëŰadc 1ű)��" 1 µg! PVX-53U-RdRp-WT! in vitroŊ� RNA
Űadc 2–11ű/�	� BYLS30�Àò/ŰAű!ªŭ tľ���RdRp
*#
FLAGC:!n��.� JAX1!ıē"�.�.Ç RdRpÇq
*#Ç FLAGÇq
/Ă��45ACcRbEHí *,ļØ���32P�áŅ�.�ÑĀ RNA"Ŧê
ï�
*#6dH^@6:^Q2 *,Ý����ÑĀ43`A RNA!�!g!Î
¨"�ûĔ�� 3×!ªŭ�+Ę��.� RF RNA!?:J`¸¶!Č¯ıēŖŰ´
�
*#áöŁ³ű/ď��CBBÚĬ�� BYL��ÁCcN9ņ
*#YDacR
`dÚĬ�� rRNA"bdG2c:=cHbd`���ď���RdRp�JAX1
*
#<LX RNAŰGű�RF RNAŰRFű!pĤ/�!� ď��� 
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3.3.4 UFE9A43`A!Ů�§ŖĸķŔĜĸ�q!�© 

 

� �ʀ)ɃƳ?ò�	JAX1�&)8
(Ǘŭ?Ƨ�;ɷɶɷù©Ù˲©)Šų?ːĶ

�#	;
)ɼƲ?ʄ3���<(ÁȬ 	2�WN��WĻŗãʾʷũǒ(8;ɷɶ

ɷù©Ù˲©)úĳ?ʄ3��BYLS30 ïūǜ�$ PVX-53U-RdRp-WT �8-

PVX-53U-RdRp-A1092C ) RNA ?ɑʁ��	ɷɶɷù©Ù˲©?Šų���ţ	WN

��WĻŗãʾʷũ(¯ʄ��˷Ď 3.4A �˸ť9<� 10·)ȄÐ? SDS-PAGE�8-

BN-PAGE(8:ɼƲ���2�	øȄÐ( BYLP30ɜȄÐ?Þ� 60ÐD�L~r�b

��ţ(ɷɶïū(¯ʄ��� 

� PVX-53U-RdRp-WT?Ȁ	�ěù	SDS-PAGE�8-EGW\�o�_bɼƲ(8:	

RdRp�ȄÐ 2–7(ƻÏ�<�˷Ď 3.4Bi �˸�ƚ BN-PAGEɼƲ(8:	1,000 kDa��

) RdRpɷù©�ȄÐ 4–7(ƻÏ�<��ɷɶǗŭʄ˳)ɃƳ	Ş	ɷɶǗŭ�ȄÐ 5	

6 (ƻÏ�<	ŝ	ɷɶǗŭ�ȄÐ 4	7 (ƻÏ�<�˷Ď 3.4Bii �˸Ť!#	ȄÐ 4–7

(ƻÏ�<;˴ÐĮˆ RdRp ɷù©�ɷɶǗŭ(˄ɸ$�;�%�ȡć�<��JAX1

ŻŹŭŶȞģȉ© PVX-53U-RdRp-A1092C?Ȁ	� SDS-PAGE�8- BN-PAGEɼƲ?

ɮ!�ěù6	PVX-53U-RdRp-WT ?Ȁ	�ěù%úƿ)ɃƳ�ť9<�˷Ď 3.4Ci �˸

PVX-53U-RdRp-A1092C?Ȁ	�ɷɶǗŭʄ˳)ɃƳ	PVX-53U-RdRp-WT8:*ŝ	

6))ȄÐ 5	6(ɷɶǗŭ�ƻÏ�<�˷ Ď 3.4Cii �˸��)ɃƳ
9	˴ ÐĮˆ RdRp

ɷù©�ɷɶɷù©Ù˲©$�;�%�ȡć�<�� 
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� 3.4 A9bdA­¶�œŐ¾/Ă�� PVXĸķĸ�q�Ŭq!Ý� 

ŰAűªŭě!ÞĹ�43`A RNA/ BYLS30�Àò ô���25�� 60�3c
8\TdH��ŰRdRp!ĥĽ
*#ĸķĸ�q�Ŭq!¹Åű�puromycin/ô�
�ĥĽ/xå���»�100,000 g�2 ÔŜ!A9bdA­¶�œŐ¾ tľ��
10v �ă��ŰA9bdA­¶�œŐ¾ű��ă� BYLP30ă�/�	�15�
� 60�3c8\TdH��Űĸķĸ�q�Ŭq!ĪĠ�ű�rNTP
*#[α-32P]CTP
/ô���25�� 60�3c8\TdH��ŰÑĀ RNA!�Åű�ŰB
*# CűPVX
ĸķĸ�q�Ŭq!Ý��9 µg! PVX-53U-RdRp-WTŰBű&�" PVX-53U-RdRp- 
A1092CŰCű! RNA/ 180 µL! BYLS30�Àò ô��ĥĽ�À tľ���
4.5 µL! 10 mM puromycin/ô�»�ĥĽxå�À tľ��15–40% A9bdA
­¶�œŐ¾ tľ���Űiű10v!ă�/ SDS-PAGE
*# BN-PAGE tľ��
Ç PVX RdRpÇq/Ă��45ACcRbEHļØ/Ĵ���Űiiű�ă�/ĸķð
Áľŭ tľ���20 µL!>cS`/ 5 µL! BYLP30�9a1Dc_cŕŰĞø
¶ 30 mMű�9a1Dc8JdBŰĞø¶ 0.2 mg/mLű�ATPŰĞø¶ 0.75 mMű/
�'Īă��Àò�ó��ĪĠ��À tľ���20 µL !>cS`/ĸķ�À 
tľ��»�É� RNA/ S1K9a1dB�ÿ��RF RNA/ PAGE
*#6dH
^@6:^Q2 *,Ý�����§Ŗ/�!� ď���1AC_A9"ŨúĆ

Ċ�?:J`/ď�� 
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3.3.5 JAX1"UFE9A43`A!Ů�§ŖĸķŔĜĸ�q Cd<F2c:�- 

 

� Ɇ	#˴ÐĮˆ RdRp ɷù©% JAX1 )ˎ>:?ɼƲ���ED�W RNA )ɑʁˌ

īƢ(	JAX1 ?ɑʁ��� BYLS30 ïūǜ?Þ�	3.3.4 %úƿ)Ĵ˳?ɮ!�˷Ď

3.5A �˸2� RdRp )ÐȄj\��? SDS-PAGE �8- BN-PAGE (8:ɼƲ���

PVX-53U-RdRp-WT �8- PVX-53U-RdRp-A1092C )	�<?Ȁ	�ěù6	JAX1 )

ƧǮ(ˎ>9� RdRp)ÐȄj\��*01úƿ$�:	˴ÐĮˆ RdRpɷù©�ȄÐ

4–7(ƻÏ�<�˷Ď 3.5Bi	Ci �˸ 

� 2� JAX1 )ÐȄj\��? SDS-PAGE �8- BN-PAGE (8:ɼƲ���

PVX-53U-RdRp-WT?Ȁ	�ěù	JAX1* SDS-PAGE(8:�(ȄÐ 1–3(ƻÏ�<

��	Ńˆ�ȄÐ 4–6(ƻÏ�<�˷Ď 3.5Bii �˸BN-PAGE(8:ʍ/�%�=	ĥˆ

) JAX1�ȄÐ 1–3) 66 kDa��)¦ɍ(˫ɧ(ƻÏ�<���ƚ$ȄÐ 4–6)˴Ð

Įˆ RdRp ɷù©(Ȗş�; 1,000 kDa ��)¦ɍ(6 JAX1 �ƻÏ�<���ƚ	

PVX-53U-RdRp-A1092C?Ȁ	�ěù	JAX1* SDS-PAGEɼƲ(8:ȄÐ 1–3(ƻÏ

�<��	ȄÐ 5	6 (*ƻÏ�<'
!�˷Ď 3.5Cii �˸BN-PAGE (8:ʍ/�%�

=	JAX1*ȄÐ 1–3) 66 kDa��)¦ɍ(˫ɧ(ƻÏ�<��	ȄÐ 4–6)˴ÐĮˆ

)¦ɍ(*ƻÏ�<'
!�� 

� �9(øȄÐ)ɷɶǗŭ("	#ɼƲ���PVX-53U-RdRp-WT?Ȁ	�ěù	ȄÐ

4–7)ɷɶǗŭ* JAX1(8:˫ɧ(§���˷ Ď 3.5Biii �˸�ƚ PVX-53U-RdRp-A1092C

?Ȁ	�ěù*	ȄÐ 5	6*ɷɶǗŭ?µ!#	�˷Ď 3.5Ciii �˸ 

� ��8:	JAX1* PVX-53U-RdRp-WT)˴ÐĮˆ RdRpɷù©(\�P`C�O�

;�	PVX-53U-RdRp-A1092C)şʅɷù©(*\�P`C�O�'	�%�ȡ�<��

�)�%
9	JAX1* PVX)ɷɶɷù©Ù˲©(\�P`C�O�	şʅɷù©(ª

9
)šˤ?��;�%$ɷɶ?ːĶ�;�%�ȡć�<�� 
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� 3.5 PVXĸķĸ�q�Ŭq$! JAX1!Cd<F2c: 

ŰAűªŭě!ÞĹ�JAX1 ! RNA/ BYLS30 �Àò ô���25�� 60 �3c
8\TdH��ŰJAX1 !ĥĽű��!�Àò/�43`A RNA /�	� BYLS30
�Àò ô���25�� 60�3c8\TdH��ŰRdRp!ĥĽ
*#ĸķĸ�q
�Ŭq!¹Åű�puromycin/ô��ĥĽ/xå���»�100,000 g�2ÔŜ!A
9bdA­¶�œŐ¾ tľ��10 v �ă��ŰA9bdA­¶�œŐ¾ű��
ă� BYLP30 ă�/�	�15�� 60 �3c8\TdH��Űĸķĸ�q�Ŭq
!ĪĠ�ű�rNTP
*#[α-32P]CTP/ô���25�� 60�3c8\TdH��ŰÑ
Ā RNA!�Åű�ŰB
*# CűPVXĸķĸ�q�Ŭq
*# JAX1!Ý��2.25 µg
! 3 FLAG  
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! 3 FLAGC:!n��.� JAX1! RNA/ 45 µL! BYLS30�Àò ô��ĥ
Ľ�À tľ����!ò/ 9 µg!PVX-53U-RdRp-WTŰBű&�"PVX-53U-RdRp- 
A1092CŰCű! RNA/ô��� 135 µL! BYLS30�Àò ô��ĥĽ�À tľ
���4.5 µL! 10 mM puromycin/ô�»�ĥĽxå�À tľ��15–40% A9
bdA­¶�œŐ¾ tľ���Űi 
*# iiű10 v!ă�/ SDS-PAGE 
*#
BN-PAGE tľ��Ç PVX RdRpÇqŰiű&�"Ç FLAGÇqŰiiű/Ă��4
5ACcRbEHļØ/Ĵ���Űiiiű�ă�/� 3.4Bii 
*# Cii ��à!Òí�
ĸķðÁľŭ tľ����§Ŗ/�!� ď���1AC_A9"ŨúĆĊ�?

:J`/ď�� 
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3.4�Ħ®�

 

� Ƭȭ$*	JAX1ŻŹŭ)ÐĮǂƾ)ɼơ?ȔȎ%�#	in vitroȼ?Ȁ	�ɼƲ?ɮ

!��2� BYL?Ȁ	# PVX)ɑʁ%ɷɶ? in vitro$Êƾų�	JAX1� in vitro$

PVX )ɷɶ?ːĶ�;�%?ơ9
(���2�	JAX1 ? PVX )ɷɶɷù©Ù˲©

Šų)Óƨ(Þ�;0&áǸ8�ɷɶ?ːĶ�;�%	JAX1�ɷɶɷù©Ù˲©(\

�P`C�O�;�%?ơ9
(��� 

 

3.4.1� UFE9A43`A!ĸķĸ�q�Ŭq 

 

� ƺǳ)ė˰ɀɘżÏǜ$�; BYL?Ȁ	;�%(8:	in vitro$ PVX)ɑʁ�8

-ɷɶ?Êƾų��˷Ď 3.1 �˸ƬĴ˳ȼ?Ȁ	;�%(8:	v`_NWED�W)ɑ

ʁ�8-ɷɶ(ˎ��;Ĺ�ċĮ7ED�WPhy˨Ė	RdRp˨Ė)Ǵĳ7ǂə)ɼ

Ʋ'&�ôə$�;%ɒ�9<;� 

� 2�	PVX) RNA?ɑʁ��� BYLS30(�	#	˴ÐĮˆ RdRpɷù©?ƻÏ�

�˷Ď 3.4 �˸�)ɷù©)įē��ȄÐ(ɜȄÐ?ǟÞ�ɷɶïū(¯ʄ��%�=

PVX ɷɶǗŭ�ƻÏ�<��%
9	�)ɷù©�ED�Wɷɶ(˄ɸ$�;�%�

ȡć�<��Komoda9*	bi{ED�W)ɷɶ\�jNʙ� PMTC%Ă+<;ɷɶ

ɷù©Ù˲©?Šų�;�%	PMTC�Ǿ©ɜ(\�P`C�O�ɷɶɷù©?Šų�

;�%?ȡ�#	;˷Komoda et al., 2007 �˸�)bi{ED�W)ɷɶ{a��v`_

NWED�W(6ş#*2;%�<+	PVX)˴ÐĮˆ RdRpɷù©*bi{ED�W

(��; PMTC(Ȗş�;6)%ɒ�9<;��'> ˴ÐĮˆ RdRpɷù©*ɷɶɷ

ù©Ù˲©$�:	Ǿ©ɜ(\�P`C�Oţ	ɷɶɷù©?Šų�ƙǾED�W RNA

?ùų�;6)%ɒ�9<;˷Ď 3.6 �˸ 

� ƬȜȪ$*	PVX�Šų�;ɷɶɷù©Ù˲©� 1,000 kDa��)ōĦ'\�jNʙ

ɷù©$�;�%?ơ9
(��˷Ď 3.4 �˸�ƚ	v`_NWED�W%*ʷɊ']D
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B�[ED�WņED�W$�; red clover necrotic mosaic virus˷ RCNMV˸�łɘ©ɜ

�$Šų�;ɷɶɷù©*Ƚ 480 kDa$�;�%�ș9<#	;˷Mine et al., 2010 �˸

�)ɷù©* PVX ɷɶɷù©Ù˲©8:ÐĮˆ�ł�	�	�)8
'ɷù©)ÐĮ

ˆ)ʶ	)�ċ*	ED�Wˍ)ɷɶ\�jNʙ)ÐĮˆ)ʶ	(�;ôəŭ�ɒ�9

<;��'> RCNMV)ɷɶ\�jNʙ* 27 kDa�8- 88 kDa$�:	Ƚ 166 kDa

) PVX ) RdRp 8:ÐĮˆ�ł�	�%��ċ$�;ôəŭ��;��9(	ɷù©

�(þ2<;Ĺ�)\�jNʙ7�)�)ċĮ)ƾų)Ŏȉ�ëċ$�;ôəŭ6ɒ

�9<;�b�oWED�W	o�{ED�W	]DB�[ED�W'&("	#*	

ɷɶɷù©�(þ2<;ĥƖ)Ĺ�ċĮ�úĳ�<#�:	�)�ʽ)ǂə�ơ9
(

�<#	;˷Nagy, 2008; Mine et al., 2010; Mine et al., 2012 �˸v`_NWED�W)ɷɶ

ɷù©Ù˲©(þ2<;Ĺ�ċĮ)ȧˬ7ǂə'&("	#*�ơ$�:	ɞā�ƀ�

<;�2�	Ǿ©ɜ�(Šų�<;%ɒ�9<;ɷɶɷù©)ÐĮˆ7��(þ2<;

Ĺ�ċĮ)ȧˬ7ǂə'&("	#6ɞā�ƀ�<;��<9?ơ9
(�	�)ED

�W%)ˍ)Çʭǭ�8-Ȗʶǭ?ơ9
(�;�%��ţ)ȜȪʌ˩)�"%ɒ�

9<;� 
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3.4.2� JAX1�UFE9A43`A!ĸķ h	-ºũ 

 

� Ƭȭ$* JAX1� PVXĞǉ?ːĶ�;ÐĮǂƾ? in vitro$ɼƲ�;�%?ʄ3��

JAX1 * PVX )ƙǾ RNA ùų?ːĶ���	RdRp )ɩȩ(šˤ?��'
!�˷Ď

3.2 �˸�)�%*	JAX1 (8;ED�WɷɶːĶ* RdRp )ɑʁːĶ(8:Ŝ�ʚ�

� 3.6 PVX!lÂĸķZG` 
Űiűĝħņ 
��43`A<LX RNA�+ RdRp�ĥĽ�.-�ŰiiűĥĽ�.� RdRp
"�43`A<LX RNA �Ů�§Ŗ!ĸķĸ�q�Ŭq/¹Å�-�ĸķĸ�q�Ŭq
 "r+�!¬k�§ŰHFű��&.-�ĨÁ��-�Űiiiűĸķĸ�q�Ŭq"ĀqĪ
 Ġ��-�ŰivűĀqĪ Ġ���ĸķĸ�q�Ŭq"ĸķĸ�q/¹Å�-�ĸķĸ�
q "r+�!¬k�§��&.-�ĨÁ��-�Űvűĸķĸ�qi��<LX RNA /
ŗ����V3JAŘ RNAŰŇģű�Ñĺ �Å�.-�ŰviűV3JAŘ RNA�+S^
AŘ RNAŰůģű�Ñĺ �Å�.-�ŰviiűS^AŘ RNA"ĝħņ Í��.-� 
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�<;)$*'	�%?ůā�#	;�2��RdRp)ɑʁ�8-ɷɶɷù©Ù˲©)

Šų�˷ Ď 3.3A˸)ʴȦ)Óƨ( JAX1?ǟÞ�;0&áǸ8�ɷɶ�ːĶ�<�˷Ď

3.3B �˸RdRp)ɑʁ� JAX1(8:šˤ?ò�#	'	�%?ɒ�;%	Ď 3.3)ɃƳ

* JAX1�ǆő'ɷɶɷù©Ù˲©)Šų?ːĶ�#	;�%?ȡć�;� 

� JAX1 *˅Ǿĕ PVX )ɷɶɷù©Ù˲©(\�P`C�O���	ŻŹŭŶȞ PVX

ģȉ©)ɷɶɷù©Ù˲©(*\�P`C�O�'
!�˷ Ď3.5 �˸Ȱ2ȭ)ɃƳ8:	

JAX1* 2ȧ)v`_NWED�W)˅Ǿĕ RdRp%Ȗ�«Ȁ���ƚ$	ŻŹŭŶȞ

(ˎ��;Bxh˂ǈĘ(ģȉ?Ƨ�; RdRp%*Ȗ�«Ȁ�'
!�˷Ď 2.3 �˸�)

�%
9	JAX1 * RdRp %)Ȗ�«Ȁ?��#ɷɶɷù©Ù˲©(\�P`C�O�

#	;ôəŭ�ɒ�9<;��ƚ	�Ň)ȄÐ˷ȄÐ 1–3˸(þ2<; JAX1)ˆ(Ǎ

/	PVX)ɷɶɷù©Ù˲©˷ȄÐ 4–6˸(ƻÏ�<; JAX1)ˆ*˫ɧ(Ń'
!�

˷Ď 3.5 �˸�)�5	ED�WɷɶːĶ(˄ɸ' JAX1)ˆ*��¾
$�;ôəŭ�

ɒ�9<;�ǟÞ�� JAX1)
 )Ńˆ�áǸ8�¿��%(8:ED�Wɷɶ?ː

Ķ�#	;)
6�<'	� 

� ɷɶɷù©Ù˲©)ÐȄj\��*	JAX1)ƧǮ(8:Ħ�'ģä�'
!��˷ Ď

3.4	3.5 	˸JAX1*şʅɷù©)Q�nHz�U��7¶˯)ģä?Ŝ�ʚ��
	ɷ

ɶ(˄ɸ'Ĺ�ċĮ)�N��b6��*ǂə(šˤ?��;�%$şʅɷù©)ǂ

ə?ːĶ�#	;ôəŭ�ɒ�9<;�JAX1�ɷɶɷù©Ù˲©(&)8
'šˤ?

��#	;)
("	#*�ţ)ȜȪʌ˩$�;%ɒ�9<;�ɷɶɷù©Ù˲©)ŭ

ǵ? JAX1 )įē��8-ˡįē�$ʆɀ(Ǎʢ�;�%(8:	JAX1 �ED�Wɷ

ɶ(��;šˤ?ĲÆ(ɼơ$�;ôəŭ��;� 

 

 

3.4.3� JAX1ÈÇÁÆč PVX£Ćq!ĸķðÁ 

 

� ÁɮȜȪ(8:	JAX1ŻŹŭŶȞ PVXģȉ© PVX-A1092C) N. benthamiana)Ɔ
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ȧɦ(��;ɩȩˆ*˅Ǿĕ PVX %úȱ$�;�%�ȡ�<#	;˷Sugawara et al., 

2013 �˸�ƚƬȜȪ$*	 JAX1 ŻŹŭŶȞģȉ?Ƨ�; PVX �p�Q�

PVX-53U-RdRp-A1092C) BYL(��;ƙǾ RNAùųǗŭ*	˅Ǿĕ PVX�p�Q

� PVX-53U-RdRp-WT8:6§
!�˷ Ď 3.2 �˸�)8
'ʶ	*�Ĵ˳)Ʈ¡)ʶ	

(ʚċ�;ôəŭ�ɒ�9<;�ƬȜȪ$*ɀɘżÏǜ BYL ?Ȁ	#	;)(Ŀ�	

ÁɮȜȪ$*ƺǳ©?Ȁ	#	;�BYL ?Ȁ	�ɼƲ*	ƺǳ©?Ȁ	�ɼƲ(Ǎ/

ED�Wˍ)ɩȩˆ)ʶ	?8:ìĻ(ʃ±$�;�5	ŧĩ'ɷɶǗŭ)ʶ	?ƻÏ

$��)
6�<'	� 

� 2��<2$)ȜȪ(8:	PVX) JAX1ŻŹŭŶȞ?Ŝ�ʚ��Bxh˂ģȉ(Ȗ

ş�;ģȉ?ŁÅ�� PlAMVģȉ© PlAMV-G1046C*	ƺǳ©.)ÆʟŰƴə?ħ


�%�ơ9
%'!#	;˷ Sugawara et al., 2013 �˸PlAMV-G1046C� JAX1ŻŹŭ?Ŷ

Ȟ�;
*�ơ$�;6))	şʅģȉ� PlAMV)ʸūŗ?§���;�%�ȡć�

<;��Ċ PVX-53U-RdRp( JAX1ŻŹŭŶȞģȉ?ŁÅ��%�=ɷɶǗŭ�§��

��%
9	PVX(�	# JAX1ŻŹŭ)ŶȞ%ɷɶǗŭ)ɇƀ�b��cIn)ˎ³

(�;�%�ȡć�<;��)ED�W(�	#6	ƺǳ)ŻŹŭŶȞģȉED�Wƶ

*ʸūŗ�§��;®�ɷƖș9<#	;˷ Kobayashi et al., 2014 �˸JAX1%v`_NW

ED�W)ˎ³(�	#6úƿ)ǹʔ�Ǿ�#	;�%�ɒ�9<;� 
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Ė 4ĕ ġ�Ħ® 
 

4.1� JAX1!áĊ�§
*#sĂâß 

�

� ƬȜȪ$*	V|J���N^�?Q�c�; non-NLRĕŻŹŭʻ¤Į JAX1)«Ȁ

ǂƾ("	#ɼƲ?ɮ!��Ȱ 2ȭ$*	N. bethamiana)Ņˌɦ?Ȁ	� in planta)

Ĵ˳?ɮ		JAX1ŻŹŭ)ǀȎED�WċĮ("	#ɼƲ����)ɃƳ	JAX1Ż

Źŭ)ȍǹ(*v`_NWED�W) TGBp1–3�8- CP*�ɸ$�;�%�ơ9


%'!��2�	JAX1*v`_NWED�W)˅Ǿĕ RdRp%*Ȗ�«Ȁ�;�ƚ$	

ŻŹŭŶȞ(ˎ��;Bxh˂ģȉ?Ƨ�;RdRp%*Ȗ�«Ȁ�'	�%�ơ9
%

'!����
9	JAX1)ǀȎED�WċĮ� RdRp$�;�%	JAX1*ED�W)

ɷɶ�Ù)ŰƴʴȦ?ːĶ�;�%�ȡć�<��Ȱ 3ȭ$*	BYL?Ȁ	� in vitro

)Ĵ˳?ɮ		JAX1�v`_NWED�W)Ğǉ?ːĶ�;ǂƾ("	#8:ʆɀ(

ɼƲ����)ɃƳ	JAX1* PVX) RdRp)ɑʁ?ːĶ�'	�ɷɶ?ːĶ�;�%

�ơ9
%'!��2�	JAX1* PVX)ɷɶɷù©Ù˲©Šų�Ù)Ǌ˖$¿��%

�ơ9
%'!���9(	JAX1*˅Ǿĕ PVX)ɷɶɷù©Ù˲©(*\�P`C�

O�;�	ŻŹŭŶȞ PVX)şʅɷù©(*\�P`C�O�'	�%�ơ9
%'

!����
9	JAX1*v`_NWED�W) RdRp?ǀȎ%�	PVXɷɶ?ːĶ�

;�%$ŻŹŭ?ȍƊ�;�%�ơ9
%'!�� 

� JAX1*ED�WŻŹŭ\�jNʙ%�#ÈĕȎ' NLRĕ)\�jNʙ$*'	�

%
9	�)ÐĮǂə(ɞā�ƀ�<#	���Ċ	JAX1*ED�W)ɷɶɷù©Ù

˲©(\�P`C�O�ɷɶ?ːĶ�;%	
ǂƾ(8:ŻŹŭ?ȍƊ�;�%�ơ

9
%':	non-NLRĕŻŹŭ\�jNʙ(8;ED�WŻŹŭzJeXy)ĥƿŭ)

�Ȯ�ơ9
%'!��non-NLRĕŻŹŭ\�jNʙ)'
(*	ƪ�ǂə�ơ9
%

'!#	'	6)6þ2<#�:	�<9)ǂə(ɞā�ƀ�<;� 
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4.2� JAX1� Tm-1!éŋ 

 

� non-NLR ĕŻŹŭ\�jNʙ%�#ƥ6ȜȪ)ʱ@$	; Tm-1 *	JAX1 %úƿ(

ED�Wɷɶ\�jNʙ?ǀȎ%�	ɷɶ?ːĶ�;�%$ŻŹŭ?ȍƊ�;ċĮ$�

;˷Ishibashi et al., 2007 �˸Tm-1* ToMV)ɷɶ\�jNʙ)q�J�ZczD�(Ƀ

ù�;�%˷Ishibashi et al., 2014 	˸ToMVɷɶ\�jNʙ%Ĺ�Ǿ©ɜ�)\�jNʙ

%)Ƀù7ɷɶˇĕ RNA)fN�B�Z
9)µʓ'&?ːĶ�	ǆő'ɷɶɷù©

)Šų?ːĶ�;�%�ȡ�<#	;˷ Ishibashi and Ishikawa, 2013 �˸2� Tm-1? ToMV

)ɷɶɷù©Šų8:ţ(ǟÞ�;%ɷɶ�ːĶ�<'	�	ɷɶɷù©Šų8:Ù(

ǟÞ�;%ɷɶ�ːĶ�<;�%�ȡ�<#	;˷Ishibashi et al., 2007 �˸ 

� ƬȜȪ$	PVXɷɶɷù©Ù˲©)Šųţ( JAX1?ǟÞ�#6ED�WɷɶǗŭ*

Ħ�'šˤ?ò�'	�%?ơ9
(��˷Ď 3.3B ��� 6 �˸�ƚ	Tm-1 * ToMV

)ɷɶɷù©Ù˲©Šųţ(Þ�#6ɷɶ?ːĶ�;�%�ȡ�<#	;�%
9

˷Ishibashi et al., 2007 	˸Tm-1% JAX1*ȉ';ǂə?Ƨ�;�%�ȡć�<;�JAX1

* Tm-1)«Ȁǭ8:6ƞ	Ǌ˖)ED�WɷɶʴȦ(«Ȁ�#	;ôəŭ�ɒ�9<

;�JAX1*	PVX)ɷɶɷù©Ù˲©(\�P`C�O���%
9	�)ɷù©(

ª9
)ģä?6�9��%(8:ɷɶǗŭ?ːĶ�#	;ôəŭ��;� 

�

�

4.3� JAX1� RTM1!éŋ 

 

� �<2$( non-NLRĕED�WŻŹŭʻ¤Į$�; RTM16 JAX1%úƿ(V|J�

��N^�?Q�c�#�:	v`CED�W(Ŀ�;ŻŹŭ(ˎ��;�%�ȡ�<

#	;˷Chisholm et al., 2000 �˸şʅŻŹŭ("	#*	RTM1�Ĥ(6ɷƖ)ʻ¤Į�

ˎ��;�%˷Whitham et al., 2000; Cosson et al., 2010; Cosson et al., 2012 	˸v`CED

�W)ˊʝ˜ȥɮ?ːĶ�;�%˷Mahajan et al., 1998˸'&�ȡ�<#	;�	ŻŹ
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ŭ)ÐĮǂƾ*�ơ$�;�2�	v`CED�W)�ȧ$�; PPV *Ĥɳ\�jN

ʙ˷ CP )˸ģȉ(8: RTMŻŹŭ?ŶȞ�;�%�ȡ�<#	;˷ Decroocq et al., 2009 �˸ 

� ƬȜȪ(8:	JAX1*v`_NWED�W)RdRp?ǀȎ%�ɷɶ?ːĶ�;�%	

JAX1 ŻŹŭŶȞED�Wƶ) RdRp %*Ƀù�'	�%�ȡ�<���)�%
9	

RTMŻŹŭ*ˊʝ˜ȥɮ?ːĶ�;�5( CP?ǀȎ%�#	;�%	2�ŻŹŭŶȞ

ED�Wƶ) CP?ǀȎ%�'	ôəŭ�ɒ�9<;��)�ƚ$	yeast two hybridǒ

?Ȁ	�ɼƲ(8: PPV) CP% RTM1	RTM2	RTM3%*ȕƆȎ'Ȗ�«Ȁ?ȡ�

'	�%�ơ9
%'!#	;�%
9˷Cosson et al., 2010 	˸RTM1* CP?ȕƆ)ǀ

Ȏ%�#	;)$*'�	CP ?þ4\�jNʙɷù©?ǀȎ%�#	;)
6�<'

	�JAX1% RTM1%)ˍ$ȉ';ED�WċĮ?ǀȎ%�#	;�%�	ED�W)

ɷɶːĶ%ˊʝ˜ȥɮːĶ%	
�ŻŹŭ)ɰǹĕ)Ŏȉ)�ċ%'!#	;)
6

�<'	� 

 

 

4.4� JAX1!sù 
,-�Ă!�ĨÁ 

 

� �ʽ)®Ĥ*�;6))˷ Maekawa et al., 2012; Narusaka et al., 2013 	˸�;ƺǳ) NLR

ĕŻŹŭʻ¤Į?Ô)ʷɊ'ƺǳ$¿
�;ʄ3*�ɟ(Č˝$�;�%�ș9<#

	;˷Mukhtar, 2013; Moffett, 2017 �˸ʷɊ'ƺǳ) NLR ĕʻ¤Į?ŁÅ�;%	

autoimmunity%Ă+<;ʴÚ'ÃȊūȲ�ʉŁ�<�:	ʬ(ÃȊūȲ�ʈ59<'


!�:�;®�ĚĀ�<#	;��)8
'ǹʔ�Ǿ�;ǻȂ)ʆɀ*�ơ$�;6)

)	ŻŹŭȍǹ(Ūɸ'ċĮ�ƺǳˍ$µį�<#	'	�%��ċ%ɒ�9<#	;

˷Moffett, 2017 �˸ 

� �ƚÁɮȜȪ$*	Bo�dȣƺǳ)U�DfdXd)ʻ¤Į$�; JAX1?ʷɊ'

dWȣƺǳ) N. benthamiana(ŁÅ�#6	ĉ˩'�v`_NWED�W(ŻŹŭ?ȍ

Ɗ�;�%�ơ9
%'!#	;˷ Yamaji et al., 2012 �˸�)8
'ʷɊ'ƺǳ.) JAX1
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)ŁÅ�ųÝ��ɸċ)�ʽ*	JAX1)«Ȁǂƾ(8!#ʊơ$�;
6�<'	�

JAX1*Ʒ?ƀ�'	ɀɘżÏǜ$�; BYL$ PVX)Ğǉ?ːĶ���%
9	ŻŹ

ŭȍǹ(*Ʒ?���ʻ¤Įȍǹ×Ŧ�Ūɸ'	%ɒ�9<;�2� JAX1* RdRp(

\�P`C�O�ȕƆȎ(ɷɶ?ːĶ���Ť!#	ŻŹŭȍǹ(�ǘ$¿�ƿ�'ċ

Į?Ūɸ%�; NLRĕ\�jNʙ(Ǎ/	JAX1*ŻŹŭȍǹ)�5(Ūɸ%�;�)

�)ċĮ�Ń'		�;	*įē�'	�5(	U�DfdXd%*ʷɊ'ƺǳ$6Ż

Źŭ?ȍƊ��ôəŭ�ɒ�9<;��)�%
9	N. benthamiana�Ĥ)ƿ�'ƺǳ

(ŁÅ�#6 JAX1*ǂə?ȍƊ�;ôəŭ�ɒ�9<;�v`_NWED�W*ƿ�

'ȣ)ƺǳ(Űƴ�ȋĶ?Ŝ�ʚ���%�ș9<#	;�Þ�#	JAX1*Ŗȶč)

v`_NWED�Wȧ(ŻŹŭ?ȍƊ�;˷ Yamaji et al., 2012 �˸��
9	JAX1?ƿ�

'ƺǳ(ŁÅ�;�%(8:	v`_NWED�W(8;ĥƿ'ȋĶ(Ŀ�;ƧȀ'ˏ

˔ǒ?ƾȷ$�;ôəŭ��;��<?ƻʂ�;�5(*	ĴȀƺǳ( JAX1?ŁÅ�	

ED�WŻŹŭ?ʃ±�;�%�ɕɸ%ɒ�9<;� 
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ÌĹ 
 

� ƺǳED�W*ƺǳȋĶ?Ŝ�ʚ��ȋë©)�"$�:	ƺǳED�W(8;«ǳ

Ǿǿ)ƌħ*Ȼǵɤ(Ǆ	$Ħ�	�ƺǳED�Wȋ��ŗȍǾ�;%	Ɵɬ	đġ	

ȧĮȱ?��#Ŭʮ(ŰƴĖ?ſĦ��	Ǵĳ)«ǳǾǿ(ǽĦ'ɳĶ?î1��%�

�;�5	ıĳȎ'«ǳǾǿ)�5(*ƺǳED�Wȋ)ˏ˔�˄ɸ$�;��ƚ$	

Ȼǵɤ7ɀɤ%*ȉ':	ED�W*Ƕɝ)�ʐȼ?ƀ��Ĺ�ċĮ(Ħ��°į�#

Ğǉ�;�%
9	ED�W)3?ǀȎ%�;äİʦɫ)ˌȍ�Č˝$�;��)8


(�ɟȎ(ƺǳED�W)ˏ˔*Č˝$�;6))	ŻŹŭąȧ?ÕȀ��ED�Wˏ

˔*Ǽĝʕɣ6ł��	˴	ˏ˔áƳ?ȍƊ�;ěù�ĥ	��)�5	ƺǳ�6"E

D�WŻŹŭzJeXy?ȜȪ�;ůɐ*Ħ�	� 

� ƺǳ�ȋë©(Ŀ�#ȡ�ŻŹŭ)
 	ŻŹŭąȧ(ƥ6ĥ�ÕȀ�<ȜȪ6ɮ>

<#	;)�ȗǆŻŹŭ$�:	ȗǆŻŹŭ?÷;ŻŹŭʻ¤Į* nucleotide-binding 

leucine-rich repeat˷NLR˸ĕ\�jNʙ?Q�c�;�ƺǳED�W(Ŀ�;ŻŹŭï

ū(�	#	NLR ĕ\�jNʙ*ED�W(Ŀ�;òĸ©%�#¿�	�ǘ(UOd

�?¤ʵ�ˏŦūȲ?ʉŁ�;�%�ơ9
%'!#	;��ƚ	NLR ĕʻ¤Į�Ĥ

)ŻŹŭʻ¤Į˷ non-NLRĕŻŹŭʻ¤Į �˸ʨŔɷƖè˜�<#�:	ȗǆŻŹŭ%

*ȉ';ŭʙ?ȡ��%�ơ9
(':""�;�non-NLRĕŻŹŭʻ¤Į*ĥƿ'ȧ

ˬ)\�jNʙ?Q�c�#�:	�<�<ȉ';ǂə?Ƨ�;%ɒ�9<#	;�	

�<9(8;ŻŹŭzJeXy*çÐ(ɼơ�<#	'	� 

� �<2$(	ƺǳp�Wˈ RNAED�W$�;v`_NWED�WņED�W(Ŀ

�;non-NLRĕŻŹŭʻ¤Į jacalin-type lectin required for potexvirus resistance 1˷ JAX1˸

�U�DfdXd8:úĳ�<#	;�JAX1 *è�)V|J���N^�czD�?

Ƨ�;\�jNʙ?Q�c�#�:	potato virus X˷ PVX 7˸ plantago asiatica mosaic virus

˷PlAMV˸'&)v`_NWED�W(Ŗ�ŻŹŭ?ȍƊ�;�JAX1*ɀɘ�r�$

ED�W)Ğǉ?Ÿ×�	ɷɶˁȿ˷RNA-dependent RNA polymerase; RdRp˸�) 1B
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xh˂ɍƉ(8: PVX* JAX1ŻŹŭ?ŶȞ�;�%
9	JAX1ŻŹŭ(*ED�W

) RdRp �ˎ��;�%�ȡć�<#	;��
�	JAX1 �ED�WŻŹŭ?ȍƊ�

;ÐĮǂƾ)ʆɀ*�ơ$�;���$ƬȜȪ$*	JAX1ŻŹŭ)ÐĮǂƾ)ɼơ?

ʄ3�� 

 

1. JAX1ŻŹŭ)ǀȎ%';ED�WċĮ)ɼƲ 

 

� 2�	JAX1�ǀȎ%�;ED�WċĮ)úĳ?ʄ3��v`_NWED�W)Q�

c�;\�jNʙ)
 	ȥɮ\�jNʙ˷triple gene block protein 1, 2, 3; TGBp1, 2, 3˸

�8-Ĥɳ\�jNʙ˷coat protein; CP˸*ɀɘˍȥɮ(Ūɸ$�;�%�ș9<#	

;�green fluorescent protein˷GFP˸?ȍǹ�; PlAMVŰƴŭN���)�<9)ʻ¤

Į?�<�<ǃƌ��ģȉ©?«ɶ�	JAX1%%6( Nicotiana benthamiana)Ņˌɦ

(�	#BO�D�nC�b��U��ǒ(8:Ɔȧ�	GFPɭÂ?ɻĽ����)Ƀ

Ƴ	JAX1ȍǹå$*	�<)ģȉ©$6 GFPɭÂ�§��	ED�WŻŹŭ�Ŝ�ʚ

��<���)�%
9	JAX1ŻŹŭȍǹ(*�<9)ED�WċĮ�Ū˧$'	�

%�ȡć�<��Ɇ	#	PlAMVŰƴŭN���
9 TGBp1, 2, 3�8- CP�˔í�

< RdRp )3?Q�c�;�p�Q� PlAMV-53U-RdRp ?	JAX1 %%6( N. 

benthamiana )Ņˌɦ(�	#BO�D�nC�b��U��ǒ(8:ŁÅ����B

�\Dy PCRǒ(8:ED�Wɩȩˆ?ɼƲ��ɃƳ	JAX1ȍǹå$*ED�Wɩȩ

ˆ�Ƨů(§�����)�%
9	JAX1 (8;ŻŹŭ* RdRp )3?Q�c�;�

p�Q�(Ŀ�#6ȍƊ�<;�%�ơ9
%':	JAX1*ED�W)ɷɶ�Ù)ʴ

Ȧ?ːĶ�;�%�ȡ�<�� 

� ��)ɃƳ
9	JAX1* RdRp?ǀȎ%�;ôəŭ�ɒ�9<��5	JAX1% RdRp

)Ȗ�«Ȁ?ɼƲ���PVX�8- PlAMV) RdRp? JAX1%%6( N. benthamiana

)Ņˌɦ(�	#BO�D�nC�b��U��ǒ(8:ŁÅ�	ÇÃȊǑˑǒ?Ȁ	

#Ȗ�«Ȁ?ɼƲ����)ɃƳ	PVX�8- PlAMV)	�<(�	#6˅Ǿĕ RdRp
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* JAX1%Ȗ�«Ȁ���	JAX1ŻŹŭŶȞ(ˎ��;Bxh˂ģȉ?ŁÅ�� RdRp

ģȉ©* JAX1 %Ȗ�«Ȁ�'
!����)ɃƳ
9	JAX1 * RdRp ?ǀȎ%�#

�:	RdRp)ǂə?ːĶ�;�%$ŻŹŭ?ȍƊ�;ôəŭ�ȡć�<�� 

 

2. v`_NWED�W(Ŀ�; JAX1ŻŹŭ)ÐĮǂƾ)ɼƲ 

 

� JAX1�v`_NWED�W)Ğǉ?ːĶ�;zJeXy?ʆɀ(ɼƲ�;�5	2

� in vitro(��;v`_NWED�Wɷɶȼ?ȟȬ���ɷƖ)ED�W(�	# in 

vitroɷɶȼ�ȟȬ�<#	;ɚǜɘä\iQ BY-2p�bp�WbżÏǜ˷BYL˸�$

) PVX)ɷɶ?ɼƲ���BYL( PVX) RNA�8-ɑʁ7ɷɶ)Ęʙ?ǟÞ�D�

L~r�b��%�=	RdRp)ɑʁ�8- PVX)ƙǾ RNA)ùų�ʈ59<	BYL

?Ȁ	� PVX) in vitroɷɶȼ)ȟȬ(ųÝ���Ɇ	#	�)ȼ?Ȁ	# JAX1) PVX

(Ŀ�;šˤ("	#ɼƲ���˅Ǿĕ PVX	PVX ) RdRp )3?Q�c�;�p�

Q� PVX-53U-RdRp-WT �8- JAX1 ŻŹŭ?ŶȞ�;ģȉ©�p�Q�

PVX-53U-RdRp-A1092C)RNA? JAX1%%6(BYL�$ɑʁ�ɷɶïū(¯ʄ���

�)ɃƳ	JAX1 įē�(�	#	˅Ǿĕ PVX �8- PVX-53U-RdRp-WT )ɷɶ*˫

ɧ(ːĶ�<��	PVX-53U-RdRp-A1092C)ɷɶ*šˤ?ò�'
!��2�		�

<) RdRp)ɑʁ6ːĶ�<'
!����)ɃƳ
9	JAX1* PVX) RdRp)ɑʁ

(šˤ��	ɷɶ?ːĶ�;�%�ơ9
%'!�� 

� Ɇ	#	ʛʷũÎǻ(8:Ǿ©ɜ?˔	� BYLȄÐ˷BYLS30˸?Ȁ	#	JAX1�

ED�Wɷɶ)	�<)ʴȦ$«Ȁ�#	;)
?ɼƲ���ƺǳp�Wˈ RNAED

�W)ɷɶ)ʴȦ?ʆɀ(åÔ�;%	ɀɘʙ(��; RdRp )ɑʁ	RdRp �8-E

D�W RNA?þ4ɷɶɷù©Ù˲©)Šų	ɷɶɷù©Ù˲©)Ǿ©ɜ.)Ƀù	Ǿ

©ɜ�$)ɷɶɷù©)Šų	ɷɶɷù©$)ƙǾ RNA ùų'&(Ð�9<;�

BYLS30 (�	#*	RdRp )ɑʁ�8-ɷɶɷù©Ù˲©)Šų�Ǿ�;%ɒ�9<

;���$ BYLS30( PVX-53U-RdRp-WT) RNA?ǟÞ�	�ĳƢˍ�%( JAX1?
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ǟÞţ	ɜȄÐ?ǟÞ�ɷɶǗŭ?ʍ/�%�=	ƞƨ( JAX1?ǟÞ�;0&áǸ8

�ɷɶ�ːĶ�<���)�%
9	JAX1*Ǘŭ?Ƨ�;ɷɶɷù©Ù˲©)Šų?

ːĶ�;ôəŭ�˴	%ɒ�9<�� 

� ��$	PVX)ɷɶɷù©Ù˲©)ƻÏ�8- JAX1)şʅɷù©.)šˤ)ɼƲ?

ʄ3��˅Ǿĕ�p�Q� PVX-53U-RdRp-WT �8-ģȉ©�p�Q�

PVX-53U-RdRp-A1092C) RNA? BYLS30�$D�L~r�b�	ɷɶɷù©Ù˲©

?Šų���ţ(	�<9?WN��WĻŗãʾʷũ(8:ÐȄ�	øȄÐ? blue 

native-PAGE�8-EGW\�o�_bɼƲ(¯ʄ���2�øȄÐ(ɜȄÐ?ǟÞţ	

ɷɶǗŭʄ˳(¯ʄ����)ɃƳ		�<) RNA?Ȁ	�ěù6	ɷƖ)ȄÐ( RdRp

?þ3 1,000 kDa?ʛ�;˴ÐĮˆɷù©�ƻÏ�<	�<9)ȄÐ(ɷɶǗŭ�ƻÏ

�<���)�%
9	şʅɷù©� PVXɷɶɷù©Ù˲©$�;%ɒ�9<��JAX1

įē�$úƿ)ɼƲ?ɮ!�%�=	PVX-53U-RdRp-WT )˴ÐĮˆ RdRp ɷù©(

JAX1 �ƻÏ�<	�)ɷù©?þ4ȄÐ)ɷɶǗŭ*˫ɧ(§�����ƚ	

PVX-53U-RdRp-A1092C)şʅɷù©(* JAX1*ƻÏ�<�	�)ɷù©?þ4ȄÐ

*ɷɶǗŭ?µ!#	���<9)ɃƳ
9	JAX1* PVX)ɷɶɷù©Ù˲©(\�

P`C�O�	şʅɷù©(ª9
)šˤ?��;�%$ɷɶ?ːĶ�;�%�ȡć�

<�� 

 

� ƬȜȪ(8:	JAX1�v`_NWED�W) RdRp?ǀȎ%�;�%	ɷɶɷù©

Ù˲©(\�P`C�O�ɷɶ?ːĶ�;�%(8:ŻŹŭ?ȍƊ�;�%�ȡ�<

���<*�2$(ĚĀ�<#	'	ƙ�'ED�WŻŹŭzJeXy$�;�ƬȜ

Ȫ)ųƳ*ED�W(Ŀ�;ŻŹŭǂƾ)ɼơ(İɯˢ
9ĺ��;%%6(ĴȀȎ

(6ŀƯȎ'ED�WȋɓŭŴȇ)ƾȷ(ʖǷ�
;%ɒ�9<;� 
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ńŌ 
 

� ƬȜȪ)ʲɮ(ş�:	ƁŁƕĆ)ư�ĦİĦİ˓ ʦİǾăȣİȜȪȣ ˝Ǔų¢û

ʇƕƄ'9-(ňǄřŕÍƕƄ(*	ȜȪǼĝ�8-ȜȪʌ˩?��#˥	�)3'9

�	Ɂīɺʟ'�ƁŁ?ʗ:2���ɱũ8:Űʐȃ���2��úȜȪȣ Ùŉ»«

àƕ	ˀ ʦİĐĦİ ʦˮǼĝİɏ ɪȁÀ˱ʏŐ	ư�ʦŋĦİĦİ˓ ʦİȜȪ˓ ł

Ʊ»ÍƕƄ(*	Ɲ��ľ
"Ƨȑ'�àɾ	�ƁŁ?˥�2���ê�ŦȢȃ���

2�� 

� 2�	University of Cambridge, Department of Plant Sciences) David Charles Baulcombe

ƕƄ(*rN\�pCXI	pCXV	pL61 ?Ðʒ˥�2���ʦƼ�ˮąǿƼŷɯɉùȜ

Ȫǂƾ ǾǳǂəÕȀȜȪʽˋ țŊ˚��e_bˊ'9-(țǁĄĦ�¢ȜȪĆ(*

in vitro ED�Wɑʁ˹ɷɶȼ)ƾȷ(ş�:ĥĦ'�ƑƋ?˥�2���ũ8:Űʐ

ȃ���2�� 

� �9(	ȧ�)�Üǟ�?˥	�ư�ĦİĦİ˓ ʦİǾăȣİȜȪȣ ƺǳȋǻİȜ
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