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� ɓĽ0ǞǪǔĲ/B'*ʚǛƑǽȐÍ/1Yq�ŗĐ�C�Ř�FEBD?ĘǧĘƙ.

pre-mRNAÓğ�Ġĉ�*E�,ʚ�C/1 pre-mRNA_y�N]�WI�Ő,�$Ȫɿ+ǷȆ

.ɦ¬ğǔǇÙō�ȣHF*E�,�źC�/.D((�E�ƆǨ+1ʚpre-mRNA _y�N]

�W�CȬ$ɦ¬ğǔǇÙō/ɵ�EƂŵ0ǞǪŜƌIǾ¢�.�Cʚ"F�ƕǁ0-�'$Ǌ

ǈɠǦ/�*ɬȫ.0�ʚ]�Nom`mÓğɦ¬Ģ�CÓ�'*�$ǜȬIƗȺ�E��F/

B'*ʚƕǁ�-0B�/ pre-mRNA_y�N]�WÙōIɰ,�.�CʚǔǊ�ǉēŒǲ�Ăĥ

ÎǊIȣ'*E0�ȌĬ�$� 
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� ǛƑǽȐ+1ʚe�tVɇ/ȋȶ�FEɦ¬ŗĐ0Ę��ʚYq� DNA �+1ÓŴ�F*Z�

l�F*E�,�ǜCF*E�e�tVɇɩÕZ�lʇČ1QUc�ʚʁZ�lʇČ1N�k

��,þ2FʚYq� DNA0L�ga�_ɱIɯċ,�*ɎÏ�FEmRNAʘmessenger RNAʙ

1ʚƂÖ1N�k��Iú=Üʒ² pre-mRNA,�*ɎÏ�FEʘć 1ʙ�e�tVɇ0ɯċ,.D

�EŜƾ mRNA 0ǊöŜ0$>/1ʚN�k��Iɹí�ʚQUc�I(.�öH Eőȫ��

E�ʚ�F� pre-mRNA_y�N]�W,þ2FEy�a_+�Eʘć 2, Jurica and Moore 2003, Will 

and Lührmann 2011ʙ� 
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� pre-mRNA _y�N]�W1_y�

Ncc��,B2FEķęÓğȧȈ/

B'*ďƆǕ/ƑÍ+ȣHFEʘJurica 

and Moore 2003, Will and Lührmann 2011ʙ�

_y�Ncc��1ʚ100 nt9-0ɲ�

0ƑÍįÓğq�Z�jM�WRNA+

�EU snRNAʘsmall nuclear RNAʙ5ǧ

ʋ,ʚ150ǧ9-0e�tVɇȊ�C.

EȪö² snRNPʘsmall nuclear ribonucleic 

proteinʙIZLZ�}�p�k,�*�

Dʚ_y�N]�WðŒ0ɜȣ/ŋ'*

snRNP �ÈFƁHD.�CƝȑ�E�

,�ǜCF*EʘJurica and Moore 

2003, Will and Lührmann 2011ʙ�_y�N

]�W0ɠǦ+1 2 Ą0Q_i�Ɏǥ

ðŒ�ɉ�E�ʚ_y�N]�W0õƤ

ɻ1ʚsnRNP/ú;FEU snRNAɩÕ

,ʚpre-mRNA0QUc�—N�k��

ēǏ@N�k��Í0ǂǑǕɩÕ0ɴ0ɩÕǙȩŕʚ�E1Ǒ.E U snRNAǧ÷ĕ0ɩÕǙȩ

ŕ/B'*ʚsnRNP, pre-mRNAʚsnRNP÷ĕ�Ǚ�´ǋ�E�,/B'*ɜȣ�*�ʘJurica and 

Moore 2003, Will and Lührmann 2011ʙ� 

� ɪƥǞǪ�CźC�/�F*E�j�ʘć 2ʙ/BF2ʚ_y�N]�W0ÖƤɻ+�E

pre-mRNA,U1 snRNP0Ǚ�´ǋ1ʚU1 snRNA/BEN�k��0 5’ƅǮ0GUɩÕ0ȸȿ�

ɰ,.'*ɉ�E��F/B'*U1 snRNP�QUc�—N�k��ēǏ/ȁö�ʚȂ�N�k�

�Í0x��gɧ¯0�ƯɩÕ60U2AFe�tVɇ0þ4ɒ<�¹ɜ�FE�U2AF0ȁö1U2 

snRNAɩÕ,x��gɧ¯ɩÕ,0Ǚ�´ǋʘĒďĭŅŜʙI¹�ʚȁƌǕ/U2 snRNP�x��

gɧ¯/ȁö�E��C/U5 snRNP�B4U4/U6 snRNPȪö²ʘU4 snRNA,U6 snRNA0ɴ/

1ɩÕǙȩŕ��E$>ʚU4-U6ɴĒďĭ�ŅŜ�FʚU4/U6 snRNPȪö²,.'*Eʙ�C.

EU4/U6. U5 tri-snRNP�þ4ɒ;FʚÉ*0U snRNP�Ò"G�ǃś/.E��0�,ʚU1 snRNP

,U4 snRNP�ůÒ�FʚU5 snRNP�N�k��0 5’ƅǮ0GUɩÕ/ɓŪ�ʚ�C/U6 snRNP

� U2 snRNP , snRNA ÷ĕ0ĒďĭIŅŜ�*ȁö�E��F/BD�Ƨ/_y�Ncc��

—pre-mRNAȪö²0ƘɚĖæ�ɜ<ʚʝĄǗ0Q_i�ɎǥðŒ/B'*ʚN�k��0 5’ƅǮ

0GUɩÕ�QUc� 3’ƅǮ,ÔDʀ�Fʚx��gɧ¯0AĒď,ȁö�E��0ǃśI��L

hkƘɚ,þ5�ÔDʀ�F$QUc� 3’ƅǮ/1U5 snRNP�ȁö�*E�ʚU5 snRNP1�

0,�N�k�� 3’ƅǮ0AGɩÕ/?ȁö�*E��0�ȍ0ɓŪ�ʞĄǗ0Q_i�Ɏǥð

ŒIŁ�ɉ��ʚQUc�÷ĕ�(.�öH�FE,,?/ʚN�k���ÔDÒ�Fɞʀ�E�

§��ʚ_y�N]�WƝƘ0�C;�+�Eʘć 2, Jurica and Moore 2003, Will and Lührmann 2011ʙ� 
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� �C/ʚõƤɻ0ðŒ/1U snRNP

/á�*RNAz�T�b.-0Ęƙ

.e�tVɇ�ɵH'*�Dʚ_y

�N]�W1�H>*Ȫɿ+ǷȆ.

ȱĞðŒ0�(+�E,Ȳ�E

ʘ Jurica and Moore 2003, Will and 

Lührmann 2011ʙ�;$ʚ�ȴ1QUc

�—N�k��ēǏɧ/ GT—AGɩ

ÕI?(eNy0 pre-mRNA /´ǋ

�E_y�Ncc��ʘHAE�

^��_y�Ncc��ʙ0¶+�

E�ʚAT—AC ɩÕI?(eNy0

pre-mRNA /1ʚU1ʚU2ʚU4ʚU6 

snRNP0¦HD/U11ʚU12ʚU4atacʚ

U6atac snRNP�C.E×ǧ0_y�

Ncc��ʘ~Nm�_y�Ncc

��,þ2FEʙ�µHFEʘWill and Lührmann 2011ʙ� 

� §�0_y�N]�W/ɵ��Eɬȫąğ/Ǚń�E9:É*0ɦ¬ğ1ʚ�j�ƕǁ+�E]

�Nom`m0Yq��/?Ȭ(�'*EʘWang and Brendel 2004ʙ��0�,�CʚďƆǕ/�

��$ƝƘ1ƕǁ+?ºĠ�F*E,Ȍ�CF*E�ʚƢœ.�Cƕǁ+1 in vitro_y�N]

�WħʔǸ�ƞĜ�*E�,?�Dʚƕǁ_y�N]�W0ÓğƝƘʚ,�/_y�Ncc��

0ȷǽǞǪ1ɝF*E0�Ǉǃ+�E� 

 
pn	
������&,. %1#�]�:�k4C`Z<I�BVK�

� pre-mRNA_y�N]�W1ʝʛ+Ǿ¢�$B�/�N�k��IÔDÒ�QUc�I(.�ö

H �e�tVɇ0ɯċ+�EŜƾmRNAIǊ<Ò�	ƝƘ+�E����.�C_y�N]�

Wąğ1ʚŜƾmRNAIǊ<Ò�%�+.�ʚĘƙ.ÓğƝȑIţ'*E�,�ǡ�F((�

E���+1ʚƂŵ0ǜȬI?,/ʚ_y�N]�WÙō�?$C�Ęƙ.ɦ¬ğǔǇÙō0�Ǯ

/(*Ǿ¢�$� 

 
p�onjNa&,. %1#���*/�1(]MWU 
� _y�N]�WÙō/B'*?$C�FEĘƙ.ɦ¬ğǔǇÙō0�(�ʚɥŢǕ_y�N]�

W/BE_y�N]�Ws�L�kǊŜ+�Eʘć 3ʙ��.H&ʚ_y�N]�WðŒ0ɼ/-0

QUc�—N�k��ēǏ�ȸȿ�µǋ�FE0�/B'*ʚ÷� pre-mRNA�CȪű0mRNA

ǧIǊ<Ò�£ǿ<+�Eʘć 3, Wang and Burge 2008, Reddy et al. 2013ʙ��F/B'*ʚƮŕl�

N�@ıĉ]Wm�0¥á�ƞĜ/BEe�tVɇƝȑ0Ėæ@ʚ mRNAȔ²0ģĦŕ0Ėæ/

BEǔǇɭȽǴ.-�óȑ/.E�2001Ľ0uk0ÉYq�ɩÕȰȻǞǪ0�+ʚmRNAǧű�C
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�ƶ�F*$űʘǹ 10�ǧ�ʙBD?ʚħɼ/Ȭ(�'$ɦ¬ğȄűʘ2� 5é¼ÜŊʙ�İ.

�'$ƻ/ƭǗ�ɽ;'$�ʘInternational Human Genome Mapping Consortium 2001, 2004ʙʚ;�/

���$ǃƫIǊ<Ò�*E0�ɥŢǕ_

y�N]�W+�Dʚuk0đö1 95ʗ§�0

ɦ¬ğ�ɥŢǕ_y�N]�W/B'*Ȫű

0mRNAǧI´DÒ�*E,?ȲHF*

EʘPan et al. 2008ʙ� 

� Üʄ+ɔ7$B�/ʚ_y�N]�WðŒ+

1 pre-mRNA/Ġĉ�EN�k�� 5’ƅǮ@x

��gɧ¯0ɩÕ�ʚ_y�N]�W¯ȈIƩ

>E$>/ɬȫ.ŇßIƌ$�*Eʘć 2, 

Jurica and Moore 2003, Will and Lührmann 2011ʙ�

ȖýƲ�,/ʚɪƥ+1�FC0ȸȿɩÕ�

9: 100%ºĠ�F*E0/ĭ�*ʚäǁ@

ƕǁ+1ºĠŕ�°�.'*�Dʚ_y�N]

�Wɧ¯0ɥŢóȑŕ/ĻIŤ$ Eȁƌ,

.'*E��C/1���$ȸȿɩÕɥŢ/ņʃI��EB�.ɩÕʘQ�r�\�ɩÕ@\N

��\�ɩÕʙ�QUc��N�k��Í/Ġĉ�ʚǔǊƤɻ@ǽȐǸÕʚ�E1ǉē/öH 

$ǩƖǕ+Ķĝ.ɥŢǕ_y�N]�WÙōIȣ��,?ǜCF*EʘWang and Burge 2008, 

Reddy et al. 2013ʙ�ƕǁ+?_y�N]�Ws�L�k�e�tVɇƝȑ0ɢIǊ<Ò�¶�Ę

�ǜCF*E�¶�2Öƃ0ǞǪ¶,�*ʚserine/arginine-rich splicing factor0ʝ(+�E SR45

ɦ¬ğ�CǊŜ�FE 2(0_y�N]�Ws�L�k1ʚ��ɫæe�YhkIú= 8L�qɫ

0<�ɢ�e�tVɇSR45.1,SR45.2IǊ<Ò�ʘPalusa et al. 2007, Zhang and Mount 2009ʙ�SR45.1

, SR45.2I ĵǕ/ǔǇ� $ȁƌʚSR45.1, SR45.21ʚ"F#F sr45-1ĖǑ²�ǡ�ȚțŅŜ

�É,ƒŅŜ�É0ȥǇċ0�&ǀŶ�(��Ǚȩ�.�,�Ó�'$ʘZhang and Mount 2009ʙ�

"0�Ŷ+ sr45-1 �ǡ�W�Z�_ʕŚòŕ1ʚSR45.1 , SR45.2 0-&C+?Ǚȩ�F�E

ʘCarvalho et al. 2016ʙ��F1ʚűL�qɫ0ɢ�ȁƌ,�*ę�.e�tVɇƝȑ0ɢIǊ

<ʚǽȐƝȑIÙō�*Eě¶,�B�� 

� Ɵ�¦]�X�\�ŠȤ0Žî/,?.'*ʚƕǁ/��EYq��Nl.ɥŢǕ_y�N]�

WŗĐ/(*?ʚ��0 10Ľ9-+Ŕə/ǜȬ�Ƞǩ�((�E�,�/Ǉżƻ+1 170ƕǁ

ǧ/(*ʚɥŢǕ_y�N]�Wj�e�Đû�F*EʘZhang et al. 2015ʙ����$ȁƌ�

C1ʚƕǁ+1�60ʗ0ɦ¬ğ�ɥŢǕ_y�N]�WIò�*E�,�ǡ�F*�Dʚäǁ,

Ʀ7E,ǙĭǕ/ɥŢǕ_y�N]�W0ʈĿ�°�,ʚɥŢǕN�k��ºŤċʘć 3ʙ0s

�L�kǊŜǆ�ʕ�,ʘReddy et al. 2013, Zhang et al. 2015ʙ�Ó�'*�$�,�/ƕǁ0đöʚ

N�k��ºŤċ0_y�N]�Ws�L�k0�Ħű1Zl�0Ȼ<ƍ�Ėæ�.s�L�

k+�Dʚ�F/B'*Ʈŕl�N�0ɕá�Ûɹ�.�F�E�,�ǡ�F$��C/���$

Ȼ<ƍ�Ėæ�.ɥŢǕN�k��1ʚĒďɩÕ�0ǂŏʘGC ǆ.-ʙ,�*1QUc�/ɓ
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ǂŏI?'*E�,�Cʚŵ�Ti[��Exitron,�*ø¥�CFʚŵȭÙō�nhk,�

*ƭǗIɽ>*EʘMarquez et al. 2015ʙ�ƦɐȰƊ0ȁƌʚExitron1ǟ�/ƕǁ+Ę�Ȭ(�E

?00ʚäǁ@ȝʋ/?Ġĉ�E�,�Ó�DʚǛƑǽȐ/Ëɘ�$ɥŢǕ_y�N]�WÙō+

�EC�ʘMarquez et al. 2015ʙ����$¶1ʚɥŢǕ_y�N]�WÙō0-�'$Àʂ�

õǊǁǧ0ɜæ0ɠǦ+ǩƖǕ/ɥŢ�F*�$�IŘÃ� ʚɦ¬ğǔǇÙōɜæ,�řý+

?ȖýƲāʉ+�E� 

�

p�pn!+$)-�h9�&,. %1#�"',/1#<I�

� ÓğǊǁĢ0ŰǤƀ+1ʚ;%/ć

1 0B�._ihy�N`. mRNA Ǌ

öŜ�j��ǡ�F*E�,�Ę�

���.�CʚɓĽ0äǁǽȐǞǪŜƌ

�C1ʚħɼ/1V�~g���j��

W@DNA�g�æʚɎÏʚU�hy¥

áʚ_y�N]�WʚpolyAiN�¥áʚ

�żǫɴǕ/ɓŪ�$Ņ+ɜJ+�Dʚ

Ǚ�/ņʃ�Ùō�ö.�CȽǴ�F

*  E � , � ǡ � F *  E

ʘBraunschweig et al. 2013, Reddy et al. 2013ʙ�(;DʚƑÍ+ɉ�'*Eħɼ0ǃƫIȌ�E,ʚ

ć 40B�.N��^+ǈȰ�FE7�+1.%G��� 

� ¶�2ʚ_y�N]�W,ɎÏɴ0Thy��WÙō0ǮǕ.¶,�*ʚÜʄ+Ǿ¢�$_y�

Ncc��0ZLąğU1 snRNPIŦ�E�,�+�E�U1 snRNP1¤0U snRNP,Ʀ7*Ġĉ

ɭ�ƓƤ/Ę�ʚ_y�N]�W§ė0Ɲȑ��E�,�ɲC�ŘÃ�F*�$�ʚukĎʐǽȐ

Iǋ$U1 snRNAƝȑɶĨ/BEħʔ�CʚU1 snRNP� pre-mRNAIºɀ�ʚɎÏȃŤ/Â

*E�,�źC�/.'$ʘKaida et al. 2010ʙ�Ì²Ǖ/1ʚU snRNAƝȑɶĨ/B'*ʚRNA 

Pol II0mRNA 5’Ǯ+0¿Ƹ�Ł�ɉ��Fʚ�C/mRNA0 PolyAæ0¹ɜ,mRNA0_8h

V�Ƙɚ60Ƞǩ.-�ɉ�Dʚȁƌ,�*ɎÏ�šÙ�FE�,ʚ,�/ 10 kbIɊ�EB�.

ɲɎÏǁ�ʊȟ/ņʃIò�E�,�ǡ�F*EʘKaida et al. 2010, Koga et al. 2014, Kurogi et al. 

2014ʙ�Pol II0CǮʇČ/Ġĉ�EƮŕɧ¯0��ɫæ1_y�N]�WąğIþ4ɒ=]Wm

�+�E�,ʘHsin and Manley 2012ʙʚN�k��I?$. Pol IIɎÏɦ¬ğʇČ/?_y�N

cc��1�V��k�F*E�,ʘVolanakis et al. 2013ʙ?Ó�'*�Dʚ_y�Ncc��/

BEȸȿ� Pol IIɎÏ0ƮŕȃŤIÙō�Eɬȫ.ȫǻ+�E,Ȍ�CFE��C/ʚ_y�N]

�Wąğ1u_k�»ʏąğ0þ4ɒ<I¹ɜ�ʚȁƌ,�*ɎÏI¹ɜ�E�,?ǜCF*E

ʘBraunschweig et al. 2013, Reddy et al. 2013ʙ� 

� ;$ʚɎÏəĿ/BEɥŢǕ_y�N]�WÙō�ʚŵ$._y�N]�W,ɎÏɴ0Thy�

�WÙō,�*ƭǗIɽ>*EʘLuco et al. 2011, Braunschweig et al. 2013, Reddy et al. 2013ʙ�_y

�N]�W1ʝʛ+Ⱥź�$B�/Ȫɿ.ðŒƝƘ+�Dʚ_y�N]�WN{�k0É*�Ĥ�
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�E$>/1ʚ_y�Ncc��ąğ� pre-mRNA�/ȁö�´ǋ�E0/èÓ.żɴ�ǟº�F

Eőȫ��E��0$>ʚäǁǽȐ+1ʚəɎÏəĿ+ɎÏ�FE,QUc�ȸȿãǆ�°��

Eʘ"0$>QUc��ʌ2�FʚQUc�_Uhv�W�ɉ�Eʙ�Ŷ+ʚɝɎÏəĿ0đö

/1 pre-mRNA�+_y�Ncc���Ɲȑ�E0/èÓ.żɴ�ţº�FE$>ʚȁƌ,�*Ǒ

.E_y�N]�Ws�L�k�´CFE�,�ǜCF*EʘLuco et al. 2011, Reddy et al. 2013ʙ�

ƕǁǽȐ+?���$Ùō�ɉ�'*E�,�ħʔǕ/ǡ�F*�DʚDolata Cʘ2015ʙ1ʚɪ

ƥ+1_y�Ncc��La�x�/ɵHE�,�ǜCF*ENTR10]�Nom`m|��W

AtNTR1�ʚƕǁǽȐ+1 Pol II,Ǚ�´ǋ�*ɎÏəĿIȽǴ�E�,+ʚȁƌ,�*ɥŢǕ_

y�N]�Wte��/ĖæI?$C�*E�,IźC�/�*E����$ǜȬ1ʚ�F;

+0ć 1 0B�.�j�+1ŘĦ+�.�'$ɎÏ�_y�N]�W0Thy��WÙō0ĉDŶ

Iǡ�*�DʚȖýƲʘLuco et al. 2011, Braunschweig et al. 2013, Reddy et al., 2013ʙ� 

� ;$ʚǛƑǽȐ+1ʚYq� DNA 0]k]�0�g�æ1ɦ¬ğ\N��]�W@k��_}

d�ąğ,0ɵHD�ƲQv^PpiMhV~�V+�E�,�ǜCF*E�]�Nom`m

+1ʚ�0DNA�g�æ1RNA-directed DNA methylation ʘRdDMʙ,þ2FEƕǁǂǑǕ.RNA

}����b+�E Pol IV�B4V,"0ɎÏǁ+�E non-coding RNA/·Ġ�$ƝƘ/B'*

ǟǭ�FEʘMatzke and Mosher, 2014ʙ��0RdDM/?ʚ_y�N]�Wąğ+�E SR45ʘÜɔ; 

Ausin et al. 2012ʙ@U4/U6 snRNP\x�nhk PRP3/RDM16ʘHuang et al. 2013ʙʚZinc-finger and 

OCRE domain-containing Protein 1ʘZOP1ʙʘZhang et al. 2013ʙʚɪƥ+1U4/U6.U5 snRNP0Lha

�x��/Ɲȑ�E�,�Ó�'*E PRP31|��WʘDu et al. 2015ʙ.-0_y�N]�Wą

ğ�ɬȫ.ƝȑI?'*E�,�ʚʅɦ¬ĢǕȰƊ�Cǡ�F*EʘHuang and Zhu 2014ʙ�

ÓȦɪƥ0ɦ¬ğ\N��]�WƝƘ+1ʚDNA �g�æ+1.�ʚu_k� H3K9 �g�æɪ

ǻ0�V��k/BEzi�V�~g�æ�ɉ�E�ʚ�0ɪƥV�~g�\N��]�W/őȫ

. siRNAȠǩ/?ʚ_y�N]�Wąğ�ɬȫ.ŇßIţ'*E�,�Ó�'*EʘHuang and 

Zhu 2014ʙ��.H&ʚ_y�N]�Wąğ/BEɦ¬ğ\N��]�WÙō1ʚľ�ǛƑǽȐ/

Ëɘ�*E,Ȍ�CFB�� 

� �C/ʚ_y�N]�WIò�$�-��1"0Ŋ0 mRNA 0ɑɖʚȋȶʚÓȰÙō/ę��

ņʃ�Eɬȫ.Ǘë,�*Â��,ʚQUc�,N�k��ʇČ+1u_k�0Lag�æǃś�

Ǒ.'*E�,ʘLuco et al. 2011, Braunschweig et al. 2013, Reddy et al. 2013ʙ@_y�N]�WɶĨ

1ƑÍƘɚ²ŅŜIę��Ů��E�,ʘKurogi et al. 2014ʙʚ.-?Ó�'*E����$ǜȬ

1ʚ_y�N]�Wąğ@_y�N]�WƮŕÙō0Ňß�ʚê.EŜƾ mRNA ǊöŜ§�0?

0+�E�,Iǡ�*E�RdDMǞǪ0�+Đû�F$j�e�C1ʚSR45ʚZOP1ʚPRP3ʚPRP31

.-1ǟ�/_y�N]�Wąğ,�*0Ɲȑ�*E�Ŷ+ʚ"F,1Ǆǭ�$ÓğƝȑ,�*

RdDM/őȫ. short interfering RNAʘsiRNAʙ0ȠǩʘSR45@ ZOP1ʙ@ Pol V/BE non-coding RNA

ɎÏʘPRP3/RDM16ʙ/ɵ��*E�,�ǡĀ�F*EʘAusin et al. 2012, Huang et al. 2013, Zhang 

et al. 2013ʙ����$÷�Óğ0ĘƝȑŕ1ʚ÷�ÓğÍ/��EƝȑɴǯöIǊ<Ò�ʚ�C/

"0ȁƌ,�*ʚ_y�N]�WƮŕ0ĔƳ�ʚȁƌǕ/ɎÏ@ɦ¬ğ\N��]�W.-¤0Ƒ

ɫ¦ȾƮŕ0ȽŲŀ,.'*Eʘ�E1ɗ/ʚɎÏ@ɦ¬ğ\N��]�W0Ʈŕ�_y�N
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]�WƮŕIÙɷ�Eʙ�,?ŘÃ�FE�¡Ŋʚ���$Ȯƻ�C0ǞǪ0ɜĲIŉ&$� 

 
q�SX���	
������&,. %1#<I�][aH=�

� �F;+ɔ7*�$,�Dʚpre-mRNA_y�N]�WÙō1ŜƾmRNAI´DÒ�%�0Ɯƴ

�Ǖ.y�a_+1.�ʚQvYq�ʚɎÏʚRNA 0ɟÿƩĦ.-/?ņʃ��EʚǛƑǽȐ0

ɦ¬ğǔǇÙō0�ƑƝƘ+�E�,�Ó�'*�$�+1ʚƕǁ+1 pre-mRNA_y�N]�W

Ùō1,�/-�'$ǊǈǕÀʂ+ɬȫ/.'*�E0+�G���]�Nom`mÓğɦ¬Ģ

0ǔĲ/B'*ʚ�0ƻ/(*?ǜȬ�Ƞǩ�((�EʘStaiger and Brown 2013, Tsukaya et al. 

2013ʙ���+1]�Nom`m0_y�N]�WÙōɵɛąğ0ĖǑ²ǞǪI�Ő/ʚƕǁ0ǔ

Ǌ@ǉēŒǲʚĂĥÎǊ/��EŇß/(*ƗȺ�E� 

�

q�on	
������&,. %1#<I?CA_5�`]_E 

q�o�onl65GM37 

� pre-mRNA _y�N]�W1ǛƑǽȐ0ɦ¬ğǔǇÙ

ō/�*őʆ0ƝƘ+�E$>ʚ"0Ɲȑ�É1ǰ�

/ǽȐȕơŕI?$C�,�Ř�FE��0�ŘIȨ¥

�EB�/ʚ]�Nom`mɾŕɩÁ²ǑĺĖǑ²_V

��n�WǞǪ/B'*ʚȪű0_y�N]�WąğĖ

Ǒ ² � Đ û � F *  E � LACHESIS (LIS) ʚ

GAMETOPHYTIC FACTOR1(GFA1)/CLOTHO (CLO) �

B4ATROPUS (ATO) 1ʚɾŕɩÁ²ŅŜ/ɬȫ.ąğ

,�*êʀ�F*�$]�Nom`mɦ¬ğ+�E�ʚ

�F?_y�N]�WąğIZ�l�*Eɦ¬ğ+

�'$ʘCoury et al. 2007, Gross-Hardt et al. 2007, Moll et al. 

2008ʙ��FC0ĖǑ²+1ʚƑÓȦŊ0ȏă0ʠǽȐæ

0ɼ/ɉ�E7�ǽȐLNj�iMiM0ǅŌ�Ǒĺ,

.DʚƠĺ.ɾŕɩÁ²�ŅŜ�F�ʚòǷ�ɉ�C.

�÷ƙ/ʚȟȍ�ȰƊĭɂ,�*�$ʚsnRNAǂǑǕ

.ɎÏąğ SHOOT REDIFFERENTIATION DEFECTIVE2

ʘSRD2ʙʘOhtani and Sugiyama, 2005ʙ,U snRNPǊöŜ/ɬȫ,Ȍ�CF*EDEAHċRNAz

�T�bROOT INITIATION DEFECTIVE1ʘRID1ʙʘOhtani et al. 2013ʙʘ�FC0ĖǑ²0ȷǽ1ʟ

�ʟʛ+Ŋɔ�Eʙ0qhVLOkĖǑ²/�*?ʚ÷ƙ/ɾŕɩÁ²ȕơ0ȥǇċIǡ��,

�Ó�'*Eʘć 5ʙ�;$ʚGFA1/CLO1 LISIú=Ȫű0_y�N]�Wąğ0ǔǇÙō/Ɲ

ȑ�*E�,ʘMoll et al. 2008ʙʚRID11Üɔ0GFA1,ǘŪǙ�´ǋ�*Ɲȑ�Eóȑŕ.-�

CʘZhu et al. 2016ʙʚ�FC0_y�N]�Wąğ1Ȫɿ/Ǚ�´ǋ�.�CɾŕɩÁ²ǽȐÓæ

/ɵ��*E,Ȍ�CFE�;$ʚlisʚgfa1/cloʚatoʚsrd2ʚrid1ĖǑ1ȚǶŅŜ/19,J-ņ

ʃ�.�Ŷ+ʚɗɦ¬ĢǕ/ȰƊ�F$U2 snRNPȪö²\x�nhk+�E SAP1300qhV
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fO�ĖǑ²+1ʚ ɾŕɩÁ²ʚȚǶŅŜ,?/ņʃ�ÒE�,�Đû�F*EʘAki et al. 2011ʙ� 

�

q�o�pnGLGM37�

� ŅśŅŜ/ɵ�EȥǇċ,�*1ʚɥŢǕ_y�N]�WÙōąğ+�E SRe�tVɇ0ʝ(

SR450ĖǑ²�ƒ0ŅŜ�ÉʚǽȞ@ȚĂĥŅŜǑĺ.-Iǡ��,�Ó�'*EʘAli et al. 

2007ʙ�;$ʚMERISTEM-DEFECTIVE ʘMDFʙ1ʚÓȦǿȇ0ǿȇæ/ɵHEąğ0ũǼ0�

+ȏǔǊɦ¬ğǔǇy�wKN��Cêʀ�F$U4/U6.U5 tri-snRNPɵɛe�tVɇ0ʝ(+�E

ʘCasson et al. 2009ʙ�MDF/ɵ�E T-DNAŨÈ/BEqhVLOkĖǑ²mdf+1ʚS�U]�

Ɩŕɑɖ/őȫ.S�U]�ɑɖ² PIN-FORMEDʘPINʙe�tVɇ0ǔǇǑĺ/á�*ʚÓȦǿ

ȇŅŜ/ɬȫ.ɎÏąğȊPLETHORAʚSCARECROW�B4SHORTROOT0ǔǇ°��ȬCFʚ

�0$>/ʟƋ/Ĕá�$ğȞʚƒ0ŅŜ�ÉI�ʊȟ.ǝæ�ȯĬ�FEʘCasson et al. 2009ʙ�

MDF,÷�ɦ¬ğ1ȞȒte��ŅŜǑĺĖǑ² defectively organized tributaries2ʘdot2ʙĖǑ²0

Ʉªɦ¬ğ,�*?÷Ħ�F*�Dʚmdf ĖǑ²,÷ƙ/ǝŕȥǇċ,ƒ0ŅŜ�É�Đû�F*

EʘPetricka et al. 2008ʙ�;$ʚU snRNA,ȁö�U snRNPǊöŜ�_y�N]�W/ɬȫ. Sm

e�tVɇ0ʝ(+�E SmD3|��W/(*ʚɗɦ¬ĢǕ/ȰƊ�F$ȁƌʚ]�Nom`m

Yq�/2Zv�Ġĉ�ESmD3ɦ¬ğ0�&ʚsmd3-bqhVLOkĖǑ²�ĘʂǕȥǇċIǡ�ʚ

ȚŜ0ɝF@ƒ0ǔɡ�ÉʚȞȒ�k�NZ���ȚĂĥ0ǔɡǑĺIɉ���,�Ó�'*E

ʘSwaraz et al. 2011ʙ� 

� ĘʂǕȥǇċ1Å/Ŧ�$U snRNPǊöŜ/Ɲȑ�E SRD2�B4 RID10ƻĖǑL�� srd2-1

�B4 rid1-1+?ȯĬ�F*�Dʚsrd2-1�B4 rid1-1+1ǔțŊ0ÓȦǿȇ0ǟǭʚƆȞ�Àƒ�

ȚĂĥ0ŅŜ/Ǒĺ�ȬCFEʘć 6, Ohtani et al. 2008, 2010, 2013, Ohtani 2017ʙ�srd2-10ÀƒŅŜ

Ǒĺ1ʚPINǔǇǑĺ�?$C�S�U]�ıĉǑĺ/·E�,�ǡ�F*�DʘOhtani et al. 2010ʙʚ

Å0mdf/dot2ĖǑ²,0ɵɛI���H E��C/ȚĂĥǔɡǑĺ1Å/Ŧ�$GFA1/CLO0ƻ

ĖǑL��+�E vajra-1ʘvaj-1ʙ+?ȯĬ�F*EʘYagi et al. 2009ʙ�;$ʚȞȒte��Ǒĺ

ĖǑ² clumsy veinʘcuvʙ0Ʉªɦ¬ğ1RNAz�T�b+�E PRP16|��WIZ�l�*$

ʘTsugeki et al. 2015ʙ�cuvĖǑ²+1ʚS�U]�0ǊöŜʚɑɖʚòĩ�B4]Wm��W/ɵ

HEɦ¬ğ0_y�N]�WÙō�É�ǡ�F*�Dʚȁƌ,�*S�U]�/BEŅśŅŜ�É

ȗǕ/Ǒĺ/.'*E,Ȍ�CF*EʘTsugeki et al. 2015ʙ� 
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q�o�qn&,. %1#<I�SX`]����A_5eR��;�����

� �0B�/ʚ_y�N]�WąğĖǑ²ǞǪIƗȯ�*<E,ʚ�(�0ɬȫ.ƻ�Ʊ�4�

�'*�E��(/1ʚ_y�N]�WÙōǑĺ0ǦĿ�Ń��Eʘőʆɦ¬ğ0qhVLOkĖ

Ǒ.-ʙđö/1ʚɩÁ²ŅŜǑĺ,.Dʚȁƌ,�*qhVLOk|�ĖǑ²0ñŌ1�óȑ+

�E�,+�E�vaj-1ʚsrd2-1�B4 rid1-1,'$ƻĖǑ0ȰƊ¶�ǡ�*EB�/ʚ÷�ɦ

¬ğ+�'*?łL��0đö/1ǂŏǕ.ȥǇċ��CHFʚõąğ0ƮŕȫƨĿ�ǔǊɠǦ

/B'*Ǒ.'*EóȑŕIŘÃ� EʘOhtani 2015, 2017ʙ�;$ʚȪű0ĖǑ²+ɬȪ�*Ȭ

CFEȥǇċ�CʚƕǁǔǊ0�+?ʚ�(/1S�U]�/·Ġ�$ǔǊÙōƝƘ�_y�N]

�WÙōǑĺ/Śòŕ�ʕ,Ȍ�CFE��C/ʚǄǭĖǑ²_V��n�Wħʔ/?ɵHC�ʚ

ɦ¬ĢǕ/÷�ɦ¬ğ�³Ŀ?êʀ�F*EƻʘGFA1/CLO/VAJʚMDF/DOT2ʙ?ǡĀǕ+�E�

�F1ʚǔǊ/ɬȫ._y�N]�WÙōąğ1ʚɠǦ/B'*1ɷCF*E�,Iřý�*

E0�?�F.� 

� ƕǁ1Yq�½áIɉ��@��,�ǜCF*�D��0$>�ɪƥ@äǁ/Ʀ7*ʚ_y�

N]�Wɦ¬ğ0Zv�ű�Ę�,�ĩŻ/ŘÃ�FEʘWang and Brendel 2004ʙ�êǺ/Ȍ�F

2ʚ�0$>ʚ_y�Ncc��ƘŜąğ0ǿ<öH 0s�Q�]��ű?ƺĔ�ʚȪö²,�

*0_y�Ncc��?Ȫɿ.ǃƫ/�E�,�ŘÃ�F*�$ʘIsshiki et al. 2006ʙ����.�

Cħɼ/1ʚ2Zv�Ġĉ�E]�Nom`m SmD3ɦ¬ğ0�&ʚêǄĖǑ+ȥǇċIǡ�01

SmD3-bɦ¬ğ%�%'$B�/ʘSwaraz et al. 2011ʙʚ�ȫÓğ,�*Ɲȑ�*EZv�,ʚǂĦ

0ŇßI?(Zv�,/ʚ"F#FƝȑÓæ�*Eóȑŕ?Ȍ�CFE�ƌ$�*�F1¤0ƕ

ǁ_y�N]�Wąğ/(*?÷ƙ.0�ʚ¡Ŋ0ǞǪȼʉ0�(+�G�� 

 

q�pn	
������&,. %1#<I�\@Jb 

� Ȃ*ʚpre-mRNA _y�N]�WÙō,ǉēŒǲ,0ɵHD/(*Ǿ¢�E�ʝ(/1Ǌǁ

Ǖ�ʁǊǁǕ_k�_Ȏŕ/ɵ�EĖǑ²_V��n�WǞǪ�CźC�/�F*�$ʚ_k�_
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Œǲ/��E_y�N]�WÙō0ɬȫŕ+�E��C/ʚɓĽ0Ɵ�¦]�X�\�ŠȤ0Ŝƾ

/BDʚk��_V�yk��ȰƊ0żǫɴǕȰÃĿ�ʌɌǕ/ù��*E�ʚ�F/B'*�

;�;.ǉēƈ©/Œǲ�*ʚɥŢǕ_y�N]�WÙō�fNm�hV/Ėä�*Eƙğ�Ȭ

�((�EʘStaiger and Brown 2013ʙ���+1ƂŵǜȬIƗȺ�.�Cʚ�ä�.	ƕǁ0ǉē

Œǲŝǐ,�*0_y�N]�WÙō/(*Ȍ�*<$� 

 

q�p�on&(0&Jb�	
������&,. %1#<I�

� ƕǁ/ĭ�EʁǊǁĢǕ_k�_,�*1ʚĒʚʕƵʜ°ƵʚŃÆʚƐʐʎʑʜɠÞ.-�Ŧ�

CFE��FC0_k�_/ſ�FE,ʚƕǁǽȐ1fNm�hV.ɥŢǕ_y�N]�WIɉ�

�ʘDing et al., 2014.-ʙʚż/1ɥŢǕ_y�N]�W/BEɰɦ¬ğ0ǔǇȽǴ�ʚǘŪǕ/_

k�_ŒǲIÙō�*EX�_?Đû�F*EʘStaiger and Brown 2013, Shang et al. 2017ʙ�¶

�2Np+1ʚ_k�_Œǲ/ɬȫ.ɎÏąğ OsDREB20_y�N]�Ws�L�k0�&ʚʕ

Ƶ�B4�ƿ_k�_/B'*ʚĤÉɲe�tVɇIZ�l�Es�L�kwR��0ŅŜ�¹ɜ

�FE��F/B'*ɎÏÙō,1Ǆǭ�*ə@�/ƝȑǕ DREB2ɎÏąğǊöŜ�ɜ<ʚ_k

�_ŒǲðŒ�Ł�ɉ��FE,Ȍ�CF*EʘMatsukura et al. 2010ʙ� 

� �C/ʚ_k�_Œǲ,_y�N]�WÙō0Ī.ɵ¸ŕIǡ�Ŝƌ,�*ʚǊǁĢǕ�ʁǊǁ

ĢǕ_k�_Ȏŕ/ɵ�E]�Nom`mĖǑ²_V��n�WǞǪIŦ�E�,�+�E

ʘStaiger and Brown 2013, Shang et al. 2017ʙ�ʁǊǁĢǕ_k�_ʕŚòŕĖǑ²,�*1ʚU5 snRNP

Ȫö²0\x�nhk+�Eɪƥ Prp6|��W STA1ʘLee et al. 2006ʙ@U6 snRNPȪö²0ZL

\x�nhk LSM4ʘZhang et al. 2011ʙ�B4 LSM5ʘXiong et al. 2001ʙʚ�C/mRNA0U�hy

Ƙɚ/ȁö�Ee�tVɇ+�DɥŢǕ_y�N]�W60ɵ��ǜCF*E CAP BINDING 

PROTEIN20ʘCAP20ʙ�B4CAP80ʘHugouvieux et al. 2001, Papp et al. 2004ʙ.-0ƝȑƞŭċĖ

Ǒ²�ŌCF*E��FC0ĖǑ²+1Lx]^�ɫʘABAʙ60ʕŚòŕ/á�*ʚ�;�;

.ʁǊǁǕ_k�_/ʕŚòŕ/.'*Eʘsta1 ĖǑ²1Ē�B4°Ƶ_k�_ʕŚòŕʚlsm4

1Ē_k�_ʕŚòŕʚlsm5/Arabidopsis supersensitive to ABA and drought1ʘsad1ʙĖǑ²1�ƿ_k

�_ʕŚòŕ/.'*EʙʘXiong et al. 2001, Lee et al. 2006, Zhang et al. 2011ʙ����$ȁƌ1ʚ

_y�N]�WIú= RNA ¦ȾÙō,ƕǁ_k�_]Wm�I¨¢�Eɬȫƕǁ|���+�E

ABA ]Wm��W0ɴ/Ńɵ¸ŕ��E�,IŘÃ� ʚǞǪȍ0ȖýIŁ*�$���Ƃ

ɓʚ_y�N]�WɶĨÝÑǈ/B'*]�Nom`mțǊ�0_y�N]�WIYq��Nl/

ɶĨ�E,ʚʁǊǁǕ_k�_Œǲ,B�®$ɦ¬ğǔǇĖä�ɉ�E�,�Đû�F$

ʘAlShareef et al. 2017, Ling et al. 2017ʙ��.H&ʚƕǁǽȐ1ʘɥŢǕʙ_y�N]�WÙō0Ė

äȔ²IʚʁǊǁĢ_k�_]Wm�,�*Øǋ�*E,Ȍ�CFʚƕǁǽȐ�-0B�/ǉē

ǃśI�ne��W�*E0�IȌ�E�+ʚʁĺ/ȖýƲ� 

� ǊǁǕ_k�_,�*1ʚǓìȝŚƎʚȢ@äǁ/BEʍĨ.-�Ȍ�CFʚƕǁ1�;�;.

ĭŒǳIɜæ� *�$�Ǔìȝ/ĭ�EÇǒ]_i�0ʝ(�ResistanceʘRʙe�tVɇ,þ2

FE�Ȋ0e�tVɇ+�DʚǓìȝŚƎŊ0 Rɦ¬ğ0ƝȑǔŬ/ʚRɦ¬ğ0ɥŢǕ_y�N

]�WÙō�ɬȫ+�E¶�ǜCF*EʘShang et al. 2017ʙ��C/ŖĺǕ/ÇǒŒǲIɉ��Ė
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Ǒ²0šĈĖǑ_V��n�W/B'*êʀ�F$MODIFIER OF SNC1ʘMOSʙɦ¬ğ]��`0

�&ʚMOS4ʚMOS12ʚMOS14�_y�N]�Wąğ+�E�,�Ó�DʚMOS4,0Ǚ�´ǋą

ğMOS4-associated complex3ʘMAC3ʙ�B4MAC5?_y�N]�W/ɵHEe�tVɇ+�'

$ʘPalma et al. 2007, Monaghan et al. 2010, Xu et al. 2012ʙ��FC0_y�N]�Wąğ1 Rɦ¬ğ

0ɥŢǕ_y�N]�W0Ùō/ɵHE�,+ʚƕǁÇǒ/ņʃ�E�,�Đû�F*E� 

 

q�p�pn	
������&,. %1#<I�TPQf2cM 

� Ǌǁ1ƗŸżȳ,þ2FEÍĉŕ0Óğżȳ]_i�I?'*�Dʚ�F/B'*ǹ 24 żɴ0

�`�Iȸȿ�ʚǔǊ@ŜɲƮä0ŸüŕIǅŌ�*E�ƕǁ0ƗŸżȳ�`�1CIRCADIAN 

CLOCK-ASSOCIATED1ʘCCA1ʙʚLATE ELONGATED HYPOCOTYLʘLHYʙʚTIMING OF CAB 

EXPRESSION1ʘTOC1ʙʚPSEUDO RESPONSE REGULATOR7ʘPRR7ʙ�B4 PRR9,'$ɎÏ

ąğȊʘżȳɦ¬ğȊʙ0wM�lshVɎÏÙō/B'*Ǌ<Ò�FEʚǔǇ�{�0ŧäĖä

/B'*Ú;F*EʘDodd et al. 2015ʙ�ʚ�FC0ɎÏąğ1ɥŢǕ_y�N]�WÙōIò�

E�,�ǜCF*E�_y�N]�Wɵɛąğ0ĖǑ²ʚ¶�2_y�N]�Wɵɛe�tVɇ

0�g�æIȣ�e�tVɇ�g�æɪǻ PROTEIN ARGININE METHYLTRANSFERASE5

ʘPRMT5ʙʘDeng et al. 2010, Hong et al. 2010, Sanchez et al. 2010ʙ@U snRNPŅŜ¹ɜąğ+�E

GEM NUCLEAR ORGANELLE ASSOCIATED PROTEIN2ʘGEMIN2ʙʘSchlaen et al. 2015ʙʚɪƥ Prp39

|��WATPRP39-1ʘWang et al. 2007ʙʚɪƥPrp19Ȫö²\x�nhkSki-INTERACTING PROTEIN

ʘSKIPʙ|��WʘWang et al. 2012ʙ.-ʚ+1ʚ�FCżȳɦ¬ğ0ɥŢǕ_y�N]�WÙō

�Ů��FʚƗŸżȳǑĺ�Ł�ɉ��F*E,Ȍ�CF*EʘStaiger and Brown 2013, Shang et 

al. 2017ʙ� 

� �C/�ɔ0żȳɦ¬ğ0ǔǇ1ʚħɼ/1ƕǁ�ò�ñEėǏ0Æ@ƵĿ0ŗĐ/B'*ȽŲ

�F.�CʚƐʐŜɲǙ�CǊƣǙ60ɎūʘHAEȚŜʙ0Ùō/(.�'*EʘDodd et al., 

2015ʙ�]�Nom`m/��EɈșʜɣɈșÆ�aye�+�EwMkV��� AʘPhyAʙ�B

4 PhyBIƞŭ�$ phyA phyB�ɬĖǑ²Iǋ$ȰƊ�CʚwMkV���/·Ġ�$ǻŹɈ

șÆŒǲŕɥŢǕ_y�N]�WĖæ�ɉ�E�,ʚ�C/"0Ùōe�Yhk/1_y�N]�

Wąğ�Ę�ú;F*E�,ʚ�źC�,.'$ʘShikata et al. 2014ʙ�(;DʚÆǉēŗĐ0�

ɧ1_y�N]�Wąğ0_y�N]�Wǃśʚ3*1_y�N]�WąğƝȑȽǴ/Ėū�Fʚ

żȳɦ¬ğ.-0ɬȫąğ0_y�N]�WÙō/(.�'*E,Ȍ�CFEʘShikata et al. 

2014ʙ�;$ʚ_y�N]�Wɵɛąğ0ĖǑ²1ʚȚŜeN��WÙō0ǑĺIǡ��,�Ę�

ʘStaiger and Brown 2013, Tsukaya et al. 2013, Shang et al. 2017ʙʚƐʐƃ�CǊƣƃ60ǙɎūÙō/

��E_y�N]�WÙō0ɬȫŕ�ŘĦ�F*�$�"0�Ǯ,Ȍ�CF*E0�ʚȚŜÙō

ɦ¬ğ0ƵĿ·ĠǕ.ɥŢǕ_y�N]�WÙō+�E�ȚŜIšÙ�Eɬȫ. MADS ɎÏąğ

IZ�l�E FLOWERING LOCUS CʘFLCʙɦ¬ğ0ǔǇ1ʚȪű0Ȁɋ/B'*Ùō�F*E

�,�ǜCF*E�ʚ"0ʝ(�HAEÐġ/ɉ�E°ƵȹĮŕ0Qv^PpiMhV. FLC

ǔǇšÙÙō+�EʘShang et al. 2017ʙ��F/1 non-coding RNA+�ECOOLAIR0ɥŢǕ_y

�N]�W�ɵ��E�,�ǜCF*EʘSwiezewski et al. 2009ʙ�COOLAIR1 FLC mRNA,Ĥ
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É/ǙȩǕ.ɩÕI?'*�Dʚ2 (0V�_0_y�N]�Ws�L�k�ǜCF*E�ʚ-

&C�Äå/.E�/B'*ʚFLC0ǔǇɭ�ƩĦ�F�EʘSwiezewski et al. 2009, Marquardt et al. 

2014, Wang et al. 2014ʙ��C/×0MADSɎÏąğ+�E SHORT VEGETATIVE PHASEʘSVPʙ@

FLOWERING LOCUS MʘFLMʙ.-0ɦ¬ğ?ƵĿ·ĠǕ.ɥŢǕ_y�N]�WÙōIò�E�

,�ǜCF*�DʚƵĿŗĐ,_y�N]�WÙō0ÓğǕɵ¸ŕ1ƄȰź.ƻ?Ę?00ʚȚ

ŜÙō/��EƵĿ·ĠǕ.ɥŢǕ_y�N]�WÙō0ɬȫŕ�Ȱ�F((�E,Ȳ�E

ʘShang et al. 2017ʙ� 

 

q�qnSX>D8]���	
������&,. %1#<I�mdK 

� ƂŊ/ʚǱȍ�ȰƊĭɂ,�*�$]�Nom`mǬƽĖǑ² srd2-1�B4 rid1-1IǾ¢�ʚ�

FC0ĖǑ²ȰƊIɘ�*źC�/.'*�$ʚƕǁ0ĂĥÎǊ/��E pre-mRNA_y�N]�

WÙō0ɬȫŕ/(*ƗȺ�$�ƕǁ1äǁ/Ʀ7*ʚ�ȗǕ/ʕĂĥÎǊȑàI?'*

E�,�ǜCF*EʘOhtani 2015, ęɁ 2017ʙ�¶�2 ĵǕ/1ʚƕǁ|���ƈ©IƂɤæ

�$ĎĊ�+ƕǁǿȇǀIĎʐ�E�,+ʚ�0ĂĥÎǊȑàIĩŻ/ʊĉæ� E�,�+�E�

srd2-1�B4 rid1-11ʚ���$ǿȇĎʐŒǲ/ɵ�EƵĿŚòŕIťƚ/êʀ�F*�$ĖǑ²

+�Dʚsrd2-1 1ƒŴǀ�C0]��kÎǊ�ʚrid1-1 1ȏɏŴǀ�C0�ĦƒŅŜ�ʚ"F#F

ʕƵʘ27~28�ʙ+Ǒĺ/.EʘYasutani et al. 1994, Ozawa et al. 1998, Konishi and Sugiyama 2003ʙ�ȏ

ɏ�B4ƒ0ŴǀIƇų,�$T�_ŅŜʚÀƒŅŜʚ�ĦƒŅŜʚ]��kÎǊ/ɵ�EȷǽȰ

Ɗ0ȁƌʚsrd2-1, rid1-11ʚʁĺ/B�®$ǿȇĎʐǑĺIǡ��,�Ó�'$��.H&ʚ�

ȍ,?ȏɏŴǀ�C0T�_ŅŜ/ŃƵĿŚòŕIǡ��ŶʚƒŴǀ�C0T�_ŅŜ1Ơĺ+

�E�;$ʚ�Ħƒ�ÀƒŅŜ�B4]��kÎǊ?ŃƵĿŚòŕIǡ�ʘOhtani and Sugiyama 2005, 

Ohtani et al. 2013, Ohtani 2015, 2017ʙ����$ȥǇċ�CʚSRD2�B4RID11ʚȏɏȓÓæʘƠ

ǟ/�2ǽȐÓȦ0Îɳʙ,ƒ�]��kÎǊż/ɬȫ.ÓȦǿȇ0ŵŅŜ0�Ŷ/�*ʚő

ʆƝȑIƌ$�*E,Ȍ�CF*�$� 

� ʟ�ʝʛ+ŷ/ǵê/Ǿ¢�$,�DʚSRD2ɦ¬ğ1 snRNA ǂǑǕ. zinc-fingerċɎÏƮŕæ

ąğIʚRID1ɦ¬ğ1DEAH-boxċRNA6�T�bIZ�l�*E�,�źC�,.'*E

ʘOhtani and Sugiyama 2005, Ohtani et al. 2013ʙ�U snRNA1U snRNP0ZLąğ+�Dʚ_y�N

]�W/őʆ0ąğ+�E�;$ʚRID11Ƒį²/ıĉ�E�,�Ó�'*E�ʘOhtani et al. 

2013ʙʚƑį²1ǽȐɇ+»ʏIò�Ŝƾċ,.'*ƑÍ6Ş'*�$U snRNA�ʚǂǑǕe�t

Vɇ,ȁö� U snRNP,.Eđ+�E��0�,�CʚRID11 U snRNPǊöŜ/Ɲȑ�*E

RNAz�T�b+�E,Ȍ�CF$ʘOhtani et al. 2013ʙ�;,>E,ʚSRD2,RID10-&C?

Ơĺ.U snRNPǊöŜ/őʆ0Óğ+�Dʚsrd2-1, rid1-1ĖǑ²+1ʚƝȑǕU snRNPɭ°�

/BE_y�N]�W�É�ɉ�'*E�,�ŘÃ�FE�ȰƊ0ȁƌʚħɼ/ srd2-1, rid1-1

ĖǑ²/��E_y�N]�WÙōǑĺ�ȯĬ�FEʘOhtani et al. 2013, unpublished dataʙ�ȖýƲ

�,/ʚSRD2? RID1?ʚȏɏ�C0T�_ŅŜȹĮɠǦ/�*ʚĎĊ/ú;FES�U]�

�B4\NkTNn�/Œǲ�*ę��ǔǇ�ȹĮ�FEʘOhtani and Sugiyama 2005, Ohtani et al. 

2013ʙ��F1ʚȏɏȓÓæż/1ŵ$/ȹĮ�FE SRD2 �B4 RID1 /BEǩƖǕ. U snRNP
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ǊöŜʘ,�"C�1"F/BE_y�Ncc��0Îȅʙ�ɬȫ+�E�,IǡĀ�*E

ʘOhtani, 2015, 2017, ęɁ 2017ʙ� 

� u k0 SRD2 |��W1

hSNAP50 , B 2 F ʚ snRNA 

activating protein complexʘSNAPcʙ

e�tVɇȪö²0\x�nhk

0ʝ(+�EʘMittal et al. 1999, 

Hernandez 2003, Ohtani 2017ʙ�

SNAPc1äƕǁ/Ëɘ�*ºĠ�

F*E snRNA ɎÏȧȈ+�Dʚ

ƦɐȰƊ�CSNAP190ʚSNAP50ʚ

SNAP43 0 3 (0e�tVɇ�Z

L,.'*ʚsnRNAɦ¬ğ0y�

��e�ʇČ/Ġĉ�EǂǑǕ.

]_ɩÕIȸȿ�ʚsnRNAɎÏI

Ơ/Ùō�*EʘMittal et al. 1999, Hernandez 2001, Ohtani 2017ʙ�hSNAP50,�;�;.ƕǁǧǌ

Ɖ0 SRD2|��WI]�Nom`m SRD2ɦ¬ğy���e��+ǔǇ� ʚsrd2-1/ĭ�EǙ

ȩȑIȽ7$,�GʚU snRNAɭ,ĂĥÎǊʚțǊ�0ǔǊ0ȥǇċ0ĤÉ.ĄŎ1Np SRD2I

ĮÈ�$,�0<+ȯĬ�F$ʘć 7, Ohtani et al. 2015ʙ�ȖýƲ�,/ʚesZ SRD2@}y�

SRD2ʚhSNAP50IĮÈ�$đö/1ʚU snRNAɭ0ĄŎ?èÓ+1.�ĂĥÎǊ0ȥǇċ1ĄŎ

�.�Ŷ+ʚțǊ�0ǔǊʘƆȞŅŜʙɶĨ1ȜļĄŎ�$ʘOhtani et al. 2015ʙ��F1ʚĂĥ

ÎǊ/1ʚɘĺ0țǊ�0ǔǊBD?BDĘ U snRNAɭ�őȫ,�FE�,IǡĀ�Eɬȫ.

Ŝƌ+�'$ʘOhtani et al. 2015, Ohtani 2015, 2017, ęɁ 2017ʙ� 

� +1ʚ.!ƕǁ0ĂĥÎǊ/1ʕU snRNPƮŕ�ȫƨ�FE0+�G����F;+0_y�

N]�WɵɛąğĖǑ²0¶/�EB�/ʚĂĥÎǊ0ɰɦ¬ğȊ0ʘɥŢǕʙ_y�N]�WÙ

ō0Ǒĺ0 +ĂĥÎǊɶĨ�ɉ�'*Eóȑŕ?�F2ʚ_y�N]�WɶĨÝÑǈ/B'

*ʁǊǁĢ_k�_Œǲ�ɉ�'$B�/ʘAlShareef et al. 2017, Ling et al. 2017ʙʚ_y�N]�W

ǑĺȔ²�]Wm�,.'*.JC�0_k�_ǃś/ɺ'$ȁƌʚĂĥÎǊɶĨ�ɉ�'*E

óȑŕ?�E�¡Ŋʚsrd2-1@ rid1-1.-0ĂĥÎǊ�ÉIǡ�_y�N]�WɵɛąğĖǑ²I

Ƈų,�$ȰƊIɜ>E�,/B'*ʚ�0ƻIźC�/�$,Ȍ�*E� 

 

rn����

� ÓğǊǁĢ0ŰǤƀIɳ�,ʚƂÖ/Ⱥ�FE01ň�/�*a�k��lW~�DNA�RNA

�e�tVɇ	0�j�+�DʚDNAʡɦ¬žô�"�Ǌǁ0Ƃɬȫȵȳć+�Eʚ,�ŃƼ.

N��^�ƕ�¥�CF*�;�����.�Cʚ��;+ɔ7*�$,�DʚǊǁ1ħɼ/1ʚ

ɦ¬ğ/ƀ�ɒ;F$ŗĐI(�-�Ȼ<ñE�ʚ�E1�żǕ/�ƀ��*µ��ʚRNA

ÓğI�²ǕÙōąğ,�*Əɍ/Ùō�.�CʚǊÿƮäIŜǭ� *E�,�Ó�'*�$�
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RNA Óğ1"FȔ²/ɩÕŗĐʘɦ¬ŗĐʙI?&.�CʚÓğÍ�ÓğɴǙ�´ǋ/B'*Ȫ

ɿ.ǭ²ƘɚI,'*ȱĞƮŕIţ��,�+�Eʚʁĺ/�n�V.Ǌ²ʕÓğ+�E�Yq�

DNA �ɦ¬žôʘcodeʙ%,�E,ʚRNA 1"FIȻ<Ȱ�ʘdecodeʙ$>0ɰ+�Dʚ�C/

1 pre-mRNA_y�N]�W1-�'$ɰI´DÒ�0�ʚ"FIȽǴ�EƝƘ%,Ȍ�CFB

��"�*ƕǁ1ƆǨ+Ǿ¢�$B�/ʚ�0ƝƘIĶĝ/Øǋ�*ʚǉēŗĐIñŌ�*ɤÔ/

Œǲ�ʚǔǊy�W��IȽŲ�*Ǌ�*E�ƕǁ+1RNA·ĠċRNA}����b/B'*

�ƟǕ/RNA�CRNA�´DÒ�FEʘWillmann et al. 2011ʙ�,IȌ�E,ʚ�ä�.	ƕǁ

0ǽȐ0�+1ʚĺ/Ʈǔ. RNA 0ǊöŜ,ÓȰ�ɉ�'*�Dʚ_y�N]�WɶĨÝħʔ/

B'*ǡĀ�F$B�/ʘAlShareef et al. 2017, Ling et al. 2017ʙʚ�0RNA¦ȾȔ²�ɬȫ.Óğ]

Wm�,�*Ɲȑ�*E�,?ŘÃ�FE� 

� ƕǁ�-0B�/ėǏIȸȿ�ʚȔĸIǿȇæ�ʚȔĸI code�ʚ�ǏI decode�*E0��

ŵ� pre-mRNA_y�N]�WÙōÃ/?,)�ƕǁ RNAǞǪ0ɜĲ�ʚ�0āIȰ�ź�

�*�FE�,Iƃŉ�$� 

 

gi�

� ƆǨ0čǱ/�$'*1ʚJSPSǤǞɅ JP16K18569，ÊǖɃĆƬ  ÍȡȴœǤĢŧȖɃĆʚ±ï

ɃĆ ďǠǤĢǞǪâŜʚ�B4ŸƆÓğǊǁĢ« ȜşǞǪâŜ īƹǺ��Ɣğ ďɮ0âŜI

$%�;�$��0đI¾D*ōǢǍ���;�� 
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