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͝Ҥ͙� ΈϪ 

 

1.1 ʉ̡́  

� ʉ́;�ȇΞ:ж͌4ʐ�7Ƃ̧Ϡš8ORǦ҇Vĺ R�+:ɷ5%3ʉ́Ñ8ѴƦ�

̏&-ŷł�+SP;�ʉ̡́�5Ά͊$SRҡѻʼ 2008Ң�Ố̏̐8��3�ʉ̡́;ĸ

ё:ȳƉ817�R���œЏVÏ¨$)R-IŚґ57R�õ«̗8� Rʉ̡́:ϗƦV

ϴͤ%-ŷł�̌Ͼ§ľΡ7Ố̏̐қ:͵ 36Ҡ�ʉ̡́4ƉUS3�R5ȫƢ$SRҡѻʼ 

2008Ң�ǫ03�ƝƢ%-Ố̏̐:-I8;�ʉ̡́:̤̏Vɪ˵8¶Ѧ'R55J8�̤

̏ə8;лĉ7ѦѫVϒ�"5�яϠ4�R� 

� ʉ̡́:įšҡ̡šҢ;˳Ʉ8ƙū%�®8̧̡҄̏́š5̧̡̏́š8Ƅč$SRҡ̲Ƽ

2010Ң�̧̡҄̏́š5;̧́̌Ϡšҡқ˕K´˺76Ң�Ġƚ̧7Ϡšҡɾҗͺ:ʖ±KР

ό:жĖɂǌ76Ң:Ά͊4�R�¤Ɍ4�®7̧̡̏́š5%3;ʉ́VęƦ'Rǯ̏́ҡ\

[�n�ͼο�οғ�Ήώ76ҢKɒώ�Ŗ³ғ�ȣ!PSRD��ŧŷ8̏�RѹμJỐ

:ɾҗVĸƏ%�+:ĸё¢œЏVÏ¨$)R�"SP:̏́;�͎ғ8O03̡ƦVǞ�В

"%K'�̍żɰÇKÊɻͿЕ�Рό:ěɷ͟�̝7R�ǫ03�̡š57R̡įÑ8O03

лĉ7Ѧѫʺ;̝7R-I�ɋϣ̡Ʀ̤̏ə8;̡įÑVʙ̿8ńƢ%�+:Ǻ̄Vȏȱ'R

ǳϠ��R�
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1.2� ʉ́:ͼο̡  

1.2.1 ʉ̡́įͼο:͎ғ  

� ɬ̺͔4;®8�ͼοV̡įÑ5'Rʉ̡́ҡͼο̡ҢVȍ��ʉ́8̡ƦVǞ�В"'ͼ

οҡʉ̡́įͼοҢ;ǫɱ 6ƻҡAgrobacterium�Corynebacterium�Erwinia�Pseudomonas�

Xanthomonas�StreptomycesҢ8Ĉғ$S3�-�ҡDye et al., 1980Ң�ɋ͎:̤ϢKɋ-7

Ĉғʺ:ȯŘ8OQ�̊ ū; 34ƻ8Ĉғ$S+:͎Ʉ; 400͎VГ�Rҡϔ 1-; Bull et al., 2010; 

Bull et al., 2012Ң�F-�ń¤͎ü4J̡įǺ8ǉ̝��R-I8�Ʃ®ͧţ�̝7R×JŶ

Ō$S3�R�":ǉ̝;®8͎:¨ÎĈғΓ4�R pathovar5%3Ĉғ$SRҡDye et al., 

1980; Young et al., 1991Ң�ɋ-7͎K pathovar:̤Ϣ��R�;ɏƙ͎:þΊ;ФǒJ�

3�QҡBull et al., 2012Ң�ʉ̡́įͼο:ĈғÑͳVϝѹ7J:5%3�R�ʉ̡́įͼο

:¤ί̧7ĈғɌʺ81�3; 1.2.3Ҋ4϶ͼ8ϨϺ'R� 

� ¤х:ʉ̡́įͼο;ɪ.Ųҗͳ�̿͘%3�P(ҡѻŲҗǺʉ̡́įͼο5Ά͊Ң�͎K

ƻ�ƢΔ$S3�7�-I�+SP8̰Ǣ'RɟƢ̧7sdr 8Ĉғ$S3�R�ѻŲҗǺ

ʉ̡́įͼο [CandidatusҡCa.Ң Phytoplasma�Ca. Liberibacter�Ca. Phlomobacter] ;Ų

җľΡ7ͼο5ʧC3�Ǻ̄Kʉ́8ư'R̡įǺ�ĈғɌʺ�̂ʟ4�R"5�ƃ��+"

4�Å¨:Ҋ4;�̂͞%3�RŷłVѫ��ŲҗľΡ7ͼοVǿƢ%3ϮЦ'R� 

�

�

�

�

�

� �
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ϔ 1 ̊ū:ʉ̡́ͼο:ĈғÑͳҡBull et al . ,  2010�Bull et al . ,  2012 Ĳ˷Ң  
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1.2.2 ͼο̡:̂Ǳ  

� ʉ̡́įͼο8O03Ǟ�В"$SR̢̄;ʐ�4�Q�ρă�ɇ˱�Φɀ�ɹȳ768Ƅ

č$SRҡǪύ 1990Ң�ρă5;�ʉ́âÑ:¤х��R�;õÑ�ρSR̢̄4�RҡŤ

1-1AҢ�ɇ˱5;+:Ņ:ЫQ�ʉ́:ʐ�7хÎ8ɇ˱̄:̡ɇ�̏&R̢̄VȢ'ҡŤ 1-1BҢ�

˧̢ə8;̤̏хÎ:ΦɀKɹȳVȜ�"5J�R�Φɀ;ͼο:Žʡ8Ë�ʉ́;Ύ�ǃž

%3��̢̄4�RҡŤ 1-1CҢ�ɹȳ;ʉ́:Α̡х�´˺¢ɹʝ'R̢̄4�QҡŤ 1-1DҢ�

͝ҥ͙4ȍ�υɹ̢̄JŇFSR� 

� Ť 1-18́%-̢̄;ͼο̡8úŮ̧7̢̄4;�R��%<%<Â:ǯ̡̏́8O03Jғ

Í%-̢̄�ϸƴ$SR�+:¤Ɍ4�̡ įÑ:лĉ7Ѧѫʺ;+:͎ғ8O03̝7R-I�

̡įÑ�ͼο7:�Vлĉ8ČɊ'R"5�яϠ57R�̡įͼο�ʉ́Ñü8Ûô%Žʡ'

R5�Α̡х8%<%<ʪ8ˉ0-O�7̡ɇҡʪˉ̡̄ɇҢ�̏&RҡŤ 1-2AҢ�ʪˉ̡̄

ɇ;�̡ƦVͼο̡5ȫ˖'RяϠ7Ȣʑ4�RҡǪύ�˫Ǆ 1984aҢ�̂8ɇ˱�Φɀ�ɹ

ȳ̡Ʀ:ċɨ̢̄;�ʪˉ̡̄ɇ4�R"5�ƃ��-.%�̡Ʀ�Ìƺ%-ŷł8;̝7R

̢̄B5ƁĠ'R"5Jƃ��F-ͥɯхVΑ̡х5'R̡Ʀ4;ʪˉ̡̄ɇ�ϦƮ$S7

�"5�ƃ�-IʾȁVϠ'R�ʪˉ̡̄ɇ5ø8ͼο̡:ϱɊ:Ƅ�7ʂȝ57R:��Α

̡х�P:ƃё:ͼο:ˡĆҡοʽҢ:̿ϷҡŤ 1-2B, CҢ4�RҡõŦРɮɁΞĨÉ 2002Ң�

-.%�ʉ̡́:͎ғ8O03;οʽ�õ�ϦƮ$S7�"5J�R�F-̡Ʀ�аϒ%'�

3�Rŷł�ΦǺ̧7ͼο�¹ʗ̧8Žʡ%οʽV̏&Rŷł��Q�®̡į5ˏń%7�O

�8ʾȁ�ǳϠ4�R� 
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Ä 1-2 ŘŪĻ?ĲîƦŃƠƧ 

A. ģĩĳĻă  B. ŪĦ?Ĩ«� C. ŪĦ?¤ÖơíƔŵÜ 

  

Ä 1-1� ĔıŘŪĻ?�ƦƜĥ 2008) 

A.  h{hƝĐĻƦūªƧ    B. h{hăĮŘŪĻƦăĮƧ 

C.  nX\QƁťĻƦťĀƧ   D. QmFDĐŘŪĻƦĐþƧ 
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1.2.3 ̡įͼο:̂Ƣ5Ĉғ  

� ̡Ʀ�ͼο̡5ȫ˖$S-ŷł8;�ͼοVĈѺ%̡įǺVϴҚ'R"54̡įͼοV̂Ƣ

'R5ø8�+:Ǻ̄VϨɵ%͎VĈғ'R�ɬҊ4;�¤Ю:ȹÔ81�3ͫˢ8ϮЛ'R� 

 

̡įͼο:̂Ƣ 

� ¤ί8��Rǯ̏́V̡įÑ5̂Ƣ'R8;��hv�:įĒ�V˘-'ǳϠ��R�hv

�:įĒ;{[w:ģƚΘ Robert Koch �ȯŘ%-J:4���R̡ʩ:̡ǽх8̂Ƣ:ǯ̏

́�ʊĆ$SR"5��+:ǯ̏́�Α̡х�Pͷͭ8ĈѺ¢Ųҗ$SR"5�ĈѺ%-ǯ

̏́VæõâÑ8Ȫ͎%-ѳ8�̢̄�þ̊$SR"5��þ̊$S-̡ǽх�PȪ͎˙5ń

¤:ǯ̏́�þ>ʊĆ$SR"5�: 4 įĒ�P7R�ɬɱ�ĝ́:̡̠:̡įÑ̿Ϸ:ѳ:

Ȣѓ:=514�0-��ʉ́:ǯ̡̏́8J˚̑$S3�Rҡѻʼ 2008Ң� 

� ùŅ̃7Ȍҋ;Å¨:ЫQ4�R��ͼο:ʊĆ;�ēҊ8Ϯ%-οʽ:˄ĆVϦƮ'R:

�¤ί̧4�R��οʽV̿Ϸ%-̡ǽхVȩѷ%�ͼοVŲŬ§4Ųҗ'R�οʽ�ϦƮ$

SR̡ǽх4;̡įͼο:ƫǘ�ʍI3қ��̡įͼὀɱ:ͼοѷτ�ŲŬ§8¤ʐ8ǣȇ

$SR"5�ƃ��ĈѺǪ;̓ɱ:̝7Rͼοѷτ�ˏł'R:VѦ�˲8�̅͘%-ѷτV

нȒ'RҡĩѷτĈѺҢ�ĈѺοʀ�̡įͼο�;�̡įǺϴҚ8O03ČƢ'R�æõ7

Ʃ®ʉ́8ŁĈѺοʀVȪ͎%3�̢ ̄�þ̊$SR"5V̿Ϸ'R�Ȫ͎Ɍʺ;ʐ�4�Q�

ʉ́Ñϔ҅8οˋVŉ�Ã RŞѿȪ͎K�ʉ́Ñü8ʾƲѓ4οˋVʾô'RѓȪ͎76�

�R�Ȫ͎Ɍʺ8O03̢̄:ǡǠ�ƁĠ'R"5J�R-I�ľΡ7ѩQΫ˵̍ż¨4:Ȃ

ɻ8Ф�ȌʺVн@"5�ɧF%�ҡǪύ�˫Ǆ 1984bҢ��Ȫ͎âÑ4̢̄�þ̊$S-ŷ

ł;þĈѺVϒ��Ȫ͎į5ńʐ:ͼο�ĈѺ$SR"5V̿Ϸ'R� 
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̡įͼο:Ĉғ 

ʉ̡́įͼο:Ĉғ;�®8ͼοƚ̧Ǻ̄ϴҚ�Ʃ®ʉ́ͧţ:ʊϭ�ĈƖ̏́ƚ̧Ϩɵ8ų

2�3ϒUSR�ͼοƚ̧Ǻ̄5;ͼο:ǣȃ̧Ǻ̄�Ųҗ̧Ǻ̄�̏̌¢̏Ġƚ̧Ǻ̄76

:"54�Q�ŁǺ̄Vɏ̸:οʀ5ʧК'R"54͎VĈғ'R�Äϔ̧7ͼοƚ̧Ǻ̄5

%3�ͼοVe��ѬǺͼο5e��ѰǺͼοҡϔ 1Ң: 2Γ8Ƅč'Re��ķǶ��RҡǪ

ύ�˫Ǆ 1984b�1984c�1984dҢ�Ʃ®ʉ́ͧţ:ʊϭ;�ĈѺ˙:ʉ́5;̝7Rʐ�7ʉ

́8ư'R̡įǺϴҚ8O03ϒ��§Ц:ЫQ�ͼο:8;ń¤͎ü4JƩ®ͧţ�̝7

R pathovar�ƙū'Rŷł��R-I�Ʃ®ʉ́ͧţ:ʊϭ;ͼο:Рʌ̏̐8� RĬѯǺ

Vȏȱ'R-I8яϠ4�R�ĈƖ̏́ƚ̧Ϩɵ;ФǒϒUSRʐ870-ĈғȌʺ4�Q�

g��:̂Ƣ: DNAшĊVɏŶ:οʀ5ʧК'R"5�ƃ��УЬ¢ͫÜ8ĈғVϒ�R5

��˱4ʍI3ɥ̪4�R��ѩƢ̧7 DNAшĊ8ų2�Ĉғ4�Q�ͼο:Ǻ̄Vʙ̿8ķ

ɖ%3�R5;ѩP7��+:-I�ǳ(ͼοƚ̧Ǻ̄ϴҚ76VÕ̑%3͎VĈғ'RǳϠ

��RҡWayne et al., 1987; ˫Ǆ 2001Ң�7��Ųҗͳ:̿͘%3�7�ѻŲҗǺʉ̡́į

ͼο8��3;ͼοƚ̧Ǻ̄ϴҚK̡įǺϴҚ�ƣɍĆɱ7�"5�ƃ�-I�ĈƖ̏́ƚ̧

ϨɵVǲ5%-Ĉғ�аIPS3�R� 
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1.2.4 ͼο̡:Ѧѫ  

� ʉ́ͼο̡:ɥě7Ѧѫʺ;�̡įͼο#58̝7R�%�%7�P�ʎ%3ư̢̧7ʷ̣

;Ţѻ4�R�ͼο̡�̤̏%3�PРόɂǌVϒ03J�Ȃɻ:#�ċɨVѫ�3ɥěǺ;

ϋ��+:-I�ͼο̡:Ѧѫ;̤̏ē:¶Ѧ̧Ȭΐ5�̡̤ʉ́:ѫıKʗÔ:ÔÃ Ñͳ

:Ɓɠ5�0-Âʉ́B:ϗƦȞƄ:ŠпVǲ8ϒUSRҡқʓ 1991Ң�ùŅ̃7¶ѦȬΐ

5%3;�ũſˊʦKũſ: pH:Ͻͦ�ȕȑǺœ͎:Ď̑�όĕ:¶Ѧ̧ɂǌ͟�̸PS3�

R�7��όĕ5%3;¤ί8јĕ�ȑ̏́Џ͟�̑�PSR��©лĉ7Ö̑8ORόƦK

ΙǺο:Ć̊8̚ȁ'RǳϠ��Rҡқʓ 1991Ң�7��ѻŲҗǺʉ̡́įͼο;¤ί8ɒώ

8ƕÁ$SR-I�ƕÁɒώ�Čɔ%3�Rŷł8;ʣώĕJɥě7Ѧѫ͢4�R� 
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1.3 ʉ̡́įͼο:̡įǺϨɵ:яϠǺ  

� ʉ̡́įͼο:̡įǺ8ѥ'RϨɵ;�218Ƅč$SR�Ҥ1;ͼο�ʉ́8ư%3̡ƦV

Ǟ�В"'�VϨɵ'R̡įǺϴҚ4�Q�1.2.3Ҋ8ЦC-ЫQ�ʉ̡́:̡įV͔ɔ%Ĭѯ

ǺVȏȱ'R§4яϠ4�R�J�Ҥ1:яϠ7Ϧ˱5%3�+:̡Ʀ�6:O�7�`}o

�4Ǟ�В"$SR�VϨɵ'R̡įǺʕʏ:Ϩɵ��R� 

� ̡įͼο�7*ʉ́8̡įǺV́':�;�ͼο8O03ʐ�4�R�×�<�ʉ́8ҁɹ

̡VǞ�В'ͼο Ralstonia solanacearum ;�Ʃ®:ƴͥü4ͯЏǺ:ƃͱғҡοÑƂƃͱҢ

VĈʹ%�ƴͥVѢź$)R"54ʉ́Ñ:ρă¢ɹʝVϸƴ'RҡŴ̒�ũƹ 2012Ң�z�

zɇυͼο̡ο Pseudomonas syringae pathovarҡpv.Ңtomato�Ĉʹ'Rʦͺh�|u ;�

ʉ́��� :m�n� э�u�8ғÍ%-ʏЭVɥ%�m�n� э�u�:ʑ̧s �

dЏ8ł%�m�n� эͿЕV˃ǺĠ$)RҡGeng et al., 2014Ң�+:ɷ�m�n� 

эͿЕ5Ƞŗ̏8ʕΡ'Rj�u�эͿЕ�Ĵ>$P8¨˄8Îΐ'RͼοB:ȕȑǺķǶ�

Ȑď$SR�Å§:h�|u :ʕΡ�P�Фǒm�n� э�u�5h�|u �ł'R

Ʃ®šƖVh�|u :G�łĆɱ7�7RO�8ȻƁ%�P. syringae pv. tomato8ORϗ

ƦVȐď'RϴG�ϒUS3�RҡSheard et al., 2010Ң�":O�8�̡įǺšƖ:Ϩɵ;�

̡įͼο:ʉ́ü4:̏ȃV̌Ϩ'R§4яϠ4�R��8�ͼοǺ̡Ʀ:Ѧѫ8J17�Q

�R� 
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1.4 β�ғ8� Rͼο̡    

� �β�ҡβĥҢ�5;�β5ĥҡƃ�:μ:ȁҢ�P7Q�μβ:Ά͊4�R�ϦЍ̑ʉ́

5ńΔ5J$SR��+:4Jβ�®7џЍưЄ57Rʉ́Vβ�5ŏ͊'R"5�ƃ�ҡÀ

ϟ 2012Ң�Ǣ˵�β�ғ:џЍ8;βŝơ�ɣJяϤ$SR��ї́ғ764;%<%<υƔ

KõÑ:ǣȃJџЍưЄ57Rҡξʰ�ђˆ 2013Ң�ɐɬ:β�ʃŲ; 1970 ǒÄ�P 1990

ǒÄ8� 3̤ƺ%�ǋŷ:Ʌè�аW4�RҡÀϟ 2012Ң�F-�+S8Ǒϒ%3�Оô$

SRβ�ғ:ёJŽę%3�R�β�ʃŲ:̂Ǳ5%3;�ʍI3ƃ�:͎¢œ͎�ʃŲ$S

3�R"5�ȣ!PS�ɐɬ4˄Ы%3�Rβ�œ̮; 1000œ͎VГ�Rҡǋɮ 2013Ң�F

-�œЏ8ư'RϠʮǺ�қ�Ȏϓʪ˚:қǘĠ�аW4�R"5�ʃŲÑͳ:7�4ɍϯʃ

Ų:īIRėł�Ƅ��"5ĴǱ4�RҡÀϟ 2012Ң� 

� β�8� R̡Ʀ:̤̏;�ʉ́Ñ:ĸёVÏ¨$)RÅƂ8�ƂϦVȳ7�řœÚåVÏ

¨$)R˱4JŚґ57QK'��+:-I�β�̏̐8� R̡ƦѦѫ:яϠǺ;ʍI3қ

��β�ғ8� Rɋ-7̡Ʀ:ŶŌÇɄ; 1970~1980ǒÄ�PŽę%3�Q�Οɜ8;̏̐

ǋŷ:ȞƄK�ʃŲ$SRβ�ғ�ʃŲʐǝ:ƃʐĠ��R5Η�PS3�Rҡ¦ƛ 2008�ʉ

ɳ 2012Ң�ѐπРƧ�ń&̘4β�̏̐8̴Ȍ%-ɷ�ēÔ:ѐπ8̤̏%3�-̡Ʀ�β

�8J̤̏%-¸×J̸PS3�Rҡ͜ü�Ŵʯ 2006Ң�ę�3�˄Ы:̤и8Ë�ŦüƂ4

β�:ηĹǞ�̫W8ϒUSRO�8703�Q�+S8Ë�ɋ-7̡įÑ:Ûô¢ψǛJŶ

Ō$S3�Rҡʉɳ 2011; ˂̒�Ðѐ 2014Ң�Å§:O�8�β�ғʃŲ8� R̡Ʀ̤̏

̄ʸ;ʍI3˄ģ̂4�R5Ϫ��âč:̡Ʀ8ѥ'R̸Ϣ;ƶ7�"5�ƃ��+:ɷ�

̡Ʀ:ϱɊKѦѫ:ĹQ;G�вSR"5�ȆǷ$S3�R� 

� β�ғ8ư'Rɏ̸:ǯ̡̏́;�O+ 7 ė�Ͳ̄ο̡4�Q�ͼο̡�īIRėł;͵ 1

ė4�Rҡɐɬʉ̡́̌ƚÉ�Рʌ̏́Ћ˙̺͔Ȋ 2012Ң�%�%7�P"SP:ͼο̡8O
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RϗƦ;ЙϤĆɱRJ:4;7��+:̌̓5%3�1.2.4Ҋ8ЦC-O�7ͼο̡:Ѧѫ:ѻ

%$��R�β�ғ;�¤хVѫ�҄ҕ̑Ố4�R-I�ĠƚРόV®Ñ5%-Ѧѫ�®Ñ

5703ϒUS3�-ҡǋǄ 2006Ң�%�%7�P 1.2.4Ҋ8ϮЛ%-ЫQ�ͼο̡8ư%3

Ғφ7όěVJ1ĠƚРό;ƶ7��ɠ8�β�ғ8;όƦ�̏&K'�ҡǋǄ 2006Ң�ͼο

̡8ɥě7όĕ8ORόƦ:̤̏JŶŌ$S3�RҡŴʯ�ł̒ 1996; ŴʯP 2000Ң�Å§

VЖF��F-Фǒ:Рό8ư'RˊЊΘ:ǴпȂK̍żЅν8ư'RȁЀ:ņ§�P�̊ū

4;Рό8ę�3Â:ʐ�7ѦѫʺV;GłU)-Άł̧̡Ʀώͥ̌ҡIntegrated pest 

management; IPMҢ�яϠϤ$S11�Rҡʉɳ 2006Ң�ȩ̌̇7 IPM:ƣɍ8;̡įÑ:

̏ȃVĤĈ8̌Ϩ'RǳϠ��Q�ʗ�5̤̏'R̡Ʀ:̡įÑ:Ǻ̄Ϩɵ�ǹĞ5703�

R� 

 

� Å§VϠ'R8�ͼοǺʉ̡́Ʀ:Ѧѫ:˲8;ͼο:̡įǺ:ɥ˳Vʊϲ%�+:ʕʏV

Ϩɔ'R"5�яϠ4�R�+"4ɬ̺͔8��3;�β�ғ8̤̏%3�R̡Ʀ:�P�

hn�n8̤̏%-įš©ɔ:̡ƦVĹQ§!�Β̡ʉ́�PĈѺ$S-ͼο:̡įǺVʊϲ

%�̡įͼοV̂Ƣ%-ҡ͝ҥ͙Ң��3�ʉ̡́įͼο�X[z��o�8O03̏&R

βŝơ:ǣȃ̝Ǐ81�3�+:̡įǺʕʏVϨɔ%-ҡ͝Ҧ͙�͝ҧ͙Ң� 
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͝ҥ͙� υɹ̢̄V́'hn�nOQĈѺ$S-ͼο:̡įǺϨɵ 

 

2.1 ǖɆ  

� β�ғ:ͼο̡:8;�ɪ.8̡įͼοK+:Ǻ̄�©϶7J:�ƙū'R�͝Ҥ͙4Ц

C-O�8�"SP:̡Ʀ81�3;̡įͼοVńƢ%+:ͼοƚ̧Ǻ̄VɔP�8%7 S

<�̡̤�`}o�:ϨɵKȩ̌̇7ѦѫɌʺ:ʏͨ;Ţѻ4�R�ɬ̺͔4;�̡įÑ�©

϶4�0-hn�n:υɹ̢̄81�3ϨɵVϒ��ɬ̢̄�ʉ̡́įͼο Pseudomonas 

cichorii 8OR"5VɔP�8%-�Å¨8Ϩɵ:ų̬570-̸Ϣ81�3ЦCR� 

 

2.1.1 Pseudomonas ƻʉ̡́įͼο  

  Pseudomonas ƻͼο;��-Proteobacteria ΄�Pseudomonas ̮�Pseudomonas ͈8ƻ'

Re��ѬǺ:ƐʩǺͼο4�R�ʧК̧Ľ�8̤Ϣ$S-ͼοƻ4�Q�̊ ū: Burkholderia

ƻ�Ralstoniaƻ76:ͼο8J�13; Pseudomonasƻ8Ĉғ$S3�-͎�ƙū'RҡBull 

et al., 2010Ң�Pseudomonasƻͼο;ǔ�̍ż8̏ǻ%3�Q�ƃʐ7Ǻ̄:͎�ƙū'R�

Äϔ̧7J:5%3;�·ΩοҡP. aeruginosa; Govan and Deretic 1996ҢK�ɥʕ˜ƕKγ

ҘɎ76:ĈϨΡVɥ%�[_��yZ^£l� 8ņ -̺͔�аIPS3�R P. putida

ҡNikel et al., 2014Ң76�ȣ!PSR�Pseudomonasƻͼο:̂Ǳ5%3�Ϗðαͺ̐̏Ρ

�ȣ!PSR�ƃ�: Pseudomonasƻͼο�ϏðαͺV̐̏%�Ĉғ:яϠ7Ȣʑ4�R� 

� Pseudomonasƻͼο;®Ϡ7ʉ̡́įͼοƻ:Ҥ14�Q�Xanthomonasƻͼο8�3 2

̜̮8ƃ�:͎�ʉ̡́įͼο5%3ŶŌ$S3�R�Ʃ®J͎8O03ʐ�4�Q�ɐɬ.

 4Jѐπ�β�ғ�ɷʒ76 150 ͎Å§:ʉ̡́:̡į5%3ŶŌ$S3�Rҡɐɬʉ̡́
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̌ƚÉ�Рʌ̏́Ћ˙̺͔Ȋ 2012Ң�F-�ͼοKʉ͎́:й�8O03�ɇ˱�Φɀ�Ž̏

ҡ�W%LǣȇҢ�ɹȳ76ʍI3ƃʐ7̡ƦVǞ�В"'�Äϔ̧7 Pseudomonasƻʉ̡́

įͼο5%3�P. syringae�ȣ!PSR�P. syringae;�͎ü:̡įǺ:ĈĠ�аW4�Qɐ

ɬ. 4J 30͎ғФ�: pathovar�ŶŌ$S3�R� 
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2.1.2 Pseudomonas ƻʉ̡́įͼο:Ĉғ  

� Pseudomonas ƻͼο;ʎ%3Ųҗ�ľΡ4�Q�1.2.3 Ҋ4ЦC-¤ί̧7ͼο:Ĉғʺ8

˚&3Ĉғ$SR�¤Ɍ4�Pseudomonasƻͼο;®Ϡ7ʉ̡́įͼο4�R-I�͎VČƢ

'R˲:ͫɕ7Ĉғʺ��93OQ̺͔$S3�-�Lelliott P; 9 1:Ǻ̄ϴҚVų8�

PseudomonasƻʐϏðαͺ̐̏ʉ̡́įͼοVҩe�£�8Ĉғ'RɌʺVȯʆ%-ҡLelliott 

et al., 1966Ң�̊ūǔ�̑�PS3�RͫɕĈғʺ;�"SVɠ8ͫÜĠ%-J:4�Q�

Pseudomonasƻʉ̡́įͼοV 51:Ǻ̄ϴҚ8O03 6e�£�8Ĉғ'RJ:4�Rҡϟ

Ƽ 1978Ң�Łe�£�:Äϔ̧7ʉ̡́įͼο;ϔ 2
18́'5�Q4�R�51:ϴҚ5;

�� ̐̏ΡϴҚ�_blt£q˃ǺϴҚ�m�a[�ŸκΦɀΡϴҚ�Y�c} ęʪĈϨ

ΡϴҚ�s�hυжȿȂķǶϸƴΡϴҚ4�Q�+S,S:ϴҚ:θŅ:ҎɆƘV5Q�LOPAT

ϴҚ5Ά͊$SR� 

 

 

 

 

 

 

 

  

ңҫѰǺ��ҫѬǺ 

 

ű 2−1 LOPATŸƣ>GJ PseudomonasàĔıĻµŘŪ?Œą¬ƢűƦųá 1978Ƨ 
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2.1.3 Pseudomonas cichorii  

� P. cichorii ;�Äϔ̧7 Pseudomonasƻʉ̡́įͼο: 1͎4�Q�LOPATϴҚ4;e�

£�	8ғč$SR�ʐ�7ʉ́8̡įǺV́%ҡƃ̃ǺҢ�ɐɬ4;��͈�bd͈���

͈76 17͎:ʉ́8̡ƦŶŌ��Q��/bd͈Vǲ5%- 6͎�β�ғ4�Rҡϔ 2-2Ң�

®8Ŭ§х8ɇ˱Ǻ�ΦɀǺ�ɹȳǺ̡ƦVǞ�В"%�ʉ́Ñ:̏ΞVѧƦ'R�P. cichorii

;ʉ́:ʩƗVÁ%3Ûô%�ϔ̩ͼΠKυΜͼΠ:ѤѲ4Žʡ'RҡHikichi et al., 1996Ң�

F-�Α̡ʉ́�PѼˠ768O03Â:ʉ́8Êɻ'RÂ8�Α̡ʠ$VÁ%3ũſÊɻ'

R5Η�PS3�RҡGrogan et al., 1977; Bazzi et al., 1984Ң�$P8�ŧŷōС:ѹμ�Ê

ɻ˙57RľΡǺJ́ŗ$S3�RҡƄ̘P 1982Ң�P. syringae5̝7Q P. cichorii4;�

pathovar:ĈĠ76;̿Ϸ$S3�7�� 
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ű 2-2 ĄČ;ĽĶ0:#J P. cichorii>GJĻÚƦĄČĔıĻĵÖ��ƅĖĶıŽīŅŉô 2012Ƨ 

Ĉғ Ʃ®͈Ņ Ʃ® ̡Ņ 

ѐπ Y_[͈ _d� υɹͼο̡ 

 

\�͈ ��  Φɀ̡ 

 

bd͈ ^ t[� Φɀ̡ 

 

bd͈ �sn Φɀ̡ 

 

lr͈ ��\b ҟɇͼο̡ 

 

p�͈ p��£ ɇ˱ͼο̡ 

 

|n͈ z\a�l υɹͼο̡ 

 

|n͈ |n Ϟɇͼο̡ 

 

��͈ [ui Ϟɇͼο̡ 

 

��͈ } }d ɗΦ̡ 

β�ғ bb�\͈ ` �}�� Ϟɇͼο̡ 

 

bd͈ a£�� ɇ˱ͼο̡ 

 

bd͈ bd ɇ˱ͼο̡ 

 

bd͈ b p ` ζɹͼο̡ 

 

bd͈ ��l�cd ɇ˱ͼο̡ 

 

bd͈ ���� υɹͼο̡ 

̀μ ��͈ l�d�£� υɹͼο̡ 

 

 

 

  

� � � � �  
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2.1.4 hn�n8̤̏%-υɹ̢̄  

� hn�nҡCosmos spp.Ң;�bd͈ҡAsteraceaeҢhn�nƻҡCosmosҢ:ʉ́:Ά͊.

��+:Äϔ̧7͎4�R__��l�cdҡCosmos bipinnatusҢV́'"5�ƃ��ɬϾɆ

4;�ǪΘ:ȁŎł�4̑�R�hn�n;��blhį̐:¤ǒ̏μɬ4�Q�¤ί8͇

8̥α�ʅα76:ʐ�7α:βVŒ�)�Ũδʉ́5%3¿ʩ:β�ғ4�R�ʃŲ;ʧК

̧ƨɕ4�Q�ɐǢ-Q5ʪ; :O�ũŬ4�S<ũЏV�FQн<(8̏Ξ'R�+:ʃ

Ų:ͫÜ$�P�ɐɬ8��3;ɜϦʉ́5%3JĎ̑$SR"5�ƃ��ɐɬ4;"SF4

8 14͎ғ:hn�n:̡Ʀ�ŶŌ$S3�Qҡϔ 2-3Ң�+:�/ 10͎ғ;οғ8OR̡Ʀ4

�R�+:Â:̡Ʀ5%3;�\[�n̡� 1 ͎ғ�ͼοҡ�X[z��o�Ң̡� 1 ͎ғ�

Ήώ̡� 2͎ғŶŌ$S3�R� 

� 2012ǒ 8ɤ�ɲ½Ƅƚʉ̡́Ѫ83υɹ̢̄Vŋ'Rhn�n:ϱɊÙҐVĺ -�̏̐Θ

8OR5�ɬ̡Ʀ;ҀŬʃŲ:ї́hn�n8̤̏%-J:4�Q�2006ǒ: 8ɤɑ8ċ

I3̿Ϸ$S-�ƒI;ŧŷ:¤хĈ4:G̡Ʀ�ϦƮ$S�+:Ǫ 1~2 ЯѤ:�/8ŧŷõ

Ñ8̡Ʀ�ǔ�R5:"54�R�$P8�ʥǒńəɨ8̡Ʀ:̤̏�ϦƮ$S3�R�§Ϯ

:̢̄VϱɊ%-ɷ�ɪŶŌ:ͼο̡4�RľΡǺ�қ�5Η�PS-˲�̡įÑ:Ǻ̄V

ɔP�8'R"5V̧̮8̺͔Vϒ0-�
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ű 2-3 ĄČ>ĽĶ0:#JZ_~_ĻÚƦĄČĔıĻĵÖ��ƅĖĶıŽīŅŉô 2012Ƨ 

ĢĈ ̡Ņ ̡į 

\[�n̡ �k[d̡ cucumber mosaic virusҡCMV) 

ͼο̡ ρҞ̡ �X[z��o�ҡɟƢ͎ɪńƢҢ 

οғ̡ ˰̡̟ Colletotrichum fioriniae 76 

 

ĦЗρă̡ Verticillium dahliae 

 

ҟ�>̡ Alternaria sp. 

 

+��̡ Sphaceloma sp. 

 

͘ɹ̡ Rhizoctonia solani 

 

�6W"̡ Sphaerotheca fusca 

 

υɹ̡ Alternaria tenuissima 

 

̥ɇ̡ Entyloma cosmi 

 

ˮα�>̡ Botrytis cinerea 

 

οʁ̡ Sclerotinia sclerotiorum 

 

κɹ̡ Phomopsis arctii 

Ήώ̡ ʂ"@Ήώ̡ Meloidogyne javanica 76 

 

bs�ej�Ήώ8OR̡Ʀ Pratylenchus penetrans 
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2.2 ɭɈ�O>Ɍʺ  

2.2.1 ɭɈ  

� ɬ̺͔4̡įͼοVĩѺ%-hn�n;�2012ǒ 8ɤ8ɲ½Ƅƚʉ̡́Ѫ8ϱɊÙҐ4ȡ/

ТFS-Α̡hn�n 2 ʀ4�R�Ȫ͎ϴҚ8̑�-ʉ́;Å¨:ЫQ4�R�m�a[�Ÿ

κΦɀΡϴҚ8;�ǋЇ:m�a[�ҡSolanum tuberosum L.�œ͎ҫ̕˼�JҢ:ŸκVА

ô%3̑�-�s�hυжȿȂķǶϸƴΡϴҚ8;�ȶ͎Ǫ 40ɐ:s�hҡNicotiana tabacum�

œ͎ҫj�n  NNҢV̑�-�Ȫ͎ϴҚ8;�ȶ͎Ǫ 3ЯѤ:hn�nҡœ͎ҫp p£l�

 Ң���\bҡOcimum basilicum L.�œ ҫ͎n[£z�m�Ң�z�zҡSolanum lycopersicum 

L.�œ͎ҫʅƆф�X[zҢ�Yns£ҡCallistephus chinensis L.�œ͎ҫY� mYns£

��Ң�i�ҡSesamum indicum L.�œ͎ҫ#F̈ҢV̑�-��(SJ 25 °C�Ϋ˵ðɰÇ

¨4ʃŲVϒ0-��snҡLactuca sativa L.�œ͎©ɔҢ;ǋЇ:J:VАô%�Ϣ� §æ

õ7ĉυV̑�-� 

� Ϩɵ8̑�-ʉ̡́įͼο;Å¨:ЫQ4�R�e��ķǶϴҚ8� Rư˷οʀ5%3�

Ȋƻ̺͔ƥßɥ:e��ѰǺͼοClavibacter michiganensis subsp. michiganensis Cmm1ʀ�

Ĵ>e��ѬǺͼο Pseudomonas syringae pv. lachrymans MAFF301499ʀV̑�-�hn

�nÅƂ:ʉ́B:Ȫ͎ϴҚ�e��ķǶϴҚÅƂ:ͼοƚ̧Ǻ̄ϴҚ�ĈƖ̏́ƚ̧Ϩɵ8

� Rư˷οʀ5%3�P. cichorii MAFF301184ʀ��O>MAFF301368ʀVNIASҡNational 

Institute of Agrobiological SciencesҢm£ � dOQАô%�ƣҚ8̑�-� 
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2.2.2 ̢̄:ϦƮ�O>̡įͼο:ĈѺ  

� Α̡ʀõÑ:ϦƮ;̮Ϥ4ϒ��Α̡х:ϦƮ;ƣÑҒǯўҡOLYMPUS�Ů̜ҫSZX16Ң�

Ĵ>ðƚҒǯўҡOLYMPUS�Ů̜ҫEX51Ң8OQϒ0-�Ö̑%-ŲŬ;'C3 121 °C4

20ĈѤ:қŪ˝οą̌Vϒ0-�Α̡х�P:ͼο:ĈѺ¢ßƙ;¨Ϯ:Ɍʺ8˚&3ϒ0-�

'7U/�Α̡ʀ 2ʀ:Ȃɻυ̡ɇхV 2ͣȊ(1ȩѷ%�100 ml�£`£8ôSno� a

£qҡno� Ң4?-V%3ʪзʪ4͵ 30Ĉʪˁ%-�+:Ǫ�d�£ � uü4˭˯˝

ο%-ƵćV̑�3Ł̡ɇхV͵ 5 mmϧ8ĉQĆ%�1.5 ml^v� u�£�8ôS-�Ł

^v� 8 500 µl:˝οʪVę��ĉ˾V̻̀¢Ȇ˨%-�ŁȆ˨ˋ 10 µlV˝οʪ4 100ã

8Ǎю%�+:�/ 100 µlV Lab-Lemco Agar [LLA, ˝οʪ 1000 ml�-Q Lab-LemcoƬƅ

ŲŬҡOxoidҢ23 g�NaCl 5 g] ǑɴŲŬ§8n��vt£4ŹȖ%-��(S:ŲŬJ 25˚C�

ɞҟ¨8҃ΐ%3 2 ɐѤŲҗ%-�ŁŲŬ§8íī̧8ǣȇ$S-ѷτV¤ѷτ(1нȒ%�

̥ђΛ4ȭ�Ĺ03ɋ-7 LLAŲŬ§8̖ΉĈѺ%-��(S:ŲŬJ§Ϯ:Ɍʺ4þǘŲҗ

%�ŲŬ§8¤͎ғ:ѷτ:G�ǣȇ$S-"5V̿Ϸ%-�Å§:ȹÔV 2 Šϒ0-�ʗ�

4�ŲŬϔ҅�P¤ѷτ(1̥ђΛ4ȭ�ĹQ�10% nb���d˜ˋ [˝οʪ 1000 ml�-

Q�nb���dҡDifcoҢ10 g�L-e�s� э|z�\� 1.5 g ] 8Ȇ˨%-�Å§:ȹÔ

8OQ�4̡ɇ+S,SV̓ɱ5'R 4οʀҡUTLPPB120801~UTLPPB120804ҢVǬ-�Ł

οʀ;-80 °C4Ąßƙ%-�ÅѨ;̂8ϮЦ�7�ѩQ�ϴҚ:цǘ LLAŲŬ§8̥ђΛ8

OR̖ΉŲҗҡ25˚C�2 ɐѤҢV 2 ŠΏQХ%�ǣȇ$S-ѷτVØϴ%-�ư˷οʀJńʐ

8ßƙ¢Øϴ%-� 
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2.2.3� ĈѺοʀ:ͫɕĈғϴҚ  

� e��ķǶ�King’s B ŲŬ§4:Ϗðαͺ̐̏ϴҚ�O> LOPAT ϴҚVͫɕĈғϴҚ5%

3ϒ0-�ŁϴҚ;ɏŶ:Ɇ̆8ų2�3ϒUS-ҡǪύ�˫Ǆ 1984a�1984c�1984dҢ�7

��̂8ϮЦ�7�ѩQ�Ö̑%-ŲŬ;ϴҚͥĈʾǪJ%�;�l�£�Ĉʾē8 121 °C4

20ĈѤ:қŪ˝οą̌Vϒ0-�F-ŁŲŬ: pH;ħ§ pH�£s£ҡHORIBA�Ů ҫ̜F-52Ң

4˖Ƣ%�1M NaOHJ%�; 6M HCl4ϽɅ%-�ŁϴҚ:϶ͼ;Å¨:ЫQ4�R� 

 

e��ķǶ  

� 3% KOH 25 µlVn�[{a�n8ˠ¨%�Łοʀ:οÑV̥ђΛ4Ȇ˨%-�̥ђΛ4Ȇ˨

ˋVȡ/§!-ѳ8�ͯ/N�%3ͲVǞ�J:VѬǺ�Ǟ�7�J:VѰǺ5ČƢ%-� 

Ϗðαͺ̐̏ΡϴҚ  

� ŁĈѺοʀVKing’s BǑɴŲŬ [˝οʪ 1000 ml�-QKing ƬƅŲŬB ҡSigma-AldrichҢ

33 g�e�p�£�ҡ|`�[xndҢ10 ml] §8̥ђΛ4̖Ή%�25 °C�ɞҟɰÇ¨4 2

ɐѤŲҗ%-�ǣȇ$S-ѷτ8 UVV˷Ʋ%�Ϗð:ɥ˳V̿Ϸ%-� 

�� ̐̏ΡϴҚ  

� ŁĈѺοʀV LLAŲŬ§8¤Š̥ђΛ4̖ΉŲҗ%-�ǣȇ$S-ѷτV�� ̐ǺΡϴҚ

̑:ǑɴŲŬ [˝οʪ 1000 ml �-Q Lab-Lemco beef ExtractҡOxoidҢ5 g���z ҡDifcoҢ 

10 g�nd�£nҡ|`�[xndҢ50 g�Ƭƅҡ|`�[xndҢ 15 g] §8̥ђΛ4̖Ή

%�25 °C�ɞҟ¨8҃ΐ%3Ųҗ%-�3ɐǪ8ѷτVϦƮ%��� ̐̏8ORѷτ:̫Q

§�Q�ϦƮ$SRJ:VѰǺ�ϦƮ$S7�J:VѬǺ5%-� 

_blt£q˃ǺϴҚ  
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� 1% xz��u�-p-�]}� mY� ˜ˋ 25 µlV˪8ˠ¨%�"S8Łοʀ:οÑV�

�vz� : 20 µl ̑uv�V̑�3"'Q1 -�10 ͉͌ϦƮ%-:/�οÑV"'Q1 

-хĈ�ҁ�̴α'RJ:VѰǺ�̴α%7�J:VѬǺ5%-� 

m�a[�ŸκΦɀΡϴҚ  

� m�a[�:ŸκVĮ$͵ 5mm :НĉQ8%�2.2 Ҋ5ńʐ8ʪзʪ4͵ 30 Ĉʪˁ%-�

ʪˁǪ:Ÿκ:ʪʩV�£�£s_�4ȟ�ĹQ�̥ђΛ4Й�ϔ҅Vé1 3Łοʀ:οÑ

VŹQÃ -�ŸκVl�£�8͋%�25 °C�ɞҟ¨4҃ΐ%-�2ɐǪ8ŸκVϦƮ%�Ã

éх:Φɀ�ϦƮ$S-J:VѰǺ�ϦƮ$S7�0-J:VѬǺ5%-� 

Y�c} ęʪĈϨΡϴҚ  

� Thornley:ŲŬ [˝οʪ 1000 ml�-Q��z  1 g�NaCl 5 g�K2HPO4 0.3 g��]�£

��v{ 0.01 g L-Y�c} ¢HClҡWakoҢ10 g�Ƭƅ 3 g�pH 7.2] V 5 ml(1ϴҚͥ8

Ĉʾ%-�Łοʀ:οÑV̥ђΛ4ȭ�503�1.5 ml^v� u�£�ü4˝οʪ 1 ml8Ȇ

˨%�͵ 108 colony forming unitҡcfuҢ/ml:˩ǘ8ϽɅ%-�":οˋVŲŬ8̥ђΛ4͕

ĐȪ͎%�ŲŬ§8 121°C4 20ĈѤқŪ˝οą̌%-˄ĝ���Z ҡ|`�[xndҢV 1 

ml ę�-�ŁϴҚͥV 25°C 4¤ЯѤ҃ΐ%�ŲŬ:α�БͶα8ƁĠ'RJ:VѰǺ�ʔҞ

α:FFƁĠ%7�J:VѬǺ5%-� 

s�hυB:жȿȂķǶϸƴΡϴҚ  

� Łοʀ:οÑV˝οʪ 3 ml8Ȇ˨%�͵ 108 cfu/ml:˩ǘ8ϽɅ%-�ʾƲѓ4͓V� -

s�h:§Îυ8�":οˋV 10 ml x��l� mV̑�3υ:Ϛ҅�PʾôȪ͎%-�Ȫ

͎%-s�hV 2ɐѤ�25 °C4҃ΐ%�Ȫ͎хÎ8ͼΠʝ�ϸƴ$SRJ:VѰǺ�$S7�

J:VѬǺ5%-�  
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2.2.4 ʉ́ÑB:Ȫ͎ϴҚ  

� hn�nB:Ȫ͎;ɏŶ:ϾɆVĲ˷8ϒ0-ҡSuzuki et al., 2002Ң�Łοʀ:οÑV 50 ml

u�£�ü4˝οʪ 50 ml8Ȇ˨%�͵ 108 cfu/ml:˩ǘ8ϽɅ%-�Ȫ͎ѓ8O03υЗV

Ãé%-hn�nη 3 ʀ8�ѿŉ�V̑�3οˋVŞѿȪ͎%-�҄Ȫ͎Ģ5%3�ńɰÇ:

hn�nη 2ʀ8οˋ:�UQ8˝οʪVŞѿ%-�ŁηV 25 °C�˗˥ɰÇ8ß/�¤ЯѤͿ

жVϦƮ%-�¤ЯѤǪ8Ȫ͎η�P̡ɇхVȩѷ%�2.2.2Ҋ5ńʐ:ȹÔ8OQͼοVĈѺ

%-�hn�nÅƂ:ʉ́B:Ȫ͎;Å¨:ЫQ8ϒ0-�'7U/�Łοʀ:οÑV 1.5 ml

^v� u�£�ü4˝οʪ 1 ml8Ȇ˨%�͵ 108 cfu/ml:˩ǘ8ϽɅ%�Łʉ́B:Ȫ͎8

̑�-��snB:Ȫ͎;��sn:ĉυV 2.2.2 Ҋ5ńʐ8ʪзʪ4͵ 30 ĈѤʪˁ%�®Σ

VȪ͎ѓ4Ãé%-�Ãéх8οˋ 10 µlVˠ¨%-�҄Ȫ͎Ģ5%3�οˋ:�UQ8˝οʪ

Vˠ¨%-���\b�z�z�Yns£�i�B:Ȫ͎;�ŁοʀVhn�n5ńʐ8Şѿ

Ȫ͎%-�Ȫ͎ʉ́; 25 °C�˗˥ɰÇ8ß/�¤ЯѤͿжVϦƮ%-� 
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2.2.5 ĈѺοʀ:ͼοƚ̧Ǻ̄ϴҚ  

  ѷτ:Ǻ̄VŇH 44Ҋ̮:ͼοƚ̧Ǻ̄81�3ϴҚVϒ0-�7��ɬҊ4ȍ03�Rϴ

Қ;��(SJɏŶ:Ɇ̆8ų2�ϒUS-ҡǪύ�˟Ǆ 1984a�1984b�1984c�1984dҢ�

ѷτ:Ǻ̄; 2.2.2 Ҋ:Ɍʺ8˚&3 LLA ǑɴŲŬ§4Ųҗ%-ŁĈѺοʀV̮Ϥ��O>ð

ƚҒǯўV̑�3ϦƮ%-�Â:ǺЏ 43Ҋ̮81�3;�Å¨8+:϶ͼVϮ'�'C3:ϴ

Қ8��3�ϴҚ'RǺЏVɥ'RοʀVѰǺ�ɥ$7�J:VѬǺ�+:Ѥ:Ǻ̄V́'

J:VǠѰǺ5ČɊ%-�F-�̂8ϮЦ�7�ѩQ�Ö̑%-ŲŬ: pH; 2.2.3Ҋ:Ɍʺ8

˚&3ϽɅ%�ϴҚͥĈʾǪ�J%�;l�£�ĈʾēҡǑɴŲŬҢ8 121 °C4 20ĈѤ:қ

Ū˝οą̌Vϒ0-�Łοʀ; 2.2.2Ҋ:Ɍʺ8˚&3ßƙ¢Ųҗ%-:/�̥ђΛ4οÑVȭ

�503 1.5 mlu�£�ü4 1 ml:˝οʪ8Ȇ˨%�͵ 108 cfu/ml:˩ǘ4Øϴ%-� 

[OFҡoxidative- FermentativeҢϴҚ] 

� OFϴҚ̑:ųɬŲŬ [˝οʪ 1000 ml�-Q�OF Basal MediumҡDifcoҢ9.4 g�D-e�h

£nҡ|`�[xndҢ 10 g�pH 6.8] VϴҚͥ8 7 ml(1Ĉʾ%-�ŁϴҚͥ;қŪ˝οǪ

8ǹā%-�Łοʀ:οÑV˝οʪ 1 ml8Ȇ˨%�͵ 108 cfu/ml:˩ǘ8ϽɅ%-�ŁοˋV

2ɬ:ŲŬ8̥ђΛ4͕ĐȪ͎%�¤Ɍ:ŲŬ§8қŪ˝οą̌%-˄ĝ���Z  1 mlVę

�-�ŁϴҚͥV 25 °C4 5ɐѤ҃ΐ%�¬ϴҚͥ:ŲŬ�ҞƁ%-J:V FҡFermentativeҢ�

˄ĝ���Z Vę�3�7�ϴҚͥ:GŲŬ�ҞƁ%-J:V OҡoxidativeҢ5%-� 

қ˕4:̏ΞΡϴҚ  

� ŁοʀV LLA ǑɴŲŬ8̥ђΛ4̖Ή%�40 °C�ɞҟɰÇ4¤ЯѤ҃ΐ%-�¤ЯѤǪ8

ϦƮ%ѷτVǣȇ%-J:VѰǺ�ǣȇ%7�0-J:VѬǺ5ČɊ%-� 
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ȇѠͺϠʮǺϴҚ  

� ȇѠͺϠʮǺϴҚ̑:ųɬŲŬ [˝οʪ 1000 ml�-Q(NH4)2HPO4 0.5 g�K2HPO4 0.4 g�

MgSO4¢7H2O 0.05 g�NaCl 0.1 g�FeCl3 0.01 g�D-e�h£n 1 g] V 500 ml(1Ôȇ%�

�/¤Ɍ8 0.3% Bacto Yeast ExtractҡDifcoҢVę��+S,S:ŲŬVϴҚͥ8 7 ml(1Ĉ

ʾ%-�ŁοʀVĶɌ:ŲŬ8̥ђΛ4͕ĐȪ͎%�25 °C4¤ЯѤ҃ΐ%-�¤ЯѤǪͼο:

̏Ξ�ĶɌ4ϢPS-J:VѬǺ�Yeast ExtractVę�-ϴҚͥ4:GϦƮ�̿Ϸ$S-J:

VѰǺ5ČɊ%-� 

`s�£q˃ǺϴҚ  

� 25 µl: 3% жэĠʪͺʪVn�[{a�n8ˠ¨%�̥ђΛ4ȭ�50-Łοʀ:οÑVΰ

�Ȇ˨%-�οÑ�Pƃё:ʻ�̤̏'RJ:VѰǺ�̤̏%7�J:VѬǺ5ČɊ%-� 

�lu|£q˃ǺϴҚ  

� �lu|£q˃ǺϴҚ̑:ųɬŲŬҡ˝οʪ 1000 ml �-Q Lab-Lemco beef Extract 5 g�

��z  10 g�NaCl 2.5 g�Ƭƅ 15 g�pH 7.0ҢVқŪ˝οǪ�ĭҞ^��m� ˜ ҡ̀MerckҢ

50 ml�O>�Z�s£˝ο%- 0.85% NaClV 50 mlVę�3ǑɴŲŬVÔȇ%-�ŁοʀV

ŲŬ§8̥ђΛ4̖Ή%�25 °C�ɞҟɰÇ4¤ЯѤ҃ΐ%-�ǣȇ$S-ѷτōС8̥˨V̏

&RJ:VѰǺ�̏&7�J:VѬǺ5ČɊ%-� 

u�l|£q˃ǺϴҚ  

� u�l|£q˃ǺϴҚ̑:ǑɴŲŬ [˝οʪ 1000 ml�-Qnd�£n 5 g���z  10 g�

K2HPO4 0.5 g�MgSO4¢7H2O 0.125 g�L-u�l ҡWakoҢ�Ƭƅ 20 g�pH 7.2] 8Łοʀ

V̥ђΛ4̖Ή%�25 °C�ɞҟɰÇ4 4ɐѤ҃ΐ%-�ǣȇ$S-ѷτ:ōСŲŬ�Ϟα8̴

α'RJ:VѰǺ�%7�J:VѬǺ5ČɊ%-� 
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̾Ġʪͺ̐ǺΡϴҚ  

� ˪ҡɲˀ˪ҢV͵ 5 mm×50 mm8ĉɊ%�10% ъэі˜ˋ8ˉ˥$)-:/�121°C

4 20ĈѤқŪ˝ο%-Ǫ�¹ЯѤ 55°C4´˺$)-ҡіͱҢ�ɬϴҚ̑:ŲŬҡ˝οʪ 1000 

ml �-Q Lab-Lemco beef Extract 5 g���z  10 g�pH 6.8ҢV 7 ml(1ϴҚͥ8Ĉʾ%�

ŁοʀVŲŬ8̥ђΛ4͕ĐȪ͎%-�ϴҚͥüх8іͱVɿ8ȤW4ŭP%�25 °C4¹Я

Ѥ҃ΐ%-�іͱ�ҟα8̴α'RJ:VѰǺ�%7�J:VѬǺ5ČɊ%-� 

̽эŻрîǺϴҚ  

� ̾Ġʪͺ̐ǺΡϴҚ̑:ŲŬ5ńʐ:;ȇ:ŲŬV 500 ml(1Ôȇ%��/¤Ɍ8KNO3 0.5 

gVę�-:/ϴҚͥ8 7 ml(1Ĉʾ%-�ŁοʀVĶɌ:ŲŬ8̥ђΛ4͕ĐȪ͎%�25 °C

4 5ɐѤ҃ΐ%-�5ɐǪ8Čč̑ϴό Aҡα-|�u�Y�  0.5 g�30% ъэ|z�\� 100 

mlҢ�Čč̑ϴό Bҡj��X}�э 0.3 g�30% ъэ|z�\� 100 mlҢV 1 ml(1ĶɌ

:ŲŬ8ːę%-�ϴόːęǪ8�KNO3Vę�-ŲŬ�ę�3�7�ŲŬ8ʧCБƁ%-J:

VѰǺ5%-�$P8ĶɌ:ŲŬ4ǉ̝�ϢPS7�0-οʀ81�3;�ƶё:¼іͬɫV

ŲŬ8ę� 1 əѤ҃ΐ%-�1 əѤǪ�KNO3Vę�-ŲŬ:α�ƁĠ%7�0-J:VѰǺ�

ę�3�7�ŲŬ8ʧCБƁ%-J:VѬǺ5%-� 

q�u ˋĠΡϴҚ  

� q�u ˋĠΡϴҚ̑:ŲŬ [˝οʪ 1000 ml �-Q Lab-Lemco beef Extract 5 g���z

  10 g�q�u ҡWakoҢ120 g�pH 6.8] VϴҚͥ8 5 ml(1Ĉʾ%-�ŁοʀVŲŬ8̥

ђΛ4͕ĐȪ͎%�20 °C4 6ЯѤ҃ΐ%-�6ЯѤǪ8ŲŬ�ˋĠ%3�RJ:VѰǺ�ˋĠ

%3�7�J:VѬǺ5ČɊ%-� 

 



 33 

Tween80 ęʪĈϨΡϴҚ  

� Siella:ŲŬҡ˝οʪ 1000 ml �-Q��z  10 g�NaCl 5 g�CaCl2¢2H2O 0.1 g�Ƭƅ 

20 g�pH 7.0ҢVқŪ˝ο%-��Z�s£˪ж%- 10% Tween 80ҡWakoҢ˜ˋV 100 ml

ę�-Ǫ�ǑɴŲŬ5%-�ŁοʀVŲŬ8̖ΉŲҗ%�25 °C�ɞҟɰÇ4 1 ЯѤ҃ΐ%-�

ǣȇ$S-ѷτ:ōС8©Щɔ7̥αÑVǣȇ'RJ:VѰǺ�%7�J:VѬǺ5ČɊ%-� 

^nd� ęʪĈϨΡϴҚ  

� ^nd� ęʪĈϨΡϴҚ̑:ŲŬ [˝οʪ 1000 ml �-Q Lab-Lemco beef Extract 3 g�

��z  10 g�^nd� ҡWakoҢ 1 g�d^ эѕ 0.5 g�pH 7.0] VϴҚͥ8 7 ml(1

Ĉʾ%-�ŁοʀVŲŬ8̥ђΛ4͕ĐȪ͎%�25 °C�ɞҟɰÇ4 1ЯѤ҃ΐ%-�1ЯѤǪ

8ŲŬ�Ϟα�PҟϞα87RJ:VѰǺ�+�47�J:VѬǺ5ČɊ%-� 

y � ęʪĈϨΡϴҚ  

� y � ęʪĈϨΡϴҚ̑:ǑɴŲŬҡ˝οʪ 1000 ml �-Q��z  10 g�NaCl 2.5 g�

ľ˜Ǻy � ҡWakoҢ2 g�Ƭƅ 15 g�pH 6.8ҢVÔȇ%-�ŁοʀVŲŬ8̥ђΛ4̖Ή

%�25 °C�ɞҟɰÇ4 1ЯѤ҃ΐ%-�1ЯѤǪ8�\ͺ¢�\Ġ`�\�ˋҡ˝οʪ 1000 ml

�-Q�\Ġ`�\� 10 g��\ͺ 3.3 gҢVŲŬϔ҅8˄%�ŲŬ:̴αVϦƮ%-�ѷτ

ōС8Щɔǎ�ϦƮ$SRJ:VѰǺ�$S7�J:VѬǺ5ČɊ%-� 

Ł͎ͱĎ̑ΡϴҚ  

 Ayers, Rupp, �O> Johnson:ųɬŲŬҡ˝οʪ 1000 ml�-QNH4H2PO4 1 g�KCl 0.2 g�

MgSO4¢7H2O 0.2 g����u�£���£ 0.03 g�Ƭƅ 15 g�pH 6.8Ң8Ł͎ͱ 1͎ғV 5 

gę�-ŲŬ��O>ͱVę�7�ŲŬVÔȇ%-�ŁŲŬVϴҚͥ8 8 ml(1Ĉʾ%�120 °C

4 1ĈѤқŪ˝ο%-:/�ťI3ɉ҅ŲŬ5%-�ŁοʀVŲŬ#58̥ђΛ4͕ĐȪ͎%�
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25 °C�ɞҟɰÇ4 2ЯѤ҃ΐ%-�2ЯѤÅü8ͱVę�-ŲŬ:G4ŲŬ:α�ҞƁ%��

1οÑ:Žʡ�ϢPS-J:VѰǺ��(S�:ɰÇV˘-$7�J:VѬǺ5ČɊ%-�Ö

̑%-ͱ:͎ғVÅ¨8Ċȣ'R� 

� D-Y���£nҡWakoҢ�D-p��_£nҡѥɲĠƚҢ�D-� �£nҡSigma-AldrichҢ�

D-e�h£n�nd�£n�z���£nҡ|`�[xndҢ��dz£nҡѥɲĠƚҢ��

�z£nҡѥɲĠƚҢ���Z�£nҡѥɲĠƚҢ�L-r��£nҡѥɲĠƚҢ�D-��dz

£nҡѥɲĠƚҢ�a�dz£nҡѥɲĠƚҢ�D-r��z£�ҡѥɲĠƚҢ�� }z£�

ҡ|`�[xndҢ�o�lz£�ҡѥɲĠƚҢ�myo-[�lz£�ҡ|`�[xndҢ�e

�p�£��j�l ҡ|`�[xndҢ 

Ł͎ɥʕэĎ̑ΡϴҚ  

Ö̑%-ɥʕэ;}hu эҡ|`�[xndҢ�ƝǻҘэҡWakoҢ�D-щ̹эҡѥɲĠƚҢ�

d^ эҡѥɲĠƚҢ4�Q�'C3 NaŻJ%�; NaOH 4ő%-J:V̑�-�}hu

 э�ƝǻҘэ;�Ayers, Rupp, �O> Johnson :ųɬŲŬV̑�3ͱĎ̑ΡϴҚ5ńʐ8

ϴҚVϒ0-�-.% 2 ЯѤÅü8ɥʕэVę�-ŲŬ:G4ŲŬ:α�ҁƁ%��1οÑ:

Žʡ�ϢPS-J:VѰǺ��(S�:ɰÇV˘-$7�J:VѬǺ5ČɊ%-�Ayers, Rupp, 

�O> Johnson :ųɬŲŬ8ÄUQ�D-щ̹эĎ̑ΡϴҚ; Koser :ŲŬҡ˝οʪ 1000 ml

�-Q NaNH4HPO4¢4H2O 1.5 g�KH2PO4 1 g�MgSO4¢7H2O 0.2 g����u�£���£ 

0.05 g�Ƭƅ 15 g�pH 7.2Ң�d^ эĎ̑ΡϴҚ8; Simmons:ŲŬҡ˝οʪ 1000 ml�

-Q NH4H2PO4 1 g�K2HPO4 1 g�NaCl 5 g�MgSO4¢7H2O 0.2 g����u�£���£ 0.02 

g�Ƭƅ 15 g�pH 6.8ҢV̑�ϴҚVϒ0-�ČƢ;}hu эKƝǻҘэ5ńʐ8ϒ0-� 
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2.2.6 ĈѺοʀ: 16S rDNA хĈŻųшĊ:ʱƢ  

� 2.2.2Ҋ8ϮЛ%-Ɍʺ4Ųҗ%-οÑV̥ђΛ4ȭ�ĹQ�1.5 ml^v� u�£�ü4˝

οʪ 1 ml8Ȇ˨%�͵ 106 cfu/ml:˩ǘ8ϽɅ%-�ŁȆ˨ˋV 95˚C4 5ĈѤę˹'R"5

4οÑV̼ž%-:/�ÅѨ:ķǶ:љŮ5%3̑�-�ĈѺοʀ: 16S rDNAҍűV�ͼο

: 16S rDNA : ß ƙ ҍ ű 8 ϯ Ϭ $ S - � � [ � £ 4 � R � 8F

ҡ5'-AGAGTTTGATCCTGGCTCAG-3'ҢĴ>�1492Rҡ5'-GGTTACCTTGTTACGACTT-3'Ң

ҡTurner et al., 1999ҢV̑�3 polymerase chain reactionҡPCRҢʺ8O03Žǐ%-�ы

ͺ5%3 rTaq PolymeraseҡTaKaRaҢV̑��Ãƻ:Ϻɔɡ8˚&3ϴό���[�£�љŮ

Vˏł%ķǶˋVϽϜ%-�ķǶ; 10 µlnf£�4ϒ��ķǶɰÇ;�96˚C�3Ĉ:˹ƁǺ8

��35j[d�:ķǶҡ˹ƁǺ 96˚C 30͉�Y}£� e 55˚C 30͉�ÌѠķǶ 72˚C 2ĈV

Ҥj[d�5'RҢ5%-�ķǶͽµǪ�0.7%Ya�£ng�V̑�-ѽʩʿĝʺ8OQ�̮

̧:DNAɊ ҡ˾͵ 1,500 bpҢ�Žǐ$S3�R"5V̿Ϸ%-�ĈƖё�£`£8; 1 kbp DNA 

ladderҡTaKaRaҢV̑�-� 

� 1�4�ǬPS-Žǐ̐́:ŻųшĊV�dyedeoxyterminatorʺ8ORt[�dzl£d^

 n8OQʱƢ%-�Ɍʺ;Å¨:ЫQ4�R�5 µl: PCR̐́8ư%3 2 µl: ExoSAP-IT

ҡGE HealthcareҢVę��37˚C 15ĈѤ�80˚C 15ĈѤ4ķǶ$)3�PCRķǶə:ÓĖ7�

�[�£�O> dNTPVƉ˃$)-ϴɈVl£d^ nķǶ8̑�-���[�£; 8F�O>

1492RV̑�-�ķǶ; 10 µlnf£�4ϒ��250 ng PCR̐́�5 µM��[�£�1.5 µl 5×Seq 

bufferҡApplied BiosystemsҢ�1 µl PreMixҡApplied BiosystemsҢ:ķǶ;ȇ4ϒ0-�96˚C�

3Ĉ:˹ƁǺ8��25j[d�:ķǶҡ˹ƁǺ 96˚C 15͉�Y}£� e 48˚C 15͉�ÌѠ

ķǶ 60˚C 4ĈVҤj[d�5'RҢVϒ0-�ķǶǪ:ϴɈ;�`��V̑�3ͰϜ%-�'
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7U/�`��ȘÑ4�R Sephadex G-50 SuperFineҡApplied BiosystemsҢлё5 300 µl

:˝οʪV 96 ͓��£z:Ł\]�8ę��ƥ˕4 2 əѤΐ�ʪő$)-�ʪő%-J:V

2600 rpm4 5ĈѤкǲ%�`���PжĖ7ʪĈVѫı%-�ķǶǪ:ϴɈV`��8Y��

[%�2600 rpm4 5ĈѤкǲ%3ͰϜ%-�кǲǪ:ͰϜϴɈ;˓Ū´˺ʕ8OQ´˺$)�

+:Ǫ 15 µl:���Y�{4˜Ϩ%�O�ˏő%-�95˚C4 5ĈѤ˹ą̌%�̯/8ʫʪ

4ǹā$)3˹ƁǺ%�¤ɬѝ:̄ȃ8%-�˹ ƁǺǪ�PRISM 3130 DNA SequencerҡApplied 

BiosystemsҢ8OQŻųшĊ:ϨϻVϒ0-�ŻųшĊ:Ϩɵ8; DNA Ϩɵr�z\]Y

ATGC Ver. 4.2ҡGENETYXҢV̑�-� 
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2.2.7 ĈѺοʀ5 Pseudomonas ƻͼο:шĊń¤ǺϨɵ��O>ͳϨɵ  

� ĈѺοʀ5ư˷οʀ:шĊVMolecular Evolutionary Genetics AnalysisҡMEGAҢ5.2.1r

�z\]YҡTamura et al., 2011Ңü: ClustalWV̑�3��u��Y�[ � z%�шĊ

:ń¤ǺVͤĆ%-�Ϩɵ4Ö̑%-ư˷οʀ P. cichorii MAFF301184ʀ: 16S rDNA:х

ĈŻųшĊ;�ĈѺοʀ5ńʐ8ʱƢ%-�P. cichorii MAFF301368ʀ: 16S rDNA:хĈų

шĊҡAB724291; 1425 bpҢ;�DNA Data Bank of JapanҡDDBJ : http://www.ddbj.nig.ac.jp/Ң

OQôȌ%-�ʗ�4�ĈѺοʀ�ư˷οʀ�O>+:Â: Pseudomonasƻͼο:Ǣϵҍűш

ĊV̑�-ͳϨɵVÅ¨:ЫQ8ϒ0-�Pseudomonasƻͼο: 16S rDNAхĈŻųшĊǾ

ŶV DDBJ OQôȌ%-�Pseudomonas ƻͼο5ń&� Pseudomonas ͈8ƻ'Rͼο

Rhizobacter dauci :ǢϵҍűǾŶJńʐ8ĹǬ%�ͳϨɵ8� RY\ze�£�5%-�

Øϴ%-ͼο͎:϶ͼ81�3;ϔ 2-4:ЫQ4�R�Łͼο:ŻųшĊVń¤ǺϨɵ5ńʐ8

��u��Y�[ � z%-�":Y�[ � zVJ58�Фѵłʺ [neighbor-joining

ҡNJҢʺ] 8OQͳʒVÔȇ%-�ͳʒ:Ȯ̖; MEGA5.2.1 V̑�-�ͳʒ:ɸ:

Ϭ̧7̿�P%$;�î:Y�[ � z�P�£znz�v��j �� eV 1,000 ŠΏ

QХ'"54Ϭͤ%-�ͳʒ:Ίѷ;�Illustlator CS4 14.0.0ҡAdobe SystemsҢV̑�3ϒ

0-�  
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ű 2-4 ŕśŶĎ>ķ#5ŪĒ 
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2.3 ɷ  

 

2.3.1 υɹ̢̄Vŋ'Rhn�n:ϱɊ  

� 2012ǒ 8ɤ�ɲ½Ƅƚʉ̡́Ѫ83υɹ̢̄Vŋ'Rhn�n:ϱɊÙҐVĺ �ʊÑ5%

3ϗƦʀVĺҍ%-ҡŤ 2-1AҢ�̏̐Θ8OR5�ɬ̡Ʀ;ҀŬʃŲ:ї́hn�n8 2006

ǒ: 8 ɤɑOQ̤̏%3�-�̢̄;υЗ:ҟƁKυɺ:ϞƁ4�Q�ƒI;ŧŷ:¤хĈ

4:G̡Ʀ�ϦƮ$S-��+:Ǫ 1~2 ЯѤ:�/8ŧŷõÑ8̡Ʀ�ǔ�0-�$P8�ʥ

ǒńəɨ8ńʐ:̡Ʀ:̤̏�ϦƮ$SR5:"54�0-�ɬ̺͔4;F(�§Ϯ:̢̄:

ϱɊVϒ0-� 

� ĺҍ%-ʊÑ8;�υЗKυɺ:Ȋ�8ҟϞα�PϞα4©Ʌǣ:ʪˉ̡̄ɇ�̤̏%3�

Q�ϗƦ�˧%�хÎ4;υõ҅�ɹʝ%3�-ҡŤ 2-1B, CҢ�ϗƦ;̂8Îυ�P¨Îυ

8� 3ϦƮ$S�̂8¨Îυ;D5W6ϞƁɹʝ%3�-ҡŤ 2-1A�̷̥ҎҢ�Å§:̢̄

;̏̐Θ�PǬ-ǾŶ5DE¤ά%3�-�F-�®κ8;��7R̢̄JϦƮ$S7�0-�

ŁʊÑ�PʧК̧ɋҜ7̡ɇхVȩѷ%ðƚҒǯўV̑�3ϦƮ%-5"T��(S:̡ɇх

�PJƃё:ͼο:ˡĆ�̿Ϸ$S-�hn�n8υɹ̢̄VǞ�В"'̡įÑ5%3hn�

n�6W"̡οҡSphaerotheca fuscaҢ�hn�nυɹ̡οҡAlternaria tenuissimaҢ76:

οғ�ŶŌ$S3�R��ɬʊÑ:̡ɇх�P;":O�7̡įοғ;ϦƮ$S7�0-�Å

§:ȊϢ�P�ɬ̡Ʀ;ͼο̡4�R5ȫƮ$S-� 
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Ä 2-1  ¸Ɵĕ�?ļĳ 

A.  ¥�©łƦŃƠ@ļĳ(ŹEHK5ŏôƧ 

B, C.  ŮĐļĳ?Ķ15Ů 
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2.3.2 ̡ɇх�P:ͼο:ĈѺ  

� ɐɬ4"SF48ŶŌ$S-hn�nƻʉ́:ͼο̡;��X[z��o�8ORhn�n

ρҞ̡:G4�Rҡƍ̒P 1976�˦ɽP 2002Ң�%�%��X[z��o�̡4;¤ί8οʽ

:ˡĆ�ϷIPSR"5;7����ɬ̡Ʀ4;ρҞ̡8̂Ǳ̧7ʉ́:ҞĠKρΌ�Ļ ҡ̏ɸ

Ĉ�S:ŽęҢ;ϷIPS(�̝7RͼοV̡į5'R5Η�PS-�ǫ03":̡įͼο:

̂Ƣ:-I�̡ɇх8ƙū'Rͼο:ĈѺVϒ0-� 

ɋҜ7̡ɇх8ƙū'RͼοVŲҗ%-5"T��(S:̡ɇх�PJˍҞα:ѷτ�íī

̧8̏Ξ%�ɬѷτVǣȇ'Rͼο�̡įͼο4�R"5�́ŗ$S-ҡŤ 2-2AҢ�+"4�

"SP:ѷτ�P̡ɇх#58 1 ѷτVĈѺ%�4 οʀҡUTLPPB120801~UTLPPB120804Ң

VǬ-� 

 

 

 

  

Ä 2-2 ¬ƛŪĒƦ�ű<0: UTLPPB120801MÄņƧ 

A.  LLAåčÉÅ�>éó/K5ƙŭ 

B.  King’s BåčÉÅÅ�>éó/K5ƙŭ? 

    ŗÐŞİÞ�?u��h©ł 
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2.3.3 ĈѺοʀ:ͫɕĈғ  

  ŁĈѺοʀ:ͫɕĈғV̧̮5%3�F(e��ķǶ�O> King’s BŲŬ§4:Ϗðαͺ̐

̏ΡVϴҚ%-�+:ɷ�e��ķǶ8��3;�Łοʀ;�(SJe��ѬǺͼο P. 

syringae pv. lachrymans MAFF301499ʀ5ńʐ:Ǻ̄V́%�e��ѬǺͼο4�R5ČɊ

$S-�F-�King’s B ǑɴŲŬ§4ŁĈѺοʀ�ǣȇ%-ѷτ8ͻƂΉV˷Ʋ%-5"T�

�(SJ·αϏðV̤%-ҡŤ 2-2BҢ�ǫ03ŁĈѺοʀ;·αϏðαͺ̐̏ΡVɥ'Rͼο

͎5ČɊ$S-�King’s B ŲŬ§4:·αϏðαͺ̐̏Ρ; Pseudomonas ƻͼο:úŮ̧7

̂Ǳ4�Q�ŁĈѺοʀ� Pseudomonasƻͼο4�R"5�ǡ�́ŗ$S-�+"4�5͎ғ

:ϴҚҊ̮8O03 Pseudomonas ƻʉ̡́įͼοVͫɕ8Ĉғ'R-I: LOPAT ϴҚ

ҡLelliott et al., 1966; ϟƼ 1978ҢVŁĈѺοʀ8ư%3ϒ��+:͎VȫƢ%-�ŁĈѺο

ʀ;ń¤:Ǻ̄V́%��(SJ_blt£q˃Ǻ�s�hυB:жȿȂķǶϸƴΡVɥ%3

�-���� ̐̏Ρ�m�a[�ŸκΦɀΡ�Y�c} ęʪĈϨΡVɥ%3�7�0-�

":Ǻ̄;ϟƼ:Ɇ̆8� Re�£��8ғč$SR P. cichorii:Ǻ̄5¤ά%3�-ҡϔ

2-5Ң�ǫ03hn�nOQĈѺ$S- 4οʀ;�(SJ P. cichorii 4�R5ȫ˖$S-� 

 

 

 

 

 

 

 

  

ű 2-5 LOPATŸƣ?Śď 
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2.3.4 hn�nB:Ȫ͎ϴҚ8OR̡įǺ:ʊϲ  

� Α̡âÑ�PĈѺ$S-ǯ̏́:Ȫ͎8OQ̢̄�þ̊$SR"5��O>Ȫ͎į5ń&ǯ

̏́�þĈѺ$SR"5;�hv�:įĒV˘-%�̡įV̂Ƣ'R-I8ʍI3яϠ4�R

ҡ1.2.3ҊĲ˷Ң�ǫ03ɬ̺͔8��3ĈѺ$S- 4οʀ81�3�hn�nB:Ȫ͎8OR

̢̄:þ̊��O>Ȫ͎âÑ�P:þĈѺVϒ0-� 

į̢̄VϦƮ%-ɷ�̢̄;υ:G8ϷIPS3�-ҡŤ 2-1Ң�+"4ɬ̡įͼο;υ҅

8Ã̴¢Ûô'R"54̡įǺV́'5Η��æõhn�nη8ŁĈѺοʀ:οˋVŞѿȪ͎

%-�Ȫ͎ηV 3�4ɐѤ˗˥̄ȃ8ß0-5"T��(S:ĈѺοʀVȪ͎%-ʉ́4J�υ

ЗKυɺ8ҟϞα�Pҟα4©Ʌǣ:ʪˉ̡̄ɇ�ǣȇ$S-�":̡ɇ;K�3υõ҅8Ȟ

Ƅ%3�υ:ɹʝVǞ�В"%-ҡŤ 2-3A, BҢ�̡ɇ;υ:Ãéх8J˳éх8Jǣȇ$S-

ҡŤ 2-3BҢ�7��κ8;̡ɇ�ǣȇ$S7�0-�Å§:̢̄; 2.3.1 Ҋ8ЦC-į̢̄8

ьÍ%3�-�̡ɇх�PͼοVĈѺ%-5"T�Ȫ͎οʀ5ńʐ8ˍҞα:ѷτVǣȇ'R

ͼο�ʍI3қ̇8ĈѺ$S-�҄Ȫ͎Ģҡοˋ4;7�˝οʪVŞѿȪ͎%-ʀҢ4;§Ϯ

:O�7̢̄;ϷIPS7�0-ҡŤ 2-3CҢ�Å§:ɷ�P�ĈѺͼο�hn�n8ư'R

̡įǺVɥ'R"5�ɔP�570-� 
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Ä 2-3  Z_~_C?ûňŸƣŚďƦûň 4Ąê�ŪĒ@ UTLPPB120801Ƨ 

A. ûňĔı¥�©łƦŃƠ@ĻăƍƧ 

B. į£ƍ�>Ķ15ŮĐļĳ 

C. įûňĔı¥�©ł 

 



 45 

2.3.5 ĈѺοʀ:͎:Ĉғ  

� ĈѺοʀ:͎VĈғ'R"5V̧̮5%�Âʉ́B:Ȫ͎ϴҚ�ͼοƚ̧Ǻ̄ϴҚ�ĈƖ̏

́ƚ̧ϨɵVϒ0-�ɬҊ4;�+SP:ɷ81�3ϮЦ'R�7��ͫɕĈғʺ8ų2�

-ϴҚ8OQ�ĈѺοʀ; P. cichorii5ȫ˖$S3�R-I�P. cichorii 2οʀҡMAFF301184

ʀ�MAFF301368ʀҢVƣҚ:ư˷οʀ5%3̑�-� 

 

Âʉ́B:Ȫ͎ϴҚ  

� ĈѺοʀ;ƃ̃Ǻʉ̡́įͼο4�R P. cichorii5ȫ˖$S--I�ŁĈѺοʀV�snҡb

d͈Ң�Yns£ҡbd͈Ң�z�zҡ|n͈Ң���\bҡlr͈Ң�i�ҡi�͈Ң5�

0-ʐ�7ʉ́8Ȫ͎%�̡įǺVʊϲ%-�ŁĈѺοʀ;hn�n8ư%3ń͟:̡įǺV

́%-"5�P�ɬϴҚ8��3;Äϔ5%3 UTLPPB120801ʀ:GV̑�-� 

  ŁοʀV�sn8ư%3;ѓȪ͎�+:Â:ʉ́8ư%3;ɥéŞѿȪ͎%-�+:ɷ�

'C3:ʉ͎́8��3҄Ȫ͎Ģ4;̝Ǐ�̏&7�0-��UTLPPB120801ʀVȪ͎%-ʉ

́Ñ8��3�Đѓх8 1 ЯѤÅü8Ϟα�Pҟα:ʪˉ̡̄ɇ�̏&-ҡŤ 2-4~Ť 2-8�̥

̷ҎҢ�ŞѿȪ͎Vϒ0-ʉ́:�/�Yns£ҡŤ 2-5Ң�z�zҡŤ 2-6Ң���\bҡŤ

2-7Ң4;˳éх8J̡ɇ�ǣȇ$S-�ҡБ̷ҎҢ�i�ҡŤ 2-8Ң:˳éх8̢̄;ϢPS

7�0-�2 ͎ғ: P. cichorii ư˷οʀVȪ͎%-ŷłJńʐ:̢̄�̏&-�Å§:"5�

P�ɬĈѺοʀ;�ʐ�7͈:ʉ́8ư%3̡įǺVɥ'Rƃ̃Ǻʉ̡́įͼο4�R5Η�

PS-� 
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Ä 2-4  �c_C?ûňŸƣŚďƦûň 2ĄêƧ 

A. UTLPPB120801ûňĒ  B. MAFF301184ûňĒ 

C. MAFF301368ûňĒ    D. įûňĒƦƥŃƠ@�£ƍƧ 

 

Ä 2-5  P_c�C?ûňŸƣŚďƦûň 3Ąê�ŃƠ@ĻăƍƧ 

 A. UTLPPB120801ûňĒ  B. MAFF301184ûňĒ 

C. MAFF301368ûňĒ    D. įûňĒ 
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Ä 2-6 h{hC?ûňŸƣŚďƦûň 3Ąê�ŃƠ@ĻăƍƧ 

 A. UTLPPB120801ûňĒ  B. MAFF301184ûňĒ 

C. MAFF301368ûňĒ    D. įûňĒ 

Ä 2-7 }yRVC?ûňŸƣŚďƦûň 6Ąŀ�ŃƠ@ĻăƍƧ 

 A. UTLPPB120801ûňĒ  B. MAFF301184ûňĒ 

C. MAFF301368ûňĒ    D. įûňĒ 

Ä 2-8 [{C?ûňŸƣŚďƦûň 10Ąŀ�ŃƠ@ĻăƍƧ 

 A. UTLPPB120801ûňĒ  B. MAFF301184ûňĒ 

C. MAFF301368ûňĒ    D. įûňĒ 
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ĈѺοʀ:ͼοƚ̧Ǻ̄  

� ŁĈѺοʀ:ϝɄ:ͼοƚ̧Ǻ̄VϴҚ%�ư˷οʀ5ńʐ:Ǻ̄Vɥ%3�R�ʧК%-�

F(�ͼοѷτ:Ǻ̄81�3ʊϭVϒ0-5"T�ŁĈѺοʀ;�(SJ LLAŲŬ§4ˍҞ

α:ýǣѷτVǣȇ%�ѷτ;̫Q§�P(ȋǑ4�Q�ѷτ:;õJ%�;єњʛ̄

4�0-ҡŤ 2-9Ң�ư˷οʀ5%3̑�- P. cichorii 2ʀJ�ń¤ŲҗɰÇ4ńʐ:h�}£

Vǣȇ%-� 

 

 

 

 

  

Ä 2-9  LLAÉÅ>&,J¬ƛŪĒ?ƙŭ 

�ű0: UTLPPB120801ĒMÄņ�ºÄ@�ŦĿ=ƙŭ?ïĳ?� 

Ʀ«¦ƪhttp://www.microbelibrary.org/component/resource/laboratory-test/3136-colony-morphology-protocol��ƍ±ŎƧ 
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� ʗ�4�̏̌ƚ̧�̏Ġƚ̧ǺЏ8ѥ'R 43 Ҋ̮:ͼοƚ̧Ǻ̄8ѥ%3:ϴҚVϒ0-�

ɷ;�ͫɕĈғ8̑�-ϴҚJŇIϔ 2-68F5I-�ŁĈѺοʀ;�(SJ�`s�£q˃

Ǻ�̽эŻрîΡ�Tween 80ęʪĈϨΡ�^nd� ęʪĈϨΡ�4WAWęʪĈϨΡVɥ%

3�-���lu|£q˃Ǻ�u�l|£q˃Ǻ�̾Ġʪͺ̐̏Ρ�q�u ˋĠΡ;ɥ%3

�7�0-�ͱĎ̑Ρ81�3;��(SJ D-� �£n�D-e�h£n�D-��dz£n�

a�dz£nVĎ̑%3эV̏&-��D-Y���£n�D-p��_£n�nd�£n�z�

��£n��dz£n���z£n���Z�£n�L-r��£n�j�l ;Ď̑%7�0

-�ɥʕэĎ̑Ρ81�3;��(SJ� }z£��myo-[�lz£��e�p�£��d

^ эVĎ̑%Y�`�V̏&-�F-�ư˷οʀ; D-щ̹эŲŬVĎ̑ľΡ.0-��ŲŬ

:ҁƁ:аϒKοÑ:Žʡ;в�0--I�Ǡ� D-щ̹эĎ̑ΡVɥ%3�R5ČɊ$S-�

F-�D-r��z£��o�lz£��ƝǻҘэ�}hu эĎ̑Ρ;ɥ%3�7�0-�Å

§:ɷ;ĈѺοʀѤ4¤ά%3�Q�Ǻ̄:ǉ̝;Ϣĺ PS7�0-�ư˷οʀ;ĈѺο

ʀ5DEń͟:Ǻ̄Vɥ%3�-����1�:ϴҚ4̝7RǺ̄V́%-�'7U/�¬ο

ʀ;̽эŻрîΡVɥ%3�P(�D-щ̹эVÂ:ɥʕэ5ń͟8Ď̑ľΡ4�0-�$P8�

P. cichorii MAFF301184ʀ;s�hυĠȿȂķǶϸƴΡ�Ǡ��MAFF301368ʀ;`s�£

q˃Ǻ�Ǡ�0-�"SP:ɷ�P�ĈѺοʀ;ɏ̸: P. cichorii 5ʍI3Ф�ǺЏVɥ'

R5Η�PS-� 
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ű 2-6 ¬ƛŪĒ¶BÝİŪĒ?ïĳŸƣŚď 

Ʀ�ŪĒ<ĺ=Jïĳ@ſÕ;űŷƧ 
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ĈƖ̏́ƚ̧Ϩɵ  

  ĈѺοʀ� P. cichorii4�R�ʊϲVаIR"5V̧̮8�ŁĈѺοʀ: 16S rDNAхĈŻ

ųшĊVʱƢ%ư˷οʀ�Ĵ>ʐ�7 Pseudomonasƻͼο:шĊ5ʧК%-� 

� ŁĈѺοʀ: 16S rDNAхĈŻųшĊҡ͵ 1,500 bpҢV PCR8OQŽǐ%-Ǫ�Ǣϵҍű

:¤хшĊҡ1374 bpҢVʱƢ%�ĈѺοʀѤ�O>ư˷οʀ5:ŻųшĊ:ń¤ǺVʧК%-�

+:ɷ�ŁĈѺοʀѤ4;Ǣϵҍű:шĊ;ƞõ8¤ά%3�-ҡŤ 2-10Ң�ĈѺοʀ5ư

˷οʀVʧК%-5"T�ĈѺοʀ:шĊ; P. cichorii MAFF301184ʀ�MAFF301368ʀ:

J:5+S,S 99.1%�99.3% :ń¤ǺV́%-� 

� ʗ8�ĈѺοʀ5ʐ�7͎: Pseudomonas ƻͼο: 16S rDNA хĈŻųшĊV̑�3ͳ

ϨɵVϒ0-�ĈѺοʀ:ŻųшĊV�ư˷οʀVŇHʐ�7 P. cichorii οʀ��O>+:Â

:Äϔ̧7 Pseudomonasƻͼο:ʑ˚ʀ:ǢϵҍűŻųшĊ55J8Y�[� z%�NJʺ

8OQͳʒVÔȇ%-ҡŤ 2-11Ң�+:ɷ�ĈѺοʀ;ʑ˚οʀҡATCC10857ҢVŇH'

C3: P. cichorii οʀ55J8�Â: Pseudomonasƻͼο�P̅͘%-d�£{Vǣȇ%-

ҡŤ 2-11AҢ� 

� P. cichorii:d�£{;$P8 21:j�d�£{8Ĉ�S�ĈѺοʀ;ư˷οʀKʑ˚οʀ

5̝7Rj�d�£{8ƻ%-�%�%7�P�Łj�d�£{ü:οʀѤ4�ĈѺŬKƩ®

8øЫ˱;ϷIPS7�0-ҡŤ 2.11BҢ�j�d�£{:ĈĠ:įšVϽCR-I8�§Ц:

Y�[ � zɷV̑�3 P. cichorii οʀѤ: 16S rDNAхĈŻųшĊVʧК%-5"T�

j�d�£{Ѥ4ń¤Ǻ�Ï�ҍűҡ24�J%�; 26ŻųҢ� 5'ɫ͚ç8ϢĆ$S-ҡŤ 2-12Ң�

":ҍű;j�d�£{ü4;ßƙǺ�қ��j�d�£{ 1ü:οʀѤ4; 95.8~100% �j

�d�£{ 2 ü:οʀѤ4 100% ҡ¤хшĊ�ɪϻ: MAFF301184 ʀVѫ�Ң:ń¤ǺV́
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%-�¤Ɍ4j�d�£{Ѥ:Ǣϵҍű:ń¤Ǻ; 57.7�61.5% 5҄Ǐ8Ï�0-�Łοʀ;�

ǢϵҍűÅƂ;õ3 90% Å§:қ�ń¤ǺV́%--I�ͳϨɵ8� Rj�d�£{:Ĉ

Ġ;":ҍű̓ɱ:J:5Η�PS-� 
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Ä 2-10 ¬ƛŪĒ<ÝİŪĒ? 16S rDNAƍ¬ÍÊƎ?ƎĢƃ 

MAFF301368@�¬ƛŪĒ<½�ïMņ05ƟÈ?DMÄņ 
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Ä 2-10Ŝ) 
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Ä 2-10Ŝ) 
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Ä 2-11 ¬ƛŪĒ�¶B PseudomonasàŘŪ? 16S rDNAMķ#5ŕśĚ 

A. ¥ŪĒMķ#5ŕśĚ  B. P. cichorii?X��i?D?ùÑÄ 

t�h_h�eu @ 70 ��?ā ?Dűņ05�ň?ęĬĒ@�ŕś¾?Ĉê>��)

ĂÕ; T!<űŷ05�úè§>PXae]��j�o�Műŷ05� 
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Ä 2-12 P. cichorii 16S rDNAƍ¬ÍÊƎ?Ģƃ 

5'ċŌ¢?DMűņ�-@ĊŻƍ¬MðÀ0:#J� 
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2.4 ΗƮ  

 

2.4.1 υɹ̢̄V́'hn�n�PĈѺ$S-ͼο:hn�nB:̡įǺ  

� ɬ̺͔4;υɹ̢̄�ͼο̡4�R5��ȫƮ8ų2��̡ɇх�PͼοVĈѺ%-�ĈѺ

$S-ͼο�̡įÑ4�R"5Vϲɔ'R8;�hv�:įĒV˘-$7�3;7P7��'

7U/��̂Ƣ:̡ʩ:̡ǽх8̂Ƣ:ǯ̏́�ʊĆ$SR"5��+:ǯ̏́�Α̡ʉ́�

Pͷͭ8ĈѺ¢Ųҗ$SR"5�Ųҗ%-ǯ̏́Væõʉ́8Ȫ͎%-ѳ8�J5:̢̄�

þ̊$SR"5��Ȫ͎8OQþ̊$S-̡ǽх�PȪ͎˙5ń¤:ǯ̏́�þ>ʊĆ$SR

"5�4�R�ɬ̺͔4;ĈѺͼο�̡įÑ4�R"5V�ɬįĒ8ǫ�ϲɔ%-�'7U/�

�υɹ̢̄V́'ʊÑ4;�ʊў%-õ3:̡ɇхOQͼο:ˡĆ�̿Ϸ$S���(S:̡

ɇх�PJń͎:ͼο�ĈѺ$S�ĈѺοʀVæõ7hn�nη8Ȫ͎%-ѳ8J5:̢̄

�þ̊$S��Ȫ͎âÑ8̏&-̡ɇх�P;Ȫ͎į5ń¤:ͼο�þʊĆ$S-�"SP:

ɷ;hv�:įĒV˘-%3�Q�ĈѺοʀ;hn�nB:̡įǺVɥ%�υɹ̢̄VǞ�

В"'̡įͼο4�R5ϾÃ R"5�4�R� 
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2.4.2 ̡įͼο:͎:Ĉғ  

� ĈѺοʀ:Ǻ̄VϨɵ%-ɷ�ĈѺοʀ; P. cichorii 5Ĉғ$S-�+:ʂȝ;Å¨: 3

14�R��ĈѺοʀ UTLPPB1208015ư˷οʀ: P. cichorii;ǔͧ7ʉ͎́8̡įǺV́

%�ĈѺοʀ; P. cichorii5ń&�ƃ̃Ǻ4�R5Η�PS-ҡŤ 2-4�2-8Ң��ĈѺοʀ5

ư˷οʀ;ńʐ:ѷτVǣȇ%-D��ǪЦ'R˱Vѫ��ϴҚ%-ͼοƚ̧Ǻ̄4DEń͟

:Ǻ̄V́%-ҡϔ 2-6Ң�ĈѺοʀ: 16S rDNAхĈŻųшĊ;�ư˷οʀ5қ�ń¤ǺV

́%-ҡŤ 2-10Ң�$P8�ĈѺοʀ5ʐ�7 Pseudomonas ƻͼο:ǢϵшĊV̑�3ͳ

ʒVÔȇ%-5"T�ĈѺοʀ;ʑ˚οʀҡATCC10857ҢVŇH'C3: P. cichoriiοʀ55

J8�Â: Pseudomonasƻͼο�P̅͘%-d�£{Vǣȇ%-ҡŤ 2-11AҢ� 

� 7��ͼοƚ̧Ǻ̄8� RĈѺοʀ5ư˷οʀ:̰й˱;Å¨:5�Q4�0-��ĈѺ

οʀ;̽эŻрîΡVɥ%-��ư˷οʀ;�(SJ̽эŻрîΡVɥ$7�0-��ĈѺο

ʀ; D-щ̹эĎ̑Ρ�Ǡ�0-��ư˷οʀ;Â:ɥʕэ5ń͟: D-щ̹эĎ̑ΡVɥ%3�

-�ĈѺοʀ��O>MAFF301184ʀ;ń͟:`s�£q˃ǺVɥ%3�-��MAFF301368

ʀ;+SP5ʧК%3Ǡ�`s�£q˃ǺVɥ%3�-��ĈѺοʀ��O>MAFF301368ʀ

;ń͟:s�hυжȿȂķǶϸƴΡVɥ%3�-��MAFF301184ʀ;KKǠ�ϸƴΡVɥ%

3�-�Å§:ɷ8��3�ɬĈѺοʀV P. cichorii 5Ĉғ'R§4Śґ57QǬR:;�

ĈѺοʀ5ư˷οʀ:Ѥ4ɔ̿8ǉ̝�̏&-��O>�4�R�%�%�P. cichorii:̽эŻ

рîΡ�D-щ̹эĎ̑Ρ;οʀ8O03ǉ̝�̏&R"5�̸PS3�Q�̽эŻрîΡVɥ

'Rοʀ�D-щ̹эĎ̑ΡVɥ$7�οʀJ̸PSRҡLelliott et al., 1966; Pernezny et al., 

1994; »§P 2013Ң�ǫ03�ĈѺοʀ5ư˷οʀ:̡įǺ8ɔ̶7ǉ�ϷIPS7�"55

Õ)�§Ϯ:Ǻ̄:ǉ̝;ĈѺοʀV P. cichorii5Ĉғ'R§4Śґ57P7�5ϾÃ -� 
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2.4.3� ɬ̡Ʀ:Ņ͊  

� ēҊF4:ɷ�P�hn�n8υɹ̢̄VǞ�В"'̡įͼο� P. cichorii 4�R"5�

ɔP�570-�P. cichorii;ƃ̃Ǻʉ̡́įͼο4�Qҡϔ 2-2Ң�ɐɬ8��3J����

ҡǪύ�ƾх 1954Ң��snҡũƹP 1976Ң�a£��ҡʶįɶP 1984Ң�bdҡǄ¯ß�

Ǫύ 1987Ң�b p `ҡҝǊP 2005Ң�^ t[�ҡɫʬP 2006Ң�__b f[cd

ҡ¯ßP 2009Ң76:bd͈ʉ́8��3�ɬͼο8OR̡Ʀ�ŶŌ$S3�R�F- P. 

cichorii ;�ƣҚ̧8hn�n8ư%3̡įǺV́'"5�ŶŌ$S3�RҡTanaka et al., 

2011Ң�Å§:̸Ϣ;�P. cichorii 8ORhn�n̡Ʀ:̤̏:ľΡǺV́'J:4�0-�

%�%�hn�n:ʃŲж͌8��3 P. cichorii8OR̡Ʀ�̿Ϸ$S-:;ċI34�R� 

� ɋ-7̡Ʀ�̤̏%-ŷł�+:̢̄Vлĉ8ϔ̊%3�R̡ŅVÃ RǳϠ��R�P. 

cichorii8OR̡Ʀ8;�+:̢̄8OQʐ�7̡Ņ�Ã PS3�R��ʧК̧ΰ�̑�PS

R̡Ņ;Φɀ ҡ̡�sn�̂  t[���� Ң�Ϟɇͼο ҡ̡[ui�̀  �}���|nҢ�

ɇ˱ͼο̡ҡa£���p��£�__b f[cdҢ�υɹͼο̡ҡ_d��l�d�£��

z\a�l�����Ң: 4͎4�R�ɬ̡Ʀ8��3;�Α̡;Ύ;Φɀ)(ɹʝ'R"5�

ϦƮ$S-̡ɇ;ҟϞα�Pҟα4�0-"5�P�Φɀ̡�Ϟɇͼο̡:̡Ņ;©лĉ4�

R5Η�PS-�F-�̡ɇх;ɣͽ̧8υɹ̢̄Vŋ'R"5��O>ϦƮ$S-̡ɇ:ƃ

��©Ʌǣ4�0-"5�P�ɇ˱ͼο̡OQJυɹͼο̡:D��ɬ̡ƦVлĉ8ϔ%3�

R5Η�PS-�ǫ03�ɬ̡ƦV P. cichorii8ORhn�nυɹͼο ҡ̡bacterial leaf blight 

diseaseҢ5ȯʆ%-� 
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2.4.4 ͳϨɵ8� R P. cichorii d�£{ü:ĈĠ:įš  

16S rDNA8ų2�ͳϨɵ8��3�P. cichorii:d�£{;ɠ8 21:j�d�£{8Ĉ

Ġ'R"5�́$S-�P. cichorii:d�£{�":O�8ĈĠ'R"5;жı8JŶŌ��R

ҡ»§P 2013Ң��+:̓ɱ;ɔP�4;7�0-�ϝɄ: P. cichoriiͳ: 16S rDNAҍ

űVʧК%-5"T�":ĈĠ; 16S rDNA:ƸȊ̧7ҍű:й�8̓ɱ'R5Η�PS-ҡŤ

2-12Ң�j�d�£{ü4:Ǣϵҍű:ßƙǺ;ʍI3қ��P. cichorii;оȨ̂8 2Ů8ĈĠ

%3�R"5�́ŗ$S-�ÀǪ�16S rDNA ÅƂ:ʐ�7оÊƖ81�3JοʀѤ:ʧКV

ϒ��ɬÆϺVʊϲ%-��¤Ɍ4�Łj�d�£{ü:οʀ8�ĈѺƩ®KĈѺŬ:øЫǺ

;Ϣĺ PS7�0-ҡŤ 2-11 BҢ�F-�hn�nOQĈѺ$S-οʀ5ư˷οʀ;̝7R

j�d�£{8ƻ%-��+:ͼοƚ̧Ǻ̄K̡įǺ:ǉ̝;ɬ̺͔4;D5W6ϷIPS7

�0-�ǫ03�j�d�£{Ѥ4ϔ̊Ů8ÒP�:ǉ̝�̏&3�R:�;�ɬ̺͔�P;

ČɊ4�7��ĈѺοʀ5ư˷οʀ 2 ʀ:Ѥ4Ǻ̄�̝70-̽эŻрîΡKщ̹эĎ̑Ρ8

j�d�£{Ѥ4Ɓ̝�̏&3�RľΡǺJ�R��ʧКοʀɄ�ƶ7�ʊϲ;©ĤĈ4�R�

j�d�£{Ѥ:ϔ̊Ů8ǉ̝�̏&3�R�Vʊϲ'R˲8;�ɠ8ƃ�:ɱʜ:̝7Rο

ʀVĸѷ%�OQ϶ͼ8Ǻ̄ϴҚ�̡įǺϴҚVϒ�ǳϠ��R.T�� 

 

� Å§VϠ'R8�hn�n8̏&-υɹ̡Ʀ:̡įͼοVĩѺ%�+:Ǻ̄5̡įǺ8ų2

� P. cichorii5ńƢ%-�F-�P. cichorii; 16S rDNAшĊ:хĈҍű8ų2� 21:оÊ

Ů8U�SR"5V́ŗ%-�ÀǪ:ϼґ5%3;�P. cichorii:hn�nB:̡įǺʕʏ:϶

ͼ7ϨɵK�Ѧѫʺ:̿͘�ȣ!PSR��+S8ѥ%3;ΆłΗƮ4ϩS-�� 
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͝Ҧ͙� phyllogen 8ORυĠϸƴʕʏ 

 

3.1 ǖɆ  

� ʉ̡́įͼο�X[z��o�;�Ȃɻʉ́8ʐ�7̢̄VǞ�В"'�+:4ĴǱ̧

7J:5%3βŝơǣȃ:̝Ǐ��R�Ȃɻʉ́:β8;�βŝơ�·α8̴α'R·Ġ

ҡvirescenceҢKυ8ғÍ%-ʏЭ́8ƁĠ'RυĠҡphyllodyҢ�Ѹω�κ8ƁĠ%ï͚8ɋ

-7βŝơ�ǣȇ$SR͖�Ȓ ҡloss of floral determinacyҢ76�̏&RҡMaejima et al., 

2014Ң�":O�7̢̄Vϸƴ'R̡įǺšƖ5%3��X[z��o�8ßƙ$S-Ĉʹs

 �dЏ phyllogen�ńƢ$S3�RҡMacLean et al., 2011; ēǁP 2013Ң��+:ʕΡ;

ɔP�47��ɬ͙4;�phyllogen �βŝơǣȇ8ѥUR MADS {�[ ИÿšƖ:��x

Yr£�VÁ%-ĈϨVϸƴ%�βŝơ:ǣȃ̝ǏVǞ�В"'"5VɔP�8%-�Å¨8�

ɬ̺͔VаIR§4ų̬570-̸ϢVϮ'� 
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3.1.1 �X[z��o�  

� �X[z��o�ƻͼοҡCandidatus Phytoplasma spp.Ң;�Firmicutes ѡ�Mollicutes

΄8ƻ'Re��ѰǺͼο4�QҡOshima et al., 2013Ң�ɬϾɆ4;�X[z��o�5Ά͊

'R��X[z��o�;Чϒ̧аĠVб!-ͼο4�Q�̏ Ő8503ǳҌ5$S3�- FOF1

Ů ATPłȇыͺ:j��}vzVŇI�ƃ�:ÄϿѥЮs �dЏVh£{'RоÊƖVßȡ

%3�7�ҡOshima et al., 2004Ң�ǫ03��X[z��o�;̏Ξ8ǳϠ7ɾҗͺ:ƃ�V

Ʃ®�PĸƏ'RǳϠ��R5Η�PS�+SPõ3VF�7�¿ǆŲҗͳ;̿͘$S3�7

���X[z��o�;Ųҗͳ�ƙū)(�͝ҥ͙4ϒ0-O�7Ĉғ:-I:Ł͎ϴҚ�Ţ

ѻ4�R"5�P�ƻ�O>͎���4ɟƢ̧7ŬÎҡCandidatusҢ�ª�PS3�R�Å§

:¸Ǿ:-I��X[z��o�:Ĉғʺ; 1.2.3Ҋ8ЦC-¤ίͼο:Ĉғʺ5;Ƅ��̝7

Q�ĈƖ̏́ƚ̧ȌʺV®5%3ϒUS3�R�'7U/�ɋ-8�X[z��o��ʊĆ$

S-ŷł�+: 16SrRNA оÊƖшĊҡ1,200 bp Å§ҢV�Ł�X[z��o�ɟƢ͎:Ĳ˷

ͳҡInternational Journal of Systematic and Evolutionary Microbiology4ƢIPS-ɟƢ

͎:Äϔ̧ͳҢ:шĊ5ʧК'R�16S rRNA оÊƖ:шĊń¤Ǻ�ɏƙ:ɟƢ͎:J:5

97.5%Å§:ŷł;+:ɟƢ͎8Ĉғ$S��(S:Ĳ˷ͳ5J 97.5%V¨ŠRŷł8;ɋ-

7ɟƢ͎�ȯŘ$SR�-.%�ɟƢ͎5:шĊғÍǺ� 97.5%V§ŠRŷł4J�ƕÁɒώ�

Ǟ�В"'̢̄76:̡įÑ5%3:̂Ǳ�Ƅ��̝7Rŷł8;ɋ-7ɟƢ͎5%3ȯʆ$

SR"5J�R�̊ū�X[z��o�ƻ8;�O+ 40:ɟƢ͎�ȯŘ$S3�RҡMaejima 

et al., 2014ҬŤ 3-1Ң�ɬϾɆ4;�ͫÜĠ:-I�X[z��o�:ɟƢ͎8ѥ%3J�͎�

5ϔϮ'R� 
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Ä 3-1sOQhu�`{? 16S rDNAƎ>Ê9*ŕśĚƦMaejima et al., 2014��ƍ±ŎƧ 

 Ö¾�&GBŕś¾Mķ#:űŷ�ň(Ċ½Ø?ŕś@ŕś¾?DŷƄ�ÒÕ?ň@ĄČ;

ĽĶË¿("Jň;"I�ƨ@ň¾(üē/K:JġƗ?F?Mņ2ƦIRPCM 2004Ƨ�Č

Ùƣ;õ$ phyllogen ?´ƛī?ŕś@�ſÕ;űŷ05�PXae]��j�o�@úè

§>űŷ�o�@ƈ²ƀƛMű2�=&�Ä�;ĸ05ň¾�ŕś¾?ğç=űŷ@��?

ƆI�AlmWB almond witches’ broom, AP apple proliferation, AshY ash yellows, AUSGY 

Australian grapevine yellows, AY-WB aster yellows phytoplasma strain witches’ broom, 

BGWL Bermuda grass white leaf, BltWB Balanites triflora witches’ broom, BVGY Buckland 

Valley grapevine yellows, BWB buckthorn witches’ broom, BY bindweed yellows, Ca. P. 

Candidatus Phytoplasma, CbY chinaberry yellows, CnWB chestnut witches’ broom, CP 

clover proliferation, CWB cassia witches’ broom, ESFY European stone fruit yellows, EY elm 

yellows,  FD flavescence dore  e of grapevine, HibWB hibiscus witches’ broom, JHP 

Japanese hydrangea phyllody, JWB jujube witches’ broom, LD coconut lethal yellowing, 

substrain Tanzanian lethal disease, LDN coconut lethal yellowing, substrain Nigerian Awka 

disease, LY coconut lethal yellowing, LfWB loofah witches’ broom, MaPV Malaysian 

periwinkle virescence, MD mulberry dwarf, OAY oenothera aster yellows, OY onion yellows, 

PassWB passion fruit witches’ broom, PaWB paulownia witches’ broom, PAY papaya, PD 

pear decline, PinP pine phytoplasma, PPT potato purple top wilt, PPWB Caribbean pigeon 

pea witches’ broom, RhY rhus yellows, RYD rice yellow dwarf, SCWB salt cedar witches’ 

broom, SCYLP sugarcane yellow leaf syndrome, SoyST soybean stunt, SpaWB spartium 

witches’ broom, SPLL sweet potato little leaf, STOL stolbur, StrawY strawberry yellows, THP 

‘Hoja de perejil’Ʀparsley leafƧof tomato, ViLL vigna little leaf, WBDL witches’ broom disease 

of lime, WX western X-disease  
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3.1.2 �X[z��o�:̡įǺ  

� �X[z��o�;Ȃɻʉ́:ͪхͼΠü8Ƹū%��h�[Kbm��76:ͪхňʭǺ

ɒώ8OQÊȴ$SR5Η�PS3�RҡChristensen et al., 2005Ң��X[z��o��Ȃ

ɻľΡ7ʉ́;ƃɄŶŌ$S3�Q��X[z��o�ƻõÑVЫ%3;Ʉ̦͎:ʉ́8ư'

RȂɻ�ŶŌ$S3�RҡHogenhout et al., 2008; Oshima et al., 2013Ң�¤Ɍ4��X[z

��o�:Ȫ͎8;ƕÁɒώV̑�R:�®4�Q�ƕÁɒώ�©϶7͎Jƃ�-I�âč:

͎:Ʃ®ͧţ;ʙ̿8;̌Ϩ$S3�7��-.%�Ca. P. asterisҡbd͈���͈���͈

768ȂɻҢ�Ca. P. pruniҡ|n͈�bd͈�� {\͈768ȂɻҢ:O�8�ϝɄ:ʉ́

8Ȃɻ'R͎JŶŌ$S3�QҡChaturvedi et al., 2010; Maejima et al., 2014Ң�ƶ7�5J

"SP:͎;ǔͧ7ʉ́8ȂɻľΡ4�R"5�ȫƮ$SR� 

� �X[z��o�Ȃɻʉ́8̏&R̢̄;ʐ�4�QҡŤ 3-2Ң�×�< Ca. P. asteris�Ȃ

ɻ%-ʉ́8;ҞĠ�ρΌ�Ļ̏ҡɸĈ�S:˧ĠҢ�βŝơ:ǣȃ̝ǏҡǪЦҢ�̏&R"

5�ŶŌ$S3�RҡBertaccini and Duduk 2010; Maejima et al., 2014Ң�F-�Ca. P. solani

�Ȃɻ%-m�a[�4;§Îυ�ͻα8Ɓα'R purple top ̢̄�̏&RҡEmber et al., 

2011Ң�Фǒ�ĈƖ̏́ƚ̧̺͔Ȍʺ:̤ƺ��X[z��o�:g��ǾŶ:ϨϻҡOshima 

et al., 2004; Bai et al., 2006; Kube et al., 2008; Tran-Nguyen et al., 2008Ң�ʉ́:̤и�`

}o�76:̸Ϣ:ѷ͐8O03��X[z��o��"SP:̡ƦVϸƴ'Rʕʏ;ɔP�

87Q11�R�×�<�HoshiP; Ca. P. asteris s��cρҞ̡ͳǠʦʀҡonion yellows 

strain mild-type line; OY-MҢ�Ĉʹ'RÏĈƖ��u{ TENGU �l�[~|o|

ҡArabidopsis thalianaҢK Nicotiana benthamiana8ρΌ¢Ļ̢̏̄Vϸƴ'R"5VŶŌ

%�TENGU�_£bl ѥЮͿЕVѧƦ%3�RľΡǺV́%3�RҡHoshi et al., 2009Ң�

F-�Ca. P. asteris aster yellows strainҡAY-WBҢ:Ĉʹs �dЏ SAP11Jʉ́8ρΌ̢
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̄Vϸƴ%�ʉ́:m�n� эͿЕVѧƦ%3�R"5�ŶŌ$S3�RҡSugio et al., 2011Ң� 

 

 

 

 

  

Ä 3-2 sOQhu�`{ñđĔı>źß/KJļĳ?�ƦŃƠƧ 

 A. S�^�?ūş�Ƥ²ļĳƦBertaccini and Duduk 2010GI÷œ��ƍ±ŎƧ 

 B. V�?ūş�¹ĶļĳƦ:N+âļĳ; Maejima et al., 2014GI÷œ��ƍ±ŎƧ 

 C. ^�UQ~? purple topļĳƦEmber et al., 2011��ƍ±ŎƧ  
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3.1.3 �X[z��o�8ORβŝơ:ǣȃ̝Ǐ  

� §Ц%-ЫQ��X[z��o�8O03Ǟ�В"$SR̢̄;ƃƽ8U-R��4Ĵ

Ǳ̧7J:5%3βŝơ:ǣȃ̝Ǐ�ȣ!PSRҡŤ 3-3Ң��X[z��o�8Ȃɻ%-ʉ́

8;�βŝơ:υB:ИȰҡυĠҢ�·Ɓҡ·ĠҢ�Ѹω:κB:ИȰK+:ï͚х4:ɋ-

7βζ:ǣȇҡ͖�Ȓ Ң76�̏&RҡBertaccini and Duduk 2010; Maejima et al., 2014Ң�

�X[z��o�Ȃɻ8ORβŝơ:ǣȃ̝Ǐ;ʐ�7ʉ́4ŶŌ$S3�Q�̡įÑ57R

�X[z��o�Jƃ͎�̸PS3�R�υĠK͖�Ȓ �̏&-βŝơ8;ɋ-7ͪх;Ύ

�ǣȇ$SR"5�P��X[z��o�;":O�7ǣȃ̝ǏVϸƴ'R"54�ΫЗ:̏

ΞľΡ7хÎVŽK%3�R5Η�PSR�ƣѳ8�υĠ%-βŝơ8�X[z��o��Ƹ

ū'R"5�ŶŌ$S3�RҡArashida et al., 2008; Su et al., 2011Ң�F-�υĠK͖�Ȓ 

�ѶωKѸω8̏&-β;©͍57R-I�ɬ̢̄:̤̏;Рʌ̏̐8ˎđ7ϗƦVĴE%Ǭ

R�¤Ɍ4̂8β�ғ8��3;�υĠ%-β:̅̂:ƂϦ�¿VȀ�Ã ��X[z��o

�Ȃɻʉ́�̉я$S3�-¸×Jƙū'RҡWang and Maramorosch 1988; Strauss 2009Ң� 

  

Ä 3-3 Ę�=sOQhu�`{ñđĔı>&,JŨÁ×?éòĺäƦ�ƍ±ŎƧ 

A. P^\Q?Ů²ļĳƦMaejima et al., 2014GI÷œ�ŃƠƧ 

B. |�\Vo��WX?Ů²ļĳƦBertaccini and Duduk 2010GI÷œ�ŃƠƧ 

C. kdkdbR?ŝ²ļĳƦBertaccini and Duduk 2010GI÷œ�ŃƠƧ 

D. [{?Ů²ļĳƦAkhtar et al., 2009��ƍ±ŎƧ  

E. q{��?Ů²�Ŋ)÷,ļĳƦGuzmán et al., 2014Ƨ 
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� Å§VЖF��ƃ�:̺͔Θ��X[z��o�8ORβŝơ:ǣȃ̝Ǐϸƴʕʏ8έŎV

Ȕ��ϨɵVϒ03�-ҡHimeno et al., 2011; Su et al., 2011Ң��+:϶ͼ;Ѡǒ©ɔ4�

0-�%�%7�P�Фǒ�":�X[z��o�̧̝̂7̢̄:ϸƴʕʏ8ѥ'R̸Ϣ��

ƶ%(1ŶŌ$S3�3�R� 

� �X[z��o�;Ʃ®ͼΠü8ƪ̏'Rͼο4�Q�Seclnx�5ŏ<SRĈʹϙΐV̑

�3�ΫЗ:s �dЏVͼΠƂB5Ĉʹ'R5Η�PS3�RҡMaejima et al., 2014Ң�"

SP:s �dЏ;Ʃ®:ͼΠü4Ô̑'R-I�Ȃɻə8яϠ7ʕΡVȘ�5$SR�ƣѳ�

3.1.2 Ҋ8ЦC-�X[z��o�:̡įǺšƖҡTENGU�SAP11Ң;��(SJĈʹs �

dЏ4�R�+"4�MacLean P;�AY-WB ͳ:g��8¶˖$S-Ĉʹs �dЏ:

nd�£} eVϒ��l�[~|o|8υĠK͖�Ȓ Vϸƴ'R̡įǺšƖ SAP54VńƢ

%-ҡMacLean et al., 2011; Ť 3-4AҢ�SAP54:���e;ϝɄ͎:�X[z��o�8Ϣ

Ć$S3�QҡŤ 3-5AҢ�+::Ҥ14�R Ca. P. asteris s��cρҞ̡ͳǡʦʀҡonion 

yellows strain wild-type line; OY-WҢ�J1���e PHYL1OYJ�SAP545ńʐ8l�[~

|o|8υĠK·Ġ�͖�Ȓ Vϸƴ'R"5�ŶŌ$S3�RҡēǁP 2013; Ǣə; c5-22

5ϔϮ; Ť 3-4BҢ�F-�peanuts witch’s broom phytoplasmaҡPnWBͳ; Ca. P. aurantifolia

8Ф.�͎;ɪńƢҢ:ɥ'R���e PHYL1PnWB;�PHYL1OY�SAP545:шĊń¤Ǻ

;Ï�J::ҡŤ 3-5Ң�ńʐ8l�[~|o|8υĠVϸƴ'RҡYang et al., 2015; Ť 3-4CҢ�

Ȉ�;�"SP:ʕΡ̧8ғÍ%-���e�ϝɄ͎:�X[z��o�8ϢĆ$SRҡŤ 3-5Ң

"5�P�"SP;�X[z��o�8ßƙ$S-оÊƖΓ4�R5Η��phyllody-inducing 

gene familyҡphyllogen; phyllody;υĠ:ȁҢ5Ά͊%3�R� 
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C ŇłňŁŰŪŵŬŬůũŨŮ jĘě�ƶǝƬǅǃƹǃƘĉÁG 

ŎŃŁŝŎśŉň jĘě�ƶǝƬǅǃƹǃƘĉÁGǢŘťŧŗŨťŮŁ���
���Ł ņńŅŅ ƣǚ|âǣ 

ŏŃŁśŔŢŗŅ
ŚŢ
jĘě�ƶǝƬǅǃƹǃƘĉÁGǢ+`ƤŁ ņńŅŇ ƣǚ|âŷ�ħ.Ýǣ 

ŐŃŁśŔŢŗŅ
śŮšŏ
jĘě�ƶǝƬǅǃƹǃƘĉÁGǢŢťŮũŁ���
���Ł ņńŅŉ ƣǚ|âǣ 
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C 3-5 �KƘǋƪƬǁǍǙƹǒƳǆǔƗč&ƆƧƦ phyllogen 

ǢAǣphyllogenƘƫǓǆĪĨ)ŸaƗåì<Ɣ�WÙ<ǢźƦŻƙ�ơğïƖ�WÙ<ǣƩĉđƇƎǢ&

"ƙlĠǣŸphyllogenƗ<×ƀƑŻƒŻƦL:ƙŷåì<ƗíƂ�i#ƗĉđƇƎŸƫǙƬǕǟǁƙ

MEGA5.2.1ǢTamura et al., 2011ǣ#Ƙ ClustalW ƩÄŻƒĈƐƎŸPHYL1OYƔ;ƈĨ)ƙŀ|ƁƓ

CÖƇƎŸ'®ĹH#Ɨŷ2ßyƘ�UqƀĿŻĹHǢę�#ǣƀč&ƆƧƦŸ 

ǢBǣphyllogenƘ ĭŷ'®ĹHƘƫǓǆĪĨ)Ƙ;�qŸClustalWƩÄŻƒà&Ÿ;�qƀ 80%

�ƘL:ƙ÷�ƩęüƓŷ70%-80%ƘL:ƙ¦üƓŷ70%�µƘL:ƙ«üƓCÖƇƎŸ 

AY1 Jomantiene et al., 2007; AYWB MacLean et al., 2011; JR1 Saccardo et al., 2012; OY-W+`Ƥ 2013; PnWB Yang 

et al., 2015; SP1 Jomantiene et al., 2007; TY Jomantiene et al., 2007 
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3.1.4 β: ABCE �y�5 MADS {�[ ИÿšƖ  

ɬҊ�Ĵ>ʗҊ4;�phyllogen:ʕΡVϨɵ'R§4яϠ57Rʉ́:šƖ81�3϶Ц%

-��ɬҊ4;�ɬ̺͔�P phyllogen :ʑ̧4�R"5�ɔP�570-�βŝơǣȇ8ѥ

URMADS{�[ ИÿšƖ81�3ЦCR� 

� úŮ̧7βŝơ;�σ�βǜ�Ѷω�Ѹω:ҧ1:ŝơ�Pʏȇ$S3�R�Łŝơ:̤и

ʕʏ;�l�[~|o|�b c�r\ҡAntirrhinum majusҢ��u�}YҡPetunia � hybridaҢ

V�y�ʉ́5%3̫W8̺͔$S3�-ҡRobles and Pelez 2004; Davies et al., 2006; 

Rijpkema et al., 2006aҢ�+:ɷ�ИÿšƖVh£{'RоÊƖΓҡβ:��_xZvdо

ÊƖΓҢ�ϝł̧8̤̊'R"54�Łŝơ:ĈĠ�ʱƢ$SR"5�ɔP�5703�R�

"SP:��_xZvdоÊƖΓ:ʕΡVϺɔ'R-I8��β: ABC�y���ȯŘ$S-

ҡCoen and Meyerowitz 1991Ң�ɬ�y�4;���_xZvdоÊƖΓ;+:ʕΡ�P 31

:d�nҡAd�n�Bd�n�Cd�nҢ8Ĉғ$SR�βζĈϘ;Ύҡfloral meristem: FMҢ

8��3 Ad�n:оÊƖ:G�̤̊%-хÎ;σB�Ad�n5 Bd�n:оÊƖ�̤̊%

-хÎ;βǜB�B d�n5 C d�n:оÊƖ�̤̊%-хÎ;ѶωB�C d�nоÊƖ:G

�̤̊%-хÎ4;ѸωB5ĈĠ'R�Фǒ4;�$P8 E d�n:��_xZvdоÊƖΓ

�ŶŌ$S3�QҡPelaz et al., 2000; Honma and Goto 2001Ң�"SPVę�3 ABC�y�

V̤ƺ$)-�ABCE�y���ɋ-8ȯŘ$S3�RҡŤ 3-6Ң�ɬ�y�8��3�Ed�

nоÊƖ;õ3:βŝơ:ǣȇ8ѥª%3�R5Η�PS3�R�ABCE d�n:оÊƖ;�

+:ʞ6�MADS{�[ ИÿšƖҡMADS-domain transcription factor; MTFҢVh£{%

3�R�MTF;MADS{�[ 5ŏ<SR DNAłҍűVɥ'RИÿšƖ:Ά͊4�Q�ǔ

�̳ʁ̏́8ϢĆ$SR�+:4�ABCEd�n:MTF;�(SJ�ʉ̧̝́̂7MTFΓ

4�RMIKC-type MTF8ƻ'R�MIKC-type MTF;�MADS{�[ :Â8 31:{�[
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 Vɥ%3�Q�"SP:{�[ ; MTF :s �dЏѤ̰ºÔ̑�DNA 5:łΡVďǭ

%3�RҡSmaczniak et al., 2012Ң�"SP:{�[ :ʕΡ8O03�ABCEd�n:MTF

;º�8ł%�x�şёÑVǣȇ'Rҡ`�xvz�y�; Theissen and Saedler 2001; 

Theißen et al., 2016; Ť 3-6Ң�":şёÑ�Łŝơǣȇ:-I:оÊƖ:̤̊Vϸƴ%3�Q�

ǣȇ$SRşёÑ:͎ғ8O03¨˄4Ƕ͡'RоÊƖΓ�̝7R-I�+S,S:βŝơ:

ĈĠ�̏&R5Η�PS3�R�ABCEоÊƖ:���e;ǔ�ʉ́8ϢĆ$S3�QҡZahn 

et al., 2005a; Zahn et al., 2005b; Shan et al., 2007; Dreni and Kater 2014Ң�B�C�Ed�n

оÊƖ8ѥ%3;�ƃ�:ĶƖυʉ́¢ĩƖυʉ́8��3h£{$SRMTF:ʕΡJßƙ$

S3�R"5�ŶŌ$S3�RҡCui et al., 2010; Heijmans et al., 2012b; Wang et al., 2015Ң�

ǫ03�ABCE �y�;�ʉ͎́8ORƃƶ:ǉ̝;�RJ::�ϗƖʉ́õί8�R͌ǘл

̑ľΡ5Η�PS3�RҡSoltis et al., 2007Ң�  
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� ABCEd�n:MTF;βŝơĈĠ8яϠ7ʕΡVȘ03�R-I�"SP:оÊƖVʖƉ¢

̤̊Ȑď%-ʉ́4;̝Ǐ7βŝơ�ϸƴ$SR�×�<�l�[~|o|8��3�Ad�n

: MTFоÊƖ4�R APETALA1ҡAP1ҢVʖƉ%-Ɓ̝Ñ4;�σ�υ:O�7ʏЭ8ƁĠ

Ä 3-6 ]�Qlj`j? ABCE~g�<T�feh~g�ƦSmaczniak et al., 2012��ƍ±ŎƧ 

ABCE ~g�Ʀ�ÄƧ;@�A�E X�_?ƌ�Ô(ŬƦSepalƧM�A�B�E X�_?ƌ�Ô(Ũæ

ƦPetalƧM�B�C�EX�_?ƌ�Ô(ƘůƦStamenƧM�C�EX�_?ƌ�Ô(ƚůƦCarpelƧ

M¬²/3J<š%HKJ�]�Qlj`j;@»X�_>à2J MTF <0:�AP1ƦA X�_Ƨ�

PI�AP3ƦB X�_Ƨ�AGƦC X�_Ƨ�SEP1�SEP2�SEP3�SEP4 (ńHKJ�SEP < AP1�

SEP< AG�AP3< PI'H=Jvf��ƒ�(�/H>Á×ĲĺĿ=řD¼L3;Âƒ�Méó2J

ĲĺĿ=Âƒ�Méó2J-<;ŨÁ×?¬²(Ķ1JƦT�feh~g�Ƨ� 
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%¹ʗβ�ǣȇ$SRҡBowman et al., 1993; Gregis et al., 2006ҬŤ 3-7AҢ�F-�AP1�

O>Ф7 MTF 4�R CAULIFLOWERҡCALҢ:¹яƁ̝Ñ4;�βŝơ�ĈĠ)(βζ

;Ύ�Ž̏%3`����£ʐ:ʏЭ�ǣȇ$SRҡBowman et al., 1993ҬŤ 3-7BҢ�F- E

d�nMTF4�R SEPALLATA1ҡSEP1Ң�SEP2�SEP3�SEP4;ʕΡ̧8яϝ%3�Q�

ĩ¤оÊƖ:Ɓ̝Ñ;Ғφ7ǣȃ̧̝ǏV́$7���SEP1�SEP2�SEP3:¦яƁ̝Ñ4;

õ3:βŝơ�σ8Í-ʏЭ8ƁĠ%�β:ƈ�P͖�Ȓ �̏&RҡPelaz et al., 2000; 

Ditta et al., 2004; Ť 3-CҢ�$P8�SEP1-SEP4:şяƁ̝Ñ4;õβŝơ�υ8ƁĠ%�

͖�Ȓ JOQ˧%�7RҡDitta et al., 2004Ң�"SP:ϔ̊Ů;��X[z��o�Ȃɻə

K phyllogen :ǣЏИȰ8O03ϸƴ$SRβ:ǣȃ̝Ǐ8ғÍ%3�R�$P8��X[z

��o�Ȃɻʉ́4;�MTFVŇHβŝơǣȇѥЮоÊƖ:̤̊ё�Ɓĝ'R"5�ŶŌ$S

3�RҡPracros et al., 2006; Cettul and Firrao 2011; Himeno et al., 2011; Su et al., 2011Ң�

ǫ03�phyllogen 8ORβŝơ:ǣȃ̝Ǐϸƴ8;�MTF �ÒP�:ǣ4ѥª%3�RľΡ

Ǻ�Η�PS-� 

 

 

 

 

 

 

 

  

Ä 3-7 MTFMĝÓ05]�Qlj`j?ŨÁ×?űĴÇ 

A. ap1Ïĺ�>ŴHKJ�ĞŨ?éóƦGregis et al., 2006GI÷œƧ 

B. ap1/cal�ƐÏĺ�>&,JŨũřŠ?ÎĶƦDitta et al., 2004GI÷œƧ 

C. sep1/sep2/sep3�ƐÏĺ�?ŨÁ×?Ů>Ƣ�05ėƇC?Ƃý<��ĞŨ?

éóƦGregis et al., 2008GI÷œƧ 
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3.1.5� ��xYr£�  

� ̏́;ΫЗ:ͼΠü̍żVďǭ'R-I�ʏЭ�̝Ǐ7s �dЏK©Ϡ570-s �d

ЏVĈϨ'RʕʏVɥ%3�R���xYr£�;s �dЏĈϨʕΡVȘ�ǈƄ7s �d

ЏϝłÑ4�Q�̳ʁ̏́8ǔ�ßƙ$S3�RҡöÄ̒�ɮ̒ 2012Ң���xYr£�;

60VГ�Rj��}vz�Pǣȇ$S3�Q�Ƅ�� 21:ϝłÑҡ20S��xYr£��19S

ďǭͮƖҢ�Pʏȇ$SRҡWang and Deng 2011; Ť 3-8Ң�20S��xYr£�;��xY

£q˃ǺVɥ%�s �dЏĈϨ:ǲ̧7ǧėVȘ03�R�7͎ғ:�j��}vzҡ�1-

�7Ң��j��}vzҡ�1-�7Ң�+S,S�� e��� e5ŏ<SR̍̄ʏЭVǣȇ

%�+SP�����:ҋ8Ю703 20S j��}vz57R�j��}vz:4ƣѳ8s

 �dЏĈϨ˃ǺVɥ'R:;�1��2��5 4�R�19S ďǭͮƖ;¤ί8 20S j��}v

z:¬ç8Ҥ1(1ł%3�QҡŤ 3-8Ң�ĈϨ:ʑ̧57Rs �dЏ5ł%�+:͘Ñ

ʏЭVž%3 20S��xYr£�B5ШQТHҡöÄ̒�ɮ̒ 2012Ң� 

� ��xYr£�8O03ĈϨ$SRs �dЏ8;̝̂Ǻ��Q�¤ί̧8ϝɄ:��bu

 �P7R����bu ѝ8O03áҖ$S-ҡ����bu ĠҢs �dЏ�ʑ̧57

RҡRaasi and Wolf 2007Ң���bu ; 76Y��э�P7Rs �dЏ4�Q���xY

r£�ńʐ8̳ʁ̏́8ǔ�ßƙ$S3�R�s �dЏ:����bu Ġ; 3͎ғ:ыͺ�

��bu ˃ǺĠыͺҡE1Ң���bu łыͺҡE2Ң���bu И͋ыͺҡ��bu 

�a£q; E3Ң 8O03ϒUSR���bu ;ƒI8 E1 5ł%�˃ǺĠ'R�+:Ǫ�

��bu ; E2�E3B5ĺ ˔$S�E3�ϷЀ'Rs �dЏ:�l ʠųB5Ãę$SR

ҡYe and Rape 2009Ң�E1�E28ʧC3 E35%3ë�s �dЏ;҄Ǐ8ƃ�ҡl�[~|

o|:ɏ̸: E1; 2͎�E2;͵ 40͎7:8ư%�E3; 1400͎Å§�̸PSRҢ���b

u Ġ$SRs �dЏ:̝̂Ǻ;®8 E38O03ʱƢ$SR5Η�PS3�RҡWang and 
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Deng 2011Ң���bu Ġ:ʐǝ;ϝɄ̸PS3�Q�¤ί8��xYr£�B:дȴle|

�57R:;���bu : 48̜̮:�l ʠų8ʗ:��bu �ł'R"54ǣȇ$S

R����bu ѝ4�RҡYe and Rape 2009; Walsh and Sadanandom 2014Ң�����b

u Ġ$S-s �dЏ; 19SďǭͮƖ: Rpn10�Rpn138ł%�20S��xYr£�B

5д<S3ĈϨ$SRҡöÄ̒�ɮ̒ 2012Ң�s �dЏĈϨ8ï͘03���bu ;Τ�

�bu Ġыͺ:ë�4ʑ̧s �dЏ�PϨѺ%�ĈϨVòSRҡSharma and Pandey 2015Ң�

":O�8�s �dЏ:����bu Ġ5��xYr£�8ORĈϨ;ʍI3ƫȪ7ѥÝ

8�R"5�P�¬ΘV��bu -��xYr£�ͳ5Ά͊'R"5Jƃ��-.%¤х:s

 �dЏ8��3;���bu ĠVÁ$(8��xYr£�4ĈϨ$SR¸×J̸PS3�

RҡKahana 2009Ң� 
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Ä 3-8 u�fPb�|?ėƇ<��rVd�-u�fPb�|ŕƦRaasi and Wolf 2007Ƨ 

26Su�fPb�|@ 20Su�fPb�|ƦŝƧ< 28? 19S¯ëŔÔ ƦĭŧƧ'Hėó/KJ� 

�rVd�ƦƤŧƧ@ E1�E2�E3M�0:�E3(Źż2JÊžƦěŧƧ?�]�ĠÊ>Ś¼2J�

E3C?�rVd�?ƂŇ@Ķ1=#Ì¼F"J�Êž>Ś¼05�rVd�? 48Ĺŀ?�]�ĠÊ>

ć>�rVd�(Ś¼0�z��rVd�Ɠ(éó/KJƦz��rVd�²Ƨ�z��rVd�²/

K5c�pXž@ 26Su�fPb�|C<ƊAK�20ƫu�fPb�|�? β1�β2�β5 \t�ke

h?ħï>G7:¬Ŷ/KJ��rVd�@�Êž?¬Ŷ°>Ť�rVd�²ƏŖƦÄ�;@ UBPs

<űŷƧ>G7:Ɖƛ0�¨®ķ/KJ� 
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3.2 ɭɈ�O>Ɍʺ  

3.2.1 ɭɈ  

� l�[~|o|�Nicotiana benthamiana�l� cdҡœ͎ҫ$5M-�Ҭj`s:s�Ң

;�(SJ͎Ɩ�PʃŲ%-�ʃŲɰÇ;�l�[~|o|4; 23˚C�16əѤɔɨ�8əѤɞ

ɨ:ɰÇ4�Q�ʠQ: 2͎4; 25˚C�Ϋ˵ð¨4�R� 

� Ȫ͎ϴҚ4;�ρҞ̡V́'s��cOQĈѺ$S-�X[z��o� [Candidatus 

Phytoplasma asteris onion yellowsͳҡOY-WҢ]ҡŻϢP�1998ҢV̑�-�OY-W; PHYL1OY

:ĩѺ˙4�Q�l� cd�Ĵ>ƕÁɒώ4�R���sx �h�[ҡMacrosteles 

striifronsҢV̑�3ȡ%-� 

� ɬ͙4̑�-l�[~|o|:оÊƖ;ϔ 3-1 :ЫQ4�R�F-�X[z��o�:

phyllogen�P�PHYL1OY��O> PHYL1PnWBV̑�-�¬���e;�(SJ�l�[~|

o|8βŝơ:ǣȃ̝ǏVϸƴ'R"5�ŶŌ$S3�RҡēǁP 2013; Yang et al., 2015Ң�

ŁоÊƖ:϶ͼ7d�£} eɌʺ�ƣҚ̑h nz�dz:ÔĆɌʺ;čâ8ϮЛ'R� 
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ű 3-1 Čŋ;ķ#5]�Qlj`j?ƌ�Ô 

ƌ�Ô¾� X�_�Ĝţ� � ķ#5Ùƣ�

���� �� � Øƒ ���	�����������¬ŶźßħïŸƣ�

��
� ŨũřŠ?¬²Ʀ���<�ƍĜţƐŲƧ� � ����¬ŶźßħïŸƣ�

���� �� � Øƒ ���	��

��� �� � Øƒ ���	��

�	� 	� � Øƒ ���	�����	�

���� 
� � ¬ŶźßħïŸƣ�

���� 
� � ¬ŶźßħïŸƣ�

���� 
� � Øƒ ���	�����������¬ŶźßħïŸƣ�

���� 
� � ¬ŶźßħïŸƣ�

�	
��� �������������������� � Øƒ ���	��

���� �������������������� � Øƒ ���	��

��� �������������������� � Øƒ ���	��

 

 

3.2.2 OY-W Ȃɻʉ́�ɒώѤ: PHYL1OY̤̊ёʧК  

Ȫ͎ϴҚ  

� OY-W Ȃɻl�[~|o|VÔĆ'R-I�l�[~|o|ҡ^hs[� Bay-0Ң25 ʀ8ư

%3 25Ҏ: OY-WȂɻ���sx �h�[Vę�3�1ЯѤňʭ$)-�+:Ǫ�h�[V

ĹQѫ��ǪЦ:Ɍʺ4 RNA VȗĆ%-�2 ЯѤǪ8�X[z��o�ʊĆ̑ LAMP bvz

ҡ}v� m£ Ң8O03�l�[~|o|8� R�X[z��o�Ȃɻ:ɥ˳V̿Ϸ%

-�ȹÔ;Ãƻ:�}�Y�8ǫ0-�Ȃɻ�̿Ϸ$S-ʉ́:Ŭ§х�P RNAVȗĆ%-� 
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RNA ȗĆ  

1. j ��VˋÑ͗ͺV̑�3̻̀%�ISOGENҡ}v� m£ Ң 1 mlVːę%-� 

2. ̻̀ˋV 1.5 mlu�£�8͋%�15,000 rpm�4°C4 12ĈѤкǲ%-� 

3. §ˑVču�£�8͋%�d�����ҡ|`�[xndҢ200 µlVę��ΰ�ˏł%-� 

4.  15,000 rpm�4°C4 10ĈѤкǲ%-� 

5. §ˑVču�£�8͋%�2-����£�ҡ|`�[xndҢ500 µlVę��ΰ�ˏł%-�

6.  15,000 rpm�4°C4 30ĈѤкǲ%-� 

7. §ˑVǚʈ%�70%^s�£� 1 mlVę�3 15,000 rpm�4°C4 5ĈѤкǲ%-� 

8. §ˑVǚʈ%�5ĈѤ˓Ū´˺ʕ4 RNAV´˺$)-� 

9. ǬPS- RNA V RNase free water ͵ 30 µl 8˜Ϩ%�Recombinant RNase Inhibitor 

ҡ40U/µl�TaKaRaҢ 0.2 µlVːę%-� 

10. ГǯёĈððǘϬ NanoDrop2000cҡThermo Fisher ScientificҢV̑�3˩ǘV˖Ƣ%�

-80°C4ßƙ%-� 

11. ȗĆ RNA5 DNaseV¨Ϯ;ȇ4ˏł%�37°C4 1.5-2əѤķǶ$)- 

 ;ȇ ҡ×1) 

 rDNase IҡTaKaRa) 2 µl 

 10x reaction buffer for rDNaseҡTaKaRa) 10 µl 

 100 mM CaCl2 1 µl 

 RNA + DW 86 µl 

+ Recombinant RNase inhibitorҡTaKaRa) 1 µl 

 Total 100 µl 

12. ķǶˋV͟ё: RNase free water�эǺ�]�£��d����� 100 µl(15ˏł%�

12,000 rpm�4˚C4 5ĈѤкǲ%-� 

13. Ȍҋ 4�9VΏQХ% RNAͰϜ�˩ǘ˖ƢVϒ��-80°C4ßƙ%-�  
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cDNA łȇ  

� ǬPS- RNA 500 ngVљŮ5%3�Random Primer8OR cDNAłȇVϒ0-�łȇ8

; High Capacity cDNA Reverse Transcription KitҡApplied BiosystemsҢV̑��Å¨:;

ȇ:ķǶˋVę�3 25°C4 10Ĉ�37°C4 120ĈѤķǶ$)-�ķǶˋ;�-30°C4ßƙ%

-� 

 ;ȇ ҡ×1) 

 10x RT buffer 1 µl 

 25x dNTP Mix 0.5 µl 

 10x Random Primer 1 µl 

 RNA+DW 7.1 µl 

+ Multiscribe RTase 0.5 µl 

 Total 20 µl 

�  

Ƣё RT-PCR 

� cDNAV 100ã8Ǎю%�ǪЦ:;ȇ¢ķǶəѤ4Ƣё RT-PCRVϒ0-�ķǶ8; SYBR 

PreMix Ex TaqҡTaKaRaҢV̑�-�üхʑ˚оÊƖ5%3��X[z��o�ü:s �d

ЏΕϰə8ʕΡ'RÌѠšƖҡElongation factorҢ4�R�tufBоÊƖV̑�-ҡOshima et al., 

2011Ң�Ƣё RT-PCR8̑�-��[�£�Ĵ>+:ʑ̧оÊƖ;ϔ 3-28F5IR� 

 ;ȇ ҡ×1)  ķǶəѤ 

 Primer Fҡ5 µM) 1.2 µl  Hold 95°C 00:30  

 Primer Fҡ5 µM) 1.2 µl  
2 step PCR 

95°C 00:05 
40 cycles 

 SYBR PreMix Ex Taq 10 µl  60°C 00:30 

 DW 5.6 µl   95°C 00:15  

+ cDNA 2 µl  Dissociation 60°C 00:30  

     95°C 00:15  
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ű 3-2 PHYL1OY?Øƒ RT-PCR>ķ#5u�Q{� 

�

 

 

 

  

��[�£Ņ �  ŻųшĊҡ5'→3') ʑ̧оÊƖ 

Tuf1 

 

GCTAAAACTTGTCCACGTTGTACG tufB 

Tuf2 

 

CGGAAATAGAATTGAGGACGGT tufB 

PHYL1_F 

 

TTATTGAATTCGTTTATTGTATTTGCTTTC PHYL1OY 

PHYL1_R 

 

TCTTTATTCATCCCCATTACTTGTTG PHYL1OY 



 84 

3.2.3 PHYL1OY�PHYL1PnWB̤̊h nz�dz:ÔĆ  

� ɬҊÅѨ:ƣҚ4;�PHYL1OY�PHYL1PnWBVʉ́ͼΠü4̤̊$)�ʕΡVϨɵ%-��

(SJɬɱ N ɫ͚8Ĉʹle|�Vɥ'R5ȫƢ$S3�R��ͼΠƂBĈʹ$SRѳ8ɬl

e|�шĊ;ĉɊ$S�+SÅƂ:ҍű�ʕΡ'R5Η�PS3�RҡēǁP 2013; Ť 3
9Ң�

+"4�ɬҊÅѨ:ƣҚ4;�¬���e:le|�шĊVѫ�-ҍű:GVʉ́ü4̤̊$

)-�ÅѨ;�ǢϵҍűV PHYL1OY�PHYL1PnWB5ŏ͊'R� 

 

 

Ä 3-9 PHYL1OY�¶B4?Ïĺ�?ĸÄ 

  

h{ ҏǘȻƁ PHYL1OY�PHYL1OYΔ8�PHYL1PnWBшĊ:łȇ  

� ʉ́ü4:s �dЏ̤̊ёVŽę$)R-I8�¬���e:h{ Ö̑ҏǘVl�[~

|o|:J:8łU)-шĊVłȇ%-�PHYL1OY 81�3;�h{ ҏǘ:ȻƁ;�($

DNA̺͔Ȋ:h{ Ö̑ҏǘy£s�£nҡhttp://www.kazusa.or.jp/codon/Ң8ų2��ΫЗ

4ϒ0-�ŻųшĊ;Ť 3-10A 8́'�F-�łȇ;_�� �[_xd��m£ʀǝÉ̓8

ÙҐ%�PHYL1OY�PHYL1OYΔ8ҡNɫ͚ 2�7̜̮:Y��эʖƉƁ̝ÑҢVłȇ%-ҡŤ 3-9Ң�
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łȇшĊ;ń̓:Ö̑%3�Rd�£} e�ds£4�R p-EX-A �ds£: KpnI�XhoI

j[zü8d�£} e$S-� 

� PHYL1PnWB:łȇ;�[�xd��m£oʀǝÉ̓8ÙҐ%�ń̓:��e��8ų2�h

{ ҏǘVȻƁ%-�ɣлĠǪ:ŻųшĊ;Ť 3
10B:5�Q4�R�ÙҐшĊ;ŻųшĊɊ

˾5%3łȇ$S�pENTA�ds£ҡǪЦҢ8d�£} e'R-I�5'͚8

ҡ5'-AAGGAACCAATTCAGTCATG-3'ҢV�3'͚8ҡ5'-AAGCTGGGTCTAGAT-3'ҢVÃę%

-�

 

Ä 3-10 ĈƋ² PHYL1OYƦAƧ�PHYL1PnWBƦBƧ?ÍÊƎƦÿÏƍ�@ľŢĆ;űņƧ 

 

pENTAB:d�£} eҡpENTA-PHYL1OY�pENTA-PHYL1OYΔ8�pENTA-PHYL1PnWBҢ 

� pENTA�ds£;�pENTR�ds£ҡInvitrogenҢ̓ ɱ:;Ȱ�шĊҡattLшĊ`pvzҢ

Vɥ%ҡHimeno et al., 2010Ң�ư57R;Ȱ�шĊҡattRшĊ`pvzҢVɥ'R�ds£

5шĊ`pvz:̰ń;Ȱ��ľΡ4�RҡLRķǶҢ�ɬ̺͔4;łȇ%-шĊV pENTA�

ds£Bd�£} e%-:/�ʐ�7�ds£B:;Ȱ�Vϒ0-�pENTAB:d�£} 

e81�3�϶ͼ7ȌҋV¨Ϯ8Ϯ'� 
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ҡPHYL1OY�PHYL1 OY�8:d�£} eҢ 

1. pENTAҡ�ds£Ң�łȇшĊ:Ȧô$S- pEX-Aҡ[ j£zҢVďѩыͺ KpnIҡTaKaRaҢ�

Ĵ> XhoIҡTaKaRaҢV̑�3ĉɊ%-�;ȇ;Å¨:ЫQ4�Q�37°C4 16əѤķǶ$

)-� 

 ;ȇ ҡ×1) 

 10x M Buffer 3 µl 

 KpnI 0.5 µl 

 XhoI 0.5 µl 

+ DNA+DW 26 µl 

 Total 30 µl 

2.  0.7%Ya�£ng�V̑�3ķǶˋVʿĝ%�EtBr 4ɻαǪ�UV ˷Ʋ¨4̧̮:� {

VĉQĆ%-�g��P Ultra Clean Gel DNA Extraction KitҡMO-BIOҢV̑�3 DNA

Ɋ˾VͰϜ%-�ͰϜ;Ãƻ:�}�Y�8ǫ�ϒ0-� 

3. �ds£5[ j£zVˏł%�Ligation-Convenience Kitҡ}v� m£ ҢV͟ёę�

3 16˚C4 15ĈѤķǶ$)-� 

4. �[g£l� Ǫ:j ��8ƄΧο DH5αʀ:h �x zp�ҡTaKaRaҢV 100 µlę

�ʫ§4 15ĈѤ҃ΐ%-� 

5. j ��V 42˚C4 45͉Ѥę˹%-� 

6. ʫ§45ĈѤ҃ΐ%-Ǫ�SOCŲŬ [1000 mlǢ-Q:;ȇҫ0.5 g NaCl�20 g Bacto-tryptone�

5 g Yeast extract�ͽ˩ǘ 2.5 mM KCl�ͽ˩ǘ 10 mM MgCl2�ͽ˩ǘ 10 mM MgSO4�ͽ

˩ǘ 20 mM glucoseҡpH7.0)]V 1 mlę��37˚C4 1əѤȥ̭Ųҗ%-� 

7. ƄΧοV LB/AmpicillinǑɴŲŬҡ1000 mlǢ-Q�10 g Bacto-tryptone�5 g Yeast extract�

10 g NaCl�15 g Agarose�100 µg/ml AmpicillinҢ8ŹȖ%3 37˚C4 1ɚ҃ΐ%-� 

8. ǣȇ$S-h�}£V˻ʋɸ411��YT/Ampicillin ˋÑŲŬҡ1 L Ǣ-Q:;ȇҫ16 g 
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Bacto-tryptone�10 g Yeast extract�5 g NaCl�100 µg/ml AmpicillinҢ4 37˚C�16ə

Ѥȥ̭Ųҗ%�Y�`� SDSʺ4��n�{VͰϜ%-�ǬPS-��n�{8[ j£z

шĊ�Ȧô$S3�R"5V̿Ϸ'R-I�0.7%Ya�£ng�8ORѽʩʿĝVϒ���

ds£шĊ5:j[oVʧК%-� 

9.�ds£§8ϯϬ$S-��[�£ҡM13F�M13RҬшĊ;ϔ 3-3 8ϔϮҢV̑�3

dyedeoxyterminatorʺ8ORt[�dzl£d^ nVϒ0-�϶ͼ7ϴό;ȇ¢ķǶɰÇ

; 2.2.6Ҋ8˚&-� 

 

ҡPHYL1PnWB:d�£} eҢ 

1. pENTAҡ�ds£ҢVďѩыͺ SalI-HFҡNEBҢ�Ĵ> EcoRV-HFҡNEBҢV̑�3ĉɊ

%-�;ȇ;Å¨:ЫQ4�Q�37˚C4 16əѤķǶ$)-� 

 ;ȇ ҡ×1) 

 10x CutSmart BufferҡNEBҢ 3 µl 

 SalI-HF 0.5 µl 

 EcoRV-HF 0.5 µl 

+ DNA+DW 26 µl 

 Total 30 µl     

2. g�ͰϜǪ:�ds£5[ j£zVˏł%�GeneArt® Seamless Cloning and Assembly 

Kit ҡInvitrogenҢV̑�3�[g£l� %-�ȹÔ;Ãƻ:�}�Y�8˚&-� 

3. ƄΧοB:ǣЏИȰ���n�{ͰϜ�шĊ:̿Ϸ;§Ц:J:5ńʐ8ϒ0-� 
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pENTA-PHYL1OYΔ3�PHYL1OYΔ7:ÔĆ 

PHYL1OYΔ8 ńʐ8�N ɫ͚ 2 ̜̮�Pҋ8 6 ̜̮:Y��эF4ʖƉ$)-Ɓ̝Ñ

ҡPHYL1OYΔ3�PHYL1OYΔ7ҬŤ 3
9ҢV�inverse PCR8OQÔĆ%-�ϔ 3-38Ϯ%-��

[ � £ V ̑ � � pENTA-PHYL1OY V љ Ů 5 % 3 PHYL1OYΔ3 � PHYL1OYΔ5 V �

pENTA-PHYL1OYΔ8 VљŮ5%3 PHYL1OYΔ6�PHYL1OYΔ7 VÔĆ%-�Ɓ̝ƴô��[g

£l� ;+S,S GeneArt® Site-Directed Mutagenesis SystemҡInvitrogenҢ�GeneArt® 

Seamless Cloning and Assembly Kit8OQϒ��Ãƻ:�}�Y�8˚&3ȹÔVϒ0-�F

-�ƄΧοB:ǣЏИȰ���n�{ͰϜ�шĊ̿Ϸ; pENTA-PHYL1OY:d�£} e5ń

ʐ8ϒ0-� 

 

LRķǶ 

pFAST02ҡ[ �� s[��£l� oҢ;ʉ́4:оÊƖ̤̊̑�ds£4�Q�T-DNA

ҍű8ƙū'R 35S ���£s£шĊ:̯¨8�LR ķǶVÁ%3̧̮шĊVȦôľΡ4�R�

PHYL1OYVl�[~|o|8ǣЏИȰ'R-I�LR ķǶ8OQ�PHYL1OY�PHYL1PnWBш

ĊV pFAST02 �ds£B5d�£} e%-ҡpFAST-PHYL1OY �pFAST-PHYL1PnWBҢ�

F-�PHYL1OY Ɓ̝Ñ:шĊJńʐ:Ȍʺ4d�£} e%-ҡpFAST-PHYL1OYΔ3�

PHYL1OYΔ8Ң�϶ͼ7Ȍҋ;¨Ϯ8Ϯ'� 

1. ̧̮оÊƖ:Ȧô$S- pENTA�ds£5 pFAST02Vˏł%�Gateway® LR Clonase® 

Enzyme mixҡThermoFisher ScientificҢ8OR LRķǶVϒ0-�ȹÔ;�Ãƻ�}�Y

�8˚&-� 

2. pENTA-PHYL1OYÔĆə5ńʐ:Ȍʺ4ƄΧο8ǣЏИȰ%���n�{VŠĸ%-�нȒ

̑ȑ̏́Џ5%3 Spectinomycinҡ100 µg/mlҢV̑�-� 
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3. ��n�{8̧̮оÊƖ�Ȧô$S-"5V��ds£§8ϯϬ$S-��[�£ҡattB1F�

attB2RҬшĊ;ϔ 3-2 8ϔϮҢV̑�- PCR 8O03�̧̮оÊƖ5ń͟:j[o:Ɋ˾

�Žǐ$SR�4̿Ϸ%-�ķǶ;ȇ¢ɰÇ;¨Ϯ:ЫQ4�R� 

 

 ;ȇ ҡ×1)  ķǶəѤ 

 10x rTaq bufferҡTaKaRaҢ  1 µl  96°C 00:30  

 2 mM dNTPs  0.8 µl  96°C 00:15 

30 cycles  Primer Fҡ5 µM) 0.8 µl  55°C 00:30 

 Primer Fҡ5 µM) 0.8 µl  72°C 01:00 

 rTaqҡTaKaRa) 0.1 µl  72°C 07:00� �   

 Templete DNA 1 µl  4°C ∞� �   

+ DW 5.5 µl   

 Total 10 µl     

       

� �
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ű ���� ����� ƞ;ķ#5u�Q{��

��[�£Ņ ŻųшĊҡ5'→3'Ң ̑Ъ 

M13F TGTAAAACGACGGCCAGT pENTA:[ j£zu]vd 

M13R CAGGAAACAGCTATGAC pENTA:[ j£zu]vd 

attB1F ACAAGTTTGTACAAAAAAGCAGGCT pFAST:[ j£zu]vd 

attB2R ACCACTTTGTACAAGAAAGCTGGGT pFAST:[ j£zu]vd 

49LD2-F 
CGACTGGATCCGGTACCATGGATATTGCTTCTG

CTTCTAA 
pENTA-PHYL1OYΔ3ÔϜ 

49LD2-R 
TTAGAAGCAGAAGCAATATCCATGGTACCGGAT

CCAGTCG 
pENTA-PHYL1OYΔ3ÔϜ 

49LD3-F 
CGACTGGATCCGGTACCATGATTGCTTCTGCTT

CTAATAA 
pENTA-PHYL1OYΔ4ÔϜ 

49LD3-R 
TTATTAGAAGCAGAAGCAATCATGGTACCGGAT

CCAGTCG 
pENTA-PHYL1OYΔ4ÔϜ 

49LD4-F 
CGACTGGATCCGGTACCATGGCTTCTGCTTCTA

ATAATAA 
pENTA-PHYL1OYΔ5ÔϜ 

49LD4-R 
TTATTATTAGAAGCAGAAGCCATGGTACCGGAT

CCAGTCG 
pENTA-PHYL1OYΔ5ÔϜ 

49SD5-F 
CGACTGGATCCGGTACCATGTCTGCTTCTAATA

ATAATCAAAATAT 
pENTA-PHYL1OYΔ6ÔϜ 

49SD5-R 
ATATTTTGATTATTATTAGAAGCAGACATGGTA

CCGGATCCAGTCG 
pENTA-PHYL1OYΔ6ÔϜ 

49SD6-F 
CGACTGGATCCGGTACCATGGCTTCTAATAATA

ATCAAAATAT 
pENTA-PHYL1OYΔ7ÔϜ 

49SD6-R 
ATATTTTGATTATTATTAGAAGCCATGGTACCG

GATCCAGTCG 
pENTA-PHYL1OYΔ7ÔϜ 
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pFAST−PHYL1OY�PHYL1OYΔ3�PHYL1OYΔ8�PHYL1PnWB:Ye��dx�\�B:ǣЏИ

Ȱ 

1. Ł��n�{˜Ϩˋ 1.5 µlVYe��dx�\� EHA105ʀҡHood et al., 1993Ң:h �

x zp� 30 µl5ˏł%�ʫ§4 5ĈѤ҃ΐ%-� 

2. ˋÑ͗ͺ4 1ĈѤĄ$)-Ǫ�SOCŲŬ 1mlVę�3 28˚C4ҤəѤѾ̭Ųҗ%-� 

3. οÑVѷο%�LB/SpectinomycinǑɴŲŬ8ŹȖ%3�28˚C4 2ɐѤ҃ΐ%-� 

4. ĩh�}£V YT/SpectinomycinˋÑŲŬ4Ųҗ%�͟ё: 50%e�p�£�5ˏł%3ˋ

Ñ͗ͺ4ǹā%-ҡe�p�£�nzvdҢ�Ôȇ%-nzvd;-80˚C 4ßƙ%�ƣҚ#

58ĹQĆ%3̑�- 
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3.2.4 PHYL1OYǣЏИȰl�[~|o|:ÔĆ  

PHYL1OY�PHYL1OYΔ3�PHYL1OYΔ8Ɓ̝Ñ:l�[~|o|B:ǣЏИȰҡFloral DipʺҢ 

1. ˝ο˻ʋɸ4Łe�p�£�nzvdVҤʖ˾ĹQĆ%�100 ml YT/SpectinomycinˋÑŲ

Ŭ4¤ɚŲҗ%-� 

2. οˋV 3000 rpm4 10ĈѤкǲ%�οÑVŠĸ%-� 

3. οÑV 5%nd�£n˜ˋ8þȆ˨%�ГǯёĈððǘϬ NanoDrop2000c V̑�3 OD600

åV 0.88ϽɅ%-� 

4. 1EG:ϝɄ1�-l�[~|o|ҡ^hs[� Col-0ҢVϝɄʀ̑ȁ%�ѣβ%-βV;

$G4ĹQѫ�-� 

5. οˋ8 0.05%: SilwetL-77ҡSolarbioҢVːę%�1EGVɄ͉Ѥοˋ8ˉ -� 

6. 1EG8Ã̴%-οˋVȟ�ĹQ�¤ɚƃ˗ɰÇ4ɞȊ8ΐ�-Ǫ�ЫǏɰÇ4̏Ξ$)-� 

7. ͵ 1 ¡ɤǪ8͎ƖVŠĸ%�ǣЏИȰ�ȇĘ%-͎ƖV pFAST02 �ds£: T-DNA 8

Ȧô$S-͎Ɩ̧̝̂ GFP̤̊h nz�dz8̓ɱ'RϏð:ɥ˳4нȒ%-� 

8. нȒ%-͎ƖVЫǏɰÇ4̏Ξ$)�ǣȇ$S-βŝơ:ϔ̊ŮVϦƮ%-� 

 

PHYL1OYǣЏИȰl�[~|o|�P:Ƣё RT-PCR 

� ǣЏИȰоÊƖ:̤̊V̿Ϸ'R-I�ǣȇ$S-ɪѣβ71EGV 1�10 âȩѷ%�ˋÑ

͗ͺ4̻̀%-�RNA ȗĆ�RT ķǶ�PHYL1OŶ̧̝7Ƣё PCR V 3.2.2 Ҋ8˚&ϒ0

-�F-�ŁоÊƖ:ʑ˚Ġ8;l�[~|o|:Ydu оÊƖV̑�-�ńʐ8%3�ϝ

Ʉ:Ʃ®šƖ:̤̊ёV PHYL1OY ǣЏИȰl�[~|o|5҄ǣЏИȰl�[~|o|5ʧ

К%-�Ö̑%-��[�£;ϔ 3-48Ϯ'�  
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ű 3−4 3.2.4ƞ;ķ#5u�Q{� 

��[�£Ņ �  ŻųшĊҡ5'→3') ʑ̧оÊƖ Ĳ˷Ɇ̆ 

AtActin-F 

 

TGGCATCACACTTTCTACAA Actin Yamaji et al., 2012 

AtActin-R 

 

CCACTGAGCACAATGTT Actin Yamaji et al., 2012 

PHYL1_2F  CAACAACTTTCTAATAATGATCC 

PHYL1OY 

ҡɣлĠҢ ɬƣҚ4ʏͨ 

PHYL1_2R  TTGATAAGTCTTAAGTTGTTCC 

PHYL1OY 

ҡɣлĠҢ ɬƣҚ4ʏͨ 

AtSEP3_F 

 

CTAAGACTAAGGTTAGCTGATGGGTA SEP3 

Teper-Bamnolker and 

Samach, 2005 

AtSEP3_R 

 

ATGATGACGACCGTAGTGATCAA SEP3 

Teper-Bamnolker and 

Samach, 2005 

AtAP1_F 

 

GGAGCAGCAGCTTGACACTG AP1 ɬƣҚ4ʏͨ 

AtAP1_R 

 

TGGAGCTCATTGATGGACTCG AP1 ɬƣҚ4ʏͨ 

AtCAL_F 

 

AAAGGAGAAGGAGATACAGGAGG CAL ɬƣҚ4ʏͨ 

AtCAL_R 

 

CTGTGGTACATCGTCGACGC CAL ɬƣҚ4ʏͨ 

AtAG_F 

 

TGTTCTTCTCCCCCCAACAGCAAT AG Czechowski et al., 2004 

AtAG_R 

 

GAGGAATCTCCTCCTAGCTCCGAT AG Czechowski et al., 2004 

AtPI_F 

 

AAATCTGATGGCTGTCGAGCAC PI Czechowski et al., 2004 

AtPI_R 

 

TCTGGTGGTCTCGGACTTTGTC PI Czechowski et al., 2004 

AtAP3_F 

 

TGGGCCACTCAATATGAGCGAATG AP3 Czechowski et al., 2004 

AtAP3_R 

 

ACACTCACCTAGCCTCTGCTTGAT AP3 Czechowski et al., 2004 

AtSVP_F 

 

TGGTTTGACGCGTGTGATTG SVP Czechowski et al., 2004 

AtSVP_R 

 

CCCTTTTTCTGAAGTTCGCTGA SVP Czechowski et al., 2004 

P7 

 

AGCTGCAGAAAACGAGAAGCTCTCTG SOC1 Liu et al., 2007 

P8 

 

GGGCTACTCTCTTCATCACCTCTTCC SOC1 Liu et al., 2007 

P15 

 

GAGGCTTTGGAGACAGAGTCGGTGA AGL24 Liu et al., 2007 

P16 �  AGATGGAAGCCCAAGCTTCAGGGAA AGL24 Liu et al., 2007 
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3.2.5 Yeast two hybrid assayҡY2HҢ  

� Y2H ʺ;s �dЏѤ̰ºÔ̑VϨɵ'R˲8ǔ�̑�PSRȌʺ4�Q�ыʤͼΠü4 2

1:s �dЏV̤̊$)̰ºÔ̑:ɥ˳Vʊϲ'RҡFields and Song 1989Ң�ɬҊ4;ыʤ

:ИÿšƖ GAL4� 21:{�[ ҡbinding domain�activation domainҢ8ĈėľΡ7"5

VĎ̑%�¬{�[ V PHYL1OY¢PHYL1PnWB�ĳ;Ʃ®šƖ8Ãę%-h nz�dzV

ыʤͼΠü4̤̊$)�GAL4:ʕΡ�ŠǮ'R�VϴҚ%�s �dЏѤ̰ºÔ̑Vʊϲ%-� 

s �dЏ̤̊̑h nz�dz:ÔĆ 

� PHYL1OY�PHYL1OY�8�PHYL1PnWBV pGBKT7�ds£ҡClontechҢ8d�£} e%�

GAL4 binding domain ҡBDҢVÃę%-�ńʐ8MTFоÊƖ4�R AP1�CAL�SEP3��

O>MTF47�ИÿšƖ:WUSV pGADT7�ds£ҡClontechҢ8d�£} e%�GAL4 

activation domain ҡADҢVÃę%-�϶ͼ7Ȍҋ;Å¨:ЫQ4�R� 

1. ŁоÊƖшĊV PCR8OQŽǐ%-�3.2.4Ҋ4łȇ%-l�[~|o| cDNAVљŮ5%

3̑��PHYL1OY͟:Žǐ8;ŁоÊƖ�d�£} e$S- pENTA�ds£ҡ3.2.3Ҋ

8ϮЛҢV̑�-�Ö̑%-��[�£;ϔ 3-58Ϯ'�ķǶɰÇ;Å¨:ЫQ4�R� 

 ;ȇ ҡ×1)  ķǶəѤ 

 10x KOD plus neo bufferҡTOYOBOҢ  5 µl  96°C 00:30  

 2 mM dNTPs  5 µl  96°C 00:15 

35 cycles  25 mM MgSO4 2 µl  55°C 00:30 

 Primer Fҡ5 µM) 3.2 µl  68°C 02:00 

 Primer Fҡ5 µM) 3.2 µl  68°C 07:00� �   

 KOD plus neoҡTOYOBO) 1 µl  4°C ∞� �   

 Templete DNA 0.5 µl   

+ DW 30.1 µl     

 Total 50 µl  
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2. 3.2.3 Ҋ4: pENTA B:d�£} eȹÔ8˚&��ds£�[ j£z:ďѩыͺą̌�

�[g£l� �ƄΧοB:ǣЏИȰ���n�{ŠĸVϒ0-�Ö̑%-ďѩыͺ;

NdeI-HFҡNEBҢ�EcoRIҡNEBҢ4�Q��£`£ȫƎ:�v�X£V̑�-�F- pGBKT7�

pGADT7:ǣЏИȰ$S-ƄΧο:нȒ8;+S,S Kanamycin�AmpicillinV̑�-� 

3. ͰϜ%-��n�{8[ j£z�Ȧô$S3�R�V�3.2.3Ҋ4: pENTAB:d�£}

 eȹÔ8˚&�̿Ϸ%-�l£f nə8̑�-��[�£;��ds£§8ϯϬ$S-

��[�£4�R T7FҡøЫҢ�AD3'RҡpGADT7 �ds£̑Ң�BD3'RҡpGBKT7 �d

s£̑Ң4�R�шĊ;ϔ 3-58ϮЛ%-�  
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ű 3-5 3.2.5ƞ;ķ#5u�Q{� 

��[�£Ņ  ŻųшĊҡ5'→3') ʑ̧оÊƖ 

SEP3-ADF  ACCAGATTACGCTCAAATGGGAAGAGGGAGAGTAGA SEP3 

SEP3-ADR  ATGCCCACCCGGGTGGCCTCAAATAGAGTTGGTGTCAT SEP3 

AP1-ADF  ACCAGATTACGCTCAAATGGGAAGGGGTAGGGTTCA AP1 

AP1-AD3R  ATGCCCACCCGGGTGGCCTCATGCGGCGAAGCAGCC AP1 

CAL-ADF  ACCAGATTACGCTCAAATGGGAAGGGGTAGGGTTGA CAL 

CAL-ADR  ATGCCCACCCGGGTGGCCTCAAGCGGCGTAACAGCCAA CAL 

WUS-ADF  ACCAGATTACGCTCAAATGGAGCCGCCACAGCATCA WUS 

WUS-ADR  ATGCCCACCCGGGTGGCCCTAGTTCAGACGTAGCTCAA WUS 

PHYL1-BDF  AGAGGAGGACCTGCAAATGAATAAAGATATTGCTAGTGCTAGC PHYL1OY 

PHYL1Δ8-BDF  AGAGGAGGACCTGCAAAGCAATAATAATCAAAACATAACTAATTACTC PHYL1OYΔ8 

PHYL1-BDR 

 

CGACGGATCCCCGGGCCTTAATTATTTTCATCATTTAAAGTTTTTAAAAG 

PHYL1OY / 

PHYL1OYΔ8 

PNWB_to_pGB

KT7F 

 

AGAGGAGGACCTGCATATGGATCCTAAGCTCCC PHYL1PnWB 

pENTA_to_p

GBKT7_R 

 

CGACGGATCCCCGGGAATTTGTACAAGAAGCTGGGTCTAGAT PHYL1PnWB 

T7F 

 

TAATACGACTCACTATAGGG 

pGADT7/pG

BKT7 

AD3'R  CTGTGCATCGTGCACCATCT pGADT7 

BD3'R  TTTTCGTTTTAAAACCTAAGAGTC pGBKT7 
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ыʤB:ǣЏИȰ¢нȒ 

� Ł pGADT7h nz�dz5 pGBKT7h nz�dz�Ҥ͎ғ(1ǣЏИȰ$S-ыʤV�

ъэ�u\�ʺ8O03ÔĆ%-�ыʤ; Saccharomyces cerevisiae AH109ʀҡClontechҢV

̑�-�ȹÔ; Clontech̓8O03_ �[ 4÷ѣ$S3�R Yeast Protocols Handbook

ҡhttp://download.bioon.com.cn/upload/month_0812/20081212_14884cc2b24e2458c6beaHM

eT8k3EWPd.attach.pdfҢ8ǫ��ǣЏИȰVϒ0-:/�BD�AD:̰ºÔ̑Vʊϲ%-�

ƣҚ8̑�-��n�{:;GłU);Å¨:ЫQ4�R� 

 AD BD 

ϴҚĢ 1 WUS 

PHYL1OY 
ϴҚĢ 2 AP1 

ϴҚĢ 3 SEP3 

ϴҚĢ 4 CAL 

ϴҚĢ 5 WUS 

PHYL1OY�8 
ϴҚĢ 6 AP1 

ϴҚĢ 7 SEP3 

ϴҚĢ 8 CAL 

ϴҚĢ 9 WUS 

BDҡȦôоÊƖ7

%Ң 

ϴҚĢ 10 AP1 

ϴҚĢ 11 SEP3 

ϴҚĢ 12 CAL 

ϴҚĢ 13 ADҡȦôоÊƖ7%Ң 

PHYL1PnWB ϴҚĢ 14 AP1 

ϴҚĢ 15 SEP3 
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3.2.6 Bimolecular Fluorescence Complementation ʺҡBiFCҢ  

� BiFCʺ;̏Ñü4s �dЏѤ̰ºÔ̑:ʐƖVϦƮ'R˲:Ȍʺ4�RҡHu et al., 2002Ң�

yellow fluorescent proteinҡYFPҢ76:Ϗðs �dЏV 2ҍű8Ĉė%�+S,S 2͎:

s �dЏ8ϐł$)3̏Ñü4̤̊$)R�s �dЏѤ̰ºÔ̑8Ƕ&3Ĉė$S-Ϗð

s �dЏJþǘł%ϏðV̤'R-I�+:Ϗð:ʐƖVϦƮ'R"54�̰ºÔ̑:ʊ

Ć�ľΡ4�R�ɬҊ4; BiFC ʺV̑�3 MTF Ѥ̰ºÔ̑VʊĆ%�PHYL1OY�ª�RǦ

҇VϨɵ%-�7�MTF�PHYL1OY:�axZ�h z�£�5%3�+S,SMTF47�

ИÿšƖ4�R bZIP63ҡWalter et al., 2004Ң��O>ʉ́ͼΠü4 ыͺ˃ǺV%I$7�5

$SR�-glucuronidaseҡGUS; Jefferson 1987ҢV̑�-� 

 

Ʃ®šƖ:d�£} e 

pEarleyGate vector seriesҡEarley et al., 2006Ң; LRķǶVÁ%3ʐ�7ses �dЏV

ʑ̧шĊ8Ãę%�ʉ́ü4̤̊ľΡ4�R�ɬƣҚ4; SEP3�AP1�CAL�AG�Ĵ>MTF

47�ИÿšƖ bzip63V pENTA8d�£} e%�LRķǶVÁ%3ȻƁ pEarleyGate�d

s£ҡOkano et al., 2014Ң8Ȧô'R"54�NYFҡYFP: Nɫ͚ 155Y��эҢ��R�

; CYFҡYFP: Cɫ͚ 84Y��эҢVÃę%-�϶ͼ7Ȍҋ;Å¨:ЫQ4�R� 

1. pENTA �ds£V 3.2.3 Ҋ4:ȹÔ8˚&�ďѩыͺ4ĉɊ%-�Ö̑%-ďѩыͺ;

SalI-HF5 EcoRV-HFҡAP1d�£} ȇҢ�F-; SalI-HF5 EcoRI-HFҡSEP3�CAL�

AG d�£} ȇҢ�SalI-HF 5 XhoIҡbZIP63 d�£} ȇҢ4�R��v�X£;

Ł;GłU)8ư%�£`£ȫƎ:J:V̑�-� 

2. ŁоÊƖV�3.2.4 Ҋńʐ8l�[~|o|: cDNA OQłȇ%-�Ö̑%-��[�£;

ϔ 3.58Ϯ'�7��bZIP63�AP1;ͽʘh{ Vѫ�3d�£} e%-�bZIP63шĊ



 99 

;�1ńʐ8 SalI-HF�XhoI4ą̌%-� 

3. �ds£5[ j£zV GeneArt® Site-Directed Mutagenesis System�J%�;

Ligation-Convenience KitҡbZIP63:G)V̑�3�[g£l� %-�ȹÔ; 3.2.3Ҋ8˚

&-� 

4. ƄΧοB:ǣЏИȰ���n�{ͰϜ�[ j£z:̿Ϸ; 2.2.3Ҋ:ϮЛ8˚&-� 

5. 3.2.3Ҋńʐ8 LRķǶVϒ��h nz�dz:̿ϷVϒ0-�Ôȇ%-h nz�dz;

ϔ 3
6:ЫQ4�R�ƄΧο:нȒ8; KanamycinV̑�-� 

6. 3.2.4 Ҋńʐ8��n�{VYe��dx�� EHA105 ʀ8ǣЏИȰ%�e�p�£�nz

vdVÔȇ%-�нȒ8; KanamycinV̑�-� 

 

ű 3-6 3.2.6ƞ;ķ#5u�Q{�  

��[�£Ņ �  ŻųшĊҡ5'→3') ʑ̧оÊƖ 

PENTASEP3-F 

CTTTAAAGGAACCAATTCAGAAATGGGAAGAGGGAGAGTA

GAAT SEP3 

pENTASEP3-R CTCGAGTGCGGCCGCGAATTTCAAATAGAGTTGGTGTCAT SEP3 

AP1F 

 

AAGGAACCAATTCAGTCATGGGAAGGGGTAGGGTTCAA AP1 

AP1mnsTR 

 

AAGCTGGGTCTAGATATGCGGCGAAGCAGCCAAGG AP1 

PENTACAL-F 

 

CTTTAAAGGAACCAATTCAGAAATGGGAAGGGGTAGGGTT

GA CAL 

PENTACAL-R 
 

CTCGAGTGCGGCCGCGAATTTCAAGCGGCGTAACAGCCAA CAL 

cAG-F 

 

AAGGAACCAATTCAGTCATGGCGTACCAATCGGAGCT AG 

cAG-tR 

 

CTCGAGTGCGGCCGCGAATTTTACACTAACTGGAGAGCG AG 

Sal_bZIP63_F 

 

GCGTCGACTTTGAAACCAAAAAAAAATAAATAAAA bZIP63 

bZIP63_XhoI_R 

 

CTCGAGGGCTGATCCCCAACGCTTCGA bZIP63 
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N. benthamiana4:¤ж̧̤̊ 

� ���������������	�
���ʺҡJohansen and Carrington 2001���

�����������������������T-DNA ����������������

��������������	����
�ʉ́;Ύ:ͼΠѤѲ8ʾô'R"54�Ye�

�dx�\�:Ȫ͎5ǣЏИȰVϒ��Łs �dЏ:̤̊̑Ye��dx�\�V YTˋÑŲ

Ŭ4¤ɚŲҗ%�OD600å� 1.087RO�8�Ye�[ �Z�z�£l� ̑�v�X£ [10 

mM MgCl2, 10 mM MESҡpH5.6Ң, 150 µM ���������pH5.6Ң 4ϽɅ%-�7��

PHYL1OY�PHYL1OY�8:̤̊8;�3.2.4Ҋ4Ôȇ%- pFAST̓ɱ:h nz�dzV̑�

-�GUS:̤̊8;Ǣ̺͔ƥ4ʏͨ˒:h nz�dzҡpEarleyGate1008GUS�Ȧô$S�

35S���£s£4̤̊'RJ:ҢV̑�-�ŁYe��dx�\�ˋ;Å¨:ʐ8ˏł%-� 

ϴҚĢ 1 

bZIP63-NYF bZIP63-CYF 

GUS 

ϴҚĢ 2 PHYL1OY 

ϴҚĢ 3 PHYL1OY�8 

ϴҚĢ 4 

NYF-SEP3 AP1-CYF 

GUS 

ϴҚĢ 5 PHYL1OY 

ϴҚĢ 6 PHYL1OY�8 

ϴҚĢ 7 

NYF-SEP3 CYF-AG 

GUS 

ϴҚĢ 8 PHYL1OY 

ϴҚĢ 9 PHYL1OY�8 

ˏłʧ 1 1 10 

� ʾƲѓ4͓V� - N. benthamiana§Îυ8�":οˋV 10 mlx��l� mV̑�3

υ:Ϛ҅�PʾôȪ͎%-�Ȫ͎%-ʉ́V 2ɐѤ�25 °C4҃ΐ%-� 
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ϏðϦƮ 

� Ȫ͎х�P͵ 5 mmϧ:ʉ́˾V`�r�4ĉQĆ%�ø˴˱ϏðҒǯў4 YFPϏð:Ƹū

VϦƮ%-�F-��(S: BiFC le|�Jʁ4ýǣ̄8ϦƮ$S-"5�P�υ 2.4 mm2

8̰Ǣ'RϤѐ:Ϗð̖ìҡ524 x 524 dpiҢVĹǬ%�̖ìą̌r�z Image J 1.44o

ҡhttps://imagej.nih.gov/ij/ҢV̑�3�ϏðV̤'RʁɄVɄ�-�ùŅ̃8;̖ìV 8 bit:

̥ҟ̖ì8ƁȰ%-:/�αǥVķИ$)-�":̖ì4¤ƢÅ§:˩$�Ƅ�$:le|

�ɄV˖Ƣ%�Ϗðle|�Ʉ5%-�  
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3.2.7 MTF :Ƹū¢χ͐ёϨɵ  

d�£} e 

Ʃ®šƖҡAP1�SEP1-3�CAL�bZIP63Ң8 YFPVÃę'R-I�3.2.6Ҋ5ńʐ:ȌʺV̑

�3�LRķǶ8OQŁоÊƖV pENTA�ds£�P pEarleyGate101�ds£�F-; 104

�ds£8d�£} e%-�SEP3�CAL�bZIP63 8ѥ%3;ɏ8 pENTA 8d�£} e

%3�Rh nz�dzҡ3.2.6 ҊҢV̑�-�-.%�SEP3 8ѥ%3;ͽʘh{ Vѫ�-

h nz�dzJ�GeneArt® Site-Directed Mutagenesis SystemҡInvitrogenҢV̑�-˱Ɓ

̝ƴô8O03ÔĆ%� LR ķǶ8̑�-�Ö̑%-��[�£; SEP3mnsTF

ҡ 5'-ATGACACCAACTCTATTAATTCGCGGCCGCACTCGAG-3' Ң 5 SEP3mnsTR ҡ 5'- 

CTCGAGTGCGGCCGCGAATTAATAGAGTTGGTGTCAT-3'Ң4�R�AP1 оÊƖ81�3

;ͽʘh{ VÃę%-h nz�dzVÔĆ'R-I�3.2.6Ҋ5ńʐ:Ȍʺ4 pENTAB:

d � £ }   e � P ϒ 0 - � PCR 8 Ö ̑ % - � � [ � £ ; � AP1F

ҡ 5'-AAGGAACCAATTCAGTCATGGGAAGGGGTAGGGTTCAA-3' Ң 5 AP1plsTR

ҡ 5'-AAGGAACCAATTCAGTCATGGGAAGGGGTAGGGTTCAA-3' Ң 4 � R � SEP1

ҡAccession No. ; NM_121585Ң�SEP2ҡAccession No. ; NM_111098Ң�SEP4ҡAccession No. ; 

NM_126418Ң;оÊƖłȇҡ�[�xd��m£om�� ʀǝÉ̓8̤ʾҢǪ8�GeneArt® 

Seamless Cloning and Assembly KitV̑�3 pENTAҡSalI-HF�EcoRI4ĉɊ˒ҢBd�£

} e%�+:h nz�dzV̑�-�łȇŻųшĊ�P;ͽʘh{ Vѫ��5'͚8

ҡ5'-AAGGAACCAATTCAGTCATG-3'ҢV�3'͚8ҡ5'-CTCGAGTGCGGCCGCGAATT-3'Ң

VÃę%-�ÔĆ%-��n�{:ͰϜ�̿Ϸ; 3.2.3 Ҋ8˚&3ϒ0-�LR ķǶ8O03Ô

Ć%-h nz�dz;�3.2.4Ҋńʐ8Ye��dx�� EHA105ʀ8ǣЏИȰ%�e�p�

£�nzvdVÔȇ%-�нȒ8; KanamycinV̑�-�  
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N. benthamianaυ8� RMTF:ƸūϦƮ 

3.2.6Ҋ5ńʐ:Ȍʺ4Ł YFPϐłs �dЏV N. benthamianaυ4̤̊$)3�36əѤǪ

8ϏðVϦƮ%�ƸūKχ͐ё8 PHYL1OY�PHYL1PnWB�ª�RǦ҇VϨɵ%-�Ye��

dx�\�οˋ:ˏłʧ;Å¨:ЫQ4�R� 

ҡPHYL1OYҢ 

ϴҚĢ 1 

bZIP63-YFP 

GUS 

ϴҚĢ 2 PHYL1OY 

ϴҚĢ 3 PHYL1OY�8 

ϴҚĢ 4 

YFP-AP1 

GUS 

ϴҚĢ 5 PHYL1OY 

ϴҚĢ 6 PHYL1OY�8 

ϴҚĢ 7 

YFP-CAL 

GUS 

ϴҚĢ 8 PHYL1OY 

ϴҚĢ 9 PHYL1OY�8 

ϴҚĢ 10 
SEP1-YFP 

GUS 

ϴҚĢ 11 PHYL1OY 

ϴҚĢ 12 
  SEP2-YFP 

GUS 

ϴҚĢ 13 PHYL1OY 

ϴҚĢ 14 

YFP-SEP3 

GUS 

ϴҚĢ 15 PHYL1OY 

ϴҚĢ 16 PHYL1OY�8 

ϴҚĢ 17 
SEP4-YFP 

GUS 

ϴҚĢ 18 PHYL1OY 

ˏłʧ 1 10 

ҡPHYL1PnWBҢ 

ϴҚĢ 1 
SEP3-YFP 

GUS 

ϴҚĢ 2 PHYL1PnWB 

ˏłʧ 1 1 
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�������ʺ 

Ȫ͎υV 36əѤǪ8Šĸ%�YFP���������������	
�������ЏV

ʊĆ%-�϶ͼ7Ȍҋ;Å¨:ЫQ4�R� 

1. Ȫ͎υVˋÑ͗ͺ4̻̀%�0.5 g/ml87RO�8s �dЏȗĆ̑ 1xj ���v�X

£[62.5 mM Tris-HClҡpH 6.8)�5% 2-��`�z^s�£��2Ҡ �\��̾э|z�\

�ҡSDSҢ�5Ҡ nd�£n�����]�£���£ƶёҢVę�3ˏł%-� 

2. ȗĆˋV 15,000 rpm�4˚C4 15ĈѤкǲ%�§ˑVŠĸ%3Ɗѹ́VĹQѫ�-� 

3. j ��V 95˚C4 5ĈѤę˹%�˹ƁǺ$)-� 

4. Łj ��V 5 µ l(1̑�3�s �dЏV SDS-PAGE ���������������

�������������������������ҡpolyvinylidene difluoride: PVDFҢ

Ψ§8Иÿ%-�ИÿǪ: PVDF � �� ; 5Ҡ nb���d4 1 əѤÅ§Ѿ̭%�

��vb e%-� 

5. YFPϐłs �dЏV�ȑ GFP��d�£|�ȑÑҡRosheҢ4ʑЀ%-� 

6. ɪķǶ7ȑÑVѫı%-Ǫ�horseradish peroxidaseҡHRPҢʑЀ$S-ȑ�\nȑÑҡGE

��nfYҢV̑�3�¹ʗȑÑķǶVϒ0-� 

7. ɪķǶ7ȑÑVѫı%-:/�Clarity Western ECL SubstrateҡBio-RadҢV̑�3�ʑЀ

s �dЏ:ʊĆVϒ0-�ķǶ;Ãƻ:�}�Y�8˚&-� 

Ҫ. s �dЏȗĆě̇Vʊϲ'R-I�ķǶǪ: PVDF� �� V CBBɻα ҡ̀Bio-RadҢ

4ɻα%-� 
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3.2.8 s �dЏĈϨͿЕѧƦƣҚ  

� PHYL1OY�ʑ̧ MTF :ĈϨVϸƴ'RľΡǺ�́$S--I�Ʃ®:s �dЏĈϨͿЕ

:ѥªVʊϲ%-�ʉ́�ɥ'R®Ϡs �dЏĈϨͿЕ4�R��xYr£���O>_£

z�Xm£:ѧƦĕ8OR PHYL1OYB:Ǧ҇Vʊϲ%-�϶ͼ7Ȍʺ;Å¨:ЫQ4�R� 

1. YFP-SEP3�PHYL1OYV�3.2.7 Ҋ5ńʐ8Ye�[ �Z�z�£l� ʺ8O03�N. 

benthamianaυ4¤ж̧8ø̤̊$)-�7��¬h nz�dzǣЏИȰ̑Ye��dx

�\�;͟ёˏł%-� 

2. 24 əѤǪ8�20 µM Clasto-lactacystin �-lactoneҡ��xYr£�ѧƦĕҢ�5 mM 

3-Methyladenineҡ_£{�Xm£ѧƦĕҢ�J%�; Dimethyl sulfoxideҡDMSO; �a

xZ�h z�£��˝οʪ4 100ãǍю%-J:VÖ̑ҢVȪ͎υ8ʾô%-� 

3. 3.2.7Ҋ5ńʐ8�Ȫ͎ 36əѤǪҡѧƦĕą̌ 12əѤǪҢ8Ȫ͎υ8� RϏðVϦƮ%-� 
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3.2.9 ò̞ʲѨ  

� PHYL1OY ƙū¨4 SEP3 ���bu áҖVĺ R�Vʊϲ'R-I�ò̞ʲѨ8OR

YFP-SEP3:ͰϜ5[����vzʺ8OR��bu Ġ YFP-SEP3:ʊĆVϒ0-�϶ͼ7

Ȍҋ;Å¨:ЫQ4�R� 

1. 3.2.7Ҋ5ńʐ8Ye�[ �Z�z�£l� ʺ8O03�s �dЏV N. benthamiana

υ4̤̊$)-�Łh nz�dz̤̊̑Ye��dx�\�:ˏłʧ;Å¨:ЫQ4�R� 

ϴҚĢ 1 YFP-SEP3 �v�X£:G 

ϴҚĢ 2 YFP-SEP3 PHYL1OY 

ϴҚĢ 3 bZAIP63-YFP PHYL1OY 

ˏłʧ 1 1 

2. 36əѤǪ8Ȫ͎υVȩѷ%�1x RIPA�v�X£[1.5 M NaCl�0.12 M Sodium Deoxycholate�

10% Nonidet P-40�1% SDS�0.5 M Tris-HClҡpH 7.5Ң]V 1g/ 2ml87RO�8ːę%3�

ʫ§4̻̀%-� 

3. ȗĆˋV 10,000 rpm�4˚C4 10ĈѤкǲ%�§ˑVŠĸ%-��/ 60 µlV 20 µl:s �

dЏȗĆ̑ 4xj ���v�X£ҡ;ȇ; 3.2.7ҊĲ˷Ң5ˏł%-ҡInputҢ� 

4. ʠ0-ȗĆˋVj ��#58 1 ml(1^v� u�£�8Šĸ%�2 µg:ȑ GFP��d

�£|�ȑÑVę�3 4˚C4 1əѤȷș%-� 

5. ȑ GFP ��d�£|�ȑÑ8ł'RY�Z}xZ£ȘÑ4�R Protein G Sepharose 4 

Fast FlowҡGE��nfYҢVę�3�$P8 4˚C4 1əѤȷș%-� 

6. ȗĆˋV 1,000 rpm 4˚C4 1ĈѤкǲ%�§ˑVĹQѫ�3ȘÑVŠĸ%-� 

7. Šĸ%-ȘÑ:ˁ˅:-I�1 ml: 1x RIPA�v�X£Vːę%�þкǲ%3þ>§ˑV

ĹQѫ�-ҡ5ŠΏQХ%-Ң 

8. ȘÑ8 50 µl:s �dЏȗĆ̑ 1xj ���v�X£Vːę%-ҡOutputҢ 
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9. Input�OutputV 95˚C4 5ĈѤę˹%3�˹ƁǺ$)-�Output;̵ѤкǲǪ�§ˑVŠ

ĸ'R"54ȘÑ�PгѺ%-s �dЏVŠĸ%-� 

10. Input�OutputV 5 µl(1̑�3�3.2.7Ҋ5ńʐ8[����vzVϒ��YFPϐłs 

�dЏVʊĆ%-�Output8ѥ%3;�ńə8ȑ��bu ��d�£|�ȑÑҡAgiseraҢ

V̑�-[����vzVϒ���bu Ġs �dЏVʊĆ%-�+:ѳ:¹ʗȑÑķǶ

8; HRPʑЀ$S-ȑ\jcȑÑҡGE��nfYҢV̑�-� 
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3.3 ɷ  

3.3.1 OY-W 8� R PHYL1OY̤̊ё:ʉ́Ȃɻə5ɒώȂɻə:ʧК  

� �X[z��o�;ʉ́5ɒώ5��̝7Ȑ́8лǶ'R-I�Ʃ®8Ƕ&3ΫЗ:оÊ

Ɩ:̤̊ёVƁĠ$)R"5�̸PS3�RҡOshima et al., 2011Ң�PHYL1OY:ʕΡ81�

3́ŗVǬR˲8�OY-W 8� R PHYL1OY:̤̊ёVʉ́Ȃɻə5ɒώȂɻə4ʧК%-�

Ƣё RT-PCR:ɷ�PHYL1OY:̤̊ё;ʉ́Ȃɻə8ɥȁ8Žę%�ɒώȂɻə8ʧ%3͵

3ã̤̊%3�-ҡŤ 3-11Ң� 

 

 

  

Ä 3-11 OY-WsOQhu�`{>&,J�Û�Ɩ;? PHYL1OYĽĴƒĢƃ 

ñđÛ�'Hø«05 RNA>GJØƒ RT-PCR>G7:ĪØ05�PHYL1OYĽĴƒ@�ƕÃÔ tufB

MęĬ²ƌ�Ô<0:ŁÝ²05�Ùƣ@Ÿƣ³.<> 4·ìŰ#�åÆ �ęĬ¡ãMĤE�_d�

�g�h? TĕØ>G7:ĉðãMŐ«05Ʀƨƨ: P<0.01Ƨ�Ä@]�Qlj`j>&,JĽĴƒM

100<0:űņ0�S��o�@ęĬ¡ãMű2� 
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3.3.2 PHYL1OY�PHYL1OYΔ3�PHYL1OY�8 :υĠϸƴΡ  

� PHYL1OYǣЏИȰl�[~|o|4;�υĠK͖�Ȓ 76:βŝơ:ǣȃ̝Ǐ�ϸƴ$S

RҡēǁP 2013Ң�+"4�PHYL1OY:ʕΡҍű81�3:̸ϢVǬR˲8�N ɫ͚ 3 ̜̮

:Y��э�P 8 ̜̮:Y��эF4Vҋ̜8ʖƉ$)-Ɓ̝ÑҡPHYL1OYΔ3�PHYL1OY�

8ҬŤ 3-9ҢVl�[~|o|4̤̊$)3�ϔ̊ŮV PHYL1OYǣЏИȰl�[~|o|5ʧ

К%-�оÊƖ̤̊8; 35S���£s£V̑�-�7��PHYL1OYVŇIŁs �dЏ;h

{ ҏǘVʉ́:J:8łU)3ɣлĠ%�+:ŻųшĊVǣЏИȰ%-� 

� ɣлĠ PHYL1OYVǣЏИȰ%-l�[~|o|4;�҄ɣлĠ PHYL1OYVǣЏИȰ%-ж

ı:̸ϢҡŤ 3-4Ң5ńʐ8�õ3:βŝơ8ǣȃ̝Ǐ�ϸƴ$S-ҡŤ 3-12Ң�σ;ɣJǦ҇

Vĺ K'��υ:O�7ʏЭ́8ƁĠ%z�[h£�8ϡUS3�-ҡ35S::PHYL1OY line10Ң�

ńʐ8�βǜJƞõ8·Ɓ%-�Ѷω;ɣJ PHYL1OY8ORǦ҇Vĺ 8��ǣȃ:̝Ǐ;̏

&3�7�0-��KK·Ɓ%-:8ę�3�Ϙѣ)(©̢͍̄Vŋ%3�R5Η�PS-�

F-�Ѹω;κ8ƁĠ%3ï͚8βǖ�ǣȇ$S-�ę�3�Ѹωï͚хKυĠ%-σ:�

P;¹ʗβ�ǣȇ$S�":βJńʐ8υĠ%3�-ҡ35S::PHYL1OY line2Ң�F-¤х:ʉ

́Ñ4;�υĠ%-σ�ǣȇ$S-J::�+SÅƂ8;βǖĈϘ;Ύ�ĈĠ%7�0-

ҡ35S::PHYL1OY line8Ң�PHYL1OYΔ3�PHYL1OY�7 VǣЏИȰ%-l�[~|o|8��

3J�PHYL1OY ǣЏИȰl�[~|o|5ńʐ8βŝơ:ǣȃ̝Ǐ�ϦƮ$S-

ҡ35S::PHYL1OY�3~35S::PHYL1OY�7Ң�ǫ03�"SP:Ɓ̝Ñ; PHYL1OY5ń͟:ʕΡ

Vɥ'R5Η�PS-�+:¤Ɍ4�PHYL1OY�8 VǣЏИȰ%-l�[~|o|8��3;

ѐ̏Ů5ńʐ:βŝơǣȇ�ϦƮ$S-ҡ35S::PHYL1OY�8Ң-I�PHYL1OY�8 ;ǣȃ̝Ǐ

ϸƴΡVŜƉ%3�R5Η�PS-�PHYL1OY:̤̊;�Ƣё RT-PCR8OQ̿Ϸ%-� 
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C 3-12 PHYL1
OY
4ƚOÇ�ƩjĘě�ƇƎƶǝƬǅǃƹǃƘý?V 
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3.3.3 PHYL1OYǣЏИȰl�[~|o|8� R AP1�CAL�SEP3 :̤̊ёϨɵ  

� PHYL1OYǣЏИȰl�[~|o|8��3�A d�n�E d�n: MTF оÊƖ:Ɓ̝Ñ8

ғÍ%-ǣȃ̝Ǐ�ϸƴ$SR"5;�PHYL1OY8O03"SP: MTF :ʕΡ�ѧƦ$SR

ľΡǺV́ŗ%3�R�+"4ɬÆϺVʊϲ'R-I�Ad�nMTF4�R AP1KФ7MTF

4�R CAL�Ed�nMTF4�R SEP38̴̮%�PHYL1OYǣЏИȰl�[~|o|:1E

G8� RŁ MTF оÊƖ:̤̊ёV�ѐ̏Ůʉ́5ʧК%-�Ϩɵ8;�PHYL1OYȦôхÎ

�̝7R 31:ǣЏИȰ�[ V̑�-�Ƣё RT-PCR:ɷ��(S:ǣЏИȰl�[~|

o|8��3JŁоÊƖ:̤̊ё;ѐ̏Ůʉ́5ń͌ǘ4�Q�Ϭ̧8íÎ7ǉ;ϷIPS

7�0-ҡŤ 3
13Ң�ǫ03�AP1�CAL�SEP3 :оÊƖ̤̊ё; PHYL1OY8O03Ǧ҇

Vĺ 7�"5�́ŗ$S-� 

 

 

 

 

 

 

 

  

Ä 3-13 PHYL1OYMéžƂý05]�Qlj`j>&,J SEP3�AP1�CAL?ĽĴƒ 

ƑĶÇ�¶B PHYL1OYéžƂý]�Qlj`j 3 �Q�?Ũũ'H RNA Mø«0�Øƒ

RT-PCR >G7:»ƌ�Ô?ĽĴƒMØƒ05��Q�.<> 4 ��'H RNA Mø«0�

��.<?ƌ�ÔĽĴƒMPXd�ƌ�Ô?ĽĴƒMF<>ŁÝ²05?6�åÆ <ęĬ

¡ãMĤE5�Ä;@�ƑĶÇ]�Qlj`j>&,J»ƌ�Ô?ĽĴƒM 1<0:ņ0:

#J�bar@ęĬ¡ãMņ2� 
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3.3.4 PHYL1OY5 MTF 5:̰ºÔ̑Ϩɵ  

� PHYL1OY�AP1�CAL�SEP3:оÊƖ̤̊8Ǧ҇V́$7�0-"5�P��3PHYL1OY

�Łs �dЏ5̰ºÔ̑%ʕΡVѧƦ%3�R�V�Yeast two hybrid assayҡY2H; 3.2.5ҊҢ

V̑�3ʊϲ%-�ыʤ:ИÿšƖ GAL4: AD{�[ Vϐł%- SEP3ҡAD-SEP3Ң�AP1

ҡAD-AP1Ң�CALҡAD-CALҢ:�(S�V�BD{�[ ϐł PHYL1 OYҡBD-PHYL1 OYҢ

5ø̤̊$)-ŷł�GAL4:ʕΡ�ŠǮ%нȓŲŬ§4:ыʤ:̏Ξ�ϷIPS-ҡŤ3-14Ң�

¤Ɍ4�WUSҡ҈ζKβζĈϘ;Ύ:ǣȇ8ë� MTF 47�ИÿšƖҢV̑�3ƣҚVϒ0

-ŷł�AD-WUSV BD-PHYL1OY5ø̤̊$)-ыʤ;нȓŲŬ§4̏Ξ%7�0-�F-�

Ł AD {�[ ϐłs �dЏV BD {�[ 5ø̤̊$)-ыʤJ�нȓŲŬ§4;̏Ξ%

7�0-�Å§OQ�PHYL1OY� SEP3�AP1�CAL 5̰ºÔ̑'R"5�́$S-�F-�

BD ϐł PHYL1 OY�8ҡBD-PHYL1 OY�8ҢV̑�3ϴҚVϒ0-ŷł8J�ńʐ:ɷ�Ǭ

PS-�ǫ03�υĠϸƴΡVʖƉ%-Ɓ̝Ñ4�R PHYL1 OY�8J SEP3�AP1�CAL5̰

ºÔ̑'R"5�́$S-�  
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C 3-14  MTF Ɣ PHYL1
OY
Ƙ Yeast two hybrid 

pGADT7ǎƱƻǡƗƱǝǡǄǟƲƇ AD Ʃ�.ƇƎ MTF ƔŷpGBKT7ǎƱƻǡƗƱǝǡǄǟƲƇ BD Ʃ

�.ƇƎ PHYL1
OY
Ʃĩ©èø#Ɠ!ËÁƆƋƒŷÏ
�ÄƘ�»Ʃ¡ēƇƎŸjĘě�ƇƎĩ©ƙ

-LWHIEƓÂöƆƋƎŸ-LWHIEƙŷĩ©ƗoČƖ�]ĲƘ�ĽçſƤǝƬƶǟǢLǣŷǁǚǍǁǋƪ

ǟǢWǣŷǉƸƽƷǟǢHǣƩ|ŻƎIEƓźƦŸpGADT7ŷpGBKT7ƗƙƌƧƍƧǝƬƶǟ:wĩçŷǁǚ

Ǎǁǋƪǟ:wĩçƀƱǝǡǄǟƲƆƧƒžƥŷ�ǍǙƸǓǂƩ�ƉƦĩ©ƙƄƧƤƘƫǓǆĪƩ:w7

ùƓźƦŸmƐƒŷADƻǟǈƱĘƔBDƻǟǈƱĘƀÏ
�ÄƇGAL4ě%ATƀ§ùƇƎL:ƘƟŷ

ĩ©#ƘǉƸƽƷǟÂ:wįģêĚƀ±q0Ƈŷĩ©ƀ�IE�ƓÂö7ùƗƖƦŸ9ƴǟƸǁǙƱ

ǁƩjĘě�ƇƎĩ©ƩŷOD=0.1ƗƖƦƣżƗ·ÿ«�Ɨv¹Ƈŷ10 µlƘÿ²ƩIEƗ¸�ƇƎŸI

Eƙ 30˚CƓ 4�ĮIĽƇŷĩ©ƘÂöƩÕſƠƎŸ 
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3.3.5 PHYL1OYǣЏИȰʉ́8� R AP1�SEP3 :¨˄šƖ:̤̊ёϨɵ  

� PHYL1OY 5:̰ºÔ̑8O03 MTF �ʕΡVѧƦ$S3�R�Vʊϲ'R-I�AP1 K

SEP3 8O03̤̊Vďǭ$SR MTF оÊƖ:̤̊ёV�PHYL1OYǣЏИȰʉ́8��3Ƣ

ё%-�ƣҚ8;�¬s �dЏ8̤̊Vʙ8ďǭ$SRMTFоÊƖ4�R APETALA3ҡAP3Ң�

PISTILLATAҡPIҢҡø8d�n BоÊƖҢ�Ѕ8ďǭ$SRMTFоÊƖ4�R SUPRESSOR 

OF CONSTANS 1ҡSOC1Ң�SHORT VEGETATIVE PHASEҡSVPҢ�AGAMOUS-LIKE 24

ҡAGL24Ңҡ�(SJ flowing time geneҢV̑�-ҡNg and Yanofsky 2001; Gregis et al., 2008; 

Immink et al., 2012; Wu et al., 2012Ң�F-�SEP1-4:şяƁ̝Ñ:βζ8��3̤̊ё�

Ï¨'R AGAMOUSҡAG; d�n CоÊƖ; Liu et al., 2009Ң81�3JϨɵVϒ0-�Ϩɵ

8;�PHYL1OYȦôхÎ�̝7R 31:ǣЏИȰʉ́�[ V̑�-� 

� ѐ̏Ůʉ́��O> PHYL1OY ǣЏИȰʉ́:1EG�PȗĆ%- RNA V̑�3Ƣё

RT-PCRVϒ0-ɷ�PHYL1OYǣЏИȰʉ́4;d�n BоÊƖҥ1:̤̊ё��(SJφ

%�Ï¨%3�-ҡŤ 3-15Ң�ư˷̧8�AGL24:̤̊ё8íÎ7ǉ;ϷIPS7�0-J:

:�SOC1�SVP:̤̊ё;§ɓ%3�Q�PHYL1OYǣЏИȰʉ́4; flowing time gene:

̤̊ё�§ɓ%3�R5Η�PS-�"SP:ɷ�P�SEP3�AP18OR¨˄оÊƖ:̤̊

ďǭ� PHYL1OY8O03ѧƦ$S3�R"5�́ŗ$S-�¤Ɍ4 AG:̤̊ё;ѐ̏Ůʉ́

5ń͌ǘ4�Q�PHYL1OY; AG:̤̊ё8Ǧ҇%7�"5�́ŗ$S-� 
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C 3-15 PHYL1OYƩjĘě�ƇƎƶǝƬǅǃƹǃƗžƃƦ MTFĦ�TƘËÁĬ 

īÂGŷ4ƚ PHYL1OYjĘě�ƶǝƬǅǃƹǃ 3ǙƬǟƘýþſƤRNAƩ~&ƇŷWĬRT-PCRƗ

ƣƐƒ9Ħ�TƘËÁĬƩWĬƇƎŸǙƬǟƅƔƗ 4��ſƤ RNA Ʃ~&Ƈŷ��ƅƔƘĦ�TËÁ

ĬƩƫƱƽǟĦ�TƘËÁĬƩơƔƗÏ[0ƇƎƘƏŷeF�Ɣ¤¶�bƩ¬ƠƎŸCƓƙŷīÂG

ƶǝƬǅǃƹǃƗžƃƦ9Ħ�TƘËÁĬƩ 1ƔƇƒÖƇƒŻƦŸbarƙ¤¶�bƩÖƉŸǤƙ9Ĕľ

1ĮƓìĐÍƗ�sƖbƀ�ƐƎƄƔƩÖƇƒŻƦǢǤ p<0.05ǥǤǤ p<0.01ǣŸ 
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3.3.6 BiFC ʺV̑�- MTF :ƃёÑĠB: PHYL1OY:Ǧ҇Ϩɵ  

� SEP3�AP1;ʁ8Ƹū%�SEP3-AP1K SEP3-AG76:¹ёÑVǣȇ%�βŝơ:ĈĠV

ďǭ'RҡImmink et al., 2009; Smaczniak et al., 2012; Ť 3-6Ң�PHYL1OY� SEP3�AP1

5̰ºÔ̑%ʕΡVѧƦ'R"5�P�"SP:MTF:ƃёÑǣȇ� PHYL1OY8O03ѧƦ

$S3�RľΡǺVΗ��BiFC ʺV̑�3 in planta 4Ϩɵ%-�BiFC 8;�SEP3�AP1�

AG 8 YFP : N ɫ͚çҡNYFҢ��R�; C ɫ͚çҡCYFҢVϐł$)-h nz�dzV

̑�-�F-�ʁ4��¹ёÑĠ'RŻųǺ�[l mv�£ИÿšƖ4�R bZIP63ҡWalter 

et al., 2004ҢV�h z�£�5%3̑�-� 

� N. benthamianaυ8��3�NYF-SEP35AP1-CYFV�axZ�h z�£�4�RGUS

5ø̤̊$)-ɷ�ʁ4: YFP Ϗð�ϷIPS�"SF4:̸ϢҡImmink et al., 2009; 

Smaczniak et al., 2012Ң5ńʐ8 SEP35 API;ʁü4̰ºÔ̑%3�R5Η�PS-ҡŤ

3-16 ǇŤҢ�¤Ɍ4¬ΘV PHYL1OY5ø̤̊$)-ŷł�":Ϗð�φ%�˓ϕ'R:�Ϧ

Ʈ$S-�̖ìϨɵr�zV̑�3Ϗðle|�ɄVƢё%Ϭą̌Vϒ0-ɷ�le|�

Ʉ�ɥȁ8Ï¨%3�R"5�̿�IPS-ҡŤ 3-16ĿŤҢ�ǫ03 SEP3-AP1Bx�¹ёÑ

:ǣȇ� PHYL1OY8O03ѧƦ$SR"5�́$S-�NYF-SEP35 CYF-AGVø̤̊$)

-ŷłJ�GUS ø̤̊ə;ʁ8ϦƮ$SRϏð� PHYL1OYø̤̊ə8;ˊƉ%�̰ºÔ̑�

ѧƦ$S3�R"5�́$S-�bZIP63-NYF5 bZIP63-CYFV̤̊$)-ŷł�GUSø̤̊

ə8J PHYL1OY̤̊ə8Jʁü8Ϗð�ϦƮ$S�Ϗðle|�ɄJƁĝ%3�7�0-�ǫ

03�PHYL1OY; bZIP63 ��¹ёÑ:ǣȇ8;Ǧ҇%7�5Η�PS-�Å§:"5�P�

PHYL1OY;ʉ́8� Rʑ̧ MTF VŇHϝłÑ:ǣȇV̧̝̂8ѧƦ%3�R5Η�PS-�

¤Ɍ4 PHYL1OY�8Vø̤̊$)-ŷł8;��(S:ƣҚĢ8��3J YFPϏð:˓ϕ;Ϸ

IPS(�PHYL1OY�8;ŁϝłÑ:ǣȇVѧƦ%7�5Η�PS-�  
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C ŇłŅŊŁŏūŒŐ ¯ƗƣƦ ŘŞŒ 	Ĭ�ƘĎZƔ śŔŢŗŅ

ŚŢ
ŷPHYL1

OY
Δ8ƀ�ŽƦkķƘď� 

řŢŒ ƞƎƙ ŐŢŒ Ʃ�.ƇƎ ŘŞŒ Ʃŷ�������
��
�
ĂƗžŻƒ œşŝŷśŔŢŗŅ
ŚŢ
ŷPHYL1

OY
Δ8 Ɣ!ËÁ

ƆƋƎlŷŇŊ �ĮlƗ ŢŒś Ć�ƩĎZƇƎŸ%Ð�Ƙ Ŧťű ƙ ņńńŁŶŭ ƩÖƉŸƞƎŷņŃňŭŭ
ņ
ƘĂĶÚ

#ƗžŻƒĆ�ƀčƤƧƎ�Ƙ�ƩŷÆ�ď�ƺǋǁ ŕŭťũŨŖ Ɠ ŏūŒŐ ƶƲǃǛ�ƩWĬ0ƉƦƄƔƓ

´WƇƎŸ9Ĕľ1Ʃ �������
��
�
Ă ň�ƓËÁƆƋŷƌƘ ƒƓƶƲǃǛ�Ʃ´WƇƒeF�ŷ

¤¶�bƩà&ƇƎë�ƩƲǙǋƗÖƉŸƲǙǋƘ Ŧťű ƙ¤¶�bƩÖƉŸǤǤƙ9œşŝ1ƗªƜƒ

ìĐÍƗ�sƖbƀ�ƐƎƄƔƩÖƇƒŻƦţŰōńŃńŅŤŸ 
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3.3.7 PHYL1OYƙū¨4: MTF :Ƹū¢χ͐ёϨɵ  

� ēҊ:ɷOQ PHYL1OY;ʑ̧MTF:ϝłÑǣȇVѧƦ'R"5�́$S-��+:϶ͼ

7�`}o�;ɪϨɔ4�Q�ʐ�7ľΡǺ�Η�PSR�×�<�MTFѤ̰ºÔ̑8ѥUR

хÎ8͛·̧8ł%3�R�ł%-MTF:ͼΠüƸūVƁĠ$)3̰ºÔ̑šƖ5ȪϩĆ

ɱ7�$)R�ł%- MTF :χ͐ёV˓ƶ$)3�R�764�R�ɬҊ4;�PHYL1OY

8OR MTF :ϝłÑǣȇѧƦ�`}o�81�3ɠ7R̸ϢVǬR-I�PHYL1OY �ʑ̧

MTF:ƸūKχ͐ё8ª�RǦ҇Vʊϲ%-� 

� YFPVϐł$)- MTFҡAP1�CAL�SEP3ҢV�Ye�[ �Z�z�£l� ʺ8OQ

N. benthamianaυ4¤ж̧8̤̊$)�GUS�PHYL1OY�PHYL1OY�8:�(S�5ø̤̊

$)-ѳ: YFPϏðVϦƮ%-ҡŤ 3-17ǇŤҢ�GUS5ø̤̊$)-ŷł8;�YFP-SEP3�

YFP-AP1��O>h z�£�4�R bZIP63-YFP ̓ɱ:Ϗð;ʁ8ϦƮ$S-�F-

YFP-CAL ̓ɱ:Ϗð;ͼΠЏ8ϦƮ$S-�PHYL1OY5ø̤̊$)-ŷł�bZIP63-YFP :

Ƹū;ƁUP7�0-��YFP-SEP3�YFP-AP1�YFP-CAL̓ɱ:Ϗð; PHYL1OYƙū¨4

φ%�˓ϕ%-��(S:MADS{�[ ИÿšƖ:ƸūJ�PHYL1OY�8:ø̤̊ə8;Ɓ

Ġ%7�0-�":"5�P�PHYL1OYƙū¨4ʑ̧ MYF :χ͐ё�Ï¨%3�R"5�́

ŗ$S-� 

� ɠ7Rʊϲ:-I�Ye�[ �Z�z�£l� Ǫ:υ�Põs �dЏVȗĆ%�[�

���vxZ e8OQ YFPϐłs �dЏ:ʊĆVϒ0-�+:ɷ�YFP-SEP3�YFP-AP1�

YFP-CAL :χ͐ё;�GUS ø̤̊ə8ʧC3 PHYL1OYø̤̊ə8φ%�Ï¨%3�-ҡŤ

3-17 ĿŤҢ�¤Ɍ4ϏðϦƮ:ɷ5ńʐ8�PHYL1OY�8 :ø̤̊ə8; YFP-SEP3�

YFP-AP1�YFP-CAL:χ͐ё; GUSø̤̊ə5ń͌ǘ4�0-�F-�bZIP63-YFP:χ͐

ё; PHYL1OY�PHYL1OY�8̤̊8O03Ǧ҇Vĺ 7�0-� 
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� SEP35ń&� Ed�n8ƻ'R�SEP1�SEP2�SEP481�3J GUS5 PHYL1OYV̑

�3ńʐ:ƣҚVϒ0-�+:ɷ�SEP1�SEP2�SEP4J�PHYL1OYƙū¨4χ͐ё�Ï

¨%-�Å§:ɷOQ�PHYL1OYƙū¨4;�ÒP�:ͿЕ8O03 Ad�n�Ed�n:

MTF:ĈϨ�ϸƴ$SR"5�́ŗ$S-�ę�3�PHYL1OY: Nɫ͚: 8Y��э;MTF

5:̰ºÔ̑8;ǳϠ7�J::�+SP:ĈϨVϸƴ'R:8;яϠ4�R5Η�PS-� 

 

 
C ŇłŅŋŁśŔŢŗŅ

ŚŢ
ŷPHYL1OYΔ88OR ŘŞŒ ƘĄÚĬƛƘkķ 

ŢŒś Ʃ�.ƇƎŘŞŒ Ʃŷ�������
��
�
ĂƗžŻƒ œşŝŷśŔŢŗŅ
ŚŢ
ŷPHYL1OYΔ8 Ɣ!ËÁƆƋƎlŷŇŊ

�ĮlƗ ŢŒś Ć�ƩĎZƇƎǢaCǣŸĆ�%Ð�Ƙ Ŧťű ƙ ņńńŁŶŭ ƩÖƉŸƆƤƗ9ĂſƤƻǟǈƱ

ĘƩ~&ƇŷŢŒść:ƻǟǈƱĘƩ{œŒśǖǆƱǝǡǃǛ{�ƩÄŻƎƬǔǆǌǝƾǁ¯Ɨƣƥ¡&ƇƎ

Ǣ8CǣŸ~&ƇƎ ƻǟǈƱĘƘĬǢŧůŮųűůŬǣƙŷ¡&lƘǕǟǌǜǟƩ Őŏŏ �üƇ ŜŴŦūŲŧů QƵǌǘ

ǄƾǁƩ�üƉƦƄƔƓÕĕƇƎŸ 
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Ä 3-17 Ŝ) 
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3.3.8 PHYL1OY8OR MTF :ĈϨϸƴʕʏ:Ϩɵ  

� ēҊ:ƣҚ�P�PHYL1OY � MTF :ĈϨVϸƴ'R"5�́$S-�+"4�PHYL1OY

�s �dЏĈϨ˃ǺVȡ03�R:���R�;ʉ́�ɥ'RÒP�:s �dЏĈϨͿЕ

VĎ̑%3�R:�VϽCR˲8�ʉ́�ȡ1®Ϡ7s �dЏĈϨͿЕ4�R��xYr£

���O>_£z�Xm£: PHYL1OY:ʕΡB:ѥªVʊϲ%-� 

� ēЦ%-ʐ8�YFPVϐł%- MTFV PHYL1OY5ʉ́ͼΠü4ø̤̊$)R5�MTF:

ĈϨ8Ë� YFPϏð�ˊƉ'R�+"4�YFP-SEP3V PHYL1OY5ø̤̊$)-:/8��

�xYr£�ѧƦĕ4�R Clasto-lactacystin �-lactoneҡCLLҢ�J%�;_£z�Xm£ѧ

Ʀĕ4�R 3-Methyladenineҡ3-MAҢVą̌%�YFP ϏðVϦƮ%-�h z�£�5%3

CLL :˜ƕ4�R DMSO Vą̌%-ŷł�YFP-SEP3 :Ϗð;ϦƮ$S(�҄ą̌ə5ńʐ

8 PHYL1OY8OR YFP-SEP3 :ĈϨϸƴ�̏&3�R"5�̿Ϸ$S-�¤Ɍ�ń¤ɰÇ4

CLL Vʾô%-ŷł�YFP-SEP3 :Ϗð�ϦƮ$SRO�870-�ǫ03�PHYL1OY8O

R YFP-SEP3:ĈϨϸƴ;�CLL8O03ѧƦ$SR5Η�PS-�3-MAVą̌%-ŷł8

;�DMSOą̌ə5ńʐ8 YFPϏð;ϦƮ$S(�PHYL1OY: YFP-SEP3ĈϨϸƴΡ;Ǧ҇

Vĺ 7�5Η�PS-�Å§:ɷ�P�PHYL1OY8OR MTF :ĈϨϸƴ8;Ʃ®ʉ́:

��xYr£��ƪª%3�RľΡǺ�́ŗ$S-� 
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C 3-18ǍǝƿƫƺǡǔŷƮǡǁǋƪƷǡİYƗƣƦŷPHYL1

OY
>GJ MTF'ďĖ\ƛƘkķ 

YFP-SEP3ƩŷN. benthamianaĂƗžŻƒ GUSŷPHYL1
OY
ŷPHYL1

OY
Δ8 Ɣ!ËÁƆƋƎlŷ24�

ĮlƗǍǝƿƫƺǡǔİY,ǢCLLǣŷƞƎƙƮǡǁǋƪƷǡİY,Ǣ3-MAǣƩ°�Ƈŷ36�ĮlƗYFP

Ć�ƩĎZƇƎŸ 
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3.3.9 PHYL1OYƙū¨4: SEP3 :��bu Ġ:ʊϲ  

� 3.1.5Ҋ4ЦC-O�8���xYr£�4ĈϨVĺ Rs �dЏ:ƃ�;���bu s

 �dЏ�ϝɄł%-����bu ѝ8O03áҖVĺ 3�Rҡ����bu ĠҢ�

F-����bu ѝ;¤ί8�ʑ̧s �dЏ:�m ʠųVáҖ'R"5�̸PS3�R�

ēҊ8��3�PHYL1OY8ORʑ̧ MTF :ĈϨϸƴB:��xYr£�:ѥª�́ŗ$S-

��ʑ̧MTF�+:ѳ����bu áҖVĺ R�;©ɔ4�R�%�%�ʑ̧4�RMTF

;õ3�m ʠųVɥ%3�--I�"SP:MTF� PHYL1OYƙū¨4����bu Ġ%

3�R:�Vʊϲ%-� 

� ʊϲ:-I�PHYL1OY5 YFP-SEP3 F-; bZIP63-YFP V�Ye�[ �Z�z�£l�

 ʺ8O03 N. benthamianaυ4ø̤̊$)-�PHYL1OY8ORĈϨϸƴ:ѳ8ʑ̧:��

��bu Ġ�В�R:4�S<�YFP-SEP3 ;����bu Ġ%�bZIP63-YFP ;���

�bu Ġ%7�5ȫƢ$SR�ɬÆϺVʊϲ'R-I�Ȫ͎υ�PŁ YFPϐłs �dЏV

ȑ GFPȑÑ8ORò̞ʲѨʺ8OQŠĸ%�����bu Ġ:ɥ˳V̿�I-�F(�Ȫ͎

ὐɱ:ȗĆˋҡinputҢ��O>ȑ GFP ȑÑ8ORò̞ʲѨǪ:Šĸ̐́ҡoutputҢ8ŇF

SR YFP ϐłs �dЏVȑ GFP ȑÑ8OR[����vzʺ4ʊĆ%-5"T�¶ǿĈƖ

ё5ń͌ǘ:Ƅ�$:s �dЏ�ʊĆ$S-ҡŤ 3-19Ң�ǫ03�ʉ́ͼΠü8� R YFP

ϐłs �dЏ:̤̊¢Šĸ;�ĤĈ8ϒUS3�R5Η�PS-�+"4�output 8ŇF

SR��bu Ġs �dЏVȑ��bu ȑÑ4ʊĆ%-5"T�YFP-SEP3 OQJқĈƖ

ё:Îΐ8�s �dЏ:����bu áҖə8úŮ̧8GPSRn�Ȳ:� {�ʊĆ

$S-�":"5�P�SEP3� PHYL1OYƙūə8����bu Ġ$S3�R"5�́ŗ$

S-� 
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C 3-19 PHYl1

OY
UD�ƓƘ SEP3ƘǘǊưƽǟ0Ƙ¡ē 

Ǣ�CǣbZIP63-YFPŷYFP-SEP3 Ʃ PHYL1 Ɣ!ËÁƆƋƎ N. benthamianaĂſƤŷ36�ĮlƗƻǟǈƱĘƩ

~&Ƈŷ{ GFP{�ƗƣƦ¡&ƩĈƐƎë�ŸÎÍƘƻǟǈƱĘƀËÁƇƒŻƦƘƀÖƆƧƒŻƦŸƖžŷ

PHYL1
OY
UD�Ɠ SEP3ƘĄÚĬƀ�ŻƘƙŷ'ďĖ\ƆƧƒŻƦºƔôŽƤƧƦŸ 

Ǣ�Cǣ9ĂſƤ~&ƇƎƻǟǈƱĘƩ{GFP{�ƩÄŻƎ�Èı¯ƗƣƥäĊƇŷäĊÃ¾Ʃ{GFP{�Ɨ

ƣƥ¡&ƇƎë�ŸÎÍƘƻǟǈƱĘƀäĊƆƧƒŻƦƘƀÖƆƧƒŻƦŸ 

Ǣ�Cǣ�ÈılƘäĊÃ¾Ʃŷ{ǘǊưƽǟ{�Ɠ¡&ƇƎë�ŸYFP-SEP3ËÁ1ƓƙŷPHYL1
OY
UD�

¿ÇÍƗŷċ�ƘǇǟǂƀ YFP-SEP3 ƣƥơĿ'TĬƘ�òƗǙƼǡÀƗÕĕƆƧƦŸbZIP63-YFP Ʃ

PHYL1
OY
Ɣ!ËÁƆƋƎL:ƗƙŷƄƘƣżƖĿ'TĬƘǇǟǂƙÕĕƆƧƖŻŸ  
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3.3.10 PHYL1PnWB: PHYL1OY5:ʧК  

� PHYL1PnWB; peanut witches’ broom phytoplasmaҡPnWBҢ�PĩѺ$S- PHYL1OY:

���e4�Q�l�[~|o|5ńʐ8υĠϸƴΡVɥ%3�RҡYang et al., 2015Ң�+"

4�¬Θ�ńʐ:ʕʏVɥ%3�R�Vʊϲ'R-I�PHYL1PnWB: MTF 5:łΡ��O

>ĈϨϸƴΡVʊϲ%-� 

� Y2H:ɷ�BD{�[ ϐł PHYL1 PnWBҡBD-PHYL1 PnWBҢV AD-AP1�AD-SEP35ø

̤̊$)-ыʤ4;�GAL4:ʕΡ�ŠǮ%нȓŲŬ§4:ыʤ:̏Ξ�ϷIPS-ҡŤ 3-20AҢ�

¤Ɍ4�BD-PHYL1 PnWBV AD{�[ 5ø̤̊$)-ыʤ;�нȓŲŬ§4;̏Ξ%7�0

-�Å§OQ�PHYL1 PnWBJ PHYL1OYńʐ8 SEP3�AP1�CAL5̰ºÔ̑'R"5�́$

S-�+"4�PHYL1 PnWB: SEP3ĈϨϸƴ˃ǺV in planta4ʊϲ%-�SEP3-YFPV PHYL1 

PnWB5ø̤̊$)3χ͐ёV[����vzʺ8O03ʊϲ%-5"T�GUSø̤̊ə8ʧC

3φ%�˓ƶ%3�-ҡŤ 3-20BҢ�ǫ03�PHYL1OYńʐ8 PHYL1 PnWBJ SEP3ĈϨϸƴ

˃ǺVɥ'R5Η�PS-�Å§:ɷOQ�PHYL1PnWB; PHYL1OY5ғÍ%-ʕΡVɥ%

3�Q�MTF:ĈϨϸƴ8O03βŝơ:ǣȃ̝ǏVǞ�В"%3�R5Η�PS-� 

 

  



 126 

 
C 3-20Ł PHYL1

PnWB
ƙ SEP3 Ɣë:ƇŷƌƘ'ďƩĖ\ƉƦ 

A. PHYL1
PnWB

Ɣ SEP3 ƔƘ Y2H 

pGADT7ǎƱƻǡƗƱǝǡǄǟƲƇ AD Ʃ�.ƇƎ MTF ƔŷpGBKT7ǎƱƻǡƗƱǝǡǄǟƲƇ BD Ʃ�.ƇƎ

PHYL1
PnWB

Ʃĩ©èø#Ɠ!ËÁƆƋƒŷÏ
�ÄƘ�»Ʃ¡ēƇƎŸjĘě�ƇƎĩ©ƙ 4ÙļƘIEƓÂ

öƆƋƎŸ-LWIEƙŷĩ©ƗoČƖ�]ĲƘ�ĽçſƤ�ƗǝƬƶǟǢLǣŷǁǚǍǁǋƪǟǢWǣƩ|ŻƎơƘƓź

ƦŸmƐƒŷġcƘĩ©ƙÂö&�ƖŻ��Ɠ pGADT7ŷpGBKT7ƗƙƌƧƍƧǝƬƶǟ:wĩçŷǁǚǍǁǋƪ

ǟ:wĩçƀƱǝǡǄǟƲƆƧƒžƥŷ�ǍǙƸǓǂƩ�ƉƦĩ©ƙ-LWIEƗÂö7ùƓźƦŸ−LWHIEƙ

-LWIEſƤƆƤƗǉƸƽƷǟǢHǣƩ|ŻƎơƘƓźƥŷ-LWH+3ATIEƙ−LWHIEƗǉƸƽƷǟ:wĩçƘ

İY,ƓźƦ 3-amino-1,2,4-TriazoreǢ5 mMǣƩ.ŽƎơƘƓźƦŸ-LWAHIEƙ-LWIEſƤǉƸƽƷǟŷƫ

ǀǄǟǢAǣƩ|ŻƎơƘƓźƦŸƄƧƤƘIEƓƙŷĩ©ƙ AD ƻǟǈƱĘƔ BD ƻǟǈƱĘƀÏ
�ÄƇ GAL4

ě%ATƀ§ùƇƎL:ƘƟŷǉƸƽƷǟƢƫǀǄǟƘÂ:wįģêĚƀ±q0Ƈŷĩ©ƀÂö7ùƗƖƦŸĥ

}qƙ-LWAH>-LWH+3AT>−LWHƘĸƗĿŻŸ 

9ƴǟƸǁǙƱǁƩjĘě�ƇƎĩ©ƙŷ�f-LWIEƓÂöƆƋƎƘƏŷOD=0.1ƗƖƦƣżƗ·ÿ«�Ɨv¹

Ƈŷ10 µlƘÿ²ƩIEƗ¸�ƇƎŸIEƙ 30˚C Ɠ 4�ĮIĽƇŷĩ©ƘÂöƩÕſƠƎŸ 

B. PHYL1
PnWB

ƗƣƦ SEP3Ƙ'ďĖ\±qĔľ 

SEP3-YFPƩŷN. benthamianaĂƗžŻƒGUSŷPHYL1
PnWB

Ɣ!ËÁƆƋƎlŷ36�ĮlƗŷ9ĂſƤƻǟǈ

ƱĘƩ~&ƇƎŸ ƻǟǈƱĘſƤ SEP3-YFP Ʃŷ{ GFPǖǆƱǝǡǃǛ{�ƩÄŻƎƬǔǆǌǝƾǁ¯Ɨƣƥ¡

&ƇƎŸ~&ƇƎ ƻǟǈƱĘƘĬƙŷ¡&lƘǕǟǌǜǟƩCBB�üƇŷRubiscoQƵǌǘǄƾǁƩ¡&ƉƦƄƔ

ƓÕĕƇƎŸ 
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3.4 ΗƮ  

3.4.1 PHYL1OY;�X[z��o�:ʉ́Ȃɻə8ʕΡ'R�  

� 3.3.1Ҋ8ϮЛ%-ʐ8��X[z��o�;ʉ́Ȃɻə5ɒώȂɻə8ΫЗ:оÊƖ̤̊ё

VƁĝ$)�̝7R̍ż8лǶ%3�R�ǫ03�̂Ƣ:�X[z��o�оÊƖ:ʉ́-ɒώ

Ѥ4:̤̊ёVʧК'R"54�+:оÊƖ:ʕΡ81�3́ŗVǬR"5�ľΡ4�R�×

�<�OY-W �ɥ'R3W�ǅ̢̄ϸƴšƖ TENGU ;ʉ́Ȃɻə8̤̊ё�Žę'R"5�

́$S3�Q��X[z��o�;Ʃ®ʉ́ü4͐ʍ̧8 TENGU VĈʹ%̢̄Vϸƴ$)3

�R5Η�PS3�RҡHoshi et al., 2009Ң�¤Ɍ4��X[z��o�:®ϠΨȑįs �

dЏ4�R Amp;�ɒώ:�[d��Z�� z5ł%ƕÁ̝̂ǺVʱƢ%3�R5$SR

�ҡSuzuki et al., 2006Ң�ʉ́Ȃɻə8JɒώȂɻə5ń͌ǘ8̤̊%3�Q�ʉ́ü4JÒ

P�:ʕΡVɥ'R5ȫƮ$S3�RҡOshima et al., 2011Ң�Å§:̸Ϣ8ų2��ɬ̺͔4

;ƒI8 PHYL1OY:̤̊ёVɒώȂɻə5ʉ́Ȃɻə4ʧК%�PHYL1OY�®8ʕΡ'R:

;�(S:Ʃ®ü7:�VϨɵ%-�+:ɷ�PHYL1OY;�ʉ́Ȃɻə8ɒώȂɻə8ʧC

3͵ 3ãқ̤̊%3�-ҡŤ 3-11Ң�ǫ03�PHYL1OY;ʉ́Ʃ®ü4͐ʍ̧8̤̊%3�Q�

ʉ́Ʃ®ü4:ʕΡ�®4�RľΡǺ�ǡ�́ŗ$S-� 
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3.4.2 PHYL1OY; MTF :ĈϨϸƴVÁ%3�βŝơ8̝ǏVϸƴ'R  

� PHYL1OYǣЏИȰʉ́8� RоÊƖ̤̊Ϩɵ:ɷ�AP1ҡA d�nҢK SEP3ҡE d�

nҢ:оÊƖ̤̊ё;Ɓĝ%3�7�0-ҡŤ 3-13ҢJ::�¬MTFs8O03ʙ8ďǭ$S

Rd�n BоÊƖҡAP3�PIҢ:̤̊ё;˓ƶ%3�Q�Ѕ8ďǭ$SR flowering time gene

ҡSOC1�SVPҢ:̤̊ё;§ɓ%3�-ҡŤ 3-15Ң�ǫ03�PHYL1OY� AP1 K SEP3 :

ʕΡVs �dЏ���4ѧƦ%3�R"5�ǡ�́ŗ$S-�ƣѳ8�PHYL1OY; AP1 K

SEP3�CAL5ыʤü4ł'R"5�̿�IPSҡŤ 3-14Ң�in planta4"SP:MTFҡSEP1�

SEP2�SEP4 VŇHҢ:ĈϨVϸƴ%-ҡŤ 3-17Ң�F-�BiFC :ɷ�P�PHYL1OY;

ʑ̧ MTF :ĈϨ8O03�+SP: MTF VŇHϝłÑ:ǣȇVѧƦ'R5Η�PS-ҡŤ

3-16Ң�Å§:ɷ�P�PHYL1OY� Ad�nK Ed�n:MTF8ł'R"54�+:Ĉ

ϨVϸƴ%�ʕΡVȐď%3�R"5�ǡ�́ŗ$S-� 

� 3.1.4 Ҋ8ЦC-ʐ8 A d�nK E d�n: MTF�F-; CAL :ʖƉ;�l�[~|o|

8βŝơ:ǣȃ̝ǏVϸƴ'R�ę�3�PHYL1OY:ʑ̧ MTF Vńə8̤̊Ȑď%-ŷł8

J�PHYL1OY ǣЏИȰÑ8ғÍ%-ϔ̊Ů�ϦƮ$SR"5�̸PS3�R�'7U/�

SchwabP; RNAj[� l eVÁ%3 AP1�CAL�SEP1-4�FULҡFRUITFULL ; AP1�

CAL 8Ф7 MTFsҢ:оÊƖ̤̊Vńə8Ȑď%-ҡSchwab et al., 2006Ң�+:ɷ�

PHYL1OYǣЏИȰʉ́:O�8σKβǜ:υĠ�Ѹω:͖�Ȓ K¹ʗβ:ǣȇ�ϷIPS3

�R�Å§:ʐ8�PHYL1OY:ʑ̧ MTF :Ɓ̝Ñ� PHYL1OYǣЏИȰl�[~|o|8ғ

Í%-ǣȃV́'"5;�PHYL1OY8OQϸƴ$SR MTF :ĈϨ5υĠ̢̄:ѥЮǺVǡ�

́ŗ%3�R� 

�   
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3.4.3 PHYL1OY8ORŁβŝơB:Ǧ҇  

� ēЦ:ЫQ�βŝơ:ĈĠ8ѥUR ABCEd�n:MTF:ü�Ad�n�Ed�n:MTF

; PHYL1OY:ʑ̧57Q�ĈϨVϸƴ$SR�F-�+:ɷ�+:¨˄šƖ4�R B d�

n MTFҡAP3�PIҢ:̤̊ё�Ï¨%-ҡŤ 3-15Ң�¤Ɍ�PHYL1OYǣЏИȰʉ́8��3

;�Cd�nMTF4�R AG:оÊƖ̤̊ё;Ɓĝ%7�0-ҡŤ 3-15Ң�Bd�n�Cd�

n:MTF8 PHYL1OY�ł'R�;ɬƣҚ4;ɪʊϲ4�R��Å§:ɷ�P�PHYL1OY

;ƶ7�5J Ad�n�Ed�n:MTFV̯Ȫ̧8�Bd�n:MTFVѤȪ̧8ʕΡѧƦ%

3�R5Η�PSR� 

� §Ϯ:ΗƮ�Pȫ˖$SR�X[z��o�Ȃɻə:υĠ̢̄:ĈƖ�`}o�:�y�V�

Ť 3-218́'�β:`�xvz�y�8OR5�βŝơ:дŐ;�SEP5 AP1�SEP5 AG�

AP 5 PI �P7R�x�¹ёÑ�$P8ŝơ̧̝̂7;GłU)4şёÑVǣȇ'R"54ʱ

Ƣ$SRҡŤ 3-6Ң�PHYL1OY8OQ A d�n�E d�n: MTF �ĈϨϸƴ$SR"54�

SEP-AP1��O> SEP-AG�x�¹ёÑ:ǣȇҏǘ;φ%�˓ƶ'R�ńʐ8�Bd�nMTF

:оÊƖ̤̊ё�Ï¨'R"54�AP35 PI:�x�¹ёÑ:ǣȇҏǘ:ǣȇҏǘJ˓ƶ'R

5Η�PSR�"SP:ɷ�σ8��3;şёÑ:ʏȇšƖõ3�ĈϨ$SR-I�ɣJƄ

��Ǧ҇�̏&R�βǜ8��3;�ʏȇšƖ: 2 1�ĈϨ$SʠQ: 2 1:̤̊�Ȑď$S

R"54�σOQ;͑K�7Ǧ҇Vĺ R�Ѷω4;�ʏȇšƖ:üҤ1�ĈϨ$S 2 1�̤

̊ȐďVĺ R��ʠQ:Ҥ1;Ǧ҇Vĺ 7��ǫ03�ɣJ PHYL1OY8ORǦ҇Vĺ 8

���Ѹω4;�βǜńʐ8ʏȇšƖ: 21�ĈϨ�21�̤̊ȐďVĺ R"54�KK͑K

�7Ǧ҇�̏&R�Å§:�y�;ƣѳ8 PHYL1OYǣЏИȰʉ́8ϢPS-ϔ̊Ů8łά%3

�R�'7U/σ;J05J˧%�ǣȃ̝Ǐ�̏&�z�[h£�VË�υ8ғÍ%-ʏЭ́

8ƁĠ%3�-��Ѷω8;©̢͍̄K·Ɓ;ϦƮ$S-J::�ǣȃ:̝Ǐ;̏&7�0-�
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PHYL1OY:ʉ́ü4:ʕΡ;F.ƞõ8;ɔP�8703�7���ɬ�y�;̊̄:̸ϢV

ЖF�-��4�PHYL1ǣЏИȰÑ:̂Ǳ̧7ϔ̊ŮVĤĈ8ϺɔĆɱ3�R5Η�R� 

� 7��βŝơ:υĠ8ę�3�PHYL1OYǣЏИȰʉ́8��3;�Ѹωï͚х8ɋ-7βζ

:ǣȇ�ϷIPS-D��υĠ%-σ:υΥ�P:¹ʗβ:ǣȇ�ϷIPS-(Ť 3-12)�":O

�7ϔ̊Ů�̏&-̌̓5%3�PHYL1OYǣЏИȰʉ́8� R flowering time gene:̤̊

ё§ɓ�Η�PSR(Ť 3-15)�"SP:оÊƖ;¹ʗβ:ǣȇVϸƴ%(Liu et al., 2007)�AP1�

SEP38O03Ѕ8ďǭ$SRҡGregis et al., 2008; Immink et al., 2012)�ǫ03�PHYL1OY

ǣЏИȰʉ́8��3 SEP3�AP1 :ʕΡ�Ȑď$S-ɷ�"SP:оÊƖ:̤̊ё�§ɓ

%�§Ц:O�7ϔ̊Ů�̏&-5Η�PSR� 
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C 3-21Ł phyllogenƗƣƦĂ0Ė\§¢ƘǖǀǛC 

aCƙŷƶǝƬǅǃƹǃƘý?Vjw§¢ƩÖƇƒŻƦŸABCEƱǙƸƗ_ƉƦMTFƀéñ¿ÇÍƖ

	Ĭ�ǢAP1-SEP3ŷPI-AP3ŷAG-SEPǣƩjwƇƎźƔŷ�Ɨ@Ĭ�ƩjwƇƒ§ùƉƦƔôŽƤƧ

ƒŻƦǢƯǛƿƾǁǖǀǛǣŸphyllogenƙƄƧƤƘMTFƘ# AƱǙƸŷEƱǙƸƘMTFƻǟǈƱĘƘ'

ďƩĖ\ƇŷBƱǙƸƘMTFĦ�TƘËÁƩz*ƉƦǢ8CǣŸƌƘë�ŷ9?VƗ�ŽƦkķƗbÇ

ƀÂƈŷ�ÔÛƓĎZƆƧƎƣżƖĉÁGƀÂƈƦƄƔƀÖ>ƆƧƦŸ 
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3.4.4 PHYL1OY:ʕΡ5��bu ¢��xYr£�ͳ:ѥЮǺ  

� PHYL1OY: SEP3 ĈϨϸƴ˃Ǻ;���xYr£�ѧƦĕ4�R CLL VÔ̑$)-ŷł8

Ï¨%-ҡŤ 3-18Ң�ǫ03�PHYL1OY8ORʑ̧MTF:ĈϨϸƴ;���xYr£�VÁ

%3ϒUS3�RľΡǺ�қ��¤ί8���xYr£�;����bu Ġ$S-s �d

ЏVϷЀ%3ĈϨ'R��ɬƣҚ4J PHYL1OYƙū¨4 YFP-SEP3 ���bu Ġ$S3�

RľΡǺ�́ŗ$S3�RҡŤ 3-19Ң�-.%�ɬƣҚ4;ò̞ʲѨə4 SEP3 VͰϜ%3�

3�R-I�SEP3VŇHÒP�:ϝłÑ�ͰϜ$S3%F��+:8ŇFSR SEP3ÅƂ:

šƖ���bu Ġ$S3�RľΡǺ;ȧ3�S7��ÀǪ�SEP3:��bu ĠхÎ:̂Ƣ

K҄��bu Ġ SEP3:ÔĆVϒ��PHYL1OY8OR SEP3:ĈϨϸƴ8� R��bu 

Ġ:ѥªV�ɠ8ʊϲ'RǳϠ��R.T�� 

 

3.4.5 PHYL1OY:ʕΡҍű  

  PHYL1OYΔ3�PHYL1OY�8:ǣЏИȰ:ɷ�PHYL1OY�8:G�υĠϸƴΡV́$7�0

-ҡŤ 3-12Ң�+:̌̓5%3�PHYL1OY�8 ; PHYL1OY:ʑ̧ MTF :ĈϨVϸƴĆɱ(

ҡŤ 3-17Ң�ƃёÑǣȇVѧƦĆɱ7�"5�́$S3�RҡŤ 3-16Ң�ǫ03�PHYL1OY

:Nɫ͚ç8; PHYL1OY�ʕΡ'R§4яϠ7ë�VȘ�ҍű�ƙū%3�R5Η�PSR�

έŎˎ�"58�+:¤Ɍ4�PHYL1OY�8; PHYL1OY5ńʐ8ʑ̧MTFB:łΡVɥ'

R"5� Y2H 8O03́ŗ$S3�RҡŤ 3
14Ң�":"5�P�PHYL1OY8OR MTF :

ĈϨϸƴ8;ʑ̧MTF5:ł. 4;©ĤĈ7ľΡǺ�́ŗ$S-� 
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3.4.7� phyllogen :øЫǺ   

� ɬƣҚ4;�PHYL1OY 5;̝7R�X[z��o��PĩѺ$S- phyllogen 4�R

PHYL1PnWB81�3JʕΡϨɵVϒ0-�PHYL1PnWB5 PHYL1OYѤ4:ń¤Ǻ;͵ 49%5

қ�;7��ҡŤ 3-5Ң�PHYL1PnWB; PHYL1OY5ńʐ8�MTFB:łΡ�ĈϨϸƴΡV

́%ҡŤ 3-20Ң�ғÍ%-ʕΡVɥ'R5Η�PS-�"SF48 phyllogen ;ϝɄ:�X[

z��o��PϢĆ$S3�QҡŤ 3-5AҢ��/ PHYL1OY5ń&� Ca. P. asteris�PʊĆ$

S- SAP54 ;�l�[~|o|8βŝơ:ǣȃ̝ǏVϸƴ'RҡŤ 3-4Ң�"SP:���e

;�(SJ PHYL1OY5:ń¤Ǻ� 85%Å§4�QҡŤ 3-5B�Ĉʹҍű:G:ŷłҢ�PHYL1OY

5ғÍ%-ʕΡVɥ%3�RľΡǺ;қ��Å§VЖF�R5�phyllogenѤ4ʕΡ;ßƙ$S

3�Q��(SJMTF:ĈϨVϸƴ%ʕΡVѧƦ'R"54�βŝơ:ǣȃ̝ǏVϸƴ'R5

́ŗ$SR�F-�ɏŶ: phyllogen ���e:шĊ8; 2 ͣȊ:қǘ8ßƙ$S-ҍű�

ϢĆ$SRҡŤ 3-5AҢ�ǫ03�ɬҍű; phyllogen:ʕΡ8яϠ4�RľΡǺ�қ��ÀǪ

ʕΡϨɵVϒ�§4яϠ7ʑ̧57R4�T��¤Ɍ4�PHYL1OY8��3ʕΡ8яϠ4�R

5Η�PS- N ɫ͚х; PHYL1PnWB4;ßƙ$S3�7��ǫ03�Ǣϵҍű� phyllogen

8��3ɛе̧7ʕΡVɥ%3�R�;ČɊĆɱ(�ÀǪϨɵVϒ�ǳϠ��R� 

� Ť8́%-ЫQ�g��ǾŶ:ѷ͐8Ë��phyllogen;ϝɄ͎:�X[z��o�8ϢĆ$

S3�R�%�%�Ymj[8υĠ̡VǞ�В"' Ca. P. japonicamҡûǑP 1996Ң76�ʉ

́8υĠVǞ�В"'8JѥUP( phyllogen �ϢĆ$S3�7��X[z��o�Jƃ�ƙ

ū'R�"SP:�X[z��o�� phyllogen Vɥ%3�R:�;έŎˎ�ϼґ4�Q�À

Ǫ:̺͔:аƺ8ɨǨ%-�� 
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͝ҧ͙� ʐ�7β�ғ8ư'R phyllogen :ʕΡ:ʊϲ 

 

4.1 ǖɆ  

"SF48�3͎: phyllogenҡPHYL1OY�PHYL1PnWB�SAP54Ң��l�[~|o|8β

ŝơ:ǣȃ̝ǏVϸƴ'R"5�ŶŌ$S3�RҡMacLean et al., 2011; ēǁP 2013; Yang 

et al., 2015Ң�F-ē͙4;�+:įš� phyllogen8ORl�[~|o|: Ad�n�Ed

�n:MTF:ĈϨϸƴ4�R"5V́%-�¤Ɍ4�"SP:̺͔;ǣЏИȰͳ:̿͘%-�

y�ʉ́4�Rl�[~|o|V®5%-ϨɵVϒ03�Q�Â:ʉ́8ư%3: phyllogen

:ʕΡ;ĤĈ8Ϩɵ$S37���X[z��o�;ĶƖυʉ́¢ĩƖυʉ́VŇI-ϗƖʉ

́õί8Ȃɻ%�̝Ǐ7βŝơ:ǣȇVϸƴ'R"5�ŶŌ$S3�RҡChaturvedi et al., 

2010Ң�+:-I�ƣѳ8�X[z��o�8ORϗƦ�ŶŌ$S3�Rβ�ғ8��3�

phyllogen�βŝơ:̤и8Ǧ҇Vª�3�R:��F-+:ʕÔ;MTF:ĈϨϸƴ7:�V

ʊϲ'R"5;��X[z��o�:̡įǺV̌Ϩ'R§4яϠ4�R�%�%�"SP:β

�ғ;l�[~|o|8ʧC3ǣЏИȰ�Ţѻ4�Q�phyllogenV̤̊$)3+:Ǧ҇VϨɵ

'R"5�ƨɕ47�"5J¸ƣ4�R� 

� +"4ɬ͙4;�phyllogen:ʐ�7β�ғ8ư%3:ʕΡVϨɵ'R-I�\[�n�d

s£:Ď̑VϴG-�ǔͧ7ʉ́8Ȃɻ'R� iƵ̋ǣˣū\[�nҡapple latent spherical 

virusҬALSVҢV�ds£5%3�phyllogenV|n͈ʉ́ҡ�u�}YҢ�bd͈ʉ́ҡ��

���Yns£Ң4̤̊$)�βŝơǣȃ:̝Ǐ�ϸƴ$SR�VƣҚ%-�ę�3�phyllogen

�l�[~|o|5ńʐ:ʕʏ4ʐ�7β�ғ8ư%βŝơ:ǣȃ̝ǏVϸƴ'RľΡǺVʊ

ϲ'R-I�§Ϯ 2 ͈:ʉ́8ę���͈:ĩƖυʉ́4�Rxv�\��: MTF :ĈϨV

PHYL1OY�ϸƴ'R�Vʊϲ%-�  
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4.2� ɭɈ5Ɍʺ  

4.2.1 ɭɈ  

� ɬ͙4̑�-ʉ́; Nicotiana benthamiana��u�}YҡPetunia x hybrida�œ͎ҫ�`

���[zҢ�����ҡHelianthus annuus�œ͎ҫ�ven�[�Ң�Yns£ҡCallistephus 

chinensis�œ͎ҫ����[z[ �Ң4�R��(SJ͎Ɩ�PΞȇ%�25˚C�Ϋ˵ð¨4

̏Ξ$)-�ɬ͙�P̑�-оÊƖVϔ 4-1 8Ϯ'�ʐ�7β�ғ: A d�n�E d�nоÊ

ƖV̑�3ƣҚVϒ0-�LMADS3;�шĊ: Nɫ͚�ɪŶŌ:-I�хĈшĊV̑�-� 

ű 4-1 ōƩŋ'Hķ#5Ĕıƌ�Ô 

 оÊƖŅ ʉ́ ͈ ΄ d�n ̑�-ƣҚ Accession No. 

PFG �u�}Y |n͈ ĶƖυʉ́΄ Aa Y2H�ĈϨϸƴ˃ǺϴҚ�Ƣё RT-PCR AF176782 

FBP29 �u�}Y |n͈ ĶƖυʉ́΄ Aa Ƣё RT-PCR AF335245 

AP2Ab �u�}Y |n͈ ĶƖυʉ́΄ Aa Ƣё RT-PCR AF132001 

GLO1 �u�}Y |n͈ ĶƖυʉ́΄ B Ƣё RT-PCR AY532265 

DEF �u�}Y |n͈ ĶƖυʉ́΄ B Ƣё RT-PCR DQ539416 

FBP6 �u�}Y |n͈ ĶƖυʉ́΄ C Ƣё RT-PCR X68675 

pMADS3 �u�}Y |n͈ ĶƖυʉ́΄ C Ƣё RT-PCR X72912 

FBP2 �u�}Y |n͈ ĶƖυʉ́΄ E Y2H�ĈϨϸƴ˃ǺϴҚ�Ƣё RT-PCR M91666 

FBP5 �u�}Y |n͈ ĶƖυʉ́΄ E Ƣё RT-PCR AF335235 

FBP13 �u�}Y |n͈ ĶƖυʉ́΄ Flowering time genec Ƣё RT-PCR AF335237 

FBP25 �u�}Y |n͈ ĶƖυʉ́΄ Flowering time genec Ƣё RT-PCR AF335243 

UNS �u�}Y |n͈ ĶƖυʉ́΄ Flowering time gene Ƣё RT-PCR AF335238 

CDM111 bd bd͈ ĶƖυʉ́΄ A Y2H�ĈϨϸƴ˃ǺϴҚ AY173054 

CDM44 bd bd͈ ĶƖυʉ́΄ E Y2H�ĈϨϸƴ˃ǺϴҚ AY173057 

LMADS6d xv�\�� ��͈  ĩƖυʉ́΄ A Y2H�ĈϨϸƴ˃ǺϴҚ HQ149332 

LMADS3e xv�\��  ��͈  ĩƖυʉ́΄ E Y2H�ĈϨϸƴ˃ǺϴҚ AY826062 

a Ad�nоÊƖ:���e5ȫƢ$S3�R��϶ͼ7ʕΡ;©ɔ�� � � � b҄MTFs �dЏVh£{'RоÊƖ 

c A. thaliana: flowering time gene4�R AGL24:���e5ȫƢ$S3�R��϶ͼ7ʕΡ;©ɔ� 

d h{ ҏǘVȻƁ%3ƣҚ8̑�-(ǪЦ)�� � � � e хĈшĊVƣҚ8̑�-� 
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4.2.2 оÊƖ:d�£} e  

оÊƖшĊ:łȇ 

� Ł MTF:оÊƖшĊ;��[�xd��m£om�� ʀǝÉ̓8ÙҐ%3łȇ%-��(

S:оÊƖJͽʘh{ Vѫ�� pENTA �ds£8d�£} e'R-I 5'͚8

ҡ5'-AAGGAACCAATTCAGTCATG-3'ҢV�3'͚8ҡ5'-AAGCTGGGTCTAGAT-3'ҢVÃę%

-�LMADS6 ;ŶŌ$S-ŻųшĊ:łȇ�Ţѻ4�0--I�h{ Vń̓:��e��8

O03ȻƁ%3łȇ%-�ȻƁǪ:ŻųшĊ;Ť 4-1:5�Q4�R� 

 

 
C 4-1 XľƗÄŻƎ LMADS6Ƙ�OĨ) 

MJĨ):wƀBĵƓźƐƎƎƠŷƴǂǟĻfƩ�OƇƒXľƗÄŻƎŸ 

Ì÷�ƓÖƇƎħ'ƀ�Oħ�ƓźƦŸ 
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оÊƖ:d�£} e 

� ʉ́ͼΠü4:̤̊:-I�ŁоÊƖV�[|��ds£8d�£} e%-�F(�ďѩы

ͺ SalI-HFҡNEBҢ�EcoRV-HFҡNEBҢ4ĉɊ%- pENTA �ds£8łȇшĊVd�£}

 e%-�d�£} e8; GeneArt® Seamless Cloning and Assembly Kit ҡInvitrogenҢV

̑��3.2.3 Ҋ8˚&3ϒ0-�ÔĆ%-��n�{:ͰϜ�̿ϷJńҊ8˚&3ϒ0-�ʗ�

4�ŁMTFоÊƖшĊV LRķǶ8OQ pEarleyGate101�ds£ҡEarley et al., 2006Ң8d

�£} e%�Cɫ͚8 YFPVÃę%-��(S:h nz�dzJ�3.2.3Ҋ:ϮЦ8˚&3

Ye��dx�\� EHA105ʀ8ǣЏИȰ%-�Y2H:-I�ŁMTFоÊƖV PCR4Žǐ%

-:/ pGADT7�ds£8d�£} e%�Nɫ͚8 GAL4 AD{�[ VÃę%-�7��

PCR:ѳ8��(S:оÊƖшĊ8Jͽʘh{ VÃę%-�+SÅƂ:ȹÔ; 3.2.5Ҋ8˚&

-�Ö̑%-��[�£;ϔ 4-2:ЫQ4�R� 

ű 4-2 »ƌ�Ô? pGADT7wXc�C?X��k�Y>ķ#5u�Q{� 

�  

 

 

 

 

 

 

 

 

 

 

 

 

  

��[�£Ņ �  ŻųшĊҡ5'→3') ʑ̧оÊƖ 

FBP2_to_pGADT7_F  ACCAGATTACGCTCATATGGGAAGAGGTAGAGTTGAG FBP2 
FBP2_pGADT7_R  TGCCCACCCGGGTGGAATCAAGGCAACCAGCCAGCC FBP2 

PFG_to_pGADT7_F  ACCAGATTACGCTCATATGATGGGAAGAGGAAGAGTGCAG FBP29 
PFG_pGADT7_R  TGCCCACCCGGGTGGAATTAGCCATTAAGATGGCGAAG FBP29 

CDM44_to_pGADT7_F  ACCAGATTACGCTCATATGGGAAGAGGTCGAGTTGAGC CDM44 
CDM44_pGADT7_R  TGCCCACCCGGGTGGAATCACTGATACCATCCTGG CDM44 

CDM111_to_pGADT7_F  ACCAGATTACGCTCATATGGGAAGAGGTAAGGTACAG CDM111 
CDM111_pGADT7_R  TGCCCACCCGGGTGGAATTAAGATGGAAAGCACCTC CDM111 
LMADS3_to_pGADT7_F  ACCAGATTACGCTCATATGGAGCTGTCCGTGCTCTGTG LMADS3 

LMADS3_pGADT7_R  TGCCCACCCGGGTGGAATTACATCCATGCTGGAGC LMADS3 
LMADS6_to_pGADT7_F  ACCAGATTACGCTCATATGGGAAGAGGAAGAGTGCAG LMADS6 

LMADS6_pGADT7_R  TGCCCACCCGGGTGGAATCATCCATTCACTCTAGAG LMADS6 
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4.2.3 PHYL1OY�PHYL1PnWB:\[�n�ds£B:d�£} e  

� \[�n�ds£5;�\[�ng��8ƂɱоÊƖшĊV;GТH"54�+:оÊƖV

̤̊'RO�8ȻƁ%-\[�n:"54�RҡPogue et al., 2002Ң�\[�n:Ʃ®4:Ȃ

ɻ�Žʡ8Ƕ&3ƂɱоÊƖJ̤̊'R-I�̤̊ě̇�қ�5��Ď˱��R�¤Ɍ4��

ds£5%3̑�R\[�n;̧̮:ʉ́8ư%3ȂɻΡVɥ'RǳϠ��Q�Ȃɻ8ORʉ

́B:Ǧ҇�Ƶ$�D6ɧF%��'7U/�Ʃ®ͧţ�ǔ�̡įǺ�Ï�\[�n��\[

�n�ds£5%3ɥ̑5$SR� 

� ɬƣҚ4;�ALSVV\[�n�ds£5%3�PHYL1OY�PHYL1PnWB:�u�}Y���

���Yns£4:̤̊VϴG-�ALSV; 2Ĉͦ:��n¤ɬѝ RNAVg��5'R�ph

\[�n͈u]�\[�nƻ:ʉ́\[�n4�RҡŤ 4-2ҬLi et al., 2000Ң�ŁĈ ҡͦRNA1�

RNA2Ң8;����x[ �h£{$S�RNA28h£{$SR����x[ ;�41:s

 �dЏ8ĉɊ$S3ʕΡ'R�ALSV ;�Ғφ7̢̄Vϸƴ'R"57���͈�|n͈�

Y��|͈76:ʉ́8Ȃɻ%�ƂɱоÊƖV̤̊ľΡ4�R-I�ǔͧţ7ʉ́8лǶľΡ

7\[�n�ds£5%3Ď̑$S3�RҡLi et al., 2004; Yamagishi et al., 2011Ң� 

 

C 4-2 ALSVƳǆǔƘ¥hC ǢLi et al., 2000; Igarashi et al., 2009 3¼ǣ 

RNA1Ɨƙ 1ƑƘǑǚǍǝƿƬǟƀƴǡǂƆƧŷ4ǖƽǡǋ[Protease cofactorǢPRO-coǣǥNTP-binding helicase

ǢHELǣ; cysteine proteaseǢC-PROǣ; RNA poymeraseǢPOLǣ]ƀč&ƆƧƦŸRNA2Ɨơ 1ƑƘǑǚǍǝƿƬǟ

ƀƴǡǂƆƧƒžƥŷ4ƻǟǈƱĘƗ(�ƆƧƒ§ùƉƦƔ�WƆƧƦŸ42KPƙƭƬǛƸƘèøĮØĈƗį�ƉƦ

ƔôŽƤƧƒžƥŷVp25ſƤ Vp24ƙƭƬǛƸãTƩ¢wƉƦƻǟǈƱĘƓźƦŸ  
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\[�n�ds£:ʏͨ 

� §Ц:ЫQ�ALSV ; 2 Ĉͦg��:\[�n4�Q�Ȫ͎ə8;ŁĈͦҡRNA1�RNA2Ң

Vʉ́ͼΠü4̤̊$)RǳϠ��R�ŁĈͦ:̤̊̑h nz�dz;�ƿȌƄƚРƚх:

ŃǄàǓɁȨ8ĈЂ҈�- pEALSR1�pEALSR2L5R5ҡŤ 4-3; Li et al., 2004ҢVJ58ÔĆ

%-�¬��n�{8;�35S���£s£̯¨8+S,S RNA1�F-; RNA2�;GТF

S3�R�ę�3 RNA2: 42KPh£{ҍű5 VP25h£{ҍű:Ѥ8��ud�£} ej

[zҡMCSҢ�Ȧô$S3�R�RNA2�P����x[ �Εϰ$S-ѳ�MCSҍű:¬͚

8\[�n:��xY£q8ϷЀ$SRшĊ�Ãę$S3�R-I�ƂɱоÊƖ;ƞõ8ĉQ

Ѻ$S3ʉ́ͼΠü4̤̊'R5Η�PSR� 

� Ye�[ �Z�z�£l� ̑:h nz�dzVÔĆ'R-I�ĈЂ�-.�-h n

z�dz: 35S���£s£�O>ALSVшĊV�3.2.5Ҋńʐ8KOD plus neoҡTOYOBOҢ

V̑�3 PCR 4Žǐ%-�PCR 4̑�-��[�£;�ALSV-CAMBIAF��O>

ALSV-CAMBIAR 4�RҡшĊ;ϔ 4-3 8ϮЛҢ��[|��ds£4�R pCAMBIA1301

ҡCenter for the Application of Molecular Biology of International AgricultureҢV�ďѩы

ͺ EcoRI-HFҡNEBҢ�PmaCIҡTaKaRaҢV̑�3ĉɊ%�GeneArt® Seamless Cloning and 

Assembly Kit ҡInvitrogenҢV̑�3Žǐ̐́V�[g£l� %-�ȹÔ; 3.2.3Ҋ8˚&

3ϒ0-�RNA1�RNA2 Vd�£} e%-�ds£V�+S,S pCAM-ALSV1 5

pCAM-ALSR2L5R55'R� 

� ʗ � 4 � pCAM-ALSR2L5R5 : MCS �O>+:ōСшĊ:ȻƁVϒ0-�

pCAM-ALSR2L5R5:MCS8; XhoI�SmaI�BamHIϷЀшĊ�ƙū'R��+:ü XhoI�

SmaI ϷЀшĊ��ds£ü:č:ͣȊ8ƙū%3�-˲�ɬшĊV SalI�BlnI�Aor51HI�

BamHIϷЀшĊ8ΐȰ%-�ùŅ̃8; pCAM-ALSR2L5R5VљŮ8 PCRVϒ��ALSVш
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ĊɊ˾VŽǐ%-� PCR 4̑�-��[�£; 1301ALSV-newRest-F��O>

1301ALSV-newRest-R4�QҡшĊ;ϔ 4-38ϮЛҢ�1301ALSV-newRest-R8;ȻƁMCS

шĊ�Ãę$S3�R�ŽǐɊ˾;�§Ц:Ɍʺ4 pCAM-ALSR2L5R5[SacIҡNEBҢ�

BamHI-HF4ĉɊ˒G]8�[g£l� %-ҡpCAM-ALSV2Ң�$P8�MCS¬͚:��x

Y£qϷЀхÎ8̰Ǣ'RŻųшĊ�ƞõ8ń¤4�0--I�̰ ń;Ȱ�8O03MCSҍű

�Ȓ τ/RľΡǺVΗȄ%�Cɫ͚ç:ǢϵшĊ:h{ ҏǘVȻƁ%-�pCAM-ALSV2V

љŮ5%3 PCR Vϒ��ALSV шĊɊ˾VŽǐ%-�PCR 4̑�-��[�£;

1301ALSV-newRest-F��O> ALSV-NewCodon-RҡшĊ;ϔ 4-3 8ϮЛҢ4�Q�

ALSV-NewCodon-R8;ȻƁшĊ�Ãę$S3�R�ŽǐɊ˾;�§Ц:Ɍʺ4 pCAM-ALSV2 

[SalI-HFҡNEBҢ�BamHI-HF4ĉɊ˒G]8�[g£l� %-ҡALSV-emptyҢ� 

 

 

C 4-3 pEALSR1ŷpEALSR2L5R5Ƙ¥hC ǢLi et al., 2004ǣ 

RNA1ŷRNA2ƗÅ�ƉƦĨ)ƀ 35SǍǝǖǡƻǡƗƣƐƒ ¾èø#ƓËÁƉƦŸpEALSR2L5R5ƓƙŷƭƬ

ǛƸƘ 42KP Ɣ Vp25ƩƴǡǂƉƦĹHƘĮƗǒǛƽƱǝǡǄǟƲƵƬǁǢMCSǣƀ��ƆƧƒžƥŷP�Ħ�TƩ

�ĹHƗƱǝǡǄǟƲƉƦŸMCSĹHƘ�ÜƗƙƭƬǛƸĨ)ƗÅ�ƉƦ(�ħ�ƀƱǝǡǄǟƲƆƧŷP�

Ħ�TƙƭƬǛƸƻǟǈƱĘſƤ(�ƆƧƒ§ùƉƦŸ�XľƓƙŷCÖƇƎĹHƩǇƬǃǚǎƱƻǡƓźƦ

pCAMBIA1301ƗƱǝǡǄǟƲƇŷMCSžƣƚƌƘ=ĞĨ)Ʃ�OƇƎơƘƩŷƭƬǛƸǎƱƻǡƔƇƒXľƗÄ

ŻƎŸ 
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PHYL1OY�PHYL1PnWB:\[�n�ds£B:Ȧô 

� ALSV-empty 8 PHYL1OY� PHYL1PnWB оÊƖVȦô%-� pENTA-PHYL1OY�

pENTA-PHYL1PnWBVљŮ8PCRVϒ��ŁшĊVŽǐ%-�Ö̑��[�£;ϔ 4-38Ϯ'�

ŽǐɊ˾�pCAM-ALSV2opt; 3.2.3Ҋ8˚&3ďѩыͺ SalI-HF�BamHI-HF4ĉɊ%��

[g£l� �PȦôшĊ:̿ϷF4Vϒ0-�l£f nϨɵ8ORȦôшĊ:̿Ϸ8;�

оÊƖŽǐ8̑�-��[�£VÖ̑%-�ÅѨ�PHYL1OY�PHYL1PnWBоÊƖVd�£} 

e%-�ds£V�+S,S ALSV-PHYL1 OY�ALSV-PHYL1PnWB5ŏ͊'R�ALSV-empty

VŇI-Ł�ds£;�3.2.3Ҋ5ńʐ8Ye��dx�\� EHA105ʀ8ǣЏИȰ%-� 

 

ű 4-3 RQ�_wXc�?ėő>ķ#5u�Q{� 

��[�£Ņ  ŻųшĊҡ5'→3') Ö̧̮̑ 

alsv-cambiaF  CTATGACCATGATTACGAATGTAAAACGACGGCCAGT pCAM-ALSR2L5R5:ʏͨ 

alsv-cambiaR  GGTCACCTGTAATTCACACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVa pCAM-ALSR2L5R5:ʏͨ 

1301ALSV-newRest-F  GGACTCTTTCCGGGTGGAGACGCCC  pCAM-ALSV2:ʏͨ 

1301ALSV-newRest-R  TTTGGATCCAGCGCTCCTAGGGTCGACTGTGAAATCAGGGCCCTGACCTTCT  pCAM-ALSV2:ʏͨ 

ALSV-newCodon-R  TTTGTCGACAGTAAAGTCTGGTCCTTGTCCCTCCAACAAATTTGGGTCAGATCTATGCAAACTAG ALSV-empty:ʏͨ 

Phyl1opt2_ALSVver2_F  CCGCTCGAGATGAACAAGGATATCGCTTC PHYL1OY:d�£} e 

KallR_to_ALSV_R  TGACCTTCTAGCAGGGATCCGTTGTTCTCATCGTTGAGGG PHYL1OY:d�£} e 

Bam-c0190optRmnsT  TGACCTTCTAGCAGGGATCCGTTCTTCTCATCGTTGAGATC PHYL1PnWB:d�£} e 

Bam-c0680optRmnsT  TGACCTTCTAGCAGGGATCCGAGATGGTCCTAGATTTGTTC PHYL1PnWB:d�£} e 

aA�C�G:Όя��[�£    
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4.2.4 ALSV �ds£:ʉ́B:Ȫ͎  

� ALSVg��:͝¤Ĉͦ��O>Ł͝¹ĈͦV̤̊'R-I:Ye��dx�\�V 3.2.6Ҋ

5ńʐ:Ȍʺ4ˏł%��u�}Y������Yns£8Ye�[ �Z�z�£l� ʺ

8O03Ȫ͎%-�7��\[�nȂɻě̇V§ɓ$)R-I�tomato bushy stunt virus:

RNAj[� l ej��vj£4�R P19ҡSilhavy et al., 2002ҢV�ø̤̊$)-�P19

̤̊̑h nz�dzK+SVǣЏИȰ%-Ye��dx�\�;�жı8Ǣ̺͔ƥ4ÔĆ%

-J:V̑�-ҡSenshu et al., 2009Ң�Łh nz�dz:ˏłʧ;Å¨:5�Q4�R� 

 RNA1 RNA2  

ϴҚĢ 1 

pCAM-ALSV1 

ALSV-emptyҡȦôоÊƖ7%Ң 

P19 ϴҚĢ 2 ALSV-PHYL1OY 

ϴҚĢ 3 ALSV-PHYL1PnWB 

ˏłʧ 10 10 1 

 

Ȫ͎8;�ȶ͎Ǫ 3ЯѤ:�u�}Y�2ЯѤ:�����4ЯѤ:Yns£V̑�-�Ȫ͎Ǫ

:ʉ́; 25˚C�ɔɨ 16əѤ�ɞɨ 8əѤ:ɰÇ4̏Ξ$)3�ǣȃVϦƮ%-� 
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4.2.5 ALSV Ȫ͎�����P:\[�nʊĆ  

� ����:̄͠β¢ή̄β8� R ALSV Ȃɻ:ɥ˳V̿Ϸ'R-I�\[�nȪ͎Ǫ͵ 8

ЯѤ:ʉ́: RNA VȗĆ%�RT-PCR Vϒ0-�3.2.2 Ҋ:Ɍʺ8˚&3 RNA ȗĆ�cDNA

łȇVϒ0-:/�ALSV:͝¹Ĉͦg��V̧̝̂8Žǐ'RO�ϯϬ%-��[�£2600F

ҡ5'-AGTGCTTCCACTCGTTTTAC-3'Ң�3000Rҡ5'-GTAGCATGACCACTCATGAT-3'ҢV̑

�- PCRVϒ��\[�nVʊĆ%-�7��ɬ��[�£pvz;g��: MCSVŇH

ҍűVŽǐ'RO�8ϯϬ$S3�Q�Žǐ̐́:j[o�PƂɱоÊƖ�ßȡ$S3�R�

ČčľΡ4�R�PCR; KOD FxҡTOYOBOҢV̑�3ϒ��ķǶ:;ȇ;Å¨:ЫQ4�R�

Žǐ̐́; 2%ҡw/vҢYa�£ng�V̑�3ѽʩʿĝ%�EtBr4ɻα%-:/ UVV˷Ʋ%

3�j[oV̿Ϸ%-� 

 ;ȇ ҡ×1)  ķǶəѤ 

 2x KOD FX bufferҡTOYOBOҢ  5 µl  96˚C 00:30  

 2 mM dNTPs  2 µl  96˚C 00:15 

30 cycles  Primer Fҡ5 µM) 0.6 µl  55˚C 00:30 

 Primer Rҡ5 µM) 0.6 µl  68˚C 01:00 

 KOD FX 0.1 µl  68˚C 07:00� �   

 Templete DNA 0.3 µl  4˚C ∞� �   

+ DW 1.4 µl   

 Total 10 µl     
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4.2.6 ALSV Ȃɻ�u�}Y:оÊƖ̤̊Ϩɵ  

� ALSV-PHYL1OYȪ͎�u�}Y8� RMTFоÊƖ:̤̊ёƁĝVϨɵ'R-I�βζҡ͵

5 mmҮ1 cmҢ�P RNAVȗĆ%�Ƣё RT-PCR8Ø%-�PHYL1 OY�̤̊%3�Rβζ:

G�P RNA VȗĆ'R-I�ǣȃ:Ɓ̝%-β�ϦƮ$S3ÅѨ8ǣȇ$S-βζ�P RNA

VȗĆ%-�9âÑ�P̅͘%3 RNAVȗĆ%�1âÑ81�͵ 10â:βζVƣҚ8̑�-�

F-�ưЄ5%3 ALSV-emptyȂɻʉ́�PJńəɨ8 RNAVȗĆ%-� 

� βζ�P: RNAȗĆ�PƢё RT-PCRF4;�3.2.2Ҋ:ϮЛ8˚&3ϒ0-�ŁоÊƖ:

Ƣё PCR 8̑�-��[�£;ϔ 4-4 8Ϯ'�F-оÊƖ̤̊ё:ʑ˚Ġ;�ɏŶ:ϾɆ

ҡRijpkema et al., 2006b; Himeno et al., 2011Ң8ǫ���\nb£� eоÊƖ4�R�e�

p�Y�y�{ 3� эΤʪͺыͺҡglyceraldehyde-3-phosphate dehydrogenase; GAPDHҢ

:̤̊ё5ʧК'R"54ϒ0-�  
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ű 4−4� xd�kPƌ�Ô?Øƒ RT-PCR>ķ#5u�Q{� 

 

��[�£Ņ  ŻųшĊҡ5'→3') ʑ̧оÊƖ ĲΗɆ̆ 

PFG-F  CCTTCTTTCAAAGAAGGTGAAGGA PFG Himeno et al.,ҡ2011) 
PFG-R  ATTCTGCTGCTCCCATTGAGTT PFG Himeno et al.,ҡ2011) 

FBP29_rtF  GAGAGAGCGCTGCAAGAACA FBP29 ɬ̺͔ 
FBP29_rtR  TCGTTTTGGCTGGAGATGG FBP29 ɬ̺͔ 
PhAP2A-F  CGGCTCATCAAATTATCAGATTCA  AP2A Himeno et al.,ҡ2011) 
PhAP2A-R  AGGAGGTAAATTGGATTGCCATT  AP2A Himeno et al.,ҡ2011) 
PhGLO1-F   AATGAGGTTCTGAGGATGATGAGG  GLO1 Rijpkema et al.,�2006b) 
PhGLO1-R   CTTCGCCAATTTCTCCCATATTCC  GLO1 Rijpkema et al.,�2006b) 

PhDEF-F   AGAAGAAGGTCAGGAATGTGGAAG  DEF Rijpkema et al.,�2006b) 
PhDEF-R   GTTGAAGGCGTAAGGCTAATATGC  DEF Rijpkema et al.,�2006b) 

PMADS3-rt2F  AAACACGACAAATCGGCAAG PMADS3 ɬ̺͔ 
PMADS3-rt2R  CTTCAGCATCACAGAGCACAGA PMADS3 ɬ̺͔ 

FBP6-F  ACCATGCCGATTCCACAAGTA  FBP6 Himeno et al.,ҡ2011) 
FBP6-R  CCTCTCCAACAATTTGCCTGTTA  FBP6 Himeno et al.,ҡ2011) 
FBP2-F  GTGGCAGCAAAATGCACAAG  FBP2 Himeno et al.,ҡ2011) 
FBP2-R  TTGGCCCTGCTCCTCCTAC  FBP2 Himeno et al.,ҡ2011) 
FBP5-F  TATGATCCAGCTACTTCAAGCCAA  FBP5 Himeno et al.,ҡ2011) 
FBP5-F  TTATGGTACATTCACAGCATCCAAC  FBP5 Himeno et al.,ҡ2011) 

FBP13_rtF  ATGGTCCTACAGTTGAGGATGATTG FBP13 ɬ̺͔ 
FBP13_rtR  GCTTCCCCATTTGAGTTTGCT FBP13 ɬ̺͔ 

PhUNS_rtF  TCAGGGCGCGAAAGATG  UNS ɬ̺͔ 
PhUNS_rtR  TTGATGCTTGTCTCTGTTGAAGG UNS ɬ̺͔ 
FBP25_rtF  GACAACTTAACAGCAGGGCAAG FBP25 ɬ̺͔ 
FBP25_rtR  TATCAGCATCACAAAGAGTGGAGAG FBP25 ɬ̺͔ 

PhGAPDH-F   ACCACTGTCCACTCACTTACTG  GAPDH Rijpkema et al.,�2006b) 
PhGAPDH-R   TGCTGCTAGGAATGATGTTGAATG  GAPDH Rijpkema et al.,�2006b) 
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4.2.7 Yeast two hybrid assayҡY2HҢ  

Y2H;�3.2.5Ҋ8˚&3ϒ0-�ƣҚ8̑�- AD�ds£�BD�ds£:;GłU);Å

¨:5�Q4�R� 

 

 AD BD 

ϴҚĢ 1 
PFG 

BDҡȦôоÊƖ7%Ң 

ϴҚĢ 2 PHYL1OY 

ϴҚĢ 3 
FBP2 

BD 

ϴҚĢ 4 PHYL1OY 

ϴҚĢ 5 
CDM111 

BD 

ϴҚĢ 6 PHYL1OY 

ϴҚĢ 7 
CDM44 

BD 

ϴҚĢ 8 PHYL1OY 

ϴҚĢ 9 
LMADS6 

BD 

ϴҚĢ 10 PHYL1OY 

ϴҚĢ 11 
LMADS3 

BD 

ϴҚĢ 12 PHYL1OY 
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4.2.8 YFP ϐł MTF :ĈϨϸƴ˃ǺϴҚ  

� N. benthamiana8� R YFPϐłs �dЏ:̤̊;�Ye�[ �Z�z�£l� ʺ

8OQϒ0-�ŁϴҚĢ8� RYe��dx�\�:ˏłʧ;ɬҊ:ɣǪ8ϮЛ'R�ĈϨ

ϸƴ˃Ǻ:ϳÚ; 3.2.6 Ҋ8˚&�ø˴˱Ғǯў8ORϦƮVϒ��¤Ƣ҅͐ü:ʁ8� R

YFP le|�VƢё'R"54ϒ0-�7���axZ�h z�£�5%3�ē͙ńʐ8҄

MTF4�R bZIP63V̑�3ńʐ:ϴҚVϒ0-� 

ϴҚĢ 1 
PFG-YFP 

GUS 

ϴҚĢ 2 PHYL1OY 

ϴҚĢ 3 
FBP2-YFP 

GUS 

ϴҚĢ 4 PHYL1OY 

ϴҚĢ 5 
CDM111-YFP 

GUS 

ϴҚĢ 6 PHYL1OY 

ϴҚĢ 7 
CDM44-YFP 

GUS 

ϴҚĢ 8 PHYL1OY 

ϴҚĢ 9 
LMADS6-YFP 

GUS 

ϴҚĢ 10 PHYL1OY 

ϴҚĢ 11 
LMADS3-YFP 

GUS 

ϴҚĢ 12 PHYL1OY 

ϴҚĢ 13 
bZIP63-YFP 

GUS 

ϴҚĢ 14 PHYL1OY 

ˏłʧ 1 10 
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4.3 ɷ  

4.3.1 ALSV-PHYL1OY�ALSV-PHYL1PnWBȪ͎�u�}Y:βŝơ:ǣȃ  

� ē͙4ϮЛ%-ЫQ�phyllogen;l�[~|o|: Ad�n�Ed�n:MTF:ĈϨVϸ

ƴ'R"54�βŝơ:ǣȃ̝ǏVǞ�В"'5Η�PS-�+"4ɬ͙4;�phyllogen�β

�ғ8ư%3Jńʐ8ʕΡ'R�Vʊϲ%-�F(�PHYL1OY�PHYL1PnWBV�ALSV�ds

£V̑�3�u�}Y4̤̊$)�ϔ̊Ů:ϦƮVϴG-��u�}YVƒI8̑�-:;�

�u�}Y�l�[~|o|ńʐ8 ABCE d�n:оÊƖ:̺͔8� R�y�ʉ́4�Q

ҡGerats and Vandenbussche 2005; Rijpkema et al., 2006aҢ��X[z��o�:Ȃɻ8O

03�υĠ76:ǣȃ̝Ǐ�ϸƴ$SRҡHimeno et al., 2011Ң-I4�R� 

� ALSV-emptyVȪ͎%-�u�}Y4;�βŝơ8ǣȃ:ƁĠ;̏&3�7�0-ҡŤ 4-4Ң�

+:¤Ɍ4�ALSV-PHYL1OYȪ͎�u�}Y4;�¤х��R�;õ3:βŝơ8ǣȃ:̝Ǐ

�̏&-ҡŤ 4-4Ң�¬ʉ́Ñ:βVϨĔ%�ŝơ#58ʧК%-ɷVŤ 4-5 8Ϯ'�

ALSV-PHYL1OYȪ͎�u�}Y:β4;�σ;J05J̝Ǐ�̏&K'��υ8ғÍ%-ǣȃ

8ƁĠ%ΝƄ%3�-�βǜ;®Σï͚х:çх�P·Ɓ%�ƵŮĠ%-�F-�·Ɓ%-ͣ

Ȋ8;z�[h£��ǣȇ$S3�-�Ѷω;Łβŝơ:7�4ɣJƁ̝�̏&8��0-��

¤х:β8��3βͬ�ǣȇ$S(�©̢͍̄�̏&3�R5ǸUS-�F-�+SP:Ѷω

:ï͚х8;·α:ʏЭ́�ʏȇ$S-�Ѹω4;ɼҎ76�ʙǏ8ǣȇ$S(�ÄUQ8ϔ

҅8z�[h£��ǣȇ$S-υ8ғÍ%-ʏЭ́8Ɓ̝%3�-�F-":ʏЭ́8;ɋ-

7βζ�ǣȇ$S�1EG8ĈĠ%-�Å§�P�PHYL1OY;��u�}Y8Jβŝơ:ǣȃ

̝ǏVϸƴ'R5Η�PS-�ALSV-PHYL1PnWB Ȫ͎ʉ́8��3J�ALSV-PHYL1OY Ȫ͎

ʉ́5ьÍ%-ǣȃ̝Ǐ�ϦƮ$S-ҡŤ 4-4Ң�%-�03 PHYL1PnWBJ PHYL1OY5ńʐ

8�u�}Y8ǣȃ̝ǏVϸƴľΡ4�R5Η�PS-�  
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C 4-4 ALSV�ÙǏƽǗǄƫƗžƃƦý?V 

ALSV-empty�ÙǏƽǗǄƫƗžŻƒƙŷŻƊƧƘý?VƗơjuƘÇcƙĕƠƤƧƖſƐƎŸ��

ƓŷALSV-PHYL1
OY
ŷALSV-PHYL1

PnWB
Ʃ�ÙƇƎǏƽǗǄƫƓƙŷ
ŻƗļ�ƇƎý?VjuƘÇ

cƀĎZƆƧƎŸŻƊƧƘ ALSV ơŷ�Ùl 3ĤĮƘǏƽǗǄƫƗ�ÙƇƎŸ 

 

 

C 4-5 ALSV-emptyŷALSV-PHYL1
OY
�ÙǏƽǗǄƫƘ9ý?Vju 

ALSV-empty�ÙǏƽǗǄƫƗªƜƒŷALSV-PHYL1
OY
�ÙǏƽǗǄƫƓƙŷĀƀõQ0Ƈjuƀ

ĂƗļ�ƇƒŻƦƘƀĎZƆƧƎŸƞƎŷýgƀ]G0Ƈŷ�ÜħſƤîOƇƒŻƎŸ�ħƘĳąƓ

ƙýáƀjwƆƧƊŷ�ÜħƗîüƘ¢Ģ¾ƀjwƆƧƎǢC8�ǣŸĴąƓƙŷ�ĺƘ�ƨƥƗĂ

Ƣ�ƎƖýþǢÒĺǣƢĂƀjwƆƧƎŸC�Ƙ barƙŷŻƊƧơ 1 cm ƩÖƉŸ  
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4.3.2 PHYL1OY̤̊�u�}Y8� RоÊƖ̤̊ёϨɵ  

� ē͙8ϮЛ%-5�Q�PHYL1OYVǣЏИȰ%-l�[~|o|4;�ʑ̧ MTF :ĈϨϸ

ƴ8Ë�ѥЮ'R MTF оÊƖ:̤̊ё�Ɓĝ'R"5�́$S3�R�PHYL1OY��u�}

Y8Jǣȃ̝ǏVϸƴ%--I�PHYL1OYǣЏИȰ�u�}Y8� R MTF оÊƖ:̤̊ё

:ƁĝVϨɵ%-�'7U/�ALSV-PHYL1OYȪ͎�u�}Y:1EG�PȗĆ%- RNA V

̑�3�ABCE d�n8ƻ'RоÊƖ��O> flowering time gene :̤̊ёVϨɵ%�

ALSV-emptyȪ͎ʉ́:1EG8� R̤̊ёVʧК%-ҡŤ 4-6Ң�Å¨8�+:ɷVŁd

�n:оÊƖ#58ϮЛ'R� 

� Ad�n:оÊƖ5%3�MTFоÊƖ: PETUNIA FLOWERING GENEҡPFG; Immink et 

al., 1999Ң�FLORAL-BINDING PROTEIN 29ҡFBP29; Immink et al., 2003Ң��O>҄

MTFоÊƖ4�R AP2AҡMaes et al., 2001Ң:̤̊ёVϨɵ%-�7���(S:оÊƖJ

϶ͼ7ʕΡϨɵ;$S3�P(�Â͎ʉ́:оÊƖ5:̰ńǺVJ58 A d�nоÊƖ5ғȫ

$S3�R:G4�R�Ƣё RT-PCR :ɷ�3оÊƖ:̤̊ё5J�ALSV-emptyȪ͎ʉ́

5 ALSV-PHYL1OY Ȫ͎ʉ́8� Rɥȁ7ǉ;ϷIPS7�0-�ǫ03��u�}Y: A

d�nоÊƖ:̤̊8�PHYL1OY;Ǧ҇%7�"5�́ŗ$S-� 

� Bd�n:оÊƖ5%3�MTFоÊƖ: DEFICIENSҡDEF; van der Krol et al., 1993Ң�

GLOBOSA 1ҡGLO1; Vandenbussche et al., 2004Ң:̤̊ёVϨɵ%-�Ƣё RT-PCR:

ɷ�2оÊƖ5J ALSV-PHYL1OYȪ͎ʉ́8��3�ALSV-emptyȪ͎ʉ́8ʧC3̤̊ё�

˓ƶ%3�QϬ̧8ɥȁ7ǉ�ϷIPS-�ǫ03��u�}Y: B d�nоÊƖ:̤̊ё

;�PHYL1OYƙū¨4˓ƶ'R5Η�PS-� 

� Cd�n:MTFоÊƖ4�R Petunia MADS 3ҡPMADS3; Tsuchimoto et al., 1993Ң�FBP6

ҡKater et al., 1998Ң81�3Ϩɵ%-5"T�FBP6:̤̊ё; ALSV-PHYL1OYȪ͎ʉ́8
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��3ɥȁ8˓ƶ%3�Q�PHYL1OYƙū¨4̤̊�Ȑď$SR"5�́ŗ$S-�pMADS3

8��3J�Ϭƚ̧8ɥȁ7ǉ;ϷIPS7�0-J::ҡPåҭ0.057Ң�ALSV-PHYL1OY

Ȫ͎ʉ́8��3̤̊ё;˓ƶêņ8�0-�Å§:"5�P��u�}Y: C d�nоÊƖ

:̤̊ё;�PHYL1OYƙū¨4˓ƶ%3�RľΡǺ�́ŗ$S-� 

� Ed�n:оÊƖ4�R FBP2ҡImmink et al., 2002Ң�FBP5ҡFerrario et al., 2003Ң:̤

̊ё;��(SJ ALSV-PHYL1OYȪ͎ʉ́8��3ɥȁ8˓ƶ%3�-�ǫ03�Bd�nо

ÊƖ5ńʐ8 Ed�nоÊƖ:̤̊ёJ�PHYL1OY8O03Ȑď$SR5Η�PS-� 

� �u�}Y: flowering time gene5%3ʕΡ'RUNSHAVENҡUNS; Ferrario et al., 2004Ң�

�O>l�[~|o|: flowering time gene4�R AGL24:���e4�R FBP13�FBP25 

ҡImmink et al., 2003Ң:̤̊ё81�3;�ALSV-emptyȪ͎ʉ́5 ALSV-PHYL1OYȪ͎

ʉ́:Ѥ4ɥȁ7ǉ;ϷIPS7�0-�ǫ03��u�}Y: flowering time gene:̤̊8�

PHYL1OY;Ǧ҇%7�"5�́ŗ$S-� 
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C ňłŊŁŎŗŝŠłŨŭŰųŵŷALSV%PHYL1

OY
�ÙǏƽǗǄƫƘ ŎŏŐő ƱǙƸĦ�TƘËÁĬƘªĜ 

ŎŗŝŠłŨŭŰųŵ �ÙǏƽǗǄƫŷALSV%PHYL1
OY
�ÙǏƽǗǄƫ ŜřŎ Ʃ~&ƇŷWĬ ŜŞłśŐŜ ƗƣƐƒ9

Ħ�TƘËÁĬƩªĜƇƎŸƭƬǛƸƅƔƗ Ō ��ſƤ ŜřŎ Ʃ~&Ƈŷ��ƅƔƘĦ�TËÁĬƩ

���	�ËÁĬƩơƔƗÏ[0ƇƎƘƏŷeF�Ɣ¤¶�bƩ¬ƠƎŸCƓƙŷŎŗŝŠłŨŭŰųŵ ƗžƃƦ

9Ħ�TƘËÁĬƩ Ņ ƔƇƒÖƇƒŻƦŸŦťű ƙ¤¶�bƩÖƉŸǤƙ9Ĕľ1ĮƓìĐÍƗ�sƖ

bƀ�ƐƎƄƔƩÖƇƒŻƦţŰōńŃńŉǥƸƽǗǡǀǟǁƘ Ş ¡WǢ��¡WǣŤŸ 
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4.3.3 ALSV-PHYL1OY�ALSV-PHYL1PnWBȪ͎�����Yns£:βŝơ:ǣȃ  

� PHYL1OY�PHYL1PnWB��u�}Y8βǣȃ:̝ǏVϸƴ%-"5�P�K;Q�X[z�

�o�Ȃɻə8βŝơ:ǣȃ̝Ǐ�̏&RҡGuzmán et al., 2014Ң����ҡbd͈Ң8�

ALSV-empty �ALSV-PHYL1OY�ALSV-PHYL1PnWBVȪ͎%ϔ̊ŮVϦƮ%-ҡŤ 4-7Ң�

ALSV-empty VȪ͎%-����8��3;�βŝơ8ǣȃƁĠ;ϷIPS7�0-�F-�

ALSV-PHYL1OYVȪ͎%-����4Jǣȃ̝Ǐ;ϸƴ$S7�0-��ή̄β:ƵŮĠ�Ϸ

IPS-�¤Ɍ4�ALSV-PHYL1PnWBȪ͎����8��3;̝Ǐ7βŝơ:ǣȇ�ϷIPS

-�����8;̄͠β5ή̄β:¹͎ғ:β�ǣȇ$SR��ALSV-PHYL1 PnWBȪ͎ʉ́4

;�(S:β8Jǣȃ̝Ǐ�̏&-ҡŤ 4-8Ң�'7U/�͠ ̄β8��3;�σ:υĠKÌѠ�

σ:Ƃç8Îΐ'Rğυ:·Ɓ�ϷIPS-�¤х:β8��3;ɠ8˧%�ǣȃ̝Ǐ�̏&�

βǜKѸωJυ:O�7ʏЭ8ƁĠ%3�R:�ϦƮ$S-�7��Ѷω:ʏЭƁĠ:ɥ˳;

ɪʊϲ4�R�ή̄β;̄͠β8�PC3ǣȃ̝Ǐ�̏&8��0-��¤х:βǜ�ƵŮĠ

%�U(�8·Ɓ%3�R:�ϦƮ$S-�Å§:"5�P�PHYL1 PnWB;����8βŝơ

:ǣȃ̝ǏVϸƴ'R"5�́$S-�  
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C 4-7 ALSV�ÙǉǒǞǚƗžƃƦý?V 

ALSV-empty�ÙǉǒǞǚŷALSV-PHYL1OY�ÙǉǒǞǚƗžŻƒƙŷý?VƘ]G0ƙĎZƆ

ƧƎƀŷjuƘÇcƙĕƠƤƧƖſƐƎŸ��ƓŷALSV-PHYL1PnWBƩ�ÙƇƎǉǒǞǚƓƙŷ

ý?VjuƘÇcƀĎZƆƧƎŸŻƊƧƘ ALSV ơŷ�Ùl 3ĤĮƘǉǒǞǚƗ�ÙƇƎŸ 

 

 

C 4-8 ALSV-emptyŷALSV-PHYL1PnWB�ÙǉǒǞǚƘ9ý?Vju 

ALSV-empty�ÙǉǒǞǚƓƙŷÞÀýŷûÀý!Ɨý?VƗÇcƙĎZƆƧƖſƐƎŸ

ALSV-PHYL1PnWB�ÙǉǒǞǚƘÞÀýƓƙŷĀƢ/ĂƘîOǠ�ĭƀĎZƆƧŷ�ħƘýǢÞÀý

2ǣƓƙýgŷĴąơîOƇƎŸƞƎŷûÀýƘýgƘ]G0ƢîOơĕƠƤƧƎŸC�Ƙ barƙŷŻ

ƊƧơ 1 cm ƩÖƉŸ 
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� ALSV-PHYL1OYȪ͎����5 ALSV-PHYL1PnWBȪ͎����5:Ѥ4ϢPS-ǉ̝�Ò

8Вš'R:�VϽCR-I�Ł����:̄͠β��O>ή̄β�P RNAVȗĆ%�ALSV

:ȂɻV RT-PCR8OQʊϲ%-�+:ɷ�ALSV-PHYL1OYȪ͎����:ή̄β�̄͠β

8��3; ALSV ̓ɱ5ǸUSRŽǐ̐́�̿Ϸ$S-J::�¶ǿj[oOQƵ$�J:�

D5W64�Q�PHYL1OYоÊƖ� ALSVȂɻ:ж͌4\[�ng��OQȒ τ/3�R5

Η�PS-ҡŤ 4-9Ң�¤Ɍ4�ALSV-PHYL1PnWBȪ͎����:ή̄β�̄͠β8��3;�

PHYL1PnWB VŇHшĊѠ8̰Ǣ'Rj[o:Žǐ̐́�ɔ̶8̿Ϸ$S-�Å§:"5�P�

����8��3;�PHYL1OY ;ÒP�:̌̓4 ALSV g���PΤτ%K'��

ALSV-PHYL1OYȪ͎����4;βŝơ:ǣȃ̝Ǐ�ϸƴ$S7�ľΡǺ�Η�PS-� 

 

 

 

 

 

 

 

 

C 4-9 ALSV-PHYL1OYŷALSV-PHYL1PnWB�ÙǉǒǞǚſƤƘ ALSV¿ÇÍ RT-PCR 

A. ¿ÇÍǍǙƬǒǡƘĒĐħ�ŸPHYL1ƀ��ƆƧƒŻƦL:ŷæ 800 bpƘ�½ƀNdƆƧƦ 

B.Ł RT-PCRƘë�ŸALSV-PHYL1OY�Ù ¾ƓƙŷûÀýǠÞÀý!Ɨ�rƣƥÓŻĭƆƘ�½ƀ�ƗNd

ƆƧŷPHYL1OYƙQħ'ƘƭƬǛƸƘƳǆǔſƤ|ƃāƏƒŻƦƔôŽƤƧƎŸ��Ɠ ALSV-PHYL1PnWB�Ù

 ¾Ɠƙŷ|ƃāƏƗÅ�ƉƦƔpƨƧƦ�½ƘNdơĕƠƤƧƦƀŷûÀýǠÞÀý!Ɨ�rġƥƘĭƆƘ�

½ƀNdƆƧŷPHYL1PnWBƙ PHYL1OYƣƥƭƬǛƸƘƳǆǔƗ��ƆƧƦƄƔƀÖ>ƆƧƎŸ 
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� ʗ�4�ń&��X[z��o�Ȃɻə8βŝơ:ǣȃ̝Ǐ�̏&Rbd͈ʉ́4�R

ҡSinha and Paliwal 1969Ң�Yns£8��3ńʐ:ƣҚVϒ0-�����8��3 ALSV

�ds£�P: PHYL1OY:Ȓ τ/�̏&K'�ľΡǺ�́ŗ$S-"5�P�ALSV-empty�

ALSV-PHYL1PnWB :GVȪ͎%-�+:ɷ�����5ńʐ8�ALSV-PHYL1PnWB Ȫ͎ə

:Gβŝơ:ǣȃ̝Ǐ�ϸƴ$S-ҡŤ 4-10Ң�'7U/�̄͠β8��3�σ�βǜ�Ѹω

:·Ɓ�ϦƮ$S-�F-ή̄β8��3;�σ:υĠ�βǜ:·ƁKƋǣ�Ѹω:·Ɓ�Ϧ

Ʈ$S-�ǫ03�PHYL1 PnWB ;Yns£8Jβŝơ:ǣȃ̝ǏVϸƴ'R"5�́$S-�

Å§OQ�PHYL1 PnWB;bd͈ʉ́8ư%3�βŝơ:ǣȃ̝ǏVϸƴľΡ5Η�PS-� 

 

C 4-10 ALSV�ÙƫƸƻǡƗžƃƦý?V 

A-C. ALSV-empty�ÙƫƸƻǡƘý?VŸûÀýǢBǣŷÞÀýǢCǣƔơƗŷÇcƙĕƠƤƧƖſƐƎŸ

D-G. ALSV-PHYL1PnWB�ÙƫƸƻǡƘý?VŸûÀýƗžŻƒƙýgƘîOƢSjƀĕƠƤƧƦ

ǢEǣƝſŷĀŷĴąƘîOƀĎZƆƧƎǢFǣŸÞÀýƗžŻƒơŷĀŷýgŷĴąƀîOƇƒŻƎǢGǣŸ

CƘ barƙ 1 cm ƩÖƉŸ 
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4.3.4 PHYL1OY5ʐ�7β�ғ: MTF 5:łΡ  

� ēЦ:ЫQ�ƶ7�5J PHYL1OY;�u�}Y8ư%3�PHYL1PnWB;�u�}Y5 2 ͎

:bd͈ʉ́ҡ�����Yns£Ң8ư%3�ǣȃ̝ǏVϸƴ'R˃ǺVɥ'R"5�́$

S-�+"4�"SP:βŝơ:ǣȃ̝Ǐ��l�[~|o|ńʐ8MTF:ʕΡѧƦ8O03

̏&3�R:�Vʊϲ'R-I�PHYL1OY��u�}Y��O>Äϔ̧7bd͈ʉ́4�Rb

d: Ad�n�Ed�n: MTF8ł'R�V�Y2H8O03ϴҚ%-�ę�3�OQǔͧ

7ʉ́8ư%3ǣȃ̝ǏVϸƴľΡ�ΗƮ'R-I�ĩƖυʉ́4�Rxv�\��ҡ��͈Ң

: MTF 8ư'RłǺJϴҚ%-�7��PHYL1OY:GV̑�-̌̓;�ē͙4 PHYL1OY

5 PHYL1PnWB :ʕΡ�ғÍ%3�R"5�́ŗ$S3�Q��1 PHYL1OY :ĩѺ˙4�R

OY-Wͳ�ƻ'R Ca. P. asteris͎���u�}Y�bd���:õ38Ȃɻ'R-I4�R

ҡKamińska and Dziekanowska 2002; Raj et al., 2007; Himeno et al., 2011Ң� 

� GAL4 AD {�[ VÃę%-Ł MTF V BD-PHYL1OY5ø̤̊$)-ыʤ4;�GAL4:

ʕΡ�ŠǮ%�ыʤ:нȓŲŬ4:̏Ξ�ϷIPS-ҡŤ 4-11Ң�¤Ɍ4�BD {�[ :G

5ø̤̊$)-ŷł8;�ыʤ:нȓŲŬ8� ȐΞ�Ғφ8Ȑď$S-�AD {�[ 5

BD-PHYL1OY:ø̤̊ə8JнȓŲŬ8� Rыʤ:̏Ξ�Ȑď$SR"5;�ē͙4ɏ8́

%3�RҡŤ 3-14Ң�Å§:"5OQ�PHYL1OY;�̑�-MTF5ыʤͼΠü4̰ºÔ̑'

R5Η�PS-� 
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C 4-11 £ŹƖýƁļƘ MTF Ɣ PHYL1

OY
Ƙ Yeast two hybrid 

pGADT7ǎƱƻǡƗƱǝǡǄǟƲƇ AD Ʃ�.ƇƎ MTF ƔŷpGBKT7ǎƱƻǡƗƱǝǡǄǟƲƇ BD Ʃ

�.ƇƎ PHYL1
OY
Ʃĩ©èø#Ɠ!ËÁƆƋƒŷÏ
�ÄƘ�»Ʃ¡ēƇƎŸjĘě�ƇƎĩ©ƙ

4ÙļƘIEƓÂöƆƋƎŸ9IEƘė�ƙC 3-14ƗđĝƇƎŸ 

9ƴǟƸǁǙƱǁƩjĘě�ƇƎĩ©ƙ�f-LWIEƓÂöƆƋƎƘƏŷOD=0.1ƗƖƦƣżƗ·ÿ«

�Ɨv¹Ƈŷ10 µlƘÿ²ƩIEƗ¸�ƇƎŸIEƙ 30˚CƓ 4�ĮIĽƇŷĩ©ƘÂöƩÕſƠƎŸ 
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4.3.5 PHYL1OY:ʐ�7β�ғ: MTF 8ư'RĈϨϸƴ˃ǺϴҚ  

� Y2H 8O03�PHYL1OY�ʐ�7β�ғ: MTF 5̰ºÔ̑'R"5�́$S-"5�P�

ʉ́ͼΠü4 PHYL1OY�MTF:ĈϨϸƴ˃ǺV́'�Vʊϲ%-�Ye�[ �Z�z�£

l� ʺ8O03 YFP ϐł MTF 5 GUS V N. benthamiana υ4ø̤̊$)-5"T�

YFP-SEP3ҡē͙8ϮЛҢĴ> bZIP63-YFP5ńʐ8�YFPϏð:ʁB:Ƹū�ϷIPS-ҡŤ

4-12Ң�¤Ɍ4�PHYL1OY5ø̤̊$)-ŷł8;�YFPϏð:φ%�˓ϕ�ϦƮ$S-�̖

ìϨɵr�z ImageJV̑�3¤Ƣ҅͐ü:Ϗðle|�ɄVƢё%-ɷ�PHYL1OYø̤̊

ə:Ϗðle|�Ʉ; GUSø̤̊ə5ʧC3ɥȁ8˓ƶ%3�-��axZ�h z�£�5

%3̑�- bZIP63-YFP̓ɱ:Ϗðle|�Ʉ;�GUSø̤̊ə5 PHYL1OYø̤̊ə5:Ѥ

4Ɓĝ%7�0-�Å§OQ�Ł MTF :χ͐ё� PHYL1OYø̤̊ə8˓ƶ%3�R"5�́

$S�PHYL1OY�ŁMTF:ĈϨVϸƴ'R"5�ǡ�́ŗ$S-� 
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C ňłŅņŁśŔŢŗŅ

ŚŢ
ƗƣƦ£ŹƖýƁļƘ ŘŞŒ Ƙ'ďĖ\±q 

Ő �Ɨ ŢŒś Ʃ�.ƇƎ9 ŘŞŒ Ʃŷ�������
��
�
ĂƗžŻƒ œşŝŷśŔŢŗŅ
ŚŢ
Ɣ!ËÁƆƋƎlŷŇŊ

�ĮlƗ ŢŒśĆ�ƩĎZƇƎŸĆ�%Ð�Ƙ Ŧťű ƙ ŅńńŁŶŭ ƩÖƉŸƞƎŷņŃňŭŭ
ņ
ƘĂĶÚ#ƗžŻ

ƒĆ�ƀčƤƧƎ�Ƙ�ƩŷŢŒś ƶƲǃǛƘ�ƩÆ�ď�ƺǋǁ ŕŭťũŨŖ ƓWĬ0ƉƦƄƔƓ´WƇƎŸ

9Ĕľ1Ʃ �������
��
�
Ă ň�ƓËÁƆƋŷƌƘ ƒƓƶƲǃǛ�Ʃ´WƇƒeF�ŷ¤¶�bƩ

à&ƇƎë�ƩƲǙǋƗÖƉŸœşŝ !ËÁ1ƗžƃƦeF�Ʃ Ņ ƔƇƒĉÖƇƒžƥŷŦťű ƙ¤¶�b

ƩÖƉŸǤǤƙ9Ĕľ1ĮƓìĐÍƗ�sƖbƀ�ƐƎƄƔƩÖƇƒŻƦţŰōńŃńŅǥƸƽǗǡǀǟǁƘ Ş

¡WǢ½�¡WǣŤŸĔľ1ƅƔƗŷ^ƖƂƔơ Ň 5nƘXľƩĈŻŷ$ÁqƩÕĕƇƎŸ  
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4.4� ΗƮ  

4.4.1 phyllogen ;ǔͧ7ϗƖʉ́: MTF Vʑ̧5'R�  

� PHYL1OY�PHYL1PnWBV ALSV �ds£8O03̤̊$)-�u�}Yҡ|n͈Ң4;�

βŝơ�υ:O�7ʏЭ́B5ИȰ'Rǣȃ̝Ǐ�ϦƮ$S-ҡŤ 4-4, 5Ң�$P8 PHYL1OY

;��u�}Y: A d�n�E d�n: MTF 5̰ºÔ̑%ҡŤ 4-11Ң�N. benthamiana :

υ4ø̤̊$)-ŷł8¬ MTF :ĈϨVϸƴ'RҡŤ 4-12Ң"5�́$S-�Å§:"5�

P�phyllogen ;�u�}Y: MTF Vʑ̧5%�l�[~|o|5ńʐ8 MTF :ĈϨϸƴV

Á%3�u�}Y:β:ǣȃ̝ǏVϸƴ'R"5�ǡ�́ŗ$S-�7���u�}Y8� 

Rɏ̸:MTF:ʕΡK��X[z��o�Ȃɻə8ϢPSR̢̄5:ѥЮǺ81�3;�Ǫ:

Ҋ4϶ͼ8ΗƮ%-�� 

� �u�}Y8ę�3�PHYL1PnWBV ALSV�ds£8O03̤̊$)-�����Yns£

ҡ5J8bd͈Ң8��3J�K;Qβŝơ8��3�βǜ:·ĠK�σ:ÌѠ76:ǣȃ̝

Ǐ�ϷIPS-ҡŤ 4-7, 8, 10Ң�PHYL1OYV ALSV�ds£8O03̤̊$)-����4

;βŝơ:̝Ǐ�ϷIPS7�0-��ή̄β:βǜ�ƵŮĠ%3�-ҡŤ 4-7Ң�ALSV- 

PHYL1OYȪ͎����4; PHYL1OY:\[�ng���P:Ȓ τ/�̏&3�R"5�́

ŗ$S3�QҡŤ 4-9Ң�ʉ́Ñü8� R PHYL1OY:̤̊ё;Ï�5Η�PSR�ɬ̺͔4

;�PHYL1OY�bd: Ad�n�Ed�n:MTF5̰ºÔ̑%ҡŤ 4-11Ң�¬MTF:ĈϨ

V in planta4ϸƴľΡ4�RҡŤ 4-12Ң"5V́%3�R�ǫ03�PHYL1OYVǣЏИȰ7

64bd͈ʉ́8��3ĤĈё̤̊$)-ŷł8;�PHYL1PnWB5ńʐ8βŝơ:ǣȃ̝ǏV

ϸƴľΡ4�RľΡǺ�қ��ē͙:̺͔VЖF�3Η�R5�phyllogen;�ƶ7�5J 3͈

:ĶƖυʉ́ҡY��|͈�|n͈�bd͈Ң: Ad�n�Ed�n:MTFVʑ̧5%�+:

ĈϨϸƴVÁ%3Łʉ́:βŝơ:ǣȃ̝ǏVϸƴľΡ5Η�PS-� 
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� ɬ̺͔4;ɠ8�PHYL1OY�ĩƖυʉ́4�Rxv�\��ҡ��͈Ң: Ad�n�Ed�

n:MTFVʑ̧5%�N. benthamianaυ8��3ŁMTF:ĈϨVϸƴ'RҡŤ 4-11, 12Ң

"5V́%-���ғ;�X[z��o�Ȃɻə8βŝơ8ǣȃ̝Ǐ�̏&R"5�ŶŌ$S

3�QҡChaturvedi et al., 2010Ң�"SP:̢̄8 phyllogen�ѥª%3�RľΡǺ��R�

F-�PHYL1OY�ĩƖυʉ́5ĶƖυʉ́: MTF V�(SJʑ̧5'R"5;�ϗƖʉ́õ

ί: A d�n�E d�n MTF � phyllogen :ʑ̧57R"5V́ŗ%3�R�ę�3�N. 

benthamiana8��3�PHYL1OY8ORMTF:ĈϨϸƴ8;��xYr£��ѥª'R"5

�́$S3�Rҡē͙Ĳ˷Ң���xYr£�ѥЮšƖ;ϗƖʉ́Ѥ4ßƙ$S3�Q

ҡIngvardsen and Veierskov 2001Ң�phyllogen;Âʉ́4J��xYr£�ͳVĎ̑ĆɱR

ľΡǺ�қ��Å§OQ�phyllogen;ϗƖʉ́8ư%ɛе̧8ʕΡ%�Łʉ́: Ad�n�E

d�nMTF:��xYr£�VÁ%-ĈϨVϸƴľΡ4�RľΡǺ�Η�PS-� 

� phyllogen8ORʐ�7ϗƖʉ́: Ad�n�Ed�nMTF:ĈϨϸƴ��+SP:ʉ́8

��3βŝơ:ǣȃ̝ǏVϸƴ'R�;έŎˎ�˱4�R�͝Ҧ͙8϶Ц%-ЫQ�ABCE �

y�;ϗƖʉ́õί8��O+л̑$SR5Η�PS3�QҡSoltis et al, 2007Ң�Ad�n�

Ed�n8ƻ'RMTF:ʕΡѧƦ8O03βŝơ8Ɓ̝�̏&R"5V́'¸×;ƃɄ:ʉ́

4ŶŌ$S3�RҡYu and Goh et al., 2000; Adam et al., 2007; Acri-Nunes-Miranda and 

Mondragón-Palomino 2014; Kubota and Kanno 2015Ң�×�<�b �\g͈:ĶƖυʉ́

Nigella damascena 4;�E d�nоÊƖ:̤̊Ȑď8O03βŝơ:ÄUQ8ğυ�ǣȇ$

SRҡWang et al., 2015Ң�F-�ĩƖυʉ́:[�4;�E d�n: MTF оÊƖ4�R

OsMADS7�OsMADS8:̤̊VȐď'R"54�υĠ͟:βŝơ:ǣȃ̝Ǐ�̏&RҡCui et 

al., 2010Ң�Å§:"5�P�phyllogen8ORMTF:ĈϨϸƴ8O03�ĩƖυʉ́VŇI

-ǔͧ7ϗƖʉ́8��3βŝơ:ǣȃ̝Ǐ�̏&RľΡǺ;ĤĈ8Η�PSR� 
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4.4.2 phyllogen 8OR MTF :ϷЀʕʏ  

� ēҊ8ЦC-ЫQ�PHYL1OY;ĶƖυʉ́�ĩƖυʉ́VŇHƶ7�5J 4 ҡ͈Y��|͈�

|n͈�bd͈���͈Ң:ʉ́:MTF8ł'R"5�́$S-�":"5�P�phyllogen

;ʐ�7ʉ́: Ad�n�Ed�n:MTF8ßƙ$S-ҍűVϷЀ%3�R5Η�PSR�Ф

ǒ�phyllogen:Ҥ14�R SAP54��AP1K SEP3: K{�[ 8ł'R"5�ŶŌ$S

-ҡMacLean et al., 2014Ң�F-�SEP3 : K {�[ :ɝʏЭϨɵ�ŶŌ$S3�R

ҡPuranik et al., 2014Ң�RümplerP;�Å§:̸Ϣ5 phyllogen: in silico4:ʏЭ¶˖�

P�phyllogen5 SEP3:łʐǝV¶˖%3�RҡRümpler et al., 2015Ң�%�%7�P�

":¶˖$S-łʐǝ:ʊϲ;̊ū:5"TϒUS3�7��ʐ�7Ad�n�Ed�nMTF

: K {�[ шĊVʧК'R"54 phyllogen �ϷЀ'R�u£�VńƢ%�ɬłʐǝ�ʊ

ϲ4�RľΡǺ��R.T�� 
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4.4.3 phyllogen ̤̊�u�}Y:ϔ̊Ů8;�E d�n MTF ʕΡȐď�Ƅ��ѥR  

� �u�}Y; ABCEd�nMTF̺͔8� R�y�ʉ́4�Q�ŁMTFоÊƖ:Ɓ̝Ñ8

ѥ'R̺͔�ƃɄŶŌ$S3�RҡRijpkema et al., 2006a; Ť 4-13�16Ң�×�<�Bd�n

MTF:ʕΡVȐď%-Ɓ̝Ñ4;�βǜ:®Σ:·ƁK�Ѷω:ѸωB:ИȰ76�ϦƮ$S

RҡVandenbussche et al., 2004; Ť 4-14Ң�Cd�nMTF:ʕΡVȐď%-Ɓ̝Ñ4;Ѷω

:βǜB:ИȰ�̏&�“öяŒ�”:β�ǣȇ$SRҡHeijmans et al., 2012a; Ť 4-15Ң� 

� ɬ̺͔4 phyllogenV̤̊$)-�u�}Y:ϔ̊Ů;�ʐ�7�u�}YƁ̝Ñ:4�E

d�nоÊƖ:Ɓ̝Ñ:ǣЏ8̂8ғÍ%3�-��u�}Y: E d�n MTF оÊƖ4�R

FBP2�O> FBP5VʖƉ%-Ɓ̝Ñ8��3;�βǜ:·Ɓ�Ѷωï͚х:σ8ғÍ%-ʏЭ

B:ИȰ�Ѹω:υ8ғÍ%-ʏЭB:ИȰ76�ϦƮ$SRҡVandenbussche et al., 2003; Ť

4-16Ң�Ed�nоÊƖ:̤̊VȐď%-ŷł8JғÍ%-ǣȃ̝Ǐ�ϦƮ$SRD��Ѹω�

Pɋ-7βζ�ǣȇ$SRҡAngenent et al., 1994Ң�βǜ:·Ɓ; Bd�nƁ̝Ñ8��3

JϦƮ$S3�R��Bd�nƁ̝Ñ4;·Ɓ�®Σх4̏&R:8ư%�Ed�nƁ̝Ñ4;

βǜï͚�P·Ɓ�ƒFR�ALSV�ds£V̑�3 PHYL1OYK PHYL1PnWBV̤̊$)-�

u�}Y8��3J�Ed�nƁ̝Ñ5ńʐ8�βǜï͚�P:·Ɓ�Ѷωï͚х:·αʏЭB

:ИȰ�Ѹω:υKβζB:ИȰ�ϦƮ$S-ҡŤ 4-4, 5Ң�":"5;�phyllogen8ORǣ

ȃ̝Ǐ:ϸƴ8;�Ed�nMTF:ĈϨ�Ƅ��Ǧ҇%3�R"5V́ŗ'RJ:4�R�7

��PHYL1OY;�Ed�n MTF8ę�3 Ad�n MTFJʑ̧5'R"5�ɬ̺͔�Ṕ$

S3�R��Ad�nоÊƖ:ʕΡ;�u�}Y4;϶ͼ8Ϩɵ$S3�P(�ɬ̺͔4ϦƮ$

S-̝Ǐ7βŝơǣȇ8� R Ad�nMTFĈϨ:ѥª;©ɔ̶4�R�ɏ̸:̸Ϣ5%3�

AP1:���e4�R PFG:̤̊VȐď%-�u�}Y8��3;�βŝơ:ǣȇҏǘ�Ï¨

'R"5�ŶŌ$S3�R��"SP:�u�}Y4ǣȇ$SRβ8;ϔ̊Ů:̝Ǐ�ϷIP
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S3�7�ҡImmink et al., 1999Ң�":"5�PJ�ɬ̺͔4 phyllogenV̤̊$)-�u

�}Y8ϦƮ$S-βŝơ:̝Ǐ;�®8 E d�n MTF :ĈϨ�ϸƴ$S-ɷ4�RľΡ

Ǻ�қ�5Η�PSR�-.%�ɬ̺͔4ϦƮ$S-σ:ΝƄҡŤ 4-5Ң; Ed�nƁ̝Ñ4;

ŶŌ$S3�P(�σ:ΝƄ8 A d�n MTF :ĈϨ�ѥª%3�RľΡǺ;ĤĈ8Η�PS

R� 

� PHYL1OYV̤̊$)-�u�}Y:βζ8� R MTF :̤̊ё:ƁĝJ�E d�nƁ̝Ñ

:̸Ϣ8ғÍ%3�-�'7U/�PHYL1OY V̤̊$)-�u�}Y8��3;�B d�n�

Cd�n: MTF:̤̊ё�Ï¨%3�-ҡŤ 4-6Ң:5ńʐ8�Ed�nоÊƖ:̤̊VȐď

%-�u�}Y8��3J�B d�n�C d�n:̤̊ё�Ï¨'R"5�ŶŌ$S3�R

ҡAngenent et al., 1994Ң�PHYL1OY̤̊�u�}Y5 Ed�nƁ̝Ñ8� RMTF̤̊ё

Ɓĝ:ғÍǺ;�ƶ7�5J�u�}Y8��3;�phyllogen8ORβŝơ:ǣȃ̝Ǐϸƴ8

; E d�n: MTF :ĈϨ�Ƅ��ѥª'R"5VȺȡ'RJ:4�R�ABCE �y�8��

3�Ed�n;õ3:βŝơ:ĈĠ8ѥª'Rd�n4�Q�phyllogen8ORĈϨϸƴ:Ǧ҇

�Ƅ��:;ƑǢ4�T�� 

 
C 4-13 PFGǢAP1ǐǖǝƲ)ËÁz*ǏƽǗǄƫƘĉÁGǢImmink et al., 1999 ƣƥ|âǣ 

Ł  A. PFGƘËÁƩz*ƇƒŻƖŻǏƽǗǄƫ 

Ł  B-C. PFGƘËÁƩz*ƇƎǏƽǗǄƫŸý?VƘjwĻfƀăƇƂ³^ƉƦŸ 

Ł  ��ƓjwƆƧƎýǢC BŷÒ2ǣƗƙjuƘÇcƙĕƠƤƧƖŻŸ 
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C 4-14 ǏƽǗǄƫƘ B ƱǙƸĦ�TƘËÁz*ƗÂƈƦĉÁG 

ǢVandenbussche et al., 2004 ƣƥ|âŷ�ħ.Ýǣ 

 A.  ýg�úħƘîOǢglo1 GLO2glo2OÇ�ǣ 

 B.  ĳąƘĴąƛƘě�ǢÒ2ǥglo1 GLO2glo2OÇ�ǣ 

 C. ýg�úħƘĀƛƘě�ƔŷýgƘjuÇcǢDEFdef glo1OÇ�ǣ 

 D. ýgŷĳąŷĴąƘĀƛƘě�ƔŷÊÑƇƎĴąóƘjwǢphdef phglo2 OÇ�ǣ 

 

 

 
Ä 4-15 xd�kP? CX�_ƌ�Ô?ĽĴö¯>GIĶ1JűĴÇ 

ƦHeijmans et al., 2012aGI÷œ��ƍ±ŎƧ 

 A. ƑĶÇxd�kP 

 B. ƚů?ŨæC?ƂýƦFBP6fbp6Ïĺ�; pMADS3?ĽĴMö¯Ƨ 

 C. Ƙů�ƚů?ŨæC?ƂýƦfbp6fbp6Ïĺ�; pMADS3?ĽĴMö¯Ƨ 
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C 4-16 ǏƽǗǄƫƘ FBP2�FBP5ǢE ƱǙƸĦ�TǣƘ¨RƗƣƥÂƈƦĉÁG 

ǢVandenbussche et al., 2003 ƣƥ|âŷ�ħ.Ýǣ 

A. ýƘjuŸaſƤĸƗ fbp5OÇ�ŷfbp2OÇ�ŷfbp2 fbp5OÇ�Ÿfbp2OÇ�ŷfbp2 fbp5O

Ç�Ɠƙýg�ÜħſƤƘîOƔýgƘ]G0ƀĕƠƤƧƦŸ 

B. ĴąƘTxŸaſƤĸƗ fbp2 fbp5OÇ�ŷfbp5OÇ�ŷfbp2 fbp5OÇ�Ƙð�ĶŸfbp2 fbp5

OÇ�ƓƙTxƀĂƘƣżƖ¢ĢƛƔě�ƇƒŻƦŸ 

C. ĳą�ÜħŸaſƤĸƗ fbp5OÇ�ŷfbp2OÇ�ŷfbp2 fbp5OÇ�Ÿfbp2 fbp5OÇ�ƗžŻ

ƒîOƔĀ£¢ĢƛƘě�ƀĕƠƤƧƦŸ 
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4.4.4 PHYL1OY̤̊�u�}Y5 OY-W Ȃɻ�u�}Y:ʧК  

� PHYL1OY:ĩѺ˙4�R OY-W ͳ;��u�}YȂɻə8Jβŝơ:ǣȃ̝ǏVϸƴ%�

MTF :̤̊ёƁĝVǞ�В"'"5�ŶŌ$S3�RҡHimeno et al., 2011Ң�¤Ɍ4�

PHYL1OY̤̊�u�}Y5 OY-WȂɻ�u�}Y8� RβŝơKMTF̤̊ƁĝʐǝVʧК

'R5�¬Θ8;ǉ̝�Ϣĺ PSR�×Vȣ!R5�Himeno P:ŶŌ8OR5 OY-W Ȃɻ

�u�}Y8��3;βǜ:·Ɓ�®Σ�P̏&ҡŤ 4-17Ң�Ed�nOQJH%T Bd�n

:Ɓ̝Ñ8ғÍ%3�R5$SR�F-�OY-W Ȃɻ�u�}Y4;�Ѷω8��3 E d�n

оÊƖ:̤̊ё�Žę%3�R�Ѹω4 Cd�nоÊƖ:̤̊ё�Žę%3�R76�MTF̤

̊ё:Ɓĝʐǝ8Jǉ̝��R"5�́ŗ$S3�R�":O�7ǉ̝�̏&-̌̓5%3;�

Å¨:O�7ľΡǺ�Η�PSR�F(��X[z��o�Ȃɻə5 ALSVV̑�3 PHYL1OY

V̤̊$)-ə54;�PHYL1OY :χ͐ёK̤̊хÎ�̝7RľΡǺ4�R��3�MTF

:ʕΡ8Ǧ҇Vª�R�X[z��o�šƖ��PHYL1OY:Â8Jƙū'RľΡǺ�ȣ!PS

R�"SF48��X[z��o�Ȃɻə8Ļ̢̏̄Vϸƴ'R̡įǺšƖ5%3�TENGU

ҡHoshi et al., 2009Ң5 SAP11ҡSugio et al., 2011Ң: 2͎ғ:Ĉʹs �dЏ�ŶŌ$S3

�R�PHYL1OY8��3J�ғÍ%-ʕΡVȡ1šƖ�č8ƙū%�Ȃɻə8ϝł̧7Ǧ҇V

J-P%3�R"5;Η�PSR�βŝơǣȃ:̝Ǐ5���X[z��o�8̧̝̂7̢̄

Vϸƴ'R�`}o�Vʙ̿8̌Ϩ'R˲8;�ÀǪ PHYL1OY8ORǦ҇5Ȃɻə8̏&RǦ

҇Vɠ8϶ͼ8ʧК'R5ø8�Â:Ĉʹs �dЏ:ʕΡVϨɵ'R"5�яϠ57R4�

T�� 
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C 4-17 OY-Wt�ƗƣƐƒǏƽǗǄƫƗĖ\ƆƧƦý?VƘÇc 

ǢHimeno et al., 2011 ƣƥ|âŷ�ħ.Ýǣ 

 A. � ǏƽǗǄƫƘýŸ 

 B-D. t�ǏƽǗǄƫƘýŸ�úħſƤîOƇǢBŷCǣŷ-É�ƙýg �ƘîOƖƕǢDǣ

 ƀč6ƃƤƧƦŸ 
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͝Ҩ͙� ΆłΗƮ 

 

� ͝Ҥ͙4ЦC-ЫQ�β�ғ8� Rͼο̡Ʀ;�+:Ѧѫ:Ţѻ$M�8Ƅ�7ȳƉVJ

-P%ǬR�F-�̡įͼο:̡įǺ¢̡įǺʕʏ:Ϩɵ;�̡įͼο:Êɻ̍¢ĬѯǺVȏ

ȱ'R§4яϠ4�Q�̡Ʀ:Ѧѫȉ̛Vʏͨ'R§4Jų̬57QǬR�ɬ̺͔4;�hn

�n8υɹ̡ƦVǞ�В"'ͼο:̡įǺVϨɵ%�Pseudomonas cichorii4�R5ńƢ%-

ҡ͝ҥ͙Ң�F-�β�ғVŇI-ʐ�7ʉ́8βŝơ:ǣȃ̝ǏVϸƴ'R�X[z��o

�:̡įǺšƖ�phyllogen:ʕΡVϨɵ%-ҡ͝ 3�ҧ͙Ң�"SP:ɷVЖF��ɬ͙4

;¬ͼο:̡įǺ81�3ɠ7RΗƮVę��ÀǪ:ƺɧ81�3ЦCR� 

 

5.1 P. cichorii :hn�n8ư'R̡įǺ  

� ͝ҥ͙4;�hn�n8̏&-υɹ̢̄��P. cichorii8ORhn�nυɹͼο̡4�R"5

VɔP�8%-�F-�ĈѺοʀ;ɏ̸: P. cichorii 5DEńʐ:̡įǺKͼοƚ̧Ǻ̄V́

'5Η�PS-�Å§:ɷ5ïϒ̺͔VЖF��ɬҊ4;hn�nυɹͼο̡� P. cichorii

8O036:O�8Ǟ�В"$SR:�81�3ΗƮ'R�2.1.3Ҋ4JЦC-ЫQ�P. cichorii

;ƃ̃Ǻ:ʉ̡́įͼο4�R�%�%7�P�+:̡̤�`}o�;Ʃ®8O03̝7R"

5�́ŗ$S3�R�¤ί8ʉ̡́įͼο:̡įǺ8;�Ʃ®̍żVďǭ'R-I8Ʃ®ͼΠ

ü8Ĉʹ$SRs �dЏҡ^�]ds£Ң5�^�]ds£VĈʹ'R˲:s[� IIIĈʹϙ

ΐ�ѥª'RҡHe et al., 2004; Tampakaki et al., 2010Ң�P. cichorii8��3J�s[� III

Ĉʹϙΐ:ʏȇ8ѥUR hrpоÊƖΓ:�/ hrpS�F-; hrpLVʖƉ%-Ɓ̝Ñ;�|nB

:̡įǺVŜƉ'R"5�ŶŌ$S3�QҡHojo et al., 2008Ң�s[� IIIĈʹϙΐ�PȽĆ

$SR^�]ds£�|nB:Ȃɻ8ƪª%3�R"5�́ŗ$SR�¤Ɍ4ŁƁ̝Ñ;�s
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n8ư%3;̡įǺVȡ%3�R"5�́$S3�QҡHojo et al., 2008Ң�P. cichorii:̡

įǺ8� Rs[� III Ĉʹϙΐ:ѥª;Ʃ®8OQ̝7R5Η�PSR�Hojo P;�ʝͼΠ

�P®8ɾҗVĸƏ'RҡΦǺҢ̡įͼο Pectobacterium carotovoraҡErwinia carotoboraҢ

: hrpNҡhrpоÊƖΓ:Ҥ1ҢƁ̝Ñ4̡įǺ�Ï¨%7�"5ҡCui et al., 1996Ң768̴

̮%�|n8ʧC3�sn8��3; P. cichorii ;OQΦǺ̧8̡įǺV́':4;7��5

ΗƮ%3�R�+S4;�hn�n8��3;6�7:4�T���TanakaPҡ2011Ң; hrcC

ҡhrpоÊƖΓ:Ҥ1ҢVʖƉ%- P. cichoriiVʐ�7bd͈ʉ́8Ȫ͎%�̡ įǺ�ŜƉ%-

ŷł5ßȡ$S-ŷł��0-"5VŶŌ%3�R�+:ɷ�hrcCƁ̝Ñ;�sn8ư%3

Hojo P:̺͔5ńʐ8̡įǺV́%�hn�n8��3Jńʐ4�0-�F-�hrp оÊƖÅ

Ƃ : ̡ į Ǻ ѥ Ю о Ê Ɩ 4 � R aldehyde dehydrogenase gene ҡ aldH Ң K �

N-acyltransferasefamily geneҡpatҢVʖƉ%-Ɓ̝ÑJ��snKhn�n8̡įǺV́%

-�ǫ03�hn�nK�sn76bd͈ʉ́8ư'R P. cichorii :̡įǺ;§Ϯ4ϽCPS

-ɏ̸:̡įǺšƖ8ÙP7�ľΡǺ�қ��ÀǪ:Ϩɵ8ɨǨ%-�� 

� hn�nυɹͼο̡;�ʉ́Ñ:υVɹʝ$)R"54̏ΞѧƦVǞ�В"%�̤̏ŧŷ8

̎Ƅ7ϗƦVª�RJ:4�0-��sn8��3;�P. cichorii;®8υ:ʩƗх�PÛô'

R5Η�PS3�Q�+:ϗƦJυЗх�ǲ4�RҡHikichi et al., 2014Ң�ɬ̺͔4ϒ0-

hn�nB:Ȫ͎ϴҚ8��3�ĈѺοʀ;ɥéхÎÅƂ�Pʉ́Ñ8ȂɻľΡ7"5�́$

S3�QҡŤ 2-3Ң�ɏ̸:ĈѺʀńʐ8hn�nυ:ʩƗх�PΫ˵ȂɻľΡ7ľΡǺ�қ��

Ȉ�Ŧ4̤̏%3�R P. cichorii 8ORÂ:bd͈ʉ́B:̡Ʀ8��3J�ƃ�;υЗB:

ϗƦV®5'RҡǪύ�ƾх 1954; ũƹP 1976; ʶįɶP 1984;Ǆ¯ß�Ǫύ 1987; ҝǊP 

2005; ɫʬP 2006; ¯ßP 2009Ң�F-hn�nυɹͼο̡8��3J�ÀŠ:ϦƮ�P;

υЗ:ɹʝ�®7̢̄4�R5Η�PS-�υЗхÅƂ:ŝơ8ϗƦ�̏&R�;©϶4�R
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��ĺҍ%-ʊÑ��O>Ȫ͎âÑ4;®κх8��3ϗƦ�̿Ϸ$S7�0--I�ƶ7�

5J®κх8;Ϋ˵Ȃɻ¨4JϗƦ�̏&RľΡǺ;Ï��¤Ɍ�β�ғ8� RɣJяϠ7

Ϡͺ4�Rβŝơ8ư%�ɬ̡8ORϗƦ�̏&R:�;ɪʊϲ4�R�§Ц%-Â:bd͈

ʉ́8� R̺͔8��3JβŝơB:̡įǺVʊϲ%-¸×;ƶ7���b p `8��

3;�P. cichoriiȂɻə8βϊ:ɹʝ�̏&R"5�ŶŌ$S3�RҡҝǊP 2005Ң�ǫ03�

P. cichorii8ORhn�n:βŝơB:̡Ʀ�̏&RľΡǺJΗ�PSR�+:O�7¸×8è

��ɬ̺͔4ĈѺ%-οʀ:Ȫ͎ƣҚ8O03�P. cichorii:βŝơB:̡įǺVʊϲ'R"5

;�hn�nʃŲ8� R P. cichorii:ĬѯǺVȏȱ'R§4яϠ4�T�� 

 

5.2 hn�nυɹͼο̡:Ѧѫ  

hn�n:ͼοǺ:υɹ̢̄;ÀŠċI3ŶŌ$S-̡Ʀ4�Q�ɥě7ѦѫȌʢ;ɪѣ̤

4�R�%�%�ɬ̺͔8OQhn�n8υɹ̢̄VǞ�В"'̡įͼο� P. cichorii 5ńƢ

$S-"5�P�P. cichorii:Êɻ̍8ѥ'R̸ϢVЖF�3�ǿƢ$SRѦѫʺVΗƮ%-�� 

� 2.1.3Ҋ8ЦC-ʐ8�P. cichorii;ʉ́:Ŭ§х8ʩƗVÁ%3Ûô%�ͼΠѤѲ4Žʡ'

RҡHikichi et al., 1996Ң�¤ί8�Ŭ§х8̡ƦVǞ�В"'ʉ̡́įͼο:Êɻ8;�Ѽˠ

76:Ҕʵ�Ƅ�7ǧėVɷ-'ҡǪύ 1990Ң�̤̏ŧŷ�P:ŶŌ8OR5�ɬ̡Ʀ;ċ̤

̏Ǫ8ŧŷõÑ8ǹЬ8ψǛ'R5Η�PSR��":ǹЬ7ψǛ8;ѨѼKˬʪ8ORʪˠ

:Ҕɂ�ƪª%3�RľΡǺ�қ��ǫ03ˬʪɌʺ:ʊϭK�Ѽˠ��-P7�ŷȊB:ʃ

ŲŷȊ:͋ĝ8OQϗƦ:Й˓�ŤSR5Η�PSR�ʗ�4�ɬ̡Ʀ;ʥǒ:̤̏�ϷIP

S3�R"5�P�̡įͼο�ÒP�:ǣ4ŧŷōС8ʠƙ%3�R5Η�PSR�P. cichorii

;ƃ̃Ǻʉ̡́įͼο4�Q�ʃŲŧŷōС:ѹμ8Ȃɻ%- P. cichorii �ỐB:Êɻ˙5

7R"5�́ŗ$S3�RҡƄ̘P 1982Ң�ǫ03ŧŷōС8ѹμ�ι%3�Rŷł8;�
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7RC�ѫı'R:�ɧF%��F-�P. cichorii�Α̡ʠ$VÁ%3ũſ8Jʠƙ%�ѨѼə

:ʽ;976VÁ%3Âʉ́BÊɻ'R5Η�PS3�RҡGrogan et al., 1977; Bazzi et al., 

1984Ң�ɬ̡Ʀ:̤̏�ϷIPS-hn�n;ї́ʃŲ4�R-I�¤ǘÖ̑%-ũ�ʗÔÅ

ѨJÖ̑$SR�;©ɔ.��¤ǘÖ̑%-ũ;ŧŷ�Pѫı%7RC�æõ7ũVÖ̑'R

ǳϠ��R.T��ɣǪ8�ɬ̡� P. cichorii 8OR̡Ʀ4�R"5�P�ɬ̡Ʀ8ɥě5Η

�PSRόĕ81�3ϮЛ'R�¤ί8ͼο̡8ư'Rόĕ5%3�nz��z�[l ͟:

ȑ̏́ЏK˳ʕјĕ�_br�}vdэĕ76�̑�PSR�ɬ̡įͼο P. cichorii 8ORя

Ϡ̡Ʀ4�R�snΦɀ̡81�3Jńʐ4�Q�̂8ѨѼēɐK̯Ǫ:ɂǌ�ɥě4�R5

Η�PS3�RҡõŦРɮɁΞĨÉ�2002Ң�ǫ03"SP:όĕV¶Ѧ̧8ɂǌ'R"54

ϗƦ:Ȑďěɷ�ɨǨ4�R�-.%�P. cichorii8;јĕΙǺοKnz��z�[l ΙǺο

:Ć̊�ŶŌ$S3�Qҡɳǂ 1989; Ƶɩɢ�ˑʪ 1991Ң�όĕ:жĖ7ɂǌ8;ʾȁVϠ

'R� 

 

5.3 phyllogen ��X[z��o�Ȃɻə8ɷ-'ǧė  

� ɬ̺͔:͝Ҧ͙�͝ҧ͙�P�phyllogen;ʐ�7ʉ́8ư%3 Ad�n�Ed�n:MTF

:ĈϨVϸƴ'R"54�βŝơ:ǣȃ̝ǏVϸƴ'R"5�́ŗ$S-��X[z��o�

;ͪхƸūǺ:ͼο4�Q�ʉ́Ñü8��3ȂɻľΡ7хÎ;ďѩ$S3�RҡMaejima et 

al., 2014Ң��Ȃɻə8̏&RυKκB5ИȰ%-βŝơ4;�ͪх�ǣȇ$S�X[z��o

��Ȃɻ'R"5�ŶŌ$S3�RҡArashida et al., 2008; Su et al., 2011Ң�ǫ03�phyllogen

8ORβŝơB:ǣȃ̝Ǐ:ϸƴ;��Rʉ́âÑü8� R�X[z��o�:ȂɻľΡх

ÎVŽK%��X[z��o�:Άχ͐ёV§ɓ$)R5Η�PSR�έŎˎ�"58�SuP

;υĠ%-βŝơ8;ōС:υOQJƃ�:�X[z��o��Ȃɻ%3�R"5V́%3�
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Q��X[z��o�:Žʡ8Ɛл7̄ȃB5Ʃ®̍ż�ďǭ$S3�R:4;7��5ΗƮ

%3�RҡSu et al., 2011Ң�Å§VΗ�R5�phyllogen;βŝơ:ǣȃ̝ǏϸƴVÁ%3�

�X[z��o�ȂɻVĎ%3�R5ČɊĆɱR�"SF48�ɐɬ4; 86͎ҡ�/β�ғ;

23͎Ң�«̗4;Ʉ̦͎:ʉ́8�X[z��o�:Ȃɻ�ŶŌ$S3�RҡHogenhout et al., 

2008; Oshima et al., 2013Ң�phyllogen�ʐ�7ʉ́8ư%3ʕΡVɥ'R"5;��X[z

��o��":O�8ǔ�Ʃ®8лǶ'R§4ɥ̪.T�� 

� έŎˎ�"58�phyllogen�ǣȃ̝ǏϸƴÅƂ8JʕΡVɥ%3�R"5V́ŗ'R̸Ϣ��

ФǒŶŌ$S3�R�Orlovskis and Hogenhoutҡ2016Ң;�phyllogen:Ҥ14�R SAP54

:ǣЏИȰl�[~|o|4;�ƕÁɒώVOQϸǞ'Rʐ87R"5VŶŌ%3�R�F-

ńʨP;�MTF Ɓ̝8OQβŝơ�Ɓ̝%-ʉ́Ñ4;ɒώϸǞΡ�§ɓ%7�0-"5K�

ɾҗȇѠʢѱ: SAP54ǣЏИȰl�[~|o|8��3JɒώϸǞΡ�§ɓ%-"5�P�"

:ϸǞΡ;βŝơ:ǣȃ̝Ǐϸƴ5;̅͘:̊Є4�R5ΗƮ%3�R��X[z��o��

ɒώƕÁǺ:̡įͼο4�R"5VΗ�R5�ǣȃ̝Ǐϸƴ5ńʐ8ɒώϸǞJяϠ7ʕΡ4

�R�ǫ03�phyllogen8ORɒώϸǞ�6:O�7�`}o�4̏&R:��F-ǣȃ̝Ǐ

ϸƴΡ5ń&�ʐ�7ʉ́8ư%3ɥě7:�VϨɵ'RǳϠ��R.T�� 

� �X[z��o�:ɥ'R̡įǺšƖ5%3�phyllogen:Â8"SF4 2͎ғ:Ĉʹs �

dЏҡTENGU�SAP11Ң�ńƢ$S3�R�TENGU;ʉ́Ñ:ρΌKĻ ҡ̏ɸĈ�S:˧ĠҢ

Vϸƴ%ҡHoshi et al., 2009Ң�SAP11;ρΌ̢̄Vϸƴ'RҡSugio et al., 2011Ң�έŎˎ

�"58�"SP:̡įǺšƖ;õ3ǔͧ7ʉ́8ư%3ʕΡ'R"5�́ŗ$S3�R�'

7U/�ɬ̺͔�P phyllogen ;ƶ7�5J 3 ͈ҡY��|͈¢|n͈¢bd͈Ң4ʕΡ'R

"5�̿�IPS3�R�ńʐ8 TENGU; A. thalianaҡY��|͈Ң�N. benthamianaҡ|

n͈Ң4ʕΡ'R"5�̸PS3�RҡHoshi et al., 2009; Sugawara et al., 2013; Minato et al., 
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2015Ң�ę�3�SAP11; A. thalianaҡY��|͈Ң�N. benthamianaҡ|n͈Ң4ʕΡ'

RÂ�� iҡ��͈Ң8��3JʕΡ'RľΡǺ�́ŗ$S3�RҡSugio et al., 2011; Sugio 

et al., 2014; Janik et al., 2016; Tan et al., 2016Ң��X[z��o�;�":O�8ƃ�:ʉ

́8ư%3ʕΡ'R̡įǺšƖVƃɄȡ1"54�ǔͧ7ʉ́8лǶ%Ȃɻě̇VқI3�R

:�J%S7���X[z��o�8;�"SP:̡įǺšƖÅƂ8Jƃ�:Ĉʹs �dЏ

�ƙū'R"5�¶ǿ$S3�QҡHoshi et al., 2009Ң�+SP:s �dЏ�6S. :Ʃ

®ü4�6:O�8ʕΡ'R�VϨɵ'R"5;�X[z��o�:Ʃ®лǶʕʏVϨɔ'R

��4яϠ57R.T�� 

 

5.4 phyllogen :œ͎ȻΰB:Ď̑:ľΡǺ  

� βŝơǣȃ:Ɓ̝%-β;̅̂:ƂϢ57R-I�+:ɋƋǺ�PŨδ̧8̉я$SR"5

��R�ɥŅ7¸×;�ѶωKѸω�βǜ8Ɓ̝'R”öяŒ�”4�R�F-�υĠK·Ġ%-

ʉ́âÑJ̉%�œ͎5%3ǋŷ8˄Ы'R"5��R�×�<�jd�r\ҡPrimula vulgarisҢ

4;�σ�υ8ƁĠ%-”Jack in the green”œ͎�ϝɄÔĆ$S3�RÂ�h\l ��ҡRosa 

chinensisҢ8;õ3:βŝơ�υĠ%-”viridiflora”œ͎�̸PS3�R��X[z��o�Ȃ

ɻʉ́8ϢPSRβŝơ:ǣȃ̝ǏJ×Ƃ4;7��жı8;Ȃɻʉ́�̉я$S3�-¸×

Jƙū'RҡWang and Maramorosch 1988; Strauss 2009Ң�%�%�ōСỐB:Ǧ҇VΗ

�R5�Ȃɻʉ́Vœ͎5%3̑�R:;Ǣ˵7�PɧF%�7��ɬ̺͔8O03�phyllogen

;�ʑ̧ MTF :ĈϨϸƴVÁ%3�βŝơ:ǣȃ̝ǏVϸƴ'R"5�́$S-ҡ͝Ҧ͙Ң�

F-�phyllogen;�͎VŚU(ʐ�7ʉ́8ư%3ʕΡ'R"5�́ŗ$S-ҡ͝ҧ͙Ң�ǫ

03�phyllogen Vʐ�7β�ғ4̤̊'R"54��X[z��o�VȂɻ$)R"5˳��

ɋ-7ǣ̄:βVȡ0-âÑ�ÔĆ4�RľΡǺ��R.T��҄ҕ̑Ố4�Rβ�ғ8�
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�3;ɏ8�оÊƖ;GȰ�ȎϓV̑�3ÔĆ$S-�ҁ���ҡj z�£���£oҢ�

͟:œ͎�ǋŷ8˄Ы%3�Q�phyllogen�+SP8�ɋœ͎:ÔĆ8ƪªĆɱRľΡǺ;

ĤĈ8�R� 

 

Å§VϠ'R8�ɬ̺͔4ɔP�5%-̸Ϣ;�hn�n8̏&-υɹ̢̄:̡įͼο4�R

Pseudomonas cihoriiK�ʐ�7β�ғ8βŝơ:ǣȃ̝ǏVϸƴ'R�X[z��o�:̡į

ǺKȂɻ̍V̌Ϩ%�̡ Ʀ:ѦѫȎϓKɋ-7β:ǣЏVѣ̤'R§4яϠ4�R�ɬ̺͔��

ÀǪ"SPͼο̡8ѥ'Rɠ7R̡įǺ�`}o�:ϨɔK+:Рʌ̊ŷ8� RĎ̑8ņ 

-ų̬57S<Ǔ�4�R� 
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ȵϠ 

 

� β�ғ8� Rͼο̡;�ʉ́Ñ:̏ΞVѧƦ'R. 47��ƂϦVȳ7�řœÚåVÏ

¨$)R-I8Ƅ�7Śґ57QǬR�̡Ʀ:įš57Rͼοҡ̡įͼοҢ;�͎8O03Ê

ɻ̍�Ʃ®ͧţ76�̝7R-I�̡įͼο8Ƕ&-лĉ7ѦѫʺVʏͨ'RǳϠ��R�ǫ

03̡Ʀ̤̏ə8;�ͼο:̡įǺϴҚVÁ%3̡įͼοVʙ̿8ńƢ'RǳϠ��R�F-

ͼο:Ǻ̄V$P8ȏȱ'R8;�+SP:ͼο:̡įǺʕʏVϨɔ'R"5�яϠ4�Q�

Ѧѫȉ̛:ʏͨ8ņ -ų̬5J7QǬR�Å§VЖF��ɬ̺͔4;hn�n8̤̏%-ɋ

ϣͼο̡:̡įͼο:ńƢVϒ0-�F-�ϝɄ:β�ғ8βŝơǣȃ:̝ǏVϸƴ'R̡į

ͼο�X[z��o�81�3�+:̡įǺšƖ:ʕΡVϨɵ%-� 

 

1. υɹ̢̄V́'hn�nOQĈѺ$S-ͼο:̡įǺϨɵ  

� hn�nҡCosmos bipinnatus Cav.Ң;�blhį̐:bd͈ʉ́4�Q�ɐɬ4;ɜϦʉ

́5%3ҏ8Ď̑$SR�2012ǒ8ɲ½Ƅƚʉ̡́Ѫ8υɹ̢̄Vŋ'Rhn�n:ϱɊÙ

Ґ��Q�ʊÑ:ϦƮ�Pͼο8OR̡Ʀ5ȫƢ$S-�ɐɬ4;ͼο8ORhn�n:υɹ

̢̄;ŶŌ$S3�7�-I�ϗƦх�PͼοVĈѺ%�̡įǺVϨɵ%-�ϗƦх�P;�

LAB-LEMCOƬƅǑɴŲŬ8ˍҞα:ѷτVǣȇ'Rͼο�íī̧8ĈѺ$S-�̡ɇх#5

8ĩ¤:ѷτVþǘĈѺ%�Ϭ 4 ĈѺοʀҡUTLPPB120801~ UTLPPB120804ҢVǬ-�ͫ

ɕĈғϴҚ:ɷ�P�ĈѺοʀ;�(SJʐ�7ʉ́8̡įǺV́'"5�̸PSRʉ̡́

įͼο Pseudomonas cichorii4�RľΡǺ�́ŗ$S-�ĈѺοʀ�̡įͼο4�R�Vʊϲ

'R-I�hn�n8ư'R̡įǺVϨɵ%-�ĈѺοʀVhn�n8ŞѿȪ͎%-5"T�

υɹ̢̄�þ̊$S�Α̡х�P;Ȫ͎ͼο5ńʐ:ѷτVǣȇ'Rͼο�қ̇8ĈѺ$S-�
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ǫ03�ĈѺοʀ;hn�n8ư%3̡įǺVɥ%�ɬ̡Ʀ:̡įͼο4�R5Η�PS-�

$P8�hn�nÅƂ:ʉ́ҡ�sn���\b�z�z�i��Yns£Ң8ư'RĈѺο

ʀ:̡įǺVϴҚ%-5"T��(S:ʉ͎́8J̡įǺVɥ%3�-� 

� ɣǪ8ĈѺοʀ:͎:ĈғV̧̮5%�+:ͼοƚ̧ǺЏ:ϴҚVϒ0-�ĈѺοʀ:ͱĎ

̑ΡKыͺ˃Ǻ76: 43Ҋ̮:ͼοƚ̧Ǻ̄VϴҚ%ɏŶ: P. cichoriiʀ5ʧК%-5"T�

DEõ3:Ҋ̮4Ǻ̄�¤ά%3�-�ę�3�16S rDNA :хĈшĊV̑�-ͳϨɵVϒ

0-5"T�ĈѺοʀ:шĊ;ɏŶ: P. cichorii5ø8�Â: Pseudomonasƻͼο5;̅͘%

-ń¤:d�£{Vǣȇ%-�Å§:ɷOQĈѺοʀV P. cichorii 5Ĉғ%-�P. cichorii

;ƃ̃Ǻ:ʉ̡́įͼο4�Q�ɐɬ8��3ϝɄ:bd͈ʉ́8̡ƦVǞ�В"'"5�Ŷ

Ō$S3�RD��ƣҚ̧8;hn�n8̡įǺVȡ1"5�жı8ŶŌ$S3�R�%�%�

ɐɬ8� Rhn�nʃŲ8��3 P. cichorii 8OR̡Ʀ:̤̏�̿Ϸ$S-:;ċI34�

R�ɬ̡Ʀ� P. cichorii 8OR"5�ɔP�870-"5�P�ɬ̡Ʀ:Ѧѫ8;ÂỐ8�

 R P. cichorii:Ѧѫʺ�ɥě4�R5Η�PS-� 

 

2.� phyllogen 8ORυĠϸƴʕʏ  

� �X[z��o�;�β�ғVŇI-ʐ�7ʉ́8Ȃɻ'RͪхƸūǺ:ʉ̡́įͼο4�

R��X[z��o�;Ȃɻʉ́8ʐ�7̢̄VǞ�В"'��̂Ǳ̧7J:5%3βŝơ:

υĠK͖�Ȓ ҡѸω:κB:ƁĠҢ5�0-ǣȃ̝Ǐ:ϸƴ��R�"SF4��X[z�

�o�8ßƙ$S-Ĉʹs �dЏ Phyllody-inducing gene familyҡphyllogenҢ��l�[~

|o|8βŝơ:ǣȃ̝ǏVϸƴ'R"5�̸PS3�R��+:ʕΡ;ɔP�47��ʉ́

:βŝơĈĠ4;�A�B�C�E : 4 d�n8Ĉғ$SR MADS-box ИÿšƖҡMADS 

transcription factor; MTFҢ�ŝơ̧̝̂7;GłU)4ʕΡ'RҡABCE�y�Ң�A�Ed
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�n:MTF�ʖƉ%-l�[~|o|4;�phyllogenǣЏИȰl�[~|o|5ńʐ:βŝ

ơ:Ɓ̝�ϦƮ$SR-I�phyllogen�"SP:ʕΡVѧƦ%3�RľΡǺ�Η�PS-� 

� +"4ɬ̺͔4;�s��cρҞ̡�X[z��o�ҡonion yellows phytoplasma wild line; 

OY-WҢ�ȡ1 phyllogenҡPHYL1OYҢ5�l�[~|o|:MTF4�R APETALA1ҡAP1; 

d�n AҢ�SEPALLATA3ҡSEP3; d�n EҢ:̰ºÔ̑VϨɵ%-�Yeast two hybridʺ

8OQ�PHYL1OY;¬ MTF 5ł'R"5�́$S-�$P8�"SP: MTF �PȇRƃ

ёÑ:ǣȇ� PHYL1OY 8O03ѧƦ$SR"5��in planta 4́$S-�F-�PHYL1OY

VǣЏИȰ%-l�[~|o|8��3;�AP1 K SEP3 8ORоÊƖ:̤̊ďǭ�ѧƦ$S

3�-�Å§:"5�P�phyllogen; Ad�n�Ed�n:MTF:ʕΡVѧƦ%�l�[~

|o|8βŝơ:ǣȃVϸƴ'R5Η�PS-� 

� phyllogen8ORʑ̧ MTF:ʕΡѧƦʕʏVɠ8Ϩɵ'R-I�YFPVÃę%-ʑ̧ MTF

V Nicotiana benthamianaυ8��3 PHYL1OY5ø8¤ж̧8̤̊$)�YFPϏðVϦƮ%

-�+:ɷ�YFP ϐł MTF :Ϗð; PHYL1 OYƙūə8;φ%�˓ϕ%3�-�":"5

�P PHYL1OY8O03 MTF :χ͐ё�Ï¨%-5Η�PS-�ǫ03�PHYL1OYƙū¨4

"SP: MTF ;ĈϨB5ϸƴ$SRJ:5Η�PS�ĈϨϸƴͿЕ:$P7RϨɵVϒ0-�

+:ɷ�ʉ́ͼΠü:®Ϡ7s �dЏĈϨͿЕ4�R��xYr£�VѧƦ%-ŷł8�

PHYL1OY8OR YFP-SEP3:ĈϨϸƴ�Ȑď$S-�Å§OQ�phyllogen;ʑ̧MTF:�

�xYr£�VÁ%-ĈϨVϸƴ%�βŝơ:ǣȃ̝ǏVǞ�В"'5Η�PS-� 
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3.� ʐ�7β�ғ8ư'R phyllogen :ʕΡ:ʊϲ�  

�X[z��o�;ĶƖυʉ́¢ĩƖυʉ́VŇI-ϗƖʉ́õί8Ȃɻ%�̝Ǐ7βŝơ

:ǣȇVϸƴ'R�+"4�phyllogen�l�[~|o|5ńʐ8ʐ�7ʉ́8��3J�βŝ

ơ:ǣȃ̝ǏVϸƴ'R�VϨɵ%-�ǔͧ7ʉ́8Ȃɻ'R� iƵ̋ǣˣū\[�n

ҡapple latent spherical virusҬALSVҢV�ds£5%3�PHYL1OY�F-; peanut witches’ 

broom phytoplasmaҡPnWBҢ: phyllogenҡPHYL1PnWBҢV|n͈ʉ́:�u�}Y4̤̊

$)-�+:ɷ�PHYL1OY�PHYL1PnWBV̤̊$)-�u�}Y4;õ3:βŝơ8̝Ǐ�

̏&�phyllogen;�u�}Y8ư%3Jβŝơǣȃ:̝ǏVϸƴ'R5Η�PS-�F-�"

SP:�u�}Y:ǣȃKβζ8� RMTFоÊƖ:̤̊ʐǝ;�Ed�nMTFƁ̝Ñ:J

:8ғÍ%3�Q�phyllogen8OR Ed�nMTF:ʕΡ:ѧƦ�ǣȃ̝Ǐ:ϸƴ8Ƅ��ƪ

ª%3�R"5�́ŗ$S-�ʗ�4�PHYL1PnWBVbd͈:�����Yns£8ńʐ:Ȍ

ʺ4̤̊$)-5"T��(S:ʉ́8Jβŝơ:ǣȃ̝Ǐ�ϸƴ$S-�ę�3�PHYL1OY

;��u�}Y�Ĵ>bdҡbd͈Ң: Ad�n�Ed�n:MTF5̰ºÔ̑%�+:ĈϨV

ϸƴ'R"5�̿�IPS-�Å§:"5�P�phyllogen;ƶ7�5JY��|͈ҡl�[~

|o|Ң�|n͈ҡ�u�}YҢ�bd͈ҡ����¢Yns£Ң:ĶƖυʉ́8ư%3˃Ǻ

Vɥ'R"5�́$S-�$P8�PHYL1OY;ĩƖυʉ́4�R��ҡ��͈Ң: A d�n�

E d�n: MTF J�§Ц: MTF 5ńʐ8ʑ̧5'R"5�ľΡ4�0-�Å§:ɷ�P�

phyllogen;ǔͧ7ʉ́: Ad�n�Ed�nMTFVʑ̧5%�+SP:ĈϨVÁ%3�ǔ�

ʉ́8βŝơ:ǣȃ̝ǏVϸƴľΡ4�R"5�́ŗ$S-� 

 

Å§VϠ'R8�ɬ̺͔4;�hn�n8̏&-υɹ̢̄� Pseudomonas cihorii 8ORͼο

̡4�R5ńƢ%-�F-��X[z��o�:̡įǺšƖ phyllogen ��ʐ�7ʉ́: A d



 181 

�n�Ed�n:MTFVʑ̧5%�+:ĈϨVϸƴ'R"54ʉ́:βŝơ8ǣȃ̝ǏVϸƴ
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4ų̬57R̸Ϣ4�R5Η�PSR� 

 

  



 182 

ϿП 
 

� ɬ̺͔;�ɲ½ƄƚƄƚѪРƚ̏Ő͈ƚ̺͔͈̏̐¢̍ż̏́ƚƱȼ ʉ́ģ͈ƚ̺͔ƥ�ʉ

̡́̌ƚ̺͔ƥ8��3ϒ0-J:4�Q�ȢƴɁŕ:ѻʼȇÈɁȨ8;ȅĉ¥Ư7#Ȣƴ#

҆ȸVЌQF%-�":ŷVäQ3�ǲOQǭ͂̔%§!F'�F-�ƚхƚ̏:ə�P 6 ǒ

:Ѥ�ə8İ%��ə8í%��+%3Ǐ8ϥЗ8Ȣƴ%3�-.�-"58J�я93ȂϿ

5ƳɃ:ǷV̔%§!F'�ɬ̺͔:бϒ8̑�- apple latent spherical virus̓ɱ:\[�

n�ds£VȯØ%3�-.�-�ƿȌƄƚРƚхРʌ̏Ő͈ƚ͈ ʉ̡̺͔́̌ƥ:ŃǄàǓ

ɁȨ8ϖǲOQȂϿ:ȁVϔ%F'�F-�̺͔:бϒ��O>ɬĪƀϾɆ:Ίѷ8�-Q҄
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