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ăƯ  
 
� ÑÎ<§ÊĖDÍ9Kg�P��ư<Ŗ�Ė¯0ŖÊĖ.-ŖŎ0ŖÒƃĝ

Ł½/đǝ+�@�ĸ�ư15,E-0Žƍ/��*ĶƎ�*�@��Ģ+Ŗ

ÒƃĝŁ½/đ!�;đƥ+1.��ĸ�ư1ŏò0ĲŎƉ/��*žƈ�=

3ĤħŏśēD;(*ĶƎ�*�@�ǦŵĲŎ/��*��ĸ�ư�>łŖ�

%ſƸ+�@�ĸ�ưſƸ�ǦĄ/Şǆ��ǦŵĲŎ�ŖÊĖ @�ĸ�ưŗ

Ŏ1 50,000 ůǟDƶ�@��ĸ�ưŗŎ1ŖÊĖĶĴ�=3Ĵǁ�>`�qh

Ic�G�M�Ic�n~shIcǟ/ç²�A@�ĲŎ/,(*�ĸ�ưŗ

Ŏ1Ŝôƞ<ŜÄƗ�>0ǔďŎƴ,�*ĶƎ @01;'BE0�,�ƬØ

Ŏƴ7%1ªŖŽƗ,0ţ��Ř.-/ǎƥ.Č¹Dĭ%�*�@(Dixon et al., 

1995)� 

� G�M�Ic1�¯î0ŲżDÍE&âàē¿ÊŎ0Ƅŭ+�@�ŲżÄî

1GvhǍ/řī @(Hashimoto and Yamada, 1994, Kutchan, 1995)�eT^��

=3b�j�G�M�Ic0m��W�ǥİ1L�e^�/řī��mq�W

��Oh�^W��=3I�c�W�G�M�Ic1�W�/řī��#�*

]iTG�M�Ic0m�W�ǥİ1GXj~P�Ǎ/řī @�G�M�I

c/1�=# �������ů0Ĵǁ�ť>A*�?�̀ �q�ǟ/)�+ůǟ�æ�

¿ÊŎ+�@ǧKutchan, 1995Ǩ��ĸ�ưŗŎ1#0æĵ.¿ðĴǁ,Ǧ�ŖŔ

ŁēD;)�,�>ÀƝÓ<×ëÓ�>/ĽŎ,�*³Ř�A*�@���2�

o��G�M�Ic�0 ��)+�@ caffein��>/#0¶ǣ�+�?TTG.-

0�Ė¯+�@ theophylline 1ǡÓ/³Ř�A@�Ģ+ŶĈƅ�ŘDĝ)%:

ÀƝÓ,�*³Ř�A*�@��

� Īŧű+1]iTǧNicotiana tabacumǨĲŎ/��@�ƥm�W�G�M�I

c0eT^�/Ťš�%�eT^�0ƝŔŁē1GZ^�T��Èõ�/�Ř

���Į=3ĩıŪſDƒê�"@�ŘD;)�7%eT^�1�ĽŝŐDũ

 �,�>ƾā+1ūŌǠƊ��Śş/Ă7(*�@�7%eT^�1ÖŌ,

�*0×ëÓ,�*0³Ř&�+.�Ļƞ·,�*Ƽĳş/;³Ř�A*�%��

� eT^�1��
�	�ā/ Jean Nicot /=(*ÃǙ�A�#0eT^�0Ĵǁ1

m�W�ŕ,m��W�ŕ�ƀÊ�*�@(Schevelbein, 1982)�#0ŖÊĖſƸ

1�]iT,Ë�dXŬ0ƝŘĲŎ+�@p~c�d<k}X.-+ŖÊĖ�

A@b�j�G�M�Ic0k}XGv�<XTt~v�.-/ªǀŊDũ ��
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� ]iTĲŎ�¬+ŖÊĖ�A@eT^�0m��W�ŕ1L�e^�řī0

ob�V�D��*�>A@�ob�V�1©*0ŖŎ+=?Ǧĸ0Gv�+

�@Xq�v�<Xq�vW�.-0t�Gv�4,�ư�A@�]iTĲŎ

�0eT^�ŖÊĖ/ŏ¿�%ŖÊĖſƸ1�t�Gv�ŖÊĖſƸ,¯ý�

*�putrescine N-methyltransferase (PMT)��ƨí @ob�V�40 N-x^�à

ƹŮÆĒ�>ì7@ǧHashimoto et al., 1989Ǩ��0ÆĒ0ŖĖŎ+�@

N-methylputrescine�1�N-methylpurescine oxidase (MPO)�ƨí @Ǎ¿şƏGv

h¿DÈ��4-methylaminobutanal�/äĠ�A@(Heim et al., 2007; Katoh et al., 

2007; Naconsie et al., 2013)��>/ 4-methylaminobutanal 1�ƑŞşŕ¿ÆĒ/

=? N-methyl-�1-pyrrolinium cation�/.@�7%�]iTĲŎ¬+ŖÊĖ�A

@m�W�ŕ1GXj~P�Ǎ/řī��m�W�fQ�L^cUIQ�D�

�%eT^�Ǎ�>eT^�ŖÊĖ4�Ɓ�A@(Katoh and Hashimoto, 2004)�

GXj~P�Ǎ�>m�W�fQ�L^cUIQ�7+1ǦĄ/¢ï�A% �

X`_o0ÆĒ/=(*�ư�A@�GXj~P�Ǎ1 asparatate oxitase (AO)

�ƨí @Ǎ¿ÆĒ�>ì7?-imino-succinate/�ư�A@(Dalton, 1980)�Ƃ

�* quinolinate synthase (QS)/=(* -imino-succinate 1 glyceraldehyde 

3-phosphate ,ª/ƇÊ�=3ŕ¿ÆĒDÈ�@�#0ĤƏ��Ǎ�=3ƏŀÆ

Ē/=(* quinolinate/�ư�A�m�W�ŕ�ŖĖ @(Dalton, 1980; Katoh et 

al., 2006)��>/ quinolinate1 hosphoriboxyl pyrophosphate,,;/ quinolinate 

phosphoribosyl transferase (QPT)/=(* nicotinic acid mononucleotide (NaMN) 4

,�ư�A@(Saunders and Bush, 1979; Wagner et al., 1986a; Wagner et al., 1986b; 

Bhatia and Calvo,1996)�#0č�NaMN1m�W�fQ�L^cUIQ�0�ư

�ǒ�0eT^�Ǎ/�ư�AeT^�0ŖÊĖ/�Ř�A@�eT^�Ǎ,

N-methyl-Δ1-pyrrolinium cation�Ǎ¿ǉ¦ÆĒD��%ƇÊÆĒ0č�eT^�

�ŖÊĖ�A@�ƾā�0ƇÊÆĒ/đǝ+�@ A622 reductase�=3 Berberine 

bridged enzyme like(BBL)�ÃǙ�A%(Kajikawa et al., 2009; Kajikawa et al., 2011)�

A622 reductase1 NADPH�ïşǉ¦ǌż+�? PMT0ǈ�îŞœj]��,

ǟ��*�@(Shoji et al., 2000b; Shoji et al., 2002; Cane et al., 2005; Kidd et al., 

2006)�A622D RNAi/=@Şœę´�"%ßǢį+1ƙ��eT^�ƛŰǐ�
ňù @,,;/�N-(�-D-glucopyranosyl) nicotinic acid (NaNG)0ƛŰ�Ʀ>A

%�����NaNG1 A6220ǌżÆĒàƴ+1.��eT^�Ǎ/řī @�

ĸş.�ư�ǒ�,�*ƛŰ�%(Kajikawa et al., 2009)�7% BBL1 FAD�ï
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şǍ¿ǌż+�?�RNAi/=@Şœę´�"%ßǢį+1ƙ��eT^�ƛŰ
ǐ�ňù @,,;/�dihydrometanicotine (DMN)DǄ¸/ƛŰ�%�����

DMN1 BBL0Ţğ0ÆĒàƴ+1.�ǧKajikawa et al., 2011Ǩ�eT^�Ǎ,

N-methyl-Δ1-pyrrolinium cation/��@Ǎ¿ǉ¦ÆĒD��%ƇÊÆĒ/1A622

�=3 BBL�đǝ+�@���0ƇÊÆĒDƧģ @/1�Á¯+�?��>

/Ĩť0ǌż�ƇÊÆĒ/đƥ+�@(Ú 1)� 

� eT^�1]iT0įžƈ/��*ŖÊĖ�A*�?�eT^�ŖÊĖǌż

ǈ�îƉ1įŏśş/ĉ�Şœ�*�@(Hibi et al., 1994; Shoji et al., 2000b; Shoji 

et al., 2002; Cane et al., 2005)�7%�įžƈ/��@eT^�ŖÊĖǌżǈ�î

Ɖ0Şœ�=3�#A/��Ƙžƈ40eT^�ƛŰ1Ƙ40£ôµŉ<ƞô

/=(*ãç�A@ǧBaldwin et al., 1994; Sinclar et al., 2004; Cane et al., 2005Ǩ�

]iTĲŎ�Ƙ/£ôDÈ�@�,+�į/��@¬Ûē0WzXy�ǍŗŖ

Dãç�"@�]iT BY-2�ßǢŽƍ�=3]iTßǢį/��*WzXy�

Ǎ®Ŕ/=(*eT^�ŖÊĖ�Łē¿�A@�)7?�eT^�ŖÊĖǌż

ǈ�îƉ1WzXy�ǍVRd�ſƸDſ*Łē¿�A@ (Ú 2; Gundlach et al , 

1992; Shoji et al., 2002; Cane et al., 2005)� 

� WzXy�ǍVRd�ſƸ0ƧĬ1ya�ĲŎ0V�IfdYdDŘ�>A

*ƟCA*�%��WzXy�ǍǚĔÈēäś�0ƧĬ�> colonatine-insensitive 

1�=3 jasmonate-insensitive 1�ÃǙ�A�#A$A0ÄØǈ�î,�* COI1
�=3 JIN1 / MYC2�Ëò�A%(Feys et al., 1994; Xie et al., 1998; Berger et al., 

1996; Lorenzo et al., 2004)�COI115,E-©*0WzXy�ǍĒŷ/đƥ.Ø

î,�*ť>A�SCF Ý(Skp1-Cullin-F-BOX)E3 |lO^��N�[ƤÊ�DĴ

Ė @ F-box ]�jQƴDT�c�*�@ (Xie et al., 1998)�JIN1 / MYC2 1

bHLHÝƹØîDT�c�*�?�£ôĒŷ08.>!Ǎ¿Xb�XĒŷ��

>/n~shIcŖÊĖ.-0�ĂźÙ.ǈ�îŞœD´ď�*�@ (Berger et 

al., 1996; Lorenzo et al., 2004)��>/ jasmonate ZIM domein (JAZ)]�jQ,Ñ2

A@�Ɖ0 26S o�`G\�wŻ+¯ƧDÈ�@ƹ�o�_U�]�jQ0

ŞƦ/=(* COI1-JAZ 0ţ��Ř(Chini et al., 2007)�JAZ-MYC2 0ţ��Ř 

(Thines et al., 2007; Yan et al., 2007)�ũ�A%�COI1�ŁēÝ0WzXy�Ǎ+

�@WzXy�ǍI\�IV�ƤÊ�DƫƱ @�,+ JAZ ƹ�o�_U�

]�jQ� 26So�`G\�wŻ/=(*¯Ƨ�A��>/ MYC2ƹØî�

Łē¿�A@��0 COI1-JAZ-MYC2MXS�c�WzXy�ǍĒŷ0�Đş.
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Č¹Dĭ%�*�@�V�IfdYd+1�MYC2Ēŷē0�ŃØî/1T/G box

7%1 G box,Ñ2A@ cisǋ±�Í7A�#�4MYC2]�jQ�ƀÊ @�

,+��ŃØîDŁē¿�"@(Chini et al., 2007)�7%MYC2/=@ĂźÙ.ǈ

�î´ď1²0ƹØîD��*�ĸş/´ď�A*�@�,;ť>A*�?�

ERFÝ�MYBÝ�WRKYÝ�ORCÝƹØî�MYC2/=@´ďDÈ�*�

@(Ú 2; Xu et al., 2006; Wang et al., 2008; Pre et al., 2008)� 

� eT^�ŖÊĖſƸ0Ƨģ1ÕĳŘÓů0�eT^�Óů+�@ LA 

Burley21DŘ�*ƟCA*�%�LA Burley21 1�O{�iÓů/��*Ʀ)�

(%�eT^�ÓůDė��ǘ/=(*ǏŖÝ0Burley21�Óů/ø¨�%Óů

+�@�LA Burley21�1�ǏŖÝ,ľƺ�%,��ĊĕðşǇ�1.����e

T^�Íǐ0%:Ŝôƞ/ǦĔÈēDũ ǧLegg et al., 1969Ǩ�7% LA Burley21�

0�eT^�Íǐ,��ƠœÝ1�ǈ�ðşƧĬ/=? ��)0�ñ©¥ē0ǈ

�îą0äś/ƵØ�*�@ǧLegg et al., 1971Ǩ��0�)0őų�%ǈ�îą

ǧNICOTINE 1�=3 NICOTINE 2��� NIC1�=3 NIC2, @Ǩ+1�nic1
äś0Ģ� nic2 äś=?;�eT^�ĊƴDũ��nic1nic2 0�ǎäś�+1

�>/ĉ��eT^�0ĊƴDũ ǧLegg et al., 1971Ǩ�nicäś�/��*©
*0eT^�ŖÊĖǈ�î0Şœ����*�@�,�>�eT^�ŖÊĖ/

ŏśş.ƮŹǈ�îą+�@�,�ũÔ�AǧSaunders, 1979; Hibi et al., 1994Ǩ�

#0č0eT^�ŖÊĖſƸ0Ƨģ/Ř�>A*�%��

� ƾā ERF ÝƹØî0ķé��eT^�Dć�Ƶ� NIC2 ǈ�îą0ÄØ
ǈ�î,Ëò�A�nic2äś�+1ù.�,;ǫ)0 ERFÝƹØî�ķé�

*�%(Shoji et al., 2010)��A> NIC2ǈ�îą ERFÝƹØî1e^e^\J

/��@WzXy�ǍƬøÝI�c��G�M�IcŖÊĖĴǁǈ�îƉDĹ

/´ď @ ORCA3 (van der Fits and Memelink, 2001)0ry�R+�?�AP2/ERF 

DNAƀÊcxI�Dĝ(*�%��A> NIC2ǈ�îą ERFÝƹØî1ǚĀ

/ĉ�WzXy�Ǎ/Ƭø�A@�Ŗ¿ðşƧĬ=? NIC2 ǈ�îą ERF Ýƹ

Øî1eT^�ŖÊĖǈ�î PMTDì:, @eT^�ƛŰ/ǓC@ǈ�î

0o�y�]��0 cisǋ± GCC box/ƀÊ @�,�C�(%�7% GCC box

1eT^�ŖÊĖ�=3ƻƿ�Ĵǁǈ�Ɖ0o�y�]��/ƤġïÛ��

NIC2 ǈ�îą ERF ÝƹØî/=@eT^�ƛŰ0¾ěş.´ď�ïÛ @

(Shoji et al., 2010)��0 NIC2ǈ�îą ERFÝƹØî1MYC2ƹØî0�Ń

+eT^�ŖÊĖ©�D´ď��ŏ/ ERF1891eT^�ƛŰ40uX]�ƹ
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Øî+�@�Łē¿�% MYC2ƹØî��>/ NIC2ǈ�îą ERFÝƹØ

îDŞœƬø��Łē¿�% ERFÝƹØî�eT^�ŖÊĖǈ�î0o�y

�]��/ïÛ @ GCC box /ƀÊ @�,+eT^�ƛŰD¡ǂ�*�@

(Shoji et al., 2010)�)7?eT^�ŖÊĖǈ�îƉ1 COI1-JAZ-MYC2MXS�

c,#0�Ń0NIC2ǈ�îą ERF189ƹØî/=(*ÂƮş/´ď�A*�

@(Ú 2)� 

� eT^�ŖÊĖ©��WzXy�Ǎ/=(*ÂƮş/Ĺ0´ďDÈ�Łē¿

�A@(Imanishi et al., 1998; Shoji et al., 2000a; Shoji et al., 2002; Goossens et al., 

2003)��Ģ+�0ĲŎr�y�/=(*ę´�A@(Shoji et al., 2000a; Winz and 

Baldwin, 2001; Shoji et al., 2010)�K^��1Ŀ�0ĲŎr�y�+�Ɠş/ŖǑ

Ǖô<ĭó0Ėō/Ǔ� @��eT^�ŖÊĖDę´ @�,;ť>A*�

@�]iT N. sylvestris+1K^��/=(*Ƥġ0eT^�ŖÊĖǌżǈ�î

0WzXy�Ǎ/=@ŞœƬø�ę´�A@(Shoji et al., 2000a)�7%]iT N. 
attenuata+;Ëĵ/K^��/=(*eT^�ŖÊĖǌżǈ�î PMT0WzX

y�Ǎ/=@ŞœƬø�ę´�A@(Winz and Baldwin, 2001)�7%�K^��0

¶ǣ�0 1-aminocyclopropane-1-carboxylic acid(ACC)/=(*NIC2ǈ�îąERF

ÝƹØî0WzXy�Ǎ/=@ĉ�ŞœƬø�Ę'ń�A@(Shoji et al., 

2010)�)7?�eT^�ŖÊĖ1WzXy�Ǎ/=(*Ƭø�A�K^��/

=(* ERF189 ƹØî0ŞœD��*ę´�A@(Ú 3)�����K^���

eT^�ŖÊĖ/ę´ş/ĶƎ @¯îĶĴ1ĨƧģ+�@� 

� 7%ĲŎ0ŞŖ�ĖǑ/đǝ+�@ĲŎr�y�0L�OV�1eT^�Ŗ

ÊĖDƳ/´ď @ĶĴ;ť>A*�@ǧBaldwin, 1988Ǩ�]iTĲŎ0ǜƕ°

ǖ/=(*ĲŎ�¬+Ɩǜ�>0į40L�OV�ƻƿ�Ǖô�A�eT^�

ƛŰDƬø @�,�ſǤş/ť>A*�@��>/#�4åŖ0L�OV�

DŇ» @,į40L�OV�ƻƿ�¡ǂ�A�eT^�ƛŰ�ę´�A@(Ú

4; Shi et al., 2006)�7%dXŬ HyoscyamusûĲŎ0ßǢį/L�OV�D®Ŕ
 @�,+b�j�G�M�Ic0ƛŰ�ę´�A@(Hashimoto et al., 1986)�L

�OV�/=@WzXy�ǍƬøē0�ĸ�ưŗŎ0ƛŰ0ę´1É��>ť

>A*�@;00�ƪŽ.¯îĶĴ1ĨƧģ+�@ǧÚ 5Ǩ� 

� WzXy�Ǎ,L�OV�0ţ��Ř/Ǔ�*1V�IfdYdDŘ�%ǈ

�ðşƧĬDŘ�%ŧű�æ��supplemtnt Ú 1��L�OV�ŖÊĖǈ�î

YUCCA90Şœ1WzXy�Ǎ�Zo]�COI1�ïş�Hentrich et al.,2013���
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>/èŋÝL�OV� IAA 0¶ǣ�+�@b�obnF�DŖÊĖ @

triptphan synthase α/β�TSA/TSB�1MYC2ƹØî�ïş+�@�supplementÚ

1. A��Dombrecht et al., 2007)��>/WzXy�ǍVRd�ſƸ0ƹ�o�_

U�JAZ4/8 �=3L�OV�VRd�ſƸ0ƹ�o�_U�IAA29 1V�I

fdYd WRKY57 ƹØîD���ĜĚş/Ƙ0Ƌ¿D´ď�*�@

�supplementÚ 1. B��Jang et al., 2014��L�OV�VRd�ſƸ/ǓC@ƹØ

î+�@ arf6arf8äś�1Ɣ0Ėō/śĀD�% &�+.��WzXy�ǍD
ňù�"@�supplement Ú 1. C��Nagpal et al., 2005��WzXy�ǍƬøē

JAZ1/TIFY10Aƹ�o�_U�1L�OV�ƬøēDũ �supplementÚ 1. D��

Grunwald et al., 2009���0=�/WzXy�Ǎ,L�OV�0ţ�Ǔ /)�

*ġæ�áÏ�A*�@��]iTĲŎ/��@WzXy�ǍVRd�ſƸ,

L�OV�VRd�ſƸ0«�ş.ţ�Ǔ �eT^�ŖÊĖ/Å6 ċǛ/

)�*1ĨƧģ+�@��

� ]iTĲŎ0eT^�ƛŰ��@´ďØî�ŖÊĖſƸ�=3ƻƿĵĆ0¯

îŖŎðşƧģ1��eT^� nic1nic2 äś�DŘ�%ƧĬ&�+.�]iT

BY-2 ßǢŽƍ<ßǢįDŘ�*;ƟCA*�@�]iT BY-2 ßǢŽƍ1ĲŎ

0ŧű/ĦŠ.ĲŎßǢŽƍ+�?�ŽƍƤƣ7+/ 13 - 14 Ĥǒ,��Ŧ��

ǦĄ.ËƮŻ0Ũų�GR�iQ`�JwDŘ�%ĊƴƹĠ¼Œ0Ǧ�,�(

%ŏēDĝ)ǧNagata et al., 1992Ǩ�]iTĲŎřī0Žƍ,�*eT^�ƛŰ

0ŏē;Ħ��ǦãĺŐĕ+Ň»�A*�@�þL�OV�0 2,4-DDǖ�%�

+�WzXy�Ǎ®Ŕ/=?eT^�ŖÊĖ�Ƭø�A@ǧBlechert, 1995; 

Gossens et al., 2003Ǩ��

� ]iTĲŎ�/�*eT^�1į+ŖÊĖ�AǅŸDǀ?Ü�Ǌ/ǃ2A�

ŏ/Ƙ0Ņƍ¬/ƛŰ @ǧWink and Robert, 1998Ǩ�eT^�ŖÊĖǌż0 PMT 

< A6221įŴǞÞ+1�epidermis�< cortex /úÛ��¯¿ǞÞ+1 cortex 0

ĥåü�ǅŸDÇ?Ù9 parenchyma Žƍ/ïÛ�*�@ǧShoji et al., 2000b; 

Shoji et al., 2002Ǩ��A>0úÛĵĆ1�įŏśş/eT^�ŖÊĖ�Ƶ�*�

@,���,&�+.��ŖÊĖ�A%eT^��ǅŸD��%Ƙ40ǑƷǙ

ƻƿ,öğ/Ǔ �*�@�,DƠ�*�@��

� �A7+/áÏ�A%eT^�ƻƿ�1  Multidrug and txic compound 

extrution�MATE)Ý+�@ Jasmonate-inducible alkaloid transporter 1(NtJAT1)�=3

NtMATE1/2�Drug and metabolite transporter�DMT)Ý0 Nicotine uptake permease 1 



 7 

(NUP1)+�@� (Morita et al., 2009; Shoji et al., 2009; Hildreth et al., 2011)�NtJAT1

1Ƙ�NtMATE1/2 1į0ŅƍƐ/úÛ��ª/Žƍƴ�00eT^�D1 Hǩ

0÷ÌƻƿDǣ½º,�*Ņƍ¬/ƻƿ�*�@(Morita et al., 2009; Shoji et al., 

2009)��>/ NtMATE1 1eT^�0į�>Ƙ40ǑƷǙƻƿ/1Ǔ��*�

>!�į0Žƍ¬ƻƿ/08ĶƎ�*�@(Shoji et al., 2009)�NUP11į0Žƍ

Ɛ�/úÛ�Gto~Xb�>V�o~Xb/eT^�Dƻƿ�*�@�ƒÐ

ņ��,/ NUP1 0Şœ,eT^�ŖÊĖǈ�îƉ0Şœ1Ĺ0ţǓ��@
(Hildreth et al., 2011)��>/ NUP1Şœę´ĊƴƹĠ�+1į0�Ǒ�¡ǂ�A�
WzXy�Ǎ7%1eT^�Ň»ßÜ+;#0ƠœÝ1ƃĝ�A@(Hildreth et 

al., 2011)�]iTĲŎ/��@eT^�ƻƿĵĆ0�Ǌ1Ƨģ�A))�@��

��2į+ǅŸ/eT^�D��aH�R @ƻƿ���>/Ƙ+ǅŸ�>0

G���aH�R @ƻƿ�.-į�>Ƙ40ǑƷǙƻƿ0©�¤1ĨƧģ+

�@(Ú 6)� 

� ]iT NUP1 1ry�R+�@V�IfdYd Purine uptake permease 

transporter (PUP),ª/DMT X�j�nFv�� 2.A.7.14DĊĖ�*�@(Ú 7, 

Ř�%ǋ±1 supplementƠ 2/ũ )�V�IfdYd PUP11Gae�Ç?ƽ

8äś�ǌļMG887-140ţƢXQ��e�R�>Ď>A%(Burkle et al., 2003)�

PUP 1ŽƍƐúÛÝƻƿ�+ GUS �t�]�ƧĬ�> PUPǪ1Ƙ0Ğŀžƈ�

PUP21ÿŸ�PUP31ƚ<ǗƜ+ǦŞœ�*�@(Burkle et al., 2003)�PUP1DŞ

œ�"%¯ơǌļ/��@àƴÇ?ƽ8óǤ�>�PUP11o��ŕDĝ)Ga

e�Dƻƿàƴ,���>/o��ŕDĝ)UIbMIe�;ƻƿàƴ,�*

�@(Burkle et al., 2003; Cedzich et al., 2008)�7%l]v� B6Ç?ƽ8äś�ǌ

ļ MVY30 40ţƢXQ��e�R�>�PUP1 1l]v� B6 �=3l]v�

B6ǟƆ�0ƻƿ�+�@(Szydlowski et al., 2013)� 

� �Ʃ0=�/eT^�ŖÊĖ�=3ƛŰ/1ĵ�.¯îĶĴ�ïÛ�´ď�

A*�@�Īŧű1 NUP1 Şœę´ĊƴƹĠĲŎ�/��@į0�Ǒ¡ǂ�=
3eT^�ŖÊĖǈ�î0Şœę´D��%eT^�ƛŰǐ0ňù/Ťš�%�

�0œƲ1 NUP1 0eT^�Ç?ƽ8Łē�>1ƭģ�)�.��«�ş/1

��0 2ŊDģ>�/ @� 

1. NUP/PUPnFv��0]iT NUP1,V�IfdYd PUP10ƻƿĶƎ/)

�*ľƺ @�,+�NUP10ƪŽ.ƻƿĶƎDģ>�/ @� 

2. NUP10ƻƿŁēDģ>�/ @�,+�NUP1�-0=�.¯îĶĴ+�e
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T^�ŖÊĖ,į0Ŗƌ/ċǛD��*�@0�Dģ>�/ @� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



"1.#ÒÃËäN 7_x¬ÝÎá"#
�ÊÕÃ@J´%�?«��¦ÒÃËäØàÆäM¨ØãàÆäM�¶B7�¹¸�ØàÆäM
»ÇÖßÀä��AO�QS�QPT«µ¥¦NaMN«
u�¹£3�ØàÆäÓÁâ¾ËÐÄ¼Ááº
��ÒÃËä�«Q=�¦�¸�±£ØãàÆäMODC�PMT�MPO«µ¥¦
u�¹�N-methyl-
pyrrolinium cationに由来している。これら2つの環がA622 reductaseとBBLによって縮合反応され、
ニコチンが生合成される。�またタバコBY-2培養細胞ではMPO遺伝子が発現抑制されているため、
ニコチン酸が2つ縮合した»ÑÊ×ä�N 7�¹¸�#
�c �5«A622�µ®BBL�4�§�¸����§�·�	¬N 7�\�4o§�¸�<
p;§�¸�#

aspartate 

α-imino-succinate!

quinolinate!

ornithine 

putrescine 

N-methyl-putrescine 

N-methyl-pyrrolinium cation!

NaMN!

NAD!

anatabine 
�

�
�
��
�

nicotine 
�#

�#
�#
�#

pyridine nucleotide cycle!
�

����

PMT�

AO�

QS�

QPT�

ODC�

MPO�
A622�

BBL�

nicotinate!

A622�

BBL�

��



JA-Ile 

MYC2�

COI1 

JAZ 

JAKRTªy�E6� MYC2�

G box GCC box 

�hTªÆÞÇÝä�5Y6��) 

ÒÃËäN 7��)d 
ERF�

ERFy�!) 

"2.#COI14JAZ4MYC2«µ¸ÆÞÇÝä�ÅÂÑá_x¬ÝÎá"#
�E6$ÆÞÇÝä�§�¸¬ÆÞÇÝä�¼Éã¼Åä�ÆÞÇÝä�âÈÙÊåCOI1«rv�¹
¸�¨§�JAZàÙâÌÄåÊäÖÁ�26SÙãÍ»ÉåÜ�*T«�p�¹¸�¡¬`>MYC2y�
!)�E6��¹¸�E6��£MYC2�ÒÃËäN 7�\��)¬ÙãÝåÊå�¬cis��G#
box«`  ¸�¨�ÒÃËäN 7��)¬E6�«4o§�¸�±£MYC2�NIC2��)0
ERF$y�!)ERF189��)¬SLºs- ¸�NIC2��)0ERF$y�!)�ÒÃËäN 7
�\��)¬ÙãÝåÊå�¬cis��GCC#box«` ��MYC2¨�tT«Df ¸�¨§ÒÃËä
N 7��)�E6��¹¸�#

e.g. ERF189 

E6$ÆÞÇÝä� 
ÆÞÇÝä�(JA) 

âÈÙÊå�

àÙâÌÄå�

y�!)�

26SÙãÍ»ÉåÜ 
�p[ 

JAZ 
ub 

ub 
ub 

e.g. PMT�QPT 

���



nico,ne.
biosynthesis�

COI1.

MYC2�

ERF189�

Ethylene� JA�

"3.#ÒÃËäN 7¯¬ÆÞÇÝä�¨½Ëâä¬U��P#
�k¯¬,m«µ¸�,«µ¥¦�ÆÞÇÝä�_xº��¦ÒÃËä¬ON��}�¹¸��:
§�½ËâäÆÞÇÝä�«µ¸ERF189y�!)¬1�SLs-º8� ¸�¨§��F!)§
�¸ÒÃËäN 7��)d¬SLº8� ¸�����½Ëâä�ERF189�'¬ÆÞÇÝä�Å
ÂÑá_x¬!)«2�º�° ¬�©��<p;§�¸�#

Insect herbivory!
wounding!

���



nico,ne�

�i��.

Auxin�

¾å¿ÅäH�.

nico,ne�

Auxin�

"4.#ÒÃËäN 7¯¬¾å¿Åä¬2�#
�ÊÕÃ@J§j�¬��ºn�¨?¯¬¾å¿Åäz|��,�¹�ÒÃËä¬lX��&� 
¸�¨�_�T«V¶¹¦�¸�±£�j�º���£@J¯'N¬¾å¿ÅäºH� ¸¨?

¯¬¾å¿Åäz|�&(��ÒÃËä¬lX��I. ¸�¨�+�T«W�¹£(Shi#et#al.,#
2006)�#

���



nico,ne.
biosynthesis�

COI1.

MYC2�

ERF189�

Auxin� JA�

"5.#ÒÃËäN 7¯¬ÆÞÇÝä�¨¾å¿Åä¬U��P#
�k¯¬,m«µ¸�,«µ¥¦�ÆÞÇÝä�ÅÂÑá_xº��¦ÒÃËäN 7���}�
¹¸��:§�ÆÞÇÝä�«µ¸ÒÃËäN 7«¾å¿Åä8�T«Df ¸�����q^

ª�)DB<p;§�¸�#

Insect herbivory!
wounding!

���



?

nico,ne.
biosynthesis�

xylem.
transport�

root.cell.

nico,ne�

leaf.cell.

"6.#ÒÃËälX«��¸ÒÃËäz|¬ÝÎá#
�?§N 7�¹£ÒÃËä~Zz|º_¦k«lX�¹¸�MATE1/2¨JAT1¡¹¢¹?¨k
¬Geg«/#��ÒÃËäºGe�«z|�¦�¸�±£NUP1?¬^eg�«/#�^ew
�«ÒÃËäºz|�¦�¸����?�¶k¯¬ÒÃËäz|«ÒÃËäº?¬N 7^e�
¶9� ¸z|�~Z¬�·{²º�} ¸z|�µ®k¬^e«��¦^e'�¶ÒÃË

äº�·{³z|�4o§�¸�<¤<p;§�¸�#

JA.signal�

Insect herbivory!
wounding!

H+.H+.

H+.H+.

H+.H+.

vacuole�

vacuole�

MATE1/2�

JAT1�

NUP1�

?

cytosol�

cytosol�

plasma.
membrane�

plasma.
membrane�

���



04g07
4880�

PUP1�
PUP2�

NtC1482�

10g005160�

07g005660.

PU
P4
�

PUP5�

01
g0
88
55
0. PUP17lik

e�

PUP15�

08g077370�

PUP7like�

02g071100
�

03g005820.
02g071050.

Arabidopsis.

Tomato.

Tobacco.

"7.#ÊÕÃ�»ß×ÐÙÅÇ�µ®ÏÚÏ¬NUP/PUP$z|¬[aC#
�ÊÕÃ�µ®ÏÚÏ¬NUP/PUP$�bz|»ß×ÐÙÅÇPUP¬»ÛÔ���ºÁ½àå«�
¦�Sol#genomics#network�§A]ºn¥£�[aC�7«MulYple#Sequence#Alignment#by#
CLUSTALW#(h^p://www.genome.jp/tools/clustalw/)#�µ®MEGA5.2.1#programºP�£�#

���
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Ňƚń� XHQsűŴ� NUP1'űŴĈřŦă  
 

Āñ#ôĎ  
 
ąĤĀñ  
� Ž�ÄEruXsF&(N. tabacum cv. Burley 212)Jr>YWMW col-0�

1 Ɨĉ�¼ŌƂWUo?h" 10 �ĜŞ×�ĜŞČ" 5 ³�wĐē��'��

ŁÄ9vù±Č���0.8 % (W/V)  agar�3 % (W/V) LEruL9°/ B5º·

(Gamborg et al., 1968)&íŁ��� 

� ºƓōŘ&�5Ŧă&( N. tabacum cv. Bright Yellow No.2ĭĂ'ºƓōŘ�

P[H BY-2ºƓōŘ(�x BY-2ōŘ; Nagata et al., 1992)9Ĭ
��BY-2ōŘ(

Ĕ�ºƓā�x"( 27 °C� 110 rpmúâ"'ºƓ9Ţ
�vŷƅ�#& 100 ml

'î¿ LSº·(1x MS saltƘMurashige and skoog, 1962ƙ�0.5 g l-1 MES�0.2 g l-1 

KH2PO4 � 0.1 g l-1 myoinositol � 1 mg l-1 thiamine-HCl � 0.2 mg l-1 

2,4-dichlorophenoxyacetic acid (2,4-D)�30 g l-1 sucrose� pH 5.6-5.8; �x BY-2º

·#İ�)& 1 mlŒ�ºƓ���µ�º·"'ºƓā�( 0.8 % Agar9°/BY-2

º·&! 27 °C úâ&!ºƓ��ŋ 2ŷƅ�#&Œ�ºƓ9Ţ��� 

 

Õŭůì  
� Õŭůì&Ĭ
� Agrobacterium*'bnLgVÎ�&( Gene pulser (Biorad)

9Ĭ
@qEUrequJlsĎ"Õŭůì9Ţ���50 µl AgrobacteriumHs

_SsUNp& 1 µlbnLgVěĔ9ĕ²��1'9�2 mm DkcRU&ŀ�

2.5 kV "@qEUrequJls9Ţ����'×�DkcRU&Ķê1 ml YEB

º·(5 g l-1 Meat extract�5 g l-1 bactopeptone�1 g l-1 Yeast extract�0.5 g l-1 MgSO4t

7H2O�2.5 g l-1 LEruL) 9¥���Ƅ9ó�
 1.5 mlQkua&ŀ��28 ��

220 rpm�2øƅºƓ��×�13 g l-1 agar9°/ YEBËÃº·&! 28ºC�48ø

ƅºƓ����  

� BY-2ōŘ*'ÕŭůìôĎ(�An (1985)9©ŕ&�x'ãƏ"Ţ���7 õ

ƅĔ�ºƓ�� BY-2ōŘ9ó�
 100 ml BY-2º·& 4 mlŒ���4õĵ'ō

Ř9Ĭ
��Íū'bnLgV9 A. tumefaciens strain EHA105&Õŭůì��×� 

3 ml YEBĔ�º·"Ĕ�ºƓ��ºƓ 2õ×'ŞĔ 30 µl9ó�% 3 ml YEBĔ

�º·&Œ���Œ�× 24øƅ'ŞĔ9Õŭůì&Ĭ
�� 
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4 ml' BY-2ōŘ& 500 µl AgrobacteriumŞĔ9¥��2õƅúâ"�ÅºƓ��

×�BY-2Ĕ�º·" 5³Đē��×�NqEJlsfuBu&ÍÜ��äĪĤ

ŭƘ50 µg ml-1� kanamycin -�( 25 µg ml-1� hygromycinƙ2) 250 µg ml-1 

sefotaxim sodium9¥�� BY-2µÕº·w" 28 °Cúâ"żåºƓ9Ţ���

ŋƛŷƅ×�Īŗ�!��ŖÝ BY-2ōŘ9ó�
żåº·"~ĉżå9Ţ���

�'×żå�6�ĦŃ��n>s�3 total RNA9æ���qRT-PCR&2�!ż

å����'×'Ŧă&Ĭ
5�0&�63'ōŘ(�äĪĤŭ9Ɗ
� BY-2

º·&!�Œ�ºƓ9Ţ��� 

 

 
NUP1»ŭ¬4Ų.đÝ'ĚÈ   
� NUP1»ŭ¬4Ų.đÝ& 
!(NUP12)NUP1'ApOrF"	5J

r>YWMW PUP19ıâĲĨ����ŝƁĊ�2) NUP12) PUP1Ÿ¤

ĲĨ BY-2ōŘ9Ĭ
�� 

� NUP1 2) PUP1 ĲĨƁĊ9Ø5�0&�Gateway technologyƘInvitrogenƙ

9Ĭ
!P[H NUP12)Jr>YWMW PUP19 pDONR/zeo&IaEru

XsF��JuGsL9Ļũ����3&�63'Ps\Eŭ�ƁĊ'ōŘś

&Ð¶�5�#9Ļũ�5�0& CÿŅ&ƁĊ Green fluorescent protein (GFP)9

š®�� NUP1-GFP2) PUP1-GFP9 pDONR / zeo&IaEruXsF��

JuGsL9Ļũ����' pDONR / Zeo / NUP1� pDONR / Zeo / PUP1�pDONR 

/ Zeo / NUP1-GFP 2) pDONR / Zeo / PUP1-GFP 9 LR ªÜ&2�!

pDR196GW(Barker et al., 2000)&EruXsF��JuGsL9Ļũ��ƁĊÕ

ŭůìĬ pDR196GW / NUP1� pDR196GW / PUP1�pDR196GW / NUP1-GFP� 

pDR196GW / PUP1-GFP 9�à���EruXsF&�Ĭ��bn>fu(

supplementţ 3&ļ���  

� �ƈ'ÉƔ(ĽáŠľÂ ¾ª�²�ïé#'�¯ĸł#�!Ţ
�wŧ'

vector9�ŝƁĊ&Õŭůì����ŝƁĊ( strain AD12345678 (MATα, PDR1-3, 

ura3, his1, Δyor1::hisG, Δsnq2::hisG, Δpdr5::hisG, Δpdr10::hisG, Δpdr11::hisG, 

Δycf1::hisG, Δpdr3::hisG; and Δpdr15::hisG) (Decottignies et al., 1998) 9Ĭ


lithium acetate Ď9 (Yazaki et al., 2002)Ĭ
!Õŭůì��uracil9Ɗ�Ƙ-uracilƙ

2 % agar9°/µÕ SDº·Ƙ6.7g l-1 yeast nitrogen base w/o amino acid�20 g l-1 

glucose�2 mg l-1 adenine�30 mg l-1 L-isoleucine�150 mg l-1 L-valine�20 mg l-1 
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L-arginine-HCl�30 mg l-1 L-lysine-HCl�20 mg l-1 L-methionine�  50 mg l-1 

L-phenylalanine�200 mg l-1 L-threonine�30 mg l-1 L-tyrosine�20 mg l-1 L-tryptophan�

20 mg l-1 L-histidine-HCl�100 mg l-1 L-leucineƙ&bquS=sF� 30 ºC"Īŗ

�����63'bnLgV9°:�ƁĊ9Ĕ� SDº·Ƙ-uracilƙ&ŀ� 200 rpm�

30 ºC"èĴºƓ��OD 600 nm � 0.7&Ź��ø&vÔƁĊ9³«�Ĕ� SD

º·Ƙ-uracilƙ&�ßğ���üŎĠÔ 0.25 µM'<pBr>V'XHQs�<

WP^s�]mJ<gs2)LHengs�`ndZ>V'pQs�^Pg

s B6 '_oKs�_oVDIgs2)_oVDIup�PUP1 'űŴ»ŭ#

�!÷3�&%�!
5<TXs9ƁĊßğĔ&Ė¥��4øƅ¬4Ų.9Ţ�

��ƁĊßğĔ'³«(ŻÚ�ƌ"ƁĊ#ºƓĔ9���č�x>As�ìČ

" 2 ³Đē�ƁĊ'À�&�ķ�!
5��%Isbp9Đ
Ē����'Ɓ

ĊōŘ�3<pBr>V2)pQs9æ���<pBr>V( gas-liquid 

chlomatography�pQs2)^Pgs B6( HPLC"Ŧă��� 

� BY-2ōŘ9Ĭ
!�»ŭ¬4Ų.ÉƔ9Ţ��0& NUP1Ÿ¤ĲĨ BY-2ō

Ř2) PUP1Ÿ¤ĲĨ BY-2ōŘ9�à���P[H NUP1Ÿ¤ĲĨÕŭůì

�9Ø5�0&�CaMV35SbriuPu¢Ùx" NUP1Ps\Eŭ9Ÿ¤ĲĨ

�5 vector 9�x'ãƏ"�à���NUP1 ' ORF ſ & BamHI 2) SacI

¢ƉƁŌI>U9�¥�� cDNAòģ9½Ó��× pGEM-T& TA EruXs

F���wŧ'¢ƉƁŌI>U"�4���pBI121' GUS'I>U9wŧ'¢

ƉƁŌI>U"�4��� vector&Ŕ�ì� pBI121 / NUP1ox binary vector9�

à����3&Jr>YWMW PUP1Ÿ¤ĲĨ BY-2ōŘ9�à���Jr>Y

WMW PUP1Ÿ¤ĲĨ BY-2ōŘ9Ø5�0&�CaMV35SbriuPu¢Ùx

" PUP1 Ps\Eŭ9Ÿ¤ĲĨ�5 vector 9�x'ãƏ"�à���PUP1 '

ORFſ & HindIII2) SacI¢ƉƁŌI>U9�¥�� cDNAòģ9½Ó�

�× pGEM-T& TAEruXsF��JuE@sL9Ţ���PUP1' ORFſ

 9wŧ'¢ƉƁŌI>U"�4����3& pBI121 ' GUS 'I>U9wŧ

'¢ƉƁŌI>U"�4��� vector&Ŕ�ì� pBI121 / PUP1ox binary vector

9�à��BY-2ōŘ&£ų'ôĎ"Õŭůì9Ţ���EruXsF&�Ĭ�

�bn>fu( supplementţ 4&ļ���

� Ĕ�ºƓ�õĵ' NUP12) PUP1Ÿ¤ĲĨ BY-2ōŘ�3 ml9ó�% 30 ml 

BY-2º·&Ė¥����3&üŎĠÔ 0.05 µM'<pBr>V'XHQs�<

WP^s�]mJ<gs�LHengs�\\cos�cpcos�`ndZ
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>V'pQs�^Pgs B6'_oKs�_oVDIgs2)_oVDIup

2) PUP1'űŴ»ŭ#�!÷3�&%�!
5<TXsĖ¥��4øƅ¬4

Ų.9Ţ���BY-2ºƓōŘ'³«(a`Wuĝð"ōŘ#ºƓĔ9���Ś

>As�ìČ" 5³Đē�ōŘ'À�&�ķ�!
5��%»ŭ9Đ
Ē���

£ų#¯ć&BY-2ōŘ�3<pBr>V�pQs2)^PgsB69æ���

XHQs�<WP^s�]mJ<gs2)LHengs( gas-liquid 

chlomatography�\\cos�cpcos�pQs2)^Pgs B6 ( HPLC

"Ŧă����

�

qRT�PCR&25Ž�ÄĲĨŦă  
� BY-2 ōŘ�3' totalRNA 'æ�&( Qiagen ' RNA æ�DRU9Ĭ
��

æ���1 µg total RNA9Ĭ
!'cDNA9®à&(Super script �ƘInvitrogenƙ

ŵů�ƁŌ9Ĭ
��ŵů��6� cDNAªÜĔ(ŵů�× 500 µl şįČ9¥

� qRT-PCRŦă&Ĭ
��qRT-PCR( SYBR Green (Takara)9Ĭ
�Light cycler 

96 system (Roshe)" 95ºC 600 Ŀ hold�94 °C 10 Ŀ�55 °C 10 Ŀ�72 °C 15 Ŀ9

55 cycle�high resolution melting 60 ºC�3 95 ºC-" 0.05 ºC / Ŀ&őv�!Ţ�

���Ĭ��bn>fuNRU( supplement ţ 5&ļ�� 

 

<pBr>V'æ�  
� »ŭ¬4Ų.ÉƔ&�5Ãġ¸(2’S)-XHQs�<WP^s�]mJ<gs

2)LHengs'æ�(�x'ãƏ"Ţ���³«2)�ŐŉĹ��

BY-2 ōŘ9 2 õƅ�Ő}Ģ�����Ő}Ģ���Isbp 25 mg & 0.1 N 

H2SO49¥� 60 �ƅŮƎď�ĩ9Ţ����'× 15,000 g 10�ƅŻÚ�wė9

³«�!��%ŏœģ9¬4Ɗ
��wė 1 ml&Í�! 25 % NH4OH9 0.1 ml

¥�2�ĕ�®8�|²���|²×'Isbp9 Extrelut-1 columnƘMerckƙ

&Ė¥��×�6 ml' chloroform"<pBr>V9ě����ě���Isb

p9 37 °C"}Ģ� 0.1 % dodecaneƘWakoƙ9°/@PZup"ě��CLEr

fUFn`=uĬ'Isbp#��� 

� XHQs�<WP^s�]mJ<gs2)LHengs'¬4Ų.9Ţ�

�ƁĊ&
!( 5 �Ƅ' 0.1 N H2SO4 (V/W)2)CnL^uM9Ĭ
!

vortex&24ōŘ9ĺĹ��ŻÚ�ƌ&2�!wĞ.9³«� Extrelut-1 column

9Ĭ
�wŧ'æ�Ď#¯ć&Ţ��� 
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� \\cos2)cpcos'æ�(�x'ôĎ"Ţ���³«��P[H

BY-2ºƓōŘ&óƖƃ' 5�Ƅ' 20 mM osƂ[R`;uƘpH. 2.5ƙ(V/W)

9Ė¥�ŮƎď�ĩ 30 min��3&>sDkcuU 65 ºC� 30 min9Ţ��×�

ŻÚ�ƌ&!wĞ.9³«��ăIsbp#��� 

 

pQs'æ�ôĎ  

� ³«��ƁĊ2)P[HBY-2ōŘ&óƖƃ' 10�Ƅ' 50 % EtOHƘV/Wƙ

9Ė¥��CnL^uM9Ĭ
! vortex &24ōŘ9ĺĹ��ŻÚ�ƌ&2�

!wĞ.9³«��ăIsbp#��� 

 

^Pgs B6'æ�ôĎ  

� ³«��ƁĊ'óƖƃ' 2�ƄƘV/Wƙ' 25 mMƀƂ[R`;uƘpH 4.0ƙ

9¥��CnL^uMEnRJju"ĺĹ��×�Òę�10��15,000 rpm"

ŻÚ�ƌ&24wĞ.9³«���ăIsbp#��� 

� ³«��BY-2ōŘ'óƖƃ' 5�ƄƘV/Wƙ' 25 mMƀƂ[R`;uƘpH 4.0ƙ

9¥��65 ºC�30�ƅ>sDkcuU��×�Òę�10 ��15,000 rpmŻÚ�

ƌ&24wĞ.9³«���ăIsbp#��� 

�  

<TXs'æ�ôĎ  

� ³«��BY-2ōŘ'óƖƃ' 3�ƄƘV/Wƙ' 20 mMƀƂ[R`;uƘpH 7.0ƙ

9¥��ŮƎď�ĩ 30 min 2) 65 ºC�30 min>sDkcuU��×�Òę�

10 ��15,000 rpmŻÚ�ƌ&24wĞ.9³«���ăIsbp#��� 

 

Gus-liquid chromatography&25<pBr>V'ĚÈ  

� Gus-liquid chromatography Ŧă&( GC-2010ƘShimadzuƙ9Ĭ
��XHQs�

<WP^s�]mJ<gs�LHengs'ĚÈ&(Rtx-5 Amine capillary column

ƘRestek; I.D. 0.25 mm, df 0.50 µm�30 mƙ9Ĭ
��CLErfUFn`=u'

öęā�(�x'Ŷ4"	5�100 °C�10 min hold�150 °C-" 25 °C min-1�170 °C

-" 1 °C min-1�300 °C-" 30 °C min-1�300 °C, 10 min hold�injector 300°C�FID 

detector 300 °C� 

� XHQs�ÆıÝ�9�ƌ�ĚÈ�5�0&�GC-2010&�-DEXTM120 fused 

silica columnƘSUPELCO, PA, USƙ9Ĭ
��CLErfUFn`=u'ā�(
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�x'Ŷ4"	5�120 °C 60 min hold�injector 230 °C�FID detector 250 °C� 

� HPLC&25\\cos�cpcos�pQs�^Pgs B62)<TXs

'ĚÈ&( HPLC ( LC-10 JLShƘShimadzuƙ9Ĭ
��pQs'�ă'.

¾ª�²�ïé&�Ƒ� MD-2018 JLSh(Jasco)9Ĭ
���ăā�(�x'

Ŷ4"�%��� 

 

HPLC &25\\cos�cpcos�pQs�^Pgs B6 2)<T

Xs'ĚÈ  

� HPLC&25\\cos�cpcos�pQs�^Pgs B62)<TXs

'ĚÈ&( HPLC ( LC-10 JLShƘShimadzuƙ9Ĭ
��pQs'�ă'.

¾ª�²ŪÑ&�Ƒ� MD-2018 JLSh(Jasco)9Ĭ
���ăā�(�x'Ŷ

4"�%��� 

 

\\cos2)cpcos'ĚÈ 

Column ; COSMOSIL Cholester ( 2.0 × 100 mm, 2.5 mm ) (Nacalai Tesque) 

Column Temp. ; 40 � 

Flow rate ;  0.5 ml / min 

Mobile phase ;  20 mM phosphate buffer (pH 2.5) : MeOH = 4 : 6 (V / V) 

Gradient time program ; isocratic analysis 

Injection volume ; 5.0 ml 

Detection ; UV 254 nm 

 

pQs'ĚÈ 

Column ; COSMOSIL 5C18 MS-II (4.6 mm x 150 mm,5 µm) (Nacalai Tesque) 

Column Temp. ; 40 � 

Flow rate ;  1.0 ml / min 

Mobile phase ;   

   A. water : formic acid = 9 : 1 (V/V) 

�  B water : formic acid : MeOH : acetonitrile = 40 : 10 : 22.5 : 22.5  (V/V/V/V)                  

Gradient time program ; liner gradient 

                    0 min ; A : B = 88 : 12 (V/V) 

                    12 min ; A : B = 0 : 100 (V/V) 

Injection volume ; 5.0 ml 
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Detection ; UV 358 nm 

 

^Pgs B6'ĚÈ 

Column ; COSMOSIL Cholester ( 2.0 × 100 mm, 2.5 mm ) (Nacalai Tesque) 

Column Temp. ; 40 � 

Flow rate ;  1.0 ml / min 

Mobile phase ;  25 mM phosphate buffer (pH 4.0) 

Gradient time program ; isocratic analysis 

Injection volume ; 5.0 ml 

Detection ; Fluorescent, Emission 328 nm, Excitation 393 nm  

 

<TXs'ĚÈ 

Column ; COSMOSIL Cholester ( 2.0 × 100 mm, 2.5 mm ) (Nacalai Tesque) 

Column Temp. ; 40 � 

Flow rate ;  1.0 ml / min 

Mobile phase ;  25 mM phosphate buffer (pH 7.0) 

Gradient time program ; isocratic analysis 

Injection volume ; 5.0 ml 

Detection ; UV 254 nm 

 

Ãġ¸(2’S)-XHQs#_oVDIgs'ņ®ƇÊÉƔ  

� NUP12) PUP1Ÿ¤ĲĨ BY-2ōŘ&�5ņ®ƇÊÉƔ9Ţ���Ĕ�

ºƓ 3õĵ' NUP12) PUP1Ÿ¤ĲĨ BY-2ōŘ�3 ml9ó�% 30 ml BY-2

º·&Ė¥���Ãġ¸(2’S)-XHQs¬4Ų.&�5_oVDIgs&25

ņ®ƇÊ& 
!(üŎĠÔ 0.05 µM Ãġ¸(2’S)-XHQs2) 0�0.052

) 0.5 µM_oVDIgs' 3�ĩ§9Ũ����3&_oVDIgs¬4Ų.

&�5Ãġ¸(2’S)-XHQs&25ņ®ƇÊ& 
!(üŎĠÔ 0.05 µM_o

VDIgs2) 0 �0.052) 0.5 µM Ãġ¸(2’S)-XHQs' 3�ĩ§9Ţ

���³«��Isbp�3'Ãġ¸(2’S)-XHQs2)_oVDIgs'æ

��ĚÈā�(£ų'Ŷ4"	5� 
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ŐĄ  
 
P[H NUP12)Jr>YWMW PUP1'űŴ»ŭĥıÝŦă  

� NUP1'űŴ»ŭ9Ŧă�5�0&�NUP19ıâĳ&ĲĨ����ŝƁĊ9

Ĭ
!¬4Ų.ÉƔ9Ţ���NUP1 (ąĤ��"(ōŘśÐ¶¸" 10 'śŬ

ŶƐ¹9ç��ōŘ�&XHQs9űŴ�5 (Hildreth et al., 2011)��Ô�Ð¶

Ŧă9Ţ
ōŘś&Ð¶�5�#9Ļũ��(´ 20)�����NUP19ƁĊ"Ĳ

Ĩ���Ƌ&Û��1ōŘś"ĲĨ�!
5#(Ɖ3%
'" GFP9 NUP1'

C ÿŅ&�¥�� NUP1-GFP 'Ð¶Ŧă9Ţ���NUP1-GFP 'vž(ƁĊ'

�ś"ĲĨ�!
51''�ōŘś"'Ð¶�ťÌ�6�'"�ōŘś9��

�űŴ»ŭĥıÝŦă�Ţ�5#¡ò��(´ 8. A)�űŴ»ŭ'�Ť#�!P[

H�Īī�5_oKs<pBr>V"	5Ãġ¸(2’S)-XHQs2)<WP^

s��3&P[H�Īī�%
Ur\s<pBr>V"	5]mJ<gs2

)LHengs'¬Ų.9Ŧă��#�7�NUP19ĲĨ���ƁĊ"ýÞ&¬

Ų.Ƅ�½¥�!
�Ƙ´ 8. Cƙ��3&ƍűŴ»ŭ"	5#þÖ�65`nd

Z>V'pQs'¬Ų.9Ŧă����NUP19ĲĨ���ƁĊ"¬Ų.�½¥

�5�#(%����0�NUP1'űŴ»ŭ(`ndZ>V"(%�<pBr>

V"	5�#�÷3�&%��� 

� �3&XHQs'�ÆıÝ�'¬Ų.Ŧă�5�0&�Ãġ¸(2’S)-XHQs

2)ƍÃġ Ƙ̧2’Rƙ-XHQs9ňƄĕ®��»ŭ'¬Ų.9Ŧă��(´ 9)�

Ãġ¸(2’S) -XHQs2)ƍÃġ¸(2’R) -XHQs9ňƄĕ®��»ŭ(Er

fUFnh"1+, 50Ɨ� '_uE9ļ���(´ 9. A)�NUP19ĲĨ���

ƁĊ"(Ãġ¸(2’S)-XHQs9ýÞ&Á�¬4Ų/�#�÷3�&%��(´

9 . B)����cEPuHsUrup"(ƍÃġ¸(2’R)-XHQs'¬Ų.� LC

'Ć�ƉĮ�x"	���0�Ãġ¸(2’S)-XHQs2)ƍÃġ¸(2’R)-XHQ

s'¬Ų.'ċħ9cEPuHsUrup#ċŰ�5�#(yř"	���

-��Jr>YWMW PUP �^Pgs B6 1űŴ»ŭ�5�#�÷3�&%�

!
5'"(Szydlowski et al., 2013)�P[H NUP1�^Pgs B6&Í�!1űŴ

đÝ9ç �$��9Ŧă��(´ 10)�̂ Pgs B6(Çř»'ź
&24 3Ł

ƒÅ¶�<pHup¸_oVDJs�<pT]V¸_oVDIup���!<

gs¸_oVDIgs&��365(´ 10. A)�NUP19ĲĨ���ƁĊ"�!'

^Pgs B6'¬4Ų.�ýÞ&½¥��(´ 10. B)�P[H NUP11Jr>YW
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MW PUP#¯ć&^Pgs B69űŴ�5�#�÷3�&%��� 

� ¯ć'»ŭ¬Ų.ŦăNUP1Ÿ¤ĲĨBY-2ōŘ9Ĭ
!Ţ���̈ �&NUP1
�Ÿ¤ĲĨ�!
5ÕŭůìBY-2ōŘ9Ø5�0&NUP1'ĲĨŦă9Ţ��

#�7�ýÞ& NUP1�Ÿ¤ĲĨ�!
5ĦŃ% 2Ŋő9ĻŃ��(´ 11. A)�

űŴ»ŭ'�Ť#�!P[H�Īī�5_oKs<pBr>V"	5Ãġ¸

(2’S)-XHQs2)<WP^s��3&P[H�Īī�%
Ur\s<pBr

>V"	5]mJ<gs2)LHengs��3&csKp>ODZos<

pBr>V'cpcos2)\\cos�^Pgs B6 "	5_oVDJs�

_oVDIup2)_oVDIgs'¬Ų.9Ŧă��#�7�NUP1Ÿ¤Ĳ

Ĩ BY-2 ōŘ&
!\\cos9Ɗ�<pBr>V'¬4Ų.�ýÞ&½¥

��(´ 11. C)�-�^Pgs B6 "'¬4Ų.( NUP1Ÿ¤ĲĨ BY-2ōŘ&


!�!'^Pgs B6"¬4Ų.�ýÞ&½¥��(´ 12)�ƍűŴĈŭ#ëÈ

�65`ndZ>V'pQs'¬Ų.9Ŧă����NUP1Ÿ¤ĲĨ BY-2ōŘ

"¬Ų.�½¥�5�#(%���(´ 11�C)�����!�NUP1'űŴ»ŭ

(<pBr>V2)^Pgs B6"	5�#�÷3�&%4�ƁĊ"'Ŧă'

ŐĄ#vŜ����3&XHQs'�ÆıÝ�'¬Ų.Ŧă�5�0&�Ãġ

¸(2’S)-XHQs2)ƍÃġ¸(2’R)-XHQs9ňƄĕ®��»ŭ'¬Ų.9

Ŧă���Ãġ¸(2’S)-XHQs2)ƍÃġ¸(2’R)-XHQs9ňƄĕ®��»

ŭ'ErfUFnh(+, 50Ɨ� '_uE9ļ��(´ 13. A)���� NUP1
'ĲĨƄ&(�Å�� BY-2 ōŘ"(Ãġ¸(2’S)-XHQs9��ĳ&¬4Ų:

��0 (´ 13. B)�NUP1(XHQs'�ÆıÝ�'¬Ų.&(Ɔz�!
%


�#�÷3�&%��� 

� �3&�P[H NUP1#Jr>YWMW PUP1'űŴĈŭ'ĥıÝ9 BY-2ō

Ř"ċŰ�5�0&��r>YWMW PUP1Ÿ¤ĲĨ BY-2ōŘ9�à��#�

7ýÞ& PUP1�ƕĲĨ�!
5ĦŃ�� 2Ŋő9Ø�(´ 14. A)�BY-2ōŘ"

'űŴŦă'ŐĄ�3P[H NUP1 '."űŴ�5»ŭ'�Ť#�!Ãġ¸

(2’S)-XHQs(´ 11. C)�Jr>YWMW PUP1'."űŴ�5»ŭ#�!<T

Xs(Gillissen et al., 2000)��3&P[H NUP12)Jr>YWMW PUP1�&

űŴ�5^Pgs B6 '|"1ü1ƕ
¬4Ų.9ļ��_oVDIgs(´ 10

2) 12)9űŴ»ŭ�Ť#�!ċŰ���P[H NUP1Ÿ¤ĲĨ BY-2ōŘ"

(Ãġ¸(2’S)-XHQs2)^Pgs B6 "	5_oVDIgs9ýÞ&¬4

Ų.(´ 14. C2) D)�Jr>YWMW PUP1Ÿ¤ĲĨ BY-2ōŘ"(^Pg
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s B6"	5_oVDIgs2)<TXs9ýÞ&¬4Ų:��(´ 14. D2

) E)��'ŐĄ24^Pgs B6(P[H NUP12)Jr>YWMW PUP1'

{ô'űŴ»ŭ#%4�Ãġ¸(2’S)-XHQs(P[H NUP1�<TXs(Jr

>YWMW PUP1ĥıĳ%űŴ»ŭ"	5�#�÷3�&%��� 

� �3&�P[H NUP12)Jr>YWMW PUP1'Ãġ¸(2’S)-XHQs#

^Pgs B6&Í�!�$�3'űŴ»ŭ&ƕ
<`=XS=u9ļ�'�9Ŧ

ă�5�0&ņ®ƇÊŦă9Ţ���vÈĠÔ'Ãġ¸(2’S)-XHQs&Í�!

_oVDIgs'ĠÔ9¿�!Ãġ¸(2’S)-XHQs'¬4Ų.Ƅ9Ŧă��-

�Ãġ¸(2’S)-XHQs#_oVDIgs9�6û��ÉƔ§9Ũ���50 µM

Ãġ¸(2’S)-XHQs&Í��_oVDIgs'ĠÔ9¿¦���Ƌ'Ãġ¸

(2’S)-XHQs'¬4Ų.(�_oVDIgs'ĠÔ&23�vÈ"	��(´

15. A)�vô�50 µM_oVDIgs&Í�Ãġ¸(2’S)-XHQs'ĠÔ9¿¦

���Ƌ'_oVDIgs'¬4Ų.(�NUP1Ÿ¤ĲĨ BY-2ōŘ"(XHQ

s'ĠÔ�Åĳ&ĘÏ��(´ 15. B)�-� PUP1Ÿ¤ĲĨ BY-2ōŘ"( 50 µM 

Ãġ¸(2’S)-XHQs9Ė¥��ø&_oVDIgs'¬4Ų.�ƇÊ�6!


������500 µM Ãġ¸(2’S)-XHQs9Ė¥��ø"( 50 µMÃġ¸ (2’S)-

XHQsĖ¥��ø#¿83%���� -4�P[H NUP1(^Pgs B6'

_oVDIgs241Ãġ¸(2’S)-XHQs&ƕ
<`=XS=u9ç �#�

÷3�&%��� 
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ƻó  
 
� NUP1 +Q�Da_T_ PUP1 %Ȧ�ƐÇĕ?Ĥ"Ǵǹ�?O�^�#�;�

XdO NUP �8-Q�Da_T_ PUP +ŌŸ(ŹƉƋ' Drug and Metabolite 

transporterȨDMTȩ 2. A 7. 14 family(ú�#�;ȨJelesko, 2012ȩ�DMT 2. A 7. 

14 family+ Plant Organic Permease (POP) family%6Í,<�H+*Ȥº¶?Ƅ�

#�k|�ǧõ�ȨB\`��NB`�'&ȩ�ŌŸn}u�Ȩ]{�SVBY

��IDbY�'&ȩ�9(B}I�D^ȨIiFD�'&ȩ?ǴǹÝǭ(�

;%ƻ
9<#��ȨJack et al., 2001ȩ� 

� Q�Da_T_(+ 21 * PUP ȅ�éȨ1 "+ psuedogeneȩê×�#�;

ȨJelesko, 2012ȩ��* PUPȅ�é*�$�XdO NUP1�8- NUP2%ǷƷ'

Q�Da_T_PUP1�PUP2�8-PUP3őǁǠņ(Ƅ�9<#�; (Gillissen 

et al., 2000; Burkle et al., 2003; Cedzich et al., 2008; Szydlowski et al, 2013)�ȈŖ*B

\`�*Ã:Ƕ3ãƉ� fcy2?Ƅ��ƐǚƋSM|�`�N�9�PUP1+B\

`�*Ǵǹ�%�#Ɗǜ�<�ȨGillissen et al., 2000ȩ��9( PUP1?Ɗſ��

�¬ǙȈŖ$+B\`�(ô�Ȧ�ǴǹBiC`[C�?Ĥ �H+ǻȁȖð³

(8:B\`�*Ã:Ƕ3ĝ
9<��%�9�H+Q�p�]őŎ?Ĥ"�

B\`�%Çŏ(k|�Ɓ?Ĥ"PD]ID`�7IiFD�?B\`�%Ç

ĺ(ŧ·��ơÆȖðîȥ�9B\`�*Ã:Ƕ3Ȗð�<��2�`OY

�6Ĉ�'96B\`�*Ã:Ƕ3?Ȗð���Ʈǀ¦ø×Ǡņ�<�*

+ PUP1 *3$ƮǀǄø×Ù$�;ȨCedzich, 2008ȩ�ƊſưƹǠņ$+ PUP1

+ǐǂ*ŁƠ*ĦŚưƹ�PUP2+þƥ�PUP3+ǒ�8-ǋƧȨBurkle et al., 2003ȩ

$�:�PUP iAr|�*�*ȅ�é+őǁǠņ�<#�'��XdO NUP1

*őǁǠņ+ Hildreth et al.Ȩ2011ȩ(8!#�ƮǀǄø×Ù$�:ŋƠ$ĉ�Ɗ

ſ�#�;`OY�ŹƉƋ'Ǵǹ�%ÞÊ�<���9(ǇÌť��%( NUP1
Ɗſĝ±Řźŋ$+`OY�ƂÆęȅ�é*Ɗſ����`OY�ǔƚũ

÷�#����9(ŋ*Ƃƾķ�';%ÞÊ�<#�;(Hildreth et al., 2011)�

2�Ƿā�ȈŖ*gXr� B6*Ã:Ƕ3ãƉ�MVY30?Ƅ��ƐǚƋSM|

�`�N(8!#�PUP1 +gXr� B6 *Ǵǹ�%�#6ÞÊ�<#�;

ȨSzydlowski et al, 2013ȩ�����gXr� B6*ǴǹŠĕ+ PUP1�8- PUP2

*3$Ǧ59<�PUP3 $+01ǜ9<'���<2$*¡ǗƓƜ8:XdO

NUP1+ƮǀǄø×Ù*`OY�Ǵǹ�$�;�Ç� NUP/PUPiAr|�¦
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*Q�Da_T_ PUP1Ŀ�;B\`�7gXr� B6*ǴǹŠĕ("�#+

�Ĺ$�!�� 

� NUP1?Ɗſ���¬ǙȈŖ?Ƅ��ÃǶ3Ýǭ*ơÆȖðîȥ�9NUP1*

`OY�*Ã:Ƕ3+XdOB}I�D^*B_Xg��B_dQ��]�e

�B}I�D^$�;B]�h�(fzQBr�*{UrŦÆŸ)�8-PD]

ID`�$�;IDbY�'&(8!#Ȗð�<;����]�e�B}I�

D^*SOp{r�+Q�Da_T_ PUP1 *`OY�Ã:Ƕ3(ô�#Ȗð

?ǯ��'� (Hildreth et al., 2011)� 

� łƓƜ$+ȫ"*»ÆŸ(ô�#*Ã:Ƕ3?Ǡņ���NUP1?Ɗſ���

«ǌȈŖ�8- NUP1ȁ´Ɗſ BY-2Ʈǀ?Ƅ�#�ÝǭǴǹŏĆ*őǁǠņ?

Ǘ!�(Ó 8 - Ó 14)�NUP1?ƉĚƊſ���«ǌȈŖ$+XdOŌŸłŅƃ

Ƃ�;h|R�B}I�D^*`OY��8-B_Xg��XdOŌŸƃƂ

�'�]�e�B}I�D^*fzQBr��8-SOp{r���9(gX

r� B6 '&*k|�Ɓ?È2'�»ÆŸ.*ĂƦÒ'ǴǹÝǭŹƉĕǦ5

9<��2�NUP1ȁ´Ɗſ���BY-2Ʈǀ$+Çŏ*ƲŇ%'!��%�9�

7+: NUP1 +ĂƦÒ'ǴǹÝǭŹƉĕ?Ŀ�#�;%ĩó�<;�Q�Da

_T_ PUP1*ǴǹÝǭ+B\`��PD]ID`��8-gXr� B6$�;

ȨGillissen et al., 2000; Burkle et al., 2003; Cedzich, 2008; Szydlowski et al, 2013ȩ�

�Ĵ$XdO NUP1*ǴǹÝǭ+B}I�D^�8-gXr� B6$�:�÷'

�%6B\`�+ǴǹÝǭ$+'�!�(Ó 14) �NUP1 Ɗſ¬ǙȈŖ�8-

NUP1ȁ´Ɗſ BY-2Ʈǀ*gXr�ȯ6*Ã:Ƕ3*¥Ǽų%�#�h|^K

P�}(gXr� B6 *B}\f^Ù)8:6h|^KQ�(B}O�}Ù)7h|

^KPr�(Br�Ù)?å�Ã:Ƕ@$���NUP1*ǴǹÝǭ+¥ǼŎǽ%�

#h|R�Ɓƻ
9<;��9(h|R�ƁËǵ*ìǁÝ2�+ƞ�Ŏǽ

(8!#ǴǹÝǭ*ȄĠĕƂ�#�;Åǁĕ�;� 

� ŉȣǛśĕ*ºŸ%+Ɖ':ŌŸ$+gXr� B6?ƂÆę�#�;�h|^

KP�}-5-|�ȉ(PLP)ŠĕÙgXr� B6 $�:�Ƃ�¦*ŏ�'ŚŬĕȈ

Ƭ*ǚȈƬ%�#őǁ�#�;(Roje, 2007)�PLP ƂÆęȈƬ*Pjx`Z]*

�"$�;Q�Da_T_ PDX2 * null ãƉ�+ƿĕǆŔ?Ɩ�

(Tambasco-Studart et al. 2005)�2� PDX1.1��� PDX1.3�ţǻÖS]~S�8

-ȉ»S]~SƼĕ(ò��#�;(Chen and Xiong, 2005)� �<8: PLP+Ɗ

Ƃ�Ʈǀ¦Ėÿĕ(��;ȋǛ'Čµ?Ň��#�;�Q�Da_T_ PUP1
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+ǐǂ*ŁƠ*ĦŚưƹ�ȦƊſ�#�;�5�PUP1*őǁ+ĦŚưƹ�9Ħ

Ś�<�PD]ID`�7gXr� B6 *§Ã:Ƕ3(Ȕ>;%�<#�; 

(Bürkle et al. 2003; Szydlowski et al. 2013)�����PUP1* nullãƉ�$+ȡǑ

'ǘſÙ?Ɩ�#�'�*$�PUP1 *ƂŸƋ'Čµ+Ĺ9�$+'�
(Szydlowski et al. 2013)�XdOŌŸ(��; NUP1Ɗſĝ±Ŋ$+Ʈǀ¦ PLP

ũ÷�;�%$�PLP�êĕȈƬ?È4�ǪȖð�<;Åǁĕ�;� 

� łƓƜ*ƲŇ�9DMT 2. A 7. 14 family*XdONUP1�8-Q�Da_T_

PUP1+�¥ǼǴǹÝǭ$�;gXr�B6*Ǵǹ�%�#őǁ�#��6*�

Ȁ»*ȁƘ$ĳǝ(k|�Ɓ?Ĥ"»ÆŸ2�+B}I�D^'&?Ǵǹőǭ

%�#Ǧǫ�;őǁ?żď��Åǁĕ�;� 
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Ƣ 2Ɵ� `OY�Ǵǹ� NUP1*`OY�ǔƚőǁ*Ǡņ  
 

Ńı%ĴŜ  
 
ŌŸŃı  
� ȅ�éM��`�N(+ N. tabacum cv. Burley 21�ƊſǠņ(+ N.tabacum cv. 

NC95�8-�`OY�ãƉŊ$�;N. tabacum cv. NC95* nic1nic2ȅ�Ù*X

dOŌŸ�?Ƅ���1 ȧ Œ�ßƬȉ_]|Es$ 10 ¬ŭǏĎ�ŭǏŚ$ 5 Ð

��şŢ��* �ƙé?�ĻÉŚ���0.8 % (W/V)  agar�3 % (W/V) SM�

�S?È4 B5ÜØ(Gamborg et al., 1968)(īƙ���ƊǌĎ�Sakata SuperMix : 

d�rKw{D] : ǮžÕ = 1 : 1 : 1(V/V/V)*ÜȣÕ(ƶ¹ĕƽıqNA�k

K?÷ȍ·
� BN|pZ](ŌŸ�?Ɨ� 25 ºC*Ūï$ƾę���Ċǭǲ

ĪXdOŌŸ�*�ę(Ƅ�� N. tabacum cv. SR-1+²Ǹ%Çŏ(Ǘ!�� 

� ÜȣƮǀ(Ȕ�#+Ƣ 1Ɵ*Ńı%ĴŜ%Çŏ(Ǘ!�� 

 

ĊǭǲĪ  
� ĊǭǲĪŌŸ�?ď;�5(|�i\CSMŜ(Horsch et al., 1985)?¿ƻ(�

�*ěȟ$Ǘ!��ôǬ*k{Sr^? A. tumefaciens strain EHA105(ĊǭǲĪ

��Ď� 6 ml YEBŤ�ÜØ$Ť�Üȣ��Üȣ 24ĺȓǏŤ?MSŤ�ÜØ$

4 ýȊ��6*?ĊǭǲĪ(Ƅ���|�i\CSM(Ƅ�;ŌŸ+Ūï$ƾ

#�N. tabacum cv. SR-1*Ǎ�ǐ?�1% Œ�ßƬȉ_]|Es�÷ȍ* tween-20

?È4ŭǏŤ$ 10¬ȓţŰŭǏ��Ď�ŭǏŚ$ 5ÐşŢ��6*?ĊǭǲĪ

Ńı%���ŭǏ��ǐ? AgrobacteriumǏŤ¦$ 0.5-1 cmǟ*|�i\CSM

?�ę���¬'ǏŤ?ģ�Ã!�Ď MS ÔĊÜØ(ùȒ� 2 Ķȓ¥êÜȣ�

�Ď�MS Ť�ÜØ$ 5 ÐşŢ� 2 mg l-1 benzyl adenine (BA)�50 µg ml l-1�

kanamycin�8- 250 µg ml l-1 sefotaxim sodium?·
�MSÔĊÜØȨShooting

ÜØȩ(Țƺ��25 � ĹĚ$ shoot?§¬»�����9( shootƪ 5 cm(

ęȑ�;2$�3ǿȓ�%(ĳ�� shootingÜØ(Ō
ƴ���ƪ 5 cm(ęȑ

�� shoot? shootingÜØ�9 BA?Ș�� 1/2 x MSß* RootingÜØ(Ō
ƴ

��Ɗŋ?����ƪ 2 ǿȓ$Ɗŋ��{D���?XdOÜȣÕ(ƗŌ��

T0 ��%�#²Ǹ*ń�$ƾę��ǅñÄƧ(8: T1 ��*ƙé?ď���

*ĎȄğ�<�Żƞ�� T1���9 total RNA?Ģ«��qRT-PCR(8!#Ȅ
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ğ��Ǡņ(Ƅ��� 

� ĊǭǲĪŘźŋ?ď;�5(|�i\CSMŜ(Horsch et al., 1985)?¿ƻ(�

�*ěȟ$Ǘ!��ôǬ*k{Sr^? A. rhizogenes strain 15834(ĊǭǲĪ�

�Ď� 6 ml YEBŤ�ÜØ$Ť�Üȣ��Üȣ 24ĺȓǏŤ?MSŤ�ÜØ$ 4

 ýȊ��6*?ĊǭǲĪ(Ƅ���|�i\CSM.*ĘňĴŜ+�ǣ%Ç

ŏ(Ǘ!��2 Ķȓ¥êÜȣ��Ď�MS Ť�ÜØ$ 5 ÐşŢ��50 µg ml-1�

kanamycin �8- 250 µg ml-1 sefotaxim sodium?·
� MS ÔĊÜØȚƺ��

25 �ļĚ$Řźŋ?ǧõ����9(ęȑ��Řźŋ? 50 µg ml-1� kanamycin

�8- 250 µg ml-1 Sefotaxim sodium?·
�B5ÔĊÜØ$Ȅğ? 2ÐǗ!�Ď�

ĞƂŸǭ?È2'� 100 ml B5Ť�ÜØ?Ƅ� 80 rpm�25 ºC $șƍÜȣ���

BY-2Ʈǀ.*ĊǭǲĪ+Ƣ 1Ɵ*Ńı%ĴŜ%Çŏ(Ǘ!�� 

 

tY}RvSu�ȉªƀ  
� BY-2Ʈǀ(ô�;tY}RvSu�ȉªƀ%�#�Üȣ 7ĶƎ*Ʈǀ 4 ml ?

ĳ�� 100 ml BY-2ÜØ(Ō
ƴ���9( 4ĶÜȣ���Üȣ 4ĶƎ* BY-2

Ʈǀ?ÐÂ� 2,4-D?È2'� BY-2ÜØȨ�� BY-2 freeÜØ%Ƈ�ȩ$ȭÐ

şŢ��Ď�BY-2 freeÜØ$XdO BY-2ÜȣƮǀ 2  ȍȨV/Vȩ(ýȊ�� 5 

ml?�ĳ�� 95 ml BY-2 freeÜØ(Ō
ƴ���Ǽÿ*Ť�Üȣń��(# 12 

ĺȓÜȣ?Ǘ���*Ď Dimethyl sulfoxide (DMSO)$ýȊ��tY}RvSu�

ȉ?ľƯűĄ 100 µΜ(';8	(ŧ·���tY}RvSu�ȉ?ŧ·��Ʈ

ǀ?ªƀ 0 ĺȓ%���Ť�ÜØ*ÐÂ(+Ks�Dk$Ʈǀ?Ș�Yw�j

(Ɨ� -20 � $�ê��BY-2Ʈǀ*ÐÂ(+ŲƫȨAdvantechȩ?Į��ji

_�ůİ$ÉćŲȁ��ǓƆŚ$ 5 ÐƮǀ?şŢ��Ď�Ť�ƝƬ�$©ƲĎ 

-80 °C(#�ê��� 

� ĊǭǲĪŘźŋ.tY}RvSu�ȉªƀ%�#�Ť�Üȣ 2 ǿȓƎ*Řź

ŋ? 3ƣ¬���<�< 100 µMtY}RvSu�ȉ?ŧ·��ĳ�� 100 ml B5

Ť�ÜØ(ƴ�Üȣ��Üȣ 24 ĺȓĎ(ÐÂ��-80 ºC$�ê��� 

 

NUP1-tagRFPǖÆX�eMǭ*Ʈǀ¦ø×Ǡņ  
� NUP1X�eMǭ*Ʈǀ¦ø×ĕ?Ǡņ�;�5(�XqbLǘƌƮǀ(o�

d�^t�]Ŝ?Ƅ���ȁƋƊſƩ$ǠņǗ!��CaMV35Sk�u�X�±

Đ�$ NUP1-tagRFPǖÆX�eMǭ?�ȁƋ(Ɗſ�; vector?��*ěȟ$



 42 

�ę���NUP1*ORFȇ®(Gateway BP cloning ư3Ľ
ȇ®�·�� cDNA

Ĳŷ?àĀ��Ď�Gateway adapter k{Dq�(8!#�9(àĀ���àĀ

�� DNAĲŷ+�pDONR / Zeo ( BPÁĔ(8!#M��`�NĎ�Q�MG

�S?ƕǦ����* pDONR / Zeo / NUP1 ? LRÁĔ(8!#�ȁƋȁ´Ɗſ

ƄlMX�pUGW2-tagRFP(M��`�N��pUGW2-tagRFP / NUP1?�ę�

��Çŏ*ĴŜ$ƮǀǄq�I�%�#ÞÊ�<#�;Q�Da_T_

PIP2a(Janget al., 2004; At3g53420 )?�ǣ%Çŏ(M��`�N��pUGW6 / 

PIP2a%���M��`�N(Ƅ��k{Dq�? supplement ǘ 6(Ɩ�� 

� �<�< 5 µg * pUGW2-tagRFP / NUP1�8- pUGW6 / PIP2a�10 µl 2.5 M 

CaCl2�4 µl 0.1 M spermidine�%%6( 1.6 µmȎƨé(O�]��Ď�70 ȧ 

ethanol�100 % ethanol*ȟ$ǃŚ��Ď�PDS-1000/He Biolistic Particle Delivery 

System(Biorad)?Ƅ�#XqbLǘƌƮǀ(Ĝ Ƕ@�Ď�25 ºC�ļĚ$ 12 ĺ

ȓD�Kwl�]��� D�Kwl�]Ď��(Ǟó��6*?Ŵªƀ%��
�9( 0.8 M q�`]�}ŚŬŤ$ 1ĺȓªƀ��6*?ȦţǻÖªƀ%��� 

Ǟó(+ C2¥ŵųȡđȐ ȨNiconȩ?Ƅ��tagRFP�8- GFP+�<�<¸

ǯ¢ 544 nm�8- 488 nm�d�^eSiC}X�+�<�< 585/65 nm�8-

514/30 nm?Ƅ��� 
 

β-glucuronidaseȨGUSȩ~p�X�ȅ�é(8;ƊſǠņ  

� NUP1*ưƹ�ÏìŹƉĕƊſǠņ?�;�5( NUP1k�u�X�±Đ�$

GUS ȅ�é?Ɗſ�; vector ?��*ěȟ$�ę���NUP1 k�u�X�?

Sol genomics network (http://solgenomics.net) ?Ƅ� NUP1 cDNA? query(�#

N.tabacum Methylation Filtered Genome TGI:V.1 Contigs (ô�#ōƭ?���
processed-tobacco-genome seuence-C32375?Ãď����9(XdOgenomic DNA

?Ƅ�# 3 ÐQ�MG�S?Ǘ�ȇ®*ƕǦ?Ǘ!�(Ó 25)�ď9<�k�u

�X�ȠÛ 1.4 kb(HindIII�8-BamHI±ȗȈƬPD]?�·�#àĀ��Ď

pGEM-T (promega)( TA M��`�N����9(�ǣ*±ȗȈƬPD]$

:«��pBI121(clonetech)* 35Sk�u�X�*PD]?�ǣ*±ȗȈƬPD]

$:«��ƺ�Ī
 pBI121 / NUP1pro :: GUS?�ę���M��`�N(Ƅ

��k{Dq�? supplement ǘ 6(Ɩ�� 

� �* NUP1pro :: GUS?Ƅ��Řźŋ?�ę��GUSňǊ?Ǘ!��ƴ�Üȣ

ĎȮĶƎ*Řźŋ?ňǊŤȨShoji et al., 2000bȩ(ţ� 20¬ȓǃř? 2ÐǗ��
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37 °C(# 24ĺȓÁĔ����ÁĔĎ�ÁĔŤ?ǓƆŚ(ƺ�Ī
 10 % glycerol

$S{D^J{S(qE�]��ȡđȐ�$Ǟó?Ǘ!��ŋ*ŷ*�ę+�

ňǊĎ�20 mM phophate buffer(pH 7.0)$|�S��30¬ȓţ���P�k}?

5% Agar�1 mM DTT�20 mM phophate buffer, pH 7.0(ġÚ�DTK-1500 microslicer

ȨDohanEMȪKyotoȩ$ 75-100 µm*½�$S{DS���S{DS��P�k

}? 10 % glycerol$S{D^J{S(qE�]�ȡđȐ�$Ǟó��� 

 

COI1�MYC2�8- ERF189Ɗſĝ±Řźŋ�8- BY-2Ʈǀ*�«  
� Ɗſĝ±Ŋ?�ę�;�5* binary vector + RNAi (8;Ɗſĝ± vector 

pBI121 / COI1 RNAi (Shoji et al., 2008)�pBI121 / MYC2 RNAi (Shoji and Hashimoto, 

2011)�8- ERF189 ( EAR |k~ZQy�6Y�i?ǖÆ��#ĉ±Ɗſ��

¦×ĕ* ERF189�8-Ç� DNAƲÆŹĕ?6" ERF189nu�N*őǁ?^

r_�]ĝ±�; pBI121 / ERF189-EAR (Shoji et al., 2010)?Ƅ���ĊǭǲĪĴ

Ŝ+²Ǹ%Çŏ*ĴŜ?Ƅ��� 

 

NUP1ȁ´Ɗſ�8-Ɗſĝ± BY-2Ʈǀ�8-ĊǭǲĪŌŸ�*�«  
� NUP1 Ɗſĝ±�?ď;�5(�CaMV35S k�u�X�±Đ�$ĖÿƋ(

RNAi(8;Ɗſĝ±?ǯ���5* vector?��*ěȟ$�ę���NUP1*

ORF�9 3’-UTRȠÛ?È4Ȇ¬ȇ®(+750-  +1129)(Ɖ'; 4ƙȢ*±ȗȈƬ

PD]?�·��ȬƙȢ* cDNAĲŷ?àĀ��pGEM-T (promega)( TAM�

�`�N����<9 cDNA Ĳŷ?ŌŸ RNAi Ƅ vector $�;

pHANNIBAL(Wesley et al., 2001)?Ĭǉ��Ĭǉ pHANNIBALȨöû, �âǩį, 

2004ȩ*�<�<*±ȗȈƬmBȠÛ(U�Sȏ%�# BamHI�8- ClaI�B

�YU�Sȏ%�# KpnI�8- SacI$ªƀ�� cDNAĲŷ?ĥ£� RNAiIU

Z]?Ĭǉ pHANNIBAL�(�ę����ę��RNAiIUZ]�9U�Sȏ�

pdk intron�B�YU�Sȏ?È4ȠÛ? BamHI% SacI$:«���9��5

�ǣ±ȗȈƬPD]$ªƀ� GUS ȅ�é?Ș¾�� pBI121 .ĥ£� pBI121 / 

NUP1RNAi binary vector?�ę��� 

� ��* pBI121 / NUP1 RNAi? BY-2Ʈǀ�8-ĊǭǲĪŌŸ�.�ǣ*ĴŜ

?Ƅ�#ĊǭǲĪ��� 

  QPT�
	� BY-2Ʈǀ?ď;�5( CaMV35Sk�u�X�±Đ�$ĖÿƋ

( RNAi (8;Ɗſĝ±?ǯ���5* vector ?��*ěȟ$�ę���QPT
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*ORF*Ȇ¬ȇ®(+1-  +510)(Ɖ'; 4ƙȢ*±ȗȈƬPD]?�·��Ȭƙ

Ȣ* cDNAĲŷ?àĀ��pGEM-T (promega)( TAM��`�N����<9

cDNAĲŷ?ŌŸ RNAiƄ vector$�; pHANNIBAL(Wesley et al., 2001)?Ĭǉ

��Ĭǉ pHANNIBALȨöû, �âǩį, 2004ȩ*�<�<*±ȗȈƬmBȠÛ

(U�Sȏ%�# BamHI �8- ClaI�B�YU�Sȏ%�# KpnI �8- SacI

$ªƀ�� cDNAĲŷ?ĥ£� RNAiIUZ]?Ĭǉ pHANNIBAL�(�ę�

���ę�� RNAi IUZ]�9U�Sȏ�pdk intron�B�YU�Sȏ?È4

ȠÛ? BamHI% SacI$:«���9��5�ǣ±ȗȈƬPD]$ªƀ� GUS

ȅ�é?Ș¾�� pBI121.ĥ£� pBI121 / QPT RNAi binary vector?�ę���

M��`�N(Ƅ��k{Dq�h+ supplement ǘ 6(Ɩ�� 

� 2� BBLƊſĝ±BY-2Ʈǀ*�ę(+Kajikawa9(2011)�ę�� pBI121 / 

BBL RNAi?Ƅ��� 

� ��* pBI121 / NUP1 RNAi�pBI121 / QPT RNAi�pBI121 / BBL RNAi�8-

Ƣ 1Ɵ$Ƅ�� pBI121 / NUP1ox? BY-2Ʈǀ�8-ĊǭǲĪŌŸ�.�ǣ*Ĵ

Ŝ?Ƅ�#ĊǭǲĪ��� 

 

 
qRT-PCRŜ(8;ƊſǠņ  

� Ƣ 1Ɵ*Ńı%ĴŜ%Çŏ(Ǘ!���Ƅ��k{Dq�UZ]+ supplement 

ǘ 7(Ɩ�� 

 

ŌŸ��9*P�k}ÐÂĴŜ  
� ŌŸ��9*P�k}*ÐÂ(+ǐ�ȂƥŤ�ŋ*ȟƈ$ÐÂ���2�Ō

Ÿ��9Ƣ 5ǐ?ÐÂ��æ�ǐǂ?Ș�#-80 �$�ê���ȂƥŤ*ÐÂ(

"�#+Õá�9 5 cm*%�=$ǎ?Ĳ�Ǣ 4ĺȓÐÂ���ÐÂĴŜ%�

#�1.5 ml GZm�Yw�j(Q|IE�}? 500 µl�Ƿ2$ǥ5Ƕ3��*

GZm�Yw�j?ĲȜ(ƺ�ĲȜ�9*Ů«��ȂƥŤ?ÐÂ���Ð

ÂȒç�9 2ĺȓĎ�ĲȜ�9ƪ 1 mm%%�=$IrW|$:ĲȜ?ĳ

�����9( 2 ĺȓÐÂ?Ǘ!��ȂƥŤ*ÐÂ(+GZm�Yw�j*ă

(ö�'ƛ?Ȓ��ĳ��GZm�Yw�j*�(ȋ)�e{iC}s$��

*GZm�Yw�j?ǾƲ��5000 g�15 minȃĒ�;�%(8:J{SE�}

(ÉƑ��ŬŤ?¤#ĳ��GZm�Yw�j(ÐÂ��ľĎ(ŋ*ÐÂ("
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�#+�$�;ȗ:ÜȣÕ?ŚȂŚ$ş�š��Ś¬?Ș�#�9�80�$�ê

��� 

 

B}I�D^*Ģ«�8- Gus-liquid chromatographyB}I�D^*ūí  

� XdOŌŸ��8- BY-2 Ʈǀ�9*B}I�D^Ģ«+��*ěȟ$Ǘ!

��ÐÂ�8-©ƲƧƔ��XdOưƹȨŋ�8-ǐȩ�8- BY-2Ʈǀ? 2Ķ

ȓ©Ʋ�Ŷ����©Ʋ�Ŷ���P�k} 25 mg( 0.1 N H2SO4?·
 60 ¬

ȓǰȝŝªƀ?Ǘ!���*Ď 15,000 g 10¬ȓȃĒ��Ũ?ÐÂ�#�¬'ư

ƹŷ?Ã:Ș����Ũ 1 ml(ô�# 25 % NH4OH? 0.1 ml·
8�Ŧ�Æ>

��Î����ÎĎ*P�k}? Extrelut-1 columnȨMerckȩ(ŧ·��Ď�6 ml

* chloroform $B}I�D^?Ŭ«���Ŭ«��P�k}? 37 °C $�Ŷ�

0.1 % dodecaneȨWakoȩ?È4GXc�}$Ŭ«�JSM�q]N{iC�Ƅ*

P�k}%���2��BY-2 ƮǀÜȣŤ�8-ȂƥŤ+ 15,000 g� 10 ¬ȓȃ

Ē��Ũ?ÐÂ�#�¬'ưƹŷ?Ã:Ș���ȫml BY-2 ƮǀÜȣŤ2�+

100 µl ȂƥŤ Extrelut-1 column(ƏĨ£<Çŏ*ěȟ(#P�k}Ǩĭ?Ǘ!

�� 

 Gus-liquid chromatography(8;ūíń�+Ƣ 1Ɵ*ĴŜ%Çŏ(Ǘ!�� 
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ƲŇ  
 
NUP1*ƊſǠņ  

� NUP1 *`OY��Ǫ%*ȔǾĕ?Ǩ/;�5(�`OY� nic1nic2 ãƉ�

ȨN.tabacum cv. NC95ȩ?Ƅ�#�NUP1*ƊſeX��?Ǡņ���NUP1*

Ɗſ+ȌƂÙ(ŗ/# nic1nic2ãƉ�$Ŀė(���#��(Ó 17)��*ƲŇ+

ĵƒ*`OY�Ǵǹ�MATE1/2�8-`OY�ƂÆęȅ�éPMT*ƊſeX�

�%�ǆ�#��� 

� NUP1*ŌŸưƹȓ*ƊſeX��?Ǩ/;�5(�ȌƂÙXdOȨN.tabacum 

cv. NC95ȩ*ŋ�ǎ�8-Ƣ 5 ǐ?Ƅ�#ƊſeX��?Ǡņ��ȨÓ 18ȩ�

MATE1/2�8-PMT*ƊſeX��+`OY�ƂÆęǗ><;ŋ$țÿ(ĉ

�Ɗſ��ǐ�8-ǎ$*Ɗſ+��'!#���NUP1 *Ɗſ+ MATE1/2 �

8- PMT%Çŏ(ŋ$țÿ(ĉ��ǐ�8-ǎ$+Ŀė(��'!#��� 

� NUP1 *RvSu�ȉ.*ĔƤĕ?ƕǦ�;�5(�BY-2 Ʈǀ?Ƅ�#Rv

Su�ȉªƀ(8;ȅ�éƊſ?Ǡņ��ȨÓ 19ȩ�MATE1/2�8- PMT+ĉ

�RvSu�ȉ(ǧõ�<;�%ƒ9<#�;�NUP1*Ɗſ+RvSu�ȉ

ªƀĎ 24�48 ĺȓ$�<�<ƪ 4�5  %Ŀė(ǧõ�<;�%Ĺ9�(!

��2�MATE1/2�8-PMT%RvSu�ȉ(ǧõ�<;ĉ�+Ɖ';6**�

Çŏ*ƊſeX��?Ɩ��%Ĺ9�('!�� 

 

NUP1*Ʈǀ¦ø×Ǡņ  

� NUP1*Ʈǀ¦ø×?Ǡņ�;�5(�XqbL*ǘƌƮǀ.*o�d�^t

�]Ŝ?Ƅ�#Ǡņ?Ǘ!�ȨÓ 20ȩ�NUP1* CŁƠ�8- NŁƠ( tagRFP

?ǾƲ��6*%�ƮǀǄq�I�$�;Q�Da_T_ PIP2a*NŁƠ(GFP

?ǾƲ��6*?Çĺ(¥Ɗſ����NUP1* NŁƠ( tagRFP?ǾƲ��k

{Sr^$+Ǖ¢Ǟó$�'�!��NUP1* CŁƠ( tagRFP?ǾƲ��6

*$+ƮǀǄq�I�PIP2a%ë¤(¥ø×��(Ó 20. A)��9( 0.8 Mq�`

]�}(8;ȦţǻÖªƀ? 1ĺȓǗ!#6�ƮǀǄq�I�PIP2a%ë¤(¥

ø×���5(Ó 20. B)�NUP1+ƮǀǄ(ø×�;�%Ĺ9�('!�� 

 

GUS~p�X�?Ƅ�� NUP1*ưƹø×  
� NUP1+ŋ*&*ưƹ(ø×�#�;�?Ǡņ�;�5( NUP1pro :: GUS?
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õ£��Řźŋ?Ƅ�#�GUSňǊ?Ǘ!��RvSu�ȉ*ǧõ(8!#GUS

ňǊ�Ȁ�<;�%?ŀč��RvSu�ȉªƀ?Ǘ!�%�=�RvSu

�ȉªƀ 24ĺȓĎ*ĊǭǲĪŘźŋ+ĉ� GUSňǊ?Ɩ��(Ó 21. A) ��<

+ȌƂÙ BY-2Ʈǀ.*RvSu�ȉªƀ(Ó 19)%Çŏ( NUP1+RvSu�ȉ

ǧõĕȅ�é$�;�%?Ɩ�#�;��9(RvSu�ȉ(8;ǧõ 24ĺȓ

Ď*Řźŋ*ŐĲŷ?�ę��ŋ*ưƹȓ$*ƊſeX��?ƕǦ��%�

=�ŋŘ?È4ǘƌưƹ$ĉ� GUSňǊ�<�(Ó 21. B)�2�¦ƌ�Ƿ$6Ĉ

� GUS ňǊǞó�<��NUP1 +ǘƌ$ĉ�Ɗſ�#�;�%Ĺ9�('

!�� 

 

� COI1�MYC2�ERF189 Ɗſĝ±Řźŋ�8-XdO BY-2 ÜȣƮǀ(�
�; NUP1*ƊſǠņ  

� �`OY�ãƉ��ưƹ°Ɗſ�8-RvSu�ȉªƀ(��; NUP1 Ɗſ

eX��+ĵƒ*`OY�ƂÆęȈƬȅ�é PMT �8-`OY�Ǵǹ�

MATE1/2 *ƊſeX��%�ǆ����9(�XdOŌŸ$*`OY�ƃƂ(

Ȕ>;RvSu�ȉQN_}ƱǱ*ŎęÑé%*Ɛ�Ȕ�?Ǡņ�;�5(

COI1 ~UkX��8- MYC2 ǲ¨Ñé* RNAi (8;Ɗſĝ±Řźŋ�8-

BY-2Ʈǀ?�ę����9( NIC2ȅ�éą ERFÙǲ¨Ñé* ERF189( EAR

|k~ZQy�^tD�?ǖÆ���X�eMǭ?ĉ±Ɗſ��;�%$�¦

×ĕ*ERF189�8-Ç�DNAƲÆǁ¶?6"ERFÙǲ¨Ñéőǁ?^r_�

]ĝ±��Řźŋ�8- BY-2Ʈǀ?�ę����<9ãƉ�( NUP1*Ɗſe

X��?Ǡņ��� 

� COI1Ɗſĝ±Řźŋ(Ó 22. A)�8- BY-2Ʈǀ(Ó 22. B)��9( MYC2Ɗſ

ĝ±Řźŋ(Ó 20)(��#�NUP1*Ɗſ+Ŀė(ĝ±�<#�#�ƊſeX�

�+ PMT�8- MATE1/2%Çŏ$�!��MYC2Ɗſĝ± BY-2Ʈǀ*�ę?

Ǥ3��ĊǭǲĪ�+ď9<'�!��ERF189 őǁĝ±ŘźŋȨÓ 24. Aȩ

�8- BY-2Ʈǀ(Ó 24. B)(��#+�PMT�8- MATE1/2*Ɗſ+Ŀė(�

��#���NUP1*Ɗſ+ã»�#�'�!���<8:�NUP1+RvS

u�ȉǧõĕ$MYC2ǲ¨Ñé�êƋ$�;�NIC2ȅ�éą ERF189ǲ¨Ñ

é*±Đ+Ä�#�'��%Ĺ9�('!�� 

 

NUP1 Ɗſĝ±�8-ȁ´ƊſŌŸ�(��;h|R�B}I�D^ǔƚ
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*Ǡņ  
� NUP1 * in vivo $*őǁ?Ǡņ�;�5(�Ɗſĝ±�8-ȁ´ƊſŌŸ�

?�ę���2�O�]��}%�#RvSu�ȉ~UkX�COI1* RNAi(

8;Ɗſĝ±ŌŸ�?�Ǥ����* COI1Ɗſĝ±ŌŸ�$+RvSu�ȉƱ

Ǳ¤�ĝ±�<�`OY�ǔƚȖð�<;�%Ĺ9�('!#�;(Shoji 

et al., 2008)�NUP1Ɗſĝ±ŌŸ�$+ NUP1*ƊſĿė(���#�;Żƞ

�� 2ƩƳ?ƕƞ��ȨÓ 26. Aȩ��9(`OY�ƂÆęȈƬȅ�é PMT�QPT

�8-`OY�Ǵǹ�ȅ�é MATE1/2��9( NIC2 ȅ�éą ERF Ùǲ¨Ñé

ERF189*ƊſĿė(���#��ȨÓ 26. Bȩ��Ĵ$MYC2ǲ¨Ñé*Ɗſ

+ã»�#�'�!��5�ERF189*Ɗſĝ±?��#`OY�ǔƚ(Ȕ>;

ȅ�éĝ±�<#�;�%Ĺ9�('!���9(`OY�ǔƚȍ?Ǡņ

��%�=�ȌƂÙ�8-lMX�O�]��}%ŗǳ�#Ɗſĝ±ŌŸ�$

+ǐ�8-ŋ$Ŀė(���#��ȨÓ27ȩ�"2:NUP1Ɗſĝ±ŌŸ�$+�

ERF189ǲ¨Ñé���`OY�ƂÆęȈƬȅ�é*Ɗſĝ±(8!#�̀ OY

�ǔƚȍ���#���%Ĺ9�('!�� 

� �9( NUP1 ȁ´ƊſŌŸ�$+ NUP1 *ƊſĿė(à·�#�;Żƞ�

� 2ƩƳ?ƕƞ��ȨÓ 28. Aȩ��9(`OY�ƂÆęȈƬȅ�é PMT�8-

QPT��9(Ǵǹ�ȅ�é MATE1/2��9( NIC2 ȅ�éą ERF Ùǲ¨Ñé

ERF189*Ɗſ6Ŀė(à·��ȨÓ 28. Bȩ��*ƲŇ+ NUP1Ɗſĝ±Ċǭǲ

ĪŌŸ�*ƲŇ%01Ǻ*ƲŇ$�!���9(`OY�ǔƚȍ?Ǡņ��%

�=�̀ OY�ƂÆę�<#�;ŋ$*ǔƚȍ+Ŀė(à·��ȨÓ 29. Cȩ�

`OY�ǔƚ�;ǐ$+Ŀė(ũ÷��ȨÓ 29. Aȩ�`OY�*ŋ�9ǐ.

*ưƹȓǴǹ+ȂƥǴǹ?��#�;*$��9<�`OY�ŋ$Ȃƥ.�

�\C�N�<(��'!#�;*��2�+ȂƥǴǹ�<�`OY�ǐ$

ǔƚ�<(��'!#�;*�?ƕǦ�;�5(�ȂƥŤ?ħÃ�`OY�È

Ŀȍ?Ǡņ���ȂƥŤ*`OY�űĄ+Ŀė(���#���5ȨÓ 29. Bȩ�

NUP�ȁ´ƊſŌŸ�*ǐ(��;`OY�ǔƚ*ũ÷+�ŋ(��;`OY

�*Ȃƥ.*��\C�NȖð�<#�;�%(ǯÑ�;�%Ĺ9�('

!�� 

 

RvSu�ȉǧõ(��; NUP1 Ɗſĝ±�8-ȁ´Ɗſ BY-2 Ʈǀ$*
h|R�B}I�D^ǔƚ*Ǡņ  



 49 
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+`OY�ƂÆę²¼*Kc|�ȉ�9Kc|�ȉucaM~HY^*ÁĔ?

ǡè���Ĵ BBL+`OY�ƂÆęĎ¼*`OY�ȉ% N-tY}h�|`Es
IYH�*ƸÆÁĔ(Ȕ>;ȨKajikawa et al., 2011ȩ%ÞÊ�<#�;�9$�
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MITOGEN-ACTIVATED PROTEIN KINASE6 (MPK6)�Ķõ��ERFÆơ�¿

Ñ>ŐňƗÚ��:(Vogel et al., 2014)�NUP1)īƀ%�#�8�)}ķ¿Ñ>

��ƺćő( NIC2Ʈ�Ñè ERF189ơ�¿Ñ)Őň>¦ò�#
:¶ƀõ(ŧ 3

ť$ƥ/:)�5��* NUP1 )ƣƦ�#
:¸Ń� NIC2 Ʈ�Ñè ERF189
ơ�¿Ñ)Őň(íǅ>��#
:¶ƀõ�Ş¾�;:� 

� NUP1)ŐňƵ(Ŗƻ�#\MUyƌŢƵ�Í�:��;* NIC2Ʈ�Ñè
ERF189ơ�¿Ñ)Őň¦ò>��#
:�%�ē8�(' ��1��\MU
yŊ¸úƱŰQPT7-BBL)Őňþ¦(7:\MUyƌŢƵ)ĽÜ*\MU

y�ƛŵƠ){Ư)ƼÖ(7 #ê�ƞ��;�NIC2 Ʈ�Ñè ERF189 ơ�¿

Ñ)Őň(*íǅ�#
'
�!19Ŋ¸ú�;�AuGwCZ(7: NIC2Ʈ
�Ñè ERF189ơ�¿Ñ)Őň.)¦ò*'
%Ş¾�;:�NUP1�QPT6 BBL

)Őňþ¦$*AuGwCZƌŢƵ)ĽÜ%
�¹{)ƏňÆ>Ş���¯¿

�ŏ':�NUP1)ŐňÍ(ƞ¿�:Ʈ�ÑŐň7-ƏňÆ)¯¿.*�)
¿Ñ�ƻ=:¶ƀõ�ë�Ş¾�;:�4�ŧ 3ť$Ɠğ>Ǝ�� 

� ĜŜţ�8�NUP1(*ǔ!)ņŤ��īƀ�	:%Ş��%�$���Ǔ!

Ŕ*ŲſƂÝÃÆƣƦ�$AjesQY�8Ųſ�.%\MUy>»3AuG
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wCZ7-bTly B6 >ƣƦ�:æŬÁ'ƣƦÉƝńŏõ>ă� (Â 16)�

�8(�;8>ģ�8Ɖ.)ƸƟǂƣƦ�:(Â 30)�2!Ŕ* NUP1)ŐňƵ(
İ��#\MUyŊ¸úŸƵ>ƙū�:���	:�%>ē8�(����8

(�PpQoyƲOK[u�ƬŮ¿Ñ)ŐňƓğ(79�NUP1 * MYC2 ơ�

¿Ñ�Òő(Őň¦ò�;:�1�\MUyŊ¸úńŏőNIC2Ʈ�ÑèERF189
ơ�¿Ñ)Őň¦ò>��#\MUyŊ¸úƵ(íǅ>��:(Â 35)� 
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ŧǕť� FzHOyƣƦ� PILS>���\MUyŊ¸ú(�:  
� � � � � � � � � � � � � PpQoyƲ%FzHOy)JwQYzJ  

 

ĝč%ďĴ  
 
kCJwAvCƓğ  

� kCJwAvCƓğ(* NASC The European Arabidopsis Stock Center 

(http://arabidopsis.info)) Affy Gene Chip Service ) Tobacco ArrayǐNASC ID: 

N782243Ǒ>¥Ō���Ō
�ƓğNyeu*T`M BY-2Ųſ) vector control

ǐVC47- VC9) 2sCyǑ7- RNAi(7: NUP1Őňþ¦ĢǐR18

7- R44Ǒ>Ō
��Ɠğ(*�})JsCWtA>Ō
�NUP1Őňþ¦Ģ$
Őň�}7-Őň|Ē�#
:Ʈ�Ñ>tQYAVe���ADYsCy*

Â 36(Ş����8(Ʈ�ÑŐň7-ę÷áĥÔ$ę÷(Í�#
�Ʈ�

Ñ)��8�A_WzOry$��5)�1�*�Ƹ)Al_Ʋư£�ñ8;

�5))��8\MUyŊ¸úƮ�Ñ>ƿ�Ę5Őň�}�#
: 10 Ʈ�Ñ�

Ę5Őň|Ē�#
: 5Ʈ�Ñ>ƭÿ��� 

� � 1. Ʈ�ÑŐň = ((R18 / VC4) + (R44 / VC4) + (R18 / VC4) + (R44 / VC9)) / 4 

              NUP1Őňþ¦Ģ$�}�#
�Ʈ�Ñ ; Ʈ�ÑŐň < 0.7 

              NUP1Őňþ¦Ģ$|Ē�#
�Ʈ�Ñ ; Ʈ�ÑŐň > 1.4 

 �  2. ę÷áĥÔ ; Student’tĥÔ) p value < 0.05 

 

qRT-PCR(7:Ʈ�ÑŐňƓğ  
� ŧ 1ť)ĝč%ďĴ%¹ĩ$	:��Ō��esCkzSVY supplement Ə

8(Ş�� 

 
ŮŷĪƓğ  
 OwC][R[ PILS1-7)ư£>JEtz%�#Ō
 Sol Genomics Network 

(http://solgenomics.net)�)T`M7-YkY)XzTfzQ>ĥű��T`M 

7-YkY PILS )ư£>³ñ����)��8�Ƹ CDS ư£�ñ8;�5

)��>Ō
#ŮŷĪ>�ú���Ō
�Ʈ�Ñư£> supplementƏ 9(Ş�� 

 
ĤŃĝč  
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� Ʈ�ÑJwz\yK(* N. tabacum cv. Burley 21>Ō
��T`MĤŃ)Ŋž

Ğ��ÈǋŲſ(ƻ�#*ŧ 1ť)ĝč%ďĴ%¹ĩ(Ǝ �� 

 

ìƝơĉ  
� BY-2Ųſ.)ìƝơĉ*ŧ 1ť)ĝč%ďĴ%¹ĩ(Ǝ �� 

 

ĤŃhuoy ŉ  
� BY-2Ųſ(Ù�:ĤŃhuoy ŉ*�PpQoyƲ ŉ%�#nUuPp

QoyƲ>Ęųŀç 100 µΜ�FzHOy ŉ%�# 2,4-D>Ęųŀç 90 µMļ

«���ÈǋĞ�*ŧǓť%¹ĩ(Ǝ �� 

 

PILS1-GFP7- PILS7-GFPƍ¸TyaJƝ)Ųſ�ÝÃƓğ  

� PILS17- PILS7TyaJƝ)Ųſ�ÝÃõ>Ɠğ�:�4(�Tk^IƏ

ŒŲſ(iy`zZnyYĴ>Ō
�{ƪőŐňŮ$ƓğƎ ��CaMV35Se

wozTz¦ò}$ PILS1-tagRFPƍ¸TyaJƝ>{ƪő(Őň�: vector>

�})üǆ$�ú���PILS1) ORFư£( Gateway BP cloning Ŵ2ė�ư£

�«�� cDNAĎł>Ëå��ð�Gateway adapteresCkz(7 #�8(

Ëå���Ëå�� DNAĎł*�pDONR / Zeo ( BP²ô(7 #Jwz\y

Kð�OzJEyQ>ŝƖ����) pDONR / Zeo / NUP1 > LR²ô(7 #

{ƪőƪ¨ŐňŌfJTzpUGW5(Jwz\yK��pUGW5 / PILS1>�ú�

��¹ĩ)ďĴ$ PILS7>Jwz\yK��pUGW5 / PILS7%����8( ER

kzGz$	: TdTomato-ER%%5(iy`zZnyY>Ǝ
Ųſ�ÝÃ>Ɠ

ğ���iy`zZnyY)ďĴ7-ǉóƷ)Ğ�*ŧ 1ť%¹ĩ(Ǝ ��

Jwz\yK(Ō
�esCkz* supplementƏ 10(Ş�� 

 

PILS1�PILS57- PILS7Őňþ¦T`M BY-2)�¡  
� PILS1Őňþ¦Ģ>ñ:�4(�CaMV35SewozTz¦ò}$öäő RNAi

(7:Őňþ¦>ƞ���4) vector >�})üǆ$�ú���PILS1 ) ORF

)Ư¢ư£(+1 - +600)(ŏ': 4 šǊ)¦ƾƱŰNCY>�«�� 2 šǊ)

cDNAĎł>Ëå��pGEM-T( TAJwz\yK����;8 cDNAĎł>Ĥ

Ń RNAiŌ vector$	:ĊƆ pHANNIBAL(�;�;)¦ƾƱŰgAǇÇ(S

yQƶ%�# BamHI7- ClaI�AyUSyQƶ%�# KpnI7- SacI$ 
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ŉ�� cDNA Ďł>Ą�� RNAi GSVY>ĊƆ pHANNIBAL |(�ú���

pHANNIBAL(�ú�� RNAiGSVY�8SyQƶ�pdk intron�AyUSyQ

ƶ>»3ǇÇ>BamHI% SacI$ ŉð�	8��4BamHI% SacI$ ŉ�GUS

Ʈ�Ñ>ƿ°�� pBI121.Ą�� pBI121/PILS1 RNAi binary vector>�ú��� 

  PILS57- 7Őňþ¦�>ñ:�4(�EQYsPFzuƗÚewozTz

¦ò}$öäő RNAi>ƞ���4) vector>�})üǆ$�ú���PILS5

7- 7$Ǌ��#
: PILS7) ORF)Ư¢ư£(+178 - +489)(ŏ': 4šǊ)

¦ƾƱŰNCY>�«��ǔšǊ) cDNAĎł>Ëå��pGEM-T( TAJwz

\yK����;8 cDNA Ďł>ĤŃ RNAi Ō vector $	:ĊƆ pHANNIBAL

ĊƆ��)�;�;)¦ƾƱŰgAǇÇ(SyQƶ%�# XhoI7- ClaI�A

yUSyQƶ%�# KpnI7- SpeI$ ŉ�� cDNAĎł>Ą�� RNAiGS

VY>ĊƆ pHANNIBAL|(�ú����ú�� RNAiGSVY�8SyQƶ�

pdk intron�AyUSyQƶ>»3ǇÇ> XhoI% SpeI$ ŉð�	8��4 XhoI

% XbaI$ ŉ�� pER8.Ą�� pER8 / PILS5/7 RNAi binary vector>�ú��� 

 pBI121 / PILS1RNAi7- pER8 / PILS5/7 RNAi binary vector>T`M BY-2È

ǋŲſ.�;�;ìƝơĉ���ìƝơĉďĴ*ŧ 1 ť)ĝč%ďĴ%¹ĩ$

	:� 

� �8( PILS1�57- 7ÏƳŐňþ¦�>ñ:�4( pBI121 / PILS1 RNAi 

binary vector >ìƝơĉ�� PILS1Őňþ¦Ģ BY-2Ųſ R8Ůŷ(Ù���8

( pER8/PILS5/7 RNAi binary vector>Ō
#ìƝơĉ>Ǝ ��Kwz\yK(

Ō
�esCkz> supplementƏ 10(Ş�� 

 

 
ìƝơĉ  

� ìƝơĉ.Ō
� Agrobacterium.)esQlZÚ�7- BY-2Ųſ.)ì

Ɲơĉ*§ƥ)ďĴ$Ǝ ��Ō
�`C[tzfJTz7-�ú��ìƝ

ơĉ�* supplementƏ 11Ş�� 

 
ìƝơĉ BY-2 Ųſ(�:PpQoyƲ(7:\MUyƌŢ7-Ny
etyK  

 ŧ 2ť)ĝč%ďĴ%¹ĩ$	:� 
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AuGwCZ)Ā¡7- Gus-liquid chromatographyAuGwCZ)ľÔ  

� ŧǓť)ĝč%ďĴ%¹ĩ$	:� 

 

LC / MS(7:�ÃõFzHOyÔƵƓğ  

� ĐÒ) NUP1 Őňþ¦�NUP1 ƪ¨Őň�PILS1 Őňþ¦�PILS5/7 Őňþ¦
7- PILS1/5/7Őňþ¦ìƝơĉT`M BY-2Ųſ)· 1Ůŷ(Ù��BY-2È

Ä(ļ«�#	: 2ǒ4-D>ƿ
�ðĘųŀç 100 µMPpQoyƲ ŉ>Ǝ
�

 ŉð 36ĕƺ)Ųſ>NyetyK��ÃõĶõÆFzHOy7-Al_Ʋ

Ŷ¸ÆFzHOy)ÔƵƓğ>�' �� 

� LC/MS Ɠğ*ŉÓŜţû� ŊŋīƀKuze� ħ¯Å®Ì7-ÛàŻů

ÑĲ%)�¹Ŝţ$Ǝ
�ČƯŠÓŘĘ�ŦŜţÉœ�Ħ�ĤŃŠÓĘ�ŦŜ

ţĂŁ^VYxzJ�ĤŃhuoyÔƵƓğ>¥Ō�Ɠğ>�ǈ��� 

 

DR5 ::GUSvjzTz>Ō
��ÃõFzHOy)ÔƵƓğ  

� ĐÒ) NUP1Őňþ¦�NUP1ƪ¨Őň�PILS1Őňþ¦�PILS5/7 Őňþ¦

7- PILS1/5/7 Őňþ¦ìƝơĉ BY-2 Ųſ)· 1 Ůŷ(Ù��pBm43GW / 

DR5 :: GUS>�8(ìƝơĉ��FzHOyvjzTzsCy>�ú���Y

syQPzy$	: DR5 :: GUS)L_m.)Ą��ź(7:Őň)+8!�>

Žø�#��;�; 14�20 )ņŤ��Ůŷ>,%1%4(�#Èǋ�FzHO

yvjzTzsCy%����;8)Ųſ( 100 µM PpQoyƲ ŉ1�*

90 µM 2,4-D ŉ7- 5 µM�-estradiol ŉ>Ǝ ��PpQoyƲ ŉ*§

ƥ%¹ĩ)ďĴ>Ō
�ĤŃhuoy ŉð 24ĕƺ)Ųſ>Ō
#Ʈ�ÑŐň

Ɠğ7- GUSġƇ>Ǝ ��Ʈ�ÑŐň*ŧǓť)ĝč%ďĴ%¹ĩ(Ǝ 

���8( GUSġƇ(*ĤŃhuoyļ«ð 24ĕƺ) 100 µl BY-2ŲſùĿĹ

> 900 ml GUSġƇĹ%Ļ¸�§ƥ)ďĴ%¹ĩ(Ǝ
�6ĕƺCyHqfzY

��� 
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ŶĠ  
 
kCJwAvCƓğ7- NUP1 Őňþ¦ BY-2 Ųſ(�:Ʈ�ÑŐň

Ɠğ  
  NUP1Őňþ¦ BY-2Ųſ(
#PpQoyƲƗÚĕ(�AuGwCZ)ƌ

Ţ��Ƶ�ĽÜ��(Â 32. A)��)¯¿* NIC2Ʈ�Ñè ERF189ơ�¿Ñ>�

�# PMT)Őň�þ¦�;#
��%(ƞ¿�#
��(Â 31. B)�NUP1�8

ERF189 ơ�¿Ñ)¦ò(*�)&)7�'¿Ñ>��#
:)�>ē8�(

�:�4(�NUP1 Őňþ¦ BY-2 Ųſ>Ō
#kCJwAvCƓğ>Ǝ
�

NUP1 )}ķ¿Ñ>Ćű���Ō
�kCJwAvC(*7� 40,000 )ew

zd�Ƣ #
��NUP1Őňþ¦ BY-2Ųſ%fJTzMyYwzu(�:

Ʈ�ÑŐň7-ę÷áĥÔ�8NUP1Őňþ¦BY-2Ųſ$Őň�ĽÜ�#


:Ʈ�ÑǐƏ 1Ǒ7-|Ē�#
:Ʈ�Ñǐsupplement Ə 2Ǒ>tQYAVe

���NUP1 Őňþ¦ BY-2 Ųſ$* NIC2 Ʈ�Ñè ERF189 ơ�¿Ñ>��#

\MUyŊ¸úƱŰƮ�Ñ�Őňþ¦�;#
��%�8(Â 31. B)�NUP1Őň

þ¦ BY-2Ųſ$Őň�ĽÜ�#
:Ʈ�Ñ)tQY( ERF189ơ�¿Ñ7-

\MUyŊ¸úƱŰƮ�Ñ�»1;#
:�%�Ěï$���NUP1 Őňþ¦

BY-2 Ųſ$ę÷(Őň�þ¦�;#
:\MUyƌŢ(ƻ=:Ʈ�Ñ* AO 

(#1 ; gene expression = 0.41)�MPO(# 37-#5 ; gene expression = 0.437-

0.47 )�PMT(#87-#63 ; gene expression = 0.537- 0.66)�»1;#
��

Ė(Ə 1)tQY(*»1;#
'
� QPT(#847-#85 ; gene expression = 

0.72)�A622(#177 ; gene expression = 0.80)�QS(#288 gene expression = 0.84)�

MATE2(#333 ; gene expression = 0.85)7- ODC(#458 ; gene expression = 0.87)�

NUP1 Őňþ¦ BY-2 Ųſ$Őň�ĽÜ�#
:Ʈ�Ñ)|�(�ź�#
��

����)kCJwAvC(* ERF189 (Ùô�:ewzd*Ƣ #
'� 

���\MUyŊ¸úƱŰƮ�Ñ)ŐňaTzy�8�)kCJwAvCƓğ

)ŶĠ*NUP1Őňþ¦BY-2Ųſ)Ʈ�ÑŐň>ĭŝ(²Ĕ�#
:%¤Ď�

�� 
  NUP1Őňþ¦ BY-2Ųſ$Őň�ĽÜ�#
:Ʈ�Ñ)tQY)\MUyŊ

¸úƱŰƮ�Ñ>ƿ�|� 10Ʈ�Ñ7-Ë«�#
:Ʈ�Ñ)tQY)|�

5 Ʈ�Ñ(Ù�ńŏő'esCkz>�ú��Õǁ)Ʈ�ÑŐň> qRT-PCR $

Ɠğ���kCJwAvCƓğ(
# NUP1Őňþ¦ BY-2Ųſ$Őň�ĽÜ
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�#
:\MUyŊ¸úƱŰƮ�Ñ>ƿ� 10 Ʈ�ÑǐÂ 37. AǑ*�Õǁ)

qRT-PCR Ɠğ)ŶĠ(
#5 NUP1 Őňþ¦ BY-2 Ųſ$ę÷(Ʈ�ÑŐň

�ĽÜ�#9kCJwAvC)ŶĠ%{ƃ����#12 CYP716A2��*Í

�#
'� ��kCJwAvC(
# NUP1Őňþ¦ BY-2Ųſ$Őň�Ë

«�#
: 5Ʈ�Ñǐsupplement Â 2Ǒ*�Õǁ) qRT-PCRƓğ)ŶĠ(


#5NUP1Őňþ¦BY-2Ųſ$ę÷(Ʈ�ÑŐň�Ë«�#9kCJwAv

C)ŶĠ%{ƃ��� 

� NUP1 Őňþ¦ BY-2 Ųſ$Őň�ĽÜ�#
:Ʈ�Ñ)#2 7-#4(gene 

expression = 0.447- 0.48)*¹{)Ʈ�Ñ PIN-LIKES1 (�ƽ PILS1%Ŏ�) >

ƖƜ�:ewzd$	 ��OwC][R[ PILS* ERÝÃÆ)FzHOyƣ

Ʀ�$�ŲſƝ�)ĶõÆFzHOy> ERƂ�(ƣƦ��~ĶõÆ)Al_Ʋ

Ŷ¸Æ(�:�%$Ųſ�)FzHOyƵ>MyYwzu�#
:%Ê¼�;

�(Barbez et al., 2012)�FzHOy(7 #\MUyƌŢ�þ¦�;:�%*µ

��8Ê¼�;#
:ǐTabata et al., 1971, Takahashi and Yamada, 1973Ǒ��|)

�%�8ş*NUP1Őňþ¦BY-2Ųſ(�:PpQoyƲƗÚĕ(�:\

MUyƌŢ)ĽÜ*�PILS >���Ųſ�)ĶõÆFzHOyƵ)Í(7 

#Ŋ�:)$*'
�%�Ƙ>Ť#(Â 38)�PILS)īƀ(ĵŔ�Ɠğ>Ǝ �� 

 

PpQoyƲ7-FzHOy)ĤŃhuoy ŉ(7:Ʈ�ÑŐňƓ

ğ  
� kCJwAvC)ŶĠ�8 NUP1 Őňþ¦ BY-2 Ųſ$Őň�ĽÜ�#
:

10Ʈ�Ñ(Ə 17-Â 37.A)7-|Ē�#
: 5Ʈ�Ñ(supplement Ə 17

- supplement Â 2)(Ù�PpQoyƲ7-FzHOy(7 #&)7�'Ʈ

�ÑŐň)Í�ƞ�:�>ŝƖ�:�4(�ƴŊÆ BY-2Ųſ.PpQoyƲ

7-FzHOy) ŉ>Ǝ ��NUP1Őňþ¦ BY-2Ųſ$Őň�ĽÜ�#


: 10Ʈ�Ñ)�#1 PILS1�#7 HPR�#9 PER16�#10 PIP2;1�#11 APase�7

-#17 NPH3-like*PpQoyƲ ŉ$ë�ƗÚ�;�FzHOy ŉ$*Í

�'
5��*þ¦�;�PpQoyƲ7-FzHOy¹ĕ ŉ$PpQo

yƲ(7:ŐňƗÚ�þ¦�;�(Â 37. B)�#14 EHN7-#15 HSP(!
#

*PpQoyƲ ŉ5��*FzHOy ŉ$Őň�ƗÚ�;���PpQo

yƲ7-FzHOy¹ĕ ŉ$�)ŐňƗÚ�þ¦�;��1�#6 PAP(!


#*PpQoyƲ7-FzHOy(7:ŐňÍ*Ŋ�'� ��NUP1Ő
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ňþ¦ BY-2Ųſ$Őň�Ë«�#
: 5Ʈ�Ñ(supplement Â 2))#1 UGT74B1
7-#6 WRKY40(!
#*PpQoyƲ ŉ$ƗÚ�;�FzHOy ŉ$
*Í�'
5��*þ¦�;�PpQoyƲ7-FzHOy¹ĕ ŉ$P

pQoyƲ(7:ŐňƗÚ�þ¦�;��#3 BSMT1�#4 PR47-#8 GPT2(
!
#*PpQoyƲ ŉ(7 #ë�ƗÚ�;:=�$*'
��PpQo

yƲ7-FzHOy¹ĕ ŉ$�)ƗÚ�þ¦�;�� 

 �8(\MUyŊ¸ú(ƻ=:PpQoyƲOK[uŵƠ)MYC2ơ�¿Ñ
7- NIC2Ʈ�Ñè ERFÆơ�¿Ñ ERF189�Ŋ¸úƱŰƮ�Ñ PMT7-ƣ
Ʀ� NUP1 )PpQoyƲ7-FzHOy(7:Ʈ�ÑŐňaTzy>Ɠğ

����;8Ʈ�Ñ*PpQoyƲ$ë�ƗÚ�;�FzHOy ŉ$*Í

�'
5��*þ¦�;�PpQoyƲ7-FzHOy¹ĕ ŉ$PpQo

yƲ(7:ŐňƗÚ�ë�þ¦�;�(Â 39)��)ÕǍ�8\MUyŋŊ(ƻ

�:Ʈ�Ñ*PpQoyƲ$ƗÚ�;�FzHOy$þ¦�;�PpQoyƲ

%FzHOy)¹ĕ ŉ$PpQoyƲ)2)ŐňƗÚ>ë�ý�ĸ��%�

ē8�(' ��!19FzHOy*PpQoyƲOK[uŵƠ|)Ʈ�Ñ)

ơ�vfu$þ¦ő(īƀ�:�%�ē8�(' �� 

 
PpQoyƲ ŉ(�: NUP1 Őňþ¦7-ƪ¨Őň BY-2 Ųſ$)

PILS1)ŐňƓğ  

� NUP1Őňþ¦ BY-2Ųſ(
# PILS1�Ǆä(ë�þ¦�;#
�(Â 37. 

A)�4�NUP1ƪ¨Őň BY-2Ųſ$ PILS1�ǎŐň�#
:�%>Ěï�#P

pQoyƲƗÚõ PILS1 �±0� NUP1 )íǅ>Ɠğ���ƴŊÆ7-fJ
TzMyYwzu(Ù� NUP1 Őňþ¦Ģ$*ä( PILS1 )Őň*þ¦�;�
NUP1ƪ¨ŐňĢ$*ä( PILS1)Őň*�Ʃ�;#
�(Â 40)�PILS1)Őň

* NUP1 )Őň%ĭ)Ŗƻ�	9�PpQoyƲ(ƗÚ�;:�%�ē8�(
' �� 

 

PILS)ŮŷĪƓğ  

 OwC][R[ PILS* 7Ʈ�ÑÒÃ�:�%�Ê¼�;#
:ǐBarbez et al., 
2012Ǒ�T`M$5Ƒċ) PILS �ÒÃ�:¶ƀõ�	:�4�Sol Genomics 

Network$OwC][R[ PILS>JEtz(�#ĥű��ŮŷĪ>�ú��ǐÂ

41Ǒ�T`M PILS* 5Ʈ�ÑǐPILS1ǒ2ǒ5ǒ67- 7Ǒ��ƸMzXByK
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ư£>¥Ō�:�%�$���(5Ƒċ) ESTư£�ƒ!� ��T`M PILS1

*OwC][R[ PILS1 7-YkY 02g037550 %�;�;Ŗ¹õ 48Ǐ�85%

>Ş���PILS1,3,47- PILS5,7*�;�;NdJvzZ>ìú�#
�� 

 
T`M PILS)Ʈ�ÑŐňƓğ  
� NUP1Őňþ¦BY-2Ųſ(
#PILS1)Őň�ë�þ¦�;#
��4(Â

37. A)�NUP1Őňþ¦ BY-2Ųſ(�: PILS2�5�67- 7)Ʈ�ÑŐň
(!
#5Ɠğ>Ǝ ��NUP1Őňþ¦ BY-2Ųſ(
# PILS1*5�<?
)�% PILS57- 7�ę÷(þ¦�;#9�PILS27- 6*Í�#
'

� �ǐÂ 42. AǑ��;* NUP1�Òő( PILS1�57- 7�īƀ�#
:�
%�ē8�(' �� 

� NUP17- PILS1��8(\MUyŊ¸ú(ƻ=:ơ�¿Ñ7-Ŋ¸úƱ

ŰƮ�Ñ*PpQoyƲ$ŐňƗÚ�;�FzHOy$þ¦�;:�%�ē8

�(' #
:�%�8(Â 377- 39) �PILS2�5�67- 7(!
#5P
pQoyƲ7-FzHOy ŉ(7:Ʈ�ÑŐňƓğ>Ǝ ��PILS1�6 

7- 7 *PpQoyƲ ŉ$ƗÚ�;�FzHOy ŉ$þ¦�;���#P
pQoyƲ%FzHOy)¹ĕ ŉ$*�PpQoyƲ)2)ŐňƗÚ>ë�

ý�ĸ��%�ē8�(' ��ǐÂ 43Ǒ�!19 PILS1�67- 7(!
#5

FzHOy*PpQoyƲ(Ù�þ¦ő(īƀ�:�%�ē8�(' ��{

ď PILS2 7- 5 *PpQoyƲ7-FzHOy(7:Őň)Í*'� 
���;8ŶĠ�8�\MUyƌŢ>¦ò�:¶ƀõ)	: NUP1 �Òő�!

PpQoyƲƗÚõ PILS17- 7(ĵŔ���ƽ)Ɠğ>Ǝ �� 

 
T`M PIN7-FzHOyôŨƮ�Ñ)ŐňƓğ  

� NUP1Őňþ¦ BY-2Ųſ(
#Ųſ�FzHOyƣƦ� PILS1�57- 7
)Őň��}�#
��%�8��)FzHOyƣƦ� PIN )Ʈ�ÑŐň>Ɠ
ğ���kCJwAvCƓğ�8 PIN27- PIN3)Őň* 0.93-1.05$ NUP1

Őňþ¦ BY-2Ųſ$þ¦�;#
'� �ǐƏ 1Ǒ�Õǁ( qRT-PCR$T`M

PIN17- PIN3)Õǁ)Ʈ�ÑŐň>Ɠğ��%�<�NUP1Őňþ¦ BY-2

Ųſ$Í�#
'� ��4ǐÂ 42. BǑ�NUP1* PIN)Ʈ�ÑŐň%Ŗƻ�

'��NUP1* PILS1�57- 7ńŏő(ĭ)Ŗƻ�	:�%�ē8�(' 
�(Â 42. A)� 



 82 

� PILS*FzHOyƣƦ�$	:�4�NUP1Őňþ¦ BY-2Ųſ(
#5Ų

ſ�)ĶõÆFzHOyƵ�Í�#
:�&��>ŝƖ�:�4(T`M�

Ãõ)FzHOyôŨƮ�Ñ IAA2;3 (Dargeviciute et al., 1998)7- GH3 (Roux 

and Rechenmann, 1997))Őň>Ɠğ���NUP1Őňþ¦ BY-2Ųſ$* IAA2;3

7- GH3 )Őň�|Ē�#
�)$ǐÂ 44Ǒ�ĶõÆFzHOy�Ë«�#


:%Ž�8;:��;8)ŶĠ�8 NUP1* PILS1�57- 7>��#Ųſ

�ĶõÆFzHOy)Ƶ>¦ò�#
:%Ž�8;:� 

 

PILS17- 7Őňþ¦)Ųſ�ÝÃƓğ  

� OwC][R[ PILS* ERÝÃÆFzHOyƣƦ�$	:)$(Barbez et al., 
2012)�T`M PILS5¹ĩ)īƀ>5!'8 ERÝÃ>Ş�)$*'
�%Ž��

Ųſ�ÝÃƓğ>Ǝ ��PILS1-GFP 7- PILS7-GFP * ER ÝÃkzGz$

	: tdTomato-ER%�ÝÃ>Ş��(Â 45)��;79OwC][R[ PILS%¹

ĩ(T`M PILS17- 75ERÝÃÆ)FzHOyƣƦ�$	:�%�ē8�

(' �� 

 

PILSŐňþ¦ BY-2 ÈǋŲſ)Ʈ�ÑŐň7-\MUyƌŢ)Ɠğ  
� PILS11�* 7>Őňþ¦��ǁ(�ĶõÆFzHOyƌŢƵ)|Ē>��#�

ƌŢ�:\MUyƵ�ĽÜ�:�&��>Ɠğ���RNAi(7: PILS1)Őň

þ¦ BY-2 Ųſ>�ú��BY-2 ÈÄ(ļ«�#	: 2,4-D >ƿ
�ðPpQo

yƲ ŉ>Ǝ
� ŉð 36ĕƺ)Ʈ�ÑŐň�72ĕƺð)AuGwCZƌŢ>

Ɠğ���PILS1 Őňþ¦ BY-2Ųſ$* PILS1)Őň�ę÷(�}�#
:ņ

Ť�� 2Ůŷ>ŝŤ��(supplement Â 3. A)�FzHOyôŨƮ�Ñ GH3)Ő

ň�|Ē��NIC2Ʈ�Ñè ERF189ơ�¿Ñ7- PMT)Őň��}�#
�

ǐsupplement Â 4Ǒ��8(AuGwCZƌŢƵ(ƻ�#\MUy>»3AuG

wCZ��Ƶ�ę÷(ĽÜ�#
�ǐsupplementÂ 3. BǑ� 

� PILS57- PILS7)Al_Ʋư£* 94 Ǐ)Ŗ¹õ�	:�4�RNAi(7

: PILS7 )2>Őňþ¦�:�4) binary vector )�ú*Àǃ$	 ��4�

PILS57- 7>¹ĕ(Őňþ¦�: binary vector (�}PILS5/7Őňþ¦%�:)

>Ō
�Őňþ¦ BY-2Ųſ>�ú���öäőƪ¨Őň 35SewozTz(7

 # PILS5/7 RNAiŐň��:%ë
ŊžƼÖ�Ŋ���4�EQYsPFzu

ƗÚÆ XVEewozTz>Ō
�ìƝơĉ�>�ú�Ɠğ>Ǝ ��PILS1Ő
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ňþ¦Ģ%¹ĩ( BY-2ÈÄ(ļ«�#	: 2,4-D>ƿ
�ðPpQoyƲ ŉ

7-EQYsPFzu ŉ>¹ĕ(Ǝ
� ŉð 36ĕƺ)Ʈ�ÑŐň>Ɠğ

���AuGwCZƌŢƵ)Ɠğ
#�PpQoyƲƗÚ 36ĕƺ�ƽ*Ŋž

ƼÖ�Ŋ���4�ƗÚ 36ĕƺð(�: BY-2Ųſ$A[Tby)Ƶ��>

ľÔ���EQYsPFzuƗÚ(7 # PILS5 7- 7 )Őň�ę÷(�}

��ņŤ�� 2Ůŷ>ŝŤ��(supplementÂ 5. A)�FzHOyôŨƮ�Ñ GH3

)Őň�|Ē��NIC2 Ʈ�Ñè ERF189 7- PMT )Őň��}�#
�

ǐsupplement Â 6Ǒ��8(A[TbyƌŢƵ(ƻ�#*ę÷(ĽÜ�#
�

ǐsupplementÂ 5. BǑ� 

� �8( PILS1�57- 7>¹ĕ(þ¦�:�4)ìƝơĉ BY-2Ųſǐ�}

PILS1/5/7 Őňþ¦%�:Ǒ>�¡� PILS1 Őňþ¦Ģ7- PILS5/7 Őňþ¦

Ģ%¹ĩ( BY-2ÈÄ(ļ«�#	: 2,4-D>ƿ
�ðPpQoyƲ ŉ7-

EQYsPFzu ŉ>¹ĕ(Ǝ
� ŉð 36ĕƺ)Ʈ�ÑŐň7-A[T

byƌŢƵ>ľÔ���PILS1�5 7- 7 )Őň�ę÷(�}��ņŤ�� 2

Ůŷ>ŝŤ��(Â 46. A)�FzHOyôŨƮ�Ñ GH3 )Őň�|Ē��NIC2

Ʈ�Ñè ERF189 ơ�¿Ñ7- PMT )Őň��}�#
�ǐÂ 47Ǒ��8(

A[TbyƌŢƵ*ę÷(ĽÜ�#
�ǐÂ 46. BǑ� 

� �;8)ŶĠ�8 PILS)Őňþ¦(7 #�Ųſ�ĶõÆFzHOy)ƌŢ

Ƶ�|Ē��NIC2 Ʈ�Ñè ERF189 ơ�¿Ñ)Őň�þ¦�;:�%>���

}ķ)\MUyŊ¸úƮ�Ñ)Őň�þ¦�;�Ęųő(\MUyƌŢ�þ�

8;:�%�ē8�(' �� 

 

NUP1 Őňþ¦7-ƪ¨Őň BY-2Ųſ(�:Ʈ�ÑŐňƓğ  
� Ĭ( NUP1 Őňþ¦7-ƪ¨Őň BY-2 Ųſ(
#5�PpQoyƲ)

ƗÚ(79 PILS >���Ųſ�ĶõÆFzHOyƌŢƵ)Í��NIC2 Ʈ�

Ñè ERF189 ơ�¿Ñ7- PMT )Őň(Í>±0��>Ɠğ���NUP1

Őňþ¦Ģ(
#* NUP1�þ¦�;:�%$�PILS1�þ¦�;Ųſ�Ķõ

ÆFzHOyƌŢƵ�|Ē�:�%$ GH3 �|Ē���8( NIC2 Ʈ�Ñè

ERF189 ơ�¿Ñ>��# PMT �þ¦�;�ǐÂ 48Ǒ�NUP1 ƪ¨ŐňĢ$*

NUP1Őňþ¦Ģ%Ƨ)Ʈ�ÑŐň>Ş����8� NUP1Őňþ¦7-ƪ¨

Őň(ƻ=8� MYC2 ơ�¿Ñ)Őň(*íǅ>±0�'� ���)ŶĠ�

8PpQoyƲOK[u* NUP17- PILS>���FzHOyOK[u%)
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Ŗ��Ō(79 NIC2 Ʈ�Ñè ERF189 ơ�¿Ñ>��#7- PMT )ơ�v

fu$¦ò��\MUyƌŢ>¦ò�#
:�%�ē8�(' �� 

 

LC / MS(7:�ÃõFzHOyÔƵƓğ  
� Õǁ( NUP1 Őňþ¦�ƪ¨Őň7- PILS Őňþ¦ BY-2 Ųſ(
#�

\MUyƌŢ(*Ųſ�ĶõÆFzHOy%~ĶõÆ)Al_ƲŶ¸ÆFzH

Oy)İŇ)Í(7:íǅ�	:)�>Ɠğ�:�4( LC/MSƓğ>Ǝ ��

ĶõÆ/~ĶõÆFzHOy)İŇ)ũ¡>ƕ2���~ĶõÆFzHOyƵ�

Ü'� LC / MS)ĥ¡ƾō�}$	 ��4��çƓğ�:�4(Ğ�ĥƔ�

$	:� 

 
FzHOyvjzTzDR5 ::GUS>Ō
��ÃõFzHOy)ÔƵƓğ  

� LC/MS (7:�ÃõFzHOy)ÔƵ�$�'� ��4�FzHOyvj

zTzDR5::GUS>Ō
� GUS)Ʈ�ÑŐň)ÔƵ>ƕ2��NUP1Őňþ¦

7-ƪ¨Őň�PILS )Őňþ¦ BY�2 Ųſ.�FzHOykzGz$	:

DR5::GUS>�8(ìƝơĉ�#�FzHOykzGzsCy>�ú���ìƝ

ơĉ�� DR5::GUS )L_m.)Ą��ź(7:íǅ>ąƿ�:�4�20 )ņ

Ť��Ůŷ>,%1%4(�#Ɠğ>Ǝ ��PILS1/5/7Őňþ¦Ģ)2 14)ņ

Ť��Ůŷ>,%1%4(��� 

� �ú���;�;)sCy(Ù�FzHOy ŉ>Ǝ �%�<��#)s

Cy$ GUS7- GH3)Őň�|Ē�(Â 49. B)�GUSġƇ$5ë�ġƇ�;

��4(Â 50. B)��ú���#)sCy*�ƽ)Ɠğ(�Ō$�:�%�ē8

�(' �� 

� �ú���;�;)sCy(Ù�PpQoyƲ ŉ>Ǝ
�GUS Ʈ�Ñ)Ő

ňƵ�8FzHOy)ÔƵ>ƕ2�%�<�PILS Őňþ¦Ģ7- NUP1 Őň

þ¦Ģ$* GUS7- GH3)Őň�ę÷(|Ē��ǐÂ 49. AǑ�%�8Ķõ

ÆFzHOy)ƪ¨'ƌŢ�ē8�('9�GUS ġƇ$5ë�ġƇ�;� (Â

50. B)�1� NUP1ƪ¨ŐňĢ$*Őňþ¦Ģ%*Ƨ)ŶĠ%'9��1$)Ŷ

Ġ%¹ĩ)ŶĠ>Ş���ĜƓğ�85 NUP1 Őňþ¦�ƪ¨Őň7- PILS

Őňþ¦ BY-2 Ųſ$*Ųſ�ĶõÆFzHOy�Í�#
:�%�ē8�

(' �� 

�  



 85 

NUP1Őňþ¦ BY-2Ųſ(�: PILSŖƐ(7:AuGwCZƌŢ)Ɠ
ğ  
� NUP1 Őňþ¦ BY-2Ųſ$* 2!)īƀ�ē8�(' ��NUP1)ƣƦ�

%�#īƀ%�#ŲſÎ.)AuGwCZ)ǎƌŢ�:ǐÂ 32. BǑ�PILS)Ő
ň>¦ò�:īƀ%�#Ųſ�ĶõÆFzHOy)Ë«>ê�ƞ���ERF189
ơ�¿Ñ>���AuGwCZŊ¸ú>ĽÜ��:(Â 467- 47)��)ŶĠ

�8 NUP1Őňþ¦ BY-2Ųſ( PILSƪ¨Őň��:�%$�PILS)īƀ>Ŗ

Ɛ$��AuGwCZŊ¸úƵ�Ë«�ŲſÎ.)AuGwCZ)ǎ¢â��

�Į:%Ěï��NUP1 Őňþ¦ BY-2 Ųſ R18 Ůŷ(Ù� PILS1�5 7- 7

>ƪ¨Őň���ìƝơĉ BY-2Ųſ>�ú���ĜƓğ*ňÃƓğ�$	:� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vector'control'
'(2'lines)�

NUP1%RNAi%
(2'lines)�

Affymetrix'tobacco'gene'chip'
>'40,000'probe�

�'Expression'revel''<'0.7'or'>'1.4'
�P'value'<'0.05�

CutFoff'limit�

68'candidate'downregulated'genes'in'NUP1'RNAi'BYF2'cells'�

52'candidate'upregulated'genes'in'NUP1'RNAi'BYF2'cells'�

�36.$'!"+ *!���	��$
�&"$-#,%+-).VC4���VC9/���NUP1�
��.R18���R44/BY.2���2(!
,�������������NASC$The$European$Arabidopsis$Stock$Center$(hEp://arabidopsis.info)
�Affy$Gene$Chip$Service$�$Tobacco$Array.NASC$ID:$N782243/������$

���



%� HebVY$KYg$B=� [YaY$YkceYff]ba� c$iU_hY� >E;D� K@F� :@B� UVVYeYi]Ug]ba�=YfWe]cg]ba�

.$�</30TUg� -+1./$� -+-.0� =N.3.53/� o� :L2@.143-� o� D*UfcUegUgY$bk]XUfY�

/$�<164/TfTUg� -+106$� -+-..� >;102515� K@F*M1/5--2� :L.@/-6/2� HBF*_]^Y� HBF*D]^Yf$Uhk]a$geUafcbegYe�

0$�<..1TUg� -+126$� -+--5� >;111.5/� o� :L/@1/16-� o� �*`Yg\l_$chgeYfW]aY$bk]XUfY�

1$�<164/TUg� -+145$� -+--3� >;102515� K@F*M1/5--2� :L.@/-6/2� HBF*_]^Y� HBF*D]^Yf$Uhk]a$geUafcbegYe�

2$�<.01.TUg� -+154$� -+-.-� =O--/-06� o� :L/@1/16-� o� �*`Yg\l_$chgeYfW]aY$bk]XUfY�

3$�</-/5TfTUg� -+161$� -+--1� =O---4-6� K@F*M10-401� :L0@/3-4-� H:H� c_Ufg]X*_]c]X$UffbW]UgYX$cebgY]a$H:H$,$Z]Ve]__]a$ZU`]_l$cebgY]a�

4$�</050TfTUg� -+20-$� -+--6� =N66555-� K@F*M1/2-.6� :L.@35-.-� AHJ� AHJ$'AQ=JGPQHQJMN:L>$J>=M<L:K>(8$[_lWYeUgY$XY\lXeb[YaUfY,$cb_l'M($V]aX]a[�

5$�</210TfTUg� -+20.$� -+--1� =N.3.44-� o� :L.@/05/-� o� HhgeYfW]aY$�*`Yg\l_geUafZYeUfY$1�

6$�LL-3T:/.TUg� -+211$� -+--2� o� K@F*M1166..� :g/@.565-+.� H>J.3� cYebk]XUfY)$chgUg]iY�

.-$�</41/TUg� -+212$� -+-15� >;114/-3� o� :L1@02.--� HBH/8.� :dhUcbe]a$HBH/8.�

..$�<..3TfTUg� -+212$� -+-03� >;35036/� K@F*M103-/6� :L1@/2.2-� :HUfY� UW]X$c\bfc\UgUfY)$chgUg]iY�

./$�>;110466TUg� -+22/$� -+--4� >;110466� K@F*>.-16330� :g2@03.1-� <QH4.3:/� <QH4.3:/$8$chgUg]iY�

.0$�LL-3T;/.TkTUg� -+220$� -+-.3� o� o� :L0@/3-4-� o� c_Ufg]X*_]c]X$UffbW]UgYX$cebgY]a$H:H$,$Z]Ve]__]a$ZU`]_l$cebgY]a�

.1$�<0345TUg� -+222$� -+-.5� =N666-.1� K@F*M104-16� :L2@.4.4-� >FA.� >FA.$'>FA:F<>J$G?$KGK0*.(8$`YgU_$]ba$V]aX]a[$8$Y_YWgeba$geUafcbegYe�

.2$�</.2TfTUg� -+225$� -+-/-� =O--0/.6� K@F*M1//.32� :L2@//25-� AKH� KgeYff$eYfcbaf]iY$:,;$;UeeY_�

.3$�>;10/4..TfTUg� -+23/$� -+-/6� >;10/4..� o� :L.@35-.-9� o� AHJ$n$AHJ$'AlXebklclehiUgY$eYXhWgUfY(8$F:=$V]aX]a[$,$WbZUWgbe$V]aX]a[$,$bk]XbeYXhWgUf&\Y__]c�

.4$�LL/-T;.5TfTUg� -+24-$� -+--0� o� K@F*M1/.0-4� :g2@34052� FHA0*_]^Y� f][aU_$geUafXhWYe�

.5$�<6.30TkTUg� -+24/$� -+-//� P33-.-� o� :L1@-0/5-� o� H>L<$'HAGLGKQFLA>LB<$>D><LJGF$LJ:FK?>J$<(�

.6$�<54.3TUg� -+243$� -+-/1� <N-.54-/� K@F*M103/25� :L1@-/04-� o� f]`]_Ue$gb$ha^abja$cebgY]a$R:eUV]Xbcf]f$g\U_]UaUS$'L:BJ7:L.@-/5.3+.(8$f]`]_Ue$gb$Gf-2[-03/0--�

/-$�</.2TUg� -+243$� -+-/-� >;350.41� K@F*M1//.32� :L2@//25-� AKH� KgeYff$eYfcbaf]iY$:,;$;UeeY_�

/.$�>;106204TUg� -+25.$� -+-01� >;106204� K@F*M122-..� o� o� ha^abja�

//$�<10-2TkTUg� -+251$� -+--.� >;111./6� o� :L.@4-52-� o� jbhaX*fg]`h_UgYX$cebgY]a$�

/0$�</2/1TUg� -+252$� -+-.0� =N.3/-2/� K@F*M1/4254� :L1@00..-� o� WbW_Uhe]aY$�*`Yg\l_geUafZYeUfY)$chgUg]iY�

/1$�<N-.3254TkTUg� -+26-$� -+-0/� <N-.3254� K@F*M112/.5� :g2@051.-� o� chgUg]iY$e]Vh_bfY$V]fc\bfc\UgY$WUeVbkl_UfY$f`U__$fhVha]g$cebgY]a$ceYWhefbe�

/2$�LL-2T<-0TkTUg� -+26.$� -+-.6� o� K@F*M113.25� :g/@-/./-� o� g\]ba]a$_]^Y$cebgY]a�

/3$�<N-.4023TkTUg� -+265$� -+-./� <N-.4023� o� :L2@051.-� o� e]Vh_bfY$V]fc\bfc\UgY$WUeVbkl_UfY$f`U__$W\U]a$0;$,$Jh;]f<G$f`U__$fhVha]g$0;$'J;<K*0;($�

/4$�<N-/.-24TkTUg� -+265$� -+-06� <N-/.-24� o� :L2@051.-� o� e]Vh_bfY$V]fc\bfc\UgY$WUeVbkl_UfY$f`U__$W\U]a$0;$,$Jh;]f<G$f`U__$fhVha]g$0;$'J;<K*0;($�

/5$�<2421TfTUg� -+265$� -+--/� >;101451� o� :L.@-335-� o� HK;H*.$'GPQ@>F*>NGDNBF@$>FA:F<>J$HJGL>BF$/(8$cb_l'M($V]aX]a[�

/6$�<0345TfTUg� -+266$� -+-/3� =N666-.1� o� :L2@.4.4-� >FA.� >FA.$'>FA:F<>J$G?$KGK0*.(8$`YgU_$]ba$V]aX]a[$8$Y_YWgeba$geUafcbegYe�

0-$�D.011-TUg� -+3-.$� -+-./� D.011-� K@F*M112355� o� o� WlfgY]aY*e]W\$YkgYaf]a*_]^Y$cebgY]a*/�

�1.#���������|zNUP1����BY−2��|trz��u��w�y��
#
NUP1����BY(2����ry�����������pNUP1����BY−2��{{��u��w�y����
�����xqgene#espression##<#0.7#t��#
p#value#<#0.05}��{������syq#�~�����	���
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�7)P]Jęĭ%+Ƙìĭƀ%�9YJRt*Ūō+MmNltƑ%ŹÖ�

:�wą%CvELt+YJRtĵ³ô=ø��:9�&�Ń7:$�9

ƧHashimoto et al., 1986, Baldwin, 1988ƨ	����CvELt&MmNltƑ*

YJRtŪō.*Ł��ķ*�ÍkDYOj+ďŵĊ%�9	�

� ĐńŎ%+NUP1ļĲø�BY-2řŤ=ķ��hAGs?rAŵĒ�7�NUP1

ļĲø�ĕ%čò)ļĲ��y�$�9 PILSƧPIN-likesƨ=ų� ��	Ls

AZXOX PILS + ER Ù¼=ņ��řŤƀ}*ĥñ¾apvCvELt= ER

qvkt�)ƄƇ�9	�7)?i\ƑŜ³¾CvELt)Ä¦�� ER�)ė

ŗ�9�&%�řŤ�%ğť�9CvELtreq=�ì�$�9 (Barbez et al., 

2012)	P]J PILS4LsAZXOX PILS&´ĝ)�řŤ�*ĥñ¾apvC

vELtreq=Żœ�$�9*%+(��&þÕ��ĐńŎ=Ů"�	 

� P]J)��9MmNltƑśƁ�7YJRtĵ³ôśƁ)��9�ŰĽ(

ºÍ%�9 MYC2 Ƃ�ºÍ�YJRt³ô*hNPvƂ�ºÍ NIC2 Ǝ�Íä

ERF189 �6-YJRtĵ³ôƐŘ PMT =ķ�$�MmNltƑ�6-CvE

Lt.*ðőñ=ŵĒ��&�;��:7*Ǝ�ÍļĲ+MmNltƑ%ļĲ

xĈ��CvELt%ø��:9�&�Ċ7�)("�(» 39)	�*ŵĒ�7

MmNltƑLHXqśƁ*ĥñ¦=CvELt�Ƃ�req%ø��9&ņ

¸�:9	Vs^t?qDsAW*_nL?it5NJgoit=Ķĵ�9X

NŉHyoscyamusŋ%+CvELtĪã�ÎĽ)�:7?qDsAW*ŪōƓ�

ĩØ�9(Hashimoto et al., 1986)�0�P]J N.sysbestris%+ũ.*QkvM)

69MmNltƑ*Ūō�?qDsAWŪō*å�Ɣ%�8�CvELt�ĳ

)6"$�*?qDsAWŪō�ƙÔ�:9(Baldwin, 1988)	�Ôðő&�$M

mNltƑLHXqśƁ=ś9�Ġ�žĶĭ*Â¢+CvELt)6"$ø�

�:9�&�ņ¸�:9	 

� hAGs?rAŵĒ�7 NUP1 ļĲø�ĕ% PILS1 �æ�ø��: (Ű 1)�
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qRT�PCR�7 PILS1+4!;>*�&��7) PILS5�6- 74ø��:9�

&�Ċ7�)("�(» 40)	CvELt�ž)Ɨ<9ºÍ&�$ĵ³ôƐŘ

SUR1(Boerjan et al., 1995) 5 YUCCA(Zhao et al., 2001) � Ƅ Ƈ �

ABCB(Titapiwatanakun et al., 2009) � PIN(Galweiler et al., 1998) 5

AUX1/LUX(Swarup et al., 2001)�?i\ƑŜ³ƐŘ GH3(Staswick, 2005)�

IAR(Lasswell et al. 2000; Magidin et al. 2003)5 ILR(LeClere et al. 2004)('��7

)CvELtLHX9)Ɨ<9 TIR1(Ruegger et al., 1997)('ÆăÀ¶�:$�

9	ĐńŎ*hAGs?rAŵĒ)��$ NUP1 ļĲø�ĕ%čò)xĈ0�

+ĩØ�$�9CvELtƗƊºÍ+(�"��&�7�NUP1�PILS*MmN

ltƑŹÖñ*ĮĺĽ(�ìğĜ�Î¼�9�&�ņ¸�:9	0� PILS1�6

��� 7 +MmNltƑŹÖñ=ņ��(» 43)	LsAZXOX)��$Mm

NltƑŹÖñ*CvELtĵ³ôƎ�Í YUCCA8/9 �Hentrich et al.,2013��

triptphan synthase�/�ƧTSA/TSBƨ�Dombrecht et al., 2007)�À¶�:(supplement

» 1)�MmNltƑLHXq=¯�$CvELtĵ³ôśƁ�ĥñ¦�:9	

MmNltƑŹÖñ* MYC2 Ƃ�ºÍ�NUP1�PILS *śƁ4MmNltƑ&

CvELt*Ł�Ɨ�=źĊ�9w�%�9	 

� P]J PILS�LsAZXOX PILS&´ĝ*ğť=č�9�ŵĒ��&�;�

PILS1�6- 7+ ERÙ¼=ņ�(» 45)���7��*P]J PILS4 ERÙ¼=

ņ�&þÕ�:9	�7) PILSļĲø� BY-2řŤ)��9MmNltƑŹÖ

)69YJRtŪō.*CvELt*éơ=ŅŸ�9�3)��¼ñ*CvE

LtðőƎ�Í GH3*ļĲ=ŵĒ��&�;��:7ļĲø�ĕ%ļĲ�xĈ

�$��	�:+ PILSļĲø�ĕ%ĥñ¾apvCvELtƓ�Â¢���7

)Â¢��ĥñ¾apvCvELt)6"$ NIC2Ǝ�Íä ERF189Ƃ�ºÍ*

ø�=���yħ* PMT=µ2YJRtĵ³ô���ø��:�	�*Ŝē+

MmNltƑŹÖċ)��9 PILS�NIC2Ǝ�Íä ERF189Ƃ�ºÍ=���ř

Ť�ĥñ¾apvCvELt*ø�)69�ìğĜ�Î¼�9�&=æ�ņ¸

�9	�

� ĐńŎ%+ BY-2 řŤ=ķ�$ŵĒ=Ů"���NUP1 �6- PILS *�7(

9ŰĲ¾&�$�P]J NUP1 ļĲø�èƀƂÿęĭ�%+Ė*ôƕ��Ƌ� 

(Hildreth et al., 2011)��7)LsAZXOX pils2pils5Äĺ�%Ė*ôƕ��Ƌ

�9�&�À¶�:$�9(Bardez et al., 2012)	ĐńŎ* NUP1�PILS*LHX

qŕ�7þÕ�9&�P]J NUP1 ļĲø�èƀƂÿęĭ�%*Ė*ôƕ�Ƌ
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+ NUP1 *ŀý*ŰĲ¾%+(��PILS *ļĲø�=���CvELt)69

ŰĲ¾�ƖýĽ)Ĳ:$�9*%+(��&þÕ�9	ĐńŎ%+Ė*ĵţ)

Ɨ�9ŰĲ¾+ŵĒ�$�(�*%�NUP1ļĲø��6-ƌ ļĲèƀƂÿę

ĭ=ķ��ŰĲ¾ŵĒ=ŮïŲ��9	 

� Ġ)ĥñ¾apvCvELt*ÑƓ= 2 ŋƣ*ąĤ%Ů"�	ƩīĿ+ĥñ

¾apvCvELt�6-zĥñ¾?i\ƑŜ³¾CvELtƓ= LC/MS%Ñ

Ɠ�9	2īĿ+CvELtrgvPv%�9 DR5 :: GUS=ķ��ƖýĽ(Ñ

Ɠ=ŷ1�	1īĿ* LC / MS)69ŀýĽ(ÑƓ)#�$+�Ĳġƞ%+ŵĒ

)ÊĀ�$�9	ªº&�$ BY-2 řŤ%+ÈĬ¾CvELt IAA *��Ɠ�

Ơà)�� LC/MS*Ě�ƛĹ�y%�"�	��Ľ)+ IAA-Asp�IAA-Ala�

6- IAA-Phe%+�6� 1pg / 100 mg F.W.�y�IAA-Trp�IAA-Ile�6- IAA-Leu

%+�6� 5 pg / 100 mg F.W.�y%�"�	Bardez7(2012)*À¶%+ IAA-Asp

+CvELt��Ɠ* 0.1 %Ŋã&("$�9�&�7�Ơà)íƓ(ßĺ=Ě

��(�:,(7(��3�Òƥŕ=�ĜŔ�9ïŲ��9&Ţ�7:9	2ī

Ŀ* DR5 :: GUS=ķ��ƖýĽ(ÑƓ)��$+ PILSļĲø��NUP1ļĲø

��6-ƌ ļĲ BY-2=ķ�$ÆƒÄĺ�=�ô��ŵĒ=Ů"�	MmNl

tƑ�ĳ)6"$ PILS�6- NUP1ļĲø�ĕ%+ GUS�6- GH3*ļĲ�

čò)xĈ�$���&�0� NUP1 ƌ ļĲĕ)��$ NUP1 ļĲø�ĕ&

ƈ*Ŝē&(8�YJRt/`Pit B6 ƄƇ�* NUP1 �7CvELtƄƇ�

PILS=���řŤ�ĥñ¾apvCvELt.*�ì�æ�ņ¸�:9	 

� ?i\ƑŜ³¾CvELt+CvELt���7�9&Ơà)íƓ%(Bardez 

et al., 2012)�ĥñ¾CvELt*Ɠ)+Ç�(Ä¦={�$�(�&Ţ�7:9	

��� DR5 :: GUSÖ���ÆƒÄĺ�*ŵĒ�7�ĥñ¾CvELtreq)

Ơà)Ç�(ß��"�	�:+ PILS�Å*CvELtƗƊºÍ�Ä¦�$�

9&Ţ�9*�Ìç%�9	LsAZXOX%+MmNltƑŹÖñ*CvE

Ltĵ³ôƎ�Í YUCCA8/9 �Hentrich et al.,2013�� triptphan synthase� /�

ƧTSA/TSBƨ�Dombrecht et al., 2007)�À¶�:$�9(supplement» 1)	�:+

P]Jęĭ%4MmNltƑŹÖñ*CvELtĵ³ôƎ�Í�Ä¦�$�9

°ťñ��9	���ĐńŎ*hAGs?rAŵĒ�7+CvELtĵ³ôƎ

�Í*Ä¦+Ÿ37:(�"�	ĐńŎ%ķ��hAGs?rA)+MmNl

tƑŹÖñ*CvELtĵ³ôƎ�Í*csvb�ƃ"$�(�"�°ťñ�

�8�ÒƟ) qRT-PCR%ŅŸ�$��ïŲ��9	 
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� ĐńŎ%+P]Jęĭ)��9 NUP1�PILS�NIC2 Ǝ�Íä ERF189 Ƃ�º
Í)ŝ��MmNltƑŹÖċ*ĥñ¾CvELtø�ğĜ�ğť�$�9°

ťñ�æ�ņ¸�:9(» 51)	NUP/PUP ¾ƄƇ�+Ƌ¦Ľ)LQęĭ�ƚ*Ʀ

Őęĭ)+á�Î¼�(Jelesko, 2012)��#űă�Î¼�9&Ţ�7:9	0�

PILS)#�$4JIęĭ�x)+Î¼�$�9(Feraru et al., 2012)�&�Ċ7�

)("$�9	ĐńŎ%Ċ7�)("�6) MYC2 Ƃ�ºÍ � NUP � 

PILS LHXqŕ�á�Î¼��CvELtLHXq)69Żœ=Ů"$�9°

ťñ��9	�:+�*ęĭ)��$�MmNltƑLHXq&CvELtL

HXq*Ł��ķ*ŵĊ.*č¡(Tvq&(9&Ďê%�9	 

� ĐńŎ%+MmNltƑLHXqśƁ�7Ħĵ�� MYC2 Ƃ�ºÍ � NUP

ƄƇ� � PILS ƄƇ�&ŝ�śƁ)6"$CvELtLHXq=�ì�$�9

�&�Ċ7�)("�	#08P]Jęĭ%+MmNltƑ)69YJRtŪ

ō=ŹÖ�9LHXq&´ċ)�MmNltƑLHXq=ø��9CvELt

LHXq=6����9�&%�68¤ıĽ)MmNltƑ�ğť�96)

ęĭ��*ĴÁ=�ì��YJRtŪō=Ů"$�9&þÕ�:9	 
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Şú  
 
� ĐńŎ%+YJRt/`Pit B6®8Ɔ1ƄƇ� NUP1*ğťŵĒ=Ů"�	 

�:68�NUP1+ 3#*ğť��9�&�Ċ7�)("�	 

1. NUP1+YJRt=µ2?qDsAW�6-`Pit B6=řŤ�)ƄƇ�9	 

� NUP1 +P]Jęĭ*Ė*řŤŦ)Ù¼�9 10 ŦſƉ¾*ƄƇ�%�8�Y

JRt=µ2?qDsAW5`Pit B6=ƄƇ¿ƀ&�$��	ƄƇĮñ&�

$?gcoNV�7řŤ�.*ƄƇ=ù"$�8���7�LsAZXOX

PUP1*ƄƇĮñ�7þÕ�9& H+=Ƥ¥¡&�$�9&Ţ�7:9(» 16)	 

2. NUP1+Ė�7ũ.YJRt=ŚşƖƄƇ=�ì�9	 

� NUP1+ĵ³ô�:�YJRt=Ė�7ũ.*ŚşƖƄƇ=ù"$�9	Į)

Ė%*YJRt*ƍŒ.*svU@tH)Ɨ{�$�9&Ţ�7:9(» 30)	 

3. NUP1 +MmNltƑLHXq)ŹÖ�:�PILS ƄƇ�=����CvEL

tLHXq*ø�)Ɨ{�$�9	 

� MmNltƑLHXqśƁ* MYC2Ƃ�ºÍ�ÎĽ) NUP1*ļĲ�ŹÖ�

:9	�7) NUP1�ÎĽ) ERÙ¼¾%MmNltƑŹÖñCvELtƄƇ�

PILS*ļĲ�ŹÖ�:�ĥñ¦�:� PILS)6"$řŤƀ}*ĥñ¾apvC

vELt= ERqvkt�)ƄƇ��zĥñ¾*?i\ƑŜ³¾CvELt)�

9�&%�řŤ�%ğť�9ĥñ¾apvCvELt=ĩØ��9	�:)6

8MmNltƑŹÖñ* NIC2Ǝ�Íä ERF189Ƃ�ºÍ*ĥñ¦=���YJ
Rtĵ³ô=�Ƌ�9	#08MmNltƑ)69YJRtŪō=ŹÖ�9L

HXq&´ċ)�MmNltƑLHXq=ø��9CvELtLHXq=ø�

9�&%�68¤ıĽ)MmNltƑ�ğť�96)ęĭ��*ĴÁ=�ì

��YJRtŪō=Ů"$�9&þÕ�:9(» 51)	 
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žƅ  
 
� ĐńŎ=Ƌ3)9)��8ÆÇ(9�£Ŷu�ûÖ=�� ��Ëŧ�ŏŉ

Ð÷ůÇÐƜÇÐ]ACKABtNńŎŉęĭřŤğť*ĞĐƝāü)î68

óž���0�	0��Ĕ=#&3$�� ��Ëŧ�ŏŉÐ÷ůÇÐƜÇÐ

]ACKABtNńŎŉ�đāü�ƦÚāü)+Ĩ�óž���0�	 

 

� ĐńŎ)��9ƐĢ%*ŵĒ)�§¡Ƣ�0��ŇõūŉÇÐĵū¦ÐńŎ

ÓÃ�·�āü�ęĭfqltŵĒ LC/MSŵĒ+ĳ¦ÐńŎöĵĶğťHq

vcěª½©Ã�6-×ÝŠŖÍģ)+Ĩ�óž���0�	 

 

� pUGWB2-tagRFP =�{�$Ƣ��Ëŧ�ŏŉÐ÷ůÇÐƜÇÐęĭHsv

]qŌĸ*8�©Ã�pDR196=�{Ƣ��Dv[FvńŎöWolf Frommer©

Ã�pDR196GW =�{�$Ƣ��łÜw±āü�tdTomato-ER =�{�$Ƣ�

�Ëŧ�ŏŉÐ÷ůÇÐƜÇÐ}ÛĂ�āü�ƐĢ AD12345678 =�{�$Ƣ

�� qv]tDVpSGÇÐ Andre Goffeau©Ã�pBm43GW / DR5 :: GUS=�

{�$�� ��dqLtEÇÐ Antti-Pekka Tuovinen©Ã)+Ĩ�óž���

0�	Ëŧ�ŏŉÐ÷ůÇÐƜÇÐ]ACKABtNńŎŉęĭřŤğťƧĆ

ęĭƎ�ÍğťÐƨńŎÓYJRtHqvcâ²š£ā�ĘÞĉÏ©Ã(Ĳ�Ə

ÇÐ))+�ŮńŎ%�ô��eGPv=�{�$�� �Ĩ�óž���0�	 

�

� Ëŧ�ŏŉÐ÷ůÇÐƜÇÐ]ACKABtNńŎŉęĭřŤğťƧĆęĭ

Ǝ�ÍğťÐƨńŎÓNPSa=+�3&���0�Žä*ľĝ)î68óž

���0�	 

 

� Čë)(80���ň�ńŎ=ŝ�7:$�7:�*4|Ŵ*���%�	

î68óž���0�	 

 

¢Ŭ� ¹É 

�

�
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gene name AGI code �� gene name ACC. # 
AtPUP1 AT1G28230 NUP1 GU174267 
AtPUP2 AT2G33750 NUP2 GU174268 
AtPUP3 AT1G28220 
AtPUP4 AT1G30840 
AtPUP5 AT2G24220 
AtPUP6 AT4G18190 
AtPUP7 AT4G18197 
AtPUP7-like AT4G18205 
AtPUP8 AT4G18195 
AtPUP9 AT1G09860 
AtPUP10 AT4G18210 
AtPUP10-like AT4G18220 
AtPUP11 AT1G44750 
AtPUP12 AT5G41160 
AtPUP13 AT4G08700 
AtPUP14 AT1G19770 
AtPUP15 AT1G75470 
AtPUP16 AT1G09860 
AtPUP17 AT1G57943 
AtPUP17-like AT1G57980 
AtPUP18 AT1G57990 
AtPUP19 AT1G47603 �� �� ��

supplement)�2.)�7(� $��)AGI)code-$*accession)number)
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vector'name'
(backbone'/'target'gene)� cloning'method' cloning'template� subcloning� using'subcloning'primer'sequence'from'5’'to'3’'

Forward'(F)'and'Reverse'(R)�

pDR196GW'/'NUP1� Gateway� tobacco'BL21'cDNA'
(NUP1'full'length'CDS)� pDONR'/'zeo� F':'AAAAAGCAGGCTATATGGAACATCCAGGATTAAG'

R':'AGAAAGCTGGGTATCAAACAGATTCAGTATGTG�

pDR196GW'/'NUP1TGFP� Gateway� tobacco'BL21'cDNA'
(NUP1'full'length'CDS)� pDONR'/'zeo�

NUP1'F':AAAAAGCAGGCTATATGGAACATCCAGGATTAAG'
'''''''''''R':'TCCTTTGCTAGCCATAACAGATTCAGTATGTGTCG'
GFP'F':''CATACTGAATCTGTTATGGCTAGCAAAGGAGAAGA'
''''''''R':'AGAAAGCTGGGTATCAGTTGTACAGTTCATCCA�

pDR196GW'/'AtPUP1� Gateway� arabidopsis'Col.'cDNA'
(PUP1'full'length'CDS)� pDONR'/'zeo� F':'AAAAAGCAGGCTTCATGAAGAATGGTTTGATAAT'

R':'AGAAAGCTGGGTTTTAAGCAACATAATCACTAA�

pDR196GW'/'PUP1TGFP� Gateway� arabidopsis'Col.'cDNA'
(PUP1'full'length'CDS)� pDONR'/'zeo�

PUP1'F':'AAAAAGCAGGCTTCATGAAGAATGGTTTGATAAT'
'''''''''''R':'TCTTCTCCTTTGCTAGCCATAGCAACATAATCACTAACAG'
GFP'F':'CTGTTAGTGATTATGTTGCTATGGCTAGCAAAGGAGAAGA'
''''''''R':'AGAAAGCTGGGTATCAGTTGTACAGTTCATCCA�

supplement)�4.)�1���
��=36C��(� $<?2>C!.+����)
�*Gateway)A<B5271�#�"/(Gateway(.0DDONR)/)zeo,)5;3AC9B4'*F):5GHGGGGACAAGTTTGTACAAAAAAGCAGGCTH3G!.+)
R):)5GHGGGGACCACTTTGTACAAGAAAGCTGGGT)H3G1� &PCR1�%$��
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vector'name'
(backbone'/'target'gene)� cloning'method' cloning'template� subcloning� using'subcloning'primer'sequence'from'5’'to'3’'

Forward'(F)'and'Reverse'(R)�

pBI121'/'NUP1ox� restricXon'enzyme� tobacco'BL21'cDNA'
(NUP1'full'length'CDS)� pGEMTT� F':'GGATCCATGGAACATCCAGGATTAAG'

R':'GAGCTCTCAAACAGATTCAGTATGTG'

pBI121'/'AtPUP1ox� restricXon'enzyme' arabidopsis'Col.'cDNA'
(PUP1'full'length'CDS)� pGEMTT� F':'CCCGGGATGAAGAATGGTTTGATAATC'

R':'GAGCTCTTAAGCAACATAATCACTAACAGG�

supplement)�5.)�1�����:28@C=36C��(� $<?2>C��!.+����)
�*����5271�#�)
�
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gene name  
foward (F) or 
reverse (R) sequence from 5' to 3' 

NUP1 F TTGGTTACAAACGGGTGGAT 
R AAAAATTCGGGGTGTCATCAA 

AtPUP1 F TATCGGGATCCTTGCGTTAC 
R AAGAGCTGCAACCACAGTCA 

EF1a  F AAGCCCATGGTTGTTGAGAC  
�� R GTCAACGTTCTTGATAACAC  

supplement)�3.)�1��RTHPCR-$*qRTHPCR(� $<?2>C��)
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vector'name'
(backbone'/'target'gene)� cloning'method' cloning'template� subcloning� using'subcloning'primer'sequence'from'5’'to'3’'

Forward'(F)'and'Reverse'(R)�

pBI121'/'NUP1'RNAi� restricXon'enzyme�
tobacco'BL21'cDNA'
(+750'T'+1129''
'';'parXal'NUP1'cDNA)�

modified'
pHANNIBAL�

sense'F':'CTCGAGAGCTAGATATTATACAGTTA'
'''''''''''R':'GAATTCGAAAACGACGTACATTATTT'
anXsense'F':'TCTAGAAGCTAGATATTATACAGTTA'
''''''''''''''''''R':''ATCGATGAAAACGACGTACATTATTT�

pBI121'/'NUP1pro'::'GUS� TA'cloning'
restricXon'enzyme'

tobacco'BL21'genome'
(T1436'T'T1'
'''''';'NUP1'promorter)�

pGEMTT� F':'AAGCTTTGCTTTTGTGAGGGTTTGGC'
R':'GGATCCATTTGTTTTCTAGAGATTTG'

pUGW6'/'PIP2a� Gateway� arabidopsis'Col.'cDNA'
(PIP2a'full'length'CDS)� pDONR'/'zeo� F':'AAAAAGCAGGCTATATGGCAAAGGATGTGGAAGC'

R':'AGAAAGCTGGGTAGACGTTGGCAGCACTTCTGA'

pUGW2mTtagRFP(C)'/'NUP1� Gateway� tobacco'BL21'cDNA'
(NUP1'full'length'CDS)� pDONR'/'zeo� F':'AAAAAGCAGGCTATATGGAACATCCAGGATTAAG'

R':'AGAAAGCTGGGTAAACAGATTCAGTATGTGTCG�

pBI121'/'AtPUP1ox� restricXon'enzyme' arabidopsis'Col.'cDNA'
(PUP1'full'length'CDS)� pGEMTT� F':'CCCGGGATGAAGAATGGTTTGATAATC'

R':'GAGCTCTTAAGCAACATAATCACTAACAGG�

pBI121'/'QPT'RNAi� restricXon'enzyme�
tobacco'BL21'cDNA'
(+1'T'+510';'parXal'
QPT'CDS)�

modified'
pHANNIBAL'

sense'F':'CTCGAGATGTTTAGAGCTATTCCTTT'
'''''''''''R':'GAATTCGATGTAAGCAGGGTGTGCAG'
anXsense'F':'TCTAGAATGTTTAGAGCTATTCCTTT'
''''''''''''''''''R':''ATCGATGATGTAAGCAGGGTGTGCAG'

supplement�6.)�2�����:28@C=36C��(� $<?2>C��!.+����)
�*������*Gateway)A<B5271�#�"/(gateway1� &)DDONR)/)zeo,)5;3AC9B4'*F):5GHGGGGACAAGTTTGTACAAAAAAGCAGGCTH3G!
.+R):)5GHGGGGACCACTTTGTACAAGAAAGCTGGGT)H3G1� &2	�)PCR1�%$��
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gene name  
foward (F) or 
reverse (R) sequence from 5' to 3' 

NUP1 F TTGGTTACAAACGGGTGGAT 
R AAAAATTCGGGGTGTCATCAA 

COI1 F CCAATTGGGCTTGACGTACT 
R CACCTTTGCAGCAAGAAACA 

MYC2  F GATGGGATGCKATGATTCGTATAC 
R CTGAAACACTRGCATGGTGCACATC  

ERF189  F GCAGCTTCGACTGCAGCTTCCTC  
R CTCCTCGGACTCGGAGCACTTC  

PMT  F ATTGGACCAAGATCGAGTC  
R ATTACTGCAGAATTCTCCTAC  

QPT  F GACGCATTCCGTGAAAGCAC  
R AAGTAATGGCGCTCATGCTC  

BBL F GATGGACGGTTATTAGACCG  
R ATTTTCCAGGCATAAACAATG  

MATE1/2 F CAAGGAATGAAGGTGGTGGC  
R GACTTCTTTCCCCTTGCATA  

PI-2 F AGATGTAGCTGTAGGATACG  
R ATCGTAAGTTCCTGCAGCAA  

EF1a  F AAGCCCATGGTTGTTGAGAC  
�� R GTCAACGTTCTTGATAACAC  

supplement)�7.)�2��qRTHPCR(� $<?2>C��)
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gene name  
foward (F) or 
reverse (R) sequence from 5' to 3' �� gene name  

foward (F) or 
reverse (R) sequence from 5' to 3' 

NUP1 F TTGGTTACAAACGGGTGGAT PAP F TATTGACGGCGAGGGTATTC 
R AAAAATTCGGGGTGTCATCAA R TCGATTGCCCAGTTTTAAGG 

COI1 F CCAATTGGGCTTGACGTACT HPR F TGAAATGATCAACATATGCCAGA 
R CACCTTTGCAGCAAGAAACA R GCCTTGCTATCAGCTCCTTTT 

MYC2  F GATGGGATGCKATGATTCGTATAC PER16 F AGCACACACAACGTTGATCC 
R CTGAAACACTRGCATGGTGCACATC  R CCTTCAAAGCTTCTGTTGATGC 

ERF189  F GCAGCTTCGACTGCAGCTTCCTC  PIP2-1 F AATTGCATTCATCTGTCCAAA 
R CTCCTCGGACTCGGAGCACTTC  R ACACATCCAAGGCTCCTCTT 

PMT  F ATTGGACCAAGATCGAGTC  Apase F AAAATGCCGAATCCCATGTA 
R ATTACTGCAGAATTCTCCTAC  R CGATCATACGCCCAAATCTT 

PI-II F AGATGTAGCTGTAGGATACG  CYP716A2 F TCCCGGGACTCCAATACATA 
R ATCGTAAGTTCCTGCAGCAA  R GCGGTTACGAAGGAAGAAAA 

PILS1 F TGGAATTATGCACTGGCATC ENH1 F TTGGTGGTGTTGGAGCATTA 
R AAAGGCAAAACAAAAGACATGA R TGTTGAAGTCTGTTGGAATGTG 

PILS2 F TTTCAGCTGATTTGGGGTTT HSP1 F CCACATGATCAATGTCACAAAA 
R TCAACAGCGGTAGAACAGCA R CCACAATTTGGGAAGCAAAG 

PILS5 F TGTGTGGGACCATTCTATTTG NPH3-like F AGTCGTGCGAGTTGTATGGT 
R CACCTTATGAAGGGGGTCAT R GAAGTCGTCCACGTCCATCT 

PILS6 F GGCATTTGGCAGACAAAGAT UGT74B1 F ATCAAGCCATTGGTTGCTTC 
R TGGGCGGAGGAAGTAGTAGA R GTCAGACCATTGTGGCATTG 

PILS7 F CAGCATCAAACCCATGCTTA BSMT1 F TCTGGATTCGTCCCTACCTG 
R AACTCCTTTTTGCACAATTTGA R TTAGCAGCTCGACCACACAC 

PIN1 F TAAAGACCCTTTTGCCATCG PR4 F CAGCAAGGCCACCTTATTGT 
R CTGTGCCCAACAATGAACC R ACAGCGCAGGTCTGAAAAAT 

PIN3 F TCTTGGCACGATCTTTATGTTG WRKY40 F CGTCTTCCTTGACCGAGAAC 
R GGAGAGAAGATTTTCCACCA R GCAAAGTTACAGTTACTCAGACGG 

IAA2;3 F ATCAGAAGCAAGAGGCTTGG GPT2 F ATGGGCAGCAATGGACTAAC 
R GACAACCCAAGCTGGAAAAA R TCATTCATGATCATTTGCCTCT 

GUS F AAAGCAAGCTGACCGACACT EF1a  F AAGCCCATGGTTGTTGAGAC  
R CGCTGATCCTTCAGATAGGC R GTCAACGTTCTTGATAACAC  

GH3 F TGACATGGGAGAGTCAATGAAG 
�� R GCCGAACGTCCATGTCTAGT �� �� �� �� ��

supplement)�8.)�3��qRTHPCR(� $<?2>C��)
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gene name AGI code �� gene name SGN code 
AtPILS1 AT1G20925 NtPILS1 SGN-U428005 
AtPILS2 AT1G71090 NtPILS2 SGN-U438580 
AtPILS3 AT1G76520 NtPILS5 SGN-U431337 
AtPILS4 AT1G76530 NtPILS6 SGN-U426251 
AtPILS5 AT2G17500 NtPILS7 SGN-U431341 
AtPILS6 AT5G01990 
AtPILS7 AT5G65980 �� �� ��

supplement)�9.)�41'� $��)AGI)code-$*SGN)code)
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vector'name'
(backbone'/'target'gene)� cloning'method' cloning'template� subcloning� using'primer'sequence'from'5’'to'3’'

Forward'(F)'and'Reverse'(R)�

pBI121'/'PILS1'RNAi� restricXon'enzyme� tobacco'BL21'cDNA'
(+1'T'+600';'parXal'PILS1'CDS)�

modified'
pHANNIBAL�

sense'F':'CTCGAGATGGGATTTGTGGACTTGTT'
'''''''''''R':'GAATTCTAACAATTTTGTGCAGCTAT'
anXsense'F':'TCTAGAATGGGATTTGTGGACTTGTT'
''''''''''''''''''R':''ATCGATTAACAATTTTGTGCAGCTAT�

pER8'/'PILS5/7'RNAi� restricXon'enzyme�
tobacco'BL21'cDNA'
(+178'T'+489'
'''''''''''''''''''';'parXal'PILS7'CDS)�

modified'
pHANNIBAL'

sense'F':'CTCGAGTTGGCAAAGACTGTCACCTT'
'''''''''''R':'GAATTCGTAAGTCCATATGTAGAAAC'
anXsense'F':'TCTAGATTGGCAAAGACTGTCACCTT'
''''''''''''''''''R':''ATCGATGTAAGTCCATATGTAGAAAC�

pUWB5'/'PILS1� Gateway� tobacco'BL21'cDNA'
(PILS1'full'length'CDS)� pDONR'/'zeo� F':'AAAAAGCAGGCTTCATGGGATTTGTGGACTTGTT'

R':'AGAAAGCTGGGTTAGATAAAATCCACATGTAAT'

pUWB5'/'PILS7� Gateway� tobacco'BL21'cDNA'
(PILS7'full'length'CDS)� pDONR'/'zeo� F':'AAAAAGCAGGCTTCATGGGGTTTTGGACATTATT'

R':'AGAAAGCTGGGTTGGACAAGAGCCACATGAATA'

supplement)�10.)�3��=36C��(� $<?2>C)��!.+����)
�*������*Gateway)A<B5271�#�"/(gateway1� &)DDONR)/)zeo,)5;3AC9B4'*F):5GHGGGGACAAGTTTGTACAAAAAAGCAGGCTH3G!
.+R):)5GHGGGGACCACTTTGTACAAGAAAGCTGGGT)H3G1� &2	�)PCR1�%$��
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