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 2.2.6. VU�iǃʏ 29 

 2.2.7. ǃʏȅɒ:̀Ŧ 31 

 2.2.8. à RNA:Ƶî�ŝ͙ RT-PCR̂Ǹ 32 

 2.2.9. RT-PCR̂Ǹ 34 

 2.2.10. Ʋ nCBPƲÃ:Åî 34 

 2.2.11. VXio���rv̂Ǹ 36 

 2.2.12. �����uTr�Ȩ9ILƏ̠̩Ǉ 38 

2.3. ʸǺ 40 

 2.3.1. ncbpŋɨÃ:ǃʏ˥5 PlAMV:˨ʐ͙�ȷů)L 40 



 2 

 2.3.2. ncbpŋɨÃ5; PlAMV:ą̀Ƨǻ�̈́ƈ)L 44 

 2.3.3. 
ncbpŋɨÃ9 nCBP͍½ŗPɶ˸)L6 PlAMV:Ƨǻơ�ĳƘ)

L 
48 

 2.3.4. 
ncbp ŋɨÃ5; Alphaflexivirus ʊVU�i�I= Betaflexivirus ʊ

VU�i:˨ʐ͙�ȷů)L 
55 

2.4. ˋŦ 58 

 2.4.1. ncbpŋɨÃ5; PlAMV:˨ʐ͙�Á¢)L 58 

 2.4.2. PlAMV:Ƨǻ9�"L nCBP:Ƒü 59 

 2.4.3. PlAMV:Ƨǻ@: eIF4E�I= eIFiso4E:ͣ¤ 60 

 2.4.4. 
nCBP; AlphaflexivirusʊVU�i�I= BetaflexivirusʊVU�i

:Ƨǻ9ͣOL 
61 

    

ʛΖʗ  nCBP :ȑǉ9IL�tr_iVU�i:Ƨǻͥ

šȐȉ:̂Ǹ  
62 

3.1. ƅǗ 62 

3.2. ǳǙ�I=ǜȨ 65 

 3.2.1. È̋ȅɒ 65 

 3.2.2. È̋VU�i 65 

 3.2.3. ��i�w:ȉʣ 65 

 3.2.4. ��tT_�\�9ILVU�iǃʏ 65 

 3.2.5. ��v��iv@:��i�wŭß 66 

 3.2.6. ��v��iv�J: RNAƵî�DNaseíɛ�̻̩èĖƞ 68 

 3.2.7. ŝ͙ RT-PCR̂Ǹ 68 

 3.2.8. |�f���rv̂Ǹ 68 

 3.2.9. ��v��iv�J:o��_̠Ƶî�VXio���rv̂Ǹ 70 

 3.2.10. S`�U��T�v��g�� 72 

 3.2.11. g�UzxjxŲ͡˥�J:VU�io��_̠:Ȇî 72 

 3.2.12. ~�w:ŝ͙ 73 

3.3. ʸǺ 75 

 3.3.1. ncbpŋɨÃ5; PlAMV:ʴ˒͢ʍ˰�Ʊø&ML 75 

 3.3.2. ncbpŋɨÃ5; PlAMV:Ďʴ˒9�"Lňȗ;ͥš&M8� 77 



 3 

 3.3.3. ��v��iv9�"LVU�io��_̠:Ȇî 80 

 3.3.4. 
ncbp ŋɨÃ5;ʍ˰o��_̠ TGB2 �I= TGB3 :˨ʐ͙�ȷ

ů)L 
82 

3.4. ˋŦ 87 

 3.4.1. nCBP; TGB2�I= TGB3:˨ʐPÎ͂)L 87 

 3.4.2. TGB2�I= TGB3:˨ʐ͙Á¢;ʴ˒͢ʍ˰:ͥš:ēĴ68L 90 

    

ʛΗʗ  ʾ ğˋŦ  93 

4.1. 
nCBP ; TGB Ľ:ʍ˰o��_̠Pǭ)L Alphaflexivirus ʊVU�i�

I= BetaflexivirusʊVU�i:Ƨǻ9ͣOL 
93 

4.2. VU�i:b|�ȉ̿6ˊ̈͡ŕĴŗ:ɓɨɯöɠ 94 

4.3. 
PotyvirusųVU�i�I= TobamovirusųVU�i6 eIF4ESUm�Y

��6:ͣOK 
97 

4.4. PlAMV� ncbpŋɨÃ9ą̀Ƨǻ)LȐȉ 99 

4.5. nCBP͍½ŗ:ƴƲơ͍½ŗ̟ȼ6'4:ǭɠơ 100 

4.6. eIF4ESUm�Y��;Ǩ͆ɯ9ȅɒVU�i:Ƨǻ9ͣOL� 101 

   

ǋ˻  103 

   

̘̱  108 

  

ɦ̐�˾  109 

   

ƊɠǗɖ  112 

 
 

 

  



 4 

ʛ 1ʗ� ˀ̖                                                                                                                                                                                                                                                                                              

 

1.1.� ȅɒɪ 

� ²΄9624ȅɒ;�"��:8�G:5�L�²΄;Άʩ6'4̲ɟɒPöɠ)L:

D8J*�˳ǙĬ�ĉ˫Ĭ�̀˥ȅɒ�&J9̵Ɓ5;X{�^�ȼ6'4Gȭɠ'4�

K�ȅɒ8 '4;ɞȭ�ƪKʖ/8�6̄�L�'�'8�J�ȅɒɪ9IKʬ 36%G

:Åɒɞɟ�őOM4�L6Ǆŝ&M4�K (ͰȩJ, 2008)�ȅɒɪ:ͤͨ;²΄:Ǭ͗˻

̔΂: 1 35�L�ȅɒɪ:ēĴ6'4;�ˤ΄�ʴˤ��RUv��j��ˁˬ87:

ƚɞɒ�ȅɒVU�i�I=VU�Uw9þ��šˬ9ILΆš�ͮ ˣ6:ʙğ (ͮˣš) H

ɞː9£͊ñ8ɝŇ (ɞɛͫš) 87��#JML�Åɒɞɟ:ȅɒɪ9ILǉő;Ɓ͢

600 Ùw�9G͈)L6Ǆŝ&M4�K�VU�iɪ;ˤ΄ɪ9Ȓ�5 2 ɧɴ9Ŏ�8˶

šPG/J'4�L (Reddy et al., 2009)� 

 

1.2.� ȅɒVU�i6; 

1.2.1.� ȅɒVU�i9ILɪƛ 

� ɪēÃ�ţ©ȅɒ9Ƨǻ'�-:ʸǺƊ�̢$&MLȅɒÃ:ɨžPɪƛ6ĩ?�ȅɒ

VU�i9I24Ɗ�̢$&MLɪƛ;�ţ©ȅɒʏ6VU�iʏ:ʶDğO+9I24

Ȋ�5�L (Ȣ¡J, 2009)�Ġ�:VU�iʏ5�24GðͯǿHʪʺ9I24�Ġ�:ȅ

ɒʏ5�24GĬʏ�ɞːȘͩ�ȹƆʝ9I24ɪƛ�ɨ8L (Ȣ¡J, 2009)�âÃɯ8ɪ

ƛ:Ç6'4;�˥:�fU_ɫɔHΎĆɫɔ�ǺŞ:̮ʭɫɔ�˄˥ɫɔHŉȕɫɔ8

7��#JML (Ķ 1.1)�ŨɌɯ9�ȅɒ9VU�i�Ƨǻ'4GɪƛP¾O8�ɊɪƛƧ
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ǻ:ńğG�L�ɓŝ:ţ©ȅɒ9;Ƀ'�ɪƛPʄ)VU�i5�24G�µ:ţ©ȅ

ɒ9;ɊɪƛƧǻ)L$6��K�Ƨǻȼ68LĜ˓ơ��L�C/�VU�i9ILɪ

ƛ;ɞɛͫš6΄¿'4�Lńğ��K�͊ñ8íɛ�8&M4�8�ńğ��L 

(Waterworth and Hadidi, 1998)� 

� VU�i;µ:ɪēÃ6ȜA4b|�9ŋɨ�˨ʐ'H)�$6�ɼJM4�L�$:

ʸǺ6'4�Ǜ/8ţ©@:Ƨǻ˓PɗƖ)LĜ˓ơH�ƍțǿ:ɬɞ9IKɪƛ�ɃĆ

)LĜ˓ơ��L�&J9�˺ǔ:ȅɒVU�i�Ġ�:ȅɒÃ9áƧǻ'/ńğ9�Ď

ɕƧǻǦ6ȜA4ɪƛ�ɃĆ)Lə̜ (Synergism) �ɼJM4�L� 
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Ķ 1.1 ȅɒVU�i9ILɫɔ 

a. turnip mosaic virus9IL]��s:ŉȕɫɔ�b. tobacco mosaic virus9ILo~c:

�fU_ɫɔ�c. barley yellow dwarf virus9ILZZ�^:ΎĆɫɔ�d. papaya ringspot 

virus9IL��U�:̮ʭɫɔ�e. cucumber mosaic virus9IL�oi:˄˥ɫɔ 

îã: A; Cornel University Vegetable MD Online, B-E; APS net 

 

1.2.2.� ȅɒVU�i:ð΄ 

� VU�i;ʴ˒ȉ̿Pƹ/8�Ɋɞɒ5�L�ō :VU�i;�o��_̠9Ȁ͕�

ąCM/ʦŗ6��ƏƨPĘL�VU�iPȉƪ)LȀ͕; DNA G' ; RNA 5�K�

$MJ;VU�ib|�6ĩ<ML�VU�i;-:b|��J��ǲ͝ DNA VU�i�

®ǲ͝ DNAVU�i��ǲ͝ RNAVU�i�®ǲ͝ RNAVU�i9ð"JML��ǲ͝
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RNAVU�i;�b|� RNA¡9 5′Ǳʘ�J 3′Ǳʘ:Ģ�9o��_̠�c�w&M4�

L��i͝ RNA VU�i�3′Ǳʘ�J 5′Ǳʘ:Ģ�9c�w&M4�L�Uxi͝ RNA

VU�i9Ŏ� ð"JML�ȅɒVU�i5;��i͝ RNAPb|�6'4ƹ3G:�

70%¸¡PĐFL (ͰȩJ, 2008)� 

 

1.2.3.� ȅɒVU�i:Ƨǻ͇ʎ 

� ��i͝ RNAVU�i:ȅɒ@:Ƨǻ͇ʎ;Ŏ� ¸¢: 3Șͩ9ð"JML�C*


ȅɒVU�i;Ëß'/ʴ˒5ňȗ)L  (ʴ˒ä5:ňȗ )�Ȓ�5��ēƏ̠̀ʹ 

(plasmodesmata; PD) P͇̽'ͬǃʴ˒@ʍ˰)L (ʴ˒͢ʍ˰)�ʤ͎ʶˆ@÷͈'/V

U�i;�ʤʡäPʍ˰ (̥ͯ͟ʍ˰) 'ͶƧǻʶˆ@6Ëß)L (Ķ 1.2)� 

 

 
 

Ķ 1.2� ȅɒVU�i:Ƨǻ͇ʎ 

ȅɒVU�i;ţ©ȅɒ9Ëß'/Ɣ�
ʴ˒ä5:ňȗ��PD P͇̽)Lʴ˒͢ʍ˰�

�ʤʡäPʍ˰)L̥ͯ͟ʍ˰Pʷ4ȅɒÃàÃ9ƧǻľPƸŎ)L� 
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ʴ˒ä5:ňȗ 

� ȅɒVU�i:ō ;ǡˬ�ˁˬ�ˤ΄87:Ŗ´ɞɒP´'4�G' ;Ƨǻȅɒ6

ǃ̃'/̲ȐâP´'4½ǻ)L��*M:ńğ9GVU�i;ʦŗ:ɔƨ5ȅɒ:ʴ˒

ä9ɵǃËß)L�̧ ¢:͇ʎ93�4;Ķ 1.36Ũƞ&+4̒ǣ)L�Ëß'/VU�i

ʦŗ;£śŝ68Kʦŗ�Jb|� RNA�Ǒî&ML (
˔Ō˶)�ɹ ˒̠9ͳî'/b|

� RNA P͛Ľ6'4�VU�io��_̠�ˊ̈&ML�ō :VU�i5;�5′Ǳʘ:

open reading frame (ORF) 9˺˹͔ʱ (RNA-dependent RNA polymerase; RdRp) �c�

w&M4�L (�RdRp :ˊ̈)�ȅɒVU�i;b|�§9ˊ̈͡ŕĴŗH��m��ʝ

:ˊ̈9Ɲ;8ĴŗPc�w'4�J*�ţ©:ˊ̈ȐȉPöɠ'4�L6ˋ�JM4�

L�VU�i�Ƨǻ'/ʴ˒5;�ʴ˒ä˖¡9 RdRp�ţ©Ĵŗ�I=VU�i RNA�

J8L˺˹˺ğÃ (viral replication complex; VRC) �Əƪ&M (�ţ©Ĵŗ:�_��v

�I=
VRC:Əƪ)�$:ä͎5˺˹Ėƞ�˰OML (Nagy and Pogany, 2012)�C*�

b|� RNA:ɶ˸͝5�L�Uxi͝��Ȓ�5�Uxi͝P͛Ľ6'4��i͝�ğƪ

&ML (�˺˹)�VU�i9I24;�˺˹:͇ʎ5b|� RNA6 3′ǱʘPĠ( )LV

U�iRNA (e�b|�RNA) �ğƪ&ML (�e�b|�RNA:ğƪ)�e�b|�RNA

:ğƪ;�b|� RNA §: 3′ǱʘÕ9řĺ)L ORF �JVU�io��_̠Pˊ̈)L

/F:ƫɦ5�L6ˋ�JM4�L (Miller and Koev, 2000)�VRC ä9˨ʐ'/b|�

RNA�I=e�b|� RNA;ʴ˒̠§9Ǒî&ML (���i͝ RNA:Ǒî)�ɹ ˒̠§

9ͳî'/b|� RNA �I=e�b|� RNA ;�RdRp G' ;�ʍ˰o��_̠ 

(movement protein; MP) HŌ˶o��_̠ (coat protein; CP) 87:ˊ̈͛Ľ68L (�

RdRp :ˊ̈�I=�MP H CP :ˊ̈)�b|� RNA ;ʦŗ:§9ȁʮ&M/K (�ʦŗ

Əƪ)�MP:Ȑ˓9I24 PDP͇̽'ͬǃʴ˒@ʍ˰'/K)L (�ʴ˒͢ʍ˰)� 



 9 
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Ķ 1.3� ��i͝ RNAVU�i:Ëßʴ˒9�"LƧǻ͇ʎ 

ȅɒVU�i;ţ©ʴ˒9Ëß'/Ɣ�ʦŗ§:b|� RNAPͳî&+L (
˔Ō˶)�b

|� RNA �J˺˹͔ʱ (RdRp) �ˊ̈&ML (�RdRp :ˊ̈)�Ȓ�5�b|� RNA�

˺˹͔ʱ�ţ©Ĵŗ;ţ©ʴ˒:˖¡5˺˹˺ğÃPƏƪ)L (�ţ©Ĵŗ:�_��v�

I=
VRC:Əƪ)�VRCä5;˺˹͔ʱ:Ȑ˓9IK�Uxi͝ RNA�ğƪ&M��U

xi͝RNAP͛Ľ9��i͝RNA�ğƪ&ML (�˺˹�I=�e�b|�RNA:ğƪ)�

Ŏ͙9˨ʐ'/��i͝ RNA;ʴ˒̠§9Ǒî&M (���i͝ RNA:Ǒî)�Ǜ/8ˊ

̈�˺˹:eU_�9ßL��G' ;ʦŗ9ȁʮ&Mͬǃʴ˒@6ʴ˒͢ʍ˰)L (�ʦ

ŗƏƪ�I=�ʴ˒͢ʍ˰)� 

 

ʴ˒͢ʍ˰ 

� Ëßʴ˒5ňȗ'/ȅɒVU�i;�PDP͇̽'4ͬǃʴ˒@ʍ˰ (ʴ˒͢ʍ˰) )L�

$:͇ʎ5§Ɯɯ8ƑüPǺ/)VU�io��_̠; MP 5�L��˜ɯ9 MP 9;Ȁ

͕6ʸğ)Lȭơ��L6&ML (Kumar et al., 2015)�C/ MP;ƚŮʡʝ:ʴ˒ΌȁP

´'4ʴ˒äPă 6ˋ�JM4�L (Kumar et al., 2015)�ňȗ'/VU�i:b|�

RNA;�C* MP:Ȑ˓9IK PD9űĺ)L�$:͇ʎ;ʴ˒äʍ˰6ĩ<ML� 

� PD9;͇̽5�Lͦɥ:ðŗ͙ (ǀͨðŗ͙ͦɥ, size exclusion limit; SEL) ��K�b

|� RNA87:ŹŎðŗ;ʴ˒͢ʍ˰)L$6�5�8��MP9; SELPƸŎ&+Lȭ

ơ��K�$:Ȑ˓9IKb|� RNA;ʴ˒͢Pʍ˰)L$6�5�L�VU�iʏ9I

24;�MP 9þ�4ʴ˒͢ʍ˰9 CP H RdRp PƝ˻6)LG:Gřĺ)L (Ȣ¡J, 

2009)� 

 

̥ͯ͟ʍ˰ 

� VU�i;ʴ˒͢ʍ˰PˇK̶'4ʽʡǴʪ@6Ëß)L�VU�i;˥ˏʴ˒�Jʽ

ʡǴ͸ʴ˒�ʽʡǴǼʴ˒�¾ʴ˒�ʤ͎ʴ˒@6ƧǻľPƄ#�ʤʡȮ9ªK¡˥@6
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ʍ˰ (̥ͯ͟ʍ˰) )L�ō :VU�i;̥ͯ͟ʍ˰9 CPPƝ˻6)L$6�J (Brault 

et al., 2003; Zhang et al., 2013; Hipper et al., 2014)�ʦŗ:Əƨ5̥ͯ͟ʍ˰)L6ˋ�J

M4�L�C/�� 3�:VU�iʏ93�4;ʤʡä9 VRCȊ:ȉ̿�̎FJM4�

K�VU�i�˺˹�ˊ̈'33ʤʡäPʍă'4�L6���u��ǆį&M4�L 

(Wan et al., 2015)� 

 

1.3.� ȅɒVU�i9Ũ)LƴƲơȐȉ 

� VU�iɪ9IL˶šP̫ȷ)A �²΄;Ȋ�8ŨʞP̗(4�/�ʴˤɪHˤ΄ɪ

9Ũ'4;ĆŚ̲˫9ILͤͨȨH¬ͤȨ�ʁʖ&M33�L��əĺ:6$NȅɒVU

�i9Ũ'4ǭĂ8ĆŚ̲˫;řĺ'8��$M; 1.2.ͼ5̸A/I�9�ȅɒVU�i;

-:Ƨǻ͇ʎPţ©ȅɒ9Ŏ� Éř'4�K�VU�i:ňȗ:DPɓɨɯ9ͥš)L

$6�Ͱ'�/F5�L�-:/Fə˰:ȅɒVU�i:ͤͨ;�Ŗ´ɞɒ:Ίͨ�Ôà

ˡ:öɠ�ƌțVU�i:öɠ6�2/ˍʏɯ8ǜȨ9ͦJM4�L� 

� ˍʏɯͤͨ:�ɝ6'4�ͦJM/ȅɒ�ǭ)LƴƲơ͍½ŗ:öɠG˰OM4�L�

20 ¥ʫ9ß24�J;�ƴƲơ͍½ŗPŭß'/ƴƲơĬʏ:ÅîǜȨ�͡ɬ&M�̲ȇ

əń5Ƅ öɠ&M4�/�ƴƲơĬʏ:öɠ;�ͤͨĂǺ�΍�¡9�ɓŝ:̟ǳHā

ýPƝ˻6'8�$6�J�ĂǺɯ8ͤͨȨ5�L (ͰȩJ, 2008)� 

� ȅɒVU�i9Ũ)LƴƲơ;�ÚơƴƲơ͍½ŗ9ILƴƲơ�RNA eU��g�`

9ILƴƲơ�ÿơƴƲơ9Ŏõ&ML� 

 

ÚơƴƲơ͍½ŗ9ILƴƲơ 

� ȅɒ;ɗƖÝɩPƹ/*�-:·ǫ6'4ɪēÃPɓɨɯ9̙̎'ƴƲơĖƞP̏ŭ)
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LȐȉPǭ'4�L�ɪēÃP̙̎)Lk��o�:ō ;NB-LRRĽ (nucleotide binding 

domain (NB)- leucine rich repeat (LRR) Ľ) 5�L�NB-LRRĽ͍½ŗ;g�Uzxjx9

ʬ 150͍½ŗřĺ)L6Ǆŝ&M4�K (Meyers et al., 2003)�$MJ�ȅɒVU�iPŕ

FȊ�8ɪēÃ:ËßP̙̎)L6ˋ�JM4�L�ǲƴƲơ�ȭơĆ&MLͪ9;�

NB-LRRĽ R (resistance) ͍½ŗɟɒ (Ro��_̠) �VU�io��_̠P̙̎'�¢

Ȯ9g`x��½͈&ML�-:ʸǺ6'4�VU�i;ǔĊ�Jǔɮʴ˒9Ƨǻ'/�

/K5ƧǻPƸŎ5�8 8L (Š¢�΍ȏ, 2015)�$:6��VU�i�Ƨǻ'/ʶˆħ

̳5;ʴ˒ȕ�̢$L$6�ɼJM4�L�$:ʴ˒ȕ;�ňȗ9ɞʴ˒PƝ˻6)LV

U�i:ƧǻPͥš)LĂǺPƹ36&ML (Lam et al., 2001)�$:ƴƲơ;͇ǒƧĖƞ 

(hypersensitive response; HR) 6ĩ<ML� 

�  

� C/�NB-LRR Ľ R ͍½ŗ6;ɨ8LoU�:ÚơƴƲơ͍½ŗ9ILƴƲơGɼJM

4�L�Ç�<�jacalin-type lectin required for potexvirus resistance 1 (JAX1) ; Potexvirus

ųVU�iP̙̎'�Ďʴ˒ (1.2.2.ͼ:ʴ˒ä5:ňȗ) 5VU�i:ňȗPƱ�Lƍ�

ƴƲơ͍½ŗɟɒ5�L (Yamaji et al., 2012)�C/�ƯʀǿPɠ�/̂Ǹ�J JAX1ƴƲ

ơ9; Potexvirus ųVU�i: RdRp �ͣOL$6�ʄĮ&M4�L (Sugawara et al., 

2013)� 

 

 

RNAeU��g�`9ILƴƲơ 

� RNA eU��g�`;͑òɓɨɯ8 RNA ñǚȐȉ5�K�ȅɒ9��4;äĺơ͍½

ŗ:ɬə̕ʢȐȉ6'4Ȑ˓)Lµ�VU�i9Ũ)LƴƲơȐȉGƶ��RNA eU��



 13 

g�`5;�VU�i RNA :΍Ȓȉ̿H˺˹§͢Ã87:®ǲ͝ RNA �̙̎&M�®ǲ

͝ RNA ɓɨɯ RNA ñǚ͔ʱ9IKñǚ&ML�-:ͪɞ(L small interfering RNA 

(siRNA) � RNA-induced silencing complex (RISC) 6ĩ<ML˺ğÃPƏƪ'�siRNA6

ɶ˸ɯ8͑òPǭ)L RNAPñǚ�ð̂)L$65�VU�i:˨ʐ�ͥš&ML�RNA

eU��g�`PƱø)L/F�VU�i;eU��g�`e��re�6ĩ<ML�RNA

eU��g�`ʷ̦:�*M�:ȘͩPͥš)Lo��_̠Pb|�§9c�w'4�L� 

 

ÿơƴƲơ 

� ȅɒVU�i;ţ©ȅɒ9Ƨǻ)Lͪ9�ōǔ:ȅɒ:Ĵŗ (ţ©Ĵŗ) PƝ˻6)L 

(Nagy and Pogany, 2012)�'/�24�VU�i:Ƨǻ͇ʎ9Ɲ;8ţ©Ĵŗ�ȑǉG'

 ;ŋɨ'4�Lȅɒ5;�VU�i:Ƨǻ�ͥš&ML�$:I�8ƴƲơ;�͍½Ś

ɯ9ÿơ͍½)L6��Ə̠Pǭ)L$6�J�ÿơƴƲơ6ĩ<M4�L� 

 

� ÿơƴƲơPǭ)LÅɒ� 1900Ɓ·IKŃĦ&M4�/ (Biffen, 1912)�ÿơƴƲơ;

ƯʀVU�iǿ�îə'9 �/Fǭɠ5�L6ˋ�JM4�/� (Fraser, 1992)�b|�

ƤŃ87:Ǖ×�͂Q5�J*̂Ǹ�Ͱ˛'4�/�$:ɔȧ9��U_i��PG/J

'/:;��u�ȅɒ:g�Uzxjx (Arabidopsis thaliana) Pɠ�/ͽ͍½Śɯ̂Ǹ5

�2/�CarringtonJ;�Potyvirusʊ Potyvirusų9ų)L Tobacco etch virus (TEV) �Ƨ

ǻ5�8 8LȐ˓ȑǉĽŋɨÃg�Uzxjx:i_��y�`P˰��Ǝ̌ŋɨÃ:

ēĴ͍½ŗP_��y�`'/ (Lellis et al., 2002)�-:ʸǺ� TEV:ƧǻơPȣŝ'/

Ĵŗ;ˊ̈͡ŕĴŗ eukaryotic translation initiation factor (eIF) iso4E5�2/ (Lellis et al., 

2002) (ˊ̈͡ŕĴŗ:Łǲɯ8Ȑ˓93�4; 1.4.ͼ5̸AL)�-:Ɣ�ō :ȅɒ5ÿ
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ơƴƲơPƶ�͍½ŗ:̂Ǹ�˰OM�-:B6Q7� eIF4EG' ; eIFiso4EPc�w

'4�L$6�ǣJ�9824�L (Diaz-Pendon et al., 2004; Kang et al., 2005b; Wang 

and Krishnaswamy, 2012)�eIF4EG' ; eIFiso4E:ȑǉG' ;ŋɨ9IKƴƲơ68

LVU�i93�4G�Potyvirusʊ Potyvirusų9ų)LVU�i:D8J* (Lellis et al., 

2002; Kang et al., 2005a; Sato et al., 2005; Ibiza et al., 2010; Piron et al., 2010)�Potyvirus

ʊ Bymovirus ų9ų)L Barley yellow mosaic virus �I= Barley mild mosaic virus 

(Kanyuka et al., 2005)�Bromovirus ʊ Cucumovirus ų9ų)L Cucumber mosaic virus 

(CMV; Yoshii et al., 2004)�Tombusvirusʊ Carmovirusų9ų)LMelon necrotic spot virus 

(MNSV) �ŃĦ&M4�L (Diaz et al., 2004; Nieto et al., 2006; ˴ 1.1)�'�'8�J�

$MJ¸Ō:ȅɒVU�i:Ƨǻ9�eIF4ESUm�Y���ͣOL�7��;ǣJ�98

24�8�� 

� ÿơƴƲơ͍½ŗɟɒ:Ȑ˓̂Ǹ9IK�ƴƲơ:ðŗȐȉGǣJ�9824�/�g

�Uzxjx: eIF4E; CMV:ʍ˰o��_̠ 3a:ˊ̈9���� (Cucumis melo) :

eIF4E ; MNSV :VU�io��_̠:ˊ̈9ͣOL$6�ʄ&M4�L (Yoshii et al., 

2004; Truniger et al., 2008)�'/�24�ÿơƴƲơ͍½ŗ:Ďͯ�I=-:Ȑ˓̂ǸP

)L$69I24�ƴƲơːʏ9̟)L͍½ŗ̟ȼPňH):D8J*�VU�i:Ƨǻ

ƫɦ9ͣ)Lɛ̂PȲFL$6�5�L� 
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˴ 1.1� ǝŃ: eIF4E�I= eIFiso4EPƧǻ9öɠ)LVU�i 

ǝŃ:ȅɒVU�i:Ƨǻ9ͣOL eIF4E SUm�Y��PC6F/�¸¢9ĞVU�i

ʏ:ȔƉġʌP̆)�PVY (potato virus Y), PepMoV (pepper mottle virus), LMV (lettuce 

mosaic virus), PsBMV (pea seed-borne mosaic virus), BYMV (bean yellow mosaic virus), 

ClYVV (clover yellow vein virus), BCMV (bean common mosaic virus), ZYMV (zucchini 

yellow mosaic virus), PPV (plum pox virus), MWMV (moroccan watermelon mosaic virus), 

PepSMV (pepper severe mosaic virus), PepYMV (pepper yellow mosaic virus), ERV 

(ecuadorian rocoto virus), BaYMV (barley yellow mosaic virus), BaMMV (barley mild mosaic 

virus), CVYV (cucumber vein yellowing virus), PVMV (pepper vein mottling virus), ChiVMV 

(chilli veinal mottle virus). 

 

1.4.� eukaryotic translation initiation factor 4E 

� ˊ̈; mRNA�Jo��_̠Pğƪ)L͇ʎ5�K�mRNA¡:͡ŕcw�P��m�

��̙̎)L$65ŕCL�$:ˊ̈͡ŕ:Șͩ5;�ō :ˊ̈͡ŕĴŗ�Ȑ˓)L$

6�ɼJM4�L�ɸȀɞɒ:ˊ̈͡ŕĴŗ eIF4E ;]�r�ȉ̿9ʸğ'�̤ńo��

_̠5�L eIF4G66G9˺ğÃ (eIF4F6ĩ<ML) PƏƪ)L (Ķ 1.4)�eIF4G; polyA 

binding protein (PABP) 6ɶ¯Åɠ'�eIF4E�eIF4G�PABPP´'4 mRNA�ɝɔȉ̿

PƏƪ)L (Robaglia and Caranta, 2006)�$:ɝɔȉ̿; mRNAPśŝĆ&+L66G

9�ˊ̈Pʵ�/��m��P mRNA: 5′Ǳʘ@�_��v)Lͪ9GƑʖ36ˋŦ&M

4�L�Ȓ�5�eIF4G; eIF3P´'4��m�� 40Se��yrvP mRNA: 5′Ͷˊ

̈Ϳľ (untranslated region; UTR) 9�_��v)L�40Se��yrv; 5′�J 3′:Ģ�

9͡ŕcw�:ǂʲP˰��͡ŕcw�¡5��m�� 60S e��yrv6¼ğ'�80S

��m��PƏƪ)L�-:Ɣ�o��_̠:ğƪ�˰OML� 

�  

�  
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� ǝŃ5�ɸȀɞɒ: eIF4ESUm�Y��͍½ŗ:͑òPɠ�/ʪʺ̂Ǹ9IK�eIF4E

SUm�Y��;ʪʺɯ9 3 3:e�`���9ð΄&ML$6�ǣJ�9&M4�L 

(Joshi et al., 2005)�ȅɒ9; 3ʏ΄: eIF4ESUm�Y�� (eIF4E�eIFiso4E�novel cap 

binding protein (nCBP) ) �řĺ)L$6�ɼJM4�L� (Ruud et al., 1998)�eIF4E�I

= eIFiso4E;e�`��� 19�nCBP;e�`��� 29ð΄&M�nCBP� eIF4E�

I= eIFiso4E6͉˃5�L$6�ʄ&M/ (Joshi et al., 2005; Ķ 1.5)�$:ŃĦ6�˙'

4�g�Uzxjx: eIF4E �I= eIFiso4E :S�|͕͑ò:Ġ�ơ; 47.8%5�L��

nCBP 6:Ġ�ơ;-M.M 30.5ΐ�I= 31.6%5�L (˴ 1.2)�g�Uzxjx5;�

eIF4E�I= eIFiso4E:�*M�Pȑǉ&+4G˙ȕ9;8J8��®͗ŋɨÃ;˙ȕ5

�L$6�J (Patric et al., 2014)�eIF4E�I= eIFiso4E�©˻8ƑüPǺ/'4�K�

$MJ:Ȑ˓;͗˺'4�L6ˋ�JM4�L (Kawaguchi and Bailey-Serres, 2002)��

ǜ�nCBPG in vitro�I= in vivo5]�r�ȉ̿6ʸğ)L$6�J (Ruud et al., 1998; 

Bush et al., 2009; Kropiwnicka et al., 2015)�ˊ̈:͡ŕ9Ť¤)L6Ǆŝ&M4�L� 

� 1.3 ͼ5̸A/I�9 eIF4E �I= eIFiso4E ;ȅɒVU�i:Ƨǻ9ͣOL$6�ŃĦ

&M4�L��nCBP:ͣ¤93�4;ɼJM4�8�� 
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Ķ 1.4� ɸȀɞɒ9�"Lˊ̈͡ŕĴŗ9IL��m��:�_��vȐȉ�  

mRNA¡:]�r�ȉ̿9�eIF4E�I= eIF4G�J8L eIF4F˺ğÃ�ʸğ)L�eIF4G

; RNA ��[�l5�L eIF4A�40S e��yrv6ʸğ)L eIF3��� A ʸğo��

_̠5�L PABP6ɶ¯Åɠ)L�40Se��yrv9; ternary complex6ĩ<ML˺ğ

Ã (eIF2–met–tRNA–GTP) �ʸğ'4�L�40Se��yrv� AUGP̙̎' 60Se�

�yrv6¼ğ)Lͪ9;�eIF5Éřɯ9 GTP:þȟð̂�̢$L� 
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Ķ 1.5� ōȊ8ɸȀɞɒ: eIF4ESUm�Y��:ʪʺȎ�   

Ğ eIF4ESUm�Y��:à͟S�|͕͑òPɠ�4Å˹'/�g�Uzxjx: eIF4E�

eIFiso4E �I= nCBP ;ŏŘ5ʄ'/�ʪʺͣÍ�J�eIF4E SUm�Y��; Class I�

Class II�I= Class III9ð΄&ML� 
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˴ 1.2� eIF4ESUm�Y��:Ġ�ơȜ̬ 

 
eIF4E�eIFiso4E �I= nCBP :Ġ�ơPȜ̬'/�̡�ˑǩ;S�|͕͑ò:Ġ�ơ�

ʹ�ˑǩ;Ȁ͕͑ò:Ġ�ơ5�L$6Pʄ)� 

 

 

1.5.� S��R��]gVU�iʊ���o��]gVU�iʊ 

� Alphaflexivirus ʊ�I= Betaflexvirus ʊ;ǲ̖Ǘ5Ũ̜6)LVU�i�ų)LVU�

iʊ5�L�Alphaflexivirusʊ�I= Betaflexvirusʊ;¿/ơɔPƹ1�ǟð΄5;Ġ(�

�]gVU�iʊ (Flexivirus ʊ) 9ð΄&M4�/$6�J�ǲ̖Ǘ5;$MJPʾʌ'

4��]gVU�i6ĩ?�Alphaflexivirus ʊ�I= Betaflexvirus ʊVU�i;��i 1

ǲ͝ RNA Pb|�6'4ƹ1�470-1000nm :͟&:ʦŗPƏƪ)L�b|� RNA : 5′

Ǳʘ9;]�r�ȉ̿��3′Ǳʘ9;�� A͑ò�řĺ'�1-6Ð:o��_̠�c�w&

M4�L�5′Ǳʘ: ORF 9c�w&M4�Lo��_̠; RdRp 5�L�Alphaflexivirus

ʊVU�i�I= BetaflexvirusʊVU�i: RdRp9;methyltransferase (MET)�helicase 

(HEL)�polymerase (POL) w�U��Ïř&M4�K�˺ǔ:VU�i: RdRp9;$M

J:w�U�9þ�4 alkylated DNA repair protein (AlkB) w�U�H papain-like protease 

(P-Pro) w�U��řĺ)L$6�ŃĦ&M4�L�Alphaflexivirus ʊVU�i�I=

Betaflexvirusʊ CarlavirusųVU�i�Betaflexvirusʊ FoveavirusųVU�i; RdRp:

¢Ȯ9 triple-gene-block protein (TGB) 1, 2, 3Pc�w'4�L (Ķ 1.6)�$MJ 33:o

��_̠;VU�i:ʴ˒͢ʍ˰9Ɲ;8 MP 5�L�-:µ: Betaflexvirus ʊVU�i

���
	���������
�����

eIF4E iso4E nCBP

eIF4E - 47.8 30.5

eIFiso4E 60.2 - 31.6

nCBP 48.3 47.6 -
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;Ď�: MPPǭ)L�MP:¢Ȯ9; CP�c�w&M4�K�� 3�:VU�i5;

CP:¢Ȯ9 Cystein Rich Protein (CRP) �řĺ)L (Ķ 1.6)� 

 

 

 

Ķ 1.6� ȅɒ9Ƨǻ)L Alphaflexivirusʊ�I= BetaflexvirusʊVU�i:b|�ȉ̿ 

Alphaflexivirusʊ�I= BetaflexvirusʊVU�i9ð΄&ML 10ų:ãĽɯ8b|�ȉ̿

:ȍƉĶPʄ'/�ɵˁ;b|� RNA P�Ώ�¨;]�r�ȉ̿P��r_i; ORF P

˴)�Ğ ORF93�4�S|t�g��%69˞Pŋ�4ʄ'/�˺˹͔ʱ (̡˞)�TGB

Ľ:ʍ˰o��_̠ (Ʌʹ˞)�o~c�fU_VU�i: 30KĽʍ˰o��_̠ (˩ʹ˞)�

Ō˶o��_̠ (ʿ˞)�Cystein Rich Protein (CRP: Z��h˞)�Ȑ˓ǰɼo��_̠ (ɇ

ɭ˞) 5�L�AllexivirusųVU�i: TGB3o��_̠Pc�w)L ORF:Àˈ93�
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4;�LezzhovJ:ŃĦ9ƕ2/ (Lezzhov et al., 2015)�VU�ib|��I=Ğ ORF:

͟&;�ĞVU�i:b|�ƤŃPĖǥ&+/�Ķ:Å˹9Ǝ/24;�ĞVU�i:o

U�ʏ:͑òPÆɠ'/�/0'�Carlavirusų93�4;�oU�ʏ5�L Carnation latent 

virus:àb|�͑ò�öɠĜ˓58�/F�ǲ̖Ǘ5Æɠ'/ Potato virus M (PVM) :à

b|�͑òPÆɠ'/�¸¢9Æɠ'/͑ò:S_krg��x�~�P̆)�Potexvirus

ų: Potato virus X (AB056718)�Lolavirusų: Lolium latent virus (EU489641)�Allexivirusų: 

Shallot virus X (JX310755)�Mandarivirusų: Indian citrus ringspot virus (NC_003093)�

Carlavirus ų: PVM (KJ194171)�Foveavirus ų: Apple stem pitting virus (KF915809)�

Citrivirusų: Citrus leaf blotch virus (JN983456)�Capillovirusų: Apple stem grooving virus 

(KU198289)�Torichovirus ų: Apple chlorotic leaf spot virus (KU870524)�Vitivirus ų: 

Grapevine virus A (AF007415)�  

 

� ǲ̖Ǘ;��]gVU�i9Ũ)LƴƲơ͍½ŗ̟ȼ:ǂʲPɴɯ6'4˰2/�ǲ̖

Ǘ:ʛ 2 ʗ5;�Alphaflexivirus ʊ�I= Betaflexvirus ʊVU�i:ƧǻPͥš)Lÿơ

ƴƲơ͍½ŗ6'4Ġŝ'/ nCBP 93�4̸AL�Ȓ�5ʛ 3 ʗ5; Alphaflexivirus ʊ

PotexvirusųVU�i:Ƨǻ9�"L nCBP:Ƒü93�4̸AL� 
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ʛ 2 ʗ� ��]gVU�i9Ũ)LÿơƴƲơ͍½ŗ

nCBP:Ġŝ  

 

2.1.� ƅǗ 

� ̲ȇ¡Ŏ�8˶šPG/J)ȅɒVU�iPĤEVU�ių6'4 Alphaflexivirus ʊ

Potexvirus ų��#JML�Ç�<�potato virus X (PVX) ;h�\U�  (Solanum 

tuberosum) 9Ƨǻ'�ě �JÅɒ:ʷȶɯÊÓPÁ¢&+4�/ (ǣǞŵ�ƀ°, 1949; 

̰˝, 1962)�pepino mosaic virus;v�v9Ƨǻ'�¥ɥ§5ė͙Á¢:ēĴ6824�

L (Hanssen and Thomma, 2010)�cymbidium mosaic virus (CymMV) ;��ʊ:ȅɒ9Ƨ

ǻ'�˥ H˟9�fU_H̹ʿǘPɞ(L (ʈɡJ, 2003; ͟°J, 1995; Koh et al., 2014)�

plantago asiatica mosaic virus (PlAMV) ;��87:˟�ȅɒ9Ƨǻ'�-ɫɔPƊ�̢

$) (ʚä�Â�ǯ, 2003)���ʊH��ʊ:ȅɒ;Ǿ·˅ȗ9IKǿPňH)$6�JV

U�i��ƆƧǻ)L6˶š�Ŏ� �˟�ȅɒ:Ȃŀ9�"LƴƲơĬʏÅî:͗˻ơ

;Ͷž9΍�� 

 

� Ǝɾʓş5;�PotexvirusųVU�i9IL˶šP̫ȷ)A �PotexvirusųVU�i9

Ũ)LƴƲơ͍½ŗ:ǂʲP˰24�/ (Yamaji et al., 2012; Hashimoto et al., 2016)�$

MC59�˭ Üo��_̠ GFPPɬə)L PlAMV�ȉʣ&M (Minato et al., 2014)�PlAMV

:ȅɒ@:ƧǻPʥǤ9ôõ)Lʪ�ʁʖ&M4�L (Yamaji et al., 2012)�C/�PlAMV

;�u�ȅɒ:g�Uzxjx9Ƨǻ)L (Yamaji et al., 2012; Hashimoto et al., 2016)�

$MJ:öÌơPˋ��ǲ̖Ǘ5; PlAMVPɠ�4̂ǸP˰2/� 
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� Potexvirus ų9ų)LVU�i;�1.6.ͼ5̸A/I�9��i͝ RNA Pb|�6'4

ƹ1�-: 5′Ǳʘ9;]�r�ȉ̿�3′Ǳʘ9;�� A͑ò�řĺ)L (Sonenberg et al., 

1978; Dolja et al., 1987; Ķ 1.6)�b|� RNA9; 53:ORF�řĺ'�5Ǳʘ�J RdRp�

TGB1-3�CPPc�w'4�L� 

 

� 1.3.ͼ5̸A/I�9�eIF4E SUm�Y���ȑǉ'/ȅɒ; Potyvirus ųVU�i�

BymovirusųVU�i�CucumovirusųVU�i�I= CarmovirusųVU�i9Ũ'4ƴ

ƲơPʄ)$6�ǣJ�9824�L (˴ 1.1)�'�'8�J�eIF4ESUm�Y��:ȑ

ǉ9ILƴƲơ� PotexvirusųVU�i9Ũ'4ǭĂ5�L�ģ�;ǣJ�58�2/� 
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2.2.� ǳǙ�I=ǜȨ 
2.2.1.� S�U��v̂Ǹ8J=9ʪʺ̂Ǹ 

 

� eIF4E�R���͍½ŗ: cDNA͑ò; National Center for Biotechnology Information 

(NCBI, http://www.ncbi.nlm.nih.gov)�Sol Genomics Network (https://solgenomics.net) �I

= The Arabidopsis Information Resource (TAIR, https://www.arabidopsis.org) IKĘƖ'

/�ƖJM/ cDNA͑òPS�|͕͑ò9ŋǇ'/Ɣ�cSͿľ (�v: eIF4E1: His-37

�J His-2009ɶƎ)LͿľ) PƵî'�ClustalW (http://clustalw.ddbj.nig.ac.jp) 9IK�

�q��S�U��vP˰2/�8������o�;u�Y�v:̇ŝ5˰2/�eIF4E

�R���͍½ŗ:ʪʺȎ;�cSͿľ:Ȁ͕͑òPÈ̋'�ʪʺȎÅ˹m�vVWS

MEGA5Pɠ�4̵ͬʸğȨ9IKÅ˹'/� 

 

2.2.2.� È̋ȅɒ 
� ǲʗ5; Arabidopsis thaliana�I= Nicotiana benthamianaPÈ̋'/�A. thaliana;

͘ɞĽXcoU� Columbia (Col-0) 9þ��eif4eŋɨÃ (Yoshii et al., 1998; Yoshii et al., 

1998 5; cum-1 6̭̆ )� eif4e1b ŋɨÃ  (SALK_101805C)� eif4e1c ŋɨÃ 

(SALK_053503C)� eifiso4e ŋɨÃ  (Duprat et al., 2002; Duprat et al., 2002 5;

AteIF(iso)4E-1 6̭̆ ) �I= ncbp-1 ŋɨÃ  (SALK_131503C)� ncbp-2 ŋɨÃ 

(SALK_146604) PÈ̋'/�eif4eŋɨÃ�eif4e1bŋɨÃ�eif4e1cŋɨÃ�ncbp-1ŋɨ

Ã�I= ncbp-2ŋɨÃ; Arabidopsis Biological Resource Center (ABRC) IKð̛Pę"

/�eifiso4eŋɨÃ:ʏŗ; Karen S. Browning ďŊIKð̛'4�/0�/�A. thaliana

;²ŷȞ̜şä Α23°C�15Ǧ͢ǣǮΓ9Ǧ͢ǪǮΒ5�N. benthamiana;²ŷȞ̜şä

Α25°C�15Ǧ͢ǣǮΓ9Ǧ͢ǪǮΒ5ɞː&+/� 

 

2.2.3.� È̋VU�i 
 

� ǲʗ5;¸¢9̸AL 7ʏ΄:VU�iPÈ̋'/�̧ ¢9ĞVU�i:ɢǶP̸AL� 

 (1) � ZZ~c�fU_VU�i (plantago asiatica mosaic virus; PlAMV)  

� ǲʗ5; PlAMV:ðͯǿ:�1�e_�mV (Primula sieboldii) IKĎͯ&M/ðͯǿ

PlAMV-Pr (Komatsu et al., 2008) Pɠ�/�ƭųɾʓş9��4�PlAMV-Pr:à͟ cDNA

͑òP~Ux���_o�pCAMBIA1301 9_��y�`'/Ƨǻơ cDNA _���

pCAM-Pr �ǝ9ȉʣ&M4�L�pCAM-Pr 5;�PlAMV-Pr :à͟ cDNA ; T-DNA Ϳľ

§:[������fU_VU�i: 35S����o�:¢Ȯ9ƽß&M4�L�&J9�
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ƭųɾʓş9��4�pCAM-Pr : CP c�wͿľ: N ǱʘÕ9 GFP ͍½ŗPƽß'/ŋ

ɨ PlAMV (pCAM-Pr-GFP) �ȉʣ&M4�L�ǲʗ5;S`�U��T�v��g��Ȩ

9IK pCAM-Pr-GFPP N. benthamiana9ǃʏ'�ą̀Ƨǻ'/ÐÃPȐȄǃʏȼ6'4

ɠ�/� 

 

 (2) � alternanthera mosaic virus (AltMV)  

� ǲʗ5;Ƿ±͐ä:U|cjq  (Achyranthes bidentata) IKĎͯ&M/ðͯǿ

AltMV-Ac (Iwabuchi et al., 2016; S_krg��x�~�: LC107515) PÆɠ'/�ƭųɾ

ʓş9��4�AltMV-Ac:à͟ cDNA͑òP~Ux���_o�pCAMBIA13019 35S�

���o�66G9_��y�`'/Ƨǻơ cDNA _����ȉʣ&M4�L�$:Ƨǻ

ơ cDNA _���Pɠ��S`�U��T�v��g��Ȩ9IK AltMV-Ac P N. 

benthamiana9ǃʏ'�ą̀Ƨǻ'/ÐÃPȐȄǃʏȼ6'4È̋'/� 

 

 (3) � g��hV��fU_VU�i (cymbidium mosaic virus; CymMV)  

� ǲʗ5;ċ˥ɷä:[v�� (Cattleya sp.) IKĎͯ&M/ðͯǿ CymMV-J (S_kr

g��x�~�: LC125633) PÆɠ'/�ƭųɾʓş9��4�CymMV-J:à͟ cDNA͑

òP~Ux���_o�pCAMBIA1301 9 35S ����o�66G9_��y�`'/Ƨ

ǻơ cDNA _����ȉʣ&M4�L�$:Ƨǻơ cDNA _���Pɠ��S`�U��

T�v��g��Ȩ9IK CymMV-JP N. benthamiana9ǃʏ'�ą̀Ƨǻ'/ÐÃPȐ

Ȅǃʏȼ6'4È̋'/� 

 

 (4) � lolium latent virus (LoLV)  

� ǲʗ5; LoLV US1ðͯǿ (Vaira et al., 2008) Pɠ�/�LoLV-US19Ƨǻ'/ȅɒP

John HammondďŊ (United States Department of Agriculture) 9ð̛'4�/0�/�$

:ƧǻȅɒPǃʏȼ6'4 N. benthamiana9ȐȄǃʏ'/�ǲʗ5; LoLV-US1�ą̀Ƨ

ǻ'/ N. benthaianaPǃʏȼ6'4Æɠ'/� 

 

 (5) � h�\U� MVU�i (potato virus M; PVM)  

� ǲʗ5;ˉΉɷ:h�\U��JĎͯ&M/ðͯǿ (łŰJ, 1969) PÆɠ'/�ǲðͯ

ǿ9Ƨǻ'/ȅɒPh��~�_IKð̛'4�/0�/  (Ministry of Agriculture, 

Forestry and Fisheries of Japan (MAFF) ɧĝ: 307027)�$:ƧǻȅɒPǃʏȼ6'4 N. 

occidentalis9ȐȄǃʏ'/�ǲʗ5; PVM9ą̀Ƨǻ'/ N. occidentalisPǃʏȼ6'

4Æɠ'/� 
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 (6) � S��x�fU_VU�i (youcai mosaic virus; YoMV)  

� ǲʗ5;ǽǯɷ5Ďͯ&M/�e�ʪʺPÆɠ'/�ǲðͯǿ9Ƨǻ'/ȅɒPh��

~�_IKð̛'4�/0�/�ǲʗ5; YoMV �ą̀Ƨǻ'/ȅɒPǃʏȼ6'4Æɠ

'/� 

 

 (7) � [��fU_VU�i (turnip mosaic virus; TuMV)  

� ǲʗ5; TuMV-Joðͯǿ (Nomura et al., 2004) PÆɠ'/�TuMV-Jo9Ƨǻ'/ȅɒ

Ph��~�_IKð̛'4�/0�/ (MAFFɧĝ: 01-04035)�$:ƧǻȅɒPǃʏȼ6

'4 N. benthamiana9ȐȄǃʏ'/�ǲʗ5; TuMV-Jo�ą̀Ƨǻ'/ N. benthamiana

Pǃʏȼ6'4Æɠ'/� 

 

2.2.4.� ��i�w:ȉʣ 
 

 (1) �  nCBP͍½ŗ:_��y�` 

� nCBP ͍½ŗP ncbp-1 ŋɨÃ9Ə̠̩Ǉ)L/F9�nCBP ͍½ŗP����o�Ϳľ

8J=9o��{�o�Ϳľ66G9_��y�`'/�¸¢9�PCR:͛Ľ68L DNA

:ƵîǜȨ�nCBP͍½ŗ:_��y�`P̸AL� 

 

DNA:Ƶî 

� DNA:Ƶî; CTABȨ9IK˰2/�C)�Col-0:Ų͡˥ 0.3 gPȱÃʕʱ§5ʃɿ'

/�ʀɿ'/ȅɒɐ9 900 µl : CTAB ~r�R�  (1.4 M NaCl, 1%(w/v) 

Polyvinyl-Pyrrolidone, 2%(w/v) CTAB, 0.1 M Tris, 20 mM EDTA, pH8.0) �I= 2 µl: 2-�

�[�vXo|��Pþ�/�CTAB ~r�R�PXr��q���9ʍ'�65°C 5 30

ð͵ˈ'/�͵ˈƔ9 21,500×g�žȹ�5 ð:ǵº5͉Ɯ'�¡ȵP 2 ǲ:Xr��q�

��9ð"4ĳė'/�Ğq���9 450 µl:_�����/UmS��S�c��Pþ��

Ƀ' ǍƷ'/�Ğq���P 21,500×g�žȹ�5 ð:ǵº5͉Ɯ'�¡ȵPĳė'/�

¡ȵPĳė'�400 µl: 2-���|��Pþ��̩Òȳī'/�21,500×g�žȹ�20ð:

ǵº5͉Ɯ'�¡ȵPĳė'/�¡ȵPͨĔ'�70%Xo|��P 1 mlþ��̩Òȳī'

/�21,500×g�4°C�5ð:ǵº5͉Ɯ'�¡ȵPͨĔ'/�̈́ «9I24ȤșP«Ɏ&+�

200 µl: DW9Ⱦ̂&+/�DNA:ė͙PðÜÜƆ̅9IKʁ̎'/� 

 

nCBP͍½ŗ:����o�Ϳľ�c�wͿľ�o��{�o�Ϳľ:_��y�` 
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� ǲʗ5;�nCBP͍½ŗ:_��y�`9 Gateway technology (Thermo Fisher Scientific) 

Pöɠ'/�Gateway technology ;͎ÀɓɨɯʶǇ�ĖƞPöɠ'/_��y�`ư˱5

�L�ʁ Ǉ�͑ò6'4 attL͑ò�I= attR͑òPɠ�/�attL͑òPǭ)L Entry vector 

9Ȍɯ͍½ŗP_��y�`'�attR ͑òPǭ)L Destination vector 6:͢:ʶǇ�Ė

ƞ (LR Ėƞ) 9IKȌɯ͍½ŗPɬə)L�_o�Pȉʣ'/�ǲʗ5;�attL ͑ò[k

rvPƽß'/ pENTA �_o� (Himeno et al., 2010) P Entry vector 6'4Æɠ'/� 

 

� C * � Ƶ î ' / DNA P ͛ Ľ 6 ' 4 � � � U � � Sl-At5g18110-up1374F/ 

Nt-At5g18110-down1011R Pɠ�4 PCR ňſ'/�PCR ɟɒPͱȞȫă9IKðͯ'�

ɴɯ:ðŗ͙9ɶƎ)L~�wPñKî'/�b�ɐ�J�illustra GFX PCR Purification Kit 

(GE Healthcare) Pɠ�4 DNAPĳė'/�ĳė'/ DNA (U�e�v) �I= pENTA�

_o�Pø͔ͦʱ SalI�I= NotI5íɛ'/�ø͔ͦʱíɛɟɒPͱȞȫă9IKðͯ'�

ɴɯ:ðŗ͙9ɶƎ)L~�wPñKî'/�ñKî'/b�ɐ�J�illustra GFX PCR 

Purification Kit (GE Healthcare) Pɠ�4 DNAPĳė'/�U�e�v��_o��2×�

Ub�g���r_i (WaKo) Pȳ,�16˚C5 30ðĖƞ&+/��Ub�g��ɟɒP

Ŏ˕ˤ DH5�9Ə̠̩Ǉ'/�Ŏ˕ˤP�͌Ƴ��[�6'4 ampicillinPĤE LBķƏŀ

Ļ (1%(w/v) Bacto-tryptone (Difco)�0.5%(w/v) Yeast Extract (Difco)�1%(w/v) NaCl�

1.5%(w/v) Agarose) 9ŅŻ'�37˚C5�ǧŀ·'/�Əƪ&M/c�y�P�͌Ƴ��[

�6'4 ampicillinPĤE LBȱÃŀĻ (1%(w/v) Bacto-tryptone (Difco)�0.5%(w/v) Yeast 

Extract (Difco)�1%(w/v) NaCl) 9ʍ'�͊Ɔ9ɄLC5 37˚C5Ͳɳŀ·'/�ŀ·'/Ŏ

˕ˤ�J DNA˗ăðͯ˷ˈ GENE PREP STAR PI-480 (_��V) Pɠ�4 DNAPƵî

'/�ƖJM/��i�w_���9Ũ'4 2.2.5.ͼ:ǜȨ5g�a�îǸP˰��£˻

8ŋɨPƹ/8�_���P͌Ƴ'/�ƖJM/��i�wP pENTA-nCBPg6'/� 

� pENTA-nCBPg�pFAST01 (U����oU|��g��j)�Gateway LR _�x�l II 

͔ʱ�r_i (Thermo Fisher Scientific) Pȳ,�şȹ5�ǧĖƞ&+/�ĖƞɟɒPŎ˕

ˤ DH5�9Ə̠̩Ǉ'/�Ŏ˕ˤP�͌ Ƴ��[�6'4 spectinomycinPĤE LBķƏŀ

Ļ9ŅŻ'�37˚C5�ǧŀ·'/�Əƪ&M/c�y�P LBȱÃŀĻ (spectinomycinP

ĤE) 9ʍ'�͊Ɔ9ɄLC5 37˚C 5Ͳɳŀ·'/�ŀ·'/Ŏ˕ˤ�J DNA ˗ăðͯ

˷ˈ GENE PREP STAR PI-480 (_��V) Pɠ�4 DNAPƵî'/�ƖJM/ɟɒP

pF01-nCBPg6'/� 

 

 (2) � Ʋ nCBPƲÃ:Åî9Ģ"/ nCBP͍½ŗ:_��y�` 

Col-0�J2.2.8.ͼ6ĠȊ:ǜȨ5̕˹'/cDNAP͛Ľ6'4���U��Nd-AtnCBP-1F/ 
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Xh-AtnCBP-663R Pɠ�4 PCR ňſ'/�PCR ɟɒPͱȞȫă9IKðͯ'�ɴɯ:͟

&9ɶƎ)L~�wPñKî'/�b�ɐ�J�illustra GFX PCR Purification Kit (GE 

Healthcare) Pɠ�4 DNAPĳė'/�ĳė'/ DNA (U�e�v) �I= pET30a�_

o�Pø͔ͦʱ NdeI�I= XhoI5íɛ'/�ø͔ͦʱíɛɟɒPͱȞȫă9IKðͯ'�

ɴɯ:ðŗ͙9ɶƎ)L~�wPñKî'/�b�ɐ�J�illustra GFX PCR Purification Kit 

(GE Healthcare) Pɠ�4 DNAPĳė'/�U�e�v��_o��2×�Ub�g���

r_i (WaKo) Pȳ,�16˚C5 30ðĖƞ&+/��Ub�g��ɟɒPŎ˕ˤ DH5�9

Ə̠̩Ǉ'/�Ŏ˕ˤP�͌Ƴ��[�6'4 kanamycin PĤE LB ķƏŀĻ9ŅŻ'�

37˚C5�ǧŀ·'/�Əƪ&M/c�y�P LBȱÃŀĻ (kanamycinPĤE) 9ʍ'�͊

Ɔ9ɄLC5 37˚C5Ͳɳŀ·'/�10.:ŀĻ�J DNA˗ăðͯ˷ˈ GENE PREP STAR 

PI-480 (_��V) Pɠ�4 DNAPƵî'/�ƖJM/��i�w_���9Ũ'4 2.2.5.

ͼ:ǜȨ5g�a�îǸP˰��£˻8ŋɨPƹ/8�_���P͌Ƴ'/�ƖJM/

��i�wP pET30a-nCBP6'/� 

 

2.2.5.� g�a�îǸ 
 

� ¸¢:ĖƞȱP̕˹'�¸¢:ǵº5ĖƞP˰2/�8��Premix�I= 5× Seq buffer

; Applied Biosystemsʆ:G:Pɠ�/� 

 

PreMix  0.5 µl   96˚C 3ð �  

5× Seq buffer 1.75 µl   96˚C 15ʋ  

��U��  0.5 µl   48˚C 30ʋ 25eU_� 

��i�w 50-250 ng   60˚C 4ð  

DW  Up to 10 µl  4˚C ∞ �  

 

� [��ƶÃ (Sephadex G-50 SuperFine, Applied Biosystems) Pɠ�4ĖƞɟɒPʨ˹

'/�ʨ˹&M/ĖƞɟɒPʬ 60ð͉͢ƜɅ˄Ȑ9�"�Ŝà9«Ɏ&+/�VW�9 15 

µl:���S�wPßM�Ƀ' ǍƷ'/� 95˚C�5ð͢ɍȦ'�DNAP 1ǲ͝:ɔƨ9

'/�-:Ɣ)!9Ƞȟ§9ßM4Ơé&+/�e���P PRISM 3130 DNA Sequencer 

(Applied Biosystems) ä9krv'�ņŁ͑ò:̂̓P˰2/� 

 

2.2.6.� VU�iǃʏ 
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� ǲʗ:VU�iǃʏ̋΋5;ȐȄǃʏȨPɠ�/�ȐȄǃʏȨ;ǃ̃½ǊơVU�i:

˗ɋɥ:Ƨǻǵº9ǬG̵�ǃʏǜȨ5�L6ˋ�JM4�L�¸¢5̸ALȊ9�ȐȄ

ǃʏȨ:ǃʏȼ6'4;VU�i9ą̀Ƨǻ'/N. benthamianaG' ;N. occidentalis�

N. tabacumPÈ̋'/�$MJ:ǃʏȼP̕˹)Lͪ9;�S`�U��T�v��g�

�Ȩ9IK N. benthamiana�I= N. occidentalis9VU�iPǃʏ'/�¸¢9ȐȄǃʏ

Ȩ�I=S`�U��T�v��g��Ȩ:ȈɦP̸AL� 

 

 (1) � ȐȄǃʏȨ 

� ǃʏȼ6'4 PlAMV-GFP�AltMV�CymMV�LoLV�PVM�TuMV�YoMV :�*M�

9ą̀Ƨǻ'/ N. benthamiana�N. occidentalisG' ; N. tabacum:¡˥Pɠ�/��

*M�:VU�i9Ƨǻ'/¡˥ 0.2g PȱÃʕʱ§5ʃɿ'�0.1 M ��͕~r�R� 

(0.1 M Na2HPO4Ι2H2O, 0.1 M KH2PO4, 0.1 M DTT, pH 7.0) P 1 mlþ�/�ƖJM/ʧȡ

ȱ9[����p�P͙͊þ��Col-0G' ;ŋɨÃg�Uzxjx9:�lrv˥9ǃ

ʏ'/�ǃʏ9ͪ'4;�˥ 1 ǹ93� 10 µl :ʧȡȱP/J'�d�er_ (AS ONE, 

6-7934-02M) Pɹɠ'/²ź'ƺ5�ŝǜĢ9 10 ĳ$)2/�ǃʏƔ9 DW Pɠ�4ǃ

ʏ˥PȬ2/� 

 

 (2) � S`�U��T�v��g��Ȩ 

� S`�U��T�v��g��Ȩ6;�Agrobacterium tumefaciensPŲ͡˥9Ȫß)L

$65ɴɯ͍½ŗP�͇ɯ9ɬə&+LƮȨ5�L�A. tumefaciens;˗̨:ƹ3 Ti��

i�w (tumor-inducing plasmid) : T-DNAͿľ (transferred DNA region) 9řĺ)L͍½

ŗˉPȅɒʴ˒ä@6ƽß'ɬə&+L$6�5�L�$:ơ̠Pöɠ'�T-DNA Ϳľ9

»Ʀ:͍½ŗPʶD̴E$65ɴɯ͍½ŗ:�͇ɯɬə�Ĝ˓68L�ǲʗ5;�T-DNA

Ϳľ9 35S����o�8J=9VU�i:à͟ cDNA͑òPǭ)L��i�wPɠ�4

N. benthamiana9VU�iPǃʏ'/� 

� ¸¢9�A. tumefaciens:c��t�vk�:Å˹ǜȨ�A. tumefaciens@:~Ux��

�_o�:Ə̠̩ǇǜȨ�S`�U��T�v��g��ȨP̸AL (Johansen and 

Carrington, 2001)� 

 

c��t�vk�:Å˹ 

� -80°C5Ïř&M4�L EHA105ˤǿPɠ�4c��t�vk�PÅ˹'/� 

� C*�LB ȱÃŀĻ9��R��g��I=_����Wyc���-M.MʵɅƆ 20 

µg/ml�I= 25 µg/ml98LI�9ȴþ'/�$:ŀĻPɠ�4�EHA105ˤǿP 28°C5
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�ǧͲɳŀ·'/�ŀ·ȱ 0.5 ml PƲɞɒ̠ȴþȶD: LB ȱÃŀĻ9ȅ�ʻ�0�ɄƆ 

(OD600) � 0.5 98LC5 28°C 5Ͳɳŀ·'/�Ƞȟ¡5 10 ðʎƆ͵ˈ'�Ơé'/�

3,000�g�4°C�5ð͉͢Ɯ'�ˤÃPĳė'/�¡ȵPƾ4/Ɣ�0.2 µm:�T�o�5

ȿˤ'/ 20 mM CaCl2P 5 mlþ�4ʑH�9ƩɄ&+/�3,000�g�4°C�5ð͉͢Ɯ'�

ˤÃPĳė'/�¡ȵPƾ4�0.2 µm:�T�o�5ȿˤ'/ 20 mM CaCl2P 1 mlþ�

4ʑH�9ƩɄ&+/�Xr��q���9 50 µl*3ðȪ'�ȱÃʕʱä5ɺ͢ëʸ&+

/�-80°C5Ïř'/� 

 

A. tumefaciens@:~Ux���_o�:Ə̠̩ǇǜȨ 

� ~Ux���_o�: A. tumefaciens @:Ə̠̩Ǉ; freeze-thaw Ȩ9IK˰2/ 

(Höfgen et al., 1988)�¸¢9âÃɯ8ǜȨP̸AL� 

 ~Ux���_o�pCAM-Pr-GFP (ʬ 200 ng) PXr��q���9ðȪ'�10 µl: A. 

tumefaciens EHA105ˤǿ:c��t�vk�6ȳğ'/�ðȪ'/Xr��q���Pȱ

Ãʕʱä5ɺ͢ëʸ&+/�Ƞ¡5Xr��q���:ȹƆP¡Ǣ&+�SOC ŀĻ 

(2%(w/v) Bacto-tryptone (Difco)�0.5%(w/v) Yeast Extract (Difco)�8.6 mM NaCl�2.5 mM KCl�

10 mM MgCl2�20 mM glucose) P 1 mlþ��28°C5ΖǦ͢Ͳɳŀ·'/�Ə̠̩Ǉ&M

/ A. tumefaciensP�͌ Ƴɠ:Ʋɞɒ̠ (kanamycin 50 µg/ mlG' ; spectinomycin 100 

µg/ ml:�*M�) PĤE LBķƏŀĻ9ŅŻ'4 28°C5 2Ǟ͢ŀ·'/� 

 

S`�U��T�v��g�� 

� LB ķƏŀĻ9Əƪ&M/ A. tumefaciens :c�y�P�͌Ƴɠ:Ʋɞɒ̠Pþ�/ LB

ȱÃŀĻ9ʍ'/�LBȱÃŀĻ�͊Ɔ9ɄLC5�1-2Ǟ͢ 28°C5Ͳɳŀ·'/�3,000

�g�25°C�10 ð:ǵº5͉Ɯ'/�¡ȵPͨ��S`�U��T�v��g��~r�

R� (10 mM MgCl2, 10 mM MES, 150 µM acetosyringone, pH 5.7) 9ɄƆ (OD600) � 0.5

68LI�9ƩɄ'/�şȹ�͋Ü¢5 2Ǧ͢¸¡͵ˈ'/�N. benthamiana:Ų͡˥:

ˑ̪ÕIK�1 mlg��hPɠ�4S`�~_t�V�:ƩɄȱPȪß'/� 

 

2.2.7.� ǃʏȅɒ:̀Ŧ 
 

� PlAMV-GFPPǃʏ'/ȅɒ9�"LVU�i:ăƨPǣJ�9)L/F9�r ŌˁɌū

¢5̀ŦP˰2/�r Ōˁȼ6'4 365nm���UV-LEDɌū˷ˈ (}U���oU�, Z

�vc�w) Pɠ��Ύ˞�T�o�P˷ɹ'/[�� (Canon Digital Still Camera model 

EOS Kiss Digital, Canon) 5ǌƐ'/�C/�ǃʏ˥:̀Ŧ9ͪ'4;�ŞÃ˭Ü΃ƚ͞ 
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(LEICA M165 FC, LEICA) Pɠ�/� 

 

2.2.8.� à RNA:Ƶî�ŝ͙ RT-PCR̂Ǹ 
 

� ǃʏ˥9�"LVU�i:˨ʐ͙P̂Ǹ)L/F9�ǃʏ˥�Jà RNAPƵî'�S�

oU� RT-PCR Ȩ9IK̂Ǹ'/�¸¢9�à RNA :Ƶî�DNase íɛ�̻̩èĖƞ�

�S�oU� PCR:ǜȨP̸AL� 

 

à RNA:Ƶî 

� ǃʏ˥P 2.0 ml�io�}�wq��� (~UZ�uT[�eUX�i) 9ĳė'��o

�c�� (~UZ�uT[�eUX�i) PßM�ȱÃʕʱ§5ɺ͢ëʸ'/�2.0 mlq�

��PgWU_�io�Z�v ver2.0 (~UZ�uT[�eUX�i) 5ʀɿ'/�ʀɿ'

/˥�Ⱦ"Lû9k�n�� (x[�Uti_) P 1 ml þ����rtT�`9IK ŧ

9ȳī'/�ƵîȱPǛ'�Xr��q���9ʍ'�200 µl :_�����Pþ��̩

Òȳī'�5 ð͢͵ˈ'/�21,500×g�25°C�5 ð:ǵº5͉Ɯ'/�¡ȵPĳė'��

J�(FUm���|��P 500 µlðȪ'/Xr��q���9ßM/� ŧ9̩Òȳī

'�21,500×g�25°C�30ð:ǵº5͉Ɯ'/�¡ȵPͨ��70%Xo|��P 1 mlþ��

̩Òȳī'�21,500×g�25°C�3 ð:ǵº5͉Ɯ'/�¡ȵPͨ��G��ƆȬȯPˇK

̶'/�¡ȵPͨ��˗ɋ«Ɏ9IKXo|��P˧ɬ&+/�20 µl : DW 9Ⱦ̂&+�

ðÜÜƆ̅9IKė͙Pʁ̎'/� 

 

DNaseíɛ 

� ¸¢: DNaseĖƞȱP̕˹'�37°C5 30ð͢íɛ'/�DNase I; Rocheʆ:G:P

Æɠ'/� 

 

à RNA    5 µg 

10×DNase I Buffer     10 µl 

Recombinant DNase I (RNase-free)  2 µl (10 U )  

RNase Inhibitor    20 U 

DW    Up to 100 µl 

 

� Ėƞȱ9 DW P 150 µl��W|��/_�����/UmS��S�c�� (25:24:1) P

200 µlþ��Ƀ' ȳī'/�21,500×g�4°C�5ð:ǵº5͉Ɯ'/�¡ȵPĳė'�_
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�����/UmS��S�c�� (24:1) P 200 µlþ��Ƀ' ȳī'/�21,500×g�4°C�

5 ð:ǵº5͉Ɯ'/�¡ȵPĳė'�3 M ͕͒xv�V�P 20 µl�100%Xo|��P

500 µlþ��̩Òȳī'/�-80°C5 10ð͢͵ˈ'/Ɣ�21,500×g�4°C�30ð:ǵº5

͉Ɯ'/�¡ȵPͨ��70%Xo|��P 1 ml þ��21,500×g�4°C�3 ð:ǵº5͉Ɯ

'/�¡ȵPͨ��˗ɋ«Ɏ9IKXo|��P˧ɬ&+/�20 µl: DW9Ⱦ̂&+�ð

ÜÜƆ̅9IKė͙Pʁ̎'/� 

 

̻̩è 

� ʨ˹RNA 500 ngP͛Ľ6'4̻̩èĖƞP˰2/�Ėƞ; high capacity cDNA synthesis 

kit (Applied Biosystems) PÆɠ'/�Ėƞȱ:ʶƪ�I=ĖƞǦ͢;¸¢:˴:̽K5�

L� 

 

MultiScribe RT enzyme 0.5 µl (25 U)     

10 × RT Buffer  1.0 µl    

25 × dNTPs (100mM)  0.4 µl   25˚C 10ð 

10 × Random primers 1.0 µl   37˚C 2Ǧ͢ 

Templete RNA (500 ng)  -   4˚C 	 

DW   Up to 10 µl    

 

 

�S�oU� PCR 

� ¸¢:ĖƞȱP̕˹'��S�oU�PCRĖƞP˰2/���U��6'4;�PlRep-F3/ 

PlRep-R3 (PlAMV) � AltMV_rt_2280F/ AltMV_rt_2425R (AltMV) � CymMV-realt6F/ 

CymMV-realt6R (CymMV) � LoLV_realt7F/ LoLV_realt7R (LoLV) � PVM-realt9F/ 

PVM-realt1R-9R (PVM)�TuMV-rt1F/ TuMV-rt1R (TuMV)�YoMV_rt2F/ YoMV_rt2R (YoMV)�

actin2F/ actin2R (actin mRNA) PÆɠ'/�ǲʗ5;�ä͎ȌȽ͍½ŗ6'4 actin͍½ŗ

Pɠ�/���U��:͑ò; 2.2.ͼ:ǬƔ9̭̆'/� 

� ǲʗ5;��S�oU� PCR5ƖJM/ňſɟɒ�ļ�8G:5�L$6Pʁ̎)L/

F9 DissociationĖƞP˰2/�ǲ̖Ǘ5̸AL̂Ǹ;�*MG�Ͷɓɨɯ8ňſ�ɞ(4

�8�$6Pʁ̎'4�L� 
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SYBR Green (TaKaRa)  12.5 µl  95˚C 30ʋ �  

��U��  1 µl*3  95˚C 5ʋ 40 eU_� 

cDNA (100Ñż͖)   5 µl  60˚C 1ð  

DW   Up to 25 µl 95˚C  15ʋ 

60˚C 30ʋ 

95˚C  15ʋ 

 

 

2.2.9.� RT-PCR̂Ǹ 
 

� ¡˥9�"LVU�i:˨ʐ͙P̂Ǹ)L/F9�RT-PCRP˰2/�à RNAƵî8J

=9̻̩è; 2.2.8.ͼ6ĠȊ9˰2/�/0'�PCR9È̋)L cDNA͙Pʺ�)L/F�

̻̩è9ͪ'4; 500 ng: RNAPÆɠ'/� 

� PCRňſ;¸¢:ʶƪ�Ėƞǵº5˰2/�/0'�PCR:ňſ͔ʱ; rTaq (TaKaRa) 

PÆɠ'/���U��; Pr-detF/ Pr-detRPɠ�/���U��:͑ò; 2.2.ͼ:ǬƔ9

˴9C6F/� 

 

10×Buffer  1 µl   94˚C 3ð 

dNTP mix  1 µl   94˚C 30ʋ 

Primer  1 µl   55˚C 30ʋ 30eU_� 

rTaq  0.1 µl   72˚C 1ð 

cDNA  1 µl   72˚C Θð 

DW  Up to 10 µl  4˚C 	 

 

2.2.10.� Ʋ nCBPƲÃ:Åî 
 

� nCBP ɶ˸�U�5 nCBP �˨ʐ'4�L�PVXio���rv̂Ǹ9IK̕AL/

F9�Ʋ nCBP ƲÃ:ÅîP˰2/�Ŏ˕ˤ9�"L nCBP :ɬəʁ̎�nCBP :ʨ˹�

Ʋ nCBPƲÃ:Åî;¸¢9̸ALȊ9˰2/� 

 

Ŏ˕ˤ9�"L nCBP:ɬəʁ̎ 

� 2.2.4.ͼ5ȉʣ'/ pET30a�nCBPPŭß'/Ŏ˕ˤBL21ǿP LBȱÃŀĻ (Kanamycin
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PĤE) 1 ml9ȅ�ʻ��ûŀ·6'4 37�5�ǧƼɳŀ·'/�ǲŀ·6'4ûŀ·Ɣ

:ŀ·ȱ 500 µlP LBȱÃŀĻ (KanamycinPĤE) 200 ml9þ��ODÓ� 1.268LC

5ŀ·'/�ɻ ɅƆ 1 mM68LI�9 IPTG (isopropyl β-D-1-thiogalactopyranoside) Pþ

��nCBP:ɬəP̏ŭ'/�ŀ·ȱP 37�5Ͳɳŀ·'�3Ǧ͢ƔC5 1Ǧ͢ˈ�9 10 ml

*3ŀ·ȱPĳė'/�)A4:ŀ·ȱP 3,000�g�4��15 ð:ǵº5͉Ɯ'�ˤÃP

ĳė'/�ʕ Ã9 400 µl: 1�Binding buffer (500 mM NaCl, 20 mM Tris-HCl, pH 7.9, 5 mM 

imidazole) Pþ��̣͹ȩʀɿı (Branson Sonifier, Emerson) 9IKˤÃPʀɿ'/ (î

ý 30%�2ð:ǵº)�ʀɿȱP 21,500×g�4��15ð:ǵº5͉Ɯ'�ĜȾơɤð6£Ⱦ

ơɤð9ð"/�£Ⱦơɤð9 500 µl: 1�Binding bufferPþ��çƩɄ'/�ĜȾơɤ

ð�I=£Ⱦơɤð9 4�SDS-PAGE sample buffer (0.2 M Tris-HCl, pH 6.8, 8%(w/v) SDS, 

40%(v/v) `�k���, 0.01-0.1%(w/v) Bromophenol Blue (BPB) ) Pþ�/�ƵîȱP

95�5 5 ð͢íɛ'/Ɣ�Ƞ¡5Ơé'/�$MJ:e���P 2.2.11.ͼ6ĠȊ9

SDS-PAGE9È̋'/�ȫăƔ:b�P CBBǻ˞9IKǻ˞'�nCBP:ɬə:ǭɊP̀

Ŧ'/� 

 

nCBP:ʨ˹ 

� û̸:ǜȨ5 nCBP:ɬəP̏ŭ'/�ŀ·ȱP 3,000�g�4��15ð:ǵº5͉Ɯ'�

ˤÃPĳė'/�ĳė'/ˤÃ9 20 ml: TritonPĤE 1�Binding buffer (500 mM NaCl, 20 

mM Tris-HCl, pH 7.9, 5 mM imidazole, 0.2%(v/v) Triton-X) Pþ��ˤÃP̣͹ȩʀɿı 

(Branson Sonifier, Emerson) 9IKʀɿ'/ (îý 30%�Ⱦȱ:ɭɄ�8 8LC5˰2

/)�17,400�g�4��15ð:ǵº5͉Ɯ'�¡ȵPͨĔ'£ȾơɤðPĳė'/�£Ⱦơ

ɤð9 20 ml: TritonPĤE 1�Binding bufferPþ�/�ʕ ÃPƩɄ&+�17,400�g�4��

15 ð:ǵº5͉Ɯ'/�¡ȵ:�1 50 µlP sup-1 6'4ĳė'�ȖKPͨĔ'/�¡̆

:ȬȯÅȇPğ̅ 3ĳˇK̶'/�¡ȵ:�1 50 µlP sup-2�sup-36'4ĳė'�ȖK

PͨĔ'/�£Ⱦơɤð9 20 ml: UreaPĤE 1�Binding buffer (500 mM NaCl, 20 mM 

Tris-HCl, pH7.9, 5 mM imidazole, 6 M Urea) Pþ��I ƩɄ&+�4�5 1Ǧ͢͵ˈ'/�

$:Șͩ5 50 µlPǁĘ'�ppt6'4 4�5Ïř'/� 

 

� [��PȽ×'/�C*�PD-10[�� (GE healthcare) 9 Ni-NTAS\��i (]Sb

�) P 2 mlþ��[��PÅ˹'/�3 ml: DWPS��U'4ƶÃPȬȯ'/�5 ml:

Charge Buffer (50 mM NiSO4) PS��U'4ƶÃ9yra�UZ�P]��v'/�3 ml

: UreaPĤE 1�Binding bufferPS��U'�[��Pƀ˲Ć'/� 
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� ¡̸: 4�5 1Ǧ͢͵ˈ5͵ˈ'/ƩɄȱP 17,400�g�4��15ð:ǵº5͉Ɯ'�¡

ȵP[��9S��U'/�[��:͇̽ȱ:�1 50 µlP FT-16'4ĳė'/�ȖKP

çƆ[��9S��U'/�[��:͇̽ȱ:�1 50 µlP FT-26'4ĳė'/�ȖKP

çƆ[��9S��U'/�[��9 10 ml: UreaPĤE 1�Binding bufferPS��U'�

[��PȬȯ'/�[��:͇̽ȱ:�1 50 µlP Bind6'4ĳė'/�[��9 6 ml:

6M UreaßKWash Buffer (500 mM NaCl, 20 mM Tris-HCl, pH 7.9, 60 mM imidazole) PS

��U'�[��PȬȯ'/�[��:͇̽ȱ:�1 50 µlPWash6'4ĳė'/�[�

�9 3 ml: 6 M UreaßK Elute Buffer (500 mM NaCl, 20 mM Tris-HCl, pH 7.9, 1 M 

imidazole) PS��U'�nCBPPȾî'/�[��:͇̽ȱ:�1 50 µlP Elu-16'4

ĳė'/�ȾîÅȇPG� 2ĳ˰2/�[��:͇̽ȱ:�1 50 µlP Elu-2�Elu-36'4

ĳė'/�sup-1�sup-2�sup-3�ppt�FT-1�FT-2�FT-3�Bind�Wash�Elu-1�Elu-29

4�SDS-PAGE sample buffer P 17.3 µlPþ�/�Ğe���P 95�5 5ð͢íɛ'/Ɣ�

Ƞ¡5Ơé'/�$MJ:e���P 2.2.11.ͼ6ĠȊ9 SDS-PAGE 9È̋'/�ȫăƔ

:b�P CBBǻ˞9IKǻ˞'�nCBP�ʨ˹&M4�L$6P̀Ŧ'/�ƖJM/ʨ˹

nCBP PŢÞ9Ýɩ'�Ʋ nCBP ƲÃPƖ/�8��Ýɩ�I=ǁ˯:Åȇ;����T

�hW|_�iʆ9ŌȪ'/� 

 

2.2.11.� VXio���rv̂Ǹ 
 

o��_̠:Ƶî 

� Col-0�ncbp-1 ŋɨÃ�nCBP ɶ˸�U�#1A�#3E�#3F :Ų͡˥PXr��q���

9ßMȱÃʕʱ§5ëʸ&+/�ȱÃʕʱ5éH'33�Ų͡˥P�ri�5ʃɿ'/�

ʀɿ'/˥9 2�GSB (20%(v/v) glycerol�250 mM Tris�4%(w/v) SDS�200 mM DTT�

0.01%(w/v) BPB) PȅɒÃ 50 mg9Ũ'4 250 µl:üğ5þ�/���rtT�`5ʀɿ

'/ȅɒ6 2�GSBPȳ,/Ɣ�70°C5 10ð͢͵ˈ'/�Ƞ¡5Ơé'/Ɣ�16100×g�

25°C�4ð:ǵº5͉Ɯ'�¡ȵPĳė'/� 

 

SDS-PAGE 

� ǲʗ5;�SDS-PAGE :b��I=~r�R�6'4�NuPAGE Bis-Tris gel 12% 

(Thermo Fisher Scientific) �I= MES Buffer (Thermo Fisher Scientific) PÆɠ'/� 

� SDS-PAGEɠ:b�Pȫăȋ (XCell SureLock® Mini-Cell, Thermo Fisher Scientific) 9

krv'/�ȫăȋ9ȫă~r�R�PȪ��VW�PȬȯ'/�e���PS��U'�

180 V�45ð:ǵº5ȫă'/� 
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�����@:̩è 

� ȫă'/b�P��rtT�`~r�R� (25 mM Tris�192 mM glycine�20%(v/v) �

o|��) 9Ȱ'/������ (U����-P, ���S) P 100%�o|��9Ȱ'�1

ð͢Ͳɳ'/�������I=Nʰ 2 ǹP��rtT�`~r�R�9Ȱ'/���r

tT�`ȋ (�yv��i��rvk�, Bio Rad) 9b��I=�����Pkrv'/�

âÃɯ9;�b���p�:Ώ�ÕP¢9ǖ��-:¡9�RU~��Nʰ�b����

����Nʰ��RU~�:ͽ9̭+/�b���p��SUi_���`�yrvP�

�rvȋ9ßM���rvȋP��rtT�`~r�R�5Ȼ/'/�100V�1 Ǧ͢:ǵ

º5̩è'/�̩è§;io���5��rvȋPǍƷ)L$65ȋä:ȹƆ�ļ�68

LI�9'/� 

 

��r]�`Ėƞ 

� ɴđ6'4̩è'/�����:Ÿ¡PñKĘK������:¡¢:Ģ��ð�LȊ

9'/������P��r]�`~r�R� (5%(w/v) i]���_�1�PBS (137 mM 

NaCl, 2.7 mM KCl, 10 mM Na2HPO4�12H2O, 1.8 mM KH2PO4, pH 7.4)�0.05 %(v/v) 

Tween20) 9Ȱ'�1 Ǧ͢Ͳɳ'/���r]�`~r�R�PͨĔ'�PBST (1�PBS�

0.05%(v/v) Tween20) 9�����PȰ'/� 

 

ƲÃĖƞ�I=Ȇî 

� 2.2.10ͼ5Å˹'/Ʋ nCBPƲ˯ȵP Can Get Signal Solution I (ToYoBo) 9 2,000Ñ9

8LI�9ż͖'��ȒƲÃȱ6'/�}U��~r_ (}U���~r_�}�w, ci

�~UZ) 9�����6�ȒƲÃȱPßM�ťũ'/�28°C5 40ð͢ƲÃPĖƞ&+/� 

�����P�ȒƲÃȱ�JĘKî'�PBST9Ȱ'/�2ð͢Ͳɳ'�PBSTPͨ��ç

= PBST PȪ�0�¡̆:ȬȯPğ̅ 5 ĳˇK̶'/�ƲVe^ƲÃ (Anti-Rabbit IgG, 

HRP-Linked Whole Ab Donkey, GE Healthcare) P Can Get Signal Solution II (ToYoBo) 5

3,000Ñ98LI�9ż͖'�®ȒƲÃȱ6'/�}U��~r_9�����6®ȒƲÃ

ȱPßM�ťũ'/�28°C5 40ð͢ƲÃPĖƞ&+/�2ð͢Ͳɳ'�PBSTPͨ��ç

=PBSTPȪ�0�¡̆:ȬȯPğ̅ 5ĳˇK̶'/������9Ȇîȱ (Clarity Western 

ECL Substrate, Bio Rad) Pɂ¢'�LAS4000 mini5Ȇî'/�ȆîƔ:�����P CBB 

Stain One (Wako) 5ǻ˞'/� 
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2.2.12.� �����uTr�Ȩ9ILƏ̠̩Ǉ 
 

� ǲʗ5; pFAST �_o� (U����oU|��g��j) Pɠ�4Ə̠̩ǇÃ:Åî

P˰2/�ǲ�_o�9;ʏŗɓɨɯ8����o� (pOLE) 9 GFP͍½ŗ�̀ʸ&M/

giv���ĤCM4�K�Ə̠̩ǇÃ:͌Ƴ9ͪ'4;ʏŗ: GFP˭Ü:ǭɊPƺȌ6

)L$6�Ĝ˓5�L (Shimada et al., 2010)� 

� pF01-nCBPg PƏ̠̩Ǉ'/ A. tumefaciens P LB ȱÃŀĻ (͌Ƴ��[�6'4

spectinomycin 100ppm Pȴþ'/) 5͊Ɔ9ɄLC5 28°C 5ŀ·'/�ŀ·ȱP 3,000

�g�25°C�10ð:ǵº5͉Ɯ'/�¡ȵPͨ��5%(w/v) sucrose9ɄƆ (OD600) � 0.8

68LI�9ƩɄ'/�sucroseȱ9 Silwet L-77 (~UZ�uT[�eUX�i) PʵɅƆ

0.02%(v/v) 68LI�9þ�/�˟ ˠP¶"/ ncbp-1ŋɨÃ�J�͡ ˟ȶD:˟P;&D

5ñKĘ2/�íɛ'/ÐÃ:˟ˠ9̕Ǖ'/ sucrose ȱP 1 ʋ͢Ȱ'/�Ǫƭ5 1 ǧ͵

ˈ'�²ĚȞ̜ş9Ƭ'/�ʏŗ�Əƪ&M/Jĳė'�ŞÃ˭Ü΃ƚ͞ (LEICA M165 FC, 

LEICA) ¢5 GFP˭Ü:ǭɊP̀Ŧ'/� 
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˴ 2.1� ǲʗ5Æɠ'/��U��͑ò 

��U��ġ ͑ò (5′-3′)  

PlRep-F3 AATCCCCAGACTTCCATGAGCACC 

PlRep-R3 TTTTCTTTGCGCCGAGCTTCTC 

actin2F GCACCCTGTTCTTCTTACCG 

actin2R AACCCTCGTAGATTGGCACA 

Pr-det-F AACTGGCCACAATCACCCAGGGG 

Pr-det-R CTAGTCGGAGGGGGAAGGG 

AltMV_rt_2280F CCCCACTCCCTTTTCTCC 

AltMV_rt_2425R ATTGGCGTTGACCATTCTCC 

CymMV-realt6F CCCCGAGGATGTTATAGAAGGA 

CymMV-realt6R GGTATCTGGTGGCGTTGTAGG 

LoLV_realt7F  CAGCAATGCGAGGGACTATCTAC 

LoLV_realt7R TGTCGGGGTTTGAGTTTGG 

PVM-realt9F  GCTACAGGTGTGCTTGGATCTG 

PVM-realt1R-9R TGCCCGACCCAAAAGTG 

TuMV-rt1F  GGAGGAGGAGAAGAAGGAGAGAG 

TuMV-rt1R TCCAGAGGTTCCAGCGTTTAC 

YoMV_rt2F TACTACAACGCTTTATCCGAGCTGTC 

YoMV_rt2R TTATCGCCACCACCACCTTTG 

Sl-At5g18110-up1374F ACGCGTCGACATTAGTTATACACTTTTCC 

Nt-At5g18110-down1011R ATAAGAATGCGGCCGCTGTTGCCAAAGAATTGG 

Nd-AtnCBP-1F AATTCATATGGAGGTTTTGGATAGGA 

Xh-AtnCBP-663R AATTCTCGAGTCCTCTCAGCCATGTGTTTC 
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2.3.� ʸǺ 

2.3.1.� ncbpŋɨÃ:ǃʏ˥5 PlAMV:˨ʐ͙�ȷů)L 

� g�Uzxjx:b|�§9; 3ʏ΄: eIF4ESUm�Y�� (eIF4E�eIFiso4E�nCBP) 

�c�w&M4�K�&J9 eIF4E9; 23:���` (eIF4E1b�eIF4E1c) �řĺ)L 

(Ķ 2.1)�-$5�$MJ� PlAMV:Ƨǻ9ͣOL�ģ�P̂Ǹ)L/F9��*M�Pȑ

ǉ'/g�UzxjxŋɨÃPɠ�4ǃʏ̋΋P˰2/�ǲŞ΋5;�PlAMV :ƧǻPĜ

˽Ć)L/F9˭Üo��_̠ GFP Pɬə)L PlAMV-GFP PÈ̋'/�ĞŋɨÃ9

PlAMV-GFPPȐȄǃʏȨ9IKǃʏ'�4ǞƔ9ǃʏ˥P̀Ŧ'/6$N�eif4eŋɨÃ�

eif4e1bŋɨÃ�eif4e1cŋɨÃ�eifiso4eŋɨÃ5;͘ɞĽg�Uzxjx (S_krg�

�: Col-0) 6Ġʝ:Ŏ�&:˭Üǘ�̀Ŧ&M/ (Ķ 2.2a)��ǜ�ncbp-1 ŋɨÃ�I=

ncbp-2ŋɨÃ (ncbp-1ŋɨÃ5; 4ɧɴ:X]m�9�ncbp-2ŋɨÃ5; 5′ UTR9T-DNA

�ƽß&M4�L; Ķ 2.3) 5;�Col-0 6ȜA4˭Üǘ�Ů& 824�/ (Ķ 2.2a)�ǃ

ʏ˥9�"LVU�i˨ʐ͙Pŝ͙ɯ9̂Ǹ)L/F9�Ğǃʏ˥�J RNAPƵî'ŝ͙

RT-PCRȨ9IK̂Ǹ'/�-:ʸǺ�eif4eŋɨÃ�eif4e1bŋɨÃ�eif4e1cŋɨÃ�eifiso4e

ŋɨÃ9�"L PlAMV :ɶŨ˨ʐ͙;�Col-0 9�"LɶŨ˨ʐ͙6Ġʝ5�2/ (Ķ

2.2b)�$M9Ũ'4�ncbp-1ŋɨÃ�I= ncbp-2ŋɨÃ9�"L˨ʐ͙;�Col-06Ȝ̬

'4ǭƦ9Á¢'4�/ (p<0.001; Ķ 2.2b)�  



 41 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ķ 2.1� eIF4ESUm�Y��͍½ŗ:ʪʺ̂Ǹ 

eIF4ESUm�Y��͍½ŗ:͑òPɠ�4Å˹'/ʪʺȎ�Ȋ�8ȅɒʏ9c�w&ML

eIF4ESUm�Y��͍½ŗ:͑òPClustal W9IKS�U��v'/�ʪʺȎ;MEGA6

Pɠ�4̵ͬʸğȨ9IKÅ˹'/�  
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Ķ 2.2� eIF4ESUm�Y��Pȑǉ'/ŋɨÃg�Uzxjx9�"L PlAMV-GFP:˨

ʐ͙:̂Ǹ 

a. PlAMV-GFPPǃʏ'/ǃʏ˥:˭ǛŦ�ŋɨÃ�I= Col-09 PlAMV-GFPPȐȄǃ

ʏȨ9IKǃʏ'�ǃʏ 4ǞƔ9˭ÜŞÃ΃ƚ͞9IKǃʏ˥P̀Ŧ'/� 

b. PlAMV-GFPPǃʏ'/ǃʏ˥9�"L PlAMV-GFP:˨ʐ͙�a.5ʄ'/ǃʏ 4ǞƔ:

ǃʏ˥IKà RNAPƵî'�ŝ͙ RT-PCRȨ9IKVU�i˨ʐ͙P̂Ǹ'/�ä͎ȌȽ

͍½ŗ6'4 actin͍½ŗPɠ�/�Ğe���9�"LVU�i˨ʐ͙P actin mRNA:

˨ʐ͙5ȌȽĆ'ɶŨ˨ʐ͙Pʠî'/�ĞŋɨÃ9�"LVU�i˨ʐ͙P�Col-09�

"LVU�i˨ʐ͙P 1.06'/ɶŨÓ6'4ʠî'/�X��~�;ȌȽ̑źPʄ)�S

io�i_;Dunnett:ō͗Ȇŝ9IKǭƦź�̎FJM/$6Pʄ) (������< 0.01; �����

p < 0.001)� 

 

 

 

 

 

Ķ 2.3� g�Uzxjx: nCBP͍½ŗ: cDNAȉ̿ 

g�Uzxjx: nCBP ͍½ŗ: cDNA ȉ̿Pʄ'/�ΏĲ́;X]m�P�ˁ;U�v

��P�ɭĲ́;Ͷˊ̈ͿľPʄ)�ǔŘ; nCBP mRNA9�"L 5′ Ǳʘ (1)�ˊ̈͡ŕ

cw� (94)�ˊ̈ʵȓcw� (759)�3′ Ǳʘ (1120) :ÀˈPƦĨ)L�Ώɻ΀; ncbp-1

ŋɨÃ�I= ncbp-2ŋɨÃ9�"L T-DNA:ƽßÀˈPʄ)� 
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2.3.2.�  ncbpŋɨÃ5; PlAMV:ą̀Ƨǻ�̈́ƈ)L 

� PlAMV � ncbp ŋɨÃ9ą̀Ƨǻ5�L�ģ�P̂Ǹ)L/F9�ncbp-1 ŋɨÃ�I=

Col-09 PlAMV-GFPPȐȄǃʏ'/�ǃʏ 3́͢Ɣ9ȅɒÃP̀Ŧ'/6$N�Col-05

;¡˥�I=ˢ5 GFP ˭Ü�̀Ŧ&M�PlAMV-GFP �ą̀Ƨǻ'4�L$6�ǣJ�9

82/��ǜ�ncbp-1ŋɨÃ:¡˥�I=ˢ5;�GFP˭Ü;̀Ŧ&M8�2/ (Ķ 2.4)� 

 

� Ȓ9�ncbp ŋɨÃ:¡˥9 PlAMV-GFP �řĺ)L�7��PǣJ�9)L/F9�

ncbp-1ŋɨÃ�I= ncbp-2ŋɨÃ�Col-09 PlAMV-GFPPǃʏ'�ǃʏ 3́͢Ɣ�I=

ǃʏ 4́͢Ɣ9¡˥IK RNAPƵî' RT-PCR9IKVU�i RNA:ȆîP˰2/�-

:ʸǺ�ǃʏ 3́͢Ɣ5;�Col-0�J;VU�i RNA�Ȇî&M/��ǜ ncbp-1ŋɨÃ

�I= ncbp-2ŋɨÃ�J;Ȇî&M8�2/ (Ķ 2.5, ˴ 2.2)�ǃʏ 4́͢Ɣ5;�ncbp-2

ŋɨÃ�J PlAMV;Ȇî&M*�ncbp-1ŋɨÃ5; 5ÐÃ§ 3ÐÃ�J PlAMV�Ȇî&

M/ (˴ 2.2)�ncbp-1ŋɨÃ�I= Col-0:¡˥9�"L PlAMV:˨ʐ͙Pŝ͙ RT-PCR

9IKȜ̬'/6$N�ncbp-1 ŋɨÃ5;˨ʐ͙�Á¢'4�L$6�ǣJ�982/ 

(Ķ 2.6)�$MJ:ʸǺ�J�ncbp ŋɨÃ5; PlAMV :ą̀Ƨǻ�ͥšG' ;̈́ƈ)L

$6�ʄ&M/�  
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Ķ 2.4� PlAMV-GFPPǃʏ'/g�Uzxjx:˭Üèɸ 

ncbp-1 ŋɨÃ�I= Col-0 9 PlAMV-GFP PȐȄǃʏ'�ǃʏÐÃPǃʏ 3 ́͢Ɣ9ʳŌ

ˁɌū¢5̀Ŧ'/�¡�I=§Ő:èɸ;˭Üèɸ�¢:èɸ;Ĝ˽Ü5:èɸ5�L�

§Ő:èɸ;¡:èɸPƸŎ'4˴ʄ'/�ia��~�; 3.5 cmPʄ)� 
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Ķ 2.5� RT-PCR9IL PlMAV-GFP:Ȇî 

ncbp-1ŋɨÃ�I= Col-09 PlAMV-GFPPȐȄǃʏ'�ǃʏ 3́͢Ɣ9¡˥IK RT-PCR

9IKVU�i RNA:ȆîP˰2/�ä͎ȌȽ6'4 actin mRNAPɠ�/� 
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˴ 2.2� ncbpŋɨÃ:¡˥9�"L PlAMV:Ȇî 

 U� 3«±J  U� 4«±J 

 g�W a g�W �! (%)   g�W a g�W �! (%)  

������º »º ½º »º º ¼º ¾º ¿»º

ncbp-2 0 6 0  0 6 0 

Col-0 4 4 100  3 3 100 

a, PlAMV-GFPP ncbpŋɨÃ�I=Col-09ȐȄǃʏ'�3́͢Ɣ9¡˥�JƵî'/RNA

Pɠ�4 RT-PCR 9IKVU�i:ȆîP˰2/�ǔŘ;VU�i�Ȇî&M/ÐÃǔP

ʄ)� 

�

 

 

Ķ 2.6� ŝ͙ RT-PCRPɠ�/ ncbp-1ŋɨÃ:¡˥9�"LVU�i˨ʐ͙:Ȝ̬ 

ncbp-1ŋɨÃ�I= Col-09 PlAMV-GFPPȐȄǃʏ'�ǃʏ 4́͢Ɣ9¡˥IK RNAP

Ƶî'�ŝ͙ RT-PCR 9IKVU�i˨ʐ͙:Ȝ̬P˰2/�Sio�i_; Student :

tȆŝ9IKǭƦź�̎FJM/$6Pʄ) (�����< 0.05)� 
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2.3.3.�  ncbpŋɨÃ9 nCBP͍½ŗPɶ˸)L6 PlAMV:Ƨǻơ�ĳƘ)L 

� ncbpŋɨÃ5PlAMV:˨ʐ͙�ȷů'/ēĴ�nCBP:ȑǉ5�L$6Pʄ)/F9�

ncbp-1ŋɨÃ9 nCBP͍½ŗPƏ̠̩Ǉ'/ɶ˸ʪʺPÅî'�ǃʏ̋΋P˰2/� 

� ɶ˸ʪʺPÅî)L/F9�Col-0IKƵî'/ DNAP͛Ľ6'4 nCBP͍½ŗ:��

��o�Ϳľ�c�wͿľ�o��{�o�ͿľPňſ'�~Ux���_o�pFAST01

9_��y�`'/�ƖJM/��i�w pF01-nCBPg Pɠ�4������uTr�Ȩ

9IK ncbp-1ŋɨÃ9 nCBP͍½ŗPƏ̠̩Ǉ'/�ǲʗ5;�ƖJM/ɶ˸ʪʺ:�1

#1A�#3E�#3FPÈ̋'/� 

 

� ƖJM/ɶ˸ʪʺ5 nCBP �ɬə'4�L$6PVXio���rvȨ9IKʁ̎)L

/F9�Ʋ nCBPƲÃ:ÅîP˰2/�g�Uzxjx: nCBPP His-tag6:ˮğo��

_̠6'4Ŏ˕ˤˤÃä5ɬə&+/6$N�-:B6Q7�£Ⱦơɤð5Ȇî&M/ (Ķ

2.7)�-$5�£Ⱦơɤð9Ũ'4 Ni2+[��Pɠ�/S�TytT�ʨ˹9IK nCBPP

ĳė'/ (Ķ 2.8)�ƖJM/ nCBPPŢÞ9Ýɩ'�Ʋ nCBPƲ˯ȵPƖ/� 

� ncbp-1ŋɨÃ�Col-0�#1A�#3E�I=#3FIKào��_̠PƵî'�Ʋ nCBPƲ˯

ȵPɠ�/VXio���rv̂ǸP˰2/�-:ʸǺ�nCBP (¬ƥðŗ͙; 25.7kDa) 6

ˋ�JMLɓɨɯ8~�w� Col-0�#1A�#3E�#3F5Ȇî&M�à4:ɶ˸ʪʺ5 nCBP

�ɬə'4�L$6�ʁ̎&M/ (Ķ 2.9)� 

 

� ƖJM/ɶ˸ʪʺ9�"L PlAMV:ƧǻơP̂Ǹ)L/F9�ncbp-1ŋɨÃ�Col-0�

I=#1A�#3E�#3F9 PlAMV-GFPPȐȄǃʏ'�ǃʏ 4ǞƔ9ǃʏ˥P̀Ŧ'/�-:

ʸǺ�ncbp-1ŋɨÃ5; Col-06Ȝ̬'4˭Üǘ:Ŏ�&�Ů& 824�/�ǜ�#1A�
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#3E�#3F5; Col-06Ġʝ:Ŏ�&:˭Üǘ�̀Ŧ&M/ (Ķ 2.10a)�PlAMV:˨ʐ͙P

ŝ͙ɯ9̂Ǹ)L/F9�ǃʏ˥IKà RNAPƵî'ŝ͙ RT-PCRP˰2/�-:ʸǺ�

ncbp-1ŋɨÃ5; Col-06Ȝ̬'4ǭƦ9˨ʐ͙�Á¢'4�/��#1A�#3E�#3F5;

Col-06Ġʝ9 PlAMV�˨ʐ'4�/ (Ķ 2.10b)� 

� ɶ˸ʪʺ9 PlAMV �ą̀Ƨǻ)L�ģ�PǣJ�9)L/F9�#1A�#3E�#3F �I

= Col-09 PlAMV-GFPPȐȄǃʏ'�ǃʏ 3́͢Ɣ9¡˥IKVU�i RNA:ȆîP̋

D/�RT-PCR 9IK̂Ǹ'/6$N�#1A�#3E�#3F :à4:ÐÃ�JVU�i RNA

�Ȇî&M/ (˴ 2.3)�¸¡:ʸǺ�J�nCBP ɶ˸ʪʺ5; PlAMV :Ƨǻơ�ĳƘ)L

$6�ʄ&M�nCBP:ȑǉ9I24 PlAMV:˨ʐ͙�ȷů'/6ˋ�JM/� 
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Ķ 2.7� Ŏ˕ˤ9�"L nCBP:ɬəʁ̎ 

Ŏ˕ˤ:ŀ·ȱ9 IPTGPȴþ' nCBP:ɬəP̏ŭ'/�IPTGPȴþƔ 0�1�2�3Ǧ

͢5ˤÃPĳė'�ĞˤÃIK̕Ǖ'/ĜȾơɤð (Sup) �I=£Ⱦơɤð (Ppt) P

SDS-PAGE9IKðͯ'�CBBǻ˞'/�ɻ΀5 nCBP:ÀˈPʄ'/� 
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Ķ 2.8� nCBP:ʨ˹ 

2.2.10.ͼ:ʨ˹:͇ʎ5ƖJM/ʨ˹û:ĜȾơɤð (sup-1�sup-2�sup-3)�ʨ˹û:£

Ⱦơɤð (ppt)�[��P͇̽'/ɤð (FT-1�FT-2)�[��PȬȯ'/ Binding Buffer 

(Bind)�[��PȬȯ'/Wash Buffer (Wash)�nCBPPȾî'/ Elute Buffer (Elu-1�Elu-2�

Elu-3) P SDS-PAGE9IKðͯ'�CBBǻ˞'/�ɻ΀5 nCBP:ÀˈPʄ'/� 
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Ķ 2.9� nCBPɶ˸ʪʺ9�"L nCBP:Ȇî 

ncbp-1ŋɨÃ�#1A�#3E�#3F�I= Col-0:Ų͡'/�lrv˥IKào��_̠PƵ

î'�Ʋ nCBP Ʋ˯ȵPɠ�/VXio���rv̂ǸP˰2/�¢Ș9ȫă͙:c�v

���6'4ào��_̠: CBBǻ˞ØPʄ)� 
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Ķ 2.10� nCBPɶ˸ʪʺ5;ǃʏ˥9�"L PlAMV:˨ʐ͙�ĳƘ)L 

a. PlAMV-GFPPǃʏ'/ɶ˸ʪʺ:ǃʏ˥:˭ǛŦ�ncbp-1ŋɨÃ�#1A�#3E�#3F

�I= Col-09 PlAMV-GFPPȐȄǃʏȨ9IKǃʏ'�ǃʏ 4ǞƔ9˭ÜŞÃ΃ƚ͞9I

Kǃʏ˥P̀Ŧ'/� 

b. PlAMV-GFPPǃʏ'/ɶ˸ʪʺ:ǃʏ˥9�"L PlAMV-GFP:˨ʐ͙�a.5ʄ'/ǃ

ʏ 4ǞƔ:ǃʏ˥IKàRNAPƵî'�ŝ͙RT-PCRȨ9IKVU�i˨ʐ͙P̂Ǹ'/�

ä͎ȌȽ͍½ŗ6'4 actin ͍½ŗPɠ�/�Ğe���9�"LVU�i˨ʐ͙P actin 

mRNA :˨ʐ͙5ȌȽĆ'ɶŨ˨ʐ͙Pʠî'/�ĞŋɨÃ9�"LVU�i˨ʐ͙P�
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Col-09�"LVU�i˨ʐ͙P 1.06'/ɶŨÓ6'4ʠî'/�X��~�;ȌȽ̑ź

Pʄ)�Sio�i_; Dunnett:ō͗Ȇŝ9IKǭƦź�̎FJM/$6Pʄ) (�, p < 

0.05)� 

 

˴ 2.3� nCBPɶ˸ʪʺ:¡˥9�"L PlAMV:Ȇî 

 U� 3«±J 

 g�W a g�W �! (%)  

Col-0 4 4 100 

#1A 5 5 100 

#3E 5 5 100 

#3F 5 5 100 

 

a, PlAMV-GFPP ncbpŋɨÃ�I=Col-09ȐȄǃʏ'�3́͢Ɣ9¡˥�JƵî'/RNA

Pɠ�4 RT-PCR 9IKVU�i:ȆîP˰2/�ǔŘ;VU�i�Ȇî&M/ÐÃǔP

ʄ)� 
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2.3.4.� ncbpŋɨÃ5; AlphaflexivirusʊVU�i�I= BetaflexivirusʊVU

�i:˨ʐ͙�ȷů)L 

� $MC5:̂Ǹ9IK�ncbp ŋɨÃ5; PlAMV :˨ʐ͙�Á¢)L$6�ǣJ�98

2/�PlAMV:µ9 nCBP:ȑǉ9IK˨ʐ͙�Á¢)LVU�i�řĺ)L�ģ�PȆ

̉)L/F�ncbp-1 ŋɨÃ�I= Col-0 9˺ǔ:ȅɒVU�iPǃʏ'�-:˨ʐ͙P̂

Ǹ'/�ǲʗ5;�Alphaflexivirus ʊ Potexvirus ų9ų)L AltMV �I= CymMV�

Alphaflexivirusʊ Lolavirusų9ų)L LoLV�Betaflexivirusʊ Carlavirusų9ų)L PVM�

PotyvirusʊPotyvirusų9ų)LTuMV�I=VirgavirusʊTobamovirusų9ų)LYoMV

PÈ̋'/�$MJ:VU�iP ncbp-1ŋɨÃ�I= Col-09ȐȄǃʏ'�ǃʏ 4ǞƔ9

ǃʏ˥9�"LVU�iPŝ͙ RT-PCR Ȩ9IK̂Ǹ'/�-:ʸǺ�AltMV�CymMV�

LoLV �I= PVM : ncbp-1 ŋɨÃ9�"L˨ʐ͙; Col-0 6ȜA4ǭƦ9Á¢'/ (Ķ

2.11)�C/�$MJ:VU�iP nCBP ɶ˸ʪʺ#3F9ȐȄǃʏ'/6$N�-:˨ʐ͙

; Col-06ĠʝC5ĳƘ'/ (Ķ 2.11)��ǜ�TuMV�I= YoMV: ncbp-1ŋɨÃ9�"

L˨ʐ͙; Col-0 6Ġʝ5�2/ (Ķ 2.11)�¸¡:ʸǺ�J�AltMV�CymMV�LoLV �

I= PVM:˨ʐ͙; nCBP:ȑǉ9IKÁ¢)L$6�ǣJ�982/� 
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Ķ 2.11� ncbp ŋɨÃ5; Alphaflexivirus ʊVU�i�I= Betaflexivirus ʊVU�i:˨

ʐ͙�Á¢)L 

ncbp-1ŋɨÃ�ɶ˸ʪʺ#3F�Col-09 AltMV (a), CymMV (b), LoLV (c), PVM (d), TuMV (e), 

and YoMV (f) PȐȄǃʏ'�ǃʏ 4ǞƔ9ǃʏ˥IKà RNAPƵî'/�ĞVU�i:

˨ʐ͙Pŝ͙ RT-PCRȨ9IK̂Ǹ'/�ä͎ȌȽ͍½ŗ6'4 actin͍½ŗPɠ�/�Ğ

e���9�"LVU�i˨ʐ͙P actin mRNA :˨ʐ͙5ȌȽĆ'ɶŨ˨ʐ͙Pʠî'

/�ncbp-1ŋɨÃ�I=ɶ˸ʪʺ#3F9�"LVU�i˨ʐ͙P�Col-09�"LVU�i
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˨ʐ͙P 1.06'/ɶŨÓ6'4ʠî'/�X��~�;ȌȽ̑źPʄ)�Sio�i_;

Student: tȆŝ9IKǭƦź�̎FJM/$6Pʄ) (�, p < 0.05;���, p < 0.01)� 
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2.4.� ˋŦ 

2.4.1.�  ncbpŋɨÃ5; PlAMV:˨ʐ͙�Á¢)L 

� ȅɒ9; 3 ʏ΄: eIF4E SUm�Y�� (eIF4E�eIFiso4E�nCBP) �c�w&ML 

(Joshi et al., 2005)�$MJ: eIF4ESUm�Y��:�1�eIF4E�I= eIFiso4E;ȅɒ

VU�i9Ũ)LÿơƴƲơ9ͣOL$6�ŃĦ&M4�L (˴ 1.1)�Şͪ�eIF4EPȑǉ

'/ȅɒ; Potyvirus ųVU�i�Bymovirus ųVU�i�Cucumovirus ųVU�i�

CarmovirusųVU�i9Ũ'4ƴƲơPʄ' (Diaz et al., 2004; Yohii et al., 2004; Kang et 

al., 2005a; Kanyuka et al., 2005; Stein et al., 2005; Nieto et al., 2006)�eIFiso4EPȑǉ'/

ȅɒ; PotyvirusųVU�i9ƴƲơ68L (Lellis et al., 2002; Nicaise et al., 2007)�'�

'8�J�PotexvirusųVU�i93�4;�eIF4ESUm�Y��:ȑǉ9IKƧǻ�ͥ

š&ML�ģ�;ǣJ�58�2/� 

� ǲʗ5;�eIF4E SUm�Y��:�*M�Pȑǉ'/ŋɨÃg�Uzxjx9 PlAMV

Pǃʏ'-:˨ʐ͙P̊Ê'/�-:ʸǺ�eIF4E�eIF4E1b�eIF4E1c�eIFiso4E :�*

M�Pȑǉ'/ŋɨÃ9�"L PlAMV:˨ʐ͙;͘ɞĽg�Uzxjx6ĠʎƆ5�2/ 

(Ķ 2.2)�ŨɌɯ9�nCBPPȑǉ'/ŋɨÃ5; PlAMV:˨ʐ͙�͘ɞĽg�Uzxjx

6ȜA4ǭƦ9Á¢'/ (Ķ 2.2)�-$5�PlAMV :˨ʐ͙:Á¢� nCBP :ȑǉ9̢Ĵ

)L$6Pʄ)/F9�ncbp ŋɨÃ9 nCBP ͍½ŗPƏ̠̩Ǉ'/ɶ˸�U�PÅî'�

PlAMV:ǃʏ̋΋P˰2/�-:ʸǺ�̂ Ǹ9È̋'/à4:ɶ˸ʪʺ9��4 PlAMV:

˨ʐ͙�ĳƘ' (Ķ 2.10)�nCBP:ȑǉ9IKPlAMV:˨ʐ͙�Á¢)L$6�ʄ&M/�

'/�24�nCBP ; PlAMV :Ƨǻ9Ť¤)L6ˋ�JM/�ǲʗ5:ʸǺ�J�eIF4E

�I= eIFiso4E 9þ��nCBP GȅɒVU�i:Ƨǻ9ͣOL$6�óF4ǣJ�982

/� 
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2.4.2.�  PlAMV:Ƨǻ9�"L nCBP:Ƒü 

� ǲʗ5:̂Ǹ:ʸǺ�ncbpŋɨÃ5; PlAMV:˨ʐ͙�Á¢'�nCBP� PlAMV:Ƨ

ǻ9ͣOL$6�ʄ&M/�nCBP :Ȑ˓6'4;�¸¢: 2 3:¹̒�ˋ�JML�


nCBP ; PlAMV �öɠ)Lţ©Ĵŗ5�LĜ˓ơ��nCBP ; HR :{\tT��^��

�o�5�LĜ˓ơ5�L�ƅ̖5̸A/I�9�HR ;ʴ˒ȕP¾�ƍ�ƴƲơ5�K�

-:̏ŭ9;̝:øƗ�8&M4�L�'/�24�̝:øƗ9ͣOLĴŗ�ȑǉ'/ŋ

ɨÃ5;žǦƴƲơĖƞ�̏ŭ&ML�Ç�<�HR:̝:øƗĴŗPȑǉ'/ŋɨÃg�

Uzxjx5;�Ƣžɯ9ʴ˒ȕ�̏ŭ&M (Rate et al., 1999; Ķ 2.12)�Ͷɓɨɯ9Ȋ�

8ɪēÃ:Ƨǻ�ͥš&ML (Greenberg and Ausubel, 1993)� 

� eIF4ESUm�Y��:�1�eIF4E93�4;ȅɒVU�i:Ƨǻ9�"LðŗȐ˓�

ǣJ�9&M33�L�g�Uzxjx: eIF4E; CMV:ʍ˰o��_̠:ˊ̈9���

�: eIF4E; MNSV:VU�io��_̠:ˊ̈9ͣ¤)L (Yoshii et al., 2008; Truniger 

et al., 2008)�MNSV:Ç9��4;�eIE4E� eIF4G66G9 MNSV:VU�i RNA¡

:΍Ȓȉ̿9ʸğ'�VU�io��_̠:ˊ̈9Ɲ;8ƑüPǺ/) (Miras et al., 2016)�

$MJ:ɼ˼P>C�L6�ncbpŋɨÃ5̀Ŧ&M/ƴƲơ:ēĴ6'4��: nCBP�

HR:{\tT��^���o�5�LĜ˓ơ;ǀͨ&M8�G::�
:VU�i:Ƨǻ

9ͣOLţ©Ĵŗ�ȑǉ'/$69̢Ĵ)LĜ˓ơ�ˋ�JM/�$:ńğ�Alphaflexivirus

ʊ�I= BetaflexivirusʊVU�i; nCBPPöɠ'4g�Uzxjx9Ƨǻ'4�L6Ǆ

Ŧ&ML�  
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Ķ 2.12� HR :̝:øƗĴŗ (ACD6) Pȑǉ'/ŋɨÃg�Uzxjx5;ʴ˒ȕ�Ƣž

ɯ9̏ŭ&ML (Rate et al., 1999)  

Ÿ�J�͘ɞĽg�Uzxjx (ACD6)�ACD6 P�t�5ƹ3ŋɨÃg�Uzxjx 

(acd6/ACD6)�ACD6P��5ȑǉ'/ŋɨÃg�Uzxjx (acd6) :èɸPʄ)� 

 

2.4.3.� PlAMV:Ƨǻ@: eIF4E�I= eIFiso4E:ͣ¤ 

� PlAMV ; nCBP Pöɠ'4Ƨǻ)L$6�ʄĮ&M/��PlAMV � eIF4E C/;

eIFiso4E Pöɠ'4�LĜ˓ơ;8�:0N���$MC59�ȅɒVU�i�˺ǔ:ȅ

ɒĴŗPȐ˓ɯ9͗˺'4öɠ)LÇ�ŃĦ&M4�L (Nishikiori et al., 2011; Nicaise et 

al., 2007)�Ç�<�Potyvirus ųVU�i5�L TuMV ;g�Uzxjx9Ƨǻ)Lͪ9

eIFiso4G1�I= eIFiso4G2P͗˺'4öɠ)L (Nicaise et al., 2007)�eIFiso4G1C/;

eIFiso4G2 :�*M�Pȑǉ'/ŋɨÃg�Uzxjx9 TuMV ;Ƨǻ)L$6�5�L

��®͗ŋɨÃ9;Ƨǻ5�8� (Nicaise et al., 2007)�ĠȊ9�ǲ̖Ǘ9��4G eIF4E

�I= eIFiso4E� PlAMV:Ƨǻ9ͣOL�Ȑ˓ɯ9͗˺'4�L/F9�eif4eŋɨÃ�

I= eifiso4eŋɨÃ5ƴƲơ�̀Ŧ&M8�2/Ĝ˓ơ�ˋ�JML�&J9�ncbpŋɨ

Ã9PlAMV�̈́ƈ'33Gą̀Ƨǻ'/ʸǺ�J (˴ 2.2)�eIF4EC/; eIFiso4E� nCBP

:·ǫ:Ĵŗ6'4Ȑ˓'/Ĝ˓ơGˋ�JML�$MJ:¹̒PȆ̉)L/F9;�
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eIF4E�eIFiso4E�nCBP:ō͗ŋɨÃPɠ�/̂Ǹ�Ɲ;5�L�$MC59 eIF4E�I

= eIFiso4E:®͗ŋɨÃ;˙ȕ5�L$6�ʄĮ&M4�K (Patric et al., 2014)�¡̸:

ō͗ŋɨÃ5GĠȊ:$6�ɞ(LĜ˓ơ��L�&J8L̂Ǹ9; RNAeU��g�`

87:ɬəƱøʪ�ǭɠ0N�� 

 

2.4.4.� nCBP;AlphaflexivirusʊVU�i�I=BetaflexivirusʊVU�i:Ƨ

ǻ9ͣOL 

� ǲʗ5;�nCBP Pöɠ)LȅɒVU�i:ƄľơPǣJ�9)Lɴɯ5�ncbp ŋɨÃ

9ōȊ8ȅɒVU�iPǃʏ'˨ʐ͙P̂Ǹ'/�-:ʸǺ�Alphaflexivirusʊ Potexvirus

ų9ų)L AltMV �I= CymMV�Alphaflexivirus ʊ Lolavirus ų9ų)L LoLV�

Betaflexivirusʊ Carlavirusų9ų)L PVM:˨ʐ͙�ŋɨÃ5ǭƦ9Á¢'/ (Ķ 2.11)�

&J9�nCBP ɶ˸ʪʺ5;$MJ:VU�i:˨ʐ͙�ĳƘ'/ (Ķ 2.11)�$MJ:ʸ

Ǻ�J�Alphaflexivirus ʊ�I= Betaflexivirus ʊ9ų)LȅɒVU�i� nCBP Pöɠ'

4�L$6�ʄĮ&M/�'�'8�J�Potyvirus ʊ Potyvirus ų9ų)L TuMV �I=

Virgavirus ʊ Tobamovirus ų9ų)L YoMV :˨ʐ͙;ŋɨÃ6͘ɞĽȅɒ5Ġʝ5�2

/$6�J (Ķ 2.11)�$MJ:VU�i; nCBPPɓɨɯ9öɠ'4�8�6ˋ�JM/� 

 

� ¸¡P˻)L9�ǲʗ5:̂Ǹ9IK�ncbp ŋɨÃ5; Alphaflexivirus ʊ�I=

Betaflexivirus ʊ9ų)LȅɒVU�i:Ƨǻ�ͥš&ML$6�ǣJ�982/�-$5

Ȓʗ5;�$MJ:ȅɒVU�i:Ƨǻ9�"L nCBP:ƑüPǣJ�9)L/F�PlAMV

P�u�6'4ɠ�4&J8L̂ǸP˰2/� 
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ʛ 3ʗ� nCBP:ȑǉ9IL�tr_iVU�i:Ƨǻ

ͥšȐȉ:̂Ǹ  

 

3.1.� ƅǗ 

� ʛΕʗ:̂Ǹ:ʸǺ�nCBP :ȑǉ9I24 Alphaflexivirus ʊ�I= Betaflexvirus ʊV

U�i:˨ʐ͙�Á¢)L$6�ʄ&M/�$MJ:ʸǺPę"4�ǲʗ5;�u�VU

�i6'4 Alphaflexivirus ʊ Potexvirus ų9ų)L PlAMV Pɠ��PlAMV :Ƨǻ9�"

L nCBP :Ȑ˓93�4ǣJ�9)L$6Pɴɯ6'/�-$5ǲʗ:ƅǗ5;�

Potexvirus ųVU�i:Ƨǻ͇ʎ93�4Ȉ̒)L�1.2.2.ͼ:̽K�Potexvirus ųVU�

i; 33:ȘͩPʷ4ȅɒÃ9ą̀Ƨǻ)L� 

 

ʴ˒ä5:ňȗ 

� ȅɒʴ˒9Ëß'/ Potexvirus ųVU�i;�˔Ō˶9IKb|� RNA Pͳî&+L�

ʴ˒̠9ͳî'/b|� RNAP͛Ľ6'4 RdRp�ˊ̈&ML�PotexvirusųVU�i:

˺˹9Ɲ;8VU�io��_̠; RdRp :D5�L$6�ǣJ�9824�L 

(Komatsu et al., 2011)�Ȓ�5�ˊ̈&M/ RdRp�b|� RNAP͛Ľ6'4˺˹ĖƞP

͡ŕ)L�C*�b|� RNA:ɶ˸͝5�L�Uxi͝��Ȓ�5�Uxi͝P͛Ľ6'

4��i͝�ğƪ&ML��Uxi͝�J;b|� RNA9þ��e�b|� RNA1�e�

b|� RNA2�e�b|� RNA3Gğƪ&ML (Verchot et al., 1998; Verchot-Lubicz et al., 

2007; Ķ 3.1)�e�b|� RNA1�J; TGB1��e�b|� RNA2�J; TGB2�I=

TGB3��e�b|� RNA3�J; CP�ˊ̈&ML (Verchot et al., 1998; Verchot-Lubicz 
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et al., 2007; Ķ 3.1)� 

 

 

 

Ķ 3.1� �tr_iVU�i:͍½ŗɬəȐȉ�  

Potexvirusų:oU�ʏ5�L PVXPɠ�4Åî'/�ɇ˞:å;]�r�ȉ̿P�ˁ;

VU�i RNAP�Ĳ́; ORFPʄ)�e�b|� RNA¡: ORF;�Ǝ̌e�b|� RNA

�Jˊ̈&MLG::DPʄ'/�PVX �Ƨǻ'/ʴ˒5;�2.1kb:e�b|� RNA1�

1.4kb :e�b|� RNA2�0.9kb :e�b|� RNA3 �˨ʐ)L$6�ʄ&M4�L 

(Verchot et al., 1998)� 

 

ʴ˒͢ʍ˰ 

� Ëßʴ˒5ňȗ'/ Potexvirus ųVU�i:b|� RNA ; TGB1�TGB2�TGB3�CP

:Ȑ˓9I24 PD@6ͅ<M�ͬ ǃʴ˒@ʍ˰)L (Verchot-Lubicz et al., 2007)�$MJ

:�*M:VU�io��_̠�ȑǉ'4GVU�i;ʴ˒͢ʍ˰)L$6�5�8�6

ˋ�JM4�L (Ozeki et al., 2009; Tilsner et al., 2013)� 

 

̥ͯ͟ʍ˰ 
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� ʤ͎ʴ˒@6Ëß'/PotexvirusųVU�i;ʤʡȮ:ȮMPöɠ'�͟ ̥ͯʍ˰)L�

PotexvirusųVU�i:̥ͯ͟ʍ˰;�˺ ˹˺ğÃ (VRC) :Əƨ58&ML6ˋ�JM4

�L (Wan et al., 2015)� 

 

� ʛΕʗ:̂Ǹ:ʸǺ�nCBP:ȑǉ9I24 PlAMV:ǃʏ˥9�"L˨ʐ͙�Á¢'/�

$:ʸǺ�J�nCBP; PlAMV:ʴ˒ä5:ňȗG' ;ʴ˒͢ʍ˰9ͣOLĜ˓ơ�ˋ

�JM/�$:I�8ˑǩ:G6�ǲʗ5; ncbp ŋɨÃ9�"L PlAMV :ƻăP̂Ǹ'

/� 
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3.2.� ǳǙ�I=ǜȨ 

3.2.1.� È̋ȅɒ 
 

� ǲʗ5;A. thaliana;͘ɞĽXcoU�Columbia (Col-0) 9þ��ncbp-1ŋɨÃ�ncbp-2

ŋɨÃ�nCBP ɶ˸�U�#1A�#3E�#3F PÈ̋'/�$MJ:ȅɒ93�4; 2.2.2.ͼ

�I= 2.2.12.ͼPĕɌ:$6� 

 

3.2.2.� È̋VU�i 
 

� ǲʗ5; PlAMV PrðͯǿPÈ̋'/�ǲðͯǿ93�4; 2.2.3.ͼPĕɌ:$6� 

 

3.2.3.� ��i�w:ȉʣ 
 

� |�f���rv̂Ǹ (3.2.8.ͼ) 5Æɠ)L����P̩è)L/F9�VU�i:͎

ðͿľP_��y�`'/�C*�pCAM-PrP͛Ľ9��U��Pr-5101F/ Pr-6102RPɠ

�4 PCR ňſ'/�PCR :ňſ͔ʱ6'4;ňſɟɒ�ƀɀǱʘ68L KOD-PLUS 

(TOYOBO) PÆɠ'/�ǲʗ5Æɠ'/��U��:͑ò; 3.2.ͼ:ǬƔ9C6F/�ň

ſɟɒPͱȞȫă9IKðͯ'�¬ƥðŗ͙9ɶƎ)L~�wPĤEb�PñKî'/�

b�ɐ�J�illustra GFX PCR Purification Kit (GE Healthcare) Pɠ�4 DNAPĳė'/�

ĳė'/ DNAȾȱP Zero Blunt® TOPO® PCR Cloning Kit (Thermo Fisher Scientific) Pɠ

�4_��y�`'/�_��y�`ɟɒPŎ˕ˤ DH5�9Ə̠̩Ǉ'/�Ŏ˕ˤP�͌

Ƴ��[�6'4 kanamycinPĤE LBķƏŀĻ9ŅŻ'�37˚C5�ǧŀ·'/�Əƪ&

M/c�y�P LB ȱÃŀĻ (kanamycin PĤE) 9ʍ'�͊Ɔ9ɄLC5 37˚C 5Ͳɳŀ

·'/�ňȗ'/Ŏ˕ˤ�J DNA˗ăðͯ˷ˈ GENE PREP STAR PI-480 (_��V) P

ɠ�4 DNA PƵî'/�2.2.5.ͼ6ĠȊ9g�a�îǸP˰��U�e�v�7:Ģ�

5ƽß&M4�L�P̕A/�T7 ����o�Pɠ�4̩è'/ͪ9���i͝Ȇîɠ:

�����̩è&ML_���P pCR-Pr-2��Uxi͝Ȇîɠ:�����̩è&ML_

���P pCR-Pr-16'/�8������:̩è93�4; 3.2.8.ͼ5̸AL� 

 

3.2.4.� ��tT_�\�9ILVU�iǃʏ 
 

� ncbp ŋɨÃ9�"LVU�i:Ƅ�KPŝ͙ɯ9̂Ǹ)L/F9���tT_�\�Ȩ
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9IKVU�iǃʏP˰2/�Ş΋Ʈͽ;�HagiwaraJ:ŃĦ (2003) Pĕˋ9'/� 

 

͚ʦŗ:̕˹ 

� 0.6 µmƒ:͚ʦŗ (0.6 µm Gold Microcarriers, Bio-Rad) 15 mgPXr��q���9;

�KĘ2/�Xr��q���9 70%Xo|��Pþ��̣͹ȩʀɿ (Branson Sonifier, 

Emerson)�îý 20%�20ʋ:ǵº) '/�Xr��q���P VORTEX9IKɃ' Ǎ

Ʒ'�çƆ̣͹ȩʀɿ'/�$:ÅȇP0C�8 8LC5ˇK̶'/�15 ð͢şȹ5͵

ˈ'�Č¡͉ƜȐ5͉Ɯ'͚ʦŗPȤș&+/�¡ȵPͨ��DW P 1 mlþ�/�1ð͢

VORTEX 5Ƀ' ǍƷ'�1 ð͢͵ˈ'�Č¡͉ƜȐ5͉Ɯ'͚ʦŗPȤș&+/�¡̆

:ȬȯPğ̅ 3ĳˇK̶'/�¡ȵPͨ�/Ɣ�500 µl: 50%(v/v) glycerolPþ��4°C

5Ïř'/� 

 

��i�w DNA:͚ʦŗ@:ĥɹ 

� ̕˹'/͚ʦŗ 10 µlPXr��q���9ßM���i�wDNAP 1 µgþ��VORTEX

9IKɃ' ǍƷ'/�Xr��q���9 2.5 M CaCl2P 10 µl�0.1 Mi���h�P 4 

µlþ��VORTEX9IKɃ' ǍƷ'/�Xr��q���9 20 µl: 100%Xo|��P

þ��VORTEX9IKɃ' ǍƷ'/�Xr��q���P-30°C5 30ð¸¡͵ˈ'/� 

 

ȅɒÃ@:��i�wŭß 

� ûͼɴ5̕˹'/Xr��q���PČ¡͉ƜȐ5͉Ɯ'�¡ȵPͨ�/�50 µl: 100%

Xo|��Pþ����rtT�`9IKȤșPƩɄ&+/�Xr��q���PČ¡͉

ƜȐ5͉Ɯ'�¡ȵPͨ�/�¡̆:ȬȯPğ̅ 3ĳˇK̶'/�¡ȵPͨ�/Ɣ�12 µl

: 100%Xo|��9ƩɄ&+/��_�]��S� (165-2335, Bio-Rad) P]��S��

p�9;F�§Ɯ9̕˹'/͚ʦŗPƄ#/�Biolistic PDS 1000/He Particle Delivery 

System (Bio-Rad) Pɠ�4ȅɒÃ9͍½ŗPŭß'/�8��Ĺý; 650 psi5˰2/�

23°C5ȅɒÃPʽƹ'�ǃʏ 12Ǧ͢Ɣ�24Ǧ͢Ɣ�36Ǧ͢Ɣ5̀ŦP˰2/� 

 

3.2.5.� ��v��iv@:��i�wŭß 
 

� g�Uzxjx:Ų͡˥�J:��v��iv:Ďͯ�I=��i�w:ŭß; Jin J

:ŃĦ (2001) PG69˰2/�¸¢9âÃɯ8ƮͽP̸AL� 

 

��v��iv:Ďͯ 
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� �iǫ�ï (2-5745-14 No. 23, AS ONE) Pɠ�4 A. thaliana:Ų͡˥Pɽæ¡ɔ9ú

D�͔ ʱȱ (1%(w/v) Cellulase R-10 (Onozuka)�0.25%(w/v) Macerozyme R-10 (Onozuka)�

0.4 M mannitol�8 mM CaCl2�5 mM MES�pH 5.6) 50 ml�ß2/ 100 ml��ic9ßM

/�$:ͪ�A. thaliana :˥�«�8��19ƮͪI ͔ʱȱ9Ȱ)$6���v��i

vPĎͯ)L¡5͗˻5�2/�úD;����oZ�¡5˰�6Åȇ�'H)�2/�

úQ0˥:͙� 5 g982/J�S���U�5>/P'�23°C�60 rpm�3Ǧ͢Ͳɳ'

/�ͲɳƔ:��v��ivPĤEíɛȱP 106 µmƒ:�rg�5Ɇ͇'�ŒͮɒPͨ�

/�Ɇ͇'/ȱP 50 ml�R�c�q���9ʍ'�50�g�23°C�5ð:ǵº5͉Ɯ'�

��v��ivPĳė'/�ȷ̾;ǬŎͦÁ̾5˰2/�¡ȵPͨ��50 ml:W5Ȭȯ~

r�R� (154 mM NaCl, 125 mM CaCl2�2H2O, 5 mM KCl, 5 mM glucose, 1.5 mM MES, 

0.1 M mannitol, pH 5.6) Pþ��ʑH�9ȤșPƩɄ&+/�50�g�23°C�5ð:ǵº5

͉Ɯ'���v��ivPȤș&+/�8��ȷ̾;ǬŎͦÁ̾5˰2/�¡ȵPͨ��

10 ml:W5Ȭȯ~r�R�Pþ��ʑH�9ȤșPƩɄ&+/�ƩɄȱP 20 ml: 21%(w/v) 

sucrose :¡9͗Ŵ'�80�g�23°C�10 ð:ǵº5͉Ɯ'/�8��ȷ̾;ǬŎͦÁ̾

5˰2/�21%(w/v) sucrose:¡:��v��ivŴPĳė'�20 ml:W5Ȭȯ~r�R

��ß2/Ǜ'� 50 ml�R�c�q���9ßM/�ʑH�9̩Òȳī'�60�g�23°C�

5ð:ǵº5͉Ɯ'���v��ivPȤș&+/�8��ȷ̾;ǬŎͦÁ̾5˰2/�¡

ȵPͨ��30 ml:W5Ȭȯ~r�R�Pþ��ʑH�9ȤșPƩɄ&+/�50�g�23°C�

5ð:ǵº5͉Ɯ'���v��ivPȤș&+/�8��ȷ̾;ǬŎͦÁ̾5˰2/�¡

ȵPͨ��10 ml : W5 Ȭȯ~r�R�Pþ��ʑH�9ȤșPƩɄ&+/Ɣ�Ƞ¡5 30

ð͢͵ˈ'/� 

 

��v��iv@:��i�wŭß 

� Ďͯ&M/��v��iv:ǔP˯ɚ̅ʠɑPɠ�4̅Ⱥ'/�50�g�4°C�5 ð:ǵ

º5͉Ɯ'���v��ivPȤș&+/�8��ȷ̾;ǬŎͦÁ̾5˰2/�¡ȵPͨ

����v��iv� 5.0×106 Ð/ml :ɅƆ98LI�9 MaMg ~r�R� (400 mM 

mannitol, 15 mM MgCl2�2H2O, 5 mM MES, pH 5.6) Pþ��ʑH�9ȤșPƩɄ&+/�

ŭß)L��i�w 100 µgP�V�wq��� (35-2059, BD FALCON) 9ðȪ'���

v��ivȱ 300 µl þ��̫ ȳ,/�PEG ~r�R� (40%(w/v) PEG 4000�0.4 M 

mannitol�100 mM Ca (NO3) 2) P 300 µlþ��ʱǠ ȳī'�30ðžȹ5͵ˈ'/�W5

Ȭȯ~r�R�P 10 mlþ��ʑH�9ȳī'/�50�g�23°C�5ð:ǵº5͉Ɯ'��

�v��ivPȤș&+/�8��ȷ̾;ǬŎͦÁ̾5˰2/�¡ȵPͨ��W5Ȭȯ~r

�R�P 500 µl9ʑH�9ƩɄ&+�24ʒ��qVW����v (35-3047, BD FALCON) 
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9ðȪ'/�23°C5 1-3Ǟ͢ʽƹ'/� 

 

3.2.6.� ��v��iv�J: RNAƵî�DNaseíɛ�̻̩èĖƞ 
 

� ��v��iv�J:RNAƵî;RNAƵîɠ̋˫k�n�� (x[�Uti_) Pɠ�

4˰2/� 

� ��v��ivPXr��q���9ĳė'�100�g�4°C�5ð:ǵº5͉Ɯ'4��

v��ivPĳė'/�ĳė'/Xr��q���PȱÃʕʱ§5ɺ͢ëʸ&+/�ëʸ

'/��v��iv�Ⱦ"Lû9k�n��P 1 mlþ����rtT�`9IK ŧ9ȳ

ī'/�200 µl:_�����Pþ��̩Òȳī'�5ð͢͵ˈ'/�21,500×g�25°C�5

ð:ǵº5͉Ɯ'/�¡ȵPĳė'��J�(FUm���|��P 500 µlðȪ'/Xr

��q���9ßM/� ŧ9̩Òȳī'�21,500×g�25°C�30ð:ǵº5͉Ɯ'/�¡

ȵPͨ��70%Xo|��P 1 mlþ��̩Òȳī'�21,500×g�25°C�3ð:ǵº5͉Ɯ

'/�¡ȵPͨ��G��ƆȬȯPˇK̶'/�¡ȵPͨ��˗ɋ«Ɏ9IKXo|��

P˧ɬ&+/�20 µl: DW9Ⱦ̂'�x|w�r�9IKė͙Pʁ̎'/� 

 

DNaseíɛ�I=̻̩èĖƞ;�2.2.8.ͼ6ĠȊ9˰2/� 

 

3.2.7.� ŝ͙ RT-PCR̂Ǹ 
 

� ŝ͙ RT-PCR ̂Ǹ; 2.2.8.ͼ6ĠȊ9˰2/�ǲʗ5;�PlAMV :˨ʐ͙P̂Ǹ)L/

F9 Plrep3F/Plrep3R�Ō͎ȌȽ6'4 GFP mRNA:˨ʐ͙P̂Ǹ)L/F9 sGFP-379F/ 

sGFP-486RPɠ�/�$MJ:��U��:͑ò; 3.2.ͼ:ǬƔ9C6F/� 

 

3.2.8.� |�f���rv̂Ǹ 
 

� PlAMV:b|� RNA�e�b|� RNA��Uxi͝ RNAPȆî)L/F9�|�f�

��rv̂ǸP˰2/�RNAƵî; 2.2.7.ͼ6ĠȊ9˰2/�̂Ǹ9�/24;�1e��

��/K 1 µg:Ƶî RNAPÆɠ'/� 

 

ȫă 

� à RNA (DNaseíɛ8') 9 1.5×dye (50%(v/v) ˔UZ�Ć���S�u�w, 6%(v/v) 

���S�u�w, 1×MOPS~r�R� (20 mM MOPS, 5 mM CH3COONa, 2 mM EDTA, 
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pH 7.0) , 10%(v/v) `�k���, 0.5%(w/v) BPB) Pþ� 65˚C5 10ð͢ŋơíɛ'���

�S�u�wŋơS\��ib� (1%(w/v) S\��i, 1×MOPS~r�R�, 5%(v/v) �

��S�u�w, 0.01%(v/v) ˘ĆXqhV�) 5ͱȞȫă)L$69IKðͯ'/�ȫă~

r�R�6'4; 1×MOPS~r�R�Pɠ�/�ȫă'/b�PʳŌˁɌū¢5��m�

� RNA P̀Ŧ'�Ğe���͢5 RNA ͙�ǅ24�L$6Pʁ̎'/�b�P 10×SSC

~r�R� (1.5 M NaCl, 150 mM C6H5Na3O7Ι2H2O, pH 7.4) 5 10ð͢Ȭȯ'/� 

 

̩è 

� Turboblotter system (Schleicher & Schuell) Pɠ�4RNAPNyron Membrane positively 

charged (Roche Diagnostics) 9̩è'/�âÃɯ9;�Stack Tray:¡9����oZ��

Nʰ4ǹ�10×SSC~r�R�9Ȱ'/Nʰ1ǹ�������ȫă'/b��10×SSC~r

�R�9Ȱ'/Nʰ3ǹP̭+/�ʼ�4�Buffer TrayPkrv'�10×SSC~r�R�5

Ȼ/'/�ǬƔ9Buffer Wick�I=Wick CoverP̭+/�$:ɔƨ58Ǧ͢¸¡͵ˈ'/�

�����P2×SSC~r�R�5Ȭȯ'/�1,200�100 µJ/cm2�3ð͢:ǵº5ʳŌˁP

Ɍū'�UV_�i��_9I24RNAP�����9ķŝ'/� 

 

}U��pUl�g�� 

� }U��~r_ (}U���~r_�}�w; ci�~UZ) 9�����6 68˚C 9ȹ

F/ Hybridization Buffer (Roche Diagnostics) P 14 mlßM4ťũ'�68˚C5 4Ǧ͢��

}U��pUl�g��P˰2/�����ȱ (Hybridization Buffer 1 ml9̕˹'/��

�� (����:̕ǕǜȨ; 3.2.8.ͼ:ǬƔ9̭̆'/) P 300 ng (ʵɅƆ 20 ng/ml) þ�

/G:) P 68˚C5 10ð͢͵ˈ'/�}U��~r_9����ȱP 1 mlþ��68˚C5 1

ǧ}U��pUj&+/� 

 

Ȇî 

� }U��pUj&+/�����PWash Buffer 1 (2×SSC, 0.1%(w/v) SDS) 9Ȱ'4 5

ð͢Ͳɳ'/�Wash Buffer 1 P)4�G��ƆȬȯPˇK̶'/������P Wash 

Buffer 2 (0.2×SSC, 0.1%(w/v) SDS) 9Ȱ'4 68˚C 5 20ð͢Ͳɳ'/�Wash Buffer 2P

)4�G��ƆȬȯPˇK̶'/������PWashing Buffer (Roche Diagnostics) 9Ȱ

'�5ð͢Ͳɳ'/�Washing Buffer9ILȬȯP 2ĳˇK̶'/������P Blocking 

Buffer (Roche Diagnostics) 9Ȱ'�30ð͢Ͳɳ'/�Anti-Digoxigenin-Fab fragment ƲÃ 

(Roche Diagnostics) P Blocking Buffer5 10,000Ñż͖'/�$:ż͖ȱ9�����P

Ȱ'�30ð͢Ͳɳ'/�Washing Buffer9�����PȰ'�15ð͢Ͳɳ'/�Washing 
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Buffer9ILȬȯP 2ĳˇK̶'/�Detection Buffer (100 mM Tris-HCl, 100 mM NaCl, pH 

9.5) 9�����PȰ'�5ð͢Ͳɳ'/�ĆŚɬÜ̋˫ CDP-star (New England Biolabs) 

10 µl�25×CDP-star dilution buffer (New England Biolabs) 40 µl�DW 950 µlPXr��q

���ä5ȳī'�21,500×g�5ð:ǵº5͉Ɯ'/������9 12.5Å˹'/ CDP-star

ȱPɂ¢'�LAS-4000 mini (FUJIFILM) 5ȆîP˰2/� 

 

����:̕˹ 

� |�f���rv̂Ǹ5VU�i RNAPȆî)L/F�DIG���&M/}U��pU

l�g��ɠ����PÅ˹'/� 

� pCR-Pr-1�I= pCR-Pr-2 (Å˹ǜȨ; 3.2.3.ͼPĕɌ) Pø͔ͦʱ BamHI5íɛ'�ɵ

͝Ć'/�̧ ¢:ĖƞȱP̕˹'�37˚C5 2Ǧ͢Ėƞ&+/�8��̋ ˫; DIG RNA labeling 

mix (Roche Diagnostics) PÆɠ'/� 

 

͛Ľ DNA   1 µg 

10×NTP labeling mix  2 µl 

10×transcription buffer  2 µl 

RNase inhibitor  1 µl 

T7 polymerase   2 µl 

DW   up to 20 µl 

 

� ̩èɟɒP RNeasy (]Sb�) 9IKʨ˹'/�  

 

3.2.9.� ��v��iv�J:o��_̠Ƶî�VXio���rv̂Ǹ 
 

� ��v��iv9�"LVU�io��_̠:˨ʐ͙P̂Ǹ)L/F9���v��i

v�Jo��_̠PƵî'�VXio���rv̂ǸP˰2/� 

 

o��_̠:Ƶî 

� ��v��ivPXr��q���9ĳė'�100�g�4°C�5ð:ǵº5͉Ɯ'4��

v��ivPĳė'/�ĳė'/Xr��q���PȱÃʕʱ§5ɺ͢ëʸ'/���v

��iv�Ⱦ"Lû9 1�RIPA~r�R� (10 ml�/K:ʶƪ; 1.5 mM NaCl�1%(v/v) 

NP40�0.5%(w/v) DOC�0.1%(w/v) SDS�50 mM Tris�Complete, Mini, EDTA-free (Roche) 

1͜�10 mM DTT) P 100 µlþ����rtT�`5ȳ,/�1,000�g�4°C�10ð:ǵ
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º5͉Ɯ'/�¡ȵP 100ĳė'�5�GSB (50%(v/v) glycerol�312 mM Tris�10%(w/v) SDS�

500 mM DTT�0.01%(w/v) BPB) P 25 µlþ��65°C5 10ð͢íɛ'/�Ƞ¡5Ơé'�

SDS-PAGE9È̋'/� 

 

� SDS-PAGE���rtT�`���r]�`�ƲÃĖƞ�Ȇî; 2.2.11.ͼ6ĠȊ9˰2

/�8��SDS-PAGE :b�6'4�RdRp ɠ9 NuPAGE Tris-Acetate Gels 3-8%P

Tris-Acetate Bufferä5�TGB1�I= CPɠ9 NuPAGE Bis-Tris gel 4-12%P MES Buffer

ä5�TGB2�I= TGB3ɠ9 NuPAGE Bis-Tris gel 12%P MES Bufferä5Æɠ'/��

*M:b��I=~r�R�G Thermo Fisher Scientificʆ:G:5�L�ȫă'/o��

_̠P̩è)L�����6'4�RdRp�TGB1�CPɠ9U����-P (���S) P�

TGB2�I= TGB3ɠ9U����-PSQ (���S) PÆɠ'/�C/�VU�io��_

̠P̙̎)L�ȒƲÃ6'4�Ʋ RdRpƲÃ (Komatsu et al., 2011)�Ʋ TGB1ƲÃ (Okano 

et al., 2014)�Ʋ TGB2ƲÃ�Ʋ TGB3ƲÃ�Ʋ CPƲÃ (Ozeki et al., 2009) PÈ̋'/�

Ʋ TGB2Ʋ˯ȵ8J=9Ʋ TGB3Ʋ˯ȵ:Å˹ǜȨ�I=ƲÃʨ˹:ǜȨ;¸¢9̸AL� 

 

Ʋ TGB2Ʋ˯ȵ�I=Ʋ TGB3Ʋ˯ȵ:Å˹ 

Ʋ TGB2 Ʋ˯ȵ�I=Ʋ TGB3 Ʋ˯ȵ;²ŷɯ9ğƪ'/��qw  (TGB2; 

GDNLHALPHGGRY�TGB3; KQTLHHGTQPSTDL) PŢÞ9Ýɩ)L$65Ɩ/���q

w:ğƪ�ŢÞ@:Ýɩ�I=ǁ˯;����T�hW|�_iʆ9ŌȪ'/� 

 

ƲÃʨ˹ 

� ǲʗ5;�Ʋ TGB3 Ʋ˯ȵ:ɓɨơPĢ¡&+L/F�S�TytTʨ˹P˰2/�¸

¢9� (i) � ��qw[��:Å˹Ȩ� (ii) � ƲÃ:ʨ˹ȨP̸AL� 

 

 (i) � ��qw[��:Å˹Ȩ 

� Ʋ˯ȵ9¶ų'4͏̺&M/��qw (KQTLHHGTQPSTDL) P 0.1-0.2 g/ml 68LI

�[r���`~r�R� (0.2 M NaHCO3, 0.5 M NaCl) 1 ml9Ⱦ̂'/ (�\�wȾȱ)�

�\�wȾȱP 12,000�g�şȹ�10 ð:ǵº5͉Ɯ'£ʯɒPͨĔ'/�ʔ:[�� 

(PD-10 empty columns, GE Healthcare) 9 NHS-activated Sepharose 4FF (GE Healthcare) 

P 1.33 mlßM/ ([�������5 1 ml)�10 ml: 1 mM HClPȪ��ƶÃ9ĤCML

Um���|��PͨĔ'/�ƶÃ¡͎:ȱ�8 8L6ĠǦ9�\�wȾȱP͵�9Ȯ

'̴Q0��\�wȾȱ�8 8Lɵû9[��:¡͎6¢͎P͠(/�şȹ5 4 Ǧ͢͵

ˈ'/�[��:¡͎6¢͎P�"�6 ml:[r���`~r�R�PȪ�0�[��9 6 
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ml:Ȭȯ~r�R� (0.1 M CH3COONa, 0.5 M NaCl) PȪ�0�[��9 6 ml:��r

]�`~r�R� (0.5 M �|Xo|��S���0.5 M NaCl) PȪ��şȹ5 1Ǧ͢͵ˈ

'/�[��:¡͎6¢͎P͡��6 ml:Ȭȯ~r�R��6 ml:��r]�`~r�R

��6 ml:Ȭȯ~r�R��6 ml:[r���`~r�R�:ͽ9Ȫ�0�3 ml: 20% X

o|��Pþ��[��:¡͎6¢͎P͠(�4°C5Ïř'/� 

 

 (ii) � ƲÃ:ʨ˹Ȩ 

� Ïř9ɠ�/ 20%Xo|��Pͨ��10 ml:��͕~r�R� (PBS; 137 mM NaCl, 

2.7 mM KCl, 10 mM Na2HPO4�12H2O, 1.8 mM KH2PO4, pH 7.4) PȪ�0�Ʋ˯ȵP 5 ml

Ȫ�0�[��P̽2/Ʋ˯ȵPĳė'�ğ̅ 6ĳ[��P̽'/���͕~r�R�P 3 

ml *3Ȫ��[��PȬȯ'/�[��P͇̽'/~r�R�:ĥÜƆ� 0.005  J�9

8LC5ȬȯPʼ"/�3 M MgCl2P 500 µl*3Ȫ��ƲÃPȾî&+/�Ⱦî'/ɤð

:�1�ðÜÜƆ̅Pɠ�4ƲÃĤǭ͙PȺŝ'�ƲÃ�ĤCMLɤð:DP͌Ƴ'/�

͌Ƴ'/ɤðP��͕~r�R�9̼Ǹ'/�̼Ǹ˖6'4 SnakeSkin Dialysis Tubing 

(Thermo Fisher Scientific) PÆɠ'/� 

 

3.2.10.� S`�U��T�v��g�� 
 

� S`�U��T�v��g��9ILVU�iǃʏ; 2.2.6.ͼ6ĠȊ9˰2/�/0'�

ɄƆ (OD600) ; 0.59̕Ǖ'4˰2/� 

 

3.2.11.� g�UzxjxŲ͡˥�J:VU�io��_̠:Ȇî 
 

� ǃʏ˥9�"LVU�io��_̠:˨ʐ͙Pŝ͙ɯ9̂Ǹ)L/F�VXio���

rv̂ǸP˰2/�o��_̠:ƵîȨ6'4;� (1) � ào��_̠:ƵîȨ� (2) � ̣

͉Ɯðͯ9IL£Ⱦơo��_̠:ƵîȨ: 2ʏ΄Pɠ�/�-M.M¸¢9̸AL� 

 

 (1) � ào��_̠:ƵîȨ 

� g�Uzxjx:˥P 2.0 ml �io�}�wq��� (~UZ�uT[�eUX�i) 

9ĳė'/�2.0 mlq���9�o�c�� (~UZ�uT[�eUX�i) PßM�ȱÃ

ʕʱ§5ëʸ&+/�2.0 mlq���PgWU_�io�Z�v ver2.0 (~UZ�uT[�

eUX�i) 5ʀɿíɛ'/�ʀɿ'/˥�Ⱦ"Lû91�RIPA~r�R�P100 µlþ��

��rtT�`5ȳ,/�ʀɿȱPǛ'�Xr��q���9ʍ'�1,000�g�4°C�10
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ð:ǵº5͉Ɯ'/�¡ȵPĳė'�5�GSB (50%(v/v) glycerol�312 mM Tris�10%(w/v) 

SDS�500 mM DTT�0.01%(w/v) BPB) P 25 µlþ��65°C5 10ð͢íɛ'/�Ƞ¡5Ơ

é'�SDS-PAGE9È̋'/� 

 

 (2) � £Ⱦơo��_̠:ƵîȨ 

� g�Uzxjx:˥P 2.0 ml �io�}�wq��� (~UZ�uT[�eUX�i) 

9ĳė'/�2.0 mlq���9�o�c�� (ś°ıȐ) PßM�ȱÃʕʱ§5ëʸ&+/�

2.0 ml q���PgWU_�io�Z�v ver2.0 (~UZ�uT[�eUX�i) 5ʀɿ

íɛ'/�ʀɿ'/˥�Ⱦ"Lû9~r�R�A (10 ml�/K:ʶƪ; 500 mM Tris�15 mM 

MgCl2�120 mM KCl�20%(v/v) glycerol�10 mM DTT�Complete, Mini, EDTA-free (Roche) 

1͜) P 100 µlþ����rtT�`5ȳ,/�ʀɿȱPǛ'�Xr��q���9ʍ'�

1,000�g�4°C�20ð:ǵº5͉Ɯ'/�¡ȵP̣͉ƜȐɠ:q���9ĳė'�41600×g�

4°C�30ð:ǵº5͉Ɯ'/�¡ȵPĜȾơɤð (Sɤð) 6'4ĳė'/�Ȥș�Ȗ24

�Lq���9~r�R�A P 300 µl ßM�)!9ĳė'/ΑȤș:ȬȯΒ�Ȥș9 1.25

�GSBP 100 µlþ����rtT�`5ȤșPȾ�'/�65°C5 10ð͢ŋơíɛ'/�

Ƞ¡5Ơé'�SDS-PAGE9È̋'/� 

 

� VXio���rv̂Ǹ; 2.2.11.ͼ6ĠȊ9˰2/�/0'�VU�io��_̠P̎

̙)L�ȒƲÃ6'4�Ʋ RdRpƲÃ (Komatsu et al., 2011)�Ʋ TGB1ƲÃ (Okano et al., 

2014)�Ʋ TGB2Ʋ˯ȵ (3.2.9.ͼ)�Ʋ TGB3ƲÃ (3.2.9.ͼ)�Ʋ CPƲÃ (Ozeki et al., 2009) 

PÈ̋'/� 

 

3.2.12.�  ~�w:ŝ͙ 
 

� VXio���rv̂Ǹ9I24ƖJM/ʸǺPŝ͙ɯ9̂Ǹ)L/F9�g`x�:

ɅƆ:ŝ͙P˰2/�ŝ͙9;ɤØ̂Ǹm�vVWS Image JPÆɠ'/� 
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˴ 3.1� ǲʗ5Æɠ'/��U��:͑ò 

��U��ġ ͑ò (5′-3′)  

PlRep-F3 AATCCCCAGACTTCCATGAGCACC 

PlRep-R3 TTTTCTTTGCGCCGAGCTTCTC 

sGFP-379F AAGGGCATCGACTTCAAGGAG 

sGFP-486R GATGCCGTTCTTCTGCTTGTC 

Pr-5101F CCGGGACCCTCTCCCACTCGCATTCCTC 

Pr-6102R GGCCCACCAGACTTTCACTGGTC 
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3.3.� ʸǺ 

3.3.1.� ncbpŋɨÃ5; PlAMV:ʴ˒͢ʍ˰�Ʊø&ML 

� 2.3.1.�I= 2.3.3.ͼ:̂Ǹ:ʸǺ�ncbp ŋɨÃ:ǃʏ˥5; PlAMV :˨ʐ͙�Á¢)

L$6�ʄ&M/�1.2.2.�I= 3.1.ͼ5̸A/I�9�Potexvirus ųVU�i:Ƨǻ;


ʴ˒ä5:ňȗ��ʴ˒͢ʍ˰��̥ͯ͟ʍ˰: 3 ȘͩPʷL�2.3.2.ͼ:̂Ǹ9I24�

ncbp ŋɨÃ5;ů8 6G�:̥ͯ͟ʍ˰:Șͩ;ͥš&M4�L$6�ǣJ�982/�

-$5�ncbp ŋɨÃ9��4�:ʴ˒͢ʍ˰�ͥš&M4�L�ģ�93�4̂ǸP˰2

/� 

� 2.3.1.�I= 2.3.3.ͼ5ɠ�/ȐȄǃʏȨ5;˺ǔ:˭Üǘ�ˮğ)L$6�ō �Ďʴ

˒�J:Ƅ�KPŝ͙ɯ9̂Ǹ)L$6�ĵͰ5�2/�$:İ΂P̂ȣ)L/F�ǲʗ

5;��tT_�\�Ȩ9IK ncbp-1ŋɨÃ�I= Col-0:Ďʴ˒9 PlAMV-GFPPǃʏ

'/�ǃʏ 12Ǧ͢Ɣ�24Ǧ͢Ɣ�36Ǧ͢Ɣ9ǃʏ˥P̀Ŧ'/6$N��*M:ǦɈ5

G ncbp-1ŋɨÃ9�"L˭Üǘ:Ŏ�&; Col-09ȜA4Ů&�2/�$:ʸǺPŝ͙ɯ

9̂Ǹ)L/F�GFP ˭ÜPɬ)LͿľ:ͷʐPȺŝ'/�-:ʸǺ��*M:ǦɈ5G

ncbp-1 ŋɨÃ5; Col-0 9ȜA4˭Üǘ:Ŏ�&�ǭƦ9Á¢'4�/ (Ķ 3.2)�$MJ

:ʸǺ�J�ncbp-1 ŋɨÃ5; PlAMV-GFP :ʴ˒͢ʍ˰�ͥš&M4�L$6�ʄ&M

/�  
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Ķ 3.2� ncbp-1ŋɨÃ5; PlAMV-GFP:ʴ˒͢ʍ˰�ͥš&ML 

a. ˴ɱʴ˒9�"L PlAMV-GFP:˭Üèɸ�ncbp-1ŋɨÃ�I= Col-0:�lrv˥9

��~�w��vȨ9IK PlAMV-GFPPŭß'/�ŭß 12Ǧ͢Ɣ�24Ǧ͢Ɣ�36Ǧ͢

Ɣ9˭ÜèɸPǌƐ'/�ia��~�; 200 µmPʄ)� 

b. ǃʏ˥9�"L˭Üǘ:Ŏ�&:ŝ͙�a.5ʄ'/˭ÜǘPm�vVWS (Image J�
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v1.40) 9IKŝ͙'/�1ĳ:Ş΋5ů8 6G 53¸¡:˭ÜǘP̂Ǹ'/�ncbp-1ŋ

ɨÃ9�"L˭Üǘ:Ŏ�&P�ǃʏ 12Ǧ͢Ɣ: Col-09�"L˭Üǘ:Ŏ�&P 1.06

'/ɶŨÓ6'4ʠî'/�X��~�;ȌȽ̑źPʄ)�Sio�i_;ǭƦź�̎F

JM/$6Pʄ) (�, p < 0.05; **, p < 0.001)� 

 

3.3.2.� ncbpŋɨÃ5; PlAMV:Ďʴ˒9�"Lňȗ;ͥš&M8� 

� 3.3.1.ͼ:̂Ǹ:ʸǺ�ncbp-1ŋɨÃ5; PlAMV-GFP:�ʴ˒͢ʍ˰�ͥš&M4�L

$6�ʄĮ&M/�-$5�ʴ˒͢ʍ˰:û:Șͩ5�L
ʴ˒ä5:ňȗ�ͥš&M4

�L�ģ�93�4̂ǸP˰2/�ncbp-1 ŋɨÃ�I= Col-0 :Ų͡˥IK��v��i

vP̕˹'�PlAMV :Ƨǻơ cDNA _����I=Ō͎ȌȽ6'4 GFP Pɬə)L��

i�w (Chiu et al., 1996) Pŭß'/�ŭß 0Ǧ͢Ɣ�12Ǧ͢Ɣ�24Ǧ͢Ɣ9��v��

ivPĳė'/�$MJ:��v��ivIKà RNAPƵî'�ŝ͙ RT-PCR9IKVU

�i RNA:˨ʐ͙Pŝ͙'/�-:ʸǺ�ncbp-1ŋɨÃIK̕˹'/��v��iv9�

"LVU�i RNA:˨ʐ͙;�Col-09�"L˨ʐ͙6Ġʝ5�2/ (Ķ 3.3)� 

 

� ��v��iv9�"LVU�i:˨ʐPIK̍ʴ9̂Ǹ)L/F9�b|� RNA��

Uxi͝ RNA�e�b|� RNA :ȆîP˰2/�ncbp-1 ŋɨÃ�I= Col-0 ɢǶ:��

v��iv9 PlAMV:Ƨǻơ cDNA_���Pŭß'�3ǞƔ9��v��ivPĳė'

/�$MJ:��v��ivIKƵî'/à RNAPͱȞȫă9IKðɤ'���i͝ RNA

PȆî)L�����G' ;�Uxi͝ RNAPȆî)L����Pɠ�/|�f���

rv̂ǸP˰2/�-:ʸǺ�ncbp-1ŋɨÃɢǶ:��v��iv9�"Lb|� RNA:

˨ʐ͙��Uxi͝ RNA:˨ʐ͙�e�b|� RNA1�I= 3:˨ʐ͙; Col-0ɢǶ:�

�v��iv9�"L-MJ6Ġʝ5�2/ (Ķ 3.4)�'�'8�J�e�b|� RNA2
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; ncbp-1 ŋɨÃ�I= Col-0 :�*M9��4GȆî&M8�2/ (Ķ 3.4)�$:ēĴ6

'4;�e�b|� RNA2 :˨ʐ͙�Á�$6�ˋ�JM/�¸¡:ʸǺ�J�nCBP �

ȑǉ'4GĎʴ˒9�"Lb|� RNA:˨ʐ9;Ɛͺ�8�$6�ʄ&M/�C/�3.3.1.

ͼ:ʸǺ6ğO+4ˋ�L6�ncbp-1ŋɨÃ5;VU�i:Ďʴ˒9�"Lb|� RNA:

˨ʐ9;Ɛͺ�8���ʴ˒͢ʍ˰;ͥš&ML$6�ʄĮ&M/� 

 

 

Ķ 3.3� ��v��iv9�"LVU�i RNA:ŝ͙ɯ̂Ǹ 

� ncbp-1ŋɨÃ�I= Col-0IK��v��ivP̕˹'�PlAMVPc�w)L��i�

w�I= GFPPɬə)L��i�wPŭß'/�ŭß 0Ǧ͢Ɣ�12Ǧ͢Ɣ�24Ǧ͢Ɣ9

à RNAPƵî'�ŝ͙ RT-PCRȨ9IKVU�i˨ʐ͙P̂Ǹ'/�Ğe���9�"L

VU�i˨ʐ͙P GFP mRNA :˨ʐ͙5ȌȽĆ'ɶŨ˨ʐ͙Pʠî'/�ncbp-1 ŋɨÃ

9�"LVU�i˨ʐ͙P�ǃʏ 0Ǧ͢Ɣ: Col-09�"LVU�i˨ʐ͙P 1.06'/ɶ

ŨÓ6'4ʠî'/�X��~�;ȌȽ̑źPʄ)� 
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Ķ 3.4� |�f���rv̂Ǹ9ILVU�i RNA:Ȇî 

� ncbp-1ŋɨÃ�I= Col-0IK��v��ivP̕˹'�PlAMVPc�w)L��i�

wPŭß'/�3 ǞƔ9à RNA PƵî'�|�f���rv̂Ǹ9IKVU�i RNA P

Ȇî'/�Ǭ¢Ș;�ȫă͙:c�v���6'4��m�� RNA:XqhV����U

wǻ˞ØPʄ)� 
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3.3.3.� ��v��iv9�"LVU�io��_̠:Ȇî 

� 3.3.1.ͼ:̂Ǹ:ʸǺ�ncbp-1ŋɨÃ5; PlAMV :ʴ˒͢ʍ˰�ͥš&ML$6�ʄĮ

&M/�nCBP �ˊ̈͡ŕĴŗ5�L$6P>C�L6�ncbp-1 ŋɨÃ5;VU�i:ʴ

˒͢ʍ˰9Ɲ˻8VU�io��_̠:˨ʐ�Ʊø&M4�LĜ˓ơ�ˋ�JM/�-$

5�$:¹̒PȆ̉)L/F9�ncbp-1ŋɨÃ�I= Col-0ɢǶ:��v��iv9 PlAMV

:Ƨǻơ cDNA _���Pŭß'�VXio���rv̂Ǹ9IKVU�io��_̠:

ȆîP̋D/�-:ʸǺ�ncbp-1 ŋɨÃ�I= Col-0 ɢǶ:��v��iv:�*M9�

�4G�RdRp�TGB1�CP�ĠʎƆ9˨ʐ'4�L$6�ǣJ�982/ (Ķ 3.5)�'�

'8�J�TGB2�I= TGB3; ncbp-1ŋɨÃ�I= Col-0:�*M9��4GȆî&M

* (Ķ 3.5)�˨ʐ͙93�4̊Ê)L$6�5�8�2/� 
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Ķ 3.5� ��v��iv9�"LVU�io��_̠:Ȇî 

ncbp-1ŋɨÃ�I= Col-0IK��v��ivP̕˹'�PlAMV:Ƨǻơ cDNA_��

�Pŭß'/�3ǞƔ9Ƶî'/ào��_̠PÈ̋'4VXio���rv̂ǸP˰2

/�Ȇî9ͪ'4;Ʋ RdRpƲÃ�Ʋ TGB1ƲÃ�Ʋ CPƲÃ�Ʋ TGB2Ʋ˯ȵ�Ʋ TGB3

Ʋ˯ȵPɠ�/�{\tT�c�v���6'4Ͷŭß��v��iv�JƵî'/à

o��_̠Pȫă'/� 
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3.3.4.� ncbp ŋɨÃ5;ʍ˰o��_̠ TGB2 �I= TGB3 :˨ʐ͙�ȷů)

L 

� 3.3.3.ͼ9�"L��v��ivPɠ�/Ş΋ʪ5;�TGB2�I= TGB3PȆî)L$

6�5�8�2/�$:ɛɢ6'4���v��ivPɠ�/Ş΋ʪ5;VU�i:Ƨǻ

Ăɘ�Á �TGBΕ�I= TGB3 �Ċð9˨ʐ'4�8�$6�ˋ�JM/�-$5ǲʗ

5;�S`�U��T�v��g��Ȩ9IKg�Uzxjx:Ų͡˥9Ăɘɯ9VU�

iPǃʏ)L$6P̋D/�S`�U��T�v��g��ȨPɠ�L$65�S`�~

_t�V�PȪß'/Ϳľ9Ũ'4�Ȋ9VU�iPǃʏ)L$6�5�L�PlAMV-GFP

:Ƨǻơ cDNA_���PƏ̠̩Ǉ'/S`�~_t�V�P ncbp-1ŋɨÃ�I= Col-0

:Ų͡˥9Ȫß'�4ǞƔ9ǃʏ˥Pĳė'/�$MJ:˥�Jào��_̠PƵî'�V

Xio���rv̂ǸP˰2/�-:ʸǺ�RdRp�TGB1�I= CP:˨ʐ͙; ncbp-1ŋ

ɨÃ�I= Col-0 5Ġʝ5�2/ (Ķ 3.6a)�$:ʸǺ;���v��iv9�"LVU�

io��_̠:ȆîʸǺ6Ġ(ʸǺ5�2/��ǜ�ncbp-1ŋɨÃ9�"L TGB2:˨ʐ

͙;�Col-09�"L˨ʐ͙6Ȝ̬'4Ŏ� Á¢'/ (Ķ 3.6a)�'�'8�J�TGB3o

��_̠:~�w;Ͷɓɨ:~�w6Ĉõ�5�*�˨ʐ͙P̊Ê)L$6�5�8�2

/� 

� Ȓ9�ƖJM/VXio���rvØ�JĞVU�io��_̠:~�w:Ʌ&PȺŝ

)L$65�VU�io��_̠:˨ʐ͙Pŝ͙ɯ9̂Ǹ'/�3.3.2.�I= 3.3.3.ͼ:ʸ

Ǻ�J�ncbp-1 ŋɨÃ�I= Col-0 :��v��iv5; PlAMV :b|� RNA �I=

RdRp:˨ʐ͙�ŋOJ8�$6�ʄĮ&M4�L�-$5ǲʗ5;�RdRp:˨ʐ͙PŁ

Ƚ6'4 TGB1�TGB2�CP:ɶŨ˨ʐ͙Pʠî'/�-:ʸǺ�TGB1�I= CP:˨ʐ

͙; ncbp-1ŋɨÃ�I= Col-0:͢5Ŏ� ŋOJ8�2/:9Ũ'4�TGB2:˨ʐ͙
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; ncbp-1ŋɨÃ5ǭƦ9Á¢'/ (Ķ 3.6b)�$MJ:ʸǺ�J�ncbp-1ŋɨÃ5; TGB2

:˨ʐ͙�Á¢)L$6�ǣJ�982/� 

 

� ǝŃ9��4�TGB3;Ů˒Ã (endoplasmic reticulum; ER) ˖6ɶ¯Åɠ)L$6�Ń

Ħ&M4�L (Chou et al., 2013)�-$5�g�Uzxjx:ǃʏ˥�J£ȾơɤðPʨ˹

'�TGB3PͶɓɨ:~�w6Ĉõ'4ɓɨɯ9Ȇî)L$6P̋D/�Col-0:Ų͡˥9

PlAMV-GFPPS`�U��T�v��g��Ȩ9IKǃʏ'�4ǞƔ9ǃʏ˥Pĳė'/�

ǃʏ˥IKƵî'/ào��_̠P̣͉ƜðͯȨ9IKðɤ'�ĜȾơɤð (S30) 6£Ⱦ

ơɤð (P30) PƖ/�$MJ:ɤðPɠ�4Ʋ TGB3ƲÃ9ILVXio���rv̂Ǹ

P˰2/6$N�Ͷɓɨ:~�w; S30 ɤð:D5Ȇî&M/ (Ķ 3.7)�$:ʸǺ�J�

P30ɤðPɠ�L$65 TGB3:˨ʐ͙:̊Ê�Ĝ˓5�L$6�ǣJ�982/� 

� Ȓ9�ncbp-1 ŋɨÃ�I= Col-0 9 PlAMV-GFP PS`�U��T�v��g��Ȩ9

IKǃʏ'�4 ǞƔ9ǃʏ˥Pĳė'/�ǃʏ˥IK P30 ɤðP̕˹'�VXio���

rv̂Ǹ9IK RdRp �I= TGB3 :ȆîP˰2/�-:ʸǺ�ncbp-1 ŋɨÃ9�"L

TGB3:˨ʐ͙; Col-09�"L˨ʐ͙6ȜA4Ŏ� Á¢)L$6�ǣJ�982/ (Ķ

3.8a)�~�w:Ʌ&PȺŝ)L$65 TGB3 :ɶŨ˨ʐ͙Pŝ͙'/6$N�TGB3 :˨

ʐ͙; Col-09ȜA4 ncbp-1ŋɨÃ5ǭƦ9Á¢)L$6�ʄ&M/ (Ķ 3.8b)� 
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Ķ 3.6� ncbp-1ŋɨÃ5; TGB2:˨ʐ͙�Á¢)L 

a. ncbp-1 ŋɨÃ�I= Col-0 9�"LVU�io��_̠:Ȇî�ncbp-1 ŋɨÃ�I=

Col-09S`�U��T�v��g��Ȩ9IK PlAMV-GFPPǃʏ'�4ǞƔ9Ƶî'/

ào��_̠PÈ̋'4VXio���rv̂ǸP˰2/�Ȇî9ͪ'4;Ʋ RdRpƲÃ�

Ʋ TGB1 ƲÃ�Ʋ CP ƲÃ�Ʋ TGB2 Ʋ˯ȵPɠ�/�{\tT�c�v���6'4Ͷ

ǃʏ˥�JƵî'/ào��_̠Pȫă'/�PlAMV Pǃʏ'/˥�JƵî'/ào��

_̠93�4;ɕʖ8Ş΋�JƖJM/ 2ĖƘPȫă'/� 

b. ncbp-1ŋɨÃ�I= Col-09�"L TGB1�TGB2�CP:ɶŨ˨ʐ͙�TGB1�TGB2�

CP:~�w:Ʌ&Pŝ͙'�RdRp:~�w:Ʌ&5ȌȽĆ'/�ncbp-1ŋɨÃ9�"L

VU�io��_̠:˨ʐ͙P�Col-09�"L˨ʐ͙P 1.06'/ɶŨÓ6'4ɟî'/�

X��~�; 5 e���:ȌȽ̑źPʄ)�Sio�i_;ǭƦź�̎FJM/$6Pʄ

) (�, p < 0.5)� 
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Ķ 3.7� ̣͉ƜðͯȨPɠ�/ TGB3o��_̠:ɓɨɯȆî 

Col-09S`�U��T�v��g��Ȩ9IK PlAMV-GFPPǃʏ'/�ǃʏ 4ǞƔ9à

o��_̠PƵî'�̣ ͉Ɯðͯ9IKĜȾơɤð (S30) 6£Ⱦơɤð (P30) 9ðɤ'/�

$MJ:ɤðPÈ̋'�Ʋ TGB3ƲÃPɠ�/VXio���rv̂ǸP˰2/� 
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Ķ 3.8� ncbp-1ŋɨÃ5; Col-06ȜA4 TGB3o��_̠:˨ʐ͙�Á¢)L 

a. ncbp-1ŋɨÃ�I= Col-09�"L TGB3:Ȇî�ncbp-1ŋɨÃ�I= Col-09S`�

U��T�v��g��Ȩ9IK PlAMV-GFP Pǃʏ'�4 ǞƔ9̕˹'/ P30 ɤðPÈ

̋'4VXio���rv̂ǸP˰2/�Ȇî9ͪ'4;Ʋ RdRp ƲÃ�I=Ʋ TGB3 Ʋ

ÃPɠ�/�{\tT�c�v���6'4Ͷǃʏ˥�J̕Ǖ'/ P30 ɤðPȫă'/�

PlAMVPǃʏ'/˥�JƵî'/ P30ɤð93�4;ɕʖ8Ş΋�JƖJM/ 2ĖƘPȫ

ă'/� 

b. ncbp-1ŋɨÃ�I= Col-09�"L TGB3:ɶŨ˨ʐ͙�TGB3:~�w:Ʌ&Pŝ͙

'�RdRp:~�w:Ʌ&5ȌȽĆ'/�ncbp-1ŋɨÃ9�"L TGB3:˨ʐ͙P�Col-0

9�"L˨ʐ͙P 1.06'/ɶŨÓ6'4ɟî'/�X��~�; 5e���:ȌȽ̑źP

ʄ)�Sio�i_;ǭƦź�̎FJM/$6Pʄ) (�, p < 0.5)�  
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3.4.� ˋŦ 

3.4.1.� nCBP; TGB2�I= TGB3:˨ʐPÎ͂)L 

� ǲʗ5;�ncbp ŋɨÃ6͘ɞĽȅɒ9�"L PlAMV :ƧǻăƨPȜ̬)L$69I2

4�PlAMV:Ƨǻ9�"L nCBP:Ȑ˓9̷L$6Pɴɯ6'4̂ǸP˰2/�3.3.1.ͼ9

IK�ncbp ŋɨÃ5;VU�i:ʴ˒͢ʍ˰�ͥš&M4�L$6PǣJ�9'/�Ȓ�

5 3.3.2.ͼ5;�Ďʴ˒9�"LVU�i˨ʐ͙P̂Ǹ'�b|� RNA�e�b|� RNA1�

e�b|� RNA3:˨ʐ͙� ncbpŋɨÃ�I=͘ɞĽȅɒ5Ġʝ5�L$6Pʄ'/�$

:ʸǺ�J�$MJ:VU�i RNA :ğƪ9 nCBP ;ͣOJ8�$6�ǣJ�982/�

&J9�3.3.4.ͼ: ncbp ŋɨÃ�I=͘ɞĽȅɒ9�"LVU�io��_̠:˨ʐ͙:

̂Ǹ�J�ncbpŋɨÃ5; TGB2�I= TGB3:˨ʐ͙�΃˦9Á¢)L$6�ʄ&M/�

TGB2 �I= TGB3 :˨ʐ͙:Á¢6VU�i:ʴ˒͢ʍ˰:Ʊø6:ͣ̀ơ93�4;

­ͼ5̸AL$66'�ǲͼ5; ncbpŋɨÃ5 TGB2�I= TGB3:˨ʐ͙�Á¢'/Ȑ

ȉ93�4ˋŦ)L� 

� ǝŃ5�TGB2 �I= TGB3 ;e�b|� RNA2 IKˊ̈&ML$6�ʄĮ&M4�L 

(Verchot et al., 1998)�ǲʗ:̂Ǹ5;�ncbpŋɨÃ�I=͘ɞĽȅɒ:�*M�JG�e

�b|� RNA2;Ȇî&M*�ncbpŋɨÃ9��4e�b|� RNA2:˨ʐ�Ʊø&M/

�ģ�;̊Ê5�8�2/�nCBP �e�b|� RNA2 :˨ʐ9ͣOLńğ�
nCBP �

RdRp9ILe�b|� RNA2:̩èPÎ͂'4�LĜ˓ơ��nCBP� PlAMV:e�b

|� RNA2:ð̂PƱø'4�LĜ˓ơ�ˋ�JML (Ķ 3.9)�PotexvirusųVU�i:e

�b|� RNA2 PŃĦ'4�L̖Ǘ5;Ş΋9 PVX Pɠ�4̂ǸP˰24�L$6�J 

(Verchot et al., 1998)�ǲʗ5e�b|� RNA2 �Ȇî5�8�2/ɛɢ:�36'4�

PlAMV:e�b|� RNA2:śŝơ�Á�Ĝ˓ơ�ˋ�JML�'/�24�
H�:¹
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̒PȆ̉)L/F9;�nCBPPȑǉ'/ȅɒPɠ�4 PVX:e�b|� RNA2:˨ʐ͙

P̂Ǹ)L$6�ǭɠ5�N�� 

� e�b|� RNA2 :̩èÎ͂�I=ð̂Ʊø9 nCBP �ͣOJ8�ńğ��nCBP �e

�b|� RNA2�J: TGB2�I= TGB3:ˊ̈PÎ͂'4�LĜ˓ơ�
nCBP� TGB2

�I= TGB3PśŝĆ'4�LĜ˓ơ87�ˋ�JML (Ķ 3.9)�nCBP�]�r�ȉ̿9

ʸğ)Lˊ̈͡ŕĴŗ5�K (Ruud et al., 1998; Joshi et al., 2005; Kropiwnicka et al., 

2015)�in vitro5;ˊ̈PÎ͂)LŃĦ (Ruud et al., 1998) P>C�L6��:Ĝ˓ơ�

ǭý5�L6ˋ�JML�$:¹̒Pɵǃɯ9Ȇ̉)L/F9;�e�b|� RNA2 �J

:ˊ̈ȭơ̋΋87�Ɲ˻5�L�C/�
:Ĝ˓ơPȆ̉)L/F9;�nCBP�řĺ)

Lǵº6řĺ'8�ǵº5 TGB2 �I= TGB3 :ð̂̾Ɔ9ź��L�7��P̕AL8

7:Ş΋�ˋ�JML0N��³Ɣ:̂Ǹ9I24 nCBP :ðŗȐ˓�ǣJ�98L$6

�ǮƓ&ML� 
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Ķ 3.9� PlAMV:Ƨǻ9�"L nCBP:Ƒü 

ǲ̖Ǘ:ʸǺ�J�nCBP:Ȑ˓6'4;ů8 6G¸¢: 43:Ĝ˓ơ�ˋ�JM/�


nCBP�e�b|� RNA2:̩èPÎ͂'4�LĜ˓ơ��nCBP� DCP1H DCP287

:˔]�r�͔ʱ (Iwasaki et al., 2007) :Ȑ˓Pͥš'4�LĜ˓ơ��nCBP�e�b

|� RNA2�J: TGB2�I= TGB3:ˊ̈PÎ͂'4�LĜ˓ơ�
nCBP� TGB2�

I= TGB3 :śŝơPĢ¡&+4�LĜ˓ơ5�L�Ķ:Ώ¨;]�r�ȉ̿�ˁ;b|

� RNA8J=9e�b|� RNA2�ɇ˞:ȉ̿;��m��P-M.Mʄ)� 
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3.4.2.� TGB2�I= TGB3:˨ʐ͙Á¢;ʴ˒͢ʍ˰:ͥš:ēĴ68L 

� ǲʗ:̂Ǹ:ʸǺ�ncbp ŋɨÃ5; PlAMV :ʴ˒͢ʍ˰�ͥš&ML$6�ǣJ�9

82/�1.2.2.�I= 3.1.ͼ5̸A/I�9�ȅɒVU�i�ʴ˒͢Pʍ˰)L/F9;�

VU�i RNA�ʴ˒äPʍ˰' PD@6÷͈)L$6�-'4 PDP͇̽)L$6�Ɲ;

5�L� 

� Potexvirus ųVU�i:ʴ˒͢ʍ˰9��4;�3 3:ʍ˰o��_̠5�L TGB1�

TGB2�TGB3�I=CP�č̕'4Ȑ˓)L$6�ǣJ�9824�L�TGB2�I=TGB3

; ER˖�J8LŮ˒ȉ̿ (TGB2/3Ů˒, TGB2/3 granule; Ķ 3.10) PƏƪ)L (Ju et al., 

2005; Tilsner et al., 2013)�TGB2/3Ů˒:ä͎9;��m���I= RdRp�řĺ)L$

6�J�ä͎5VU�io��_̠�ˊ̈&ML66G9VU�i RNA�˺˹'4�L6

ˋ�JM4�L (Ju et al., 2005; Bamunusinghe et al., 2009)�TGB2/3Ů˒;Ǭʵɯ9 PD

@6̯̺&ML (Tilsner et al., 2013; Ķ 3.10A)�PotexvirusųVU�i:VU�io��_

̠:�1�TGB1�I= TGB29 PD: SELPƸŎ)Lȭơ�ŃĦ&M4�L (Tamai and 

Meshi, 2001; Howard et al., 2004)�TGB1�TGB2�TGB39þ��CPG�tr_iVU�

i:ʴ˒͢ʍ˰9ͣOL$6�ǣJ�9824�L (Chapman et al., 1992; Ozeki et al., 

2009)�RdRp�TGB2/3Ů˒�TGB1�CP�VU�i RNA� PD5͗Ŵȉ̿ (PD cap; Ķ

3.10B) PƏƪ)L (Tilsner et al., 2013)�PotexvirusųVU�i; PD capPƏƪ)L$6

5�PD:̵Ö5ʍ˰o��_̠H˺˹͔ʱPˊ̈'��3VU�ib|�P˺˹'8�J

Ăɘɯ9VU�ib|�Pͬǃʴ˒@6ʍ˰&+4�L6ˋ�JM4�L (Tilsner et al., 

2013)� 

� $MJ:VU�io��_̠:�*M�ȑǉ'/ńğ9G��tr_iVU�i:ʴ˒

͢ʍ˰˓;őOML (Tilsner et al., 2013)�'/�24�ncbpŋɨÃ5 PlAMV:ʴ˒͢ʍ
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˰�ͥš&M/ʸǺ;�TGB2 �I= TGB3 :˨ʐ͙�˦' Á¢'/$6�ēĴ5�L

6͖̂5�L� 

�

 

Ķ3.10� PD̵Ö9�"LPotexvirusųVU�i:VU�io��_̠˺ğÃ�  (Tilsner et 

al., 2013)  

A. PotexvirusųVU�i�Ƨǻ'/ʴ˒9�"L TGB1�TGB2�TGB3�CP:ʴ˒äăƨ�

Ÿ�JƧǻóǮ (early)�Ƨǻ§Ǯ (middle)�ƧǻƔǮ (late) Pʄ)�ƧǻóǮ9;�TGB2/3

Ů˒ (TGB2/3 granule) � ER˖¡9Əƪ&ML�TGB2/3Ů˒;�ŝ:üğ5 PD̵Ö9



 92 

řĺ)L�C/ʴ˒ä9;ʦŗG̀Ŧ&ML�Ƨǻ§Ǯ9;�TGB2/3 Ů˒ĠŊ�ˮğ'�

IKŎ�8ȉ̿�Əƪ&ML�ƧǻƔǮ9;Ȁħ̳9��4VU�i˺˹˺ğÃ (VRC) �

Əƪ&ML�VRC ä9; TGB1 �ìͭ'4�L$6 (TGB1 aggregate) �ʄ&M4�L 

(Tilsner et al., 2012)� 

B. PD:̵Ö5Əƪ&ML PD cap:ȍƉĶ�TGB2�I= TGB3; PD:̵Ö: ER˖P

ŋơ&+�-$9Ů&8 VRCPƏƪ&+L�TGB2�I= TGB3; PDä͎: ER˖9G

řĺ)L�PD cap5˺˹&M/ǛɞVU�ib|�� PD@6ʍ˰' (Ĳ́ 1)�͎ðɯ9

ʦŗĆ&M/VU�ib|�� PDP͇̽)L6ˋ�JM4�L (Ĳ́ 2)� 
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ʛ 4ʗ� ʾğˋŦ  

 

4.1.� nCBP ; TGB Ľ:ʍ˰o��_̠Pǭ)L Alphaflexivirus ʊVU�i�

I= BetaflexivirusʊVU�i:Ƨǻ9ͣOL 

� ǲ̖Ǘ5;�Potexvirus ųVU�i:Ƨǻ9 eIF4E SUm�Y���ͣ¤)L�ģ�P

ǣJ�9)L$6Pɴɯ6'4̂ǸP˰2/�ʛΕʗ5;�PlAMV; eIF4ESUm�Y�

�:�1 nCBPPɓɨɯ9öɠ'4Ƨǻ'4�L$6PǣJ�9'/�$:ʸǺ;�nCBP

�ȅɒVU�i:Ƨǻ9ͣOL$6PóF4ʄ'/G:5�L�3 ʏ΄: eIF4E SUm�

Y��:�1�eIF4E�I= eIFiso4E�ȅɒVU�i:Ƨǻ9Ɲ˻5�L6��$MC5

:ɼ˼ (Sanfaçon, 2015; Truniger and Aranda, 2009) 6ğO+L6�3ʏ΄: eIF4ESU

m�Y��;à4ȅɒVU�i:Ƨǻ9ͣOL$6�ǣJ�982/� 

� C/ʛΖʗ:ʸǺ�J�nCBP; PlAMV:ʍ˰o��_̠5�L TGB2�I= TGB3:

˨ʐP´'4 PlAMV :ʴ˒͢ʍ˰9ͣ¤'4�L$6�ǄŦ&M/�&J9ʛΕʗ5;�

nCBPPöɠ)LVU�i; Alphaflexivirusʊ Potexvirusų:D8J*�Alphaflexivirusʊ

Lolavirusų�Betaflexivirusʊ Carlavirusų9Gřĺ)L$6Pʄ'/�˚ĨȲ�$69�

³ĳ nCBPPöɠ)L$6�ǣJ�982/VU�i;à4 TGBo��_̠Pb|�9ǭ

'4�L (Ķ 1.6)�'/�24�nCBP ;$MJ:ōȊ8ȅɒVU�i: TGB Ľ:ʍ˰o

��_̠:˨ʐPȔ9øƗ)L$65�ʴ˒͢ʍ˰9Ť¤'4�L:�G'M8��TGB

Ľ:ʍ˰o��_̠Pƹ/8� Alphaflexivirusʊ�I= BetaflexivirusʊVU�i:Ƨǻ9

nCBP�ͣOL�ģ�P̕AL$65$:¹̒:œƎơ�Ȇ̉5�L0N��&J9�ncbp

ŋɨÃ9��4 PlAMV ¸Ō: Alphaflexivirus ʊ�I= Betaflexivirus ʊVU�i: TGB2
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�I= TGB3:˨ʐ͙�Á¢)L�ģ�P̂Ǹ)L$6G͗˻5�L� 

 

� TGB Ľ:ʍ˰o��_̠Pc�w)LȅɒVU�i6'4�Alphaflexivirus ʊ�I=

Betaflexivirus ʊVU�i:µ9�Virgavirus ʊ Hordeivirus ųVU�i�Virgavirus ʊ

PecluvirusųVU�i�Virgavirusʊ PomovirusųVU�i�I= Benyvirusʊ Benyvirus

ųVU�i�ɼJM4�L (Verchot-Lubicz et al., 2010)�$MJ:VU�i: TGBo��

_̠:ˊ̈9G�Alphaflexivirusʊ�I= BetaflexivirusʊVU�i6ĠȊ9�2ǲ:e�b

|� RNA�Ɲ˻5�L6ˋ�JM4�L (Verchot-Lubicz et al., 2010)�'/�24�$M

J:ȅɒVU�i:Ƨǻ9G nCBP �ͣOLĜ˓ơ�ˋ�JM�³Ɣ:̂Ǹ9˚Ĩ�ƹ/

ML� 

 

4.2.� VU�i:b|�ȉ̿6ˊ̈͡ŕĴŗ:ɓɨɯöɠ 

� ȅɒ;b|�§9 3 ʏ΄: eIF4E SUm�Y��Pǭ'4�K��*M�:ĴŗPĎɕ

5ȑǉ'4Gɞː9Ɛͺ;ɞ(8� (Duprat et al., 2002; Lellis et al., 2002; Reinbold et al., 

2013; Patrick et al., 2014)�$:ʸǺ;�ˊ̈:͡ŕ9ͪ'4 eIF4ESUm�Y���Ȑ˓

ɯ9͗˺'4�L/F5�L6͖̂&M4�L�'�'8�J�Ď�: eIF4E SUm�Y

��Pȑǉ'/ȅɒ9��4ȅɒVU�i:Ƨǻơ�Á¢)L­Ç�ōǔŃĦ&M4�L 

(Truniger and Aranda, 2009; Sanfaçon, 2015)�$:ə̜;�ȅɒVU�i� eIF4ESUm

�Y��Pɓɨɯ9öɠ'4�L/F5�L6ˋ�JM4�L (Truniger and Aranda, 

2009)�ȅɒVU�i9IL eIF4ESUm�Y��:ɓɨɯ8öɠ;�ȅɒVU�i�ǭ)

Lɕɓ8ˊ̈Ȑȉ6ͣÍ��L:�G'M8��Şͪ�ȅɒVU�i:ō ; 5′Ǳʘ:]

�r�ȉ̿C/; 3′Ǳʘ:�� A ͑òPƹ/8� (˴ 4.1)�$MJ;�*MGˊ̈:͡ŕ
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9��4͗˻8ƑüPǺ/)ȉ̿5�L/F (Sachs, 2000)�ȅɒVU�i;·ǫ68Lȉ

̿PɗƖ'4�/�Ç�<�VU�ib|�§9řĺ)L cis-element@ɵǃˊ̈͡ŕĴŗ

P�_��v)Lȉ̿875�L (Dreher et al., 2006; Newburn and White, 2015)�$:I

�8ȉ̿6'4 TombusvirusʊVU�i�UmbravirusųVU�i�LuteovirusųVU�i

: 3′ cap-independent translation element (3′CITE) �ɼJM4�L (Simon and Miller, 

2014)�3′CITE 9ɓŝ:ˊ̈͡ŕĴŗ�ɵǃʸğ)L$65�]�r�ȉ̿�I=�� A

͑ò�řĺ'8 6G�Ăɘɯ9��m��P�_��v'VU�io��_̠Pˊ̈)

L$6�5�L (Dreher et al., 2006; Simon and Miller, 2014)�)8O1�]�r�ȉ̿H

�� A ͑òPƹ/8�ȅɒVU�i;ɓŝ:ˊ̈͡ŕĴŗ9Éř'4VU�io��_̠

Pˊ̈'4�L/F�eIF4ESUm�Y��Pȑǉ&+L$65$MJ:VU�i9Ũ'4

ƴƲơ68L6ˋ�JM4�L (Dreher et al., 2006; Sanfaçon, 2015)� 

� ǲ̖Ǘ5;�]�r�ȉ̿�I=�� A͑òPǭ)LȅɒVU�i5�L Alphaflexivirus

ʊ�I= BetaflexivirusʊVU�iPɠ�4̂ǸP˰��$MJ:VU�i:˨ʐ͙� ncbp

ŋɨÃ5Á¢)L$6PǣJ�9'/ (Ķ 2.2)�$:ʸǺ;]�r�ȉ̿�I=�� A ͑

òPǭ)LȅɒVU�i� eIF4E SUm�Y��Pɓɨɯ9öɠ'4Ƨǻ)L$6PóF

4ǣJ�9'/G:�L�'/�24�eIF4ESUm�Y��Pȑǉ&+L$65ƴƲơP

¶¤)Lƫɦ�]�r�ȉ̿�I=�� A ͑òPǭ)LȅɒVU�i9Ũ'4GǭĂ5�

L6ˋ�JM/� 

� '�'8�J�nCBP �]�r�ȉ̿P´'4 Alphaflexivirus ʊ�I= Betaflexivirus ʊ

VU�i:Ƨǻ9Ť¤'4�L�9;Ȇ̉:ÄĻ��L�ǲ̖Ǘ5;�ncbp ŋɨÃ5�t

r_iVU�i: TGB2 �I= TGB3 :˨ʐ͙�Á¢)L$6�ǣJ�982/�TGB2

�I= TGB3 ;e�b|� RNA2 IKˊ̈&ML$6�ʄ&M4�L� (Verchot et al., 
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1998)�e�b|� RNA29]�r�ȉ̿�řĺ)L�ģ�;Ȇ̉&M4�8��'/�2

4�e�b|� RNA2 ]�r�ȉ̿�řĺ'8�ńğ9;�e�b|� RNA2 ¡:

cis-elementP´'4 TGB2�I= TGB3�ˊ̈&MLĜ˓ơ�ˋ�JML� 
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ţ©: mRNA6ɨ8LǱʘȉ̿:ʟƭ;ˑǩPZ��h˞6'/�PotyvirusųVU�i�

I= Bymovirus ųVU�i: 5′Ǳʘ9;VU�io��_̠ VPg �áǭʸğ'4�L�

CarmovirusųVU�i: 5′Ǳʘ9;]�r�ȉ̿;řĺ'8��CucumovirusųVU�i

�I= CarmovirusųVU�i: 3′Ǳʘ9;�� A͑ò;řĺ'8�� 

 

4.3.� PotyvirusųVU�i�I= TobamovirusųVU�i6 eIF4ESUm�Y

��6:ͣOK 

� ǲ̖Ǘ5;�nCBP Pöɠ)LȅɒVU�iPǣJ�9)L/F9�ncbp ŋɨÃPɠ�

4ǃʏ̋΋P˰2/�-:ʸǺ�Alphaflexivirus ʊ�I= Betaflexivirus ʊ9ų)LȅɒV

����������*+24-95)	��%�
!(,+61&/35&����

�
!(�����*+24-95 ,+61
 ,+61�

BYMV
ClYVV
CVYV
ERV
LMV
MWMV
PepMoV
PepSMV
PepYMV
PPV
PVV
PVY
TEV
ZYMV
BaMMV
BaYMV
CMV Cucumovirus cap OH
MNSV Carmovirus - OH
ChiVMV
LMV
TuMV
PVMV

��&����#�$(����&��'��).780�# "

,+61/35&����

A(n)

eIF4E

Potyvirus VPg A(n)eIFiso4E

Bymovirus VPg A(n)

Potyvirus VPg
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U�i� nCBP Pöɠ'4�L$6�ʄĮ&M/��ǜ�Potyvirus ʊ Potyvirus ų9ų)

L TuMV�I= Virgavirusʊ Tobamovirusų9ų)L YoMV; nCBPPɓɨɯ9öɠ'4

�8�6ˋ�JM/� 

� TuMV�I= YoMV; nCBP¸Ō: eIF4ESUm�Y��Pöɠ)L:5�N���$

MC59�TuMV; eIFiso4EPȑǉ'/g�Uzxjx9Ƨǻ5�8�$6�J�eIFiso4E

Pɓɨɯ9öɠ'4�L6ˋ�JM4�L (Lellis et al., 2002; Nicaise et al., 2007)�TuMV

:b|� RNA: 5′Ǳʘ9;]�r�ȉ̿:·OK9VU�io��_̠ VPg (viral protein 

genome linked) �ʸğ'4�L$6 (˴ 4.1)��I= VPg � eIFiso4E6ɵǃʸğ)L$

6�J]�r�ȉ̿:·ǫ6'4 VPg �Ȑ˓)LĜ˓ơ�ˋ�JM4�L (Mäkinen and 

Hafrén, 2014)��ǜ�TuMV; eIF4EPȑǉ'/g�Uzxjx9͘ɞĽȅɒ6Ġʝ9à

̨Ƨǻ'/$6�J�TuMV ; eIF4E Pɓɨɯ9öɠ'4�8�6ˋ�JML (Gallois et 

al., 2010)� 

� TobamovirusųVU�i:b|�RNA: 5′Ǳʘ9;]�r�ȉ̿�řĺ)L$6 (Keith 

and Fraenkel-Conrat, 1975; Zimmern, 1975; Efimov et al., 2001 ) Pˋ�L6�Tobamovirus

ųVU�i�ˊ̈͡ŕĴŗPöɠ'4Ƨǻ'4�LĜ˓ơ;΍�5�N��YoMV 6̵˃

8 TobamovirusųVU�i5�L tobacco mosaic virus (TMV) :Ƨǻ6ˊ̈͡ŕĴŗ:ͣ

Íơ93�4;�HwangJ9ILŃĦ��L�ĠȝJ;�eIF4EC/; nCBPPɬəƱø

'/ N. benthamiana9�"L TMV:˨ʐ͙P̊Ê'��_o�c�v���6Ġʝ5�

L$6Pʄ'4�L (Hwang et al., 2013)�eIFiso4E:ɬəƱø93�4;Ş΋�˰OM4

�J*�TMV ; eIFiso4E Pɓɨɯ9öɠ)LĜ˓ơ;Ȗ&M4�L�'�'8�J�

Tobamovirus ųVU�i:VU�io��_̠:ˊ̈9ͪ'4�˺ǔ:ˊ̈͡ŕĴŗ�͗

˺'4Ȑ˓)LĜ˓ơG�L�$MJ:Ĝ˓ơPȆ̉)L/F9;�eIFiso4E Pȑǉ'/
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g�Uzxjx9�"L YoMV :˨ʐ͙̊ÊH�RNA eU��g�`Pɠ�/˺ǔ:

eIF4ESUm�Y��:ɬəƱøʪPɠ�/̂Ǹ�͗˻5�L� 

 

4.4.� PlAMV� ncbpŋɨÃ9ą̀Ƨǻ)LȐȉ  

� ʛ 2 ʗ:̂Ǹ5�ncbp ŋɨÃ5;͘ɞĽȅɒ6ȜA4 PlAMV :ą̀Ƨǻ�̈́ƈ)L$

6�ǣJ�982/�C/�3.3.1.ͼ:̂Ǹ5�ncbpŋɨÃ5; PlAMV:ʴ˒͢ʍ˰�̈́

ƈ)L$6�ʁ̎&M/�$MJ:ʸǺ;�nCBP �řĺ'8�ǵº5;̈́ƈ)LG::�

PlAMV;ͬǃʴ˒@ʍ˰'�ƧǻPƸŎ)L$6�Ĝ˓5�L$6Pʄ'4�L�ncbpŋ

ɨÃ5 PlAMV �ą̀Ƨǻ'/ēĴ6'4�ncbp ŋɨÃ5G TGB2 �I= TGB3 �ƚ͙9

˨ʐ'4�/$6��#JML0N� (Ķ 3.6, Ķ 3.8)�nCBP �řĺ'8�ǵº5 TGB2

�I= TGB3 �˨ʐ'/:;7:I�8Ȑȉ9ILG:5�N���$:I�8Ȑȉ:�

36'4�nCBP6Ȑ˓ɯ9͗˺'/Ĵŗ�řĺ)LĜ˓ơ�ˋ�JML� 

� ǝŃ5�CMV:ʍ˰o��_̠:ˊ̈9eIF4E�ͣ¤)L$6�ʄ&M4�L (Yoshii et 

al., 2004)�eIF4Eȑǉg�Uzxjx5;�CMV:ʍ˰o��_̠:˨ʐ͙�͘ɞĽȅɒ

6ȜA4΃˦9ȷů)L (Yoshii et al., 2004)�˚ĨȲ�$69�eIF4Eȑǉg�Uzxj

x9 CMV;ą̀Ƨǻ)L$6�5�L (Yoshii et al., 1998)�CMV:VU�i RNA: 5′

Ǳʘ9;]�r�ȉ̿�řĺ)L$6�J�µ: eIF4ESUm�Y��� eIF4E:Ȑ˓P

͎ðɯ9ɶ˸)L$6�5�/:0N��-:ʸǺ�eIF4EȑǉŋɨÃ5Gʍ˰o��_̠

�˨ʐ'�VU�i�̈́ƈ'33Gą̀Ƨǻ)L$6�5�/6ˋ�JML�ĠȊ9�

PlAMV : TGB2 �I= TGB3 :˨ʐÎ͂9G eIF4E G' ; eIFiso4E �ͣOLĜ˓ơ�

ˋ�JML�'�'8�J�TGB2 �I= TGB3 :ˊ̈͛Ľ68Le�b|� RNA2 9]

�r�ȉ̿�řĺ)L�ģ�;£ǣ5�L$6�J�eIF4ESUm�Y��¸Ō:Ĵŗ�ͣ
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¤)LĜ˓ơGˋ�JML�³Ɣ:̂Ǹ9I24 ncbpŋɨÃ5 TGB2�I= TGB3�ƚ͙

9˨ʐ'/Ȑȉ�ǣJ�98L$6�ǮƓ&ML� 

 

4.5.� nCBP͍½ŗ:ƴƲơ͍½ŗ̟ȼ6'4:ǭɠơ 

� �˜9�ȅɒ:ĴŗPȑǉ&+/ŋɨÃ5;�ɞː9ɨž�ɞ(LĜ˓ơ��L 

(Schepetilnikov et al., 2011; Xiong and Wang, 2013; Hashimoto et al., 2016)�Ç�<�TuMV

:Ƨǻ9Ɲ;8g�Uzxjx:Ĵŗ6'4 SUMO-conjugating enzyme 1 (SCE1) �ŃĦ

&M4�L��SCE1Pȑǉ'/g�Uzxjx;˙ȕ68L (Xiong and Wang, 2013)�

ŨɌɯ9�Ď�: eIF4E SUm�Y��Pȑǉ'/g�Uzxjx5;�Ş΋ş5:ɞː

£˝;̀Ŧ&M4�8� (Duprat et al., 2002; Lellis et al., 2002; Reinbold et al., 2013; 

Patrick et al., 2014)�$M;�ȖK: eIF4ESUm�Y���͗˺'4Ȑ˓)L/F5�L

6ˋ�JM4�L (Duprat et al., 2002; Lellis et al., 2002; Reinbold et al., 2013; Patrick et 

al., 2014)�'/�24�eIF4E SUm�Y��Pȑǉ&+Lƫɦ;ɞː¡:˴əĽ�İ΂

98J8�6ˋ�JM�ŞɠĆ938�LĜ˓ơ�΍��Şͪ9�eIF4ESUm�Y���

ȑǉ'/Ĭʏ;�Hordeum vulgare (Kanyuka et al., 2004; Kanyuka et al., 2005)�Capsicum 

annuum (Moury et al., 2004)�Cucumis melo (Diaz et al., 2004; Nieto et al., 2006)�Lactuca 

sativa (Nicaise et al., 2003)�Pisum sativum (Gao et al., 2004) �I= Solanum hirsutum 

(Ruffel et al., 2005) 875ŞɠĆ&M4�L� 

� ǲ̖Ǘ:ʸǺ�nCBP Pȑǉ&+L$65 TGB Ľ:ʍ˰o��_̠Pǭ)L

Alphaflexivirus ʊ�I= Betaflexivirus ʊVU�i:ƧǻPͥš)L$6�Ĝ˓5�L$6

�ǣJ�982/�nCBPPȑǉ'/g�Uzxjx;͘ɞĽg�Uzxjx6Ġʝ9ɞː

'/$6�J�ncbp ŋɨÃ5; eIF4E G' ; eIFiso4E �-:Ȑ˓Pɶ˸'4�L6Ǆ
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Ⱥ&ML�'/�24�nCBPPȑǉ&+L6��ƫɦ9I24�ȅɒÃ:ɞːPǉ8�$

68 Alphaflexivirusʊ�I= BetaflexivirusʊVU�i9Ũ'4ƴƲơPʄ)ȅɒ:Åî

�Ĝ˓5�L6ˋ�JML� 

� ̵Ɓ�TALENH CRISPR87:b|�˂ͭư˱9I24²ɉɯ9ȅɒ:ɓŝ:͍½ŗ9

ŋɨPŭß)L$6�Ĝ˓682/�Şͪ9�$MJ:ư˱Pɠ�4�ȅɒVU�i9Ũ

'4ƴƲơPǭ)Lȅɒ:Åî�˰OM4�L (Chandrasekaran et al., 2016; Pyott et al., 

2016)�ŬǶɯ9;$MJ:ư˱Pȭɠ' nCBP Pȑǉ&+/Åɒ�Åî&ML$65�

Alphaflexivirusʊ�I= BetaflexivirusʊVU�i:˶š�̫ȷ&ML$69ǮƓ'/�� 

 

4.6.� eIF4ESUm�Y��;Ǩ͆ɯ9ȅɒVU�i:Ƨǻ9ͣOL� 

� ÿơƴƲơ͍½ŗ:Ȑ˓̂Ǹ9I24ȅɒVU�i:Ƨǻƫɦ93�4:ɛ̂PȲFL

$6�Ĝ˓68L�ǲʗ5;�PlAMV6 eIF4ESUm�Y��:ͣOKP§Ɯ6'4�ȅ

ɒVU�i� eIF4ESUm�Y��PǨ͆ɯ9öɠ)LĜ˓ơ93�4ˋŦ)L� 

� ȅɒVU�i RNA�J:VU�io��_̠:ˊ̈9ͪ'4;�ȅɒVU�i;ţ©:

��m��Pöɠ'8"M<8J8��ȅɒ: mRNA¡9��m����_��v&ML

/F9;�eIF4ESUm�Y��P;(F6'/ˊ̈͡ŕĴŗ� mRNA: 5′Ǳʘ5Ȑ˓)

LƝ˻��L�)8O1�VU�i;��m��:D8J*���m��:�_��v9

ͣ¤)Lˊ̈͡ŕĴŗGöɠ'4�L6ǄŦ&ML� 

� eIF4E SUm�Y��Pöɠ)Lͪ9;�ȅɒVU�i;
�3: eIF4E SUm�Y�

�Pɓɨɯ9öɠ)Lńğ6�˺ǔ: eIF4E SUm�Y��P͗˺'4öɠ)Lńğ��

L6ˋ�JML�ǲ̖Ǘ: 2.3.1.ͼ5 eIF4E SUm�Y��Pȑǉ'/g�Uzxjx9

PlAMVPǃʏ'/ʸǺ�eif4eŋɨÃ�I= eifiso4eŋɨÃ5;͘ɞĽȅɒ6Ġʝ9 PlAMV
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�Ƨǻ'/��ncbp ŋɨÃ9�"L PlAMV :˨ʐ͙;͘ɞĽȅɒ6ȜA4ǭƦ9ȷů'

/�$:ʸǺ�J�PlAMV� nCBPP
ɓɨɯ9öɠ'4�L6ˋ�JM/�&J9�3.3.4.

ͼ:̂Ǹ:ʸǺ�ncbpŋɨÃ5; PlAMV9c�w&MLVU�io��_̠:�1�TGB2

�I= TGB3:˨ʐ͙�΃˦9ȷů'/�'/�24�PlAMV; eIF4ESUm�Y��:

�1�nCBPPɓɨɯ9öɠ'4 TGB2�I= TGB3P˨ʐ&+4�L$6�ʄĮ&M/�

�ǜ�ncbp ŋɨÃ9��4G�RdRp�TGB1 �I= CP ;͘ɞĽȅɒ6Ġʝ9˨ʐ'/�

PlAMV :b|� RNA 9;]�r�ȉ̿�řĺ)L$6P>C�L6(Sonenberg et al., 

1978; Dolja et al., 1987)�RdRp:ˊ̈9; eIF4E�eIFiso4E�I= nCBP��͗˺'4Ȑ

˓)L6ǄȺ&ML�3CK�PlAMV; 3ʏ΄: eIF4ESUm�Y��Pà4öɠ'4�

LĜ˓ơ�ˋ�JML� 

� 4.2.ͼ5̸A/I�9�ȅɒVU�i;b|�:Ǳʘȉ̿9ͣOJ* eIF4ESUm�Y�

�Pɓɨɯ9öɠ'4�L$6�ǣJ�9824�/ (˴ 4.1)�'�'8�J�ȅɒVU�

i� eIF4E SUm�Y��P͗˺'4öɠ)LĜ˓ơ93�4;ɾʓ�B6Q78&M4

�8��Virgavirus ʊVU�iH Bromovirus ʊVU�i:I�9�]�r�ȉ̿Pǭ)L

ȅɒVU�i;ō řĺ)L$6�J�eIF4ESUm�Y��P͗˺'4öɠ)LÇ;ō�

6ǄŦ&ML�³Ɣ:̂Ǹ9I24�eIF4E�eIFiso4E �I= nCBP �Ð�:ȅɒVU�

i:Ƨǻ97:I�9ͣ¤)L:��ǣJ�9&ML$65�ȅɒVU�i:Ƨǻƫɦ:

ɛ̂�͂E6ˋ�JML� 
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ǋ˻  

º ��ÚÀf|ìëĉ÷Üòüă�Ú´äçÒWÛùĊýð¨ÎÈóċûÎÖÇäÐÀÑÛ@WÛ

¬�8�|×>�f|ÚNdÏæÒàÚÜÀ3WÛ>�Û)8é��ÎÙËçÝÙäÙÄÁÌ

Û>�)8ÉlVáÎÊÜ1�ÎÒf|×ÜÀìëĉ÷Û0náÎÊÜNd·,ÛT4É³=Í

çÀf|Üìëĉ÷Ú?ÎÖSRMé�ÏÁÌÛãÅÙÀ>�)8ÛlVÚãæìëĉ÷SRM

Ü�M¬�ÏæÌØÈä�MSRMØ$ÝçÀ3ÊÛìëĉ÷SRM&�Ú£�ÍçÖÄæÁÏ

ÙèÓÀ>�)8Û};Üìëĉ÷SRM�|é��ÏæÒàÛ¬�8¦zé0âÏÌØÚÕ

ÙÉæÁßÒÀ>�)8Ûk�é¤cÏæÌØ×Àìëĉ÷ÛNdP�ÚÕÄÖ�¤éwàæÌØ

É��ØÙæÁ 

º Ìçß×ÚĂúÿĊñÍçÒ�MSRM¬�8Û3ÊÜ�¥°7)8 eukaryotic translation 

initiation factor (eIF) 4E áÎÊÜÑÛêëøĀíċă×Ãæ eIFiso4E éóċûÏæÁeIF4EÇãÞ

eIFiso4EÜ mRNAÛïąúāhªÚ�!Ïæ)8×ÃåÀmRNAÈäÛùĊýð¨Û�¥Û°

7Ú²èæÁeIF4EÉlVáÎÊÜ1�ÎÒf|ÜPotyvirusCìëĉ÷ÀBymovirusCìëĉ÷À

CucumovirusCìëĉ÷ÇãÞCarmovirusCìëĉ÷Ú?ÎÖSRMØÙåÀeIFiso4EÉlV

áÎÊÜ1�ÎÒf|Ü Potyvirus Cìëĉ÷ÚSRMØÙæÁf|Û eIF4E êëøĀíċăØÎ

ÖÜÀeIF4EÀeIFiso4EÚ�ÆÖÀnovel cap binding protein (nCBP) É9+ÏæÌØÉ�äç

ÖÄÒÉÀnCBPÉìëĉ÷ÛNdÚ²èæÈ#ÈÜZäÈ×ÙÈÔÒÁ 

º Alphaflexivirus ʊ Potexvirus ųVU�i;��i͝ RNA Pb|�6'�-: 5′Ǳʘ9;

]�r�ȉ̿��3′Ǳʘ9;�� A͑ò�řĺ)L�Potexvirusų9;���ʊȅɒ9�f

U_ɫɔPƊ�̢$) cymbidium mosaic virus (CymMV) H���ʊȅɒ9ŉȕɫɔPG/

J) plantago asiatica mosaic virus (PlAMV) 87�ĤCML���ʊH��ʊ:ȅɒ;Ǿ



 104 

·˅ȗ9IKǿPňH)$6�JVU�i��ƆƧǻ)L6˶š�Ŏ� �$MJ:

Potexvirus ųVU�i9Ũ)LƴƲơ͍½ŗ:ǂʲ�ƠĄ6824�L�'�'8�J�

eIF4E SUm�Y��:ȑǉ9ILƴƲơ� Potexvirus ųVU�i9Ũ'4ǭĂ5�L�

ģ�;ǣJ�58�2/� 

 

Alphaflexivirusʊ�I= BetaflexivirusʊVU�i9Ũ)LÿơƴƲơ͍½ŗ nCBP:Ġŝ 

� PotexvirusųVU�i:Ƨǻ9 eIF4ESUm�Y���ͣOL�ģ�PȆ̉)L/F9�

eIF4E SUm�Y��Pȑǉ&+/g�Uzxjx (eif4e ŋɨÃ�eifiso4e ŋɨÃ�ncbp

ŋɨÃ) 9 GFPPɬə)L PlAMV (PlAMV-GFP) PȐȄǃʏ'�4ǞƔ9ǃʏ˥P̀Ŧ'

/�-:ʸǺ�PlAMV-GFP:Ƨǻ9¾�Əƪ&ML˭Üǘ:Ŏ�&;�eif4eŋɨÃ�eifiso4e

ŋɨÃ5;͘ɞĽȅɒ6Ġʝ5�2/��ncbp ŋɨÃ5;΃˦9Á¢'/�C/�ŝ͙

RT-PCR Ȩ9IKǃʏ˥9�"LVU�i RNA :˨ʐ͙P̂Ǹ'/6$N�ncbp ŋɨÃ

9�"LVU�i RNA:˨ʐ͙;͘ɞĽȅɒ6Ȝ̬'4ǭƦ9ȷů'/� 

� &J9�ncbpŋɨÃ9 PlAMV�ą̀Ƨǻ)L�ģ�PǣJ�9)L/F9�ncbpŋɨ

Ã�I=͘ɞĽȅɒ9 PlAMV-GFP Pǃʏ' 4 ́͢Ɣ9 PlAMV-GFP :ȆîP̋D/�

RT-PCRȨ9IK̂Ǹ'/6$N�ncbpŋɨÃ:¡˥5 PlAMV-GFP�Ȇî&ML΁Ɔ�

͘ɞĽȅɒ9ȜA4Á¢'4�K�Ȇî&M/ńğ9G-:˨ʐ͙;͘ɞĽȅɒ9ȜA4

ǭƦ9ȷů'4�/�'/�24�ncbp ŋɨÃ5; PlAMV :ą̀Ƨǻ�̈́ƈ)L6ˋ�

JM/� 

� ncbp ŋɨÃ9�"LVU�i:Ƨǻͥš� nCBP :ȑǉ9̢Ĵ)L$6Pʄ)/F9�

ncbpŋɨÃ9 nCBP͍½ŗPƏ̠̩Ǉ'/ɶ˸ʪʺPÅî'/�ɶ˸ʪʺ�I=͘ɞĽȅ

ɒ9 PlAMV-GFPPȐȄǃʏ'�4ǞƔ9̀Ŧ'/6$N�˭Üǘ:Ŏ�&�I=VU�i
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RNA :˨ʐ͙�͘ɞĽ6ĠʎƆC5ĳƘ'/�&J9ɶ˸ʪʺ�I=͘ɞĽȅɒ9

PlAMV-GFPPȐȄǃʏ' 3́͢Ɣ9¡˥�J PlAMV-GFP RNAPȆî'/6$N�à4

:ɶ˸ʪʺ�JȆî&M/�$MJ:ʸǺ�J�nCBP:ȑǉ9IK PlAMV:Ƨǻ�ͥš

&ML$6�ǣJ�982/� 

� Ȓ9�nCBP:ȑǉ9I24Ƨǻ�ͥš&MLVU�iPǣJ�9)L/F9�Ȋ�8ȅ

ɒVU�iP ncbpŋɨÃ�ɶ˸ʪʺ�I=͘ɞĽȅɒ9ȐȄǃʏ' 4ǞƔ9ǃʏ˥9�"

L˨ʐ͙P̂Ǹ'/�-:ʸǺ�Alphaflexivirus ʊ Potexvirus ų9ų)L Alternanthera 

mosaic virus�I= CymMV�Alphaflexivirusʊ Lolavirusų9ų)L Lolium latent virus�

Betaflexivirusʊ Carlavirusų9ų)L Potato virus M:˨ʐ͙� ncbpŋɨÃ5͘ɞĽȅɒ

6Ȝ̬'4ǭƦ9ȷů'�ɶ˸ʪʺ5ĳƘ'/�$MJ:ʸǺ�J�nCBP:ȑǉ9I24�

Alphaflexivirus ʊ�I= Betaflexivirus ʊVU�i:Ƨǻ�ͥš&ML$6�ǣJ�982

/��ǜ�Potyvirus ʊ Potyvirus ų9ų)L Turnip mosaic virus �I= Virgavirus ʊ

Tobamovirusų9ų)L Youcai mosaic virus: ncbpŋɨÃ9�"L˨ʐ͙;͘ɞĽȅɒ

6Ġʝ5�2/� 

 

nCBPÛlVÚãæ PotexvirusųVU�iÛNd³=khÛ¤c 

� Potexvirus ųVU�i:Ƨǻ9�"L nCBP :ƑüPǣJ�9)L$6Pɴɯ6'/�

C*�ncbp ŋɨÃ5 PlAMV-GFP :ą̀ʍ˰�ͥš&M/ʸǺP̧C��ncbp ŋɨÃ5

PlAMV :ʍ˰�ͥš&M4�L�ģ�P̕A/�ncbp ŋɨÃ�I=͘ɞĽȅɒ9

PlAMV-GFP P��~�w��vȨ9IKǃʏ'�VU�i:Ƅ�KPʷǦɯ9̀Ŧ'/�

-:ʸǺ�ǃʏ 12 Ǧ͢Ɣ�24 Ǧ͢Ɣ�36 Ǧ͢Ɣ:�*M:ǦɈ5G ncbp ŋɨÃ9�"

LƧǻǘ:ͷʐ�͘ɞĽȅɒ9ȜA4ǭƦ9Á¢'�ncbp ŋɨÃ5;ʴ˒͢ʍ˰�ͥš&



 106 

M4�L$6�ǣJ�982/� 

� Ȓ9�ncbp ŋɨÃ5 PlAMV :Ďʴ˒5:ňȗ�ͥš&M4�L�ģ�93�4̂ǸP

˰2/�ncbpŋɨÃ�I=͘ɞĽȅɒ�J̕Ǖ'/��v��iv9 PlAMVPǃʏ'�3

ǞƔ9Ƶî'/à RNA Pɠ�4|�f���rv̂ǸP˰2/�-:ʸǺ�ncbp ŋɨÃ

9�"Lb|� RNA:˨ʐ͙;͘ɞĽȅɒ6Ġʝ5�2/�'/�24�Ďʴ˒���:

b|�˺˹9 nCBP;ͣ¤'8�$6�ǣJ�982/� 

� ǬƔ9�ʴ˒͢ʍ˰9ͣOLVU�io��_̠:˨ʐ͙��ncbp ŋɨÃ5͘ɞĽȅɒ

9ȜA4Á¢'4�L�ģ�93�4̂Ǹ'/�ncbp ŋɨÃ�I=͘ɞĽȅɒ9

PlAMV-GFPPS`�U��T�v��g��Ȩ9IKǃʏ'�4ǞƔ9ǃʏ˥�JƵî'

/ào��_̠Pɠ�4VXio���rv̂ǸP˰2/�-:ʸǺ�PlAMV:b|�RNA

9c�w&ML 53:o��_̠:�1�ʍ˰o��_̠ triple gene block protein (TGB) 2

�I= TGB3:˨ʐ͙� ncbpŋɨÃ5͘ɞĽȅɒ6ȜA4΃˦9Á¢'/��ǜ�-:µ

: 33:VU�io��_̠:˨ʐ͙; ncbpŋɨÃ6͘ɞĽȅɒ5Ġʝ5�2/�TGB2

�I= TGB3; PotexvirusųVU�i:ʴ˒͢ʍ˰9Ɲ;5�L$6Pˋ�L6�ncbpŋ

ɨÃ5 PlAMV:ʴ˒͢ʍ˰�ͥš&M/ʸǺ;�TGB2�I= TGB3:˨ʐ͙�Á¢'/

$69̢Ĵ)L6ǄŦ&M/� 

 

º a��×ÜÀAlphaflexivirusʊ�I= BetaflexivirusʊVU�i:Ƨǻ9 nCBP�ͣOL$

6PǣJ�9'/�C/�nCBP ; Potexvirus ųVU�i:ʍ˰o��_̠ TGB2 �I=

TGB3:˨ʐPÎ͂)L$65VU�i:ʴ˒͢ʍ˰9Ť¤'4�L$6�ʄĮ&M/�ǲ

ɾʓ5̂Ǹ'/Alphaflexivirusʊ�I=BetaflexivirusʊVU�i;�*MG TGBoU�:

ʍ˰o��_̠Pǭ)L$6�J�$MJ:VU�i: TGB2 �I= TGB3 :˨ʐ9G
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nCBP�ͣOL6ǄȺ&ML�³Ɣ;�nCBPPȑǉ&+L$65�Alphaflexivirusʊ�I

= BetaflexivirusʊVU�i9ƴƲơPǭ)LÅɒ:Åî�ǮƓ&ML� 
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̘̱  

� Ƿ±ŎŚŎŚͧ� ̲ŚɞĪʊŚɾʓʊ� ɞɟ�ɝŇɞɒŚŪǐ� ȅɒɪɛŚɾʓş� Ͱ

ȩƪ»Ǔƿ9;Ǭ΍:ɾʓɝŇP¤�4�/0�C'/�C/�l�H��tT�`P̽

'4�ɾʓ:͂FǜHˋ�ǜ87�ɾʓˌ6'4:�Kǜ93�4%ƺŭ�/0�C'/�

˵ƜIKƧ̘ɣ'¡#C)� 

� ǲɾʓ:̓˰9�/K�ȏǲŬãďŊɾʓĭ (Ƿ±ŎŚŎŚͧ� ̲ŚɞĪʊŚɾʓʊ� ɞ

ɟ�ɝŇɞɒŚŪǐ� ȅɒĉʊŚɾʓş)�ŵȒƇƂêǓƿ (Ƿ±ŎŚŎŚͧ� ̲ŚɞĪʊ

Śɾʓʊ� ɞɟ�ɝŇɞɒŚŪǐ� ȅɒɪɛŚɾʓş) �˪ɡÚΈ̗Ž (͓̲ŚĸŎŚ� ƙ

ɝ̲Ś΄�ÛǷ±ŎŚŎŚͧ� ̲ŚɞĪʊŚɾʓʊ� ɞɟ�ɝŇɞɒŚŪǐ� ȅɒɪɛŚ

ɾʓş) 9;�ư˱ɯ8İ΂Hɾʓ:ǜĢơ87�Ȋ�8$6P̖̚&+4�/0�C'/�

C/�ǲ̖Ǘ:Ŀʜ9�/24Gǭɲ8Ā̄Pōǔ�/0�C'/�Ē Ɨʅɣ'¡#C

)� 

� ȅɒɪɛŚɾʓş�ȅɒĉʊŚɾʓş:ɰȊ9;�ʉ:̤K8�6$NPƃƆ68 ˸

24�/0�C'/�C/�ɰȊ6ɾʓ:Ŏŋ&Hͷɭ&Pð�1ğ�$65�6Ɓ͢9ȸ

24ɾʓɞȭ9Ư1̴E$6�5�C'/�ɓ9�ĠǮ:®ȃ̞̽ȝ�ćȥÚƣȝ6;�

¯�9ñʂɜʃ)L$65ōŎ8ùɃPͻ�C'/�ǏF4Ƨ̘ɣ'¡#C)� 

� Ġɾʓşˎĭ:͘ē$*�Ȋ9;Ş΋P͂FL¡5ōŎ8ǎǈP�/0�C'/�§Ŷ

ƋɞȊ9;ɾʓ�ɁK8 ͂EI�­ĄƮʼ�à˜93�4ǈĀ'4�/0�C'/�Ȳ

 Ƨ̘ɣ'¡#C)� 

� ǲɾʓ5Æɠ'/ LoLV; United States Department of Agriculture: John Hammondď

ŊIK�eifiso4eŋɨÃ:ʏŗ; The University of Texas at Austin: Karen S. Browningď

ŊIK�-M.Mð̛'4�/0�C'/�ƜIKƧ̘ɣ'¡#C)� 

 

� ǬƔ9�Ȋ�8ńͷ5ʉ:ɾʓȭăPǎ�4 0&2/¦˿�ʇɏȚ�I=Ŕ9Ƨ̘:

ƦP˴'/�6Ɵ�C)�  
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ɦ̐�˾  

ABRC  Arabidopsis Biological Resource Center 

AlkB  alkylated DNA repair protein 

AltMV  alternanthera mosaic virus 

BaMMV  barley mild mosaic virus 

BaYMV  barley yellow mosaic virus 

BCMV  bean common mosaic virus 

BYMV  bean yellow mosaic virus 

ChiVMV  chilli veinal mottle virus 

ClYVV  clover yellow vein virus 

CMV   cucumber mosaic virus 

Col-0  Columbia-0 (g�UzxjxXcoU�) 

CP   coat protein 

CRP  cystein rich protein 

CVYV  cucumber vein yellowing virus 

CymMV  cymbidium mosaic virus 

eIF  eukaryotic translation initiation factor 

ER  endoplasmic reticulum 

ERV  ecuadorian rocoto virus 

GFP   green fluorescent protein 

Hel   helicase 

HR   hypersensitive response 

IPTG  isopropyl β-D-1-thiogalactopyranoside 

JAX1   jacalin-type lectin required for potexvirus resistance 1 

LMV  lettuce mosaic virus 

LoLV  lolium latent virus 

MET   methyltransferase  

MNSV  melon necrotic spot virus 

MP   movement protein 

MWMV  moroccan watermelon mosaic virus 

NB-LRR  nucleotide binding leucine rich repeat 

NCBI  National Center for Biotechnology Information 
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nCBP  novel cap binding protein 

ORF  open reading frame 

PABP  polyA binding protein 

PD  plasmodesmata 

PepMoV  pepper mottle virus 

PepSMV  pepper severe mosaic virus 

PepYMV  pepper yellow mosaic virus 

PlAMV   plantago asiatica mosaic virus 

Pol  polymerase 

P-Pro  papain-like protease 

PPV  plum pox virus 

PsBMV  pea seed-borne mosaic virus 

PVM   potato virus M 

PVMV  pepper vein mottling virus 

PVX   potex virus X 

PVY  potato virus Y 

R   resistance 

RdRp   RNA-dependent RNA polymerase 

RISC  RNA-induced silencing complex 

RT-PCR   reverse transcription PCR 

SCE1  SUMO-conjugating enzyme 1 

SEL  size exclusion limit 

siRNA  small interfereing RNA 

TAIR  The Arabidopsis Information Resource 

T-DNA  transferred DNA 

TEV  tobacco etch virus 

TGB   triple-gene-block protein 

Ti��i�w  tumor-inducing plasmid 

TMV   tobacco mosaic virus 

TuMV   turnip mosaic virus 

UTR  untranslated region 

VPg  viral protein genome linked 

VRC  viral replication complex 
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YoMV   youcai mosaic virus 

ZYMV  zucchini yellow mosaic virus 

 

  



 112 

ƊɠǗɖ  

 

Andrade, M., Abe, Y., Nakahara, K.S. and Uyeda, I. (2009) The cyv-2 resistance to 

Clover yellow vein virus in pea is controlled by the eukaryotic initiation factor 

4E. J. Gen. Plant Pathol. 75, 241-249. 

 

Arroyo, R., Soto, M.J., Martinez-Zapater, J. and Ponz, F. (1996) Impaired 

cell-to-cell movement of potato virus y in pepper plants carrying the ya (pr21) 

resistance gene. Mol. Plant-Microbe Interact. 9, 314-318. 

 

Ashby, J.A., Stevenson, C.E., Jarvis, G.E., Lawson, D.M. and Maule, A.J. (2011) 

Structure-based mutational analysis of eIF4E in relation to sbm1 resistance to 

pea seed-borne mosaic virus in pea. PLoS ONE 6, e15873. 

 

Ayme, V., Petit-Pierre, J., Souche, S., Palloix, A. and Moury, B. (2007) Molecular 

dissection of the potato virus Y VPg virulence factor reveals complex 

adaptations to the pvr2 resistance allelic series in pepper. J. Gen. Virol. 88, 

1594-1601. 

 

Ayme, V., Souche, S., Caranta, C., Jacquemond, M., Chadoeuf, J., Palloix, A. and 

Moury, B. (2006) Different mutations in the genome-linked protein VPg of 

Potato virus Y confer virulence on the pvr23 resistance in pepper. Mol. 
Plant-Microbe Interact. 19, 557-563. 

 

Bamunusinghe, D., Hemenway, C.L., Nelson, R.S., Sanderfoot, A.A., Ye, C.M., 
Silva, M.A., Payton, M. and Verchot-Lubicz, J. (2009) Analysis of potato 

virus X replicase and TGBp3 subcellular locations. Virology 393, 272-285. 

 

Biffen, R.H. (1912) Studies in the Inheritance of Disease Resistance. II J. Agric. Sci. 4, 

421-429. 

 

Brault, V., Bergdoll, M., Mutterer, J., Prasad, V., Pfeffer, S., Erdinger, M., 



 113 

Richards, K.E. and Ziegler-Graff, V. (2003) Effects of point mutations in 

the major capsid protein of beet western yellows virus on capsid formation, 

virus accumulation, and aphid transmission. J. Virol. 77, 3247-3256. 

 

Bruun-Rasmussen, M., Moller, I.S., Tulinius, G., Hansen, J.K., Lund, O.S. and 
Johansen, I.E. (2007) The same allele of translation initiation factor 4E 

mediates resistance against two Potyvirus spp. in Pisum sativum. Mol. 
Plant-Microbe Interact. 20, 1075-1082. 

 

Bush, M.S., Hutchins, A.P., Jones, A.M., Naldrett, M.J., Jarmolowski, A., Lloyd, 
C.W. and Doonan, J.H. (2009) Selective recruitment of proteins to 5' cap 

complexes during the growth cycle in Arabidopsis. Plant J. 59, 400-412. 

 

Cavatorta, J., Perez, K.W., Gray, S.M., Van Eck, J., Yeam, I. and Jahn, M. (2011) 

Engineering virus resistance using a modified potato gene. Plant Biotechnol. 

J. 9, 1014-1021. 

 

Chandrasekaran, J., Brumin, M., Wolf, D., Leibman, D., Klap, C., Pearlsman, M., 

Sherman, A., Arazi, T. and Gal-On, A. (2016) Development of broad virus 

resistance in non-transgenic cucumber using CRISPR/Cas9 technology. Mol. 
Plant Pathol. 17, 1140-1153. 

 

Chapman, S., Hills, G., Watts, J. and Baulcombe, D. (1992) Mutational analysis of 

the coat protein gene of potato virus X: effects on virion morphology and 

viral pathogenicity. Virology 191, 223-230. 

 

Charron, C., Nicolai, M., Gallois, J.L., Robaglia, C., Moury, B., Palloix, A. and 

Caranta, C. (2008) Natural variation and functional analyses provide 

evidence for co-evolution between plant eIF4E and potyviral VPg. Plant J. 54, 

56-68.  

 

Chiu, W., Niwa, Y., Zeng, W., Hirano, T., Kobayashi, H. and Sheen, J. (1996) 

Engineered GFP as a vital reporter in plants. Curr. Biol. 6, 325-330. 



 114 

 

Chou, Y.L., Hung, Y.J., Tseng, Y.H., Hsu, H.T., Yang, J.Y., Wung, C.H., Lin, N.S., 
Meng, M., Hsu, Y.H. and Chang, B.Y. (2013) The stable association of 

virion with the triple-gene-block protein 3-based complex of Bamboo mosaic 
virus. PLoS Pathog. 9, e1003405.  

 

Díaz, J.A., Nieto, C., Moriones, E., Truniger, V. and Aranda, M.A. (2004) 

Molecular characterization of a Melon necrotic spot virus strain that 

overcomes the resistance in melon and nonhost plants. Mol. Plant-Microbe 

Interact. 17, 668-675. 

 

Diaz-Pendon, J.A., Truniger, V., Nieto, C., Garcia-Mas, J., Bendahmane, A. and 

Aranda, M.A. (2004) Advances in understanding recessive resistance to 

plant viruses. Mol. Plant Pathol. 5, 223-233.  

 

Dolja, V.V., Grama, D.P., Morozov, S.Y. and Atabekov, J.G. (1987) Potato virus 

X-related single- and double-stranded RNAs: Characterization and 

identification of terminal structures. FEBS Let. 214, 308-312. 

 

Dreher, T.W. and Miller, W.A. (2006) Translational control in positive strand RNA 

plant viruses. Virology 344, 185-197.  

 

Duprat, A., Caranta, C., Revers, F., Menand, B., Browning, K.S. and Robaglia, C. 
(2002) The Arabidopsis eukaryotic initiation factor (iso)4E is dispensable for 

plant growth but required for susceptibility to potyviruses. Plant J. 32, 

927-934. 

 

Efimov, V.A., Chakhmakhcheva, O.G., Archdeacon, J., Fernandez, J.M., Fedorkin, 
O.N., Dorokhov Y.L. and Atabekov, J.G. (2001) Detection of the 5'-cap 

structure of messenger RNAs with the use of the cap-jumping approach. 

Nucleic Acids Res. 29, 4751-4759. 

 

Fraser, R.S.S. (1992) The genetics of plant-virus interactions: implications for plant 



 115 

breeding. Euphytica 63, 175-185. 

 

Gallois, J.L., Charron, C., Sánchez, F., Pagny, G., Houvenaghel, M.C., Moretti, A., 

Ponz, F., Revers, F., Caranta, C. and German-Retana, S. (2010) Single 

amino acid changes in the turnip mosaic virus viral genome-linked protein 

(VPg) confer virulence towards Arabidopsis thaliana mutants knocked out 

for eukaryotic initiation factors eIF(iso)4E and eIF(iso)4G. J. Gen. Virol. 91, 

288-293. 

 

Gao, Z., Johansen, E., Eyers, S., Thomas, C.L., Noel Ellis, T.H. and Maule, A.J. 
(2004) The potyvirus recessive resistance gene, sbm1, identifies a novel role 

for translation initiation factor eIF4E in cell-to-cell trafficking. Plant J. 40, 

376-385. 

 

German-Retana, S., Walter, J., Doublet, B., Roudet-Tavert, G., Nicaise, V., 

Lecampion, C., Houvenaghel, M.C., Robaglia, C., Michon, T. and Le 
Gall, O. (2008) Mutational analysis of plant cap-binding protein eIF4E 

reveals key amino acids involved in biochemical functions and potyvirus 

infection. J. Virol. 82, 7601-7612. 

 

Greenberg, J.T. and Ausubel, F.M. (1993) Arabidopsis mutants compromised for the 

control of cellular damage during pathogenesis and aging. Plant J. 4, 

327-341. 

 

Hagiwara, Y., Komoda, K., Yamanaka, T., Tamai, A., Meshi, T., Funada, R., 
Tsuchiya, T., Naito, S. and Ishikawa, M. (2003) Subcellular localization of 

host and viral proteins associated with tobamovirus RNA replication. EMBO 

J. 22, 344-353. 

 

Hanssen, I.M. and Thomma, B.P. (2010) Pepino mosaic virus: a successful pathogen 

that rapidly evolved from emerging to endemic in tomato crops. Mol. Plant 
Pathol. 11, 179-189.  

 



 116 

Hart, J.P. and Griffiths, P.D. (2013) A series of eIF4E alleles at the Bc-3 locus are 

associated with recessive resistance to Clover yellow vein virus in common 

bean. Theor. Appl. Genet. 126, 2849-2863. 

 

Hashimoto, M., Neriya, Y., Keima, T., Iwabuchi, N., Koinuma, H., 
Hagiwara-Komoda, Y., Ishikawa, K., Himeno, M., Maejima, K., Yamaji, 

Y. and Namba, S. (2016) EXA1, a GYF domain protein, is responsible for 

loss-of-susceptibility to plantago asiatica mosaic virus in Arabidopsis 
thaliana. Plant J. 88, 120-131.  

 

Himeno, M., Maejima, K., Komatsu, K., Ozeki, J., Hashimoto, M., Kagiwada, S., 
Yamaji, Y. and Namba, S. (2010) Significantly low level of small RNA 

accumulation derived from an encapsidated mycovirus with dsRNA genome. 

Virology 396, 69-75.  

 

Hipper, C., Monsion, B., Bortolamiol-Bécet, D., Ziegler-Graff, V. and Brault, V. 
(2014) Formation of virions is strictly required for turnip yellows virus 

long-distance movement in plants. J. Gen. Virol. 95, 496-505. 

 

Höfgen, R. and Willmitzer, L. (1988) Storage of competent cells for Agrobacterium 

transformation. Nucleic Acids Res. 16, 9877.  

 

Hofinger, B.J., Russell, J.R., Bass, C.G., Baldwin, T., dos Reis, M., Hedley, P.E., Li, 
Y., Macaulay, M., Waugh, R., Hammond-Kosack, K.E. and Kanyuka, K. 

(2011) An exceptionally high nucleotide and haplotype diversity and a 

signature of positive selection for the eIF4E resistance gene in barley are 

revealed by allele mining and phylogenetic analyses of natural populations. 

Mol. Ecol. 20, 3653-3668. 

 

Howard, A.R., Heppler, M.L., Ju, H.J., Krishnamurthy, K., Payton, M.E. and 

Verchot-Lubicz, J. (2004) Potato virus X TGBp1 induces plasmodesmata 

gating and moves between cells in several host species whereas CP moves 

only in N. benthamiana leaves. Virology 328, 185-197. 



 117 

 

Hwang, J., Oh, C.S. and Kang, B.C. (2013) Translation elongation factor 1B (eEF1B) 

is an essential host factor for Tobacco mosaic virus infection in plants. 

Virology 439, 105-114. 

 

Ibiza, V.P., Cañizares, J. and Nuez, F. (2010) EcoTILLING in Capsicum species: 

searching for new virus resistances. BMC Genomics 11, 631. 

 

Iwabuchi, N., Yoshida, T., Yusa, A., Nishida, S., Tanno, K., Keima, T., Nijo, T., 

Yamaji, Y. and Namba, S. (2016) Complete genome sequence of 

Alternanthera mosaic virus, isolated from Achyranthes bidentata in Asia. 

Genome Announc. 4, e00020-16. 

 

Iwasaki, S., Takeda, A., Motose, H. and Watanabe, Y. (2007) Characterization of 

Arabidopsis decapping proteins AtDCP1 and AtDCP2, which are essential for 

post-embryonic development. FEBS Lett. 581, 2455-2459.  

 

Jenner, C.E., Nellist, C.F., Barker, G.C. and Walsh, J.A. (2010) Turnip mosaic virus 

(TuMV) is able to use alleles of both eIF4E and eIF(iso)4E from multiple 

loci of the diploid Brassica rapa. Mol. Plant-Microbe Interact. 23, 

1498-1505. 

 

Jin, J.B., Kim, Y.A., Kim, S.J., Lee, S.H., Kim, D.H., Cheong, G.W. and Hwang, I. 
(2001) A new dynamin-like protein, ADL6, is involved in trafficking from 

the trans-Golgi network to the central vacuole in Arabidopsis. Plant Cell 13, 

1511-1526. 

 

Johansen, L.K. and Carrington, J.C. (2001) Silencing on the spot. Induction and 

suppression of RNA silencing in the Agrobacterium-mediated transient 

expression system. Plant Physiol. 126, 930-938. 

 

Joshi, B., Lee, K., Maeder, D.L. and Jagus, R. (2005) Phylogenetic analysis of 

eIF4E-family members. BMC Evol. Biol. 5, 48. 



 118 

 

Ju, H.J., Samuels, T.D., Wang, Y.S., Blancaflor, E., Payton, M., Mitra, R., 
Krishnamurthy, K., Nelson, R.S. and Verchot-Lubicz, J. (2005) The 

potato virus X TGBp2 movement protein associates with endoplasmic 

reticulum-derived vesicles during virus infection. Plant Physiol. 138, 

1877-1895.  

 

Kang, B.C., Yeam, I., Frantz, J.D., Murphy, J.F. and Jahn, M.M. (2005) The pvr1 
locus in Capsicum encodes a translation initiation factor eIF4E that interacts 

with Tobacco etch virus VPg. Plant J. 42, 392-405. 

 

Kang, B.C., Yeam, I. and Jahn, M.M. (2005) Genetics of plant virus resistance. Annu. 

Rev. Phytopathol. 43, 581-621.  

 

Kanyuka, K., Druka, A., Caldwell, D.G., Tymon, A., McCallum, N., Waugh, R. 

and Adams, M.J. (2005) Evidence that the recessive bymovirus resistance 

locus rym4 in barley corresponds to the eukaryotic translation initiation factor 

4E gene. Mol. Plant. Pathol. 6, 449-458. 

 

Kanyuka, K., McGrann, G., Alhudaib, K., Hariri, D. and Adams, M.J. (2004) 

Biological and sequence analysis of a novel European isolate of Barley mild 

mosaic virus that overcomes the barley rym5 resistance gene. Arch. Virol. 149, 

1469-1480. 

 

Kawaguchi, R. and Bailey-Serres, J. (2002) Regulation of translational initiation in 

plants. Curr. Opin. Plant Biol. 5, 460-465. 

 

Keith, J. and Fraenkel-Conrat, H. (1975) Tobacco mosaic virus RNA carries 

5'-terminal triphosphorylated guanosine blocked by 5'-linked 

7-methylguanosine. FEBS Lett. 57, 31-33. 

 

Kim, J., Kang, W.H., Hwang, J., Yang, H.B., Dosun, K., Oh, C.S. and Kang, B.C. 
(2014) Transgenic Brassica rapa plants over-expressing eIF(iso)4E variants 



 119 

show broad-spectrum Turnip mosaic virus (TuMV) resistance. Mol. Plant 
Pathol. 15, 615-626. 

 

Koh, K.W., Lu, H.C. and Chan, M.T. (2014) Virus resistance in orchids. Plant Sci. 
228, 26-38.  

 

Komatsu, K., Hashimoto, M., Maejima, K., Shiraishi, T., Neriya, Y., Miura, C., 
Minato, N., Okano, Y., Sugawara, K., Yamaji, Y. and Namba, S. (2011) 

A necrosis-inducing elicitor domain encoded by both symptomatic and 

asymptomatic Plantago asiatica mosaic virus isolates, whose expression is 

modulated by virus replication. Mol. Plant-Microbe Interact. 24, 408-420.  

 

Komatsu, K., Yamaji, Y., Ozeki, J., Hashimoto, M., Kagiwada, S., Takahashi, S. 
and Namba, S. (2008) Nucleotide sequence analysis of seven Japanese 

isolates of Plantago asiatica mosaic virus (PlAMV): a unique potexvirus with 

significantly high genomic and biological variability within the species. Arch. 
Virol. 153, 193-198.  

 

Konecna, E., Safarova, D., Navratil, M., Hanacek, P., Coyne, C., Flavell, A., 
Vishnyakova, M., Ambrose, M., Redden, R. and Smykal, P. (2014) 

Geographical gradient of the eIF4E alleles conferring resistance to 

potyviruses in pea (Pisum) germplasm. PLoS ONE 9, e90394. 

 

Kropiwnicka, A., Kuchta, K., Lukaszewicz, M., Kowalska, J., Jemielity, J., 

Ginalski, K., Darzynkiewicz, E. and Zuberek J. (2015) Five eIF4E 

isoforms from Arabidopsis thaliana are characterized by distinct features of 

cap analogs binding. Biochem. Biophys. Res. Commun. 456, 47-52. 

 

Kuhne, T., Shi, N., Proeseler, G., Adams, M.J. and Kanyuka, K. (2003) The ability 

of a bymovirus to overcome the rym4-mediated resistance in barley correlates 

with a codon change in the VPg coding region on RNA1. J. Gen. Virol. 84, 

2853-2859. 

 



 120 

Kumar, D., Kumar, R., Hyun, T.K. and Kim, J.Y. (2015) Cell-to-cell movement of 

viruses via plasmodesmata. J. Plant Res. 128, 37-47. 

 

Lam, E., Kato, N. and Lawton, M. (2001) Programmed cell death, mitochondria and 

the plant hypersensitive response. Nature 411, 848-853.  

 

Lellis, A.D., Kasschau, K.D., Whitham, S.A. and Carrington, J.C. (2002) 

Loss-of-susceptibility mutants of Arabidopsis thaliana reveal an essential role 

for eIF(iso)4E during potyvirus infection. Curr. Biol. 12, 1046-1051. 

 

Lezzhov, A.A., Gushchin, V.A., Lazareva, E.A., Vishnichenko, V.K., Morozov, S.Y. 
and Solovyev, A.G. (2015) Translation of the shallot virus X TGB3 gene 

depends on non-AUG initiation and leaky scanning. J. Gen. Virol. 96, 

3159-3164. 

 

Ling, K.S., Harris, K.R., Meyer, J.D., Levi, A., Guner, N., Wehner, T.C., 
Bendahmane, A. and Havey, M.J. (2009) Non-synonymous single 

nucleotide polymorphisms in the watermelon eIF4E gene are closely 

associated with resistance to Zucchini yellow mosaic virus. Theor. Appl. 
Genet. 120, 191-200. 

 

Mazier, M., Flamain, F., Nicolai, M., Sarnette, V. and Caranta, C. (2011) 

Knock-down of both eIF4E1 and eIF4E2 genes confers broad-spectrum 

resistance against potyviruses in tomato. PLoS ONE 6, e29595. 

 

Mäkinen, K. and Hafrén, A. (2014) Intracellular coordination of potyviral RNA 

functions in infection. Front. Plant Sci. 26, 110.  

 

Marandel, G., Salava, J., Abbott, A., Candresse, T. and Decroocq, V. (2009) 

Quantitative trait loci meta-analysis of Plum pox virus resistance in apricot 

(Prunus armeniaca L.): new insights on the organization and the 

identification of genomic resistance factors. Mol. Plant Pathol. 10, 347-360. 

 



 121 

Meyers, B.C., Kozik, A., Griego, A., Kuang, H. and Michelmore, R.W. (2003) 

Genome-wide analysis of NBS-LRR-encoding genes in Arabidopsis. Plant 
Cell 15, 809-834.  

 

Minato, N., Komatsu, K., Okano, Y., Maejima, K., Ozeki, J., Senshu, H., 
Takahashi, S., Yamaji, Y. and Namba, S. (2014) Efficient foreign gene 

expression in planta using a plantago asiatica mosaic virus-based vector 

achieved by the strong RNA-silencing suppressor activity of TGBp1. Arch. 
Virol. 159, 885-896.  

 

Miller, W.A. and Koev, G. (2000) Synthesis of subgenomic RNAs by positive-strand 

RNA viruses. Virology 273, 1-8. 

 

Miras, M., Sempere, R.N., Kraft, J.J., Miller, W.A., Aranda, M.A. and Truniger, V. 
(2014) Interfamilial recombination between viruses led to acquisition of a 

novel translation-enhancing RNA element that allows resistance breaking. 

New Phytol. 202, 233-246. 

 

Miras, M., Truniger, V., Querol-Audi, J. and Aranda, M.A. (2016) Analysis of the 

interacting partners eIF4F and 3'-CITE required for Melon necrotic spot virus 

cap-independent translation. Mol. Plant Pathol. doi:10.1111/mpp.12422 

 

Moury, B., Janzac, B., Ruellan, Y., Simon, V., Ben Khalifa, M., Fakhfakh, H., 
Fabre, F. and Palloix, A. (2014) Interaction patterns between Potato virus Y 

and eIF4E-mediated recessive resistance in the Solanaceae. J. Virol. 88, 

9799-9807. 

 

Moury, B., Morel, C., Johansen, E., Guilbaud, L., Souche, S., Ayme, V., Caranta, 
C., Palloix, A. and Jacquemond, M. (2004) Mutations in Potato virus Y 

genome-linked protein determine virulence toward recessive resistances in 

Capsicum annuum and Lycopersicon hirsutum. Mol. Plant-Microbe Interact. 
17, 322-329. 

 



 122 

Naderpour, M., Lund, O.S., Larsen, R. and Johansen, E. (2010) Potyviral resistance 

derived from cultivars of Phaseolus vulgaris carrying bc-3 is associated with 

the homozygotic presence of a mutated eIF4E allele. Mol. Plant Pathol. 11, 

255-263. 

 

Nagy, P.D. and Pogany, J. (2012) The dependence of viral RNA replication on 

co-opted host factors. Nat. Rev. Microbiol. 10, 137-149. 

 

Nellist, C.F., Qian, W., Jenner, C.E., Moore, J.D., Zhang, S., Wang, X., Briggs, 

W.H., Barker, G.C., Sun, R. and Walsh, J.A. (2014) Multiple copies of 

eukaryotic translation initiation factors in Brassica rapa facilitate redundancy, 

enabling diversification through variation in splicing and broad-spectrum 

virus resistance. Plant J. 77, 261-268.             

                  

Newburn, L.R. and White, K.A. (2015) Cis-acting RNA elements in positive-strand 

RNA plant virus genomes. Virology 479-480, 434-443.  

 

Nicaise, V., Gallois, J.L., Chafiai, F., Allen, L.M., Schurdi-Levraud, V., Browning, 

K.S., Candresse, T., Caranta, C., Le Gall, O. and German-Retana, S. 
(2007) Coordinated and selective recruitment of eIF4E and eIF4G factors for 

potyvirus infection in Arabidopsis thaliana. FEBS Lett. 581, 1041-1046. 

 

Nicaise, V., German-Retana, S., Sanjuan, R., Dubrana, M.P., Mazier, M., 
Maisonneuve, B., Candresse, T., Caranta, C. and Le Gall, O. (2003) The 

eukaryotic translation initiation factor 4E controls lettuce susceptibility to the 

potyvirus Lettuce mosaic virus. Plant Physiol. 132, 1272-1282. 

 

Nieto, C., Morales, M., Orjeda, G., Clepet, C., Monfort, A., Sturbois, B., 
Puigdomènech, P., Pitrat, M., Caboche, M., Dogimont, C., Garcia-Mas, 
J., Aranda, M.A. and Bendahmane, A. (2006) An eIF4E allele confers 

resistance to an uncapped and non-polyadenylated RNA virus in melon. Plant 
J. 48, 452-462. 

 



 123 

Nishikiori, M., Mori, M., Dohi, K., Okamura, H., Katoh, E., Naito, S., Meshi, T. 
and Ishikawa, M. (2011) A host small GTP-binding protein ARL8 plays 

crucial roles in tobamovirus RNA replication. PLoS Pathog. 7, e1002409.  

 

Nomura, K., Ohshima, K., Anai, T., Uekusa, H. and Kita, N. (2004) RNA silencing 

of the introduced coat protein gene of Turnip mosaic virus confers 

broad-spectrum resistance in transgenic Arabidopsis. Phytopathology 94, 

730-736.  

 

Okano, Y., Senshu, H., Hashimoto, M., Neriya, Y., Netsu, O., Minato, N., Yoshida, 
T., Maejima, K., Oshima, K., Komatsu, K., Yamaji, Y. and Namba, S. 
(2014) In planta recognition of a double-stranded RNA synthesis protein 

complex by a potexviral RNA silencing suppressor. Plant Cell 26, 

2168-2183. 

 

Ozeki, J., Hashimoto, M., Komatsu, K., Maejima, K., Himeno, M., Senshu, H., 
Kawanishi, T., Kagiwada, S., Yamaji, Y. and Namba, S. (2009) The 

N-terminal region of the Plantago asiatica mosaic virus coat protein is 

required for cell-to-cell movement but is dispensable for virion assembly. 

Mol. Plant-Microbe Interact. 22, 677-685. 

 

Patrick, R.M., Mayberry, L.K., Choy, G., Woodard, L.E., Liu, J.S., White, A., 
Mullen, R.A., Tanavin, T.M., Latz, C.A. and Browning, K.S. (2014) Two 

Arabidopsis loci encode novel eukaryotic initiation factor 4E isoforms that 

are functionally distinct from the conserved plant eukaryotic initiation factor 

4E. Plant Physiol. 164, 1820-1830.  

 

Perovic, D., Kramer, I., Habekuss, A., Perner, K., Pickering, R., Proeseler, G., 
Kanyuka, K. and Ordon, F. (2014) Genetic analyses of BaMMV/BaYMV 

resistance in barley accession HOR4224 result in the identification of an 

allele of the translation initiation factor 4e (Hv-eIF4E) exclusively effective 

against Barley mild mosaic virus (BaMMV). Theor. Appl. Genet. 127, 

1061-1071. 



 124 

 

Piron, F., Nicolaï, M., Minoïa, S., Piednoir, E., Moretti, A., Salgues, A., Zamir, D., 
Caranta, C. and Bendahmane, A. (2010) An induced mutation in tomato 

eIF4E leads to immunity to two potyviruses. PLoS One 5, e11313.  

 

Pyott, D.E., Sheehan, E. and Molnar, A. (2016) Engineering of 

CRISPR/Cas9-mediated potyvirus resistance in transgene-free Arabidopsis 

plants. Mol. Plant Pathol. 17, 1276-1288. 

 

Rate, D.N., Cuenca, J.V., Bowman, G.R., Guttman, D.S. and Greenberg, J.T. 
(1999) The gain-of-function Arabidopsis acd6 mutant reveals novel 

regulation and function of the salicylic acid signaling pathway in controlling 

cell death, defenses, and cell growth. Plant Cell 11, 1695-1708. 

 

Reddy, D.V., Sudarshana, M.R., Fuchs, M., Rao, N.C. and Thottappilly, G. (2009) 

Genetically engineered virus-resistant plants in developing countries: current 

status and future prospects. Adv. Virus Res. 75, 185-220. 

 

Reinbold, C., Lacombe, S., Ziegler-Graff, V., Scheidecker, D., Wiss, L., Beuve, M., 
Caranta, C. and Brault, V. (2013) Closely related poleroviruses depend on 

distinct translation initiation factors to infect Arabidopsis thaliana. Mol. 

Plant-Microbe Interact. 26, 257-265. 

 

Robaglia, C. and Caranta, C. (2006) Translation initiation factors: a weak link in 

plant RNA virus infection. Trends Plant Sci. 11, 40-45. 

 

Rodriguez-Hernandez, A.M., Gosalvez, B., Sempere, R.N., Burgos, L., Aranda, 

M.A. and Truniger, V. (2012) Melon RNA interference (RNAi) lines 

silenced for Cm-eIF4E show broad virus resistance. Mol. Plant Pathol. 13, 

755-763. 

 

Rubio, M., Nicolai, M., Caranta, C. and Palloix, A. (2009) Allele mining in the 

pepper gene pool provided new complementation effects between pvr2-eIF4E 



 125 

and pvr6-eIFISO4E alleles for resistance to pepper veinal mottle virus. J. Gen. 
Virol. 90, 2808-2814. 

 

Ruffel, S., Caranta, C., Palloix, A., Lefebvre, V., Caboche, M. and Bendahmane, A. 
(2004) Structural analysis of the eukaryotic initiation factor 4E gene 

controlling potyvirus resistance in pepper: Exploitation of a BAC library. 

Gene 338, 209-216. 

 

Ruffel, S., Dussault, M.H., Palloix, A., Moury, B., Bendahmane, A., Robaglia, C. 

and Caranta, C. (2002) A natural recessive resistance gene against potato 

virus Y in pepper corresponds to the eukaryotic initiation factor 4E (eIF4E). 

Plant J. 32, 1067-1075. 

 

Ruffel, S., Gallois, J.L., Moury, B., Robaglia, C., Palloix, A. and Caranta, C. (2006) 

Simultaneous mutations in translation initiation factors eIF4E and eIF(iso)4E 

are required to prevent pepper veinal mottle virus infection of pepper. J. Gen. 
Virol. 87, 2089-2098. 

 

Ruffel, S., Gallois, J.L., Lesage, M.L. and Caranta, C. (2005) The recessive 

potyvirus resistance gene pot-1 is the tomato orthologue of the pepper 

pvr2-eIF4E gene. Mol. Genet. Genomics 274, 346-353. 

 

Rusholme, R.L., Higgins, E.E., Walsh, J.A. and Lydiate, D.J. (2007) Genetic control 

of broad-spectrum resistance to turnip mosaic virus in Brassica rapa (Chinese 

cabbage). J. Gen. Virol. 88, 3177-3186. 

 

Ruud, K.A., Kuhlow, C., Goss, D.J. and Browning, K.S. (1998) Identification and 

characterization of a novel cap-binding protein from Arabidopsis thaliana. J. 
Biol. Chem. 273, 10325-10330. 

 

Sachs, A. (2000) Physical and functional interactions between the mRNA cap structure 

and the poly(A) tail. In Translational control of gene expression. (Sonenberg, 

N., Hershey, J.W.B. and Mathew, M., eds). Cold Spring Harbor Laboratory 



 126 

Press. 

 

Sanfaçon, H. (2015) Plant translation factors and virus resistance. Viruses 7, 

3392-3419. 

 

Sato, M., Nakahara, K., Yoshii, M., Ishikawa, M. and Uyeda, I. (2005) Selective 

involvement of members of the eukaryotic initiation factor 4E family in the 

infection of Arabidopsis thaliana by potyviruses. FEBS Lett. 579, 1167-1171. 

 

Schepetilnikov, M., Kobayashi, K., Geldreich, A., Caranta, C., Robaglia, C., Keller, 
M. and Ryabova, L.A. (2011) Viral factor TAV recruits TOR/S6K1 

signalling to activate reinitiation after long ORF translation. EMBO J. 30, 

1343-1356. 

 

Shimada, T.L., Shimada, T. and Hara-Nishimura, I. (2010) A rapid and 

non-destructive screenable marker, FAST, for identifying transformed seeds 

of Arabidopsis thaliana. Plant J. 61, 519-528. 

 

Simon, A.E. and Miller, W.A. (2014) 3' cap-independent translation enhancers of plant 

viruses. Annu. Rev. Microbiol. 67, 21-42.  

 

Sonenberg, N., Shatkin, A.J., Ricciardi, R.P., Rubin, M. and Goodman, R.M. 
(1978) Analysis of terminal structures of RNA from potato virus X. Nucleic 
Acids Res. 5, 2501-2512. 

 

Stein, N., Perovic, D., Kumlehn, J., Pellio, B., Stracke, S., Streng, S., Ordon, F. and 
Graner, A. (2005) The eukaryotic translation initiation factor 4E confers 

multiallelic recessive Bymovirus resistance in Hordeum vulgare (L.). Plant J. 
42, 912-922. 

 

Sugawara, K., Shiraishi, T., Yoshida, T., Fujita, N., Netsu, O., Yamaji, Y. and 
Namba, S. (2013) A replicase of Potato virus X acts as the 

resistance-breaking determinant for JAX1-mediated resistance. Mol. 



 127 

Plant-Microbe Interact. 26, 1106-1112. 

 

Tamai, A. and Meshi, T. (2001) Cell-to-cell movement of Potato virus X: the role of 

p12 and p8 encoded by the second and third open reading frames of the triple 

gene block. Mol. Plant-Microbe Interact. 14, 1158-1167. 

 

Tilsner, J., Linnik, O., Louveaux, M., Roberts, I.M., Chapman, S.N. and Oparka, 
K.J. (2013) Replication and trafficking of a plant virus are coupled at the 

entrances of plasmodesmata. J. Cell Biol. 201, 981-995.  

 

Tilsner, J., Linnik, O., Wright, K.M., Bell, K., Roberts, A.G., Lacomme, C., Cruz, 
S.S. and Oparka, K.J. (2012) The TGB1 movement protein of Potato virus 

X reorganizes actin and endomembranes into the X-body, a viral replication 

factory. Plant Physiol. 158, 1359-1370.  

 

Truniger, V. and Aranda, M.A. (2009) Recessive resistance to plant viruses. Adv. 
Virus Res. 75, 119-159.  

 

Truniger, V., Nieto, C., González-Ibeas, D. and Aranda, M. (2008) Mechanism of 

plant eIF4E-mediated resistance against a Carmovirus (Tombusviridae): 

cap-independent translation of a viral RNA controlled in cis by an 

(a)virulence determinant. Plant J. 56, 716-727.  

 

Vaira, A.M., Maroon-Lango, C.J. and Hammond, J. (2008) Molecular 

characterization of Lolium latent virus, proposed type member of a new 

genus in the family Flexiviridae. Arch. Virol. 153, 1263-1270.  

 

Verchot, J., Angell, S.M. and Baulcombe, D.C. (1998) In vivo translation of the triple 

gene block of potato virus X requires two subgenomic mRNAs. J. Virol. 72, 

8316-8320. 

 

Verchot-Lubicz, J., Torrance, L., Solovyev, A.G., Morozov, S.Y., Jackson, A.O. 
and Gilmer, D. (2010) Varied movement strategies employed by triple gene 



 128 

block-encoding viruses. Mol. Plant-Microbe Interact. 23, 1231-1247.  

 

Verchot-Lubicz, J., Ye, C.M. and Bamunusinghe, D. (2007) Molecular biology of 

potexviruses: recent advances. J. Gen. Virol. 88, 1643-1655.  

 

Walsh, J.A., Rusholme, R.L., Hughes, S.L., Jenner, C.E., Bambridge, J.M., Lydiate, 

D.J. and Green, S.K. (2002) Different classes of resistance to turnip mosaic 

virus in Brassica rapa. Eur. J. Plant Pathol. 108, 15-20. 

 

Wan, J., Cabanillas, D.G., Zheng, H. and Laliberté, J.F. (2015) Turnip mosaic virus 

moves systemically through both phloem and xylem as membrane-associated 

complexes. Plant Physiol. 167, 1374-1388. 

 

Wang, A. and Krishnaswamy, S. (2012) Eukaryotic translation initiation factor 

4E-mediated recessive resistance to plant viruses and its utility in crop 

improvement. Mol. Plant Pathol.13, 795-803.  

 

Wang, X., Kohalmi, S.E., Svircev, A., Wang, A., Sanfacon, H. and Tian, L. (2013) 

Silencing of the host factor eIF(iso)4E gene confers Plum pox virus resistance 

in plum. PLoS ONE 8, e50627. 

 

Waterworth, H.E. and Hadidi, A. (1998) Economic losses due to plant viruses. In 
Plant Virus Disease Control. (Hadidi A., Khetarpal R.K. and Koganezawa H. 

eds) American Phytopathological Society Press. 

 

Xiong, R. and Wang, A. (2013) SCE1, the SUMO-conjugating enzyme in plants that 

interacts with NIb, the RNA-dependent RNA polymerase of Turnip mosaic 

virus, is required for viral infection. J. Virol. 87, 4704-4715. 

 

Yamaji, Y., Maejima, K., Ozeki, J., Komatsu, K., Shiraishi, T., Okano, Y., Himeno, 

M., Sugawara, K., Neriya, Y., Minato, N., Miura, C., Hashimoto, M. and 
Namba, S. (2012) Lectin-mediated resistance impairs plant virus infection at 

the cellular level. Plant Cell 24, 778-793.  



 129 

 

Yoshii, M., Nishikiori, M., Tomita, K., Yoshioka, N., Kozuka, R., Naito, S. and 
Ishikawa, M. (2004) The Arabidopsis Cucumovirus Multiplication 1 and 2 

loci encode translation initiation factors 4E and 4G. J. Virol. 78, 6102-6111. 

 

Yoshii, M., Yoshioka, N., Ishikawa, M. and Naito, S. (1998) Isolation of an 

Arabidopsis thaliana mutant in which accumulation of cucumber mosaic 

virus coat protein is delayed. Plant J. 13, 211-219. 

 

Zhang, X., Zhao, X., Zhang, Y., Niu, S., Qu, F., Zhang, Y., Han, C., Yu, J. and Li, 
D. (2013) N-terminal basic amino acid residues of Beet black scorch virus 

capsid protein play a critical role in virion assembly and systemic movement. 

Virol. J. 10, 200.  

 

Zimmern, D. (1975) The 5' end group of tobacco mosaic virus RNA is m7G5'ppp5'Gp. 

Nucleic Acids Res. 2, 1189-1202. 

 
ZYD�X , F��ª . (1949) öąîëĄ{�MĄôëð�ÚAÄÖ. Yf�/. 

13, 29-32. 

 

r�m	 , ���­ , 6®'­ , 2�(8 , ¶vO
 . (2009) f|ìëĉ÷: 

_�]H 

 

��L , �Â`� . (2003) ĆĈÆÑ�Û��ØÙæ PotexvirusÜ Plangato asiatica 

mosaic virus (PlAMV) Û 1��×Ãæ. Yf�/. 69, 329-330. 

 

¯�µs , �o¢8 , �Ex , D��� . (1995)  �ćĊ�f|ÚÇËæìëĉ

÷ÛNd~tØÑÛ�K. ²bbD�=¡���G/ 1995, 153-155. 

 

¶vO
 . (2008) f|��: (�) ¸§. 

 

���^ , � [^ , "�e8 , p��8 , ��^ , ��x� , �Q�\µ , 



 130 

� a � � . (2003) Reverse Transcription Loop-Mediated Isothermal 

Amplification (RT-LAMP)uÚãæõĊþöìăĄôëðìëĉ÷(CyMV)

Ûg�. Yf�/. 69, 411-414. 

 

-B�I , �®�5 , q
%µ . (1969) èÉ*×£�ÍçÒöąîëĄMìëĉ

÷.Yf�/. 35, 47-54. 

 

<��F , ¹j�i . (2015) f|Û R¬�8Úãæìëĉ÷SRM. ìëĉ÷ 65, 

199-208. 

 

©�y . (1962)º öąîëĄ&�Û X ìëĉ÷SRMÚ²Ïæ��. Yf�/. 27, 

214-218. 


